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1.1 Description of the  problem' 

Bimonthly freshwater inflows into Aransas Bay were recorded for the years 1962 to 

1994. These variables, and various transformations of them, were used to construct a model for 

the annual harvest of oyster. 

1.2 Constructing Models - General  Discussion 

Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of 

view: individual observations (to detect outliers or influential points); variables, individually and 

in groups (to select an optimal set of predictors); and the interaction of these two, which 

produces the overall structure of the data set (to determine whether multicollinearity is present or 

not). The first two of these were examined by both graphic and quantitative means; the third by 

quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as 

well as by all the usual numerical measures. For each pair of variables, 99 % prediction ellipses 

and 95% confidence regions were plotted in a further effort to look for unusual points. For 

example, suppose large values of Variable A are generally associated with large values for 

Variable B. If an observation consisted of a large value for Variable A but a small value for 
Variable B, that point would be considered unusual, even though it was well within the range of 
data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual 

indicates a point not well-fit by the model. The deleted residual, however, is somewhat more 
useful in the search for influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The 

Studentized deleted residual is scaled to have a Student's t distribution. Histograms and normal 
P-P plots of the residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dffits (to measure the influence of a given observation on the predicted 

response) and the Dfbetas (to measure the influence of a given observation on the calculated 

coefficients) were also used to build a general picture of the influence of individual points. Plots 

were made of the standardized Dffits value for each model against the standardized Dfbeta values 
for each predictor in the model. Points which were extreme indicated observations which had 

strong effects on both predicted values and coefficient estimates. 

I The followtng discusr~on. prepared by Jacquel~ne Kiffe. was laken from Seatrout Harvest m Galvesron Bay: A Regression Analysis. by F Michael Speed. Sr. and 

Jacoucline K~ffe. 
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1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to 

look for nonlinear relationships between the response variable and individual predictors. Partial 

residual plots were employed to examine the overall relationship between the response and 
individual predictors. A partial residual is a corollary to the deleted residual. That is, the model is 

fitted without a given variable and the predicted response and corresponding residual are 

calculated for each observation. This seeks to answer the question, "What is the relationship of 
this predictor to the response variable, taking all other variables into account?" Thus, it 

examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a 
given model. We examined a number of these, including R2 and mean squared error (MSE), and 

several others which directly incorporate penalties for having too many predictors in the model, 
such as adjusted R2, Cp, AIC, and SBC. It is well-established that too many predictors in a model 

can lead to bad prediction, just as too few can, and these measures are used as part of the attempt 

to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by 

linear combinations of the remaining variables, resulting in unstable coefficient estimates. The 
variance inflation factor (VIF) was calculated for each coefficient estimate to measure this 

instability, which is not usually considered profound for VIFs less than 10. No problems were 
found with this data. Additionally, the condition index (a ratio of eigenvalues of the covariance 

matrix, with the largest eigenvalue always on top) was calculated. A ratio greater than 30 is 

considered cause for concern. Again, no evidence of multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox 
procedure, used to find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 

1.3.1 Selecting the Data Set Used 
First, the variables were explored thoroughly, individually and in pairs, in a first effort to 

detect outliers. The SAS@ programming language allows a number of diagnostics to be calculated 
for a group of models on a given data set without actually performing a formal regression, thus 

allowing one to examine a large number of models quite efficiently. The Box-Cox procedure was 

performed to find if a transformation to normallity was suggested. The log transform was 
suggested for some variables, and the squared root for others. At this point, there were several 

data sets for which the diagnostic series was calculated: 
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1. Untransformed oyster data and untransformed inflow data 

2. Untransformed oyster data and log of inflow data 
3. Log of oyster data and log of inflow data 

4. Log of oyster data and square root of inflow data 

5. Square root of oyster data and log of inflow data 
6. Various transformation suggested by Box-Cox 

1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one 

contained all variables in its corresponding data set. All diagnostics were generated, and 

influential points were determined for each model. 

Table 1.1 R~ and Adjusted R~ for full data sets. 

Data Set R2 Adj. R' 
1 0.083 1 -0.1461 

2 0.2154 0.0193 

3 0.3824 0.2280 

4 0.2463 0.0579 

5 0.2416 0.0520 

6 0.3000 0.1250 

Data sets 3, and 6 presented the highest R* values. These two models were considered 
final candidates. The observations flagged as potentially influential are given in the summary 

table below, for each model. 
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Table 1.2 Summary ofpointsjlagged bv Boxplots. 

Year Variable 
None None 

Table 1.3 Summaiy ofpointsflagged by 99%prediction ellipses. 

Year Variable 
None None 

Table 1.4 Outliers of data set 3. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

1962 1 1 4 6 

Table 1.5 Outliers of data set 6. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

.4 Key to Abbreviadons: 
BOX Box plot 
SRE Studentized residual 

SDR Studentized deleted residual 
LEV Leverage value 

MAH Mahalanobis distance 

COO Cook's distance 
SDF Standardized Dffits value 

SDB Standardized Dfbeta value 
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1.3.3 Selecting the Final Candidate Models 
After the subset analysis led us to four models, Data Set 3 with 1962 omitted and Data 

Set 6 with 1962 omitted. 

Table 1.6 R' and Adjusted R for data sets number 2, 3. 4 and 6. 

Data set Observations omitted R2 Adj. R2 
3 1962 0.5268 0.45 11 

1.3.4 Selecting the Final Models 
It appears that Data set 3 with 1962 omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Ln(0yster Harvest) = - 2.25585 + 0.71244*Ln(Jan.-Feb. Inflows) 
- 0.3 1577*Ln(March-April Inflows) 
+ 0.39876*Ln(Sept.-Oct. Inflows) 
+ 0.74995*Ln(Nov.-Dec. Inflows) 



Oyster Harvest in Aransas Bay 6 

1.4 Best Model: Logged Harvest and Logged Inflows 

1.4.1 Summary Information 

Table 1.7 Descriptive statistics for dependent and independent variables. 

Descriptive Statistics 

Table 1.8 Model summavy for the final model. 

Model Summaeb 

Ln(0yster HaNeSt) 
Ln(January-February Inflows) 
Ln(March-April inflows) 
Ln(September-October Inflows) 
Ln(November-December Inflows) 

a. Dependent Variable: Ln(0yster HaNest) 

b. Method: Enter 

Mean 
3.268347 
3.1 68343 
3.048677 
4.434336 
3.282089 

Std. 
Deviation 
1.975355 
1.238040 
1.21 101 7 
1.44271 6 
1.034712 

c. lndependent Variables: (Constant). Ln(November-December Inflows), 
Ln(September-October Inflows). Ln(March-April Inflows), Ln(Januaty-February 
Inflows) 

N 
30 
30 
30 
30 
30 

Variables 

Entered 
Ln(November-December). 
Ln(September-October). 
Ln(March-April), c.d 

Ln(January-February) 

d. All requested variables entered. 

R 

,726 

Table 1.9 Anova for thefinal model. 

ANOVR 

R Square 

,527 

Std. Error 
of the 

Estimate 

1.463453 

Adjusted 
R Square 

,451 

a. Dependent Variable: Ln(0yster Hamest) 

Durbin- 
Watson 

,901 

b. lndependent Variables: (Constant), Ln(November-December Inflows), 
Ln(September-October Inflows), Ln(March-April Inflows). Ln(January-February 
Inflows) 

Sig. 
. O O l b  

Model 
1 Regression 

Residual 
Total 

df 
4 

25 
29 

Sum of 
Squares 

59.616 
53.542 

113.159 

Mean 
Square 

14.904 
2.142 

F 
6.959 
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Table 1.10 Parameter estimates for the final model. 

Coefficient+ 

a. Dependent Variable: Ln(0yster Harvest) 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(September-October) 
LNNovember-December) 

Table 1.11 Residuals statistics for the final model. 

Residuals Statistic* 

a. Dependent Variable: Ln(0yster Ha~eSt) 

Unstandardized 
Coefficients 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Standar 
dized 

Coefiicie 
nts 

Beta 

447 
-.I94 
,291 
393 

B 
-2.256 
,712 
-316 
.399 
,750 

Std. Error 
1.192 
,306 
,312 
,193 
310 

Minimum 

,793875 

-1.726 

,370817 

,621379 

-2.275992 

-1.555 

-1.838 

-3.180607 

-1.937 

,895 

,000 

,031 

t 
-1.893 
2.328 
-1,011 
2.068 
2.421 

Maximum 

5.634352 

1.650 

.780469 

6.103640 

3.120659 

2.132 

2.306 

3.650951 

2.547 

7.281 

.269 

,251 

Si9. 
070 
.028 
,322 
,049 
,023 

Mean 

3.268347 

.DO0 

,588796 

3.310183 

1.2E-16 

,000 

-.013 

-4.2E-02 

-.010 

3.867 

,046 

.I33 

95% Confidence 
Interval for B 

Lower . 
Bound 
-4.710 
.082 
-.959 
,002 
.I12 

Sld. 
Deviation 

1.433785 

1.000 

,103063 

1.430660 

1.358782 

,928 

1.026 

1.661 112 

1.061 

1.654 

,062 

,057 

Upper 
Bound 

.I98 
1.343 
.327 
,796 
1.388 

N 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 
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Figure 1.I Predicted and observed valuesfor the harvest. 
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Figure 1.2 Predicted and observed values for the harvest. 
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Table 1.12 Prediction Intervalsfor e s t e r  Harvest based on the final model. 

YEAR 

1962 
1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1993 

1994 

0 YSTER 
3.10 

.70 

.30 

.30 

.90 

3.80 

8.30 

43.90 

120.20 

30.00 

60.60 

9.90 

9.90 

12.40 

24.20 

65.60 

120.00 

96.00 

2 1.60 

62.40 

51.50 

117.10 

360.00 

216.80 

97.10 

433.20 

276.40 

1 18.60 

11.20 

34.60 

29.60 

OYSTER Observed oyster harvest 

PRE! Predicted oyster harvest 

LICI-I Lower limit for 99% prediction interval for the oyster harvest. 

UICI-I Upper limit for 99% prediction interval for the oyster harvest. 
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2. EXPLORING THE DATA 

2.1 Listing of data 

Table 2.1 The qvster data and the inflow data. 

Year Oyster JF-inflow MA-inflow MJ-inflow JA-inflow SO-inflow ND-inflow 

1962 3.10 101.62 8.13 22.26 13.73 286.38 146.58 
1963 .70 1.24 2.09 12.16 2.40 36.80 10.03 
1964 .30 3.06 3.19 6.75 39.26 11.26 10.30 
1965 .30 15.50 4.71 30.83 39.44 5.03 5.09 
1966 .90 22.85 53.73 171.90 12.23 7.49 12.36 
1967 3.80 11.25 52.24 165.90 22.84 6.84 11.14 
1968 8.30 9.83 4.45 308.94 48.16 735.03 5.56 
1969 43.90 54.63 29.10 3 16.63 40.24 750.6 1 6.28 
1970 120.20 55.55 54.13 105.72 16.43 21.54 24.73 
1971 30.00 10.45 29.66 82.72 29.17 63.92 24.55 
1972 60.60 13.22 21.79 186.87 46.60 595.65 2 1.22 
1973 9.90 15.96 28.76 409.35 42.60 562.30 22.94 
1974 9.90 8.32 12.59 271.14 16.99 304.44 9.96 
1975 12.40 6.13 6.20 46.73 8.42 439.28 53.58 
1976 24.20 4.45 13.50 35.02 127.65 178.24 59.71 
1977 65.60 29.96 48.51 152.22 13 1.89 67.60 124.81 
1978 120.00 41.79 39.51 158.18 12.04 63.88 129.69 
1979 96.00 63.16 32.13 85.82 88.02 62.04 28.32 
1980 21.60 111.42 31.82 59.09 214.91 212.52 14.50 
1981 62.40 77.77 17.95 305.34 304.68 244.25 13.32 
1982 51.50 101.88 29.18 338.25 179.88 187.08 117.59 
1983 117.10 105.36 29.86 76.67 200.04 107.60 119.87 
1984 360.00 78.59 19.09 37.88 196.61 283.59 42.69 
1985 216.80 70.47 115.47 37.90 9.60 340.91 35.86 
1986 97.10 16.42 113.88 50.42 14.71 107.66 60.71 
1987 433.20 30.46 5.11 130.03 31.50 64.87 76.16 
1988 276.40 25.69 5.44 120.87 27.08 26.54 27.93 
1989 118.60 6.06 2.78 2 1.82 17.08 31.01 8.23 
1990 1 1.20 12.34 30.45 16.36 193.50 22.82 12.06 
1991 21.30 60.09 35.14 190.31 8.15 13.73 
1992 164.68 236.13 298.03 35.59 80.72 133.00 
1993 34.60 237.91 269.63 607.54 32.58 93.11 170.21 
1994 29.60 90.63 88.99 382.20 15.88 27.78 58.23 

Oyster Oyster harvest (thousands of pounds) 

JF-inflow Lagged January-February inflows (thousands of acre-feet) 

MA-inflow Lagged March-April inflows (thousands of acre-feet) 

MJ-inflow Lagged May-June inflows (thousands of acre-feet) 

JA-inflow Lagged July-August inflows (thousands of acre-feet) 

SO-inflow Lagged September-October inflows (thousands of acre-feet) 

ND-inflow Lagged November-December inflows (thousands of acre-feet) 
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2.2 Examination of Individual Variables 

Table .2.2 Test o f N o r m a l i ~  for the oyster data and the inflow data. 

Tests of Normality 

". This is an upper bound of the true significance. 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

Oyster Hawest 
Ln(0yster Hawest) 
Square Root of 
Flounder Hawest 
January-February 
lnflows 
Ln(January-February 
Inflows) 
Square Root of 
January-February 
lnflows 
March-April Inflows 
Ln(March-April Inflows) 
Square Root of 
March-April lnflows 
May-June Inflows 
Ln(May-June Inflows) 
Square Root of 
May-June lnflows 
July-August Inflows 
Ln(July-August Inflows) 
Square Root of 
July-August lnflows 
September-October 
lnflows 
Ln(September-October 
Inflows) 
Square Root of 
September-October 
Inflows 
November-December 
lnflows 
Ln(November-Decemb 
er Inflows) 
Square Root of 
November-December 
lnllows 

T 

Sig. 
,010" 
.039 

,020 

.010" 

,527 

,047 

.010" 
-443 

.010" 

,010" 
,486 

.203 

,010" 
,267 

.01Og' 

.010" 

,293 

,019 

.010" 

,111 

,010" 

Statistic 
,719 
,923 

,914 

,784 

.968 

,927 

,639 
,963 

,878 

,852 
.966 

,947 

,752 
,951 

,860 

,794 

,953 

,913 

.796 

,941 

,884 

Sig. 
,000 
,200' 

.200' 

,002 

,200' 

.038 

,000 
.042 

,021 

,040 
.200* 

.200' 

.OOO 

.200' 

,000 

,000 

,200' 

,034 

,000 

,200' 

,019 

Statistic 
,232 
,120 

,110 

,204 

,123 

,162 

.261 
,160 

.I71 

,161 
,094 

,107 

,318 
.I26 

,236 

,231 

.I09 

,164 

.234 

,121 

.I73 

Shapiro-Wilk 
df 
31 
31 

31 

31 

31 

31 

31 
31 

31 

3 1 
31 

31 

31 
31 

31 

31 

31 

31 

31 

31 

31 

Kolmogorov-Smirno@ 
df 
31 
31 

31 

31 

31 

31 

31 
31 

31 

3 1 
31 

31 

31 
31 

31 

31 

31 

31 

31 

31 

31 
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Table .2.3 Percentiles of the oyster data and the injlow data. 
Parcsntlhr 

Wetghtea Oyster Harvesl 
AveragelDefin~t~on Ln(OysterHarvest) 
1) Square Root of 

Flounder Hawesl 
January-February 
Inflows 

Ln(January-FebNanl 
lnflom) 
Square Root of 
JanuaryFebwry 
inflows 
Mard-Apnl Inflows 
Ln(Marc&Aprillnnowsl 
Square Root of 
March- Ap,,l 
May-June Innom 
Ln(MayJune1nflows) 
Square R w l  of 
May-June 
July-Augustlnflows 
Ln(Ju1y-AugustlnRowsl 
Square Roo1 of 
July-AuguSIlnnows 
September-Oember 
Inflows 

Ln'septemberi)cmbef 
knows) 
Square Rwt  of 
Seplember-October 
Inflow5 
November-December 
Inflows 

Ln(November-Decemb 
91 I n f lM )  
Square Rool ol 
November-December 
Innom 

Tukq's Hinges Oyster Harvest 
Ln(Oys1er Hatvsst) 
Square Rwt  of 
Flounder Harvest 
January-February 
Inflows 
Ln(January-February 
Inflows) 
Square Root of 
January-February 
Inflows 
~ a r c h - ~ p ~ l  lnnows 
Ln(March-Apnl Inflows) 
Square Rool of 
March-Aprll Inflows 
MayJune lnnom 
LnIMayJune Inflows) 
Square Root Of 
MayJune Innom 
JuIy-A~~us1 lnflows 
Ln(July-August Inflows) 
Square Rool ol 
J~Iy-Augus1 Inflows 
September-Onober 
Inflows 
Ln(Sep1ember-October 
Inflows) 
Square Rool 01 
Seplember-October 
lntlom 
November.Dewmber 
Inflows 
Ln(Nowmber.Decemb 
er Inflows) 
S q w e  Root of 
November-December 
1"flom 

95 
389.2800 
5.960142 

19.7096 

162.0180 

5.016741 

12.5031 

177 1340 
5.088227 

13.0156 

488.6260 
6.172510 

21.9988 

250.8180 
5.509836 

15.7779 

741.2620 

6.608301 

27.2258 

156.0320 

5.047356 

12.4828 

5 
3000 

.1 20397 

547723 

2.3320 

757094 

1.494992 

2.5040 
,908336 

1.578673 

9.9960 
2.262708 

3.131502 

6.0120 
1.626553 

2.360712 

6.1160 

1,799841 

2.466310 

5.3720 

1.680270 

2.317220 

90 
264.4800 
5.573274 

16.2451 

104.6640 

4.650666 

10.2303 

108.9020 
4.665821 

10.4239 

373.4100 
5.921512 

19.3183 

199.3540 
5.295058 

14.1192 

588.9800 

6.378130 

24.2673 

128.7140 

4.857476 

11.3449 

10 
7400 

-306412 

859065 

4.7720 

1.554665 

2.179943 

3.4420 
1.226598 

1.850746 

17.4520 
2.852437 

4,170037 

10.0880 
2.307057 

3172683 

8 2440 

2.095106 

2.860548 

6.6700 

1.891453 

2.5785% 

Permtlles 
50 

34.6000 
3.543854 

5.882176 

25.6900 

3.246102 

5.066530 

29.1000 
3.370738 

5.394442 

105.7200 
4.660794 

10.2820 

32.5800 
3.483699 

5707889 

93.1100 

4.533782 

9.649352 

24.7300 

3.206017 

4.972927 

34.6000 
3.543854 

5.882176 

25.6900 

3.246102 

5.068530 

29.1000 
3.370738 

5.394442 

105.7200 
4.660794 

10.2820 

32.5800 
3.483699 

5.707889 

93.1100 

4.533702 

9.M9352 

24.7300 

3.208017 

4.972927 

25 
9.9000 

2.292535 

3.146427 

10.4500 

2.346602 

3.232646 

6.2000 
1.824549 

2.469980 

37.8800 
3.634423 

6.154673 

15.8800 
2.765060 

3.984972 

27.7800 

3.324316 

5.270674 

l l l Q O  

2.410542 

3.337664 

9.9WO 
2.292535 

3.146427 

10.8500 

2.383485 

3.293374 

7.1650 
1.960055 

2.670648 

37.8900 
3.634687 

6.1 55485 

16.1550 
2.782085 

4.019183 

29.3950 

3.379313 

5.419668 

1 I . W O  

2.454218 

3.405207 

75 
117.1000 
4.763028 

10.8213 

77.7700 

4.353756 

8.818730 

48.5100 
3.881770 

6.961912 

271 1400 
5.602635 

16.4663 

127.6500 
4.849292 

11.2982 

286.3800 

5.657320 

16.9228 

60.7100 

4.106106 

7.791662 

107.1000 
4.669385 

10.3376 

74 1200 

4304471 

8.606686 

44.0100 
3.779162 

6.625305 

229.W50 
5.416524 

15.0682 

107.8350 
4.663428 

10.3401 

284.9850 

5.652425 

16.8814 

60.2100 

4.097804 

7.759443 
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2.2.1 The oyster data 

Table .2.4 Descriptivesfor the o,vsfer data. 

Descriptives 

Table .2.5 Extreme Values for the oyster data. 

Extreme Values 

Oyster Mean 
Harvest 95% Confidence Lower 

Interval for Mean Bound 

upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
78.7161 

39.3870 

1 18.0453 

64.8220 

34.6000 
1 1496.4 

107.2215 

.30 
433.20 
432.90 

107.2000 

2.091 
4.166 

Std. Error 
19.2575 

,421 
,821 

Value 
433.20 
360.00 
276.40 
216.80 
120.20 

.30 

.30 

.70 

.90 
3.10 

Year 
1987 
1984 
1988 
1985 
1970 
1965 
1964 
1963 
1966 
1962 

Oyster Highest 1 
H a ~ e s t  2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

26 
23 
27 
24 
9 
4 
3 
2 
5 
1 
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Figure 2.1 Normal Q-Q Plot of Oyster Harvest. 

N. 

war Hamu 

Figure 2.2 BoxPlor of Oyster Harvest. 

Ovster Harvest 

Figure 2.3 Histogram of Oyster Harvest. 
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Observed Value 

Figure 2.4 Normal Q-Q Plot of Ln(Qster 
Harvest). 

v -  
Lnl* m 

Figure 2.6 BoxPlot of Ln(Qster Harvest) 

Wserved Value 

Figure 2.5 Normal Q-Q Plot.of Sqrt(0yster 
Harvest). 

Figure 2.7 BoxPlot of Sqrt(0yster Harvestj. 

Square R m  01 Flounder Harvest 

Figure 2.8 Histogram of Ln(0yster Harvest). Figure 2.9 Histogram of Sqrt(0yster Harvest). 
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2.2.2 The January-February Inflows data 

Table .2.6 Descriptives for the January-Februar), Inflow data. 

Descriptives 

Table .2.7 Extreme Values for the January-Febnmry Inflow data. 

Extreme Values 

Std. Error 
9.0582 

,421 
,821 

January-February Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis . 

Statistic 
46.2571 

27.7578 

64.7564 

40.5683 

25.6900 
2543.572 

50.4338 

1.24 
237.91 
236.67 

67.3200 

2.023 
5.696 

January-February Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1993 
1980 
1983 
1982 
1962 
1963 
1964 
1976 
1989 
1975 

Case 
Number 

30 
19 
22 
21 

1 
2 
3 

15 
28 
14 

Value 
237.91 
111.42 
105.36 
101.88 
101.62 

1.24 
3.06 
4.45 
6.06 
6.13 
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Observed Value 

Figure 2.10 Normal Q-Q Plot of January- 
February Inflows. 

Figure 2.11 BoxPIor ofJanuary-February 
Inflows. 

January-February lnllows 

Figure 2.12 Histogram of Januav-February 
Inflows. 
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Observed Value 

Figure 2.13 Normal Q-Q Plot o fLn  January- 
February Inflows). 

Figure 2.15 BoxPlot of Ln(January-February 
Inflows). 

Ln(Januafy-February Inflows) 

Figure 2.1 7 Histogram of Ln(January- 
February Inflows). 

Observed Value 

Figure 2.14 Normal Q-Q Plot of Sqrt( 
January-February Inflows). 

Figure 2.16 BoxPlot of Square Root of 
January-February Inflows. 

Square Root of January-February lnllows 

Figure 2.18 Histogram of Sqrt(January- 
February InJows). 
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2.2.3 The March-April Inflows data 

Table .2.8 Descriptives for the March-April Inflow data. 

Descriptives 

Table .2.9 Extreme Values for the March-April Inflow data. 

Extreme Values 

Std. Error 
9.3676 

,421 
,821 

March-April Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
38.8410 

19.7097 

57.9722 

31.0865 

29.1000 
2720.335 

52.1568 

2.09 
269.63 
267.54 

42.3100 

3.234 
12.762 

March-April Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1993 
1985 
1986 
1994 
1970 
1963 
1989 
1964 
1968 
1965 

Case 
Number 

30 
24 
25 
31 
9 
2 

28 
3 
7 
4 

Value 
269.63 
11 5.47 
1 13.88 
88.99 
54.13 
2.09 
2.78 
3.19 
4.45 
4.71 
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Observed Value 

Figure 2.19 Normal Q-Q Plot of March-April 
Inflows. 

-IW ". L m - W I  InRarS 

Figure 2.20 BoxPlot of March-April Inflows. 

March-April lnllows 

Figure 2.21 Histogram of March-April Inflows. 
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Obse~ed Value Observed Value 

Figure 2.22 Normal Q-Q Plot ofLn(March- Figure 2.23 Normal Q-Q Plot of Sqrt(March- 
April Inflows). April Inflows). 

Figure 2.24 BoxPlot of Ln(March-April) Figure 2.25 BoxPlot of Square Root of 
Inflows. March-April Inflows. 

Ln(Mareh-Apnl Inllows) Square Rwl ol March-April lnllows 

Figure 2.26 Histogram of Ln(March-April Figure 2.27 Histogram of Sqrt(March-April 
Inflows). Inflows) . 
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2.2.4 The May-June Inflows data 

Table .2.10 Descripfives for the Mav-June InJlow data. 

Descriptives 

Table .2.11 Extreme Values for the May-June InJow data. 

Extreme Values 

May-June Mean 
Inflows 950h Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
153.3390 

99.4146 

207.2634 

140.0498 

105.7200 
21612.5 

147.0119 

6.75 
607.54 
600.79 

233.2600 

1.324 
1.538 

May-June Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Std. Error 
26.4041 

,421 
,821 

Case 
Number 

30 
12 
31 
21 
8 
3 
2 
29 
28 
1 

Year 
1993 
1973 
1994 
1982 
1969 
1964 
1963 
1990 
1989 
1962 

Value 
607.54 
409.35 
382.20 
338.25 
316.63 
6.75 
12.16 
16.36 
21.82 
22.26 
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Observed Value 

Figure 2.28 Normal Q-Q Plot of May-June 
Inflows. 

". 
Mv4un 1nw.m 

Figure 2.29 BoxPIot of May-June Inflows. 

MayJune Inflows 

Figure 2.30 Histogram of May-June Inflows. 



Oyster Harvest in Aransas Bay 24 

Observed Value 

Figure 2.31 Normal Q-Q Plot of Ln(May-June 
InJows). 

Figure 2.32 Normal Q-Q Plot ofSqrf(May- 
June Inflows). 

Figure 2.33 BoxPlot of Ln (May-June) Inflows. 

c.- =+ -.- -- -.- 7.- -- ..- --- 
Ln(May-June Inflows) 

Figure 2.35 Histogram of Ln(May-June 
Inflows). 

Figure 2.34 BoxPlot of Square Root of May- 
June Inflows. 

Square Rwl ol May-June fnllows 

Figure 2.36 Histogram of Sqrt(Ma.y-June 
Inflows) . 
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2.2.5 The July-August Inflows data 

Table .2.12 Descriptivesfor the Ju&-August lnJlow data. 

Descriptives 

Table .2.13 Extreme Values for the July-August Injlow data. 

Extreme Values 

July-August Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
70.1987 

40.7544 

99.6431 

62.5896 

32.5800 
6443.744 

80.2729 

2.40 
304.68 
302.28 

11 1.7700 

1.456 
1.134 

July-August Highest 1 
Inflows 2 

3 
4 

5 
 owes st 1 

2 
3 
4 

5 
L 

Std. Error 
14.4174 

,421 
,821 

Case 
Number 

20 
19 
22 
23 
29 
2 

14 
24 
17 

5 

Year 
1981 
1980 
1983 
1984 
1990 
1963 
1975 
1985 
1978 
1966 

Value 
304.68 
214.91 
200.04 
196.61 
193.50 

2.40 
8.42 
9.60 

12.04 
12.23 
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Observed Valve 

Figure 2.37 Normal Q-Q Plot ofJulv-August 
Inflows. 

Figure 2.38 BoxPlot of Julv-August Inflows. 

00 500 1030 1500 2000 2500 3WO 
250 750 1250 1750 p50 nso 

J ~ I y A u g ~ s t  Inflows 

Figure 2.39 Histogram ofJulv-August Inflows. 
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Observed Value Observed Value 

Figure 2.40 Normal Q-Q Plot ofLn(JuLv- 
August Inflows). 

Figure 2.41 Normal Q-Q Plot ofSqrt(Ju1y- 
August Inflows). 

o l  ". 
LnlJuW-A* l n b  

Figure 2.42 BoxPlot of Ln (Julv-August) 
Inqlows. 

Ln(July-August Inflows) 

Figure 2.44 Histogram of Ln(Ju1y-August 
Inflows). 

M. 

Swue R m o l  July 

Figure 2.43 BoxPlot of Square Root of July- 
August Inflows. 

Square Root of July-August Inflows 

Figure 2.45 Histogram of Sqrt(Ju1y-August 
Inflows). 
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2.2.6 The September-October Inflows data 

Table .2.14 Descriptivesfor the September-October Inflow data 

Descriptives 

Table .2.15 Extreme Values for the September-October Inflow data. 

Extreme Values 

September-October Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
191.8732 

11 1.8757 

271.8708 

171.4839 

93.1 100 
47565.0 

21 8.0940 

5.03 
750.61 
745.58 

258.6000 

1.404 
1.084 

Std. Error 
39.1 708 

,421 
,821 

Value 
750.61 
735.03 
595.65 
562.30 
439.28 

5.03 
6.84 
7.49 

11.26 
21.54 

September-October Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

8 
7 

11 
12 
14 
4 
6 
5 
3 
9 

Year 
1969 
1968 
1972 
1973 
1975 
1965 
1967 
1966 
1964 
1970 
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Observed Value 

Figure 2.46 Normal Q-Q Plot of Seprember- 
October Inflows. 

Figure 2.47 BoxPlot of September-October 
Injlows. 

September-October Inflows 

Figure 2.48 Histogram of September-October 
InJ7ows. 
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Obwrved Value Observed Value 

Figure 2.49 Normal Q-Q Plot of Figure 2.50 Normal Q-Q Plot of Sqrt( 
Ln (September-October Inflows). September-October Inflows) 

Figure 2.51 BoxPlot of Ln(September- Figure 2.52 BoxPlot of Square Root of 
October) Inflows. September-October Inflows. 

Ln(Sep1ernber-October Inflarsl Square Rwt  01 Seplember-October lnflms 

Figure 2.53 Histogram of Ln(September- Figure 2.54 Histogram ofSqrt(September- 
October Inflows). October Inflows). 
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2.2.7 The November-December Inflows data 

Table .2.16 Descriptives for the November-December Inflow data. 

Descriptives 

Table .2.17 Extreme Values for the November-December Inflow data. 

Extreme Values 

Std. Error 
8.6364 

,421 
,821 

November-December Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
47.2326 

29.5947 

64.8704 

43.1983 

24.7300 
2312.201 

48.0853 

5.09 
170.21 
165.12 

49.5700 

1.257 
,388 

November-December Highest 1 
Inflows 2 

3 
4 

5 
Lowest 1 

2 
3 
4 
5 

Case 
Number 

30 
1 

17 
16 
22 
4 
7 
8 

28 
13 

Year 
1993 
1962 
1978 
1977 
1983 
1965 
1968 
1969 
1989 
1974 

Value 
170.21 
146.58 
129.69 
124.81 
119.87 

5.09 
5.56 
6.28 
8.23 
9.96 
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Observed Value 

Figure 2.55 Normal Q-Q Plot of 
November-December Inflows. 

Figure 2.56 BoxPlot of November-December 
Inflows. 

November-December Inflows 

Figure 2.57 Histogram of November-December 
Inflows. 
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ObsewBd Value 

Figure 2.58 Normal Q-Q Plot of 
Ln (November-December 
Injlows). 

Figure 2.59 Normal Q-Q Plot of Sqrt( 
November-December Inflows). 

Figure 2.60 BoxPlot of Ln (November 
December) Inflows. - 

Ln(N0vember-December Inflows) 

Figure 2.62 Histogram of Ln(i?ovember- 
December Inflows). 

Figure 2.61 BoxPlot of Square Root of 
November-December Inflows. 

square Root of November-December Inflows 

Figure 2.63 Histogram of Sqrt(November- 
December Inflows). 



Oyster Harvest in Aransas Bay 34 

3. PREDICTION ELLIPSES AND CONFIDENCE REGIONS 

nousands of Acre-Feet 

Figure 3.1 Oyster Harvest vs. January- Figure 3.2 Oyster Harvest vs. January- 
February Inflows, PE. February Infows, CR. 

Ma 

I 
- 8 1 4 : am PI s tam S R ~ M K ~ ~  ci c u - D ~ U  gm- 

Em EYwe E ,W R W  
zm IW 0 t w  200 3 w  IW 0 t m  m m 

mousands 01 Acre-Feet Thousands of ACTO-Fee1 

Figure 3.3 Oyster Harvest vs. March-April Figure 3.4 Oyster Harvest vs. March-April 
Injlows. PE. Infows, CR. 

Thousands 01 Acre-Feel 

Figure 3.5 Oyster Harvest vs. Ma-v-June 
Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.6 Oyster Harvest vs. May-June 
Inflows, CR. 
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Dam 

4w -2w 0 m LW Ma 

Thousands of Acre-Feet 

Figure 3.7 Oyster Harvest vs. July-August 
Inflows, PE. 

Figure 3.9 Oyster Harvest vs. September- 
October Inflows, PE. 

600 
1 /D%%RBdlCmn 

Ellwe 
-m -iw o iw 2w m 

Thousands of Acre-Feet 

Figure 3.11 Oyster Harvest vs. November- 
December Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.8 Oyster Harvest vs.. July-August 
Inflows, CR. 

Thwands 01 Acre-Fel 

Figure 3.10 Oyster Harvest vs. September- 
October Inflows. CR. 

Thousands 01 Acre-Feel 

Figure 3.12 Oyster Harvest vs. November- 
December Inflows, CR. 
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Thousands 01 AAne-Feet lhousands of Acre-Feel 

Figure 3.13 Januaq-February Inflows vs. 
March-April Inflows, PE. 

Figure 3.14 January-February Inflows vs. 
March-April Inflows. CR. 

Thousands of Acre-Feel 

Figure 3.15 January-February Inflows vs. 
May-June Inflows. PE. 

Thousands of Acre-Feel 

Figure 3.16 January-Febnmq Inflows vs. 
May-June Inflows, CR. 

Thousands of Acre-Feet Thousands of Acre-Feet 

Figure 3.1 7 January-February Inflows vs. 
July-August Inflows. PE. 

Figure 3.18 January-February Inflows vs. 
July-August Inflows, CR. 
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Tho~sands of Acre-Feel Thousands of Aue-Feet 

Figure 3-19 January-February Inflows vs. 
September-October Inflows. PE. 

Figure 3.20 January-February Inflows vs. 
September-October Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.21 January-February Inflows vs. 
November-December Inflows. 
PE. 

mousands 01 Aue-Feet 

Figure 3.22 January-February Inflows vs. 
November-December Inflows. 
CR. 

Dltr 

OPhRsdrmn 
Ell- 

mousands 01 Acre-Fet T~OUSBMS of Acre-Feet 

Figure 3.23 March-April Inflows vs. May- Figure 3.24 March-April Inflows vs. May- 
June Inflows, PE. June Inflows. CR. 
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Dam 

9w. Pred- 
EIilW 

Thousands ol Acre-Feet Thousands of Acre-Feet 

Figure 3.25 March-April Inflows vs. July- 
August Inflows, PE. 

Jar 1 

Thousands of Acre-Feel 

Figure 3.27 March-April Inflows vs. 
September-October Inflows, PE 

Figure 3.26 March-April Inflows vs. July- 
August Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.28 March-April Inflows vs. 
September-October Inflows, CR. 

Thousands 01 Acre-Feet Thousands of Acre-Feet 

Figure 3.29 March-April Inflows vs. Figure 3.30 March-April Inflows vs. 
November-December Inflows. November-December Inflows. 
PE. CR. 
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! : l o  1 
E ,w Data 
3 e ' OY*Cmhdnas 
I- 0 Rspon 

I W  0 r w m p a u m  

Thousands 01 Acre-Feet Thousands 01 Awe-Feet 

Figure 3.31 May-June Inflows vs. Jub-August Figure 3.32 May-June Inflows vs. July-August 
Inflows, PE. InJows. CR. 

Thousands of Acre-Feet 

Figure 3.33 May-June Inflows vs. September- 
October Inflows. PE. 

MY)' 

Ya ' 

Thousands of Acre-Feet 

Figure 3.34 May-June Inflows vs. September- 
October Inflows, CR. 

Thousands 01 Acre-Feet Thousands of Acre-Feet 

Figure 3.35 May-June Inflows vs. November- Figure 3.36 May-June Inflows vs. November- 
December Inflows, PE. December Inflows, CR. 
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Thousands of Acre-Feel 

Figure 3.37 July-August Inflows. vs. 
September-October Inflows. PE. 

Thousands of Acre-Feel 

Figure 3.39 July-August Inflows. vs. 
November-December Inflows, 
PE. 

Thousands 01 Awe-Feel 

Figure 3.38 Ju1.v-August Inflows. vs. 
September-October Inflows. CR. 

Thousanas 01 Acre-Feet 

Figure 3.40 July-August Infows. vs. 
November-December Inflows, 
CR. 

mousands 01 Acre-Feel Thousands 01 Acre-Feel 

Figure 3.41 September-October Infows vs. Figure 3.42 September-October Inflows vs. 
November-December Inflows, November-December Inflows. 
PE. CR. 
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4. Box-Cox ANALYSIS 

Table .4.1 Mean Square Error from Box-Cox transformation of the oyster data and the inflow data for 
different lambda. 

- 

Lam Oyster JF-inflow MA-inflo MJ-inflow JA-inflow SO-inflow ND-inflow 
-2 0 418650562 8 17469 43482 7 2245914 668399 7995532 11603.8 
- 1  9 192685382 498346 31289 8 1497208 426629 5109259 9283.8 

-1 8 89227666 305723 22675 2 1005244 27385 1 32863 15 7472.3 



Oyster Harvest in Aransas B e  42 
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Figure 4.1 Box-Cox Transformation - MSE of Oyster vs. Lambda and MSE of Inflow data vs. 
Lambda. 
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5. MODEL CHOICE DIAGNOSTICS 

5.1 Untransformed oyster data and untransformed inflow data 

Table 5.1 Regression Models for Dependent Variable: OYSTER on INFLOWS 

Rsq A d j  C ( p )  A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
I n  RS9 

1 0.0336 0.0002 -1.702 291.8 11494 294.6 QMJ LAG - 
1 0.0154 -.0186 -1.227 292.3 11710 295.2 QND-LAG 
1 0.0128 -.0213 -1.158 292.4 11741 295.3 QSO-LAG 
1 0.0067 -.0275 -1.000 292.6 11813 295.5 QJF-LAG 

. . . ~ ~ . . ~ ~ ~ ~ ~ ~ ~ . . . ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ . - - ~ ~ . - - - ~ ~ ~ . - - ~ ~ . . - - ~ ~ ~ - - - ~ - - - - - - - - - - . ~ - ~ - -  
2 0.0730 0.0068 -0.736 292.5 11418 296.8 QJF-LAG QMJ-LAG 
2 0.0644 -.0024 -0.511 292.8 11524 297.1 OW-LAG QND-LAG 
2 0.0378 -.0309 0.186 293.6 11852 297.9 QMA-LAG QMJ-LAG 
2 0.0376 -.0312 0.193 293.6 11855 297.9 QMJ-LAG (MA-LAG 

. - - - . . - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - * - - - - - - - - - - - - - - - . . - -  

3 0.0783 - ,0241 1 ,127 294.3 1 1  774 300.0 QJF-LAG QMJ-LAG QND-LAG 
3 0.0764 -.0262 1.176 294.4 11798 300.1 QJF-LAG QMA-LAG QMJ-LAG 
3 0.0731 -.0299 1.263 294.5 11840 300.2 QJF-LAG QMJ-LAG QSO-LAG 
3 0.0731 -.0299 1.264 294.5 11841 300.2 QJF-LAG QMJ-LAG QJA-LAG 

. . ----------. .------.---.-----------.--. .---.--.--.---.-------.---------. .-  
4 0.0824 -.0588 3.019 296.2 12172 303.3 QJF-LAG QMA-LAG QMJ-LAG 

QND-LAG 
4 0.0784 -.0634 3.124 296.3 12225 303.5 QJF-LAG QMJ-LAG QJA-LAG 

QND-LAG 
4 0.0783 -.0635 3.126 296.3 12226 303.5 QJF-LAG QMJ-LAG QSO-LAG 

QND-LAG 
4 0.0775 -.0644 3.147 296.3 12237 303.5 QJF-LAG QMA-LAG QMJ-LAG 

QJA-LAG 
- - - - . . - - - - . - - - . - - - - - - - . - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5 0.0829 -.I006 5.007 298.1 12653 306.7 QJF-LAG QMA-LAG QMJ-LAG 

QJA-LAG QND-LAG 
5 0.0826 -.lo08 5.013 298.2 12656 306.8 QJF-LAG QMA-LAG QMJ-LAG 

QSO-LAG QND-LAG 
5 0.0784 -.lo59 5.124 298.3 12714 306.9 QJF-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 
5 0.0782 - .I061 5.128 298.3 12716 306.9 QJF-LAG O W L A G  QMJ-LAG 

QJA-LAG QSO-LAG 
- - - - - - . . - - - - - - - - . . - - - - - - . . - - . - - - - - - - - . - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - -  

6 0.0831 -.I461 7.000 300.1 13176 310.2 (MF-LAG QMA-LAG QMJ-LAG 
QJA LAG QSO LAG QND L A G  
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5.2 Untransformed oyster data and log of inflow data 

Table 5.2 Regression Models for Dependent Variable: Ln(0YSTER) on INFLOWS 

- -- 

Rsq Ad] C ( p )  A I C  MSE SBC Variables l n  Model 

In Rsq 

1 0.0850 0.0535 0.989 290.1 10882 292.9 LN-QNO 
1 0.0791 0.0474 1 .I69 290.3 10952 293.1 LN-QJF 

1 0.0071 -.0271 3.370 292.6 11808 295.5 LN-QJA 

1 0.0034 -.0309 3.484 292.7 11852 295.6 LN-QSO 
. --- . .---------------. .------. .-- . .-- . .- . .-------------.---. .-- .----------.  

2 0.1599 0.0999 0.699 289.4 10348 293.7 LN-QJF LN-QMA 

2 0.1211 0.0583 1.885 290.8 10826 295.1 LN-QMA LN-QNO 

2 0.1092 0.0456 2.247 291 .2 10972 295.5 LN-QJF LN-QND 

2 0.1083 0.0446 2.275 291.3 10983 295.6 LN-QJF LN-OMJ 
- - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . . - - . - - - - - - - * - - . - - - - - - . . - - - - - - . - - - - - . - - - -  

3 0.2087 0.1208 1.205 289.6 10108 295.3 LN-QJF LN-QMA LN-QNO 

3 0.1690 0.0767 2.41 8 291 .1 1061 5 296.8 L N J F  LN-QMA LN-QMJ 

3 0.1641 0.0712 2.570 291.3 10678 297.0 L N J F  LN-QMA LN-QJA 
3 0.1606 0.0673 2.676 291 .4 10722 297.1 L N J F  LN-QMA LN-QSO 

- - - - - . - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - . - - . - - - - - - - . - - - - - - - - - - - - -  
4 0.21 29 0.091 8 3.076 291 .4 10441 298.6 LN-QJF LN-QMA LN-QMJ LN-QND 
4 0.2116 0.0903 3.117 291.5 10459 298.6 LN-QJF LN-QMA LN-QSO LN-QND 
4 0.2102 0.0887 3.159 291.5 10476 298.7 LN-QJF LN-QMA LN-QJA LN-QND 
4 0.1733 0.0461 4.288 292.9 10966 300.1 LN-QJF LN-QMA LN-QMJ LN-QJA 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - . - . . - - - - - - - - - * - - - - - - - - . - - - - - - - - - - - - - . .  

5 0.2145 0.0574 5.027 293.3 10836 301.9 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-PND 

5 0.2142 0.0570 5.038 293.4 10841 302.0 LN-QJF LN-QMA LN-QM LN-QSO 
LN-QND 

5 0.2126 0.0551 5.086 293.4 10863 302.0 LN-QJF LN-QMA LN-QJA LN-QSO 
LN-QND 

5 0.1734 0.0080 6.286 294.9 11404 303.5 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO 

. . - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - . . - - - - - - . - - . . - - . - - - . - - - - . . - - -  
6 0.2154 0.0193 7.000 295.3 11275 305.3 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO LN-QND 

N = 31 
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5.3 Log of oyster data and log of inflow data 

Table 5.3 Regression Models for Dependent Variable: Ln(0YSTER) on Ln(INFL0WS) 

Rsq Adj C ( p )  A I C  MSE SBC Var iab les  in Model 
I n  Rsq 

1 0.2429 0.2168 2.420 36.70 3.070 39.57 LN-QJF 
1 0.2167 0.1897 3.439 37.75 3.176 40.62 LN-QND 
1 0.1406 0.1110 6.396 40.63 3.484 43.50 LN-QSO 
1 0.1116 0.0810 7.522 41.66 3.602 44.52 LN-QMA 

. .- .- . .----. . . .------. .--.--.------------.--------.---------.---.---------- 
2 0.3207 0.2722 1.397 35.34 2.852 39.64 LN-QJF LN-QSO 
2 0.3062 0.2567 1.960 35.99 2.913 40.29 LN-QJF LN-QND 
2 0.3022 0.2524 2.116 36.17 2.930 40.47 LN-QSO LN-QND 
2 0.2730 0.2210 3.253 37.44 3.053 41.75 LN-QMJ LN-QND 

- - . . - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - . - . - - - - - - - - - . - - - - - . . - -  
3 0.3713 0.3015 1.431 34.94 2.738 40.67 LN-QJF LN-QSO LN-QND 
3 0.3341 0.2601 2.878 36.72 2.900 42.46 LN-QJA LN-QSO LN-QND 
3 0.3287 0.2541 3.087 36.97 2.923 42.71 LN-QMA LN-QSO LN-QND 
3 0.3279 0.2532 3.118 37.01 2.927 42.74 LN-QMJ LN-QSO LN-QND 

. - - - . . - - - . . - . - - - - . . - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . * - - - - - .  

4 0.3785 0.2829 3.151 36.58 2.810 43.75 LN-QJF LN-QJA LN-QSO LN-QND 
4 0.3738 0.2775 3.333 36.81 2.832 43.98 LN-QJF LN-QMJ LN-QSO LN-QND 
4 0.3722 0.2756 3.398 36.90 2.839 44.07 LN-QJF LN-QMA LN-QSO LN-QND 
4 0.3553 0.2561 4.054 37.72 2.916 44.89 LN-QL'J LN-QJA LN-QSO LN-QND 

- . . - - - - - - - - - - - - - - * * - - - * - - . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.3820 0.2584 5.016 38.41 2.907 47.01 LN-QJF LN-QMJ LN-QJA LN-QSO 
LN-QND 

5 0.3800 0.2560 5.093 38.51 2.916 47.11 LN-QJF LN-QMA LN-QJA LN-QSO 
LN-QND 

5 0.3740 0.2488 5.326 38.81 2.944 47.41 LN-QJF LN-QMA LN-QMJ LN-QSO 
LN-QND 

5 0.3622 0.2346 5.787 39.39 3.000 47.99 LN-QMA LN-QMJ LN-OJA LN-QSO 
LN-QND 

- - - - - - - - - - - - - . - - - . . - - - - - - - - - - - - . - - - . - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -  

6 0.3824 0.2280 7.000 40.39 3.026 50.42 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO LN-QND 
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5.4 Log of oyster data and square root of inflow data 

Table 5.4 Regression Models for Dependent Variable: LnIOYSTER) on Sqrt(INFL0WS) 

Rsq Ad] C ( p )  A I C  MSE SBC Variables in Model 
In flsq 

1 0.1495 0.1202 0.0809 40.31 3.448 43.17 SQR-QJF 
1 0.1417 0.1121 0.331 40.59 3.480 43.46 SQR-OND 
1 0.0673 0.0351 2.700 43..17 3.782 46.03 SQR-QMA 
1 0.0589 0.0264 2.968 43.45 3.816 46.31 SOR-QJA 

. - - - . - - - . - - - - - - - -*- - - - - - - . . - . . - - - - . - . . - - - - - - . . - - - - - - - - . - - - - - - - . - - . - - - - - - - - -  

2 0.1874 0.1293 0.877 40.89 3.412 45.20 SOR-OJA SQR-OND 
2 0.1857 0.1276 0.929 40.96 3.419 45.26 SQR-OJF SQR-QND 
2 0.1835 0.1252 0.999 41.04 3.429 45.34 SQR-QSO SOR-QND 
2 0.1758 0.1169 1.245 41.33 3.461 45.64 SOR-QJF SQR-QSO 

~ ~ ~ ~ ~ ~ - - ~ ~ ~ ~ ~ - - . - ~ ~ - - - - - . . - . - - - - . - - - - - - - - . - . - - - - - - - - - - - - - - - - - - - - - - . . - - - . - - -  
3 0.2197 0.1330 1.846 41.64 3.398 47.37 SQR-QJA SQR-QSO SQR-QND 
3 0.21 83 0.1314 1 .891 41 .69 3.404 47.43 SQR-QJF SQR-QSO SQR-QND 
3 0.2079 0.1199 2.222 42.10 3.449 47.84 SQR-QJF SQR-QJA SQR-QND 
3 0.2062 0.1180 2.277 42.17 3.457 47.90 SQR-OMA SOR-QJA SQR-QND 

- - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - . . - - - - - - - - - - - * . - - - - - - - - - - - - - - - -  

4 0.2424 0.1258 3.125 42.72 3.426 49.89 SQR-QMA SQR-QJA SQR-QSO 
SQR-QND 

4 0.2363 0.1188 3.318 42.97 3.454 50.14 SQR-QJF SQR-QJA SQR-QSO 
SQR-QND 

4 0.2224 0.1028 3.760 43.53 3.516 50.70 SQR-QMJ SQR-OJA SQR-OSO 
SOR-QND 

4 0.2205 0.1006 3.821 43.60 3.525 50.77 SQR-QJF SQR-QMA SQR-QSO 
SQR-OND 

- - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - - - -  . 

5 0.2453 0.0944 5.031 44.60 3.549 53.20 SOR-QJF SQR-QMA SQR-QJA 
SQR-QSO SQR-QND 

5 0.2428 0.0913 5.112 44.71 3.561 53.31 SQR-QMA SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

5 0.2363 0.0836 5.318 44.97 3.592 53.57 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SQR-OND 

5 0.2221 0.0665 5.770 45.54 3.659 54.14 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QSO SQR-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - -  
6 0.2463 0.0579 7.000 46.56 3.692 56.60 SQR-QJF SQR-QMA SQR-QMJ 

SQR-WA SQR-QSO SQR-QND 

N = 31 
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5.5 Square root of oyster data and log of inflow data 

Table 5.5 Regression Models for Dependent Variable: Sqrt(0YSTER) on Ln(INFL0WS) 

Rsq Adj C ( p )  AIC  MSE SBC Variables i n  Model 
~n Rs9 

1 0.1533 0.1241 -0.206 102.0 25.24 104.9 LN-QJF 
1 0.1437 0.1142 0.0985 102.4 25.53 105.2 LN-OND 
1 0.0245 -.0091 3.871 106.4 29.08 109.3 LN-OJA 
1 0.0239 -.0098 3.890 106.4 29.10 109.3 LN-OSO 

2 0.1977 0.1404 0.390 102.3 24.77 106.7 LN-QJF LN-QND 

2 0.1812 0.1227 0.913 103.0 25.29 107.3 LN-QJF LN-OMA 
2 0.1654 0.1058 1.411 103.6 25.77 107.9 LN-QJF LN-OMJ 
2 0.1597 0.0997 1.592 103.8 25.95 108.1 LN-OJA LN-OND 

- . . - - - - - - - - - - . - - - - - - - - - - - - - - - - * - - - - -  

108.5 LN-QJF LN-OMA LN-OND 
109.8 L N J F  LN-OM LN-QND 

110.0 LN-WF LN-PSO LN-OND 
110.0 LN-QJF LN-OJA LN-QND 
- - - - - - - - . . - - - - - - - - - - . - - - - - - - . - - - - - - -  

111.9 LN-QJF LN-QMA LN-OW LN-OND 
111.9 LN-QJF LN-OMA LN-OSO LN-QND 
111.9 LN-OJF LN-OMA LN-QJA LN-OND 
112.9 LN-OJF LN-QMJ LN-OSO LN-QND 

5 0.2416 0.0899 5.001 106.6 26.23 115.2 LN-QJF LN-OMA LN-OM LN-OSO 
LN-OND 

5 0.2399 0.0878 5.056 106.7 26.29 115.3 LN-QJF LN-OMA LN-QMJ LN-QJA 
LN-QND 

5 0.2397 0.0877 5.059 106.7 26.29 115.3 LN-QJF LN-QMA LN-QJA LN-OSO 
LN-OND 

5 0.2128 0.0553 5.913 107.8 27.23 116.4 LN-OJF LN-OMJ LN-OJA LN-QSO 
LN-QND 

- - - . - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
6 0.2416 0.0520 7.000 108.6 27.32 118.6 LN-QJF LN-QMA LN-OW LN-QJA 

LN-OSO LN-OND 

N = 31 
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5.6 Various transformation suggested by Box-Cox 

Table 5.6 Regression Modelsfor Dependent Variable: (OYSTER)"' on variously transformed INFLOWS. 

Rsq Ad j  C(p) AIC MSE SBC Var iab les  i n  Model 
I n  flsq 

1 0.2061 0.1787 0.219 -26.26 0.4027 -23.40 OR-QND 
1 0.1986 0.1710 0.476 -25.97 0.4065 -23.11 QR-OJF 
1 0.0609 0.0285 5.197 -21.06 0.4763 -18.19 LN-QMA 
1 0.0573 0.0248 5.320 -20.94 0.4782 -18.07 OR-QSO 

. - - - - - - . - - - - - - - - - - - - - - - - - - . - - . . - - - - - - - - - - . - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - -  
2 0.2686 0.2163 0.076 -26.81 0.3842 -22.50 OR-QJF OR-QND 
2 0.2428 0.1887 0.959 -25.73 0.3978 -21.43 LN-QJA OR-QND 
2 0.2370 0.1825 1.159 -25.50 0.4008 -21.19 OR-QSO QR-QND 
2 0.2235 0.1680 1.622 -24.95 0.4079 -20.65 OR-QJF OR-QSO 

- - - - - * . - . - - - - - - - - - - . - - - - - - . - . - - - - - - - - - . - - - - - - - - - - - - - - - - -  
1.374 -25.69 0.3873 -19.95 QR-QJF OR-QSO OR-QND 
1.707 -25.27 0.3926 -19.53 QR-QJF LN-QJA OR-QND 
1.880 -25.05 0.3954 -19.31 OR-QJF LN-QMA OR-QND 
2.069 -24.81 0.3984 -19.08 QR-QJF OR-OMJ OR-QND 
. - - - - - - - - - - - - . . - - - - - - - - - . - - - - * . - - - - . - - - - - - - - - - - - - - - . . - - -  

3.128 -24.00 0.3982 -16.83 OR-QJF LN-QJA OR-QSO OR-QND 
3.248 -23.85 0.4001 -16.68 QR-OJF LN-QMA QR-OSO OR-QND 
3.274 -23.81 0.4006 -16.64 OR-QJF QR-QMJ OR-QSO OR-QND 
3.562 -23.45 0.4053 -16.28 OR-QJF LN-QMA LN-OJA QR-OND 

5 0.2990 0.1589 5.032 -22.12 0.4124 -13.52 QR-QJF LN-QMA LN-QJA OR-QSO 
QR-QND 

5 0.2984 0.1581 5.053 -22.10 0.4128 -13.49 OR-QJF QR-QMJ LN-QJA OR-QSO 
QR-QND 

5 0.2940 0.1528 5.206 -21.90 0.4154 - 13.30 OR-QJF LN-OMA QR-OW QR-OSO 
OR-QND 

5 0.2837 0.1405 5.558 -21.45 0.4215 -12.85 QR-OJF LN-QMA QR-QMJ LN-QJA 
OR-QND 

- - ~ . ~ ~ ~ . . ~ ~ ~ - - - - - - - - - - - . . ~ ~ . ~ ~ ~ ~ ~ ~ . ~ ~ ~ - - - - - - ~ ~ . ~ ~ ~ ~ - - - - - - - - - - - - - - - . ~ ~ ~ ~ ~ ~ ~ ~  
6 0.3000 0.1250 7.000 -20.17 0.4290 -10.13 QR-OJF LN-QMA OR-OW LN-OJA 

a~-oso QR-OND 

N = 31 

Dependent Var iab le :   OYSTER)^.^ 
Independent Var iables:  OR-QJF=(January -February I n f  1ows)O.' 

CIR_QW=(May -June  inflow^)^.^ 
OR-QNP(September-October 1nflows)O.' 
IIR_QNP(November-December I n f l ~ w s ) ~ . '  
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6. REGRESSION FOR THE BEST MODELS 

6.1 Regression - Log of oyster data on log of inflow data 

6.1.1 ANOVA and Parameter Estimates 

Table 6.1 Model Summary for log of oyster data on log of inflow data. 

Model Surnrnavb 

a. Dependent Variable: Ln(0yster Harvest) 

Variables 

Entered 
Ln(November-December), 
Ln(July-August), 
Ln(May-June ), 
Ln(Sep1ember-October), 
Ln(March-April), 
~n(~anuary-~ebruaryf '~ 

b. Method: Enter 

c. lndependent Variables: (Constant). Ln(November-December Inflows), 
Ln(July-August Inflows). Ln(May-June Inflows), Ln(Sep1ember-October 
Inflows), Ln(March-April Inflows). Ln(January-February Inflows) 

R Square 

,382 

d. All requested variables entered. 

Table 6.2 ANOVA table of log of oyster data on log of injlow data 

ANOVPa 

Adjusted 
R Square 

.228 

a. Dependent Variable: Ln(0yster Harvest) 

Std. Error 
of the 

Estimate 

1.739441 

Model 
1 Regression 

Residual 
Total 

b. Independent Variables: (Constant), Ln(November-December Inflows), 
Ln(July-August Inflows), Ln(May-June Inflows). Ln(Sep1ember-October 
Inflows), Ln(March-April Inflows), Ln(January-February Inflows) 

Durbin- 
Watson 

.691 

Sum of 
Squares 

44.962 
72.616 

1 17.578 

df 
6 

24 
30 

Mean 
Square 

7.494 
3.026 

F 
2.477 

- 

Sig. 
,052" 
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Table 6.3 Table of coefficients for log of oyster data on log of inflow dara. 

Coelflcientd 

a. Dependent Variable: Ln(0yster Harvest) 

6.1.2 Collinearity Diagnostic 

Table 6.4 Variance Inflation for log of oyster dara on log of inflow data. 

CoefficlenM 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(May-June) 
Ln(July-August) 
Ln(September-October) 
Ln(November-December) 

95% Confidence 
. Interval for B 

t 
-1.308 

.887 
,125 
305 
,571 

1.342 
1.446 

Lower 
Bound 
-6.079 
-.459 
-.706 
-.608 
-.450 
-.I75 
-224 

a. Dependent Variable: Ln(0yster Harvest) 

Sia. 
,203 
,384 
,902 
,783 
,573 
,192 
,161 

Upper 
Bound 

1.364 
1.151 
,797 
,819 
,794 
,827 

1.273 

(Constant) 

Ln(January-February) 

Ln(March-April) 

Ln(May-June) 

Ln(J~ly-Aug~St)  

Ln(September-October) 

Ln(November-December) - 

Table 6.5 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(0YSTER) on 
Ln(INFL0 WS): 

Standar 
dized 

Coefficie 
nts 

Beta 

,218 
,028 
,061 
,102 
,236 
,282 

Unstandardized 
Coefficients 

- - 

Number E igenva lue  

1 2.561 98 
2 1.06417 
3 0.88836 
4 0.81819 
5 0.36575 
6 0.30154 

B 
-2.358 

,346 
4.5E-02 

,105 
172 
,326 
,525 

t 
-1.308 

.887 
,125 

,305 
.571 

1.342 

1.446 

Cond i t i on  
I ndex  

1.00000 
1.55161 
1 ,69822 
1 .76954 
2.64664 
2.91483 

Std. Error 
1.803 
,390 
,364 
,348 
,301 
,243 
,363 

Var Prop Var Prop 
LN-QJF LN-OMA 

0.0493 0.0477 
0.0025 0.0758 
0.0216 0.0000 
0.0000 0.0352 
0.0008 0.6372 
0.9258 0.2041 

Collinearity Statistics 

Var Prop Var Prop 
LN-OMJ LN-OJA 

0.0456 0.0220 
0.0047 0.2352 
0.1250 0.4656 
0.2346 0.0068 
0.5162 0.0077 
0.0740 0.2627 

Tolerance 

.428 

,526 
,636 

,808 

,829 

,679 

Var Prop Var Prop 
LN-0.50 LN-OND 

0.0208 0.0410 
0.3351 0.0593 
0.2506 0.0001 
0.1176 0.4318 
0.2713 0.2532 
0.0045 0.2145 

VIF 

2.339 

1.900 

1.573 

1.238 

1.206 

1.473 
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6.1.3 Residuals Diagnostics 

Table 6.6 Residuals Diagnosf~cs for log of oyster data on log of inflow data. 

Residuals Statistic9 

a. Dependent Variable: Ln(0yster Ha~eSt) 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

,549031 

-2.1 65 

,472762 

,720260 

-3.443763 

-1.980 

-2.612 

-5.996474 

-3.023 

1.248 

,000 

,042 

Maximum 

5.237872 

1.665 

1.134913 

7.127876 

3.425069 

1.969 

2.143 

4.055497 

2.332 

11.803 

,723 

,393 

Mean 

3.199413 

,000 

,812834 

3.291824 

-3.4E-16 

,000 

-.023 

-9.2E-02 

-.027 

5.806 

.057 

,194 

Std. 
Deviation 

1.224232 

1.000 

,152524 

1.366108 

1.555803 

,894 

1.039 

2.120206 

1.100 

2.460 

.I31 

,082 

N 

31 

31 

31 

3 1 

3 1 

31 

31 

31 

31 

31 

31 

31 
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Table 6.7 Case Values for Residuals Diagnostics for log of ovster data on log of inflow data. 

YEAR P R K 1  RES-1 D R K I  ADJ-1 ZPR-1 Z R U  'sREJ'  SDR-I~ 
1962 4.5752 -3.4438 -5.9965 7.1279 1.1238 -1.9798 -2.6125 *-3.0232 

PRE-1 Predicted value of harvest 
\ 

RES-I Ordinary residuals: observed harvest minus predicted harvest 
DRE-1 Deleted residuals: residuals obtained when the model is fitted without that obs. 
ADL1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
SRE_ 1 Studentized residual 
SDR-1 Studentized deleted residuals 
'values greater than 3 are flagged. 
 his is flagged if it exceeds tn.p2.0=t23.0.~~=2.500. 
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Regresalon Standardized Realdual 

Figure 6.1 Histogram of Standardized 
Residuals. 

maewed Cum Prob 

Figure 6.2 Normal P-P Plot of Residuals. 
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Ln(January-February Inflows) 

Figure 6.3 Partial Residual Plot for 
Ln(Januay-February Inflows). 

Ln(May-June Inflows) 

Figure 6.5 Partial Residual Plot for Ln(May- 
June Inflows). 

Ln(Septembw-October Inflows) 

Figure 6.7 Partial Residual Plot for 
Ln fSeptember-October Inflows). 

Ln(March-April Inflows) 

Figure 6.4 Partial Residual Plot for 
Ln(March-April Inflows). 

Figure 6.6 Partial Residual Plot for Ln(Ju1y- 
August Inflows). 

Figure 6.8 Partial Residual Plot for 
Ln(November-December 
Inflows). 
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Figure 6.9 Residuals Plot for Ln(Janua~-  
February Inflows). 

Figure 6.11 Residuals Plot for Ln(May-June 
Inflows). 

Figure 6.10 Residuals Plot for Ln(March- 
April Inflows). 

Figure 6.12 Residuals Plot for Ln(Ju1y-August 
Inflows). 

Ln(S9plernber-October Inflows) Ln(November-Decembsr Inllows) 

Figure 6.13 Residuals Plot for Ln(September- Figure 6.14 Residuals Plot for Lnmovember- 
October Inflows). December Inflows). 
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6.1.4 Prediction Intervals for Oyster Harvest 

Table 6.8 Prediction Intervals for Qvsrer Harvest. 

YEAR LZCZ-1 LN-FLOUN UZCZ-1 
1962 -1.2339 1.1314 10.3842 

LICI-1 Lower limit for 99% prediction interval for the natural log of oyster harvest. 

LN-OYSTER Natural log of oyster harvest 

UICI- I Upper limit for 99% prediction interval for the natural log of oyster harvest. 
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6.1.5 Outliers and Influential Point Detection 

Table 6.9 Mahalanobis distance, Cook's distance, Leverage value and associatedp-values 

YEAR MAK~ COOK-1 LEV-I MAH-PP COOK-PP 
1962 11.8033 .7227 ,3934 ,1072 ,3459 
1963 9.1221 ,0296 ,3041 ,2440 .OOOO 
1964 6.7540 .I001 .225 1 ,4549 ,0022 
1965 7.5988 ,1324 .2533 .3693 ,0052 
1966 5.6857 ,0664 ,1895 ,5769 ,0006 
1967 6.3588 ,0017 .2120 ,4985 .OOOO 
1968 7.8544 ,0139 .26 18 ,3456 .OOOO 
1969 7.6093 ,0015 ,2536 ,3683 .OOOO 
1970 2.981 1 ,0303 ,0994 ,8867 .OOOO 
1971 1.4206 .0023 ,0474 ,9849 .OOOO 
1972 3.1467 ,0024 ,1049 ,871 1 .OOOO 
1973 4.1663 .0247 ,1389 ,7604 .OOOO 
1974 4.2823 .OO 15 .I427 .7467 .OOOO 
1975 5.8925 ,0084 .I964 ,5524 .OOOO 
1976 8.9790 .0006 ,2993 ,2542 .OOOO 
1977 5.3376 ,000 1 ,1779 ,6188 .OOOO 
1978 3.6474 ,0068 ,1216 .8 194 .OOOO 
1979 1.2483 ,0040 ,0416 ,9898 .OOOO 
1980 6.2786 ,0147 ,2093 ,5076 .OOOO 
1981 5.5357 ,0002 ,1845 ,5949 .OOOO 
1982 4.8193 ,0191 ,1606 .6820 .OOOO 
1983 4.1995 .OOOO .I400 .7565 .OOOO 
1984 4.62 10 ,0298 ,1540 ,706 1 .OOOO 
1985 11.1027 ,1192 ,3701 ,1342 .0038 
1986 6.4010 ,029 1 ,2134 ,4938 .OOOO 
1987 5.7960 ,1050 ,1932 ,5638 ,0025 
1988 4.3879 ,1044 ,1463 ,7342 ,0025 
1989 3.6958 ,1207 .I232 ,8141 ,0039 
1990 8.1640 ,0015 .2721 .3 184 .OOOO 
1993 6.5167 ,0600 .2 172 ,4809 .0004 
1994 4.5935 .OO 15 ,1531 ,7094 .OOOO 

UAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
2 1 ~ ~ ~ ~ - ~ ~  = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l  degrees of 
freedom. Small values indicate a problem. 
3 ~ ~ ~ ~ - ~ ~  = F(CO0K-I), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-l denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.10 Standardized df$ts value and Standardized dfbeta values 

YEAR SDFFITS 
*-2.6029 

-.4493 

-.8563 
-.9916 
-.6915 
-. 1079 
-.3073 
,1000 
.4650 
,1234 
,1285 

-.4140 
-.0988 
-.2379 
-.0653 
-.0283 
.2 144 
,1648 

-.3163 

,0387 
-.3618 
-.0142 
.4558 
.9 183 
,4476 
3873 
,9024 

* 1.0007 
.0995 

-.6519 
-.I001 

SDFBE T-0 
-.5958 
-.3230 
-.5605 
-.6781 
-.2794 

-.0255 
,0302 
,0030 
.2 147 
,0114 

-.0434 
,1898 
.0023 

-.0198 
.O 180 
,0151 

-.02 17 
.O 154 

-.0284 

-.0120 
,2404 
,0049 

-.0270 
,2713 
,0301 

-.0679 
.I915 
,8066 
,0240 

,2732 
,0032 

SDFFITS Standardized d 8 t s  value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for log of January-February inflows 

SDFBET-2 Standardized dfbeta for log of March-April inflows 

'1tems are flagged if lsdfjitsl or Isdfletal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is 1. 
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Table 6.11 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1962 *1.1540 *1.2063 -.6809 -.625 1 

SDFBET-3 Standardized dfbeta for log of May-June inflows 

SDFB ET-4 Standardized dfbeta for log of July-August inflows 
SDFBET-5 Standardized dfbera for log of September-October inflows 

SDFBE T-6 Standardized dfbeta for log of November-December inflows 

'~tems are flagged if bdffitsl or lsdfbetal exceed 1.0 for a small data set or 2 4- for a large data 

set. The cutoff used here is 1. 
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Smndara~ed DFBETA lntercepl 

Smdardued DFBETA LnlMarch April Inllour) 

:ri 

Standardued DFBETA Ln(Ju1y-Augw Innovsl 

SmndaRIuBd DFBETA Ln(Nwember.DecenDer InROxS) 

Smmam#zed DFBETA LniJanuary-February Innovs) 

SmndaduBd OFBETA LnIManh-June Inflows) 

Smrdardtzed DFBETA Ln(Sep1ember-Onober I n l h s l  

Figure 6.15 Standardized DFFZTS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of log of inflow variables. 
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6.2 Regression - Various transformation 

6.2.1 ANOVA and Parameter Estimates 

Table 6.12 Model Summavy for various transformation. 

Model Summarpb 

a. Dependent Variable: (Oyster)"(0.2) 

b. Method: Enter 

c. lndependent Variables: (Constant), (Nowember-December Infl~ws)~(-O.l), 
Ln(July-August Inflows). (May-June InfIows)"(O.2), (September-October Infl~ws)~(O.l). 
Ln(March-April Inflows). (January-February Infl~ws)~(O.l) 

Durbin- 
Watson 

,682 

d. All requested variables entered 

Std. Error 
of the 

Estimate 

,655018 

Table 6.13 ANOVA table of various transformations. 

ANOVP 

Adjusted 
R Square 

,125 

R Square 

.300 

Variables 
Entered 

(November-December )"(-0.11, 
Ln(July-August), 
(May-June Inflo~s)~(0.2). 
(September-O~tober)~(O~l), 
Ln(March-April Inflows), c,d 

(January-February)"(O.l) 

a. Dependent Variable: OR-OY2 

b. lndependent Variables: (Constant). (Nowember-December Inflo~s)~(-O.l). 
Ln(July-August Inflows), (May-June Inflows)"(0.2). (September-October 
Infl~ws)~(O.l), Ln(March-April Inflows), (January-February Inflows)"(O.l) 

R 

,548 

Siq. 
.161B 

Mean 
Sauare 

.735 

.429 

df 
6 

24 
30 

Model 
1 Regression 

Residual 
Total 

F 
1.714 

Sum of 
Squares 

4.412 
10.297 
14.710 
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Table 6.14 Table of coefficients for various transfonnations 

Coefficient9 

a. Dependent Variable: (Oyster)"(0.2) 

(Constant) 
(January-Feb~ary)"(O.l) 
Ln(March-April) 
(May-June)"(O.2) 
Ln(July-August) 
(September-October)"(0.1) 
(Nowember-December)"(-0.1) 

6.2.2 Collinearity Diagnostic 

Table 6.15 Collinearity Diagnostic for various transfonnations 

Coefficient* 

Unstandardized 
Coefficients 

a. Dependent Variable: (Oyster)"(0.2) 

Standar 
dized 

Coefficie 
nts , 

Beta 

,277 
- . O M  
-.038 
,086 
139 

-.315 

B 
1.865 
1.146 

-3.1 E-02 
-4.7E-02 
5.1 E-02 

,440 
-2.905 

(Constant) 

(January-February)"(O.l) 
Ln(March-April) 

(May-June)"(O.2) 

Ln(July-August) 

(September-O~tober)~(O.l) 
(November-December)"(-0.1) 

Table 6.16 Collinearity Diagnosticslintercept adjusted) for various transformations. 

Std. Error 
2.330 
1.058 
,136 
265 
112 
,589 

1.914 

Condition Var Prop Var Prop Var Prop Var Prop Var prop Var p r o p  
Number Eigenvalue Index OR-OJF OR-OM OR-OMJ OR-OJA OR-OSO OR-OND 

1 2.50945 1.00000 0.0530 0.0508 0.0457 0.0229 0.0190 0.0427 
2 1 ,09381 1 ,51467 0.0038 0.0604 0.0226 0.1673 0.3624 0.0824 
3 0.91066 1.66001 0.0174 0.0066 0.1892 0.5071 0.1038 0.0102 
4 0.80342 1 .76734 0.0005 0.0425 0.1588 0.0473 0.2544 0.3794 
5 0.36813 2.61091 0.0001 0.6135 0.5367 0.0127 0.2599 0.2794 
6 0.31 454 2.82457 0.9252 0.2261 0.0470 0.2426 0.0005 0.2059 

t 
.BOO 

1.083 
-.231 
-.I78 
,454 
747 

-1.518 

t 
,800 

1.083 

-.231 

-.I78 

,454 

,747 

-1.518 

Siq. 
,431 
,290 
,820 
,860 
,654 
.463 
,142 

Collinearitv Statistics 

Tolerance 

,444 

,531 

,652 

,821 

,839 

,679 

95% Confidence 
. Interval for B 

VIF 

2.250 

1.884 

1.535 

1.218 

1.192 

1.473 

Lower 
Bound 
-2.944 
-1.038 
-.313 
-.594 
-.I81 
-.775 

-6.856 

Upper 
Bound 

6.675 
3.329 
,250 
,500 
283 

1.654 
1.045 



Oyster Harvest in Aransas Bay d? 

6.2.3 Residuals Diagnostics 

Table 6.1 7 Residuals Diagnostics for various transformations. 

Residuals Statistic$ 

a. Dependent Variable: (Oy~ter)~(0.2) 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

1.302810 

-1 .a97 

.I80938 

1.327969 

-1.419572 

-2.167 

-2.827 

-2.41 5074 

-3.388 

1.321 

,000 

,044 

Maximum 

2.673500 

1.677 

,420542 

3.669001 

1.108392 

1.692 

1.913 

I .418259 

2.034 

11.398 

,801 

,380 

Mean 

2.030184 

.OOO 

.306350 

2.062179 

2.9E-17 

,000 

-.021 

-3.2E-02 

-.028 

5.806 

,059 

,194 

Std. 
Deviation 

,383514 

1.000 

5.6E-02 

,469633 

,585866 

,894 

1.044 

.806821 

1.118 

2.392 

,145 

,080 

N 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 
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Table 6.18 Case Values for Residuals Diagnostics for various transformations. 

1994 2.1861 -.2170 -.2714 2.2404 ,4065 -.3313 -.3705 -.3637 

PRE-1 Predicted value of harvest 
RES-1 Ordinary residuals: observed harvest minus predicted harvest 
Dm-1 Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
zRC-1 Z-score of the residual 
SRE-1 Studentized residual 
SDR-1 Studentized deleted residuals 

'values greater than 3 are flagged. 
st his is flagged if it exceeds t,,.2,,=tz3,0.0,=2.500. 
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Regress~on Standardized Residual 

Figure 6.16 Histogram of Standardized 
Residuals. 

Obervna Cum Prob 

Figure 6.1 7 Normal P-P Plot of Residuals. 
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Figure 6.18 Partial Residual Plot for 
(January-Febr~ary)~(O. I). 

(May-June Inflom)*(O 2) 

Figure 6.20 Partial Residual Plot for (May- 
June InflowsjA(0.2). 

LnIMarch-April Inflows) 

Figure 6.19 Partial Residual Plot for 
Ln(March-April Inflows). 

Figure 6.21 Parrial Residual Plot for Ln(July- 
August Inflows). 

(September-October 1nRo~s)~IO.l) (November-December lnflo~s)~(-O.l) 

Figure 6.22 Partial Residual Plot for Figure 6.23 Partial Residual Plot for 
(September-October)"(0. I). (November-December Inflows)"(- 

0.1). 
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Figure 6.24 Residuals Plot for (Januaty- 
February)A(O. I). 

(May-June Inflows)'i0.2) 

Figure 6.26 Residuals Plot for Sqrt(May-June 
Inflows)A(O.Z). 

Figure 6.25 Residuals Plot for Ln(March- 
April Inflows). 

Ln(July-Aylust Inflows) 

Figure 6.27 Residuals Plot for Ln(Ju1y-August 
Inflows). 

(September-October Inllows)lI0.1) (November-December Inflowsl'i-011 

Figure 6.28 Residuals Plot for (September- Figure 6.29 Residuals Plot forflovember- 
October Inflows)'YO. I). December Inflows)A(-0.1). 
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6.2.4 Prediction Intervals for Oyster Harvest 

Table 6.19 Prediction Intervals for e s t e r  Harvest. 

YEAR LZCI-1 TR-0 YST UZCI-1 
1962 .4964 1.2539 4.8506 

LICI-1 Lower limit for 99% prediction interval for the log of (Oyster h a ~ e s t ) ~ ( 0 . 2 ) ,  

TR-OYST (Oyster harve~t)~(0.2) 
UICI- I Upper limit for 99% prediction interval for (Oyster harvest)"(O.2) 
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6.2.5 Outliers and Influential Point Detection 

Table 6.20 Mahalanobis distance, Cook's distance, Leverage value and associatedp-values 

YEAR MAH-1 COOK-1 LEV-1 ' MAH-PV~ COOK-PP 
1962 1 1.3984 ,8005 ,3799 ,1222 ,4052 
1963 8.6025 .03 16 ,2868 .2825 .OOOO 
1964 5.6918 ,0600 ,1897 ,5762 .0004 
1965 7.2932 ,0805 ,243 1 .3990 ,001 1 
1966 5.3083 .0403 ,1769 ,6224 ,000 1 
1967 5.9228 ,0038 ,1974 ,5488 .OOOO 
1968 8.1248 ,0070 .2708 ,3217 .OOOO 
1969 8.0274 ,0072 ,2676 .3302 .OOOO 
1970 2.9291 .0235 .0976 ,8915 .OOOO 
1971 1.5407 .0008 .05 14 .9809 .OOOO 
1972 3.3626 ,0047 ,1121 ,8496 .OOOO 
1973 4.7354 .O 177 ,1578 ,6922 .OOOO 
1974 4.1245 ,0007 ,1375 ,7653 .OOOO 
1975 6.2971 ,0214 .2099 ,5055 .OOOO 
1976 8.7163 ,0077 .2905 .2737 .OOOO 
1977 5.2060 ,0002 ,1735 ,6348 .OOOO 
1978 3.4505 ,0067 ,1150 ,8404 .OOOO 
1979 1.3214 ,0027 ,0440 ,9879 .OOOO 
1980 6.6005 .0288 ,2200 ,4716 .OOOO 
1981 5.5939 .0007 ,1865 ,5879 .OOOO 
1982 5.0368 .O 193 ,1679 ,6555 .OOOO 
1983 4.2375 ,0002 ,1412 ,7521 .OOOO 
1984 4.7313 ,0544 ,1577 ,6927 ,0003 
1985 11.1294 ,1790 .3710 .I331 ,0128 
1986 6.7568 ,0324 ,2252 ,4546 ,0001 
1987 5.6176 ,1470 ,1873 ,5850 .007 1 
1988 4.1228 ,1007 ,1374 ,7655 ,0022 
1989 3.7741 ,0850 ,1258 ,8054 .OO 13 
1990 7.8842 ,0034 ,2628 ,3429 .OOOO 
1993 7.4227 ,0644 .2474 ,3862 ,0005 
1994 5.0397 ,0049 ,1680 ,655 1 .OOOO 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LE V-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
2~~~~~~~ = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
fieedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-l), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.21 Standardized dffits value and Standardized dJbeta values 

-- 

YEAR 
1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1993 

1994 

- 

SDFFITS 
*-2.8373 

-.4653 

-.655 1 

-.7586 

-.53 16 

-.I606 

-.2173 

.2206 

,4068 

,0720 

.I779 

-.3479 

-.0666 

-.3825 

-.2283 

-.0352 

.2127 

,1361 

- . a 5 4  

,0696 

-.3639 

-.0383 

,6256 

*1.1406 

,4727 

* 1.0787 

.8881 

.8 107 

-.I520 

-.6739 

-.I820 

SDFFITS Standardized df l t s  value 

SDFBE T-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbefa for (January-February inflow~)~(O. 1) 

SDFBET-2 Standardized dfbeta for log of March-April inflows 

'hems are flagged if JsdfitsJ or lsdfbetal exceed 1.0 for a small data set or 24- for a large data 

set. The cutoff used here is 1. 
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Table 6.22 Standardized dfbeta values 

YEAR 
1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1993 

1994 

SDFBE T-3 Standardized dJbeta for (May-June inflows)A(0.2) 

SDFBET-4 Standardized dfbeta for log of July-August inflows 

SDFBET-5 Standardized dfbeta for (September-October inflows)"(O. 1) 

SDFBE T-6 Standardized dfleta for (November-December inflows)"(-0.1) 

'1tem.s are flagged if lsdffitsl or bdfbetal exceed 1.0 for a small data set or 2 J T p i l ) i n  for a large data 
set. The cutoff used here is 1. 
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Standardlzd DFBETA Intercept 

2 I 

Standardized DFBETA LnlMarCh-April InflWS) 

SiaMamud DFBETA (JanuarpFebruary InflWslLIO 1) 

StandardEd DFBETA (May-June InHows)'lO 2) 

2' 

Standardzed DFBETA LNJuly-August Intlasl SLandardlzed DFBETA (Septmer-Onobw Inflows)"(O I )  

Standardlled DFBETA (Nwemixr-Dscember InllM)*(-O.tl 

Figure 6.30 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of various transforms of inflow variables. 
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7. EXAMINING SUBSETS OF THE DATA 

7.1 Log of oyster data and log of inflow data: 1962 Omittec! 

Table 7.1 Regression Models for Dependent Variable: Ln(0YSTER) on Ln(INFL0WS): 1962 Omitted 

Rsq Adj C ( p )  AIC MSE SBC Variables in Model 
In RS9 

1 0.3093 0.2847 8.591 32.72 2.791 35.53 LN-QJF 
1 0.3081 0.2834 8.653 32.78 '2.796 35.58 LN-QND 
1 0.1742 0.1447 15.36 38.09 3.337 40.89 LN-QSO 
1 0.0997 0.0675 19.09 40.68 3.639 43.48 LN-QMA 

. . - - . - - - ----- . - - ---- . - . - - . . - - . - - . - - . - - -- . - . . - - - --*---------- . - - ------------  
2 0.4214 0.3785 4.980 29.42 2.425 33.62 LN-QSO LN-QND 
2 0.4192 0.3761 5.091 29.53 2.434 33.73 LN-QJF LN-QND 
2 0.4130 0.3695 5.400 29.85 2.460 34.05 LN-QJF LN-QSO 
2 0.3372 0.2881 9.198 33.49 2.778 37.70 LN-QJA LN-QND 

---.----s.--------------.----------------.--.-----------------..----.------ 

3 0.5075 0.4507 2.668 26.58 2.144 32.19 LN-QJF LN-QSO LN-QND 
3 0.4459 0.3819 5.754 30.12 2.412 35.72 LN-QJF LN-QMA LN-QND 
3 0.4318 0.3662 6.460 30.87 2.473 36.48 LN-QJA LN-QSO LN-QND 
3 0.4308 0.3651 6.510 30.92 2.477 36.53 LN-QJF LN-QMJ LN-QSO 

- - - . - - - - - - - - - - . - - - - - - . - - - - - - - - - - - - - -  
34.38 LN-QJF LN-QMA LN-QSO LN-QND 
34.67 LN-QJF LN-QMJ LN-QSD LN-QND 
35.57 LN-QJF LN-QJA LN-QSO LN-QND 
39.12 LN-QJF LN-QMA LN-Qh!J LN-QND 
- - . - ------------------------ . - ------  
37.22 LN-WF LN-OMA LN-QN LN-QSO 

LN-QND 
37.61 LN-QJF LN-QMA LN-QJA LN-QSO 

LN-QND 
37.93 LN-QJF LN-QMJ LN-QJA LN-QSO 

LN-QND 
42.52 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QND 
- - - - - - - - - - . - - - - - - - - . . - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - -  

6 0.5408 0.4210 7.000 30.48 2.259 40.29 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN QSO LN QND 
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Toble 7.5 Parameter Estimates of Models for Dependent Variable: Ln(0YSTER) on 
Ln(INFL0WS): 1962 Omitted 

08s -RMSE- INTERCEP LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

1 1.67070 0.45672 0.88741 

Table 7.6 Criteria Statistics of Models for Dependent Variable: Ln(0YSTER) on 
Ln(INFL0WS): 1962 Omitted 
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Number 01 Paramelers 

Figure 7.7 The R* criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.9 The AIC criteria vs. Number of 
parameters.. 

oh 

Number of Parameters 

Figure 7.11 The C(p) criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.8 p he ~ d j u s t e d  R criteria vs 
Number of parameters. 

Number of Parameters 

Figure 7.10 MSE vs. Number ofparameters. 

0 1 2 3 1 5  

Number of Parameters 

Figure 7.12 The SBC criteria vs. Number of 
parameters. 
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7.2 Various Transformation of data: 1962 Omitted 

Table 7.7 Regression Models for Dependent Variable: Various Transformations 1962 Omitted 

Rsq Adj  C ( p )  A IC MSE SBC Var iab les  in M o d e l  
I n  Rs9 

1 0.2950 0.2698 7.257 -29.16 0.3547 -26.36 OR-QND 
1 0.2633 0.2370 8.750 -27.85 0.3706 -25.04 QR-QJF 
1 0.0782 0.0453 17.48 -21.12 0.4638 -18.32 OR-QSO 
1 0.0504 0.0165 18.79 -20.23 0.4777 -17.43 LN-QMA 

. . --- . .-- .---------. .- .---. . .-- .-------.-----------. .-------------.--.- .--- 
2 0.3787 0.3326 5.309 -30.95 0.3242 -26.75 QR-QJF OR-QND 
2 0.3445 0.2960 6.919 -29.35 0.3420 -25.15 QR-QSO OR-QND 
2 0.3123 0.2614 8.439 -27.91 0.3588 -23.71 LN-QJA QR-QND 
2 0.3029 0.2513 8.880 -27.50 0.3637 -23.30 QR-QJF QR-QSO 

. - - - . - - - - - - - . - - - . . - . - - - - - - - . - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - -  
3 0.4407 0.3762 4.383 -32.11 0.3030 -26.50 QR-QJF LN-QMA QR-QND 
3 0.4138 0.3461 5.653 -30.70 0.3176 -25.09 QR-QJF OR-QSO OR-QND 
3 0.4027 0.3338 6.175 -30.14 0.3236 -24.53 QR-QJF OR-QMJ QR-QND 
3 0.3789 0.3072 7.299 -28.96 0.3365 -23.36 Q R Q J F  LN-QJA QR-QND 

- - . - - - . . - - . - - - . . - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.4695 0.3847 5.021 -31.70 0.2989 -24.69 OR-QJF LN-QMA OR-QSO OR-QND 
4 0.4657 0.3803 5.201 -31.48 0.3010 -24.48 OR-QJF OR-QMJ OR-QSO OR-QND 
4 0.4526 0.3650 5.821 -30.76 0.3084 -23.75 QR-QJF LN-QMA OR-QMJ QR-QND 
4 0.4426 0.3534 6.292 -30.21 0.3141 -23.21 Q R Q J F  LN-QMA LN-QJA OR-QND 

- - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - -  
5 0.5015 0.3976 5.514 -31.56 0.2926 -23.16 OR-QJF LN-QhM QR-QMJ QR-QSO 

QR-QND 
5 0.4747 0.3653 6.778 -29.99 0.3083 -21.58 OR-QJF LN-QMA LN-QJA QR-QSO 

OR-QND 
5 0.4704 0.3601 6.979 -29.75 0.3108 -21.34 QR-QJF QR-QM LN-QJA QR-QSO 

QR-QND 
5 0.4557 0.3423 7.674 -28.93 0.3195 -20.52 QR-QJF LN-QMA OR-QMJ LN-QJA 

QR-QND 
. . - -------- . . ------ . . ------- .------ .--- . . ------- . . -------------- .------ .---  
6 0.5124 0.3852 7.000 -30.23 0.2986 -20.42 OR-QJF LN-QMA QR-QMJ LN-QJA 

QR-QSO OR-QND 

N = 30 
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Table 7.8 Analysis of Variance for Dependent Variable: Various Transformations: 1962 Omitted 

sum of Mean 
Source OF Squares Square F value Prob>F 

Model 6 7.21 820 1 .20303 4.028 0.0067 
Error  23 6.86880 0.29864 
C T o t a l  29 14.08700 

Root MSE 0.54648 R-square 0.5124 
Oep Mean 2.05606 A d j R - s q  0.3852 
C.V. 26.57914 

Table 7.9 Parameter Estimates for Dependent Variable: Various Transformations: I962 Omitted 

Parameter Standard T f o r  HO: Variance 
Var iab le  OF Estimate Error Paramete~O Prob > I TI In f la t ion  
INTERCEP 1 1 .533256 1 ,946761 78 0.788 0.4390 0.00000000 

Table 7. I0 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Various 
Transformations: 1962 Omitted 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index OR-OJF LN-(IMA OR-OW LN-OJA OR-OSO OR-ON0 

1 2.61809 1 .OOOOO 0.041 9 0.0437 0.0425 0.0196 0.01 64 0.0434 
2 1 .I2307 1.52682 0.0021 0.0569 0.0171 0.1304 0.3713 0.0738 
3 0.94043 1.66851 0.0134 0.0051 0.1653 0.4516 0.0963 0.0073 
4 0.6871 4 1.95195 0.0270 0.0139 0.1449 0.0194 0.2330 0.5684 
5 0.38273 2.61545 0.0029 0.5091 0.4934 0.0185 0.2536 0.2805 
6 0.24853 3.24567 0.9126 0.3714 0.1368 0.3604 0.0294 0.0267 
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Table 7.11 Parameter Estimates of Models for Dependent Variable Various Transfonnations 
1962 Omitted 

08s -RMSE- INTERCEP OR-WF LN-OMA OR-OMJ LN-WA OR-OSO OR-ON0 

1 0.59557 5.75275 . - 5.10648 
2 0.60880 -0.88139 2.12419 
3 0.68099 0.68061 . 0.87408 . 
4 0.69119 1.66214 . 0.12921 . 
5 0.56937 2.80181 1.36214 -3.63216 
6 0.58480 4.48788 . , 0.69969 -4.88016 
7 0.59900 5.34732 . 0.078556 . -4.94346 

8 0.60306 -1.68618 1.98869 0.63051 . 
9 0.55049 2.83435 2.15015 -0.19766 . -4.34998 

10 0.56359 1.97312 1.24918 0.59378 -3.56236 
11 0.56888 2.79220 1.75502 -0.22666 . - 3.57235 
12 0.58012 2.81912 1.33179 0.009386 . -3.64553 
13 0.54672 2.07943 2.00869 -0.18793 . 0.53977 -4.25120 
14 0.54867 1.61305 1.81278 -0.35230 . 0.84107 -3.44033 
15 0.55538 2.82465 2.36432 -0.18067 -0.16262 . -4.24538 
16 0.56042 2.78125 2.27840 -0.20587 . -0.029533 . - 4.33775 
17 0.54093 1.77059 2.32758 -0.15454-0.28370 . 0.74851 -4.03053 
18 0.55527 1.94026 2.21134 -0.20087 . -0.048882 0.57644 -4.22424 
19 0.55752 1.44944 1.99360 -0.37567 -0.046626 0.89600 -3.36129 
20 0.56522 2.75625 2.53993 -0.19024 -0.17151 -0.037747 . -4.22403 

Table 7.12 Criteria Statistics of Models for Dependent Variable: Various Transformations. 1962 Omitted 
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Number of Parameters 

Figure 7.7 The R' criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.8 The Adjusted R' criteria vs. 
Number ofparameters. 

~ m b e r  of Parameters Number of Parameters 

Figure 7.9 The AIC criteria vs. Number of Figure 7.10 MSE vs. Number of parameters. 
parameters.. 

Number of Parameters Number of Parameters 

Figure 7.11 The C(p) criteria vs. Number of Figure 7.12 The SBC criteria vs. Number of 
parameters. parameters. 
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1. Summary Report 
1.1 Description of the ~roblern' 

Bimonthly freshwater inflows into Corpus Christi Bay were recorded for the years 1961 to 1993. 

These variables, and various transformations of them, were used to construct a model for the annual 
harvest of Drum. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of view: 

individual observations (to detect outliers or influential points); variables, individually and in groups (to 

select an optimal set of predictors); and the interaction of these two, which produces the overall structure of 

the data set (to determine whether multicollinearity is present or not). The first two of these were examined 
by both graphic and quantitative means; the third by quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as well as by 

all the usual numerical measures. For each pair of variables, 99 % prediction ellipses and 95% confidence 

ellipses were plotted in a further effort to look for unusual points. For example, suppose large values of 

Variable A are generally associated with large values for Variable B. If an observation consisted of a large 

value for Variable A but a small value for Variable B, that point would be considered unusual, even though 

it was well withiin the range of data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual indicates a 
point not well-fit by the model. The deleted residual, however, is somewhat more useful in the search for 

influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The Studentized 
deleted residual is scaled to have a Student's t distribution. Histograms and normal P-P plots of the 

residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dffits (to measure the influence of a given observation on the predicted response) 

and the Dfbetas (to measure the influence of a given observation on the calculated coefficients) were also 

used to build a general picture of the influence of individual points. Plots were made of the standardized 

Dffits value for each model against the Dfbeta values for each predictor in the model. Points which were 
extreme indicated observations which had strong effects on both predicted values and coefficient estimates. 

1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to look for 

nonlinear relationships between the response variable and individual predictors. Partial residual plots were 

employed to examine the overall relationship between the response and individual predictors. A partial 

I The following discussion, prepared by Jacqueline Kiffe, was taken from Seatrout Harvests in Galveston Bay: A 
Regression Analysis, by F. Michael Speed, Sr. and Jacqueline Kiffe. 



residual is a corollary to the deleted residual. That is, the model is fitted without a given variable and the 

predicted response and corresponding residual are calculated for each observation. This seeks to answer the 

question, "What is the relationship of this predictor to the response variable, taking all other variables into 

account?" Thus, it examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a given model. 

We examined a number of these, including R' and mean squared error (MSE), and several others which 

directly incorporate penalties for having too many predictors in the model, such as adjusted R ~ ,  Cp AIC, 

and SBC. It is well-established that too many predictors in a model can lead to bad prediction, just as too 
few can, and these measures are used as part of the attempt to find an optimal model. 

1.23 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by linear 

combinations of the remaining variables, resulting in unstable coefficient estimates. The variance inflation 

factor (VIF) was calculated for each coefficient estimate to measure this instability, which is not usually 

considered profound for VIF's less than 10. No problems were found with this data. Additionally, the 
condition index (a ratio of eigenvalues of the covariance matrix, with the largest eigenvalue always on top) 

was calculated. A ratio greater than 30 is considered cause for concern. Again, no evidence of 

multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox procedure, used to 

fmd a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 
13.1 Selecting the Data Set Used 

First, the variables were explored thoroughly, individually and in pairs, in a first effort to detect 

outliers. The SAS programming language allows a number of diagnostics to be calculated for a group of 

models on a given data set without actually performing a formal regression, thus allowing one to examine a 

large number of models quite efficiently. The Box-Cox procedure was performed to find if a transformation 

to normality was suggested. The log transform was suggested for some variables, and the square root for 
others. At this point, there were several data sets for which the diagnostic series was calculated: 
1. Untransformed data. 
2. Harvest untransformed, and natural log of inflow variables. 
3. All variables logged. 
4. Harvest untransformed, and square root of inflows variables. 
5. All variables square root. 
6. Logged and square root variables. 
7. Harvest untransformed, and logged and square root inflows. 
8. Harvest and May-June Inflows untransformed, and logged and square root inflows. 
9. Harvest and inflows variables transformed according to Box-Cox suggestion. 



13.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one contained all 

variables in its corresponding data set. All diagnostics were generated, and influential points were 

determined for each model. 

Table 1.1 R-Square and Adjusted R-Square values for the different suggested models. 

Data set 8 presented the highest R~ values. However , the models 2, 4, 7, and 8 were considered as 

final candidates. The observations flagged as potentially influential are given in the summary table below, 

for each model. 

Table 1.2 Summary of points flagged by Boxplots. 

Adjusted R 

0.5990 

0.6232 

0.5933 
0.6306 

0.5833 

0.5643 

0.6523 

0.6532 
0.5075 

Data Set 

1 

2 

3 

4 

5 

6 
7 

8 

9 

Year Variable 
1964 Ln (Jan-Feb), May-Jun Inflows. 
1967 Sept-Oct, SQRT (Sept-Oct) Inflows. 
1968 Jan-Feb, SQRT (Jan-Feb), Sept-Oct, SQRT (Sept-Oct) Inflows. 
1969 Jan-Feb, SQRT (Jan-Feb), Sept-Oct, SQRT (Sept-Oct) Inflows. 
1970 Jan-Feb, SQRT (Jan-Feb) Inflows. 
1971 Jul-Aug, SQRT (Jul-Aug), Sept-Oct, SQRT (Sept-Oct) Inflows. 
1972 Jul-Aug, SQRT (Jul-Aug), Sept-Oct, SQRT (Sept-Oct) Inflows. 
1973 Jul-Aug, SQRT (Jul-Aug), Sept-Oct, SQRT (Sept-Oct) Inflows. 
1977 Mar-Apr, Ln (Mar-Apr), SQRT (Mar-Apr) Inflows. 
1978 Mar-Apr,Ln (Mar-Apr), SQRT (Mar-Apr) Inflows. 
1979 Mar-Apr, Ln (Mar-Apr), SQRT (Mar-Apr) Inflows. 
1981 May-Jun, Jul-Aug Inflows. 
1982 Jul-Aug Inflows. 
1992 Jan-Feb, Ln (Jan-Feb), SQRT (Jan-Feb), Mar-Apr, Ln (Mar-Apr), 

SQRT (Mar-Apr) Inflows. 
1993 Jan-Feb, Ln (Jan-Feb), SQRT (Jan-Feb), Mar-Apr, Ln (Mar-Apr), 

SQRT (Mar-Apr) Inflows. 

R 2  

0.6742 

0.6939 

0.6695 

0.6999 

0.6615 

0.6460 
0.7175 

0.7182 
0.5999 



Table 1.3 Summary of points flagged by 99% Prediction Ellipse. 

Year Variable 
1973 Jul-Aug vs. Sept-Oct Inflows. 
1979 Harvest vs.Mar-Apr Inflows, Mar-Apr vs. Nov-Dec Inflows. 
1993 Harvest vs. Jan-Feb Inflows. 

Table 1.4 Summary of points flagged by diagnostic measures. 



Table 1.4 Summary of points flagged by diagnostic measures (continued). 

Key to Abbreviations: 
BOX Box plot 
SRE Studentized residual 
SDR Studentized deleted residual 
LEV Leverage value 
MAH Mahalanobis distance 
COO Cook's distance 
SDF Standardized Dffits value 
SDB Standardized Dfbeta value 

133 Selecting the Final Candidate Models 
After the subset analysis led us to the models: Data Set 2 (harvest untransformed and logged 

inflows) 1993 omitted, Data Set 4 (harvest untransformed and square root inflows) 1979 andlor 1993 

omitted, Data Set 7 (untransformed, logged and square root variables) 1979 omitted; and Data Set 8 

(untransformed, logged and square root variables) 1979, 1981 andlor 1993 omitted. 

Table 1.5 R-Square and Adjusted R-Square values for the different subsets. 

I I 1979, 1981 and 1993 1 0.7790 1 0.7213 



13.4 Selecting the Final Model 
It is clear that Data Set 8 with 1979 and 1981 omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Best Candidate Model 

Drum Harvest = -82.94 - 47.71*Ln(January-February Inflows) 

+ 44.50*SQRT(March-April Inflows) 

+ 25.50*Ln(July-August Inflows) 

+ 15.50*Ln(November-December Inflows) 

Adjusted 

R 

0.760 

R 

0.792 

Prob>F 

1.58*10-~ 



1.4 Best Model: Untransformed, Logged and Square Root Variables 

1.4.1 Summary Information 

Descriptive Statistics 

Model 

N 
31 
31 
31 
31 
31 

a. Dependent Variable: Drum Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant). Ln (November-December Inflows), Ln 
(January-February Inflows), SQRT (March-April Inflows), Ln (July-August Inflows) 

d. All requested variables entered. 

Std. 
Deviation 
115.7951 

,7289 
2.2403 
,9753 
,8800 

Drum Harvest 
Ln (January-February Inflows) 
SQRT (March-April Inflows) 
Ln (July-August Inflows) 
Ln (November-December Inflows) 

I I sum of 1 1 Mean I 1 

Mean 
131.8968 
3.3806 
4.9101 
4.0518 
3.5040 

Std. Error 
of the 

Estimate 

56.7795 

Adjusted 
R 

Square 

.760 

a. Dependent Variable: Drum Harvest 

b. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(January-February Inflows), SQRT (March-April Inflows), Ln (July-August Inflows) 

Durtiin- 
Watson 

2.029 

R 
Square 

,792 

R 

,890 

Model 
1 

Model Squares 
31 8433 
83821.8 
402255 

1 

Variables 

Regression 
Residual 
Total 

Entered 
Ln(Nov-Dec 
Inflows), 
Ln(Jan-Feb 
Inflows). 
SQRT(Mar-Apr 
Inflows), 
Ln(Jul-4y 
Inflows) ' 

d f 
4 
26 
30 

Removed 

. 

Square 
79608.4 
3223.917 

F 
24.693 

Sig. 
.0OOb 



a. Dependent Variable: Drum Harvest 

Residuals Stattstld 

Centered 
Leverage ,006 .344 .I29 ,087 31 
Value 

a. Dependent Variable: Drum Harvest 



Table 1.6 Observed, predicted, lower and upper predicted intervals values for drum harvest. 

a Drum harvest (thousands of pounds). 
LICI Lower limit for 99% prediction interval for drum harvest. 
UICI Upper limit for 99% prediction interval for drum harvest. 

Year 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 
1969 

1970 
1971 

1972 

1973 

1974 
1975 

1976 
1977 

1978 

1979 

1980 
1981 

1982 

1983 
1984 

1985 
1986 

1987 

1988 
1989 

1990 

1991 

1992 
1993 

observeda 

8.00 

13.70 

18.50 

19.80 

24.80 
112.70 

42.20 

38.20 
26.20 

63.10 

102.90 

220.20 

201.10 

205.70 
161.80 

199.80 
400.80 

383.30 

198.60 

58.10 
58.30 

105.90 

64.60 

29.30 
59.00 
105.50 

137.00 

63.80 
15 1.60 

112.80 

300.70 
282.10 

375.60 

LICI 

0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

29.33 159 

0 

0 
0 

0 

0 
217.04956 

223.991 58 
166.87015 

7.19747 
36.50593 

0 

0 
0 

0 
0 

0 
0 

0 
0 

26.87372 

150.65728 
125.79728 

I'redicteda 

59.57374 

57.81684 
9.35360 

44.77529 

32.18796 

66.87345 

80.64787 
36.15375 

38.86576 
76.36109 

199.53884 

159.84969 

126.86492 

126.16231 
132.14036 

162.95816 
394.76512 

403.21882 
363.1 1544 

185.49992 

204.83106 
91.08759 

85.48259 

27.98858 
120.41725 
105.12915 

143.59592 
85.40513 

71.62687 

133.46909 

193.33933 
332.59721 

305.05381 

UICI 

228.52749 

225.3021 3 

184.66005 

229.84617 

201.09894 
234.1944 1 

246.62898 

205.85810 
210.49853 

244.81 862 

369.74609 

328.92097 

297.80525 
286.9 1984 

293.76667 

333.46086 
572.48069 

582.44607 
559.36072 

363.80238 

373.15618 
261.51246 

247.84837 
192.26900 

285.84028 
275.21 906 

306.462 1 1 
246.30929 

235.80214 
305.30653 

359.80494 
514.53714 

484.31034 



Year 

From Model and Observed Harvests 

Fig. 1 .1  Comparative plots of observed values vs. calculated from the regression model. 
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2. Exploring the Data 

2.1 Listing of Data 

Table 2.1. Drum harvest and water inflows data. 

DRUM Dnrm harvest (thousands of pounds) 
JF-LAG Lagged January-February inflows (thousands of acre-feet) 
MA-LAG Lagged March-April inflows (thousands of acre-feet) 
MJ-LAG Lagged May-June inflows (thousands of -feet) 
JA-LAG Lagged July-August inflows (thousands of -feet) 
SO-LAG Lagged September-Odober inflows (thousands of -feet) 
ND-LAG Lagged November-December inflows (thousands of acre-feet) 



2.2 Test of Normality for Individual Variables 

Teats of Normality 

November-Decem ber 

Novem ber-December 

m . This is an upper bound of the true significance. 

'. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 



2 3  Percentiles for Indiinal  Variables 

Rra(Hr 



2.4 h u ~ ~ ~ r y  Information for Individual Variables 

2.4.1 summary Information for Drum Hawest 

Interval for Mean 

lnterquartile Range 
160.2500 

Skewness 1.062 ,409 
Kurtosis .262 ,798 



Fig. 2.la. Exploratory Plots of Drum Harvest. 
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Fig. 2.1 b. Exploratory Plots of Transformed Drum Harvest. 



2.4.2 Summary Information for January-February Intlows 

Extreme Values 

lnterquartile Range 

Skewness 
Kurtosis 

23.6800 

1.572 
1.457 

.409 

.7Q8 



Fig. 2.2a. Exploratory Plots of January-February Inflows. 
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Fig. 2.2b. Exploratory Plots of Transformed January-February Inflows. 
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2.43 Summav Information for March-April Inflows 

Interval for Mean 

A 

lnterquartile Range 

Skewness 
Kurtosis 

11.1850 

1.984 
2.279 

.409 
,798 



Normal QQ Plot 

of March-Apnl lntlows 
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Fig. 2.3a. Exploratory Plots of March-April Inflows. 
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Normal QQ Plot 
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Fig. 2.3b. Exploratory Plots of Transformed March-April Inflows. 
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2.4.4 Summary Information for MayJune Idlows 

nterval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

132.5900 

,557 
,110 

,409 
,798 



Fig. 2.4a. Exploratory Plots of May-June Inflows. 
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Fig. 2.4b. Exploratory Plots of Transformed May-June Inflows. 



2.4.5 Sununary Information for July-August Inflows 

Extreme Values 

lnterquartile Range 

Skewness 
Kurtosis 

74.5950 

1.538 
1.221 

.409 
,798 



July-August lntlows 

Fig. 2.5a. Exploratory Plots of July-August Inflows. 
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Fig. 2.5b. Exploratory Plots of Transformed July-August Inflows. 
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2.4.6 Summary Information for September-October Inflows 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

195.4000 

1.551 
,892 

,409 
.798 



Fig. 2.6a. Exploratory Plots of September-October Inflows. 
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Fig. 2.6b. Exploratory Plots of Transformed September-October Inflows. 
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2.4.7 Summary Information for November-December Inflows 

Extreme Values 

lntequartile Range 

Skewness 
Kurtosis 

53.8100 

I .311 
1.306 

,409 
,798 



Fig. 2.7a. Exploratory Plots of November-December Inflows. 
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Fig. 2.7b. Exploratory Plots of Transformed November-December Inflows. 



3. Prediction and Confidence Regions 
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Fig. 3.1. Prediction and Confidence Ellipses. 
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Fig. 3.2. Prediction and Confidence Ellipses. 
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Fig. 3.3. Prediction and Confidence Ellipses. 
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Fig. 3.4. Prediction and Confidence Ellipses. 
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Fig. 3.6. Prediction and Confidence Ellipses. 





4. Box-Cox Analysis 

Table 4.1 Numerical Results. 

LAMBDA 

-2.0 

-1.9 

-1.8 

-1.7 

-1.6 

-1.5 

-1.4 

-1.3 

-1.2 

-1.1 

-1.0 

-0.9 

-0.8 

-0.7 
-0.6 

-0.5 

-0.4 

-0.3 

-0.2 

-0.1 

0 
0.1 

0.2 
0.3 

0.4 

0.5 

0.6 
0.7 

0.8 

0.9 

1 .O 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

HARVEST 

7885 18 

551733 

388912 

276384 

198192 

143542 

105106 

77895 

58496 

44565 

34487 

27142 

2 1749 

17766 

14807 

12602 

10960 

9744 

8857 

8230 

7816 

7583 

7508 
7582 

7800 

8168 

8694 

9398 

10305 

11450 

12879 

14649 

16836 

19535 

22865 

26980 

32070 

38381 

4622 1 

55985 

68 173 

QJF Lag 
5149 

4120 

3317 

2689 

2197 

1809 

1504 

1262 

1070 

918 

797 

70 1 

625 

565 

519 

484 

458 

440 

430 

426 
428 

437 

452 

474 
502 

539 

584 

639 

706 

786 

882 

998 

1136 

1301 

1499 

1736 

202 1 

2363 

2776 

3274 

3877 

QMA Lag 

532 

469 

416 

372 

334 

303 

277 

256 

239 

225 

215 

208 

203 

201 
203 

207 

214 

224 

239 

257 

28 1 

311 

348 

394 

450 

520 

606 

712 

844 

1008 

121 1 

1465 

1784 

2184 

2687 

3324 

4131 

5158 

6466 

8138 

10281 

QMJ Lag 

4434304 

2873672 

1873264 

1229209 

8 12620 

541771 

364682 

248 179 

171014 

119524 

84887 

61384 

45284 

34145 

26358 

20857 

16930 

14100 

12045 

10545 

9449 

8654 

8089 

7705 

7466 

7351 

7344 
7438 

7628 

7914 

8300 

8794 

9406 

10150 

11043 

12108 

13373 

14870 

16640 

18730 

21201 

QJA Lag 

64632 

50837 

40 196 

3 1964 

25577 

20606 

16727 

13690 

11307 

9432 

7955 

6791 

5874 

5155 

4595 

4165 

3843 

3614 

3466 

3392 

3387 
3452 

3589 

3 804 

4107 

45 12 

5037 

5708 

6558 

7630 

8978 

10676 

12816 

15516 

18934 

23271 

28789 

35830 

44840 

56404 

7 1286 

QSO Lag 
821247 

578271 

410210 

293417 

211837 

15454 1 

114066 

85298 

6472 1 

49912 

39190 

31388 
25692 

21534 

18516 

16358 

14870 

13921 

13428 

13342 
13648 

14356 

15502 

17152 

19409 

22416 

26371 

3 1544 

38300 

47133 

58709 

73933 

9403 1 

120671 

156131 

203528 

267140 

352855 

468796 

626200 

840653 

QND Lag 

12106 

9685 

780 1 

6329 

5173 

4262 

3540 

2967 

2509 

2142 

1847 

1609 

1417 

1262 

1137 

1037 

958 

896 

850 

818 

798 

790 
793 

808 

835 

876 

93 1 

1003 

1095 

1210 

1353 

1529 

1746 

2012 

2338 

2740 

3234 

3843 

4596 

5527 

6682 



BoxCox And* 

Fig 4.1. MSE of Harvest and Inflows Variables vs. Lambda obtained from Box-Cox Transformation 



5. Model Choice Diagnostics 

5.1 Untransformed Data 

N = 33 Regression Models for Dependent Variable: DRUM 

R-square A d  j C (P) A I C  MS E SBC Variables in Model 
In Rsq 

292.9 QMA-LAG 

310.8 QND-LAG 

317.3 QJA-LAG 

317.6 QMJ-LAG 

---------------- 
290.3 QMA-LAG QND-LAG 

290.9 QMA-LAG QJA-LAG 

292.6 QJF-LAG QMA-LAG 

295.9 QMA-LAG QSO-LAG 

3 0.653612 0.617779 2.6398 284.3 4922.5 290.3 QMA-LAG QJA-LAG QND-LAG 

3 0.651445 0.615388 2.8127 284.5 4953.3 290.5 QJF-LAG QMA-LAG QND-LAG 

3 0.630794 0.592600 4.4606 286.4 5246.8 292.4 QJF-LAG QMA-LAG QJA-LAG 

3 0.616372 0.576687 5.6113 287.7 5451.7 293.6 QMA-LAG QMJ-LAG QND-LAG 

.................................................................................... 
4 0.674106 0.627549 3.0045 284.3 4796.7 291.8 QJF-LAG QMA-LAG QJA-LAG QND-LAG 

4 0.657238 0.608273 4.3504 285.9 5045.0 293.4 QJF-LAG QMA-LAG QMJ-LAG QND-LAG 

4 0.656732 0.607693 4.3909 286.0 5052.4 293.5 QJF-LAG QMA-LAG QSO-LAG QND-LAG 

4 0.655504 0.606291 4.4888 286.1 5070.5 293.6 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

5 0.674144 0.613800 5.0015 286.3 4973.8 295.3 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.674116 0.613767 5.0037 286.3 4974.2 295.3 QJF-LAG QMA-LAG QJA-LAG,QSO-LAG 

QND-LAG 

5 0.661599 0.598933 6.0024 287.5 5165.2 296.5 QJF-LAG QMA-LAG QMJ-LAG QSO-LAG 

QND-LAG 

5 0.657191 0.593708 6.3542 287.9 5232.5 296.9 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.674162 0.598969 7.0000 288.3 5164.8 298.7 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG ................................................................................................ 



5.5 Square Root All Variables 

N = 33 Regression Models for Dependent Variable: SQRT (DRUM) 

Rsq Adj C (P) AIC MSE SBC Variables in Model 
In Rsq 

1 0.46136 0.44399 12.368 87.302 13.288 90.295 SQRT-QMA 

1 0.14255 0.11489 36.853 102.6 21.152 105.6 SQRT-QND 

1 0.09421 0.06499 40.565 104.5 22.345 107.4 SQRT-QJA 

1 0.08107 0.05142 41.574 104.9 22.669 107.9 SQRT-QMJ 

2 0.58647 0.55890 4.759 80.580 10.541 85.069 SQRT-QMA SQRT-QJA 

2 0.55649 0.52692 7.062 82.890 11.306 87.379 SQRT-QJE SQRT-QMA 

2 0.52082 0.48887 9.801 85.442 12.215 89.932 SQRT-QMA SQRT-QND 

2 0.47413 0.43907 13.387 88.511 13.405 93.000 SQRT-QMA SQRT-QMJ 

............................................................................... 
3 0.63010 0.59183 3.409 78.901 9.754 84.887 SQRT-QJE SQRT-QMA SQRT-QJA 

3 0.61470 0.57484 4.591 80.246 10.160 86.232 SQRT-QJE SQRT-QMA SQRT-QND 

3 0.60098 0.55970 5.645 81.401 10.522 87.387 SQRT-QMA SQRT-QJA SQRT-QND 

3 0.58983 0.54740 6.501 82.310 10.816 88.296 SQRT-QJF SQRT-QMA SQRT-QMJ 

4 0.65173 0.60197 3.747 78.912 9.512 86.395 SQRT-QJE SQRT-QMA SQRT-QJA SQRT-QND 

4 0.64772 0.59740 4.055 79.290 9.621 86.772 SQRT-QJF SQRT-QKA SQRT-QMJ SQRT-QND 

4 0.63403 0.58175 5.107 80.548 9.995 88.030 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QJA 

4 0.63019 0.57736 5.401 80.892 10.100 88.375 SQRT-QJE SQRT-QMA SQRT-QJA SQRT-QSO 

5 0.66124 0.59850 5.017 79.999 9.595 88.978 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.65187 0.58741 5.736 80.898 9.860 89.877 SQRT-QJE SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.64812 0.58295 6.025 81.252 9.967 90.232 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.63413 0.56638 7.099 82.539 10.363 91.518 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

6 0.66146 0.58333 7.000 81.977 9.957 92.453 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND ................................................................................................ 



5.6 Logged and Square Root Variables 

N = 33 Regression Models for Dependent Variable: Ln (DRUM) 

R-square Ad j C (p) AIC MSE SBC Variables in Model 
1n mq 

0.72682 -5.5995 SQRT-QMA 

0.92546 2.3737 LN-QJA 

0.94254 2.9770 SQRT-QMJ 

1.00876 5.2175 LN-QND 

........................ 
0.57035 -11.1851 SQRT-QMA LN-QJA 

0.61233 -8.8419 LN-QJE SQRT-QMA 

0.68496 -5.1426 SQRT-QMA SQRT-QMJ 

0.70202 -4.3311 SQRT-QMA LN-QND 

3 0.5B5192 0.542281 5.4633 -19.8004 0.49006 -13.8143 LN-QJF SQRT-QMA SQRT-QMJ 

3 0.570311 0.525860 6.5562 -18.6372 0.50764 -12.6512 LN-QJE SQRT-QMA LN-QJA 

3 0.524337 0.475131 9.9324 -15.2829 0.56196 -9.2968 LN-QJE SQRT-QMA LN-QND 

3 0.511122 0.460548 10.9030 -14.3785 0.57757 -8.3925 SQRT-QMA SQRT-QMJ LN-QJA 

..................................................................................... 
4 0.631296 0.578624 4.0775 -21.6884 0.45115 -14.2059 LN-QJE SQRT-QMA SQRT-QMJ LN-QND 

4 0.620605 0.566406 4.8626 -20.7452 0.46423 -13.2627 LN-QJF SQRT-QMA SQRT-QMJ LN-QJA 

4 0.585608 0.526409 7.4327 -17.8334 0.50706 -10.3509 LN-QJE SQRT-QMA SQRT-QMJ LN-QSO 

4 0.579780 0.519748 7.8608 -17.3725 0.51419 -9.8900 LN-QJF SQRT-QMA LN-QJA LN-QND 

5 0.639641 0.572907 5.4646 -20.4439 0.45727 -11.4648 LN-QJE SQRT-QMA SORT-QMJ LN-QJA 

LN-QND 

5 0.637021 0.569803 5.6570 -20.2049 0.46060 -11.2259 LN-QJF SQRT-QMA SQRT-QMJ LN-QSO 

LN-QND 

5 0.621306 0.551177 6.8111 -18.8062 0.48054 -9.8272 LN-QJE SQRT-QMA SQRT-QMJ LN-QJA 

LN-QSO 

5 0.581010 0.503419 9.7704 -15.4693 0.53167 -6.4903 LN-QJE SQRT-QMA LN-QJA LN-QSO 

LN-QND 

................................................................................................ 
6 0.645967 0.564267 7.0000 -19.0284 0.46652 -8.5528 LN-QJF SQRT-QMA SQRT-QMJ LN-QJA 

LN-QSO LN-QND 

................................................................................................ 



5.7 Untmnsformed, Square Root and Logged Variables 

N = 33 Regression Models for Dependent Variable: DRUM 

R-square Adj C (PI AIC MSE SBC Variables in Model 
1n Rsq 

1 0.546830 0.532211 12.7049 289.2 6024.5 292.1 SQRT-QMA 

1 0.150184 0.122770 49.2080 309.9 11297.6 312.9 LN-QND 

1 0.099837 0.070799 53.8414 311.8 11966.9 314.8 LN-QJA 

1 0.041431 0.010510 59.2164 313.9 12743.4 316.9 SQRT-QMJ 

2 0.642319 0.618474 5.9171 283.3 4913.6 287.8 SQRT-QMA LN-QJA 

2 0.623144 0.598020 7.6818 285.1 5177.0 289.6 SQRT-QMA LN-QND 

2 0.605023 0.578691 9.3495 286.6 5425.9 291.1 LN-QJF SQRT-QMA 

2 0.553590 0.523829 14.0828 290.7 6132.5 295.1 SQRT-QMA LN-QSO 

............................................................................ 
3 0.697349 0.666041 2.8527 279.8 4301.0 285.8 LN-QJF SQRT-QMA LN-QND 

3 0.672873 0.639033 5.1052 282.4 4648.8 288.4 LN-QJF SQRT-QMA LN-QJA 

3 0.665609 0.631017 5.7738 283.1 4752.0 289.1 SQRT-QMA LN-QJA LN-QND 

3 0.653801 0.617987 6.8605 284.3 4919.8 290.3 SQRT-QMA SQRT-QMJ LN-QJA 

4 0.713422 0.672482 3.3736 280.0 4218.0 287.5 LN-QJF SQRT-QMA LN-QJA LN-QND 

4 0.700223 0.657397 4.5883 281.5 4412.3 289.0 LN-QJF SQRT-QMA SQRT-QMJ LN-QND 

4 0.699391 0.656447 4.6649 281.6 4424.5 289.1 LN-QJF SQRT-QMA LN-QSO LN-QND 

4 0.675312 0.628928 6.8808 284.2 4778.9 291.6 SQRT-QMA SQRT-QMJ LN-QJA LN-QND 

5 0.717466 0.665145 5.0014 281.6 4312.5 290.5 LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0.713477 0.660417 5.3686 282.0 4373.4 291.0 LN-QJF SQRT-QMA SQRT-QMJ LN-QJA 

LN-QND 

5 0.703637 0.648755 6.2741 283.1 4523.6 292.1 LN-QJF SQRT-QMA SQRT-QMJ LN-QSO 

LN-QND 

5 0.678044 0.618422 8.6294 285.9 4914.2 294.9 SQRT-QMA SQRT-QMJ LN-QJA LN-QSO 

LN-QND 

6 0.717481 0.652285 7.0000 283.6 4478.1 294.0 LN-QJF SQRT-QMA SQRT-QMJ LN-QJA 

LN-QSO LN-QND ................................................................................................ 



5.8 Untransformed, Square Root and Logged Variables 

N = 33 Regression Models for Dependent Variable: DRUM 

R-square Ad j C (P) AIC MSE SBC Variables in Model 
In R s ~  

1 0.546830 0.532211 12.8108 289.2 6024.5 292.1 SQRT-QMA 

1 0.150184 0.122770 49.4065 309.9 11297.6 312.9 LN-QND 

1 0.099837 0.070799 54.0517 311.8 11966.9 314.8 LN-QJA 

1 0.019593 -.012033 61.4552 314.6 13033.7 317.6 QMJ-LAG 

.................................................................... 
2 0.642319 0.618474 6.0007 283.3 4913.6 287.8 SQRT-QMA LN-QJA 

2 0.623144 0.598020 7.7699 285.1 5177.0 289.6 SQRT-QMA LN-QND 

2 0.605023 0.578691 9.4418 286.6 5425.9 291.1 LN-QJF SQRT-QMA 

2 0.553590 0.523829 14.1871 290.7 6132.5 295.1 SQRT-QMA LN-QSO 

............................................................................ 
3 0.697349 0.666041 2.9234 279.8 4301.0 285.8 LN-QJF SQRT-QMA LN-QND 

3 0.672873 0.639033 5.1817 282.4 4648.8 288.4 LN-QJF SQRT-QM?+ LN-QJA 

3 0.665609 0.631017 5.8519 283.1 4752.0 289.1 SQRT-QMA LN-QJA LN-QND 

3 0.659250 0.624000 6.4386 283.7 4842.4 289.7 SQRT-QMA QMJ-LAG LN-QJA 

4 0.713422 0.672482 3.4405 280.0 4218.0 287.5 LN-QJF SQRT-QNA LN-QJA LN-QND 

4 0.699391 0.656447 4.7351 281.6 4424.5 289.1 LN-QJF SQRT-QMA LN-QSO LN-QND 

4 0.698268 0.655164 4.8387 281.7 4441.1 289.2 LN-QJF SQRT-QMA QMJ-LAG LN-QND 

4 0.678552 0.632630 6.6578 283.8 4731.3 291.3 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

5 0.717466 0.665145 5.0674 281.6 4312.5 290.5 LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0.714509 0.661640 5.3402 281.9 4357.6 290.9 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QND 

5 0.700794 0.645386 6.6056 283.5 4567.0 292.4 LN-QJF SQRT-QMA QMJ-LAG LN-QSO 

LN-QND 

5 0.681827 0.622907 8.3555 285.5 4856.5 294.5 SQRT-QMA QMJ-LAG LN-QJA LN-QSO 

LN-QND 

................................................................................................ 
6 0.718197 0.653165 7.0000 283.5 4466.8 294.0 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO LN-QND ................................................................................................ 



5.9 Variables transformed according to the Box-Cox Analysis 

N = 33 Regression Models for Dependent Variable:  DRUM)^" 

R-square Ad j C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.358206 0.337503 12.7041 -58.2361 0.161472 -55.2431 QMA-~" 

1 0.158223 0.131069 25.6990 -49.2849 0.211787 -46.2919 LN-QJA 

1 0.109261 0.080528 28.8806 -47.4193 0.224105 -44.4262 QMJO.~ 

1 0.107242 0.078443 29.0118 -47.3445 0.224613 -44.3515 QNDO" 

5.9569 -64.0043 0.131858 -59.5148 QMA-Oe7 LN-QJA 

7.6606 -62.3410 0.138674 -57.8514 QJF-O.' QMA-O'~ 

11.6718 -58.7272 0.154723 -54.2376 QMA-O.~ QNDO" 

13.4372 -57.2541 0.161786 -52.7646 QMA-O'~ Q M J O . ~  

................................................... 
3.9455 -66.2872 0.119802 -60.3012 QJF-O.' QMA-O.~ LN-QJA 

5.7121 -64.3321 0.127114 -58.3461 QJF-~.' QMA-O'~ QND'. 

6.3860 -63.6159 0.129903 -57.6298 QJF-~" QMA-O" QMJO. 

7.7330 -62.2292 0.135478 -56.2432 QMA-Oe7 LN-QJA QSO-~" 

4 0.556363 0.492986 5.8277 -64.4217 0.123576 -56.9392 QJF-~.' QMA-O-~ LN-QJA QSO-0 ' 

............................................................................................ 
5 0.586452 0.509870 5.8725 -64.7395 0.119461 -55.7604 QJF-~.' QMA-O-~ QMJ-'. LN-QJA 

QND'. 

5 0.586400 0.509808 5.8759 -64.7353 0.119476 -55.7562 QJF-O.' QMA-O.~ QMJO. QSO-O. 

Q N D O . ~  

5 0.575968 0.497444 6.5538 -63.9132 0:122489 -54.9342 QJF-'.' QMA-O'~ LN-QJA QSO-O. ' 
QNDO.' 

5 0.568556 0.488659 7.0354 -63.3414 0.124630 -54.3624 QJF-O.' QMA-O.~ QMJ'. LN-QJA 

QSO-O ' 



6.13 Residuals Diagnostics 

Summary Informalion 

Residuals Statistid 

a. Dependent Variable: Drum Harvest 

Centered 
Leverage 
Value 

A 

,033 .4 10 .I82 .083 33 



Case Values for Residuals Diagnostics 
- 
YEAR - 
1%1 

1%2 

1%3 

1%4 

1%5 

1%6 

1967 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 - 
PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

' Values greater than 3 are flagged. 
This is flagged if it exceeds L-p2,, = t25.0.01 = 2.485 

PRE 

73.67006 

75.90806 

4.64934 

-6.62285 

28.18158 

69.18097 

71.60842 

3 1.76956 

53.60504 

112.76298 

187.56421 

139.05923 

87.92022 

122.16977 

121.47965 

178.04829 

359.95663 

365.9526 1 

270.05340 

159.08594 

195.86218 

67.19603 

77.13756 

29.02252 

139.04582 

129.6 1235 

167.73792 

95.15516 

65.68960 

120.10435 

203.51319 

282.54196 

267.07823 

Predicted 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

ZRE 

-.94273 

-39303 

,19883 

,37931 

-.04854 

.62474 

-.42217 

.09231 

-.39341 

-.71294 

-1.21540 

1.16482 

1.62476 

1.19912 

,57882 

,31226 

,58633 

,24903 

-1.02575 

-1 4 9 7 1  

-1.97478 

.55562 

-.I7998 

.00398 

-1.14910 

-.34615 

-.44126 

-.45012 

1.23329 

-. 10486 

1.39517 

-.00634 

1.55789 

RES 

-65.67006 

-62.20806 

13.85066 

26.42285 

-3.38158 

43.51903 

-29.40842 

6.43044 

-27.40504 

-49.66298 

-84.66421 

81.14077 

113.17978 

83.53023 

40.32035 

21.75171 

40.84337 

17.34739 

-71.45340 

-100.98594 

-137.56218 

38.70397 

-12.53756 

.27748 

-80.04582 

-24.11235 

-30.73792 

-31.35516 

85.91040 

-7.30435 

97.18681 

-.MI96 

108.52177 

value of harvest 

SRE ' 
-1.08938 

-1.00553 

,25288 

,50722 

-.05261 

.69426 

-.50551 

.I 1010 

-.45738 

-.78604 

-1.35859 

1.30043 

1.83907 

1.23922 

.60285 

.34063 

.67116 

.29117 

-1.26616 

-1.65942 

-2.18314 

.62834 

-.I9323 

.OM24 

-1.21421 

-.38117 

-.47653 

-.49175 

1.35531 

-. 12262 

1.52117 

40743 

1.77909 

SDR 

-1.09347 

-1.00576 

,24828 

.49985 

-.05159 

,68717 

-.49815 

.I0798 

-.45032 

-.78010 

-1.38217 

1.31879 

1.93350 

1.25271 

.59532 

.33477 

.66390 

.28598 

-1.28171 

-1.72087 

-2.36884 

.62087 

-.I8962 

.00415 

-1.22585 

-.37482 

-.46933 

-.4844t 

1.37851 

-. 1202; 

1.56275 

-.00721 

1.8615: 

ZPR 

-.61374 

-.59007 

-1.34388 

-1.463 12 

-1.09494 

-.66123 

-.63555 

-1.05699 

-.82600 

-.20020 

.59109 

.07798 

-.46300 

-.I0069 

-.I0799 

.49043 

2.41475 

2.47818 

1.46370 

.28983 

.67887 

-.68223 

-.57706 

-1.08605 

.07784 

-.02196 

.38136 

-.38646 

-.69816 

-. 12254 

.75981 

1.59581 

1.43223 

DRE 

-87.69080 

-78.86932 

22.40383 

47.24755 

-3.971 12 

53.74298 

-42.16517 

9.14664 

-37.04149 

-60.36926 

-105.78878 

101.13430 

145.00742 

89.20956 

43.73718 

25.88473 

53.51727 

23.71429 

-108.87151 

-132.31553 

-168.12188 

49.49835 

-14.45164 

.31379 

-89.37337 

-29.23892 

-35.84792 

-37.42269 

103.75109 

-9.98830 

115.53326 

-.60563 

141.52737 

Arm 

95.69080 

92.56932 

-3.90383 

-27.44755 

28.771 12 

58.95702 

84.36517 

29.05336 

63.24149 

123.46926 

208.68878 

119.06570 

56.09258 

116.49044 

118.06282 

173.91527 

347.28273 

359.58571 

307.47151 

190.41553 

226.42188 

56.40165 

79.05164 

28.98621 

148.37337 

134.73892 

172.84792 

101.22269 

47.84891 

122.78830 

185.16674 

282.70563 

234.07263 
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Fig. 6.1.1. Exploratory Plots of Dmm Harvest Standardized Residual. 
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Fig. 6.1.3. Residual Plots of Drum Harvest vs. Logged Inflows. 
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6.1.4 Prediction Intervals for Drum Harvest 

DRUM Drum harvest 
LICI Lower limit for 99% prediction interval for D m  harvest 
UICI Upper limit for 99% prediction interval for Drum harvest 

, YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

DRUM 

8.00 

13.70 

18.50 

19.80 

24.80 

112.70 

42.20 

38.20 

26.20 

63.10 

102.90 

220.20 

201.10 

205.70 

161.80 

199.80 

400.80 

383.30 

198.60 

58.10 

58.30 

105.90 

64.60 

29.30 

59.00 

105.50 

137.00 

63.80 

151.60 

112.80 

300.70 

282.10 

375.60 

LICI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

144.68963 

147.94742 

45.67863 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

64.38533 

52.12552 

UICI 

290.17786 

288.93845 

232.18145 

225.71493 

235.61635 

280.35538 

292.52094 

252.20828 

270.893 18 

322.79067 

399.57514 

350.89395 

301.67384 

321.80004 

322.46219 

386.49337 

575.22364 

583.95779 

494.42818 

374.34950 

406.28415 

280.82568 

283.12152 

233.47874 

342.45986 

339.46043 

374.63835 

303.82164 

275.23 599 

338.12898 

4 1 1.87987 

500.69859 

482.03094 



6.1.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 

This is flagged if it exceeds (2ptl)In or 0.5, whichever is smaller. 
MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-square variable with p + 1 degrees of 6eedom. 

Small values indicate a problem. 
COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

6eedom and n - p - 1 denominator degree of &eedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

MAH 
7.06608 
5.79035 
11.24703 
13.13454 
3.78089 
5.11791 
8.71 166 
8.53306 
7.35519 
4.70539 
5.42027 
5.35648 
6.05397 
1.06751 
1.53020 
4.13975 
6.60851 
7.62178 
10.02840 
6.60724 
4.84698 
6.00872 
3.26862 
2.73306 
2.37002 
4.64098 
3.59180 
4.21862 
4.53292 
7.62902 
4.1 1184 
7.67819 
6.49302 

COO 
,05685 
.03869 
,00564 
.02897 
.00007 
.01618 
.01584 
,00073 
.01051 
.01903 
.06579 
.05953 
.I3587 
.01492 
.OW0 
.00315 
.01997 
.OW5 
.I1993 
.I2204 
.I5126 
.01573 
.Om81 
.OOOOO 
.02454 
.OW1 
.00539 
.00668 
.OM49 
.Om79 
.06240 
.oOOOO 
.I3752 

LEV ' 
.22082 
.I8095 
.35147 
.41045 
.I 1815 
.I5993 
.27224 
.26666 
.22985 
.I4704 
.I6938 
,16739 
.I8919 
.03336 
.04782 
.I2937 
.20652 
.23818 
.31339 
.20648 
,15147 
.I8777 
,30234 
.08541 
.07406 
.I4503 
,11224 
.13 183 
.I4165 
.23841 
.I2849 
.23994 
.20291 

MAHA PV 
.4220 
.5644 
,1282 
.0689 
.8046 
5456 
.2740 
.2879 
.3929 
.6959 
.6088 
.6165 
.5335 
.9937 
.9812 
.7635 
.4707 
.3671 
.I870 
.4709 
.6786 
.5387 
3591 
.9085 
.9366 
.7037 
.8254 
.7543 
.7168 
.3664 
.7668 
.3618 
.4835 

COOK PV ' 
.OW3 
,0001 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.WOO 
.OOOO 
.OOOO 
.0006 
.0004 
.0055 
.OW0 
.OOOO 
.OW0 
.OOOO 
.OOOO 
.0038 
.0040 
.0076 
.OOOO 
.OOOO 
.OOOO 
.WOO 
.OOOO 
.OOOO 
.OOOO 
.OW3 
.0000 
,0005 
.OOOO 
.0057 



SDFFITS Standardized dffits value 

r 

YEAR 

1961 

1962 

1963 

1964 

1%5 

1966 

1%7 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-I Standardized dfbeta for the Logged January-February inflows 

SDFB-2 Standardized dfbeta for the Logged March-April inflows 

SDFB-3 Standardized dtbeta for the Logged May-June inflows 

SDFFIT 

-.63320 

-52050 

.I9510 

.44375 

-.02154 

.33307 

-.32809 

,07018 

-.26703 

-.36220 

-.69041 

.65464 

1.02533 

.32665 

,17330 

.I4592 

,36983 

.I7325 

-.9275 1 

-.95851 

-1.11651 

.32788 

-.07409 

.00150 

-.41847 

-.I7283 

-.I9136 

-.21311 

.62822 

-.07291 

.67900 

-.00443 

1.02661 

SDFB-4 Standardized d&a for the Logged July-August inflows 

SDFB-5 Standardized dfbeta f a  the Logged September-October inflows 

SDFB-6 Standardized dfbeta for the Logged November-December inflows 

Items in bold are flagged if Jsdffitsl or lsdfbetd exceed 1.0 for a small data set or 24- for a large 

SDFB 1 

-.43566 

-.30203 

.I 1592 

-. 16662 

.OM05 

-.I3793 

.08906 

.03524 

-. 14241 

-. 17539 

.I2117 

.I2730 

.I2204 

-.08529 

-.06973 

-.05575 

-.06239 

-.03420 

.I2680 

.I7051 

.48487 

.06083 

.01014 

.00052 

.I9319 

.07549 

.0695 1 

.04242 

-.07819 

.00503 

-.33724 

-.00232 

.28999 

SDFB 0 

,07574 

-.03718 

,05771 

.37227 

-.01290 

.I3661 

-.01604 

-.02539 

.08779 

.05043 

.I4748 

-.26657 

-.31215 

-.03754 

-.00919 

,01233 

-.I2598 

-.04825 

,10567 

,00877 

.I8723 

-.05524 

-.00280 

.00090 

-.21101 

-.08330 

-.00930 

-.06955 

.23207 

-.03859 

.36754 

.00217 

-.36870 

data set. The cutoff used here is 1. 

SDFB 2 

,17341 

,17246 

-.03799 

-.00504 

,00259 

-.01923 

-.MI36 

-.00561 

,04719 

.13 155 

-.lo687 

.02226 

-.32734 

-.0143 1 

-.01499 

-.02560 

.25237 

.I2690 

-.73290 

-.21619 

-.03539 

-.I9976 

,04588 

-.00057 

,02681 

,02799 

.a676 

.lo313 

-.25493 

-.01693 

.24325 

-.00229 

.49000 

SDFB 3 

.42533 

.31798 

-.09204 

-.I6722 

-.OM35 

.20219 

-.09920 

-.00089 

.04763 

-.08475 

,20861 

-.I7612 

-.09968 

.08924 

,06638 

.01520 

44859 

-.04581 

,01363 

-.MI50 

-.63456 

.I2861 

-.05232 

-.00040 

-.02910 

-.03118 

-. 12508 

-.I2873 

.34010 

,04193 

-. 18460 

.00109 

.08735 

SDFB~4 

-.I9991 

-.lo130 

,09043 

-.I41 10 

.01392 

-.24817 

.20284 

-.M)459 

.05460 

,04069 

-.29923 

,4306 1 

SO099 

-.05122 

-.01464 

-.01977 

-.00504 

-.00047 

.01320 

-.52316 

-.28160 

.I4303 

.00709 

-.00010 

.23423 

.I1462 

.07702 

84522 

-.01232 

-.03218 

.04807 

-.00167 

-.I5138 

SDFB 5 

-.09568 

.04490 

-.05790 

.06225 

-.00217 

-.00611 

-.21559 

.04825 

-. 16047 

.I8487 

-.32308 

.36697 

.46873 

.I7183 

.07216 

-.02943 

-.02637 

.00924 

-.24093 

-.07192 

.I8692 

-.I0130 

.02675 

-.00050 

,10646 

.05505 

.09997 

.I6101 

-.39284 

.00926 

-.25481 

.OW1 

-.21976 

SDFB 6 

-.I0820 

-.I7007 

-.I0171 

-.OIL27 

.WOO 

-.01737 

.05207 

-.03159 

-.01103 

-.I1008 

-.01206 

-.26631 

-.I 1237 

-.00879 

-.01151 

.I1447 

.I6687 

.07013 

.51224 

.66508 

.I2845 

-.03012 

-.01429 

-.00021 

-.29392 

-.I3626 

-.I2820 

-.06756 

-.lo657 

.03260 

.I1233 

.00102 

.07775 
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6.2 Model 4: Harvest Untransformed and Square Root Inflows 

6.2.1 ANOVA and Parameter Estimates 

Model Summaeb 

a. Dependent Variable: Drum Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant), SQRT (November-December Inflows), SQRT 
(May-June Inflows), SQRT (September-October Inflows), SQRT (January-February 
Inflows), SQRT (March-April Inflows), SQRT (July-August Inflows) 

Model 
1 

d. All requested variables entered. 

a. Dependent Variable: Drum Harvest 

Variables 

b. lndependent Variables: (Constant), SQRT (November-December Inflows), 
SQRT (May-June Inflows), SQRT (September-October Inflows), SQRT 
(January-February Inflows), SQRT (March-April Inflows), SQRT (July-August 
Inflows) 

R 

,837 

Entered 
SQRT(Nov-Dec 
Inflows), 
SQRT(May-Jun 
Inflows), 
SQRT(Sept-Oct 
Inflows), 
SQRT(Jan-Feb 
Inflows), 
SQRT(Mar-Apr 
Inflows), 
SQRT(J$J-Au~ 
Inflows) 

Model 

Removed 

Sum of 
Squares 
288433 
123687 
412120 

1 

R 
Square 

,700 

Regression 
Residual 
Total 

d f 
6 

26 
32 

Adjusted 
R 

Square 

631 

Mean 
Square 
48072.1 

4757.185 

Std. Error 
of the 

Estimate 

68.9724 

Durbin- 
Watson 

1.236 

F 
10.105 

Sig. 
.OOOb 



ovember-December 

a. Dependent Variable: Drum Harvest 

6.2.2 Collinearity Diagnostics 

Parameter Estimates 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

INTERCEP 1 -84.989815 54.07904011 -1.572 0.1281 0.00000000 

SQRT-QJF 1 -11.088182 7.32016201 -1.515 0.1419 1.67357574 

SQRT-QMA 1 36.955374 5.96254846 6.198 0.0001 1.40228493 

SQRT-QMJ 1 -0.061185 3.72035836 -0.016 0.9870 1.51323832 

SQRTQJA 1 4.191421 3.87993379 1.080 0.2899 1.93361759 

SQRT-QSO 1 -0.320631 1.85696106 -0.173 0.8643 1.29696335 

SQRT-QND 1 9.699458 5.35270164 1.812 0.0815 1.32391707 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO SQRT-QND 



6.23 Residuals Diagnostics 

Summary Information 

Residuals Statlstld 

Centered 
Leverage ,037 ,351 ,162 ,085 33 
Value 

a. Dependent Variable: Drum Harvest 



67 

Cme Values for Residuals Diagnostics 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

Predicted value of harvest 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

YEAR 

1%1 

1%2 

1963 

1964 

1%5 

1966 

1%7 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 . 

' Values greater than 3 are flagged. 
This is flagged if it exceeds k-p2,. = t 2 h ~ . ~ ~  = 2.485 

ADJ 

99.34864 

94.08446 

17.49946 

26.87095 

47.31 171 

65.39322 

98.82971 

3 1.20177 

64.48927 

87.81301 

210.57554 

120.89499 

97.12432 

104.85179 

107.93395 

169.81022 

367.68686 

382.34001 

375.68944 

165.91384 

214.01 155 

85.69140 

84.38159 

37.86717 

125.92425 

118.89477 

148.50704 

83.81 138 

49.74949 

90.75523 

134.13208 

282.53418 

227.35791 

PRE 

80.09305 

79.18521 

17.76513 

25.04572 

44.93195 

71.78543 

78.74285 

33.39923 

52.86530 

82.40047 

184.21251 

144.69543 

125.61368 

1 11.63370 

112.07082 

176.48253 

376.96702 

382.63847 

308.1 1768 

144.81985 

175.62476 

90.82417 

81.39154 

36.88435 

1 19.61620 

116.96542 

146.5401 5 

81.60165 

61.91711 

95.44809 

154.94979 

282.38805 

268.08265 

ZPR 

-.54345 

-.55301 

-1.19995 

-1.12326 

-.91380 

-.63095 

-.55767 

-1.03528 

-.a3024 

-.51914 

.55324 

,13701 

-.06398 

-.21123 

-.20663 

.47182 

2.58353 

2.64327 

1.85834 

.I3832 

.46279 

-.43042 

-.52977 

-.99857 

-.I2715 

-.I5507 

.I5644 

-.52756 

-.73490 

-.38171 

.24502 

1.58733 

1.43665 

RES 

-72.09305 

-65.48521 

.73487 

-5.24572 

-20.13 195 

40.91457 

-36.54285 

4.80077 

-26.66530 

-19.30047 

-81.31251 

75.50457 

75.48632 

94.06630 

49.72918 

23.3 1747 

23.83298 

.66153 

-109.51768 

-86.71985 

-1 17.32476 

15.07583 

-16.79154 

-7.58435 

-60.61620 

-1 1.46542 

-9.54015 

-17.80165 

89.68289 

17.35191 

145.75021 

-.28805 

107.51735 

ZRE 

-1.04525 

-.94944 

,01065 

-.07606 

-.29188 

.59320 

-.52982 

,06960 

-.38661 

-.27983 

-1.17891 

1.09471 

1.09444 

1.36383 

.72100 

,33807 

.34554 

.00959 

-1.58785 

-1.25731 

-1.70104 

.21858 

-.24345 

-.I0996 

-.87885 

-.I6623 

-.I3832 

-.25810 

1.30027 

.25158 

2.1 13 17 

-.00418 

1.55885 

DRE 

-91.34864 

-80.38446 

1.00054 

-7.07095 

-22.51 171 

47.30678 

-56.62971 

6.99823 

-38.28927 

-24.71301 

-107.67554 

99.30501 

103.97568 

100.84821 

53.86605 

29.98978 

33.11314 

.95999 

-177.08944 

-107.81384 

-155.71 155 

20.20860 

-19.78159 

-8.56717 

-66.92425 

-13.39477 

-1 1.50704 

-20.01 138 

10l.85051 

22.04477 

166.56792 

-,43418 

148.24209 

SRE 

-1.17658 

-1.05192 

.01243 

-.08830 

-.30865 

.63786 

-.65955 

,08404 

-.46327 

-.3 1664 

-1.35663 

1.25544 

1.28447 

1.41213 

,75039 

.38340 

.40730 

.01155 

-2.01913 

-1.40191 

-1.95966 

,25307 

-.26424 

-.I 1687 

-.92345 

-.I7968 

-.I5191 

-.27365 

1.38567 

.28356 

2.25905 

-.00513 

1.83042 

SDR 

-1.18573 

-1.05417 

.01219 

-.08660 

-.30322 

.63043 

-.65222 

.08242 

-.45616 

-.3 11 10 

-1.38003 

1.27016 

1.30150 

1.44108 

,74392 

.37702 

.40067 

.01133 

-2.15617 

-1.42979 

-2.08146 

.24846 

-.2S946 

-.I 1463 

-.92074 

-.I7630 

-.I4903 

-.26872 

1.41 190 

,27849 

2.47091 

-.00503 

1.92305 



Drum Harvest 
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Fig. 6.2.1. Exploratory Plots of Drum Harvest Standardized Residual. 
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Fig. 6.2.2. Partial Residual Plots of Drum Harvest vs. Square Root Inflows. 

lpPl 'PPl 

. . 
l!m 

. . 
. - : 

. . -.. .. . . . . . 

m y  

Im 

0 1 

I lrn' 

1 .mu 

-10 0 10 m 

SWT (m- -1 

PBaal Rcsihpl Pbt  

I 0 I 6 I 

SWTfMwh-Apll-) 

1972 . . . 

. . . . . . I .  ..: - 
,967 . . 1 

I 1 I 4 7 

m. 

O '  

I 
2 -m. 

9)RT (ldY-Aw- -) 

. 
1916 

. . . 
1 .  - 

L 

1 0 2 1 6 

SqRT(Ti&-- IrdkM) 



Residual Plot 
m. 

Im* 

0 .  

B 

Residual Plot 

70 

Reodual Plot 

tw, 

.. .. 
. - . - . . .. . . .  

. - . 
1981 

m. 

lm. 

I). 

I 
8 
-.! 
1 
a .m* 

2m- 

lm. 

I:; -. 2o YI 

SQRTWy-Jme lafb.n) 

Residual Plot 

lppl 

, ;73 

. . . .  :. f .  

Fig. 6.2.3. Residual Plots of Drum Harvest vs. Square Root Inflows. 
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6.2.4 Prediction Intervals for Drum Harvest 

DRUM Drum harvest 
LICl Lower limit for 49% prediction interval for Drum harvest 
UICI Upper limit for 99% prediction interval for Drum harvest 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

LICI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

160.1 1303 

163.20424 

82.84674 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

60.81707 

5 1.69823 

DRUM 

8.00 

13.70 

18.50 

19.80 

24.80 

112.70 

42.20 

38.20 

26.20 

63.10 

102.90 

220.20 

201.10 

205.70 

161.80 

199.80 

400.80 

383.30 

198.60 

58.10 

58.30 

105.90 

64.60 

29.30 

59.00 

105.50 

137.00 

63.80 

151.60 

1 12.80 

300.70 

282.10 

375.60 

UICI - 

290.98 198 

287.84667 

233.36817 

240.01777 

246.46210 

275.97820 

301.81296 

253.09269 

271.68594 

294.00435 

398.04581 

358.08443 

341.93719 

309.62758 

310.94865 

388.38741 

593.82101 

602.07271 

533.38863 

354.38610 

389.60292 

305.44206 

287.02107 

239.23364 

320.09966 

321.95844 

353.92846 

283.56069 

264.69674 

306.51861 

358.22827 

503.95903 

484.46706 



6.2.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Codr's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2e1)ln or 0.5, whichever is smaller. 

MAHA-PV = 1 - F(MAH), when F is the CDF of a Chi-Square variable with p + 1 degrees of 6eedom. 

YEAR 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1%9 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Small values indicate a problem. 
COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

6eedom and n - p - 1 denominator degree of freedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

MAH 
5.77566 
4.96150 
7.52721 
7.29051 
2.41310 
3.35423 
10.38087 
9.07840 
8.74495 
6.03881 
6.86511 
6.69975 
7.79831 
1.18226 
1.48788 
6.14986 
7.99850 
8.97923 
11.24050 
5.29116 
6.91910 
7.15797 
3.86720 
2.70132 
2.04651 
3.63950 
4.50003 
2.56386 
2.85320 
5.84241 
3.02967 
9.80016 
7.82127 

COO 
.05282 
.03597 
.00001 
.00039 
.00161 
.00908 
,03416 
.00046 
.01337 
.00402 
.08524 
.07098 
.08895 
,02054 
.00669 
.00601 
.00923 
.00001 
.35934 
.06829 
,17950 
.00311 
.00178 
.00025 
,01268 
.00078 
,00068 
.00133 
.03722 
.00311 
.I0413 
.OOOOO 
,18129 

LEV' 
,18049 
,15505 
,23523 
.22783 
.07541 
.lo482 
.32440 
.28370 
.27328 
,18871 
.21453 
.20937 
.24370 
.03695 
.04650 
.I9218 
,24995 
.28060 
.35127 
.I6535 
.21622 
.22369 
,12085 
.08442 
.06395 
.I1373 
.I4063 
.08012 
,08916 
,18258 
.09468 
.30626 
.24441 

MAHA PV2 
.5662 
,6647 
,3761 
.3993 
,9335 
.8504 
.I680 
.2471 
.2715 
.5352 
,443 1 
,4608 
.3507 
,991 3 
.9827 
.5224 
.3327 
,2542 
.I285 
.6245 
,4374 
.4126 
.7949 
,9112 
.9572 
.8202 
.7207 
.9222 
,8982 
3 8 3  
.8822 
.2002 
.3486 

COOK PV3 
.0003 
.0001 
.OOOO 
.OOOO 
.OOOO 
.0000 
.0001 
.OOOO 
.OOOO 
.OOOO 
.0013 
.0007 
.OO 15 
.OOOO 
.OOOO 
.OW0 
.OOOO 
.OOOO 
.0825 
.0006 
.0127 
.OOOO 
.OW0 
.OOOO 
.OW0 
.OOOO 
.0000 
.OOOO 
.OW1 
.OOOO 
.0024 
.OOOO 
.0131 



SDFFlTS Standardized dffits value 

SDFB-0 Standardized dtbeta for the intercept term 

SDFB-1 Standardized dfbeta for the Square Root January-February inflows 

SDFB-2 Standardized dfbeta for the Square Root March-April inflows 

SDFB-3 Standardized dfbeta for the Square Root May-June inflows 

SDFB-4 Standardized dfbeta for the Square Root July-August inflows 

SDFB-5 Standardized dfbeta for the Square Root September-october inflows 

YEAR 

1961 

1962 

1%3 

1964 

1%5 

1966 

1%7 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

, 1993 

SDFB-6 Standardized dtbeta for the Square Root November-December inilows 

Items in bold are flagged if (sdffits( or (sdfbetq exceed 1.0 for a small data set or 2 4 m -  for a large 

data set. The cutoff used here is 1 

SDFFlT 

-.61280 

-.SO283 

.00733 

-.05108 

-.I0425 

,24918 

-.48356 

.05576 

-.30118 

-.I6474 

-.78579 

.71313 

.79956 

.38694 

.21456 

,20168 

.25002 

.00761 

-1.69365 

-.70517 

-1.19059 

.I4497 

-.I0949 

-,04126 

-.29702 

-.07232 

-.06767 

-.09468 

.52006 

.I4483 

.93383 

-.00358 

1.18353 

SDFB 0 

.02432 

-.05780 

,00302 

-.04823 

-.08434 

.I3143 

-.09334 

-.01178 

.07527 

,04641 

.lo043 

-.I3855 

-.I9358 

.08813 

.04947 

-.00335 

-.08018 

-.00169 

-.I6053 

-.I3961 

.20236 

-.03212 

-.00176 

-.02800 

-. 1681 1 

-.03229 

.00364 

-.02774 

,22729 

,10463 

.a186 

.00161 

-34192 

SDFB 5 

,06971 

,14572 

-.00275 

-.00519 

-.00472 

.01131 

-.38934 

,03623 

-.I8216 

.0763 1 

-.31167 

.27935 

.37513 

.20625 

.09682 

-.03345 

-.00982 

.OW7 

-.37651 

.I3646 

.29539 

-.06560 

.03268 

.01362 

.03906 

.01162 

.02150 

.05203 

-.24706 

-.03098 

-.25201 

.OW75 

-. 18798 

SDFB 6 

-.I9832 

-. 1%67 

-.00372 

,01027 

.03313 

-.03449 

.06097 

-.01503 

-.03613 

-.03347 

-.00325 

-.26111 

-.07850 

.02903 

.00274 

.I7484 

.I3557 

.00377 

.79392 

.45699 

.I2723 

-.01030 

-.02444 

.01201 

-.I6091 

-.05005 

-.04366 

-.01754 

-.I2318 

-.07264 

-.I1512 

.00109 

-. 10845 

SDFB 4 

-.I5539 

-.0862 1 

.00320 

.01465 

.04672 

-.I6664 

.3 1765 

-.01347 

.07878 

-.00750 

-.40195 

.47299 

.40452 

-.I7204 

-.07283 

-.03130 

-.022% 

-.OOO69 

.21157 

-.43599 

-.32081 

.07036 

.02408 

-.00210 

.I4381 

.04084 

.02984 

.02274 

-.05744 

.05098 

.I3907 

-.00149 

,02482 

SDFB 1 

-.39201 

-.26941 

.00427 

.02067 

.02006 

-.I0916 

.20418 

,01993 

-.I3401 

-. 11270 

,04059 

.I1106 

.07275 

-.I 8122 

-. 1 1659 

-.05054 

-.MI49 

-.00223 

,56513 

.06695 

,32055 

.03128 

.01999 

-.01243 

.I 1856 

.02638 

,02064 

.01416 

-.07250 

-.01285 

-.32530 

-.00210 

.5 1 126 

SDFB 2 

.24303 

.2 1643 

-.00150 

-.00074 

.00889 

-.01340 

-.08760 

-.00609 

.06253 

,07981 

-. 10681 

.06464 

-.06811 

-.OW6 

-.00822 

-.05177 

.I4739 

.00490 

-1.46821 

-.I3284 

.05589 

-.06761 

.05398 

.01188 

.03864 

.01588 

.02117 

,04399 

-. 17676 

.02544 

26841 

-.00161 

.49272 

SDFB 3 

.35593 

.27163 

-.OW8 

.01957 

.00511 

.I3539 

-. 15560 

.00805 

.02532 

-.02962 

.31046 

-.22184 

-.I5370 

.I5281 

.I0082 

.01806 

-.00188 

-.00111 

-.02774 

,04532 

-.72773 

.05876 

-.08651 

.01855 

.01306 

-.OM97 

-.04869 

-.05520 

.25120 

-.09036 

-.44480 

.00082 

,10475 
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6.3 Model 7: Harvest Untransformed and Logged and Square Root Inflows 

63.1 ANOVA and Parameter Estimates 

Model S~rnrnar]r.~ 

a. Dependent Variable: Drum Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant), Ln (November-December Inflows), SQRT 
(May-June Inflows), SQRT (March-April Inflows). Ln (January-February Inflows), Ln 
(September-October Inflows), Ln (July-August Inflows) 

d. All requested variables entered. 

Durbin- 
Watson 

1.334 

Model 
1 

I I Sum of I I Mean I I I 
Model 1 Squares 1 d f 1 Square 1 F 1 sig. 
1 I Regression 1 295688 1 6 1 49281.4 1 11.005 1 .OOOb 

pp 

a. Dependent Variable: Drum Harvest 

R 
Square 

.717 

R 

,847 

Variables 

I 
b. lndependent Variables: (Constant), Ln (November-December Inflows), 

SQRT (May-June Inflows), SQRT (March-April Inflows), Ln (January-February 
Inflows), Ln (September-October Inflows). Ln (July-August Inflows) 

Entered 
Ln(Nov-Dec 
Inflows), 
SQRT(May-Jun 
Inflows), 
SQRT(Mar-Apr 
Inflows), 
Ln(Jan-Feb 
Inflows), 
Ln(Sept-Oct 
Inflows), 
Ln(Jul-$ui 
Inflows) 

- 
Residual 1 116432 1 26 14478.135 1 
Total I d1717n I 37 1 I I I 

Adjusted 
R 

Square 

652 

Removed 

Std. Error 
of the 

Estimate 

66.9189 



a. Dependent Variable: Drum Harvest 

Parameter Estimates 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

t 
-.a79 

-1.905 

6.663 

.038 

1.129 

-.607 

1.984 

Standar 
died 

Coefficie 
nts 

Beta 

-.253 

,787 

,005 

,158 

-.072 

.262 

INTERCEP 1 -80.699551 91.85356143 -0.879 0.3877 0.00000000 

LN-QJF 1 -40.237967 21.12114359 -1.905 0.0679 1.62367674 

SQRT-QMA 1 36.879825 5.53506405 6.663 0.0001 1.28372076 

SQRT-QMJ 1 0.137446 3.65750768 0.038 0.9703 1.55367834 

LN-QJA 1 18.215305 16.13773409 1.129 0.2693 1.80645827 

LN-QSO 1 -7.044804 11.60427100 -0.607 0.5491 1.30739894 

LN-QND 1 33.595718 16.93515811 1.984 0.0579 1.60968650 

Model 

Collinearity Diagnostics(intercept adjusted) 

Sig. 
,388 

,068 

.DO0 

,970 

,269 

,549 

,058 

Unstandardized 

1 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QJF SQRT-QnA SQRT-QMJ LN-QJA LN-QSO LN-QND 

Coefficients 

B 
-80.700 

40.238 

36.880 

,137 

18.215 

-7.045 

33.596 

(Constant) 
Ln (January-February 
Inflows) 
SQRT (March-April 
Infkrus) 
SQRT (May-June 
Inflows ) 
Ln (July-August 
Inflows) 
Ln 
(September-October 
Inflows) 
Ln 
(November-December 
Inflows) 

95% Confidence 
Interval for B 

Std. Error 
91.854 

21,121 

5.535 

3.658 

16.138 

11.604 

16.935 

Lower 
Bound 

-269.507 

-83.653 

25.502 

-7.381 

-14:956 

-30.898 

-1.215 

Upper 
Bound 
108.108 

3.177 

48.257 

7.656 

51.387 

16.808 

68.406 
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a .  

'9? 
. . 

- .. . . . . 
- . *  .. . .. 
s 

200. 

Irn, 

0 1 

I I r n '  

% -m, 

P a d  Residd Pbt 

la(se,Jmh--) 

2 0 1 4 6 I 

SgllT-Aprl-) 

. . . A .  

. 
. . -  . -  a .. 

I I U  
. .  . 

t9.m 

1m1 

m. 

,rn. 

0 '  

1 -Irn' 

i a, 

-1.5 -1.0 - 5  0.0 I 1.0 1.5 

la ( l u l y - w - )  

. . .  

,963 : . . .. . .. . . 

1RO 
..m 

.!.I -1.0 . I  0.0 5 1.0 I5 

lo--brrmbsblow) 



Residual Plot 
zm 

lW. 

0 '  

3 -200 

Residual Plot 

,991 

"P' 
1 .A. 

'F Ly - .  - f '  

. . :: : . . . 

-. 

am. 

l a .  

0 .  

3 

Residual Plot 

1.5 Z.0 2.5 3.0 3.3 4.0 4.3 50 

I." ( J M u m Y - P m  -1 

Residual P l a  

IYI 
.a .  - 

1 . . . . 
1 . . . a .  .. .. . . 

,pi, 

100. 

,m. 

0 .  

B 

200. 

103. 

5 

1.: 10 m la 

SQRT(k*r-ha -1 

Residual Plot 

. . 
'MI I .  . . . - .  

. A  

Fig. 6.3.3. Residual Plots of Drum Harvest vs. Logged and Square Root Inflows. 

LPP' . . .. 
1 9 7  

a .  . 1 :m 
* .  'y' . ..- . . . . . ,m 

200. 

lW. 

0 .  

1.: -am 
Residual PlU 

; i - . * ; *  * ; 
3 -100 

I."(%4mlbu--) 

; io . .  a .am 
11 

w w m - )  

. a  
l s l l s n  . . 

. . - .  . . . 'F 
. . . . . . . 

. a .  Im ,n 

. .  l . . . :  
. .  

1 1 1  

am. 

am. 

0 .  

im 
3 .am* 

LO 1 5  3.0 3.5 4 0  4 3  5.0 5.5 6.0 

La (luly-kuu-) 

A: 

lprl . . . . -  
. A. 

t n ' ?  

.. . - :. 

,y, 

15 2.0 1 5  3 0 3.5 0 4 1 1.0 

l a ~ - L k m b M k . w )  



63.4 Prediction Intervals for Drum Harvest 

DRUM Drum harvest 
LICI Lower limit for 99% prediction interval for Drum harvest 
UICI Upper limit for 99% prediction interval for Drum harvest 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

DRUM 

8.00 

13.70 

18.50 

19.80 

24.80 

112.70 

42.20 

38.20 

26.20 

63.10 

102.90 

220.20 

201.10 

205.70 

161.80 

199.80 

400.80 

383.30 

198.60 

58.10 

58.30 

105.90 

64.60 

29.30 

59.00 

105.50 

137.00 

63.80 

151.60 

112.80 

300.70 

282.10 

375.60 

LICI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

162.27825 

164.99729 

73.26182 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

86.79938 

72.33091 

UICI 

283.95255 

283.56066 

222.5634 1 

253.51829 

224.20328 

258.48759 

271.87440 

233.32922 

255.58874 

297.32621 

385.84093 

338.88128 

3 19.25076 

306.45592 

310.87121 

375.1 1890 

577.17432 

585.14487 

510.12402 

348.11171 

389.07135 

294.55961 

287.22955 

229.60 100 

324.71258 

324.73665 

354.39089 

293.76513 

265.80829 

315.55589 

380.98778 

506.91 167 

489.12477 



63.5 Outlier and Influential Point Detection 

Calculored Quantities 

MAH Mahalonobis distance 
COO Cook's distam 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2ptl)ln or 0.5, whichever is smaller. 
' MAHA-PV = 1 - F O ,  where F is the CDF of a Chi-Square variable with p + 1 degrees of fieedorn. 

Small values indicate a problem. 
' COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

freedom and n - p - 1 denominator degree of tieedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

LEV ' 
.20632 
.I6911 
.36751 
.34998 
.I1260 
.I3741 
.26379 
.27010 
.23221 
.I6212 
.I7721 
.I7228 
.I763 1 
,03099 
.04387 
.I2844 
.21431 
.24601 
.34959 
.I9727 
.21405 
.I8472 
. l o n o  
.09395 
.07513 
.I4180 
.I3001 
.I  1343 
.I 1869 
.21823 
.I2384 
.24580 
.22572 

MAH 
6.60239 
5.41151 

11.76041 
11.19925 
3.60324 
4.39715 
8.44133 
8.64324 
7.43079 
5.18797 
5.67063 
5.51285 
5.64 182 

,99171 
1.40375 
4.10993 
6.85785 
7.87245 

11.18672 
6.31258 
6.84960 
5.91107 
3.43037 
3.00636 
2.40423 
4.53763 
4.16042 
3.62976 
3.79793 
6.98349 
3.96292 
7.86560 
7.22304 

MAHA PV2 
,4714 
.6099 
.I087 
.I302 
3242 
.7331 
.2953 
.2793 
.3854 
.6370 
.5787 
.5976 
.5821 
.9950 
,9855 
.7670 
.4438 
.3440 
,1307 
SO38 
.4447 
.SO2 
.w25 
.8844 
.934 1 
.7162 
.7611 
.8213 
3027 
.4306 
,7840 
.3446 
.4060 

COO 
.06198 
.04352 
.00872 
.00735 
.00000 
.02349 
.00620 
.00560 
.00644 
.Om15 
.06513 
.07383 
.07763 
.01830 
,00526 
.OW2 
.01320 
.00114 
.27312 
.08583 
.20770 
.00296 
.00348 
.00005 
.02072 
.00257 
.00212 
.00605 
.04754 
.00035 
.09811 
.00366 
.I3281 

COOK PV 
.0005 
.OOO 1 
.OOOO 
.OW0 
.OW0 
.MOO 
.OOOO 
.OOOO 
.OOOO 
.MOO 
.0005 
.0008 
.OOO9 
.0000 
.0000 
.0000 
.OOOO 
.OOOO 
.0411 
.0013 
.0193 
.0000 
.oo00 
.OOOO 
.0000 
.OOOO 
.0000 
.0000 
.0002 
,0000 
.0020 
.OW0 
.0052 



6.4 Model 8: Untransformed, Logged and Square Root Variables 

6.4.1 ANOVA and Parameter Estimates 

Model surnmaeb 

a. Dependent Variable: Drum Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant). Ln (November-December Inflows), May-June 
Inflows, SQRT (March-April Inflows). Ln (January-February Inflows), Ln 
(September-October Inflows), Ln (July-August Inflows) 

Model 
1 

d. All requested variables entered. 

a. Dependent Variable: Drum Harvest 

Variables 

b. lndependent Variables: (Constant), Ln (November-December Inflows), 
May-June Inflows, SQRT (March-April Inflows), Ln (January-February 
Inflows), Ln (September-October Inflows). Ln (July-August Inflows) 

R 

,847 

Entered 
Ln(Nov-Dec 
Inflows), 
May-June 
Inflows, 
SQRT(Mar-Apr 
Inflows), 
Ln(Jan-Feb 
Inflows). 
Ln(Sept-Oct 
Inflows), 
Ln(Jul-$u# 
Inflows) 

Sig. 
.OOOb 

Removed 

. 

R 
Square 

,718 

Mean 
Square 
49330.5 

4466.797 

Model F 
11.044 

Sum of 
Squares 
295983 
116137 
412120 

1 

Adjusted 
R 

Square 

,653 

d f 
6 

26 
32 

Regression 
Residual 
Total 

Std. Error 
of the 

Estimate 

66.8341 

Durbin- 
Watson 

1.342 



95% Confidence 

tember-October 

a. Dependent Variable: Drum Harvest 

6.4.2 Coliimdty D i i t i c s  

Parameter Estimates 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

INTERCEP 1 -88.630282 93.93420493 -0.944 0.3541 0.00000000 

L1J-Q JF 1 -37.863153 20.66980031 -1.832 0.0785 1.55897202 

SQRT-QMA 1 37.052794 5.49040122 6.749 0.0001 1.26629378 

QMJ-LAG 1 -0.040215 0.15488196 -0.260 0.7972 1.42644305 

L N Q  JA 1 20.406426 16.10464181 1.267 0.2163 1.80362403 

LN-QSO 1 -6.684197 11.45952938 -0.583 0.5647 1.27822415 

LN-QND 1 32.429581 16.96454624 1.912 0.0670 1.61937837 

Collinearity Diagnosticslintercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop var Prop 
Number Eigenvalue Index LN-QJF SQRT-QMA QMJ-LAG LN-QJA LN-QSO LN-QND 



6.43 Residuats Diagnostics 

Summary Information 

Centered 
Leverage .029 .362 .182 .085 33 
Value 

a. Dependent Variable: Drum Harvest 
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Cme Values for Residuals Diagnostics 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

YEAR 

1%1 

1%2 

1963 

1964 

1%5 

1966 

1%7 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

Predicted value of harvest 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

' Values greater than 3 are flagged. 
This is flagged if it exceeds LT2,. = t25.0.0L = 2.485 

PRE 

82.95831 

84.74401 

8.97926 

34.861 18 

25.76706 

53.94648 

57.36176 

20.24236 

48.3 1506 

92.30734 

185.00002 

138.01648 

1 16.92940 

114.39307 

116.90438 

175.50285 

370.62303 

377.53745 

292.14192 

143.1 1716 

172.92416 

84.13802 

83.07444 

35.46587 

129.94605 

123.20675 

148.72289 

91 34093 

64.26895 

112.40787 

183.84242 

298.35205 

277.86101 

RES 

-74.9583 1 

-71.04401 

9.52074 

-1 5.061 18 

-.96706 

58.75352 

-15.16176 

17.95764 

-22.1 1506 

-29.20734 

-82.10002 

82.18352 

84.17060 

91.30693 

44.89562 

24.2971 5 

30.17697 

5.76255 

-93.54192 

-85.01716 

-114.62416 

21.76198 

-18.47444 

6.16587 

-70.94605 

-17.70675 

-1 1.72289 

-28.04093 

87.33105 

.39213 

116.85758 

-16.25205 

97.73899 

DRE 

-94.89228 

-86.61703 

15.66666 

-24.06994 

-1.12883 

69.0615 1 

-21.37606 

25.74766 

-29.93401 

-36.03061 

-104.22705 

103.74869 

106.53450 

97.08205 

48.28645 

28.91627 

39.96696 

7.95848 

-150.96106 

-1 10.54020 

-169.08498 

28.67183 

-21.64558 

-7.06031 

-79.40962 

-21.36751 

-13.92123 

-32.06788 

100.67465 

.50947 

138.32942 

-22.39317 

133.07093 

ADJ 

102.89228 

100.31703 

2.83334 

43.86994 

25.92883 

43.63849 

63.57606 

12.45234 

56.13401 

99.13061 

207.12705 

116.45131 

94.56550 

108.61795 

113.51355 

170.88373 

360.83304 

375.34152 

349.56106 

168.64020 

227.38498 

77.2281 7 

86.24558 

36.3603 1 

138.40962 

126.86751 

150.92123 

95.86788 

50.92535 

112.29053 

162.37058 

304.49317 

242.52907 

ZRE 

-1.12156 

-1.06299 

,14245 

-.22535 

-.01447 

A7909 

-.22686 

.26869 

-.33089 

-.43701 

-1.22842 

1.22966 

1.25940 

1.36617 

,67175 

.36354 

,45152 

.08622 

-1.39961 

-1.27206 

-1.71506 

.32561 

-.27642 

-.09226 

-1.06152 

-.26494 

-.I7540 

-.41956 

1.30668 

.00587 

1.74847 

-.24317 

1.46241 

ZPR 

-3668  

-.48811 

-1.27590 

-1.00679 

-1.10134 

-.80834 

-.77283 

-1.15879 

-.86689 

-.40947 

.55433 

,06580 

-.I5346 

-.I7983 

-.I5372 

.45558 

2.48440 

2.55630 

1.66837 

,11884 

.42877 

-.49441 

40547 

-1.00050 

-.01811 

-.08819 

,17713 

-.41432 

-.70101 

-.20047 

,54229 

1.73294 

1.51988 

SRE ' 
-1.26191 

-1.17373 

.I8274 

-.28488 

-.01563 

.95310 

-.26936 

.32173 

-.38497 

-.48538 

-1.38409 

1.38161 

1.41686 

1.40872 

.69665 

,39660 

.51963 

.lo133 

-1.77802 

-1.45049 

-2.08302 

.37375 

-.29921 

-.09872 

-1.12306 

-.29104 

-.I9114 

-4868  

1.40296 

.00669 

1.90234 

-.28544 

1.70639 

SDR ' 
-1.27713 

-1.18269 

.I7930 

-.27979 

-.01533 

.95136 

-.26450 

.31611 

-.37858 

-.47813 

-1.41015 

1.40743 

1.44630 

1.43730 

.68959 

.39008 

.51220 

.OW38 

-1.86025 

-1.48362 

-2.23781 

.36748 

-.29390 

-.OW82 

-1.12897 

-.28585 

-.I8756 

-.44168 

1.43095 

.OM56 

2.01056 

-.28034 

1.77563 
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Fig. 6.4.1. Exploratory Plots of Drum Harvest Standardized Residual. 



PaJtdResidual Pbt  

P& Residual Pbt  
w- 

lm 

0 .  

1 .Irn, 
8 -m+ 

P M i d  Residual Pbt 

9 1 

PaJtd Resdrvl Pbt 

. . 

f .. . . 
1 .  

1911 

w. 

,ma 

0 %  

1 -Irn' 
i .m, 

XU, 

m ' 

lm. 

1 .Irn' 
i .w. 

PaJtd Rcsidud Pbt 

-154 .90 -YI YI 90 I Y I  IIC 

my-hpo hdkw 

. .. 
. : . . -. . . 

.. 

Fig. 6.4.2. Partial Residual Plots of Drum Harvest vs. Untransformed, Logged and Square Root Inflows. 
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Fig. 6.4.3. Residual Plots of Drum Harvest vs. Untransformed, Logged and Square Root Inflows. 
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6.4.4 Prediction Intervals for Drum Harvest 

DRUM Drum harvest 
LICI Lower limit for 99% prediction interval for Drum harvest 
UICI Upper limit for 9% prediction interval for Drum harvest 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

DRUM 

8.00 

13.70 

18.50 

19.80 

24.80 

112.70 

42.20 

38.20 

26.20 

63.10 

102.90 

220.20 

201.10 

205.70 

161.80 

199.80 

400.80 

383.30 

198.60 

58.10 

58.30 

105.90 

64.60 

29.30 

59.00 

105.50 

137.00 

63.80 

151.60 

112.80 

300.70 

282.10 

375.60 

LICI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

163.40939 

167.76216 

73.95044 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

88.71510 

68.94334 

UICI 

287.24834 

286.46202 

228.1 1202 

252.57135 

224.34125 

253.0371 1 

268.34933 

232.19540 

256.87700 

294.84290 

389.47795 

342.1 1989 

321.20695 

305.54991 

309.02732 

375.49941 

577.83667 

587.31275 

510.33339 

349.15752 

386.46097 

291.02230 

281.92624 

232.59162 

325.30516 

324.19954 

348.56177 

288.86958 

26 1.90635 

3 18.40022 

383.44900 

507.98899 

486.77867 



6.4.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2ptl)In or 0.5, whichever is smaller. 
MAHA-PV = 1 - F o ,  where F is the CDF of a Chi-Square variable with p + 1 degrees of freedom. 

YEAR 
1961 
1962 
1963 
1964 
1965 
1%6 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Small values indicate a problem. 
COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

freedom and n - p - 1 denominator degree of freedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

MAH 
5.75253 
4.78364 

11.58368 
1 1.00707 
3.61602 
3.80656 
8.33312 
8.71 198 
7.38890 
5.09028 
5.82379 
5.68181 
5.74780 
,93389 

1.27745 
4.14202 
6.86877 
7.85986 

11.20174 
6.41 890 
9.33723 
6.74223 
3.71838 
3.08424 
2.44090 
4.51266 
4.08352 
3.04873 
3.27164 
6.40055 
3.99743 
7.80602 
7.52669 

COO 
.06050 
.04314 
,00308 
.OM93 
.00001 
,02277 
.OM25 
.00641 
.00749 
.00786 
.07376 
.07156 
.07620 
.01793 
.00524 
.OM27 
.01251 
.00056 
.27722 
.09023 
.29451 
.OM34 
.00220 
.00020 
.02149 
,00250 
.00098 
.OM13 
.04296 
.OOOOO 
.09499 
.OW0 
,15037 

LEV ' 
.I7977 
,14949 
.36199 
.34397 
,11300 
,11896 
.26041 
.27225 
.23090 
,15907 
.I8199 
.I7756 
,17962 
.02918 
.03992 
.I2944 
.21465 
.24562 
.35005 
.20059 
.29179 
.21069 
,11620 
,09638 
.07628 
.I4102 
.I2761 
.09527 
.lo224 
.20002 
.I2492 
.24394 
.23521 

MAHA PV 
.5689 
,6863 
.I151 
.I383 
.8228 
.8018 
.3041 
,2740 
.3895 
6489 
.5605 
.5 774 
.5695 
.9958 
.9890 
.7633 
.4427 
.3451 
.I301 
.4918 
.2293 
,4562 
3116 
.8771 
.93 15 
.7192 
.7701 
.8805 
.8588 
.4938 
.7801 
.3500 
.3762 

COOK PV3 
.0004 
.0001 
.OW0 
.WOO 
.WOO 
.OOOO 
.OOOO 
.OOOO 
.OW0 
.OOOO 
,0008 
.0007 
.0009 
.OOOO 
.OOOO 
.WOO 
.OOOO 
.OOOO 
.0427 
.0015 
.0501 
.WOO 
.0000 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.0001 
.OOOO 
.0018 
.OOOO 
.0075 



SDFFITS Standardirsd dffits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the Logged January-February inflows 

SDFB-2 Standardized dfbeta for the Square Root March-April inflows 

SDFB-3 Standardized dfbeta for the May-June inflows 

SDFB-4 Standardized dfbeta for the Logged July-August inflows 

SDFB-5 Standardized dfbeta for the Logged September-October inflows 

SDFB-6 Standardized dfbeta for the Logged November-December inflows 

Items in bold are flagged if lsdffitsl or (sdfbeq exceed 1.0 for a small data set or 2 d m '  for a large 

95 

data set. The cutoff used here is I. 

YEAR 

1%1 

1%2 

1963 

1%4 

1965 

1966 

1%7 

1%8 

1%9 

1970 

1971 

rsn 
1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

SDFFIT 

-.65860 

-3373 

.I4406 

-.21639 

-.00627 

,39849 

-. 16934 

.20820 

-.22510 

-.23110 

-.73208 

.72096 

.74551 

.36147 

,18951 

.I7008 

.29174 

,06135 

-1.45746 

-.81290 

-1.54251 

.20707 

-.I2177 

-.03688 

-.38994 

-. 12997 

-.08122 

-. 16738 

,55934 

,00359 

A6183 

-. 17233 

1.06758 

SDFB 0 

.32579 

.I5222 

.00416 

-.I8559 

-.00368 

.26831 

-.03530 

-.07283 

.I0035 

,02994 

.23391 

-.37749 

-.35708 

-.02330 

.00780 

,00484 

-.05856 

-.01147 

-. 11265 

-.02169 

-.26958 

-.02022 

-.02386 

-.01153 

-.I7786 

-.MI63 

-.02197 

-.07347 

,25959 

.00149 

.43937 

.07308 

-.I2979 

SDFB 1 

-.42742 

-.29335 

,08241 

,15041 

.00046 

-.I 1989 

.03781 

.I0184 

-. 12094 

-. 12561 

,11983 

,14848 

.08110 

-.05598 

-.06088 

-.05366 

-.05973 

-.01488 

.20504 

.OM03 

.63540 

.02186 

.01613 

-.01348 

.14657 

.04825 

.02350 

.01094 

.02090 

-.00065 

-.41644 

-.07998 

.20805 

SDFB 2 

.25424 

.23910 

-.03653 

-.00886 

.OOO54 

-.W01 

-.02111 

-.02803 

,05190 

.0%48 

-.06911 

-.00808 

-.I4704 

-.02035 

-.00955 

-.02741 

,20304 

,04462 

-1.21108 

-. 14466 

.02406 

-.09401 

.05465 

,01318 

.03970 

.02049 

.01924 

,07357 

-. 1945 1 

,00037 

.I8141 

-.09179 

.52864 

SDFB 3 

,41072 

,31116 

-.07223 

-.00812 

.00036 

,18102 

-.04668 

.02101 

,03640 

-.05157 

,28207 

-.24638 

-.I6225 

.03247 

.04239 

-.01348 

-.02690 

-.01447 

.05739 

,09838 

-1.22617 

.I1851 

-.09405 

.01589 

.a73  1 

-.00257 

-.05511 

-.06964 

.I5975 

-.00171 

-.28973 

.02430 

.30847 

SDFB 4 

-.I8579 

-.08422 

,06746 

.I2286 

.00337 

-.28931 

,10325 

-.02389 

.04823 

.02338 

-.33998 

,48966 

.40354 

-.02405 

-.OW1 1 

-.00874 

-.00831 

-.00080 

.00050 

-.52800 

-.04%5 

.06563 

.01705 

-.00027 

,18099 

.0775 1 

.03240 

.01928 

,07374 

.00147 

.09449 

-.05617 

-.24907 

SDFB 5 

-.03037 

.I 1435 

-.05345 

-.01732 

-.OW9 

.03675 

-.I2344 

,14062 

-. 12998 

.I 1393 

-.31065 

.37741 

.37075 

.21887 

.09903 

-.03029 

-.02322 

,00163 

-.40266 

-.07512 

.I6857 

-.05149 

.03053 

.01290 

.09468 

.03828 

,03541 

.I2616 

-.33936 

-.00093 

-.38445 

.02910 

-.21033 

SDFB 6 

-.I 1003 

-.I8457 

-.07827 

-.00808 

,00148 

-.02709 

.02456 

-.08566 

-.00838 

-.07188 

.01182 

-.30495 

-. 12028 

-.01807 

-.01650 

.I2588 

,12858 

.02379 

.77253 

.5893 1 

-.04605 

-.00740 

-.02792 

.00708 

-.25532 

49933 

-.05558 

-.05472 

-.I3375 

-.00168 

.I3238 

.03755 

.I2795 
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Fig. 6.4.4. Standardized DFFlT vs. Standardized DFBETA. 



7. Examining Subsets of the Data 

7.1 Model 2: Harvest Untransfomed and Logged Inflows 

7.1.1 Harvest Untransformed and Logged Inflows: 1993 Omitted 

N = 32 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  DRUM 

R - s q u a r e  A d  j C IP) A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
In Rsq 

1 0.461826 0 , 4 4 3 8 8 7  14 .5915 281.8 6292.5 284.8 LN-QMA 

1 0.161996 0 .134062 38.3203 296.0 9798.2 298 .9  LN-QND 

1 0.157938 0 .129869 38.6414 296 .2  9845.6  2 9 9 . 1  LN-QJA 

1 0.043474 0.011590 47.7002 300.2 1 1 1 8 3 . 9  303.2 LN-QMJ 

2 0 .581364 0 .552492 7.1312 275.8 5063.6  280 .2  LN-QMA LN-QJA 

2 0.551332 0 .520389 9.5080 278 .0  5426.8 2 8 2 . 4  LN-QJF LN-QMA 

2 0 .547480 0 .516272 9.8128 278 .3  5473.4 282 .7  LN-QMA LN-QND 

2 0 .469440 0 .432850 15 .9889 283.4 6417.3 287.8 LN-QMA LN-QSO 

.......................................................................... 
3 0 .658111 0 .621480 3.0574 271 .3  4283.0 277 .2  LN-QJF LN-QMA LN-QND 

3 0 .634695 0 .595555 4.9105 273.4 4576.3  279.3 LN-QJF LN-QMA LN-QJA 

3 0 .605574 0.563314 7.2152 275.9 4941.1  281.8 LN-QMA LN-QMJ LN-QJA 

3 0 .604566 0 .562198 7 .2950 276 .0  4953.8 281 .8  LN-QMA LN-QJA LN-QND 

4 0.679809 0.632373 3 .3402 271 .2  4159.7 278.6 LN-QJF LN-QMA LN-QJA LN-QND 

4 0 .659765 0 .609359 4 .9265 273.2 4420.1  280.5 LN-QJF LN-QMA LN-QSO LN-QND 

4 0 .659440 0 .608987 4 .9522 273 .2  4424.3 280 .5  LN-QJF LN-QMA LN-QMJ LN-QND 

4 0.638540 0 . 5 8 4 9 9 1  6.6062 2 7 5 . 1  4695.9  282.4 LN-QJF LN-QMA LN-QMJ LN-QJA 

..................................................... ------- 
5 0 .683495 0.622629 5 .0485 272 .9  4270.0 2 8 1 . 6  LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0 . 6 8 1 3 3 6 0 . 6 2 0 0 5 4  5.2193 2 7 3 . 1  4 2 9 9 . 1  2 8 1 . 9 L N - Q J F L N - Q M A L N - Q M J L N - Q J A L N - Q N D  

5 0.662249 0 .597296 6.7299 274 .9  4556.6  283.7 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.639123 0.569724 8 . 5 6 0 1  277 .1  4868.6 285.8 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

.............................................................................................. 
6 0.684107 0 . 6 0 8 2 9 3  7 .0000 274.8 4432.2 285 .1  LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.2 Model 4: Harvest Untransformed and Square Root Inflows 

7.2.1 Harvest Untransfonned and Square Root Inflows: 1979 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

RSq Ad j C (P) AIC MSE SBC Variables in Model 
In Rs q 

1 0.60419 0.59100 10.664 276.8 5376 279.7 SQRT-QMA 

1 0.21075 0.18444 49.096 298.9 10721 301.8 SQRT-QND 

1 0.06752 0.03644 63.087 304.2 12666 307.2 SQRT-QJA 

1 0.03917 0.00714 65.857 305.2 13051 308.1 SQRT-QMJ 

...................................................................... 
2 0.69916 0.67842 3.387 270.0 4227 274.4 SQRT-QJE SQRT-QMA 

2 0.67762 0.65539 5.491 272.2 4530 276.6 SQRT-QMA SQRT-QJA 

2 0.64399 0.61944 8.776 275.4 5003 279.8 SQRT-QMA SQRT-QND 

2 0.61108 0.58426 11.991 278.2 5465 282.6 SQRT-QMASQRT-QSO 

3 0.73012 0.70120 2.363 268.6 3928 274.4 SQRT-QJE SQRT-QMA SQRT-QJA 

3 0.72842 0.69932 2.529 268.8 3952 274.6 SQRT-QJE SQRT-QMA SQRT-QND 

3 0.71208 0.68124 4.124 270.6 4190 276.5 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.70328 0.67149 4.984 271.6 4318 277.5 SQRT-QJE SQRT-QMA SQRT-QMJ 

........................................................................................ 
4 0.74370 0.70573 3.036 268.9 3868 276.2 SQRT-QJE SQRT-QMA SQRT-QJA SQRT-QND 

4 0.73253 0.69290 4.127 270.3 4037 277.6 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QND 

4 0.73232 0.69266 4.148 270.3 4040 277.6 SQRT-QJE SQRT-QMA SQRT-QSO SQRT-QND 

4 0.73187 0.69214 4.192 270.3 4047 277.7 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

5 0.74407 0.69485 5.000 270.9 4011 279.6 SQRT-QJE SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.74370 0.69441 5.036 270.9 4017 279.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.73507 0.68412 5.879 272.0 4152 280.8 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.73233 0.68086 6.147 272.3 4195 281.1 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

................................................................................................ 
6 0.74407 0.68265 7.000 272.9 4172 283.1 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.2.2 Harvest Untransformed and Square Root Inflows: 1993 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

Rs q Adj C (PI AIC MSE SBC Variables in Model 
1n RSq 

1 0.47794 0 .46054 14 .489  2 8 0 . 9  6104 283.8 SQRT-QMA 

1 0.20533 0.17884 36.675 294.3 9 2 9 1  297 .2  SQRT-QND 

1 0.10307 0 .07317 44.997 298 .2  10487 3 0 1 . 1  SQRT-QJA 

1 0.01945 - .01323 51 .803  3 0 1 . 0  11465 304 .0  SQRT-QMJ 

...................................................................... 
2 0.58839 0 .56000 7 .500  275.3 4979 279.7 SQRT-QMA SQRT-QJA 

2 0.57422 0 .54486 8.652 276.3 5150 280 .7  SQRT-QJF SQRT-QMA 

2 0 .57282 0 . 5 4 3 3 6  8 .766  276.5 5167 280.8 SQRT-QMA SQRT-QND 

2 0 .48734 0 .45199 15 .723  282.3 6 2 0 1  286.7 SQRT-QMA SQRT-QSO 

............................................................................... 
3 0 .67256 0 .63748 2 .649  269 .9  4102 275.8 SQRT-QJF SQRT-QMA SQRT-QND 

3 0 .63809 0 .59931 5 . 4 5 5  2 7 3 . 1  4534 2 7 9 . 0  SQRT-QJF SQRT-QMA SQRT-QJA 

3 0 .62834 0.58852 6.248 274 .0  4656 279 .9  SQRT-QMA SQRT-QJA SQRT-QND 

3 0.60695 0 .56484 7.989 275.8 4924 281.6 SQRT-QMA SQRT-QMJ SQRT-QJA 

........................................................................................ 
4 0 .69264 0.64710 3 .015  269.9 3993 277 .2  SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

4 0.67620 0.62823 4.353 2 7 1 . 6  4207 278.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QND 

4 0 .67507 0 .62693 4.445 2 7 1 . 7  4 2 2 1  279 .0  SQRT-QJFSQRT-QMASQRT-QSOSQRT-QND 

4 0 . 6 4 2 1 3  0 .58911 7 .125  274.8 4649 2 8 2 . 1  SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

5 0.69282 0 .63375 5 .000  271 .9  4144 280.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0 .69264 0.63353 5.015 271 .9  4147 280.7 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0 . 6 7 7 6 8  0.61570 6.232 273.4 4348 282 .2  SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.64323 0 . 5 7 4 6 2  9 .036  276.7 4813 285.5 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

................................................................................................ 
6 0 .69282 0 .61910 7 . 0 0 0  273 .9  4310 2 8 4 . 2  SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.23 Harvest Untransformed and Square Root Inflows: 1979 and 1993 Omitted 

N = 31 Regression Models for Dependent Variable: DRUM 

Rsq Ad j C (P) AIC MSE SBC Variables in Model 
1n Rs q 

1 0.53366 0.51758 13.484 269.2 5548 272.1 SQRT-QMA 

1 0.24928 0.22339 38.173 284.0 8932 286.8 SORT-QND 

1 0.11778 0.08736 49.588 289.0 10496 291.8 SQRT-QJA 

1 0.01722 -.01667 58.318 292.3 11693 295.2 SQRT-QMJ 

2 0.65971 0.63540 4.542 261.4 4193 265.7 SQRTQJFSQRT-QMA 

2 0.62525 0.59848 7.533 264.4 4618 268.7 SQRT-QMA SQRT-QJA 

2 0.58569 0.55610 10.967 267.5 5105 271.8 SQRT-QMA SQRT-QND 

2 0.54231 0.50962 14.733 270.6 5640 274.9 SQRT-QMA SQRT-QSO 

3 0.70453 0.67171 2.650 259.0 3776 264.8 SQRT-QJE SQRT-QMA SQRT-QND 

3 0.69953 0.66615 3.084 259.6 3840 265.3 SQRT-QJESQRT-QMASQRT-QJA 

3 0.67850 0.64278 4.910 261.7 4108 267.4 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.66378 0.62642 6.188 263.0 4297 268.8 SQRT-QJF SQRT-QMA SQRT-QMJ 

........................................................................................ 
4 0.72261 0.67994 3.081 259.1 3681 266.3 SQRT-QJE SQRT-QMA SQRT-QJA SQRT-QND 

4 0.71029 0.66572 4.151 260.4 3845 267.6 SQRT-QJE SQRT-QMA SQRT-QSO SQRT-QND 

4 0.70836 0.66349 4.318 260.6 3870 267.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QND 

4 0.70280 0.65707 4.801 261.2 3944 268.4 SQRT-QJE SQRT-QMA SQRT-QJA SQRT-QSO 

................................................................................................ 
5 0.72347 0.66817 5.006 261.0 3816 269.6 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.72267 0.66720 5.076 261.1 3828 269.7 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.71252 0.65502 5.957 262.2 3968 270.8 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.70410 0.64492 6.688 263.1 4084 271.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

6 0.72354 0.65443 7.000 263.0 3974 273.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 



7.3 Model 7: Harvest Untransformed, and Logged and Square Root Inflows 

7.3.1 Harvest Untransformed, and Logged and Square Root Inflows: 1979 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

R-square Ad j C(P) AIC MSE SBC Variables in Model 
In R s ~  

1 0.604190 0 .590996 11 .3567 276.8 5376.5  279.7 SQRT-QMA 

1 0.189917 0.162915 52.5493 299.7 11003.7  302.7 LN-QND 

1 0 . 1 1 0 1 8 0  0.080520 60.4778 302 .7  12086.8  305 .7  LN-QJA 

1 0.039168 0 . 0 0 7 1 4 1  67.5388 305 .2  13051.4 3 0 8 . 1  SQRT-QMJ 

2 0.686978 0 .665390 5 .1249 271 .3  4398.5 275.7 LN-QJF SQRT-QMA 

2 0.682828 0.660954 5 .5375 271 .7  4456.8 276 .1  SQRT-QMA LN-QJA 

2 0 .642642 0 .617996 9.5334 275 .5  5021.5 279 .9  SQRT-QMA LN-QND 

2 0 .611503 0 .584710 12 .6296 2 7 8 . 2  5 4 5 9 . 1  2 8 2 . 6  SQRT-QMA LN-QSO 

............................................................................ 
3 0.732577 0 .703925 2.5907 268.3 3 8 9 2 . 0  2 7 4 . 1  LN-QJF SQRT-QMA LN-QJA 

3 0 .731072 0 .702258 2.7404 268.4 3913.9  274.3 LN-QJF SQRT-QMA LN-QND 

3 0 .695604 0.662990 6 .2671 272.4 4 4 3 0 . 1  278 .3  LN-QJF SORT-QMA LN-QSO 

3 0 . 6 9 4 7 5 4  0.662049 6.3517 272.5 4442.5 278.4 SQRT-QMA SQRT-QMJ LN-QJA 

4 0 .748012 0 .710680 3 . 0 5 6 0  268.4 3803.2  275.7 LN-QJF SQRT-QMA LN-QJA LN-QND 

4 0.734575 0.695253 4 . 3 9 2 1  270 .0  4006.0 277.3 LN-QJF SQRT-QMA SQRT-QMJ LN-QND 

4 0.733163 0 .693631 4.5325 270 .2  4027.3 277.5 LN-QJF SQRT-QMA LN-QJA LN-QSO 

4 0 .733060 0.693514 4.5427 2 7 0 . 2  4028.8  277.5 LN-QJF SQRT-QMA SQRT-QMJ LN-QJA 

............................................................................................ 
5 0 .748574 0 .700222 5 .0002 270.3 3940.7  279 .1  LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0.748020 0.699562 5.0552 270.4 3949.3 279 .2  LN-QJF SQRT-QMA SQRT-QMJ LN-QJA 

LN-QND 

5 0 . 7 3 4 9 2 3  0 .683946 6 .3575 272 .0  4154.6  280.8 LN-QJF SQRT-QMA SQRT-QMJ LN-QSO 

LN-QND 

5 0 .733769 0 .682570 6.4723 2 7 2 . 1  4172.7 280.9 LN-QJF SQRT-QMA SQRT-QMJ LN-QJA 

LN-QSO 

................................................................................................ 

6 0 .748575 0 .688234 7 .0000 272 .3  4098.2 282.5 LN-QJF SQRT-QMA SQRT-QMJ LN-QJA 

LNQSO LN-QND 

................................................................................................ 



7.4 Model 8: Untransformed, Logged and Square Root Variables 

7.4.1 Untransformed, Logged and Square Root Variables: 1979 Omitted 

N 5 32 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  DRUM 

R - s q u a r e  A d  j C ( P I  A I C  MSE SBC Variables i n  M o d e l  
I n  RSq  

1 0.604190 0 . 5 9 0 9 9 6  11 .5267 276.8 5376.5 279.7 SQRT-QMA 

1 0.189917 0 .162915 52.8972 299.7 11003.7 302.7 LN-QND 

1 0.110180 0 .080520 60.8599 302.7 12086.8  305.7 LN-QJA 

1 0.018590 - .014124 70 .0064 305.9 1 3 3 3 0 . 9  308.8 QMJ-LAG 

2 0.686978 0.665390 5.2593 271.3 4398.5 275.7 LN-QJE SQRT-QMA 

2 0 .682828 0.660954 5.6737 271.7 4456.8 2 7 6 . 1  SQRT-QMA LN-QJA 

2 0 .642642 0.617996 9.6868 275 .5  5021.5  2 7 9 . 9  SQRT-QMA LN-QND 

2 0 .611503 0 .584710 12.7964 278 .2  5 4 5 9 . 1  282.6 SQRT'QMA LN-QSO 

............................................................................ 
3 0 . 7 3 2 5 7 7  0 .703925 2.7056 268.3 3892.0 2 7 4 . 1  LN-QJF SQRT-QMA LN-QJA 

3 0 .731072 0.702258 2 .8559 268.4 3913.9  274 .3  LN-QJF SQRT-QMA LN-QND 

3 0 .700496 0.668407 5 .9093 271 .9  4358.9  277 .7  SQRT-QMA QMJ-LAG LN-QJA 

3 0.695604 0.662990 6 . 3 9 1 9  272.4 4430.1  278 .3  LN-QJE SQRT-QMA LN-QSO 

4 0.748012 0 .710680 3.1643 268.4 3803.2 275.7 LN-QJF SQRT-QMA LN-QJA LN-QND 

4 0 . 7 3 6 1 6 1  0 .697074 4.3477 269.8 3982.0  277.2 LN-QJE SQRT-QMA QMJ-LAG LN-QJA 

4 0 .733163 0 . 6 9 3 6 3 1  4 .6471 270 .2  4027.3 277.5 LN-QJE SQRT-QMA LN-QJA LN-QSO 

4 0.731973 0 .692265 4.7660 270.3 4045.2 277.7 LN-QJF SQRT-QMA QMJ-LAG LN-QND 

........................................................................................... 
5 0.749244 0.701022 5.0412 270 .2  3 9 3 0 . 1  2 7 9 . 0 L N Q J F S Q R T Q M A Q M J - L A G L N - Q J A  

LN-QND 

5 0 .748574 0 .700222 5.1082 270 .3  3940.7 2 7 9 . 1  LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0 .736788 0 .686170 6 . 2 8 5 1  271.8 4125.4 280.5 LN-QJE SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO 

5 0 . 7 3 2 0 7 1  0 .680546 6.7562 272.3 4199.3 281 .1  LN-QJF SQRT-QMA QMJ-LAG LN-QSO 

LN-QND 

6 0 .749657 0 . 6 8 9 5 7 4  7 . 0 0 0 0  272 .1  4080.6  282.4 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO LN-QND 



7.4.2 Untransformed, Logged and Square Root Variables: 1981 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

R-square Ad j C (P) A I C  MSE SBC Variables in Model 
In RS q 

1 0.553904 0.539035 18.8622 280.6 6045.6 283.5 SQRT-QMA 

1 0.153082 0.124852 60.9685 301.1 11477.6 304.0 LN-QND 

1 0.131125 0.102162 63.2751 301.9 11775.2 304.8 LN-QJA 

1 0.048371 0.016650 71.9684 304.8 12896.7 307.7 QMJ-LAG 

2 0.679494 0.657390 7.6691 272.0 4493.3 276.4 SQRT-QMA LN-QJA 

2 0.631885 0.606497 12.6704 276.4 5160.8 280.8 SQRT-QMA LN-QND 

2 0.623608 0.597650 13.5399 277.1 5276.8 281.5 LN-QJF SQRT-QMA 

2 0.561201 0.530939 20.0957 282.0 6151.7 286.4 SQRT-QMA LN-QSO 

............................................................................ 
3 0.719818 0.689798 5.4331 269.7 4068.3 275.5 LN-QJF SQRT-QMA LN-QND 

3 0.718563 0.688408 5.5649 269.8 4086.5 275.7 LN-QJF SQRT-QMA LN-QJA 

3 0.695944 0.663366 7.9410 272.3 4415.0 278.2 SQRT-QMA LN-QJA LN-QND 

3 0.681928 0.647849 9.4134 273.7 4618.5 279.6 SQRT-QMA QMJ-LAG LN-QJA 

4 0.750801 0.713883 4.1783 267.9 3752.4 275.3 LN-QJF SQRT-QMA LN-QJA LN-QND 

4 0.738680 0.699966 5.4516 269.4 3935.0 276.8 LN-QJF SQRT-QMA QMJ-LAG LN-QND 

4 0.721644 0.680406 7.2413 271.5 4191.5 278.8 LN-QJF SQRT-QMA LN-QSO LN-QND 

4 0.719980 0.678495 7.4160 271.7 4216.5 279.0 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

5 0.756032 0.709115 5.6288 269.2 3815.0 278.0 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QND 

5 0.755449 0.708420 5.6901 269.3 3824.1 278.1 LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0.743077 0.693668 6.9897 270.9 4017.5 279.7 LN-QJF SQRT-QMA QMJ-LAG LN-QSO 

LN-QND 

5 0.720067 0.666233 9.4069 273.6 4377.4 282.4 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO 

6 0.762018 0.704902 7.0000 270.5 3870.2 280.7 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO LN-QND 



7.43 Untransformed, Logged and Square Root Variables: 1993 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

R-square ~d j C (P) AIC MSE SBC Variables in Model 
1n Rs q 

1 0.477937 0.460535 16.3910 280.9 6104.1 283.8 SQRT-QMA 

1 0.161996 0.134062 43.2555 296.0 9798.2 298.9 LN-QND 

1 0.157938 0.129869 43.6005 296.2 9845.6 299.1 LN-QJA 

1 0.004924 -.028245 56.6113 301.5 11634.7 304.4 LN-QJF 

2 0.602304 0.574877 7.8161 274.2 4810.3 278.6 SQRT-QMA LN-QJA 

2 0.568998 0.539273 10.6481 276.7 5213.2 281.1 SQRT-QMA LN-QND 

2 0.562555 0.532386 11.1960 277.2 5291.1 281.6 LN-QJF SQRT-QMA 

2 0.488168 0.452869 17.5211 282.2 6190.8 286.6 SQRT-QMA LN-QSO 

............................................................................ 
3 0.676394 0.641722 3.5162 269.6 4053.9 275.4 LN-QJF SQRT-QMA LN-QND 

3 0.651973 0.614685 5.5927 271.9 4359.9 277.8 LN-QJF SQRT-QMA LN-QJA 

3 0.633466 0.594194 7.1664 273.6 4591.7 279.4 SQRT-QMA QMJ-LAG LN-QJA 

3 0.627443 0.587527 7.6785 274.1 4667.2 279.9 SQRT-QMA LN-QJA LN-QND 

................................................................................... 
4 0.699659 0.655164 3.5380 269.2 3901.8 276.5 LN-QJF SQRT-QMA LN-QJA LN-QND 

4 0.677259 0.629445 5.4427 271.5 4192.9 278.8 LN-QJF SQRT-QMA LN-QSO LN-QND 

4 0.676607 0.628697 5.4981 271.5 4201.3 278.9 LN-QJF SQRT-QMA QMJ-LAG LN-QND 

4 0.664712 0.615039 6.5096 272.7 4355.9 280.0 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

5 0.704162 0.647270 5.1551 270.7 3991.2 279.5 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QND 

5 0.702164 0.644887 5.3250 270.9 4018.1 279.7 LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0.677644 0.615652 7.4100 273.4 4348.9 282.2 LN-QJF SQRT-QMA QMJ-LAG LN-QSO 

LN-QND 

5 0.665456 0.601121 8.4463 274.6 4513.3 283.4 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO 

................................................................................................ 
6 0.705986 0.635423 7.0000 272.5 4125.2 282.8 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO LN-QND 

................................................................................................ 



7.4.4 Untraosfomed, Logged and Square Root Variables: 1979 and 1981 Omitted 

N = 31 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  Variable: DRUM 

R-square A d  j C (p) A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
I n  RS q 

1 0.614490 0.601197 18.9845 268.0 5347.4 270.9 SQRT-QMA 

1 0.192451 0.164605 69.3263 291.0 11201.4 293.8 LN-QND 

1 0.142548 0.112981 75.2789 292.8 11893.6 295.7 LN-QJA 

1 0.046173 0.013283 86.7746 296.1 13230.4 299.0 QMJ-LAG 

2 0.721109 0.701188 8.2668 260.0 4006.6 264.3 SQRT-QMA LN-QJA 

2 0.713187 0.692701 9.2117 260.9 4120.4 265.2 LN-QJF SQRT-QMA 

2 0.653258 0.628490 16.3602 266.8 4981.4 271.1 SQRT-QMA LN-QND 

2 0.622407 0.595436 20.0402 269.4 5424.6 273.7 SQRT-QMA LN-QSO 

............................................................................ 
3 0.782091 0.757879 2.9927 254.4 3246.5 260.1 LN-QJF SQRT-QMA LN-QJA 

3 0.758153 0.731281 5.8481 257.6 3603.1 263.3 LN-QJF SQRT-QMA LN-QND 

3 0.736825 0.707583 8.3921 260.2 3920.9 265.9 LN-QJF SQRT-QMA QMJ-LAG 

3 0.723932 0.693258 9.9300 261.7 4113.0 267.4 SQRT-QMA LN-QJA LN-QND 

................................................................................... 
4 0.791620 0.759562 3.8560 255.0 3223.9 262.1 LN-QJF SQRT-QMA LN-QJA LN-QND 

4 0.785655 0.752679 4.5676 255.9 3316.2 263.0 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

4 0.782241 0.748739 4.9749 256.3 3369.0 263.5 LN-QJF SQRT-QMA LN-QJA LN-QSO 

4 0.779039 0.745045 5.3568 256.8 3418.6 264.0 LN-QJF SQRT-QMA QMJ-LAG LN-QND 

5 0.797580 0.757097 5.1451 256.1 3257.0 264.7 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QND 

5 0-792273 0.750728 5.7781 256.9 3342.4 265.5 LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0.785745 0.742895 6.5568 257.8 3447.4 266.4 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO 

5 0.779608 0.735530 7.2888 258.7 3546.2 267.3 LN-QJF SQRT-QMA QMJ-LAG LN-QSO 

LN-QND 

................................................................................................ 
6 0.798797 0.748496 7.0000 257.9 3372.3 267.9 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO LN-QND 

................................................................................................ 



OBS -MODEL--TYPE--DEPVAR_ -P.MSE- INTERCEP LN-QJF SQRT-QMA QMJ-LAG LN-QJA LN-QSO 

1 MODELl 

2 MODELl 

3 MODELl 

4 MODELl 

5 MODELl 

6 MODELl 

7 MODELl 

8 MODELl 

9 MODELl 

10 MODELl 

11 MODELl 

12 MODELl 

13 MODELl 

14 MODELl 

15 MODELl 

16 MODELl 

17 MODELl 

18 MODELl 

19 MODELl 

20 MODELl 

21 MODELl 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PAFMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

OBS LN-QND DRUM -IN- -P- -EDF- - MSE- - RSQ- - ADJRSQ- -CP- - AIC- - SBC- 



Parameter Estimates 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter=O Prob > IT1 Inflation 

INTERCEP 1 -53.299912 82.38766084 -0.647 0.5238 0.00000000 

LN-QJF 1 -54.920812 18.80256745 -2.921 0.0075 1.67114145 

SQRT-QMA 1 43.659365 5.69334314 7.668 0.0001 1.44729798 

QMJ-LAG 1 0.135364 0.15345404 0.882 0.3865 1.45182591 

LN-Q JA 1 21.175358 13.99660935 1.513 0.1434 1.65760533 

LN-QSO 1 -3.888068 10.20809028 -0.381 0.7066 1.33962053 

LN-QND 1 19.914510 15.96084655 1.248 0.2242 1.75508790 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QJF SQRT-QMA QMJ-LAG LN-QJA LN-QSO LN-QND 

Variable 
Variable DF Label 

INTERCEP 1 Intercept 
LN-QJF 1 Ln (January-February Inflows) 
SQRT-QMA 1 SQRT (March-April Inflows) 
QMJ-LAG 1 May-June Inflows 
LN QJA 1 Ln (July-August Inflows) 
LNIQSO 1 Ln (~e~tember-october Inflows) 
LN-QND 1 Ln (November-December Inflows) 



7.4.5 Untransformed, Logged and Square Root Variables: 1979 and 1993 Omitted 

N = 3 1  R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  DRUM 

R - s q u a r e  Ad j C (P) A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
1n R s q  

1 0.533660 0 .517579 13.8720 269 .2  5548.4  272 .1  SQRT-QMA 

1 0.210409 0 .183182 42 .2029 285.5 9394.3 288.4 LN-QND 

1 0.175432 0.146998 45.2685 286 .9  9810.5  289.7 LN-QJA 

1 0.006082 - .028191 60.1110 292 .7  11825.3 295 .5  LN-QJF 

................................................................... 
2 0 . 6 3 9 0 0 3  0 .613218 6 .6392 263.3 4448.4 2 6 7 . 6  LN-QJF SQRT-QMA 

2 0.633579 0.607407 7.1146 263.7 4515.3 268.0 SQRT-QMA LN-QJA 

2 0 .581982 0.552124 11.6367 267.8 5151.1  272 .1  SQRT-QMA LN-QND 

2 0.543137 0.510504 15.0413 2 7 0 . 6  5629.7  274 .9  SQRT-QMA LN-QSO 

3 0.700336 0.667040 3.2638 259 .5  3 8 2 9 . 4  265.2 LN-QJF SQRT-QMA LN-QJA 

3 0.698955 0 .665506 3.3848 2 5 9 . 6  3847.0 265 .4  LN-QJF SQRT-QMA LN-QND 

3 0.661792 0 .624213 6.6419 263 .2  4322.0 269.0 SQRT-QMA QMJ-LAG LN-QJA 

3 0 .651749 0.613055 7 . 5 2 2 1  264 .1  4450.3 269.9 LN-QJF SQRT-QMA LN-QSO 

4 0 . 7 2 2 1 7 0 0 . 6 7 9 4 2 7  3.3501 2 5 9 . 1  3686.9 266.3LN-QJFSQRT-QMALN-QJALN-QND 

4 0.708293 0 .663415 4.5664 260.6 3871.1  267.8 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

4 0 .701660 0 .655762 5.1477 261 .3  3959.1  268.5 LN-QJF SQRT-QMA LN-QJA LN-QSO 

4 0.699320 0 .653062 5 .3528 2 6 1 . 6  3990.2 268.8 LN-QJF SQRT-QMA QMJ-LAG LN-QND 

........................................................................................... 
5 0.726008 0 . 6 7 1 2 1 0  5 .0138 260.7 3781.4  269 .3  LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QND 

5 0.722539 0 .667047 5.3178 2 6 1 . 1  3829.3  269.7 LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0 .709812 0 .651774 6.4333 262.5 4 0 0 5 . 0  2 7 1 . 1  LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO 

5 0 .699322 0.639186 7 .3526 263 .6  4149.8 272.2 LN-QJF SQRT-QMA QMJ-LAG LN-QSO 

LN-QND 

................................................................................................ 
6 0.726165 0 .657706 7 . 0 0 0 0  2 6 2 . 7  3936.8 272.7 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO LN-QND 

................................................................................................ 



7.4.6 Untransformed, Logged and Square Root Variables: 1981 and 1993 Omitted 

N = 3 1  R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  DRUM 

R - s q u a r e  A d  j C (P) A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
I n  RS q 

1 0.485960 0 .468234 22.7928 272.3 6138.4 275 .2  SQRT-QMA 

1 0.198617 0 .170983 50.6264 2 8 6 . 1  9569.7  289.0 LN-QJA 

1 0.165069 0.136278 5 3 . 8 7 6 1  287.4 9970.3 2 9 0 . 2  LN-QND 

1 0.018423 - .015424 68.0809 292.4 11721.5  295.2 QMJ-LAG 

2 0 .646835 0 .621609 9 .2095 262.7 4367.9  267.0 SQRT-QMA LN-QJA 

2 0.585124 0.555490 15 .1872 267.7 5131.2 2 7 2 . 0  LN-QJF SQRT-QMA 

2 0.578857 0 . 5 4 8 7 7 6  15 .7942 2 6 8 . 1  5208.7 272.4 SQRT-QMA LN-QND 

2 0 .496805 0 .460863 23 .7422 273.7 6223.5  278 .0  SQRT-QMA LN-QSO 

............................................................................ 
3 0 .708690 0.676322 5 . 2 1 7 9  258 .7  3736.4 264.5 LN-QJF SQRT-QMA LN-QJA 

3 0.703598 0 .670664 5 .7111 259 .3  3801.7 265.0 LN-QJF SQRT-QMA LN-QND 

3 0.664220 0 .626911 9 .5255 263 .1  4 3 0 6 . 7  268 .9  SQRT-QMA LN-QJA LN-QND 

3 0.655080 0 .616756 10 .4108 264.0 4423.9 269 .7  SQRT-QMA QMJ-LAG LN-QJA 

4 0.746377 0.707358 3.5674 256.4 3 3 7 8 . 1  2 6 3 . 6  LN-QJF SQRT-QMA LN-QJA LN-QND 

4 0 .720032 0.676960 6.1192 259.5 3729.0  266.7 LN-QJF SQRT-QMA QMJ-LAG LN-QND 

4 0.708804 0.664005 7 .2069 260.7 3878.5 2 6 7 . 9  LN-QJF SQRT-QMA LN-QA LN-QSO 

4 0 .708757 0 .663950 7 .2114 260.7 3879.2 267.9 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

........................................................................................... 
5 0 . 7 4 9 3 3 9  0 .699207 5.2804 2 5 8 . 1  3472.2  266.7 LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0 .748467 0 .698160 5 .3649 258 .2  3484.3 266.8 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QND 

5 0 .722584 0 . 6 6 7 1 0 1  7 .8720 261.2 3842.8 269 .8  LN-QJF SQRT-QMA QMJ-LAG LN-QSO 

LN-QND 

5 0.708860 0 .650632 9.2014 262.7 4032.9  271 .3  LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO 

6 0.752234 0 .690292 7 .0000 259.7 3 5 7 5 . 1  269.7 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO LN-QND 



7.4.7 Untransformed, Logged and Square Root Variables: 1979,1981 and 1993 Omitted 

N = 3 0  R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  DRUM 

R - s q u a r e  A d  j C (P) A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
1n R S q  

1 0 . 5 4 5 8 7 1  0 .529652 21.2598 260.5 5528.8  263 .3  SQRT-QMA 

1 0.217653 0.189712 55.4165 276 .8  9524.6  279.6 LN-QJA 

1 0.213145 0 .185043 55 .8856 277.0 9579.5 279 .8  LN-QND 

1 0.016300 - .018832 76 .3707 283.7 11976.0 286.5 QMJ-LAG 

2 0 .679364 0 .655613 9.3676 252 .0  4048.1  256.2 SQRT-QMA LN-QJA 

2 0 .669887 0 .645434 10.3539 252 .9  4167.8 2 5 7 . 1  LN-QJF SQRT-QMA 

2 0.594204 0 .564145 18 .2300 2 5 9 . 1  5123.3 263.3 SQRT-QMA LN-QND 

2 0.555955 0 .523063 22.2104 261.8 5606.2  266 .0  SQRT-QMA LN-QSO 

............................................................................ 
3 0.760540 0 .732910 2.9198 245 .3  3139.5 2 5 0 . 9  LN-QJF SQRT-QMA LN-QJA 

3 0.730756 0 .699689 6.0194 248.8 3530.0 254.4 LN-QJF SQRT-QMA LN-QND 

3 0 .694492 0 . 6 5 9 2 4 2  9.7932 252.6 4005.5 258 .2  LN-QJF SQRT-QMA QMJ-LAG 

3 0.685840 0 .649591 1 0 . 6 9 3 6  253.4 4118.9 259.0 SQRT-QMA QMJ-LAG LN-QJA 

4 0.774692 0 .738643 3 . 4 4 7 1  245.4 3072.2 252.4 LN-QJF SQRT-QMA LN-QJA LN-QND 

4 0 . 7 6 2 1 3 1  0 . 7 2 4 0 7 1  4.7544 2 4 7 . 1  3243.4  2 5 4 . 1  LN-QJF SQRT-QMA QM3-LAG LN-QJA 

4 0 . 7 6 1 1 0 1  0 .722877 4.8615 247 .2  3257.5 254 .2  LN-QJF SQRT-QMA LN-QJA LN-QSO 

4 0.750742 0 . 7 1 0 8 6 1  5 .9395 248.5 3398.7 255 .5  LN-QJF SQRT-QMA QMJ-LAG LN-QND 

........................................................................................... 
5 0 .778155 0 .731937 5.0868 247 .0  3151.0 255.4 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QND 

5 0 .775137 0 .728290 5 .4008 247.4 3193.8 255.8 LN-QJF SQRT-QMA LN-QJA LN-QSO 

LN-QND 

5 0 .762582 0 .713120 6.7074 2 4 9 . 0  3372.2 257.4 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO 

5 0 .751044 0 .699178 7 . 9 0 8 1  250.4 3 5 3 6 . 1  258 .8  LN-QJF SQRT-QMA QMJ-LAG LN-QSO 

LN-QND 

................................................................................................ 
6 0 .778988 0 .721333 7 .0000 248 .9  3275.6  258.7 LN-QJF SQRT-QMA QMJ-LAG LN-QJA 

LN-QSO LN-QND 
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1. Summary Report 
1.1 Description of the ~roblem' 

Bimonthly freshwater inflows into Aransas Bay were recorded for the years 1961 to 1993. These 
variables, and various transformations of them, were used to construct a model for the annual harvest of 
Drum. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of view: 

individual observations (to detect outliers or influential points); variables, individually and in groups (to 

select an optimal set of predictors); and the interaction of these two, which produces the overall structure of 

the data set (to determine whether multicolliearity is present or not). The first two of these were examined 

by both graphic and quantitative means; the third by quantitative means only. 

1.2.1 Detecting Influential Points and Outlien 
The structures of individual variables were examined via box plots and histograms, as well as by 

all the usual numerical measures. For each pair of variables, 99 % prediction ellipses and 95% confidence 

ellipses were plotted in a further effort to look for unusual points. For example, suppose large values of 
Variable A are generally associated with large values for Variable B. If an observation consisted of a large 

value for Variable A but a small value for Variable B, that point would be considered unusual, even though 

it was well withim the range of data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual indicates a 

point not well-fit by the model. The deleted residual, however, is somewhat more useful in the search for 
influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The Studentized 
deleted residual is scaled to have a Student's t distribution. Histograms and normal P-P plots of the 

residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dffits (to measure the influence of a given observation on the predicted response) 

and the Dfbetas (to measure the influence of a given observation on the calculated coefficients) were also 

used to build a general picture of the influence of individual points. Plots were made of the standardized 
DfFts value for each model against the Dfbeta values for each predictor in the model. Points which were 

extreme indicated observations which had strong effects on both predicted values and coefficient estimates. 

12.2 Variable !hIection 
For each regression, residuals were plotted against each of the independent variables to look for 

nonlinear relationships between the response variable and individual predictors. Partial residual plots were 

employed to examine the overall relationship between the response and individual predictors. A partial 

' The following discussion, prepared by Jacqueline Kiffe, was taken f+om Seatrout Harvests in Galveston Bay: A 
Regression Analysis, by F. Michael Speed, Sr. and Jacqueline Kiffe. 



residual is a corollary to the deleted residual. That is, the model is fitted without a given variable and the 
^ predicted response and corresponding residual are calculated for each observation. This seeks to answer the 

question, "What is the relationship of this predictor to the response variable, taking all other variables into 

account?" Thus, it examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a given model. 

We examined a number of these, including R' and mean squared error (MSE), and several others which 

directly incorporate penalties for having too many predictors in the model, such as adjusted R ~ ,  Cp AIC, 

and SBC. It is well-established that too many predictors in a model can lead to bad prediction, just as too 

few can, and these measures are used as part of the attempt to fmd an optimal model. 

1.23 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by linear 

combinations of the remaining variables, resulting in unstable coefficient estimates. The variance inflation 

factor (VIF) was calculated for each coefficient estimate to measure this instability, which is not usually 

considered profound for VIF's less than 10. No problems were found with this data. Additionally, the 

condition index (a ratio of eigenvalues of the covariance matrix, with the largest eigenvalue always on top) 

was calculated. A ratio greater than 30 is considered cause for concern. Again, no evidence of 

multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox- procedure, used to 
find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 
1.3.1 Selecting the Data Set Used 

First, the variables were explored thoroughly, individually and in pairs, in a first effort to detect 

outliers. The SAS programming language allows a number of diagnostics to be calculated for a group of 

models on a given data set without actually performing a formal regression, thus allowing one to examine a 

large number of models quite efficiently. The Box-Cox procedure was performed to find if a transformation 

to normality was suggested. The log transform was suggested for some variables, and the square root for 

others. At thii point, there were several data sets for which the diagnostic series was calculated: 

1. Untransformed data. 

2. Harvest untransformed, and natural log of inflow variables. 

3. All variables logged. 

4. Harvest untransformed, and square root of inflows variables. 
5. All variables square root. 

6. Harvest untransformed, and logged and square root inflows. 

7. Logged and square root variables. 
8. Harvest and inflows variables transformed according to Box-Cox suggestion. 



13.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one contained all 

variables in its corresponding data set. All diagnostics were generated, and influential points were 

determined for each model. 

Table 1.1 R-Square and Adjusted R-Square values for the different suggested models. 

Data set 1 presented the highest R~ values. However , the models 1, 2, 4, and 6 were considered as 

final candidates. The observations flagged as potentially influential are given in the summary table below, 

for each model. 

Data Set 

1 

2 

3 
4 

5 
6 

7 
8 

Table 1.2 Summary of points flagged by 99% Prediction Ellipse. 

Year Variable 
1962 Harvest vs. Jan-Feb, Harvest vs. Mar-Apr, Harvest vs. May-Jun, 

Harvest vs. Jul-Aug, Harvest vs. Sept-Oct, Harvest vs. Nov-Dec, 
Jan-Feb vs. Mar-Apr Inflows. 

1992 Harvest vs. Mar-Apr, Mar-Apr vs. May-Jun, Mar-Apr vs. Jul-Aug 
Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec Inflows. 

1993 Harvest vs. Jan-Feb, Harvest vs. Mar-Apr, Jan-Feb vs. Mar-Apr, 
Jan-Feb vs. May-Jun, Jan-Feb vs. Jul-Aug, Jan-Feb vs. Sept-Oct, 
Jan-Feb vs. Nov-Dec, Mar-Apr vs. May-Jun, Mar-Apr vs. Jul-Aug 
Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec, May-Jun vs. Sept-Oct 
May-Jun vs. Nov-Dec Inflows. 

R 3  

0.5055 
0.4666 

0.2736 

0.4995 

0.4369 

0.4692 

0.41 59 

0.3569 

Table 1.3 Summary of points flagged by Boxplots. 

Adjusted R ' 
03914 

03435 
0.1060 

03840 

0.3070 

03467 

0.281 1 

0.2085 

Year Variable 
1962 Harvest. 
1985 Mar-Apr Inflows. 
1986 Mar-Apr Inflows. 
1987 Mar-Apr Inflows. 
1988 Ln (Harvest). 
1992 Mar-Apr, SQRT (Mar-Apr) Inflows. 
1993 Jan-Feb, Mar-Apr, Ln (Mar-Apr), SQRT (Mar-Apr) Inflows. 



Table 1.4 Summary of points flagged by diagnostic measures. 

Key to Abbreviations: 
BOX Box plot 
SRE Studentized residual 
SDR Studentized deleted residual 
LEV Leverage value 
MAH Mahalanobis distance 
COO Cdsdis tance 
SDF Standardized Dffits value 
SDB Standardized Dfbeta value 



1 3 3  Selecting the Final Candidate Models 
After the subset analysis led us to the models: Data Set 1 (untransformed all variables) 1962, 1964 

andor 1993 omitted, Data Set 2 (harvest untransformed and logged inflows) 1962, 1964 and 1988 omitted, 

Data Set 4 (harvest untransformed and square root inflows) 1962 andlor 1964 omitted; Data Set 6 

(untransformed, logged and square root variables) 1962 andor 1988 omitted. 

Table 1.5 R-Square and Adjusted R-Square values for the different subsets. 

13.4 Selecting the Final Model 
Data Set 1 with 1964 omitted is selected as best model. Regression was performed using this 

model, and the deleted residuals were calculated. 

Prob>F 

2 . 5 5 ~ 1 0 ~  

Best Candidate Model 

Drum Harvest = 64.894 + 0.541 *(January-February Inflows) 
- 0.638*(March-April Inflows) 
- 0.687*(July-August Inflows) 
+ 0.090*(September-October Inflows) 
+ 0.9 14*(November-December Inflows) 

R 

0.578 

Adjusted 
R ' 

0.497 



1.4 Best Model: Untransformed Variables 

1.4.1 Summary I~lrormation 

Descriptive Statistics 

1 I I Std. I I 

1 March-April lnflows 
I 

1 39.7263 1 44.2597 1 32 1 
Drum Harvest 
Januarv-Februarv Inflows 

July-August Inflows 1 74.1784 1 70.3320 1 32 
Seotember-October lnflows 1 192.0331 1 167.9092 1 32 

I 
- 

I 

November-December lnflows 1 50.61 16 1 40.1257 1 32 

Mean 
77.7406 
47.5103 

Model 

Deviation 
61.9552 
40.2185 

a. Dependent Variable: Drum Harvest 

b. Method: Enter 

N 
32 
32 

c. lndependent Variables: (Constant), November-December Inflows, 
September-October Inflows, July-August Inflows, March-April Inflows, January-February 

Durbin- 
Watson 

1.716 

lnflows 

d. All requested variables entered. 

Std. Error 
of the 

Estimate 

43.9241 

Adjusted 
R 

Square 

.497 

a. Dependent Variable: Drum Harvest 

b. lndependent Variables: (Constant), November-December Inflows, 
September-October Inflows, July-August Inflows, March-April Inflows, 
January-February lnflows 

R 
Square 

,578 

R 

.761 

Model 
1 

Sig. 
. O O P  

Variables 

Mean 
Square 
13765.9 

1929.325 

d f 
5 

26 
31 

Entered 
NOV-Dac Inflows, 
Sept-Oct Inflows, 
Jul-Aug Inflows, 
Mar-Apr  inflow^^^ 
Jan-Feb lnflows 

F 
7.135 

Sum of 
Squares 
68829.3 
50162.5 
1 18992 

Model 

Removed 

. 

1 Regression 
Residual 
Total 



a. Dependent Variable: Drum Harvest 

Residuals Statistid 

a. Dependent Variable: Drum Harvest 

Standar 
d i i  

Coefficie 
nts 

Beta 

,351 

-.456 
-.780 

,243 

.592 

t 
3.485 

2.030 

-2.760 
-5.256 

1.851 

3.689 

Modd Sg. 
.002 

,053 

.010 
,000 

.075 

,001 

95% Confdence 
Interval for B 

Unstandardlzed 
Caeffcients 

1 

Lower 
Bound 
26.623 

-.W7 

-1.113 
-.956 

-.010 

.405 

B 
64.894 

,541 

-.638 
-.687 

9.OE-02 

,914 

(Constant) 
January-Fekuary 
Inflows 
March-April Inflows 
J I J ~ ~ ~ U ~ U S ~  lnffows 
sepbmbw-odober 
Inflows 
Novenbr-mc€dJw 
InRows 

Upper 
Bound 
103.165 

1.089 

-.I63 
-.419 

.I89 

1.422 

SM. 
E m  
18.619 

,267 

.231 

.I31 

,048 

.248 



Table 1.6 Observed, predicted, lower and upper predicted intervals values for drum harvest. 

a Drum harvest (thousands of pounds). 
LICI Lower limit for 99% prediction interval for drum harvest. 
UICI Upper limit for 99% prediction interval for drum harvest. 

I ~redicted' I LICI UICI 



From Model and Observed Harvests 

Fig. 1 .1  Comparative plots of observed values vs. calculated from the regression model. 
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2. Exploring the Data 

2.1 Listing of Data 

Table 2.1. Drum harvest and water inflows data. 

DRUM Drum harvest (thousands of pounds) 
JF-LAG Lagged January-February inflows (thousands of acrefeet) 
MA-LAG Lagged March-April inflows (thousands of acre-feet) 
MJ-LAG Lagged May-June inflows (thousands of aae-feet) 
JA>G July-August inflows (thousands of acre-feet) 
SO-LAG Lagged September-October inflows (thousands of acre-feet) 
ND-LAG Lagged November-December inflows (thousands of acre-feet) 



2.2 Test of Normality for Individual Variables 

Tests of Normality 

". This is an upper bound of the true significance. 

*. This is a lower bound of the true significance. 

a. Lilliefon Significance Correction 



2 3  Percentiles for Individual Variables 

Pwonml.. 



2.4 Summary Information for Individual Variables 

2.4.1 Summary Information for Drum Harvest 

.409 
,798 

lnterquartile Range 

Skewness 
Kurtosis 

87.5500 

1.307 
1.944 



Fig. 2.la. Exploratory Plots of Drum Harvest. 
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Fig. 2.1 b. Exploratory Plots of Transformed Drum Harvest. 



2.4.2 Summary Information for January-February Inflows 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

61.8150 

1.165 
1.019 

,409 
,798 



I N o d  QQ Plot oflmuuy-lcbnury lullow% 1 
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Fig. 2.2a. Exploratory Plots of January-February Inflows. 
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Fig. 2.2b. Exploratory Plots of Transformed January-February Inflows. 



2.43 Summary Information for March-April Idlows 

Extreme Values 

lnterquartile Range 

Skewness 
Kurtosis 

25.5250 

2.649 
7.435 

,409 
.798 



1 N o d  Q Q  Plot of Much-April lnftows ! 

Fig. 2.3a. Exploratory Plots of March-April Inflows. 



N o d  Q-Q Plot of Ln (March-April Intlows) 
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Fig. 2.3b. Exploratory Plots of Transformed March-April Inflows. 
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2.4.4 Summary Information for MayJune Idlows 

lntequartile Range 

Skewness 
Kurtosis 

174.9700 

,856 
,160 

,409 
,798 



N o d  OQ Plot of May-June M o w  

Fig. 2.4a. Exploratory Plots of May-June Inflows. 
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Fig. 2.4b. Exploratory Plots of Transformed May-June Inflows. 
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2.4.5 Summary Information for July-August Inflows 

Extreme Values 

Std. Dev~ation 

A 

Interquarble Range 

Skewness 
Kurtosis 

108.5400 

1.364 
1.070 

,409 
.798 



N o d  Q Q  Plot of July-Au@ Inflows 

Fig. 2.5a. Exploratory Plots of July-August Inflows. 
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Fig. 2.5b. Exploratory Plots of Transformed July-August Inflows. 



2.4.6 Summary Information for September-October IdIows 

Extreme Values 



N d  Q-Q Plot of S ~ - O c t o b C I  h U l M  

Fig. 2.6a. Exploratory Plots of September-October Inflows. 



N o d  Q-Q Plot of Ln (Sqmbu-Octoba Inflow) 

SQRT (Sc@cmba-Oa&~ Inflows) 
3.3- 

I D n  

10 

0 ,  

N o d  Q Q  Pbt of SQRT (Sc@cmba-Ocfoba Mows)  

SQRT (Sepcmba-Octokr Inflows) 

6 

4 

2  

= O r - 6 4 2  
- - I 2  

0 u-33rn 

2 .  

:: 
- 
f .'' 

% ,. 

Fig. 2.6b. Exploratory Plots of Transformed September-October Inflows. 
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2.4.7 Summary Information for November-December Inflows 

Extreme Values 

lnterquartile Range 

Skewness 
Kurtosis 

79.7400 

,539 
-1.334 

.409 
,798 
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Fig. 2.7a. Exploratory Plots of November-December Inflows. 
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Fig. 2.7b. Exploratory Plots of Transformed November-December Inflows. 



3. Prediction and Confidence Regions 

Fig. 3.1. Prediction and Confidence Ellipses. 
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Fig. 3.3. Prediction and Confidence Ellipses. 



Fig. 3.4. Prediction and Confidence Ellipses. 
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Fig. 3.6. Prediction and Confidence Ellipses. 
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Fig. 3.7. Prediction and Confidence Ellipses. 



4. Box-Cox Analysis 

Table 4.1 Numerical Results. 

HARVEST 
13302663 

7605387 

4370753 

2526284 

1469540 

860978 

508538 

303 167 

182682 

11 1471 

69037 

43523 

2803 1 

18524 

12624 

8918 

6564 

5053 

4076 

3445 

3042 

2796 

2662 

2613 
2632 

271 1 

2847 

3042 

3299 

3628 

4040 

455 1 

5183 

5964 

6927 

8119 

9597 

11435 

13729 

1660 1 

20209 

QJF Lag 

208041 

137860 

91936 

61753 

41821 

28588 

19752 

13817 

9802 

7066 

5188 

3889 

2982 

2344 

1892 

1571 

1342 

1179 

1066 

989 

94 1 

917 

913 
928 

960 

101 1 

1081 

1174 

1293 

1442 

1629 

1861 

2150 

2509 

2957 

3517 

4221 

5 107 

6228 

765 1 

9464 

QMA Lag 

36495 

26783 

19782 

14712 

11022 

8323 

6339 

4872 

3781 

2967 

2355 

1893 

1543 

1277 

1074 

92 1 

805 

720 

660 

620 

600 

597 
612 

646 

702 

785 

90 1 

1059 

1271 

1557 

1939 

2453 

3144 

4078 

5345 

7072 

9435 

12680 

17155 

23350 

31955 

QMJ Lag 

497725 

367378 

272875 

204059 

153718 

116715 

89383 

69089 

53944 

42580 

34009 

27512 

22563 

18777 

15873 

13640 

1 1924 

10612 

9616 

8876 

8344 

7987 

7781 

7710 
7764 

7939 

823 8 

8664 

9230 
9949 

10845 

1 1945 

13285 

14909 

16876 

19256 

22139 

25634 

29883 

35058 

41379 

QJA Lag 

15474 

12740 

10553 

8799 

7390 

6254 

5338 

4597 

3999 

3514 

3 124 

2809 

2558 

2360 

2207 

2093 

2013 

1964 

1944 
1952 

1988 

2053 

2149 

2281 

2452 

2669 

294 1 

3280 

3699 
4218 

4859 

5655 

6644 

7877 

9419 

11354 

13793 

16876 

20789 

25771 

32136 

QSO Lag 

11675513 

7415600 

4738858 

3048850 

1976310 

1291825 

852346 

568325 

383472 

262245 

182094 

128642 

92672 

68243 

51499 

39927 

3 1874 

2625 1 

2233 1 

19632 

17834 

16722 

16160 

16064 

16389 

17123 

18279 

19897 

2204 1 

24806 

28318 

32745 

38307 

45287 

54053 

65075 

78965 

96508 

1 18724 

146930 

182837 

QND Lag 

17811 

13954 

11016 

8768 

7041 

5706 

4671 

3864 

3232 

2735 

2342 

2032 

1786 

1590 

1436 

1314 

1220 
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1090 
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Fig 4.1. MSE of Harvest and Inflows Variables vs. Lambda obtained kom Box-Cox Transformation 



5. Model Choice Diagnostics 

5.1 Untransformed Data 

N = 33 Regression Models for Dependent Variable: DRUM 

R-square Ad j C (P) A I C  MSE SBC Variables in Model 
In RSq 

1 0.225039 0.200040 11.7468 268.6 3231.62 271.6 QJA-LAG 

1 0.017563 -.014128 22.6557 276.4 4096.80 279.4 QND-LAG 

1 0.016230 -.015504 22.7258 276.5 4102.36 279.5 QSO-LAG 

1 0.015515 -.016243 22.7634 276.5 4105.34 279.5 QMA-LAG 

2 0.352819 0.309673 7.0282 264.7 2788.73 269.1 QJA-LAG QND-LAG 

2 0.261123 0.211864 11.8495 269.0 3183.05 273.5 QJF-LAG QJA-LAG 

2 0.234477 0.183442 13.2505 270.2 3298.67 274.7 QJA-LAG QSO-LAG 

2 0.232268 0.181086 13.3667 270.3 3308.19 274.8 QMA-LAG QJA-LAG 

............................................................................ 
3 0.433768 0.375192 4.7720 262.2 2524.05 268.2 QMA-LAG QJA-LAG QND-LAG 

3 0.379987 0.315848 7.5997 265.2 2763.79 271.2 QJA-LAG QSO-LAG QND-LAG 

3 0.355025 0.288304 8.9122 266.5 2875.06 272.5 QJF-LAG QJA-LAG QND-LAG 

3 0.352828 0.285879 9.0277 266.7 2884.85 272.6 QMJ-LAG QJA-LAG QND-LAG 

.................................................................................... 
4 0.481323 0.407226 4.2716 261.4 2394.64 268.8 QJF-LAG QMA-LAG QJA-LAG QND-LAG 

4 0.456520 0.378880 5.5757 262.9 2509.15 270.4 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.448467 0.369677 5.9991 263.4 2546.33 270.9 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

4 0.386132 0.298437 9.2766 266.9 2834.12 274.4 QMJ-LAG QJA-LAG QSO-LAG QND-LAG 

............................................................................................ 
5 0.504654 0.412923 5.0449 261.8 2371.63 270.8 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.491814 0.397706 5.7200 262.7 2433.10 271.7 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.459279 0.359145 7.4307 264.7 2588.88 273.7 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.392601 0.280120 10.9365 268.6 2908.12 277.5 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.505507 0.391393 7.0000 263.8 2458.60 274.3 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



5.2 Logged Inflows 

N = 33 Regression Models for Dependent Variable: DRUM 

R-square A d j  C (P) A I C  MSE SBC Variables in Model 
In Rsq 

1 0.281133 0.257944 6.0410 266.1 2997.70 269.1 LN-QJA 

1 0.081220 0.051582 15.7858 274.2 3831.35 277.2 LN-QMA 

1 0.020920 -.010663 18.7251 276.3 4082.80 279.3 LN-QJF 

1 0.010513 -.021406 19.2324 276.7 4126.20 279.7 LN-QSO 

................................................................... 
2 0.369616 0.327590 3.7280 263.8 2716.35 268.3 LN-QJA LN-QND 

2 0.307825 0.261680 6.7400 266.9 2982.61 271.4 LN-QJA LN-QSO 

2 0.298847 0.252104 7.1776 267.3 3021.29 271.8 LN-QMA LN-QJA 

2 0.281471 0.233569 8.0246 268.1 3096.17 272.6 LN-QMJ LN-QJA 

.......................................................................... 
3 0.432769 0.374090 2.6496 262.3 2528.50 268.3 LN-QMA LN-QJA LN-QND 

3 0.386815 0.323382 4.8896 264.9 2733.35 270.9 LN-QJF LN-QJA L N Q N D  

3 0.379592 0.315412 5.2417 265.3 2765.55 271.2 LN-QJA LN-QSO LN-QND 

3 0.376539 0.312043 5.3905 265.4 2779.16 271.4 LN-QMJ LN-QJA LN-QND 

4 0.459837 0.382671 3.3301 262.7 2493.84 270.2 LN-QMA LN-QJA LN-QSO LN-QND 

4 0.434778 0.354032 4.5517 264.2 2609.53 271.7 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.433186 0.352212 4.6293 264.3 2616.88 271.8 LN-QMA LN-QMJ LN-QJA LN-QND 

4 0.403718 0.318535 6.0656 266.0 2752.93 273.4 LN-QMJ LN-QJA LN-QSO LN-QND 

............................................................... -------- 
5 0.463781 0.364481 5.1379 264.4 2567.32 273.4 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.462984 0.363537 5.1768 264.5 2571.14 273.5 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.435342 0.330775 6.5242 266.2 2703.48 275.1 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.419278 0.311737 7.3072 267.1 2780.39 276.1 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

6 0.466610 0.343520 7.0000 266.3 2652.00 276.7 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

........................................................................................ 



5.3 Logged All Variables 

N = 33 Regression Models for Dependent Variable: LN (DRUM) 

R-square A d  j C ( p )  A I C  MS E S B C  Variables in Model 
1n Rsq 

1 0.165983 0.139079 0.8523 -5.1887 0.805795 -2.1957 LN-QJA 

1 0.023525 -.007975 5.9514 0.0152 0.943433 3.0083 LN-QSO 

1 0.021597 -.009964 6.0204 0.0803 0.945296 3.0733 LN-QJF 

1 0.003434 -.028713 6.6705 0.6873 0.962844 3.6803 LN-QND 

2 0.216684 0.164463 1.0376 -5.2584 0.782037 -0.7689 LN-QJA LN-QND 

2 0.206227 0.153309 1.4119 -4.8208 0.792477 -0.3312 LN-QJA LN-QSO 

2 0.178734 0.123983 2.3959 -3.6971 0.819925 0.7924 LN-QMA LN-QJA 

2 0.171928 0.116723 2.6396 -3.4248 0.826720 1.0648 LN-QMJ LN-QJA 

.......................................................................... 
3 0.240558 0.161995 2.1831 -4.2798 0.784347 1.7062 LN-QJA LN-QSO LN-QND 

3 0.236228 0.157217 2.3380 -4.0922 0.788819 1.8938 LN-QJF LN-QJA LN-QND 

3 0.218087 0.137199 2.9874 -3.3175 0.807555 2.6685 LN-QMA LN-QJA LN-QND 

3 0.217592 0.136653 3.0051 -3.2967 0.808066 2.6894 LN-QMJ LN-QJA LN-QND 

................................................................................. 
4 0.267502 0.162859 3.2186 -3.4719 0.783538 4.0107 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.244910 0.137039 4.0273 -2.4694 0.807705 5.0131 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.243690 0.135646 4.0709 -2.4162 0.809009 5.0663 LN-QMJ LN-QJA LN-QSO LN-QND 

4 0.240558 0.132067 4.1830 -2.2798 0.812359 5.2027 LN-QMA LN-QJA LN-QSO LN-QND 

5 0.270951 0.135942 5.0952 -1.6276 0.808732 7.3514 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.268455 0.132984 5.1845 -1.5149 0.811500 7.4642 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.245716 0.106034 5.9984 -0.5047 0.836725 8.4743 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.244127 0.104151 6.0553 -0.4353 0.838487 8.5438 L N Q M A  LN-QMJ LN-QJA LN-QSO LN-QND 

.............................................................................................. 
6 0.273610 0.105982 7.0000 0.2518 0.836773 10.7273 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.4 Square Root Inflows 

N = 33 Regression Models for Dependent Variable: DRUM 

RSq Ad j C (PI AIC MSE SBC Variables in Model 
In Rs ¶ 

1 0.25926 0.23536 9.478 267.1 3088.9 270.1 SQRT-QJA 

1 0.04845 0.01775 20.429 275.4 3968.0 278.4 SQRT-QMA 

1 0.01641 -.01532 22.094 276.5 4101.6 279.5 SQRT-QSO 

1 0.01170 -.02018 22.338 276.6 4121.3 279.6 SQRT-QND 

...................................................................... 
2 0.37953 0.33817 5.231 263.3 2673.6 267.8 SQRT-QJA SQRT-QND 

2 0.27844 0.23034 10.482 268.2 3109.2 272.7 SQRT-QJA SQRT-QSO 

2 0.27681 0.22860 10.567 268.3 3116.3 272.8 SQRT-QJF SQRT-QJA 

2 0.27565 0.22736 10.627 268.4 3121.2 272.9 SQRT-QMA SQRT-QJA 

............................................................................... 
3 0.46308 0.40753 2.891 260.5 2393.4 266.5 SQRT-QMA SQRT-QJA SQRT-QND 

3 0.40053 0.33852 6.140 264.1 2672.2 270.1 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.38096 0.31692 7.156 265.2 2759.4 271.2 SQRT-QMJ SQRT-QJA SQRT-QND 

3 0.37954 0.31535 7.230 265.3 2765.8 271.2 SQRT-QJF SQRT-QJA SQRT-QND 

4 0.48737 0.41414 3.629 261.0 2366.7 268.4 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.47594 0.40107 4.223 261.7 2419.5 269.2 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

4 0.46808 0.39210 4.631 262.2 2455.8 269.7 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.41496 0.33138 7.390 265.3 2701.0 272.8 SQRT-QMJ SQRT-QJA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.49933 0.40661 5.008 262.2 2397.1 271.2 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.48741 0.39249 5.627 263.0 2454.2 271.9 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.48005 0.38377 6.009 263.4 2489.4 272.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.41518 0.30688 9.379 267.3 2800.0 276.3 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

6 0.49948 0.38397 7.000 264.2 2488.6 274.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 



5.5 Square Root All Variables 

N = 33 Regression Models for Dependent Variable: SQRT (DRUM) 

Rsq Ad j C (P) AIC MSE SBC Variables in Model 
1n RSq 

1 0.25729 0.23333 5.295 74.861 9.114 77.854 SQRT-QJA 

1 0.02795 -.00341 15.884' 83.741 11.928 86.734 SQRT-QSO 

1 0.01746 -.01424 16.369 84.096 12.057 87.089 SQRT-QMA 

1 0.00837 -.02361 16.788 84.399 12.169 87.392 SQRT-QND 

...................................................................... 
2 0.36467 0.32232 2.336 71.707 8.056 76.197 SQRT-QJA SQRT-QND 

2 0.28882 0.24141 5.839 75.429 9.018 79.919 SQRT-QJA SQRT-QSO 

2 0.26862 0.21986 6.771 76.353 9.274 80.843 SQRT-QJF SQRT-QJA 

2 0.26478 0.21576 6.949 76.526 9.323 81.016 SQRT-QMJ SQRT-QJA 

3 0.39841 0.33617 2.779 71.907 7.891 77.893 SQRT-QMA SQRT-QJA SQRT-QND 

3 0.39839 0.33616 2.779 71.908 7.892 77.894 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.36589 0.30029 4.280 73.644 8.318 79.630 SQRT-QMJ SQRT-QJA SQRT-QND 

3 0.36519 0.29953 4.312 73.680 8.327 79.666 SQRT-QJF SQRT-QJA SQRT-QND 

........................................................................................ 
4 0.43476 0.35401 3.100 71.850 7.679 79.333 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.41008 0.32581 4.240 73.260 8.015 80.743 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.40181 0.31635 4.622 73.720 8.127 81.203 SQRT-QMJ SQRT-QJA SQRT-QSO SQRT-QND 

4 0.40083 0.31524 4.667 73.774 8.140 81.256 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

................................................................................................ 
5 0.43672 0.33241 5.010 73.736 7.936 82.715 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.43504 0.33042 5.087 73.834 7.960 82.813 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.41193 0.30302 6.154 75.157 8.286 84.136 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.40217 0.29146 6.605 75.700 8.423 84.679 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

6 0.43693 0.30699 7.000 75.723 8.238 86.199 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 



5.6 Harvest Untmnsformed, and Logged and Square Root Inflows 

N = 33 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  DRUM 

R - s q u a r e  A d j  C lp) A I C  MSE SBC V a r i a b l e s  i n  Model 
In  R s q  

1 0.281133 0.257944 6.2097 266.1 2997.70 269.1 LN-QJA 

1 0.081220 0.051582 16.0013 274.2 3831.35 277.2 LN-QMA 

1 0.020920 -.010663 18.9548 276.3 4082.80 279.3 LN-QJF 

1 0.016407 -.015322 19.1758 276.5 4101.62 279.5 SQRT-QSO 

..................................................................... 
2 0.369616 0.327590 3.8759 263.8 2716.35 268.3 LN-QJA LN-QND 

2 0.299856 0.253179 7.2927 267.3 3016.95 271.7 LN-QJA SQRT-QSO 

2 0.298047 0.252104 7.3421 267.3 3021.29 271.8 LN-QMA LN-QJA 

2 0.282051 0.234188 8.1647 268.1 3093.67 272.6 SQRT-QMJ LN-QJA 

............................................................................ 
3 0.432769 0.374090 2.7826 262.3 2528.50 268.3 LN-QMA LN-QJA LN-QND 

3 0.386815 0.323382 5.0335 264.9 2733.35 270.9 LN-QJF LN-QJA LN-QND 

3 0.385957 0.322436 5.0755 264.9 2737.17 270.9 LN-QJA SQRT-QSO LN-QND 

3 0.369868 0.304682 5.8635 265.8 2808.89 271.8 SQRT-QMJ LN-QJA LN-QND 

4 0.466899 0.390742 3.1110 262.3 2461.24 269.7 LN-QMA LN-QJA SQRT-QSO LN-QND 

4 0.441356 0.361549 4.3621 263.8 2579.16 271.3 LN-QMA SQRT-QMJ LN-QJA LN-QND 

4 0.434778 0.354032 4.6843 264.2 2609.53 271.7 LN-QJF LN-QHA LN-QJA LN-QND 

4 0.405681 0.320778 6.1094 265.8 2743.87 273.3 LN-QJF LN-QJA SQRT-QSO LN-QND 

.......................................................................................... 
5 0.468825 0.370460 5.0166 264.1 2543.17 273.1 LN-QJF LN-QMA LN-QJA SQRT-QSO 

LN-QND 

5 0.467151 0.368475 5.0986 264.2 2551.18 273.2 LN-QMA SQRT-QMJ LN-QJASQRT-QSO 

LN-QND 

5 0.443805 0.340806 6.2421 265.7 2662.96 274.6 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

LN-QND 

5 0.409466 0.300108 7.9240 267.6 2827.37 276.6 LN-QJF SQRT-QMJ LN-QJA SQRT-QSO 

LN-QND 

6 0.469165 0.346664 7.0000 266.1 2639.30 276.6 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

SQRT-QSO LN-QND 



5.7 Logged and Square Root Variables 

N = 33 R e g r e s s i o n  M o d e l s  for D e p e n d e n t  V a r i a b l e :  SQRT (DRUM) 

R-square A d  j C (PI A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
I n  R s q  

1 0.268101 0.244491 3.5771 74.3770 8.9814 77.3700 LN-QJA 

1 0.035324 0.004205 13.9380 83.4899 11.8379 86.4829 LN-QMA 

1 0.028396 -.002946 14.2464 83.7261 11.9229 86.7191 LN-QJF 

1 0.027951 -.003406 14.2662 83.7412 11.9284 86.7342 SQRT-QSO 

..................................................................... 
2 0.342499 0.298665 2.2656 72.8395 8.3374 77.3290 LN-QJA LN-QND 

2 0.298980 0.252246 4.2026 74.9544 8.8892 79.4440 LN-QJA SQRT-QSO 

2 0.277653 0.229497 5.1519 75.9434 9.1597 80.4330 SQRT-QMJ LN-QJA 

2 0.269348 0.220637 5.5216 76.3207 9.2650 80.8102 LN-QMA LN-QJA 

.......................................................................... 
3 0.370555 0.305441 3.0168 73.4004 8.2568 79.3864 LN-QJA SQRT-QSO LN-QND 

3 0.365374 0.299723 3.2474 73.6709 8.3248 79.6570 LN-QJF LN-QJA LN-QND 

3 0.361548 0.295501 3.4177 73.8693 8.3750 79.8553 LN-QMA LN-QJA LN-QND 

3 0.345661 0.277971 4.1248 74.6804 8.5834 80.6664 SORT-QMJ LN-QJA LN-QND 

4 0.401940 0.316503 3.6198 73.7126 8.1253 81.1951 LN-QMA LN-QJA SQRT-QSO LN-QND 

4 0.397247 0.311139 3.8287 73.9705 8.1891 81.4530 LN-QJF LN-QJA SQRT-QSO LN-QND 

4 0.376386 0.287298 4.7572 75.0933 8.4725 82.5758 LN-QMA SQRT-QMJ LN-QJA LN-QND 

4 0.373508 0.284009 4.8854 75.2453 8.5116 82.7278 LN-QJF LN-QMA LN-QJA LN-QND 

........................................................................................ 
5 0.413680 0.305102 5.0973 75.0583 8.2609 84.0374 LN-QJF LN-QMA LN-QJA SQRT-QSO 

LN-QND 

5 0.403577 0.293129 5.5470 75.6221 8.4032 84.6011 LN-QMA SQRT-QMJ LN-QJA SQRT-QSO 

LN-QND 

5 0.397263 0.285646 5.8280 75.9696 8.4922 84.9486 LN-QJF SQRT-QMJ LN-QJA SQRT-QSO 

LN-QND 

5 0.389742 0.276731 6.1628 76.3789 8.5981 85.3579 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

LN-QND 

................................................................................................ 
6 0.415866 0.281066 7.0000 76.9351 8.5466 87.4106 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

SQRT-QSO LN-QND 

................................................................................................ 



5.8 Variables transformed according to the Box-Cox Analysis 

N = 33 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :    DRUM)'.^ 

R-square ~d j C (P) AIC MSE SBC V a r i a b l e s  i n  M o d e l  
1n R s q  

............................................................................................ 
5 0.356317 0.237117 5.0230 -10.1645 0.624390 -1.1854 (QJF) 0.2 (QMA) ''I ( Q J A ) - " ~  ( Q S O ) " ~  

(QND) '.I 

5 0.351798 0.231761 5.2057 -9.9336 0.628774 -0.9546 (QJF) '" ( Q M J ) " ~  (QJA)-'" (QSO) 0.3 

(QND)'.' 

5 0.343875 0.222371 5.5260 -9.5327 0.636459 -0.5537 (QMA) (QMJ) ' .~  (QJA)-'" (QSO) '.' 
IQND)'.' 



6. Regression for the Best Models 

6.1 Model 1: Untransformed Variables 

6.1.1 ANOVA and Parameter Estimates 

Model sumrnaMb 

a. Dependent Variable: Drum Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant), November-December Inflows, May-June Inflows, 
July-August Inflows. September-October Inflows, January-February Inflows, 
MarchApril Inflows 

d. All requested variables entered. 

Adjusted 
R 

Square 

.391 

- 

Model 
1 

- 

a. Dependent Variable: Drum Harvest 

R 

.711 

b. lndependent Variables: (Constant), November-December 
Inflows, May-June Inflows, July-August Inflows, 
September-October Inflows, January-February Inflows, 
-arch-April lnflows 

Std. Error 
of the 

Estimate 

49.5843 

R 
Square 

,506 

Variables Durbin- 
Watson 

1.489 

Entered 
Nov-Dec Inflows, 
May-Jun Inflows, 
Jul-Aug Inflows, 
Sept-Oct Inflows, 
Jan-Feb lnf low~;~ 
Mar-Apr lnflows 

F 
4.430 

Model 

Removed 

. 

Sig. 
.003b 

Sum of 
Squares 
65347.5 
63923.7 
129271 

1 Regression 
Residual 
Total 

df 
6 

26 
32 

Mean 
Square 
10891.2 

2458.602 



a. Dependent Variable: Drum Harvest 

6.1.2 Collinearity Diagnostics 

Parameter Estimates 

Si. 
,000 

,131 

,022 
,834 
,000 

,404 

.Do6 

Model 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

1 

INTERCEP 1 81.980580 19.86442999 4.127 0.0003 0.00000000 

QJF-LAG 1 0.470053 0.30149813 1.559 0.1311 1.92731110 

QMA-LAG 1 -0.681747 0.27980688 -2.436 0.0220 1.97604678 

QMJ-LAG 1 0.022849 0.10786199 0.212 0.8339 1.64223279 

QJA-LAG 1 -0.697411 0.14781819 -4.718 0.0001 1.38195204 

QSO-LAG 1 0.052267 0.06159915 0.849 0.4039 1.39851439 

QND-LAG 1 0.838282 0.27776659 3.018 0.0056 1.62017959 

95% Confidence 
Interval for B 

Unstandardized 
Coefficients 

(Constant) 
January-February 
Inflows 
March-Apnl Inflows 
MayJune Inflows 
July-August Inflows 
Septernber-October 
Inflows 
November-December 
Inflows 

Collinearity Diagnostics(intercept adjusted) 

Standar 
d i  

Coefficie 
nts 

Beta 

.298 

-.472 
,037 

-.765 

,138 

,530 

L m r  
Bound 
41.149 

-.I50 

-1.257 
-. 199 

-1.001 

-.074 

.267 

B 
81.981 

,470 

-682 
2.3E-02 

-.697 

5,2E-02 

,838 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index QJF-LAG QHA-LAG QMJ-LAG QJA-LAG QSO-LAG QND-LAG 

t 
4.127 

1.559 

-2.436 
,212 

4.718 

,849 

3.018 

Upper 
Bound 
122.813 

1.090 

-. 107 
.245 
-. 394 

.I79 

1.409 

Std. Error 
19.864 

,301 

.280 

.lo8 
,148 

,062 

.278 



6.13 Residuals Diagnostics 

Summary Information 

Residuals Statistid 

Centered 
Leverage .041 ,629 ,182 .I10 33 
Value 

a. Dependent Variable: Drum Harvest 
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Case Values for Residuals Diagnostics 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

Predicted value of harvest 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

YEAR 

1961 

1962 

1963 

1964 

1%5 

1%6 

1%7 

1968 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

' Values greater than 3 are flagged. 
This is flagged if it exceeds tnp2,. = tU,O.O1 = 2.485 

SRE ' 
-.55575 

2.24216 

1.37526 

2.39071 

-.I9515 

.I2304 

-.70003 

-.SO377 

-.68931 

,88897 

-.32354 

1.08602 

.45956 

.25561 

1.01459 

.06627 

-.I9912 

-1.52613 

-.54552 

-.I9924 

.76384 

-.I7447 

-.27634 

-1.16752 

,62624 

-1.07369 

-.go946 

-1.93907 

-1.22824 

.T7648 

-3435  

1.15254 

-. 11348 

SDR 

44823 

2.44799 

1.40045 

2.65409 

-.I9150 

.I2068 

-.69299 

-.4%41 

-.68218 

A8526 

-.31790 

1.08994 

.45248 

.25096 

1.01518 

.06499 

-.I9541 

-1.56839 

43802 

-.I9552 

.75756 

-.I71 I8 

-.27138 

-1.17610 

.61876 

-1.07698 

-A0394 

-2.05588 

-1.24093 

.77038 

47680 

1.16018 

-. 1 1130 

PRE 

195.74783 

194.10473 

11 1.73336 

70.25885 

74.75713 

51.73552 

90.78292 

72.74291 

109.22859 

75.06510 

106.30100 

78.3 1854 

98.1 1293 

106.57675 

125.75128 

120.60130 

90.43555 

95.04692 

62.96615 

29.40273 

4.47340 

59.25392 

28.42432 

64.84352 

20.89760 

95.63799 

74.95121 

92.74240 

83.37089 

-10.08176 

5 1.42455 

20.006 12 

122.78574 

RES 

-22.64783 

92.79527 

59.66664 

110.441 15 

-9.05713 

5.66448 

-3 1.08292 

-22.04291 

-31.42859 

38.93490 

-14.70100 

50.68146 

20.18707 

11.42325 

47.44872 

2.79870 

-9.13555 

-70.94692 

-26.06615 

-8.80273 

32.02660 

-7.35392 

-11.62432 

-49.14352 

26.70240 

-49.23799 

-37.55121 

-90.64240 

-57.17089 

34.08176 

-25.82455 

44.89388 

-3.28574 

DRE 

-33.52939 

133.19766 

77.93368 

127.23650 

-10.33786 

6.57034 

-38.76102 

-28.30593 

-37.16984 

49.90246 

-17.50667 

57.21593 

25.72217 

14.06252 

53.33852 

3.85833 

-10.67085 

-80.71 177 

-28.06967 

-1 1.08729 

44.79039 

-10.17677 

-16.15185 

-68.19528 

36.10926 

-57.56284 

42.89979 

-101.98716 

-64.87521 

43.49320 

-32.50896 

72.74678 

-9.63539 

ADJ 

206.62939 

153.70234 

93.46632 

53.46350 

76.03786 

50.82966 

98.46102 

79.00593 

114.96984 

64.09754 

109.10667 

71.78407 

92.57783 

103.93748 

119.86148 

119.54167 

91.97085 

104.81 177 

64.%%7 

31.68729 

-8.29039 

62.07677 

32.95185 

83.89528 

11.49074 

103.96284 

80.29979 

104.08716 

91.07521 

-19.49320 

58.108% 

-7.84678 

129.13539 

ZPR 

2.54233 

2.50597 

.683 I8 

-.23461 

-.I3506 

-.64451 

.21957 

-. 17964 

.62775 

-. 12825 

.56297 

-.05625 

.38178 

.56907 

99338 

37942 

.21188 

,31393 

-.39599 

-1.13871 

-1.69037 

-.47813 

-1.16036 

-.35444 

-1.32692 

,32701 

-.I3077 

.26293 

.05555 

-2.01246 

-.65139 

-1.34664 

.92776 

ZRE 

-.45675 

1.87147 

1.20334 

2.22734 

-.I8266 

11424 

-.62687 

-.44455 

-.63384 

.78523 

-.29649 

1.02213 

.40713 

.23038 

.95693 

.05644 

-.I8424 

-1.43083 

-.52569 

-.I7753 

.64590 

-.I4831 

-.23444 

-.99111 

.53853 

-.99302 

-.75732 

-1.82805 

-1.15300 

,68735 

-.52082 

.90541 

-.OM27 
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6.1.4 Prediction Intervals for Drum Harvest 

DRUM Drum harvest 
LICI Lower limit for 99% prediction interval for Drum harvest 
UICI Upper limit for 99% prediction interval for Drum harvest 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

UICI 

354.31755 

351.39965 

264.81202 

216.85125 

220.82323 

198.70754 

241.59373 

225.00523 

257.26806 

227.23502 

254.71207 

223.75426 

249.99617 

256.731 14 

270.93980 

276.15519 

237.79501 

240.92425 

205.57916 

180.71393 

160.65652 

214.97535 

184.324 18 

220.6861 5 

175.58731 

243.04533 

22 1.06858 

237.98414 

229.103 17 

141.87650 

202.70849 

182.03018 

300.24977 

DRUM 

173.10 

286.90 

171.40 

180.70 

65.70 

57.40 

59.70 

50.70 

77.80 

114.00 

91.60 

129.00 

118.30 

118.00 

173.20 

123.40 

81.30 

24.10 

36.90 

20.60 

36.50 

51.90 

16.80 

15.70 

47.60 

46.40 

37.40 

2.10 

26.20 

24.00 

25.60 

64.90 

119.50 

LICI 

37.17811 

36.80981 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



6.1.5 Outlier and Idluential Point Detection 

Calculated Quantities 

MAH MahaJonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2ptl)ln or 0.5, whichever is smaller. 

MAHA-PV = I - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of fieedom. 
Small values indicate a problem. 

COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + I numerator degree of 
fieedom and n - p - 1 denominator degree of hedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

MAH 
9.41552 
8.73675 
6.53085 
3.25433 
2.99469 
3.44219 
5.36913 
6.11068 
3.97302 
6.06326 
4.15872 
2.68493 
5.91632 
5.03610 
2.56384 
7.81860 
3.63442 
2.90180 
1.31435 
5.62396 
8.14925 
7.90651 
8.00024 
7.97016 
7.36666 
3.65821 
3.01994 
2.58989 
2.83049 
5.95475 
5.61006 
11.28229 
20.1 1808 

COO 
.02120 
.31269 
.08272 
.I2417 
,00077 
.OW35 
.01729 
.01030 
.01240 
.03180 
,00285 
.02172 
.00827 
.00216 
.01825 
,00024 
.Ow95 
.04579 
.00327 
.MI47 
.03322 
,00167 
.00425 
.07549 
.01974 
.02784 
.01333 
.06723 
.02904 
.02378 
.01263 
.I1773 
.00355 

LEV ' 
.29423 
.27302 
.20409 
.lo170 
.09358 
,10757 
.I6779 
,19096 
.I2416 
.I8948 
.I2996 
,08390 
.I8489 
.I5738 
.08012 
.24433 
.I1358 
.09068 
.04107 
.I7575 
.25466 
.24708 
.25001 
.24907 
.23021 
,11432 
.09437 
.08093 
,08845 
.I8609 
,17531 
.35257 
.62869 

MAHA PV 
.2242 
.272 1 
.4793 
3605 
,8855 
.8413 
.6150 
.5269 
.7829 
.5324 
,7613 
,9125 
,5496 
.6556 
.9222 
.3489 
,8208 
3939 
.9881 
.5843 
.3196 
,3409 
.3326 
.3352 
.3917 
.a182 
,8832 
.9202 
,9002 
.5450 
.5859 
.I268 
.0053 

COOK PV3 
.OOOO 
.0584 
.DO12 
.0042 
.OW0 
.0000 
.OOOO 
.OOOO 
.OOOO 
.OOW 
.OOOO 
.OOOO 
.OOOO 
.OW0 
.OOOO 
.OW0 
.OOOO 
.0002 
.OOOO 
.MOO 
.OW1 
.OOOO 
.WOO 
.OW9 
.OOOO 
.OOOO 
.OOOO 
.0006 
.OW0 
.OOOO 
.0000 
.0035 
.OOOO 



SDFFITS S t anda rW d5ts value 

SDFB-0 Standardized dtbeta for the intercept term 

SDFB-1 Standardized dtbeta for the untransformed January-February inflows 

SDFB-2 Standardized dtbeta for the untransformed March-April inflows 

SDFB-3 Standardized dfbeta for the untransfonned May-June inflows 

SDFB-4 Standardized dfbeta for the untransformed July-August inflows 

SDFB-5 Standardized dfbeta for the untransfonned September-october inflows 

SDFB-6 Standardized dtbeta for the untransfonned November-December inflows 

Items in bold are flagged if (sd!iitsJ or 1s- exceed 1.0 for a small data set or 2 for a large 

Y ~ R  

1%1 

1%2 

1%3 

1964 

1%5 

1%6 

1967 

1%8 

1%9 

1970 

1971 

1 9 n  

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

data set. The cutoff used here is 1. 

SDFB 4 

,23432 

-1.01557 

-.31637 

-.05485 

,00793 

.00138 

.02672 

-.01764 

.05502 

-.a657 

,03088 

.01672 

-.00677 

-.02236 

-. 14423 

-.00171 

-.00325 

.00292 

-.00389 

-.04083 

,36000 

-.03351 

-.I0957 

-.I0080 

.I6491 

.I5301 

. M I 3  

.20662 

.09074 

.26385 

-.I 1410 

.23281 

.05708 

SDFFIT 

-.38001 

1.61529 

.77488 

1.03501 

-.07201 

,04826 

-.34443 

-.26461 

-.29157 

.46985 

-.I3888 

.39137 

.23693 

.I2063 

.35767 

.03999 

-.08011 

-.58186 

-.I4916 

-.09961 

.47824 

-.I0606 

-.I6936 

-.73228 

.36726 

-.44284 

-.30341 

-.72733 

-.45554 

.40483 

-.29346 

.91384 

-. 15472 

SDFB 5 

-.09742 

,32422 

-.20570 

-.48637 

.03711 

-.03168 

-.26914 

-.09213 

-. 18474 

-.32768 

-. 10863 

.23073 

.I2958 

-.01907 

.04233 

.00379 

.02355 

.I7836 

.02814 

-.01493 

-.01116 

.02933 

-.00542 

-.I9137 

.I9157 

-.03555 

.08107 

.47312 

.30329 

-. 11635 

.01302 

,03290 

.03306 

SDFB 6 

-22302 

1.08492 

-.26641 

-.29929 

,02239 

-.02334 

,06359 

.07460 

.03592 

-.I5956 

.00661 

-.08729 

-.00761 

.01498 

.I4121 

.03314 

-.05358 

-.40312 

.I0162 

.05939 

-.02595 

-.00494 

-.03211 

.26958 

-.05217 

-.00859 

-.01717 

.I3788 

.I3735 

-.20163 

-.I3734 

-.00816 

-.01191 

SDFB 0 

.00504 

.08549 

,49382 

1.01855 

-.07106 

.03871 

-.02324 

.01922 

.03 174 

,19036 

-.01664 

.04091 

-.03862 

.IN770 

.08560 

.00302 

-.01%8 

-.I 1497 

-.07615 

-.01809 

-. 15779 

.02154 

.06987 

-.03913 

-.01620 

-20759 

-. 15472 

-.63120 

-.40269 

.23724 

-.Of1475 

-.I9361 

.03768 

SDFB I 

-.21145 

,69852 

.53198 

-.22293 

.00666 

-.01364 

.04216 

.07554 

-.04759 

.00862 

-.01940 

-.I1916 

-.05423 

-.03783 

-.I 1648 

-.01884 

.0435 1 

.26664 

-.05789 

-.05411 

.01264 

-.04652 

.00592 

-26659 

-.06061 

-.00719 

.I4919 

-.01652 

-.00786 

-.I6186 

.I7847 

-.I0993 

-.04617 

SDFB 2 

.20220 

-.82175 

-.28200 

-.03588 

.00809 

.00837 

-. 12973 

-.03928 

.03828 

-. 10954 

-.03754 

.I2020 

-.00374 

-.03423 

-.I1431 

-.00578 

.00569 

.09568 

-.01756 

.00353 

-.08779 

.06073 

.04316 

.I4794 

.26544 

-.23569 

-.I8301 

.28235 

.I5018 

.I3543 

-.07500 

.70744 

-.03608 

SDFB 3 

,08839 

-.39137 

-.I5798 

-.I4731 

.00713 

.01311 

.I3805 

-.I0977 

-.03089 

.36787 

,08835 

-.02346 

.06865 

.09545 

.I2823 

-.00676 

-.00638 

-.I0308 

-.00037 

.03649 

.I2580 

-.a372 

-.04%7 

.30803 

-.26170 

.26305 

.03459 

-.20944 

-.I2426 

-.09130 

.09456 

-.I8999 

-.05619 
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6.2 Model 2: Logged Inflows 

6.2.1 ANOVA and Parameter Estimates 

Model ~urnrnab.~ 

a. Dependent Variable: Drum Harvest 

b. Method: Enter 

C. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows), Ln (July-August Inflows). Ln (January-February 
Inflows), Ln (MayJune Inflows), Ln (March-April Inflows) 

4 

Durbin- 
Watson 

1.348 

d. All requested variables entered. 

Std. Error 
of the 

Estimate 

51.498 

Adjusted 
R 

Square 

,344 

a. Dependent Variable: Drum Harvest 

b. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows), Ln (July-August Inflows), Ln 
(January-February Inflows), Ln (May-June Inflows), Ln (March-April Inflows) 

R Square 

,467 

R 

,683 

Model 
1 

Sig. 
.OOab 

F 
3.791 

Variables 

Mean 
Square 
10053.2 

2651.998 

Entered 
Ln(Nov-Dec 
Inflows), 
Ln(Sept-Oct 
Inflows), 
Ln(Jul-Aug 
Inflows), 
Ln(Jan-Feb 
Inflows), 
Ln(May-Jun 
Inflows), 
Ln(Mar-$r 
Inflows) 

d f 
6 

26 
32 

Removed 

. 

Sum of 
Squares 
60319.2 
68951.9 
12927 1 

Model 
1 Regression 

Residual 
Total 



Coefficients. 

Standar 

Coefficients 

1 (%fItmkT-October 1 10472 ( 8.482 1 212 1 1.235 1 1 8  1 -6.964 I 27.W8 I 
Inflows) 

Model 

Ln (March-Apnl Inflows) 
Ln (May-June Inflows) 
Ln (July-August 
Inflows) 
Ln 

B 
188.644 

-4,012 

1 

6.2.2 Collinearity Diagnostics 

(Constant) 
Ln (January-February 
Inflows) 

-17.443 
-5.166 

-40.428 

Ln 
(Nwember-Dexmber 
Inflows) 

Parameter Estimates 

SM. E m  
57.312 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

11.484 
12.288 

10.651 

a. Dependent Variable: Drum Harvest 

26.557 

INTERCEP 1 188.644329 57.31151702 3.292 0.0029 0.00000000 

LN-Q JF 1 -4.012142 10.80407333 -0.371 0.7134 1.47207263 

LN-QMA 1 -17.443226 11.48381268 -1.519 0.1408 1.64355554 

LN-QMJ 1 -5.166314 12.28847977 -0.420 0.6776 1.63117428 

LN-QJA 1 -40.428332 10.65060770 -3.796 0.0008 1.19843652 

LN-QSO 1 10.472122 8.48236156 1.235 0.2280 1.43884310 

LN-QND 1 26.556835 11.10905057 2.391 0.0244 1.45228025 

Beta 

-.065 

Collinearity Diagnostics(intercept adjusted] 

-.279 
-.077 

-595 

11.109 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

t 
3.292 

-.371 

-1.519 
-.420 

-3.796 

.413 

So. 
.003 

,713 

.I41 
,678 

.W1 

2.391 

- -  - 

Bound 
70.839 

-26.220 

~ 7r - 

Bound 
306.450 

18.196 

-41.049 
-30.426 

-62.321 

,024 

6.162 
20.093 

-18.536 

3.722 49.392 



6.23 Residuals Diagnostics 

Summory Information 

I Minimum Maximum 
Predicted 

, Value 6.4559 172.8488 

1 Ftdicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 

1 %idual 
Stud. 
Residual 
L 
Deleted 

1 Residual 
Stud. 
Deleted 

1 Residual 
Mahal. 
Distance 

I I 

Cook's 
1 Distance ,000 .313 
I - -  , I 
Centered I 

,051 .339 

a. Dependent Variable: D N ~  Hz 

I Std. I I 
Mean Deviation N 

80.8606 43.41 63 33 
- 

vest 



65 

Case Values for Residuals Diagnostics 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

Predicted value of harvest 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
&score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

YEAR 

1961 

1%2 

1963 

1964 

1%5 

1%6 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

' Values greater than 3 are flagged. 
This is flagged if it exceeds = t25.0.01 = 2.485 

PRE 

158.66818 

172.84876 

123.36419 

102.92054 

85.70316 

26.5285 1 

104.06495 

45.42039 

94.03505 

55.625 11 

116.15245 

79.00766 

94.01151 

1 12.40775 

167.83061 

115.70142 

71.35819 

72.33199 

45.31408 

22.45218 

31.36320 

42.07603 

40.49400 

45.97916 

43.07759 

132.29945 

91.22983 

115.32301 

93.30254 

6.45594 

59.00568 

21.19989 

80.84700 

ADJ 

154.62022 

134.66434 

95.19806 

65.35263 

91.62560 

12.26039 

115.30213 

43.18823 

96.20916 

45.83574 

120.09859 

72.07376 

89.37946 

1 11.50986 

166.01945 

112.30136 

70.01196 

77.20762 

46.05764 

22.96529 

30.26791 

39.39776 

45.71684 

53.60595 

41.82561 

169.88520 

101.33804 

140.17812 

109.35129 

-1.18422 

68.24240 

9.62249 

60.10343 

ZRE 

.28024 

2.21469 

.93278 

1.51035 

-.38843 

.59947 

-A6150 

.I0252 

-.31526 

1.13355 

-.47677 

,97077 

.47164 

,10859 

,10426 

.I4949 

.I9305 

-.93659 

-.I6339 

-.03597 

,09975 

.I9077 

-.46010 

-.58797 

.08782 

-1.66803 

-1.04529 

-2.19861 

-1.30302 

,34068 

-.64868 

A4859 

,75058 

ZPR 

1.79213 

2.1 1875 

.97898 

.50810 

.I 1154 

-1.25142 

.53446 

-31629 

.30344 

-.58124 

.81287 

-.04268 

.30290 

.72662 

2.00316 

30248 

-.21887 

-. 19644 

-31874 

-1.34531 

-1.14006 

49332 

-.92976 

-A0342 

-.87025 

1.18478 

.23883 

.79377 

.28657 

-1.71375 

-50338 

-1.37415 

-.00031 

RES 

14.43182 

114.05124 

48.03581 

77.77946 

-20.00316 

30.87149 

4.36495 

5.27961 

-16.23505 

58.37489 

-24.55245 

49.99234 

24.28849 

5.59225 

5.36939 

7.69858 

9.94181 

-48.23 199 

-8.41408 

-1.85218 

5.13680 

9.82397 

-23.69400 

-30.27916 

4.52241 

-85.89945 

-53.82983 

-113.22301 

-67.10254 

17.54406 

-33.40568 

43.7001 1 

38.65300 

SRE ' 
.31712 

2.55871 

1.17484 

1.83929 

-44221 

.72489 

-.96445 

.I2229 

-.33570 

1.22491 

-.51366 

1.03591 

.51466 

,11699 

.I2057 

.I7950 

.20571 

-.98279 

-. 17045 

44064 

.I0987 

.21520 

-.50829 

-.65787 

.OW23 

-1.99994 

-1.13921 

-2.42797 

-1.45050 

.40817 

-.73290 

.95440 

.93043 

DRE 

18.47978 

152.23566 

76.20194 

115.34737 

-25.92560 

45.13961 

-55.60213 

7.51177 

-18.40916 

68.16426 

-28.49859 

56.92624 

28.92054 

6.49014 

7.18055 

11.09864 

11.28804 

-53.10762 

-9.15764 

-2.36529 

6.23209 

12.50224 

-28.91684 

-37.90595 

5.77439 

-123.48520 

-63.93804 

-138.07812 

-83.15129 

25.18422 

-42.64240 

55.2775 1 

59.39657 

SDR 

.31156 

2.90067 

1.18388 

1.93376 

-.43526 

.71811 

-.96310 

,11995 

-.32990 

1.23736 

-.50626 

1.03743 

.50725 

,11474 

.I1827 

.I7612 

.20188 

-.98212 

-. 16724 

-.03986 

.lo776 

.21121 

-.50091 

-.65053 

.09732 

-2.13193 

-1.14606 

-2.70746 

-1.48363 

.40153 

-.72621 

.95270 

.92795 



Normal P-P Plot of Residual 

Observed Cum Prob 

Fig. 6.2.1. Exploratory Plots of Drum Harvest Standardized Residual. 



I Partial R s d u a l  Pbt 

Partial Resdual Pbt 
100. 

lm. 

0 1 

I ' -  a -m, 

P a d  Rajdual Pbt 

67 

Partial Resdual Pbt 

I S 2  

. .  . -. , 
: . . 

19.6 
,989 

,).I 

m- 

Im* 

0 .  

I " '  

g .ma 

Fig. 6.2.2. Partial Residual Plots of Drum Harvest vs. Logged Inflows. 

m. 

lm. 

0 .  

i -Im' a -m. 

Partial Rcsimul Pbt 

- I  5 -1 0 . I  0.0 I 1.0 IS 

Lmw-h=-) 

l%? 

1% 
1 - . I *... . . 

I I 0 I 2 

1161  

. . .. . . . 1. .- . 
1 9 s  

IPn 
19.- 

1% 

m. 

,m. 

" 

I .Im' 
a ao. 

h(---) 

- I S  -1 0 . J  0.0 I 1.0 1.5 

LmWr&-w-~ 

35-51 

. 
. - 

1:- . . 1 .  . .  . . . . . .  . . . 

.LO -1.5 -la - I  o o  I 1.0 1.5 

Lm(w-w-) 



Residual Plot 
m. 

lW. 

0 .  

Residual Plot 

68 

Residvll Plot 

,961 

1% 

a .  

A .  . : .  
.. 

am, 

lW' 

0 .  

am. 

tm. 

0 .  

2 

I a .am ; 

1 P ~ b m Y - F ~ - )  

Residual Plot 

!96i 

,, 
1961 

,990 .. * .  . I .  
,963 . . 

t 

Fig. 6.2.3. Residual Plots of Drum Harvest vs. Logged Inflows. 
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6.2.4 Prediction Intervals for Drum Harvest 

DRUM Drum harvest 
LICI Lower limit for 99% prediction interval for Drum harvest 
UICI Upper limit for 99% prediction interval for Drum harvest 

UICI 

3 16.66228 

332.88881 

290.83 198 

267.68065 

244.30472 

190.69068 

260.95694 

208.39749 

245.346 12 

208.65290 

268.83553 

230.56926 

248.14263 

265.08271 

327.96068 

279.25507 

222.74790 

221.85339 

194.10710 

180.30901 

186.52615 

199.75717 

195.97767 

202.81261 

200.92703 

295.72940 

245.22332 

270.76663 

249.60000 

169.82303 

216.84165 

178.57024 

247.06378 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

DRUM 

173.10 

286.90 

171.40 

180.70 

65.70 

57.40 

59.70 

50.70 

77.80 

114.00 

91.60 

129.00 

118.30 

118.00 

173.20 

123.40 

81.30 

24.10 

36.90 

20.60 

36.50 

51.90 

16.80 

15.70 

47.60 

46.40 

37.40 

2.10 

26.20 

24.00 

25.60 

64.90 

119.50 

LICI 

.67408 

12.80871 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 
0 

0 

7.70055 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



6.2.5 Outlier and 1nl)uential Point Detection 

Calcuhied Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with W s  distance 

This is flagged if it e x d  (2p+l)ln or 0.5, whichever is smaller. 
MAHA-PV = 1 - F O ,  where F is the CDF of a Chi-Square variable with p + 1 degrees of Beedom. 

Small values indicate a problem. 
3 COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

M o m  and n - p - I denominator degree of Beedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

MAH 
6.03983 
7.05668 
10.85830 
9.45250 
6.34038 
9.14514 
5.49750 
8.53929 
2.80948 
3.62596 
3.46128 
2.92806 
4.15557 
3.45740 
7.10172 
8.83349 
2.84668 
1.96812 
1.62855 
5.97207 
4.65431 
5.88545 
4.81001 
5.46880 
5.96843 
8.77029 
4.08930 
4.79054 
5.20652 
8.73818 
5.96178 
5.73243 
10.20593 

COO 
.OM03 
.31313 
.I 1562 
.23343 
.00827 
.03469 
,03366 
.00090 
.00216 
.03595 
.00606 
,02126 
.00722 
.00031 
.OW70 
.00203 
.00082 
.01395 
.Om37 
.00007 
.00037 
.00180 
.00814 
.01557 
.OM39 
.25002 
.03481 
.I8487 
.07189 
.01036 
.02122 
.03447 
.06637 

LEV ' 
.I8874 
.22052 
.33932 
,29539 
.I9814 
28579 
.I7180 
.26685 
.08780 
.I1331 
.lo816 
.09150 
.I2986 
.lo804 
.22193 
.27605 
.08896 
.06150 
.05089 
.I8663 
.I4545 
.I8392 
.I5031 
.I7090 
.I8651 
.27407 
.I2779 
,14970 
.I6270 
.27307 
.18631 
.I7914 
.31894 

MAHA PV 
.5351 
,4230 
,1449 
.2218 
.5006 
.2424 
.5995 
.2874 
.9020 
3217 
,8393 
.8916 
,7617 
3397 
.4184 
.2648 
3988 
.9616 
.9775 
.5430 
,702 1 
.5532 
.683 1 
.6029 
,5434 
.2696 
.7694 
.6855 
.6348 
,2720 
.5442 
.5713 
,1772 

COOK PV ' 
.OW0 
,0586 
.0034 
.0268 
.OOOO 
,0001 
.0001 
.OOOO 
.OW0 
.OOO 1 
.Om0 
.WOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.WOO 
.OOOO 
.0000 
.0000 
.OW0 
.OOOO 
.Om0 
.0324 
.OW 1 
.0138 
.OW7 
.WOO 
.0000 
.0001 
.OOM 
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6.3 Model 4: Square Root Inflows 

6.3.1 ANOVA and Parameter Estimates 

Model 

a. Dependent Variable: Drum H a ~ e ~ t  

b. Method: Enter 

c. lndependent Variables: (Constant), SQRT (November-December Inflows), SQRT 
(September-October Inflows), SQRT (July-August Inflows). SQRT (March-April Inflows), 
SQRT (May-June Inflows), SQRT (January-February Inflows) 

d. All requested variables entered. 

Durbin- 
Watson 

1.475 

Std. Error 
of the 

Estimate 

49.8857 

a. Dependent Variable: Drum Harvest 

Adjuste 
d R 

Square 

.384 

b. lndependent Variables: (Constant), SQRT (November-December Inflows), 
SQRT (September-October Inflows). SQRT (July-August Inflows), SQRT 
(March-April Inflows), SQRT (May-June Inflows), SQRT (January-February 
Inflows) 

Model 
1 

Sig. 
.OMb 

R 

.707 

R 
Square 

,499 

Variables 

Mean 
Square 
10761.4 

2488.578 

Model 

Entered 
SQRT(Nov-Dec 
Inflows), 
SQRT(Sept-Oct 
Inflows), 
SQRT(Ju1-Au~ 
Inflows), 
SQRT(Mar-Apr 
Inflows), 
SQRT(May-Jun 
Inflows), 
SQRT(J2g-Feb 
Inflows) 

F 
4.324 

Sum of 
Squares 
64568.1 
64703.0 
12927 1 

I 

Removed 

d f 
6 

26 
32 

Regression 
Residual 
Total 



a. Dependent Variable: Drum Harvest 

Parameter Estimates 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter=O Prob > IT1 Inflation 

Sig. 
,001 

,436 

,046 

,930 

.OOO 

,324 

,008 

Model 

INTERCEP 1 114.118234 31.76961809 3.592 0.0013 0.00000000 

SORT-QJF 1 3.028943 3.82594711 0.792 0.4357 1.58517618 

SQRT-QMA 1 -8.239690 3.93750785 -2.093 0.0463 1.62417881 

SQRT-QMJ 1 -0.215701 2.43974710 -0.088 0.9302 1.57358890 

SQRT-QJA 1 -11.765892 2.64980808 -4.440 0.0001 1.26432836 

SQRT-QSO 1 1.583650 1.57655666 1.004 0.3244 1.31892067 

SQRT-QND 1 10.539900 3.69029373 2.856 0.0083 1.52209099 

1 

Collinearity Diagnostics(intercept adjusted) 

Unstandardi 95% Confidence 

(Constant) 
SQRT 
(January-February 
Inhvs) 
SQRT (March-Apnl 
I-) 
SQRT (May-June 
Inflows) 
SQRT (July-August 
Infkws) 
SQRT 
(Septembar-odober 
Inflows) 
SQRT 
(November-r 
Inflows) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO SQRT-QND 

Standar 
d i  

Coefficie 
nts 

Beta 

,138 

-.370 

-.015 

-.893 

,160 

,489 

Coefficients 

B 
114.118 

3.029 

4.240 

-.218 

-1 1.766 

1.584 

10.540 

Interval 
Lower 
Bound 
48.815 

4.835 

-16.333 

-5.231 

-17.213 

-1.657 

2.954 

t 
3.592 

.792 

-2.093 

-.Ma 

4.440 

1 .OM 

2.856 

Std. Ermr 
31.770 

3.826 

3.938 

2.440 

2.650 

1.577 

3.690 

for B 

Upper 
Bwnd 
179.422 

10.893 

-.I46 

4.799 

-6.319 

4.824 

18.125 



6.3.3 Residuals Diagnostics 

Summary Injimnation 

Residuals Statistics! 

a. Dependent Variable: Drum Harvest 



76 

Case Values for Residuals Diagnostics 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

Predicted value of harvest 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fined without that observation. 
2-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentid deleted residuals 

YEAR 

1961 

1962 

1%3 

1964 

1965 

1966 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

' Values greater than 3 are flagged. 
This is flagged if it exceeds t,,-pL, = tz3,0.0~ = 2.485 

ADJ 

190.23470 

151.64121 

97.21604 

54.65570 

86.08255 

38.02968 

104.52129 

58.16712 

109.27250 

54.73484 

118.60401 

69.16457 

88.45489 

108.46176 

141.32649 

109.54204 

80.07971 

91.26406 

54.25734 

23.90552 

17.29878 

51.13441 

44.05271 

64.31002 

22.68996 

133.20297 

9259969 

124.37479 

103.48252 

-22.90344 

57.75156 

.33956 

79.19785 

PRE 

185.32547 

191.45659 

119.34074 

78.93 175 

82.76222 

41.68598 

95.83236 

56.40822 

104.90022 

65.72661 

114.20320 

76.57779 

94.01862 

110.00138 

146.88028 

1 13.58463 

80.24649 

84.04566 

52.89641 

23.1 7749 

21.68724 

51.33409 

37.73028 

52.76006 

29.34671 

114.14444 

84.65489 

107.44100 

91.88144 

-10.43674 

50.56126 

19.08832 

100.20490 

ZPR 

2.32561 

2.46210 

.85665 

-.04294 

.04233 

-.87211 

.33330 

-.54436 

33517 

-.33691 

.74228 

-.09534 

.29292 

64873 

1.46974 

.72851 

-.01367 

.07091 

-.62254 

-1.28415 

-1.31732 

-.65732 

-.96017 

-.62558 

-1.14681 

.74097 

.OM47 

.59174 

.24535 

-2.03247 

-.67453 

-1.37518 

.43064 

RES 

-12.22547 

95.44341 

52.05926 

101.76825 

-17.06222 

15.71402 

-36.13236 

-5.70822 

-27.10022 

48.27339 

-22.60320 

52.42221 

24.28138 

7.99862 

26.3 1972 

9.81537 

1.05351 

-59.94566 

-15.9%41 

-2.57749 

14.81276 

.56591 

-20.93028 

-37.06006 

18.25329 

-67.74444 

-47.25489 

-105.34100 

65.68144 

34.43674 

-24.96126 

45.81 168 

19.29510 

ZRE 

-.24507 

1.91324 

1.04357 

2.04003 

-.34203 

.31500 

-.72430 

-.I1443 

-.54325 

.%768 

-.453 10 

1.05085 

.48674 

.I6034 

52760 

.I9676 

.02112 

-1.20166 

-.32066 

-.05167 

.2%93 

.01134 

-.41957 

-.74290 

.36590 

-1.35799 

-.94726 

-2.1 1165 

-1.31664 

.69031 

-.SO037 

.91833 

.38679 

DRE 

-17.13470 

135.25879 

74.18396 

126.04430 

-20.38255 

19.37032 

-44.82129 

-7.46712 

-31.47250 

59.26516 

-27.00401 

59.83543 

29.8451 1 

9.53824 

31.87351 

13.85796 

1.22029 

-67.16406 

-17.35734 

-3.30552 

19.20122 

.76559 

-27.25271 

48.61002 

24.91004 

-86.80297 

-55.19969 

-122.27479 

-77.28252 

46.90344 

-32.15156 

64.56044 

40.30215 

SRE ' 
-.29013 

2.27761 

1.24574 

2.27035 

-.37383 

.34973 

-.80670 

-.I3087 

-3543 

1.07221 

-.49525 

1.12269 

.53%3 

.I7509 

58060 

.23379 

.02273 

-1.27195 

-.33402 

-.05851 

.33807 

.01319 

-.47876 

-35083 

.42745 

-1.53719 

-1.02380 

-2.27505 

-1.42819 

30563 

-.56788 

1.09017 

,55900 

- 

SDR 

-.284% 

2.49625 

1.25972 

2.48631 

-.36756 

.34375 

-.80113 

-.I2837 

-.57788 

1.07543 

-.48794 

1.12859 

.53214 

.I7179 

.57306 

.22949 

.02229 

-1.28797 

-.32824 

-.05738 

.33224 

.01294 

-.47154 

-.84617 

.42063 

-1.58089 

-1.02479 

-2.49275 

-1.45885 

.8OoO4 

46034 

1.09431 

.55147 



Normal P-P Plot of Residual 
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Fig. 6.3.1. Exploratory Plots of Drum Harvest Standardized Residual. 
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63.4 Prediction Intervals for Drum Harvest 

DRUM Drum harvest 
LICI Lower limit for 99% prediction interval for Drum harvest 
UlCI Upper limit for 99% prediction interval for Drum harvest 

UICI 

342.55201 

349.16247 

277.28260 

230.3 1 1 19 

232.24491 

192.82141 

247.29160 

210.48961 

252.83385 

216.65275 

263.69027 

223.53206 

245.00538 

259.38861 

297.0903 1 

271.12912 

228.03425 

229.92252 

196.84614 

176.30155 

175.33145 

206.98260 

191.58955 

206.96935 

185.39087 

267.22546 

232.91319 

255.34644 

240.53995 

145.51898 

203.89793 

176.55289 

271.17427 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

DRUM 

173.10 

286.90 

171.40 

180.70 

65.70 

57.40 

59.70 

50.70 

77.80 

114.00 

91.60 

129.00 

118.30 

118.00 

173.20 

123.40 

81.30 

24.10 

36.90 

20.60 

36.50 

51.90 

16.80 

15.70 

47.60 

46.40 

37.40 

2.10 

26.20 

24.00 

25.60 

64.90 

119.50 

LICI 

28.09894 

33.75070 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



6.3.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cmk's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 

MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of freedom. 
Small values indicate a problem. 

COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 
6eedom and n - p - 1 denominator degree of freedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

MAH 
8.19856 
8.44997 
8.57401 
5.19348 
4.24312 
5.07055 
5.23373 
6.56798 
3.47586 
4.96527 
4.24530 
2.99490 
4.99575 
4.19561 
4.60614 
8.36523 
3.40402 
2.46948 
1.53931 
6.07820 
6.34394 
7.37632 
6.45407 
6.63365 
7.58170 
6.05625 
3.63601 
3.46197 
3.83391 
7.53574 
6.18671 
8.32331 
15.70995 

LEV 
.25620 
.26406 
,26794 
.I6230 
,13260 
.I5845 
,16355 
.20525 
.lo862 
.I5516 
.I3267 
.09359 
.I5612 
.I3111 
.I4394 
.26141 
.I0638 
.07717 
.04810 
.I8994 
,19825 
.23051 
.20169 
,20730 
.23693 
.I8926 
,11363 
.lo819 
.I1981 
.23549 
.I9333 
.26010 
,49094 

COO 
.OM83 
.30915 
.09422 
.I7565 
,00388 
.00407 
.02236 
.00075 
.00790 
.03740 
,00682 
.02546 
.OW53 
.OW84 
.01016 
.00322 
.00001 
.02783 
.00136 
.OW14 
.OM84 
.00001 
.OW89 
,03223 
,00952 
,09497 
.02518 
.I1886 
.05147 
.03357 
.01327 
.06948 
.04860 

MAHA PV 
,3154 
.2946 
.2847 
.6364 
.7514 
.6514 
.63 1 5 
,4752 
3378 
,6642 
,751 1 
3855 
.6605 
.7570 
.7079 
.3015 
.8453 
.9294 
.9809 
.5306 
SO02 
.3908 
,4878 
.4680 
.3709 
,5332 
3206 
,8392 
,7987 
.3753 
,5181 
.3050 
.0279 

COOK PV3 
.OOOO 
.0567 
.0018 
,0119 
.OOOO 
.OOOO 
.0000 
.OOOO 
.OOOO 
.0001 
.OOOO 
.OOOO 
.OOOO 
,0000 
.OW0 
.WOO 
.OOW 
.OOOO 
.OOOO 
.OOOO 
.OW0 
.OW0 
.0000 
.OW1 
.OOOO 
.OO 18 
.OOOO 
.0037 
.0002 
.0001 
.OOOO 
.0007 
.0002 



SDFFITS Standardized dffits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the square root January-February inflows 

SDFB-2 Standardized dfbeta for the square root March-April idows  

SDFB-3 Standardized dfbeta for the square root May-June inflows 

SDFB 5 

-.04877 

,37341 

-.I5337 

- 4 1 7 8  

.08353 

-.I 1520 

-.27346 

-.02400 

-. 13070 

-.32704 

-.I645 1 

.24060 

.I2328 

.00155 

.04887 

.02179 

-.00299 

.I4461 

.00226 

-.00711 

-.00128 

-.00210 

-.00841 

-. 15878 

.I3257 

-.I1173 

.I 1669 

.59213 

.39337 

-.09795 

.00450 

-.I3318 

-.I 8992 

YWR 

1%1 

1%2 

1963 

1%4 

1%5 

1%6 

1%7 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

- 1993 

SDFB-4 Standardized dfbeta for the square root July-August inflows 

SDFB 6 

-.09989 

.99660 

-.26182 

-.I6828 

.03451 

-.07721 

.I2114 

.03481 

.05537 

-.I9275 

.01371 

-. 12287 

-.02356 

.01573 

.I2558 

.I1108 

.00571 

-.29817 

.06568 

.01844 

.00059 

.00063 

-.04840 

,17209 

-.02663 

-.I0172 

-.07522 

.03749 

.I2679 

-.21268 

-.I3239 

.01475 

.M%3 

SDFB 1 

-.08864 

.63503 

.56543 

-.39770 

.00880 

-.03439 

.06546 

.01%7 

-.04559 

,06792 

-.02451 

-.I5585 

-.08535 

-.02951 

-. 10915 

-.08850 

-.OM98 

.20068 

-.a039 

-.01620 

.02716 

,00319 

-.02230 

-.32215 

-.02117 

-.06056 

.I6226 

-. 11477 

-.07395 

-. 17347 

.I721 1 

.OW22 

.I6643 

SDFB-5 Standardized dfbeta for the square root September-October inflows 

SDFFIT 

-. 18057 

1.61228 

.82123 

1.21434 

-.I6214 

.I6581 

-.39286 

-.07126 

-.23212 

.51317 

-.21530 

.42441 

.25473 

.07537 

.26324 

.I4728 

.00887 

-.44694 

-.09574 

-.03050 

.I8084 

.00769 

-.25917 

-.47238 

.25401 

-.83851 

-.42020 

-.99944 

-.613 11 

.48137 

-.30074 

.70006 

.57541 

SDFB-6 Standardized dfbeta for the square root Novernber-December inflows 

Items in bold are flagged if lsdftitsl or lsdfbetal exceed 1.0 for a small data set or 24- for a large 

SDFB-0 

-.00396 

,16562 

,49537 

1.12485 

-.I4931 

.09332 

-.MOO0 

.00339 

.02299 

.ON26 

-.02806 

.02119 

-.02653 

-.00285 

,05023 

.01445 

.ooo91 

-.00268 

-.01042 

-.00030 

49244 

-.00280 

.I428 1 

.03067 

-.03886 

-.26312 

-.I2095 

-.67547 

-.42683 

.22663 

-.03547 

-.26661 

-.I7639 

SDFB 2 

,08774 

-.73306 

-.24970 

-.I4340 

,04051 

,03995 

-. 15761 

-.01672 

,04637 

-.04690 

-.06643 

.I3396 

-.01607 

-.01746 

-.08938 

-.02158 

-.OW1 1 

.04595 

-.02623 

.00126 

-.05479 

-.00438 

.09179 

.07575 

.I6744 

747554 

-.26623 

.58536 

.31395 

.I4762 

-.08793 

.46809 

,18135 

data set. The cutoff used here is 1. 

SDFB 3 

.03827 

-.40726 

-.21701 

-.26700 

.01570 

.05511 

.I1938 

-.02376 

-44635 

,38074 

.I3054 

-.00311 

.08629 

.05055 

.08304 

-.03026 

.00088 

-.08808 

-.OO028 

.01026 

.05618 

.00350 

-.OW77 

.20339 

-.I8337 

.49454 

.03338 

-.39080 

-.23830 

-.I6000 

.I2859 

-.O 1702 

,21723 

SDFB 4 

,10141 

-.96267 

-.31894 

.02043 

.01085 

.00561 

.08114 

-.00803 

.03946 

-.05942 

.07237 

.01434 

.ooo91 

-.01409 

-.lo853 

,01341 

.00130 

-.05404 

-.01213 

-.01498 

.I2697 

,00318 

-.I6103 

-.I4270 

.08697 

.43708 

,13820 

.26919 

.09 154 

.30424 

-.I1462 

.I2986 

-.23732 
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6.4 Model 6: Untransformed Harvest, and Logged and Square Root Intlows 

6.4.1 ANOVA and Parameter Estimates 

Model ~urnrnaw~  

a. Dependent Variable: Drum Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant), Ln (November-December Inflows), SQRT 
(September-October Inflows), Ln (July-August Inflows), Ln (January-February 
Inflows), SQRT (May-June Inflows), Ln (March-April Inflows) 

d. All requested variables entered. 

Model 
1 

a. Dependent Variable: Drum Harvest 

b. lndependent Variables: (Constant), Ln (November-December Inflows), 
SQRT (September-October Inflows), Ln (July-August Inflows), Ln 
(January-February Inflows), SQRT (May-June Inflows), Ln (March-April Inflows) 

R 

.685 

Variables 

Sig. 
.007b 

R 
Square 

.469 

Entered 
Ln(Nov-Dec 
Inflows), 
SQRT(Sept-Oct 
Inflows), 
Ln(Jul-Aug 
Inflows), 
Ln(Jan-Feb 
Inflows), 
SQRT(May-Jun 
Inflows). 
Ln(Mar-$r 
Inflows) 

Removed 

df 
6 

26 
32 

Sum of 
Squares 
60649.5 
68621.7 
129271 

Model 

Adjusted 
R 

Square 

,347 

1 

Mean 
Square 
10108.2 

2639.295 
Regression 
Residual 
Total 

Std. Emr  
of the 

Estimate 

51.3741 

F 
3.830 

Durbin- 
Watson 

1.353 



a. Dependent VartaMe: D N ~  Harvest 

6-43 Collinearity Diagnostics 

Parameter Estimates 

t 
3.838 

-.314 

-1.710 

,129 

-3.786 

1.114 

2.592 

Model 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter=O Prob > IT1 Inflation 

,I 

INTERCEP 1 185.567789 48.35226063 3.838 0.0007 0.00000000 

LN-QJF 1 -3.378968 10.75923702 -0.314 0.7560 1.46690612 

LN-QMA 1 -19.612284 11.46933019 -1.710 0.0992 1.64730294 

SQRT-QMJ 1 0.318257 2.46767724 0.129 0.8984 1.51789511 

LN-Q JA 1 -40.231961 10.62788369 -3.786 0.0008 1.19907134 

SQRT-QSO 1 1.780966 1.59800345 1.114 0.2753 1.27766890 

LN-QND 1 28.581846 11.02629916 2.592 0.0154 1.43161059 

Sig. 
.001 

,756 

,099 

.898 

.001 

.275 

,015 

Standar 
d i i  

Coefficie 
nts 

Beta 

-.a54 

-.314 

,023 

-582 

,180 

,444 

Unstandardii 
Coefficients 

(Constant) 
Ln (January-Fhary 
Inflows) 
Ln (March-April Inflows) 
SQRT (May-June 
Inflows) 
Ln (July-August 
I*) 
SQRT 
(S-- 
I-) 
Ln 
(N~wnber-December 
Inflows) 

Collinearity Diagnostics(intercept adjusted) 

B 
185.568 

-3,379 

-1 9.61 2 

.318 

40.232 

1.781 

28.582 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QJF LN-QMA SQRT-QMJ LN-QJA SQRT-QSO LN-QND 

95% Confidence 
Interval for B 

Std. Emx 
48.352 

10.759 

1 I .469 

2.488 

10.628 

1.598 

11.026 

Lawer 
Bwnd 
86.178 

-25.495 

43.188 

-4.754 

-62.078 

-1.504 

5.917 

upper 
Bwnd 
284.957 

18.737 

3.983 

5.391 

-18.386 

5.086 

51.247 



6.43 Residunls Diagnostics 

Summary Information 

Centered 
Leverage ,051 ,381 .I82 ,072 33 
Value 

a. Dependent Variable: Drum Harvest 



Case Values for Residuals Diagnostics 

YEAR 

1%1 

1962 

1963 

I964 

1%5 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

' Values greater than 3 are flagged. 
This is flagged if it exceeds L.,z. = tZ5,0.01 = 2.485 

PRE 

158.17323 

170.25418 

114.45495 

98.41 101 

89.54035 

35.03205 

103.47490 

49.98269 

100.95162 

58.73380 

1 12.78539 

80.55135 

102.91351 

118.66019 

171.60347 

110.99936 

71.263 1 1 

72.61924 

42.02529 

15.78756 

36.77852 

47.82545 

47.14466 

40.28033 

34.6749 1 

121.44599 

88.70654 

117.87108 

96.93555 

-3.61070 

50.83752 

22.97695 

88.31591 
- 

Redicted 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
Zscore of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

RES 

14.92677 

1 16.64582 

56.94505 

82.28899 

-23.84035 

22.36795 

-43.77490 

.71731 

-23.15162 

55.26620 

-21.18539 

48.44865 

15.38649 

-.66019 

1.59653 

12.40061 

10.03689 

-48.51924 

-5.12529 

4.81244 

-.27852 

4.07455 

-30.34466 

-24.58033 

12.92509 

-75.04599 

-51.30654 

-115.77108 

-70.73555 

27.61070 

-25.23752 

41.92305 

31.18409 

value of harvest 

DRE 

19.38973 

156.76302 

86.43405 

117.74812 

-29.1 8828 

28.8192 1 

-55.85992 

1.02509 

-26.91094 

67.12473 

-25.43034 

55.06056 

19.00952 

-.78510 

2.10457 

17.78612 

11.38828 

-53.38582 

-5.57824 

6.13426 

-.34069 

5.23534 

-37.56530 

-30.94360 

16.69803 

-107.15546 

-61.55868 

-139.62979 

-85.86169 

38.41184 

-31.90625 

52.49121 

52.98102 

ADJ 

153.71027 

130.13698 

84.96595 

62.95188 

94.88828 

28.58079 

115.55992 

49.67491 

104.71094 

46.87527 

117.03034 

73.93944 

99.29048 

118.78510 

171.09543 

105.61388 

69.91 172 

77.48582 

42.47824 

14.46574 

36.84069 

46.66466 

54.36530 

46.64360 

30.90197 

153.55546 

98.95868 

141.72979 

112.06169 

-14.41184 

57.50625 

12.40879 

66.51 898 

ZPR 

1.77587 

2.05337 

,77166 

,40313 

.I9937 

-1.05268 

.51945 

-.70927 

.46149 

-50825 

.73331 

-.00710 

,50656 

.86826 

2.08437 

.69229 

-.22045 

-.I8930 

-.89205 

-1.49473 

-1.01257 

-.75882 

-.77446 

-.93213 

-1.06089 

.93225 

.I8022 

.85013 

,36924 

-1.94031 

-.68%3 

-1.32959 

.I7125 

ZRE 

.29055 

2.27052 

1.10844 

1.60176 

-.46405 

,43539 

-.85208 

,01396 

-.45065 

1.07576 

-.41238 

.94306 

.29950 

-.01285 

.03108 

,24138 

,19537 

-.94443 

-.09976 

.09367 

40542 

.07931 

-.59066 

-.47846 

,25159 

-1.46078 

-.99869 

-2.25349 

-1.37687 

.53744 

-.49125 

.81604 

.60700 

SRE 

.33115 

2.63216 

1.36561 

1.91604 

-.51347 

.49421 

-.96254 

.01669 

-.48586 

I. 18557 

-.45180 

1.00535 

.33290 

-.01401 

.03568 

.28908 

.20811 

-.99066 

-. 10408 

.I0576 

-.00600 

,08990 

-.65719 

-.53683 

.285% 

-1.74553 

-1.09392 

-2.47483 

-1.516% 

.63391 

-.55235 

.91312 

.79119 

SDR a 

.32541 

3.01361 

1.38986 

2.02741 

-.SO607 

.48690 

-.96113 

.01637 

-.47860 

1.1953 1 

-.44478 

1.00557 

.32713 

-.01374 

.03499 

.28392 

.20423 

-.99030 

-. 10208 

.I0373 

40588 

.08817 

44985 

-.52935 

.28085 

-1.82170 

-1.09825 

-2.77561 

-1.55805 

.62646 

44483 

.91010 

.78534 



Normal P-P Plot of Residual 
1.00' 

.75 ' 

.50 1 

0.00 .25 .50 .75 1.00 

Observedcmlhob 

Drum Harvest 

Regression Standardized Residual 

Fig. 6.4.1. Exploratory Plots of Drum Harvest Standardized Residual. 
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Fig. 6.4.2. Partial Residual Plots of Drum Harvest vs. Logged and square root Inflows. 
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Residual Plot 
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Fig. 6.4.3. Residual Plots of Drum Harvest vs. Logged and square root Inflows. 
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6.4.4 Prediction Intervals for Drum Harvest 

DRUM Drum harvest 
LICI Lower limit for 99% prediction interval for Drum harvest 
UICI Upper limit for 99% prediction interval for Drum harvest 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

DRUM 

173.10 

286.90 

171.40 

180.70 

65.70 

57.40 

59.70 

50.70 

77.80 

114.00 

91.60 

129.00 

118.30 

118.00 

173.20 

123.40 

81.30 

24.10 

36.90 

20.60 

36.50 

51.90 

16.80 

15.70 

47.60 

46.40 

37.40 

2.10 

26.20 

24.00 

25.60 

64.90 

119.50 

LICI 

0 

10.27365 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 
0 

0 

12.54998 

0 

o 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UICI 

3 16.50599 

330.23471 

279.77685 

261.24707 

244.82230 

192.95765 

260.91535 

212.76264 

253.35065 

213.58485 

266.99424 

23 1.63354 

258.67825 

272.35088 

330.65695 

273.93845 

222.24954 

221.73785 

190.461 74 

173.17213 

192.01170 

205.61343 

203.01566 

197.02647 

192.73587 

284.18874 

242.89015 

272.34049 

25 1.75400 

157.97212 

207.80254 

179.44274 

257.91 149 



6.4.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalombis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 

This is flagged if it exceeds (2ptl)Jn or 0.5, whichever is smaller. 
MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Sqwe variable with p + I degrees of fteedorn. 

Small values indicate a problem. 
' COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

keedom and n - p - 1 denominator degree of fkedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

MAH 
6.39580 
7.21942 
9.94785 
8.66691 
4.89339 
6.19360 
5.95335 
8.63822 
3.50054 
4.68355 
4.37189 
2.87300 
5.12921 
4.12137 
6.75500 
8.71962 
2.82758 
1.94738 
1.62864 
5.92572 
4.86962 
6.12538 
5.18121 
5.61080 
6.26076 
8.61920 
4.35967 
4.49818 
4.66770 
8.02848 
5.71863 
5.47292 
12.19543 

COOK PV ' 
.OW0 
.0723 
.0058 
.0245 
.OOOO 
.OOOO 
.OW1 
.OW0 
.OOOO 
.OW 1 
.Ow0 
.OW0 
.OW0 
.OOOO 
.OW0 
.OOOO 
.OW0 
.0000 
.0000 

.0000 

.ooOO 

.WOO 

.OOOO 

.ooOO 

.WOO 

.0141 

.0001 

.0129 

.0007 

.OW0 

.0000 

.OW0 

.OOO5 

COO 
.OM68 
.34040 
.I3796 
.22599 
.00845 
.01006 
.03654 
.00002 
.00548 
.04309 
.00584 
.01971 
.00373 
.00001 
.OW6 
.00518 
.00083 
.01406 
.OM14 
.00044 
.00000 
.00033 
.01468 
.01066 
,00341 
.I8624 
.03416 
.I8032 
.07030 
.02246 
.01152 
.03003 
.06251 

LEV 
.I9987 
.22561 
.31087 
,27084 
.I5292 
.I9355 
.I8604 
.26994 
.lo939 
,14636 
.I3662 
.08978 
.I6029 
,12879 
.21109 
,27249 
.08836 
.Om86 
.05090 
.I8518 
.I5218 
.I9142 
.I6191 
.I7534 
,19565 
.26935 
,13624 
.I4057 
.I4587 
.25089 
.I7871 
,17103 
.38111 

MAHA PV ' 
.4944 
.4064 
,1915 
,2775 
.6730 
.5173 
.5452 
.2797 
.8352 
.6985 
.7361 
.8965 
.6442 
,7657 
.4548 
.2734 
.9005 
.9627 
.9775 
.5484 
,6759 
.5252 
,6379 
.5859 
.5097 
.2812 
.7375 
.7209 
.7004 
,3301 
.5730 
.6025 
.0943 



SDFFITS Standardized dffits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-l Standardized dfbeta for the logged January-February inflows 

SDFB-2 Standardized dfbeta for the logged March-April inflows 

SDFB-3 Standardized dfbeta for the square root May-June inflows 

SDFB-4 Standardized dfbeta for the logged July-August inflows 

SDFB-5 Standardized dfbeta for the square root September-October inflows 

SDFB-6 Standardized dfbeta for the logged November-December inflows 

Items in bdd are flagged if (sdffitsl or /sdfbeta/ exceed 1.0 for a small data set or 2 Jm for a large 

92 

data set. The cutoff used here is 1. 

YEAR 

1961 

1962 

1963 

1964 

1%5 

1966 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

SDFFIT 

,17793 

1.76733 

1.00017 

133087 

-.23%9 

.26149 

-.50500 

.01072 

-. 19286 

.55369 

-.I9910 

.37148 

,15874 

-.00598 

.01974 

.I8711 

.07494 

-.31363 

-.03035 

.05436 

-.00278 

.04706 

-.31700 

-.26933 

.I5174 

-1.19160 

-.49093 

-1.26003 

-.72049 

.39182 

-.28007 

,45694 

,65658 

SDFB 0 

.00253 

,20571 

.55425 

.96783 

-.I7581 

.I2005 

-. 16826 

.00153 

.00234 

.lo731 

-.02833 

.04990 

.00717 

-.00063 

. ~ n l  

.00161 

-.00898 

.07257 

.00259 

-.Oil68 

.00185 

-.02413 

.21308 

.08403 

-.05403 

-.34759 

-.I 1468 

-.68486 

-.40112 

.09009 

,03722 

-.22655 

-.lo656 

SDFB 1 

,07966 

,65543 

.65702 

-.69378 

-.00235 

-.04346 

.06803 

-.MI92 

-.04836 

.08293 

-.02411 

-.I3434 

-.05743 

.00269 

-.01006 

-.I2662 

-.03736 

.I0932 

-.01295 

.03007 

-.00072 

.01889 

-.06471 

-.I6611 

,00487 

-.05788 

,15647 

-.25800 

-.I6816 

-.I2710 

.I3465 

.03747 

.lo819 

SDFB 2 

-.07871 

-.68980 

-.24916 

-.29644 

.09463 

.I1556 

-.20900 

.00242 

,05053 

.05088 

-.06380 

.I1387 

-.018% 

.00102 

-.00531 

-.02243 

.01103 

-.01454 

-.01016 

-.00463 

.00105 

-.02628 

.I3229 

.05204 

.07836 

-.69499 

-.33296 

.88728 

.45356 

.I3661 

-. 1003 1 

.23263 

,17759 

SDFB 3 

-.a252 

-.48704 

-.24732 

-.I2624 

.01439 

.05880 

,13961 

.00323 

-.03821 

.37654 

.I1923 

-.00422 

.05471 

-.00386 

.00562 

-.03743 

.00171 

-.03915 

.00139 

-.01952 

-.00090 

.02142 

-. 10713 

.I2705 

-. 11086 

.60043 

.04501 

-.46905 

-.26767 

-.I4462 

.I3625 

.05282 

.35715 

SDFB 5 

.06072 

.49309 

-.I4824 

-.33950 

.I0102 

-. 17466 

-.30345 

.00312 

-.I1986 

-.34906 

-.I3791 

.20695 

.OM13 

-.00050 

.00420 

.03170 

-.02755 

.I0734 

.00178 

.01443 

-.00020 

-.00898 

-.03632 

-.lo639 

.06772 

.01744 

.I8925 

.53018 

.34903 

-.08339 

.018% 

-. 18405 

-.32518 

SDFB 4 

-.07781 

-.93116 

-.39213 

.I 1147 

-.00279 

-.MI981 

.I7078 

.00133 

.01339 

-.07124 

.07835 

.00476 

.O0602 

.00117 

-.00874 

.03511 

.01438 

-.06495 

-.00602 

.03039 

-.00183 

.02365 

-.I9160 

-.I2246 

.04509 

.79863 

.23267 

2 3 1 2  

.02%3 

.21280 

-.09044 

.08086 

-.27268 

SDFB 6 

.IN291 

.99930 

-.35120 

-.03762 

.05301 

-. 13954 

.I7442 

-.00684 

.04684 

-.21923 

.00214 

-.I0586 

-.00847 

-.00166 

.01050 

.I2619 

.04253 

-.I8102 

.01897 

-.03094 

-.@I022 

.00571 

46378 

.07493 

-.00321 

-.21584 

-. 11243 

-.03741 

.I4355 

-.I7682 

-.I1235 

.03916 

.I 1024 
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7. Examining Subsets of the Data 

7.1 Model 1: Untransformed AU Variables 

7.1.1 Untransfod All Variables: 1%2 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

&square A d j  C (p) A I C  MSE SBC Variables in Model 
1n b q  

1 0.235196 0.209703 3.7011 247.9 2179.49 250.8 QJA-LAG 

1 0.021994 -.010607 12.5383 255.8 2787.07 258.7 QSO-LAG 

1 0.011874 -.021063 12.9578 256.1 2815.90 259.0 QMJ-LAG 

1 0.009816 -.023190 13.0431 256.2 2821.77 259.1 QJF-LAG 

2 0.293983 0.245292 3.2644 247.4 2081.35 251.8 QJA-LAG QND-LAG 

2 0.258030 0.206860 4.7546 248.9 2187.33 253.3 QMJ-LAG QJA-LAG 

2 0.249098 0.197312 5.1249 249.3 2213.67 253.7 QJA-LAG QSO-LAG 

2 0.248665 0.196849 5.1428 249.3 2214.94 253.7 QJF-LAG QJA-LAG 

3 0.334165 0.262826 3.5988 247.5 2032.99 253.3 QMA-LAG QJA-LAG QND-LAG 

3 0.322188 0.249565 4.0953 248.0 2069.56 253.9 QJA-LAG QSO-LAG QND-LAG 

3 0.304600 0.230093 4.8243 248.9 2123.26 254.7 QMJ-LAG QJA-LAG QND-LAG 

3 0.294688 0.219119 5.2352 249.3 2153.53 255.2 QJF-LAG QJA-LAG QND-LAG 

.................................................................................... 
4 0.368169 0.274565 4.1894 247.8 2000.62 255.1 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

4 0.360355 0.265592 4.5133 248.2 2025.36 255.5 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.360290 0.265518 4.5160 248.2 2025.57 255.5 QJF-LAG QMA-LAG QJA-LAG QND-LAG 

4 0.323259 0.223001 6.0509 250.0 2142.82 257.3 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

............................................................................................ 
5 0.388266 0.270625 5.3564 248.8 2011.48 257.6 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.387743 0.270001 5.3780 248.8 2013.20 257.6 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.374391 0.254082 5.9315 249.5 2057.11 258.3 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.323583 0.193503 8.0375 252.0 2224.17 260.8 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.396863 0.252110 7.0000 250.3 2062.54 260.6 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



7.1.2 Untraasformed AU Variables: 1964 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

R-square A d  j C(P) A I C  HSE SBC Variables in Model 
1n Rsq 

1 0.214439 0.188254 18.8580 259.4 3115.84 262.3 QJA-LAG 

1 0.038021 0.005955 29.3812 265.8 3815.58 268.8 QND-LAG 

1 0.036707 0.004597 29.4596 265.9 3820.80 268.8 QSO-LAG 

1 0.007706 -.025370 31.1895 266.8 3935.83 269.8 QMA-LAG 

2 0.384423 0.341969 10.7187 253.5 2525.81 257.9 QJA-LAG QND-LAG 

2 0.271957 0.221747 17.4272 258.9 2987.28 263.3 QJF-LAG QJA-LAG 

2 0.237295 0.184695 19.4947 260.4 3129.50 264.8 QJA-LAG QSO-LAG 

2 0.227031 0.173723 20.1069 260.8 3171.62 265.2 QMJ-LAG QJA-LAG 

............................................................................ 
3 0.459583 0.401682 8.2354 251.4 2296.61 257.2 QMA-LAG QJA-LAG QND-LAG 

3 0.445337 0.385909 9.0852 252.2 2357.16 258.1 QJA-LAG QSO-LAG QND-LAG 

3 0.391296 0.326078 12.3087 255.2 2586.81 261.1 QJF-LAG QJA-LAG QND-LAG 

3 0.388062 0.322497 12.5016 255.4 2600.56 261.2 QMJ-LAG QJA-LAG QND-LAG 

4 0.522858 0.452170 6.4611 249.4 2102.81 256.7 QJF-LAG QMA-LAG QJA-LAG QND-LAG 

4 0.511638 0.439288 7.1304 250.1 2152.26 257.5 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.490651 0.415192 8.3822 251.5 2244.75 258.8 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

4 0.454945 0.374196 10.5121 253.7 2402.11 261.0 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

............................................................................................ 
5 0.578438 0.497368 5.1458 247.4 1929.33 256.2 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.547791 0.460827 6.9739 249.7 2069.58 258.5 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.517339 0.424519 8.7903 251.8 2208.95 260.6 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.461478 0.357916 12.1224 255.3 2464.60 264.1 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.580883 0.480294 7.0000 249.2 1994.86 259.5 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



OBS -MODEL--TYPE--DEWAR_ -RMSE- INTERCEP QJE-LAG QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

1 MODELl 

2 MODELl 

3 MODELl 

4 MODELl 

5 MODELl 

6 MODELl 

7 MODELl 

8 MODELl 

9 MODELl 

10 MODELl 

11 MODELl 

12 MODELl 

13 MODELl 

14 MODELl 

15 MODELl 

16 MODELl 

17 MODELl 

18 MODELl 

19 MODELl 

20 MODELl 

21 MODELl 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

OBS QND-LAG 

1 .  

2 0.30107 

3 .  

4 .  

5 0.69337 

6 .  

7 .  

8 .  

9 0.92906 

10 0.78591 

11 0.63304 

12 0.68038 

13 0.84155 

14 1.00103 

15 0.94953 

16 0.71667 

17 0.91350 

18 0.86406 

19 0.99792 

20 0.73353 

21 0.91317 

DRUM 

- 1 
-1 

-1 

- 1 
- 1 
- 1 
-1 

-1 

- 1 
- 1 
- 1 
- 1 
-1 

- 1 
- 1 
- 1 
- 1 

-1 

- 1 
- 1 
-1 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 

DRUM 



Parameter Estimates 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

INTERCEP 1 63.755449 19.16559784 3.327 0.0027 0.00000000 

QJF-LAG 1 0.530595 0.27253565 1.947 0.0629 1.86701192 

QMA-LAG 1 -0.672703 0.25206364 -2.669 0.0132 1.93413533 

QMJ-LAG 1 0.037162 0.09730798 0.382 0.7058 1.56948425 

QJA-LAG 1 -0.690108 0.13317807 -5.182 0.0001 1.36339287 

QSO-LAG 1 0.079254 0.05641042 1.405 0.1723 1.39417319 

QND-LAG 1 0.913166 0.25178861 3.627 0.0013 1.58623539 

Collinearity Diagnostics(intercept adjusted1 

Condition Var Prop var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index QJF-LAG QMI-LAG QMJ-LAG QJA-LAG QSO-LAG QND-LAG 

Variable 
Variable DF ~abel 

INTERCEP 1 Intercept 
QJF-LAG 1 January-February Inflows 
QMA-LAG 1 March-April Inflows 
QMJ-LAG 1 May-June Inflows 
QJA-LAG 1 July-August Inflows 
QSO-LAG 1 September-October Inflows 
QND-LAG 1 November-December Inflows 



7.13 Untransformed All Variables: 1993 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

R-square A d  j C (P) A I C  MSE SBC Variables in M o d e l  
1n R s ~  

1 0.218871 0.192833 11.0404 261.4 3325.83 264.4 QJA-LAG 

1 0.069216 0.038190 18.5201 267.0 3963.01 270.0 QMA-LAG 

1 0.020504 -.012146 20.9547 268.7 4170.42 271.6 QSO-LAG 

1 0.010395 -.022592 21.4599 269.0 4213.46 271.9 QND-LAG 

2 0.356615 0.312243 6.1561 257.2 2833.81 261.6 QJA-LAG QND-LAG 

2 0.259790 0.208741 10.9953 261.7 3260.28 266.1 QJF-LAG QJA-LAG 

2 0.246993 0.195061 11.6349 262.3 3316.65 266.7 QMA-LAG QJA-LAG 

2 0.230170 0.177079 12.4757 263.0 3390.74 267.4 QJA-LAG QSO-LAG 

............................................................................ 
3 0.433067 0.372325 4.3350 255.2 2586.26 261.0 QMA-LAG QJA-LAG QND-LAG 

3 0.381967 0.315749 6.8890 257.9 2819.37 263.8 QJA-LAG QSO-LAG QND-LAG 

3 0.373931 0.306852 7.2906 258.4 2856.03 264.2 QJF-LAG QJA-LAG QND-LAG 

3 0.361015 0.292552 7.9361 259.0 2914.95 264.9 QMJ-LAG QJA-LAG QND-LAG 

.................................................................................... 
4 0.475126 0.397367 4.2329 254.7 2483.07 262.0 QJF-LAG QMA-LAG QJA-LAG QND-LAG 

4 0.457175 0.376757 5.1301 255.8 2567.99 263.1 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.443084 0.360578 5.8343 256.6 2634.65 263.9 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

4 0.399076 0.310050 8.0339 259.0 2842.85 266.4 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

5 0.498683 0.402276 5.0555 255.2 2462.84 264.0 QJF-LAG QNA_LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.488051 0.389600 5.5869 255.9 2515.08 264.7 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.457431 0.353091 7.1173 257.8 2665.51 266.6 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.399494 0.284012 10.0130 261.0 2950.14 269.8 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.499794 0.379745 7.0000 257.2 2555.68 267.4 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



7.1.4 Untransformed All Variables: 1962 and 1964 Omitted 

N = 31 Regression Models for Dependent Variable: DRUM 

&square A d j  C (P) A I C  MSE SBC Variables in Model 
1n Rsq 

1 0.226964 0.200307 9.4670 237.1 1968.12 239.9 QJA-LAG 

1 0.056934 0.024414 17.4880 243.2 2401.01 246.1 QSO-LAG 

1 0.044755 0.011816 18.0625 243.6 2432.02 246.5 QMJ-LAG 

1 0.004032 -.030312 19.9835 244.9 2535.70 247.8 QND-LAG 

2 0.323619 0.275306 6.9074 234.9 1783.54 239.2 QJA-LAG QND-LAG 

2 0.284854 0.233772 8.7361 236.6 1885.76 241.0 QMJ-LAG QJA-LAG 

2 0.265831 0.213390 9.6335 237.5 1935.92 241.8 QJA-LAG QSO-LAG 

2 0.259223 0.206310 9.9452 237.7 1953.35 242.0 QJF-LAG QJA-LAG 

............................................................................ 
3 0.399333 0.332593 5.3357 233.2 1642.55 239.0 QJA-LAG QSO-LAG QND-LAG 

3 0.358494 0.287216 7.2622 235.3 1754.23 241.0 QMJ-LAG QJA-LAG QND-LAG 

3 0.357964 0.286626 7.2873 235.3 1755.68 241.0 QMA-LAG QJA-LAG QND-LAG 

3 0.328738 0.254153 8.6660 236.7 1835.60 242.4 QJF-LAG QJA-LAG QND-LAG 

4 0.428698 0.340805 5.9505 233.7 1622.34 240.9 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.428478 0.340552 5.9608 233.7 1622.97 240.9 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

4 0.407362 0.316187 6.9570 234.8 1682.93 242.0 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.404600 0.313000 7.0873 235.0 1690.77 242.1 QMJ-LAG QJA-LAG QSO-LAG QND-LAG 

............................................................................................ 
5 0.475288 0.370346 5.7526 233.1 1549.64 241.7 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.460229 0.352275 6.4630 233.9 1594.11 242.5 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.452799 0.343359 6.8135 234.4 1616.06 243.0 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.409467 0.291361 8.8576 236.7 1744.03 245.3 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.491242 0.364053 7.0000 234.1 1565.13 244.1 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



7.1.5 Untransformed AU Variables: 1962 and 1993 Omitted 

N = 31 R e g r e s s i o n  M o d e l s  fo r  D e p e n d e n t  Variable: DRUM 

R - s q u a r e  A d  j C (P) A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
I n  RSq  

1 0.226964 0.200307 9.4670 237.1 1968.12 239.9 QJA-LAG 

1 0.056934 0.024414 17.4880 243.2 2401.01 246.1 QSO-LAG 

1 0.044755 0.011816 18.0625 243.6 2432.02 246.5 QMJ-LAG 

1 0.004032 -.030312 19.9835 244.9 2535.70 247.8 QND-LAG 

2 0.323619 0.275306 6.9074 234.9 1783.54 239.2 QJA-LAG QND-LAG 

2 0.284854 0.233772 8.7361 236.6 1885.76 241.0 QMJ-LAG QJA-LAG 

2 0.265831 0.213390 9.6335 237.5 1935.92 241.8 QJA-LAG QSO-LAG 

2 0.259223 0.206310 9.9452 237.7 1953.35 242.0 QJF-LAG QJA-LAG 

............................................................................ 
3 0.399333 0.332593 5.3357 233.2 1642.55 239.0 QJA-LAG QSO-LAG QND-LAG 

3 0.358494 0.287216 7.2622 235.3 1754.23 241.0 QMJ-LAG QJA-LAG QND-LAG 

3 0.357964 0.286626 7.2873 235.3 1755.68 241.0 QMA-LAG QJA-LAG QND-LAG 

3 0.328738 0.254153 8.6660 236.7 1835.60 242.4 QJF-LAG QJA-LAG QND-LAG 

.................................................................................... 
4 0.428698 0.340805 5.9505 233.7 1622.34 240.9 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.428478 0.340552 5.9608 233.7 1622.97 240.9 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

4 0.407362 0.316187 6.9570 234.8 1682.93 242.0 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.404600 0.313000 7.0873 235.0 1690.77 242.1 QMJ-LAG QJA-LAG QSO-LAG QND-LAG 

5 0.475288 0.370346 5.7526 233.1 1549.64 241.7 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.460229 0.352275 6.4630 233.9 1594.11 242.5 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.452799 0.343359 6.8135 234.4 1616.06 243.0 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.409467 0.291361 8.8576 236.7 1744.03 245.3 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.491242 0.364053 7.0000 234.1 1565.13 244.1 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



7.1.6 Untransformed All Variables: 1964 and 1993 Omitted 

N = 31 Regression Models for Dependent Variable: DRUM 

&square Adj C (P) A1 C MSE SBC Variables in Model 
In Rsq 

1 0.207227 0.179890 18.2933 252.2 3203.67 255.0 QJA-LAG 

1 0.051855 0.019161 27.1701 257.7 3831.54 260.6 QMA-LAG 

1 0.044815 0.011877 27.5723 257.9 3859.99 260.8 QSO-LAG 

1 0.026896 -.006659 28.5961 258.5 3932.40 261.4 QND-LAG 

2 0.389013 0.345371 9.9073 246.1 2557.23 250.4 QJA-LAG QND-LAG 

2 0.273529 0.221638 16.5053 251.5 3040.59 255.8 QJF-LAG QJA-LAG 

2 0.234236 0.179539 18.7502 253.1 3205.04 257.4 QJA-LAG QSO-LAG 

2 0.227193 0.171992 19.1526 253.4 3234.52 257.7 QMA-LAG QJA-LAG 

............................................................................ 
3 0.454741 0.394156 8.1522 244.6 2366.66 250.3 QMA-LAG QJA-LAG QND-LAG 

3 0.447523 0.386137 8.5645 245.0 2397.99 250.7 QJA-LAG QSO-LAG QND-LAG 

3 0.423214 0.359126 9.9534 246.3 2503.50 252.0 QJF-LAG QJA-LAG QND-LAG 

3 0.409308 0.343675 10.7479 247.0 2563.86 252.8 QMJ-LAG QJA-LAG QND-LAG 

4 0.517632 0.443422 6.5590 242.8 2174.21 249.9 QJF-LAG QMA-LAG QJA-LAG QND-LAG 

4 0.508280 0.432631 7.0933 243.4 2216.36 250.5 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.484591 0.405298 8.4467 244.8 2323.14 252.0 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.482968 0.403425 8.5394 244.9 2330.45 252.1 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

............................................................................................ 
5 0.573784 0.488541 5.3509 240.9 1997.96 249.5 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.554935 0.465921 6.4278 242.3 2086.32 250.9 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.511012 0.413214 8.9372 245.2 2292.21 253.8 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.485479 0.382575 10.3960 246.8 2411.90 255.4 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.579926 0.474907 7.0000 242.5 2051.22 252.5 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



7.1.7 Untransformed AU Variables: 1962,1964 and 1993 Omitted 

N = 30 Regression Models for Dependent Variable: DRUM 

R-square A d j  C (p) AIC MSE SBC Variables in M o d e l  
In Rsq 

1 0.216421 0.188436 8.4090 229.9 1998.17 232.7 QJA-LAG 

1 0.072872 0.039760 14.7126 235.0 2364.23 237.8 QSO-LAG 

1 0.036570 0.002162 16.3067 236.1 2456.80 238.9 QMA-LAG 

1 0.025551 -.009251 16.7906 236.5 2484.90 239.3 QJF-LAG 

2 0.301241 0.249481 6.6844 228.5 1847.87 232.7 QJA-LAG QND-LAG 

2 0.265440 0.211028 8.2565 230.0 1942.55 234.2 QJA-LAG QSO-LAG 

2 0.260503 0.205726 8.4733 230.2 1955.60 234.4 QMJ-LAG QJA-LAG 

2 0.234026 0.177287 9.6360 231.2 2025.62 235.5 QJF-LAG QJA-LAG 

............................................................................ 
3 0.379032 0.307382 5.2683 227.0 1705.31 232.6 QJA-LAG QSO-LAG QND-LAG 

3 0.355617 0.281265 6.2965 228.1 1769.61 233.7 QMJ-LAG QJA-LAG QND-LAG 

3 0.346189 0.270750 6.7106 228.5 1795.51 234.1 QMA-LAG QJA-LAG QND-LAG 

3 0.313452 0.234235 8.1481 230.0 1885.41 235.6 QJF-LAG QJA-LAG QND-LAG 

.................................................................................... 
4 0.420545 0.327832 5.4454 226.9 1654.96 233.9 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.409046 0.314493 5.9504 227.5 1687.80 234.5 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

4 0.394260 0.297342 6.5996 228.2 1730.03 235.2 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.388034 0.291048 6.8379 228.5 1745.53 235.5 QMJ-LAG QJA-LAG QSO-LAG QND-LAG 

5 0.457626 0.344632 5.8171 226.9 1613.60 235.3 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.449994 0.335409 6.1522 227.3 1636.31 235.7 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.435610 0.318029 6.7838 228.1 1679.10 236.5 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.404877 0.280893 8.1334 229.7 1770.53 238.1 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.476233 0.339598 7.0000 227.8 1625.99 237.7 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



7.2 Model 2: Harvest Untransformed and Logged Inflows 

7.2.1 Harvest Untransformed and Logged Inflows: 1962 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

R-square A d  j C (P) A I C  MSE S B C  Variables in Model 
1n mq 

1 0.268340 0.243952 2.3121 246.5 2085.04 249.4 LN-QJA 

1 0.084260 0.053736 9.9384 253.7 2609.62 256.6 LN-QJF 

1 0.066625 0.035513 10.6691 254.3 2659.88 257.2 LN-QMA 

1 0.003855 -.029350 13.2696 256.4 2838.76 259.3 LN-QSO 

................................................................... 
2 0.304285 0.256305 2.8230 246.9 2050.97 251.3 LN-QJA LN-QND 

2 0.287130 0.237966 3.5337 247.7 2101.55 252.1 LN-QJF LN-QJA 

2 0.285984 0.236742 3.5812 247.7 2104.92 252.1 LN-QJA LN-QSO 

2 0.282295 0.232798 3.7340 247.9 2115.80 252.3 LN-QMA LN-QJA 

3 0.351886 0.282446 2.8509 246.6 1978.88 252.5 LN-QJF LN-QJA LN-QND 

3 0.347774 0.277893 3.0213 246.8 1991.44 252.7 LN-QMA LN-QJA LN-QND 

3 0.313851 0.240335 4.4267 248.4 2095.02 254.3 LN-QJF LN-QJA LN-QSO 

3 0.313837 0.240320 4.4273 248.4 2095.06 254.3 LN-QMA LN-QJA LN-QSO 

4 0.371998 0.278960 4.0177 247.6 1988.49 254.9 L N Q W  LN-QJA LN-QSO LN-QND 

4 0.369930 0.276586 4.1034 247.7 1995.04 255.0 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.368693 0.275166 4.1546 247.8 1998.96 255.1 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.352304 0.256350 4.8336 248.6 2050.85 255.9 L N Q J F  LN-QMJ LN-QJA LN-QND 

................................................................................. 
5 0.396490 0.280431 5.0030 248.3 1984.44 257.1 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.374738 0.254495 5.9042 249.5 2055.97 258.3 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.372405 0.251714 6.0008 249.6 2063.64 258.4 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.371445 0.250569 6.0406 249.6 2066.79 258.4 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

.............................................................................................. 
6 0.396562 0.251737 7.0000 250.3 2063.57 260.6 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.23 Harvest Untransformed and Logged Inflows: 1964 Omitted 

N = 32 R e g r e s s i o n  M o d e l s  for D e p e n d e n t  V a r i a b l e :  DRUM 

R - s q u a r e  A d  j C ( P I  A I C  MSE SBC Variables i n  M o d e l  
1n RSq 

1 0.274391 0.250204 7.9874 256.8 2878.05 259.7 LN-QJA 

1 0.046210 0.014417 19.3043 265.6 3783.10 268.5 LN-QSO 

1 0.039730 0.007721 19.6257 265.8 3808.81 268.7 LN-QMA 

1 0.025682 -.006795 20.3225 266.2 3864.53 269.2 LN-QND 

2 0.412067 0.371520 3.1593 252.1 2412.39 256.5 LN-QJA LN-QND 

2 0.341424 0.296005 6.6628 255.7 2702.24 260.1 LN-QJA LN-QSO 

2 0.287197 0.238038 9.3523 258.2 2924.75 262.6 LN-QJF LN-QJA 

2 0.280896 0.231303 9.6648 258.5 2950.60 262.9 LN-QMJ LN-QJA 

.......................................................................... 
3 0.452398 0.393726 3.1590 251.8 2327.15 257.7 LN-QJA LN-QSO LN-QND 

3 0.441201 0.381329 3.7143 252.5 2374.73 258.3 LN-QMA LN-QJA LN-QND 

3 0.412933 0.350033 5.1163 254.0 2494.86 259.9 LN-QMJ LN-QJA LN-QND 

3 0.412270 0.349299 5.1492 254.1 2497.68 259.9 LN-QJF LN-QJA LN-QND 

................................................................................. 
4 0.494781 0.419934 3.0570 251.2 2226.55 258.6 LN-QMA LN-QJ'A LN-QSO LN-QND 

4 0.457119 0.376692 4.9248 253.5 2392.53 260.9 LN-QMJ LN-QJA LN-QSO LN-QND 

4 0.452877 0.371821 5.1352 253.8 2411.23 261.1 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.449302 0.367717 5.3125 254.0 2426.98 261.3 LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.495839 0.398885 5.0045 253.2 2307.35 262.0 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.494880 0.397742 5.0520 253.2 2311.73 262.0 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.457434 0.353094 6.9092 255.5 2483.11 264.3 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.450381 0.344685 7.2590 255.9 2515.39 264.7 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

............................................... - ----------------- 
6 0.495929 0.374952 7.0000 255.2 2399.21 265.4 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.2.3 Harvest U n t r a n s f o d  and Logged Inflows: 1988 Omitted 

N = 32 Regression Models f o r  Dependent Var iab le :  DRUM 

R-square Ad j C (PI A I C  MSE SBC Va r i ab l e s  i n  Model 
1n  Rsq 

1 0.338004 0.315938 10.1399 254.9 2711.40 257.8 LN-QJA 

1 0.143680 0.115135 21.3356 263.1 3507.32 266.1 LN-QMA 

1 0.026548 -.005900 28.0839 267.2 3987.07 270.2 LN-QJF 

1 0.009815 -.023191 29.0480 267.8 4055.60 270.7 LN-QMJ 

................................................................... 
2 0.422421 0.382588 7.2763 252.5 2447.22 256.9 LN-QJA LN-QND 

2 0.390982 0.348981 9.0876 254.2 2580.43 258.6 LN-QMA LN-QJA 

2 0.352996 0.308376 11.2761 256.2 2741.38 260.6 LN-QJA LN-QSO 

2 0.338226 0.292587 12.1271 256.9 2803.96 261.3 LN-QMJ LN-QJA 

.......................................................................... 
3 0.546601 0.498023 2.1219 246.8 1989.68 252.7 LN-QMA LN-QJA LN-QND 

3 0.441132 0.381253 8.1983 253.5 2452.52 259.3 LN-QJF LN-QJA LN-QND 

3 0.428575 0.367351 8.9218 254.2 2507.62 260.1 LN-QMJ LN-QJA LN-QND 

3 0.427307 0.365947 8.9948 254.3 2513.18 260.1 LN-QMA LN-QJA LN-QSO 

4 0.565458 0.501081 3.0355 247.4 1977.55 254.8 LN-QMA LN-QJA LN-QSO LN-QND 

4 0.553062 0.486849 3.7496 248.3 2033.96 255.7 LN-QMA LN-QMJ LN-QJA LN-QND 

4 0.546663 0.479502 4.1183 248.8 2063.09 256.1 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.447809 0.366003 9.8136 255.1 2512.96 262.4 LN-QJF LN-QJA LN-QSO LN-QND 

5 0.565801 0.482301 5.0157 249.4 2051.99 258.2 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.5657160.482200 5.0206 249.4 2052.39 258.2LN-QMALN-QMJLN-QJALN-QSOLN-QND 

5 0.553222 0.467303 5.7404 250.3 2111.44 259.1 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.459201 0.355201 11.1573 256.4 2555.78 265.2 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

.............................................................................................. 
6 0.566073 0.461931 7.0000 251.4 2132.73 261.6 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.2.4 Harvest Untransfod  and Logged Inflows: 1962 and 1964 Omitted 

N = 31 Regression Models f o r  Dependent Var iab le :  DRUM 

R-square A d j  C (PI A I C  MSE SBC Va r i ab l e s  i n  Model 
1n mq 

1 0.264524 0.239162 3.5345 235.5 1872.50 238.4 LN-QJA 

1 0.043170 0.010175 12.7244 243.7 2436.05 246.5 LN-QSO 

1 0.021919 -.011808 13.6067 244.4 2490.16 247.2 LN-QJF 

1 0.017538 -.016340 13.7885 244.5 2501.31 247.4 LN-QMA 

2 0.344187 0.297343 2.2272 234.0 1729.31 238.3 LN-QJA LN-QND 

2 0.333015 0.285373 2.6910 234.5 1758.77 238.8 LN-QJA LN-QSO 

2 0.292657 0.242132 4.3665 236.3 1865.19 240.6 LN-QMJ LN-QJA 

2 0.264525 0.211991 5.5345 237.5 1939.37 241.8 LN-QMA LN-QJA 

3 0.394612 0.327346 2.1337 233.5 1655.47 239.2 LN-QJA LN-QSO LN-QND 

3 0.358420 0.287133 3.6362 235.3 1754.43 241.0 LN-QMJ LN-QJA LN-QND 

3 0.354958 0.283286 3.7800 235.5 1763.90 241.2 LN-QMA LN-QJA LN-QND 

3 0.351721 0.279690 3.9144 235.6 1772.75 241.3 LN-QJF LN-QJA LN-QND 

................................................................................. 
4 0.415972 0.326121 3.2469 234.4 1658.48 241.5 LN-QMA LN-QJA LN-QSO LN-QND 

4 0.403413 0.311630 3.7683 235.0 1694.14 242.2 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.394884 0.301789 4.1224 235.5 1718.36 242.6 LN-QMJ LN-QJA LN-QSO LN-QND 

4 0.380060 0.284684 4.7378 236.2 1760.46 243.4 LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.419053 0.302863 5.1190 236.2 1715.72 244.8 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.418761 0.302513 5.1311 236.2 1716.58 244.8 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.404028 0.284834 5.7428 237.0 1760.09 245.6 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.383516 0.260219 6.5944 238.0 1820.67 246.7 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

.............................................................................................. 
60.4219190.277398 7.0000 238.1 1778.39 248.1LN-QJFLN-QMALN-QMJLN-QJALN-QSO 

LN-QND 



7.2.5 Harvest Untransformed and Logged Inflom: 1962 and 1988 Omitted 

N = 31 Regression Models for Dependent Variable: DRUM 

R-square A d  j C (PI A I C  MSE SBC Variables in M o d e l  
1n R s ~  

1 0.336824 0.313956 5.7014 234.8 1831.58 237.7 LN-QJA 

1 0.133151 0.103260 15.7446 243.1 2394.09 246.0 LN-QMA 

1 0.099615 0.068567 17.3983 244.3 2486.71 247.2 LN-QJF 

1 0.005999 -.028277 22.0145 247.4 2745.26 250.2 LN-QND 

2 0.388847 0.345193 5.1362 234.3 1748.18 238.6 LN-QMA LN-QJA 

2 0.371166 0.326249 6.0080 235.2 1798.76 239.5 LN-QJA LN-QND 

2 0.358192 0.312349 6.6478 235.8 1835.87 240.1 LN-QJF LN-QJA 

2 0.344596 0.297781 7.3182 236.5 1874.76 240.8 LN-QJA LN-QSO 

.......................................................................... 
3 0.479284 0.421426 2.6767 231.3 1544.66 237.1 LN-QMA LN-QJA LN-QND 

3 0.422347 0.358164 5.4843 234.6 1713.56 240.3 LN-QJF LN-QJA LN-QND 

3 0.413898 0.348775 5.9009 235.0 1738.62 240.7 LN-QMA LN-QJA LN-QSO 

3 0.409486 0.343874 6.1184 235.2 1751.71 241.0 LN-QMA LN-QMJ LN-QJA 

................................................................................. 
4 0.496293 0.418799 3.8380 232.3 1551.67 239.5 LN-QMA LN-QJA LN-QSO LN-QND 

4 0.493953 0.416100 3.9534 232.5 1558.88 239.6 LN-QMA LN-QMJ LN-QJA LN-QND 

4 0.489604 0.411081 4.1678 232.7 1572.28 239.9 L N - Q J F  LN-QMA LN-QJA LN-QND 

4 0.429799 0.342075 7.1168 236.2 1756.51 243.3 LN-QJF LN-QJA LN-QSO LN-QND 

5 0.508245 0.409894 5.2486 233.6 1575.45 242.2 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.506162 0.407395 5.3513 233.7 1582.12 242.3 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.500589 0.400706 5.6261 234.0 1599.98 242.6 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.430204 0.316245 9.0968 238.1 1825.47 246.7 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

............................................................. --------- ----- 
6 0.513287 0.391609 7.0000 235.2 1624.27 245.3 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.2.6 Harvest Untrnnsformed and Logged Inflows: 1964 and 1988 Omitted 

N = 31 Regression Models for Dependent Varlable: DRUM 

R-square Ad j C (P) A I C  MSE SBC Variables in Model 
1n Rsq 

1 0.332011 0.308977 11.5621 245.8 2604.83 248.6 LN-QJA 

1 0.090187 0.058814 25.5223 255.3 3547.82 258.2 LN-QMA 

1 0.032862 -.000488 28.8316 257.2 3771.36 260.1 LN-QSO 

1 0.019800 -.014000 29.5856 257.6 3822.30 260.5 LN-QND 

................................................................... 
2 0.463480 0.425157 5.9726 241.0 2166.88 245.3 LN-QJA LN-QND 

2 0.378036 0.333610 10.9051 245.5 2511.97 249.8 LN-QJA LN-QSO 

2 0.358542 0.312723 12.0305 246.5 2590.70 250.8 LN-QMA LN-QJA 

2 0.341996 0.294996 12.9857 247.3 2657.53 251.6 LN-QJF LN-QJA 

.......................................................................... 
3 0.541164 0.490182 3.4880 238.1 1921.77 243.8 LN-QMA LN-QJA LN-QND 

3 0.489066 0.432296 6.4955 241.4 2139.97 247.2 LN-QJA LN-QSO LN-QND 

3 0.464427 0.404919 7.9179 242.9 2243.17 248.6 LN-QMJ LN-QJA LN-QND 

3 0.464077 0.404530 7.9381 242.9 2244.64 248.7 LN-QJF LN-QJA LN-QND 

4 0.578686 0.513868 3.3219 237.5 1832.49 244.6 LN-QMA LN-QJA LN-QSO LN-QND 

4 0.559354 0.491563 4.4379 238.9 1916.57 246.0 LN-QMA LN-QMJ LN-QJA LN-QND 

4 0.543765 0.473576 5.3378 239.9 1984.37 247.1 LN-QJF L N Q M A  LN-QJA LN-QND 

4 0.491364 0.413112 8.3629 243.3 2212.29 250.5 LN-QMJ LN-QJA LN-QSO LN-QND 

........................................................................................ 
5 0.581560 0.497872 5.1560 239.3 1892.78 247.9 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.581248 0.497498 5.1740 239.3 1894.19 247.9 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.562261 0.474714 6.2701 240.6 1980.08 249.3 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.492076 0.390491 10.3218 245.3 2297.56 253.9 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

6 0.584262 0.480328 7.0000 241.1 1958.92 251.1 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.2.7 Harvest Untransformed and Logged Inflows: 1962,1964 and 1988 Omitted 

N = 30 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  DRUM 

R - s q u a r e  A d j  C (p) A I C  MSE S B C  Variables i n  M o d e l  
1n mq 

1 0.336736 0.313048 6.3778 223.9 1632.78 226.7 LN-QJA 

1 0.060561 0.027010 19.8595 234.3 2312.64 237.1 LN-QMA 

1 0.030877 -.003735 21.3086 235.2 2385.72 238.1 LN-QJF 

1 0.028551 -.006143 21.4221 235.3 2391.44 238.1 LN-QSO 

................................................................... 
2 0.413584 0.370146 4.6264 222.2 1497.06 226.4 LN-QJA L N Q N D  

2 0.382437 0.336692 6.1469 223.7 1576.58 227.9 LN-QJA LN-QSO 

2 0.365334 0.318322 6.9817 224.5 1620.24 228.8 LN-QMJ LN-QJA 

2 0.351801 0.303786 7.6424 225.2 1654.79 229.4 LN-QMA LN-QJA 

3 0.468036 0.406655 3.9683 221.3 1410.29 226.9 LN-QMA LN-QJA LN-QND 

3 0.445338 0.381339 5.0763 222.5 1470.46 228.1 LN-QJA LN-QSO LN-QND 

3 0.428398 0.362444 5.9032 223.4 1515.37 229.0 LN-QMJ LN-QJA LN-QND 

3 0.423496 0.356977 6.1425 223.7 1528.36 229.3 LN-QJF LN-QJA LN-QND 

................................................................................. 
4 0.512531 0.434537 3.7962 220.6 1344.02 227.6 LN-QMA LN-QJA LN-QSO LN-QND 

4 0.511126 0.432907 3.8648 220.7 1347.89 227.7 LN-QMA LN-QMJ LN-QJA LN-QND 

4 0.468919 0.383945 5.9252 223.2 1464.26 230.2 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.456227 0.369224 6.5447 223.9 1499.25 230.9 LN-QJF LN-QJA LN-QSO LN-QND 

........................................................................................ 
5 0.528134 0.429829 5.0345 221.7 1355.21 230.1 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.513241 0.411833 5.7615 222.6 1397.98 231.0 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.511925 0.410242 5.8258 222.7 1401.76 231.1 LN-QJF L N - W  LN-QMJ LN-QJA LN-QND 

5 0.458956 0.346238 8.4115 225.8 1553.89 234.2 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

.............................................................................................. 
6 0.528841 0.405930 7.0000 223.6 1412.01 233.4 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7 3  Model 4: Harvest Untransformed and Square Root Inflows 

73.1 Harvest Untransformed and Square Root Inflows: 1962 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

Adj 
Rsq 

AIC MSE SBC Variables in Model 

1 0.25978 0.23511 2.546 246.9 2109.4 249.8 SQRT-QJA 

1 0.03247 0.00022 11.926 255.4 2757.2 258.4 SQRT-QJF 

1 0.03058 -.00174 12.004 255.5 2762.6 258.4 SQRT-QMA 

1 0.01409 -.Ole77 12.684 256.0 2809.6 259.0 SQRT-QSO 

...................................................................... 
2 0.31487 0.26762 2.273 246.4 2019.8 250.8 SQRT-QJA SQRT-QND 

2 0.27780 0.22800 3.802 248.1 2129.0 252.5 SQRT-QJA SQRT-QSO 

2 0.26819 0.21772 4.199 248.5 2157.4 252.9 SQRT-QMA SQRT-QJA 

2 0.26793 0.21744 4.210 248.5 2158.2 252.9 SQRT-QMJ SQRT-QJA 

3 0.36556 0.29758 2.181 245.9 1937.1 251.8 SQRT-QMA SQRT-QJA SQRT-QND 

3 0.33555 0.26436 3.419 247.4 2028.8 253.3 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.31825 0.24520 4.133 248.2 2081.6 254.1 SQRT-QJF SQRT-QJA SQRT-QND 

3 0.31664 0.24343 4.199 248.3 2086.5 254.2 SQRT-QMJ SQRT-QJA SQRT-QND 

------------------------------------------------------------------------------;--------- 

4 0.39033 0.30001 3.158 246.7 1930.4 254.0 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.38069 0.28894 3.557 247.2 1961.0 254.5 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.36721 0.27346 4.113 247.9 2003.7 255.2 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

4 0.33948 0.24163 5.257 249.2 2091.5 256.6 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

5 0.39294 0.27620 5.051 248.5 1996.1 257.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.39190 0.27496 5.094 248.6 1999.5 257.4 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRTQND 

5 0.38163 0.26271 5.518 249.1 2033.3 257.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.33985 0.21290 7.242 251.2 2170.7 260.0 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.39417 0.24878 7.000 250.5 2071.7 260.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRTQND 



73.2 Hnrvest Untransfod  and Square Root Inflows: 1964 Omitted 

N = 32 Regression Models for Dependent Variable: DRUM 

RSq Adj C (p) AIC MSE SBC Variables in Model 
1n M q  

1 0.24916 0.22414 15.056 257.9 2978.1 260.8 SQRT-QJA 

1 0.04574 0.01393 26.722 265.6 3785.0 268.5 SQRT-QSO 

1 0.03202 -.00024 27.508 266.0 3839.4 269.0 SQRT-QND 

1 0.02640 -.DO606 27.831 266.2 3861.7 269.1 SQRT-QMA 

2 0.41710 0.37690 7.426 251.8 2391.7 256.2 SQRT-QJA SQRT-QND 

2 0.29282 0.24405 14.553 258.0 2901.7 262.4 SQRT-QJA SQRT-QSO 

2 0.29193 0.24310 14.604 258.0 2905.3 262.4 SQRT-QJF SQRT-QJA 

2 0.25704 0.20580 16.605 259.6 3048.5 264.0 SQRT-QMJ SQRT-QJA 

3 0.48094 0.42532 5.766 250.1 2205.9 256.0 SQRT-QMA SQRT-QJA SQRT-QND 

3 0.47310 0.41665 6.215 250.6 2239.2 256.4 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.42113 0.35911 9.195 253.6 2460.0 259.4 SQRT-QJF SQRT-QJA SQRT-QND 

3 0.41888 0.35662 9.324 253.7 2469.6 259.6 SQRT-QMJ SORT-QJA SQRT-QND 

....................................................... ..................... 
4 0.53605 0.46732 4.605 248.5 2044.7 255.8 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.50716 0.43415 6.261 250.4 2172.0 257.8 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

4 0.49862 0.42434 6.751 251.0 2209.6 258.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.47770 0.40032 7.951 252.3 2301.8 259.6 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

5 0.56354 0.47961 5.029 248.5 1997.5 257.3 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.53684 0.44777 6.560 250.4 2119.7 259.2 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.52385 0.43229 7.304 251.3 2179.1 260.1 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.48383 0.38456 9.600 253.9 2362.3 262.7 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.56404 0.45941 7.000 250.5 2075.0 260.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



733 Harvest Untransfod  and Square Root Inflows: 1962 and 1964 Omitted 

N = 31 Regression Models for Dependent Variable: DRUM 

M q  A d j  C lp) AIC MS E SBC Variables in Model 
In Rsq 

1 0.25208 0.22629 7.038 236.0 1904.2 238.9 SQRT-QJA 

1 0.05480 0.02220 16.017 243.3 2406.4 246.2 SQRT-QSO 

1 0.03093 -.00249 17.103 244.1 2467.2 246.9 SQRT-QMJ 

1 0.00832 -.02587 18.132 244.8 2524.8 247.7 SQRT-QMA 

...................................................................... 
2 0.35068 0.30430 4.551 233.7 1712.2 238.0 SQRT-QJA SQRT-QND 

2 0.30657 0.25704 6.558 235.7 1828.5 240.0 SQRT-QJA SQRT-QSO 

2 0.29344 0.24297 7.156 236.3 1863.1 240.6 SQRT-QMJ SQRT-QJA 

2 0.26586 0.21342 8.411 237.5 1935.8 241.8 SQRT-QJF SQRT-QJA 

3 0.41916 0.35462 3.434 232.2 1588.3 237.9 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.38212 0.31347 5.120 234.1 1689.6 239.9 SQRT-QMA SQRT-QJA SQRT-QND 

3 0.37402 0.30447 5.489 234.5 1711.8 240.3 SQRT-QMJ SQRT-QJA SQRT-QND 

3 0.35109 0.27899 6.532 235.6 1774.5 241.4 SQRT-QJF SQRT-QJA SQRT-QND 

........................................................................................ 
4 0.45187 0.36754 3.946 232.4 1556.5 239.6 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.42831 0.34036 5.018 233.7 1623.4 240.9 SQRT-QMR SORT-QMJ SQRT-QJA SQRT-QND 

4 0.42062 0.33149 5.368 234.1 1645.3 241.3 SQRT-QMJ SQRT-QJA SQRT-QSO SQRT-QND 

4 0.41989 0.33064 5.401 234.2 1647.4 241.3 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.46361 0.35633 5.411 233.7 1584.1 242.3 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.46242 0.35491 5.465 233.8 1587.6 242.4 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.43622 0.32346 6.658 235.3 1665.0 243.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.42102 0.30523 7.350 236.1 1709.9 244.7 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.47265 0.34081 7.000 235.2 1622.3 245.2 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 



7.4 Model 6: Harvest Untransfomed, and Logged and Square Root Inflows 

7.4.1 Harvest Untransformed, and Logged and Square Root inflows: 1962 Omitted 

N = 32 R e g r e s s i o n  M o d e l s  fo r  D e p e n d e n t  V a r i a b l e :  DRUM 

R-square A d j  C (P) A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
1n mq 

1 0.268340 0.243952 3.0669 246.5 2085.04 249.4 LN-QJA 

1 0.084260 0.053736 10.8831 253.7 2609.62 256.6 LN-QJF 

1 0.066625 0.035513 11.6319 254.3 2659.88 257.2 LN-QMA 

1 0.014092 -.018771 13.8625 256.0 2809.58 259.0 SQRT-QSO 

2 0.304285 0.256305 3.5407 246.9 2050.97 251.3 LN-QJA LN-QND 

2 0.287130 0.237966 4.2691 247.7 2101.55 252.1 LN-QJF LN-QJA 

2 0.286112 0.236879 4.3123 247.7 2104.55 252.1 LN-QJA SQRT-QSO 

2 0.282295 0.232798 4.4744 247.9 2115.80 252.3 LN-QMA LN-QJA 

.......................................................................... 
3 0.351886 0.282446 3.5195 246.6 1978.88 252.5 LN-QJF LN-QJA LN-QND 

3 0.347774 0.277893 3.6941 246.8 1991.44 252.7 LN-QMA LN-QJA LN-QND 

3 0.321423 0.248718 4.8130 248.1 2071.90 253.9 LN-QJA SQRT-QSO LN-QND 

3 0.309374 0.235379 5.3246 248.6 2108.68 254.5 LN-QMA SQRT-QMJ LN-QJA 

................................................................................... 
4 0.381182 0.289505 4.2756 247.1 1959.41 254.5 LN-QMA LN-QJA SQRT-QSO LN-QND 

4 0.373012 0.280125 4.6224 247.6 1985.28 254.9 LN-QJF LN-QJA SQRT-QSO LN-QND 

4 0.371600 0.278503 4.6824 247.6 1989.75 255.0 LN-QMA SQRT-QMJ LN-QJA LN-QND 

4 0.369930 0.276586 4.7533 247.7 1995.04 255.0 LN-QJF LN-QMA LN-QJA LN-QND 

........................................................................................ 
5 0.401977 0.286972 5.3926 248.0 1966.40 256.8 LN-QJF LN-QMA LN-QJA SQRT-QSO 

LN-QND 

5 0.397163 0.281233 5.5970 248.3 1982.23 257.1 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

LN-QND 

5 0.388056 0.270374 5.9837 248.8 2012.17 257.6 LN-QMA SQRT-QMJ LN-QJA SQRT-QSO 

LN-QND 

5 0.375243 0.255097 6.5278 249.4 2054.31 258.2 LN-QJF SQRT-QMJ LN-QJA SQRT-QSO 

LN-QND 

................................................................................................ 
6 0.411223 0.269916 7.0000 249.5 2013.44 259.8 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

SQRT-QSO LN-QND 



7.4.2 Harvest Untrsnsformed, and Logged and Square Root Inflows: 1988 Omitted 

N = 32 R e g r e s s i o n  M o d e l s  fo r  D e p e n d e n t  V a r i a b l e :  DRUM 

R-square A d j  C ( P )  A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
1n R s q  

1 0.338004 0.315938 10.7664 254.9 2711.40 257.8 LN-QJA 

1 0.143680 0.115135 22.1460 263.1 3507.32 266.1 LN-QMA 

1 0.026548 -.005900 29.0052 267.2 3987.07 270.2 LN-QJF 

1 0.008403 -.024650 30.0678 267.8 4061.38 270.8 SQRT-QSO 

2 0.422421 0.382588 7.8230 252.5 2447.22 256.9 LN-QJA LN-QND 

2 0.390982 0.348981 9.6640 254.2 2580.43 258.6 LN-QMA LN-QJA 

2 0.345476 0.300337 12.3288 256.5 2773.24 260.9 LN-QJA SQRT-QSO 

2 0.338474 0.292852 12.7389 256.9 2802.91 261.3 SQRT-QMJ LN-QJA 

............................................................................ 
3 0.546601 0.498023 2.5510 246.8 1989.68 252.7 LN-QMA LN-QJA LN-QND 

3 0.441132 0.381253 8.7273 253.5 2452.52 259.3 LN-QJF LN-QJA LN-QND 

3 0.428828 0.367631 9.4478 254.2 2506.51 260.0 LN-QJA SQRT-QSO LN-QND 

3 0.422957 0.361131 9.7916 254.5 2532.27 260.4 SQRT-QMJ LN-QJA LN-QND 

................................................................................... 
4 0.566752 0.502567 3.3709 247.3 1971.66 254.7 LN-QMA LN-QJA SQRT-QSO LN-QND 

4 0.564375 0.499838 3.5101 247.5 1982.48 254.8 LN-QMA SQRT-QMJ LN-QJA LN-QND 

4 0.546663 0.479502 4.5473 248.8 2063.09 256.1 L N Q J F  LN-QMA LN-QJA LN-QND 

4 0.449197 0.367596 10.2550 255.0 2506.65 262.3 LN-QJF LN-QJA SQRT-QSO LN-QND 

5 0.572936 0.490809 5.0088 248.9 2018.27 257.7 LN-QMA SQRT-QMJ LN-QJA SQRT-QSO 

LN-QND 

5 0.566834 0.483533 5.3662 249.3 2047.11 258.1 LN-QJF LN-QMA LN-QJA SQRT-QSO 

LN-QND 

5 0.564551 0.480811 5.4998 249.5 2057.90 258.3 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

LN_QND 

5 0.451178 0.345635 12.1390 256.9 2593.69 265.7 L N Q J F  SQRT-QMJ LN-QJA SQRT-QSO 

LN-QND 

................................................................................................ 
6 0.573087 0.470627 7.0000 250.9 2098.26 261.1 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

SQRT-QSO LN-QND 

................................................................................................ 



7.43 Harvest Untransformed, and Logged and Square Root Inflows: 1962 and 1988 Omitted 

N - 31 R e g r e s s i o n  M o d e l s  for D e p e n d e n t  V a r i a b l e :  DRUM 

R-square A d  j C (P) A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
1n R S q  

1 0.336824 0.313956 7.1613 234.8 1831.58 237.7 LN-QJA 

1 0.133151 0.103260 17.6528 243.1 2394.09 246.0 LN-QMA 

1 0.099615 0.068567 19.3803 244.3 2486.71 247.2 LN-QJF 

1 0.005999 -.028277 24.2026 247.4 2745.26 250.2 LN-QND 

2 0.388847 0.345193 6.4815 234.3 1748.18 238.6 LN-QMA LN-QJA 

2 0.371166 0.326249 7.3922 235.2 1798.76 239.5 LN-QJA LN-QND 

2 0.358192 0.312349 8.0606 235.8 1835.87 240.1 LN-QJF LN-QJA 

2 0.344954 0.298165 8.7425 236.5 1873.74 240.8 SQRT-QMJ LN-QJA 

3 0.479284 0.421426 3.8229 231.3 1544.66 237.1 LN-QMA LN-QJA LN-QND 

3 0.432006 0.368896 6.2583 234.0 1684.90 239.8 LN-QMA SQRT-QMJ LN-QJA 

3 0.422347 0.358164 6.7558 234.6 1713.56 240.3 LN-QJF LN-QJA LN-QND 

3 0.403093 0.336771 7.7476 235.6 1770.67 241.3 LN-QMA LN-QJA SQRT-QSO 

................................................................................... 
4 0.518544 0.444474 3.8006 230.9 1483.13 238.1 LN-QMA SQRT-QMJ LN-QJA LN-QND 

4 0.498907 0.421816 4.8121 232.1 1543.62 239.3 LN-QMA LN-QJA SQRT-QSO LN-QND 

4 0.489604 0.411081 5.2913 232.7 1572.28 239.9 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.434827 0.347877 8.1130 235.9 1741.02 243.0 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

5 0.531389 0.437667 5.1389 232.1 1501.30 240.7 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

LN-QND 

5 0.521750 0.426100 5.6354 232.7 1532.18 241.3 LN-QMA SQRT-QMJ LN-QJA SQRT-QSO 

LN-QND 

5 0.508923 0.410708 6.2961 233.5 1573.27 242.1 LN-QJF LN-QMA LN-QJA SQRT-QSO 

LN-QND 

5 0.435512 0.322614 10.0777 237.8 1808.46 246.4 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

SQRT-QSO 

................................................................................................ 
6 0.534086 0.417607 7.0000 233.9 1554.86 243.9 LN-QJF LN-QMA SQRT-QMJ LN-QJA 

SQRT-QSO LN-QND 

................................................................................................ 



Fig. 7.1. Examining Subsets of Untransformed All Variables Data: 
1964 Omitted. 
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1. Summary Report 

1.1 Description of the ~roblem' 
Bimonthly freshwater inflows into Corpus Christi Bay were recorded for the years 1962 to 1994. 

These variables, and various transfonnations of them, were used to construct a model for the annual 
harvest of white shrimp. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of view: 

individual observations (to detect outliers or influential points); variables, individually and in groups (to 

select an optimal set of predictors); and the interaction of these two, which produces the overall structure of 

the data set (to determine whether multicollinearity is present or not). The fust two of these were examined 

by both graphic and quantitative means; the thud by quantitative means only. 

12.1 Detecting Iduential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as well as by 

all the usual numerical measures. For each pair of variables, 99 % prediction ellipses and 95% confidence 

ellipses were plotted in a W e r  effort to look for unusual points. For example, suppose large values of 

Variable A are generally associated with large values for Variable B. If an observation consisted of a large 
value for Variable A but a small value for Variable B, that point would be considered unusual, even though 

it was well within the range of data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual indicates a 

point not well-fit by the model. The deleted residual, however, is somewhat more useful in the search for 

influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The Studentized 
deleted residuul is scaled to have a Student's t distribution. Histograms and normal P-P plots of the 

residuals were also examined. 
Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dffits (to measure the influence of a given observation on the predicted response) 

and the Dfbetas (to measure the influence of a given observation on the calculated coefficients) were also 

used to build a general picture of the influence of individual points. Plots were made of the standardized 
Dffits value for each model against the Dfbeta values for each predictor in the model. Points which were 

extreme indicated observations which had strong effects on both predicted values and coefficient estimates. 

12.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to look for 

nonlinear relationships between the response variable and individual predictors. Partial residual plots were 

' The following discussion, prepared by Jacqueline Kiffe, was taken fiom Seatrout Harvests in Galveston Bay: A 
Regression Analysis, by F. Michael Speed, Sr. and Jacqueline Kiffe. 



employed to examine the overall relationship between the response and individual predictors. A partial 

residual is a corollary to the deleted residual. That is, the model is fitted without a given variable and the 

predicted response and corresponding residual are calculated for each observation. This seeks to answer the 

question, "What is the relationship of this predictor to the response variable, taking all other variables into 

account?" Thus, it examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a given model. 

We examined a number of these, including R' and mean squared error (MSE), and several others which 

directly incorporate penalties for havifig too many predictors in the model, such as adjusted R2, Cp AIC, 

and SBC. It is well-established that too many predictors in a model can lead to bad prediction, just as too 

few can, and these measures are used as part of the attempt to fmd an optimal model. 

1.23 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by linear 

combinations of the remaining variables, resulting in unstable coefficient estimates. The variance inflation 

factor (VIF) was calculated for each coefficient estimate to measure this instability, which is not usually 

considered profound for VIF's less than 10. No problems were found with this data. Additionally, the 

condition index (a ratio of eigenvalues of the covariance matrix, with the largest eigenvalue always on top) 

was calculated. A ratio greater than 30 is considered cause for concern. Again, no evidence of 

multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox procedure, used to 

fmd a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 
13.1 Selecting the Data Set Used 

First, the variables were explored thoroughly, individually and in pairs, in a first effort to detect 
outliers. The SAS programming language allows a number of diagnostics to be calculated for a group of 

models on a given data set without actually performing a formal regression, thus allowing one to examine a 

large number of models quite efficiently. The Box-Cox procedure was performed to find if a transformation 

to normality was suggested. The log transform was suggested for some variables, and the square root for 

others. At this point, there were several data sets for which the diagnostic series was calculated: 
1. Untransformed data. 
2. Harvest untransformed, and natural log of inflow variables. 
3. All variables logged. 
4. Harvest untransformed, and square root of inflows variables. 
5. All variables square root. 
6. Logged and square root variables. 
7. Harvest untransformed, and logged and square root inflows. 
8. Harvest and inflows variables transformed according to Box-Cox suggestion. 



13.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one contained all 

variables in its corresponding data set. All diagnostics were generated, and influential points were 
determined for each model. 

Table 1.1 R-Square and Adjusted R-Square values for the different suggested models. 

Data set 3 presented the highest R~ values. However , the models 2, 3, 5, 6 and 8 were considered 
as f m l  candidates. The observations flagged as potentially influential are given in the summary table 

below, for each model. 

Data Set 

1 
2 

3 
4 

5 
6 

7 
8 

Table 1.2 Summary of points flagged by 99% Prediction Ellipse. 

Year Variable 
1968 Harvest vs. Jan-Feb, Harvest vs. Sept-Oct, Jan-Feb vs. Mar-Apr, 

Jan-Feb vs. May-Jun, Jan-Feb vs. Jul-Aug, Jan-Feb vs. Sept-Oct, 
Jan-Feb vs. Nov-Dec, Mar-Apr vs. Sept-Oct, May-Jun vs. Sept-Oct, 
Jul-Aug VS. Sept-Oct, Sept-Oct VS. NOV-Dec. 

1971 Harvest vs. Jul-Aug, Jan-Feb vs. Jul-Aug, Mar-Apr vs. Jul-Aug, 
May-Jun vs. Jul-Aug, Jul-Aug vs. Sept-Oct, Jul-Aug vs. Nov-Dec. 

1972 Harvest vs. Sept-Oct, Jan-Feb vs. Sept-Oct, Mar-Apr vs. Sept-Oct, 
May-Jun vs. Sept-Oct, Jul-Aug vs. Sept-Oct, Sept-Oct vs. Nov-Dec. 

1977 Harvest vs. Mar-Apr, Harvest vs. Nov-Dec, Jan-Feb vs. Mar-Apr, 
Jan-Feb vs. Nov-Dec, Mar-Apr vs. May-Jun, Mar-Apr vs. Jul-Aug, 
Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec, May-Jun vs. Nov-Dec, 
Jul-Aug vs. Nov-Dec, Sept-Oct vs. Nov-Dec. 

1981 Harvest vs. May-Jun, Jan-Feb vs. May-Jun, Mar-Apr vs. May-Jun, 
May-Jun vs. Jul-Aug, May-Jun vs. Sept-Oct, May-Jun vs. Nov-Dec. 

1984 Harvest vs. May-Jun. 
1992 Harvest vs. Jan-Feb, Harvest vs. Mar-Apr, Jan-Feb vs. Mar-Apr, 

Jan-Feb vs. May-Jun, Jan-Feb vs. Jul-Aug, Jan-Feb vs. Sept-Oct, 
Jan-Feb vs. Nov-Dec, Mar-Apr vs. May-Jun, Mar-Apr vs. Jul-Aug, 
Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec. 

R 

0.2142 
0.2446 

0.2812 

0.2287 
0.2300 
0.2790 

0.2420 
0.2481 

Adjusted R 
0.0329 

0.0703 
0.1154 

0.0507 
0.0522 

0.1126 

0.0671 
0.0745 - 



Table 1.3 Summary of points flagged by Boxplots. 

Year Variabk 
1965 Jan-Feb Inflows 
1968 Jan-Feb, Ln (Jan-Feb), SQRT (Jan-Feb), Sept-Oct, 

SQRT (Sept-Oct) Inflows 
1970 Nov-Dec, SQRT (Nov-Dee) Inflows 
1971 Jul-Aug, SQRT (Jul-Aug) Inflows 
1972 Sept-Oct, SQRT (Sept-Oct), Nov-Dec Inflows 
1974 Sept-Oct, SQRT (Sept-Oct) Inflows 
1976 Jul-Aug Inflows 
1977 Jan-Feb, SQRT (Jan-Feb), Mar-Apr, Ln (Mar-Apr), SQRT (Mar-Apr), Nov-Dec, 

Ln (Nov-Dec), SQRT (Nov-Dec) Inflows 
1980 Jul-Aug, SQRT (Jul-Aug) Inflows 
198 1 May-Jun, Jul-Aug Inflows 
1982 Jan-Feb Inflows 
1984 Harvest, SQRT (Harvest) 
1986 Nov-Dec, SQRT (Nov-Dec) Inflows 
1987 Jan-Feb, May-Jun Inflows 
1990 Harvest, Jul-Aug Inflows 
1992 Harvest, Jan-Feb, Ln (Jan-Feb), SQRT (Jan-Feb), Mar-Apr, 

SQRT (Mar-Apr) Inflows 

Table 1.4 Summary of points flagged by diagnostic measures. 



Table 1.4 Summary of points flagged by diagnostic measures (continued). 

Kev to Abbreviations: 
BOX Box plot 
SRE Studentized residual 
SDR Studentized deleted residual 
LEV Leverage value 
MAH Mahalanobis distance 
COO Cook's distance 
SDF Standardized D5ts value 
SDB Standardized Dfbeta value 

1 3 3  !&&sting the Final Candidate Models 
After the subset analysis led us to the models: Data Set 2 (logged Inflows) 1984 omitted; Data Set 

3 (all variables logged) 1971, 1977, andor 1984 omitted, Data Set 5 (all variables square root) 1977 

omitted-Data Set 6 (logged and square root variables) 1977 andor 1992 omitted, and Data Set 8 (variables 
transformed according to the Box-Cox analysis) 1971 omitted. 



Table 1.5 R-Square and Adjusted R-Square values for the different subsets. 

13.4 Selecting the Finnl Model 
It is clear that Data Set 3 with 1971 and 1984 omitted is the best model, followed by Model 2 with 

1984 omitted. Regression was performed for both models, and the deleted residuals were calculated. 

First Best Candidate Model 

Ln (White Shrimp Harvest) = 4.309 + 0.299*Ln(Mar-Apr Inflows) 
+ 0.083*Ln (May-Jun Inflows) +O. 192*Ln(Jul-Aug Inflows) 

- 0.044*Ln(Sept-Oct Inflows) 

Adjusted 

R ' 
0.331 

R ' 

0.421 

Second Best Candidate Model 

White Shrimp Harvest = - 175.725 + 159.846*Ln(Mar-Apr Inflows) 

+ 50.271 *Ln(May-Jun Inflows) + 44.432*Ln(Jul-Aug Inflows) 

- 42.909*Ln(Sept-0ct Inflows) 

ProbF 

0.005 

Adjusted 

R ' 
0.301 

R 2  

0.391 

ProbF 

0.008 



1.4 First Best Model: Logged All Variables 

1.4.1 Summary Information 

Descripthm Statistics 

a. Dependent Variable: Ln (White Shrimp Hawest) 

b. Method: Enter 

' 

c. lndependent Variables: (Constant), Ln (September-October Inflows), Ln (July-August Inflows), 
Ln (March-April Inflows), Ln (MayJune Inflows) 

d. All requested variables entered. 

N 
31 
31 
31 
31 
31 

Ln (Whiie Shrimp Harvest) 
Ln (March-April Inflows) 
Ln (MayJune Inflows) 
Ln (July-August Inflows) 
Ln (September-October Inflows) 

Std. Error 
of the 

Estimate 

.535888 

Model 
1 

, 

a. Dependent Variable: Ln (White Shrimp Harvest) 

Mean 
6.031264 
2.899653 
4.306057 
3.500712 
3.900671 

Durbin- 
Watson 

2.417 

R 
Square 

,421 

b. lndependent Variables: (Constant), Ln (September-Odober Inflows). Ln 
(July-August Inflows), Ln (March-April Inflows). Ln (May-June Inflows) 

Std. 
Deviation 

,655370 
1.029147 
1.506144 
1.181042 
1.521 961 

Adjusted 
R 

Square 

,331 

Model 

R 

,648 

Variables 

Sum of 
Squares 

5.419 
7.467 

12.885 

1 

Entered 
Ln(Sept-Oct Inflows), 
Ln(Jul-Aug Inflows). 
Ln(Mar-Apr Inflows) 
Ln(May-Jun lnflowsf 

Regression 
Residual 
Total 

Removed 

df 
4 

26 
30 

Mean 
Square 

1.355 
.287 

F 
4.717 

Sig. 
. O0SD 



a. Dependent VariaMe: Ln (IWhRe Shrhnp H a m )  

Model 

a. Dependent Variable: Ln (White Shrimp Harvest) 

1 

Stud. Deleted 
Residual 
Mahal. Distance 
Cook's Distance 
Centered 
Leverage Value 

Unstandardized 
cm- 

(Constant) 
Ln (MarchApril Infbws) 
Ln (MayJune lnfknus) 
Ln (July-August Iflfknus) 
Ln (-- lnfknus) 

Standar 
d i d  

Cceme 
Ilk 

Beta 

,469 
,191 
345 

-.lo3 

B 
4.309 

,299 
8.3E-02 

,192 
4.4E-02 

-2.104 

.555 

.WO 

.018 

Std. E m  
.495 
.I25 
.099 
.I10 
.071 

t 
8.899 
2.398 

,845 
1.749 
-.829 

1.905 

12.883 
.237 

.429 

Sig. 
.000 
,024 
.406 
,092 
,535 

-.Dl 1 

3.871 
.035 

.I29 

95% Confdence 
I M f o r B  

1.032 

2.929 
.053 

.098 

Lower 
Bound 

3.291 
,043 

-.I19 
-.a 
-.I90 

31 

31 
31 

31 

Upper 
Bound 

5.327 
.555 
.20B 
.417 
.TO1 



Table 1.6 Observed, predicted, lower and upper predicted intervals values for white shrimp harvest. 

Year I observeda I predicteda I LICI I UICI I 

a White shrimp harvest (thousands of pounds). 
LICI Lower limit for 99% prediction interval for white shrimp harvest. 
UICI Upper limit for 99% prediction interval for white shrimp harvest. 



Cross Validation Plot: 

From Model and Observed Harvests 

Logged All Variables 
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Fig. 1 . 1  Comparative plots of observed values vs. calculated from the regression model. 
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1.5 Second Best Model: Logged Inflows 

1.5.1 Summary Information 

Descriptive Statistics 

I Mean I Std. Deviation I N 
White Shr im~ Harvest I 491.1969 I 320.5747 1 32 
I Ln (March-April Inflows) 

I 

1 2.875059 1 1.021927 1 32 1 

Model ~urnrnarp~ 

a. Dependent Variable: White Shrimp Harvest 

b. Method: Enter 

C. lndependent Variables: (Constant). Ln (September-October Inflows), Ln (July-August 
Inflows), Ln (MarchApril Inflows), Ln (May-June Inflows) 

Durbin- 
Watson 

1.693 

d. All requested variables entered. 

R 
Square 

,391 

R 

,625 

Model 
1 

a. Dependent Variable: White Shrimp Harvest 

b. lndependent Variables: (Constant), Ln (September-October Inflows), Ln 
(July-August Inflows), Ln (March-April Inflows), Ln (May-June Inflows) 

Adjusted 
R 

Square 

,301 

Variables 

Sig. 
.o0aD 

Std. Error 
of the 

Estimate 

268.0604 

Entered 
Ln(Sept-Oct Inflows), 
Ln(Jul-Aug Inflows), 
Ln(Mar-Apr Inflows) , 
Ln(May4un lnflowsf 

F 
4.334 

Removed 

d f 
4 

27 
31 

Sum of 
Squares 
1245692 
1940122 
3185813 

Model 
Mean 

Square 
311423 
71856.4 

1 Regression 
Residual 
Total 



a. Dependent Variable: White Shrimp Harvest 

a. Dependent Variable: White Shrimp Harvest 

Sh. 
.469 
,012 
,251 
.318 
,234 

95% Confidence 
Interval for B 

Stud. Deleted 
Residual 
Mahal. Distance 
Cook's Distance 
Centered 
Leverage Value 

t 
-.734 
2.676 
1.172 
1.017 

-1.216 

Lower 
Bound 

866.690 
37.297 
-37.749 
45.214 

-1 15.289 

Standar 
dized 

Coefficie 
nts 

Beta 

,510 
,239 
,180 

-.202 

Upper 
Bound 

315.240 
282.395 
138.291 
134.077 
29.471 

-1.893 

,587 
,000 

.019 

Model 

Unstandardhed 
Coefficints 

1 

2.891 

12.031 

,473 

,388 

B 
-1 75.725 
159.846 
50.271 
44.432 
42.909 

(Constant) 
Ln (Mar-Apr Inflows) 
Ln (MayJun Inflows) 
Ln (JuCAug Infiows) 
Ln (Sept-Ocl Inflows) 

Std. Error 
239.281 

59.727 
42.898 
43.690 
35.276 

-.001 

3.875 
,049 

,125 

1.072 

2.917 

.I03 

,094 

32 

32 

32 

32 



Table 1.7 Observed, predicted, lower and upper prediction intervals values for white shrimp harvest. 

Year observeda I Predicteda I LICI 1 ULCI I 

a White shrimp harvest (thousands of pounds). 
LICI Lower limit for 99% prediction interval for white shrimp harvest. 
UICl Upper limit for 99% prediction interval for white shrimp harvest. 



Cross Validation Plot: 

Logged Inflows 
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Fig. 1.2 Comparative plots of observed values vs. calculated from the regression model. 



2. Exploring the Data 

2.1 Listing of Data 

Table 2.1. White shrimp harvest and water inflows data. 

WHITE SHRIMP White Shrimp harvest (thousands of pounds) 
JF-LAG Lagged January-February inflows (thousands of acre-feet) 
MA-LAG Lagged March-April inflows (thousands of acre-feet) 
MJ-LAG Lagged May-June inflows (thousands of ahe-feet) 
JA-JAG Lagged July-August inflows (thousands of acre-feet) 
SO-LAG Lagged September-Oaober inflows (thousands of acre-feet) 
ND-LAG Lagged November-December inflows (thousands of acre-feet) 



23 Test of Normality for Individual Variables 

Tests of Normality 

November-December 

-. This is an upper bound of the true significance. 

'. This is a lower bound of the true significance. 

a. Lilliion Significance Correction 



2 3  Percentiles for Individual Variables 



2.4 Summary Information for Individual Variables 

2.4.1 Summary Information for White Shrimp Hawest 

-me Values 



Fig. 2. la. Exploratory Plots of White Shrimp Harvest. 
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Fig. 2.1 b. Exploratory Plots of Transformed White Shrimp Harvest. 
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2.4.2 Summary Information for January-February Inflows 

Descriptives 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

20.6950 

3.423 
1 1.693 

,409 
.798 



Fig. 2.2a. Exploratory Plots of January-February Inflows. 
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Fig. 2.2b. Exploratory Plots of Transformed January-February Inflows. 
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2.43 Summary Information for March-April Inflows 

Extreme Values 
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Fig. 2.3a. Exploratory Plots of March-April Inflows. 

ObaKd Vdue 

March-April Inflows 
4m- 

303. 

m ' 

Im * 

H 
"s 

i .: 

*I977 

-1992 



Normal OQ Plot 

SQRT (hWx%Apnl Inflows) 
7.0 1 

Normal Q-C! Plot 

of SQRT War&-* m m )  

SQRT (Ma'cbApll MOWS) 

1 -  

1 .  

0 .  

- 
B - 1 .  

1 -7.. 

Fig. 2.3b. Exploratory Plots of Transformed March-April Inflows. 
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2.4.4 Summary Information for MayJune Inflows 

Extreme Values 

5Oh Trimmed Mean 

,409 
,798 

lnterquartile Range 

Skewness 
Kurtosis 

228.01 50 

1.608 
2.616 



May-June Inflows 
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Fig. 2.4a. Exploratory Plots of May-June Inflows. 
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2.45 Summary Information for July-August Inflows 

Extreme Values 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

60.4550 

3.517 
13.598 

.409 

.798 
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Fig. 2.5a. Exploratory Plots of July-August Inflows. 
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Fig. 2.5b. Exploratory Plats of Transformed July-August Inflows. 
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2.4.6 Summary Information for September-October Inflows 

ln te~a l  for Mean 

lnterquartile Range 122.8050 

Skewness 3.489 .409 
Kurtosis 11.706 ,798 

Extreme Values 
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Fig. 2.6a. Exploratory Plots of September-October Inflows. 
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Fig. 2.6b. Exploratory Plots of Transformed September-October Inflows 
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2.4.7 Summary Information for November-December Inflows 

lnterquartile Range 42.9400 

Skewness 3.813 ,409 
Kurtosis 17.224 .798 

Extreme Values 



Fig. 2.7a. Exploratory Plots of November-December Inflows. 
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Fig. 2.7b. Exploratory Plots of Transformed November-December Iuflows. 
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3. Prediction and Confidence Regions 

Fig. 3.1. Prediction and Confidence Ellipses. 
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Fig. 3.2. Prediction and Confidence Ellipses. 
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Fig. 3.3. Prediction and Confidence Ellipses. 
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Fig. 3.4. Prediction and Conftdence Ellipses. 



Fig. 3.5. Prediction and Confidence Ellipses. 
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Fig. 3.6. Prediction and Confidence Ellipses. 
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Fig. 3.7. Prediction and Confidence Ellipses. 



4. Box-Cox Analysis 

Table 4.1 Numerical Results. 

HARVEST 

1561852 

1259435 

1020018 

830044 

678956 

558512 

462276 

385209 

323361 

273633 

233587 

201304 

175274 

154305 

137455 

123985 

113312 

104979 

98632 

93998 

90873 

89 109 

88607 
89309 

91 198 

94292 

98645 

104348 

111531 

120367 

131077 
143939 

159293 

177558 

199245 

224974 

255497 

291729 

334776 
385984 

446987 

QJF Lag 

4469.46 

3485.17 

2735.08 

2161.60 

1721.67 

1383.08 

1121.66 

919.24 

762.16 

640.1 1 

545.34 

472.01 

415.77 

373.38 

342.54 

321.68 

309.89 

306.89 
313.06 

329.53 

358.41 

403.15 

469.08 

564.32 

701.16 

898.19 

1 183.69 

1600.89 

2216.32 

3132.89 

4510.92 

6601.38 

9799.47 

14730.54 

22388.87 

34362.41 

53197.79 

82995.15 

130380.0 

206095.9 

327619.8 

QMA Lag 

749.47 

663.98 

590.99 

528.61 

475.28 

429.70 

390.79 

357.65 

329.56 

305.92 

286.28 

270.29 

257.74 

248.53 

242.70 

240.47 
242.27 

248.80 

261.19 

281.13 

3 11.10 

354.85 

417.89 

508.47 

638.94 

827.97 

1103.89 

1509.97 

2112.78 

3015.24 

4377.44 

6449.63 

9625.02 

14524.32 

22131.62 

34013.61 

52674.11 

82129.26 

128842.9 

203251.7 
322258.5 

QMJ Lag 

2097535 

13951 18 

935703.7 

633358.4 

433048.9 

299382.8 

209497.6 

148554.4 

106872.8 

78103.29 

58057.46 

43955.55 

33941.13 

26766.39 

21587.35 

17829.79 

15101.33 

13133.43 

11743.12 

10807.87 

10249.28 

10022.89 
101 12.50 

10527.99 

11306.27 

12515.46 

14262.79 

16707.29 

20079.03 
24707.59 

3 1063.89 

39821.30 

51945.31 

68824.94 

92466.12 

125777.0 

172989.5 

240285.2 

336725.2 

475636.6 

676684.2 

QJA Lag 

121897.6 

84467.00 

58964.78 

41512.60 

2951 1.53 

21215.40 

15447.69 
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8573.46 

6561.44 
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2025.80 

1933.90 

1911.91 
1960.15 

2086.58 

2308.56 
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3 178.56 

3953.1 1 
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44701.3 1 
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Fig 4.1. MSE of Harvest and Inflows Variables vs. Lambda obtained from Box-Cox Transformation 



5. Model Choice Diagnostics 

5.1 Untransformed Data 

N = 33 Regression Models for Dependent Variable: WHITE SHRIMP 

R-square Ad j C (PI AIC MSE SBC Variables in Model 
In RSq 

1 0.107735 0.078952 0.5237 388.1 120729 391.1 QJF-LAG 

1 0.104565 0.075680 0.6286 388.2 121158 391.2 QMA-LAG 

1 0.047758 0.017041 2.5082 390.2 128844 393.2 QMJ-LAG 

1 0.022949 -.008569 3.3291 391.1 132201 394.1 QJA-LAG 

2 0.185369 0.131060 -0.0451 387.1 113899 391.6 QMA-LAG QND-LAG 

2 0.156215 0.099962 0.9196 388.2 117975 392.7 QJF-LAG QSO-LAG 

2 0.132073 0.074211 1.7184 389.2 121350 393.7 QJF-LAG QMA-LAG 

2 0.122876 0.064401 2.0227 389.5 122636 394.0 QMA-LAG QMJ-LAG 

3 0.202148 0.119612 1.3997 388.4 115400 394.4 QMA-LAG QJA-LAG QND-LAG 

3 0.193391 0.109949 1.6895 388.7 116666 394.7 QMA-LAG QMJ-LAG QND-LAG 

3 0.191323 0.107667 1.7579 388.8 116965 394.8 QJF-LAG QHA-LAG QND-LAG 

3 0.186446 0.102285 1.9193 389.0 117671 395.0 QMA-LAG QSO-LAG QND-LAG 

.................................................................................... 
4 0.211821 0.099224 3.0797 390.0 118072 397.5 QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

4 0.206909 0.093610 3.2422 390.2 118808 397.7 QJF-LAG QMA-LAG QJA-LAG QND-LAG 

4 0.202659 0.088753 3.3828 390.4 119444 397.9 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.195675 0.080771 3.6139 390.7 120491 398.1 QJF-LAG QMA-LAG QMJ-LAG QND-LAG 

5 0.213049 0.067317 5.0390 391.9 122254 400.9 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG QND-LAG 

5 0.211822 0.065863 5.0796 392.0 122445 401.0 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG QND-LAG 

5 0.208545 0.061979 5.1881 392.1 122954 401.1 QJF-LAG QMA-LAG QJA-LAG QSO-LAG QND-LAG 

5 0.196516 0.047723 5.5860 392.6 124822 401.6 QJF-LAG QMA-LAG QMJ-LAG QSO-LAG QND-LAG 

................................................................................................ 
6 0.214228 0.032896 7.0000 393.9 126766 404.4 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 



5.2 Logged Inflows 

N = 33 Regression Models f o r  Dependent Var iab le :  WHITE SHRIMP 

R-square A d j  C IP) A I C  MSE SBC Va r i ab l e s  i n  Model 
I n  Rsq 

1 0.170935 0.144191 -0.4642 385.7 112178 388.6 LN-QMA 

1 0.113992 0.085411 1.4957 387.8 119882 390.8 LN-QJF 

1 0.091242 0.061927 2.2788 388.7 122961 391.7 LN-QMJ 

1 0.016228 -.015507 4.8607 391.3 133111 394.3 LN-QND 

................................................................... 
2 0.185437 0.131133 1.0366 387.1 113889 391.6 LN-QMA LN-QND 

2 0.185277 0.130962 1.0422 387.1 113912 391.6 LN-QMA LN-QMJ 

2 0.183882 0.129474 1.0902 387.1 114107 391.6 LN-QMA LN-QJA 

2 0.178578 0.123817 1.2727 387.3 114848 391.8 LN-QMA LN-QSO 

3 0.217684 0.136755 1.9267 387.7 113152 393.7 LN-QJF LN-QMA LN-QND 

3 0.215126 0.133932 2.0148 387.8 113522 393.8 LN-QJF LN-QMA LN-QSO 

3 0.203296 0.120878 2.4219 388.3 115233 394.3 LN-QMA LN-QMJ LN-QND 

3 0.203084 0.120645 2.4292 388.4 115264 394.3 LN-QJF LN-QMJ LN-QSO 

................................................................................. 
4 0.232023 0.122312 3.4332 389.1 115046 396.6 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.229522 0.119454 3.5193 389.2 115420 396.7 LN-QJF LN-QMA LN-QMJ LN-QSO 

4 0.227047 0.116625 3.6045 389.3 115791 396.8 LN-QJF LN-QMA LN-QJA LN-QSO 

4 0.224486 0.113699 3.6926 389.5 116175 396.9 LN-QJF LN-QMA LN-QJA LN-QND 

........................................................................................ 
5 0.242532 0.102260 5.0715 390.7 117674 399.7 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

50 .2401520.099440 5.1534 390.8 118044 399.8LN-QJFLN-QMALN-QJALN-QSOLN-QND 

5 0.232704 0.090613 5.4097 391.1 119201 400.1 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.226659 0.083448 5.6178 391.4 120140 400.3 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

-------4-------------------------------------------------------------------------------------- 

6 0.244609 0.070287 7.0000 392.6 121865 403.1 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.3 Logged All Variables 

N = 33 Regression Models for Dependent Variable: Ln (WHITE S H R I M P )  

R-square A d  j C (P) A I C  MSE S B C  Variables in Model 
1n M q  

1 0.218510 0.193301 -0.7311 -25.8268 0.431140 -22.8338 LN-QMJ 

1 0.176076 0.149497 0.8038 -24.0019 0.454550 -21.0889 LN-QMA 

1 0.132549 0.104567 2.3783 -22.3831 0.478563 -19.3900 LN-QJF  

1 0.053775 0.023251 5.2278 -19.5146 0.522023 -16.5216 LN-QND 

................................................................... 
2 0.268770 0.220022 -0.5492 -26.0205 0.416859 -21.5310 LN-QMA LN-QMJ 

2 0.237779 0.186965 0.5718 -24.6507 0.434526 -20.1612 LN-QJF LN-QMJ 

2 0.234038 0.182974 0.7072 -24.4891 0.436659 -19.9996 LN-QMJ LN-QJA 

2 0.224382 0.172674 1.0564 -24.0757 0.442164 -19.5862 LN-QMJ LN-QND 

3 0.273582 0.198436 1.2767 -24.2384 0.428395 -18.2523 LN-QMA LN-QMJ LN-QSO 

3 0.269829 0.194294 1.4125 -24.0683 0.430609 -18.0823 LN-QMA LN-QMJ LN-QND 

3 0.269600 0.194042 1.4208 -24.0580 0.430744 -18.0719 LN-QMA LN-QMJ LN-QJA 

3 0.269158 0.193554 1.4368 -24.0380 0.431005 -18.0520 LN-QJF LN-QMA LN-QMJ 

4 0.279984 0.177124 3.0452 -22.5305 0.439785 -15.0479 LN-QJF  LN-QMA LN-QMJ LN-QSO 

4 0.275076 0.171515 3.2227 -22.3063 0.442783 -14.8237 LN-QMA LN-QMJ LN-QJA LN-QSO 

4 0.273751 0.170001 3.2706 -22.2460 0.443592 -14.7635 LN-QMA LN-QMJ LN-QSO LN-QND 

4 0.271746 0.167709 3.3432 -22.1550 0.444817 -14.6725 LN-QJF LN-QWl LN-QMJ LN-QND 

........................................................................................ 
5 0.281132 0.148008 5.0036 -20.5831 0.455347 -11.6041 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.280029 0.146701 5.0435 -20.5325 0.456045 -11.5535 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.275154 0.140923 5.2199 -20.3099 0.459133 -11.3308 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.272813 0.138148 5.3046 -20.2034 0.460616 -11.2244 LN-QJF LN-QNA LN-QMJ LN-QJA LN-QND 

6 0.281232 0.115363 7.0000 -18.5877 0.472794 -8.1122 LN-QJF  LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.4 Square Root Inflows 

N = 33 Regression Models for Dependent Variable: WHITE SHRIMP 

B q  Ad j C (PI AIC MSE SBC Variables in Model 
In Rsq 

1 0.14502 0.11744 -0.180 386.7 115684 389.7 SQRT-QMA 

1 0.11170 0.08305 0.943 387.9 120192 390.9 SQRT-QJF 

1 0.06575 0.03562 2.492 389.6 126410 392.6 SQRT-QMJ 

1 0.00496 -.02713 4.541 391.7 134635 394.7 SQRT-QJA 

2 0.19415 0.14043 0.164 386.7 112671 391.2 SQRT-QMA SQRT-QND 

2 0.17570 0.12075 0.786 387.5 115250 392.0 SQRT-QJF SQRT-QSO 

2 0.16024 0.10426 1.307 388.1 117412 392.6 SQRT-QMA SQRT-QMJ 

2 0.15831 0.10219 1.372 388.2 117683 392.6 SQRT-QJF SQRT-QMA 

............................................................................... 
3 0.21462 0.13337 1.474 387.9 113596 393.9 SQRT-QJF SQRT-QMA SQRT-QND 

3 0.20855 0.12668 1.678 388.1 114473 394.1 SQRT-QMA SQRT-QMJ SQRT-QND 

3 0.19544 0.11221 2.120 388.7 116369 394.7 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.19462 0.11131 2.148 388.7 116488 394.7 SQRT-QMA SQRT-QSO SQRT-QND 

....................................................................................... 
4 0.22185 0.11069 3.230 389.6 116569 397.0 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.21949 0.10798 3.310 389.7 116924 397.1 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QND 

4 0.21497 0.10282 3.462 389.9 117600 397.3 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

4 0.21086 0.09812 3.601 390.0 118216 397.5 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

................................................................................................ 
5 0.22679 0.08361 5.064 391.4 120119 400.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.22234 0.07833 5.214 391.5 120811 400.5 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.22108 0.07684 5.256 391.6 121006 400.6 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.21099 0.06488 5.596 392.0 122573 401.0 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

6 0.22868 0.05068 7.000 393.3 124435 403.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND ................................................................................................ 



5.5 Square Root All Variables 

N = 33 Regression Models for Dependent Variable: SQRT (WHITE SHRIMP) 

Rsq Ad j C (P) AIC MSE SBC Variables in Model 
In RSq 

1 0.15000 0.12259 -0.302 131.1 50.160 134.1 SQRT-QMA 

1 0.12026 0.09188 0.702 132.3 51.915 135.3 SQRT-QJF 

1 0.10540 0.07654 1.204 132.8 52.792 135.8 SQRT-QMJ 

1 0.01222 -.01965 4.350 136.1 58.291 139.1 SQRT-QND 

2 0.18775 0.13360 0.424 131.6 49.530 136.1 SQRT-QMA SQRT-QMJ 

2 0.17723 0.12238 0.779 132.1 50.172 136.6 SQRT-QMA SQRT-QND 

2 0.16594 0.11033 1.160 132.5 50.860 137.0 SQRT-QJF SQRT-QMA 

2 0.16259 0.10676 1.273 132.6 51.064 137.1 SQRT-QJF SQRT-QSO 

............................................................................... 
3 0.21401 0.13270 1.537 132.6 49.581 138.5 SQRT-QMA SQRT-QMJ SQRT-QND 

3 0.19891 0.11603 2.047 133.2 50.534 139.2 SORT-QJF SQRT-QMA SQRT-QND 

3 0.19443 0.11110 2.198 133.4 50.817 139.4 SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.19126 0.10760 2.305 133.5 51.016 139.5 SQRT-QMA SQRT-QMJ SQRT-QJA 

........................................................................................ 
4 0.22050 0.10914 3.318 134.3 50.929 141.8 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.22021 0.10881 3.328 134.3 50.947 141.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QND 

4 0.21403 0.10174 3.536 134.6 51.351 142.0 SQRT-QMA SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.21017 0.09733 3.667 134.7 51.603 142.2 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

................................................................................................ 
5 0.22577 0.08240 5.140 136.1 52.457 145.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.22397 0.08026 5.201 136.1 52.579 145.1 SQRT-QJF SQRT-QMA SORT-QMJ SQRT-QSO 

SQRT-QND 

5 0.22059 0.07626 5.315 136.3 52.808 145.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRTQND 

5 0.21471 0.06929 5.513 136.5 53.207 145.5 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

................................................................................................ 
6 0.22991 0.05220 7.000 137.9 54.184 148.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SORT-QND 



5.6 Logged and Square Root Variables 

N = 33 Regression Models f o r  Dependent Var iab le :  Ln (WHITE SHRIMP) 

R-square Ad j C (P) AIC MSE SBC Var i ab l e s  i n  Model 
I n  mq 

1 0.218510 0.193301 -0.8195 -25.8268 0.431140 -22.8338 LN-QMJ 

1 0.139158 0.111389 2.0419 -22.6355 0.474917 -19.6424 SQRT-QMA 

1 0.117452 0.088982 2.8247 -21.8137 0.486893 -18.8206 SQRT-QJE 

1 0.025761 -.005666 6.1310 -18.5518 0.537477 -15.5588 SQRT-QND 

..................................................................... 
2 0.260525 0.211227 -0.3345 -25.6505 0.421559 -21.1609 SQRT-QMA LN-QMJ 

2 0.236596 0.185702 0.5283 -24.5995 0.435201 -20.1100 SQRT-QJE LN-QMJ 

2 0.234038 0.182974 0.6206 -24.4891 0.436659 -19.9996 LN-QMJ LN-QJA 

2 0.222952 0.171148 1.0204 -24.0149 0.442979 -19.5254 LN-QMJ SQRT-QSO 

............................................................................ 
3 0.270522 0.195059 1.3050 -24.0997 0.430200 -18.1136 SQRT-QMA LN-QMJ SQRT-QND 

3 0.265861 0.189915 1.4731 -23.8894 0.432949 -17.9034 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.262121 0.185788 1.6079 -23.7217 0.435155 -17.7357 SQRT-QMA LN-QMJ LN-QJA 

3 0.261015 0.184568 1.6478 -23.6723 0.435807 -17.6863 SQRT-QJF SQRT-QMA LN-QMJ 

..................................................................................... 
4 0.274123 0.170426 3.1751 -22.2629 0.443365 -14.7804 SQRT-QMA LN-QMJ LN-QJA SQRT-QND 

4 0.271758 0.167723 3.2604 -22.1556 0.444810 -14.6731 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.271690 0.167646 3.2628 -22.1525 0.444851 -14.6700 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QND 

4 0.271337 0.167242 3.2756 -22.1365 0.445067 -14.6540 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

.............................................................................................. 
5 0.275249 0.141036 5.1345 -20.3142 0.459073 -11.3351 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.275190 0.140966 5.1366 -20.3115 0.459110 -11.3324 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.275088 0.140846 5.1403 -20.3069 0.459174 -11.3278 SQRT-QJE SQRT-QMA LN-QMJ LN-QJA 

SQRT-QND 

5 0.274508 0.140157 5.1612 -20.2804 0.459542 -11.3014 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

6 0.278979 0.112590 7.0000 -18.4845 0.474276 -8.0089 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND ................................................................................................ 



5.7 Untmnsfonned, Square Root and Logged Variables 

N = 33 Regression Models for Dependent Variable: WHITE SHRIMP 

R-square Adj C IP) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.145024 0.117444 0.3268 386.7 115684 389.7 SORT-QMA 

1 0.111702 0.083047 1.4697 387.9 120192 390.9 SQRT-QJF 

1 0.091242 0.061927 2.1716 388.7 122961 391.7 LN-QMJ 

1 0.003850 -.028284 5.1692 391.7 134785 394.7 SORT-QND 

2 0.194149 0.140425 0.6417 386.7 112671 391.2 SORT-QMA SQRT-QND 

2 0.175703 0.120750 1.2744 387.5 115250 392.0 SQRT-QJF SQRT-QSO 

2 0.172243 0.117060 1.3931 387.6 115734 392.1 SQRT-QMA LN-QMJ 

2 0.159681 0.103660 1.8240 388.1 117490 392.6 SORT-QMA LN-QJA 

............................................................................ 
3 0.223509 0.143182 1.6346 387.5 112310 393.5 SORT-QMA LN-QMJ SQRT-QND 

3 0.214617 0.133370 1.9396 387.9 113596 393.9 SORT-QJF SQRT-QMA SQRT-QND 

3 0.204674 0.122399 2.2807 388.3 115034 394.3 SORT-QJF LN-QMJ SQRT-QSO 

3 0.201876 0.119312 2.3767 388.4 115439 394.4 SQRT-QMA LN-QJA SQRT-QND 

4 0.232166 0.122476 3.3377 389.1 115024 396.6 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QND 

4 0.224191 0.113361 3.6112 389.5 116219 396.9 SQRT-QMA LN-QMJ SQRT-QSO SORT-QND 

4 0.223556 0.112635 3.6330 389.5 116314 397.0 SQRT-QMA LN-QMJ LN-QJA SQRT-QND 

4 0.221854 0.110690 3.6914 389.6 116569 397.0 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

............................................................................................... 
5 0.241958 0.101580 5.0018 390.7 117763 399.7 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.232304 0.090138 5.3329 391.1 119263 400.1 SORT-QJF SQRT-QMA LN-QMJ LN-QJA 

SORT-QND 

5 0.227228 0.084122 5.5071 391.3 120051 400.3 SORT-QJF SQRT-QMA LN-QJA SQRT-QSO 

SORT-QND 

5 0.224217 0.080554 5.6103 391.5 120519 400.4 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

6 0.242011 0.067090 7.0000 392.7 122284 403.2 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 



5.8 Variables transformed according to the Box-Cox Analysis 

N = 33 Regression Models for Dependent Variable: (WHTE SHRIMP)"' 

R-square Ad j C (P) A1 C MSE SBC Variables in Model 
In Rsq 

1 0.179073 0.152591 -0.6147 -51.7698 0.196425 -48.7768 (QMJ-LAG)'" 

1 0.176374 0.149806 -0.5214 -51.6615 0.197071 -48.6685 (QMA-LAG) ".' 
1 0.129171 0.101079 1.1108 -49.8224 0.208365 -46.8294 (QJF-LAG)-"~ 

1 0.064336 0.034153 3.3526 -47.4527 0.223878 -44.4597 (QND_LA&)-'.' 

.................................................................... 
2 0.238466 0.187697 -0.6684 -52.2481 0.188288 -47.7586 (QMA-L~~)-''~ (QMJ-L~~)"~ 

2 0.205624 0.152666 0.4672 -50.8548 0.196408 -46.3653 (QJF-L~~)-"~ (QMJ-Lag) ''I 

2 0.195703 0.142083 0.8103 -50.4452 0.198861 -45.9557 (QMA-L~~)-~'~ (QJA-L~~)-'.~ 

2 0.190159 0.136169 1.0020 -50.2185 0.200232 -45.7290 (QMJ-Lag) '" (QND_L~~)-'.~ 
............................................................................ 
3 0.240682 0.162132 1.2550 -50.3443 0.194214 -44.3583 (QMA-L~~)-"' (QMJ-~ag) ''I (QSO-L~~)-~'~ 

3 0.239585 0.160921 1.2930 -50.2966 0.194494 -44.3106 (QJF-L~~)-'.~ (QMA-Lag)-'.' (QMJ-Lag)'" 

3 0.238774 0.160026 1.3210 -50.2614 0.194702 -44.2754 (QMA_Lag)-'.' (QMJ-L~~)"~ (QJA-L~~)-'.~ 

3 0.238496 0.159719 1.3306 -50.2494 0.194773 -44.2634 (QNA_L~~)-"~ (QMJ-Lag) ''I (QND_L~~)-'.~ 



6. Regression for the Best Models 

6.1 Model 2: Harvest Untransformed and Logged Inflows 

6.1.1 ANOVA and Parruwter Estimates 

Model surnrnaWb 

a. Dependent Variable: White Shrimp Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant). Ln (November-December Inflows). Ln 
(July-August Inflows), Ln (May-June Inflows), Ln (September-October Inflows). Ln 

A 

(March-April Inflows). Ln (January-February Inflows) 

d. All requested variables entered. 

Durbin- 
Watson 

2.067 

a. Dependent Variable: White Shrimp Harvest 

Adjusted 
R 

Square 

,070 

Model 
1 

b. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(July-August Inflows), Ln (May-June Inflows), Ln (September-October Inflows), 

Std. Error 
of the 

Estimate 

349.0914 

R 

.495 

Sig. 
.251D 

Ln (March-April Inflows), Ln (January-February Inflows) 

R 
Square 

,245 

Variables 

F 
1.403 

Entered 
Ln(Nov-Dec 
Inflows), 
Ln(Jul-Aug 
Inflows). 
Ln(May-Jun 
Inflows), 
Ln(Sept-Oct 
Inflows). 
Ln(Mar-Apr 
Inflows), 
Ln(Jan-g'b 
Inflows) 

Model 

Removed 

. 

Sum of 
Squares 
1026009 
3168485 
41 94404 

1 Regression 
Residual 
Total 

df 
6 

26 
32 

Mean 
Square 
171002 
121865 



a. Dependent Variable: White Shrimp Harvest 

Parameter Estimates 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

INTERCEP 1 78.008295 306.98564362 0.254 0.8014 0.00000000 

LN-Q JF 1 117.998365 105.34429334 1.120 0.2729 3.40961792 

LN-QHn 1 108.887727 95.10150747 1.145 0.2627 2.41803917 

LN-QMJ 1 22.255675 56.82765575 0.392 0.6985 1.97038156 

LN-Q JA 1 15.134706 56.61181255 0.267 0.7913 1.42324529 

LN-QSO 1 -50.446862 64.18121550 -0.786 0.4390 2.38475613 

LN-PND 1 -53.636863 83.79408839 -0.640 0.5277 2.51688504 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 



6.13 Residuals Diagnostics 

Summary Znfonnotion 

Residuals StatlsUd 

Centered 
Leverage ,032 .417 .I82 .I17 33 
Value 

a. Dependent Variable: Whiie Shrimp Harvest 
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Case Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
ZPR Z-score of the predicted value of harvest 
ZRE 2-score of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
This is flagged if it exceeds = t2J.0.01 = 2.485 

YEAR 

1%2 

1963 

1%4 

1%5 

1%6 

1%7 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

PRE 

346.45014 

413.10238 

324.31761 

689.04324 

621.70794 

419.86838 

713.81233 

513.16349 

498.93779 

452.82237 

329.89210 

428.42543 

404.11562 

451.09196 

309.30645 

747.76732 

432.38395 

650.48098 

520.68835 

523.05018 

485.99198 

520.64812 

484.26739 

651.61 133 

226.69661 

769.89577 

332.04548 

319.42687 

700.99457 

608.38910 

1127.87296 

641.67280 

569.45899 

RES 

-149.75014 

-317.30238 

-81.41761 

-462.34324 

-151.80794 

-76.16838 

-80.11233 

-274.66349 

-292.13779 

-368.72237 

-5.09210 

444.57457 

-112.11562 

10.00804 

100.99355 

-179.76732 

89.3 1605 

402.41902 

-1 19.88835 

-186.55018 

-85.89198 

-54.54812 

1026.83261 

-376.91 133 

384.40339 

-5.59577 

131.35452 

-231.32687 

643.90543 

381.81090 

110.62704 

33.82720 

-147.95899 

DRE 

-169.49141 

-372.88583 

-96.70760 

-558.61292 

-203.16288 

-83.55929 

-138.83703 

-309.17404 

-391.94391 

-643.22908 

-7.09679 

520.07916 

-195.45143 

11.45815 

131.05798 

-314.09830 

100.51383 

612.0213 1 

-155.52550 

-228.83062 

-104.76303 

-60.76285 

1221.58650 

-410.66534 

537.90913 

-8.24528 

148.90222 

-274.45468 

824.59565 

443.51604 

200.04858 

36.29666 

-157.79322 

ADJ 

366.19141 

468.68583 

339.60760 

785.31292 

673.06288 

427.25929 

772.53703 

547.67404 

598.74391 

727.32908 

33 1.89679 

352.92084 

487.45143 

449.64185 

279.24202 

882.09830 

421.18617 

440.87869 

556.32550 

565.33062 

504.86303 

526.86285 

289.51350 

685.36534 

73.19087 

772.54528 

314.49778 

362.55468 

520.30435 

546.68396 

1038.45142 

639.20334 

579.29322 

ZPR 

-.98097 

-.60874 

-1.10457 

,9323 1 

.55626 

-.57095 

1.07064 

-.04992 

-.I2937 

-.38691 

-1.07344 

-.52316 

-.65892 

-.39658 

-1.18840 

1.26027 

-SO105 

.71695 

-.00790 

.00529 

-.20167 

-.00813 

-.21130 

.72326 

-1.64975 

1.38385 

-1.06141 

-1.13188 

.99905 

.48188 

3.38304 

.66776 

.26447 

ZRE 

-.42897 

-.90894 

-.23323 

-1.32442 

-.43487 

-.21819 

-.22949 

-.78680 

-.83685 

-1.05623 

-.01459 

1.27352 

-.32116 

.02867 

.28930 

-.51496 

.25585 

1.15276 

-.34343 

-.53439 

-.24604 

-.I5626 

2.94144 

-1.07969 

1.10115 

-.01603 

.37628 

-.66265 

1.84452 

1.09373 

.31690 

.09690 

-.42384 

SRE' 

-.45637 

-.98534 

-.25419 

-1.45579 

-.50307 

-.22853 

-.30211 

-A3476 

-.96932 

-1.39506 

-.01722 

1.37742 

-.42405 

.03068 

.32956 

-.68069 

.27142 

1.42162 

-.39116 

-59186 

-.27173 

-.I6492 

3.20828 
-1.12700 

1.30259 

-.01946 

.40062 

-.72179 

2.08734 

1.17880 

.42615 

.I0038 

-.43770 

SDR' 

-.44931 

-.98477 

-.24956 

-1.48952 

-.49572 

-.22432 

-.29676 

-.82975 

-.96815 

-1.42224 

-.01689 

1.40283 

-.41726 

.03008 

.32384 

-.67350 

.26652 

1.45157 

-.38469 

-58431 

-.26683 

-.I6180 

4.04760 
-1.13314 

1.32113 

-.01908 

,39406 

-.71497 

2.24338 

1.18809 

.41934 

.09845 

-.43079 
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White Shrimp Harvest 

Regression Standarized Residual 

Std Rv=.90 
Me., -0.0 
Nz33.W 

-1.5 -1.0 -.J 0.0 I, 1.0 1.5 2.0 2.5 3.0 

Fig. 6.1.1. Exploratory Plots of White Shrimp Harvest Standardized Residual. 
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Fig. 6.1.2. Partial Residual Plots of White Shrimp Harvest vs. Logged Inflows. 
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6.1.4 Prediction Intervals for White Shrimp Harvest 

W-SH White shrimp harvest 
LICI Lower limit for 99% prediction interval for white shrimp harvest 
UICI Upper limit for 99% prediction interval for white shrimp harvest 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

W SH 

196.70 

95.80 

242.90 

226.70 

469.90 

343.70 

633.70 

238.50 

206.80 

84.10 

324.80 

873.00 

292.00 

461.10 

410.30 

568.00 

521.70 

1052.90 

400.80 

336.50 

400.10 

466.10 

1511.10 

274.70 

611.10 

764.30 

463.40 

88.10 

1344.90 

990.20 

1238.50 

675.50 

421.50 

LICI 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000~ 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

o.ooooo 
0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

UICI 

1371.41107 

1452.91479 

1368.21336 

1739.33348 

1707.43337 

1431.88475 

1870.94150 

1535.89493 

1585.47181 

161 1.49058 

1428.41257 

1466.47904 

1562.62649 

1480.67087 

1384.85328 

1906.80426 

1455.01586 

1774.40324 

1596.12247 

1578.89390 

1539.76765 

1539.07240 

1528.75863 

1660.71444 

1326.45679 

1884.93401 

1357.63670 

1362.88745 

1772.03869 

1643.69622 

2294.72886 

1644.15339 

1569.25521 



6.1.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH MahaJonobis distance 
COO cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of fieedom. 

Small values indicate a problem. 
' COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

M o m  and n - p - 1 denominator degree of fieedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
2.75746 
3.80032 
4.08968 
4.54509 
7.11917 
1.86074 

12.56553 
2.60220 
7.17891 

12.68674 
8.06962 
3.67603 

12.67434 
3.08012 
6.37104 

12.71580 
2.59528 
9.98952 
6.36279 
4.94286 
4.79449 
2.30321 
4.13197 
1.66049 
8.16230 
9.31306 
2.80141 
4.05878 
6.04233 
3.48237 

13.33428 
1.20744 
1.02466 

COO 
,00392 
.02430 
.00173 
.06304 
.01223 
.00072 
.00956 
.01251 
.04586 
.20699 
.00002 
.04603 
,01909 
.MOO2 
.OM62 
34946 
.00132 
.I5038 
.OM50 
.01134 
.a0232 
.00044 
.27889 
.01625 
,09680 
.00003 
.00306 
.01388 
. I 7466 
.03208 
.02097 
.00011 
.00182 

COOK P V 3 .  
.OOOO 
.0000 
.OOOO 
.0005 
.MOO 
.OOOO 
.OOOO 
.OM0 
.0002 
.0193 
.OOOO 
.OW2 
.OOOO 
.OOOO 
.OW0 
.0002 
.Om0 
.0076 
.OOOO 
.0000 
.MOO 
.OW0 
.0436 
.OOOO 
,0019 
.0000 
.OOOO 
.OOOO 
.0118 
.0001 
.OOOO 
.OOOO 
,0000 

LEV ' 
.08617 
.I1876 
,12780 
.14203 
.22247 
,05815 
.39267 
.08132 
.22434 
.39646 
.25218 
,11488 
.39607 
.09625 
.I9909 
.39737 
.08110 
.31217 
.I9884 
.I5446 
.I4983 
.07198 
.I2912 
.05189 
.25507 
.29103 
.08754 
.I2684 
,18882 
.lo882 
.41670 
.03773 
.03202 

MAHA PV 
.9065 
.8025 
,7694 
.7153 
.4166 
.9671 
,0834 
.9192 
.4105 
.0801 
.3265 
3162 
,0805 
.8775 
.4972 
.0793 
.9198 
.I892 
.4981 
.6669 
.6850 
.9412 
.7645 
.9762 
.3 185 
.2310 
,9027 
.7730 
.5348 
.8371 
.Of344 
.9908 
,9944 



DFFITS Standardized dflits value 

SDFB-0 Standardized ddfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the Lo@ January-February inflows 

SDFB-2 Standardized dfbeta for the Logged March-April inflows 

SDFB-3 Standardized dfbeta for the Logged May-June inflows 

SDFB-4 Standardized dfbeta for the Logged July-August inflows 

SDFBJ Standardized dfbeta for the Logged September-October inflows 

65 

SDFB-6 Standardized dfbeta for the Logged November-December inflows 

Items in bold are flagged if Isdffits) or lsdfbetal exceed 1.0 for a small data set or 2 , / m n n  for a large 

data set. The cutoff used here is 1. 

YEAR 

1962 

1963 

1964 

1965 

1%6 

1%7 

1968 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFFIT 

-.I6314 

-.41216 

-. 10815 

-.67969 

-.28832 

46988 

-.25408 

-.29412 

-.56588 

-1.22715 

-.01060 

.57812 

-.35974 

.01145 

,17669 

-3220  

.09437 

1.04760 

-.20974 

-.27817 

-.I2507 

-.05461 

1.76275 

-.33910 

A3486 

-.01313 

.I4403 

-.30871 

1.18839 

.47762 

,37701 

.02660 

-,I1106 

SDFB-0 

-.I4311 

-.36325 

-.09568 

-.I0477 

-.I 1781 

-.Of1444 

.a761 

-.I5408 

.I2112 

.38021 

.00110 

.04934 

.I6919 

,00040 

.OW37 

,15147 

.03883 

-. 15067 

.04905 

.03498 

-.03202 

-.01428 

,96533 

.02%1 

.I1634 

,00229 

,10267 

-.21147 

-.41245 

.05672 

-.I1835 

-.00069 

-.00424 

SDFB 1 

-.00595 

-.09146 

,00718 

-.29542 

.08494 

,00192 

-.I3923 

-.07566 

,28385 

-.I3989 

.00276 

-.I5653 

.I3969 

.00206 

-.I0367 

.I94 18 

-.02045 

-52568 

-.07464 

.03996 

-.04886 

-.02065 

1.17374 

.08949 

-.I6999 

-.00569 

.01096 

-.04511 

-.01528 

-.I6815 

.22618 

-.00336 

.04485 

SDFB 2 

.04023 

.08250 

.01306 

,06461 

-.01571 

.00723 

.03 180 

-.a223 

.OW9 

-.25295 

,00257 

-.22719 

-.I9858 

-.00696 

.02220 

-.29770 

-.03643 

,69277 

.05033 

.09354 

.08646 

.00328 

-.77445 

-. 16692 

-.31425 

.00485 

-.06229 

.03693 

.69828 

.31209 

.08979 

.00402 

44938 

SDFB 5 

.01913 

.I1014 

.01026 

-.I4694 

.06790 

.02473 

-.I0578 

-.02390 

.I2474 

.04899 

-.00651 

.00878 

-.22415 

.00218 

,07733 

-.04922 

-.03992 

.67504 

-.02780 

.00775 

.02258 

.03036 

-.33878 

.00443 

-.03520 

.01006 

-.04504 

-.05702 

-.27144 

.I9069 

-.I6092 

-.01030 

.01539 

SDFB 6 

.00764 

.I 1901 

.02393 

,37630 

,04282 

-.00612 

.I2855 

,15828 

-.46518 

-.05348 

-.00179 

,05686 

-.03513 

-.00039 

-.03311 

-.21807 

.02669 

-.59407 

.07096 

-.01734 

-.04406 

-.00980 

-.23113 

.09752 

.65325 

-.00643 

.05669 

.08552 

-.04396 

-.28304 

-.MI47 

.OM27 

-.03337 

SDFB 3 

.03386 

,06241 

,01634 

-.I5920 

-.20501 

.01240 

.02330 

.I3881 

-. 18920 

.a2415 

-.00199 

.38192 

.22673 

.OM83 

.03108 

,03788 

.04884 

.I9328 

,01105 

-.I9193 

-.03211 

.02759 

-.55449 

-.I0067 

-.lo970 

-.00364 

-.03219 

.I5368 

-50730 

.01766 

-.03750 

.01223 

-.00179 

SDFB 4 

.07457 

.I6818 

,04196 

.33%4 

.I5021 

.02026 

-.01186 

.05816 

4401  1 

-1.09760 

,00223 

.01346 

-. 17671 

-.00053 

,05217 

.I 1549 

-.00560 

-. 16260 

-.I 1927 

-.03466 

,05352 

-.01887 

-.59413 

-.02086 

-.03915 

-.00300 

-.04212 

.08321 

.a3026 

-.I0019 

.04352 

-.00098 

.00648 
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6.2 Model 3: Logged All Variables 

62.1 ANOVA and Parameter Estimates 

Model ~urnrnalET.~ 

a. Dependent Variable: Ln (White Shrimp Harvest) 

b. Method: Enter 

c. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(July-August Inflows), Ln (May-June Inflows). Ln (September-October Inflows). Ln 
(March-April Inflows), Ln (January-February Inflows) 

d. All requested variables entered. 

Durbin- 
Watson 

1.964 

Model 
1 

a. Dependent Variable: Ln (White Shrimp Harvest) 

b. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(July-August Inflows), Ln (May-June Inflows). Ln (September-October Inflows), 
Ln (March-April Inflows), Ln (January-February Inflows) 

Variables 

F 
1.696 

Model 

R 

,530 

- 
Entered 

Ln(Nov-Dec 
Irlflows). 
Ln(Jul-Aug 
Inflows), 
Ln(May4un 
Inflows), 
Ln(Sept-Od 
Inflows). 
Ln(Mar-Apr 
Inflows), 
Ln(Jan-Qb 
Inflows) 

Sig. 
.162b 

Sum of 
Squares 

4.810 
12.293 
17.102 

1 

Removed 

Regression 
Residual 
Total 

R 
Square 

,281 

d f 
6 

26 
32 

Mean 
Square 

,802 
,473 

Adjusted 
R 

Square 

.I15 

Std. Error 
of the 

Estimate 

,687600 



a. Dependent Variable: Ln (White Shrimp Harvest) 

63.2 Collinearity Diagnostics 

Parameter Estimates 

95% Confidenca 
Intaw1 for B 

Model 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

Lwmr 
Bwnd 

3.739 

-.329 

-.250 
-.OW 

-.252 

-330 

-249 

1 

INTERCEP 1 4.982277 0.60466482 8.240 0.0001 0.00000000 

LN-QJF 1 0.097295 0.20749501 0.469 0.6430 3.40961792 

LN-QMA 1 0.135118 0.18731995 0.721 0.4771 2.41803917 

L N M J  1 0.180320 0.11193254 1.611 0.1193 1.97038156 

LN-QJA 1 -0.023268 0.11150740 -0.209 0.8363 1.42324529 

LN-QSO 1 -0.069767 0.12641674 -0.552 0.5857 2.38475613 

LN-QND 1 -0.009963 0.16504790 -0.060 0.9523 2.51688504 

Upper 
Bwnd 

6.225 

,524 

,520 
,410 

.206 

,190 

,329 

- 

Unstandardi 
Coefficients 

(Constant) 
Ln (January-February 
Infkws) 
Ln (Manh-April I*) 
Ln (May-June I n k )  
Ln (July-August 
1-1 
Ln 
(SWember-Odobr 
Inflawa) 
Ln 
(NoVSlIh- 
I n W )  

Collinearity Diagnostics(intercept adjusted) 

Standar 
dim 

C M c k  
nts 

Beta 

,144 

,186 
,376 

- .MI  

-.I42 

-.016 

B 
4.982 

9,7E-02 

, ,135 
,180 

-2.3E-02 

-7.0502 

-1 .OE-02 

Condition Var Prop Var Prop Var Prop Var Prop var Prop Var Prop 
Number Eigenvalue Index LN-QJF LN-QMR LN-QMJ LN-QJA LN-QSO LN-QND 

SM. Error 
.605 

.207 

.I87 
,112 

,112 

,126 

,165 

t 
8.240 

.489 

.721 
1.61 1 

-.209 

-352 

-.060 

Sg. 
.WO 

,643 

,477 
,119 

336 

,586 

.952 



6.23 Residuals Diiwties 

Summary Znfonnation 

Residuals Statistle? 

a. Dependent Variable: Ln (White Shrimp Harvest) 



Case Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fined without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
ZPR Z-score of the predicted value of harvest 
ZRE Z-score of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
This is flagged if it exceeds t.+~. = t25,0.0, = 2.485 

SDR 

-.41382 

-1.70482 

.04301 

-1.57672 

-.39972 

.20327 

.I2982 

-.44192 

-1.67848 

-2.21338 

-.32869 

1.09635 

-.02193 

.lo549 

,50569 

-.50110 

.46114 

1.061 15 

.04075 

-.77362 

-. 19869 
,50740 

2.73626 

-1.03577 

1.43408 

,04834 

,86300 

-1.50058 

1.85027 

1.19748 

.I8572 

.27116 

-.I3055 

YEAR 

1962 

1963 

1964 

1965 

1%6 

1967 

1968 

1969 

1970 

1971 

19'12 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

ADJ 

5.58934 

5.78886 

5.45979 

6.58265 

6.47574 

5.69060 

6.33178 

5.80187 

6.62416 

6.30650 

6.05472 

5.95973 

5.69705 

6.05448 

5.61500 

6.80427 

5.91551 

6.06165 

5.96092 

6.41235 

6.14546 

5.77080 

5.48474 

6.35805 

5.27180 

6.59781 

5.50367 

5.57623 

5.82709 

6.01779 

6.94665 

6.31878 

6.13833 

PRE 

5.55350 

5.60602 

5.46498 

6.38291 

6.39404 

5.70380 

6.38245 

5.76531 

6.29506 

5.50653 

5.97803 

6.07764 

5.68840 

6.06450 

5.70719 

6.60662 

5.95356 

6.36908 

5.96837 

6.30264 

6.11777 

5.80901 

5.77743 

6.29703 

5.59812 

6.61104 

5.57850 

5.40373 

6.12883 

6.14024 

7.02488 

6.33216 

6.13244 

ZPR 

-1.20810 

-1.07264 

-1.43643 

.93125 

.95996 

-.a2043 

.93006 

46177 

'70464 

-1.32925 

-.11309 

,14386 

-.86015 

.I0994 

- 3 1  169 

1.50829 

-.I7620 

39557 

-.I3799 

.72421 

.24736 

-54906 

-.63051 

.70973 

-1.09303 

1.51967 

-1.14363 

-1.59443 

.27588 

.30531 

2.58712 

.80036 

.28519 

RES 

-.27182 

-1.04375 

,02767 

-.95928 

-.24152 

.I3597 

.06913 

-.29094 

-.96330 

-1.07453 

-.I9482 

.69429 

-.Oil65 

.06912 

.30970 

-.26450 

,30353 

.59023 

.02509 

-.48404 

-.I2606 

.33539 

1.54317 

-.68135 

A1714 

.02793 

.56010 

-.92525 

1.07525 

.75767 

.09678 

.I8329 

-.08862 

ZRE 

-.39532 

-1.51797 

,04024 

-1.39512 

-.35125 

.I9775 

.lo053 

-.42313 

-1.40097 

-1.56272 

-.28333 

1.00973 

-.01694 

.lo052 

.4504 1 

-.38467 

MI43 

.85839 

.03649 

-.703% 

-.I8333 

.48777 

2.24428 

-.99091 

1.18840 

,04061 

31457 

-1.34563 

1.56377 

1.10191 

.I4075 

.26656 

-.I2888 

DRE 

-.30766 

-1.22659 

.03286 

-1.15903 

-.32322 

.I4917 

.I 1980 

-.32750 

-1.29241 

-1.87449 

-.27151 

.81221 

-.02030 

.07913 

.40189 

-.46215 

.34158 

A9765 

.03255 

-.59375 

-.I5375 

.37360 

1.83585 

-.74237 

1.14346 

.04115 

.63492 

-1.09776 

1.37698 

.88012 

.I7501 

.I9667 

49451 

sRE ' 
-.42057 

-1.64556 

.04386 

-1.53350 

-.a634 

.20712 

.I3235 

-4892 

-1.62273 

-2.06402 

-.33448 

1.09212 

;02236 

.lo756 

.51309 

-50847 

.46829 

1.05859 

.a156 

-.77966 

-.20247 

.51481 

2.44787 

-1.03433 

1.40580 

.04930 

36727 

-1.46571 

1.76963 

1.18761 

.I8927 

.27612 

-.I3309 



Ln (White Shrimp Harvest) 

Regression Standardized Residual 

Fig. 6.2.1. Exploratory Plots of Ln (White Shrimp Harvest) Standardized Residual. 
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Resdusl Plot 

Residual P l d  

Residual Plot 
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Fig. 6.2.3. Residual Plots of Ln (White Shrimp Harvest) vs. Logged Inflows. 



6.2.4 Prediction Intervats for Ln (white Shrimp Harvest) 

-- - - - 

Ln-WSH Ln (White Shrimp Harvest) 
LICI Lower limit for 99% prediction interval for Ln (White Shrimp Harvest) 
UICI Upper limit for 99% prediction intenal for Ln (White Shrimp Harvest) 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 
1976 

1977 

1978 

1979 
1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 
1989 

1990 

1991 

1992 

1993 

1994 

LICI 

3.53465 

3.55792 

3.40884 

4.31417 

4.25550 

3.71044 

4.10327 

3.75085 

4.15493 

3.22432 

3.81429 

4.03301 

3.40650 

4.03655 

3.58870 

4.32369 

3.93930 

4.15530 

3.8501 1 

4.22296 

4.04216 

3.80303 

3.7201 1 

4.30941 

3.43194 

4.41476 

3.55840 

3.34844 

4.01921 

4.10101 

4.72654 

4.35759 

4.16315 

Ln WSH 

5.2817 

4.5623 

5.4926 

5.4236 

6.1525 

5.8398 

6.4516 

5.4744 

5.3318 

4.4320 

5.7832 

6.7719 

5.6768 

6.1336 

6.0169 

6.3421 

62571 

6.9593 

5.9935 

5.8186 

5.9917 

6.1444 

7.3206 

5.6157 

6.4153 

6.6390 

6.1386 

4.4785 

7.2041 

6.8979 

7.1217 

6.5155 

6.0438 

UICI 

7.57235 

7.65412 

7.521 13 

8.45165 

8.53258 

7.69715 

8.66163 

7.77977 

8.43519 

7.78874 

8.14176 

8.12228 

7.97030 

8.09244 

7.82568 

8.88956 

7.96782 

8.58285 

8.08664 

8.38232 

8.19338 

7.81498 

7.83475 

8.28464 

7.76430 

8.80731 

7.59859 

7.45901 

8.23845 

8.17946 

9.32322 

8.30673 

8.10172 



6.2.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalcmobis distance 
COO Gmk's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 

This is flagged if it exceeds (2ptl)In or 0.5, whichever is smaller. 
MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of 6eedom. 

Small values indicate a problem. 
' COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

f k d o m  and n - p - 1 denominator degree of 6cedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
2.75746 
3.80032 
4.08968 
4.54509 
7.1 1917 
1.86074 

12.56553 
2.60220 
7.17891 

12.68674 
8.06962 
3.67603 

12.67434 
3.08012 
6.37104 

12.71580 
2.59528 
9.98952 
6.36279 
4.94286 
4.79449 
2.30321 
4.13197 
1.66049 
8.16230 
9.31306 
2.80141 
4.05878 
6.04233 
3.48237 

13.33428 
1.20744 
1.02466 

COO 
.00333 
.06776 
.OW05 
.06995 
,00798 
.00059 
.00183 
.00362 
.I2852 
.45309 
.00629 
.02894 
.00005 
.00024 
.01120 
,02760 
.00393 
.08338 
.00007 
.01968 
.00129 
.00431 
.I6236 
.01369 
.I 1274 
.00016 
,01435 
.05722 
.I2554 
.03256 
.00414 
.00080 
.00017 

MAHAPv' 
.9065 
3025 
.7694 
.7153 
.4 166 
.9671 
.0834 
.9192 
.4 105 
.0801 
.3265 
3162 
.0805 
.8775 
.4972 
.0793 
.9198 
.I892 
,4981 
.6669 
.6850 
9412 
,7645 
.9762 
.3 185 
.2310 
.9027 
.7730 
.5348 
3371 
.0644 
9908 
.9944 

LEV' 
.08617 
.I1876 
,12780 
.I4203 
.22247 
.05815 
.39267 
.08132 
.22434 
.39646 
.25218 
.I1488 
.39607 
.09625 
.I9909 
.39737 
.08110 
.31217 
.I9884 
.I5446 
.I4983 
.07198 
.I2912 
.05189 
,25507 
.29103 
.08754 
.I2684 
.I8882 
.I0882 
.41670 
.03773 
.03202 

COOKPV' 
.OOOO 
.OOO6 
.OW0 
.OW7 
.OOOO 
,0000 
.0000 
.0000 
.OM7 
.I414 
.OW0 
.OoOO 
.ooOO 
.OOOO 
.OOM) 

.OW0 

.0000 

.W12 

.0000 

.Om0 

.OOW 

.OOOO 

.0095 

.0000 

.003 1 

.0000 

.oOOO 

.OW 

.OW 

.OW1 

.OOW 

.0000 
,0000 - 



DFFITS Standardized dffits value 

SDFB-0 Standardized dfbcta for the intercept term 

SDFB-1 Standardized dfbeta for the Logged January-February inflows 

SDFB-2 Standardized dfbeta for the Logged March-April inflows 

SDFB-3 Standardized dtbeta for the Logged May-June inflows 

SDFB-4 Standardized dfbeta for the Logged July-August intlows 

SDFB-5 Standardized dfbeta for the Logged September-october inflows 

SDFB-6 Standardized dfbeta for the Logged November-December inflows 

Items in W d  are flagged if lsdffitsl or (sdfbetd exceed 1.0 for a small data set or 24- for a large 

SDFB-6 

.00703 

.20604 

-.00412 

.39833 

.03453 

.00554 

-.05623 

.OM30 

- . 8 W  

-.08322 

-.03484 

.04444 

-.a185 

-.00138 

-.05 170 

-.I6225 

. M I 8  

-.43429 

-.00752 

-.022% 

-.03281 

.03073 

-.I5625 

.08914 

,70910 

.01630 

.I2416 

.I7948 

-.03626 

-.28528 

-.01837 

.01175 

-.01011 

YEAR 

1962 

1%3 

1%4 

1%5 

1%6 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

data set. The cutoff used here is 1. 

SDFFIT 

-. 15025 

-.71354 

.01864 

-.71948 

-.23249 

.06332 

.I1115 

-.I5665 

-.98107 

-1.90978 

-.20624 

.45182 

-.01890 

. M I 6  

.27591 

-.43317 

.I6328 

.76584 

,02222 

-.36830 

49313 

.I7127 

1.19166 

-.30996 

.90624 

.03327 

.3 1543 

-64792 

.98015 

.48140 

.I6698 

.07326 

-.03366 

SDFB 0 

-.I3181 

-.62885 

.Dl619 

-.11091 

-.09500 

.04933 

-.02958 

-.08206 

.20999 

.59171 

.02147 

.03856 

.00889 

.00140 

.00058 

.I1270 

36718 

-.I 1015 

-.00520 

.0463 1 

-.02384 

.04478 

.65258 

.02706 

.I2628 

-.00580 

.22485 

-.44383 

-.34018 

.05717 

-.05241 

-.00190 

-.@I129 

SDFB 1 

-.00548 

-.I5833 

;00124 

-.31271 

,06849 

-.00174 

.06091 

-.04030 

.49212 

-.21770 

.05370 

-.I2233 

.00734 

.00723 

-.I6188 

.I4447 

-.03538 

-.38429 

.00791 

.05290 

-.03638 

.06477 

.79347 

.08180 

-. 18453 

.01442 

.02399 

-.09467 

-.01260 

-.I6948 

.I0017 

-.00925 

.01359 

SDFB 5 

.01762 

.I9068 

-.00177 

-.I5554 

.05475 

-.02241 

,04628 

-.01273 

.21625 

.07624 

-. 12672 

,00686 

-.01178 

.00764 

.I2075 

-.03662 

-.06907 

.49348 

,00294 

.01026 

.01682 

-.09520 

-.22902 

.O0405 

-.03821 

-.02550 

-.09864 

-.I1967 

-.22387 

.I9219 

-.07127 

-.02836 

.W66 

SDFB 2 

.03705 

.I4282 

-,00225 

.06839 

-.01266 

-.00655 

-.01391 

-.03314 

.01125 

-.39366 

.05003 

-. 17756 

-.01044 

-.02442 

.03466 

-.22150 

-.06303 

. 5 W  

-.00533 

.I2384 

.06438 

-.01027 

-.52355 

-.I5258 

-.34111 

-.01228 

-.I3641 

.07750 

.57592 

.31456 

.03977 

.01108 

-.01497 

SDFB 3 

,03118 

.I0804 

-.00282 

-. 16852 

-. 1653 1 

-.Dl124 

-.01019 

.07393 

-.32801 

1.28260 

-.03864 

.29848 

.01191 

.01695 

.04853 

.02819 

.OW50 

.I4129 

-.00117 

-.25412 

-.02391 

-.08651 

-.37485 

-.09202 

-. 11908 

.00922 

-.07050 

.32253 

-.41840 

.01780 

-.01661 

,03368 

-.00054 

SDFB 4 

.06868 

,29116 

-.00723 

.35952 

.I2112 

-.Dl836 

.00519 

.03097 

-.06954 

-1.70817 

.04342 

.01052 

-.00929 

-.00185 

,08147 

.08593 

- . W 9  

-.I1887 

.01263 

-.04589 

.03985 

.05917 

-.MI64 

-.01907 

44250 

.00759 

-.09224 

.I7464 

.68477 

-.I0098 

.01927 

-.00269 

.001% 



MFIT n DFEIETA 

V d b :  La (Whia Shumrp Huvat) 
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Fig. 6.2.4. Standardized DFFIT vs. Standardized DFBETA. 



6.3 Model 5: Square Root All Variables 

63.1 ANOVA and Parameter Estimates 

Model 

a. Dependent Variable: SQRT (White Shrimp Harvest) 

Model 
1 

b. Method: Enter 

c. lndependent Variables: (Constant), SQRT (November-December Inflows), SQRT 
(May-June Inflows), SQRT (July-August Inflows), SQRT (September-October Inflows), 
SQRT (March-April Inflows). SQRT (January-February Inflows) 

d. All requested variables entered. 

Variables 
R 

.479 

Entered 
SQRT(Nov-Dec 
Inflows), 
SQRT(May-Jun 
Inflows), 
SQRT(Ju1-Aug 
Inflows), 
SQRT(Sept-Oct 
Inflows), SQRT 
(Mar-Apr 
Inflows), SQRT 
(Jan-Feb lnflowsf 

a. Dependent Variable: SQRT (White Shrimp Harvest) 

b. lndependent Variables: (Constant), SQRT (November-December Inflows), 
SQRT (May-June Inflows), SQRT (July-August Inflows), SQRT 
(Septemkr-October Inflows), SQRT (March-April Inflows), SQRT 
(January-February Inflows) 

Removed 

. 

R 
Square 

.230 

Model 
Sum of 
Squares 
420.598 

1408.772 
1829.369 

1 

Adjusted 
R 

Square 

,052 

Regression 
Residual 
Total 

df 
6 

26 
32 

Std. Error 
of the 

Estimate 

7.360946 

Durbin- 
Watson 

1.900 

Mean 
Square 
70.100 
54.184 

F 
1.294 

Sig. 
.295b 



a. Dependent Variable: SQRT (Whiie Shrimp Harvest) 

63.2 Collinearity magnostirs 

Parameter Estimates 

95% Confidence 
Interval for B 

Variable DF 

t 
5.190 

,561 

1.023 

,942 

-.448 

-.374 

-.716 

Standar 
dhed 

Coefficie 
nts 

Beta 

.I71 

,312 

.I98 

-.OM 

-.094 

-.la4 

Lower 
Bound 
10.615 

-962 

-.692 

-.257 

- ,583 

-.461 

-1.413 

INTERCEP 1 

SQRT-QJF 1 

SQRT-QMA 1 

SQRT-QMJ 1 

SQRT-QJA 1 

SQRT-QSO 1 

SQRT-QND 1 

Sig. 
.OW 

,580 

,316 

,355 

,658 

.711 

,480 

Upper 
Bound 
24.535 

1.684 

2.062 

.693 

,374 

.319 

,683 

Model 

Parameter 
Estimate 

Unstandardized 
Coefficients 

1 

Standard T for HO: 
Error Parameter-0 

B 
17.575 

.361 

585 

.218 

-.I04 

-7.1 E-02 

-365 

(Constant) 
SQRT (Jan-Feb 
Inflows) 
SQRT (Mar-Apr Inflows) 
SQRT (May-Jun 
I n h )  
SQRT (JuCAug Infkws) 
SQRT (Sept-Oct 
Inflows) 
SQRT (Nov-Dec 
Inflows) 

Prob > IT1 

Std. Ermr 
3.386 

,644 

,670 

,231 

.233 

.I90 

,510 

Variance 
Inflation 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop var prop var Prop Var prop var Prop 
Number Eigenvalue Index SQRT-QJF SQRT-QMA SQRTQMJ SQRT-QJA SQRT-QSO SQRT-QND 



6 3 3  Residuals Diagnostics 

Summary Information 

Residuals Statistid 

a. Dependent Variable: SQRT (White Shrimp Harvest) 



81 

Case Volues for Residds Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
ZPR Z-score of the predicted value of harvest 
ZRE Zscore of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
This is flagged if it exceeds h2,, = to,o.ol = 2.485 

YEAR 

1%2 

1963 

1%4 

1%5 

1966 

1%7 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

I992 

1993 

1994 

PRE 

19.32663 

19.65787 

19.18566 

24.72102 

23.99994 

19.76193 

25.03590 

20.67715 

21.00669 

16.84105 

18.04420 

21.26004 

18.41951 

21.05636 

18.93211 

26.83724 

20.21434 

25.45476 

19.69361 

23.50169 

20.61215 

20.00170 

20.32572 

23.33701 

16.36%6 

24.78787 

18.92717 

19.1 1829 

21.85692 

22.84518 

35.96000 

23.22642 

21.88636 

DRE 

-5.83508 

-10.95018 

-4.00998 

-10.68426 

-2.80950 

-1.32662 

.36510 

-5.73148 

-8.56865 

-17.99146 

-.04033 

9.31490 

-1.75747 

,44931 

1.48351 

-9.49656 

2.77634 

10.00334 

.42853 

-7.63770 

-.75259 

1.70448 

21.18836 

-7.29806 

12.06916 

4.04799 

2.85858 

-10.79253 

17.06639 

9.66065 

-2.32291 

2.93039 

-1.42476 

sRE ' 
-.75561 

-1.41234 

-31620 

-1.38047 

-.34704 

-. 17303 

.03044 

-.74405 

-1.02365 

-1.59592 

-.OW5 

1.19355 

-.20782 

,05880 

.I9038 

-.72566 

.36685 

1.13630 

.0508 1 

-.85266 

-.09202 

.22348 

2.6931 1 

-.95442 

1.36385 

.46209 

.37033 

-1.39230 

2.16024 

1.23988 

-.I8141 

,38663 

-.I8882 

RES 

-5.30165 

-9.87013 

-3.60041 

-9.66446 

-2.32277 

-1.22279 

.I3750 

-5.23370 

-6.62615 

-7.67045 

-.02199 

8.28653 

-1.33151 

,41688 

1.32375 

-3.00449 

2.62641 

6.99366 

.32638 

-5.15775 

-.60966 

1.58765 

18.54715 

-6.76294 

8.35077 

2.8581 1 

2.59956 

-9.73213 

14.81596 

8.62227 

-.76767 

2.76396 

-1.35590 

SDR 

-.74920 

-1.44130 

-.SO878 

-1.40618 

-.34109 

-.I6976 

.02985 

-.73750 

-1.02464 

-1.64771 

-.MI397 

1.20382 

-.20395 

.05766 

.I8681 

-.71889 

.36066 

1.14297 

.04982 

-.84805 

-.09025 

.21935 

3.10997 

-.95272 

1.38794 

.45499 

.36410 

-1.41919 

2.33853 

1.25342 

;I7800 

,38022 

-.I8528 

Abl 

19,86005 

20.73793 

19.59523 

25.74082 

24.48667 

19.86577 

24.80830 

21.17492 

22.94919 

27.16206 

18.06254 

20.23167 

18.84547 

21.02393 

18.77235 

33.3293 1 

20.06441 

22.44508 

19.59146 

25.98164 

20.75509 

19.88487 

17.68451 

23.87213 

12.65128 

23.59799 

18.66815 

20.17869 

19.60648 

21.80679 

37.51523 

23.06000 

21.95522 

ZPR 

-.62775 

-.53638 

-.66663 

A6018 

.66129 

-.SO768 

.94704 

-.25524 

-. 16434 

-1.31335 

-.98148 

-.09446 

-.877% 

-. 15064 

-.73657 

1.44390 

-.38289 

1.06257 

-.52653 

.52385 

-.27316 

-.44155 

-.35217 

.47843 

-1.44337 

37862 

-.73793 

-.68522 

.07018 

.34277 

3.96023 

4 7 9 3  

.07830 

ZRE 

-.72024 

-1.34088 

-.48912 

-1.31294 

-.31555 

-.I6612 

.01868 

-.71101 

-.90018 

-1.04205 

-.00299 

1.12574 

-,I8089 

.05663 

.I7983 

-.40817 

.35680 

.95010 

.04434 

-.70069 

-.08282 

.21569 

2.51967 

-.91876 

1.13447 

.38828 

,35316 

-1.32213 

2.01278 

1.17135 

-.I0429 

.37549 

-.I8420 



SQRT (White Shrimp Harvest) 

Regression Standardized Residual 

Fig. 6.3.1. Exploratory Plots of SQRT (White Shrimp Harvest) Standardized Residual. 



Partid Residual Plot 

Fig. 6.3.2. Partial Residual Plots of SQRT (White Shrimp Harvest) vs. Square Root Inflows. 
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Residual Plot 
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Fig. 6.3.3. Residual Plots of SQRT (White Shrimp Harvest) vs. Square Root Inflows. 
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63.4 Prediction Intervals for SQRT (White Shrimp Harvest) 

SQRT-WSH SQRT (White Shrimp Harvest) 
LICI Lower limit for 99% prediction interval for SQRT (White Shrimp Harvest) 
UlCI Upper limit for 99% prediction interval for SQRT (White Shrimp Harvest) 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1 982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SQRT WSH 

14.0250 

9.7877 

15.5852 

15.0566 

21.6772 

18.5391 

25.1734 

15.4434 

14.3805 

9.1706 

I 8.0222 

29.5466 

17.0880 

2 1.4732 

20.2559 

23.8328 

22.8408 

32.4484 

20.0200 

18.3439 

20.0025 

21.5893 

38.8729 

16.5741 

24.7204 

27.6460 

2 1.5267 

9.3862 

36.6729 

3 1.4674 

35.1923 

25.9904 

20.5305 

LICI 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

o.ooooo 
0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0,00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

UICI 

40.69507 

4 1.09685 

40.65880 

46.12889 

46.15495 

41.00128 

5 1.0968 1 

42.00083 

43.66077 

42.49967 

42.71373 

42.81352 

41.21785 

42.23575 

40.45927 

53.37719 

41.21331 

48.78365 

42.45537 

47.04329 

42.92408 

41.14501 

42.01710 

44.52760 

39.76323 

48.05460 

40.28773 

40.55355 

43.61770 

44.37035 

62.38856 

44.25320 

42.82880 



63.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 

MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of f?eedom. 
Small values indicate a problem. 

COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 
W m  and n - p - I denominator degree of fieedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1%8 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
1.95565 
2.18657 
2.29871 
2.08466 
4.57414 
1.53492 

18.97891 
1.80947 
6.28463 

17.38748 
13.57999 
2.563 12 
6.78618 
1.34038 
2.47638 

20.90626 
.75834 

8.65807 
6.65869 
9.42067 
5.10787 
1.22360 
3.01924 
1.37666 
8.88918 
8.43654 
1.92988 
2.17439 
3.24993 
2.46985 

20.45496 
,84772 
.57697 

COO 
.00821 
.03118 
.OM33 
,02873 
.00361 
.00036 
.00022 
.00752 
.04388 
,48958 
.OOOOO 
.02526 
.00197 
. O O W  
.NO62 
.I6255 
.00110 
.07938 
,00012 
,04994 
.00028 
.NO53 
.I4755 
.01030 
.I1832 
.01270 
.00195 
,03017 
.I0126 
.02645 
.00952 
.00129 
.00026 

LEV ' 
.06111 
.06833 
.07183 
.065 15 
.I4294 
.04797 
.59309 
.05655 
.I9639 
A336 
.42437 
.08010 
.21207 
.04189 
.07739 
.65332 
.02370 
.27056 
,20808 
.29440 
.I5962 
.03824 
.09435 
,04302 
.27779 
.26364 
,06031 
.06795 
.I0156 
.07718 
.63922 
.02649 
.01803 

MAHA PV ' 
.9623 
,9488 
,9415 
,9550 
,7118 
.9811 
.0083 
,9696 
.5069 
.0151 
.0592 
.9223 
.45 15 
.9873 
,9289 
.0039 
.9978 
.2781 
.4653 
.2238 
.6468 
.9904 
.8832 
.9863 
,2607 
.2957 
.9636 
.9496 
.8610 
.9294 
.0047 
.9969 
.999 1 

COOK PV 
.OW0 
.woo 
.OOOO 
.OOOO 
.OM0 
.OOOO 
.OOOO 
.OOOO 
.OOO 1 
,1670 
.OW0 
.Ow0 
.OOOO 
.OOOO 
.OOOO 
,0096 
.OOOO 
.0010 
.0000 
.OOO2 
.OM0 
.ON0 
.0071 
.OOW 
.0036 
.OOOO 
.OOOO 
.WOO 
.0022 
.OW0 
.WOO 
.OOOO 
.ON0 



DFFITS Standardized dffits value 

SDFB-0 Standardized dtbeta for the intercept term 

SDFB-1 Standardized dtbeta for the Square Root January-February inflows 

SDFB-2 Standardized dfbeta for the Square Root March-April inflows 

SDFB-3 Standardized dfbeta for the Square Root May-June inflows 

SDFB-4 Standardized dfbeta for the Square Root July-August inflows 

SDFB-5 Standardized dfbeta for the Square Root September-Oaober inflows 

SDFB-6 Standardized dfbeta for the Square Root November-December inflows 

Items in bold are flagged if (sdffits( or Isdfbeq exceed 1.0 for a small data set or 24- for a large 

YEAR 

1%2 

1%3 

1%4 

1965 

1%6 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

data set. The cutoff used here is 1 

SDFB 0 

-.22242 

-.44888 

-.I6384 

-.I3502 

-.05632 

-.04496 

-.00573 

-. 18899 

.06307 

.48593 

,00024 

.04048 

.00742 

.00296 

.00869 

.39487 

.05529 

,06661 

-.00781 

.I0911 

-.00876 

.MI25 

.77396 

-.07942 

.I6813 

-.06823 

.09577 

-.42811 

,00557 

.21183 

.07173 

.02812 

-.02333 

SDFFIT 

-.23765 

-.47678 

-.I7160 

-.45678 

-.I5614 

-.04947 

.03840 

-.22744 

-.55478 

-1.91131 

-.00362 

.42408 

-.I1536 

,01608 

.06490 

-1.05674 

.08617 

.74980 

.02787 

-.58805 

44370 

.05950 

1.17360 

-.26799 

.92616 

.29357 

,11493 

-.46846 

,91140 

,43498 

-.25336 

.09330 

-.MI76 

SDFB 1 

-.02716 

-.04645 

-.00020 

-.I9652 

.07615 

-.00263 

.01636 

-.02399 

.07288 

-.20010 

.00141 

-.I 1833 

,04829 

.00110 

-.02084 

,31079 

-.01108 

-.52451 

.00374 

.I5771 

-.02676 

.01840 

.75469 

,12437 

.21426 

.I 1147 

,02960 

-.07109 

-.I9982 

-.20516 

-.I3780 

-.02532 

.01077 

SDFB 2 

.03900 

.03862 

,00923 

.06233 

-.03857 

.00340 

-.00556 

-.02713 

,20738 

-.I6239 

-.00021 

-.08161 

-.04915 

-.00761 

.01078 

-.49704 

-.01860 

.56962 

-.00193 

.08620 

,03450 

-.00941 

-.56134 

-.I3391 

48149 

-.I6358 

-.04511 

,06699 

.55387 

.29237 

-.05352 

.01571 

-.01364 

SDFB 5 

.04100 

,07531 

.01669 

.00974 

-.01038 

.00919 

.01617 

.00954 

.I9856 

.05239 

40287 

-.01815 

-.08298 

.00056 

.01270 

-.07697 

-.02143 

.43676 

.00002 

,01877 

.01981 

-.02101 

-.47315 

-.04079 

-.32865 

-.I8435 

-.03972 

.038% 

.I0654 

.I5307 

,08446 

-.01280 

.00189 

SDFB 6 

.02506 

.I1588 

.04201 

.I3764 

.05451 

.00659 

-.01039 

.08339 

-44703 

m.07512 

-.00005 

.01127 

.OM58 

.00197 

-.01466 

-.38821 

-.00060 

-.49332 

-.ooo67 

-.03050 

-.02897 

.ooo65 

.I5561 

.I2886 

.80727 

.I6169 

.02498 

.07777 

-.33806 

-.28820 

,04381 

-.01272 

.W52 

SDFB 3 

.09201 

.I7454 

.05946 

-.08168 

-.lo861 

.01854 

40243 

,10937 

-.24939 

.89133 

-.00043 

.30380 

,04967 

.00840 

-.00252 

.I3054 

.01863 

.28076 

-.00269 

-.511% 

.00117 

-.03292 

-.57451 

-.I0373 

-.I7433 

.I6168 

-.04606 

.22258 

-.34692 

-.00921 

.01885 

.04975 

,00460 

SDFB-4 

,09998 

.I9355 

.06892 

.20958 

.07313 

.01787 

.00028 

.073W 

.03039 

-1.78419 

.00032 

.03294 

-.03051 

-.00118 

.03917 

-.07924 

-.00769 

-. 15240 

,02409 

-.05503 

.01068 

-.00047 

-.35663 

.04048 

-.06731 

.02439 

-.04001 

.I7753 

.53076 

-.I2003 

-.00861 

-.02406 

.01161 
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6.4 Model 6: Logged and Square Root and Square Root AN Variables 

6.4.1 ANOVA aml Parameter Estimates 

Model 

a. Dependent Variable: Ln (White Shrimp Harvest) 

b. Method: Enter 

Durbin- 
Watson 

1.935 

c. Independent Variables: (Constant), SQRT (November-December Inflows), Ln (MayJune 
Inflows), SQRT (September-October Inflows). Ln (July-August Inflows), SQRT 
(January-February Inflows), SQRT (MarchApril Inflows) 

Std. Error 
of the 

Estimate 

,688677 

d. All requested variables entered. 

Model 
1 

R 

.528 

a. Dependent Variable: Ln (White Shrimp Harvest) 

b. Independent Variables: (Constant), SQRT (November-December Inflows), 
Ln (May-June Inflows), SQRT (September-October Inflows), Ln (July-August 
Inflows), SQRT (January-February Inflows), SQRT (March-April Inflows) 

Variables R 
Square 

,279 

Entered 
SQRT(Nov-Dec 
Inflows), 
Ln(May-Jun 
Inflows), 
SQRT(Sept-Oct 
Inflows). 
Ln(Jul-Aug 
Inflows). 
SQRT(Jan-Feb 
Inflows), 
SQRT(v$r-Apr 
Inflows) 

Sig. 
.167b 

Adjusted 
R 

Square 

,113 

Removed 

F 
1.677 

df 
6 

26 
32 

Sum of 
Squares 

4.771 
12.331 
17.102 

Model 
Mean 

Square 
,795 
,474 

1 Regression 
Residual 
Total 



a. Dependent Variable: Ln Wte Shrimp Harvest) 

Parameter Estimates 

Variable DF 

INTERCEP 1 

SQRT-QJF 1 

SQRT-QMA 1 

LN-QM J 1 

LN-Q JA 1 

SQRT-QSO 1 

SQRT-QND 1 

Parameter 
Estimate 

Standard T for 80: 
Error Parameter-0 Prob > IT1 

Variance 
Inflation 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQRT-QJF SQRT-QMA LN-QMJ LN-QJA SQRT-QSO SQRT-QND 



6.43 Diagnostics 

Summary Znfonnntion 

Residuals Statistid 

a. Dependent Variable: Ln (White Shrimp H a ~ e ~ t )  



Case Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
ZPR %score of the predicted value of harvest 
ZRE Z-score of the residual 
SRE Studentid residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
This is flagged if it exceeds tg2,. = tZ5,0.0~ = 2.485 

SDR 

-.49124 

-1.7023 1 

-.07183 

-1.56602 

-.38148 

.20262 

.23171 

-.41071 

-1.44315 

-2.10146 

-.22212 

.91162 

.I4937 

-.GO239 

.I9954 

-.57199 

.38111 

.88444 

-.05304 

-.87124 

-.I4869 

50853 

2.69323 

-.99092 

1.54369 

.30589 

.80919 

-1.61176 

2.00334 

1.16030 

46844 

.34286 

- .MI4 

ZPR 

-1.07941 

-1.02254 

-1.24848 

,96806 

.95548 

-.82524 

.85484 

-,70750 

.42942 

-1.45337 

-.32059 

.40672 

-1.11742 

.29355 

-.35302 

1.41199 

-.05875 

1.09692 

.01445 

.89175 

.I6141 

-.74172 

-.66093 

.64213 

-1.21946 

1.12074 

-1.07748 

-1.41618 

-.03552 

.33125 

2.91839 

.67686 

.I6364 

YEAR 

1%2 

1%3 

1%4 

1965 

1966 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

RES 

-.32339 

-1.06477 

-.a714 

-.97205 

-.23830 

.I3655 

.09%2 

-.27431 

-.85594 

-1.02867 

-.I1487 

.59302 

.08636 

-.00161 

.I3133 

-.22497 

.25791 

.51387 

-.03399 

-.54761 

-.09249 

.a893 

1.55393 

-.65414 

,86427 

.I8433 

.53277 

-.!I9656 

1.19592 

,74813 

-.02711 

.23222 

-.a124 

PRE 

5.60507 

5.62703 

5.53979 

6.39568 

6.39082 

5.70322 

6.351% 

5.74868 

6.18769 

5.46067 

5.89808 

6.17892 

5.59040 

6.13522 

5.88556 

6.56709 

5.99919 

6.44543 

6.02745 

6.36621 

6.08420 

5.73547 

5.76666 

6.26982 

5.55100 

6.45463 

5.60582 

5.47504 

6.00815 

6.14978 

7.14877 

6.28323 

6.08506 

ZRE 

-46959 

-1.5461 1 

-.06845 

-1.41147 

-.34602 

.I9828 

.I4465 

-.39832 

-1.24287 

-1.49369 

-.I6680 

.86109 

.I2540 

-.00234 

.I9070 

-.32667 

.37450 

.74617 

44935 

-.79516 

-.I3429 

.59380 

2.25640 

-.94985 

1.25497 

.26766 

.77362 

-1.44707 

1.73655 

1.08632 

-.03936 

.33720 

-.05988 

sRE ' 
-.49857 

-1.64339 

-.07325 

-1.52403 

-.38790 

.20646 

.23605 

-.41743 

-1.41401 

-1.97567 

-.22630 

.9 1460 

.I5226 

-.00244 

.20333 

-.57954 

.38754 

.88816 

-.05409 

-.87531 

-.I5157 

,61604 

2.41808 

-99127 

1.50420 

.31136 

.81462 

-1.56441 

1.89645 

1.15265 

46979 

.34883 

-.MI33 

DRE 

-.36455 

-1 20297 

-.05398 

-1.13326 

-.29947 

.I4805 

.26527 

-.30127 

-1.10789 

-1.79%4 

-.21143 

.66900 

.I2732 

40175 

.I4931 

-.70806 

.27618 

.72805 

-.04082 

-.66356 

-.I1780 

. M I 4  

1.78461 

-.71243 

1.24164 

.24944 

.59074 

-1.16473 

1.42630 

.84227 

-.08522 

.24852 

-.04325 

ADJ 

5.64623 

5.76523 

5.54663 

6.55689 

6.45199 

5.69172 

6.1863 1 

5.77564 

6.43%4 

6.23165 

5.99464 

6.10294 

5.54943 

6.13537 

5.86758 

7.05018 

5.98091 

6.23125 

6.03429 

6.48216 

6.10952 

5.70426 

5.53599 

6.32810 

5.17362 

6.38952 

5.54785 

5.64320 

5.77777 

6.05564 

7.20687 

6.26693 

6.08707 



Ln (White Shrimp Harvest) 

Regression Standarized Residual 
8 

6 

4 

2 

Std. Dcv = .XI 
Mta = 0.00 

L 0 N = 33.00 

-1.50 -1.00 -.50 0.00 .50 1.00 1.50 2.00 

Nonnal P-P Plot o f  Residual 
1.00- 

.75' 

.50- 

ObscrvedCumRob 

Fig. 6.4.1. Exploratory Plots of Ln (White Shrimp Harvest) Standardized Residual. 
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Fig. 6.4.2. Partial Residual Plots of Ln (White Shrimp Hawest) vs. Logged and Square Root Inflows. 
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Fig. 6.4.3. Residual Plots of Ln (White Shrimp Harvest) vs. Logged and Square Root Inflows. 
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6.4.4 Prediction Intervals for Ln (White Shrimp Harvest) 

Ln-WSH Ln (White Shrimp Harvest) 
LICI Lower limit for 99% prediction interval for Ln (White Shrimp Harvest) 
UlCI Upper limit for 99% prediction interval for Ln (White Shrimp Harvest) 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1%9 

1970 

1971 

1 9 n  

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Ln WSH 

5.2817 

4.5623 

5.4926 

5.4236 

6.1525 

5.8398 

6.4516 

5.4744 

5.3318 

4.4320 

5.7832 

6.7719 

5.6768 

6.1336 

6.0169 

6.3421 

6.2571 

6.9593 

5.9935 

5.8186 

5.9917 

6.1444 

7.3206 

5.6157 

6.4153 

6.6390 

6.1386 

4.4785 

7.2041 

6.8979 

7.1217 

6.5155 

6.0438 

LICI 

3.58631 

3.60647 

3.50859 

4.35045 

4.29080 

3.71664 

3.91295 

3.75125 

4.06759 

3.17357 

3.58843 

4.15953 

3.39034 

4.14403 

3.85999 

4.08506 

4.02326 

4.26844 

3.95981 

4.29210 

3.97492 

3.75515 

3.73311 

4.27945 

3.36582 

4.30570 

3.60048 

3.42791 

3.94575 

4.13203 

4.66702 

4.30784 

4.12741 

UICI 

7.62384 

7.64760 

7.57099 

8.44090 

8.49083 

7.68979 

8.79097 

7.7461 1 

8.30778 

7.74777 

8.20773 

8.19831 

7.79045 

8.12642 

7.911 13 

9.04913 

7.9751 1 

8.62243 

8.09509 

8.4403 1 

8.19348 

7.71578 

7.80022 

8.26020 

7.73617 

8.60356 

7.61 115 

7.52216 

8.07056 

8.16753 

9.6305 1 

8.25862 

8.04271 



6.4.5 Outlier and Influential Point Detection 

Cdculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalawbis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 

MAHA-PV = 1 - F(MAH), wherc F is the CDF of a Chi-Square variable with p + 1 degrees of *. 
Small values indicate a problem. 

COOK-PV = F(COO), where F is the CDF of an F-ratio nindom variable with p + 1 numerator degree of 
W o r n  and n - p - 1 denominator degree of freedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

COOK PV ' 
.OOOO 
.0002 
.0000 
.0003 
.OW0 
.OM0 
.OOOO 
.WOO 
.0012 
.I181 
.WOO 
.0000 
.OOOO 
.0000 
.OOOO 
.0024 
.OD00 
,0002 
.ooOo 
.0000 
.0000 
.0000 
. W 2  
.OOOO 
.0063 
.OOOO 
.OOOO 
.OW 
.0021 
.0000 
.0000 
.OOOO 
.OOOO 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

COO 
.00452 
.05007 
.00011 
.05503 
.00552. 
.00051 
,01324 
.00245 
.OM08 
.41793 
.00615 
.01531 
.00157 
.00000 
.OW81 
.lo303 
.00152 
44697 
.00008 
.02318 
.00090 
.W14 
.I2400 
.01251 
.I4114 
.OM89 
.01032 
.05900 
.09898 
.02388 
.00149 
.00122 
.MOO3 

MAH 
2.64276 
2.70643 
3.08306 
3.58250 
5.56720 
1.51621 
19.01304 
1.89422 
6.30760 
12.73928 
13.64497 
2.66472 
9.32605 
1.67684 
2.88326 
20.86309 
1.14750 
8.44422 
4.38821 
4.62201 
5.90797 
1.29929 
3.16661 
1.64816 
8.75613 
7.38316 
2.17050 
3.65055 
4.19909 
2.60689 
20.85040 
1.12889 
.51921 

LEV ' 
.08259 
.08458 
.09635 
.I1195 
.I7398 
.04738 
.59416 
.05919 
.I9711 
.39810 
.42641 
.08327 
.29144 
.05240 
.OW10 
.65197 
.03586 
.26388 
.I3713 
.I4444 
.I8462 
.a060 
.09896 
.05151 
.27363 
.23072 
.06783 
.I1408 
.I3122 
.08147 
.65158 
.03528 
.01623 

MAHA PV ' 
.9160 
.9108 
.8772 
.8264 
.5911 
.9817 
.0081 
.%55 
.5043 
.0787 
.0579 
.9142 
.2301 
.9755 
.8956 
.O040 
.992 1 
.295 1 
.7341 
.7060 
.5505 
.9885 
.8692 
.9767 
.2706 
.3W1 
.9498 
.8190 
.7566 
.9188 
.O040 
.9925 
.9994 



DFFlTS Standardized dffits value 

SDFB-0 Stan* dfbeta for the intercept tenn 

SDFB-1 Standardired dfbeta for the Square Root January-February inflows 

SDFB-2 Standardized dfbeta for the Square Root M d - A p r i l  inflows 

SDFB-3 Standardized dfbeta for the Logged May-June inflows 

SDFB-4 Standardized dlWa for the Logged July-August inflows 

SDFB-5 Standardized dfbeta for the Square Rmt September-odobet inflows 

SDFB-6 Standardid dfbela for the Square Root November-December inflows 

It- in bold are flagged if (sdffitsl or lsdfbetal exceed 1.0 for a small data set or 2 J m  for a large 

data set. The cutoff used here is 1. 

YEAR 

1%2 

1%3 

1%4 

1%5 

1%6 

1%7 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 4 

,07629 

.245 18 

.00886 

.42278 

.I1400 

-.01884 

.00768 

.03983 

-.MI25 

-1.63023 

.02489 

.04246 

.05102 

.00000 

.04357 

.04021 

.00375 

-.I2951 

-.01768 

-.07104 

.03188 

.05637 

-.45990 

.01480 

-.00688 

.03678 

-.08282 

.I7245 

.62085 

-.I4066 

-.01136 

-.01556 

.00356 

SDFFIT 

-. 17524 

-51328 

-.02735 

-.63775 

-. 19328 

.05880 

.29879 

-.I2876 

r78298 

-1.81930 

-.20365 

.32631 

.lo288 

-.00072 

.07383 

-33819 

.I0144 

.57099 

-.02379 

-.4O090 

-.07780 

.I681 1 

1.03767 

-.29578 

1.02005 

.18 180 

.26692 

-.66209 

.a7928 

.41159 

-.I0021 

.09083 

-.01329 

SDFB 5 

.01764 

.05694 

,00070 

.03219 

-.00016 

-.00800 

.I2732 

40212 

.30859 

.01078 

-.I5788 

-.03662 

.06919 

.00002 

.01159 

-.06547 

-.02688 

.31821 

.OOO96 

.04814 

.03454 

-.a760 

-.36600 

-.02947 

-.34069 

-.I2783 

-.07343 

-.00500 

.lo656 

,13620 

.03153 

-.01664 

.OOO77 

SDFB 6 

,02298 

.I5644 

.00673 

.I8975 

.07084 

-.00873 

-.07958 

.04855 

-.63504 

-.I4304 

-.00052 

.01234 

.00112 

-.Oil009 

-.01227 

-.29560 

.00228 

-.38781 

-.00001 

-.02361 

44617 

.01040 

.lo072 

,12993 

.8%12 

.lo772 

.04997 

.lo777 

-.23748 

-.27186 

.01600 

-.01103 

.00141 

SDFB 0 

-. 16470 

-.56755 

-.02497 

-.22150 

-.04896 

.05063 

-.02572 

-.lo869 

.22615 

,45444 

.005 14 

-.OM38 

-.01152 

.00011 

-.01725 

.I2521 

. W 3  

.02390 

.01120 

.I7437 

-.01708 

.06563 

.79726 

.01182 

.I6593 

-.07224 

22135 

48693 

-.23123 

.I5187 

.02016 

-.00369 

-.00450 

SDFB 1 

-.01470 

-.04265 

.00001 

-.22081 

.07487 

.00050 

.I2947 

-.00646 

.06108 

-.I3429 

.07836 

-.06360 

44124 

-.00008 

-.02580 

.26779 

-.01544 

-.38493 

-.00293 

.0573 1 

-44256 

.03957 

.59401 

.I2906 

.21692 

.09471 

.05888 

-.08744 

-.235% 

-.21319 

-.05571 

-.02089 

.00462 

SDFB 2 

.OD34 

.03554 

.00019 

.I4432 

-.02179 

-.00285 

-.03910 

-.01785 

.29779 

-.31377 

-.00745 

-.07362 

.04867 

.00034 

.01242 

-.37603 

-.02318 

.&I7 

.00224 

.08347 

.06260 

-.00794 

-.49892 

-.I2508 

-.60793 

-.I0399 

-49112 

.03458 

.53941 

.24202 

-.02355 

.00829 

-.00366 

SDFB 3 

.05773 

.I9842 

.01113 

-.30112 

-. 14450 

-.01800 

-.02253 

.05128 

-.29482 

1.23931 

-.02692 

.20123 

-.06005 

-.00038 

-.00002 

.06458 

.04030 

.20348 

.00107 

-.27225 

-.02187 

-.09990 

-.26168 

-.I3401 

-.I7546 

.MI71 

-.09834 

.37035 

-.34115 

.09170 

.01458 

.05552 

-.00282 
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Fig. 6.4.4. Standardized DFFIT vs. Standardized DFBETA. 
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6.5 Model 8: Variables Transformed According to the Box-Cox Analysis 

6.5.1 ANOVA and Parameter Estimates 

Model Summa+b 

a. Dependent Variable: (White Shrimp Harverst)%.2 

b. Method: Enter 

c. lndependent Variables: (Constant), (November-Decarnber Inflows)" -0.3, (July-August 
Inflows)" -0.2, (May-June Inflows)" 0.1, (March-April Inflows)" -0.5. (September-October 
Inflows)" -0.3, (January-February Inflows)" -0.3 

d. All requested variables entered. 

Model 
1 

Std. Error 
of the 

Estimate 

.463162 

a. Dependent Variable: (White Shrimp Harverst)'Y).2 

b. lndependent Variables: (Constant), (November-December Inflows)" -0.3, 

Durbin- 
Watson 

1.944 

( ~ u l ~ - ~ u ~ u s t  Inflows)A -0.2, ( ~ a ~ - ~ u n e  Inflows)" 0.1, (March-April Inflows)A 
-0.5, (September-October Inflows)" -0.3, (January-February Inflows)" -0.3 

Variables 
R 

,498 

Entered 
(Nov-Dec 
Inflows)" -0.3, 
(Jul-Aug 
Inflows)" -0.2, 
(May-Jun 
Inflows)" 0.1, 
(Mar-Apr 
Inflows)" -0.5, 
(Sept-Oct 
Inflows)" -0.3, 
(Jan-Feb 
Inflows)A -O.gd 

F 
1.430 

Model 

Removed 

Sig. 
.24 1 

Sum of 
Squares 

1.840 
5.577 
7.417 

1 

R 
Square 

,248 

Regression 
Residual 
Total 

Adjusted 
R 

Square 

.075 

df 
6 

26 
32 

Mean 
Square 

,307 
,215 



a. Dependent Variable: (White Shrimp Har~erst)~O.2 

Parameter Estimates 

Model 

Variable DF 

1 

INTERCEP 1 

(QJF-Lag)-0.3 1 

( Q H A - L ~ ~ ) - ~ . ~  1 

( Q M J - L ~ ~ )  1 

(QJA-Lag) -'.' 1 

(QSO-~ag) -0'3 1 

(QND-Lag) -0.3 1 

(Constant) 
(January-February 
Inflows)' -0.3 
(March-April Inflows)" -0.5 
(May-June Inflows)" 0.1 
(July-August infkws~)~ -0.2 
(September-October 
Inflows)A -0.3 
(Nwamber-December 
Inflows)" -0.3 

Eigen Cond 
# value Index 

t 
2.204 

-.461 

-472 
1 .I37 
-. 120 

.479 

.024 

Standar 
died 

Coeffiiie 
nts 

Beta 

-.161 

-.225 
,276 

-.024 

,127 

,007 

Unstandardbed 
Coefficients 

Parameter 
Estimdte 

B 
2.894 

-.608 

-1.021 
,579 

-9.5E-02 

,476 

2.5E-02 

Standard T for HO: 
ESror Parameter-0 

Sig. 
.037 

,649 

,391 
.266 
,905 

.636 

.981 

Std. Ermr 
1.313 

1.319 

1.172 
.509 
.793 

,994 

1.054 

Prob > IT I 

Collinearity Diagnostics(intercept adjusted) 

95% Confdence 
Interval for B 

Variance 
Inflation 

Lower 
Bound 

.I94 

-3.319 

-3.430 
-A68 

-1.725 

-1.566 

-2.142 

Var Prop Var Prop Var Var Pro%.z Var Prop Vat Prop 
(QJF-Lag) -0'3 (QMA-Lag) -'.' (WJ-Lag) (QJA-Lag) (QSO-Lag1 -0.3 (QND-Lag)-0.3 

Upper 
Bound 

5.593 

2.103 

1.387 
1.626 
1.535 

2.519 

2.192 



6.53 Residuals Dingnostics 

Summary Infunnation 

Residuals Statlstid 

a. Dependent Variable: (White Shrimp Harverst)%.P 



Case Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; o h e d  minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
ZPR Zscore of the predicted value of harvest 
ZRE Zscore of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
' This is flagged if it exceeds b,t,. = t2J,0.0L = 2.485 

YEAR 

1962 

1963 

1%4 

1%5 

1%6 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

sRE ' 
-.39637 

-1.46174 

.08341 

-1.49142 

-.41508 

.08676 

-.03437 

-.59701 

-1.6291 1 

-1.87259 

-.48986 

1.25328 

-.SO658 

.08992 

.78265 

-.23871 

SO799 

1 .I8596 

-.01643 

40218 

-.24094 

.28194 

2.60269 

-1.09533 

1.26729 

-.01956 

.79262 

-1.23256 

1.77416 

1.25196 

.62668 

.22604 

-.24303 

SDR 

-.38985 

-1.49615 

.08 180 

-1.52933 

-.40838 

.08509 

-.03370 

-.58947 

-1.68583 

-1.97417 

-.48257 

1.26784 

-.49921 

.08819 

.77666 

-.23433 

SO061 

1 .I9572 

-.01611 

-.7%52 

-.23652 

.27689 

2.%789 

-1.09973 

1.28293 

-.01918 

.78679 

-1.24526 

1.85565 

1.26641 

.61920 

.22187 

-.23858 

PRE 

3.04790 

3.09714 

2.96525 

3.58552 

3.58386 

3.17731 

3.64764 

3.24442 

3.55840 

3.13518 

3.385 16 

3.34372 

3.28851 

3.37163 

3.04619 

3.64515 

3.27712 

3.57423 

3.32210 

3.53444 

3.41777 

3.29642 

3.22567 

3.55850 

3.10682 

3.78026 

3.07244 

2.97038 

3.52338 

3.44533 

3.90546 

3.57979 

3.45699 

ADJ 

3.07166 

3.24590 

2.95650 

3.71977 

3.65265 

3.17302 

3.65241 

3.28793 

3.77578 

3.48765 

3.42921 

3.23944 

3.42461 

3.36487 

2.87055 

3.69122 

3.24157 

3.34899 

3,32494 

3.61684 

3.43534 

3.27645 

3.00035 

3.60621 

2.91971 

3.78356 

3.01820 

3.07414 

3.26057 

3.33632 

3.81758 

3.57198 

3.46704 

RES 

-.I7209 

-.60671 

.03450 

-.62690 

-.I6091 

.03810 

-.01371 

-.25561 

-.65364 

-.70880 

-.20593 

.53067 

-.I7625 

.03841 

.28516 

-.08990 

.21817 

.44809 

-.00632 

-.33262 

-.I0316 

.I2098 

1.09806 

-.48402 

.SO081 

-.00755 

.34099 

-52135 

.70076 

.52791 

.24962 

.I0086 

-.I0765 

ZPR 

-1.33822 

-1 .I3289 

-1.68291 

,90386 

A9693 

-.79856 

1.16291 

-.51868 

.79073 

-.97423 

.06829 

-.I0457 

-.33478 

.01185 

-1.34537 

1.15250 

-.38228 

35676 

-.I9472 

.69080 

.20428 

-.30182 

49686 

.79116 

-1.09250 

1.71596 

-1.23587 

-1.66150 

.64469 

.31918 

2.23809 

A7995 

,36783 

DRE 

-.I9585 

-.75548 

.04325 

-.76114 

-.22969 

.04238 

-.01848 

-.29912 

-.a7102 

-1.06127 

-.24997 

.63495 

-.31234 

.04516 

.46080 

-.I3597 

.25373 

.67334 

-.00916 

-.41502 

-.I2072 

.I4095 

1.32338 

-.53 173 

.68792 

-.01086 

.39523 

-.62511 

.96357 

.63692 

.33750 

.I0867 

-.I1769 

ZRE 

-.37155 

-1.30994 

.07450 

-1.35352 

-.34742 

.08226 

-.02960 

-.55188 

-1.41 125 

-1.53035 

-A4461 

1.14575 

-.38054 

.08292 

.61569 

-.I9410 

.47105 

.96747 

-.01365 

-.71814 

-.22272 

.26121 

2.37079 

-1.04504 

1.08129 

-.01631 

.73622 

-1.12562 

1.51299 

1.13980 

53895 

,21777 

-.23242 



(White Shrimp Harverst)/u).2 

Regression Standardized Residual 
12 

10 

8 

6 

4 

R 
$ 

Std. Dev = .90 
Mtan = 0.0 

I2 0 N = 33.00 
-1.5 -1.0 -.5 0.0 .5 1.0 1.5 2.0 2.5 

Normal P-P Plot of Residual 
1.00. 

.75 ' 

ObservedCumPrOb 

Fig. 6.5.1. Exploratory Plots of (White Shrimp Harvest) 0'2 Standardized Residual. 
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Fig. 6.5.2. Partial Residual Plots of (White Shrimp ~arvest) vs. Box-Cox Transformed Inflows. 
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Residual Plot 
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Fig. 6.5.3. Residual Plots of (White Shrimp ~arvest) vs. Box-Cox Transformed Inflows. 
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6.5.4 Prediction Intervals for (White Shrimp Harvest) 0.2 

BOX-WSH m i t e  shrimp w e s t )  O.' 

LICI Lower limit for 9% prediction interval for (White Shrimp Harvest) 0.2 
UICI Upper limit for 99% prediction interval for (White Shrimp Harvest) 0'2 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1 986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Box WSH 

2.8758 

2.4904 

2.9998 

2.9586 

3.4230 

3.2154 

3.6339 

2.9888 

2.9048 

2.4264 

3.1792 

3.8744 

3.1123 

3.4100 

3.3314 

3.5552 

3.4953 

4.0223 

3.3158 

3.2018 

3.3146 

3.4174 

4.3237 

3.0745 

3.6076 

3.7727 

3.4134 

2.4490 

4.224 1 

3.9732 

4.1551 

3.6807 

3.3493 

LICI 

1.68506 

1.68912 

1.55407 

2.18964 

2.1 1677 

1.82685 

2.2041 1 

1.86699 

2.11974 

1.64976 

1.98938 

1.95505 

1.74642 

1.99170 

1.53368 

2.15600 

1.9029 1 

2.08748 

1.84900 

2.12546 

2.04033 

1.92129 

1.83342 

2.21501 

1.65531 

2.31038 

1.69997 

1.58067 

2.07144 

2.05255 

2.46059 

2.24734 

2.1 1620 

UICI 

4.41074 

4.50515 

4.37643 

4.98141 

5.05096 

4.52776 

5.09118 

4.62184 

4.99705 

4.62060 

4.78095 

4.73238 

4.83061 

4.75157 

4.55869 

5.13429 

4.65134 

5.06099 

4.79520 

4.94342 

4.79522 

4.67154 

4.61792 

4.90199 

4.55833 

5.25014 

4.44492 

4.36009 

4.97532 

4.8381 1 

5.35033 

4.91225 

4.79778 



6.5.5 Outlier and Influentiel Point Detection 

Calculated Quaniities 

MAH Mahalonobis distance 
COO W s  distance 
LEV Levcrage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it ex& (2ptl)ln or 0.5, whichever is smaller. 

MAHA-PV = 1 - F o ,  where F is the CDF of a Chi-Square variable with p + 1 degrees of fieedom. 
Small values indicate a problem. 

COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 
fiecdom and n - p - 1 denominator degree of fieedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
2.91291 
5.33154 
5.50377 
4.67429 
8.61286 
2.26370 
7.28840 
3.68515 
7.01663 
9.65821 
4.66880 
4.28573 
12.97310 
3.81904 
11.22712 
9.87247 
3.51466 
9.73492 
8.95398 
5.38390 
3.68618 
3.56281 
4.47862 
1.90142 
7.73416 
8.77121 
3.42229 
4.34191 
7.75822 
4.50703 
7.36269 
1.33101 
1.76128 

COO 
.00310 
.07484 
.OM25 
.06805 
.01052 
.00012 
.00006 
.00867 
.I2609 
.24911 
.00733 
.W09 
.02831 
.OM20 
.05390 
.OM17 
.0060 1 
.I0100 
.OW02 
.02277 
.00141 
.00187 
.I9857 
.01689 
.08572 
,00002 
.01428 
.a319 
,16864 
,04624 
.01975 
.Om57 
.OM79 

LEV ' 
.09103 
.I6661 
.I7199 
.I4607 
.26915 
.07074 
.22776 
.I1516 
.2 1927 
.30182 
.I4590 
.I3393 
.40541 
.I  1934 
.35085 
.30851 
.lo983 
.30422 
.27981 
.I6825 
.I1519 
.I1134 
.I3996 
.05942 
.24169 
.27410 
.lo695 
.I3568 
.24244 
.I4084 
.23008 
.04159 
.05504 

MAHA PV 
.8929 
.6196 
,5987 
.6996 
.2817 
.9438 
.3995 
.8152 
.4272 
.2088 
.7003 
.7463 
.on8  
.8004 
.I290 
.I959 
,8337 
.2041 
.2560 
.6132 
.8151 
.8285 
.7233 
.965 1 
.3566 
.2695 
.8434 
.7397 
.3544 
.7199 
.3921 
.9876 
.9719 

COOK PV3 
.OOOO 
.0008 
.0000 
.OW6 
.OOOO 
.OOOO 
.OOW 
.0000 
.OW 
.0323 
.OW0 
.0001 
.oooo 
.OOOO 
.OW3 
.OW0 
.OOOO 
.0022 
.0000 
.OOOO 
.OW0 
.OM0 
.0171 
.OOOO 
.0013 
.0000 
.OOOO 
.0001 
.0107 
.0002 
.MOO 
.WOO 
.0000 



DFFITS Standardized dffits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-I Standardized dfbeta for the (January-February inflows) 

109 

SDFB-2 Standardized dfbeta for the (March-April inflows) "" 

SDFB 6 

.WRO 

-.24591 

.00586 

-.41463 

-.01494 

-.OW728 

-.01032 

-.I5582 

.76%9 

-.00677 

.06682 

-.07933 

.OR63 

.00249 

.05573 

.05218 

-.08672 

.45194 

-.0056l 

.01791 

.02373 

-.018% 

.34331 

-.09208 

46644 

.00511 

-. 15956 

-.I7312 

-.00969 

,33280 

.02559 

-.01334 

.02804 

SDFB-3 Standardized dfbeta for the (May-June inflows) 

YEAR 

1%2 

1%3 

1%4 

1%5 

1%6 

1%7 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB-4 Standardized dfbeta for the (July-August inflows) 

SDFB-5 Standardized dfbeta for the (September-October inflows) 

SDFB-6 Standardized dfbeta for the (November-December inflows) 4'3 

Items in bold are flagged if (sdffits or (sdfbetd exceed 1.0 for a small data set or 24- for a large 

SDFB 0 

.02306 

.I4293 

-.01387 

,10895 

.I8422 

-.00054 

-.00478 

-.08854 

,08372 

-1.08441 

,01996 

-.27929 

-.33482 

-.00593 

-.I3554 

.02845 

-.08508 

-. 10526 

-.00191 

.I9846 

.01314 

.06239 

.34427 

-.00891 

.I4356 

.00058 

.00368 

-.07614 

.64031 

.03520 

.02%7 

-.00446 

-.01763 

SDFFIT 

-. 14487 

-.74085 

.MI19 

-.70771 

-.26700 

,02853 

-.01988 

-.24321 

-.97221 

-139215 

-.223 18 

.56202 

-.43866 

.03700 

.60952 

-. 16775 

.20210 

.84776 

-.01080 

-.39645 

49760 

.I 1248 

134441 

-.34526 

.78418 

-.O 1269 

,31381 

-.55567 

1.13641 

,57547 

.36740 

.MI75 

-.07288 

data set. The cutoff used here is 1. 

SDFB 1 

-.00663 

,25758 

,00412 

.29625 

-.06296 

.00378 

.01166 

,08166 

-.63549 

,21700 

-.04046 

.I4299 

-.I5341 

-.01076 

,38616 

-.04586 

.05462 

.3 1547 

.00599 

-.04398 

.03069 

-.04070 

-.87067 

-.05949 

.23882 

.00438 

.01951 

.@I25 

-.I0431 

.I3188 

-.20969 

.00884 

-.03391 

SDFB 2 

-.04371 

-.20374 

.00945 

,00735 

.03565 

.OW35 

-.00180 

.07697 

.I9262 

.l9770 

-.07018 

.26132 

.25652 

.02444 

-.a224 

,045 15 

.07521 

-A478 

-.00434 

-.I4896 

-.05514 

-.00317 

.48297 

.21464 

.23655 

40339 

.I4087 

-.I3134 

- . a 2 3  

-.41595 

-.02568 

-.02109 

.04490 

SDFB-3 

.01543 

,03213 

,00242 

-.I1565 

-.I7253 

-.OM57 

.MI28 

.I2980 

-.25015 

,95106 

-.04375 

.35272 

.30090 

.01190 

.I2463 

-.02479 

.09308 

.I0081 

.OOO47 

-.28248 

-.01875 

-.05908 

-.49488 

-.03288 

-.I3739 

-.00383 

-.04796 

.21526 

-.SO135 

-.07609 

.04353 

.01625 

.01333 

SDFB 4 

-.07172 

-.27694 

.O 1754 

-.32054 

-.I1776 

.00563 

.00249 

-.02000 

.OW24 

130611 

-.04742 

-.Dl242 

.22834 

-.00146 

-.08815 

-.09796 

-.00447 

.I 1500 

.00437 

.02768 

-.04091 

-.05059 

.38359 

.073% 

.02980 

.00314 

.08391 

-. 17843 

-.75695 

.05438 

-.00784 

-.00848 

,00702 

SDFB 5 

-.01561 

-.29245 

.00739 

.20245 

-.09925 

.01279 

. M I  

.04117 

-.OR73 

-.07287 

.I0122 

-.03966 

.23468 

-.00607 

-.32238 

,01787 

.09720 

-56335 

.00161 

.00264 

-.00451 

.06632 

. ,08404 

.00681 

-.06853 

-.00950 

.08726 

,15117 

.41451 

-.26797 

.I7452 

,02158 

-.00197 
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Fig. 6.5.4. Standardized DFFIT vs. Standardized DFBETA. 



7. Examining Subsets of the Data 

7.1 Model 2: Logged Idlows 

7.1.1 Logged Inflows: 1984 Omitted 

N = 32 Regression Models for Dependent Variable: WHITE 

R-square Ad j C (p) A I C  MSE SBC Variables in Model 
In Rsq 

1 0.271324 0.247035 2.3197 362.1 77381 365.1 LN-QMA 

1 0.204430 0.177911 5.1031 365.0 84485 367.9 L W M J  

1 0.110543 0.080895 9.0097 368.5 94455 371.5 LN-QJF 

1 0.020696 -.011947 12.7482 371.6 103996 374.5 LN-QND 

2 0.342398 0.297047 1.3624 360.9 72241 365.3 LN-QMA LN-QJA 

2 0.326360 0.279902 2.0297 361.6 74003 366.0 LN-QUA LN-QMJ 

2 0.301338 0.253154 3.0709 362.8 76752 367.2 LN-QMA LN-QND 

2 0.286309 0.237089 3.6962 363.5 78403 367.9 LN-QMA LN-QSO 

.......................................................................... 
3 0.367685 0.299937 2.3102 361.6 71944 367.5 LN-QMA LN-QMJ LN-QSO 

3 0.367450 0.299677 2.3200 361.6 71971 367.5 LN-QMA LN-QMJ LN-QND 

3 0.365393 0.297400 2.4056 361.7 72205 367.6 LN-QMA LN-QJA LN-QND 

3 0.360038 0.291471 2.6284 362.0 72814 367.9 LN-Ql474 LN-QJA LN-QSO 

................................................................................. 
4 0.391012 0.300792 3.3396 362.4 71856 369.7 L N Q M A  LN-QMJ LN-QJA LN-QSO 

4 0.388904 0.298371 3.4273 362.5 72105 369.8 LN-QMA L V M J  LN-QJA LN-QND 

4 0.377420 0.285186 3.9051 363.1 73460 370.4 LN-QMA LN-QMJ LN-QSO LN-QND 

4 0.368007 0.274378 4.2968 363.6 74571 370.9 LN-QJF LN-QMA LN-QMJ LN-QJA 

........................................................................................ 
5 0.397903 0.282115 5.0529 364.0 73776 372.8 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.391214 0.274140 5.3312 364.4 74595 373.2 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.389002 0.271502 5.4233 364.5 74866 373.3 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.378764 0.259296 5.8492 365.0 76121 373.8 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

.............................................................................................. 
6 0.399174 0.254975 7.0000 366.0 76565 376.2 LN-QJF LN-QMA LN-QMJ IAN-QJA LN-QSO 

LN-QND 

............................................................................................... 



Parameter Estimates 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter=O Prob > IT1 Inflation 

INTERCEP 1 -156.883885 250.15329935 -0.627 0.5362 0.00000000 

LN-Q JF 1 19.991291 86.93992026 0.230 0.8200 3.65891814 

LN-QMA 1 167.266709 76.74859172 2.179 0.0389 2.49065081 

LN-QM J 1 47.232038 45.46451922 1.039 0.3088 1.94578186 

LN-Q JA 1 41.794820 45.35356610 0.922 0.3656 1.40012690 

LN-QSO 1 -33.212418 51.05041532 -0.651 0.5213 2.40111908 

LN-QND 1 -38.285420 66.52666416 -0.575 0.5701 2.52504958 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop var Prop Var Prop 
Number Eigenvalue Index LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

Variable 
Variable 

INTERCEP 
LN-QJF 
LN-QMA 
LN-QM J 
LN-QJA 
LN-QSO 
LN-QND 

DF Label 

1 Intercept 
1 Ln (January-February Inflows) 
1 Ln (March-April Inflows) 
1 Ln (May-June Inflows) 
1 Ln (July-~ugust Inflows) 
1 Ln (September-October Inflows) 
1 Ln (November-December Inflows) 





7.2 Model 3: Logged AU Variables 

7.2.1 Logged AU Variables: 1971 Omitted 

N = 32 Regression Models for Dependent Variable: LN-WSH 

R-square Ad j C (PI A I C  MSE S B C  Variables i n  Model 
~n Rsq 

1 0.178537 0.151155 0.9628 -27.6337 0.396923 -24.7022 LN-QMJ 

1 0.162334 0.134411 1.5341 -27.0086 0.404752 -24.0771 LN-QMA 

1 0.120342 0.091020 3.0146 -25.4434 0.425042 -22.5119 LN-QJF 

1 0.059751 0.028410 5.1509 -23.3118 0.454319 -20.3803 LN-QJA 

................................................................... 
2 0.265556 0.214905 -0.1053 -29.2168 0.367113 -24.8196 LN-QMA LN-QJA 

2 0.233432 0.180565 1.0273 -27.8469 0.383171 -23.4497 LN-QMA LN-QMJ 

2 0.201156 0.146063 2.1653 -26.5271 0.399304 -22.1299 LN-QJF LN-QMJ 

2 0.191099 0.135312 2.5199 -26.1268 0.404331 -21.7295 LN-QJF LN-QJA 

.......................................................................... 
3 0.273124 0.195244 1.6279 -27.5482 0.376307 -21.6853 LN-QJF LN-QMA LN-QJA 

3 0.271863 0.193849 1.6723 -27.4928 0.376959 -21.6298 LN-QMA LN-QMJ LN-QJA 

3 0.266543 0.187958 1.8599 -27.2598 0.379714 -21.3969 LN-QMA LN-QJA LN-QSO 

3 0.265590 0.186904 1.8935 -27.2183 0.380207 -21.3553 LN-QMA LN-QJA LN-QND 

4 0.286729 0.181059 3.1482 -26.1528 0.382940 -18.8242 LN-QJF LN-QMA LN-QJA LN-QSO 

4 0.275820 0.168534 3.5328 -25.6672 0.388796 -18.3385 LN-QJF LN-QMA LN-QMJ LN-QJA 

4 0.275574 0.168252 3.5415 -25.6563 0.388929 -18.3276 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.275307 0.167945 3.5509 -25.6445 0.389072 -18.3158 LN-QMA LN-QMJ LN-QJA LN-QSO 

........................................................................................ 
5 0.290922 0.154561 5.0003 -24.3415 0.395330 -15.5471 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.286729 0.149561 5.1482 -24.1528 0.397668 -15.3584 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.278289 0.139498 5.4458 -23.7764 0.402374 -14.9820 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.276348 0.137184 5.5142 -23.6905 0.403456 -14.8961 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

6 0.290932 0.120756 7.0000 -22.3420 0.411138 -12.0818 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.2.2 Logged An Variables: 1977 Omitted 

N = 32 Regression Models for Dependent Variable: LN-WSH 

R-square A d j  C (P) A I C  MSE S B C  Variables in Model 
In Rsq 

-0.5881 -23.9881 0.444818 -21.0566 LN-Q+lJ 

0.0985 -23.1965 0.455959 -20.2650 LN-QMA 

2.4660 -20.6078 0.494377 -17.6764 LN-QJF 

5.2031 -17.8548 0.538793 -14.9233 LN-QND 

-0.6492 -24.4895 0.425557 -20.0923 LN-QMA LN-QMJ 

0.7776 -22.7372 0.449509 -18.3400 LN-QJF LN-QMJ 

0.9029 -22.5878 0.451613 -18.1906 LN-QMJ LN-QJA 

1.2483 -22.1797 0.457410 -17.7825 LN-QMJ LN-QND 

3 0.277079 0.199623 1.2399 -22.6297 0.438829 -16.7667 LN-QMA LN-QMJ LN-QSO 

3 0.276267 0.198724 1.2683 -22.5937 0.439322 -16.7308 LN-QMA LN-QMJ LN-QJA 

3 0.274099 0.196324 1.3440 -22.4981 0.440637 -16.6351 LN-QJF LN-QMA LN-QMJ 

3 0.273925 0.196131 1.3501 -22.4904 0.440743 -16.6274 LN-QMA LN-QMJ LN-QND 

4 0.281246 0.174764 3.0945 -20.8147 0.452459 -13.4860 LN-QJF LN-QMA LN-QMJ LN-QSO 

4 0.280139 0.173493 3.1331 -20.7654 0.453156 -13.4367 LN-QMA LN-QMJ LN-QJA LN-QSO 

4 0.278481 0.171589 3.1910 -20.6918 0.454199 -13.3631 LN-QMA LN-QMJ LN-QSO LN-QND 

4 0.276376 0.169173 3.2645 -20.5986 0.455524 -13.2699 LN-QMA LN-QMJ LN-QJA LN-QND 

........................................................................................ 
5 0.283678 0.145924 5.0096 -18.9231 0.468271 -10.1287 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.281586 0.143430 5.0826 -18.8298 0.469638 -10.0354 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.281284 0.143069 5.0931 -18.8163 0.469836 -10.0219 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.276621 0.137510 5.2559 -18.6094 0.472884 -9.8150 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

6 0.283952 0.112100 7.0000 -16.9353 0.486816 -6.6752 LN-QJF LN-QMA L N M J  LN-QJA LN-QSO 

LN-QND 



7 3 3  Logged All Variables: 1984 Omitted 

N = 32 Regression Models for Dependent Variable: LN-WSH 

R-square Adj  C (PI AIC MSE SBC Variables in Model 
1n Rsq 

1 0.314502 0.291652 -0.1677 -31.5643 0.351043 -28.6328 LN-QMJ 

1 0.221876 0.195938 3.5930 -27.5086 0.398477 -24.5771 LN-QMA 

1 0.123949 0.094747 7.5690 -23.7154 0.448626 -20.7839 LN-QJF 

1 0.059190 0.027830 10.1983 -21.4332 0.481788 -18.5018 LN-QND 

................................................................... 
2 0.369597 0.326121 -0.4047 -32.2454 0.333961 -27.8482 LN-QMA LN-QMJ 

2 0.320876 0.274040 1.5735 -29.8632 0.359771 -25.4660 LN-QMJ LN-QSO 

2 0.319298 0.272353 1.6375 -29.7890 0.360608 -25.3918 LN-QMJ LN-QJA 

2 0.317130 0.270035 1.7256 -29.6872 0.361756 -25.2900 LN-QMJ LN-QND 

.......................................................................... 
3 0.381941 0.315720 1.0941 -30.8783 0.339116 -25.0153 LN-QMA LN-QMJ LN-QSO 

3 0.379510 0.313029 1.1929 -30.7526 0.340449 -24.8897 LN-QJF LN-QMA LN-QMJ 

3 0.374106 0.307046 1.4123 -30.4752 0.343414 -24.6122 LN-QMA LN-QMJ LN-QND 

3 0.371134 0.303756 1.5329 -30.3236 0.345045 -24.4606 LN-QMA LN-QMJ LN-QJA 

4 0.383449 0.292109 3.0329 -28.9565 0.350817 -21.6278 LN-QJF LN-QMA LN-QMJ LN-QSO 

4 0.382595 0.291127 3.0676 -28.9121 0.351303 -21.5835 LN-QMA LN-QMJ LN-QJA LN-QSO 

4 0.381943 0.290379 3.0941 -28.8784 0.351674 -21.5497 LN-QMA LN-QMJ LN-QSO LN-QND 

4 0.380418 0.288628 3.1560 -28.7995 0.352542 -21.4708 LN-QJF LN-QMA LN-QMJ LN-QJA 

........................................................................................ 
5 0.384066 0.265617 5.0079 -26.9885 0.363946 -18.1941 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.383576 0.265033 5.0278 -26.9630 0.364235 -18.1686 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.382612 0.263883 5.0669 -26.9130 0.364805 -18.1186 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.380580 0.261461 5.1494 -26.8079 0.366006 -18.0135 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

6 0.384260 0.236482 7.0000 -24.9985 0.378385 -14.7384 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.2.4 Logged AU Variables: 1971 and 1977 Omitted 

N = 31 Regression Models for Dependent Variable: LN-WSH 

R-square A d  j C (P) A I C  MSE SBC Variables in Model 
1n Rs q 

1 0.181556 0.153334 0.5870 -25.9370 0.406968 -23.0691 LN-QMA 

1 0.175438 0.147004 0.7932 -25.7062 0.410011 -22.8382 LN-QMJ 

1 0.116024 0.085542 2.7958 -23.5493 0.439554 -20.6813 LN-QJF 

1 0.083286 0.051675 3.8993 -22.4219 0.455833 -19.5540 LN-QJA 

................................................................... 
2 0.265065 0.212570 -0.2279 -27.2734 0.378495 -22.9714 LN-QMA LN-QJA 

2 0.240422 0.186167 0.6028 -26.2510 0.391186 -21.9490 LN-QMA LN-QMJ 

2 0.196975 0.139617 2.0672 -24.5267 0.413562 -20.2247 LN-QJF LN-QMJ 

2 0.193294 0.135673 2.1913 -24.3849 0.415458 -20.0829 LN-QJF LN-QJA 

.......................................................................... 
3 0.271780 0.190866 1.5458 -25.5579 0.388928 -19.8219 LN-QJF LN-QMA LN-QJA 

3 0.271485 0.190539 1.5558 -25.5453 0.389085 -19.8094 LN-QMA LN-QMJ LN-QJA 

3 0.265713 0.184125 1.7503 -25.3007 0.392168 -19.5647 LN-QMA LN-QJA LN-QSO 

3 0.265512 0.183902 1.7571 -25.2922 0.392275 -19.5563 LN-QMA LN-QJA LN-QND 

................................................................................. 
4 0.283554 0.173331 3.1490 -24.0632 0.397356 -16.8933 LN-QJF LN-QMA LN-QJA LN-QSO 

4 0.274742 0.163164 3.4460 -23.6843 0.402243 -16.5143 LN-QJF LN-QMA LN-QMJ LN-QJA 

4 0.274265 0.162613 3.4621 -23.6639 0.402508 -16.4939 LN-QMA LN-QMJ LN-QJA LN-QSO 

4 0.272924 0.161066 3.5072 -23.6067 0.403251 -16.4367 LN-QJF LN-QMA LN-QJA L N Q N D  

........................................................................................ 
5 0.287843 0.145412 5.0044 -22.2494 0.410776 -13.6454 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.283613 0.140336 5.1470 -22.0658 0.413216 -13.4618 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.276399 0.131679 5.3901 -21.7552 0.417377 -13.1512 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.275835 0.131002 5.4091 -21.7310 0.417703 -13.1271 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

.............................................................................................. 
6 0.287973 0.109966 7.0000 -20.2550 0.427814 -10.2171 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.2.5 Logged All Variables: 1971 and 1984 Omitted 

N = 31 Regression Models for Dependent Variable: LN-WSH 

R-square Adj C lP) A I C  MSE SBC Variables in Model 
1n Rsq 

1 0.274163 0.249134 3.1089 -33.1482 0.322504 -30.2803 LN-QMJ 

1 0.210597 0.183376 5.7457 -30.5457 0.350748 -27.6778 LN-QMA 

1 0.113149 0.082568 9.7880 -26.9373 0.394046 -24.0694 LN-QJA 

1 0.112250 0.081638 9.8253 -26.9059 0.394445 -24.0380 LN-QJF 

2 0.401324 0.358561 -0.1660 -37.1190 0.275504 -32.8170 LN-QMA LN-QJA 

2 0.335462 0.287994 2.5661 -33.8835 0.305813 -29.5815 LN-QMA LN-QMJ 

2 0.286165 0.235177 4.6110 -31.6651 0.328499 -27.3632 LN-QMJ LN-QJA 

2 0.283596 0.232424 4.7176 -31.5538 0.329681 -27.2518 LN-QMJ LN-QSO 

3 0.411731 0.346367 1.4024 -35.6626 0.280742 -29.9266 LN-QMA LN-QMJ LN-QJA 

3 0.404639 0.338488 1.6965 -35.2911 0.284126 -29.5552 LN-QMA LN-QJA LN-QSO 

3 0.401561 0.335067 1.8242 -35.1313 0.285595 -29.3953 LN-QJF LN-QMA LN-QJA 

3 0.401486 0.334984 1.8273 -35.1274 0.285631 -29.3914 LN-QHA LN-QJA LN-QND 

4 0.420534 0.331386 3.0372 -34.1300 0.287176 -26.9601 LN-QMA LN-QMJ LN-QJA LN-QSO 

4 0.415048 0.325055 3.2648 -33.8379 0.289896 -26.6680 LN-QJF LN-QMA LN-QMJ LN-QJA 

4 0.412857 0.322527 3.3557 -33.7220 0.290981 -26.5521 LN-QMA LN-QMJ LN-QJA LN-QND 

4 0.405545 0.314091 3.6589 -33.3384 0.294605 -26.1684 LN-QJF LN-QMA LN-QJA LN-QSO 

................................................ ----------- --------------- 
5 0.421384 0.305661 5.0019 -32.1755 0.298226 -23.5716 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.420535 0.304642 5.0372 -32.1301 0.298663 -23.5261 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.415063 0.298076 5.2641 -31.8387 0.301483 -23.2348 C Q J F  LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.406093 0.287312 5.6362 -31.3670 0.306106 -22.7630 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

.............................................................................................. 
6 0.421430 0.276788 7.0000 -30.1780 0.310627 -20.1401 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



Parameter Estimates 

Variable DF 

INTERCEP 1 

LN-QJF 1 

LN-QMA 1 

LN-QMJ 1 

LN-QJA 1 

LN-QSO 1 

LN-QND 1 

Parameter Standard T for HO: Variance 
Estimate Error Parameter-0 Prob > ITI Inflation 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop var Prop 
Number Eigenvalue Index LN-QJF LN-Qm LN-QMJ LN-QJA LN-QSO LN-QND 

Variable 
Variable DF Label 

INTERCEP 1 Intercept 
LN-QJF 1 Ln (January-February Inflows) 
LN-QMA 1 Ln (March-April Inflows) 
LN-QMJ 1 Ln (May-June Inflows) 
LN-QJA 1 ~n (~uly-~ugust I~L~OWS) 
LN-QSO 1 Ln (September-October Inflows) 
LNQND 1 Ln (November-December Inflows) 



oBs -MODEL- -TYPE- -DEPVAR- - W E -  INTERCEP LN-QJE LN-QMA LN-QMJ LN-QJA LN-QSO 

1 MODELl 

2 MODELl 

3 MODELl 

4 MODELl 

5 MODELl 

6 MODELl 

7 MODELl 

8 MODELl 

9 MODELl 

10 MODELl 

11 MODELl 

12 MODELl 

13 MODELl 

14 MODELl 

15 MODELl 

16 MODELl 

17 MODELl 

18 MODELl 

19 MODELl 

20 MODELl 

21 MODELl 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PAWS 

PARMS 

PARMS 

PARMS 

PARMS 

PAWS 

PARMS 

PARMS 

PARMS 

PARMS 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSW 

LN-WSH 

Lt-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

OBS LN-QND LN-WSH -IN--P--EDF- -MSE- - RSQ- -ADJRSQ- -CP- - AIC- - SBC- 



7 3  Model 5: Square Root AU Variables 

73.1 Square Root AM Variables: 1977 Omitted 

N = 32 Regression Models for Dependent Variable: SQRT-WSH 

mq Ad j C (P) AIC MSE SBC Variables in Model 
1n mq 

1 0.21712 0.19102 -2.132 125.5 47.606 128.5 SQRT-QMA 

1 0.11817 0.08877 1.138 129.4 53.623 132.3 SQRT-QJF 

1 0.10439 0.07454 1.593 129.9 54.460 132.8 SQRT-QMJ 

1 0.01040 -.02259 4.699 133.0 60.176 136.0 SQRT-QND 

2 0.23274 0.17982 -0.648 126.9 48.265 131.3 SQRT-QMA SQRT-QMJ 

2 0.21932 0.16548 -0.205 127.5 49.108 131.9 SQRT-QMA SQRT-QND 

2 0.21807 0.16415 -0.163 127.5 49.187 131.9 SQRT-QJF SQRT-QMA 

2 0.21795 0.16402 -0.160 127.5 49.194 131.9 SQRT-QMA SQRT-QSO 

............................................................................... 
3 0.23696 0.15520 1.212 128.7 49.713 134.6 SQRT-QMA SQRT-QMJ SQRT-QND 

3 0.23625 0.15442 1.236 128.8 49.759 134.6 SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.23511 0.15316 1.274 128.8 49.834 134.7 SQRT-QMA SQRT-QMJ SQRT-QJA 

3 0.23281 0.15062 1.349 128.9 49.983 134.8 SQRT-QJF SQRT-QMA SQRT-QMJ 

........................................................................................ 
4 0.24066 0.12817 3.090 130.6 51.304 137.9 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.23954 0.12688 3.127 130.6 51.380 137.9 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.23792 0.12502 3.181 130.7 51.490 138.0 SQRT-QMA SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.23767 0.12473 3.189 130.7 51.507 138.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

................................................................................................ 
5 0.24186 0.09606 5.051 132.5 53.193 141.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.24097 0.09500 5.080 132.6 53.256 141.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRTQSO 

5 0.24081 0.09481 5.085 132.6 53.267 141.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.23942 0.09315 5.131 132.6 53.365 141.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.24339 0.06180 7.000 134.5 55.210 144.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.4 Model 6: Logged and Square Root Variables 

7.4.1 Logged and Square Root Variables: 1977 Omitted 

N = 32 Regression Models for Dependent Variable: LN-WSH 

R-square Ad j C(p) AIC M E  SBC Variables in Model 
1n Rs q 

-0.5914 -23.9881 0.444818 -21.0566 LN-QMJ 

0.5828 -22.6457 0.463876 -19.7142 SQRT-QMA 

2.9990 -20.0489 0.503089 -17.1174 SQRT-QJF 

6.1584 -16.9432 0.554362 -14.0118 SQRT-QND 

-0.7043 -24.5552 0.424684 -20.1580 SQRT-QMA LN-QMJ 

0.8124 -22.6918 0.450148 -18.2946 SQRT-QJF LN-QMJ 

0.8997 -22.5878 0.451613 -18.1906 LN-QMJ LN-QJA 

1.2343 -22.1923 0.457230 -17.7950 LN-QMJ SQRT-QSO 

3 0.278859 0.201593 1.1748 -22.7085 0.437749 -16.8456 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.278857 0.201592 1.1748 -22.7085 0.437750 -16.8455 SQRT-QMA LN-QMJ LN-QJA 

3 0.276735 0.199242 1.2489 -22.6144 0.439038 -16.7515 SQRT-QMA LN-QMJ SQRT-QND 

3 0.275959 0.198383 1.2760 -22.5801 0.439509 -16.7172 SQRT-QJF SQRT-QMA LN-QMJ 

..................................................................................... 
4 0.283425 0.177265 3.0154 -20.9118 0.451087 -13.5831 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

4 0.280941 0.174414 3.1021 -20.8011 0.452651 -13.4724 SQRT-QMA LN-QMJ LN-QJA SQRT-QND 

4 0.279833 0.173141 3.1407 -20.7518 0.453348 -13.4231 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

4 0.279170 0.172381 3.1639 -20.7224 0.453765 -13.3937 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

.............................................................................................. 
5 0.283643 0.145882 5.0077 -18.9216 0.468294 -10.1271 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.283635 0.145873 5.0080 -18.9212 0.468299 -10.1268 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

5 0.281248 0.143026 5.0914 -18.8147 0.469860 -10.0203 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QND 

5 0.279254 0.140649 5.1610 -18.7261 0.471163 -9.9317 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

6 0.283865 0.111992 7.0000 -16.9315 0.486875 -6.6713 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 



7.4.2 Logged and Square Root Variables: 1992 Omitted. 

N = 32 Regression Models f o r  Dependent Variable:  LN-WSH 

R-square Ad j C (P) AIC MSE SBC Var i ab l e s  i n  Model 
I n  Rsq 

-1.8274 -25.0546 0.430238 -22.1231 LN-QMJ 

1.7448 -20.9605 0.488959 -18.0290 SQRT-QMA 

2.4522 -20.2083 0.500588 -17.2769 SQRT-QJF 

3.6398 -18.9841 0.520110 -16.0527 SQRT-QND 

............................................ 
-0.4665 -23.8456 0.434206 -19.4484 SQRT-QMA LN-QMJ 

-0.2180 -23.5357 0.438432 -19.1385 LN-QMJ LN-QJA 

0.0952 -23.1493 0.443758 -18.7521 LN-QMJ SQRT-QSO 

0.1089 -23.1325 0.443991 -18.7353 SQRT-QJF LN-QMJ 

3 0.213666 0.129416 1.2809 -22.1639 0.445263 -16.3009 SQRT-QMA LN-QMJ SQRT-QND 

3 0.210282 0.125670 1.3896 -22.0265 0.447179 -16.1635 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.208576 0.123780 1.4445 -21.9574 0.448145 -16.0945 SQRT-QMA LN-QMJ LN-QJA 

3 0.205813 0.120722 1.5333 -21.8459 0.449710 -15.9830 SQRT-QJF SQRT-QMA LN-QMJ 

..................................................................................... 
4 0.217953 0.102094 3.1430 -20.3388 0.459237 -13.0101 SQRT-QMA LN-QMJ LN-QJA SQRT-QND 

4 0.214550 0.098187 3.2524 -20.1999 0.461235 -12.8712 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

4 0.214508 0.098139 3.2538 -20.1982 0.461260 -12.8695 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.214427 0.098046 3.2564 -20.1949 0.461307 -12.8662 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QND 

.............................................................................................. 
5 0.219130 0.068962 5.1052 -18.3870 0.476182 -9.5926 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.218730 0.068486 5.1181 -18.3706 0.476426 -9.5762 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.218320 0.067997 5.1312 -18.3538 0.476676 -9.5594 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QND 

5 0.217450 0.066959 5.1592 -18.3182 0.477207 -9.5238 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

6 0.222402 0.035778 7.0000 -16.5214 0.493154 -6.2612 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 



7.43 Logged and Square Root Variables: 1977 and 1992 Omitted. 

N = 31 Regression Models for Dependent Variable: LN-WSH 

R-square Adj C lp) AIC MSE SBC Variables in Model 
1n b q  

-1.3542 -23.2420 0.443932 -20.3740 LN-QMJ 

0.0887 -21.5452 0.468908 -18.6773 SQRT-QMA 

2.8984 -18.4858 0.517545 -15.6179 SQRT-QJF 

4.0822 -17.2821 0.538037 -14.4142 SQRT-QND 

-0.6063 -22.7938 0.437337 -18.4919 SQRT-QMA LNQMJ 

0.3278 -21.6289 0.454084 -17.3269 LN-QMJ LN-QJA 

0.5552 -21.3517 0.458163 -17.0498 LN-QMJ SQRT-QSO 

0.6113 -21.2837 0.459169 -16.9818 SQRT-QJF LN-QMJ 

............................................................................ 
3 0.226306 0.140340 1.2364 -20.9943 0.450612 -15.2583 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.224167 0.137963 1.3035 -20.9087 0.451858 -15.1727 SQRT-QMA LN-QMJ LN-QJA 

3 0.222768 0.136409 1.3473 -20.8528 0.452673 -15.1169 SQRT-QMA LN-QMJ SQRT-QND 

3 0.221308 0.134787 1.3930 -20.7947 0.453523 -15.0587 SQRT-QJF SQRT-QMA LN-QMJ 

4 0.230678 0.112321 3.0995 -19.1699 0.465299 -12.0000 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.230261 0.111840 3.1125 -19.1531 0.465551 -11.9832 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

4 0.226356 0.107334 3.2349 -18.9963 0.467913 -11.8263 SQRT-QMA LN-QMJ LN-QJA SQRT-QNO 

4 0.226320 0.107292 3.2360 -18.9948 0.467935 -11.8249 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

.............................................................................................. 
5 0.233778 0.080534 5.0024 -17.2951 0.481961 -8.6912 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

5 0.230688 0.076826 5.0992 -17.1703 0.483905 -8.5664 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.230359 0.076431 5.1095 -17.1571 0.484112 -8.5532 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.226360 0.071632 5.2347 -16.9964 0.486627 -8.3925 SQRT-QJF SQRT-QMA L N Q M J  LN-QJA 

SQRT-QND 

................................................................................................ 
6 0.233854 0.042317 7.0000 -15.2982 0.501993 -5.2603 SQRT-QJF SQRT-QMA LNQMJ LN-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.5 Model 8: Variables Transformed According to the Box-Cox Analysis 

75.1 Variables Transformed According to the Box-Cox Analysis: 1971 Omitted 

N = 32 Regression Models for Dependent Variable: (WHITE SHRIMP) 0.2 

R-square Adj c(P) AIC MSE SBC Variables in Model 
In b q  

................................................................................................. 
6 0.257829 0.079708 7.0000 -46.5399 0.193010 -36.2797 (QJF-LAG)-~.~ ( Q ~ L A G ) - O "  (QMJ-LAG) 

(QJA-LAG) -0.2 (QSO-LAGI-~.~ (QND-LAG) -0 ' 



Fig. 7.1. Examining Subsets of Logged All Variables Data: 
1971 and 1984 Omitted. 
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1. Summary Report 

1.1 Description of the ~roblem'  
Bimonthly freshwater inflows into Aransas Bay were recorded for the years 1962 to 1994. These 

variables, and various transformations of them, were used to construct a model for the annual harvest of 

white shrimp. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of view: 

individual observations (to detect outliers or influential points); variables, individually and in groups (to 

select an optimal set of predictors); and the interaction of these two, which produces the overall structure of 
the data set (to determine whether multicollinearity is present or not). The first two of these were examined 

by both graphic and quantitative means; the third by quantitative means only. 

1.2.1 Detecting In5uential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as well as by 

all the usual numerical measures. For each pair of variables, 99 % prediction ellipses and 95% conf~dence 

ellipses were plotted in a further effort to look for unusual points. For example, suppose large values of 

Variable A are generally associated with large values for Variable B. If an observation consisted of a large 

value for Variable A but a small value for Variable B, that point would be considered unusual, even though 

it was well within the range of data for both variables and could not be considered an outlier. 
In addition, a number of residual analysis techniques were employed. A large residual indicates a 

point not well-fit by the model. The deleted residual, however, is somewhat more useful in the search for 

influential points. The model is fitted without a given observation, and the predicted response and 

corresponding residual are calculated for that observation. The Studentized deleted residual is scaled to 

have a Student's t distribution. Histograms and normal P-P plots of the residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dfits (to measure the influence of a given observation on the predicted response) 

and the Dfbetas (to measure the influence of a given observation on the calculated coefficients) were also 

used to build a general picture of the influence of individual points. Plots were made of the standardized 

Dffits value for each model against the Dfbeta values for each predictor in the model. Points which were 

extreme indicated observations which had strong effects on both predicted values and coefficient estimates. 

1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to look for 

nonlinear relationships between the response variable and individual predictors. Partial residual plots were 

employed to examine the overall relationship between the response and individual predictors. A partial 

I The following discussion, prepared by Jacqueline Kiffe, was taken kern Seatrout Harvests in Galveston Bay: A 
Regression Analysis, by F. Michael Speed, Sr. and Jacqueline Kiffe. 



residual is a corollary to the deleted residual. That is, the model is fitted without a given variable and the 

predicted response and corresponding residual are calculated for each observation. This seeks to answer the 

question, "What is the relationship of this predictor to the response variable, taking all other variables into 

account?" Thus, it examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a given model. 

We examined a number of these, including R~ and mean squared error (MSE), and several others which 

directly incorporate penalties for having too many predictors in the model, such as adjusted R*, Cp AIC, 

and SBC. It is well-established that too many predictors in a model can lead to bad prediction, just as too 

few can, and these measures are used as part of the attempt to find an optimal model. 

1.23 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by linear 

combinations of the remaining variables, resulting in unstable coefficient estimates. The variance inflation 

factor (VIF) was calculated for each coefficient estimate to measure this instability, which is not usually 

considered profound for VIF's less than 10. No problems were found with this data. Additionally, the 

condition index (a ratio of eigenvalues of the covariance matrix, with the largest eigenvalue always on top) 

was calculated. A ratio greater than 30 is considered cause for concern. Again, no evidence of 

multicollinearity was found 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox procedure, used to 

find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 
13.1 Selecting the Data Set Used 

First, the variables were explored thoroughly, individually and in pairs, in a first effort to detect 

outliers. The SAS programming language allows a number of diagnostics to be calculated for a group of 

models on a given data set without actually performing a formal regression, thus allowing one to examine a 
large number of models quite efficiently. The Box-Cox procedure was performed to find if a transformation 

to normality was suggested. The log transform was suggested for some variables, and the square root for 

others. At this point, there were several data sets for which the diagnostic series was calculated: 

1. Untransformed data. 
2. Harvest untransformed, and natural log of inflow variables. 

3. All variables logged. 
4. Harvest untransformed, and square root of inflows variables. 

5. All variables square root. 
6. Harvest and inflows variables transformed according to Box-Cox suggestion. 



13.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one contained all 

variables in its corresponding data set. All diagnostics were generated, and influential points were 

determined for each model. 

Table 1 .I R-Square and Adjusted R-Square values for the different suggested models. 

Data set 3 presented the highest R~ values. However , the models 3 and 6 were considered as final 

candidates. The observations flagged as potentially influential are given in the summary table below, for 

each model. 

Data Set 

1 

2 

3 
4 

5 

6 

Table 1.2 Summary of points flagged by Boxplots. 

Year Variable 
1968 May-Jun, Sept-Oct, SQRT (Sept-Oct) Inflows. 
1972 Sept-Ocf SQRT (Sept-Oct) Inflows. 
1974 Sept-Oct Inflows. 
1975 Nov-Dec inflows. 
1976 Jul-Aug, SQRT (Jul-Aug) Inflows. 
1977 Nov-Dec, SQRT (Nov-Dec) Inflows. 
1979 Jul-Aug Inflows. 
1980 Jan-Feb, Jul-Aug, SQRT (Jul-Aug) Inflows. 
1981 May-Jun, Jul-Aug, SQRT (Jul-Aug) Inflows. 
1982 Jan-Feb, Nov-Dec, SQRT (Nov-Dec) Inflows. 
1983 Jul-Aug Inflows. 
1984 Jan-Feb, Sept-Oct Inflows. 
1985 Mar-Apr Inflows. 
1986 Nov-Dec Inflows. 
1990 Jul-Aug, SQRT (Jul-Aug) Inflows. 
1992 Harvest, Jan-Feb, SQRT (Jan-Feb), Mar-Apr, SQRT (Mar-Apr), May-Jun, 

Nov-Dec, SQRT (Nov-Dec) Inflows. 
1993 Jan-Feb, May-Jun, SQRT (Jul-Aug) Inflows. 

R 

0.4441 

0.4 124 

0.4982 

0.441 1 

0.4404 

0.4907 

Adjusted R ' 
0.3158 

0.2768 

03824 

0.3 122 

0.3112 
0.3732 



Table 1.3 Summary of points flagged by 99% Prediction Ellipse. 

Year Variable 
1968 Harvest vs. Sept-Oct, Jan-Feb vs. Sept-Oct, Mar-Apr vs. Sept-Oct, 

May-Jun vs. Sept-Oct, Jul-Aug vs. Sept-Oct, Sept-Oct vs. Nov-Dec Inflows. 
1977 Jan-Feb vs. Nov-Dec Inflows. 
198 1 May-Jun vs. Jul-Aug Inflows. 
1982 Harvest vs. Nov-Dec, Mar-Apr vs. Nov-Dec Inflows. 
1985 Jan-Feb vs. Mar-Apr, Mar-Apr vs. Nov-Dec Inflows. 
1992 Harvest vs. Jan-Feb, Harvest vs. Mar-Apr, Harvest vs. Nov-Dec, Jan-Feb vs. 

Mar-Apr, Jan-Feb vs. Mar-Apr, Jan-Feb vs. May-Jun, Jan-Feb vs. Jul-Aug, 
Jan-Feb vs. Sept-Oct, Jan-Feb vs. Nov-Dec, Mar-Apr vs. May-Jun, 
Mar-Apr vs. Jul-Aug, Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec, 
May-Jun vs. Nov-Dec, Jul-Aug vs. Nov-Dec, Sept-Oct vs. Nov-Dec Inflows. 

1993 May-Jun vs. Sept-Oct Inflows. 

Table 1.4 Summary of points flagged by diagnostic measures. 

Kev to Abbreviations: 
BOX Box plot 
SRE Studentized residual 
SDR Studentized deleted residual 
LEV Leverage value 
MAH Mahalanobis distance 
COO Cook'sdistance 
SDF Standardized Dffits value 
SDB Standard'ized Dfbeta value 

1 3 3  Selecting the Final Candidate Models 
After the subset analysis led us to the models: Data Set 3 (all variables logged) 1968, 1990 andlor 

1991 omitted, Data Set 6 (variables transformed according to Box-Cox analysis) 1968, 1990 and 1991 
omitted. 



- 

Table 1.5 R-Square and Adjusted R-Square values for the different subsets. 

13.4 Selecting the Final Model 
It is clear that Data Set 6 with 1990 and 1991 omitted is the best model, followed by Data Set 3 

with 1990 and 1991 omitted. Regression was performed using both models, and the deleted residuals were 

calculated. 

1968 and 1991 

1990 and 1991 

1968, 1990 and 1991 

0.6348 

0.6629 

0.6821 

0.5435 

0.5786 

0.5992 

First Best Candidate Model 

(White Shrimp ~arvestf '  = 3.857 + 0.134*Ln (Jan-Feb Inflows) 

+ 1.221 * (Mar-Apr ~nflows) a" 
+ 0.1 11 *Ln (May-Jun Inflows) 

- 2.492* (Nov-Dec ~nflows) a'' 

R  

0.651 

Adjusted 
R 2  

0.598 

ProbF 

1.81~10-~ 

Second Best Candidate Model 

Ln (White Shrimp Harvest) = 5.107 + 0.173*Ln (Jan-Feb Inflows) 
- 0.1 O5*Ln (Mar-Apr Inflows) 

+ 0.139*Ln (May-Jun Inflows) 

+ 0.238*Ln (Nov-Dec Inflows) 

ProbF 

1.07~10"~ 

R  

0.636 

Adjusted 
R 2  

0.580 



1.4 First Best Model: Variables Transformed According to Box-Cox Analysis 

1.4.1 Summary Information 

Descriptive StaUsUcs 

Model 

(White Shrimp Harvest)'Y).Z 
Ln (January-February Inflows) 
(March-April Inflows)" -0.1 
Ln (May-June Inflows) 
(November-December Inflows)" -0.1 

a. Dependent Variable: (White Shrimp Harvest)'Y).2 

b. Method: Enter 

Mean 
3.7989 
2.8969 
,7749 

4.2386 
,7465 

c. lndependent Variables: (Constant), (November-December Inflows)" -0.1, Ln 
(May-June Inflows), Ln (January-February Inflows), (March-April Inflows)" -0.1 

d. All requested variables entered. 

Std. 
Deviation 

,4893 
1.5269 
.I159 

1.4537 
9.884E-02 

R 
Square 

,651 

R 

407 

Model 
1 

N 
31 
3 1 
31 
31 
31 

a. Dependent Variable: (White Shrimp Harvest)'Y).2 

Adjusted 
R 

Square 

598 

Variables 

b. lndependent Variables: (Constant), (November-December Inflows)" 
-0.1, Ln (May-June Inflows), Ln (January-February Inflows), (March-April 
Inflows)" -0.1 

Entered 
(Nov-Dec 
Inflows)" -0.1, 
Ln(May-Jun 
Inflows). 
Ln(Jan-Feb 
Inflows), 
(Mar-Apr 
Inflows)" -0. Pd 

Std. Error 
of the 

Estimate 

.3104 

Removed 

. 

F 
12.143 

Durbin- 
Watson 

2.084 

df 
4 

26 
30 

Sig . 
.OOOb 

Sum of 
Squares 

4.679 
2.505 
7.183 

Model 
Mean 

Square 
1.170 

9.6E-02 
1 Regression 

Residual 
Total 



a. Dependent Variable: (White Shrimp Ha~est)~0.2 

Residuals Stat lst id 

a. Dependent Variable: (White Shrimp Ha~est)'Y).2 

Model 

Standar 
d W  

Coefficie 
nts 

Beta 

,418 

,289 

,328 

-.503 

Unstandardized 
Coefficients 

1 
t 

4.395 

2.698 

1.600 

2.031 

-3.707 

Sig. 
,000 

,012 

.122 

,053 

.001 

B 
3.857 

,134 

1.221 

,111 

-2.492 

(Constant) 
Ln (January-February 
Innows) 
(March-April Inffows)-' 
-0.1 
Ln (MayJune Inflows) 
(November-December 

-0.1 

Std. Error 
,878 

,050 

.763 

,054 

,672 

95% Confidence 
Interval for B 

Lower 
Bound 

2.053 

,032 

- 3 7  

-.001 

-3.874 

Upper 
Bound 

5.661 

,236 

2.789 

,222 

-1.110 



Table 1.6 Observed, predicted, lower and upper predicted intervals values for white shrimp harvest. 

a White Shrimp Harvest (Thousands of Pounds) 
LICI Lower limit for 99% prediction interval for white shrimp harvest. 
UICI Upper limit for 99% prediction interval for white shrimp harvest. 

Year 

1962 

1963 
1964 

1965 

1966 
1967 

1968 
1969 

1970 

1971 
1972 

1973 
1974 

1975 

1976 
1977 

1978 
1979 
1980 

1981 
1982 

1983 

1984 
1985 

1986 

1987 
1988 

1989 
1990 

1991 
1992 

1993 
1994 

observeda 

249.90 
279.30 

592.30 

723.10 

320.80 
252.40 

1736.60 
572.50 

1068.40 
343.80 

1261.50 
997.60 

448.20 

589.20 

576.60 

1781.10 

993.40 

1227.40 
824.60 

726.70 
841.50 

792.90 
1747.90 

806.50 

1591.10 
1 156.00 

1050.40 

215.80 
1917.70 
2239.40 

2726.90 
1469.70 

569.00 

LICI 

52.75 

72.53 
70.79 

152.97 
199.74 

72.86 
23 1.44 

1 15.78 

250.41 

56.40 
308.23 
159.07 

173.85 

154.05 
146.11 

471.20 
321.37 

262.98 

200.08 
295.16 

549.99 
227.80 

323.32 
94.57 

333.42 
408.93 

110.85 

70.58 
81.22 
100.22 

613.29 
518.84 
163.56 

predicteda 

311.57 

392.81 
364.66 

641.81 

790.09 

380.28 
942.52 

572.70 

921.58 
313.47 
1084.25 

684.10 

684.25 

702.58 
619.82 

1544.80 

1125.57 

967.05 
853.66 

1065.07 
1776.09 

845.54 
1228.42 

498.25 
1242.20 

1386.02 

506.22 

381.29 
468.85 
492.04 
1961.95 

1670.73 
687.00 

\ UICI 
1 152.34 

1385.43 

1250.60 
1953.51 

2320.38 

1313.82 
2817.64 

1919.51 

2588.29 

1121.55 
2959.46 

21 13.26 
2003.47 

2246.92 

1899.05 

4029.72 

3063.80 

2714.58 

2624.61 
2954.49 

4587.63 
2387.45 

3519.29 
1730.58 

3515.61 
3694.29 

1620.19 
1342.89 

1712.53 
1642.17 

5036.57 
4307.48 
2092.52 



Year 

Cross Validation Plot: 

Box-Cox Transformed Variables 

30001 

Year 

Fig. 1 . 1  Comparative plots of observed values vs. calculated from the regression model. 



1.5 Second Best Model: Logged All Variables 

1.5.1 Summary Information 

Descriptive Statistics 

Model ~urnrna#~~ 

N 
31 
31 
31 
31 
31 

a. Dependent Variable: Ln (White Shrimp Harvest) 

b. Method: Enter 

C. lndependent Variables: (Constant), Ln (November-December Inflows), Ln (May-June 
Inflows), Ln (January-February Inflows), Ln (March-April Inflows) 

Std. 
Deviation 

,6539 
1.5269 
1.5448 
1.4537 
1.3408 

Ln (White Shrimp Harvest) 
Ln (January-February Inflows) 
Ln (March-April Inflows) 
Ln (May-June Inflows) 
Ln (Novem ber-Decem ber Inflows) 

d. All requested variables entered. 

Mean 
6.6325 
2.8969 
2.6636 
4.2386 
3.0094 

Std. Error 
of the 

Estimate 

,4236 

Model 
1 

a. Dependent Variable: Ln (White Shrimp Harvest) 

Durbin- 
Watson 

2.103 

R 

.798 

ANOVH 

b. lndependent Variables: (Constant), Ln (November-December 
Inflows), Ln (May-June Inflows), Ln (January-February Inflows), Ln 
(March-April Inflows) 

Variables R 
Square 

,636 

Entered 
Ln(Nov-Dec 
Inflows), 
Ln(May-Jun 
Inflows), 
Ln(Jan-Feb 
Inflows), 
Ln(Mar$-@r 
Inflows) 

Adjusted 
R 

Square 

.580 

Removed 

Mean 
Square 

2.041 
,179 

F 
11.372 

Sig. 
.OOOB 

Model 
Sum of 
Squares 

8.163 
4.666 

12.829 

1 
df 

4 
26 
30 

Regression 
Residual 
Total 



a. Dependent Variable: Ln (White Shrimp Harvest) 

Residuals Statlsttc8 

Centered 
Leverage ,021 .284 ,129 ,071 31 
Value 

a. Dependent Variable: Ln (White Shrimp Harvest) 

Model 

Standar 
dized 

Coefficie 
nts 

Beta 

,404 

-.247 
,308 

,488 

Unstandardized 
Coefficients 

1 

c 

95% Confidence 
Interval for B 

B 
5.107 

.I73 

-. 105 
.I39 

,238 

(Constant) 
Ln (January-February 
Inflows) 
Ln (March-April Inflows) 
Ln (May-June Inflows) 
Ln (November-December 
Inflows) 

t 
18.863 

2.549 

-1.370 
1.889 

3.506 

Lower 
Bound 
4.550 

,033 

-.262 
-.012 

,099 

Std. 
Error 

.271 

,068 

,076 
.073 

,068 

Sig. 
.OOO 

,017 

,182 
.070 

,002 

Upper 
Bound 
5.663 

,312 

,052 
,289 

,378 
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Table 1.7 Observed, predicted, lower and upper predicted intervals values for white shrimp harvest. 

B White Shrimp Harvest (Thousands of Pounds) 
LICI Lower limit for 99% prediction interval for white shrimp harvest. 
UICI Upper limit for 99% prediction interval for white shrimp harvest. 

LICI 

88.02 

105.28 

107.97 
179.1 1 

217.00 

111.33 

237.12 

154.32 

262.17 

94.50 

306.56 

184.47 

194.06 
179.44 

175.02 

462.26 

308.29 

269.99 
213.20 

292.65 

530.52 

242.52 
314.31 

127.77 

3 18.79 
379.96 

138.35 

112.59 

120.19 
139.16 

574.24 

483.31 
190.78 

PredictedB 

318.16 

382.95 

373.28 
6 19.29 

755.90 

389.48 

883.54 

580.46 
891.43 

329.70 
1046.30 

660.44 
649.69 

676.12 

601.14 

1631.71 

1057.19 

93 1.29 

805.32 
1018.54 

1910.47 

813.36 

1183.94 
492.98 

1176.81 

1335.82 

478.33 
400.81 

472.93 

500.66 

21 18.86 

1696.91 
667.35 

Year 

1962 
1963 

1964 

1965 

1966 

1967 

1968 

1969 
1970 

1971 

1972 

1973 

1974 

1975 

1976 
1977 

1978 

1979 

1980 
1981 

1982 

1983 
1984 

1985 
1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 
1994 

UICI 

1 150.03 

1393.03 

1290.57 
2141.25 

2633.09 

1362.65 

3292.23 

2183.36 

303 1.04 

1 150.29 

3571.00 

2364.5 1 

2175.02 

2547.63 

2064.76 

5759.72 

3625.32 

3212.36 
3041.94 

3544.90 

6879.84 

2727.82 
4459.69 

1902.16 

4344.23 
4696.29 

1653.81 

1426.90 

1860.95 

1801.26 
7818.30 

5957.93 
2334.37 

observedB 

249.90 

279.30 

592.30 
723.10 

320.80 

252.40 

1736.60 

572.50 

1068.40 

343.80 

1261.50 

997.60 

448.20 

589.20 
576.60 

1781.10 

993.40 

1227.40 
824.60 

726.70 

841.50 

792.90 
1747.90 

806.50 

1591.10 

1 156.00 

1050.40 
215.80 

1917.70 

2239.40 

2726.90 

1469.70 
569.00 



From Model and Observed Harvests 1 

Cross Validation Plot: 

Logged AH Variables 
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Fig. 1.2 Comparative plots of observed values vs. calculated from the regression model. 
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2. Exploring the Data 

2.1 Listing of Data 

Table 2.1. White shrimp harvest and water inflows data. 

1 Obs. 1 YEAR I WHITE 1 JF LAG 1 MA-LAG I MJ-LAG I JA-LAG / SO-LAG I NXLAG I 

WHITE SHRIMP White Shrimp harvest (thousands of pounds) 
JF-LAG Lagged January-February inflows (thousands of acre-feet) 
MA-LAG Lagged March-April inflows (thousands of acre-feet) 
MJ-LAG Lagged May-June inflows (thousands of acre-feet) 
JA-LAG Lagged July-August inflows (thousands of acre-feet) 
SO-LAG Lagged Septemk-Oaok inflows (thousands of acre-feet) 
ND-LAG Lagged November-Demk idows (thousands of acre-feet) 

1 
2 
3 

1962 
1963 

1964 

SHRIMP 
249.9 
279.3 
592.3 

- 

.68 
1 .80 
4.32 

- 

1.81 
2.37 
4.01 

- 

20.71 
3.62 
9.88 

- 

2.63 
2.17 

76.35 

- 

53.95 
19.66 
2.87 

4.63 
15.44 
5.16 



2.2 Test of Normality for Individual Variables 

Tests of Normality 

*. This is a lower bound of the true significance. 

". This is an upper bound of the true significance. 

a. Lilliefors Significance Correction 



23 Percentiles for Individual Variables 



2.4 Summary Information for Individual Variables 

2.4.1 Summary Information for White Shrimp Hamest 

Extreme Values 
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Fig. 2.1 b. Exploratory Plots of Transformed White Shrimp Harvest. 
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Fig. 2.1 a. Exploratory Plots .of White Shrimp Harvest. 



2.4.2 Summary Information for January-February Inflows 

lnterquartile Range 46.1900 

Skewness 2.350 ,409 
Kurtosis 6.076 .798 

Extreme Values 



Normal QQ Plot 
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Fig. 2.2a. Exploratory Plots of January-February Inflows. 
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2.43 Summary Information for March-April Inflows 

Extreme Values 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

53.3950 

3.444 
13.667 

,409 
,798 A 
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Fig. 2.3a. Exploratory Plots of March-April Inflows. 
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2.4.4 Summary Information for May-June Inilows 
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Fig. 2.4a. Exploratory Plots of May-June Inflows. 
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Fig. 2.4b. Exploratory Plots of Transformed May-June Inflows. 
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2.4.5 Summary Information for Jdy-August Inflows 

Extreme Values 
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Fig. 2.5b. Exploratory Plots of Transformed July-August Inflows. 
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2.4.6 Summary Information for September-October Inflows 

Extreme Values 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

140.5000 

2.950 
9.132 

.409 
,798 
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Fig. 2.6a. Exploratory Plots of September-October Inflows. 
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Fig. 2.6b. Exploratory Plots of Transformed September-October Inflows. 
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2.4.7 Summary Information for November-December Inflows 

Extreme Values 

Interval for Mean 

lntequartile Range 

Skewness 
Kurtosis 

37.2100 

2.307 
4.659 

.409 
,798 
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Fig. 2.7a. Exploratory Plots of November-December Inflows. 



Normal Q-Q Pbt 

of Ln (Novcmkr-Deamkr M!QWE) 
2 .  

I .  

Obrrvodv.hp 

37 

N d  Q-Q Pbt 

of SQRT (November-Decanbu Inflom) 

Fig. 2.7b. Exploratory Plots of Transformed November-December Inflows. 
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3. Prediction and Confidence Regions 

-n 

Jmumy-Fcbwry Maws 

Fig. 3.1. Prediction and Confidence Ellipses. 
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Fig. 3.2. Prediction and Confidence Ellipses. 
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Fig. 3.3. Prediction and Confidence Ellipses. 
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Fig. 3.4. Prediction and Confidence Ellipses. 
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4. Box-Cox Analysis 

Table 4.1 Numerical Results. 

HARVEST 

2015007 
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1300174 
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Fig 4.1. MSE of Harvest and Inflows variables vs. Lambda obtained fiom Box-Cox Transformation 



5. Model Choice Diagnostics 

5.1 Untransformed Data 

N = 33 Regression Models for Dependent Variable: WHITE S H R I M P  

R-square A d  j C (P) A I C  MSE S B C  Variables in Model 
1n b q  

1 0.275105 0.251721 4.9029 417.0 290285 420.0 QJF-LAG 

1 0.269759 0.246202 5.1529 417.3 292426 420.3 QND-LAG 

1 0.253373 0.229289 5.9192 418.0 298988 421.0 QMA-LAG 

1 0.153253 0.125938 10.6018 422.2 339081 425.2 QMJ-LAG 

.................................................................... 
2 0.344542 0.300844 3.6553 415.7 271229 420.2 QMA-LAG QND-LAG 

2 0.339050 0.294986 3.9122 416.0 273501 420.5 QMJ-LAG QND-LAG 

2 0.332048 0.287517 4.2397 416.3 276399 420.8 QMA-LAG QSO-LAG 

2 0.327010 0.282143 4.4753 416.6 278484 421.1 QJF-LAG QND-LAG 

3 0.413417 0.352736 2.4341 414.0 251098 420.0 QMA-LAG QSO-LAG QND-LAG 

3 0.384290 0.320596 3.7964 415.6 263567 421.6 QJF-LAG QMA-LAG QSO-LAG 

3 0.377169 0.312738 4.1294 416.0 266615 422.0 QMA-LAG QMJ-LAG QND-LAG 

3 0.376818 0.312351 4.1458 416.0 266765 422.0 QJF-LAG QSO-LAG QND-LAG 

.................................................................................... 
4 0.435822 0.355225 3.3862 414.8 250133 422.2 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.423100 0.340686 3.9812 415.5 255773 423.0 QJF-LAG QMA-LAG QSO-LAG QND-LAG 

4 0.418944 0.335936 4.1756 415.7 257616 423.2 QMA-LAG QMJ-LAG QSO-LAG QND-LAG 

4 0.394032 0.307465 5.3407 417.1 268660 424.6 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

............................................................................................ 
5 0.441766 0.338389 5.1082 416.4 256664 425.4 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.438932 0.335030 5.2408 416.6 257967 425.6 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.427073 0.320976 5.7954 417.3 263419 426.2 QJF-LAG QMA-LAG QMJ-LAG QSO-LAG 

QND-LAG 

5 0.407714 0.298031 6.7008 418.4 272320 427.3 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

6 0.444080 0.315791 7.0000 418.3 265430 428.7 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 



5.2 Logged Inflows 

N = 33 Regression Models for Dependent Variable: WHITE S H R I M P  

R-square A d  j C (p) A I C  MSE S B C  Variables in Model 
I n  R S  q 

1 0.311884 0.289687 1.4460 415.3 275557 418.3 LN-QJF 

1 0.265151 0.241446 3.5137 417.5 294271 420.5 LN-QND 

1 0.211358 0.185918 5.8938 419.8 315813 422.8 LN-QMA 

1 0.115210 0.086668 10.1480 423.6 354316 426.6 LN-QMJ 

2 0.394115 0.353722 -0.1923 413.1 250715 417.6 LN-QJF LN-QND 

2 0.339835 0.295824 2.2093 415.9 273176 420.4 LN-QMA LN-QND 

2 0.337123 0.292931 2.3293 416.1 274298 420.6 LN-QJF LN-QMA 

2 0.316916 0.271377 3.2234 417.1 282660 421.6 LN-QJF LN-QMJ 

.......................................................................... 
3 0.405832 0.344367 1.2892 414.5 254345 420.5 LN-QJF LN-QMA LN-QND 

3 0.402748 0.340963 1.4257 414.6 255665 420.6 LN-QJF LN-QJA LN-QND 

3 0.396505 0.334075 1.7019 415.0 258337 421.0 LN-QJF LN-QMJ LN-QND 

3 0.394156 0.331483 1.8058 415.1 259343 421.1 LN-QJF LN-QSO LN-QND 

................................................................................. 
4 0.410611 0.326412 3.0778 416.2 261310 423.7 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.407336 0.322670 3.2227 416.4 262762 423.9 LN-QJP LN-QMA LN-QSO LN-QND 

4 0.405850 0.320971 3.2885 416.5 263421 424.0 LN-QJF LN-QMA LN-QMJ LN-QND 

4 0.403936 0.318783 3.3731 416.6 264269 424.1 LN-QJF LN-QMJ LN-QJA LN-QND 

........................................................................................ 
5 0.412229 0.303382 5.0062 418.1 270244 427.1 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.410611 0.301465 5.0778 418.2 270988 427.2 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.407377 0.297632 5.2209 418.4 272475 427.4 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.404040 0.293677 5.3685 418.6 274009 427.5 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

6 0.412369 0.276762 7.0000 420.1 280571 430.6 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



5.3 Logged All Variables 

N = 33 Regression Models f o r  Dependent Va r i ab l e :  LN (WWHITE S H R I M P )  

R-square A d j  C (PI A I C  MSE S B C  Va r i ab l e s  i n  M o d e l  
I n  RSq 

1 0.375044 0.354884 3.3807 -38.1205 0.297049 -35.1275 LN-QJF 

1 0.322232 0.300369 6.1170 -35.4434 0.322151 -32.4504 LN-QND 

1 0.220733 0.195595 11.3760 -30.8383 0.370395 -27.8453 LN-QMA 

1 0.147436 0.119934 15.1737 -27.8718 0.405234 -24.8788 LN-QMJ 

................................................................... 
2 0.476067 0.441138 0.1465 -41.9389 0.257333 -37.4494 LN-QJF LN-QND 

2 0.392345 0.351834 4.4843 -37.0469 0.298454 -32.5574 LN-QJF LN-QMA 

. 2 0.390219 0.349567 4.5945 -36.9317 0.299497 -32.4422 LN-QMA LN-QND 

2 0.383598 0.342504 4.9375 -36.5753 0.302750 -32.0857 LN-QJF LN-QJA 

3 0.494608 0.442326 1.1858 -41.1279 0.256786 -35.1419 LN-QJF LN-QJA LN-QND 

3 0.481641 0.428018 1.8576 -40.2919 0.263374 -34.3059 LN-QJF LN-QMA LN-QND 

3 0.480550 0.426813 1.9142 -40.2225 0.263929 -34.2365 LN-QJF LN-QMJ LN-QND 

3 0.476153 0.421962 2.1420 -39.9444 0.266163 -33.9583 LN-QJF LN-QSO LN-QND 
. . 

4 0.496701 0.424801 3.0774 -39.2648 0.264856 -31.7823 LN-QJF LN-QMJ LN-QJA LN-QND 

4 0.496499 0.424570 3.0878 -39.2516 0.264962 -31.7691 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.495058 0.422923 3.1625 -39.1573 0.265720 -31.6748 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.483195 0.409366 3.7771 -38.3910 0.271962 -30.9085 LN-QJF LN-QMA LN-QMJ LN-QND 

........................................................................................ 
5 0.497677 0.404655 5.0267 -37.3290 0.274132 -28.3499 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.497466 0.404404 5.0377 -37.3151 0.274247 -28.3360 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.496938 0.403778 5.0651 -37.2804 0.274536 -28.3013 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.483683 0.388069 5.7518 -36.4222 0.281769 -27.4431 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

.............................................................................................. 
6 0.498194 0.382392 7.0000 -35.3629 0.284383 -24.8873 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.4 Square Root Inflows 

N = 33 Regression Models for Dependent Variable: WHITE SHRIMP 

RSq Ad j C lp) AIC MSE SBC Variables in Model 
In Rsq 

1 0.29477 0.27202 3.809 416.1 282410 419.1 SQRT-QJF 

1 0.28099 0.25780 4.450 416.8 287928 419.8 SQRT-QND 

1 0.24906 0.22484 5.935 418.2 300714 421.2 SQRT-QMA 

1 0.14758 0.12009 10.656 422.4 341352 425.4 SQRT-QMJ 

...................................................................... 
2 0.36939 0.32735 2.338 414.4 260948 418.9 SQRT-QMA SQRT-QND 

2 0.36486 0.32251 2.548 414.7 262823 419.2 SQRT-QJF SQRT-QND 

2 0.34933 0.30595 3.271 415.5 269247 420.0 SQRT-QJF SQRT-QMA 

2 0.33636 0.29212 3.874 416.1 274614 420.6 SQRT-QMJ SQRT-QND 

............................................................................... 
3 0.40876 0.34759 2.506 414.3 253093 420.3 SQRT-QMA SQRT-QSO SQRT-QND 

3 0.40199 0.34013 2.821 414.7 255989 420.7 SQRT-QJF SQRT-QMA SQRT-QND 

3 0.39037 0.32731 3.361 415.3 260962 421.3 SQRT-QJF SQRT-QMJ SQRT-QND 

3 0.38617 0.32267 3.557 415.5 262761 421.5 SQRT-QMA SQRT-QJA SQRT-QND 

4 0.42984 0.34839 3.525 415.1 252783 422.6 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.42356 0.34121 3.817 415.5 255570 423.0 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.41278 0.32889 4.319 416.1 260347 423.6 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

4 0.41150 0.32743 4.378 416.2 260914 423.6 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QND 

................................................................................................ 
5 0.44022 0.33656 5.042 416.5 257375 425.5 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.43136 0.32606 5.454 417.0 261447 426.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.42483 0.31832 5.758 417.4 264449 426.4 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.42069 0.31341 5.951 417.6 266355 426.6 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

................................................................................................ 
6 0.44113 0.31216 7.000 418.4 266839 428.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



5.5 Square Root All Variables 

N = 33 Regression Models for Dependent Variable: SQRT (WWHITE SHRIMP) 

RS q Ad j C lp) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.29608 0.27338 3.704 141.6 68.922 144.6 SQRT-QJF 

1 0.27891 0.25565 4.501 142.4 70.603 145.4 SQRT-QND 

1 0.21727 0.19202 7.365 145.1 76.639 148.1 SQRT-QMA 

1 0.15781 0.13064 10.128 147.5 82.461 150.5 SQRT-QMJ 

2 0.36445 0.32208 2.527 140.3 64.303 144.7 SQRT-QJF SQRT-QND 

2 0.34737 0.30386 3.321 141.1 66.031 145.6 SQRT-QMA SQRT-QND 

2 0.34124 0.29732 3.606 141.4 66.651 145.9 SQRT-QMJ SQRT-QND 

2 0.33548 0.29118 3.873 141.7 67.234 146.2 SQRT-QJF SQRT-QMJ 

............................................................................... 
3 0.39468 0.33206 3.123 140.6 63.356 146.6 SQRT-QJF SQRT-QMJ SQRT-QND 

3 0.39192 0.32902 3.251 140.8 63.644 146.8 SQRT-QMA SQRT-QSO SQRT-QND 

3 0.38762 0.32427 3.451 141.0 64.094 147.0 SQRT-QJF SQRT-QJA SQRT-QND 

3 0.38754 0.32419 3.454 141.0 64.103 147.0 SQRT-QJF SQRT-QMA SQRT-QND 

........................................................................................ 
4 0.41849 0.33541 4.017 141.3 63.038 148.8 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.41710 0.33383 4.081 141.4 63.188 148.9 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.41248 0.32855 4.296 141.7 63.689 149.1 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.40681 0.32207 4.559 142.0 64.303 149.5 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

5 0.43717 0.33294 5.149 142.2 63.272 151.2 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.42316 0.31634 5.800 143.1 64.847 152.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.42266 0.31574 5.823 143.1 64.904 152.1 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.42102 0.31381 5.899 143.2 65.087 152.2 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 

6 0.44037 0.31123 7.000 144.1 65.332 154.5 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



5.6 Variables Transformed According to the Box-Cox Analysis 

N = 33 Regression Models for Dependent Variable: (WWHITE SHRIMP) O.' 

R-square Ad j c (P) AIC MSE SBC Variables in Model 
1n Rs q 

1 0.367269 0.346858 3.3036 -56.2074 0.171710 -53.2144 LN-QJF 

1 0.318828 0.296854 5.7768 -53.7730 0.184856 -50.7800 (QND)".' 

1 0.221833 0.196731 10.7287 -49.3799 0.211179 -46.3868 (QMA)-O.' 

1 0.143113 0.115471 14.7478 -46.1998 0.232542 -43.2068 LN-QMJ 

.................................................................... 
2 0.471762 0.436546 -0.0312 -60.1639 0.148131 -55.6743 LN-QJF (QND)-O" 

2 0.387068 0.346206 4.2928 -55.2565 0.171882 -50.7670 (QMA)-O" (QND)'~" 

2 0.384995 0.343994 4.3986 -55.1451 0.172463 -50.6556 LN-QJF (QMA)-O" 

2 0.375568 0.333939 4.8799 -54.6431 0.175107 -50.1536 LN-QJF (QJA)-'.~ 

3 0.487985 0.435018 1.1405 -59.1933 0.148533 -53.2072 LN-QJF (QJA)-O" (QND)-'.' 

3 0.476933 0.422823 1.7048 -58.4885 0.151739 -52.5025 LN-QJF (QMAI (QND)-O" 

3 0.475481 0.421220 1.7790 -58.3970 0.152161 -52.4110 LN-QJF LN-QMJ (QND)-"~ 

3 0.471855 0.417220 1.9640 -58.1697 0.153212 -52.1837 LN-QJF LN-QSO (QND)-O" 

4 0.489459 0.416525 3.0653 -57.2884 0.153395 -49.8059 LN-QJF (QMA)-O.' (QJA) 'O" (QN!J)-O" 

4 0.489388 0.416443 3.0689 -57.2838 0.153417 -49.8012 LN-QJF LN-QMJ (QJA)-~" (QND)-O.' 

4 0.488388 0.415300 3.1200 -57.2192 0.153717 -49.7367 LN-QJF (QJA) ".' LN-QSO (QND)-'.' 

4 0.478054 0.403490 3.6476 -56.5593 0.156822 -49.0768 LN-QJF (QMA-O" LN-QMJ (QND)-O" 

5 0.490479 0.396124 5.0132 -55.3544 0.158758 -46.3753 LN-QJF (QMA)-O.' (QJA)"" LN-QSO 

(QNDI-'.' 

5 0.490045 0.395609 5.0354 -55.3263 0.158894 -46.3472 LN-QJF (QMA)-O" LN-QMJ (QJA)-'.' 

(QNDJ-'.' 

5 0.489621 0.395107 5.0570 -55.2989 0.159026 -46.3198 LN-QJF LN-QMJ (QJA)-O" LN-QSO 

(QND) -O.' 

5 0.478604 0.382049 5.6195 -54.5941 0.162459 -45.6151 LN-QJF (QMA)-O.' LN-QMJ LN-QSO 

(QND) 

6 0.490738 0.373216 7.0000 -53.3711 0.164781 -42.8956 LN-QJF (QMA)-O" LN-QMJ (QJA)-O" 

LN-QSO (QND) -''I 

................................................................................................ 



6. Regression for the Best Models 

6.1 Model 3: Logged All Variables 

6.1.1 ANOVA and Parameter Estimates 

Model Summaeb 

a. Dependent Variable: Ln (White Shrimp Harvest) 

b. Method: Enter 

Model 
1 

c. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(July-August Inflows), Ln (September-October Inflows), Ln (May-June Inflows), Ln 
(January-February Inflows), Ln (March-April Inflows) 

R 

,706 

d. All requested variables entered. 

Variables R 
Square 

,498 

Entered 
Ln(Nov-Dec 
Inflows), 
Ln(Jul-Aug 
Inflows), 
Ln(Sept-Oct 
Inflows), 
Ln(May-Jun 
Inflows), 
Ln(Jan-Feb 
Inflows), 
Ln(Mar-&r 
Inflows) 

a. Dependent Variable: Ln (White Shrimp Harvest) 

Removed 

b. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(July-August Inflows), Ln (September-October Inflows), Ln (May-June Inflows), 
Ln (January-February Inflows), Ln (March-April Inflows) 

Adjusted 
R 

Square 

,382 

Model 
Sum of 
Squares 
7.341 
7.394 
14.735 

1 

Std. Error 
of the 

Estimate 

,5333 

Regression 
Residual 
Total 

Durbin- 
Watson 

1.961 

d f 
6 
26 
32 

Mean 
Square 
1.223 
,284 

F 
4.302 

Sig. 
.OW8 



a. Depandent Variable: Ln (White Shrimp Harvest) 

6.12 Colliaearity Diagnostics 

Parameter Estimates 

Variable DF 

Standar 
dized 

Coefficie 
nts 

Beta 

.356 

,054 
,030 

,130 

,031 

,362 

Model 

INTERCEP 1 

LN-QJF 1 

LN-QMA 1 

LN-QMJ 1 

LN-Q JA 1 

LN-QSO 1 

LN-QND 1 

Unstandardized 
Coefficients 

1 

Number Eigenvalue 

t 
13.661 

1.851 

,255 
.I64 

.867 

.I94 

2.170 

B 
5.299 

, .I63 

2.4E-02 
1.4E-02 

6.OE-02 

1.2E-02 

.I86 

(Constant) 
Ln (January-February 
Inflows) 
Ln (March-April Inflows) 
Ln (May-June Inflows) 
Ln (July-August 
I n k )  
Ln 
(September-October 
Inflows) 
Ln 
(November-December 
Inflows) 

parameter Standard T for HO: Variance 
Estimate Error Parameter=O Prob > IT1 Inflation 

Std. Error 
,388 

,088 

,093 
,085 

,070 

,064 

,086 

Collinearity Diagnostics(intercept adjusted) 

Sg. 
,000 

,076 

.801 

.871 

.394 

348 

,039 

Condition Var Prop Var Prop Var Prop Var Prop Var prop var Prop 
Index LN-QJF LN-QHR LN-QMJ LN-QJA LN-QSO LN-QND 

95% Confidence 
Interval for B 

Lower 
Bound 

4.502 

-.018 

-.I68 
-.I62 

-.083 

-.I18 

,010 

Upper 
Bound 

6.096 

.344 

,215 
.I89 

,203 

.I43 

.362 



6.13 Residuals Diagnostics 

Summary Information 

Residuals Statistid 

Centered 
Leverage ,094 .349 ,182 ,074 33 
Value 

a. Dependent Variable: Ln (White Shrimp Harvest) 
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Case Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordiary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
ZPR Z--e of the predicted value of harvest 
ZRE Z-score of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
I Values greater than 3 are flagged. 
This is flagged if it exceeds = t~s,0.01= 2.485 

RES 

-.I6412 

-.39358 

.20161 

.27363 

-.96351 

-.43242 

.82623 

-.26551 

.I1103 

-. 19776 

.I4210 

.49901 

-.33414 

-.24529 

-.30914 

.I1984 

.I3620 

-.03335 

-.22503 

-40633 

-.75822 

-.32395 

.37628 

.05424 

SO832 

.02453 

,82374 

-.72966 

.75062 

1.19305 

.I1878 

-.07914 

-.29805 

YEAR 

1962 

1%3 

1964 

1%5 

1966 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

DRE 

-.21504 

-SO586 

,24912 

.37795 

-1.13861 

-.52530 

1.20278 

-.37518 

.I2844 

-.2383 1 

.I7640 

.59784 

-.38997 

-.35332 

-.3825 1 

.I4132 

.I6011 

-.03817 

-.36252 

-.50919 

794060 

-.41468 

3 8 3 6  

.08262 

.65211 

.02972 

.94032 

-36702 

1.20206 

1.40902 

.I5339 

-.09686 

-.34096 

PRE 

5.68518 

6.02587 

6.18240 

6.30992 

6.73432 

5.96343 

6.63345 

6.61552 

6.86289 

6.03782 

6.99795 

6.40634 

6.43938 

6.62405 

6.66629 

7.3651 5 

6.76494 

7.14600 

6.93993 

6.99484 

7.49341 

6.99965 

7.08989 

6.63847 

6.86386 

7.02819 

6.13319 

6.10401 

6.80826 

6.52091 

7.79214 

7.37196 

6.64193 

ZPR 

-2.10500 

-1.39368 

-1.06687 

-.80063 

.08548 

-1.52405 

-. 12512 

-.I6255 

.35392 

-1.36874 

.63591 

-.59930 

-.53032 

-.I4474 

-.05656 

1.40258 

,14940 

,94502 

.51477 

.62942 

1.67036 

.63944 

.82787 

-.I 1465 

.35594 

.69905 

-1.16961 

-1.23054 

.23985 

-.36010 

2.29408 

1.41678 

-. 10742 

ADJ 

5.73611 

6.13815 

6.13489 

6.20560 

6.90942 

6.0563 1 

6.25691 

6.72519 

6.84548 

6.07837 

6.96366 

6.30752 

6.49521 

6.73209 

6.73966 

7.34366 

6.74103 

7.15083 

7.07742 

7.09770 

7.67578 

7.09038 

6.90781 

6..61008 

6.72007 

7.02300 

6.01661 

6.24137 

6.35682 

6.30494 

7.75753 

7.38968 

6.68484 

ZRE 

-.30776 

-.73805 

.37806 

.51311 

-1.80677 

-.81087 

1.54935 

-.49789 

.20820 

-.37084 

.26647 

.93574 

-.62658 

-.45997 

-.57971 

.22472 

.25540 

-.06253 

-.42198 

-.76195 

-1.42182 

-.60747 

.70560 

.I0170 

.95321 

,04599 

1.54467 

-1.36825 

1.40757 

2.23722 

.22273 

-.I4841 

-.55891 

SRE ' 
-.35229 

-.83673 

.42026 

.60304 

-1.96409 

-.89372 

1.86935 

-59185 

.22393 

-.a709 

,29689 

1.02422 

-.67691 

-.55204 

-A4484 

.24403 

.27691 

-.06690 

-.53559 

-.85295 

-1.58361 

-.68730 

.85953 

.I2553 

1.07964 

.05063 

1.65037 

-1.49149 

1.78124 

2.43129 

.25311 

-.I6418 

-.59778 

SDR ' 
-.34627 

-.83175 

.41350 

.59551 

-2.08699 

-.89014 

1.97023 

-.58430 

.2 1979 

-.40046 

.29162 

1.02523 

-.66%9 

-.54452 

-.63743 

.23957 

.27193 

-.06561 

-.52811 

-.84834 

-1.63364 

-.68016 

.85507 

.I2313 

1.08323 

.04%5 

1.71038 

-1.52942 

1.86409 

2.71225 

.24850 

. -.I6108 

-.59025 



Normal P-P Plot of Residual 
1.00 r 

7 5  ' 

0.00 .25 .50 .75 1.00 
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Fig. 6.1 . l .  Exploratory Plots of Ln (White Shrimp Harvest) Standardized Residual. 
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Fig. 6.1.3. Residual Plots of Ln (White Shrimp Harvest) vs. Logged Inflows. 
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6.1.4 Prediction Intervals for White Shrimp Harvest 

La-WSH Ln (White shrimp harvest) 
LICI Lower limit for 9% prediction interval for white shrimp harvest 
UICI Upper limit for 99% prediction interval for white shrimp harvest 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Ln WSH 

5.52 

5.63 

6.38 

6.58 

5.77 

5.53 

7.46 

6.35 

6.97 

5.84 

7.14 

6.91 

6.11 

6.38 

6.36 

7.48 

6.90 

7.11 

6.71 

6.59 

6.74 

6.68 

7.47 

6.69 

7.37 

7.05 

6.96 

5.37 

7.56 

7.71 

7.91 

7.29 

6.34 

LICI 

4.03722 

4.38783 

4.56544 

4.63604 

5.14264 

4.35593 

4.93545 

4.93100 

5.28382 

4.43487 

5.37847 

4.80673 

4.85503 

4.93078 

5.04859 

5.77466 

5.17633 

5.57332 

5.19965 

5.37024 

5.87429 

5.36372 

5.38348 

4.92087 

5.22680 

5.42207 

4.56219 

4.50912 

5.07032 

4.92957 

6.15165 

5.76028 

5.06964 

UICI 

7.333 14 

7.66391 

7.79936 

7.98379 

8.32601 

7.57093 

8.33146 

8.30005 

8.44196 

7.64076 

8.61744 

8.005% 

8.02373 

8.31733 

8.28399 

8.95564 

8.35355 

8.71868 

8.6802 1 

8.61945 

9.1 1253 

8.63557 

8.7963 1 

8.35607 

8.50092 

8.63432 

7.70419 

7.69890 

8.54620 

8.1 1225 

9.43264 

8.98363 

8.21423 



6.1.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Codr's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2ptl)In or 0.5, whichever is smaller. 

MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + I degrees of freedom. 
Small values indicate a problem. 

COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + I numerator degree of 
keedom and n - p - 1 denominator degree of 6eedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

LEV ' 
.20650 
.I9165 
.I6041 
.24571 
.I2348 
.I465 1 
.28276 
.26200 
.I0527 
.I3986 
.I6413 
.I3501 
. I  1286 
.27546 
.I6150 
,12174 
.I1902 
.09609 
.34895 
.I7170 
.I6359 
.I8850 
,29580 
,31324 
.I9019 
.I4451 
.09368 
.I2813 
.34525 
.I2297 
.I9533 
.I5264 
.09553 

MAHA PV 
.4708 
.5243 
.6437 
,3449 
,7854 
.6979 
.2492 
,2999 
.a489 
.7237 
.6292 
.7423 
.8233 
.2662 
.6395 
,7917 
.SO15 
.8780 
.I315 
.5999 
.63 13 
.5360 
.2209 
.I872 
.5297 
.7057 
,8852 
.7682 
.I365 
.7872 
.5 108 
.6741 
.8797 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

COOK PV' 
.OOOO 
.OW0 
.OOOO 
.OOOO 
.002 1 
.OOOO 
,0250 
.OW0 
.OW0 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OW0 
.OOOO 
.0000 
.0000 
.Om0 
.0013 
.OOOO 
.0002 
.OOOO 
,0002 
.OW0 
.0003 
.0004 
,0409 
.0079 
.OOOO 
.OOOO 
.OOOO 

MAH 
6.6081 1 
6.13294 
5.13302 
7.86265 
3.95143 
4.68848 
9.04831 
8.38410 
3.36853 
4.47554 
5.25229 
4.32016 
3.61 165 
8.81483 
5.16798 
3.89566 
3.80875 
3.07484 
1 1.1665 1 
5.49436 
5.23488 
6.03201 
9.46572 
10.02376 
6.08616 
4.62424 
2.99778 
4.10005 
11.04798 
3.93516 
6.25052 
4.8845 1 
3.05707 

COO 
.00550 
.02853 
.00595 
.01981 
.I0015 
.0245 1 
.2275 1 
.02067 
.00112 
.OM85 
.00304 
.02968 
.01094 
.01917 
.01410 
.00153 
.00192 
.WOO9 
.02504 
.02631 
.08617 
.01890 
.05107 
.00118 
.04710 
.00008 
.05507 
.05983 
.27260 
.I5287 
.00267 
.OW86 

A .00735 



DFFlTS Standardized dffits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-I Standardized dfbeta for the Logged January-February inflows 

SDFB-2 Standardized dfbeta for the Logged March-April inflows 

SDFB-3 Standardid dfbeta for the Logged May-June intlows 

SDFB-4 Standardized dfbeta for the Logged July-August inflows 

SDFB-5 Standardized dfbeta for the Logged September-October inflows 

- 
62 

SDFB-6 Standardized dfbeta for the Logged November-December inilows 

Items in bold are flagged if lsdffitsl or lsdfbetal exceed 1.0 for a small data set or 24- for a large 

data set. The cutoff used here is I. 

SDFB 4 

,07588 

,18503 

.OM62 

-.22676 

.23671 

-.01818 

.30659 

.I8437 

-.OW63 

-.04625 

.02842 

-.04371 

.08215 

-.00243 

-.22323 

-.01909 

-.03899 

-.01207 

-.I9550 

-.27169 

.I8644 

-.23872 

-. 17676 

-.02555 

,06082 

.00442 

-.I6929 

-.03504 

.77136 

-.33424 

-.00595 

.02981 

.MI77 

SDFB 2 

-.00757 

-.MI55 

-.04726 

-.I1859 

-.31826 

,19037 

-.35618 

-.I3732 

,00888 

-.02315 

.03569 

-.03940 

-.04454 

-.04652 

-.04966 

.01249 

-.07805 

-.OW2 

,12975 

.07070 

.I6009 

.06488 

-.08988 

.08085 

-.37842 

-.01793 

-.I3146 

,18811 

.52888 

.64047 

.04820 

-.00003 

-. 1 1467 

SDFB 1 

1 1287 

.I 1583 

.00083 

.I9717 

,21559 

,00228 

-.I9683 

-.I9878 

-.01917 

.04885 

-.05834 

-.I5309 

,09078 

,13255 

,19630 

-.01469 

.04752 

-,00902 

-.25016 

.07814 

-.37984 

-.06300 

.34%5 

-.02077 

-.01327 

.00827 

-.28180 

-.21968 

-. 12204 

.21642 

.01765 

-.02588 

.I4505 

SDFB 3 

-.02750 

.I9695 

-.04205 

,08062 

-.35071 

-.I5636 

.70911 

.lo099 

.02730 

.07870 

.03093 

.35206 

-.03361 

.I9161 

.00541 

.01661 

.04334 

.00839 

.I3249 

-.21221 

.I0837 

.01696 

-.29685 

-.03653 

.08832 

.01323 

.03782 

.01906 

-.91475 

-.25545 

-.00045 

-.03334 

-.00844 

SDFB 5 

-.03346 

,02277 

-.I0944 

-. 18575 

.39388 

.21242 

.69578 

-.02434 

-.05700 

-.09295 

,10397 

-.00402 

-.I9753 

-. 15549 

-.01447 

-.00108 

-.06130 

-.OW6 

-.11108 

-.07988 

-.03216 

.20368 

.I8394 

.04293 

-.OM37 

-.01110 

-.I4875 

-.03074 

-.30854 

-.I2935 

.01364 

.02504 

,03328 

SDFB 0 

-.09898 

-.33502 

.I1174 

.24109 

-.I3547 

-.22936 

-.59517 

-.I7167 

,01187 

-.06386 

-.OM74 

-.03188 

.OM84 

-.03646 

,07275 

-.03535 

,031 89 

.00653 

.03 129 

.25990 

.I3920 

.00738 

.I0247 

,01380 

-.03682 

-.OM07 

.38619 

-.32961 

.28684 

.57423 

-.06550 

,01299 

-.03855 

YEAR 

1%2 

1%3 

1%4 

1965 

1966 

1%7 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 6 

,02343 

-.08625 

-.00407 

-. 13086 

.06046 

.I2063 

-.33021 

.27353 

.03335 

,06561 

,00232 

-.I3597 

,06705 

-.I8596 

-.09759 

.06739 

,03495 

.O0603 

.I2799 

.01080 

-.39318 

-.07206 

.a191 

-.03995 

.43259 

.00780 

.I8602 

.46233 

.I9600 

-.76799 

.04412 

-.00949 

-.06960 

SDFFlT 

-.I9288 

- . a 2 5  

.20073 

.36769 

-.a8969 

-.41255 

1.33007 

-.37552 

.08704 

-.I8134 

.I4327 

.45625 

-.27375 

-.36138 

-.31053 

,10144 

.I 1393 

-.02496 

-.4 1280 

-.42682 

-.go120 

-.35996 

.59482 

.08907 

.57612 

.02285 

64346 

-.66359 

1 A4562 

1.15398 

.I3414 

-.07622 

-.22394 



1 -DmErAW_QMA 

D F m n D F B E I A  

apadent V d k  Ln (%'bite S h p  Hvnn) 

'y' ,,,o 1.1 3 1 .  
I., 

.I . . . 
I ..) 

- .. 

.* 

D F m m D F B E r A  

D q m d m  V d b  Ln Wn. S h p  Hunn) 

" 1 

s.lbhrd D m E r A  LN-QMT 

DFFn ri DFBETA 

Fig. 6.1.4. Standardized DFFIT vs. Standardized DFBETA. 



6.2 Model 6: Variables Transformed According to the Box-Cox Analysis 

6.2.1 ANOVA and Parameter Estimates 

Model ~urnrna#o~ 

a. Dependent Variable: (White Shrimp Harvest)'Y).2 

b. Method: Enter 

Model 
1 

c. lndependent Variables: (Constant), (QND)" -0.1, (QJA)" -0.1, Ln-QSO, Ln-QMJ, 
Ln-QJF. (QMA)" -0.1 

d. All requested variables entered. 

a. Dependent Variable: (White Shrimp Ha~est)%.2 

Variables 

b. lndependent Variables: (Constant), (QND)" -0.1, (QJA)" -0.1. Ln-QSO, 
Ln-QMJ, Ln-QJF, (QMA)" -0.1 

R 

.701 

Entered 
(QND)" -0.1, 
(QJA)" -0.1, 
Ln-QSO, 
Ln-QMJ, 
Ln-QJF, 
(QMA)" -0. fd 

Model 

Removed 

. 

Sum of 
Squares 
4.128 
4.284 
8.413 

1 

R 
Square 

,491 

Regression 
Residual 
Total 

d f 
6 
26 
32 

Adjusted 
R 

Square 

,373 

Mean 
Square 

.688 
,165 

Std. Error 
of the 

Estimate 

,4059 

Durbin- 
Watson 

1.818 

F 
4.176 

Sig. 
.005D 



a. Dependent Variable: (White Shrimp Harvest)W.2 

6.2.2 Collinearity Diagnostic9 

Parameter Estimates 

Standar 
dized 

Coefficie 
nts 

Beta 

,360 
-.052 
,021 

-. 120 
,030 

-.362 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter=O Prob > IT1 Inflation 

t 
4.599 
1.861 
-.239 
.I15 

-.787 
.I88 

-2.166 

Model 

INTERCEP 1 5.454520 1.18613557 4.599 0.0001 0.00000000 

BOX-QJP 1 0.124475 0.06687096 1.861 0.0740 1.90437910 

BOX-QMA 1 -0.230194 0.96409023 -0.239 0.8132 2.40497263 

BOX-QMJ 1 0.007532 0.06554657 0.115 0.9094 1.78196298 

BOX-QJA 1 -0.592014 0.75217409 -0.787 0.4384 1.18711798 

BOX-QSO 1 0.009111 0.04843119 0.188 0.8522 1.28914286 

BOX-QND 1 -1.904270 0.87903516 -2.166 0.0396 1.42266719 

Siq. 
,000 
,074 
.813 
,909 
,438 
.852 
,040 

Unstandardized 
Coefficients 

95% Confidence 
Interval for B 

1 

Collinearity Diagnostics(intercept adjusted) 

B 
5.455 

.I24 ' 
-.230 

7.5E-03 
-.592 

9.1 E-03 
-1.904 

Lower 
Bound 

3.016 
-.013 

-2.212 
-.I27 

-2.138 
-.090 

-3.71 1 

(Constant) 
Ln-QJF 
(QMA)" -0.1 
Ln-QMJ 
(QJA)" -0.1 
Ln-QSO 
(QND)" -0.1 

Condition Var Prop Var Prop Var Prop var Prop Var Prop var Prop 
Number Eigenvalue Index BOX-QJF BOX-QMA BOX-QMJ BOX-QJA BOX-QSO BOX-QND 

Std. Error 
1.186 

,067 
,964 
.066 
.752 
.048 
,879 

Upper 
Bound 

7.893 
,262 

1.752 
.I42 
.954 
.lo9 

-.097 



6.23 Residuals D i i o s t i c s  

Summary Information 

Residuals Statistic# 

a. Dependent Variable: (White Shrimp Harvest)W.S 



67 

Care Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
ZPR Z-score of the predicted value of harvest 
ZRE Z-score of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
This is flagged if it exceeds b,z,. = t25,0,~1 = 2.485 

ZPR 

-2.14412 

-1.36584 

-1.07021 

-.81112 

1161 1 

-1.58359 

-.I2727 

-. 16603 

,38437 

-1.39032 

.65465 

-.59584 

-.49405 

-.I2521 

-.05821 

1.34906 

.I9524 

.96501 

.51079 

.60789 

1.64050 

.63505 

.87644 

49126 

.35535 

,73223 

-1.13377 

-1.31497 

.24727 

-.35427 

2.203% 

1.42289 

-.07074 

Aar 

3.09765 

3.44086 

3.43303 

3.48538 

4.01715 

3.34003 

3.51239 

3.88537 

3.97813 

3.37722 

4.06135 

3.56610 

3.71734 

3.89945 

3.88694 

4.31054 

3.90760 

4.20091 

4.15159 

4.14101 

4.56796 

4.14751 

4.02212 

3.81564 

3.85614 

4.11343 

3.35602 

3.47559 

3.58161 

3.54334 

4.58331 

4.37207 

3.86287 

YEAR 

1%2 

1963 

1%4 

1%5 

1966 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

ZRE 

-.14%7 

-.67115 

.30011 

.43043 

-1.76895 

-.63084 

1.58567 

-.55981 

.I1899 

-.32705 

.21559 

35097 

-.68865 

-.54533 

-.64268 

.33491 

,14272 

-.I 1518 

-.49459 

-.81603 

-1.45584 

-.67823 

.71176 

-.00366 

.96862 

-.03094 

1.42858 

-1.09823 

1.47370 

2.35789 

.55724 

-.I4546 

-.65487 

PRE 

3.07760 

3.35715 

3.46334 

3.55640 

3.88944 

3.27894 

3.80202 

3.78810 

3.98580 

3.34836 

4.08288 

3.63372 

3.67029 

3.80277 

3.82683 

4.33230 

3.91787 

4.19436 

4.03121 

4.06609 

4.43699 

4.07584 

4.16254 

3.814% 

3.97538 

4.1 1075 

3.44051 

3.37542 

3.93656 

3.72049 

4.63937 

4.35882 

3.82233 

RES 

-.06075 

-.27244 

.I2182 

.I7473 

-.71807 

-.25608 

64367 

-.22724 

.04830 

-.13276 

.08752 

.34544 

-.27955 

-.22137 

-.26088 

.I3595 

.05793 

-.04676 

-.20077 

-.33125 

-.59097 

-.27531 

.28893 

-.00148 

.39319 

-.01256 

.57991 

-.44581 

.59822 

.95714 

.22620 

-.05905 

-.26583 

DRE 

-.08081 

-.35615 

.I5213 

.24575 

-.84578 

-.31717 

.93331 

-.32451 

.05597 

-.I6163 

.lo904 

.41306 

-.32660 

-.31805 

-.32100 

.I5771 

.06820 

-.05331 

-.32115 

-.40618 

-.72195 

-.34698 

.42935 

-.00217 

.51243 

-.01525 

.66440 

44598 

.95317 

1.13429 

.28226 

-.07230 

-.30637 

sRE' 

-.I7261 

-.76737 

.33536 

.5 1047 

-1.91982 

-.70207 

1.90938 

-.66897 

.I2809 

-.36086 

.24065 

.93054 

-.74436 

-.65366 

-.71289 

.36071 

.I5485 

-.I2299 

-.62553 

-.90362 

-1.60910 

-.76140 

A6765 

-.M)442 

1.10578 

-.03409 

1.52912 

-1.21537 

1.8602 1 

2.56683 

.62247 

-. 16096 

-.70303 

SDR 

-.I6935 

-.76113 

.32956 

SO309 

-2.03207 

-.69505 

2.01921 

-.66169 

.I2564 

-.35474 

.23624 

.92805 

-.73781 

-.64630 

-.70598 

.35W 

.15192 

-. 12064 

-.61805 

-.90032 

-1.66282 

-.75508 

36339 

-.00433 

1.11074 

-.03343 

1.57176 

-1.22714 

1.95912 

2.91300 

.61498 

-.I5791 

-.69603 



Normal P-P Plot of Residual 
1.00. 

.75 ' 

.50 
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Fig. 6.2.1. Exploratory Plots of (White S k i p  ~arves ty .~  Standardized Residual. 
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6.2.4 Prediction Intervals for White Shrimp Harvest 

BOX-WSH (White shrimp h a r v e ~ t ) ~ ' ~  
LICl Lower limit for 99% prediction interval for white shrimp harvest 
UICI Upper limit for 99% prediction interval for white shrimp harvest 

UICI 

4.33777 

4.61069 

4.69855 

4.83703 

5.09958 

4.51075 

5.09321 

5.07405 

5.18861 

4.57292 

5.31718 

4.85052 

4.87678 

5.09082 

5.05589 

5.53557 

5.12778 

5.38967 

5.35379 

5.29369 

5.66301 

5.31484 

5.46195 

5.10819 

5.22772 

5.33414 

4.63805 

4.60251 

5.25796 

4.93335 

5.87429 

5.58581 

5.02260 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

BOX WSH 

3.02 

3.08 

3.59 

3.73 

3.17 

3.02 

4.45 

3.56 

4.03 

3.22 

4.17 

3.98 

3.39 

3.58 

3.57 

4.47 

3.98 

4.15 

3.83 

3.73 

3.85 

3.80 

4.45 

3.81 

4.37 

4.10 

4.02 

2.93 

4.53 

4.68 

4.87 

4.30 

3.56 

LICI 

1.81743 

2.10361 

2.22812 

2.27577 

2.6793 1 

2.04712 

2.51084 

2.50215 

2.78299 

2.12379 

2.84858 

2.41692 

2.46379 

2.51471 

2.59778 

3.12904 

2.70796 

2.99905 

2.70862 

2.83848 

3.21096 

2.83684 

2.86314 

2.52173 

2.72303 

2.88735 

2.24296 

2.14833 

2.61515 

2.50764 

3.40445 

3.13184 

2.62206 



6.2.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 

This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
* MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of freedom. 

Small values indicate a problem. 
COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
- 

M o m  and n - p - 1 denominator degree of M o m .  A value greater than 0.5 indicates a problem. 

MAHA PV 
.43 19 
.4770 
.6107 
.3087 
.7955 
,6364 
.2555 
.28 10 
3439 
.6910 
.6176 
.7483 
,8201 
,2705 
.6572 
.8410 
.797 1 
.8882 
.I375 
.6681 
.6800 
.5824 
.2 190 
.2460 
.4853 
.6997 
A756 
.6720 
.I410 
.7765 
.6130 
.6728 
.8595 

A value less than 0.2 indicates no problem. Values in between are inconclusive. 

COOK PV ' - 
.OW0 
.OOOO 
.OOOO 
.WOO 
.0017 
.OOOO 
.027 1 
.Om0 
.OOOO 
.OOW 
.orno 
.OW0 
.OOOO 
.OOOO 
.0000 
.OW0 
.OOOO 
.OOOO 
.OW 1 
.0000 
.0011 
.OW0 
.Om3 
.0000 
.O003 
.OOOO 
.Om2 
.0002 
.0495 
.0116 
.OOOO 
.WOO 
.OOOO 

MAH 
6.97100 
6.55180 
5.40464 
8.27832 
3.86203 
5.19356 
8.96086 
8.62169 
3.41736 
4.74552 
5.34793 
4.26888 
3.64088 
8.75803 
5.02285 
3.44518 
3.84851 
2.96521 
11.02527 
4.93314 
4.83576 
5.64002 
9.49642 
9.09423 
6.47642 
4.67362 
3.09976 
4.90133 
10.94669 
4.02798 
5.38613 
4.89479 
3.26420 
- 

COO 
.00140 
.02585 
. W O O  
.01513 
.09364 
.01680 
.23435 
.02736 
,00037 
.00404 
.o0204 
.02421 
.01332 
.02666 
.01673 
.00297 
.00061 
.00030 
.03352 
,02638 
.08198 
.02156 
.05227 
.OOOOO 
.05297 
.OW04 
,04867 
.04741 
.29331 
.I7421 
.01372 
.OW83 
,01077 

LEV ' 
.21784 
.20474 
.I6889 
.25870 
.I2069 
.I6230 
.28003 
.26943 
.lo679 
.I4830 
.16712 
.I3340 
.I1378 
.27369 
.I5696 
.lo766 
.I2027 
.09266 
.34454 
,15416 
.I5112 
.I7625 
.29676 
.28419 
.20239 
.I4605 
.09687 
.I5317 
.34208 
.I2587 
.I6832 
.I5296 
.lo201 



DFFITS Standardized dtFts value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the Logged January-February inflows 

SDFB-2 Standardized dtbeta for the (March-April i n t l ~ w s ) ~ ' ~  

SDFB-3 Standardized dfbeta for the Logged May-June inflows 

SDFB-4 Standardized dfbeta for the (July-August  inflow^)^" 
SDFB-5 Standardid dfbeta for the Logged September-October inflows 

SDFB-6 Standardized dfbeta for the (November-December inflows)a1 

ltems in bold are flagged if lsdffitsl or Isdfbeta) exceed 1.0 for a small data set or 24- for a large 

- 
73 

data set. The cutoff used here is 1 

SDFB 3 

-.01651 

,17200 

-.03482 

,07301 

-.34326 

-.I2895 

.71520 

.I1663 

.01486 

,06992 

.02256 

.30885 

-.03183 

.23010 

.01724 

.02304 

.02486 

.01597 

.I5284 

-.21543 

.I2138 

.02506 

-.29668 

.00121 

.I0542 

-.00882 

.04501 

.00882 

-.98351 

-.29136 

.01519 

-.03423 

-.00309 

SDFB 2 

,00157 

.03534 

.WOO1 

.08928 

.29302 

-.I6171 

.36006 

,17303 

-.00574 

.01671 

-.03124 

.01764 

.06345 

.05908 

.OM94 

-.02196 

.04337 

.01094 

-. 15843 

-.06669 

-. 11888 

-.06597 

.07991 

.00266 

,42490 

-.01208 

,13569 

-. 16229 

-.56424 

-.72372 

-.08031 

-.00243 

.I4507 

y m  

1962 

1963 

1964 

1965 

1966 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 4 

-.04199 

-.I9258 

-.07579 

,20607 

-.21768 

.03350 

-.32645 

-.21044 

,00466 

.04967 

-.02217 

.03496 

-.09323 

,00362 

.23119 

.03038 

.02054 

.02153 

.23089 

.25667 

-.I9233 

.24505 

.I8108 

-.00087 

-.08785 

,00361 

.I4955 

.06101 

-.75942 

.33075 

.01325 

-.02862 

-.04974 

SDFFIT 

-.09729 

-.42191 

.I6437 

.32074 

-.856% 

733947 

1.35448 

-.43290 

.05008 

-.I6542 

.I1717 

.41061 

-.30271 

-.42713 

-.33888 

.I4186 

.06396 

-.04517 

-.47858 

-.42819 

-.78281 

-.38526 

,60192 

-.00293 

.61167 

-.01547 

.59995 

-.58169 

1.50908 

1.25321 

,30616 

-.07480 

-.27179 

SDFB 5 

-.01553 

.02428 

-.08794 

-. 15603 

,38682 

.I6911 

.70444 

-.03476 

-.03215 

-.08245 

,08494 

.00259 

-.22168 

-.I8801 

-.01792 

.00196 

-.03457 

-.01143 

-. 12248 

-.08046 

-.05521 

.22622 

.I8739 

-.00145 

-.09766 

,00756 

-.I4366 

-.02750 

-.32342 

-.I 1875 

.02412 

.02528 

.03442 

SDFB 0 

,02098 

-.05214 

.03336 

-.22617 
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7. Examining Subsets of the Data 

7.1 Model 3: Logged AU Variables 

7.1.1 Logged All Variables: 1968 Omitted 

N = 32 Regression Models for Dependent Variable: LN (WHITE S H R I M P )  

R-square A d j  C (p) A I C  MSE S B C  Variables in Model 
In 

1 0.394972 0.374805 5.3916 -38.2394 0.284950 -35.3079 LN-QJF 

1 0.368199 0.347139 6.8692 -36.8538 0.297559 -33.9223 L N Q N D  

1 0.253775 0.228901 13.1843 -31.5273 0.351450 -28.5958 LN-QMA 

1 0.121987 0.092720 20.4578 -26.3230 0.413518 -23.3915 LN-QMJ 

................................................................... 
2 0.519532 0.486397 0.5171 -43.6158 0.234089 -39.2186 LN-QJF LN-QND 

2 0.448883 0.410875 4.4163 -39.2259 0.268510 -34.8286 LN-QMA LN-QND 

2 0.420818 0.380875 5.9652 -37.6364 0.282183 -33.2392 LN-QJF LN-QMA 

2 0.413885 0.373464 6.3478 -37.2556 0.285561 -32.8584 LN-QJA LN-QND 

.......................................................................... 
3 0.531407 0.481200 1.8618 -42.4166 0.236457 -36.5537 LN-QJF LN-QJA LN-QND 

3 0.530164 0.479824 1.9304 -42.3318 0.237084 -36.4689 LN-QJF LN-QSO LN-QND 

3 0.529900 0.479532 1.9449 -42.3139 0.237218 -36.4509 LN-QJF LN-QMA LN-QND 

3 0.519847 0.468402 2.4998 -41.6368 0.242291 -35.7738 LN-QJF LN-QMJ LN-QND 

4 0.539119 0.470841 3.4361 -40.9477 0.241179 -33.6190 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.537298 0.468750 3.5366 -40.8215 0.242132 -33.4928 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.536088 0.467361 3.6034 -40.7379 0.242765 -33.4093 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.535623 0.466826 3.6291 -40.7058 0.243009 -33.3771 LN-QJF LN-QMA LN-QMJ LN-QND 

5 0.543135 0.455276 5.2145 -39.2277 0.248273 -30.4333 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.542400 0.454400 5.2551 -39.1763 0.248672 -30.3819 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.540497 0.452131 5.3601 -39.0435 0.249706 -30.2491 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.540166 0.451737 5.3783 -39.0205 0.249886 -30.2261 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

.............................................................................................. 

6 0.547021 0.438306 7.0000 -37.5011 0.256007 -27.2409 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

L N Q N D  

............................................................................................... 



7.1.2 lagged AU Variables: 1990 Omitted 

N = 32 Regression M o d e l s  for D e p e n d e n t  Variable: LN (WHITE S H R I M P )  

+square A d  j C (P) A I C  MSE S B C  Variables in M o d e l  
In R s ~  

1 0.403876 0.384005 4.0534 -39.0941 0.277439 -36.1626 LN-QJE 

1 0.335249 0.313091 7.7434 -35.6073 0.309379 -32.6758 LN-QND 

1 0.225820 0.200014 13.6274 -30.7307 0.360308 -27.7992 LN-QMJ 

1 0.204203 0.177677 14.7897 -29.8495 0.370368 -26.9180 LN-QMA 

2 0.505042 0.470907 0.6137 -43.0454 0.238299 -38.6481 LN-QJF LN-QND 

2 0.434841 0.395865 4.3884 -38.8010 0.272098 -34.4038 LN-QJF LN-QMJ 

2 0.432426 0.393283 4.5182 -38.6646 0.273261 -34.2674 LN-QMJ LN-QND 

2 0.424816 0.385148 4.9275 -38.2384 0.276925 -33.8412 LN-QJF LN-QSO 

.......................................................................... 
3 0.526784 0.476082 1.4447 -42.4828 0.235969 -36.6198 LN-QJF LN-QMJ LN-QND 

3 0.512521 0.460291 2.2116 -41.5326 0.243081 -35.6696 LN-QJF LN-QSO LN-QND 

3 0.508605 0.455955 2.4221 -41.2765 0.245034 -35.4136 LN-QJF LN-QJA LN-QND 

3 0.505786 0.452835 2.5737 -41.0935 0.246439 -35.2305 LN-QJF LN-QMA LN-QND 

................................................................................. 
4 0.533625 0.464533 3.0768 -40.9488 0.241171 -33.6201 LN-QJE LN-QMJ LN-QSO LN-QND 

4 0.529957 0.460321 3.2741 -40.6981 0.243068 -33.3694 LN-QJE LN-QMA LN-QMJ LN-QND 

4 0.527068 0.457005 3.4294 -40.5020 0.244561 -33.1734 LN-QJE LN-QMJ LN-QJA LN-QND 

4 0.515873 0.444151 4.0313 -39.7534 0.250350 -32.4247 LN-QJF LN-QJA LN-QSO LN-QND 

5 0.534760 0.445291 5.0158 -39.0267 0.249837 -30.2323 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.533873 0.444233 5.0635 -38.9658 0.250313 -30.1714 LN-QJE LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.530314 0.439989 5.2549 -38.7224 0.252225 -29.9280 LN-QJE LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.517380 0.424568 5.9503 -37.8531 0.259170 -29.0587 LN-QJE LN-QMA LN-QJA LN-QSO LN - QND 

.............................................................................................. 
6 0.535054 0.423467 7.0000 -37.0470 0.259666 -26.7868 LN-QJE LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.13 Logged AN Variables: 1991 Omitted 

N = 32 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  LN (WHITE S H R I M P )  

R-square A d  j C (P) A I C  MSE S B C  V a r i a b l e s  i n  M o d e l  
I n  R s q  

1 0.423473 0 .404255 6.4578 -40 .8579 0 .262561 -37 .9265 LN-QND 

1 0 . 3 8 7 3 1 4  0 .366891 8 .6190 -38 .9114 0 .279029 -35 .9799 LN-QJF 

1 0.201307 0.174684 19 .7362 - 3 0 . 4 2 7 4  0 .363739 -27 .4959 LN-QMA 

1 0.159590 0 .131576 22.2295 -28 .7982 0 .382738 -25.8667 LN-QMJ 

2 0 .546029 0.514720 1 .1329 -46.5056 0 . 2 1 3 8 7 6  -42 .1084 LN-QJF LN-QND 

2 0 .490987 0 .455883 4 .4226 -42.8435 0 .239807 -38.4463 LN-QJA LN-QND 

2 0 .470189 0 . 4 3 3 6 5 1  5 . 6 6 5 7  -41 .5620 0 .249606 -37 .1648 LN-QMJ LN-QND 

2 0.453800 0 . 4 1 6 1 3 1  6.6452 - 4 0 . 5 8 7 1  0 .257327 -36 .1899 LN-QMA LN-QND 

.......................................................................... 
3 0 .573327 0.527612 1.5013 -46 .4901 0.208194 -40 .6272 LN-QJF LN-QJA LN-QND 

3 0 .551597 0.503553 2 .8001 -44 .9005 0.218798 -39 .0375 LN-QJF LN-QMJ LN-QND 

3 0.548808 0 .500466 2.9668 -44 .7021 0 .220158 - 3 8 . 8 3 9 1  LN-QJF LN-QSO LN-QND 

3 0 .546069 0.497434 3.1305 -44.5084 0 .221495 -38.6455 LN-QJF LN-QMA LN-QND 

................................................................................. 
4 0.578096 0.515592 3 .2163 -44.8498 0 .213492 - 3 7 . 5 2 1 1  LN-QJF LN-QJA LN-QSO LN-QND 

4 0.575719 0.512862 3 .3584 -44 .6700 0.214695 - 3 7 . 3 4 1 3  LN-QJF LN-QMJ LN-QJA LN-QND 

4 0 .574759 0 .511760 3 .4158 -44 .5976 0 . 2 1 5 1 8 1  -37 .2689 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.553584 0 . 4 8 7 4 4 9  4.6813 -43 .0426 0 .225895 -35 .7140 LN-QJF LN-QMJ LN-QSO LN-QND 

5 0.579722 0 .498899 5.1191 -42 .9733 0 . 2 2 0 8 4 9  -34.1789 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0 .579715 0 .498891 5.1195 -42 .9728 0.220852 -34 .1784 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0 .578550 0.497502 5.1892 -42 .8842 0 .221465 -34.0898 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0 . 5 5 3 7 7 4  0 .467962 6.6700 -41 .0563 0 . 2 3 4 4 8 4  -32.2619 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

6 0.581715 0.481327 7 . 0 0 0 0  -41.1254 0.228593 -30 .8653 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.1.4 Logged AU Variables: 1%8 and 1990 Omitted 

N = 31 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  LN (WHITE S H R I M P )  

R - s q u a r e  A d  j C ( P )  A I C  MSE S B C  V a r i a b l e s  i n  M o d e l  
In RS q 

1 0.428116 0.408396 4.1386 -39.5273 0.262524 -36.6593 LN-QJF 

1 0.386364 0.365204 6.4120 -37.3428 0.281690 -34.4748 LN-QND 

1 0.237301 0.211001 14.5284 -30.6015 0.350118 -27.7335 LN-QMA 

1 0.196589 0.168885 16.7451 -28.9894 0.368806 -26.1215 LN-QMJ 

2 0.554577 0.522761 -0.7470 -45.2745 0.211774 -40.9725 LN-QJF LN-QND 

2 0.452948 0.413873 4.7866 -38.9034 0.260093 -34.6015 LN-QMA LN-QND 

2 0.443303 0.403539 5.3117 -38.3616 0.264679 -34.0597 LN-QMJ LN-QND 

2 0.440864 0.400926 5.4445 -38.2261 0.265839 -33.9241 LN-QJF LN-QMA 

.......................................................................... 
3 0.558515 0.509461 1.0385 -43.5498 0.217676 -37.8139 LN-QJF LN-QMJ LN-QND 

3 0.557460 0.508289 1.0960 -43.4758 0.218196 -37.7399 LN-QJF L N Q M A  LN-QND 

3 0.555286 0.505873 1.2143 -43.3239 0.219268 -37.5880 LN-QJF LN-QSO LN-QND 

3 0.555139 0.505710 1.2224 -43.3136 0.219341 -37.5777 LN-QJF LN-QJA LN-QND 

................................................................................. 
4 0.558962 0.491110 3.0142 -41.5812 0.225819 -34.4113 LN-QJF LN-QMA LN-QMJ LN-QND 

4 0.558852 0.490983 3.0202 -41.5735 0.225876 -34.4036 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.558567 0.490654 3.0357 -41.5535 0.226022 -34.3836 LN-QJF LN-QMJ LN-QJA LN-QND 

4 0.557693 0.489646 3.0833 -41.4922 0.226469 -34.3222 LN-QJF LN-QMA LN-QSO LN-QND 

5 0.559184 0.471021 5.0021 -39.5969 0.234734 -30.9929 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.558999 0.470799 5.0122 -39.5839 0.234832 -30.9799 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.558903 0.470684 5.0174 -39.5771 0.234883 -30.9732 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.557874 0.469449 5.0734 -39.5049 0.235431 -30.9009 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

.............................................................................................. 
6 0.559223 0.449028 7.0000 -37.5995 0.244493 -27.5616 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.1.5 Logged AN V a r i a k .  1968 and 1991 Omitted 

N = 31 Regression Models f o r  Dependent Var iab le :  LN (WHITE S H R I M P )  

R-square Ad j C (PI A I C  MSE S B C  Va r i ab l e s  i n  Model 
1n RSq 

1 0.488654 0.471021 6.0553 -43.7204 0.229311 -40.8524 LN-QND 

1 0.410688 0.390367 11.0954 -39.3212 0.264275 -36.4532 LN-QJF 

1 0.234813 0.208427 22.4645 -31.2251 0.343145 -28.3571 LN-QMA 

1 0.131248 0.101291 29.1594 -27.2900 0.389588 -24.4221 LN-QMJ 

2 0.606448 0.578337 0.4407 -49.8372 0.182790 -45.5352 LN-QJF LN-QND 

2 0.541229 0.508459 4.6567 -45.0837 0.213082 -40.7818 LN-QJA LN-QND 

2 0.526441 0.492615 5.6126 -44.1003 0.219950 -39.7983 LN-QMA L N Q N D  

2 0.505458 0.470133 6.9691 -42.7562 0.229696 -38.4543 LN-QMJ LN-QND 

.......................................................................... 
3 0.625115 0.583461 1.2340 -49.3436 0.180569 - 4 3 . 6 0 7  LN-QJE LN-QJA LN-QND 

3 0.610972 0.567746 2.1482 -48.1956 0.187381 -42.4597 LN-QJF LN-QSO LN-QND 

3 0.607457 0.563841 2.3754 -47.9168 0.189074 -42.1809 LN-QJF LN-QMA LN-QND 

3 0.606859 0.563177 2.4141 -47.8696 0.189362 -42.1337 L N _ Q J F  LN-QMJ LN-QND 

................................................................................. 
4 0.627257 0.569912 3.0955 -47.5212 0.186442 -40.3513 LN-QJE LN-QJA LN-QSO LN-QND 

4 0.626576 0.569126 3.1395 -47.4647 0.186783 -40.2947 LN-QJF LN-QMJ LN-QJA LN-QND 

4 0.625148 0.567478 3.2319 -47.3463 0.187497 -40.1764 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.611449 0.551671 4.1174 -46.2336 0.194349 -39.0637 LN-QJE LN-QMJ LN-QSO LN-QND 

5 0.628727 0.554473 5.0005 -45.6438 0.193135 -37.0398 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.627522 0.553026 5.0784 -45.5433 0.193762 -36.9394 LN-QJB LN-QMA LN-QJA LN-QSO LN-QND 

5 0.626776 0.552131 5.1266 -45.4813 0.194150 -36.8773 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.612363 0.534836 6.0583 -44.3067 0.201647 -35.7028 LN-QJF LN-QMA L N - W J  LN-QSO LN-QND 

6 0.628734 0.535918 7.0000 -43.6444 0.201178 -33.6065 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.1.6 Logged All Variables: 1990 and 1991 Omitted 

N = 31 Regression Models for Dependent Variable: LN (WHITE S H R I M P )  

R-square A d  j C (P) A I C  MSE S B C  Variables in Model 
1n Rsq 

1 0.446755 0.427678 10.7315 -41.7006 0.244749 -38.8327 LN-QND 

1 0.420843 0.400872 12.4987 -40.2817 0.256212 -37.4137 LN-QJF 

1 0.249263 0.223376 24.2005 -32.2378 0.332117 -29.3698 LN-QMJ 

1 0.182850 0.154672 28.7299 -29.6100 0.361497 -26.7420 LN-QMA 

2 0.583791 0.554062 3.3856 -48.5236 0.190702 -44.2217 LN-QJF LN-QND 

2 0.540533 0.507714 6.3358 -45.4584 0.210522 -41.1564 LN-QMJ LN-QND 

2 0.486478 0.449798 10.0224 -42.0104 0.235289 -37.7084 LN-QJA LN-QND 

2 0.486475 0.449794 10.0226 -42.0102 0.235291 -37.7082 LN-QSO LN-QND 

3 0.610044 0.566715 3.5952 -48.5434 0.185291 -42.8074 LN-QJF LN-QMJ LN-QND 

3 0.603729 0.559699 4.0258 -48.0454 0.188291 -42.3095 LN-QJF LN-QSO LN-QND 

3 0.591119 0.545688 4.8858 -47.0743 0.194283 -41.3384 LN-QJF LN-QJA LN-QND 

3 0.586402 0.540446 5.2075 -46.7187 0.196524 -40.9828 LN-QJF LN-QMA LN-QND 

................................................................................. 
4 0.636310 0.580358 3.8038 -48.7051 0.179457 -41.5352 LN-QJF LN-QMA LN-QMJ LN-QND 

4 0.628968 0.571887 4.3045 -48.0856 0.183079 -40.9156 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.611614 0.551862 5.4881 -46.6685 0.191642 -39.4985 LN-QJF LN-QMJ LN-QJA LN-QND 

4 0.610781 0.550901 5.5449 -46.6021 0.192053 -39.4321 LN-QJF LN-QJA LN-QSO LN-QND 

5 0.645925 0.575110 5.1480 -47.5357 0.181701 -38.9318 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.638671 0.566405 5.6428 -46.9070 0.185423 -38.3031 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.630483 0.556580 6.2012 -46.2124 0.189625 -37.6085 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.612374 0.534849 7.4362 -44.7292 0.198918 -36.1253 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

6 0.648096 0.560120 7.0000 -45.7263 0.188111 -35.6884 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



OBS -MODEL- 

1 MODELl 

2 MODELl 

3 MODELl 

4 MODELl 

5 MODELl 

6 MODELl 

7 MODELl 

8 MODELl 

9 MODELl 

10 MODELl 

11 MODELl 

12 MODELl 

13 MODELl 

14 MODELl 

15 MODELl 

16 MODELl 

17 MODELl 

18 MODELl 

19 MODELl 

20 MODELl 

21 MODELl 

- TYPE- 
PAWS 

PAWS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

- DEPVAR- 
LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

LN-WSH 

- RMSE- INTERCEP LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

0.49472 5.65151 . 
0.50617 5.82770 0.27783 . 
0.57630 5.68055 . 0.22460 . 
0.60125 6.15039 . 0.18102 . 
0.43669 5.42852 0.18149 . 
0.45883 5.18440 . 0.14498 . 
0.48507 5.35962 . 0.091412 . 
0.48507 5.39680 . 0.082144 

0.43045 5.20122 0.14337 . 0.08508 . 
0.43393 5.25961 0.17013 . 0.058977 

0.44078 5.31360 0.16735 . 0.041431 . 
0.44331 5.44138 0.19578 -0.02796 . 
0.42362 5.10662 0.17295 -0.10470 0.13852 . 
0.42788 5.04099 0.13303 . 0.08345 . 0.057474 

0.43777 5.16269 0.13940 . 0.07867 0.020070 . 
0.43824 5.14802 0.15634 . 0.040646 0.058571 

0.42626 5.00391 0.16037 -0.08725 0.12840 . 0.042492 

0.43061 5.05774 0.16855 -0.10642 0.13152 0.024644 . 
0.43546 5.00337 0.12914 . 0.07715 0.019713 0.057391 

0.44600 5.15787 0.16734 -0.02285 . 0.044760 0.054818 

0.43372 4.95803 0.15628 -0.08908 0.12179 0.023637 0.042079 

LN-WSH - 
- 1 
-1 

-1 

-1 

-1 

-1 

- 1 
-1 

-1 

- 1 
- 1 
- 1 
- 1 
-1 

- 1 
- 1 
- 1 

-1 

-1 

- 1 
- 1 



Parameter Estimates 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter=O Prob > IT1 Inflation 

INTERCEP 1 4.958035 0.32730614 15.148 0.0001 0.00000000 

LN-Q JF 1 0.156282 0.07196127 2.172 0.0400 1.92551780 

LN-QMA 1 -0.089077 0.08127599 -1.096 0.2840 2.51398929 

LN-QMJ 1 0.121791 0.07802918 1.561 0.1317 2.05187588 

LN-QJA 1 0.023637 0.06143156 0.385 0.7038 1.22354124 

LN-QSO 1 0.042079 0.05248403 0.802 0.4306 1.18371702 

LN-QND 1 0.231747 0.07264198 3.190 0.0039 1.51296593 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

Variable 
Variable DF ~abel 

INTERCEP 1 Intercept 
LN-QJF 1 Ln (January-February Inflows) 
LN-QMA 1 Ln (March-April Inflows) 
LN-QMJ 1 Ln (May-June Inflows) 
LN-QJA 1 Ln (July-August Inflows) 
LN-QSO 1 Ln (September-October Inflows) 

LN-QND 1 Ln (November-December Inflows) 



7.1.7 Logged AU Variables: 1968,1990 and 1991 Omitted 

N = 30 Regression Models for Dependent Variable: LN (WHITE S H R I M P )  

R-square Adj C (p) A I C  MSE SBC Variables in Model 
1n RSq 

1 0.520852 0.503740 7.0832 -45.2570 0.207441 -42.4546 LN-QND 

1 0.449913 0.430267 11.9813 -41.1150 0.238154 -38.3126 LN-QJF 

1 0.216797 0.188826 28.0770 -30.5155 0.339078 -27.7131 LN-QMJ 

1 0.216258 0.188267 28.1142 -30.4949 0.339312 -27.6925 LN-QMA 

2 0.653761 0.628114 -0.0936 -53.0034 0.155452 -48.7998 LN-QJF LN-QND 

2 0.569526 0.537639 5.7225 -46.4707 0.193271 -42.2671 LN-QMJ LN-QND 

2 0.546335 0.512730 7.3238 -44.8965 0.203683 -40.6929 LN-QJA LN-QND 

2 0.545903 0.512266 7.3536 -44.8679 0.203877 -40.6643 LN-QMA LN-QND 

3 0.658229 0.618794 1.5979 -51.3930 0.159348 -45.7882 LN-QJF LN-QMJ LN-QND 

3 0.655970 0.616274 1.7539 -51.1954 0.160401 -45.5906 LN-QJF LN-QJA LN-QND 

3 0.654506 0.614641 1.8550 -51.0680 0.161084 -45.4632 LN-QJF LN-QMA LN-QND 

3 0.654189 0.614288 1.8769 -51.0405 0.161231 -45.4357 LN-QJF LN-QSO LN-QND 

................................................................................. 
4 0.665237 0.611675 3.1141 -50.0145 0.162324 -43.0086 LN-QJF LN-QMA LN-QMJ LN-QND 

4 0.659144 0.604607 3.5348 -49.4734 0.165278 -42.4674 LN-QJF L N Q M J  LN-QJA LN-QND 

4 0.659131 0.604593 3.5356 -49.4724 0.165284 -42.4664 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.657435 0.602625 3.6527 -49.3234 0.166106 -42.3174 LN-QJF LN-QMA LN-QJA LN-QND 

........................................................................................ 
5 0.666559 0.597092 5.0228 -48.1333 0.168419 -39.7261 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.665563 0.595888 5.0915 -48.0438 0.168922 -39.6366 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.660071 0.589252 5.4708 -47.5551 0.171696 -39.1479 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.657691 0.586376 5.6351 -47.3458 0.172898 -38.9386 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

6 0.666889 0.579990 7.0000 -46.1629 0.175568 -36.3546 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



7.2 Model 6: Variables Transformed According to the Box-Cox Analysis 

7.2.1 Variables Transformed According to the Box-Cox Analysis: 1968 Omitted 

N = 32 Regression Models for Dependent Variable: (WHITE SHRIMP) 
0.2 

R-square Ad j c (P) AIC MSE SBC Variables in Model 
In Rsq 

1 0.388051 0.367652 5.4089 -55.9011 0.164085 -52.9697 LN-QJF 

1 0.364423 0.343237 6.6988 -54.6889 0.170420 -51.7574 (QNDI-O.~ 

1 0.254383 0.229529 12.7064 -49.5791 0.199926 -46.6477 (QMAI-~.' 

1 0.116858 0.087420 20.2144 -44.1624 0.236801 -41.2309 LN-QMJ 

.................................................................... 
2 0.516140 0.482771 0.4159 -61.4165 0.134213 -57.0193 LN-QJF (QND)-~" 

2 0.444693 0.406395 4.3166 -57.0092 0.154032 -52.6120 (QMA)-O.' (QND)-'.~ 

2 0.414064 0.373655 5.9887 -55.2912 0.162527 -50.8940 LN-QJF (QMA)-O" 

2 0.405403 0.364396 6.4616 -54.8216 0.164930 -50.4244 (QJA)-O" (QND)-O'' 

............................................................................ 
3 0.526979 0.476299 1.8242 -60.1415 0.135893 -54.2785 LN-QJF LN-QSO (QND)-O.~ 

3 0.525588 0.474758 1.9001 -60.0475 0.136292 -54.1846 LN-QJF (QMA)-O" (QND)-~.' 

3 0.525429 0.474582 1.9088 -60.0368 0.136338 -54.1738 LNQJF (QJA)-'.' (QNDI-'.~ 

3 0.516817 0.465047 2.3790 -59.4612 0.138812 -53.5983 LN-QJF LN-QMJ (QNDI-'" 

4 0.533681 0.464597 3.4583 -58.5981 0.138929 -51.2694 LN-QJF (QJAI-O.' LN-QSO (QND)-O.' 

4 0.532607 0.463363 3.5170 -58.5244 0.139249 -51.1958 LN-QJF (QMA)-O-' LN-QMJ ( Q N D I - ~ . ~  

4 0.532053 0.462728 3.5472 -58.4866 0.139414 -51.1579 LN-QJF (QMA)-O.' LN-QSO (QND) -O.' 

4 0.530663 0.461131 3.6231 -58.3916 0.139828 -51.0629 LN-QJF (QMA)-O-' (QJA) (QND) 

............................................................................................ 
5 0.537903 0.449039 5.2278 -56.8892 0.142966 -48.0947 LN-QJF (QMA)-O.l LN-QMJ (QJA)-"~ 

(g~~1-O.l 

5 0.537508 0.448567 5.2494 -56.8618 0.143089 -48.0673 LN-QJF (QMA)-O.' LN-QMJ LN-QSO 

(QND)-'.~ 

5 0.536340 0.447174 5.3132 -56.7810 0.143450 -47.9866 LN-QJF (QMA)-O" (QJA)-'.~ LN-QSO 

(QND) -'.l 

5 0.535415 0.446071 5.3637 -56.7173 0.143736 -47.9229 LN-QJF LN-QMJ ( Q J A I - ~ . ~  LN-QSO 

(QNDI-O.' 

................................................................................................ 
6 0.542076 0.432174 7.0000 -55.1794 0.147342 -44.9193 LN-QJF (QMA)-'.' LN-QMJ (QJA) -'. ' 

LN-QSO (QND) -O. 



7.2.2 Variables Tmformed According to the Box-Cox Analysis: 1990 Omitted 

0.2 
N = 32 Regression Models for Dependent Variable: ( W H I T E  S H R I M P )  

A d j  
Rsq 

A I C  MSE S B C  Variables in Model 

1 0.397814 0.377741 4.0861 -56.8510 0.159286 -53.9195 LN-QJF 

1 0.329499 0.307149 7.7261 -53.4124 0.177356 -50.4809 (QND)  

1 0.224631 0.198785 13.3138 -48.7623 0.205095 -45.8308 LN-QMJ 

1 0.203729 0.177187 14.4275 -47.9111 0.210623 -44.9796 (QMA) 

.................................................................... 
2 0.500532 0.466086 0.6130 -60.8358 0.136671 -56.4386 LN-QJF (QND) -'.I 

2 0.429266 0.389905 4.4103 -56.5676 0.156172 -52.1704 LN-QJF LN-QMJ 

2 0.425407 0.385780 4.6159 -56.3520 0.157228 -51.9548 LN-QMJ (QND) 
-0.1 

2 0.419934 0.379929 4.9075 -56.0486 0.158726 -51.6514 LN-QJF LN-QSO 

3 0.521478 0.470208 1.4970 -60.2067 0.135616 -54.3437 LN-QJF LN-QMJ (QND) 

3 0.508724 0.456088 2.1765 -59.3650 0.139231 -53.5020 LN-QJF LN-QSO (QND) 

3 0.503338 0.450124 2.4635 -59.0160 0.140757 -53.1531 LN-QJF ( Q J A )  (QND) 

3 0.500990 0.447524 2.5886 -58.8651 0.141423 -53.0021 LN-QJF (QMAJ (QND) 

4 0.529071 0.459304 3.0924 -58.7185 0.138407 -51.3899 LN-QJF LN-QMJ LN-QSO (QND) -''I 

4 0.525656 0.455383 3.2744 -58.4873 0.139411 -51.1586 LN-QJF (QMAI LN-QMJ (QND) 

4 0.521528 0.450643 3.4943 -58.2100 0.140624 -50.8813 LN-QJF LN-QMJ ( Q J A )  (QND) 

4 0.511339 0.438945 4.0372 -57.5357 0.143619 -50.2071 LN-QJF ( Q J A )  LN-QSO (QND) -0.1 

5 0.530726 0.440481 5.0042 -56.8312 0.143226 -48.0367 LN-QJF IQMA) -'.I LN-QMJ LN-QSO 

(QNDI 
-0.1 

5 0.529106 0.438549 5.0905 -56.7209 0.143720 -47.9265 LN-QJF LN-QMJ ( Q J A )  LN-QSO 

(QND) 
-0.1 

5 0.525785 0.434590 5.2675 -56.4960 0.144733 -47.7016 LN-QJF (QMA) 
-0.1 

LN-QMJ ( Q J A )  
-0.1 

(QND) 
-0.1 

5 0.512446 0.418685 5.9782 -55.6083 0.148805 -46.8139 LN-QJF IQMA) ( Q J A )  LN-QSO 

(QNDI 
-0.1 

6 0.530805 0.418198 7.0000 -54.8366 0.148929 -44.5764 LN-QJF (QMA) 
-0.1 

LN-QMJ ( Q J A )  

LN-QSO (QNDI 
-0.1 



7.23 Variables Transformed According to the Box-Cox Analysis: 1991 Omitted 

N = 32 Regression Models for Dependent Variable: (WHITE  SHRIMP)^.* 

R-square Ad j C (P) AIC MSE SBC Variables in Model 
1n RSq 

1 0.382659 0.362081 9.1747 -57.0146 0.158474 -54.0831 LN-QJF 

1 0.200539 0.173890 20.1416 -48.7420 0.205225 -45.8106 IQMA) 

1 0.157721 0.129645 22.7199 -47.0725 0.216216 -44.1410 LN-QMJ 

2 0.552353 0.521481 0.9562 -65.2999 0.118875 -60.9027 LN-QJF (QND-'.I) 

2 0.491434 0.456360 4.6246 -61.2170 0.135053 -56.8198 (QJA) -0.1 (QND) 

2 0.475504 0.439332 5.5838 -60.2301 0.139283 -55.8329 LN-QMJ (QND) 

2 0.458648 0.421314 6.5988 -59.2178 0.143759 -54.8206 (QMA) IQND) 

............................................................................ 
3 0.575340 0.529841 1.5720 -64.9868 0.116798 -59.1239 LN-QJF (QJA) -'.I (QND) -0.1 

3 0.557197 0.509753 2.6645 -63.6480 0.121789 -57.7851 LN-QJF LN-QMJ (QND) 

3 0.555735 0.508135 2.7525 -63.5426 0.122191 -57.6796 LN-QJF LN-QSO (QND) 

3 0.552388 0.504430 2.9541 -63.3024 0.123111 -57.4395 LN-QJF (QMA) 
-0.1 

(QND) 
-0.1 

.................................................................................... 
4 0.580506 0.518359 3.2609 -63.3785 0.119651 -56.0498 LN-QJF (QJA) -0.1 LN-QSO (QND) 

-0.1 

4 0.578131 0.515632 3.4039 -63.1978 0.120328 -55.8692 LN-QJF (QMA)-O.' (QJA)-O.' IQND)-'.' 

4 0.577069 0.514413 3.4678 -63.1174 0.120631 -55.7887 LN-QJF LN-QMJ (QJA) (QND) -0.1 

4 0.559764 0.494544 4.5099 -61.8341 0.125567 -54.5055 LN-QJF LN-QMJ LN-QSO (QND) 

5 0.582949 0.502746 5.1138 -61.5653 0.123529 -52.7709 LN-QJF (QMA) -'.I LN-QMJ (QJA) -'.I 

(QND) 
-0.1 

5 0.581786 0.501360 5.1838 -61.4763 0.123874 -52.6818 LN-QJF (QMA) 
-0.1 

(QJA) 
-0.1 

LN-QSO 

(QND) 

5 0.581556 0.501086 5.1977 -61.4587 0.123942 -52.6643 LN-QJF LN-QMJ IQJA) 
-0.1 

LN-QSO 

(QND) -Osl 

5 0.560358 0.475812 6.4741 -59.8773 0.130220 -51.0829 LN-QJF (QMA) LN-QMJ LN-QSO 

IQND) 

................................................................................................ 
6 0.584838 0.485200 7.0000 -59.7107 0.127888 -49.4505 LN-QJF (QMA) 

-0.1 
LN-QMJ (QJA) 

-0.1 

LN-QSO (QND) 
-0.1 



7.2.4 Variables Transformed According to the Box-Cox Analysis: 1968 and 1990 Omitted 

N = 31 Regression Models for Dependent Variable: (WHITE  SHRIMP)^'^ 

R-square Ad j C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.423883 0.404016 4.1329 -56.9629 0.149590 -54.0950 LN-QJF 

1 0.381031 0.359687 6.4486 -54.7389 0.160717 -51.8709 (QND) 
-0.1 

1 0.236573 0.210248 14.2549 -48.2362 0.198226 -45.3683 (QMA) 
-0.1 

1 0.194009 0.166216 16.5551 -46.5543 0.209278 -43.6864 LN-QMJ 

2 0.552156 0.520167 -0.7989 -62.7708 0.120437 -58.4688 LN-QJF (QND) 

2 0.447084 0.407531 4.8791 -56.2372 0.148693 -51.9353 (QMA) 
-0.1 

(QND) 
-0.1 

2 0.436480 0.396229 5.4521 -55.6483 0.151545 -51.3463 LN-QMJ (QND) 
-0.1 

2 0.435976 0.395689 5.4794 -55.6206 0.151681 -51.3186 LN-QJF L N Q M J  

............................................................................ 
3 0.555428 0.506031 1.0243 -60.9981 0.123985 -55.2621 LN-QJF LN-QMJ (QND) -'.I 

3 0.554245 0.504716 1.0882 -60.9157 0.124315 -55.1798 LN-QJF (QMA) (QND) 

3 0.552760 0.503066 1.1685 -60.8126 0.124729 -55.0767 LN-QJF LN-QSO (QND) 

3 0.552320 0.502578 1.1922 -60.7822 0.124852 -55.0462 LN-QJF ( Q J A )  
-0.1 

(QND) 

.................................................................................... 
4 0.555714 0.487362 3.0088 -59.0180 0.128671 -51.8481 LN-QJF LN-QMJ LN-QSO (QND) -'.I 

4 0.555641 0.487278 3.0128 -59.0130 0.128692 -51.8430 LN-QJF (QMA) LN-QMJ (QND) 
-0.1 

4 0.555443 0.487049 3.0235 -58.9991 0.128749 -51.8292 LN-QJF LN-QMJ ( Q J A )  
-0.1 

(QND) 
-0.1 

4 0.554460 0.485915 3.0766 -58.9307 0.129034 -51.7608 LN-QJF (QMA) LN-QSO (QND) 
-0.1 

5 0.555852 0.467022 5.0014 -57.0277 0.133776 -48.4238 LN-QJF (QMA) -''I LN-QMJ LN-QSO 

(QND) 

5 0.555730 0.466876 5.0080 -57.0192 0.133813 -48.4152 LN-QJF LN-QMJ ( Q J A )  LN-QSO 

(QND) 
-0.1 

5 0.555668 0.466801 5.0113 -57.0148 0.133832 -48.4109 LN-QJF (QMA) 
-0.1 

LN-QMJ ( Q J A )  
-0.1 

(QND) 
-0.1 

5 0.554464 0.465357 5.0764 -56.9310 0.134194 -48.3271 LN-QJF (QMA) ( Q J A )  LN-QSO 

(QND) 
-0.1 

6 0.555877 0.444847 7.0000 -55.0295 0.139342 -44.9916 LN-QJF (QMA) -a'' LN-QMJ ( Q J A )  

LN-QSO (QND) 



7.2.5 Variables Transformed According to the Box-Cox Analysis: 1968 and 1991 Omitted 

N = 31 Regression Models for Dependent Variable: (WHITE SHRIMP)0'2 

R-square Ad j C(p) AIC MSE SBC Variables in Model 
In M q  

1 0.498282 0.480982 5.9713 -62.2077 0.126307 -59.3397 (QND) 

1 0.407551 0.387122 11.9339 -57.0546 0.149148 -54.1867 LN-QJF 

1 0.234102 0.207691 23.3324 -49.0943 0.192814 -46.2263 (QMA) -0.1 

1 0.127449 0.097361 30.3413 -45.0528 0.219664 -42.1848 LN-QMJ 

.................................................................... 
2 0.616056 0.588631 0.2316 -68.5014 0.100110 -64.1995 LN-QJF (QND) -'.I 

2 0.543030 0.510389 5.0306 -63.1037 0.119150 -58.8018 IQJA) (QNDI 

2 0.532606 0.499220 5.7157 -62.4045 0.121868 -58.1025 (QMAI (QND) 

2 0.513093 0.478314 6.9980 -61.1366 0.126956 -56.8346 LN-QMJ IQND) 

............................................................................ 
3 0.630092 0.588991 1.3092 -67.6560 0.100022 -61.9200 LN-QJF (QJA) -'.I (QND) 

3 0.620296 0.578107 1.9530 -66.8457 0.102671 -61.1098 LN-QJF LN-QSO (QND) -0.1 

3 0.616941 0.574379 2.1734 -66.5730 0.103578 -60.8371 LN-QJF LN-QMJ (QND) 

3 0.616367 0.573741 2.2112 -66.5266 0.103733 -60.7906 LN-QJF (QMAI -0.1 (QND, -0.1 

.................................................................................... 
4 0.632486 0.575945 3.1519 -65.8572 0.103197 -58.6873 LN-QJF LN-QMJ (QJA) -0.1 IQND) 

4 0.632338 0.575774 3.1616 -65.8448 0.103238 -58.6748 LN-QJF (QJA) LN-QSO (QND) 

4 0.630483 0.573635 3.2835 -65.6888 0.103759 -58.5189 LN-QJF (QMA)-O.~ (QJA)-'.~ (QND)-O" 

4 0.621274 0.563008 3.8887 -64.9257 0.106345 -57.7557 LN-QJF LN-QMJ LN-QSO IQND) -0.1 

............................................................................................ 
5 0.634727 0.561672 5.0046 -64.0469 0.106670 -55.4429 LN-QJF LN-QMJ (QJA) -'*I LN-QSO 

(QND) 
-0.1 

5 0.633313 0.559976 5.0975 -63.9271 0.107083 -55.3232 LN-QJF (QMA) -0.1 (QJA) LN-QSO 

( QND 
-0.1 

5 0.632502 0.559003 5.1508 -63.8586 0.107320 -55.2547 LN-QJF (QMA) LN-QMJ (QJA) 

(QNDI 
-0.1 

5 0.621650 0.545980 5.8640 -62.9565 0.110489 -54.3525 LN-QJF (QMA) LN-QMJ LN-QSO 

IQND) 
-0.1 

6 0.634797 0.543496 7.0000 -62.0528 0.111094 -52.0149 LN-QJF (QMA) -'.I LN-QMJ (QJA) 

LN-QSO (QND) 
-0.1 



7.2.6 Variables T r n n s f o d  According to the Box-Cox Analysis: 1990 and 1991 Omitted 

N = 31 Regression Models for Dependent Variable: (WHITE SHRIMP)'.' 

R-square Adj  C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.453540 0.434697 11.8997 -60.0619 0.135359 -57.1939 (QND) 
-0.1 

1 0.419023 0.398989 14.3568 -58.1631 0.143909 -55.2952 LN-QJE 

1 0.251976 0.226182 26.2480 -50.3287 0.185287 -47.4607 LN-QMJ 

1 0.180581 0.152325 31.3303 -47.5027 0.202972 -44.6347 (QMA) 

.................................................................... 
2 0.591460 0.562278 4.0819 -67.0789 0.104811 -62.7769 LN-QJE (QND) -'.I 

2 0.546246 0.513835 7.3004 -63.8250 0.116410 -59.5230 LN-QMJ (QND) 

2 0.497546 0.461657 10.7671 -60.6646 0.128904 -56.3626 LN-QSO (QND) 

2 0.488719 0.452199 11.3955 -60.1247 0.131169 -55.8227 (QJA)  (QND) 

............................................................................ 
3 0.617005 0.574450 4.2635 -67.0805 0.101896 -61.3446 LN-QJE LN-QMJ (QND) -''I 

3 0.614059 0.571177 4.4731 -66.8430 0.102680 -61.1070 LN-QJF LN-QSO (QND) 

3 0.596925 0.552139 5.6928 -65.4964 0.107238 -59.7604 LN-QJE (QJA)  ( QND ) 
-0.1 

3 0.596036 0.551151 5.7561 -65.4281 0.107475 -59.6922 LN-QJE (QMA) (QND) 
-0.1 

.................................................................................... 
4 0.651341 0.597701 3.8193 -67.9922 0.096329 -60.8223 LN-QJE (QMA) -'-I LN-QMJ (QND) -0.1 

4 0.638626 0.583030 4.7244 -66.8819 0.099842 -59.7120 LN-QJE LN-QMJ LN-QSO (QND) 

4 0.619226 0.560646 6.1054 -65.2608 0.105202 -58.0909 LN-QJF (QJA)  L N Q S O  (QND) 
-0.1 

4 0.617590 0.558757 6.2219 -65.1279 0.105654 -57.9579 LN-QJE LN-QMJ ( Q J A )  ( QND 
-0.1 

............................................................................................ 
5 0.661519 0.593822 5.0948 -66.9106 0.097257 -58.3067 LN-QJF (QMA) -'*I LN-QMJ LN-QSO 

(QND) 

5 0.652907 0.583489 5.7078 -66.1318 0.099732 -57.5279 LN-QJE (QMA) LNQMJ IQJA) 
-0.1 

(QND) 
-0.1 

5 0.639159 0.566991 6.6864 -64.9276 0.103682 -56.3237 LN-QJE LN-QMJ IQJA)  LN-QSO 

( QND ) 
-0.1 

5 0.622359 0.546831 7.8823 -63.5169 0.108509 -54.9130 LN-QJE (QMA) (QJA) 
-0.1 

LN-QSO 

(QND) 
-0.1 

6 0.662850 0.578562 7.0000 -65.0328 0.100911 -54.9949 LN-QJE (QMA) LN-QMJ ( Q J A )  
-0.1 

LN-QSO (QND) 
-0.1 



oBs -MODEL- -TYPE- -DEPVAR_ -RMSE- INTERCEP BOX-QJE BOX-QMA BOX-QMJ BOX-QJA BOX-QSO 

1 MODELl 

2 MODELl 

3 MODELl 

4 MODELl 

5 MODELl 

6 MODELl 

7 MODELl 

8 MODELl 

9 MODELl 

10 MODELl 

11 MODELl 

12 MODELl 

13 MODELl 

14 MODELl 

15 MODELl 

16 MODELl 

17 MODELl 

18 MODELl 

19 MODELl 

20 MODELl 

21 MODELl 

PAWS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-wse 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

BOX-WSH 

OBS BOXQND BOX-WSH 

1 -3.33409 -1 

2 .  - 1 
3 .  -1 

4 .  -1 

5 -2.33809 -1 

6 -2.83115 -1 

7 -3.06205 -1 

8 -3.31587 -1 

9 -2.25053 -1 

10 -2.20813 -1 

11 -2.39660 -1 

12 -2.43223 -1 

13 -2.49224 -1 

14 -2.12506 -1 

15 -2.26587 -1 

16 -2.27518 -1 

17 -2.36607 -1 

18 -2.53700 -1 

19 -2.14874 -1 

20 -2.37068 -1 

21 -2.40876 -1 



Parameter Estimates 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

INTERCEP 1 4.020175 1.07584720 3.737 0.0010 0.00000000 

BOX-QJF 1 0.121816 0.05253547 2.319 0.0292 1.91306200 

BOX-QMA 1 1.056912 0.81387182 1.299 0.2064 2.64693294 

BOX-QMJ 1 0.098433 0.05797850 1.698 0.1025 2.11176181 

BOX-QJA 1 -0.194737 0.63258487 -0.308 0.7609 1.24724801 

BOX-QSO 1 0.032374 0.03848167 0.841 0.4085 1.18624776 

BOX-QND 1 -2.408763 0.71741005 -3.358 0.0026 1.49480441 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index BOX-QJF BOX-QMA BOX-QMJ BOX-QJA BOX-QSO BOX-QND 

Variable DF 

INTERCEP 1 
BOX-QJF 1 
BOX-QMA 1 
BOX-QMJ 1 
BOX-QJA 1 
BOX-QSO 1 

Variable 
Label 

Intercept 
Ln (January-February Inflows) 
(March-April Inflows)^ -0.1 
Ln (May-June Inflows) 
(J~ly-A~guSt Inflows)^ -0.1 
Ln (September-October Inflows) 

BOX-QND 1 (November-December Inflows)^ -0.1 



7.2.7 Variables Transformed According to the Box-Cox Analysis: 1968,1990 and 1991 Omitted 

N = 30 Regression Models for Dependent Variable: (WRITE  SHRIMP)'.^ 

R-square Ad5 C (P) AIC MSE SBC variables in Model 
~n Rsq 

1 0.530858 0.514103 7.9406 -63.4757 0.113019 -60.6733 (QND) 

1 0.451009 0.431402 13.7174 -58.7604 0.132255 -55.9580 LN-QJF 

1 0.217562 0.189618 30.6064 -48.1305 0.188494 -45.3281 LN-QMJ 

1 0.213951 0.185878 30.8676 -47.9923 0.189364 -45.1899 (QMA) 

.................................................................... 
2 0.666383 0.641671 0.1359 -71.7031 0.083347 -67.4995 LN-QJF (QND) -0.1 

2 0.577817 0.546544 6.5433 -64.6397 0.105473 -60.4361 LN-QMJ (QND) 

2 0.552712 0.519580 8.3596 -62.9068 0.111745 -58.7032 (QMA) (QND) 

2 0.551461 0.518235 8.4501 -62.8230 0.112058 -58.6194 IQJA) (QND) 

............................................................................ 
3 0.670046 0.631975 1.8709 -70.0343 0.085602 -64.4295 LN-QJF LN-QMJ (QND) -'.I 

3 0.668547 0.630302 1.9794 -69.8983 0.085991 -64.2935 LN-QJF (QMA) (QND) 

3 0.667268 0.628876 2.0718 -69.7828 0.086323 -64.1780 LN-QJF (QJA) (QNDI 

3 0.667109 0.628699 2.0834 -69.7685 0.086364 -64.1637 LN-QJF LN-QSO (QND) 

.................................................................................... 
4 0.681124 0.630104 3.0695 -69.0588 0.086037 -62.0528 LN-QJF (QMA) -''I LN-QMJ (QND) -0.1 

4 0.671315 0.618726 3.7791 -68.1499 0.088684 -61.1439 LN-QJF LN-QMJ LN-QSO (QND) 

4 0.670395 0.617659 3.8456 -68.0661 0.088932 -61.0601 LN-QJF (QMR)-'.' (QJA)-'.' (QNDI-'" 

4 0.670210 0.617443 3.8590 -68.0492 0.088982 -61.0432 LN-QJF LN-QMJ (QJA) (QND) 

............................................................................................ 
5 0.681686 0.615370 5.0288 -67.1117 0.089464 -58.7045 LN-QJF (QMA) -'.I LN-QMJ (QJA) 

(QND) 

5 0.681525 0.615176 5.0404 -67.0966 0.089510 -58.6894 LN-QJF (QMA) -0.1 LN-QMJ LN-QSO 

(QND) 

5 0.671490 0.603051 5.7664 -66.1659 0.092330 -57.7587 LN-QJF LN-QMJ (QJA) LN-QSO 

IQND) 

5 0.670717 0.602116 5.8224 -66.0953 0.092547 -57.6882 LN-QJF (QMA) (QJA) LN-QSO 

(QND) 
-0.1 

................................................................................................ 
6 0.682084 0.599149 7.0000 -65.1493 0.093237 -55.3409 LN-QJF (QMA) -'.I LN-QMJ (QJA) 

LN-QSO (QND) 
-0.1 



Loggsd All V d l a  

1990md 1991 (hiacd I . 

Fig. 7.1. Examining Subsets of Logged All Variables Data: 
1990 and 1991 Omitted. 



Fig. 7.2. Examining Subsets of Variables Transformed According to Box-Cox Analysis Data: 
1990 and 1991 Omitted. 
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1.1 Description of the problem' 
Bimonthly freshwater inflows into Corpus Christi Bay were recorded for the years 1961 

to 1980. These variables, and various transformations of them, were used to construct a model 

for the annual harvest of red fish. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of 

view: individual observations (to detect outliers or influential points); variables. individually and 

in groups (to select an optimal set of predictors); and the interaction of these two, which 

produces the overall structure of the data set (to determine whether multicollinearity is present or 

not). The first two of these were examined by both graphic and quantitative means; the third by 

quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as 

well as by all the usual numerical measures. For each pair of variables, 99 % prediction ellipses 

and 95% confidence regions were plotted in a further effort to look for unusual points. For 
example, suppose large values of Variable A are generally associated with large values for 

Variable B. If an observation consisted of a large value for Variable A but a small value for 
Variable B, that point would be considered unusual, even though it was well within the range of 

data for both variables and could not be considered an outlier. 
In addition, a number of residual analysis techniques were employed. A large residual 

indicates a point not well-fit by the model. The deleted residual, however, is somewhat more 

useful in the search for influential points. The model is fitted without a given observation, and 
the predicted response and corresponding residual are calculated for that observation. The 

Studentized deleted residual is scaled to have a Student's t distribution. Histograms and normal 

P-P plots of the residuals were also examined. 
Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dffits (to measure the influence of a given observation on the predicted 

response) and the Dfbetas (to measure the influence of a given observation on the calculated 

coefficients) were also used to build a general picture of the influence of individual points. Plots 
were made of the standardized Dffits value for each model against the standardized Djbeta values 

for each predictor in the model. Points which were extreme indicated observations which had 

strong effects on both predicted values and coefficient estimates. 

I The followtng discuss~on, prepared by Jacqueltne Kiffe. was faken from Scauoul Harvcn In Galveston Bay: A Regression Analysis. by F .  Mlchacl Speed. Sr. and 

Jacqucllne Lffe. 
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1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to 

look for nonlinear relationships between the response variable and individual predictors. Partial 
residual plots were employed to examine the overall relationship between the response and 

individual predictors. A partial residual is a corollary to the deleted residual. That is, the model is 

fitted without a given variable and the predicted response and corresponding residual are 
calculated for each observation. This seeks to answer the question, "What is the relationship of 

this predictor to the response variable, taking all other variables into a c c o u n t ? ~ u s ,  it 

examines the marginal relationship of a given predictor to the response. 
Numerous measures have been developed over the years to assess the adequacy of a 

given model. We examined a number of these, including R2 and mean squared error (MSE), and 
several others which directly incorporate penalties for having too many predictors in the model, 

such as adjusted R*, Cp, AIC, and SBC. It is well-established that too many predictors in a model 
can lead to bad prediction, just as too few can, and these measures are used as part of the attempt 

to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by 

linear combinations of the remaining variables, resulting in unstable coefficient estimates. The 

variance inflation factor (VIF) was calculated for each coefficient estimate to measure this 

instability, which is not usually considered profound for VIFs less than 10. No problems were 

found with this data. Additionally, the condition index (a ratio of eigenvalues of the covariance 

matrix, with the largest eigenvalue always on top) was calculated. A ratio greater than 30 is 
considered cause for concern. Again, no evidence of multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox 

procedure, used to find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 

1.3.1 Selecting the Data Set Used 
First, the variables were explored thoroughly, individually and in pairs, in a first effort to 

detect outliers. The SAS@ programming language allows a number of diagnostics to be calculated 

for a group of models on a given data set without actually performing a formal regression, thus 
allowing one to examine a large number of models quite efficiently. The Box-Cox procedure was 

performed to find if a transformation to normality was suggested. The log transform was 

suggested for some variables, and the squared root for others. At this point, there were several 

data sets for which the diagnostic series was calculated: 
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Untransformed red fish data and untransformed inflow data 

Untransformed red fish data and square root of inflow data 
Log of red fish data and untransformed inflow data 

Log of red fish data and log of inflow data 
Log of red fish data and square root of inflow data 

Square root of red fish data and untransformed inflow data 

Square root of red.fish data and square root of inflow data 

Various transformation suggested by Box-Cox 

1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one 

contained all variables in its corresponding data set. All diagnostics were generated, and 

influential points were determined for each model. 

Table 1.1 R' and ddjusted R' for full data sets. 

pp~p 

Data Set 

1 

2 

3 

4 

5 

6 

7 

8 

Adj. R' 
0.9442 

Data sets 1,5, 6 and 7 presented the highest R~ values. These four models were 

considered final candidates. The observations flagged as potentially influential are given in the 

summary table below, for each model. 
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Table 1.2 Summaiy ofpointsflagged by Boxplots. 

Year Variable 
1964 Ln(March-April), Ln(May-June), Sqrt(May-June) 

1970 January-February inflows. 

1971 July-August inflows. 

1972 July-August inflows. 

1973 July-August inflows. 

1977 March-April mflows. LniMarch-April), Sqrt(March-April) 

1978 March-April inflows. Ln(March-April), Sqrt(March-April) 

1979 March-April inflows. Ln(March-April), SqrtiMarch-April) 

Table 1.3 Summary ofpoints flngged by 99%prediction ellipses. 

Year Variable 
None None 

Table 1.4 Outliers of data set I .  

Year BOX SRE SDR LEV MAH COO SDF SDB . TOTAL 
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Table 1.5 Outliers of data set 5 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1964 I 1 2 

Table 1.6 Outliers of data set 6 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1961 1 1 
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Table 1.7 Outliers of data set 7. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

A Key to Abbreviations: 
BOX Box plot 

SRE Studentized residual 
SDR Studentized deleted residual 

LEV Leverage value 

MAH Mahalanobis distance 

COO Cook's distance 

SDF Standardized Dfits value 

SDB Standardized Dfbeta value 
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1.3.3 Selecting the Final Candidate Models 
After the subset analysis led us to four models, Data Set 1 with 1969 omitted; Data Set 5 

with 1969 omitted, Data Set 6 with 1969 omitted and Data Set 7 with 1969 omitted. 

Table 1.8 R2 and Adjusted R2 for data sets number 1 ,  5. 6 and 7. 

Data set Observations omitted R2 ~ d j .  R2 
1 1969 0.9688 0.9532 

1.3.4 Selecting the Final Models 
It appears that Data set 6 with 1969 omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Sqrt(Red fish Harvest) = 4.21 5 1 - 0.08884*(Jan-Feb Inflows) 
+ 0.048302*(March-April) 
+ 0.026485*(May-Jun Inflows) 
+ 0.008584*(Jul-Aug Inflows) 
+ 0.003641 *(Sep-0ct Inflows) 
+ 0.01 1391*(Nov-Dec Inflows) 
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1.4 Best Model: Logged Harvest and Square Root of Inflow 

1.4.1 Summary Information 

Table 1.9 Descriptive statistics for dependent and independent variables. 

Descriptive Statistics 

Table 1.10 Model summary for the final model. 

Model su rnmaeb 

Square Root of Red Harvest 
Janualy-February Inflows 
March-April Inflows 
May-June Inflows 
July-August Inflows 
SeptemberOctober Inflows 
November-December Inflows 

a. Dependent Variable: Square Root of Red Harvest 

Std. 
Deviation 
3.6724 
24.4159 
35.6038 
62.5261 
107.6407 
263.71 14 
48.5328 

Mean 
8.5905 
34.6168 
31 3484 
126.1 547 
103.0537 
275.7247 
59.4916 

b. Method: Enter 

N 
19 
19 
19 
19 
19 
19 
19 

Variables 
Entered 

January-February Inf., 
March-April Infl., 
May-June Infl.. 
July-August Infl.. 
SeptemberOctober Infl., ,,d 
November-December Infl.. 

C. Independent Variables: (Constant). November-December Inflows, 
SeptemberOctober Inflows, July-August Inflows, May-June Inflows. 
January-February Inflows. March-April Inflows 

Std. Error 
of the 

Estimate 

,6801 

d. All requested variables entered. 

Durbin- 
Watson 

2.607 

R 

,989 

Table 1.11 Anova for the final model. 

ANOVP 

R Square 

.977 

a. Dependent Variable: Square Root of Red Harvest 

Adjusted 
R Square 

,966 

F 
85.464 

Mean 
Square 
39.534 
.463 

Sig. 
.OOO 

df 
6 
12 
18 

Model 
1 Regression 

Residual 
Total 

Sum of 
Squares 
237.206 
5.551 

242.757 
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Table 1.12 Parameter estimatesfor the final model. 

Coetticient@ 

a. Dependent Variable: Square Root of Red Harvest 

Table 1.13 Residuals statistics for the final model. 

Residuals Statlstlc9 

t 
8.087 
-8.922 
4.705 
5.405 
4.234 
3.601 
1.575 

Standar 
dized 

Coefficie 
nts 

Beta 

-.591 
,468 
,451 
,252 
.261 
,151 

(Constant) 
January-February Infl. 
March-April Infl. 
May-June Infl. 
July-August Infl. 
SeptemberOctober Infl. 
November-December Infl. 

a. Dependent Variable: Square Root of Red Harvest 

Sig. 
,000 
,000 
,001 
.OOO 
,001 
,004 
,141 

Unstandardized 
Coefficients 

B 
4.21 5 

-8.9E-02 
4.8E-02 
2.6E-02 
8.6E-03 
3.6E-03 
1.1 E-02 

Std. 
Dev~ation 

3.6302 

1.000 

8.23E-02 

3.5658 

,5553 

,816 

1.027 

,9106 

1.115 

2.630 

,168 

,146 

Mean 

8.5905 

,000 

.4050 

8.6771 

4.2E-16 

,000 

-.045 

-9.E-02 

-.020 

5.684 

,102 

,316 

95% Confidence 
Interval for B 

Std. Error 
,521 
,010 
,010 
.005 
,002 
,001 
.007 

N 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

Maximum 

13.9144 

1.467 

.5571 

13.9508 

1.1833 

1.740 

2.072 

1.6784 

2.476 

11.129 

.705 

,618 

' Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Lower 
Bound 

3.079 
-.I11 
.026 
,016 
,004 
,001 

-.004 ' 

Minimum 

2.8777 

-1.574 

,2250 

2.5304 

-A244 

-1.212 

-1 556 

-1.8448 

-1.667 

1.022 

,000 

,057 

Upper 
Bound 

5.351 
-.067 
,071 
,037 
,013 
,006 
,027 
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Year 

Figure 1.1 Predicted and observed values for the harvest 

YEAR 

Figure 1.2 Predicted and observed values for the harvest 
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Table 1.14 Prediction Intervalsfor Redfish Fish Harvest based on the final model. 

YEAR RED P R L I  LZCZ-I UZCI-1 
1961 12.00 16.57 1.92 45.65 

RED Observed red fish fish harvest 

P K !  Predicted trout harvest 
LICI-1 Lower limit for 99% prediction interval for the trout harvest. 

UICI-I Upper limit for 99% prediction interval for the trout harvest. 
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2. EXPLORING THE DATA 

2.1 Listing of data 

Table 2.1 The redfish dara and the injlow data. 

- - 

Year Red JLinflo  w MA-inflo w MJ-inflo w JA-inflow SO-inflow ND-inflow 

1961 12.00 58.45 13.11 42.66 68.59 274.80 148.90 

1962 12.10 49.25 12.81 38.52 52.35 178.60 78.65 

1963 15.70 48.48 13.28 33.71 32.81 88.84 72.87 

1964 18.30 5.49 6.64 7.72 10.1 1 9.91 5.45 

1965 19.20 26.72 15.50 74.65 10.70 68.57 9.75 

1966 79.10 27.01 20.93 166.4 1 12.65 68.66 10.36 

1967 48.50 28.09 22.47 168.79 14.00 69.73 12.21 

1968 28.50 89.91 21.03 219.30 27.86 670.67 17.64 

1969 36.60 9 1.93 18.46 128.91 26.74 675.78 18.02 

1970 42.40 95.26 25.37 211.69 38.31 693.83 56.42 

1971 88.90 12.76 18.29 94.70 307.47 34.80 46.74 

1972 156.70 2 1.69 17.45 147.81 3 10.47 612.72 78.25 

1973 178.10 19.03 9.52 155.96 338.40 605.99 40.51 

1974 129.90 23.79 19.07 158.31 73.99 816.37 64.29 

1975 110.90 19.24 17.38 175.19 92.49 289.82 37.63 

1976 82.30 17.23 16.72 105.85 126.23 285.93 35.21 

1977 166.80 37.15 104.82 149.46 105.12 158.61 138.05 

1978 152.20 30.44 104.63 105.60 101.84 103.47 133.86 

1979 192.30 34.14 123.11 169.20 31.74 134.64 135.35 

1980 11 1.00 13.59 24.89 171.41 202.89 72.81 8.20 

Red Red fish harvest (thousands of pounds) 

JF-inflow Lagged January-February inflows (thousands of acre-feet) 

MA-inflow Lagged March-April inflows (thousands of acre-feet) 

MJ-inflow Lagged May-June inflows (thousands of acre-feet) 

JA-inflow Lagged July-August inflows (thousands of acre-feet) 

SO-inflow Lagged September-October inflows (thousands of acre-feet) 

ND-inflow Lagged November-December inflows (thousands of acre-feet) 
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2.2 Examination of Individual Variables 

Table .2.2 Test ofNormality for the redfish data and the inflow data. 

Tests of Normality 

". This is an upper bound of the true significance. 

a. Lilliefors Significance Correction 
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Table .2.3 Percentiles of the 

Welghted Red Hawest 
Average(D0hn~Uon ~ n ( ~ e d  Harvest) 
1) SquareRwtOfRed 

Harvest 
January-February 
I"l1ows 

Ln(January-Febwry 
Inflows) 
Square Root of 
January-February 
Inflows 
March-Apt1 lnflows 
Ln(March-Aprillnflows) 
Square Root of 
March-Apnl 
MayJune Inflows 
Ln(May-Junelnflowr) 
square ROO1 Of 
MayJune lnflows 
July-Allgustlnflows 
Ln(July-Augustlnflows) 
Square Root 01 
July-AuguS, 

Saptemberwober 
Inflows 

Ln(September-omber 
kflows) 
Square Root of 
Sepernber-October 
l n f l w  
November-Demmber 
Inflows 

Ln'November-Desemb 
er Inflows) 
Square Root of 
November-Demrnber 
lnllows 

Tukey's Hnnges Red Haws1 
Ln(Red H~NRs~)  
Square Root of Red 
HaNBSt 
JanuarvFebwry 
Inflows 
Ln(Jmry-Febfua~ 
h f l m )  
Square Root of 
January-February 
lnflows 
March-April Inflows 
~ n ( ~ a r c h - ~ p n l  Inflows) 
Square Root of 
March-Apt1 Innoun 
MayJune lnflom 
Ln(May-June Inflows) 
Square Root Of 
m y ~ u n e  Inflows 
~ u ~ y - ~ ~ l u s t  lnnows 
Ln(JulyAugus1 Inflom) 
Sqwre Roo1 of 
July-August Inflows 
SeptemberOnober 
Inflows 
~n(Sep1smber-Onober 
Innows) 
Square Root of 
Sapember-Ocmber 
InflowS 
November-D%cember 
Inflows 
Ln(Novernber.DeSemb 
er Inflows) 
Square Root ol 
November-Decamber 
InRowS 

redfish data and the inJIow data. 

95 
191.5900 ' 

5.2552 

138411 

95.0935 

4.5548 

9.7515 

122.1955 
4.8050 

11.0526 

218.9195 
5.3887 

14.7958 

337.0035 
5.8199 

18.3569 

810.2430 

6.6967 

284606 

148.3575 

4.9995 

12.1798 

75 
146.6250 

49856 

12.1020 

49.0575 

3.9930 

7.0041 

24 2850 
31889 

4.9268 

169.0975 
5.1305 

13.0037 

120.9525 
4.7924 

10.9896 

611.0375 

6.4151 

24.7191 

78.5500 

4.3637 

8.8628 

141.0500 
4.9460 

11 .a672 

468650 

3.8890 

6.9903 

23.6800 
3.1633 

4.8646 

168.9950 
5.1299 

12.9938 

1156750 
4.7466 

10.7440 

609.3550 

6.4124 

24.6850 

78.4500 

4.3625 

8.8572 

PercBntlleS 
50 

80.7000 
4.3905 

8.9829 

27.5500 

3.3158 

5.2486 

18.3750 
2.9110 

4.2866 

148.8350 
5.0015 

121915 

60.4700 
4.0930 

7.7586 

168.6050 

51258 

12.9791 

43.6250 

3.7731 

6.6007 

80.7000 
4.3905 

8.9829 

27.5500 

3.3158 

5.2486 

18.3750 
2.9110 

4.2866 

148.6350 
5.0015 

12.1915 

60.4700 
4.0930 

7.7586 

168.6050 

5.1258 

12.9791 

43.6250 

3.7731 

6.6007 

90 
176.9700 

5.1758 

13.3024 

91.7280 

4.5188 

9.5774 

104.8010 
4.6521 

10.2372 

208.0400 
5.3362 

14.4182 

310.1700 
57371 

17.6116 

692.0250 

6.5396 

26.3062 

137.7800 

4.9256 

117379 

25 
21 5250 
3 0537 

4.6210 

19.0825 

2.9488 

43683 

13.8350 
2.6249 

3.7174 

79.6625 
4.3723 

89129 

27.0200 
3.2964 

51979 

705000 

4.2554 

8.3961 

13.5675 

2.5942 

3.6707 

23.8500 
3.1524 

4.8602 

19.1350 

2.9515 

4.3743 

143900 
2.6635 

3.7906 

84.6750 
4.4318 

9.1857 

27.3000 
3.3067 

5.2247 

71.2700 

4.2862 

8.4417 

14.9250 

2.6862 

3.8471 

5 
12.0050 
2.4853 

3.4648 

5.8535 

1.7451 

2.4045 

6.7840 
1.9111 

2.6023 

9.0195 
2.1175 

2.9299 

10.1395 
2.3164 

31842 

11.1545 

2.3563 

32856 

5.5875 

1.7160 

2.3610 

mrcendks 

10 
12 4600 
2 5193 

3.5269 

12.8430 

2.5526 

35835 

9 8490 
2.2631 

3.1348 

34.1910 
3.5311 

58461 

10.8950 
2.3870 

3.2996 

381770 

36174 

6.1373 

8.3550 

2.1214 

2.8895 
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2.2.1 The red fish data 

Table .2.4 Descriptives for the redfish data. 

Descriptives 

Table .2.5 Extreme Values for the redfish data 

Extreme Values 

Std. Error 
13.8448 

,512 
,992 

Red Mean 
kiaNest 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
84.0750 

55.0974 

113.0526 

82.0667 

80.7000 
3833.586 

61.9160 

12.00 
192.30 
180.30 

125.1000 

.364 
-1.335 

Value 
192.30 
178.10 
166.80 
156.70 
152.20 

12.00 
12.10 
15.70 
18.30 
19.20 

RED Highest 1 
2 
3 
4 

5 
Lowest 1 

2 
3 
4 
5 

Case 
Number 

19 
13 
17 
12 
18 
1 
2 
3 
4 
5 

YEAR 
1979 
1973 
1977 
1972 
1978 
1961 
1962 
1963 
1964 
1965 
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Observed Value 

Figure 2.1 Normal Q-Q Plot of Redfish 
Harvest. 

Figure 2.2 BoxPlot of Red fish Harvest. 

"" "" -" ,.." .-." 

Red Harvest 

Figure 2.3 Histogram of Redfish Harvest. 
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Observed Value 

Figure 2.4 Normal Q-Q Plot of Ln(Redfish 
Harvesr). 

Figure 2.6 BoxPIot ofLn(RedJsh Harvest). 

Figure 2.8 Histogram of Ln(Redfish Harvest). 

Observed Value 

Figure 2.5 Normal Q-Q Plot of 
Sqri(RedHarvesr). 

Figure 2.7 BoxPlot of Sqrf(Redfish Harvest). 

Square Rwt of Red Harvest 

Figure 2.9 Histogram of Sqrt(Redfish 
Harvest). 



- 
Red Harvest in Corpus Christi Bav la 

2.2.2 The January-February Inflows data 

Table .2.6 Descriptivesfor the Januav-February Inflow data. 

Descriptives 

Table .2.7 Extreme Values for the January-February Inflow data. 

Extreme Values 

Std. 
Error 
6.0374 

,512 
.992 

January-February Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
37.4825 

24.8461 

50.1 189 

36.0500 

27.5500 
728.999 

27.0000 

5.49 
95.26 
89.77 

29.9750 

1.243 
,537 

Value 
95.26 
91.93 
89.91 
58.45 
49.25 

5.49 
12.76 
13.59 
17.23 
19.03 

Year 
1970 
1969 
1968 
1961 
1962 
1964 
1971 
1980 
1976 
1973 

January-February Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

10 
9 
8 
1 
2 
4 

11 
20 
16 
13 
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ObsewBd Value 

Figure 2.10 Normal Q-Q Plot ofJanuary- 
February Injlows. 

Figure 2.11 BoxPlot of January-February 
Inflows. 

Figure 2.12 Histogram of January-February 
Injlows. 
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Observed Value Observed Value 

Figure 2.13 Normal Q-Q Plot of Ln January- 
February Inflows). 

Figure 2.14 Normal Q-Q Plot of Sqrt( 
January-February Inflows). 

Figure 2.15 BoxPlot of Ln(January-February 
Inflows). 

Figure 2.1 7 Histogram of Ln(January- 
February Inflows). 

Figure 2.16 BoxPlot of Square Root of 
January-February Inflows. 

square Root 01 January-February Inflows 

Figure 2.18 Histogram of Sqrt(January- 
February Inflows). 
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2.2.3 The March-April Inflows data 

Table .2.8 Descriptivesfor the March-April Inflow data. 

Descriptives 

Table .2.9 Extreme Values for the March-April InJow data. 

Extreme Values 

March-April Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
31.2740 

14.9940 

47.5540 

27.5406 

18.3750 
1210.01 

34.7852 

6.64 
123.11 
1 16.47 

10.4500 

2.087 
2.902 

Std. 
Error 
7.7782 

,512 
.992 

Value 
123.1 1 
104.82 
104.63 
25.37 
24.89 
6.64 
9.52 

12.81 
13.11 
13.28 

Year 
1979 
1977 
1978 
1970 
1980 
1964 
1973 
1962 
1961 
1963 

March-April Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

19 
17 
18 
10 
20 
4 

13 
2 
1 
3 
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Observed Value 

Figure 2.19 Nonnal Q-Q Plot of March-April 
Inflows. 

Figure 2.20 BoxPlot of March-April Inflows. 

March-Apnl Inflows 

Figure 2.21 Histogram of March-April Inflows. 
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observed Value Observed Value 

Figure 2.22 Normal Q-Q Plot of Ln(March- 
April InJows). 

Figure 2.23 Normal Q-Q Plot of Sqrt(March- 
April Inflows). 

Figure 2.24 BoxPlot of Ln(March-April) 
Inflows. 

Figure 2.26 Histogram of Ln(March-April 
InJo ws) . 

Figure 2.25 BoxPlot ojSquare Root of 
March-April Inflows. 

square Root of March-Apnl Inflows 

Figure 2.27 Histogram of Sqrt(March-April 
Inflows). 
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2.2.4 The May-June Inflows data 

Table .2.10 Descriptives for the May-June Inflow data. 

Descriptives 

Table .2.II Extreme Values for the May-June Inflow data. 

Extreme Values 

May-June Mean 
Inflows 95% Confidence Lower 

I n t e ~ a l  for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
126.293 

97.8084 

154.777 

127.71 3 

148.635 
3704.13 

60.8616 

7.72 
219.30 
21 1.58 

89.4350 

-.511 
-.710 

Std. 
Error 

13.6091 

,512 
,992 

May-June Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1968 
1970 
1975 
1980 
1979 
1964 
1963 
1962 
1961 
1965 

Case 
Number 

8 
10 
15 
20 
19 
4 
3 
2 
1 
5 

Value 
219.30 
21 1.69 
175.19 
171.41 
169.20 

7.72 
33.71 
38.52 
42.66 
74.65 
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Observed Value 

Figure 2.28 Normal Q-Q Plot of May-June 
Inflows. 

Figure 2.29 BoxPlot of May-June Inflows. 

Figure 2.30 Histogram of May-June Inflows 
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O b s e ~ e d  Value O b s e ~ e d  Value 

Figure 2.31 Normal Q-Q Plot of Ln(May-June Figure 2.32 Normal Q-Q Plot of Sqrt(May- 
Inflows). June Inflows). 

Figure 2.33 BoxPlot ofLn(May-June) Inflows. 

Figure 2.35 Histogram of Ln(May-June 
InJows). 

Figure 2.34 BoxPlot of Square Root of May- 
June Inflows. 

square Root 01 May-June Inflows 

Figure 2.36 Histogram of Sqrt(May-June 
Inflows). 
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2.2.5 The July-August Inflows data 

Table .2.12 Descriptivesfor the July-August Inflow data. 

Descriptives 

Table .2.13 Extreme Values for the July-August Inflow data. 

Extreme Values 

Std. 
Error 

23.7359 

,512 
,992 

July-August Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
99.2380 

49.5581 

148.918 

90.9028 

60.4700 
11 267.9 

106.150 

10.1 1 
338.40 
328.29 

93.9325 

1.412 
,788 

Value 
338.40 
310.47 
307.47 
202.89 
126.23 

10.11 
10.70 
12.65 
14.00 
26.74 

Year 
1973 
1972 
1971 
1980 
1976 
1964 
1965 
1966 
1967 
1969 

July-August Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

13 
12 
11 
20 
16 
4 
5 
6 
7 
9 
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ObservBd Value 

Figure 2.37 Normal Q-Q Plot of July-August 
Inflo ws. 

Figure 2.38 BoxPlot of July-August Inflows. 

July-August Inflows 

Figure 2.39 Histogram of July-August Inflows. 
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Observed Value 

Figure 2.40 Normal Q-Q Plot ofLn(Ju1y- 
August Inflows). 

Figure 2.42 BoxPlot of Ln(July-August) 
Inflows. 

Observed Value 

Figure 2.41 Normal Q-Q Plot of Sqrt(Ju1y- 
August Inflows). 

Figure 2.43 BoxPlot of Square Root of July- 
August Inflows. 

LnIJuly-August Inflows) Square Rwt of July-August Inflows 

Figure 2.44 Histogram of Ln(Ju1y-August 
Inflows). 

Figure 2.45 Histogram of Sqrt(Ju1.v-August 
Injlo ws). 
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2.2.6 The September-October Inflows data 

Table .2.14 Descriptives for the September-October InfIow data. 

Descriptives 

Table .2.15 Extreme Values for the September-October Injlaw data. 

Extreme Values 

Std. 
Error 
60.7806 

,512 
,992 

SeptemberOctober Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
295.728 

168.512 

422.943 

282.682 

168.605 
73885.7 

271.819 

9.91 
81 6.37 
806.46 

540.538 

,763 
-1.095 

Value 
816.37 
693.83 
675.78 
670.67 
612.72 
9.91 
34.80 
68.57 
68.66 
69.73 

Year 
1974 
1970 
1969 
1968 
1972 
1964 
1971 
1965 
1966 
1967 

SeptemberOctober Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

14 
10 
9 
8 
12 
4 

11  
5 
6 
7 
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Obse~ed Value 

Figure 2.46 Normal Q-Q Plot of September- 
October Injlows. 

Figure 2.47 BoxPlot of September-October 
Injlows. 

Figure 2.48 Histogram of September-October 
Injlows. 
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Obse~ec Value 

Figure 2.49 Normal Q-Q Plot of 
Ln(September-October Inflows). 

Figure 2.51 BoxPlot of Ln (September- 
October) Inflows. 

Figure 2.53 Histogram of Ln(September- 
October Inflows). 

Observed Value 

Figure 2.50 Normal Q-Q Plot ofSqrt( 
September-October InJows). 

Figure 2.52 BoxPlot of Square Root of 
September-October Inflows. 

Square Root d Sepember-October Inflows 

Figure 2.54 Histogram of Sqrt(September- 
October Inflows). 
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2.2.7 The November-December Inflows data 

Table .2.16 Descriptives for the November-December Inflow data 

Descriptives 

I 
November-December Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Table .2.17 Extreme Values for the November-December Inflow data. 

Extreme Values 

Value 
148.90 
138.05 
135.35 
133.86 
78.65 
5.45 
8.20 
9.75 

10.36 
12.21 

'fear 
1961 
1977 
1979 
1978 
1962 
1964 
1980 
1965 
1966 
1967 

November-December Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

1 
17 
19 
18 
2 
4 

20 
5 
6 
7 
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Obssrved Value 

Figure 2.55 Normal Q-Q Plot of 
November-December Inflows 

Figure 2.56 BoxPlot of November-December 
Inflows. 

~ovember-Decamber Inflows 

Figure 2.57 Histogram of November-December 
Inflows. 
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Obwwed Value 

Figure 2.58 Normal Q-Q Plot of 
Ln(jy,vember-December 
Inflows). 

Figure 2.60 BoxPlot ofLn(November 
December) Inflows. - 

Figure 2.62 Histogram of Lnmovember- 
December Inflows). 

Observed Value 

Figure 2.59 Normal Q-Q PI& of Sqrt( 
November-December Inflows). 

Figure 2.61 BoxPIot ofsquare Root of 
November-December Inflows. 

Square Root of November-December Inflows 

Figure 2.63 Histogram of Sqrt(November- 
December Inflows). 
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3. PREDICTION ELLIPSES AND CONFIDENCE REGIONS 

4w 

303 

2 E 14 f 1, 0 -'.I - 
J Data 

.A 
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IW 0 1W 2m 0 20 40 60 80 (M 

Thousands of Acre-Feet 

Figure 3.1 Redfish Harvest vs. January- 
February Inflows, PE. 

Thousands of Acre-Feel 

Figure 3.3 Redfish Harvest vs. March-April 
Inflows. PE. 

Thoundands of Acre-Feet 

Figure 3.2 Redfish Harvest vs. January- 
February Inflows. CR. 

mu 
95% Con- - 

Figure 3.4 Redfish Harvest vs. March-Apn'l 
Inflows. CR. 

Thousands of Acre-Feet ~housands of Acre-Feel 

Figure 3.5 Redfish Harvest vs. May-June Figure 3.6 Redjsh Harvest vs. May-June 
Inflows, PE. Inflows. CR. 
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Thousands of Acre-Feel Thousands of Acre-Feet 

Figure 3.7 Redfish Harvest vs. July-August Figure 3.8 Redfish Harvest vs. July-August 
Injlows, PE. Injlows, CR. 

Thousands of Acre-Feet 

Figure 3.9 Redfish Harvest vs. September- 
October Inflows, PE. 

Thousands 01 Acre-Feet 

Figure 3.10 Redfish Harvest vs. Seprember- 
October Injlows, CR. 

Thousands 01 Acre-Feet Thousands of Acre-Feel 

Figure 3.11 Redfish Harvest vs. November- Figure 3.12 Redfish Harvest vs. November- 
December Inflows, PE. December Inflows, CR. 
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Thousands of Acre.Feel 

Figure 3.13 January-February Inflows vs. 
March-April Inflows. PE. 

Thousands of Aue-Feet 

Figure 3.15 January-February Inflows vs. 
May-June Inflows, PE. 

Thousands of AUeFeet 

Figure 3.1 7 January-February Inflows vs. 
July-August Inflows. PE. 

mo~sands of Acre-Feet 

Figure 3.14 January-February Inflows vs. 
March-April Inflows. CR. 

Dam 

95% Confl&nu 
Replan 

Thousands of Ane-Feet 

Figure 3.16 January-February Inflows vs. 
May-June Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.18 January-February Inflows vs. 
July-August Inflows, CR. 
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D.U 

' mPndlaan 
E l l l p ~  

1 WO 0 two 2WO 

ThOuMndS Of Acre-Feet 

Figure 3.19 January-February Inflows vs. 
September-October Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.21 January-February Inflows vs. 
November-December Inflows. 
PE. 

Thousands of AcreFeef 

Figure 3.23 March-April Inflows vs. May- 
June Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.20 January-February Inflows vs. 
September-October Inflows. CR. 

Thwsands 01 Acre-Feel 

Figure 3.22 January-February Inflows vs. 
November-December Inflows. 
CR. 

Thousands of Acre-Feet 

Figure 3.24 March-April Injlows vs. May- 
June Inflows, CR. 
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Thousands 01 Acre-Feel Thousands of Acre-Feet 

Figure 3.25 March-April Inflows vs. July- Figure 3.26 March-April Inflows vs. July- 
August Inflows, PE. August Inflows. CR. 

Thousands 01 Acre-Feet Thousands of Acre-Feet 

Figure 3.27 March-April Inflows vs. Figure 3.28 March-April Inflows vs. 
September-October Inflows. PE. September-October Inflows, CR. 
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Figure 3.29 March-April Inflows vs. Figure 3.30 March-April Inflows vs. 
November-December Inflows. November-December Inflows. 

PE. CR. 
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Thousands of Acre-Feet Thousands of Acre-Feat 

Figure 3.31 May-June Inflows vs. July-August Figure 3.32 May-June Inflows vs. July-August 
Inflows, PE. Inflows, CR. 

Thousands of Aue-Feet 

Figure 3.33 May-June Inflows vs. September- 
October Inflows, PE. 

Thousands of Acre-Feel 

Figure 3.34 May-June Inflows vs. September- 
October Inflows, CR. 

Thousands 01 Acre-Feet Thousams 01 Acre-Fee1 

Figure 3.35 May-June Inflows vs. November- Figure 3.36 May-June Inflows vs. November- 
December Inflows, PE. December Inflows. CR. 
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Thousands of Acre-Feet Thousands Of Awe-Feet 

Figure 3.37 July-August Inflows. vs. Figure 3.38 July-August Infldws. vs. 
September-October Inflows, PE. September-October Inflows. CR. 

Thousands of Acre-Feet 

Figure 3.39 July-August Inflows. vs. 
November-December Inflows, 
PE. 

Figure 3.40 July-August Inflows. vs. 
November-December Inflows, 
CR. 

Thousands 01 Awe-Feet Thousands ol Acre-Feet 

Figure 3.41 September-October Inflows vs. Figure 3.42 September-October Inflows vs. 
November-December Inflows, November-December Inflows. 
PE. CR. 
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4. Box-Cox ANALYSIS 

Table .4.1 Mean Square Error from Box-Cox rransformation ofthe redfish darn and the inflow data for 
drffi.nt lambda. 
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5.1 Untransformed red fish data and untransformed inflow data 

Table 5.1 Regression Models for Dependent Variable: RED on INFLOWS 

Rsq A d j  C ( p )  A I C  MSE SBC V a r i a b l e s  i n  Model 
In Rs9 

1 0.3771 0.3425 196.0 158.5 2520 160.5 OM-LAG 
1 0.3030 0.2643 221.3 160.8 2820 162.8 OJA-LAG 
1 0.2078 0.1638 253.7 163.3 3205 165.3 OW-LAG 
10.17860.1329 263.6 164.1 3324 166.1 OJF-LAG 

- - - - - - - - - - - . - - - . . - . - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - . - - - . - - - - - - - - - -  
2 0.7573 0.7287 68.63 141.7 1040 144.7 O K L A G  WA-LAG 
2 0.5482 0.4951 139.8 154.1 1936 157.1 WF-LAG OM-LAG 
2 0.5099 0.4522 152.9 155.7 2100 158.7 WF-LAG OW-LAG 
2 0.4858 0.4253 161 .1 156.7 2203 159.7 OM-LAG OW-LAG 

. . - . . - - - - - - . . - - - - - - - - - - - - . - - . - - - - - - - - - - - . - - - - . - - - - * - - - - - - - - - - - - - - - - - . - . - - - -  

3 0 .8707 0.8465 32.02 131 .1 589 135.1 OJF-LAG OM-LAG OSO-LAG 
3 0.8173 0.7830 50.20 138.0 832 142.0 O W L A G  OW-LAG WA-LAG 
3 0.8107 0.7752 52.44 138.7 862 142.7 OJF-LAG OW-LAG OND-LAG 
3 0.7913 0.7522 59.05 140.7 950 144.7 ( lMALAG OJA-LAG OSO-LAG 

---- . . - ---------- . ------- . . - - . ----------- . . - ------- . . - ------ . --- . ----------  
4 0.9341 0.9166 12.42 119.6 320 124.6 WF-LAG OM-LAG WA-LAG 

OSO-LAG 
4 0.9019 0.8758 23.39 127.6 476 132.5 WF-LAG OM-LAG OW-LAG 

0.50-LAG 
4 0.8903 0.861 1 27.34 129.8 533 134.8 WF-LAG OM-LAG ( l M J L A G  

WA-LAG 
4 0.8711 0.8367 33.89 133.0 626 138.0 WF-LAG OMA_LAG OSO-LAG 

0A'L.J-LAG 
- . . - - - - - - . - . - - . - - . - - - - . . - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - -  
50.96100.9471 5.272 1 1 1 . 1  203 117.1 W F - L A G ( I M A L A G 0 W - L A G  

WA-LAG OSO-LAG 

5 0.9412 0.9202 12.01 119.3 306 125.3 WF-LAG OMA_LAG WA-LAG 
OSO-LAG OND-LAG 

5 0.9144 0.8838 21.15 126.9 446 132.8 OJF-LAG OMA_LAG Qh4J-LAG 
OSO-LAG OND-LAG 

5 0.9034 0.8689 24.89 129.3 503 135.2 WF-LAG OM-LAG W - L A G  
WA-LAG OND-LAG 

. - - - - - * - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - -  

6 0.9618 0.9442 7.000 112.7 214 119.7 WF-LAG OM-LAG Oh4-LAG 
WA-LAG OSO-LAG OND-LAG 

N = 20 
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5.2 Untransformed red fish data and square root of inflow data 

Table 5.2 Regression Models for Dependent Variable: RED on Sqrt(INFL0WS) 

Rsq Adj  C ( p )  A I C  MSE SBC V a r i a b l e s  i n  Model 
1n f lS9 

1 0.3722 0.3373 113.7 158.7 2540 160.7 SOR-OW 
1 0.3433 0.3069 119.6 159.6 2657 161.6 S N W A  
1 0.2568 0.2155 137.5 162.1 3008 164.1 SOR-OW 
1 0.1636 0.1171 156.8 164.4 3385 166.4 SOR-OND 

- - - - - - - - - - - -~- - - - - - . - - - . - - . - - - - - - - - - . - - . . - . . - - - - - - - -~ . . - - - - - - - - -~ . - - - - - - . - -  
2 0.7336 0.7023 41.03 143.5 1141 146.5 SOR-OW SOR-OJA 
2 0.5582 0.5063 77.26 153.7 1893 156.7 SOR-OJF SOR-OW 
2 0.5111 0.4536 86.99 155.7 2095 158.7 SIIR_OJF SIIR_OAU 
2 0.5022 0.4437 88.82 156.1 2133 159.0 SOR-QMJ SOR-OJA 

- - - - . - - - - - s - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - * -  

3 0.8849 0.8633 1 1  .78 128.8 524 132.7 SOR-OJF SOR-OW SOR-OSO 
3 0.8389 0.8087 21 .28 135.5 733 139.5 SOR-OJF SOR-OW SOR-OND 
3 0.7798 0.7385 33.48 141.7 1002 145.7 SOR-OJF SOR-OM SOR-OJA 
3 0.7725 0.7299 34.99 142.4 1036 146.4 SOR-OMA SOR-OW SOR-OJA 

- - - - - - . - - - - - - - - - - - - - - . - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.9231 0.9026 5.878 122.7 373 127.7 SLIR_WF SIIR_OMA SOR-WA 

SOR-OSO 
4 0.8991 0.8722 10.85 128.1 490 133.1 SOR-OJF SOR-OW SOR-OW 

SOR- OSO 
4 0.8857 0.8553 13.60 130.6 555 135.6 SOR-WF SOR-OM4 SOR-OSO 

SOR-ON0 
4 0.8604 0.8232 18 -84 134.6 678 139.6 SOR-WF SOR-OM4 SOR-OW 

SOR-QJA 
- - - . - - - - - . - - - - - - - - - - - - - . - - . - - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - -  
5 0.9355 0.9125 5.316 121.2 335 127.1 SOR-QJF SQR-OW SOR-OW 

SOR-WA SOR-OSO 
5 0.9259 0.8994 7.314 124.0 386 129.9 SOR-(MF SOR-OW S W W A  

SOR-OSO SOR-ON0 
5 0.91 79 0.8886 8.956 126.0 427 132 .O SOR-OJF S ( I R 0 W  SOR-LIKI 

SOR-OSO SOR-ON0 
5 0.8838 0.8423 16.01 133.0 605 138.9 S(IROJF SOR-OM4 S ( I R 0 W  

SOR-OJA SOR-ON0 
. - - - . . - - - . - - - - . - - - - - - - - . - - - - - - - - - - . . - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
6 0.9371 0.9080 7 .OOO 122.7 353 129.7 SOR-WF SOt-OW SOR-OW 

SOR-WA SOR-OSO SOR-ON0 

N = 20 
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5.3 Log of red fish data and untransformed inflow data 

Table 5.3 Regression Modelsfor Dependent Variable: LnlREDj on INFLOWS 

Rsq A d j  C ( p )  A I C  MSE SBC V a r i a b l e s  in Model 
I n  Rsq 

1 0.3629 0.3275 134.9 -7.497 0.6253 -5.506 O W  LAG - 
1 0.2903 0.2509 152.0 -5.338 0.6966 -3.347 QJA-LAG 
1 0.2634 0.2225 158.4 -4.594 0.7230 -2.603 OM-LAG 
1 0.1677 0.1215 181.1 -2.153 0.8169 -0.161 QJF-LAG 

. - - - - - - - . - - - . - - . . - - - . - - - - - - . - - . - - . - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
2 0.6910 0.6546 59.17 -19.97 0.3212 -16.98 QJF-LAG OW-LAG 
2 0.6167 0.5716 76.76 -15.66 0.3983 -12.67 OM-LAG OJA-LAG 
2 0.5865 0.5378 83.92 -14.14 0.4298 -11.15 OW-LAG OJA-LAG 
2 0.5158 0.4588 100.7 -10.98 0.5033 -7.996 OM-LAG O W L A G  

- . - - - - - . - - - - - - . - - . - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.8213 0.7678 30.31 -28.92 0.1973 -24.94 OJF-LAG OW-LAG ONO-LAG 
3 0.8141 0.7792 32.02 -28.13 0.2053 -24.15 OJF-LAG OM-LAG OM-LAG 
3 0.7954 0.7570 36.45 -26.21 0.2260 -22.23 OM-LAG OW-LAG QJA-LAG 
3 0.7558 0.7100 45.83 -22.67 0.2697 -18.69 OJF-LAG OMA_LAG OSO-LAG 

. - - - . - - - - - - - - - - - . - - - - - - - . - - . - - - - - - . - - - - - - - - - . . - - - - - - - - . - - - - - - - - - - . - - - - - - . - -  

4 0.9066 0.8817 12.12 -39.90 0.1100 -34.92 QJF-LAG OM-LAG OW-LAG 
WA-LAG 

4 0.8989 0.8720 13.93 -38.32 0.1190 -33.34 QJF-LAG (?&!&LAG OW-LAG 
OSO-LAG 

4 0.8527 0.8134 24.88 -30.78 0.1735 -25.80 OJF-LAG OMJLAG WA-LAG 
ONO-LAG 

4 0.8394 0.7966 28.02 -29.06 0.1891 -24.08 QJF-LAG OW-LAG OSO-LAG 
ONO-LAG 

- - - * - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.9419 0.9212 5.748 -47.40 0.0733 -41.43 QJF-LAG OMA_LAG OW-LAG 
QJA-LAG 0.50-LAG 

5 0.9067 0.8734 14.10 -37.91 0.1178 -31.94 OJF-LAG O R L A G  ( M U L A G  
MA-LAG ONO-LAG 

5 0.8993 0.8634 15.84 -36.40 0.1270 -30.42 OJF-LAG OM-LAG OM-LAG 
OSO-LAG ONO-LAG 

5 0.8853 0.8444 19.15 -33.79 0.1447 -27.82 OJF-LAG O W L A G  QJA-LAG 
0.50-LAG ONO-LAG 

- . . - - - . . - - - - . - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
6 0.9451 0.9198 7.000 -46.52 0.0746 -39.55 WF-LAG O K L A G  OW-LAG 

QJA-LAG OSO-LAG ONO-LAG 

N = 20 
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5.4 Log of red fish data and log of inflow data 

Table 5.4 Regression Models for Dependent Variable: Ln(RED) on LnIINFLOWS) 

Rsq A d j  C ( p )  A IC  MSE SBC Var iab les  i n  Model 
In RSQ 

1 0.4199 0.3877 92.51 -9.373 0.5693 -7.381 LN-OW 
1 0.3219 0.2842 110.8 -6.249 0.6656 -4.258 LN-QJA 
1 0.3091 0.2707 113.2 -5.875'0.6782 -3.883 LN-OMA 
1 0.0927 0.0423 153.7 -0.426 0.8905 1.565 LN-WF 

. ----- . .---- .--- . .---- .-*---- . .------- .-------- . .----  
2 0.7290 0.6971 36.69 -22.59 0.2816 -19.61 LN-QJF LN-QMJ 
2 0.5788 0.5292 64.80 -13.77 0.4378 -10.78 LN-QM LN-QJA 
2 0.5712 0.5208 66.21 -13.42 0.4456 -10.43 LN-QW LN-WA 
2 0.5123 0.4549 77.24 -10.84 0.5069 -7.852 LN-QJF LN-QM 

. - - - - - - - - - - - - - - - - - - - . . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . -  

3 0.8661 0.8410 13.04 -34.70 0.1478 -30.72 LN-WF LN-OW LN-QND 
3 0.8575 0.8307 14.66 -33.44 0.1574 -29.46 LN-WF LN-QMA LN-QSO 
3 0.8419 0.8123 17.58 -31.37 0.1746 -27.39 LN-OJF LN-OM LN-OW 
3 0.7707 0.7277 30.89 -23.94 0.2532 -19.95 LN-QJF LN-OW LN-QJA 

. . . - - - - - . - - - - - - - - - - . - - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - . - - - -  
4 0.9245 0.9044 4.114 -44.17 0.0889 -39.19 LN-WF LN-OM LN-OW LN-QSO 
4 0.8989 0.8719 8.921 -38.30 0.1191 -33.32 LN-QJF LN-QM L N - Q I  LN-QND 
4 0.8883 0.8586 10.89 -36.33 0.1315 -31.35 LN-WF LN-QMA LN-Qh!J LN-QJA 
4 0.8691 0.8342 14.49 -33.15 0.1542 -28.17 LN-WF LN-QW LN-QJA LN-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - -  

5 0.9295 0.9043 5.187 -43.52 0.0890 -37.55 LN-WF LN-QMA LN-OW LN-QJA 
LN-OSO 

5 0.9295 0.9043 5.195 -43.51 0.0890 -37.54 LN-0JF LN-QMA LN-QMJ LN-QSO 
LN-QND 

5 0.9013 0.8660 10.47 -36.79 0.1246 -30.81 LN-WF LN-QA L N - Q I  LN-QJA 
LN-QND 

5 0.8876 0.8475 13.02 -34.20 0.1418 -28.23 LN-WF LN-QMA LN-QJA LN-QSO 
LN-QND 

. . - - - - - - - - - - - - - - - - - - - - - - - - . - - - . . * - - - - - - - - - - - - - - . - - - * . - - - - - - - - - - - - - - - - - - . - - -  

6 0.9305 0.8984 7.000 -41.81 0.0944 -34.84 LN-QJF LN-QMA LN-QW LN-QJA 
LN-OSO LN-QND 
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5.5 Log of red fish data and square root of inflow data 

Table 5.5 Regression Models for Dependent Variable: Ln(RED) on Sqrt(INFL0WS) 

R s q  Adj C ( p )  A I C  MSE SBC V a r i a b l e s  i n  Model 
1n Rsq 

1 0.4256 0.3937 139.4 -9.569 0.5638 -7.578 S(IR0MJ 
1 0.3249 0.2874 166.6 -6.338 0.6626 -4.347 SOR-WA 
1 0.2876 0.2480 176.7 -5.262 0.6993 -3.270 SOR-OM 
1 0.1476 0.1003 214.5 -1.675 0.8366 0.316 SQR-WF 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - . . - - - - - . - - - - - - - - - - . - - - - - - - - - - - - - - . - - - - - .  
2 0.7253 0.6930 60.29 -22.32 0.2854 -19.34 SOR-WF SOR-OMJ 
2 0.6279 0.5842 86.63 -16.25 0.3867 -13.27 SOR-(IMA SOR-OJA 
2 0.6279 0.5841 86.64 -16.25 0.3867 -13.27 SOR-OMJ SOR-WA 
2 0.5414 0.4874 110.0 -12.07 0.4766 -9.084 SOR-OMA SOR-OM 

- . - - - - - - - - . - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - . - - . - - - - - - - . - - - - . - - - - - . - - - -  
3 0.8765 0.8534 21.39 -36.32 0.1363 -32.34 SOR-OJF S(IR_OMJ SOR-OND 
3 0.8467 0.8180 29.46 -31.99 0.1693 -28.01 SIIR_OJF SIIR_OEAA SIIR_OM 
3 0.8148 0.7801 38.09 -28.21 0.2045 -24.22 SOR-OJF SOR-OM SOR-OSO 
3 0.7767 0.7349 48.39 -24.47 0.2465 -20.49 SOR-OM4 SOR-OW SOR-WA 

. .-- . .-----.------------. .-----.---------------.---.------------.---. . . .- . .  

4 0.9281 0.9090 9.439 -45.14 0.0847 -40.16 SOR-OJF SOR-OM SOR-OMJ 
SOR-OSO 

4 0.9156 0.8931 12.84 -41.92 0.0994 -36.94 SOR-WF SOR-OM SOR-OM 
SOR-WA 

4 0.8921 0.8633 19.19 -37.01 0.1271 -32.03 SOR-OJF SOR-OM SOR-(IMJ 
SOR-ON0 

4 0.8808 0.8490 22.24 -35.02 0.1404 -30.04 SOR-OJF SOR-OM SOR-OJA 
SOR-ON0 

----------.---------.---s-----.--.---------.------------------------------. 

5 0.9510 0.9335 5.243 -50.81 0.0618 -44.84 SQR-WF SOR-OM SOR-OM 
SOR-OJA SOR-OSO 

5 0.9315 0.9070 10.54 -44.09 0.0865 -38.11 SOR-WF S ( 1 R O M  SOR-OM 
SOR-OSD SOR-ON0 

5 0.9185 0.8893 14.06 -40.61 0.1029 -34.64 SOR-WF SOR-OM S O R - W  
SOR-WA SOR-OND 

5 0.9080 0.8752 16.88 -38.20 0.1161 -32.23 SOR-WF SOR-OM SOR-OJA 
SOR-oso SOR-OND 

- - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - . - - - - - - - - - -  
6 0.9519 0.9298 7.000 -49.18 0.0653 -42.21 SOR-OJF SOR-OM SOR-OM 

SOR-WA SOR-OSO SOR-OND 

N = 20 
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5.6 Square root of red fish data and untransformed inflow data 

Table 5.6 Regression Models for Dependent Variable: SqrtfRELI) on INFLOWS 

Rsq Adj C ( p )  AIC MSE SBC Variab les  i n  Model 
In Rsq 

1 0.3237 0.2861 219.8 46.60 9.35 48.59 QMA_LAG 
1 0.3105 0.2722 224.3 46.99 9.53 48.98 QJA-LAG 
1 0.2768 0.2366 236.1 47.94 10.00 49.94 O W L A G  
10.1848 0.1395 268.2 50.34 11.27 52.33 WF-LAG 

- - - - . - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - . . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - . .  
2 0.7065 0.6719 88.32 31.91 4.30 34.90 QMA_LAG QJA-LAG 

2 0.6070 0.5607 123.0 37.75 5.75 40.74 WF-LAG QW-LAG 

2 0.5270 0.4713 150.9 41.45 6.93 44.44 OW-LAG QJA-LAG 
2 0.5014 0.4427 159.8 42.51 7.30 45.49 QJF-LAG QMA-LAG 

- - - - - - - . - - - - . . - - . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.8344 0.8034 45.71 22.46 2.58 26.44 QJF-LAG OM-LAG QSO-LAG 

3 0.8269 0.7944 48.34 23.35 2.69 27.33 QJF-LAG W - L A G  QND-LAG 

3 0.8138 0.7789 52.91 24.81 2.90 28.79 QMA-LAG OW-LAG WA-LAG 

3 0.7877 0.7479 62.00 27.43 3.30 31.41 QJF-LAG QMA_LAG W - L A G  
- . - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.9093 0.8852 21.60 12.41 1.50 17.39 QJF-LAG OMMALAG OW-LAG 

oJn_LAG 

4 0.9090 0.8847 21.73 12.49 1.51 17.47 QJF-LAG QMA-LAG W - L A G  
OSO-LAG 

4 0.8947 0.8667 26.70 15.40 1.75 20.38 QJF-LAG QMA_LAG QJA-LAG 
0.90-LAG 

4 0.8629 0.8263 37.80 20.69 2.28 25.67 QJF-LAG OW-LAG W L A G  
QND- LAG 

- - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

50.96270.9494 5.001 -3.352 0.66 2.622QJF-LAGOM-LAGQh4-LAG 
WA-LAG QSO-LAG 

5 0.9234 0.8960 18.70 11.04 1.36 17.02 ( h l F L A G  Q A L A G  W L A G  
QSO-LAG QNO-LAG 

5 0.9153 0.8851 21.52 13.05 1.51 19.02 QJF-LAG QMA_LAG W - L A G  
0.90-LAG QND-LAG 

5 0.9149 0.8845 21.66 13.14 1.51 19.12 QJF-LAG QMA_LAG QMJLAG 
QJA-LAG QND-LAG 

- - * . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - -  

60.96270.9455 7.000 -1.353 0.71 5.617 WF-LAGOM-LAGQMJLAG 
WA-LAG QSO-LAG QNO-LAG 
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5.7 Square root of red fish data and square root of inflow data 

Table 5.7 Regression Models for Dependent Variable: Sqrt(RED) on Sqrt(INFL0WS) 

Rsq A d j  C ( p )  A I C  MSE SBC Var iab les  i n  Model 
I n  Rsq  

1 0.3517 0.3156 172.3 45.76 8.96 47.75 SOR-WA 
1 0.3345 0.2975 177.3 46.28 9.20 48.27 SOR-OW 
1 0.3343 0.2973 177.4 46.29 9.20 48.28 SQR-OM 
1 0.1535 0.1065 229.9 51.09 11.70 53.08 SOR-WF 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - -  

2 0.7033 0.6684 72.18 32.13 4.34 35.11 S R O M  S W O J A  
2 0.6238 0.5795 95.28 36.88 5.51 39.86 SOR-WF SOR-OW 
2 0.5728 0.5225 110.1 39.42 6.25 42.40 SOR-OW SOR-OJA 
2 0.5322 0.4771 121.9 41.23 6.85 44.22 SOR-OJF SOR-OM 

- . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - . - - - - . - - - - - - . . - - - . .  
3 0.8729 0.8491 24.92 17.17 1.98 21.16 SOR-WF SQR-QMA SOR-OSO 
3 0.8707 0.8464 25.56 17.52 2.01 21.50 SOR-QJF SOR-OW SOR-OND 
3 0.7989 0.7612 46.41 26.35 3.13 30.33 SOR-OJF SOR-QMA SOR-OW 
3 0.7845 0.7441 50.59 27.73 3.35 31.71 SOR-OM4 SOR-OW SOR-OJA 

- - - - - - . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . . - - - - - - - - .  
4 0.9225 0.9018 12.52 9.284 1.29 14.26 SOR-WFSOR-OMASOR-OW 

SOH-oso 
4 0.9087 0.8843 16.53 12.56 1.52 17.54 SOR-OJF SOR-OM4 SOR-OJA 

SOR-as0 
4 0.8999 0.8732 19.07 14.39 1.66 19.37 SOR-QJF SOR-OM SOR-OMJ 

SOR-WA 
4 0 .8860 0.8557 23.10 16.99 1 .89 21 .97 SOR-OJF SOR-OM SOR-OW 

SOR-OND 
- - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - -  
5 0.9550 0.9389 5.068 0.400 0.80 6.374 SOR-OJF SOR-OM SOR-OW 

SOR-OJA SOR-0.90 
5 0.9349 0.9117 10.91 7.787 1.16 13.76 SOR-QJF SOR-(IMA SOR-OW 

S(IFIOS0 SOR-OND 
5 0.9292 0.9039 12.57 9.475 1.26 15.45 SOR-OJF SOR-OM S ( I R W A  

SOR-OSO SOR-OND 
5 0.9130 0.8820 17.26 13.58 1.55 19.56 SOR-WF SOR-OW SCIR_OMJ 

SOR-QJA SIIR_OND 
- - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
6 0.9552 0.9346 7.000 2.296 0.86 9.266 SOR-OJF SOR-OM SOR-OW 

SOR-QJA SOR-OSO SOR-OND 

N = 20 



- 
Red Harvest in Corpus Christi Bay 52 

5.8 Various transformation suggested by Box-Cox 

Table 5.8 Regression Models for Dependent Variable:  RED)'.^ on variously rransfonned INFLOWS. 

Rsq Adj  C(p) AIC MSE SBC Var iables i n  Model 
1n Rsq 

1 0.3474 0.3112 69.88 -7.473 0.6261 -5.481 LN-QJA 
1 0.2950 0.2558 76.78 -5.927 0.6764 -3.936 OR-OMJ 
1 0.2945 0.2553 76.84 -5.913 0.6768 -3.922 OR-OMA 
1 0.1069 0.0573 101.5 -1.198 0.8568 0.794 OR-WF 

. - . - . . - - - - . - - - . . - - - - - - -*- . . - . - - - - - - . - - . - - . - - - - - - . - - - - - - - - - - - - - - - - - - - - . - - - - -  
2 0.5783 0.5286 41.50 -14.20 0.4284 -11.22 OR-OJF ( IR_OM 
2 0.5726 0.5223 42.25 -13.94 0.4342 -10.95 OR-OM LN-WA 
2 0.5645 0.5132 43.31 -13.56 0.4424 -10.57 OR-OW LN-OJA 
2 0.5312 0.4761 47.69 -12.09 0.4762 -9.101 OR-QJF OR_OW 

. - - - - - - - - - - - - - - - . - - - - - - - . - - . - - - - - - - - - . - . . - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - -  
3 0.8673 0.8424 5.462 -35.33 0.1432 -31.35 OR-OJF ( I R O M  OR-OSO 
3 0.8360 0.8053 9.579 -31.10 0.1770 -27.11 OR-OJF OR-OW N O N D  
3 0.7302 0.6797 23.50 -21.14 0.2912 -17.16 W O J F  OR-OM LN-OJA 
3 0.7185 0.6657 25.04 -20.29 0.3038 -16.30 OR-WF OR-OM4 OR-OW 

- --------- . . - . ----- . -- . ------------ . -- . - . ------------ . ------------------ . --  

4 0.8748 0.8414 6.481 -34.49 0.1442 -29.51 OR-QJF OR-OM LN-QJA OR-OSO 
4 0.8732 0.8394 6.688 -34.24 0.1460 -29.26 OR-QJF I IR_OM OR-QMJ OR-OSO 
4 0.8701 0.8355 7.092 -33.76 0.1495 -28.78 OR-QJF LIR_QM OR-OSO OR-OND 
4 0.8603 0.8231 8.381 -32.30 0.1608 -27.33 OR-WF OR-OM OR-OW OR-OIVD 

. - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - -  

5 0.8980 0.8616 5.418 -36.60 0.1258 -30.62 WQJF OR-OM QR-OMJ OR-OSO 
(IROND 

5 0.8872 0.8469 6.846 -34.58 0.1392 -28.60 W W F  OR-OM OR-OW LN-QJA 
OR-0.90 

5 0.8757 0.8313 8.359 -32.64 0.1533 -26.66 [IR_WF OR-OM OR-OW LN-OJA 
OR-OND 

5 0.8749 0.8302 8.468 -32.50 0.1544 -26.53 OR-WF OR-(IMA LN-WA OR-OSO 
OR-OND 

- . - - . - - - ------ . - - - . - - ----- . - - ------- . - - -- . - - --------------------------- . - . .  
6 0.9012 0.8556 7.000 -35.23 0.1312 -28.26 OR-OJF OR-OMA OR-OW LN-OJA 

OR-OSO OR-OND 

N = 20 

Dependent Var iable:  (RED) O.' 
Independent Variables: OR-QJF=(January-February I n f l ~ w s ) ~ . '  

O ~ - o ~ ~ = ( ~ a r c h - ~ p r i l  I n f l ows )  -O.e 
O ~ - w = ( ~ a y - ~ u n e  In f lows) ' . '  
OR-oMJ=(September-October I n f l o ~ s ) ~ . ~  
O R - ~ ~ ~ ( ~ o v e m b e r - D e c e m b e r  I n f l o ~ s ) ~ . ~  
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6. REGRESSION FOR THE BEST MODELS 

6.1 Regression - Red fish data on inflow data 

6.1.1 ANOVA and Parameter Estimates 

Table 6.1 Model Summa?y for red j sh  data on inflow data. 

Model surnrnarPb 

a. Dependent Variable: Red Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant), November-December Inflows, SeptemberOctober 
Inflows, July-August Inflows, May-June Inflows, January-February Inflows. March-April Inflows 

d. All requested variables entered. 

Durbin- 
Watson 

2.722 

- 

Table 6.2 ANOVA table of red j sh  data on inflow data 

ANOV@ 

Adjusted 
R Square 

.944 

R Square 

,962 

a. Dependent Variable: Red Harvest 

Std. Error 
of the 

Estimate 

14.6273 

R 

.981 

Model 
1 

b. Independent Variables: (Constant), November-December Inflows, 
SeptemberOctober Inflows, July-August Inflows. May-June Inflows. 
January-February Inflows, March-April Inflows 

Variables 
Entered 

January-February Inflows, 
March-April Inflows, 
May-June Inflows, 
July-August Inflows, 
SeptemberOctober Inflows, c,d 

November-December Inflows 

Sig. 
.OOOD 

Mean 
Square 
11676.1 
213.957 

df 
6 

13 
19 

Model 
1 Regression 

Residual 
Total 

F 
54.572 

Sum of 
Squares 
70056.7 

2781.435 
72838.1 
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Table 6.3 Table of coeficients for redfish data on injlow data. 

Coeff icientP 

(Constant) 
January-February 
lnflows 
March-April lnflows 
May-June lnflows 
J~ly-Aug~St Inflows 
SeptemberOctober 
lnflows 
November-December 
lnflows 

a. Deoendent Variable: 

Standar 
dized 

Unstandardized Coefficie 
Coefficients 

B ( Std. Error I Beta I t 
18.781 1 10.991 1 1 1.709 ( ,111 

95% Confidence 
Interval for B 

6.1.2 Collinearity Diagnostic 

Table 6.4 Variance Inflation for redfish dara on inflow dara. 

I ) Collinearity Statistics 

I t I Tolerance ( VIF 
(Constant) 1 1.709 1 I 

I January-February Inflows -6.816 .444 2.251 

March-Aoril Inflows 1 5.952 1 254 I 3.941 I 

Table 6.5 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: RED on INFLOWS. 

May-June Inflows 
July-August Inflows 
SeptemberOctober Inflows 
November-December Inflows 

Condit ion Var Prop Var Prop VaP Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index OJF-LAG OW-LAG OW-LAG OJA-LAG QSO-LAG OND-LAG 

1 1.86647 1.00000 0.0619 0.0077 0.0450 0.0010 0.0804 0.0094 

2 1 .68991 1.05094 0.0256 0.0657 0.0088 0.0116 0.0011 0.0674 

3 1 .29792 1.19919 0.0529 0.0044 0.0413 0.2647 0.0135 0.0038 

4 0.80254 1 .52503 0.0350 0.0335 0.181 2 0.0675 0.0580 0.0826 

5 0.23546 2.81549 0.7824 0.0001 0.0087 0.5234 0.5484 0.0205 

6 0.10770 4.16295 0.0422 0.8885 0.7151 0.1318 0.2986 0.8163 

a. De~endent Variable: Red Harvest 

2.648 

4.01 9 

4.459 
,521 

,377 

.557 

.377 

,295 

2.653 

1.796 

2.650 
3.385 
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6.1.3 Residuals Diagnostics 

Table 6.6 Residuals Diagnostics for red fish data on inflow data. 

Residuals Statistic* 

a. Dependent Variable: Red H a ~ e s t  

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error Of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Mean 

84.0750 

,000 

8.4868 

84.5422 

-2.E-14 

,000 

-.011 

-.4672 

.015 

5.700 

.094 

,300 

Minimum 

-1.2531 

-1.405 

4.8007 

-6.341 2 

-1 8.1801 

-1.243 

-1.541 

-27.9472 

-1.638 

1.097 

,001 

,058 

Std. 
Deviation 

60.7223 

1.000 

1.7347 

61.3492 

12.0992 

227 

1.039 

19.4800 

1.096 

2.676 

,115 

,141 

Maximum 

182.4878 

1.621 

11.7417 

174.9467 

22.2060 

1.518 

1.804 

34.9393 

2.002 

11.293 

,427 

.594 



Red Harvest in Corpus Christi Bay 56 

Table 6.7 Case Values for Residuals Diagnosrics for redfish data on inflow data. 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

I Values greater than 3 are flagged. 
2 This is flagged if it exceeds tn.p2,a=t~2,0.01=2.681 
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R ~ g r ~ f s i o n  Sendadlzed Residual 

Figure 6.1 Histogram of Standardized 
Residuals. 

Obsewed Cum Prob 

Figure 6.2 Normal P-P Plot of Residuals. 
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January-February Inflows 

Figure 6.3 Partial Residual Plot for January- 
February Inflows. 

May-June Inflows 

Figure 6.5 Partial Residual Plot for May-June 
Inflows. 

Figure 6.7 Partial Residual Plot for 
September-October Inflows. 

--, 
30' 

20' 

10' 

0' 

-10. 

ii.20. 

t 
2 -30. 
2 
U 40. 

Figure 6.4 Partial Residual Plot for March- 
April Inflows. 

O _ _  

o 3  

Ju I~AY( IYs I  Inflows 

-m -2m -1m o Im 2m xa 4m 

SeptemDerOctober Inflows 

Figure 6.6 Partial Residual Plot for July- 
August Inflows. 

November-December Inflows 

Figure 6.8 Partial Residual Plot for 
November-December Inflows 
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Januaty-February Inflows 

Figure 6.9 Residuals Plot for Januaty- 
February Inflows. 

May-June Inflows 

Figure 6.11 Residuals Plot for May-June 
Injlows. 

SeptemberOctober Inflows 

Figure 6.13 Residuals Plot for September- 
October Inflows. 

March-April Inflows 

Figure 6.10 Residuals Plot for March-April 
Injlows. 

July-Augusl Inflows 

Figure 6.12 Residuals Plot for July-Augusz 
Injlows. 

Novornter-December Inflows 

Figure 6.14 Residuals Plot for November- 
December Injows. 
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6.1.4 Prediction Intervals for Red fish Harvest 

Table 6.8 Prediction Intervals for Redfish Harvest. 

YEAR LICI 1 RED UICI 1 

LICI-1 Lower limit for 99% prediction interval for the red fish harvest. 

RED Red fish harvest 
UICI- 1 Upper limit for 99% prediction interval for the red fish 

harvest. 



- 
Red Harvest in Corpus Christi Bav 61 

6.1.5 Outliers and Influential Point Detection 

Table 6.9 Mahalanobis distance, Cook S distance, Leverage value and associated p-values 

YEAR MAH-1 COOK-1 LEV-1' MAH-PP COOK-PP 
1961 11.1728 ,0483 *.5880 ,1313 ,0003 

1962 3.0023 ,0009 ,1580 ,8848 .OOOO 

1963 3.4360 ,0749 ,1808 ,8420 ,001 1 

1964 8.3452 ,0433 ,4392 ,303 1 ,0002 

1965 2.8853 ,0198 ,1519 ,8954 .OOOO 

1966 4.2885 ,1730 ,2257 ,7460 ,0135 

1967 4.2691 ,0334 .2247 ,7483 .0001 

1968 5.6902 ,1823 ,2995 ,5764 ,0156 

1969 9.0102 .4273 ,4742 ,2519 ,1317 

1970 5.7087 .0277 .3005 ,5741 .OOOO 

1971 6.8751 ,1945 ,3618 ,4420 ,0187 

1972 5.2070 ,003 1 ,2741 ,6347 .OOOO 

1973 6.1212 ,2757 ,3222 ,5257 ,0474 

1974 1 1.2930 ,2232 *.5944 ,1263 ,0273 

1975 3.5810 ,0323 .I885 ,8266 ,000 1 

1976 1.0966 ,0062 .0577 ,993 1 .OOOO 

1977 4.6938 ,0005 .2470 ,6973 .OOOO 

1978 5.4914 .03 19 .2890 ,6002 ,000 1 

1979 7.3067 ,0874 ,3846 ,3977 ,001 7 

1980 4.5257 ,0006 ,2382 ,7176 .OOOO 

MAH-I Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

UAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
'MAHA-PV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-l), where F is the CDF of an F-ratio random variable with p+ 1 numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.10 Standardized dffits value and Standardized dfbeta values 

YEAR SDFFITS SDFBET-0 SDFBET-1 SDFBET-2 
1961 -.5628 ,0775 -.0427 ,3784 

1962 ,0744 ,0277 ,0219 -.0179 

1963 ,7476 ,2905 ,2532 -.I832 

1964 -.5357 -.5326 ,1653 -.I831 

1965 -.3652 -.3181 ,0274 -.0943 

1966 *1.2168 ,1671 -.2350 -.4865 

1967 -.4762 -.0510 ,0809 .I903 

1968 *- 1.2004 ,3501 -.5927 -.0745 

1969 *1.8681 ,3574 * 1.0054 *1.0210 

1970 -.4290 ,2132 -.2127 .0865 

1971 *-1.2156 ,0360 -.4661 -.0095 

1972 -. 1429 .0223 ,028 1 .O 173 

1973 *1.5415 -.0625 -.0775 ,2002 

1974 *- 1.2429 -.3590 ,9448 .0924 

1975 ,4703 ,0058 -.2598 -.2841 

1976 -.2032 -.I496 ,1019 -.0216 

1977 -.0583 ,0134 -.OM0 -.0210 

1978 -.4616 -.0453 -.0234 -.2867 

1979 .7755 -.0645 -. 1092 ,3367 

1980 -.0632 ,003 1 -.0088 ,0029 

SDFFITS Standardized d f i t s  value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for January-February inflows 

SDFBET-2 Standardized dfbeta for March-April inflows 

'~tems are flagged if Isdfitsl or (sdjbetal exceed 1.0 for a small data set or 2 J-' for a large data 
set. The cutoff used here is 1.  
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Table 6.11 Standardized dfbeta values 

YEAR SDFBET-3 SDEBET-4 SDFBET-5 SDFBET-6 
1961 -.I192 .0938 ,1580 -.4504 

SDFBET-3 Standardized dfbeta for May-June inflows 

SDFBET-4 Standardized dfbeta for July-August inflows 

SDFBET-5 Standardized dfbeta for September-October inflows 

SDFBET-6 Standardized dfbeta for November-December inflows 

'~tems are flagged if lsdffitsl or lsdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1. 
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SlaMadlZM DFBETA Januay-February Innow 

Standardized DFBETA Intercept 

Swdardlzed DFBETA May-June Inflows Slandardczed DFBETA March-/\pol lnllovr 

Standardized DFBETA July.Augur1 Inflows Stardardrdlzed DFBETA Seplewr-October lnf lwr  

Swdadued DFBETA N o v e w r - O s c a r  lnllows 

Figure 6.15. Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of injlow variables. 
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6.2 Regression - Log of red fish data on square root of inflow data 

6.2.1 ANOVA and Parameter Estimates 

Table 6.12 Model Summary for log of redfish data on square root of inflow data. 

Model 

a. Dependent Variable: Ln(Red Hamest) 

b. Method: Enter 

c. lndependent Variables: (Constant), Square Root of November-December Inflows, Square 
Root of May-June Inflows, Square Root of July-August Inflows, Square Root of 
Sepember-October Inflows, Square Root of January-February Inflows. Square Root of 
March-April Inflows 

Model 
1 

d. All requested variables entered. 

Table 6.13 ANOVA fable o/log of red fish data on square roor of injlow data 

ANOVP? 

Variables 
Entered 

Sqrt( January-February), 
Sqrt(March-April) 
Sqrt(May-June). 
Sqtt(J~ly-AuguSt), 
Sqrt(Sepember-October). c,d 
Sqrt(November-December) 

R Square 

,952 

R 

,976 

Adjusted 
R Square 

.930 

Std. Error 
of the 

Estimate 

,2556 

a. Dependent Variable: Ln(Red Harvest) 

Durbin- 
Watson 

2.624 

b. lndependent Variables: (Constant), Square Root of November-December 
Inflows, Square Root of May-June Inflows. Square Root of July-August 
Inflows, Square Root of Sepember-October Inflows, Square Root of 
January-February Inflows. Square Root of March-April Inflows 

Model 
1 Regression 

Residual 
Total 

Sia. 
.OOOD 

Sum of 
Squares 

16.818 
,849 

17.667 

Mean 
Sauare 

2.803 
6.5E-02 

df 
6 

13 
19 

F 
42.91 1 
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Table 6.14 Table ofcoeflcients for log of red fish data on square root of inflow data 

Coetticienti 

a. Dependent Variable: Ln(Red Harvest) 

6.2.2 Collinearity Diagnostic 

Table 6.15 Collineariy Diagnostic for log of redfish data on square root of inflow data. 

(Constant) 
Sqn(January-Febmary) 
Sqrt(March-April) 
Sqrt(May-June) 
Sqrt( July-August) 
Sqrt(Sepember-October) 
Sqrt(November-Decem 
ber) 

95% Confidence 
Interval for B 

Lower 
Bound 

1.788 
-.377 
,109 
,044 
,004 
,011 

-.096 

Collineari Statistics 

Y G d p -  

Sig. 
,000 
,000 
.001 
,004 
,035 
,010 

,630 

Standar 
dized 

Coefficie 
nts 

Beta 

-598 
,548 
,396 
,220 
,332 

-.060 

Upper 
Bound 

3.102 
-.I81 
.325 
,191 
,083 
,069 

.060 

Unstandardized 
Coefficients 

(Constant) 
Sqrt(January-February) 
Sqrt(March-April) 
Sqrt(May-June) 

Sqrt(July-August) 
Sqrt(Sepember-October) 
Sqrt(November-December) 

Table 6.16 CoNineariy Diagnostics(intercept adjusted) for Dependent Variable: Ln(RED) on 
Sqrt (INFLO WS) : 

t 
8.035 

-6.166 
4.346 
3.446 
2.353 
3.009 

-.493 

B 
2.445 
-.279 
.217 
,118 

4.3E-02 
4.OE-02 

,8E-02 

t 
8.035 

-6.166 

4.346 
3.446 

2.353 

3.009 
-.493 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQR-OJF SOR-OM4 SOR-OMJ SOR-OJA SOR-OSO SOR-OND 

1 1 .98368 1.00000 0.0421 0.0145 0.0332 0.0026 0.0411 0.0187 

2 1.50719 1.14723 0.0355 0.0487 0.0031 0.0262 0.0310 0.0472 

3 1.33244 1.22015 0.0551 0.0138 0.0179 0.1757 0.0160 0.0049 

4 0.89306 1 .49037 0.0202 0.0431 0.131 1 0.0258 0.0262 0.0668 

5 0.20068 3.14400 0.7977 0.0061 0.0065 0.4967 0.4872 0.0316 

6 0.08296 4.89003 0.0494 0.8739 0.8082 0.2730 0.3986 0.8308 

Std. Error 
,304 
,045 
,050 
,034 
,018 
,013 

,036 

a. Dependent Variable: Ln(Red Hawest) 
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6.2.3 Residuals Diagnostics 

Table 6.1 7 Residuals Diagnostics for log of redfish data on square root of inflow data. 

Residuals Statistics? 

a. Dependent Variable: Ln(Red Harvest) 

Std. 
Deviation 

,9408 

1.000 

2.78E-02 

.9588 

,2114 

,827 

1.031 

,3330 

1.140 

2.447 

,160 

,129 

Mean 

4.0682 

,000 

,1488 

4.0566 

-1 .E-15 

,000 

. O l e  

1.2E-02 

,043 

5.700 

,086 

,300 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error Of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Minimum 

2.4495 

-1.720 

8.89E-02 

2.3326 

-.3755 

-1.469 

-1.808 

-.5687 

-2.008 

1.347 

,000 

,071 

Maximum 

5.2554 

1.262 

,2102 

5.2527 

,4371 

1.710 

2.104 

,7714 

2.489 

11.906 

669 

,627 
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Table 6.18 Case Values for Residuals Diagnostics for log ofredfish data on square root of inflow data. 

YEAR 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

1 Values greater than 3 are flagged. 
 his is flagged if it exceeds tn.p.2.a=t~2,~.0~=2.681 
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Regresslon Standardized Resldual 

Figure 6.1 6 Histogram of Standardized 
Residuals. 

W s e ~ e d  Cum Prob 

Figure 6.1 7 Normal P-P Plot of Residuals. 
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Square Root of January-February Inflows Square R w t  of March-April Inflows 

Figure 6.18 Partial Residual Plot for Figure 6.19 Partial Residual Plot for 
Sqrt(January-February Inflows). Sqrt(March-April Znflowsi 

Sauare Root ol  MavJune InHows Square R w t  of July-August lnllows 

Figure 6.20 Partial Residual Plot for Figure 6.21 Partial Residual Plot for 
Sqrt(May-June Inflows). Sqrt(Ju1.v-August Inflows) 

mars Root ol Novemwr-December lnllovr 

Figure 6.22 Partial Residual Plot for Figure 6.23 Partial Residual Plot for 
Sqrt(September-October Inflows). Sqrt(November-December 

Znjlows). 
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Square Root of January-February Inflows 

Figure 6.24 Residuals Plot for Sqrt(January- 
Februaty Inflows). 

Square Root of MayJune Inflows 

Figure 6.26 Residuals Plot for Sqrt(May-June 
Injlows). 

Square Root of March-April Inflows 

Figure 6.25 Residuals Plot for Sqrt(March- 
April Inflows). 

Square Rwt  of July-August Inflows 

Figure 6.27 Residuals Plot for Sqrt(Ju1.v- 
August Inflows). 

Square Root of Sspember-October lnflows Square Root of November-December Inflows 

Figure 6.28 Residuals Plot for 
Sqrt(September-October Inflows). 

Figure 6.29 Residuals Plot for 
Sqrt(7iovember-December 
Info  ws) . 
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6.2.4 Prediction Intervals for Red fish Harvest 

Table 6. I 9  Prediction Intervalsfor Red fish Harvest. 

YEAR LZCZ-1 LN-RED UZCZ-1 
1961 1.7369 2.4849 3.6032 

1962 1.8304 2.4932 3.5368 

1963 1.5793 2.7537 3.3197 

1964 1.9028 2.9069 3.8965 

1965 2.4526 2.9549 4.1295 

1966 3.0489 4.3707 4.8184 

1967 3.0749 3.8816 4.8398 

1968 2.8343 3.3499 4.6165 

1969 2.2779 3.6000 4.1726 

1970 2.8387 3.747 1 4.5883 

1971 3.4735 4.4875 5.3150 

1972 4.2041 5.0543 5.9476 

1973 4.1447 5.1823 5.9194 

1974 3.9341 4.8668 5.8314 

1975 3.8150 4.7086 5.525 1 

1976 3.6256 4.4104 5.2558 

1977 4.2644 5.1168 6.0237 

1978 4.0735 5.0252 5.8736 

1979 4.3358 5.2591 6.1751 

1980 4.0446 4.7095 5.8472 

LICI-1 Lower limit for 99% prediction interval for the natural log of red fish 

harvest. 

LN-RED Natural log of red fish harvest 

UICI-1 Upper limit for 99% prediction interval for the natural log of red fish 

harvest. 
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6.2.5 Outliers and Influential Point Detection 

Table 6.20 Mahalanobis distance. Cook S distance, Leverage value and associatedp-values 

YEAR MAH-1 COOK-1 LE v-1' MAH-pV2 COOK-PP 
1961 7.9621 ,1247 ,4191 ,3360 ,005 1 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-I Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHA-PV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l  degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-l), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.21 Standardized dfjts value and Standardized dfbeta values 

YEAR SDFFITS SDFBET-0 SDFBET- 1 SDFBET-2 
1961 -.9338 ,0406 -.I344 .5355 

SDFFITS Standardized dffits value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for square root of January-February inflows 

SDFBET-2 Standardized dfbeta for square root of March-April inflows 

-items are flagged if Jsdfitsl or lsdfberal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is 1. 
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Table 6.22 Srandardiled dfbeta values 

YEAR SDFBET-3 SDFBET.4 SDFBET-5 SDFBET-6 
1961 -. 1489 ,1533 ,2781 -.6296 

SDFBE T-3 Standardized dfbeta for square root of May-June inflows 

SDFBET-4 Standardized dfbeta for square root of July-August inflows 

SDFBE T-5 Standardized dfbeta for square root of September-October inflows 

SDFBET-6 Standardized dfbeta for square root of November-December inflows 

 terns are flagged if (sdfltsl or (sd/beta( exceed 1.0 for a small data set or 2 4- for a large data 

set. The cutoff used here is 1. 
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S a m t z e d  DFBETA lnfercapt 

S w d u e d  DFBETA Sqn(MalCh-MI InllWS) 

1 ,ye 

Sandardued DFBETA ~~~~~~~~~December l n t l ~ s l  

Standardued DFBETA SgRlSeplsmber-almer Inllousl 

Figure 6.30 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of square root of inflow variables. 
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6.3 Regression - Square Root of red fish data on inflow data 

6.3.1 ANOVA and Parameter Estimates 

Table 6.23 Model Summan) for square root ofredfish data on inyow data. 

Model Summa$b 

a. Dependent Variable: Square Root of Red Harvest 

Model 
1 

b. Method: Entet 

C. Independent Variables: (Constant), November-December Inflows. SeptemberOctober 
Inflows. July-August Inflows, May-June Inflows. January-February Inflows. March-April 
Inflows 

Variables 

Entered 
January-February, 
March-April, 
May-June, 
July-August, 
September-October, c,d 
November-December 

d. All requested variables entered. 

Table 6.24 ANOVA table of square root of redfish data on inflow data 

ANOVR 

R 

,981 

a. Dependent Variable: Square Root of Red Harvest 

R Square 

,963 

b. lndependent Variables: (Constant), November-December Inflows, 
SeptemberOctober Inflows, July-August Inflows. May-June Inflows. 
January-February Inflows, March-April Inflows 

Sio. 
.OOOb 

Adjusted 
R 

Square 

,945 

F 
55.931 

Mean 
Square 
39.935 
,714 

Model 
1 Regresston 

Residual 
Total 

Std. Error 
of the 

Estimate 

,8450 

Durbin- 
Watson 

2.782 

Sum of 
Squares 
239.607 
9.282 

248.889 

df 
6 
13 
19 
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Table 6.25 Table of coefficients for square root ofredfish data on inflow data. 

Coefficient* 

a. Dependent Variable: Square Root of Red Harvest 

(Constant) 
January-Febtuary 
March-April 
May-June 
July-August 
September-October 
November-December 

6.3.2 Collinearity Diagnostic 

Table 6.26 Collinearity Diagnostic for square root of redjsh data on inflow data. 

Coefficient# 

I I I Collinearitv Statistics 

Unslandardized 
Coeflicients 

I 1 1 Tolerance 1 VIF 
(Constant) 1 7.098 1 

Standar 
dized 

Coefficie 
nts 

Beta 

-.559 
,604 
,323 
,292 
.356 

-.003 

B 
4.507 

-7.5E-02 
6.3E-02 
1.9E-02 
9.9E-03 
4.7E-03 

-2.2E-04 

Std. Error 
,635 
,011 
,011 
,005 
.002 
.001 
.007 

Table 6.27 Collinearity Diagnosticsfintercept adjusted) for Dependent Variable: Sqrt(RED) on 
INFLOWS. 

1 
7.098 

-6.957 
5.678 
3.702 
4.064 
4.081 
-.030 

January-February 
March-April 

May-June 

July-August 

September-October 

November-December 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index WF-LAG OW-LAG OW-LAG OJA-LAG 0.50-LAG OND-LAG 

I 1 .86647 1.00000 0.0619 0.0077 0.0450 0.0010 0.0804 0.0094 
2 1 .68991 1.05094 0.0256 0.0657 0.0088 0.0116 0.0011 0.0674 
3 1 .29792 1.19919 0.0529 0.0044 0.0413 0.2647 0.0135 0.0038 
4 0.80254 1 .52503 0.0350 0.0335 0.181 2 0.0675 0.0580 0.0826 
5 0.23546 2.81549 0.7824 0.0001 0.0087 0.5234 0.5484 0.0205 
6 0.10770 4.16295 0.0422 0.8885 0.7151 0.1318 0.2986 0.8163 

Sia. 
,000 
,000 
,000 
,003 
.001 
,001 
,977 

a. Dependent Variable: Square Root of Red Harvest 

-6.957 

5.678 

3.702 

4.064 

4.081 

-.030 

95% Confidence 
Interval for B 

,444 
,254 

,377 

,557 

,377 

,295 

Lower 
Bound 

3.135 
-.098 
,039 
,008 
.005 
,002 

-.016 

2.251 

3.941 
2.653 

1.796 

2.650 
3.385 

Upper 
Bound 

5.878 
-.052 
,087 
.030 
,015 
.007 
,016 
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6.3.3 Residuals Diagnostics 

Table 6.28 Residuals Diagnostics for square root ofredfish data on inflow data. 

Residuals Statistic9 

a. Dependent Variable: Square Root of Red Hawest 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

3.0866 

-1.514 

.2773 

2.8238 

-1.4148 

-1.674 

-2.076 

-2.1749 

-2.439 

1.097 

,000 

,058 

Maximum 

13.8543 

1.518 

,6783 

13.8443 

1.4515 

1.718 

2.286 

2.8003 

2.840 

11.293 

,822 

.594 

Mean 

8.4635 

,000 

.4903 

8.4739 

6.7E-16 

,000 

-.004 

-1 .E-02 

,024 

5.700 

.092 

,300 

Std. 
Deviation 

3.5512 

1 .OOO 

,1002 

3.5960 

,6989 

,827 

1.036 

1.1 184 

1.176 

2.676 

,191 

.I41 
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Table 6.29 Case Values for Residuals Diagnosticsjbr square root of redfish data on inflow data. 

YEAR P R K 1  RES-1 DRE-1 ADJ-1 ZPR-1 Z R U  SRE-1' SDR-~' 

1961 3.72 1 -.2568 -.7094 4.1735 -1.3355 -.3039 -.505 1 -.490 1 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

I Values greater than 3 are flagged. 
2 ~ h i s  is flagged if it exceeds t,,z,a=t~?.~.~~=2.681. 
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Regression Standardized Restdual 

Figure 6.31 Histogram of Standardized 
Residuals. 

Wserved Cum Prob 

Figure 6.32 Normal P-P Plot of Residuals. 
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January-February Inllows 

Figure 6.33 Partial Residual Plot for January- 
February Inflows. 

May-June lnnows 

Figure 6.35 Partial Residual Plot for May- 
June Inflows. 

March-Aprl Innow 

Figure 6.34 Partial Residual Plot for March- 
April Inflows. 

July-August Innow 

Figure 6.36 Partial Residual Plot for July- 
August Inflows. 

SeptemberOctober Inflows November-December inflows 

Figure 6.37 Partial Residual Plot for Figure 6.38 Partial Residual Plot for 
September-October Inflows. November-December Inflows. 
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January-February Inflows 

Figure 6.39 Residuals Plot for January- 
February Inflows. 

MayJune lnflows 

Figure 6.41 Residuals Plot for May-June 
Inflows. 

Se~temberOnober Inflows 

Figure 6.43 Residuals Plot for September- 
October Inflows. 

Figure 6.40 Residuals Plot for March-April 
Inflows. 

Figure 6.42 Residuals Plot for July-August 
Inflows. 

November-December Inflows 

Figure 6.44 Residuals Plot for November- 
December Inflows. 
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6.3.4 Prediction Intervals for Red fish Harvest 

Table 6.30 Prediction Intervals for Redfish Harvest. 

YEAR LICI-1 SQRED UICI-1 
1961 0.463 3.464 6.979 

LICI-1 Lower limit for 99% prediction interval for the square root of red fish 

harvest. 

LN-RED Square root of red fish harvest 

UICI-1 Upper limit for 99% prediction interval for the square root of red fish 

harvest. 
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6.3.5 Outliers and Influential Point Detection 

Table 6.31 Mahalanobis distance, Cook's distance, Leverage value and associated p-values 

YEAR MAH-1 COOK-1 LEV-1 MAH-PP COOK-PP 
1961 11.1728 ,0642 *.5880 ,1313 ,0006 
1962 3.0023 ,0036 ,1580 2848 .OOOO 

1963 3.4360 ,0599 ,1808 3420 ,0005 

MAH-I Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHAPV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-l), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.32 Standardized dfjts value and Standardized djbeta values 

YEAR SDFFITS SDFBET-0 SDFBET-1 SDFBET-2 
1961 -.6507 .0896 -.0493 .4375 

SDFFITS Standardized dffits value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for January-February inflows 

SDFBET-2 Standardized dJbeta for March-April inflows 

kerns are flagged if !.sdjitsl or bdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1. 
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Table 6.33 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 -.I379 .I085 ,1827 -.5207 

SDFBE T-3 Standardized dfbeta for May-June inflows 

SDFBE T-4 Standardized dfbeta for July-August inflows 

SDFBE T-5 Standardized dfbeta for September-October inflows 

SDFBET-6 Standardized dfbeta for November-December inflows 

'1terns are flagged if bdffitsl or lsdfbetal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is 1. 
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SPmardued DFBETA lnlercept 

SLandwddaed DFBETA March-Aprll InllOwS 

Slandard~ed OFBETA July-Augusl lnllows 

Slamartium DFBETA Novenber-Decentlsr lnflws 

Stdrdardued OFBETA Janualy-February Innour 

Slamardlzed DFBETA May-June lnf las 

Standardued DFBETA September-Ocfober lnflovr 

Figure 6.45 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of inflow variables. 
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6.4 Regression - Square Root of red fish data on square root of inflow data 

6.4.1 ANOVA and Parameter Estimates 

Table 6.34 Model Summaiyfor square root of redfish data on square root of inflow data 

Model SummaMb 

a. Dependent Variable: Square Root of Red Harvest 

Model 
1 

b. Method: Enter 

c. lndependent Variables: (Constant), Square Root of November-December Inflows, Square 
Root of MayJune Inflows, Square Root of July-August Inflows, Squaie Root of 
Sepember-October Inflows, Square Root of January-February Inflows. Square Root of 
March-April Inflows 

d. All requested variables entered. 

Variables 
Entered 

Sqrt(January-February), 
Sqrt(March-April), 
Sqrt(May-June). 
Sqrt(J~ly-A~g~st). 
Sqrt(Sepember-October). c,d 
Sqrt(November-December). 

Table 6.35 ANOVA table of square root of redfish data on square root of inflow data 

ANOVA! 

R Square 

.955 

R 

,977 

a. Dependent Variable: Square Root of Red Harvest 

Adjusted 
R Square 

,935 

b. lndependent Variables: (Constant). Square Root of November-December 
Inflows, Square Root of May-June Inflows, Square Root of July-August 
Inflows, Square Root of Sepember-October Inflows, Square Root of 
January-February Inflows, Square Root of March-April Inflows 

Std. Error 
of the 

Estimate 

,9257 

F 
46.242 

Model 
1 Regression 

Residual 
Total 

Durbin- 
Watson 

2.670 

Siq. 
.OOOO 

df 
6 

13 
19 

Sum of 
Squares 
237.750 

11.140 
248.889 

Mean 
Square 
39.625 

,857 
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Table 6.36 Table of coefficients for square root of redfish data on square root of inflow data. 

Coefficients' 

a. Dependent Variable: Square Root of Red Harvest 

6.4.2 Collinearity Diagnostic 

Table 6.37 Collineariry Diagnostic for square root of redfish data on square root of inflow data. 

Coefficientsd 

t 
2.350 
-6.717 
4.734 
2.752 
2.430 
3.502 
,260 

Standar 
dized 

Coeflicie 
nts 

Beta 

-529 
,576 
,305 
,219 
,373 
,031 

(Constant) 
Sqrt(January-February) 
Sqrt(March-April) 
Sqrt(May-June) 
Sqrt(July-August) 
Sqrt(Sepember-October) 
Sqrt(November-December) 

a. Dependent Variable: Square Root of Red Harvest 

Sip. 
.035 
.OOO 
,000 
,016 
,030 
,004 
,799 

Unstandardized 
Coefficients 

Table 6.38 Collineariry Diagnostics(intercept adjusted) for Dependent Variable: Sqrt(RED) on 
Sqrt(INFL0 WS). 

B 
2.590 
-1.100 
,857 
,340 
,162 
,168 

3.4E-02 

(Constant) 
Sqrt(January-February) 
Sqrt(March-April) 
Sqrt(May-June) 
Sqrt(July-August) 
Sqrt(Sepember-October) 
Sqrt(November-December) 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SOR-OJF SOR-OMA SOR-OW SOR-QJA SQR-OSO SOR-ON0 

1 1 .98368 1.00000 0.0421 0.0145 0.0332 0.0026 0.0411 0.0187 
2 1.50719 1.14723 0.0355 0.0487 0.0031 0.0262 0.0310 0.0472 
3 1 ,33244 1.22015 0.0551 0.0138 0.0179 0.1757 0.0160 0.0049 
4 0.89306 1.49037 0.0202 0.0431 0.1311 0.0258 0.0262 0.0668 
5 0.20068 3.14400 0.7977 0.0061 0.0065 0.4967 0.4872 0.0316 

6 0.08296 4.89003 0.0494 0.8739 0.8082 0.2730 0.3986 0.8308 

Std. Error 
1.102 
.I64 
.I81 
.I24 
.067 
.048 
.I31 

95% Confidence 
Interval tor B 

t 
2.350 
-6.717 
4.734 
2.752 
2.430 
3.502 
,260 

Collinearlty Statistics 

Lower 
Bound 

,209 
-1.454 
,466 
,073 
,018 
,064 
-.249 

Tolerance 

.393 
,233 
,280 
,424 
.304 
,250 

Upper 
Bound 
4.970 
-.746 
1.248 
,607 
,306 
.272 
,317 

VIF 

2.547 

4.298 
3.574 
2.358 
3.293 
4.006 
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6.4.3 Residuals Diagnostics 

Table 6.39 Residuals Diagnostics for square root ofredfish data on square root of inflow data. 

Residuals Statistice 

a. Dependent Variable: Square Root of Red Harvest 



- 
Red Harvest in Corpus Christi Bay 92 

Table 6.40 Case Values for Residuals Diagnostics for square root of redjsh data on square root of 
inflow data. 

YEAR PRE-1 RES-1 DRE-1 ADJ-1 ZPR-1 ZRE-1 sRL-1' SDR-~' 
1961 4.0466 -.5825 -1.0972 4.5613 -1.2486 -.6293 -.a637 -.a547 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
2 ~ h i s  is flagged if it exceeds tn.p.2.0=t~2,~.~i=2.681. 
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Regression Standardized Residual 

Figure 6.46 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.47 Normal P-P Plot of Residuals. 
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Square Root 01 January-February Inflows 

Figure 6.48 Partial Residual Plot for 
Sqn(Januaiy-February Inflows). 

Square Root of May-June Inflows 

Figure 6.50 Partial Residual Plot for 
Sqrt(May-June Inflows). 

Square Root 01 Sepember-Cclober Inflows 

Figure 6.52 Partial Residual Plot for 
Sqrt(September-October Inflows) 

Square R w l  of March-April Inflows 

Figure 6.49 Partial Residual Plot for 
Sqrt(March-April Inflows). 

square R w t  of July-Augusl Inflows 

Figure 6.51 Partial Residual Plot for 
Sqrt(July-August Inflows). 

Square Root of November-December Inflows 

Figure 6.53 Partial Residual Plot for 
Sqrt flovernber-December 
Inflows). 
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Squars Root of January-February Inflows 

Figure 6.54 Residuals Plot for Sqrt(January- 
February Inflows). 

Square Root of May-June Inflows 

Figure 6.56 Residuals Plot for Sqrt(May-June 
Info ws). 

Square Root of Sepernber-Oclober Inflows 

Figure 6.58 Residuals Plot for 
Sqrt(September-October Inflows). 

Square Rwt  01 March-Apnl Inflows 

Figure 6.55 Residuals Plot for Sqrt(March- 
April Inflows). 

Ssuare Root of July-August Inflows 

Figure 6.57 Residuals Plot for Sqrt(Ju1v- 
August Inflows). 

Square Root ol November-December Inflows 

Figure 6.59 Residuals Plot for 
Sqrtwovember-December 
Injlows). 
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6.4.4 Prediction Intervals for Red fish Harvest 

Table 6.41 Prediction Intervals for Red fish Harvest 

YEAR LICI-1 S Q R E D  UICI-1 
1961 0.667 3.464 7.426 

LICI-1 Lower limit for 99% prediction interval for the square root of red fish 

harvest. 

LN-RED Square root of red fish harvest 

UICI- 1 Upper limit for 99% prediction interval for the square root of red fish 

harvest. 
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6.4.5 Outliers a n d  Influential Point Detection 

Table 6.42 Mahalanobis distance. Cook's distance. Leverage value and associaredp-values 

YEAR MAH-1 COOK- 1 LE V-1 ' MAH-PV COOK- PI.^ 
1961 7.9621 ,094 1 ,4191 ,3360 ,0022 

MH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
?his is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
2 ~ ~ ~ ~ - ~ ~  = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l  degrees of 
freedom. Small values indicate a problem. 
'COOK_PV= F(COOK_l), where F is the CDF of an F-ratio random variable with p+l  numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.43 Standardized dffits value and Standardized dfbeta values 

YEAR SDFFITS SDFBET-0 SDFBET-1 SDFBET-2 
1961 -.8033 ,0349 -.I156 ,4607 

SDFFITS Standardized dffits value 
SDFBE T-0 Standardized dfbera for the intercept term 
SDFBET-1 Standardized dfbeta for square root of January-February inflows 
SDFBET-2 Standardized dfbeta for square root of March-April inflows 

'~tems are flagged if (sdffitsl or lsdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1 .  
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Table 6.44 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 -.I281 .I318 ,2392 -.5416 

SDFBET-3 Standardized dfbeta for square root of May-June inflows 

SDFBE T-4 Standardized dfbeta for square root of July-August inflows 

SDFBET-5 Standardized dfbeta for square root of September-October inflows 

SDFBET-6 Standardized dfbeta for square root of November-December inflows 

'1tems are flagged if bdffitsl or bdfbetal exceed 1.0 for a small data set or 2 J(p + I )  1 n for a large data 

set. The cutoff used here is 1. 
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SPndard~ed DFBETA lnlercepl 

Standardued DFBETA SqnlMarcn-~r81 Inllolrsl 

StanOardlzed DFBETA Sqn(Ju1y-August Inflws) 

Slandardlzed DFBETA SqnlJanuary-February"~ntlov$) 

Standardbred DFBETA Sqn(May-June Inflorrs) 

2'- 

starnardlzed DFBETA Sqn(Sep1ember-Octobw Inllwr) 

Figure 6.60 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of square root of inflow variables. 
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7. EXAMINING SUBSETS OF THE DATA 

7.1 Untransformed red fish data and untransformed inflow data: 1969 Omitted 

Table 7.1 Regression Models for Dependent Variable: RED on INFLOWS: 1969 Omitted 

Rsq A d j  C ( p )  A I C  MSE SBC Va r i ab l es  I n  Model 
1n Rsq 
1 0.3730 0.3362 225.9 151.3 2599 153.2 OMA-LAG 

1 0.2885 0.2467 258.4 153.7 2949 155.6 OJA-LAG 

1 0.2166 0.1705 286.0 155.5 3247 157.4 OW-LAG 
1 0.1515 0.1015 311.1 157.0 3517 158.9 OJF-LAG 

- - - - . - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - . . - - . - - - - - - . - - - - - - - - - - - - - . - - - - - - - - - . . - -  
2 0.7496 0.7183 83.21 135.8 1103 138.7 OW-LAG OJA-LAG 

2 0.5393 0.4817 164.0 147.4 2029 150.3 OJF-LAG OM-LAG 
2 0.5025 0.4404 178.1 148.9 2191 151.7 OJF-LAG OMJ-LAG 

2 0.4881 0.4241 183.7 149.4 2255 152.3 O W L A G  OMJLAG 
. - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - -  

3 0.8820 0.8584 34.33 123.5 554 127.3 WF-LAG OM-LAG OND-LAG 

3 0.8670 0.8404 40.10 125.8 625 129.6 WF-LAG OMA-LAG OSO-LAG 

3 0.8125 0.7750 61.05 132.3 881 136.1 O N L A G  OW-LAG OJALAG 
3 0.7932 0.7519 68.45 134.2 971 138.0 OflLAG OJA-LAG OSO-LAG 

- - . . - - - - - - . - - - - - * - - - - - - - - - - - - - - - . . - - - - - - - - - . - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - -  

4 0.9327 0.9134 16.87 114.9 339 119.6 OJF-LAG OM-LAG OJA-LAG 
OSO-LAG 

4 0.9068 0.8801 26.83 121.1 469 125.8 QJF-LAG OW-LAG QJA-LAG 
OND-LAG 

4 0.9021 0.8742 28.60 122.0 493 126.7 OJF-LAG OW-LAG OMJLAG 
OSO-LAG 

4 0.8986 0.8696 29.97 122.7 510 127.4 QJF-LAG OW-LAG OSO-LAG 
OND-LAG 

. . - - - - - - - - - - - - - - - . - - . - - - . . - . - - - - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.9631 0.9490 7.164 105.4 200 1 1  1.1 QJF-LAG O W L A G  OW-LAG 
WA-LAG 0.50-LAG 

5 0.9392 0.9159 16.35 114.9 329 120.6 OJF-LAG O W L A G  QJA-LAG 
OSO-LAG OND-LAG 

5 0.9317 0.9055 19.23 117.1 370 122.8 WF-LAG O-LAG W L A G  
( M A L A G  ( lNDLAG 

5 0.9313 0.9048 19.42 117.3 373 122.9 OJF-LAG O W L A G  OW-LAG 
0.90-LAG OND-LAG 

. . - . . . . - - - - - - - - - - - - - - - * - - - - - - - . . - - - - - - - - - . - - - - - - - * - - - - - . - - - - - - - - - - - - - - - - - - -  

6 0.9688 0.9532 7.000 104.3 183 110.9 QJF-LAG OW-LAG OW-LAG 
QJA-LAG OSO-LAG OND-LAG 

N = 19 
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Table 7.2 Analysis of Variance for Dependent Variable: RED on INFLOWS: 1969 Omitted 

Sum o f  Mean 
Source DF Squares Square F Value Prob>F 

Model 6 68265.01133 11377.50189 62.041 0.0001 
Error  12 2200.62551 183.38546 
C T o t a l  18 70465.63684 

Root MSE 13.54199 R-square 0.9688 
Dep Mean 86.57368 Adj R-sq 0.9532 
C. V. 15.64215 

Table 7.3 Parameter Estimates for Dependent Variable: RED on INFLOWS: 1969 Omitted 

Parameter Standard T f o r  HO: Variance 
Va r iab le  DF Estimate E r ro r  Parameter-0 Prob > I TI I n f l a t i o n  , . - - 

INTERCEP 1 15.144550 10.37858461 1.459 0.1702 0.00000000 
QJF-LAG 1 - 1 .444397 0.198261 07 -7.285 0.0001 2.29999436 
OM-LAG 1 0.958832 0.20440570 4.691 0.0005 5.19860981 
OM-LAG 1 0.328671 0.09755805 3.369 0.0056 3.65222037 
QJA-LAG 1 0.153294 0.04037306 3.797 0.0025 1 .85371831 
QSO-LAG 1 0.075935 0.0201 3225 3.772 0.0027 2.76662458 
QND LAG 1 0.211767 0.14397178 1.471 0.1671 4.79218105 

Table 7.4 CoNinearity Diagnostics(intercept adjusted) for Dependent Variable: RED on INFLOWS: 1969 
Omitted 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index QJF-LAG QM-LAG OW-LAG QJA-LAG 0.90-LAG QND-LAG 

1 1 .82678 1 . 00000 0.0749 0.0057 0.0407 0.001 6 0.0577 0.0072 
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Table 7.5 Parameter Estimates ofModels for Dependent Variable: RED on INFLOWS: 1969 Omitted 

08s -RMSE- INTERCEP QJF-LAG O W L A G  OW-LAG QJA-LAG QSO-LAG QND-LAG 

1 50.978 52.283 1 ,07332 
2 54.306 54.398 0.31222 . 
3 56.985 27.822 0.46571 . 
4 59.307 121.097 - 0.99728 . 
5 33.207 11.161 1.20173 0.35922 . 
6 45.043 87.782 -1.04544 1.09495 
7 46.806 58.153 -1.42324 . 0.61582 . 
8 47.483 12.692 0.93868 0.34792 . 
9 23.542 5.677 -1.89525 . 0.76677 . 0.83663 
10 24.996 61.925 -1.77681 1.35610 0.15534 . 
1 1  29.679 -15.916 1.09318 0.26014 0.33717 . 
12 31.166 -2.814 1 .27465 0.33356 0.05183 . 
13 18.409 36.060 -1.28639 1.35415 0.18434 0.11890 . 
14 21.664 -4.306 -1.65761 . 0.71522 0.10498 . 0.79364 
15 22.194 45.796 -1.78353 1.21280 0.23724 . 0.12274 . 
16 22.592 8.549 -2.02150 . 0.69777 . 0.03796 0.8321 8 
17 14.135 21.925 -1.30979 1.22060 0.22120 0.17790 0.08978 . 
18 18.149 35.998 -1.19822 1.49500 0.19970 0.11869 -0.15150 
19 19.235 -0.593 -1.31498 0.52184 0.56061 0.17066 . 0.46568 
20 19.304 24.932 -1.92651 0.67331 0.45505 . 0.08465 0.43824 
21 13.542 15.145 -1.44440 0.95883 0.32867 0.15329 0.07594 0.21177 

Table 7.6 Criteria Statistics of Models for Dependent Variable: RED on INFLOWS: 1969 Omitted 



- 
Red Harvest in Corpus Christi Bny 104 

Number of Paramelws 

Figure 7.1 The R2 criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.3 The AIC criteria vs. Number of 
parameters.. 

- a 
ii 0 

0 1 2 3 4 5 6 7  

Number 01 Parameters 

Figure 7.5 The C(p) criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.2 The Adjusted R-' criteria vs. 
Number ofparameters. 

Number of Parameters 

Figure 7.4 MSE vs. Number ofparameters. 

0 1 2 3 1 5 6 7  

Number of Parameters 

Figure 7.6 The SBC criteria vs. Number of 
parameters. 
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7.2 Log of red fish data and square root inflow data: 1969 Omitted 

Table 7.7 Regression Models for Dependent Variable: Ln(RED) on Sqrt(INFL0WS): 1969 Omitted 

Rsq Adj C ( p )  A I C  MSE SBC Variables i n  Model 
I n  flsq 

1 0.4383 0.4052 194.9 -8.589 0.5762 -6.700 SQR-QMJ 
1 0.3163 0.2760 240.5 -4.855 0.7013 -2.966 SQR-QJA 
1 0.2838 0.2416 252.6 -3.973 0.7346 -2.084 SQR-QMA 
1 0.1398 0.0892 306.4 -0.492 0.8823 1.397 SQR-QJF 

- - - - - - - - - - - - - - - - - - - - - - - - . . - - . - . - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - .  

2 0.7335 0.7002 86.57 -20.76 0.2904 -17.92 SQR-QJF SQR-QMJ 
2 0.6266 0.5800 126.5 -14.35 0.4069 -11.52 SQR-QMJ SQR-QJA 
2 0.6238 0.5767 127.6 -14.21 0.4100 -11.37 SQR-QMA SQR-QJA 
2 0.5476 0.4911 156.0 -10.70 0.4930 -7.869 SQR-QMA SQR-QMJ 

- - - - - . . - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - -  
3 0.9396 0.9275 11.56 -46.96 0.0702 -43.19 SQR-QJF SQR-QW SQR-QND 
3 0.8667 0.8400 38.81 -31.92 0.1550 -28.14 SQR-QJF SQR-QMA SQR-QMJ 
3 0.8189 0.7826 56.68 -26.09 0.2106 -22.32 SQR-QJF SQR-QMA SQR-QSO 
3 0.7842 0.7411 69.61 -22.77 0.2508 -18.99 SQR-OJF SOR-QMJ SQR-QJA 

- - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - .  

4 0.9473 0.9323 10.67 -47.57 0.0656 -42.84 SQR-&IF SQR-QMA SQR-QMJ 
SQR-QND 

4 0.9400 0.9228 13.42 -45.08 0.0747 -40.36 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QSO 

4 0.9399 0.9228 13.44 -45.06 0.0748 -40.34 SQR-QJF SQR-QMJ SQR-WA 
SQR-QND 

4 0.9397 0.9224 13.54 -44.99 0.0751 -40.26 SQR-QJF SQR-QMJ SQR-QSO 
SQR-QND 

. - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -  
5 0.9652 0.9518 5.993 -53.45 0.0466 -47.78 SQR-QJF SQR-QMA SQR-QMJ 

SQR-QJA SQR-QSO 
5 0.9589 0.9431 8.342 -50.29 0.0551 -44.62 SQR-QJF SQR-QMA SQR-QMJ 

SQR-QSO SQR-OND 
5 0.9553 0.9381 9.712 -48.67 0.0600 -43.00 SQR-QJF SQR-QMA SQR-QMJ 

SQR-QJA SQR-QND 
5 0.9399 0.9168 15.44 -43.06 0.0806 -37.40 SQR-QJF SQR-QMJ SQR-WA 

SQR-QSO SQR-QND 
. . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - . - - - - -  

6 0.9679 0.9518 7.000 -52.96 0.0467 -46.35 SQR-(UF SQR-QMA SQR-QMJ 
SQR-WA SQR-QSO SQR-QND 

N = 19 
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Table 7.8 Analysis of Variance for Dependent Variable: Ln(RED) on Sqrt(INFL0WS): 1969 Omitted 

-- 
Sum o f  Mean 

Source DF Squares Square F Value Prob>F 

Model 6 16.87667 2.81278 60.271 0.0001 
Error  12 0.56003 0.04667 
C T o t a l  18 17.43670 

~ o o t  MSE 0.21603 R-square 0.9679 
Dep Mean 4.09281 Adj R-sq 0.9518 
C. V. 5.27828 

Table 7.9 Parameter Estimatesfor Dependent Variable: Ln(RED) on Sqrt(INFL0WS): 1969 Omitted 

Parameter Standard T f o r  HO: Variance 
Va r iab le  DF Est imate E r ro r  Parameter=O Prob > I TI I n f l a t i o n  

INTERCEP 1 2.467265 0.25734300 9.587 0.0001 0.00000000 
SQR-QJF 1 -0.328893 0.04318503 -7.616 0.0001 2.64007754 
SQR-OM 1 0.157247 0.04865970 3.232 0.0072 5.66666585 
SQR-OM 1 0.160787 0.03365786 4.777 0.0005 4.8600431 2 
SQR-OJA 1 0.030016 0.01641871 1.828 0.0925 2.55616956 
SQR QSD 1 0.026868 0.01 237808 2.171 0.0507 3.61861438 

Table 7.10 Collinearig Diagnostics(intercept adjusted) for Dependent VariabZe: Ln(RED) on 
Sqrt(INFL0WS): 1969 Omitted 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQR-QJF SQR-QMA SQR-QM SQR-QJA SoR_QSO SQR-QND 

1 2.07329 1.00000 0.0361 0.0119 0.0201 0.0039 0.0315 0.0166 
2 1 .42511 1.20616 0.0078 0.0328 0.0168 0.0570 0.0432 0.0188 
3 1 .30572 1.26010 0.0945 0.0146 0.0001 0.1279 0.0084 0.0129 
4 0.91579 1.50464 0.0170 0.0361 0.0978 0.0218 0.0199 0.0405 
5 0.22374 3.04410 0.6349 0.0115 0.0108 0.4206 0.4175 0.0152 
6 0.05635 6.06580 0.2097 0.8931 0.8545 0.3688 0.4796 0.8960 
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Table 7.11 Parameter Estimates of Modelsfor Dependent Variable: LnIRED) on 
Sqrt(INFL0 WS): 1969 Omitted 

08s -RMSE- INTERCEP SQR-QJF SOR-OM4 SQR-OW SQR-QJA SQR-QSO SOR-QND 

1 0.75905 1.99210 0.19537 . 

Table 7.12 Criteria Statistics of Models for Dependent Variable: Ln(RED) on 
Sqrt(INFL0 WS): 1969 Omitted 
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Number of Parameters 

Figure 7.7 The R' criteria vs. Number of 
parameters. 

NYmber of Parameters 

Figure 7.9 The AIC criteria vs. Number of 
parameters.. 

Number of Parameters 

Figure 7.11 The C(p) criteria vs. Number o j  
parameters. 

Number 01 Parameters 

Figure 7.8 The Adjusted R~ criteria vs 
Number ofparameters. 

Y 
(D . a ; ,  
1E 0.0 

0 1 2 3 4 5 6 7  

Number o l  Parameters 

Figure 7.10 MSE vs. Number ofparameters. 

Number 01 Parameters 

Figure 7. I2 The SBC criteria vs. Number of 
parameters. 
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7.3 Square root of red fish data and untransformed inflow data: 1969 Omitted 

Table 7.13 Regression Models for Dependent Variable: Sqrt(REDj on INFLOWS: 1969 Omitted 

Rsq A d j  C ( p )  A I C  MSE SBC Variables i n  Model 
In Rsq 

1 0.3186 0.2785 342.6 45.12 9.73 47.01 OM&LAG 
1 0.2979 0.2566 353.5 45.69 10.03 47.57 ( M A L A G  
1 0.2855 0.2435 359.9 46.02 10.20 47.91 ( IMJLAG 
1 0.1671 0.1181 422.1 48.93 11.89 50.82 OJF-LAG 

- - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - . - - - - . - - - - -  
2 0.6991 0.6615 144.9 31.59 4.57 34.42 OMA_lAG WA-LAG 
2 0.6155 0.5675 188.8 36.24 5.83 39.08 WF-LAG OW-LAG 
2 0.5219 0.4621 237.9 40.38 7.25 43.22 QMJ-LAG WA-LAG 
2 0.5001 0.4376 249.4 41.23 7.59 44.07 WF-LAG O W L A G  

- - * - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - -  
3 0.9092 0.8911 36.63 10.81 1.47 14.59 WF-LAG W L A G  QND-LAG 
3 0.8329 0.7995 76.67 22.41 2.70 26.18 WF-LAG Of&-LAG QSO-LAG 
3 0.8095 0.7714 88.96 24.90 3.08 28.68 OM-LAG QMJ-LAG WA-LAG 
3 0.8093 0.7712 89.07 24.92 3.09 28.70 WF-LAG Of&-LAG W L A G  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 0.9325 0.9132 26.42 7.188 1.17 11.91 WF-LAG QMJ-LAG WA-LAG 

ONO-LAG 
4 0.9265 0.9055 29.56 8.803 1.27 13.52 WF-LAG QMA_LAG QMJ-LAG 

WA-LAG 
4 0.9211 0.8986 32.38 10.14 1.37 14.86 WF-LAG QMJ-LAG QSO-LAG 

OND-LAG 
40.91750.8939 34.30 11.00 1.43 15.73 WF-LAG-LAGWAI-LAG 

0.70-LAG 
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - -  

5 0.9724 0.9618 7.482 -7.807 0.52 -2.140 WF-LAG OMA_LAG QMJLAG 
QJA-LAG QSO-LAG 

5 0.9524 0.9341 17.97 2.543 0.89 8.210 WF-LAG OM-LAG W L A G  
QJA-LAG QND-LAG 

5 0.9430 0.9211 22.92 5.982 1.06 11.65 WF-LAG O W L A G  W L A G  
QSO-LAG OND-LAG 

5 0.9350 0.9099 27.14 8.485 1.21 14.15 QJF-LAG OW-LAG OJALAG 
OSO-LAG OND-LAG 

- - - - - - . - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - -  

6 0.9771 0.9657 7.000 -9.379 0.46 -2.768 WF-LAG O W L A G  W L A G  
( M A L A G  0.50-LAG ONO-LAG 

N =  79 
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Table 7.14 Analysis of Variance for Dependent Variable: Sqrt(RED) on INFLOWS: 1969 Omitted 

Sum o f  Mean 
source DF Squares Square F Value Prob>F 

Model 6 237.20582 39.53430 85.464 0.0001 
Error  12 5.551 01 0.46258 
c T o t a l  18 242.75683 

Root MSE 0.68014 ,'+-square 0.9771 
Dep Mean 8.59052 'Adj R-sq 0.9657 
C. V. 7.91728 

Table 7.15 Parameter Estimates for Dependent Variable: Sqrt(RED) on INFLOWS: 1969'Omitted 

Parameter Standard T f o r  HO: Variance 
Va r iab le  DF Estimate E r ro r  Parameter=O Prob > I TI I n f l a t i o n  

INTERCEP 1 4.215141 0.52125589 8.087 0.0001 0.00000000 
OJF-LAG 1 -0.088840 0.00995750 - 8.922 0.0001 2.29999436 
ORLAG 1 0.048302 0 .01026611 4.705 0.0005 5.19860981 
OMLAG 1 0.026485 0.00489977 5.405 0.0002 3.65222037 
WA-LAG 1 0.008584 0.00202770 4.234 0.0012 1.85371831 
OSO-LAG 1 0.003641 0.00101113 3.601 0.0036 2.76662458 
OND-LAG 1 0.01 1391 0.00723086 1 .575 0.1411 4.79218105 

Table 7.16 Collinearify Diagnostics(intercept adjusted) for Dependent Variable: Sqrt(RED) on 
INFLOWS: 1969 Omitted 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var PG 
Number Eigenvalue Index QJF-LAG OM-LAG OW-LAG WA-LAG OSO-LAG OND-LAG 

1 1 ,82678 1 .OOOOO 0.0749 0.0057 0.0407 0.001 6 0.0577 0.0072 
2 1.73803 1.02521 0.0002 0.0424 0.0086 0.0188 0.0303 0.0426 
3 1.27508 1.19694 0.0709 0.0107 0.0103 0.2523 0.0055 0.0094 
4 0.81881 1.49366 0.0368 0.0341 0.1344 0.0469 0.0471 0.0525 
5 0.26835 2.60911 0.6017 0.0028 0.0130 0.4819 0.4873 0.0082 
6 0.07295 5.00425 0.21 56 0.9044 0.7930 0.1985 0.3722 0.8800 
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Table 7.1 7 Parameter Estimates of Models for Dependent Variable: Sqrt(RED) on 
INFLOWS: 1969 Omitted 

Table 7.18 Criteria Statistics of Models for Dependent Variable: Sqn(RED) on 
INFLOWS: 1969 Omitted 

OSS - M E -  - RSQ- - AWRSQ- -cp- - AIC- - SBC- 
1 9.7306 0.31858 0.27850 342.599 45.1169 47.0057 
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7.4 Square root of red fish data and square root of inflow data: 1969 Omitted 

Table 7.19 Regression Modelsfor Dependent Variable: Sqrt(RED) on SqrtfINFLOWS): I969 Omitted 

R s q  A d j  C ( p )  AIC MSE SBC Variables i n  Model 
I n  Rsq 

1 0.3513 0.3131 204.8 44.18 9.26 46.07 SQt-L)MI 
1 0.3385 0.2996 209.1 44.55 9.45 46.44 S( IR0JA 
1 0.3309 0.2915 211.7 44.77 9.56 46.66 SOR-OMA 
1 0.1323 0.0813 279.0 49.71 12.39 51.60 S ( I R W F  

. . - - - - . . - - - - - . - - - - - - - - - - - - . - - . - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - -  
2 0.6959 0.6578 90.05 31.79 4.61 34.62 SOR-OM SQR-WA 
2 0.6178 0.5701 116.5 36.13 5.80 38.96 SOR-OJF S(IF-OMJ 
2 0.5709 0.5172 132.4 38.33 6.51 41.16 SOR-OW SOR-OJA 
2 0.5291 0.4702 146.6 40.10 7.15 42.93 S(IR_OJF S[IR_QMA 

- - - - - - - - . - - - - - - - - - - - - - - . - . - - - - - - - - - - - . - - . - - . - - - - - - - - - - - - - . - - - - - - - - - - - - - . - - -  
3 0.9262 0.9114 14.01 6.889 1.19 10.67 SOR-WF SQR-OW SOR-OND 
3 0.8714 0.8457 32.57 17.43 2.08 21.21 SOR-OJF S W O M  SOR-OSO 
3 0.8054 0.7664 54.95 25.31 3.15 29.09 S(IR_OJFSOR-OM SOR-OW 
3 0.7808 0.7369 63.28 27.57 3.55 31.35 SOR-OM SOR-OW SOR-WA 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - -  
4 0.9342 0.9155 13.28 6.690 1.14 11.41 SOR-WF SOR-LIMA S W O W  

SOR-OND 
4 0.9270 0.9061 15.73 8.675 1.27 13.40 S-WF SOR-OM SOR-OSO 

SOR-ON0 
4 0.9267 0.9057 15.84 8.760 1 .27 13.48 SOR-WF SQR-OMJ SOR-QJA 

SOR-ON0 
4 0.9245 0.9030 16.57 9.31 1 1.31 14.03 SOR-OJF SOR-OM SOR-OW 

SOR-OSO 
- - - - - - - - - - - - - - - - - - - - . - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.9593 0.9436 6.797 -0.415 0.76 5.251 SOR-WF SOR-OM S W O M J  
SOR-OJA son-oso 

5 0.9539 0.9361 8.630 1.955 0.86 7.621 SOR-OJF SOR-OMA SOR-OW 
SOR-OSO SCIR_OND 

5 0.9435 0.9218 12.14 5.800 1.05 11.47 SOR-WF SOR-OM SOR-OW 
S K W A  SOR-OND 

5 0.9274 0.8995 17.60 10.57 1.36 16.24 SOR-WF SOR-OM SCIR_OJA 
SOR-OSO SOR-OND 

- - - - - - - - - - - . - - - - . - - - - . - - - . . - . . - . - - * - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - . - - - - - - *  

6 0.9646 0.9469 7.000 -1.066 0.72 5.545 S[IR_OJF SOR-OMA SOR-OMJ 
SOR-OJA SOR-OSO SOR-OND 

N =  19 
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Table 7.20 Analysis of Variance for Dependent Variable: Sqrf(RED) on Sqrt(INFL0WS): 1969 Omitted 

Sum o f  Mean 
source OF Squares Square F va lue  Prob>F 

Model 6 234.15932 39.02655 54.471 0.0001 
E r ro r  12 8.59751 0.71646 
C T o t a l  18 242.75683 

Root MSE 0.64644 R-square 0.9646 
Oep Mean 8.59052 Adj R-sq 0.9469 
C.  V. 9.85318 

Table 7.21 Parameter Estimates for Dependent Variable: Sqrf(RED) on Sqrt(INFL0WS): 1969 Omitted 

Parameter Standard T f o r  H O :  Variance 
Va r i ab le  DF Est imate E r r o r  P a r a m e t e ~ O  Prob > I TI I n f l a t i o n  

INTERCEP 1 2.655958 1.00830870 2.634 0.0218 0.00000000 
SQR-QJF 1 -1.248523 0.16920547 -7.379 0.0001 2.64007754 
SQR-OMA 1 0.679140 0.19065605 3.562 0.0039 5.66666585 
SQR-OMJ 1 0.468112 0.13187656 3.550 0.0040 4.8600431 2 
SQR-QJA 1 0.122561 0.06433097 1.905 0.0810 2.5561 6956 
SQR-OSO 1 0.129553 0.04849918 2.671 0.0204 3.61861438 
SQR-QND 1 0.198561 0.14812842 1 .340 0.2049 5.91 636935 

Table 7.22 Coflinearity Diagnostics(intercept adjusted) for Dependent Variable: Sqrt(RED) on 
Sqrt(INFL0WS): 1969 Omitted 

Condi t ion  
Number Eigenvalue Index 

1 2.07329 1 .OOOOO 
2 1.42511 1.20616 
3 1.30572 1.2601 0 
4 0.91579 1 .50464 
5 0.22374 3.04410 
6 0.05635 6.06580 

Var Prop Var Prop 
OJF-LAG OM-LAG 

0.0361 0.0119 
0.0078 0.0328 
0.0945 0.01 46 
0.0170 0.0361 
0.6349 0.0115 
0.2097 0.8931 

Var Prop 
OMLAG 

0.0201 
0.0168 
0.0001 
0.0978 
0.0108 
0.8545 

var  Prop 
q L A G  

0.0039 
0.0570 
0.1279 
0.0218 
0.4206 
0.3688 

Var Prop Var Prop 
OSO-LAG QND-LAG 

0.0315 0.0166 
0.0432 0.0188 
0.0084 0.0129 
0.0199 0.0405 
0.4175 0.0152 
0.4796 0.8960 
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Table 7.23 Parameter Estimates of Models for Dependent Variable: Sqrt(RED) on 
Sqn(INFL0 WS): 1969 Omitted 

- 

08s -RMSE- INTERCEP QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 0.50-LAG QNO-LAG 

1 3.04368 1 .5734 0.65260 . 
2 3.07347 4.7420 0.43091 . 
3 3.09117 4.2608 0.84800 . 
4 3.52001 12.4814 -0.69726 . 
5 2.14814 0.0880 0.88197 . 0.44780 . 
6 2.40797 5.7860 -1.01783 . 0.78905 . 
7 2.55164 -0.4144 0.54271 0.35488 . 
8 2.67303 8.6116 -0.86126 0.93715 . 
9 1.09305 2.4701 - 1.44356 . 0.88151 . 0.66886 

10 1.44254 6.4107 -1.47726 1.13022 . 0.31532 . 
11 1.77479 4.3596 -1.07072 0.67860 0.62692 . 
12 1.88360 -2.3922 0.72148 0.35017 0.39567 . 
13 1.06777 2.5460 -1.39794 0.18697 0.82376 . 0.57429 
14 1.12505 2.5709 -1.46470 . 0.86322 . 0.01 738 0.66279 
15 1.12756 2.3253 -1.41138 . 0.86991 0.02111 . 0.65482 
16 1.14403 4.7409 -1.41843 0.93783 0.33638 . 0.22768 . 
17 0.87199 2.7900 -1.13426 0.90071 0.32692 0.17509 0.16619 . 
18 0.92811 3.3988 -1.47256 0.50366 0.59452 . 0.12490 0.37047 
19 1.02694 1.8260 -1  .I8713 0.33910 0.71421 0.11391 . 0.42157 
20 1 .I6437 3.7375 -1.03031 1.24378 . 0.23745 0.24982 -0.22140 
21 0.84644 2.6560 -1.24852 0.67914 0.46811 0.12256 0.12955 0.19856 

Table 7.24 Criteria Statistics of Models for Dependent Variable: Ln(RED) on 
Sqrt(1NFLOWS): 1969 Omitted 
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Number of Parameters 

Figure 7.19 The R2 criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.21 The AIC criteria vs. Number of 
parameters.. 

Number of Parameters 

Figure 7.23 The C(p) criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.20 The Adjusted R2 criteria vs. 
Number ofparameters. 

Number of Parameters 

Figure 7.22 MSE vs. Number ofparameters. 

Number of Parameters 

Figure 7.24 The SBC criteria vs. Number of 
parameters. 
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1.1 Description of the problem' 
Bimonthly freshwater inflows into Aransas Bay were recorded for the years 1961 to 

1980. These variables, and various transformations of them, were used to construct a model for 

the annual harvest of red fish. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of 
view: individual observations (to detect outliers or influential points); variables, individually and 

in groups (to select an optimal set of predictors); and the interaction of these two, which 

produces the overall structure of the data set (to determine whether multicollinearity is present or 

not). The first two of these were examined by both graphic and quantitative means; the third by 
quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as 

well as by all the usual numerical measures. For each pair of variables, 99 % prediction ellipses 
and 95% confidence regions were plotted in a further effort to look for unusual points. For 

example, suppose large values of Variable A are generally associated with large values for 

Variable B. If an observation consisted of a large value for Variable A but a small value for 

Variable B, that point would be considered unusual, even though it was well within the range of 

data for both variables and could not be considered an outlier. 
In addition, a number of residual analysis techniques were employed. A large residual 

indicates a point not well-fit by the model. The deleted residual, however, is somewhat more 

useful in the search for influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The 

Studentized deleted residual is scaled to have a Student's t distribution. Histograms and normal 

P-P plots of the residuals were also examined. 
Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dflts (to measure the influence of a given observation on the predicted 
response) and the Dfbetas (to measure the influence of a given observation on the calculated 

coefficients) were also used to build a general picture of the influence of individual points. Plots 

were made of the standardized Dfits value for each model against the standardized Dfbeta values 
for each predictor in the model. Points which were extreme indicated observations which had 

strong effects on both predicted values and coefficient estimates. 

1 The followmg discuss~on. prepared by Jacqueline Kifle, was taken horn Sealrout Harvest m Galveston Bay: A Rcgmslon Analysis. by F. Mlehael Speed. Sr. and 

lacsueline KiRe 



- Red Fish Hawesr in Aransas Bay 2 

1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to 

look for nonlinear relationships between the response variable and individual predictors. Partial 

residual plots were employed to examine the overall relationship between the response and 

individual predictors. A partial residual is a corollary to the deleted residual. That is, the model is 

fitted without a given variable and the predicted response and corresponding residual are 
calculated for each observation. This seeks to answer the question, "What is the relationship of 

this predictor to the response variable, taking all other variables into accoun t? 'Thus ,  it 

examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a 

given model. We examined a number of these, including R2 and mean squared error (MSE), and 
several others which directly incorporate penalties for having too many predictors in the model, 

such as adjusted R*, Cp, AIC, and SBC. It is well-established that too many predictors in a model 

can lead to bad prediction, just as too few can, and these measures are used as part of the attempt 

to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by 

linear combinations of the remaining variables, resulting in unstable coefficient estimates. The 
variance inflation factor (VIF) was calculated for each coefficient estimate to measure this 

instability, which is not usually considered profound for VIFs less than 10. No problems were 
found with this data. Additionally, the condition index (a ratio of eigenvalues of the covariance 

matrix, with the largest eigenvalue always on top) was calculated. A ratio greater than 30 is 
considered cause for concern. Again, no evidence of multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox 
procedure, used to find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 

1.3.1 Selecting the Data Set Used 
First, the variables were explored thoroughly, individually and in pairs, in a first effort to 

detect outliers. The SAS@ programming language allows a number of diagnostics to be calculated 

for a group of models on a given data set without actually performing a formal regression, thus 
allowing one to examine a large number of models quite efficiently. The Box-Cox procedure was 

performed to find if a transformation to normallity was suggested. The log transform was 

suggested for some variables, and the squared root for others. At this point, there were several 

data sets for which the diagnostic series was calculated: 
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1. Untransformed red fish data and untransformed inflow data 

2. Untransformed red fish data and log of inflow data 

3. Log of red fish data and untransformed inflow data 

4. Log of red fish data and log of inflow data 

5.  Log of red fish data and square root of inflow data 

6.  Square root of red fish data and log of inflow data 

7. Various transformation suggested by Box-Cox 

1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one 

contained all variables in its corresponding data set. All diagnostics were generated, and 
influential points were determined for each model. 

Table 1.1 R2 and Adjusted R2 for full data sets 

Data Set 3 Adj. R' 
1 0.4195 0.1516 

Data sets 4, 5, and 6 presented the highest R' values. These three models were 

considered final candidates. The observations flagged as potentially influential are given in the 

summary table below, for each model. 
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Table 1.2 Summary ofpointsflagged by Boxplots. 

Year Variable 
1980 Sqrt(Ju1y-August) 

Table 1.3 Summary ofpointsJlagged by 99%prediction ellipses. 

Year Variable 
None None 

Table 1.4 Outliers of data set 4. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

Table 1.5 Outliers of data set 5 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1963 1 1 
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Table 1.6 Outliers ojdata set 6. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1963 1 1 2 

A Key to Abbreviations: 
BOX Box plot 

SRE Studentized residual 

SDR Studentized deleted residual 
LEV Leverage value 

MAH Mahalanobis distance 

COO Cook's distance 

SDF Standardized Dff~ts value 

SDB Standardized Dfbeta value 
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1.3.3 Selecting the Final Candidate Models 
After the subset analysis led us to four models, Data Set 4 with 1971 omitted: Data Set 5 

with 1971 omitted and Data Set 6 with 1971 omitted. 

Table I .  7 R' and ~a'justed R' for data sets number 4,  5 and 6 

Data set Observations omitted R' Adi. R' 

1.3.4 Selecting the Final Models 
It appears that Data set 6 with 197 1 omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Sqrt(Red Fish Harvest) = 0.7237 - 1.43727*Ln(Jan.-Feb. Inflows) 
- 3.42192*Ln( March-April Inflows) 
+ 5.22836*Ln(May-June Inflows) 
- 1.08327*Ln(Jul-Aug Inflows) 
+ 1.57990*Ln(Nov.-Dec. Inflows) 
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1.4 Best Model: Square Root of Harvest and Logged Inflows 

1.4.1 Summary Information 

Table 1.8 Descriptive statistics for dependent and independent variables. 

Descriptive Statistics 

Table 1.9 Model summary for thejnal model. 

Model Summa$b 

Sqrt(Red Harvest) 
Ln(January-February) 
Ln(March-April) 
Ln(May-June) 
Ln(July-August) 
Ln(November-December) 

a. Dependent Variable: Square Root of Red Harvest 

Mean 
1 1.8076 

3.056934 
2.893973 
4.592815 
3.575460 
3.317189 

b. Method: Enter 

, 

c. Independent Variables: (Constant), Ln(November-December Inflows), 
Ln(March-April Inflows), Ln(July-August Inflows), Ln(January-February Inflows), 
Ln(May-June Inflows) 

Std. 
Deviation 
3.925777 
1.004890 
.823433 
.981871 
,708844 

1.053418 

R Square 

,844 

d. All requested variables entered 

N 
19 
19 
19 
19 
19 
19 

Variables 
Entered 

Ln(November-December), 
Ln(March-April), 
Ln(July-August), 
Ln(January-Fpgruary), 
Ln(May-June) ' 

R 

,919 

Adjusted 
R Square 

,784 

Std. Error 
of the 

Estimate 

1.822657 

Durbin- 
Watson 

2.126 
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Table 1.10 Anova for the final model. 

ANOVP 

a. Dependent Variable: Square Root of Red Harvest 

b. Independent Variables: (Constant), Ln(November-December Inflows), 
Ln(March-April Inflows), Ln(July-August Inflows). Ln(January-February 
Inflows), Ln(May-June Inflows) 

Sig. 
.OOOb 

Table 1.11 Parameter estimates for the final model. 

Coefficient9 

F 
14.101 

Mean 
Square 
46.845 

3.322 

a. Dependent Variable: Square Root of Red Hawest 

df 
5 
13 

18 

Model 
1 Regression 

Residual 
Total 

Sum of 
Squares 
234.224 

43.1 87 

277.41 1 

Siq. 
,846 
,020 
,009 
,000 
,158 
.OW 

t 
.I98 

-2.639 
-3.061 
6.418 
-1.499 
3.315 

Standar 
dized 

Coefficie 
nts 

Beta 

-.368 
-.718 
1.308 
-.I96 
.424 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(MayJune) 
Ln(July-August) 
Ln(Novernber-December) 

> 

95% Confidence 
Interval for B 

Lower 
Bound 
-7.190 
-2.614 
-5.837 
3.468 
-2.644 
,550 

Unstandardized 
Coefficients 

Upper 
Bound 
8.638 
-.261 
-1.007 
6.988 
,478 

'2.610 

B 
,724 

-1.437 
-3.422 
5.228 
-1.083 
1.580 

Std. Error 
3.663 
545 
1.118 
,815 
,723 
,477 
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Table 1.12 Residuals statistics for thejnal model. 

Residuals Statistic* 

a. Dependent Variable: Square Root of Red Harvest 



Year 

Figure 1.1 Predicted and observed values for the harvest. 
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Table 1.14 Prediction Intervalsfor Red Fish Harvest based on the final model. 

YEAR RED P R L I  LICI-I UICI-1 
1961 112.30 151.13 37.30 34 1.49 

RED Observed red fish harvest 
PRK! Predicted red fish harvest 

LICI-1 Lower limit for 99% prediction interval for the red fish harvest. 

UICI-I Upper limit for 99% prediction interval for the red fish harvest. 
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2. EXPLORING THE DATA 

2.1 Listing of data 

Table 2.1 The redPsh data and the injlow data. 

-- - - - - 

Year Red Fish JF-inflow MA-inflow MJ-inflow JA-inflow SO-inflow ND-inflow 

1961 112.30 85.35 12.53 76.10 22.09 261.57 102.55 
1962 104.40 7 1.46 11.40 58.42 16.61 238.01 99.5 1 

1963 69.30 68.35 6.21 16.04 9.88 197.47 102.87 

1964 64.30 2.27 2.73 1 1.40 27.05 25.49 8.41 

1965 88.70 10.94 3.93 21.76 27.02 9.91 8.54 

1966 55.30 16.67 37.16 117.89 33.60 5.95 9.96 

1967 105.60 16.39 36.63 127.86 16.07 6.96 9.10 

1968 151.40 12.89 36.99 303.30 39.42 492.61 10.27 

1969 160.70 37.58 20.20 224.35 34.75 502.38 5.04 

1970 222.20 42.43 38.25 263.17 35.14 502.41 19.33 

1971 264.10 37.99 37.01 73.54 22.08 54.97 17.70 

1972 229.00 14.82 33.38 176.66 39.38 399.10 29.29 

1973 244.00 1 1.60 20.10 275.96 39.53 415.48 16.51 

1974 282.00 13.40 22.00 302.27 31.27 559.45 19.57 

1975 484.30 6.87 9.71 182.54 14.08 311.23 38.09 

1976 158.50 5.73 1 1.83 52.72 87.96 303.41 44.08 

1977 121.60 21.29 33.65 103.25 90.67 153.34 114.66 
1978 74.70 29.50 34.03 127.02 90.38 53.14 94.82 
1979 169.70 60.44 46.07 137.12 64.26 75.87 93.72 

1980 28.40 83.81 22.90 64.94 145.73 149.76 2 1.28 

Red Fish Red fish harvest (thousands of pounds) 

K in f low  Lagged January-February inflows (thousands of acre-feet) 

MA-inflow Lagged March-April inflows (thousands of acre-feet) 

MJ-inflow Lagged May-June inflows (thousands of acre-feet) 

JA-inflow Lagged July-August inflows (thousands of acre-feet) 

SO-inflow Lagged September-October inflows (thousands of acre-feet) 

ND-inflow Lagged November-December inflows (thousands of acre-feet) 
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2.2 Examination of Individual Variables 

Table .2.2 Test of Normality for the red fish data and the inflow data 

Tests of Normality 

'. This is a lower bound of the true significance. .. 
. This is an upper bound of the true significance 

a. Lilliefors Significance Correction 

Red Harvest 
Ln(Red Harvest) 
Square Root of Red 
Harvest 
January-February 
lnflows 
Ln(Janua1y-February 
Inflows) 
Square Root of 
January-February 
lnflows 
March-April Inflows 
Ln(March-April Inflows) 
Square Root of 
March-April lnflows 
May-June Inflows 
Ln(May-June Inflows) 
Square Root of 
May-June Inflows 
July-August Inflows 
Ln(July-August Inflows) 
Square Root of 
July-August lnflows 
September-October 
lnflows 
Ln(September-October 
Inflows) 
Square Root of 
September-October 
lnflows 
November-December 
lnflows 
Ln(November-Decemb 
er Inflows) 
Square Root of 
November-December 
lnflows 

Sig. 
.014 
,984 

.658 

.010" 

,434 

,197 

,080 
,010" 

,063 

,092 
,070 

,455 

.010" 
,623 

,044 

,056 

,010" 

,123 

,010" 

,046 

.010" 

Statistic 
,875 
.987 

,967 

,857 

.953 

,929 

.914 
,865 

.909 

,918 
,911 

.955 

,800 
,965 

.901 

,907 

,852 

,922 

.778 

,902 

,843 

Statistic 
,162 
,088 

,100 

,220 

.I09 

.I83 

.209 
,210 

,217 

,145 
,129 

,091 

,306 
.I79 

,246 

,149 

,201 

,109 

.257 

,187 

,214 

Shapiro-Wilk 
df 

20 
20 

20 

20 

20 

20 

20 
20 

20 

20 
20 

20 

20 
20 

20 

20 

20 

20 

20 

20 

20 

Kolmogorov-Smirno\P 
df 

20 
20 

20 

20 

20 

20 

20 
20 

20 

20 
20 

20 

20 
20 

20 

20 

20 

20 

20 

20 

20 

Sig. 
,180 
200' 

,200' 

,013 

,200' 

,079 

,022 
,021 

.015 

,200' 
,200' 

,200' 

.OOO 
,094 

.002 

,200' 

,033 

,200' 

,001 

,066 

,017 



- Red Fish Harvest in Aransas Bay 14 

Table .2.3 Percentiles of the 

W6ighted Red Hawest 
Average(Dehnit1on Ln(RedHaruss1) 
1) SquareRootOfRed 

HaNeSl 
J a w - F e b w  
llnows 

LnNar*lary-February 
I n f l w l  
Square Root ol 
January-February 
Innom 
March-ApillnRm 
Ln(Marh4pnllnRows) 
Square Rool of 
March-Apnllnnows 
MayJune l n R ~  
Ln(MayJunelnnw6) 
Square Rwt  of 
MlyJune,nnorn 
July-Augusthflauh 
Ln(Jub-Augustlnnw) 
Square Root 01 
July-Awut 
mber-Onober 
lnllws 
Ln(SBptember-Ocwr 
InflolYsl 
Square Root of 
Senember-October 
I n n M  
November-December 
Inflows 

Ln(November-DeCemb 
6i h l l M )  
Square Rwt  Of 
-bet-Decamber 
Incum 

Tukey's Hinges Red Harvest 
Ln(Red Harusst) 
Square Rwt  of Red 
H m s l  
January-February 
Inflows 
Ln(JanuaryFebruary 
I M M )  
Square Rool 01 
January-February 
kllows 
March-April Innom 

~ n ( ~ c h - ~ p n l  lnnowsl 
Square Rwt  of 
March-Apll Inflows 
MayJune Inflows 
Ln(Maydun8 lnnowsl 
Square Roof Of 
mydune IMWS 
~dy--"st lnnows 
LnIJub-August I n f l w l  
Square Rool 01 
July-August Inflows 
September-October 
l n n m  
Ln(SBp1emberOctobBr 
m M )  
Square Rool of 
Septmber-Oclober 
l n n M  
Nmber-Decarnber 
In AM 
Ln(Nwember-Decamb 
er ~nnoml  
Square Rool of 
November-December 
h f lws  

redfish data and the inflow data. 

90 
280.2100 
5.635349 

16.7387 

82.5750 

4.41261 1 

9.084642 

38.1410 
3.641252 

6.175783 

299.6390 
5.702214 

17.3085 

90.6410 
4.506906 

9.520556 

502.4070 

6.21941 1 

22.4144 

102.9380 

4.633154 

10.1409 

75 
227.3000 
5.426186 

15.0762 

55.9375 

4 013202 

7.459195 

36.9000 
3.608203 

6.074523 

213.8975 
5.361648 

146114 

58.0775 
4.041468 

7.593997 

411.3850 

6.019379 

20.2819 

94,5450 

4.549063 

9.723384 

225.6000 
5.416650 

15.0196 

51.4350 

3.924753 

7.144074 

36.8100 
3.605758 

6.067106 

203.4450 
5.310088 

14.2445 

51.8950 
3.919999 

7.151761 

407.2900 

6.009323 

20.1804 

94.2700 

4.546146 

9.709233 

95 
474.1850 
6.155665 

21.7461 

85.2730 

4.445850 

9.234320 

45.6790 
3.820861 

6.757347 

303.2485 
5.714552 

17.4140 

142.9770 
4.9S3029 

11.9444 

556.5980 

6.321577 

23.5908 

114.0705 

4.736546 

10.6797 

5 
29.7450 

3.379708 

5.134527 

2.4430 

866077 

1.551006 

2.7900 
1022519 

1.668779 

11.6320 
2.450687 

3.407819 

10.0900 
2.308225 

3.173701 

6.0005 

1.791231 

2.449208 

5.2085 

1.6U007 

2.277745 

25 
78.2000 

4.356425 

8.836704 

11.9225 

2.477367 

3.451974 

11.5075 
2.442870 

3.392161 

60.0500 
4.094110 

7.747107 

22.0825 
3.094785 

4.699202 

53.5975 

3.981394 

7.320833 

10.0375 

2.306240 

3.168131 

81.7000 
4.399370 

9.030492 

12.2450 

2.503728 

3.498071 

11.6150 
2.452126 

3.407933 

61.6800 
4.120561 

7.850917 

22.0850 
3.094899 

4.699468 

54.0550 

3.989859 

7.351947 

10.1 150 

2.313902 

3.180315 

P e m t i k s  

10 
56.2000 

4.027852 

7.494630 

5.8440 

1.763860 

2416475 

4.1580 
1414392 

2.033379 

16.6120 
2.805584 

4.070973 

14.2790 
2.657975 

3.777973 

7.2550 

1.975516 

2.689165 

8.4230 

2.130955 

2.902233 

Percnn111es 
50 

136.5000 
4.910331 

116659 

18.9800 

2.935924 

4.348500 

22.4500 
3111090 

4.737905 

122.4550 
4.807048 

11.0640 

34.1750 
3.531353 

5.845732 

217.7400 

5.378950 

14.7400 

20.4250 

3.015883 

4.518412 

136.51100 
4.910331 

11 .6859 

18.9800 

2.935924 

4.348500 

22.4500 
3.111090 

4.737905 

122.4550 
4.807048 

1 1 . W  

34.1750 
3.531353 

5.845732 

217.7400 

5.378950 

14.7400 

20.4250 

3.015883 

4.516412 
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2.2.1 The red fish data 

Table .2.4 Descriptives for the redfish data. 

Descriptives 

Table .2.5 Extreme Values for the redfish data. 

Extreme Values 

Std. Error 
23.7625 

.512 
,992 

Red Mean 
I-kNeSt 95% Confidence Lower 

lntetval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
159.5250 

109.7895 

209.2605 

148.7667 

136.5000 
11293.1 

106.2691 

28.40 
484.30 
455.90 

149.1 000 

1.559 
3.385 

Value 
484.30 
282.00 
264.10 
244.00 
229.00 

28.40 
55.30 
64.30 
69.30 
74.70 

Year 
1975 
1974 
1971 
1973 
1972 
1980 
1966 
1964 
1963 
1978 

Red Highest 1 
Harvest 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

15 
14 
11 
13 
12 
20 
6 
4 
3 

18 
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Observed Value 

Figure 2.1 Normal Q-Q Plot of Red Fish 
Harvest. 

". 20 
Rd HUrm 

Figure 2.2 BoxPIot of Red Fish Harvest. 

Red Hawest 

Figure 2.3 Histogram of Red Fish Harvest. 
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Observed Value 

Figure 2.4 Normal Q-Q Plot ofLn(Red Fish 
Harvest). 

Figure 2.6 BoxPlot of Ln(Red Fish Harvest) 

Observed Value 

Figure 2.5 Normal Q-Q Plot ofSqrt(Red Fish 
Harvest). 

Figure 2.7 BoxPlot of Sqrt(Red Fish Harvest). 

Square Root of Red Harvest 

Figure 2.8 Histogram of Ln(Red Fish 
Harvest). 

Figure 2.9 Histogram of Sqrt(Red Fish 
Harvest). 
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2.2.2 The January-February Inflows data 

Table .2.6 Descriptives for the January-Febnran, Inflow data. 

Descriptives 

Table .2.7 Extreme Values for the January-Febnrary Inflow data. 

Extreme Values 

Std. Error 
6.0827 

,512 
,992 

January-February Mean 
Inflows 95% Confidence Lower 

interval for Mean Bound 
upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
32.4890 

19.7577 

45.2203 

31.2311 

18.9800 
739.994 

27.2028 

2.27 
85.35 
83.08 

44.01 50 

,869 
-.632 

Value 
85.35 
83.81 
71.46 
68.35 
60.44 
2.27 
5.73 
6.87 
10.94 
11.60 

Year 
1961 
1980 
1962 
1963 
1979 
1964 
1976 
1975 
1965 
1973 

January-February Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

I 
20 
2 
3 
19 
4 
16 
15 
5 
13 
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Obsewed Value 

Figure 2.10 Normal Q-Q Plot of January- 
February Inflows. 

Figure 2.11 BoxPlot of January-February 
Inflows. 

January-February lnflowr 

Figure 2.12 Histogram of January-February 
Inflows. 
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Obsewed Value 

Figure 2.13 Normal Q-Q Plot of Ln Januaty- 
Februan, Inflows). 

Figure 2.15 BoxPlot of Ln(January-Februav 
Inflows). 

Observed Value 

Figure 2.14 Normal Q-Q Plot of Sqrr( 
January-Februan, Inflows). 

N. B 
Solam Rma Janua 

Figure 2.16 BoxPlot of Square Root of 
January-February Inflows. 

Ln(January-February Inflows) Square Root of January-February Inflows 

Figure 2.1 7 Histogram of Ln(January- Figure 2.18 Histogram of Sqrr(Januay- 
February Inflows). February Inflows). 
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2.2.3 The March-April Inflows data 

Table .2.8 Descriprives for the March-April Inflow data. 

Descriptives 

Table .2.9 Extreme Values for the March-April Inflow data. 

Extreme Values 

Std. Error, 
3.031 1 

,512 
,992 

r 
March-Apr~l Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Max~mum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
23.8355 

17.4914 

30.1796 

23.7728 

22.4500 
183.748 

13.5554 

2.73 
46.07 
43.34 

25.3925 

-.I15 
-1.426 

March-Apr~l Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1979 
1970 
1966 
1971 
1968 
1964 
1965 
1963 
1975 
1962 

Case 
Number 

19 
10 
6 

1 1  

8 
4 
5 
3 
15 
2 

Value 
46.07 
38.25 
37.16 
37.01 
36.99 
2.73 
3.93 
6.21 
9.71 
11.40 
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Observed Value 

Figure 2.19 Normal Q-Q Plot of March-April 
Inflows. 

Figure 2.20 BoxPlor of March-April Inflows. 

Figure 2.21 Histogram of March-April Inflows. 
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Observed Value 

Figure 2.22 Normal Q-Q Plot of Ln(March- 
April Inflows). 

observed Value 

Figure 2.23 Normal Q-Q Plot ofSqrt(March- 
April Inflows). 

Figure 2.24 BoxPlot of Ln(March-April) Figure 2.25 BoxPlot of Square Root of 
Inflows. March-April Inflows. 

Ln(March-Aprll InHowsl Square Root 01 March-Apnl lnllows 

Figure 2.26 Histogram of Ln(March-April Figure 2.27 Histogram ofSqrt(March-April 
Inflows). Inflows). 
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2.2.4 The May-June inflows data 

Table .2.10 Descriptives for the May-June Inflow data. 

Descriptives 

Table .2.11 Extreme Values for the May-June Inflow data. 

Extreme Values 

Std. Error 
21.3386 

,512 
,992 

May-June Mean 
inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Mediin 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
135.8155 

91 .I 532 

180.4778 

133.4228 

122.4550 
9106.752 

95.4293 

11.40 
303.30 
291.90 

153.8475 

,537 
-.go4 

Value 
303.30 
302.27 
275.96 
263.17 
224.35 

11.40 
16.04 
21.76 
52.72 
58.42 

Year 
1968 
1974 
1973 
1970 
1969 
1964 
1963 
1965 
1976 
1962 

MayJune Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

8 
14 
13 
10 
9 
4 
3 
5 

16 
2 
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Observed Value 

Figure 2.28 Normal Q-Q Plot of May-June 
Inflo ws. 

Figure 2.29 BoxPlot of May-June Inflows. 

May-June lnflowr 

Figure 2.30 Histogram of May-June Inflows. 
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Observed Value 

Figure 2.31 Normal Q-Q Plor of Ln(May-June 
InJows). 

Figure 2.33 BoxPlot ofLn(May-June) Inflows. 

Ln(MayJun8 Inflows) 

Figure 2.35 Histogram of Ln (May-June 
Inflowsl. 

Observed Value 

Figure 2.32 Normal Q-Q Plot of Sqrr(May- 
June Inflows). 

Figure 2.34 BoxPlot of Square Root of May- 
June Inflows. 

Square Roo1 of May-June Inflows 

Figure 2.36 Histogram of Sqrt(May-June 
Inflows). 
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2.2.5 The July-August Inflows data 

Table .2.12 Descriptives for the July-August Inflow data. 

Descriptives 

Table .2.13 Extreme Values for the July-August Inflow data. 

Extreme Values 

Std. Error 
7.7189 

,512 
,992 

~uly-August Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquarlile Range 

Skewness 
Kurtosis 

Statistic 
44.3485 

28.1926 

60.5044 

40.631 1 

34.1750 
11 91.638 

34.5201 

9.88 
145.73 
135.85 

35.9950 

1.676 
2.704 

Value 
145.73 
90.67 
90.38 
87.96 
64.26 
9.88 

14.08 
16.07 
16.61 
22.08 

Year 
1980 
1977 
1978 
1976 
1979 
1963 
1975 
1967 
1962 
1971 

July-August Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

20 
17 
18 
16 
19 
3 

15 
7 
2 

11 
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ohsewed Value 

Figure 2.37 Normal Q-Q Plot of July-August 
Inflows. 

lm. 

en' 

Figure 2.38 BoxPlot of July-August Inflows. 

Figure 2.39 Histogram of July-August Inflows. 
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Observed Value 

Figure 2.40 Normal Q-Q Plot of Ln(July- 
August Inflowsi. 

Figure 2.42 BoxPlot ofLn(Ju1y-August) 
Inflows. 

Figure 2.44 Histogram of Ln(Ju1y-August 
Inflows). 

Observed Value 

Figure 2.41 Normal Q-Q Plot of Sqrf(Ju1y- 
August Inflows). 

Figure 2.43 BoxPlot of Square Root of Jutv- 
August Inflows. 

Square Root of July-August Inflows 

Figure 2.45 Histogram of Sqrt(Ju1-v-August 
Inflows). 
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2.2.6 The September-October Inflows data 

Table -2.14 Descriptivesfor the September-October InJow data. 

Descriptlves 

Table .2.15 Extreme Values for the September-October lnflow data. 

Extreme Values 

Std. Error 
42.6274 

.512 
,992 

September-October Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
235.9255 

146.7053 

325.1 457 

230.7283 

21 7.7400 
36341.9 

190.6356 

5.95 
559.45 
553.50 

357.7875 

,313 
-1.338 

September-October Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1974 
1970 
1969 
1968 
1973 
1966 
1967 
1965 
1964 
1978 

Case 
Number 

14 
10 
9 
8 

13 
6 
7 
5 
4 

18 

- 

Value 
- 

559.45 
502.41 
502.38 
492.61 
41 5.48 

5.95 
6.96 
9.91 

25.49 
53.14 
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Observed Value 

Figure 2.46 Normal Q-Q Plot ofSeptember- 
October Injlo ws. 

Figure 2.47 BoxPlot of September-October 
Inflows. 

September-October lnilows 

Figure 2.48 Histogram 'of September-0ctober 
Inflows. 
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Observed Value 

Figure 2.49 Normal Q-Q Plot of 
Ln(September-October Inflows). 

Figure 2.51 BoxPlot of Ln(September- 
October) Inflows. 

Ln(Septernber-O*ober Inflows) 

Figure 2.53 Histogram of Ln(September- 
October Injows). 

- 

t i  _ 1 
YI -10 

. lo 0 10 

Observed Value 

Figure 2.50 Normal Q-Q Plot of Sqrt( 
September-October Inflows). 

Figure 2.52 BoxPlot of Square Root of 
September-October Inflows. 

Figure 2.54 Histogram of Sqri(September- 
October Inflows). 
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2.2.7 The November-December Inflows data 

Table .2.16 Descriptives for the November-December Infow data. 

Descriptives 

Table .2.17 Extreme Values for the November-December Inflow data. 

Extreme Values 

Std. Error 
9.0305 

,512 
,992 

November-December Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
43.2650 

24.3640 

62.1 660 

41.4222 

20.4250 
1630.981 

40.3854 

5.04 
1 14.66 
109.62 

84.5075 

.798 
-1.225 

Value 
1 14.66 
102.87 
102.55 
99.51 
94.82 
5.04 
8.41 
8.54 
9.10 
9.96 

Year 
1977 
1963 
1961 
1962 
1978 
1969 
1964 
1965 
1967 
1966 

November-December Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

17 
3 
1 
2 

18 
9 
4 
5 
7 
6 
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Observed Value 

Figure 2.55 Normal Q-Q Plot of 
November-December Inflows. 

Figure 2.56 BoxPIot of November-December 
Inflows. 

Nwember-December Inflows 

Figure 2.57 Histogram of November-December 
Inflows. 
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Observed Value 

Figure 2.58 Normal Q-Q Plot of 
Ln(November-December 
Inflo ws). 

Observed Value 

Figure 2.59 Normal Q-Q Plot of Sqrr( 
November-December Inflow's). 

Figure 2.60 BoxPlot of Ln (November 
December) Inflows. - 

Figure 2.61 BoxPlot of Square Root of 
November-December Inflows. 

Square Root ol November-December Inflows 

Figure 2.62 Hisrogram of Ln(November- 
December Inflows). 

Figure 2.63 Histogram of Sqrt(November- 
December Inflows). 
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3. PREDICTION ELLIPSES AND CONFIDENCE REGIONS 

BW Ya, 

I I I 

Oilla 

9%PrdedlmM 
Ell w 

1W 0 1W 

Thousands 01 Acre-Feet 

Figure 3.1 Red Fish Harvest vs. January- 
February Inflona. PE. 

mouaands of Acre-Feet 

Figure 3.2 Red Fish Harvest vs. January- 
February Inflows. CR. 

mousands of Acre-Feet mousands of Acre-Feel 

Figure 3.3 Red Fish Harvest vs. March-April Figure 3.4 Red Fish Harvest vs. March-April 
Inflows, PE. Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.5 Red Fish Harvesr vs. May-June 
Inflonls, PE. 

mausanas of Acre-Feet 

Figure 3.6 Red Fish Harvest vs. May-June 
Inflows, CR. 
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em, 
! 

Thousands 01 Acre-Feet 

Figure 3.7 Red Fish Harvest vs. July-August 
Inflows, PE. 

mousands of Acre-Feet 

Figure 3.8 Red Fish Harvest vs. July-August 
Inflows. CR. 

Thousands of Acre-Feet Thwsands 01 Awe-Feat 

Figure 3.9 Red Fish Harvest vs. September- Figure 3.10 Red Fish Harvest vs. September- 
October Inflows, PE. October Inflows, CR. 

Thousands 01 Acre-Feet mousands of Ane-Feet 

Figure 3.11 Red Fish Harvest vs. November- Figure 3.12 Red Fish Harvest vs. November- 
December Inflows. PE. December Inflows, CR. 
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Thousands of Acre-Feel 

Figure 3.13 January-February Inflows vs. 
March-April Inflows, PE. 

Thousands 01 Acre-Feel 

Figure 3.14 January-February Inflows vs. 
March-April Inflows, CR. 

Thousands of Acre-Feel mwsands 01 Acre-Feel 

Figure 3.15 January-February Inflows vs. Figure 3.16 January-February Inflows vs. 
May-June Inflows, PE. May-June Inflows, CR. 

!-lo 4 - 1  
g 
3 : 0 

o 40 m 80 rw tm iro iw  

Thousands 01 Acre-Feel Thousands 01 Acre-Feel 

Figure 3.1 7 January-February Inflows vs. Figure 3.18 January-February Inflows vs. 
July-August Inflows, PE. July-August Inflows, CR. 
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Thousands of Acre-Feel 

Figure 3.19 January-Febnmry Inflows vs. 
September-October Inflows. PE. 

Thousands of Acre-Feet 

Figure 3.21 January-February Inflows vs. 
November-December Inflows, 
PE. 

Thousands of Acre-Feet 

Figure 3.23 March-April Inflows vs. May- 
June Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.20 January-February Inflows vs. 
September-October Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.22 January-Febmary Inflows vs. 
November-December Inflows, 
CR. 

mousands of Acre-Feet 

Figure 3.24 March-April Inflows vs. May- 
June Inflon~s, CR. 
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Thousands of Acre-Feet 

Figure 3.25 March-April Inflows vs. July- 
August Inflows, PE. 

Thousands 01 Acre-Feet 

Figure 3.27 March-April Inflows vs. 
September-October Inflows, PE. 

Thousands 01 Acre-Feet 

Figure 3.29 March-April Inflows vs. 
November-December Inflows, 
PE. 

Thousands ol Acre-Feet 

Figure 3.26 March-April Inflows vs. July- 
August Inflows. CR. 

Dam 

' W X C o n W  
EILW 

o I r n x o x o ~ w m M n ,  

housands of Acre-Feet 

Figure 3.28 March-April Inflows vs. 
September-October Inflows. CR. 

Thousands of Acre-Feet 

Figure 3.30 March-April Inflows vs. 
November-December Inflows. 
CR. 
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Thousands of Acre-Feet Thousands 01 Acre-Feel 

Figure 3.31 May-June Inflows vs. July-August Figure 3.32 May-June Inflows vs. July-August 
Inflows, PE. Inflows, CR. 

Thousanos of Awe-Feel Thousands of Awe-Feet 

Figure 3.33 May-June Inflows vs. September- Figure 3.34 May-June Inflows vs. September- 
October Inflows. PE. October Inflows. CR. 

Thousands of Acre-Feel Thousands 01 Acre-Feel 

Figure 3.35 May-June Inflows vs. November- Figure 3.36 Mav-June Inflows vs. November- 
December Inflows. PE. December Inflows. CR. 
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Thousands 01 Aue-Feet Thousands ot Acre-Feat 

Figure 3.37 July-August Inflows. vs. Figure 3.38 July-August Inflows. vs. 
September-October Inflows, PE. September-October Inflows, CR. 

Thousands of Acre-Feet Thousands of Acre-Feet 

Figure 3.39 July-August Inflows. VS. Figure 3.40 July-August Inflows. vs. 
November-December Inflows, November-December Inflows, 
PE. CR. 

Thousands of Acre-Feet Thourands ol Acre-Feel 

Figure 3.41 September-October Inflows vs. Figure 3.42 September-October Inflows vs. 
November-December Inflows, November-December Inflows. 
PE. CR. 
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4. Box-Cox ANALYSIS 

Table .4.1 Mean Square Error from Box-Cox transformation of the redfish data and the inpow data for 
different lambda. 

Lam. 
-2.0 

Red Fish 
9 1546.5 

7470 1 .O 

61282.7 

50568.2 

41991.3 

35108.2 
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LAMBDA LAMBDA 

LAMBDA LAMBDA 
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Figure 4.1 Box-Cox Transformation - MSE of Red Fish vs. Lambda and MSE of Inflow data vs. 
Lambda. 
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5.1 Untransformed red fish data and untransformed inflow data 

Table 5.1 Regression Models for Dependent variable: RED FISH on INFLOWS 

Rsq A d j  C ( p )  A I C  MSE SBC V a r i a b l e s  i n  Model  
1 n  Rsq 

1 0.2799 0.2399 0.127 183.0 8584 185.0 QW-LAG 
1 0.2420 0.1998 0.977 184.1 9036 186.1 QSO-LAG 
1 0.1195 0.0706 3.719 187.1 10496 189.1 QJF-LAG 

1 0.1056 0.0559 4.030 187.4 10662 189.4 (MA-LAG 
- - - - - - - - - - - . - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - -  

2 0.3537 0.2777 0.474 182.9 8157 185.9 QMJ-LAG (MA-LAG 

2 0.3379 0.2600 0.829 183.4 8357 186.4 QJF-LAG QSO-LAG 

2 0.3276 0.2485 1.057 183.7 8486 186.7 OMA_LAG QMJ-LAG 
2 0.3185 0.2383 1.263 183.9 8602 186.9 QJF-LAG OMJ-LAG 

- - - - - - - - - . - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - - - . - - - - - - - - - - - - - - - - - -  
3 0.3875 0.2726 1.717 183.8 8214 187.8 (MF-LAG QJA-LAG QSO-LAG 
3 0.3789 0.2624 1.91 1 184.1 8330 188.1 QJF-LAG OKI-LAG QJA-LAG 
3 0.3731 0.2556 2.039 184.3 8407 188.3 QMA-LAG QKI-LAG QJA-LAG 
3 0.3674 0.2487 2.168 184.5 8484 188.4 OW-LAG QJA-LAG QSO-LAG 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - . - - * - - - - - - - - - - - - - - - - - - - - - - -  

4 0.4062 0.2478 3.298 185.2 8494 190.2 QJF-LAG QMJ-LAG (MA-LAG 
PSO-LAG 

4 0.3966 0.2357 3.513 185.5 8631 190.5 (MF-LAG QMA-LAG (MA-LAG 
QSO-LAG 

4 0.3948 0.2334 3.554 185.6 8657 190.5 QJF-LAG QJA-LAG QSO-LAG 
QND-LAG 

4 0.3942 0.2326 3.568 185.6 8666 190.6 QJF-LAG -LAG W - L A G  
QJA-LAG 

. - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5 0.4187 0.2111 5.019 186.8 8910 192.7 QJF-LAG OW-LAG QJA-LAG 

QSO-LAG QND-LAG 
5 0.4101 0.1994 5.211 187.1 9041 193.0(MF-LAGQMA-LAGQMJ-LAG 

QJA-LAG QND-LAG 
5 0.4064 0.1944 5.293 187.2 9097 193.2 QJF-LAGQMA-LAGQMJ-LAG 

QJA-LAG QSO-LAG 
5 0.4050 0.1924 5.326 187.2 9120 193.2 (MF-LAG Q K L A G  QJA-LAG 

QSO-LAG QND-LAG 
- - - - - - . - - - - - - - - - - - - - - . - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - -  

6 0.4195 0.1516 7.000 188.7 9581 195.7 QJF-LAG QMA-LAG QKJ-LAG 
QJA-LAG QSO-LAG QND-LAG 

N = 20 
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5.2 Untransformed red fish data and log of inflow data 

Table 5.2 Regression Modelsfor Dependent Variable: RED FISH on Ln(INFL0 WS) 

Rsq A d j  C ( p )  A I C  MSE SBC V a r i a b l e s  in Model 

- 
1 0.2124 0.1686 12.84 184.8 9389 186.8 LN-QSO 
1 0.0697 0.0181 18.06 188.2 11089 190.2 LN-QJA 
1 0.0695 0.0178 18.07 188.2 11093 190.2 LN-QJF 

. - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . s - - - - - . - - - - - - - - - - - * - - - - -  

2 0.4514 0.3869 6.084 179.6 6924 182.6 LN-QMA LN-QMJ 
2 0.4158 0.3471 7.387 180.9 7373 183.8 LN-W LN-QJA 
2 0.3693 0.2951 9.091 182.4 7961 185.4 LN-QJF LN-QMJ 
2 0.3375 0.2595 10.26 183.4 8362 186.4 LN-QJF LN-QSO 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - . . - . . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.5132 0.4220 5.820 179.2 6528 183.2 LN-QJF LN-QMJ LN-QJA 
3 0.5086 0.4165 5.989 179.4 6590 183.4 LN-QMA LN-QMJ LN-OJA 
3 0.4833 0.3864 6.918 180.4 6930 184.4 LN-QMJ LN-QJA LN-QSO 
3 0.4734 0.3747 7.278 180.8 7062 184.8 LN-QMA LN-QMJ LN-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - - . - - - - . - - - - - - - - -  
4 0.6114 0.5078 4.227 176.7 5559 181.7 LN-QJF LN-QhU LN-QJA LN-QSO 
4 0.5905 0.4812 4.994 177.8 5858 182.7 LN-QJF LN-QMJ LN-QJA LN-OND 
4 0.5749 0.4615 5.565 178.5 6081 183.5 LN-QJF LN-QMA LN-QJA LN-QSO 
4 0.5434 0.4216 6.718 179.9 6532 184.9 LN-QJF LN-QMA LN-QhU LN-QJA 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5 0.6444 0.5175 5.017 176.9 5449 182.9 LN-QJF LN-OMJ LN-QJA LN-QSO 

LN-OND 
5 0.6165 0.4795 6.042 178.4 5878 184.4 LN-QJF LN-OMA LN-QMJ LN-QJA 

LN-OND 
5 0.6117 0.4730 6.216 178.7 5951 184.7 LN-QJF LN-OMA LN-QMJ LN-QJA 

LN-OSO 
5 0.5856 0.4376 7.173 180.0 6352 186.0 LN-QJF LN-OMA L N J A  LN-QSO 

LN-ON0 
- - - - - . - - - - - - - - - - - - - - - - - * - - - - - - - - - s - - . - - . - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - . - - . -  

6 0.6449 0.4810 7.000 178.9 5861 185.9 LN-QJF LN-OMA LN-QMJ LN-(MA 
LN-QSO LN-QND 

N = 20 
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5.3 Log of red fish data and untransformed inflow data 

Table 5.3 Regression Models for Dependent Variable: Ln(RED) on INFLOWS 

Rsq Adj C ( p )  A I C  MSE SBC V a r i a b l e s  in M o d e l  
In Rsq 

1 0.3498 0.3136 6.251 -21.67 0.3078 -19.68 QMJ-LAG 
1 0.3202 0.2824 7.263 -20.78 0.3218 -18.79 QSO-LAG 
1 0.1741 0.1282 12.26 -16.89 .0.3909 -14.90 (MA-LAG 
1 0.1417 0.0940 13.37 -16.12 0.4063 -14.13 QJF-LAG 

. - - - . - - . - - - . - - - - . - - . - - - - - - - - - - - - - . - - - - - - - - - - - . - - - - - - - - - . - - - - - - - - - - - - - - - - - - -  
2 0.4779 0.4165 3.866 -24.06 0.2617 -21.08 QMJ-LAG QJA-LAG 
2 0.4456 0.3804 4.970 -22.86 0.2778 -19.88 WA-LAG QSO-LAG 
2 0.4324 0.3656 5.423 -22.39 0.2845 -19.41 (MF-LAG QSO-LAG 
2 0.3935 0.3221 6.755 -21.07 0.3040 -18.08 OJF-LAG QhhJ-LAG 

. - - - - - . - - - - - - - - . - - - - - - - - - - - - - - . - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - . . - - -  

3 0.5249 0.4358 4.259 -23.95 0.2530 -19.97 QJF-LAG (MA-LAG QSO-LAG 
3 0.5031 0.4100 5.003 -23.05 0.2646 -19.07 (MF-LAG QMJ-LAG QJA-LAG 
3 0.5016 0.4082 5.054 -22.99 0.2654 -19.01 QMA-LAG QJA-LAG QSO-LAG 
3 0.5012 0.4077 5.068 -22.98 0.2656 -18.99 QMJ-LAG QJA-LAG QSO-LAG 

- - - - - - - . - - - - . . - - - - - - - - - - - - - - - - - - - - . . - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.5744 0.4609 4.563 -24.15 0.2417 -19.17 QJF-LAG QMA-LAG QJA-LAG 

OSO-LAG 
4 0.5648 0.4488 4.891 -23.71 0.2472 -18.73 (MF-LAG QJA-LAG QSO-LAG 

QND-LAG 
4 0.5588 0.4412 5.097 -23.43 0.2506 -18.45 WF-LAG OMJ-LAG (MA-LAG 

QND-LAG 
4 0.5442 0.4226 5.599 -22.78 0.2589 -17.80 WF-LAG QMJ-LAG WA-LAG 

QSO-LAG 
- - - - - - . . - - - - . - - - . - - - - - - - - - - - . - - - - - - - - - - - - - - . - - - - - - - - - . - - - - - - - - - - - - - - . - - . - - -  . 

5 0.6201 0.4844 5.001 -24.42 0.2312 -18.45 QJF-LAG QMA-LAG QJA-LAG 
QSO-LAG QND-LAG 

5 0.5964 0.4522 5.813 -23.21 0.2457 -17.24 (MF-LAG QMJ-LAG QJA-LAG 
QSO-LAG QND-LAG 

5 0.5770 0.4259 6.476 -22.27 0.2575 -16.30 QJF-LAG QMA-LAG QMJ-LAG 
QJA-LAG OSO-LAG 

5 0.5593 0.4018 7.082 -21.45 0.2682 -15.48 WF-LAG QMA-LAG QMJ-LAG 
QJA-LAG QND-LAG 

- . - - - - . - - - - - - - - - - - - . . - - - - - - . . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . .  
6 0.6201 0.4448 7.000 -22.42 0.2490 -15.45 QJF-LAG OMA-LAG QMJ-LAG 

WA-LAG QSO-LAG QND-LAG 

N = 20 
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5.4 Log of red fish data and log of inflow data 

Table 5.4 Regression Models for Dependent Variable: Ln(RED) on Ln(INFL0WS) 

Rsg Adj C ( p )  AIC MSE SBC Variables in Model 
1n flsq 

1 0.3262 0.2887 15.02 -20.96 0.3190 -18.97 LN QMJ - 
1 0.2490 0.2072 18.57 -18.79 0.3555 -16.80 LN-QSO 
1 0.0706 0.0189 26.78 -14.53 0.4400 -12.54 LN-QJA 
1 0.0559 0.0034 27.46 -14.22 0.4469 -12.22 LN-QJF 

9.937 -24.14 0.2606 -21.16 LN-QMJ LN-QJA 
11.32 -23.02 0.2757 -20.04 LN-QMA LN-QMJ 
13.14 -21.63 0.2955 -18.64 LN-QJF LN-QMJ 
13.59 -21.30 0.3004 -18.32 LN-QMJ LN-QSO 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - -  
8.080 -25.66 0.2323 -21.67 L N J F  LN-QMJ LN-QJA 
8.392 -25.35 0.2359 -21.37 LN-QMJ LN-QJA LN-QSO 
9.672 -24.13 0.2507 -20.15 LN-QMA LN-QMJ LN-QJA 
10.33 -23.53 0.2584 -19.55 LN-QJF LN-QMJ LN-QSO 

4 0.6757 0.5892 4.930 -29.58 0.1842 -24.61 LN-QJF LN-QMA LN-QJA LN-QSO 
4 0.6711 0.5834 5.138 -29.31 0.1868 -24.33 LN-QJF LN-QMJ LN-QJA LN-QSO 
4 0.6510 0.5579 6.065 -28.12 0.1982 -23.14 LN-QJF LN-QMJ LN-QJA LN-QND 
4 0.5721 0.4580 9.697 -24.04 0.2431 -19.06 LN-QJF LN-QMA LN-QKI LN-QJA 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5 0.7092 0.6054 5.385 -29.77 0.1770 -23.79 LN-QJF LN-OMJ LN-QJA LN-QSO 

LN-QNO 
5 0.6904 0.5798 6.253 -28.51 0.1885 -22.54 LN-QJF LN-QMA LN-QJA LN-QSO 

LN-QND 
5 0.6882 0.5769 6.352 -28.37 0.1898 -22.40 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO 
5 0.6571 0.5346 7.784 -26.47 0.2087 -20.50 LN-OJF LN-QMA LN-QMJ LN-OJA 

LN-QND 
- - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - . - - - - - - * - - - . - - - - - . - - - - - - - - -  

6 0.7176 0.5872 7.000 -28.35 0.1851 -21.38 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO LN-QND 

N = 20 
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5.5 Log of red fish data and square root of inflow data 

Table 5.5 Regression Modelsfor Dependent Variable: Ln(RED) on Sqrr(INFL0WS) 

R s q  Ad] C(p) AIC MSE SBC Variables in Model 
~n R s q  

1 0.3568 0.3210 10.32 -21.89 0.3045 -19.90 SQR-QMJ 
1 0.3007 0.2618 12.61 -20.22 0.3310 -18.23 SQR-QSO 
1 0.1210 0.0722 19.96 -15.64,0.4161 -13.65 SQR-OJA 
1 0.1062 0.0565 20.57 -15.31 0.4231 -13.32 SQR-QJF 

. . - - - - - - - - - . - - - . - - - . - - - - - - . . - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - -  

2 0.4956 0.4363 6.636 -24.75 0.2528 -21.77 SQR-QMJ SQR-QJA 
2 0.4280 0.3607 9.403 -22.24 0.2867 -19.25 S Q R J  SQR-QSO 
2 0.4200 0.3518 9.729 -21.96 0.2907 -18.97 SQR-QJA SQR-QSO 
2 0.4135 0.3445 9.998 -21.74 0.2940 -18.75 SQR-QMA SQR-QMJ 

. - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - -  
3 0.5379 0.4513 6.906 -24.51 0.2461 -20.52 SQR-QMJ SQR-QJA SQR-QSO 
3 0.5350 0.4478 7.025 -24.38 0.2476 -20.40 SQR-QJF SQR-QMJ SQR-QJA 
3 0.5281 0.4397 7.306 -24.09 0.2513 -20.10 SOR-WF SQR-QJA SQR-QSO 
3 0.5200 0.4300 7.639 -23.75 0.2556 -19.76 SQR-QMJ SQR-QJA SQR-QND 

- - - . . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - -  
4 0.6333 0.5355 5.004 -27.13 0.2083 -22.15 SQR-QJF SQR-QMA SQR-QJA 

SQR-QSO 
4 0.6196 0.5181 5.566 -26.39 0.2161 -21.42 SQR-QJF SQR-QMJ SQR-QJA 

SQR-QND 
4 0.5992 0.4924 6.398 -25.35 0.2277 -20.37 SQR-&IF SQR-QMJ SQR-QJA 

saa-oso 
4 0.5536 0.4346 8.264 -23.20 0.2536 -18.22 SQR-QJF SQR-QJA SOR-QSO 

SQR-QND 
- - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - - - - - - - -* - - - - - - - - - - -  

5 0.6796 0.5651 5.111 -27.83 0.1950 -21.85 SOR-QJF SOR-QMA SOR-(MA 
SQR-QSO SQR-QND 

5 0.6606 0.5394 5.886 -26.68 0.2065 -20.70 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

5 0.6335 0.5026 6.997 -25.14 0.2231 -19.16 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QSO 

5 0.6211 0.4858 7.502 -24.48 0.2306 -18.50 SQR-QJF SQR-QMA SQR-Qh!J 
SQR-QJA SQR-QND 

- - - - - . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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5.6 Square root of red fish data and log of inflow data 

Table 5.6 Regression Models for Dependent Variable: Sqrt(RED) on Ln(INFL0WS) 

Rsq Adj C ( p )  AIC  MSE SBC V a r i a b l e s  I n  Model 
~n Rs9 

1 0.3201 0.2823 13.32 50.19 11.19 52.18 LN-QMJ 
1 0.2491 0.2073 16.39 52.18 12.36 54.17 LN-QSO 
1 0.0651 0.0132 24.32 56.56 15.38 58.55 LN-WA 
1 0.0613 0.0091 24.49 56.64 15.45 58.63 LN-QJF 

- - - - . - - - - - - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - . - - - - - - - - - - - -  
2 0.4711 0.4089 8.809 47.16 9.21 50.15 LN-QMA LN-QMJ 
2 0.4648 0.4019 9.081 47.40 9.32 50.39 LN-QMJ LN-QJA 
2 0.4107 0.3413 11.42 49.33 10.27 52.32 LN-QJF LN-QMJ 
2 0.3961 0.3251 12.04 49.82 10.52 52.80 LN-QMJ LN-QSO 

- - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - * - - - - . . - - - . - - .  

3 0.5550 0.4715 7.193 45.71 8.24 49.69 LN-QJF LN-W LN-QJA 
3 0.5433 0.4577 7.696 46.23 8.45 50.21 LN-QMJ LN-QJA LN-QSO 
3 0.5356 0.4486 8.027 46.56 8.60 50.55 LN-QMA LN-QMJ LN-QJA 
30.5181 0.4277 8.784 47.30 8.92 51.29 LN-QJF LN-QMJ LN-QSO 

- - - - - - - - - - * . - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - -  

4 0.6652 0.5760 4.438 42.02 6.61 47.00 LN-QJF LN-QMJ LN-QJA LN-QSO 
4 0.6476 0.5537 5.197 43.04 6.96 48.02 LN-QJF LN-QMA LN-QJA LN-QSO 
4 0.6337 0.5360 5.798 43.82 7.23 48.80 LN-QJF LN-QMJ LN-QJA LN-QND 
4 0.5735 0.4597 8.396 46.86 8.42 51.84 LN-QJF LN-QMA LN-QMJ LN-QJA 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.6969 0.5886 5.074 42.03 6.41 48.01 LN-QJF LN-QMJ LN-OJA LN-QSO 
LN-QND 

5 0.6713 0.5540 6.175 43.65 6.95 49.62 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO 

5 0.6578 0.5355 6.760 44.46 7.24 50.43 LN-QJF LN-QMA LN-QJA LN-QSO 
LN-QND 

5 0.6490 0.5236 7.140 44.97 7.43 50.94 LN-QJF LN-QM4 LN-OMJ LN-QJA 
LN-QND 

- - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - . - - - . - - - - - - -  

6 0.6986 0.5595 7.000 43.92 6.87 50.89 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO LN-ON0 

N = 20 
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5.7 Various transformation suggested by Box-Cox 

Table 5.7 Regression Modelsfor Dependent Variable: Sqrt(RED) on variously transformed INFLOWS. 

Rsq A d j  C(p) AIC MSE SBC Variables i n  Model 
I n  Rsq 

1 0.3568 0.3210 10.05 -94.71 0.0080 -92.72 QR-QMJ 
1 0.2955 0.2564 12.53 -92.89 0.0087 -90.90 QR-QSO 
1 0.0777 0.0264 21.35 -87.50 0.0114 -85.51 OR-QJF 
1 0.0522 -.0004 22.38 -86.96 0.0118 -84.97 QR-QJA 

- - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - . - - . - - - - - - - . - - - - - - - - - - . - - - - . - - - - - -  
2 0.4761 0.4145 7.215 -96.82 0.0069 -93.83 QR-QMJ Q R J A  
2 0.4231 0.3552 9.362 -94.89 0.0076 -91.90 OR-QMA QR-QMJ 
2 0.4153 0.3465 9.679 -94.62 0.0077 -91.63 OR-QJF QR-QMJ 
2 0.4108 0.3415 9.859 -94.47 0.0077 -91.48 QR-Qh'J QR-QSO 

. - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - . - - . . - . - - - . - - - - - - - - - . . - - - - - - - - - . . * - - - - - - - - - .  
3 0.5358 0.4488 6.797 -97.24 0.0065 -93.25 QR-QJF OR-QMJ OR-QJA 
3 0.5190 0.4288 7.480 -96.52 0.0067 -92.54 QR-QMJ Q R J A  OR-QSO 
3 0.5046 0.4117 8.063 -95.93 0.0069 -91.95 QR-QW QR-QJA QR-QND 
3 0.4956 0.4010 8.428 -95.57 0.0070 -91.59 OR-QMA QR-QhU QR-QJA 

- - - - - - - - - - - - - - - - . - - - - - . . - - - - - - - - - - - - - - - . - - . - - - - - - - - . - - - - - - - - - . - - - - - - - - - - - - .  
4 0.6359 0.5388 4.744 -100.1 0.0054 -95.12 OR-QJF OR-QMJ QR-QJA OR-QND 
4 0.6230 0.5225 5.266 -99.40 0.0056 -94.42 QR-QJF OR-QMA OR-QJA QR-QSO 
4 0.5985 0.4914 6.261 -98.14 0.0060 -93.16 QR-QJF OR-QMJ QR-QJA QR-QSO 
4 0.5390 0.4161 8.669 -95.37 0.0069 -90.39 QR-QJF QR-QMA OR-QMJ Q R J A  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 0.6650 0.5454 5.566 -99.76 0.0053 -93.78 QR-QJF QR-QMJ QR-QJA QR-QSO 

QR-QND 
5 0.6609 0.5398 5.733 -99.51 0.0054 -93.54 OR-QJF QR-QMA QR-QJA OR-QSO 

QR-OND 
5 0.6375 0.5080 6.681 -98.18 0.0058 -92.20 QR-QJF QR-QMA QR-QMJ QR-QJA 

QR-QND 
5 0.6265 0.4931 7.126 -97.58 0.0060 -91.61 OR-QJF QR-QMA QR-OMJ QR-QJA 

QR-QSO 
- - - - - - ~ ~ ~ . ~ - - - - - - ~ ~ ~ ~ - - - - - - - - - - - - - - - - ~ ~ . ~ ~ . . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~  
6 0.6790 0.5308 7.000 -98.61 0.0055 -91.64 QR-QJF QR-QMA OR-QMJ OR-QJA 

QR-QSO QR-QND 

N = 20 

Dependent Var iab le :  (RED)'.' 
Independent Var iables:  OR-(XIF=(January-February I ~ ~ ~ O W S ) ' . ~  

OR-(IMA=(March-April  inflow^)^.' 
OR-W=(May -June  inflow^)'^^ 
OR-W=(July-August I n f l ows )  -0.2 
OR-ONE=(Septernber-October  inflow^)^.' 
OR-ONB(Novernber -December In f l ows )  -'.' 
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6. RECRESSION FOR THE BEST MODELS 

6.1 Regression - Log of red fish data on log of inflow data 

6.1.1 ANOVA and Parameter Estimates 

Table 6.1 Model Summary for log of red j sh  data on log of inflow data. 

Model 

a. Dependent Variable: Ln(Red Hamest) 

b. Method: Enter 

Variables 
Entered 

Ln(November-December), 
Ln(March-April), 
Ln(Sep1ember-October). 
Ln(July-August), 
Ln(January-FpQruary), 
Ln(May-June) ' 

c. Independent Variables: (Constant), Ln(November-December Inflows). 
Ln(March-April Inflows), Ln(September-October Inflows). Ln(July-August Inflows), 
Ln(January-February Inflows), Ln(May-June Inflows) 

d. All requested variables entered. 

Durbin- 
Watson 

2.086 

R 

347 

Adjusted 
R Square 

,587 

Table 6.2 ANOVA table of log of red j sh  data on log of inflow data 

ANOVP 

R Square 

,718 

Std. Error 
of the 

Estimate 

.430239 

a. Dependent Variable: Ln(Red Hamest) 

b. Independent Variables: (Constant). Ln(November-December Inflows), 
Ln(March-April Inflows). Ln(Septernber-October Inflows), Ln(July-August 
Inflows), Ln(January-February Inflows), Ln(May-June Inflows) 

Sig. 
.005O 

Model 
1 Regression 

Residual 
Total 

Mean 
Square 
1.019 
,185 

F 
5.505 

Sum of 
Squares 

6.114 
2.406 
8.520 

df 
6 
13 
19 
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Table 6.3 Table of coefjcients f ir  log of redjsh data on log of inflow data. 

Coefficient9 

a. Dependent Variable: Ln(Red Harvest) 

6.1.2 Collinearity Diagnostic 

Table 6.4 Variance Inflation for log of redfish data on log of inflow data. 

Coeff icientd 

Sia. 
000 
,024 
,546 
.283 
,015 
119 
.266 

t 
5.292 
-2.557 
.621 
1.119 
-2.797 
1.669 
1.163 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(May-June) 
Ln(July-August) 
Ln(September-October) 
Ln(November-December) 

Statistics 
VIF 

95% Confidence 
Interval for B 

(Constant) 

Ln(January-February) 

Ln(March-April) 

Ln(May-June) 

Ln(July-August) 
Ln(Sep1ernber-October) 

Ln(Novernber-December) 

a. Dependent Variable: Ln(Red H a ~ e S t )  

Standar 
dized 

Coefficie 
nts 

Beta 

-.511 
.224 
406 
-.488 
,378 
.215 

Lower 
Eound 
2.653 
-.640 
-.456 
-.264 
-.829 
-.050 
-.120 

Unstandardized 
Coefficients 

Table 6.5 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(RED) on 
Ln(INFL0 WS): 

Upper 
Bound 
6.313 
-054 
,823 
832 
-.I06 
391 
.400 

B 
4.483 
-.347 
184 
,284 
-.468 
,170 
140 

t 
5.292 

-2.557 

,621 

1.119 

-2.797 

1.669 

1.163 

Condit ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-WF LN-OMA LN-OW LN-WA LN-0.50 LN-OND 

1 2.24535 1.00000 0.0274 0.0241 0.0212 0.0327 0.0247 0.0110 
2 1.43658 1.25019 0.1023 0.0059 0.0160 0.0111 0.0095 0.2134 
3 0.97499 1.51755 0.0190 0.0119 0.0139 0.2247 0.2166 0.0058 
4 0.86292 1.61308 0.1375 0.0169 0.0042 0.3880 0.0761 0.0354 
5 0.40587 2.35205 0.4349 0.0235 0,0207 0.1365 0.0844 0.6372 
6 0.07428 5.49791 0.2789 0.91 77 0.9240 0.2070 0.5886 0.0972 

Std. Error 
847 
136 
,296 
,254 
,167 
,102 
,120 

Collinearit 

Tolerance 

.543 

,167 

.I65 

,714 

,424 

,633 
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6.1.3 Residuals Diagnostics 

Table 6.6 Residuals Diagnosticsfor log ofredjish data on log of inflow data. 

Residuals Statistic9 

a. Dependent Variable: Ln(Red Harvest) 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

7 

Std. 
Deviation 

,567267 

1.000 

4.8E-02 

,593180 

,355881 

,827 

1.065 

,599327 

1.202 

2.483 

,157 

,131 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Minimum 

3.657249 

-2.140 

.I78181 

3.390635 

-.525708 

-1.222 

-1.428 

-.847800 

-1.495 

2.309 

,000 

,122 

Maximum 

5.961 11 1 

1.921 

,326076 

5.779921 

334603 

1.940 

2.476 

1.360220 

3.274 

9.964 

,552 

,524 

Mean 

4.871218 

,000 

.250219 

4.885558 

-5.8E-16 

,000 

-.011 

-1.4E-02 

,034 

5.700 

,110 

,300 
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Table 6.7 Case Valuesfor Residuals Diagnosticsfor log of redfish data on log of injlow data. 

YEAR P R L 1  
1961 4.7830 

PRE-1 Predicted value of harvest 
RES-1 Ordinary residuals: observed harvest minus predicted harvest 
DRE-1 Deleted residuals: residuals obtained when the model is fined without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-I Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
SRE-1 Studentized residual 
SDR-1 Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds tnp2,0=t12,0.~~=2.681. 
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Reqress~on Standardzed Residual 

Figure 6.1 Histogram of Standardized 
Residuals. 

ObSeN6d Cum Prob 

Figure 6.2 Normal P-P Plot of Residuals 
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LnlJanuary-February Inflows) 

Figure 6.3 Partial Residual Plot for 
Ln(January-February Inflows). 

Figure 6.5 Partial Residual Plot for Ln(May- 
June Inflo ws) . 

Ln(March-Apnl Inflows) 

Figure 6.4 Partial Residual Plot for 
Ln(March-April Inflows) 

LnIJuly-August Inflows) 

Figure 6.6 Partial Residual Plot for Ln(Ju1y- 
August Inflows). 

Ln(September-October Inflows) Ln(N0wmber-December Inflows) 

Figure 6.7 Partial Residual Plot for Figure 6.8 Partial Residual Plot for 
LnfSeptember-October Inflows). LnOVovernber-December 

Inflows). 
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Figure 6.9 Residuals Plot for Ln(Januay- 
February Inflows). 

Ln(May-June Inllows) 

Figure 6.11 Residuals Plot for Ln(May-June 
InJows). 

Ln(March-Apr3 Inflows) 

Figure 6.10 Residuals Plot for Ln(March- 
April Inflows). 

LniJuly-August Inllows) 

Figure 6.12 Residuals Plot for Ln(Ju1y-August 
Inflows). 

Figure 6.13 Residuals Plot for Ln(September- 
October Inflows). 

Figure 6.14 Residuals Plot for Lnwovember- 
December Inflows). 
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6.1.4 Prediction Intervals for Red fish Harvest 

Table 6.8 Prediction Intervals for Red fish Harvest. 

YEAR LICI-1 LN-RED UICI-1 
1961 3.3142 4.7212 6.25 18 

LICI-1 Lower limit for 99% prediction interval for the natural log of red fish harvest. 

LN-ED Natural log of red fish harvest. 

UICI- 1 Upper limit for 99% prediction interval for the natural log of red fish harvest. 
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6.1.5 Outliers and Influential Point Detection 

Table 6.9 Mahalanobis distance. Cook's distance, Leverage value and associated p-values 

YEAR MAH-I COOK- 1 LEV-1' MAH-PP COOK-P~ 
1961 4.4548 ,0016 ,2345 ,7262 .OOOO 

1962 3.9221 .0169 ,2064 ,7887 .OOOO 

1963 9.5463 .3064 *SO24 ,2158 .0616 

1964 9.9637 ,1161 *.5244 ,1906 ,0041 

1965 8.3728 ,4537 ,4407 .3009 ,1493 

1966 5.7757 ,1597 .3040 .5662 .O 107 

1967 7.2474 .0557 .3814 ,4036 ,0004 

1968 3.6293 .0892 ,1910 .82 14 ,0018 

1969 7.1420 .0194 ,3759 .4143 .OOOO 

1970 2.3088 ,0049 ,1215 ,9408 .OOOO 

1971 6.3920 .5518 ,3364 ,4948 ,2186 

1972 2.8055 .OOOO .I477 ,9024 .OOOO 

1973 2.73 14 .0001 ,1438 .9087 .OOOO 

1974 2.6666 .OOOO ,1403 .9140 .OOOO 

1975 7.5971 ,0563 .3998 ,3695 ,0004 

1976 6.5561 .033 1 ,345 1 .4765 .0001 

1977 4.5407 .OOOO ,2390 ,7158 .OOOO 

1978 5.2875 ,0286 ,2783 ,6249 .OOOO 

1979 3.5331 ,0936 ,1860 ,8317 ,0021 

1980 9.5273 ,2044 *SO14 .2 170 .02 15 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the ~ a h a l a n o b i s  distance 

COOK-P P-value associated with Cook's distance 
 his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHA-PV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-l), where F is the CDF of an F-ratio random variable with p+ I numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.10 Standardized dffits value and Standardized dfbeta values 

YEAR SDFFITS SDFBET-0 SDFBET-1 SDFBET-2 
1961 -.lo31 ,0312 -.0603 .05 14 

SDFFITS Standardized dffits value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBE T-1 Standardized dfbeta for log of January-February inflows 

SDFBE T-2 Standardized dfbeta for log of March-April inflows 

'~tems are flagged if bdfjitsl or isdfbetal exceed 1.0 for a small data set or 2 4- for a large data 

set. The cutoff used here is 1. 
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Table 6.1 1 Standardized dfleta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 -.0410 ,0029 ,0242 -.0400 

SDFBET-3 Standardized dfbeta for log of May-June inflows 
SDFBET-4 Standardized dfbeta for log of July-August inflows 

SDFBET-5 Standardized dfbeta for log of September-October inflows 

SDFBE T-6 Standardized dfbeta for log of November-December inflows 

?terns are flagged if bdfltsl or lsdfletal exceed 1.0 for a small data set or 2 4- for a large data 

set. The cutoff used here is 1. 
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Sfandardlzed DFBETA Intercept Standardized DFBETA Ln(Januav-February lnnasl  

Standardized DFBETA LnIMay-June lnnasl 

Standardme DFBETA Ln(June-August Inf lasl  

Standardued DFBETA Ln(March-Aprll Infiowsl 

Srandardue DFBETA Ln(Noven*ler-Dscenoer Inllanl 

3 

Figure 6.15 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of log of inflow variables. 

'8' 
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6.2 Regression - Log of red fish data on square root of inflow data 

6.2.1 ANOVA and Parameter Estimates 

Table 6.12 Model Summary for log of redfish data on square root of inflow data. 

Model 

a. Dependent Variable: Ln(Red Harvest) 

b. Method: Enter 

Durbin- 
Watson 

1.919 

c. lndependent Variables: (Constant), Square Root of November-December Inflows, 
Square Root of September-October Inflows, Square Root of March-April Inflows, 
Square Root of July-August Inflows, Square Root of January-February Inflows. Square 
Root of May-June Inflows 

Std. Error 
of the 

Estimate 

,456338 

d. All reouested variables entered. 

Variables 
Entered 

Sqrt(November-December), 
Sqrt(Septernber-October), 
Sqrt(March-April). 
Sqrt(July-August). 
Sqrt( January-%e&ruary), 
Sqrt(May-June) 

Table 6.13 ANOVA table of log of redfish data on square root of inflow data 

ANOVP 

R Square 

.682 

R 

,826 

Adjusted 
R Square 

.536 

a. Dependent Variable: Ln(Red Harvest) 

b. Independent Variables: (Constant), Square Root of November-December 
Inflows, Square Root of September-October Inflows, Square Root of 
March-April Inflows. Square Root of July-August Inflows, Square Root of 
January-February Inflows, Square Root of May-June Inflows 

Siq. 
.O1 OD 

Model 
1 Regress~on 

Residual 
Total 

Mean 
Sauare 

.969 

.208 

F 
4.653 

Sum of 
Squares 

5.813 
2.707 
8.520 

df 
6 

13 
19 
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Table 6.14 Table of coefficientsfor log ofredfish data on square root of inflow data. 

Coefflcientd 

a. Dependent Variable: Ln(Red Harvest) 

6.2.2 Collinearity Diagnostic 

Table 6.15 Collinearity Diagnostic for log ofredfish data on square root of inflow data. 

Coefficient* 

(Constant) 
Sqrt(January-February) 
Sqrt(March-April) 
Sqrt(May-June) 
Sqrt(July-August) 
Sqrt(September-October) 
Sqrt(November-December) 

t 
9.51 3 
-2.332 

.941 
,333 

-2.544 
1.582 
1.413 

a. Dependent Variable: Ln(Red Harvest) 

(Constant) 

Sqrt(January-February) 
Sqrt(March-April) 

Sqrt(May-June) 
Sqrt(July-August) 

Sqrt(Septernber-October) 
Sqrt(Novernber-December) 

Table 6. 16 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(RED) on 
Sqrt(INFL0 WS). 

Siq. 
.OOO 
,036 
,364 
.744 
,024 
.I38 
,181 

Standar 
dized 

Coefficie 
nts 

Beta 

-477 
,296 
,135 
-.451 
,471 
275 

Unstandardized 
Coefficients 

Condi t ion  Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SOR-OJF SQR-OMA SQR-OW SOR-OJA SQR-QSO SCIR_OND 

1 1 .96860 1.00000 0.0052 0.0285 0.0354 0.0081 0.0287 0.0188 
1 1 .96860 1.00000 0.0052 0.0285 0.0354 0.0081 0.0287 0.0188 
2 1 .63314 1.09791 0.1383 0.0151 0.0000 0.0717 0.0008 0.1410 
3 1 .I3754 1 .31551 0.0325 0.0363 0.0020 0.21 04 0.0932 0.0343 
4 0.74148 1.62941 0.0937 0.0744 0.0024 0.4848 0.0628 0.0119 
5 0.44471 2.10396 0.5038 0.0170, 0.0063 0.0790 0.0108 0.7302 
6 0.07452 5.13961 0.2265 0.8288 0.9539 0.1459 0.8037 0.0638 

B 
4.621 
-.I35 
,127 

2.1 E-02 
-.I31 

4.4E-02 
6.1 E-02 

t 
9.513 

-2.332 
,941 

,333 
-2.544 
1.582 
1.413 

95% Confidence 
Interval for B 

Std. Error 
,486 
058 
,135 
,062 
,051 
,028 
.043 

Lower 
Bound 

3.571 
2 6 0  
-. 164 
-.I14 
-241 
-016 
-.032 

Collinearity Statistics 

Upper 
Bound 

5.670 
-.010 
,418 
,156 
-.020 
,103 
155 

Tolerance 

,583 
.246 
.I48 
,778 
,275 
,645 

VIF 

1.714 

4.057 
6.772 
1.285 
3.635 
1.551 
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6.2.3 Residuals Diagnostics 

Table 6.1 7 Residuals Diagnostics for log of red fish data on square root of inflow data 

Residuals Statistic* 

- 
Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahai. 
Distance 
Cook's 
Distance 
Centered 
Leverage 

Minimum 

3.402244 

-2.656 

,216319 

3.575256 

-.599181 

.-1.313 

-1.550 

-.a6021 8 

-1.649 

3.319 

,000 

,175 

a. Dependent Variable: Ln(Red Harvest) 
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Table 6.18 Case Values for Residuals Diagnostics for log of redfish data on square root of inflow 
data. 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds tn.F~,o=t~2,~.~1=2.681 



- Red Fish Harvest in Aransas Ba-v AR 

Figure 6.16 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.1 7 Normal P-P Plot of Residuals. 
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Square Root of January-February Inflows 

Figure 6.18 Partial Residual Plot for 
Sqrt(January-February Inflows). 

Square Root of May-June Inflows 

Figure 6.20 Partial Residual Plot for 
SqrttMay-June Inflows). 

Square Rwt of March-Apnl Inflows 

Figure 6.19 Partial Residual Plot for 
SqrttMarch-April Inflows). 

Square Rwf of July-Augur1 lnllows 

Figure 6.21 Partial Residual Plot for 
Sqrt(Ju1y-August Inflows). 

Square Root of September-October Inflows Square Root of NovernDer-December Inflows 

Figure 6.22 Partial Residual Plot for Figure 6.23 Partial Residual Plot for 
Sqrt(September-October Inflows). Sqrt(November-December 

InJo ws). 
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Square Root 01 January-February Inflows 

Figure 6.24 Residuals Plot for Sqrt(Januav- 
February Inflows). 

Square Rwt  01 MayJune Inflows 

Figure 6.26 Residuals Plot for SqrtfMay-June 
InJows). 

Square Root of September-October Inflows 

Figure 6.28 Residuals Plot for 
Sqrt(September-October Inflows) 

Square Roo1 of Mard-April Inflows 

Figure 6.25 Residuals Plot for Sqrr(March- 
April Inflows). 

Square R w t  ol July-August Inflow 

Figure 6.27 Residuals Plot for Sqrt(July- 
August Info ws) . 

square Root ol November-December Inflows 

Figure 6.29 Residuals Plot for 
Sqrt flovember-December 
Inflows). 
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6.2.4 Prediction Intervals for Red fish Hawest 

Table 6.19 Prediction Intervals for Redfish Harvest. 

YEAR LICI-1 LN-RED UICZ-1 
1961 3.1484 4.7212 6.2898 

1962 3.2724 4.6482 6.3705 

1963 3.0879 4.2384 6.3732 

1964 2.7751 4.1636 6.0581 

1965 2.5478 4.4853 5.7744 

1966 3.0555 4.0128 6.1684 

1967 3.2563 4.6597 6.45 18 

1968 4.0957 5.0199 7.1382 

1969 3.463 1 5.0795 6.5840 

1970 3.8154 5.4036 6.8635 

1971 3.0899 5.5763 6.3254 

1972 3.9404 5.4337 7.0519 

1973 3.8595 5.4972 6.9299 

1974 4.1324 5.6419 7.1846 

1975 4.0124 6.1827 7.1933 

1976 3.1382 5.0658 6.5 192 

1977 3.2859 4.8007 6.5125 

1978 2.9118 4.3135 6.1604 

1979 3.0418 5.1340 6.1655 

1980 1.5807 3.3464 5.2238 

LICI-1 Lower limit for 99% prediction interval for the natural log of red fish harvest. 

LN-RED Natural log of red fish harvest 

UICI- 1 Upper limit for 99% prediction interval for the natural log of red fish harvest. 
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6.2.5 Outliers and Influential Point Detection 

Table 6.20 Mahalanobis distance, Cook's distance, Leverage value and associatedp-values 

YEAR M A K ~  COOK-1 LE v-1' MAH-PP COOK-PP 
1961 4.8562 .OOOO ,2556 .6775 .OOOO 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

UAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
2~~~~~~~ = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-1). where F is the CDF of an F-ratio random variable with p+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.21 Standardized dffits value and Standardized dfbeta values 

YEAR SDFFITS SDFBET-0 SDFBET-1 SDFBET-2 
1961 ,0035 -.0003 ,0019 -.0011 

SDFFITS Standardized dfl ts  value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for square root of January-February inflows 

SDFBET-2 Standardized dfbeta for square root of March-April inflows 

kerns are flagged if Isa'Jjtsl or (sdfberal exceed 1.0 for a small data set or 2, / (p  + 1) I n for a large data 
set. The cutoff used here is 1,. 
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Table 6.22 Standardized dfleta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 ,0008 -.0006 -.OW5 .OO 1 1 

SDFBET-3 Standardized dfbeta for square root of May-June inflows 

SDFBE T-4 Standardized dfbeta for square root of July-August inflows 

SDFBE T-5 Standardized dfbeta for square root of September-October inflows 

SDFBET-6 Standardized dfbeta for square root of November-December inflows 

'hems are flagged if (sdfitsl or lsdfbetal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is 1. 
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Standardlea DFBETA lnrerceot 

Sfandardusd DFBETA SqnlMarch-Awl Inflows) 

Standartiued DFBETA SqnlJdy-Aylut Inll0usi 

Slandardlzea DFBETA SqrNJanuary-February Inllaws) 

StaMardlzed DFBETA SqnWay-June Inflowr) 

StandamEzea DFBETA SqnlSeptemr-ataber Inf lwr)  

SmndardPed DFBETA SqnlNaember-Decwixr Intlwrl 

Figure 6.30 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA ofsquare root of inflow variables. 
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6.3 Regression - Square root of red fish data on log of inflow data 

6.3.1 ANOVA and Parameter Estimates 

Table 6.23 Model Summan for square root of red j sh  data o ~ t  log of inflow data. 

Model 

a. Dependent Variable: Square Root of Red Ha~eSt  

b. Method: Enter 

Variables 
Entered 

Ln(November-December), 
Ln(March-April), 
Ln(September-October), 
Ln(July-August). 
Ln(January-F~gruary), 
Ln(May-June) ' 

C. lndependent Variables: (Constant). Ln(November-December Inflows), 
Ln(March-April Inflows), Ln(September-October Inflows). Ln(July-August Inflows), 
Ln(January-February Inflows), Ln(May-June Inflows) 

Std. Error 
of the 

Estimate 

2.620522 

d. All requested variables entered 

Durbin- 
Watson 

1.723 

R 

.836 

Table 6.24 ANOVA table ofsquare root ofred fish data on log of inflow data 

ANOVP 

R Square 

,699 

a. Dependent Variable: Square Root of Red H8~eS.t 

Adjusted 
R Square 

,559 

b. lndependent Variables: (Constant), Ln(November-December Inflows). 
Ln(March-April Inflows), Ln(Sep1ember-October Inflows), Ln(July-August 
Inflows). Ln(January-February Inflows), Ln(May-June Inflows) 

Model 
1 Regression 

Residual 
Total 

df 
6 
13 
19 

Sum of 
Squares 
206.896 
89.273 
296.1 69 

Mean 
Square 
34.483 
6.867 

F 
5.021 

Sig. 
.007b 
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Table 6.25 Table ofcoefjcients for square root of red j sh  data on log of infIow data 

Coefficientsa 

a. Dependent Variable: Square Root of Red Harvest 

6.3.2 Collinearity Diagnostic 

Table 6.26 Variance InfIation for square root ofredfish data on log of inflow data. 

Coeff icien&? 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(May-June) 
Ln(July-August) 
Ln(September-October) 
Ln(November-Decernb 
er) 

95% Confidence 
Interval for B 

Standar 
dized 

Coefficie 
nts 

Beta 

-.477 
,101 
,498 
-.444 
,342 

,207 

Lower 
Bound 
-2.129 
-3.696 
-3.404 
-1.289 
-4.713 
-.434 

-.790 

a. Dependent Variable: Square Root of Red Harvest 

Upper 
Bound 
20.166 
-.123 
4.384 
5.390 
-.311 
2.253 

2.379 

Unstandardized 
Coefficients 

Table 6.27 Collinearity Diagnostics(intercept aa'justed)jbr Dependent Variable: Sqrt(RED) on 
Ln(INFL0 WS): 

t 
1.748 
-2.309 
,272 
1.327 
-2.466 
1.463 

1.084 

B 
9.018 
-1.910 
,490 
2.051 
-2.512 
,910 

,795 

(Constant) 

Ln(Januaty-February) 

Ln(March-April) 

Ln(May-June) 

Ln(July-August) 

Ln(September-October) 

Ln(November-December) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 

Number Eigenvalue Index  LN-WF LN-(IMA LN-OM LN-[WA LN-QSO LN-QND 

1 2.24535 1.00000 0.0274 0.0241 0.0212 0.0327 0.0247 0.0110 

2 1 ,43658 1.25019 0.1023 0.0059 0.0160 0.0111 0.0095 0.2134 

3 0.97499 1.51755 0.0190 0.0119 0.0139 0.2247 0.2166 0.0058 

4 0.86292 1.61308 0.1375 0.0169 0.0042 0.3880 0.0761 0.0354 

5 0.40587 2.35205 0.4349 0.0235 0.0207 0.1365 0.0844 0.6372 

Sio. 
,104 
,038 
,790 
.207 
,028 
.I67 

,298 

Std. Error 
5.160 
,827 
1.803 
1.546 
1.019 
,622 

,733 

t 
1.748 

-2.309 

,272 

1.327 

-2.466 

1.463 

1 .OW 

Collinearitv Statistics 

Tolerance 

,543 

.I67 

.I65 

.714 

,424 

,633 

VIF 

1.842 

6.006 

6.067 

1.400 

2.358 

1.579 
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6.3.3 Residuals Diagnostics 

Table 6.28 Residuals Diagnosticsfor square root ofredJish data on log of inflow data. 

Residuals Statisticl 

a. Dependent Variable: Square Root of Red Hawest 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error Of 

Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Oeleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

5.1 26221 

-2.092 

1.085275 

4.564575 

-3.581364 

-1.367 

-1 569 

-4.718616 

- 1.674 

2.309 

,000 

,122 

Maximum 

18.60142 

1.991 

1.986085 

17.02309 

5.440958 

2.076 

2.651 

8.867565 

3.757 

9.964 

,632 

,524 

Mean 

12.0298 

,000 

1.524051 

12.0059 

-1.5E-15 

,000 

.005 

2.4E-02 

,068 

5.700 

.I00 

,300 

Std. 
Deviation 

3.299887 

1.000 

,291576 

3.487503 

2.16761 7 

,827 

1.054 

3.561 517 

1.240 

2.483 

,159 

.I31 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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Table 6.29 Case Values for Residuals Diagnosticsfor square root of redfish data on iog of inflow data. 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
st his is flagged if it exceeds tn,2,,=t,2.0.01=2.681. 
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Figure 6.31 Histogram of Standardized 
Residuals. 

Figure 6.32 Normal P-P Plot of Residuals 
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Figure 6.33 Partial Residual Plot for 
Ln(Januaty-Februaty Inflows). 

Ln(May-June Inflows) 

Figure 6.35 Partial Residual Plot for Ln(May- 
June Inflows). 

Figure 6.37 Partial Residual Plot for 
Ln(September-October Inflows). 

Ln(March-Apnl Inflows) 

Figure 6.34 Partial Residual Plot for 
Ln(March-April Inflows). 

Ln(Ju1y-August Inflows) 

Figure 6.36 Partial Residual Plot for Ln(Ju1y- 
August Inflows). 

Figure 6.38 Partial Residual Plot for 
Ln(November-December 
Inflowsi . 
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Figure 6.39 Residuals Plot for Ln(January- 
February Inflows). 

Ln(Mey-June Inflows) 

Figure 6.41 Residuals Plot for Ln(May-June 
Inflows). 

Ln(September-October Inflows) 

Figure 6.43 Residuals Plot for Ln(September- 
October Inflows). 

Ln(March-April Inflows) 

Figure 6.40 Residuals Plot for Ln(March- 
April Inflows). 

Ln(July-August Inflows) 

Figure 6.42 Residuals Plot for Ln(Ju1.v-August 
Inflows). 

Ln(November-December Inflows) 

Figure 6.44 Residuals Plot for Lnwovember- 
December Inflows). 
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6.3.4 Prediction Intervals for Red fish Harvest 

Table 6.30 Prediction 1ntervals.for Redjsh Harvest. 

YEAR LICI-1 SQRED UICZ-1 
1961 2.6721 10.5972 20.5647 

LICI-1 Lower limit for 99% prediction interval for the square root of red fish 

harvest. 

SQRED Square root of red fish harvest. 

UICI-I Upper limit for 99% prediction interval for the square root of red fish 

harvest. 
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6.3.5 Outliers and Influential Point Detection 

Table 6.31 Malzalanobis distance. Cook's distance. Leverage value and associated p-values 

YEAR MAK~ COOK 1 LEV-I' MAH-PP COOUP 
1961 4.4548 .0121 ,2345 ,7262 .OOOO 

MAH-I Mahalanobis distance 

COOK-1 Cook's distance 

LEV-I Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
2~~~~~~~ = 1-F(MAH-1), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-l), where F is the CDF of an F-ratio random variable with p+l  numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.32 Standardized dffits value and Standardized dfbeta values 

YEAR SDFFZTS SDFBET-0 SDFBET-1 SDFBET-2 
1961 -.2814 ,0850 -. 1646 ,1402 

1962 -.4495 ,0040 -.I800 ,1091 

1963 *- 1.2476 -.6554 -.0936 -.3348 

1964 -.8478 -.5689 ,3737 -.0552 

1965 *1.3397 ,2214 .48 10 -.8440 

1966 -.8470 -.I534 -.OM8 -.0549 

1967 -.7220 -.3050 ,0803 -.I731 

1968 -.9433 -.I397 ,3305 -.4084 

1969 -.0083 ,0008 -.OM5 ,002 1 

1970 ,1400 -.0159 ,0327 .03 10 

1971 *2.9813 * 1.9085 -.5303 *2.445 1 

1972 ,0057 .OO 13 -.0036 ,0039 

1973 -.0379 .0135 .OO 18 .O 167 

1974 ,0064 -.0017 -.0007 -.0019 

1975 *1.7415 -.I 035 -.4594 -.7528 

1976 .2301 .02 14 -.I422 ,0574 

1977 -.I131 .03 15 ,0455 -.0301 

1978 -.4756 .2723 -.0216 .I293 

1979 ,6894 -.3241 .I268 ,0114 

1980 ,1232 -.0393 .07 13 -.0185 

SDFFITS Standardized dffits value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized djbeta for log of January-February inflows 

SDFBET-2 Standardized dfbeta for log of March-April inflows 

']terns are flagged if !s@tsl or lsdfbetal exceed 1.0 for a small data set or 2 4- for a large data 

set. The cutoff used here is 1. 
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Table 6.33 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 -.I118 ,0079 .0660 -.lo92 

1962 -.0595 ,1391 .O 196 -.I634 

1963 ,6172 ,6686 -.4835 -.0700 

1964 .3049 -.0185 -.I282 ,1740 

1965 .4906 ,452 1 -.7553 -.2094 

1966 -.I316 ,041 1 ,5255 ,0476 

1967 -.0184 .3366 ,3115 ,049 1 

1968 ,2379 ,1801 -.5285 ,4268 

1969 -.0014 -.0014 -.0017 ,0062 

1970 -.0107 -.0221 ,0596 -.0595 

1971 *-2.2142 *-1.6718 *1.2361 *-1.1445 

1972 -.0029 -.0019 ,0037 -.OW2 

1973 -.0215 -.0077 ,0023 -.0004 

1974 ,0030 -.0003 ,0005 ,0003 

1975 .9732 -.4911 -.4074 ,8827 

1976 -.0905 ,073 1 ,0974 ,0335 

1977 ,0197 -.0334 -.0038 -.0638 

1978 -.I898 -.2459 ,2740 -.3019 

1979 ,1098 ,1783 -.2626 ,3476 

1980 -.0103 ,0886 ,0073 -.0534 

SDFB ET-3 Standardized dfbeta for log of May-June inflows 
SDFBET-4 Standardized dfbeta for log of July-August inflows 

SDFBET-5 Standardized dfbeta for log of September-October inflows 

SDFBET-6 Standardized dfbeta for log of November-December inflows 

'1tems are flagged if Jsdfltsl or bdfbetal exceed 1.0 for a small data set or 24- for a large data 

set. The cutoff used here is 1. 
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S m n d a r d ~ ~ d  DFBETA Intercept 

SIandard8zed DFBETA LnlMarch-April lnflwsl 

Standardwed DFBETA Ln(Ju1y-August In l lasl  

Standardzed DFBETA LnfJanuary-Februaw Inllws) 

SlandardmBa DFBETA LnlMay.June InllWs) 

Smndud~ed DFBETA Ln(S~p1smDer-Octmer Inflows) 

Figure 6.45 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of log of injow variables. 
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7. EXAMINING SUBSETS OF THE DATA 

7.1 Log of red fish data and log of inflow data: 1971 Omitted 

Table 7.1 Regression Modelsfor Dependent Variable: Ln(RED) on Ln(INFL0 WS): 1971 Omitted 

Rsq Adj C ( p )  AIC MSE SBC Var iab les  i n  Model 
In Rs9 

1 0.3703 0.3333 32.54 -21.23 0.2962 -19.34 LN-QMJ 
1 0.3053 0.2645 37.45 -19.36 0.3268 -17.47 LN-QSO 
1 0.0784 0.0242 54.57 -13.99 0.4335 -12.11 LN-QJF 
1 0.0565 0.0010 56.23 -13.55 0.4439 -11.66 LN-QJA 

. - - - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - . - - - - - - - - . - - - -  
2 0.6393 0.5942 14.23 -29.81 0.1803 -26.98 LN-QMA LN-QW 
2 0.5043 0.4424 24.42 -23.78 0.2477 -20.94 LN-QMJ LN-QJA 
2 0.4888 0.4249 25.60 -23.19 0.2555 -20.36 LN-QJF LN-QMJ 
2 0.4704 0.4042 26.99 -22.52 0.2647 -19.68 LN-QMJ LN-QSO 

- . - . - - - - . . - - - - - - - - - - - . - - . - - - . - - - - - - - - - - - - - - - . . - - - - . - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.7128 0.6553 10.68 -32.15 0.1531 -28.37 LN-QMA LN-QMJ LN-QND 
3 0.6586 0.5904 14.77 -28.86 0.1820 -25.09 LN-QMA LN-QMJ LN-QJA 
3 0.6557 0.5868 14.99 -28.70 0.1836 -24.92 LN-QJF LN-QMA LN-QMJ 
3 0.6546 0.5855 15.08 -28.64 0.1842 -24.86 LN-QMA LN-QMJ LN-QSO 

. . - - - - - - - - - . - - - - - - - - . . - - . - - * - - - - - - - - - - - - - - - . - - - - - - - - - . . - - - - - - - - - - - - - - - - - . . -  

4 0.7839 0.7222 7.314 -35.55 0.1234 -30.83 LN-QJF LN-QMA LN-QMJ LN-QND 
4 0.7619 0.6938 8.978 -33.71 0.1360 -28.98 LN-QJF LN-Qh'J LN-QJA LN-QSO 
4 0.7480 0.6760 10.02 -32.63 0.1439 -27.91 LN-QJF LN-QMJ LN-QJA LN-QND 
4 0.7304 0.6534 11.35 -31.35 0.1540 -26.63 LN-QMA LN-QKI LN-QJA LN-QND 

- - - - - - - - - - - . - - - - - - - - . * - - - - - - - - . - - . . - . - - . - - - - - - - - - - - - . - - - - - * - - - - - - - - - - . - - - - -  
5 0.8258 0.7588 6.149 -37.65 0.1071 -31.98 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QND 
5 0.8251 0.7578 6.206 -37.57 0.1076 -31.90 LN-QJF LN-QMJ LN-QJA LN-OSO 

LN-QND 
5 0.7855 0.7031 9.190 -33.70 0.1319 -28.03 LN-QJF LN-QMA LN-QMJ LN-QSO 

LN-ON0 
5 0.7632 0.6721 10.88 -31.81 0.1457 -26.15 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO 
........................................................................... 

6 0.8411 0.7616 7.000 -37.39 0.1059 -30.78 LN-QJF LN-QMA LN-OW LN-QJA 
LN-QSO LN-QND 

N = 19 
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Table 7.2 Anaksis of Variance for Dependent Variable: Ln(REDJ on Ln(INFL0WSJ: 1971 Omitted 

- 

Sum o f  Mean 
Source DF Squares Square F Value Prob>F 

Model 6 6.72594 1.12099 10.583 0.0003 
E r ro r  12 1.27112 0.10593 
C T o t a l  18 7.99706 

Root MSE 0.32546 R-square 0.8411 
Dep Mean 4.83411 Ad] R-sq 0.7616 
C.V. 6.73267 

Table 7.3 Parameter Estimates for Dependent Variable: Ln(RED) on Ln(lNFL0WS): 1971 Omitted 

Parameter Standard T f o r  HO: Variance 
Var iab le  DF Estimate E r r o r  Parameter=O Prob > I TI I n f l a t i o n  

INTERCEP 1 3.417370 0.71880742 4.754 0.0005 0.00000000 
LN-QJF 1 - 0.299674 0.10372297 - 2.889 0.0136 1 .84608706 
LN-QMA 1 -0.293387 0.2671 1806 -1.098 0.2936 8.22108140 
LN-QMI 1 0.654522 0.22284332 2.937 0.0124 8.13529810 
LN-QJA 1 -0.283506 0.13849992 - 2.047 0.0632 1.63781782 
LN-QSO 1 0.0871 78 0.081 31 495 1.072 0.3048 2.57024647 
LN-ON0 1 0.230812 0.09521420 2.424 0.0321 1 ,7095051 8 

Toble 7.4 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(RED) on 
Ln(INFL0WS): 1971 Omitted 

Condi t ion  Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-WF LN-QMA LN-QMJ LN-WA LN-QSO LN-ON0 

1 2.29355 1.00000 0.0265 0.0176 0.0152 0.0280 0.0217 0.0097 
2 1 .45515 1.25545 0.1036 0.0042 0.0114 0.0104 0.0089 0.1922 
3 0.98936 1.52257 0.0079 0.0054 0.0116 0.2533 0.1652 0.0101 
4 0.79599 1 ,69746 0.1559 0.01 41 0.0034 0.2746 0.1286 0.0263 
5 0.41131 2.36141 0.4479 0.0171 0.0134 0.1070 0.0665 0.5900 
6 0.05465 6.47830 0.2583 0.9416 0.9449 0.3266 0.6092 0.1717 
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Table 7.5 Parameter Estimates of Models for Dependent Variable: Ln(REDj on 
Ln(INFL0WS): 1971 Omitted 

Table 7.6 Criteria Statistics ofModeIs fbr Dependent Variable: Ln(RED) on 
Ln(INFL0 WS): 1971 Omitted 
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Number of Parameters Number of Parameters 

Figure 7.1 The R2 criteria vs. Number of 
parameters. 

Figure 7.2 The Adjusted R' criteria vs. 
Number of parameters. 

Number of Paramelers 

Figure 7.4 The AIC criteria vs. Number of 
parameters.. 

Number 01 Parameters 

Figure 7.5 The C(p) criteria vs. Number of 
parameters. 

Number ol Parameters 

Figure 7.3 MSE vs. Number ofparameters. 

8 ,  
0 1 2 3 4 5 6 7  

Number of Parameters 

Figure 7.6 The SBC criteria vs. Number of 
parameters. 
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7.2 Log of red fish data and square root of inflow data: 1971 Omitted 

Table 7.7 Regression Models for Dependent Variable: Ln(RED) on Sqrt(INFL0WS): 1971 Omitted 

Rsq Adj C ( p )  AIC MSE SBC Var iab les  in Model 
In flsq 

1 0.4263 0.3926 22.19 -23.00 0.2699 -21.11 SQR-QMJ 
1 0.3984 0.3631 24.00 -22.10 0.2830 -20.21 SQR-QSO 
1 0.1312 0.0801 41.32 -15.11 0.4087 -13.23 SQR-QJF 
1 0.1039 0.0512 43.09 -14.53 0.4215 -12.64 SQR-QJA 

- . - - - - - - - - - . - - - - - - - - - . - - - - . - - - - - * - - - - - - - - - - - - - - - . - - - . . - . - - - - - - - . . - - - . . - - - - -  

2 0.5833 0.5312 14.02 -27.07 0.2083 -24.24 SQR-QMA SQR-QMJ 
2 0.5680 0.5140 15.01 -26.39 0.2159 -23.56 SQR-QJF SQR-QSO 
2 0.5397 0.4821 16.84 -25.18 0.2301 -22.35 SQR-QMJ SQR-QJA 
2 0.5079 0.4464 18.90 -23.91 0.2460 -21.08 SQR-QMJ SQR-QSO 

- - . - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - . - - . . - - - - - - - - - - - - - . - -  
3 0.6570 0.5884 11.24 -28.77 0.1829 -25.00 SQR-QMA SQR-QMJ SQR-QND 
3 0.6341 0.5609 12.72 -27.54 0.1951 -23.77 SQR-QJF SQR-QJA SQR-QSO 
3 0.6221 0.5465 13.50 -26.93 0.2015 -23.15 SQR-QJF SQR-QMJ SQR-QSO 
3 0.6167 0.5400 13.85 -26.66 0.2044 -22.88 SQR-QJF SQR-QSO SQR-QND 

. . - - - - - - - - - - - - - - . - - - - - - - - . - - - - - - - - - - . - - . - - - - - * - - - - - - - - - - - - - - - - - - . - - - - - - - - - -  

4 0.7600 0.6915 6.557 -33.56 0.1371 -28.84 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QND 

4 0.7351 0.6594 8.174 -31.68 0.1513 -26.96 SQR-WF SQR-QMJ SQR-QJA 
SQR-QND 

4 0.7099 0.6270 9.807 -29.96 0.1657 -25.23 SQR-QJF SQR-QMJ SQR-QSO 
SQR-QND 

4 0.6998 0.6140 10.46 -29.30 0.1715 -24.58 SQR-WF SQR-QMJ SQR-QJA 
SPR-QSO 

- - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.8098 0.7366 5.332 -35.97 0.1170 -30.31 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

5 0.7965 0.7182 6.194 -34.69 0.1252 -29.02 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QND 

5 0.7641 0.6734 8.293 -31.89 0.1451 -26.22 SOR-QJF SQR-QMA SQR-OMJ 
SQR-QSO SQR-QND 

5 0.7638 0.6730 8.312 -31.86 0.1453 -26.19 SQR-QJF SQR-QMA SQR-QJA 
SQR-QSO SQR-QND 

. . - - - - - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - . - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

6 0.8149 0.7223 7.000 -34.49 0.1234 -27.88 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QSO SQR-QND 

N = 19 
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Table 7.8 Analysis of Variance for Dependent Variable: Ln(REDj on Sqrt(INFL0WS): 1971 Omitted 

Sum o f  Mean 
Source OF Squares Square F Value Prob>F 

Model 6 6.51 680 1.08613 8.805 0.0008 
Error 12 1 .48026 0.12336 
C T o t a l  18 7.99706 

Root MSE 0.35122 R-square 0.8149 
Dep Mean 4.83411 Adj R-sq 0.7223 
C.V. 7.26545 

Table 7.9 Parameter Estimates for Dependent Variable: Ln(RED) on Sqrt(INFL0WS): 1971 Omitted 

Parameter Standard T f o r  HO: Variance 
Var iab le  DF Estimate Error  Paramete~O Prob > I TI I n f l a t i o n  

INTERCEP 1 4.323113 0.38556560 11.212 0.0001 0.00000000 
SOR-OJF 1 -0.128778 0.044531 64 - 2.892 0.0135 1.70171962 
SOR-OMA 1 -0.069660 0.12092136 - 0.576 0.5752 5.26097401 
SQR-OMJ 1 0.098283 0.05400228 1.820 0.0938 8.41000049 
SOR-(MA 1 -0.077832 0.04289251 - 1  .815 0.0946 1.47731803 
SOR-oso 1 0.024218 0.0221 5937 1.093 0.2959 3.77953691 
SQR-OND 1 0.095474 0.03506688 2.723 0.0185 1 .68634850 

Table 7.10 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(RED) on 
Sqrt(INFL0WS): 1971 Omitted 

Condit ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SOR-WF SQR-OM4 SOR-OW SOR-OJA S(IR_QSO S(IRON0 

1 2.02114 1.00000 0.0035 0.0241 0.0271 0.0072 0.0259 0.0155 
2 1.66340 1.10230 0.1357 0.0114 0.0001 0.0621 0.0003 0.1282 
3 1.15683 1.32180 0.0452 0.0204 0.0017 0.2087 0.0821 0.0284 
4 0.65484 1.75684 0.0544 0.0663 0.0040 0.4415 0.1053 0.0011 
5 0.44346 2.13487 0.5770 0.0064 0.0029 0.0299 0.0012 0.6915 
6 0.06034 5.78768 0.1842 0.8714 0.9643 0.2505 0.7853 0.1353 
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Table 7.11 Parameter Estimates ofModels for Dependent Variable: Ln(RED) on 
Sqrt(INFL0 WS): 1971 Omitted 

Table 7.12 Criteria Statistics ofModels for Dependent Variable: Ln(RED) on 
Sqrt(INFL0 WS): 1971 Omitted 
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Number of Parameters 

Figure 7.7 The R' criteria vs. Number of 
parameters. 

Number 01 Parameters 

Figure 7.9 The AIC criteria vs. Number of 
parameters.. 
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Number of Paramelers 

Figure 7.11 The C(p) criteria vs. Number pf 
parameters. 

Number ol Parameters 

Figure 7.8 The Adjusted R2 criteria vs. 
Number of parameters. 

Number of Parameters 

Figure 7.10 MSE vs. Number ofparameters. 

Number of Parameters 

Figure 7.12 The SBC criteria vs. Number of 
parameters. 
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7.3 Square root of red fish data and log of inflow data: 1971 Omitted 

Table 7.13 Regression Models.for Dependent Variable: Sqrl(RED) on LnfINFLOWS): 1971 Omitted 

Rsq Adj C ( p )  A I C  MSE SBC Variables i n  Model 
I n  Rsq 

1 0.3647 0.3273 36.55 46.32 10.37 48.21 LN-QMJ 
1 0.3066 0.2658 41.26 47.98 11.31 49.87 LN-QSO 
1 0.0856 0.0318 59.20 53.24 14.92 55.13 LN-QJF 
1 0.0513 -.0046 61.99 53.94 15.48 55.83 LN-QJA 

. - - - . . - - - - - - - - - . - - - . . - . . - - - - - - - - - - - - - - - - - - . - - - * - - - - - - - - - . - - - . - - - - - - - - . - - - - -  

2 0.6803 0.6403 12.94 35.27 5.54 38.11 LN-QMA LN-QMJ 
2 0.4916 0.4280 28.25 44.09 8.81 46.92 LN-QJF LN-QMJ 
2 0.4898 0.4260 28.40 44.15 8.85 46.99 LN-QMJ LN-QJA 
2 0.4777 0.4124 29.38 44.60 9.06 47.43 LN-QJF LN-QSO 

. . - ----- . . ----------- . -- . . ----- . -------- . - . ------ . . -------- . . --------------  
3 0.7517 0.7021 9.145 32.47 4.59 36.25 LN-QMA LN-QMJ LN-QND 
3 0.6948 0.6337 13.77 36.39 5.64 40.17 LN-QJF LN-QMA LN-QMJ 
3 0.6922 0.6307 13.97 36.55 5.69 40.33 LN-QMA LN-QMJ LN-QSO 
3 0.6907 0.6289 14.09 36.64 5.72 40.42 LN-QMA LN-QMJ LN-QJA 

. - - - - - - - - - - - - - - . . . - - . . - . - - - . - - . - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.8174 0.7652 5.816 28.63 3.62 33.35 LN-QJF LN-QMA LN-QMJ LN-QND 
4 0.7609 0.6926 10.40 33.75 4.74 38.47 LN-QMA LN-QMJ LN-QJA LN-QND 
4 0.7603 0.6918 10.45 33.80 4.75 38.52 LN-QJF LN-WJ LN-QJA LN-QSO 
4 0.7536 0.6832 10.99 34.32 4.88 39.04 LN-QMA LN-QMJ LN-QSO LN-QND 

. - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - . . - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.8443 0.7844 5.632 27.60 3.32 33.27 LN-&IF LN-QMA LN-QMJ LN-QJA 
LN-QND 

5 0.8179 0.7479 7.775 30.58 3.89 36.24 LN-QJF LN-QMA LN-QMJ LN-QSO 
LN-QND 

5 0.8154 0.7444 7.980 30.84 3.94 36.51 LN-QJF LN-QMJ LN-QJA LN-QSO 
LN-QND 

5 0.7711 0.6830 11.57 34.93 4.88 40.59 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO 

. - - - . . - - - - - - - - . - - - - - . - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - . . - - - - - - - - - . - - - - - - - - . - -  
6 0.8521 0.7782 7.000 28.62 3.42 35.24 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO LN-QND 
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Table 7.14 Anal.vsis of Variance for Dependent Variable; Sqrt(REDj on Ln(1NFLO WS): 1971 Omitted 

Sum o f  Mean 
Source DF squares Square F va lue Prob>F 

Model 6 236.38630 39.39772 11.524 0.0002 
E r r o r  12 41 .02470 3.41872 
C T o t a l  18 277.41100 

 ROO^ MSE 1.84898 R-square 0.8521 
Oep Mean 11.80764 Adj R-sq 0.7782 
C.V. 15.65917 

Table 7.15 Parameter Esrimafes for Dependent Variable: Sqrr(RED) on Ln(INFL0WS): 1971 Omitted 

Parameter Standard T f o r  HO: Variance 
Var iab le  OF Estimate Error Parameter=O Prob > I TI In f la t ion  
INTERCEP 1 2.069976 4.08358067 0.507 0.6214 0.00000000 
LN-WF 1 -1.600090 0.58925533 -2.715 0.0188 1.84608706 
LN-QMA 1 -2.619838 1.51751096 - 1 .726 0.1099 8.22108140 
LN-QMJ 1 4.465660 1.26598399 3.527 0.0042 8.13529810 
LN-QJA 1 - 1 .310625 0.78682491 - 1 .666 0.1216 1.63781782 
LN-QSO 1 0.367390 0.461 95428 0.795 0.4419 2.57024647 
LN QNO 1 1.387002 0.54091658 2.564 0.0248 1 .70950518 

Table 7.16 Collinem'ty Diagnostics(intercept adjusted)for Dependent Variable: Sqrt(RED) on 
Ln(INFL0WS): 1971 Omitted 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-(XIF LN-OMA LN-Oh4J LN-(XIA LN-PSO LN-QND 

1 2.29355 1.00000 0.0265 0.0176 0.0152 0.0280 0.0217 0.0097 
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Table 7.1 7 Parameter Estimates of Models for Dependent Variable: Sqrt(RED1 on 
Ln(INFL0WS): 1971 Omitted 

08s -RMSE- INTERCEP LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

1 3.21974 0.7177 . 2.41463 . 

Table 7.18 Criteria Statistics ofModels for Dependent Variable: Sqrt(RED) on 
Ln(ZNFL0WS): 1971 Omitted 
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Number of Parameters 

Figure 7.13 The R2 criteria vs. Number of 
parameters. 

~ w l ,  

Number of Parameters 

Figure 7.15 The AIC criteria vs. Number of 
parameters.. 

Number of Parameters 

Figure 7.1 7 The C(p) criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.14 The Adjusted R2 criteria vs. 
Number ofparameters. 

Number of Parameters 

Figure 7.16 MSE vs. Number of parameters. 
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Figure 7.18 The SBC criteria vs. Number of 
parameters. 
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Fig. 1 . 1  Comparative plots of observed values vs. calculated from the regression model. 
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1. Summary Report 

1.1 Description of the problem' 
Bimonthly freshwater inflows into Corpus Christi Bay were recorded for the years 1962 to 1994. 

These variables, and various transformations of them, were used to construct a model for the annual 

harvest of brown shrimp. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of view: 

individual observations (to detect outliers or influential points); variables, individually and in groups (to 

select an optimal set of predictors); and the interaction of these two, which produces the overall structure of 
the data set (to determine whether multicollinearity is present or not). The first two of these were examined 

by both graphic and quantitative means; the third by quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as well as by 

all the usual numerical measures. For each pair of variables, 99 % prediction ellipses and 95% confidence 

ellipses were plotted in a further effort to look for unusual points. For example, suppose large values of 

Variable A are generally associated with large values for Variable B. If an observation consisted of a large 

value for Variable A but a small value for Variable B, that point would be considered unusual, even though 

it was well within the range of data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual indicates a 
point not well-fit by the model. The deleted residual, however, is somewhat more useful in the search for 

influential points. The model is fitted without a given observation, and the predicted response and 

corresponding residual are calculated for that observation. The Studentized deleted residual is scaled to 

have a Student's t distribution. Histograms and normal P-P plots of the residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 
standarized values for the Dffits (to measure the influence of a given observation on the predicted response) 

and the Dfbetas (to measure the influence of a given observation on the calculated coefficients) were also 

used to build a general picture of the influence of individual points. Plots were made of the standardized 

Dffits value for each model against the Dfbeta values for each predictor in the model. Points which were 
extreme indicated observations which had strong effects on both predicted values and coefficient estimates. 

1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to look for 

nonlinear relationships between the response variable and individual predictors. Partial residual plots were 

employed to examine the overall relationship between the response and individual predictors. A partial 

' The following discussion, prepared by Jacqueline Kiffe, was taken from Seatrout Harvests in Galveston Bay: A 
Regression Analysis, by F. Michael Speed, Sr. and Jacqueline Kiffe. 



residual is a corollary to the deleted residual. That is, the model is fitted without a given variable and the 

predicted response and corresponding residual are calculated for each observation. This seeks to answer the 

question, "What is the relationship of this predictor to the response variable, taking all other variables into 

account?" Thus, it examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a given model. 

We examined a number of these, including R2 and mean squared error (MSE), and several others which 

directly incorporate penalties for having too many predictors in the model, such as adjusted R*, Cp AIC, 

and SBC. It is well-established that too many predictors in a model can lead to bad prediction, just as too 
few can, and these measures are used as part of the attempt to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by linear 

combinations of the remaining variables, resulting in unstable coefficient estimates. The variance inflation 
factor (VIF) was calculated for each coefficient estimate to measure this instability, which is not usually 

considered profound for VIF's less than 10. No problems were found with this data. Additionally, the 

condition index (a ratio of eigenvalues of the covariance matrix, with the largest eigenvalue always on top) 

was calculated. A ratio greater than 30 is considered cause for concern. Again, no evidence of 

multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox procedure, used to 

find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 
13.1 Selecting the Data Set Used 

First, the variables were explored thoroughly, individually and in pairs, in a fust effort to detect 
outliers. The SAS programming language allows a number of diagnostics to be calculated for a group of 

models on a given data set without actually performing a formal regression, thus allowing one to examine a 

large number of models quite efficiently. The Box-Cox procedure was performed to find if a transformation 

to normality was suggested. The log transform was suggested for some variables, and the square root for 

others. At this point, there were several data sets for which the diagnostic series was calculated: 

1. Untransformed data. 
2. Harvest untransformed, and natural log of inflow variables. 
3. All variables logged. 
4. Harvest untransformed, and square root of inflows variables. 
5. All variables square root. 
6. Logged and square root variables. 
7. Harvest untransformed, and logged and square root inflows. 
8. Harvest and inflows variables transformed according to Box-Cox suggestion. 



13.2 Selecting the Points to be Omitted 

The full regression with all diagnostics was performed for these models, each one contained all 
variables in its corresponding data set. All diagnostics were generated, and influential points were 

determined for each model. 

Table 1.1 R-Square and Adjusted R-Square values for the different suggested models. 

Data set 6 presented the highest R~ values. However, the models 4, 5, 6, and 7 were considered as 

final candidates. The observations flagged as potentially influential are given in the summary table below, 

for each model. 

Table 1.2 Summary of points flagged by 99% Prediction Ellipse. 

Adjusted R ' 
0.1019 
0.1007 

0.0791 

0.1145 

0.1237 
03428 

0.1326 

Data Set 

1 

2 

3 
4 

5 
6 
7 

Year Variable 
1968 Harvest vs. Jan-Feb, Harvest vs. Sept-Oct, Jan-Feb vs. Mar-Apr, 

Jan-Feb vs. May-Jun, Jan-Feb vs. Jul-Aug, Jan-Feb vs. Sept-Oct, 
Jan-Feb vs. Nov-Dec, Mar-Apr vs. Sept-Oct, May-Jun vs. Sept-Oct, 
Jul-Aug vs. Sept-Oct, Sept-Oct vs. NOV-Dec. 

1971 Harvest vs. Jul-Aug, Jan-Feb vs. Jul-Aug, Mar-Apr vs. Jul-Aug, 
May-Jun vs. Jul-Aug, Jul-Aug vs. Sept-Oct, Jul-Aug vs. Nov-Dec. 

1972 Harvest vs. Sept-Oct, Jan-Feb vs. Sept-Oct, Mar-Apr vs. Sept-Oct, 
May-Jun vs. Sept-Oct, Jul-Aug vs. Sept-Oct, Sept-Oct vs. Nov-Dec. 

1977 Harvest vs. Mar-Apr, Hawest vs. Nov-Dec, Jan-Feb vs. Mar-Apr, 
Jan-Feb vs. Nov-Dec, Mar-Apr vs. May-Jun, Mar-Apr vs. Jul-Aug, 
Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec, May-Jun vs. Nov-Dec, 
Jul-Aug vs. Nov-Dec, Sept-Oct vs. Nov-Dec. 

1981 Harvest vs. May-Jun, Jan-Feb vs. May-Jun, Mar-Apr vs. May-Jun, 
May-Jun vs. Jul-Aug, May-Jun vs. Sept-Oct, May-Jun vs. Nov-Dec. 

1992 Harvest vs. Jan-Feb, Harvest vs Mar-Apr, Jan-Feb vs. Mar-Apr, 
Jan-Feb vs. May-Jun, Jan-Feb vs. Jul-Aug, Jan-Feb vs. Sept-Oct, 
Jan-Feb vs. Nov-Dec, Mar-Apr vs. May-Jun, Mar-Apr vs. Jul-Aug, 
Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec. 

R ' 
0.2703 

0.2693 

0.25 17 
0.2809 

0.2880 

0.4660 
0.2952 



Table 1.3 Summary of points flagged by Boxplots. 

Year Variable 
1965 Jan-Feb Inflows 
1968 Ln(harvest), Jan-Feb, Ln (Jan-Feb), SQRT (Jan-Feb), Sept-Oct, 

SQRT (Sept-Oct) Inflows 
1970 Nov-Dec, SQRT (Nov-Dec) Inflows 
1971 Jul-Aug, SQRT (Jul-Aug) Inflows 
1972 Sept-Oct, SQRT (Sept-Oct), Nov-Dec Inflows 
1974 Sept-Oct, SQRT (Sept-Oct) Inflows 
1976 Jul-Aug Inflows 
1977 Jan-Feb, SQRT (Jan-Feb), Mar-Apr, Ln (Mar-Apr), SQRT (Mar-Apr), Nov-Dec, 

Ln (Nov-Dec), SQRT (Nov-Dec) Inflows 
1980 Jul-Aug, SQRT (Jul-Aug) Inflows 
1981 May-Jun, Jul-Aug Inflows 
1982 Jan-Feb Inflows 
1986 Nov-Dec, SQRT (Nov-Dec) Inflows 
1987 Jan-Feb, May-Jun Inflows 
1990 Jul-Aug Inflows 
1992 Jan-Feb, Ln (Jan-Feb), SQRT (Jan-Feb), Mar-Apr, SQRT (Mar-Apr) Inflows 

Table 1.4 Summary of points flagged by diagnostic measures. 
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Table 1.4 Summary of points flagged by diagnostic measures (continued). 

Kev to Abbreviations: 
BOX Box plot 
SRE Studentized residual 
SDR Studentized deleted residual 
LEV Leverage value 
MAH Mahalanobis distance 
COO Cook'sdistance 
SDF Standardized m t s  value 
SDB Standardized Dfbeta value 

1 3 3  Selecting the Final Candidate Models 
After the subset analysis led us to the models: Data Set 4 (harvest untransformed and square root 

inflows) 1977 omitted, Data Set 5 (all variables square root) 1968, 1971, 1977 and/or 1992 omitted; Data 
Set 6 (logged and square root variables) 1968 and/or 1977 omitted, and Data Set 7 (harvest untransformed, 

and logged and square root inflows) 1968, 1977 and/or 1992 omitted. 



Table 1.5 R-Square and Adjusted R-Square values for the different subsets. 

13.4 Selecting the Final Model 
It is clear that Data Set 6 with 1977 omitted is the best model. Regression was performed using 

both models, and the deleted residuals were calculated. 

Best Candidate Model 

Ln (Brown Shrimp Harvest) = 4.897 - 0.162*(Jan-Feb lnflows) O.' 

+ 0.196*(Mar-Apr ~nflows)~.'  + 0.284*Ln (May-Jun Inflows) 

- 0.107*(Sept-0ct ~nflows) '.' + 0.166*(Nov-Dec ~nflows) O.' 

R 2  

0.4921 

Adjusted 

~2 

0.3944 

ProbF 

0.002 



1.4 Best Model: Logged and Square Root Variables 

1.4.1 Summary Information 

Descriptive Statistics 

Model Sunmay *sb 

a. Dependent Variible: Ln (Brown Shrimp Harvest) 

b. Method: Enter 

c. Indqmndent Variables: (Constant), SQRT (November-December Inflows). Ln (May-June 
Infbws). SQRT (March-April Inflows), SQRT (September-October In fbs ) ,  SQRT 
(January-February I n h s )  

Durbin- 
Watson 

.823 

d. All requested variables entered. 

Std. Error 
of the 

Estimate 

1.378689 

Model 
1 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 

b. Independent Variables: (Constant), SQRT (November-December Inflows), 
Ln (May June Inflows), SQRT (March-April Inflows), SQRT 
(September-October Inflows), SQRT (January-February Inflows) 

Adjusted 
R 

Square 

,394 

R 

,702 

Variables 

Sig. 
.002b 

R 
Square 

.492 

Entered 
SQRT(November-December 
Inflows). 
Ln(May-June Inflanrs). 
SQRT(MarchApri1 Inflows), 
SQRT(September-October 
Inflows), 
SQRT(Jypary-February 
I n h s )  ' 

F 
5.039 

Removed 

. 

Model 
Sum of 
Squares 

47.887 
49.420 
97.307 

1 Regression 
Residual 
Total 

d f 
5 

26 
31 

Mean 
Square 

9.577 
1.901 



a. Dependent Variable: Ln (Brown Shrimp Harvest) 

Residuals Statistic# 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 

Model 
1 

Unstandardhed 
Coefficients 

(Constant) 
SQRT (January-February 
Inflows) 
SQRT (MarchApril Inflows) 
Ln (May-June Inflows) 
SORT (September-October 
Inflows) 
SQRT 
(November-December 
Inflows) 

Standar 
dhed 

Coefficie 
nts 

Beta 

-.326 

,293 
,247 

-.612 

.265 

B 
4.897 

-.I62 

,196 
.284 

-, 107 

,166 

Std. Error 
,775 

.I29 

,152 
,187 

,036 

,108 

t 
6.322 

-1.260 

1.287 
1.515 

-2.989 

1.544 

SQ. 
,000 

,219 

,210 
,142 

.OM 

,135 

95% Confidence 
Interval for B 

Lower 
Bound 

3.305 

-.427 

-.I17 
-.lo1 

-.I81 

-.055 

Upper 
Bound 

6.490 

,103 

,509 
,669 

-.034 

.388 
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Table 1.6 Observed, predicted, lower and upper prediction intervals values for brown shrimp harvest. 

a Brown shrimp harvest (thousands of pounds). 
LICI Lower limit for 99% prediction interval for brown shrimp harvest. 
UICI Upper limit for 99% prediction interval for brown shrimp harvest. 

Year 

1962 
1963 

1964 

1965 

1966 

1967 

1968 

1969 
1970 

1971 

1972 
1973 

1974 
1975 

1976 

1977 
1978 

1979 

1980 
1981 

1982 
1983 

1984 
1985 

1986 

1987 
1988 

1989 

1990 
1991 
1992 

1993 
1994 

Predicteda 

287.17 
294.46 

272.29 

237.42 

1258.62 

401.56 

3.51 
311.61 

2678.02 

290.72 
24.96 

592.83 
129.23 

245.78 

413.16 

17348.30 
637.68 

794.89 
260.1 1 

706.07 
289.03 

433.22 

210.07 
957.77 

516.44 

1533.04 

333.98 
185.02 

950.30 

696.51 

2084.59 
1059.41 

914.51 

observeda 

1 15.49 

95.39 
52.40 

226.78 
187.28 

171.48 

.60 

88.79 
138.89 

19.30 

5 1.80 
396.15 

150.09 
482.74 

397.15 

738.60 

909.98 

1 166.54 

1468.79 
1 149.54 

708.1 1 
1135.24 

2392.93 

1403.90 

993.86 
1309.61 

981.77 
894.98 

1976.50 
2414.93 
2440.92 

1525.88 

2007.60 

LICI 

5.23 

5.27 

4.74 
4.41 

21.32 

7.63 

.02 
5.80 

32.57 

5.36 
.24 

10.19 

1.47 
4.46 

7.55 
19.72 

12.04 

9.92 

4.59 

10.94 
4.51 

8.34 
3.72 

17.75 

5.91 
21.13 

6.13 

3.1 1 

17.32 
12.43 

12.42 

20.26 

17.71 

UICI 

15773.04 

16441.86 

15652.19 

12790.78 

74316.55 

21 130.36 

505.55 
16738.66 
220172.2 

15767.83 

2644.71 
34474.1 1 

11382.89 

13557.66 
22595.71 

15263882.88 

33763.67 

63673.60 
14741.16 

45571.46 

18513.68 
22501.13 

1 1877.14 

51 672.82 
45112.56 

11 1234.6 

18187.33 
1 1000.89 

52138.79 

39039.58 
349806.7 

55389.30 

47226.86 



From Model and Observed Harvests 

Fig. 1 . 1  Comparative plots of observed values vs. calculated from the regression model. 
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2. Exploring the Data 

2.1 Listing of Data 

Table 2.1. Brown shrimp harvest and water inflows data. 

BROWN SHRIMP Brown Shrimp harvest (thousands of pounds) 
JF-LAG Lagged January-February inflows (thousands of acre-feet) 
MA-LAG Lagged March-April inflows (thousands of acre-feet) 
MJ-LAG Lagged May-June inflows (thousands of acre-feet) 
JA-LAG Lagged July-August inflows (thousands of acre-feet) 
SO-LAG Lagged September-Odober in5ows (thousands of acre-feet) 
ND-LAG Lagged November-December inflows (thousands of acre-feet) 



23 Test of Normality for Individual Variables 

Tests of Normality 

'*. This is an upper bound of the true significance. 

a. Lilliefors Significance Correction 



- 

2 3  Percentiles for Individual Variables 



2.4 Summary Information for Individual Variables 

2.4.1 Summary Information for Brown Shrimp Harvest 

Extreme Values 

lnterquartile Range 

Skewness 
Kurtosis 

1212.45 

.728 
-.515 

,409 
.798 
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Fig. 2.la. Exploratory Plots of Brown Shrimp Harvest. 
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Fig. 2.1 b. Exploratory Plots of Transformed Brown Shrimp Harvest. 



2.4.2 Summary Information for January-February Inilows 

Extreme Values 
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Fig. 2.2a. Exploratory Plots of January-February Inflows. 
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Fig. 2.2b. Exploratory Plots of Transformed January-February Inflows. 
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2.43 Summary Information for March-Aprii Inflows 

lnterquartile Range 24.6900 

Skewness 3.622 .400 
Kurtosis 12.609 ,798 

Extreme Values 
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Fig. 2.3a. Exploratory Plots of March-April Inflows. 
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2.4.4 Summary Information for MayJune Intlows 

Extreme Values 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

228.0150 

1.608 
2.616 

.409 

.798 



Normal QQ Plot of May-June Inflows 

Fig. 2.4a. Exploratory Plots of May-June Inflows. 
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Fig. 2.4b. Exploratory Plots of Transformed May-June Inflows. 



2.4.5 Summary Infonnation for July-August Inflows 

Extreme Values 

Tterquartile Range 

Skewness 
Kurtosis 

60.4550 

3.517 
13.598 

.409 
,798 



Normal Q-Q Plot of July-August Inflows 

c b l m d  Vduc 

July-August Inflows 

I July-August Inflows I 

Fig. 2.5a. Exploratory Plots of July-August Inflows. 
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Fig. 2.5b. Exploratory Plots of Transformed July-August Inflows. 
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2.4.6 Summary Information for September-October Inflows 

Extmme Values 



Normal QQ Plot 
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Fig. 2.6a. Exploratory Plots of September-October Inflows. 
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Fig. 2.6b. Exploratory Plots of Transformed September-October Inflows. 
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2.4.7 Summary Information for November-Deeember Inflows 

lnterquartile Range 42.9400 

Skewness 3.813 .409 
Kurtosis 17.224 .798 

Extreme Values 



Normal QQ Plot 

of November-December Intlows 
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Fig. 2.7a. Exploratory Plots of November-December Inflows. 
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Fig. 2.7b. Exploratory Plots of Transformed November-December Inflows. 
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3. Prediction and Confidence Regions 

Fig. 3.1. Prediction and Confidence Ellipses. 
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Fig. 3.3. Prediction and Confidence Ellipses. 
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Fig. 3.4. Prediction and Confidence Ellipses. 



Fig. 3.5. Prediction and Confdence Ellipses. 
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Fig. 3.7. Prediction and Confidence Ellipses. 



- 

4. Box-Cox Analysis 

Table 4.1 Numerical Results. 

HARVEST 

2.25E+14 

6.79E+13 

2.07E+13 

6.32E+12 

1.95E+12 

6.05E+11 

1.90E+ll 

6.00E+ 10 

1.92E+ 10 

6.23EM9 

2.05EM9 

6.90EM8 

2.37EM8 

84076859 

30909479 

11944528 

4942 163 

2246365 

1155753 

6892 18 

478246 

379002 

33295 1 

3 15292 

315251 
328288 

352916 

389383 

439165 

504824 

590091 

700090 

84 1705 

10241 13 

1259503 

1564072 

1959361 

2474059 
3146454 

4027735 
5186479 

QJF Lag 
4469.46 

3485.17 

2735.08 

2161.60 

1721.67 

1383.08 

1121.66 

919.24 

762.16 

640.11 

545.34 

472.01 

415.77 

373.38 

342.54 

321.68 

309.89 

306.89 

313.06 

329.53 

358.41 

403.15 

469.08 

564.32 

701.16 

898.19 

1183.69 

1600.89 

2216.32 

3 132.89 
4510.92 

6601.38 

9799.47 

14730.54 

22388.87 
34362.41 

53197.79 

82995.15 

130380.0 

206095.9 

327619.8 

QMA Lag 

749.47 

663.98 

590.99 

528.61 

475.28 

429.70 

390.79 

357.65 

329.56 

305.92 

286.28 

270.29 

257.74 

248.53 

242.70 

240.47 
242.27 

248.80 

261.19 

281.13 

3 1 1.10 
354.85 

417.89 

508.47 

638.94 

827.97 

1103.89 

1509.97 

21 12.78 

3015.24 

4377.44 

6449.63 

9625.02 

14524.32 

22131.62 

34013.61 

52674.1 1 

82129.26 

128842.9 

203251.7 

322258.5 

QMJ Lag 

2097535 

1395 118 

935703.7 

633358.4 

433048.9 

299382.8 

209497.6 

148554.4 

106872.8 

78103.29 

58057.46 

43955.55 

33941.13 

26766.39 

21587.35 

17829.79 

15101.33 

13133.43 

11743.12 

10807.87 

10249.28 

10022.89 
10112.50 

10527.99 

11306.27 

12515.46 

14262.79 

16707.29 

20079.03 

24707.59 

31063.89 
39821.30 

51945.31 

68824.94 

92466.12 

125777.0 

172989.5 

240285.2 

336725.2 

475636.6 

676684.2 

QJA-L~E 
121897.6 

84467.00 

58964.78 

41512.60 

2951 1.53 

21215.40 

15447.69 

11413.36 

8573.46 

6561.44 

5127.22 

4099.61 

3361.18 

283 1.33 

2454.88 

2194.53 

2025.80 

1933.90 

1911.91 
1960.15 

2086.58 

2308.56 

2656.25 

3 178.56 

3953.1 1 

5 102.56 

6821.45 

9420.63 

13400.75 

19575.13 

29275.77 

44701.31 

69507.24 

109812.5 

175923.8 

285302.8 

467691.1 

773998.8 

1291771 

2172194 

3677389 

QSO Lag 

109391.4 

83003.75 

63332.06 

48617.49 

37572.51 

29252.50 

22962.85 

18191.65 

14560.81 

11790.59 

9673.72 
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1866.78 
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Fig 4.1. MSE of Harvest and Inflows Variables vs. Lambda obtained 6om Box-Cox Transformation 



5. Model Choice Diagnostics 

5.1 Untnnsformed Data 

N = 33 R e g r e s s i o n  M o d e l s  fo r  D e p e n d e n t  V a r i a b l e :  BROWN SHRIMP 

R - s q u a r e  A d  j C ( P )  A I C  MSE S B C  V a r i a b l e s  i n  M o d e l  
1n R S q  

1 0.100140 0.071112 3.0618 438.0 548128 441.0 QSO-LAG 

1 0.079223 0.049520 3.8070 438.8 560869 441.8 QMA-LAG 

1 0.028496 -.OOZE43 5.6144 440.5 591768 443.5 QJF-LAG 

1 0.022844 -.008677 5.8158 440.7 595211 443.7 QMJ-LAG 

2 0.225814 0.174202 0.5840 435.0 487296 439.5 QJF-LAG QSO-LAG 

2 0.204459 0.151423 1.3449 435.9 500737 440.4 QMA-LAG QND-LAG 

2 0.181665 0.127109 2.1571 436.9 515085 441.4 QMA-LAG QSO-LAG 

2 0.140913 0.083641 3.6090 438.5 540735 443.0 QMJ-LAG QSO-LAG 

............................................................................ 
3 0.257345 0.180518 1.4606 435.7 483569 441.7 QMA-LAG QSO-LAG QND-LAG 

3 0.230921 0.151361 2.4021 436.8 500774 442.8 QJF-LAG QJA-LAG QSO-LAG 

3 0.229582 0.149883 2.4498 436.9 501646 442.9 QJF-LAG QMA-LAG QSO-LAG 

3 0.228133 0.148285 2.5014 436.9 502589 442.9 QJF-LAG QSO-LAG QND-LAG 

4 0.262903 0.157604 3.2626 437.4 497090 444.9 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

4 0.262183 0.156780 3.2882 437.5 497576 444.9 QMA-LAG QMJ-LAG QSO-LAG QND-LAG 

4 0.261214 0.155673 3.3227 437.5 498230 445.0 QJF-LAG QMA-LAG QSO-LAG QND-LAG 

4 0.234404 0.125034 4.2780 438.7 516310 446.2 QJF-LAG QJA-LAG QSO-LAG QND-LAG 

............................................................................................ 
5 0.268709 0.133285 5.0557 439.2 511441 448.1 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.266690 0.130892 5.1276 439.3 512853 448.2 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.263994 0.127697 5.2237 439.4 514738 448.4 QJF-LAG QMA-LAG QMJ-LAG QSO-LAG 

QND-LAG 

5 0.237198 0.095938 6.1784 440.6 533479 449.5 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

6 0.270272 0.101874 7.0000 441.1 529976 451.6 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG ................................................................................................ 



5.2 Logged Inflows 

N = 33 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  BROWN S H R I M P  

R - s q u a r e  A d j  C IP) A I C  MSE S B C  V a r i a b l e s  i n  M o d e l  
1n R s q  

1 0.132976 0.105008 1.8521 436.8 528127 439.8 LN-QMA 

1 0.053807 0.023285 4.6692 439.7 576351 442.7 LN-QJF 

1 0.039507 0.008523 5.1781 440.2 585062 443.2 LN-QMJ 

1 0.022461 -.009072 5.7846 440.7 595444 443.7 LN-QSO 

2 0.218055 0.165926 0.8246 435.4 492180 439.9 LN-QJF LN-QSO 

2 0.203795 0.150715 1.3321 436.0 501155 440.5 LN-QMA LN-QSO 

2 0.162394 0.106554 2.8053 437.6 527214 442.1 LN-QMA LN-QND 

2 0.149878 0.093203 3.2507 438.1 535093 442.6 LN-QMA LN-QJA 

.......................................................................... 
3 0.250922 0.173432 1.6551 436.0 487750 441.9 LN-QJF LN-QMA LN-QSO 

3 0.230881 0.151317 2.3683 436.8 500800 442.8 LN-QJF LN-QMJ LN-QSO 

3 0.226708 0.146712 2.5168 437.0 503517 443.0 LN-QJF LN-QJA LN-QSO 

3 0.222841 0.142445 2.6543 437.2 506035 443.2 LN-QMA LN-QJA LN-QSO 

4 0.267762 0.163156 3.0559 437.2 493814 444.7 LN-QJF LN-QMA LN-QJA LN-QSO 

4 0.256449 0.150228 3.4584 437.7 501443 445.2 LN-QJF LN-QMA LN-QMJ LN-QSO 

4 0.254348 0.147826 3.5332 437.8 502860 445.3 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.233201 0.123658 4.2857 438.7 517121 446.2 LN-QJF LN-QMJ LN-QJA LN-QSO 

........................................................................................ 
5 0.269277 0.133958 5.0020 439.1 511044 448.1 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.267869 0.132290 5.0521 439.2 512028 448.2 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.258795 0.121535 5.3750 439.6 518374 448.6 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.233380 0.091414 6.2793 440.7 536148 449.7 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

.............................................................................................. 
6 0.269332 0.100717 7.0000 441.1 530659 451.6 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.3 Logged All Variables 

N = 33 Regression Models for Dependent Variable: Ln (BROWN S H R I M P )  

R-square A d  j C (P) A I C  MSE S B C  Variables in Model 
1n RSq 

1 0.089821 0.060460 2.6256 36.7152 2.86879 39.7083 LN-QSO 

1 0.033702 0.002531 4.5755 38.6897 3.04567 41.6827 LN-QMA 

1 0.016854 -.014860 5.1609 39.2601 3.09878 42.2531 LN-QMJ 

1 0.006164 -.025895 5.5324 39.6170 3.13247 42.6100 LN-QJF 

................................................................... 
2 0.180686 0.126065 1.4683 35.2445 2.66848 39.7340 LN-QSO LN-QND 

2 0.169228 0.113843 1.8665 35.7028 2.70579 40.1923 LN-QMA LN-QSO 

2 0.160345 0.104368 2.1751 36.0538 2.73472 40.5433 LN-QMJ LN-QSO 

2 0.115512 0.056547 3.7329 37.7704 2.88074 42.2599 LN-QJF LN-QSO 

.......................................................................... 
3 0.232793 0.153426 1.6578 35.0761 2.58493 41.0621 LN-QMJ LN-QSO LN-QND 

3 0.203548 0.121157 2.6739 36.3106 2.68346 42.2966 LN-QMA LN-QSO LN-QND 

3 0.196059 0.112893 2.9342 36.6194 2.70869 42.6054 LN-QMA LN-QMJ LN-QSO 

3 0.182136 0.097529 3.4180 37.1861 2.75561 43.1721 LN-QJA LN-QSO LN-QND 

4 0.237871 0.128996 3.4813 36.8569 2.65953 44.3394 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.236914 0.127902 3.5146 36.8983 2.66287 44.3808 LN-QMA LN-QMJ LN-QSO LN-QND 

4 0.236194 0.127079 3.5396 36.9294 2.66538 44.4120 LN-QMJ LN-QJA LN-QSO LN-QND 

4 0.208991 0.095989 4.4848 38.0843 2.76031 45.5668 LN-QJF LN-QMA LN-QSO LN-QND 

........................................................................................ 
5 0.249883 0.110972 5.0640 38.3326 2.71456 47.3117 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.243176 0.103024 5.2970 38.6264 2.73883 47.6054 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.238426 0.097394 5.4621 38.8328 2.75602 47.8119 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.212872 0.067108 6.3500 39.9220 2.84850 48.9010 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

6 0.251724 0.079045 7.0000 40.2515 2.81205 50.7271 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.4 Square Root Inflows 

N = 33 Regression Models for Dependent Variable: BROWN SHRIMP 

Rsq Ad j C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.11083 0.08215 3.149 437.6 541615 440.6 SQRT-QMA 

1 0.08532 0.05581 4.072 ,438.5 557158 441.5 SQRT-QSO 

1 0.03315 0.00196 5.958 440.4 588933 443.4 SQRT-QJF 

1 0.02567 -.00576 6.229 440.6 593491 443.6 SQRT-QMJ 

...................................................................... 
2 0.25004 0.20004 0.116 434.0 472049 438.5 SQRT-QJF SQRT-QSO 

2 0.22806 0.17660 0.911 434.9 485883 439.4 SQRT-QMA SQRT-QSO 

2 0.19460 0.14090 2.121 436.3 506946 440.8 SQRT-QMA SQRT-QND 

2 0.14243 0.08526 4.007 438.4 539780 442.9 SQRT-QMJ SQRT-QSO 

3 0.26868 0.19303 1.442 435.2 476186 441.1 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.25314 0.17588 2.004 435.9 486304 441.8 SQRT-QJF SQRT-QMJ SQRT-QSO 

3 0.25004 0.17246 2.116 436.0 488322 442.0 SQRT-QJF SQRT-QSO SQRT-QND 

3 0.25004 0.17246 2.116 436.0 488324 442.0 SQRT-QJF SQRT-QJA SQRT-QSO 

4 0.27903 0.17604 3.068 436.7 486212 444.2 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.27109 0.16696 3.355 437.1 491569 444.5 SQRT-QJESQRT-QMASQRT-QMJSQRT-QSO 

4 0.26941 0.16504 3.416 437.1 492703 444.6 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

4 0.25810 0.15212 3.824 437.6 500327 445.1 SQRT-QMA SQRT-QMJ SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.28088 0.14770 5.001 438.6 502932 447.6 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.27934 0.14588 5.057 438.7 504008 447.7 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.27127 0.13632 5.348 439.0 509647 448.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.25810 0.12072 5.824 439.6 518857 448.6 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.28091 0.11496 7.000 440.6 522253 451.1 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 



5.5 Square Root All Variables 

N = 33 Regression Models for Dependent Variable: SQRT (BROWN SHRIMP) 

Rsq Ad j C (p) AIC MSE SBC Variables in Model 
1n RSq 

1 0.13026 0.10220 2.762 174.4 186.18 177.4 SQRT-QSO 

1 0.08983 0.06047 4.238 175.9 194.84 178.9 SQRT-QMA 

1 0.03083 -.00044 6.393 178.0 207.47 181.0 SQRT-QMJ 

1 0.00759 -.02442 7.241 178.8 212.44 181.8 SQRT-QJF 

...................................................................... 
2 0.25562 0.20600 0.184 171.3 164.66 175.8 SQRT-QMA SQRT-QSO 

2 0.24405 0.19365 0.606 171.8 167.22 176.3 SQRT-QJF SQRT-QSO 

2 0.20436 0.15132 2.056 173.5 176.00 178.0 SQRT-QMJ SQRT-QSO 

2 0.16647 0.11090 3.439 175.0 184.38 179.5 SQRT-QSO SQRT-QND 

............................................................................... 
3 0.28044 0.20600 1.277 172.2 164.66 178.1 SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.27246 0.19719 1.569 172.5 166.48 178.5 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.26083 0.18437 1.993 173.1 169.14 179.0 SQRT-QJF SQRT-QMJ SQRT-QSO 

3 0.25740 0.18058 2.119 173.2 169.93 179.2 SQRT-QMA SQRT-QSO SQRT-QND 

4 0.28719 0.18536 3.031 173.9 168.94 181.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.28134 0.17867 3.244 174.1 170.33 181.6 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.28091 0.17818 3.260 174.1 170.43 181.6 SQRT-QMA SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.27262 0.16871 3.563 174.5 172.39 182.0 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.28797 0.15612 5.002 175.8 175.00 184.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.28722 0.15523 5.030 175.9 175.19 184.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.28191 0.14893 5.224 176.1 176.49 185.1 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.27266 0.13797 5.561 176.5 178.77 185.5 SQRT-QJF SQRT-QMA SQRT-QJA SORT-QSO 

SQRT-QND 

................................................................................................ 
6 0.28803 0.12373 7.000 177.8 181.72 188.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



5.6 Logged and Square Root Variables 

N = 33 Regression Models for Dependent Variable: Ln (BROWN SHRIMP) 

R-square Adj C (p) AIC MSE SBC Variables in Model 
In Rsq 

1 0.296506 0.273812 5.2518 28.2150 2.21734 31.2081 SQRT-QSO 

1 0.040403 0.009448 17.7210 38.4600 3.02455 41.4530 SQRT-QMA 

1 0.037029 0.005966 17.8853 38.5758 3.03519 41.5688 SQRT-QJF 

1 0.016854 -.014860 18.8676 39.2601 3.09878 42.2531 LN-QMJ 

................................................................... 
2 0.385772 0.344824 2.9056 25.7372 2.00052 30.2267 LN-QMJ SQRT-QSO 

2 0.383299 0.342186 3.0260 25.8697 2.00857 30.3593 SQRT-QSO SQRT-QND 

2 0.375174 0.333519 3.4216 26.3017 2.03503 30.7912 SQRT-QMA SQRT-QSO 

2 0.311668 0.265779 6.5136 29.4960 2.24187 33.9856 SQRT-QJF SQRT-QSO 

3 0.448504 0.391453 1.8513 24.1820 1.85814 30.1680 LN-QMJ SQRT-QSO SQRT-QND 

3 0.418863 0.358746 3.2945 25.9096 1.95801 31.8956 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.410564 0.349588 3.6985 26.3776 1.98597 32.3636 LN-QMJ LN-QJA SQRT-QSO 

3 0.398227 0.335974 4.2992 27.0611 2.02754 33.0472 SQRT-QMA SQRT-QSO SQRT-QND 

....................................................................................... 
4 0.453515 0.375446 3.6073 25.8808 1.90701 33.3633 LN-QMJ LN-QJA SQRT-QSO SQRT-QND 

4 0.452859 0.374696 3.6393 25.9204 1.90931 33.4029 SQRT-QJE LN-QMJ SQRT-QSO SQRT-QND 

4 0.449592 0.370963 3.7983 26.1168 1.92070 33.5994 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

4 0.439717 0.359677 4.2791 26.7037 1.95516 34.1862 SQRT-QJF SORT-QMA LN-QMJ SQRT-QSO 

5 0.461649 0.361955 5.2113 27.3859 1.94821 36.3650 SQRT-QJE SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.460004 0.360004 5.2914 27.4866 1.95416 36.4657 SQRT-QJF LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.453701 0.352535 5.5983 27.8696 1.97697 36.8486 SQRT-QMA'LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.447021 0.344618 5.9235 28.2706 2.00115 37.2497 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

................................................................................................ 
6 0.465989 0.342756 7.0000 29.1188 2.00683 39.5944 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



5.7 Untransformed, Square Root and Logged Variables 

N = 33 Regression Models for Dependent Variable: BROWN SHRIMP 

R-square Ad j C (p) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.110833 0.082150 3.8016 437.6 541615 440.6 SQRT-QMA 

1 0.085316 0.055810 4.7430 438.5 557158 441.5 SQRT-QSO 

1 0.039507 0.008523 6.4329 440.2 585062 443.2 LN-QMJ 

1 0.033151 0.001962 6.6674 440.4 588933 443.4 SQRT-QJF 

..................................................................... 
2 0.250038 0.200041 0.6663 434.0 472049 438.5 SQRT-QJF SQRT-QSO 

2 0.228059 0.176596 1.4772 434.9 485883 439.4 SQRT-QMA SQRT-QSO 

2 0.194596 0.140903 2.7116 436.3 506946 440.8 SQRT-QMA SQRT-QND 

2 0.172381 0.117207 3.5311 437.2 520928 441.7 LN-QMJ SQRT-QSO 

3 0.270577 0.195120 1.9086 435.1 474952 441.1 SQRT-QJF LN-QMJ SQRT-QSO 

3 0.268683 0.193030 1.9785 435.2 476186 441.1 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.255534 0.178520 2.4636 435.8 484748 441.7 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.255063 0.178000 2.4810 435.8 485054 441.8 SQRT-QJF LN-QJA SQRT-QSO 

..................................................................................... 
4 0.284248 0.181998 3.4043 436.5 482696 443.9 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.280805 0.178063 3.5313 436.6 485018 444.1 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

4 0.279034 0.176038 3.5967 436.7 486212 444.2 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.271938 0.167929 3.8584 437.0 490997 444.5 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

5 0.293152 0.162254 5.0758 438.0 494346 447.0 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.288259 0.156455 5.2563 438.3 497768 447.2 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

SQRT-QND 

5 0.287588 0.155660 5.2811 438.3 498238 447.3 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

5 0.273786 0.139302 5.7903 438.9 507890 447.9 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.295208 0.132564 7.0000 439.9 511866 450.4 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



5.8 Variables transformed according to the Box-Cox Analysis 

N = 33 Regression Models for Dependent Variable: (BROWN 

R-square Ad j C(P) AIC MSE SBC Variables in Model 
1n Rsq 
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6. Regression for the Best Models 

6.1 Model 4: Harvest Untransformed and Square Root Inflows 

6.1.1 ANOVA and Parameter Estimates 

Model 

Adjusted Std. Error 
Variables R R of the Durbin- 

Model Entered Removed R Square Square Estimate Watson 
1 SQRT(Nov-De 

c Inflows), 
SQRT(May-Jun 
Inflows), 
SQRT(Ju1-Aug 
Inflows), 
SQRT(Sep0ct 

. ,530 .281 ,115 722.6705 .743 

Inflows), 
SQRT(Mar-Apr 
Inflows), 
SQRT(Jtg-Feb 
Inflows) 

a. Dependent Variable: Bmwn Shrimp Harvest 

b. Method: Enter 

c. lndependent Variables: (Constant), SQRT (November-December Inflows), SQRT 
(MayJune Inflows), SQRT (July-August Inflows), SQRT (September-October 
Inflows), SQRT (March-April Inflows), SQRT (January-February Inflows) 

d. All requested variables entered. 

a. Dependent Variable: Brown Shrimp Harvest 

b. lndependent Variables: (Constant), SQRT (November-December Inflows), 
SQRT (May-June Inflows), SQRT (July-August Inflows), SQRT 
(September-October Inflows), SQRT (March-April Inflows), SQRT 
(January-February Inflows) 

F 
1.693 

Model 
Sum of 
Squares 
5304338 
1.4E+07 
1.9E+07 

Sig. 
.163b 1 Regression 

Residual 
Total 

d f 
6 
26 
32 

Mean 
Square 
884056 
522253 



a. Dependent Variable: Brown Shrimp Harvest 

Parameter Estimates 

Variable 

INTERCEP 

SQRT-QJF 

SQRT-QMA 

SQRT-QMJ 

SQRT-QJA 

SQRT-QSO 

SQRT-QND 

Parameter 
Estimate 

655.458424 

57.379352 

65.537080 

5.405730 

0.773758 

-32.531936 

-29.543788 

Standard 
Error 

332.41975891 

63.19354523 

65.76167156 

22.69074276 

22.86169818 

18.64071835 

50.06048579 

T for HO: 
Parameter-0 Prob > IT I 

0.0594 

0.3722 

0.3282 

0.8136 

0.9733 

0.0928 

0.5602 

Collinearity Diagnosticslintercept adjusted) 

Condition 
Number Eigenvalue Index 

var Prop 
SQRT-QJF 

0.0316 

0.0045 

0.0003 

0.0268 

0.2815 

0.6554 

Var Prop Var Prop 
SQRT-QMA SQRT-QMJ 

0.0260 0.0294 

0.0035 0.1751 

0.1046 0.0354 

0.0204 0.2285 

0.0556 0.5262 

0.7898 0.0054 

Variance 
Inflation 

var Prop Var Prop 
SQRT-QSO SQRT-QND 

0.0237 0.0351 

0.0009 0.0216 

0.3553 0.0005 

0.0006 0.2663 

0.0003 0.2522 

0.6192 0.4242 



6.13 Residuals Diagnostics 

Summary Information 

Residuals Statistics? 

a. Dependent Variable: Brown Shrimp Ha~eSt  



- 
55 

Case Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that obsavation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that 

observation. 
ZPR Z - m e  of the predicted value of harvest 
ZRE Zscore of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
'Values greater than 3 are flagged. 

This is flagged if it exceeds h,~.. = t25.0.01 = 2.485 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

PRE 

784.12367 

843.60132 

791.95925 

101 1.99088 

1057.86647 

843.74855 

403.41853 

910.46797 

757.63417 

827.53151 

-331.539 

786.45686 

262.86235 

652.91789 

716.11342 

1267.60415 

835.09561 

1021.54139 

798.00507 

874.11408 

669.84417 

909.89733 

856.39521 

1057.43440 

354.46364 

1210.29902 

747.50751 

741.53949 

11 19.35360 

1016.9551 1 

2392.58051 

1042.73882 

963.37800 

RES 

-668.62367 

-748.20132 

-739.55925 

-785.19088 

-870.56647 

-672.24855 

-402.81853 

-821.66797 

-618.73417 

-808.23151 

383.33995 

-390.25686 

-112.76235 

-170.1 1789 

-318.91342 

-529.00415 

75.00439 

145.15861 

670.99493 

275.58592 

38.35583 

225.50267 

1536.90479 

346.66560 

639.53636 

99.50098 

234.39249 

153.5605 1 

857.44640 

1398.34489 

48.71949 

483.36118 

1044.52200 

DRE 

-735.89719 

-830.07444 

-823.68900 

-868.04447 

-1052.99205 

-729.33281 

-1069.6021 1 

-899.81598 

-800.11957 

-1895.75159 

702.96044 

-438.68824 

-148.83589 

-1 83.35419 

-357.40205 

-1672.07257 

79.28591 

207.62685 

881.01847 

408.09346 

47.34843 

242.09606 

1755.76860 

374.09562 

924.30556 

140.92520 

257.74744 

170.29215 

987.68605 

1566.74829 

147.42068 

512.46628 

1097.57127 

ADJ 

851.39719 

925.47444 

876.08900 

1094.84447 

1240.29205 

900.83281 

1070.2021 1 

988.61598 

939.01957 

1915.05159 

-651.16044 

834.88824 

298.93589 

666.15419 

754.60205 

2410.67257 

830.81409 

959.07315 

587.98153 

741.60654 

660.85157 

893.30394 

637.53140 

1030.00438 

69.69444 

1168.87480 

724.15256 

724.80785 

989.1 1395 

848.55171 

2293.87932 

1013.63372 

910.32873 

ZPR 

-.I7281 

-.02672 

-.I5357 

.38687 

.49955 

-.02636 

-1.10789 

.I3751 

-.23787 

-.06619 

-2.91308 

-.I6708 

-1.45312 

-.49508 

-.33986 

1.01470 

-.04762 

.41033 

-.I3872 

.04822 

-.45350 

.I3611 

.00470 

.49849 

-1.22813 

37395 

-.26275 

-.27741 

.65057 

.39906 

3.77784 

.46239 

,26747 

ZRE 

-.92521 

-1.03533 

-1.02337 

-1.08651 

-1.20465 

-.93023 

-.55740 

-1.13699 

-.85618 

-1.11840 

.53045 

-.54002 

-.I5604 

-.23540 

-.44130 

-.73201 

.I0379 

.20086 

.92849 

.38134 

.05308 

.31204 

2.12670 

,47970 

A8496 

,13769 

.32434 

.21249 

1.18650 

1.93497 

.06742 

.66885 

1.44536 

SRE ' 
-.97064 

-1.09050 

-1.08001 

-1.14240 

-1.32487 

-.96892 

-.90829 

-1.18983 

-.97362 

-1.71285 

,71832 

-.57255 

-.I7927 

-.24439 

-.46717 

-1.30142 

.I0671 

.24023 

1.06393 

.46405 

.05897 

.32332 

2.27309 

.49832 

1.06390 

.I6386 

.34012 

.22377 

1.27342 

2.04817 

.I1727 

.68870 

1.48161 

SDR 

-.96952 

-1.09465 

-1.08362 

-1.14944 

-1.34535 

-.%774 

-.90513 

-1.19985 

-.97261 

-1.78320 

,71146 

-.56500 

-.I7589 

-.23992 

-.46003 

-1.31986 

.I0466 

.23582 

1.06675 

.45694 

.05783 

.31768 

2.49006 

.49099 

1.06672 

.I6076 

.33426 

.21963 

1.28956 

2.19310 

.I1502 

,68157 

1.51835 



Brown Shrimp Harvest 

Regression Standardized Residual 
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Fig. 6.1.1. Exploratory Plots of  Brown Shrimp Harvest Standardized Residual. 
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Fig. 6.1.2. Partial Residual Plots of Brown Shrimp Harvest vs. Square Root Inflows. 
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Residual Plot 
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Fig. 6.1.3. Residual Plots of Brown Shrimp Harvest vs. Square Root Inflows. 

. I  

1.. - 1992 

1 9 7  

.:. .:. 

mm, 

,ma 

1 O,  -1003. 

Residual Plot 

1 1 6 1 10 I1 I4 16 111 

s g R 7 m M - )  

,PI0 

. . . . . . . . .  

A . . lm 
4.. 

o 10 w a 

am03 

,m. 

i o *  

1 
3 -,m. i o : . : - . : s .  

WILT (W-AugL ldbu) 

:. 
. ' -  

.. 
. . 19.77 

:.:. 
o 10 20 a 

a .,m, 

srpcTwo.-k=-- -) 

' W 
.. . . . .  

10 w YI (I Y) 

s)RT(---) 



6.1.4 Prediction Intervals for Brown Shrimp Harvest 

B-SH Brown shrimp harvest 
LICI Lower limit for 99% prediction interval for brown shrimp harvest 
UICI Upper limit for 99% prediction interval for brown shrimp harvest 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 
1974 

1975 

1976 

1977 

1978 

1979 

1980 
1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 
1992 

1993 

1994 

B SH 

115.50 

95.40 

52.40 

226.80 

187.30 

171.50 

.60 

88.80 

138.90 

19.30 

51.80 

396.20 

150.10 

482.80 

397.20 

738.60 

910.10 

1166.70 

1469.00 

1149.70 

708.20 

1135.40 

2393.30 

1404.10 

994.00 

1309.80 

98 1.90 

895.10 

1976.80 

2415.30 

2441.30 

1526.10 

2007.90 

LICI 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

O.OOOOO 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

UlCI 

2881.99881 

2948.40062 

2900.1 1270 

3 1 13.73709 

3232.96348 

2928.94928 

296 1.98234 

3003.94819 

2981.72789 

3346.59995 

2090.42404 

2902.49793 

2501.1 1946 

2732.23208 

2829.57034 

3873.19843 

2896.69748 

331 1.88618 

3032.67050 

3 185.34257 

2860.34724 

2985.66994 

2985.97428 

3 137.84765 

265 1.15732 

3494.54120 

2844.60862 

2845.97390 

3255.74731 

3130.21732 

4987.23883 

3 107.07053 

3019.42943 



6.1.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalo~bis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2ptl)In or 0.5, whichever is smaller. 
MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + I degrees of 6eedom. 

Small values indicate a problem. 
COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

6eedom and n - p - 1 denominator degree of teedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

LEV ' 
.06111 
.06833 
,07183 
.06515 
,14294 
.04797 
.59309 
.05655 
.I9639 
.54336 
.42437 
.08010 
.21207 
.04189 
.07739 
.65332 
.02370 
.27056 
.20808 
.29440 
,15962 
.03824 
.09435 
.04302 
.27779 
.26364 
.06031 
.06795 
,10156 
.07718 
.63922 
.02649 
.01803 

MAH 
1.95565 
2.18657 
2.29871 
2.08466 
4.57414 
1.53492 
18.97891 
1.80947 
6.28463 
17.38748 
13.57999 
2.56312 
6.78618 
1.34038 
2.47638 
20.90626 
.75834 
8.65807 
6.65869 
9.42067 
5.10787 
1.22360 
3.01924 
1.37666 
8.88918 
8.43654 
1.92988 
2.17439 
3.24993 
2.46985 
20.45496 
34772 
.57697 

COO 
.01354 
.01859 
.01896 
.01967 
.05255 
.01139 
.I9509 
.01924 
.03970 
.56395 
.06146 
.00581 
.00147 
.OM66 
.00376 
.52282 
.OOOW 
.00355 
.05061 
.01479 
.00012 
.00110 
.lo511 
.00281 
.on00 
.00160 
.00165 
.00078 
.03519 
.07217 
.00398 
.OM08 
.01593 

MAHA P V  ' 
,9623 
,9488 
.94 15 
.9550 
,7118 
.9811 
.0083 
,9696 
.5069 
.0151 
.0592 
.9223 
.4515 
.9873 
.9289 
.0039 
,9978 
.2781 
.4653 
.2238 
.6468 
.9904 
.8832 
.9863 
.2607 
.2957 
.9636 
.9496 
3610 
.9294 
.0047 
.9969 
.9991 

COOK PV 
.OOOO 
.0000 
.OOOO 
.WOO 
.0003 
.0000 
.0163 
.OOOO 
.0001 
.2222 
.OOM 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
,1912 
.OOOO 
.WOO 
.OOO2 
.OOM 
.OOOO 
.OOOO 
.0025 
.OOOO 
,0007 
.OOOO 
.OOOO 
.WOO 
.0001 
.OM8 
.OOOO 
.OOOO 
.OW0 



SDFFITS Standardized dffits value 

SDFB-0 Standardid dfbeta for the intercept tenn 

SDFB-1 Standardid dfbeta for the Square root January-February inflows 

SDFB-2 Standardid ddfbeta for the Square root March-April inflows 

SDFB-3 Standardized dfbeta for the Square root May-June inflows 

SDFB-4 Standardixd dfbeta for the Square mot July-August inflows 

SDFB-5 Standardized ddfbeta for the Square root September4cbber inflows 

SDFB-6 Standardized dfbeta for the Square root November-December inilows 

Items in bold are flagged if (sdffitsl or Isdfbetal e ~ ~ e d  1.0 for a small data set or 24- for a large 

data set. The cutoff used here is 1. 

SDFB 1 

-.03514 

-.03528 

-.00043 

-.I6064 

.30036 

-.01499 

-.4%15 

-.03903 

.06918 

-.21656 

-.25318 

.05554 

.MI65 

-.00460 

.05132 

.57060 

-.00322 

-.lo822 

.08009 

-.OM98 

.01715 

.02665 

.60426 

- .MI0 

.I6467 

.03939 

,02717 

.01100 

-.I1019 

-.358% 

.08905 

-.04538 

-.08825 

SDFB 0 

-.28783 

-.34092 

-.34895 

-.I 1037 

-.22214 

-.25628 

.I7391 

-.30747 

.05987 

.52589 

-.04295 

-.01900 

.00640 

-.01233 

-.02140 

72498 

.01605 

.01374 

-.I6718 

-.05879 

.00562 

.05975 

.61%9 

.04093 

,12922 

-.02411 

.08792 

,06625 

.00307 

,37064 

-.04635 

.05040 

.I9121 

YEAR 

1962 

1%3 

1%4 

1965 

1966 

1967 

1968 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFFIT 

-.30753 

-.36211 

-.36548 

-.37338 

-.61585 

-.28200 

-1.16452 

-.37003 

-.52661 

-2.06848 

.64965 

-.I9904 

-.09949 

-.06692 

-.I5982 

-1.94014 

.02501 

.I5470 

.5%81 

.31685 

.02800 

.08617 

,93967 

.I3811 

.71181 

.I0373 

.lo551 

.07250 

SO258 

.76107 

.I6372 

.I6725 

.34218 

SDFB 2 

,05047 

,02933 

.01966 

,05095 

-.I5213 

.01937 

.I6869 

- .MI4  

.1%85 

-.I7574 

,03764 

.03830 

-.04239 

.03165 

-.02655 

-.91255 

-.00540 

.I 1753 

-.MI39 

-.04644 

-.02210 

-.01363 

-.a945 

,06901 

-A4691 

-.05780 

-34141 

-.01037 

.30543 

.51155 

.03459 

.02816 

.I 1175 

SDFB 3 

.I 1907 

.I3256 

,12664 

-.06677 

-.42840 

.I0569 

.07359 

.I7794 

-.23672 

.96462 

,07780 

-.I4259 

.04284 

-.03494 

.OM22 

.23968 

.00541 

.05793 

-.05764 

.27585 

-.00075 

-.04767 

-.46000 

.05346 

-.I3398 

.05712 

-.04228 

-.03445 

-.I9131 

-.01611 

-.01218 

.08919 

-.03766 

SDFB 4 

.I2938 

,14700 

.I4678 

.I7131 

.28843 

.lo189 

-.00855 

,12037 

,02884 

-1.93091 

-.05800 

-.01546 

-.0263 1 

.W89 

-.09647 

-.I4547 

-.00223 

-.03144 

.51585 

.02965 

-.00684 

-.00069 

-.28554 

-.02086 

-.05173 

.00862 

-.03673 

-.02747 

.29268 

-.21002 

.00556 

-.04313 

-.09510 

SDFB 5 

.05306 

,05720 

,03555 

.00796 

-.04095 

.05237 

-.49023 

.01552 

.I8848 

.05669 

,51398 

.00852 

-.07156 

-.00235 

-.03 128 

-.I4131 

-.00622 

. M I 1  

.00042 

-.01011 

-.01270 

-.03043 

-.37884 

.02102 

-.25259 

-.06513 

-.03647 

-.00603 

.05875 

.26782 

-.05457 

-.02294 

-.01551 

SDFB 6 

,03243 

.0880 1 

.08948 

,11251 

.21500 

.03755 

.31522 

.I3567 

-.42433 

-.08130 

,00852 

-.00529 

.00395 

-.00819 

.03610 

-.71275 

-.00017 

-.lo179 

-.01424 

.01644 

.01856 

.OOO94 

.I2459 

- . M I  

.62W 

,05713 

.02293 

-.01204 

-.I8642 

-.SO425 

-.02831 

-.02281 

-.03706 
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Fig. 6.1.4. Standardized DFFIT vs. Standardized DFBETA. 



6.2 Model 5: Square Root Variables 

6.2.1 ANOVA and Parameter Estimates 

Model surnrnaeb 

a. Dependent Variable: SQRT (Brown Shrimp Harvest) 

b. Method: Enter 

Model 
1 

c. lndependent Variables: (Constant), SQRT (November-December Inflows), SQRT 
(May-June Inflows), SQRT (July-August Inflows), SQRT (September-October Inflows), 
SQRT (March-April Inflows), SQRT (January-February Inflows) 

R 

,537 

d. All requested variables entered. 

Variables R 
Square 

.288 

Entered 
SQRT(Nov-Dec 
Inflows), 
SQRT(May-Jun 
Inflows), 
SQRT(Ju1-Au~ 
Inflows). 
SQRT(Sept-Oct 
Inflows). 
SQRT(Mar-Apt 
lflows), 
SQRT(J28-Feb 
Inflows) ' 

a. Dependent Variable: SQRT (Brown Shrimp Harvest) 

Removed 

. 

b. lndependent Variables: (Constant), SQRT (November-December Inflows), 
SQRT (May-June Inflows), SQRT (July-August Inflows). SQRT 
(September-October Inflows), SQRT (March-April Inflows), SQRT 
(January-February Inflows) 

Adjusted 
R 

Square 

.I24 

Mean 
Square 
318.566 
181.718 

Model 

Std. Error 
of the 

Estimate 

13.4803 

Sum of 
Squares 
191 1.399 
4724.674 
6636.073 

1 

Durbin- 
Watson 

564 

df 
6 

26 
32 

F 
1.753 Regression 

Residual 
Total 

Sig. 
.1 4ED 



a. Dependent Variable: SQRT (Brown Shrimp Harvest) 

6.23 Colhearity Diagnostics 

Parameter Estimates 

Variable 

INTERCEP 

SQRT-QJF 

SQRT-QMA 

SQRT-QMJ 

SQRT-QJA 

SQRT-QSO 

SQRT-QND 

Parameter 

Estimate 

22.608622 

0.557543 

0.940539 

0.317083 

-0.073293 

-0.723547 

-0.043434 

Standard 

Error 

6.20077185 

1.17877697 

1.22668136 

0.42326040 

0.42644930 

0.34771351 

0.93380024 

T for HO: 

Parameters0 

3.646 

0.473 

0.767 

0.749 

-0.172 

-2.081 

-0.041 

Prob > I TI 

0.0012 

0.6402 

0.4501 

0.4605 

0.8649 

0.0474 

0.9633 

Collinearity Diagnosticslintercept adjusted) 

Condition 
Number Eigenvalue Index 

var prop 
SQRT-QJF 

0.0316 

0.0045 

0.0003 

0.0268 

0.2815 

0.6554 

var Prop var Prop 
SQRT-QMA SQRT-QMJ 

0.0260 0.0294 

0.0035 0.1751 

0.1046 0.0354 

0.0204 0.2285 

0.0556 0.5262 

0.7898 0.0054 

Var Prop 
SQRT-Q JA 

0.0067 

0.4314 

0.0010 

0.4784 

0.0813 

0.0012 

Variance 

Inflation 

0.00000000 

3.13934695 

3.13781572 

1.48623100 

1.16303742 

2.13030204 

2.22536610 

Var Prop 
SQRT-QSO 

0.0237 

0.0009 

0.3553 

0.0006 

0.0003 

0.6192 

var Prop 
SQRT-QND 

0.0351 

0.0216 

0.0005 

0.2663 

0.2522 

0.4242 



6.2.3 Residuals Diagnostics 

Summary Information 

Residuals Statistid 

a. Dependent Variable: SQRT (Brown Shrimp Harvest) 



- 

Case Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obta'ied when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that 

observation. 
ZPR Z-score of the predicted value of harvest 
ZRE &score of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
Values greater than 3 are flagged. 
This is flagged if it exceeds t,,,z. = tz5.0.01 = 2.485 

DRE 

-14.90492 

-17.10054 

-19.15480 

-13.07270 

-21.69003 

-13.46002 

-23.29724 

-17.77517 

-21.55004 

-42.75782 

8.44388 

-7.23734 

40744 

-.46465 

-3.60842 

-24.86661 

3.96741 

7.94494 

19.86633 

6.72217 

4.77534 

8.00818 

27.9391 1 

8.18752 

17.86832 

1.65801 

8.00765 

7.72395 

17.42295 

23.57066 

.87788 

9.39168 

17.59043 

ADJ 

25.65201 

26.86783 

26.39358 

28.13258 

35.37579 

26.55582 

24.07184 

27.19855 

33.33563 

47.15100 

-1.24666 

27.14212 

13.05897 

22.43736 

23.53830 

52.04380 

26.20046 

26.21205 

18.46120 

27.18505 

21.83669 

25.68752 

20.98226 

29.28380 

13.65944 

34.533 15 

23.32763 

22.19427 

27.03826 

25.57504 

48.53163 

29.67365 

27.21917 

YEAR 

1%2 

1963 

1964 

1%5 

1%6 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

ZPR 

-.I6459 

-.04921 

-. 14547 

.I7123 

.78366 

-.00765 

-2.07191 

.01208 

.37378 

-.38028 

-2.97193 

.I0114 

-1.64301 

40857 

-.312O6 

1.22699 

.I1040 

.39347 

-.30593 

.49249 

-.36460 

.08733 

-. 14187 

.5593 1 

-.82770 

1.22390 

-. 19515 

-.33749 

.48835 

.32957 

3.04815 

.60109 

.32450 

PRE 

24.28945 

25.18114 

24.43715 

26.88481 

31.61810 

25.50232 

9.54848 

25.65479 

28.45028 

22.62247 

2.59259 

26.34311 

12.86327 

22.40382 

23.14971 

35.04440 

26.41470 

28.60243 

23.19708 

29.36773 

22.74364 

26.23640 

24.46498 

29.88414 

19.16449 

35.02051 

24.05322 

22.95317 

29.33571 

28.10856 

49.1 1939 

30.20705 

28.06938 

RES 

-13.54236 

-15.41385 

-17.19837 

-11.82493 

-17.93234 

-12.40652 

-8.77388 

-16.23142 

-16.66469 

-18.22930 

4.60463 

-6.43834 

-.61174 

-.43 11 1 

-3.21983 

-7.86721 

3.75316 

5.55456 

15.13045 

4.53949 

3.86839 

7.45929 

24.45638 

7.58719 

12.36327 

1.17065 

7.28206 

6.96506 

15.12550 

21.03714 

.29012 

8.85828 

16.74022 

ZRE 

-l.G0460 

-1.14344 

-1.27582 

-.a7720 

-1.33026 

-.92034 

-.65087 

-1.20409 

-1.23623 

-1.35229 

.34158 

-.47761 

44538 

-.03198 

-23885 

-3361  

.27842 

.41205 

1.12241 

.33675 

.28697 

333.5 

1.81423 

.56284 

.91714 

.08684 

.54020 

.51668 

1.12205 

1.56059 

.02152 

.65713 

1.24183 

SRE ' 
-1.05393 

-1.20437 

-1.34643 

-.92232 

-1.46302 

-.95862 

-1.06059 

-1.26004 

-1.40580 

-2.07106 

.46256 

-SO638 

-.05214 

-.03320 

-.25286 

-1.03757 

.28625 

.49280 

1.28613 

.40979 

.31884 

.57335 

1.9391 1 

.58468 

1.10258 

.I0335 

.56647 

.54411 

1.20425 

1.65189 

.03744 

.67662 

1.27297 

SDR ' 
-1.05628 

-1.21537 

-1.36887 

-.91958 

-1.49757 

-.95707 

-1.06325 

-1.27512 

-1.43408 

-2.22242 

.45546 

-.49901 

-.05113 

-.03256 

-.24825 

-1.03917 

.28114 

.48550 

1.30330 

.40313 

,31326 

.56580 

2.05593 

.57713 

1.10737 

.lo136 

.55893 

.53660 

1.21524 

1.71214 

.03671 

.a940 

1.28907 



SQRT (Brown Shrinq, Harvest) 

I Regression Standardized Residud I 

N d  P-P Plot Residual 
1.00- 

.7J ' 

.so 

0.00 .2J .50 .7J 1 .00 

Observed Cum Rob 

Fig. 6.2.1. Exploratory Plots of SQRT (Brown Shrimp Harvest) Standardized Residual. 
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Fig. 6.2.2. Partial Residual Plots of SQRT (Brown Shrimp Harvest) vs. Square Root Inflows. 
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Fig. 6.2.3. Residual Plots of SQRT (Brown Shrimp Harvest) vs. Square Root Inflows. 
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6.2.4 Prediction Intervals for Brown Shrimp Harvest 

SQRT (BSH) Square root brown shrimp harvest 
LICI Lower limit for 99% prediction interval for brown shrimp harvest 
UICI Upper limit for 99% prediction interval for brown shrimp harvest 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SQRT(BSH) 
10.7471 

9.7673 

7.2388 

15.0599 

13.6858 

13.0958 

.7746 

9.4234 

11.7856 

4.3932 

7.1972 

19.9048 

12.2515 

21.9727 

19.9299 

27.1772 

30.1679 

34.1570 

38.3275 

33.9072 

26.6120 

33.6957 

48.9214 

37.4713 

31.5278 

36.1912 

31.3353 

29.9182 

44.4612 

49.1457 

49.4095 

39.0653 

44.8096 

LICI 

-14.843 14 

-14.08060 

-14.88716 

-12.31999 

-8.95494 

-13.39385 

-38.17754 

-13.39581 

-13.03672 

-24.36682 

-42.58537 

-13.12833 

-28.88792 

-16.38255 

-16.27353 

-13.55889 

-12.04126 

-14.12038 

-18.4871 1 

-13.74463 

-18.1 1678 

-12.48390 

-15.25899 

-8.92273 

-23.67674 

-7.58846 

-15.06493 

-16.30177 

-10.51538 

-11.31105 

.72009 

-8.29984 

-10.28306 

UICI 

63.42204 

64.44289 

63.76147 

66.08960 

72.191 14 

64.39848 

57.27449 

64.70540 

69.93728 

69.61 176 

47.77055 

65.81455 

54.61446 

61.19018 

62.57295 

83.64770 

64.87067 

71.32524 

64.88128 

72.48010 

63.60406 

64.95670 

64.18896 

68.69100 

62.00573 

77.62949 

63.17137 

62.20811 

69.18681 

67.52817 

97.51869 

68.71393 

66.42181 



6.2.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahaionobis distance 
COO Codc's distance 
LEV Leverage value 
MAHA-PV P-value. associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 

MAHA - PV = 1 - F(MAH), where F is the CDF of a Chi-square variable with p + 1 degrees of eeedom. 
Small values indicate a problem. 

' COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + I numerator degree of 
freedom and n - p - 1 denominator degree of freedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
1.95565 
2.18657 
2.29871 
2.08466 
4.57414 
1.53492 
18.97891 
1.80947 
6.28463 
17.38748 
13.57999 
2.56312 
6.78618 
1.34038 
2.47638 
20.90626 
.75834 
8.65807 
6.65869 
9.42067 
5.10787 
1.22360 
3.01924 
1.37666 
8.88918 
8.43654 
1.92988 
2.17439 
3.24993 
2.46985 
20.45496 
.84772 
.57697 

COO 
.01597 
.02267 
.02946 
.01282 
.06407 
.01115 
.26600 
.02157 
.08277 
.82450 
.02549 
.OM55 
,00012 
.00001 
.00110 
.33232 
.OM67 
.01493 
.07396 
,01153 
.00340 
.00346 
.07650 
.00386 
.07733 
.00064 
,00457 
.OM61 
.03 147 
.04695 
.00041 
.00394 
.01176 

LEV ' 
.06111 
.06833 
.07183 
,0651 5 
.I4294 
.04797 
.59309 
.05655 
.I9639 
.54336 
.42437 
.08010 
.21207 
.04189 
.07739 
.65332 
.02370 
.27056 
.20808 
.29440 
.I5962 
.03824 
.09435 
.04302 
.27779 
.26364 
.0603 1 
.06795 
.lo156 
.07718 
.a922 
.02649 
.01803 

MAHA PV ' 
,9623 
.9488 
.941S 
.9550 
.7118 
.98 1 1 
.0083 
.9696 
.5069 
,0151 
.0592 
.9223 
.45 15 
.9873 
.9289 
.0039 
.9978 
.2781 
.4653 
.2238 
5468 
.9904 
.8832 
.9863 
.2607 
.2957 
.9636 
.9496 
.8610 
.9294 
.0047 
.9969 
9991 

COOK PV ' 
.OOOO 
.0000 
.OW0 
.0000 
,0005 
.0000 
.0385 
,0000 
.0012 
.4235 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.0684 
.OOOO 
.OOW 
.OW8 
.OOOO 
.OOOO 
.OOOO 
.OW9 
.0000 
,0009 
.Ow0 
.OOOO 
.0000 
.OOOO 
.0002 
,0000 
.OW0 
.OW0 



SDFFITS Standardized d5 t s  value 

SDFB-0 Standardid dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the Square root January-February inflows 

SDFB-2 Standardized dfbeta for the Square root March-April inflows 

SDFB-3 Standardized dfbeta for the Square root May-June inflows 

SDFB-4 Standardized dfbeta for the Square root July-August inflows 

SDFB-5 Standardized dfbeta for the Square root September-odober inflows 

SDFB-6 Standardized dfbeta for the Square root November-December inflows 

Items in bold are flagged if (sdffitsl or Isdfbetd exceed 1.0 for a small data set or 2 for a large 
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data set. The cutoff used here is 1. 

SDFB 3 

.I2972 

,14718 

.I5998 

-.05342 

-.47687 

,10453 

.08644 

.I8910 

-.34904 

1.20222 

,04980 

-.I2593 

,01245 

-.00474 

.00335 

.I8871 

.01453 

.I1926 

-.07042 

.24337 

-.00406 

-.OM91 

-.37980 

.06284 

-.I3909 

.03602 

-.07070 

-.08416 

-.I 8028 

-.01258 

-.00389 

.08760 

-.03 197 

YEAR 

1962 

1963 

1964 

1%5 

1966 

1%7 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 0 

-.31358 

-.37852 

-.44081 

-.08830 

-.24727 

-.25346 

.20429 

-.32676 

.08828 

,65542 

-.02750 

-.01678 

.00186 

-.00167 

-.01155 

57080 

.04310 

.02829 

-.20425 

-.05187 

,03042 

.I0641 

.51165 

.04811 

.I3414 

-.01520 

.I4702 

.I6187 

.00289 

.28936 

-.01479 

.a950 

.I6234 

SDFFIT 

-.33505 

-.40204 

-.46169 

-.29872 

-.68554 

-.27889 

-1.367% 

-.39324 

-.77647 

-2.57797 

.41588 

-.I7579 

-.02892 

-.OW8 

-.OM24 

-1.52754 

.06717 

.3 1849 

.72915 

.27954 

.I5168 

,15348 

,77584 

.I6234 

.73893 

.06540 

.I7643 

.I7713 

.47362 

,59417 

.05225 

.I6426 

.29051 

SDFB 4 

.I4096 

.I6321 

.I8542 

.I3706 

.32106 

.I0076 

-.01005 

,12792 

,04253 

-2.40651 

-.03713 

-.01366 

-.00765 

.OW6 

-.05206 

-.I1454 

-.00599 

-.OH73 

.63024 

.02616 

-.03708 

-.00122 

-.23576 

-.02452 

-.05371 

.00543 

-.MI42 

-.06712 

.27582 

-.I6396 

.00178 

-.04236 

-.08074 

SDFB 1 

-.03829 

-.03917 

-.00054 

-.I2851 

,33434 

-.01483 

-.58282 

-.MI48 

.I0200 

-.26990 

-.I6208 

.04905 

.01211 

-.00062 

.02769 

,44925 

-.00864 

-.22280 

.09786 

-.07497 

.09290 

.04746 

.49891 

-.07534 

,17095 

.02483 

.04543 

.02688 

-. 10384 

-.28024 

,02842 

-.04457 

-.07492 

SDFB 2 

.05499 

.03257 

,02483 

.04076 

-.I6934 

.01916 

.I9815 

-.04691 

.29025 

-.21903 

.02410 

.03383 

-.01232 

.00430 

-.01433 

-.71848 

-.01450 

.24196 

-.05056 

-.04098 

-.I1974 

-.02428 

-.37109 

.08112 

-.46394 

-.03644 

-.06924 

-.02533 

.28783 

.39936 

.01104 

.02765 

,09487 

SDFB 5 

,05780 

.06351 

,04490 

.00637 

-.04558 

.05179 

-.57588 

.01649 

.27791 

.07066. 

.32903 

.00752 

-.02080 

-.00032 

-.01688 

-.I 1126 

-.01671 

.I8552 

.00051 

-.00892 

-.Ma77 

-.05419 

-.31279 

,02471 

-.26221 

-.MI07 

-.06098 

-.01473 

,05537 

.2W8 

-.01742 

-.02253 

-.013 17 

SDFB 6 

.03533 

.09772 

.I1303 

.OW1 

.23933 

.03713 

,37029 

.I4418 

-.62566 

-.I0132 

.00545 

-.00467 

,00115 

-.00111 

.01948 

-361 17 

-.00047 

-.20955 

-.01740 

.01450 

.I0055 

.00167 

.I0287 

-.07806 

.64408 

.03602 

.03835 

-.02940 

-. 17567 

-.39367 

-.00904 

-.02240 

-.03146 



DFFlTvs DFBETA 

Depmdent V u i b k :  SQRT (BroM S h p  H u m t )  
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I* 

, .,,{ ,9" . 8 . , 

,171 

.A .; .I i 4 1  6 I 

D q e d m t  V-b*: SQRT (BIOM S h p  H-) 

'" 1 'N 

- m A  sMlrsMlrw 

DfPtl' n DFBETA 

D e p d a t  V u i b k :  SQRT ( B m  S h p  H u m t )  

"1 . . 

DFm w. DFBETA 

Depe&a Vadb*: SQRT (Brown S h p  HI MI^) 
I.0 . . . ,m 

. . . ..... 
01.  

. . -. 
d . .  

!%. 

.I*. 

-13. 
,n 

.U I 

U. ,nr, 

Jl, - m A  WTTW 

DFFlT m DFBmA 

Dependent Vlrilbb: SQRT (Brow Shrrmp H-I) 
I * .  - .. 

. . .  . ." 
..' F 

- 3 .  
' ..,. 

.I., . 
-LI. 

-U. 

Y. I'>! 

-10. 
-I4 *.* 1 1  

DRTTmDFBETA 

Dependent Vuib*:  SQRT ( B m M  S h p  H a m )  
U - I". . . 

1U . ,WE 

.a. 
U. .. ': '. 

1m 

-,n. 
,m 

.,I .  
Inn 

U. 

4,. 1911 

8 -3). 
U 

Slllbd m A  MilTMilTQ93 

Fig. 6.2.4. Standardized DFFIT vs. Standardized DFBETA. 
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6.3 Model 6: Logged and Square Root Variables 

63.1 ANOVA and Parameter Estimates 

Model ~ u r n m a v *  

a. Dependent Variable: Ln (Brown Shrimp Harvest) 

b. Method: Enter 

Model 
1 

c. Independent Variables: (Constant), SQRT (November-December Inflows). Ln 
(May-June Inflows), SQRT (September-October Inflows), Ln (July-August Inflows), 
SQRT (January-February Inflows), SQRT (March-April Inflows) 

R 

,683 

d. AU requested variables entered. 

Variables R 
Square 

,466 

Entered 
SQRT(Nov-Dec 
Inflows), 
Ln(May-Jun 
Inflows), 
SQRT(Sept-Oct 
Inflows), 
Ln(Jul-Aug 
Inflows), 
SQRT(Jan-Feb 
Inflows), 
SQRT(F3r-Apr 
Inflows) 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 

Removed 

. 

b. lndependent Variables: (Constant), SQRT (November-December Inflows), 
Ln (May-June Inflows), SQRT (September-October Inflows), Ln (July-August 
Inflows), SQRT (January-February Inflows), SQRT (March-April Inflows) 

Adjusted 
R 

Square 

,343 

F 
3.781 

Model 

Std. Error 
of the 

Estimate 

1.416627 

Sig. 
.OOEb 

Sum of 
Squares 

45.531 
52.178 
97.709 

1 

Durbin- 
Watson 

,790 

Regression 
Residual 
Total 

df 
6 

26 
32 

Mean 
Square 

7.589 
2.007 



COofiicknt3 

a. Dependent VariaMe: Ln (Bmwn Shrimp Harvest) 

Parameter Estimates 

Variable 

INTERCEP 

SQRT-QJF 

SQRT-QMA 

LN-QMJ 

LN-Q JA 

SQRT-QSO 

SQRT-QND 

Parameter 

Estimate 

5.509112 

-0.092846 

0.071239 

0.370010 

-0.105630 

-0.113684 

0.094882 

Condition 

Number Eigenvalue Index 

1 2.77765 1.00000 

2 1.34347 1.43789 

3 0.86520 1.79177 

4 0.49353 2.37236 

5 0.37354 2.72690 

6 0.14661 4.35269 

Standard 

Error 

0.97888805 

0.12003516 

0.13196507 

0.21534887 

0.22981061 

0.03673618 

0.09873363 

T for HO: 

Parameter-0 

5.628 

-0.773 

0.540 

1.718 

-0.460 

-3.095 

0.961 

var Prop 

SQRT-QJF 

0.0327 

0.0017 

0.0004 

0.2120 

0.1359 

0.6174 

var Prop 

SQRT-Qm 

0.0250 

0.0062 

0.1003 

0.0001 

0.0540 

0.8144 

var Prop 

LN-QMJ 

0.0267 

0.1293 

0.0420 

0.0031 

0.7891 

0.0098 

Prob > IT1 

0.0001 

0.4462 

0.5939 

0.0977 

0.6496 

0.0047 

0.3454 

Variance 

Inf let ion 

0.00000000 

2.94768282 

3.28828633 

1.71823913 

1.42420771 

2.15314751 

2.25274215 

var Prop 

LN-Q JA 

0.0033 

0.3136 

0.0014 

0.1524 

0.5186 

0.0108 

Vat Prop 

SQRT-QSO 

0.0237 

0.0041 

0.3477 

0.0006 

0.0019 

0.6219 

var Prop 

SQRT-QND 

0.0355 

0.0184 

0.0009 

0.5226 

0.0002 

0.4225 



6.3.3 Residuals Dingnostics 

Summary Infomation 

Realduals Statistics? 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 
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Case Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that 

observation. 
ZPR Z-score of the predicted value of harvest 
ZRE Z-score of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
This is flagged if it exceeds &,,z, = t~,o.ol = 2.485 

ADJ 

5.97354 

6.08708 

6.07804 

5.78544 

7.86927 

6.17325 

5.3 1394 

5.97218 

8.02021 

7.18327 

2.11636 

6.63579 

3.59497 

5.66612 

6.10613 

9.85805 

6.59134 

6.19325 

5.38005 

6.65471 

5.54649 

5.96563 

5.25709 

6.75111 

5.35009 

7.25052 

5.78617 

5.13619 

6.26345 

6.31977 

5.21070 

6.86466 

6.57644 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

19n 

1978 

1979 

19%0 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1% 

RES 

-1.08606 

-1.35335 

-1.85075 

-.30996 

-2.09797 

-.94875 

-2.18743 

-1.35282 

-2.38455 

-2.41394 

.99478 

-.57960 

,96064 

.47102 

-.lo704 

-1.03365 

.20751 

.613 13 

1.5921 1 

.323% 

,79782 

9 3 3 0  

2.19717 

.45546 

1.08005 

-.05387 

.99505 

1.42096 

1.1 1164 

1.30553 

.82380 

.43526 

.98055 

PRE 

5.83533 

5.91143 

5.80966 

5.73403 

7.33068 

6.09334 

1.67660 

5.83921 

7.31830 

5.37404 

2.95261 

6.56152 

4.05066 

5.70859 

6.09148 

7.63841 

6.60605 

6.34880 

5.70023 

6.72330 

5.76491 

6.04144 

5.58325 

6.79169 

5.82169 

7.23150 

5.89444 

5.37597 

6.37760 

6.38405 

6.97648 

6.89521 

6.62429 

DRE 

-1 22427 

-1.52900 

-2.1 1914 

-.36137 

-2.63656 

-1.02867 

-5.82476 

-1.48579 

-3.08645 

-4.22316 

1.83103 

-.65387 

1.41633 

51348 

-.I2169 

-3.25329 

22221 

.86869 

1.91229 

.39255 

1.01623 

1.06911 

2.52334 

.49604 

1.55165 

-.On89 

1.10332 

1.66075 

1.32578 

1.46981 

2.58958 

.46581 

1.02840 

ZPR 

-.I2196 

-.05816 

-.I4349 

-.20689 

1.13165 

.09433 

-3.60839 

-.I 1871 

1.12127 

-SO868 

-2.53867 

.48683 

-1.61812 

-.22822 

.09278 

1.38963 

.52416 

.39233 

-.23522 

.62246 

-.I8100 

.05083 

-.33329 

.67979 

-.I3340 

1.04850 

-.On41 

-SO706 

.41648 

.42189 

.83471 

.76657 

.53946 

ZRE 

-.76665 

-.95534 

-1.30645 

-.21880 

-1.48096 

-.66973 

-1.5441 1 

-.95496 

-1.68326 

-1.70400 

.70222 

-.40914 

.67812 

.33249 

-.07556 

-.72966 

.I4648 

.43281 

1.12387 

.22868 

.56318 

.70117 

1.55099 

.32151 

.76241 

-.03802 

.70241 

1.00306 

.78471 

.92158 

.58152 

.30725 

.69217 

sRE ' 
-.81397 

-1.01544 

-1.39797 

-.23625 

-1.66021 

-.69736 

-2.51971 

-1.00079 

-1.91504 

-2.25386 

,95270 

-.43457 

.82339 

.34716 

-.08056 

-1.29448 

.I5158 

.51517 

1.23171 

.25173 

.63561 

.72744 

1.66213 

.33553 

.91383 

-.04423 

.73964 

1 .OM39 

.85696 

.977M 

1.03103 

.31785 

.70886 

SDR ' 
-.80853 

-1.01607 

-1.42544 

-.23191 

-1.72179 

-.69031 

-2.84202 
-1.00082 

-2.02618 

-2.46385 

.95095 

-.42768 

.81814 

.34121 

-.07901 

-1.31233 

.I4870 

.50777 

1.24465 

.24714 

.62817 

.72068 

1.72402 

.32973 

.91083 

-.04338 

.73302 

1.08823 

.85245 

.97698 

1.03233 

.31229 

.70191 



Ln (Brown Shrimp Harvest) 

Regression Standardized Residual 

Normal P-P Plot of Residual 

Obsaved Clnn Rob 

Fig. 6.3.1. Exploratory Plots of  Ln (Brown Shrimp Harvest) Standardized Residual. 
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Fig. 6.3.2. Partial Residual Plots of Ln (Brown Shrimp Harvest) vs. Logged and Square Root Inflows. 

3 ,  

2 

I 

0 1 

= 

1 . 1  

I ' 
5 -3. 

Partid R e a d d  PIN 

. . . - .  . . . . 
: : . 

. . 'P6L 
4 19.m 

. 

4 3 I 1 0 1 1 3 

. ... . . "'P 

. .  
,I? 

1 .  

4 4 1 0 1 4 6 

3 I 

1 .  

I 

I .., 
i 
I"' 
A -3b 

favbfw-hm-) 

sqlrrmw-) 

.. .. . . 
. a. . 

O .  

. . - .  

' 19.71 

I I 0 1 1 3 4 

b(*w-) 



Residual Plot 
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Fig. 6.3.3. Residual Plots of Ln (Brown Shrimp Harvest) vs. Logged and Square Root Inflows. 
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63.4 Prediction Intervals for Brown Shrimp Harvest 

Ln (B-SH) Logged brown shrimp harvest 
LICI Lower limit for 99% prediction interval for brown shrimp harvest 
UICI Upper limit for 99% prediction interval for brown shrimp harvest 

YEAR 

1962 

1963 

1%4 

1965 

1966 

1967 

1968 

1%9 

1970 

1971 

1 9 n  

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1 992 

1993 

1994 

LICI 

1.68268 

1.75507 

1.63 142 

1.52695 

3.01089 

2.00690 

-3.34051 

1.73043 

2.95721 

.66942 

-1.79840 

2.40759 

-.47490 

1.61264 

1.92483 

2.53280 

2.54151 

1.97066 

1.44703 

2.45681 

1.42606 

1.96787 

1.40017 

2.69744 

1.32672 

2.81110 

1.76942 

1.16498 

2.23518 

2.33349 

1.87147 

2.83178 

2.59736 

Ln (B SH) 

4.7493 

4.5581 

3.9589 

5.4241 

5.2327 

5.1446 

-.5108 

4.4864 

4.9338 

2.9601 

3.9474 

5.9819 

5.0113 

6.1796 

5.9844 

6.6048 

6.8136 

7.0619 

7.2923 

7.0473 

6.5627 

7.0347 

7.7804 

7.2472 

6.9017 

7.1776 

6.8895 

6.7969 

7.5892 

7.7896 

7.8003 

7.3305 

7.6048 

UICI 

9.98798 

10.06779 

9.98790 

9.941 11 

11.65047 

10.17978 

6.69371 

9.94798 

11.67939 

10.07867 

7.70361 

10.71545 

8.57623 

9.80453 

10.25813 

12.74402 

10.67058 

10.92694 

9.95343 

10.98979 

10.10376 

10.11501 

9.76633 

10.88594 

10.3 1666 

11.65189 

10.01946 

9.58697 

10.72002 

10.63461 

12.08149 

10.95863 

10.65123 



63.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is-nagged if it exceeds (2ptl)tn or 0.5, whichever is smaller. 
MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of fieedom. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
19m 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

- 

Small values indicate a problem. 
' COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

MAHA PV 
.9160 
.9108 
.8772 
.8264 
.5911 
.9817 

.9655 

.5043 

.0787 

.0579 

.9142 

.2301 

.9755 

.8956 

.0040 

.9921 

.2951 

.7341 

.7060 

.SO5 

.9885 

.8692 

.9767 

.2706 

.3901 

.9498 

.8190 

.7566 

.9188 

.o040 
.9925 
.9994 

fie& and n - p - 1 denominator degree of fieedom. A value greater than 0.5 indicates a problem. 

COOK PV ' 
.OOOO 
.0000 
.OW1 
.OOOO 
,0022 
.0000 
.7917 
.0000 
,0081 
.2067 
.0028 
.0000 
,0002 
.OOOO 
.OOOO 
.I844 
.0000 
.OOOO 
.0001 
.OW0 
.OOOO 
.OOOO 
.OW 
.WOO 
.OW3 
.WOO 
.OW0 
.OOOO 
.OW0 
.0000 
.0646 
.OOOO 
.OOOO 

MAH 
2.64276 
2.70643 
3.08306 
3.58250 
5.56720 
1.51621 
19.01304 
1.89422 
6.30760 
12.73928 
13.64497 
2.66472 
9.32605 
1.67684 
2.88326 

20.86309 
1.14750 
8.44422 
4.38821 
4.62201 
5.90797 
1.29929 
3.16661 
1.64816 
8.75613 
7.38316 
2.17050 
3.65055 
4.19909 
2.60689 
20.85040 
1.12889 
,51921 

A value less than 0.2 indicates no problem. Values in between are inconclusive. 

COO 
.01204 
.01912 
.04049 
.00132 
.I0109 
.00585 
1.50818 
.01406 
.I5422 
.54390 
.lo900 
.00346 
.04594 
.00155 
.OW13 
.51404 
,00023 
.01580 
.a359 
.00192 
.01~80 
.00577 
.05859 
.00143 
.05209 
.00010 
.00850 
.02835 
,02021 
.01719 
.32550 
.00101 
.00350 

LEV ' 
.08259 
.08458 
.09635 
.I1195 
.I7398 
.04738 
.59416 
.05919 
.I9711 
,39810 
.42641 
.08327 
.29144 
.05240 
.09010 
.65197 
.03586 
.26388 
.I3713 
.I4444 
.18462 
.04060 
.09896 
,05151 
.27363 
.23072 
.06783 
.I1408 
.I3122 
.08147 
.65158 
.03528 
.01623 



data set. The cutoff used here is 1. 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the Square root January-February inflows 

SDFB-2 Standardized dfbeta for the Square root March-April inflows 

SDFB-3 Standardi  dfbeta for the logged May-June inflows 

SDFB-4 Standardized ed for the logged July-August inflows 

SDFB-5 Standardized dfbeta for the Square root September-October inflows 

SDFB-6 Standardized dfbeta for the Square root November-December inflows 

ltems in bdd are flagged if IsdiXtsl or lsdfbetal exceed 1.0 for a small data set or 2,/- for a large 

SDFB 2 

.03841 

,02121 

,00379 

.02137 

-.09836 

.00970 

.47954 

-.04349 

,41809 

-.36788 

.03188 

.03454 

.26656 

-.04883 

-.00492 

46274 

-.00904 

.23319 

-.05265 

-.02368 

-26447 

-.00940 

-.31938 

.MI62 

-.35870 

.01475 

-.08254 

-.02335 

.22953 

.20378 

.35524 

.00755 

,04271 

SDFB 1 

-.02419 

-.02546 

.00016 

-.03270 

.33793 

40172 

-1.58797 

-.01574 

.08576 

-.I5745 

-.33549 

.02984 

-.22587 

.01071 

.01021 

.61439 

-.00602 

-.22099 

36881 

-.01626 

.I7982 

.04686 

.38024 

-34295 

.I2799 

-.01343 

.05334 

,05904 

-.I0040 

-.I7951 

.84026 

-.01903 

-.05388 

value 

YEAR 

1962 

1963 

1%4 

1%5 

1%6 

1%7 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFFITS 

SDFFIT 

-.28843 

-.36605 

-.54282 

-.09445 

-37239 

-.20034 

-3.66482 

-.31378 

-1.09930 

-2.13303 

.87189 

-.I5309 

.56349 

,10245 

-.02923 

-1.92308 

.03958 

.32782 

.55816 

.I1372 

.32868 

.I9909 

.66425 

.09842 

.a186 

-.02578 

.24180 

,44703 

.37415 

.34656 

1.51139 

.08273 

.I5506 

SDFB 3 

.09502 

.I1843 

.22087 

-.04459 

-.65218 

.MI34 

.27631 

.I2497 

-.41393 

1.45303 

.I 1526 

-.09441 

-.32893 

.05487 

.00001 

.I4817 

.01573 

.I1682 

-.02517 

.07723 

.09241 

-.I1831 

-.I6751 

.04459 

-.lo353 

-.00875 

-.08908 

-.25005 

-.I4516 

.Om1 

-.21991 

.05057 

.03286 

SDFB 0 

-.27108 

-.33876 

-.49550 

-.03280 

-.22099 

-.I7251 

.31545 

-.26486 

.31751 

.53280 

-.02202 

,04006 

46309 

-.01566 

.00683 

.28728 

.00388 

.01372 

-.26286 

-.04946 

,07216 

.07772 

.51035 

-.00393 

.09790 

.01024 

.20051 

.3%28 

-.09839 

.I2787 

-.30408 

-.00336 

.05246 

Standardized a t s  

SDFB 4 

.I2557 

.I4634 

.I7580 

.06261 

,51452 

. M I 7  

-.09415 

.09707 

-.05791 

-1.91136 

-.I0656 

-.01992 

.27945 

.00019 

-.01725 

.09226 

.00146 

-.07435 

.41486 

.02015 

-. 13468 

.OM75 

-.29440 

-.00493 

-.00406 

-.00522 

-.07502 

-.I1644 

.26418 

-.I 1844 

.I7134 

-.01418 

-.MI57 

SDFB 5 

.02904 

.03399 

,01393 

.OW77 

-.00073 

.02726 

-1.56164 

-.00517 

.43326 

.01264 

.67594 

,01718 

.37895 

-.00237 

-.OW59 

-.I5020 

-.01049 

.I8269 

-.02264 

-.01366 

-. 14593 

-.05638 

-.23429 

.00981 

-.lo102 

,01813 

-.06652 

.00338 

.O4534 

.I1468 

-.47550 

-.01516 

-.00896 

SDFB 6 

,03783 

.09338 

.I3349 

.02810 

,31973 

.02975 

.97606 

.I1830 

-.89159 

-.I6771 

.00221 

-.00579 

.00612 

.01293 

,00486 

-.67819 

.00089 

-.22265 

.00032 

.W70 

.I9505 

.01231 

.06447 

44324 

.52874 

-.01528 

.04527 

-.07277 

-.I0105 

-.22891 

-.24138 

-.01004 

-.01640 
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Fig. 6.3.4. Standardized DFFIT vs. Standardized DFBETA. 



- 

6.4 Model 7: Harvest Untransformed and Logged and Square Root Inflows 

6.4.1 ANOVA and Parameter Estimates 

Model 

a. Dependent Variable: Brown Shrimp Harvest 

b. Method: Enter 

Durbin- 
Watson 

,804 

c. lndependent Variables: (Constant), SQRT (November-December Inflows), Ln 
(May-June Inflows), SQRT (September-October Inflows), Ln (July-August Inflows), 
SQRT (January-February Inflows), SQRT (March-April Inflows) 

Std. Error 
of the 

Estimate 

71 5.4483 

d. All requested variables entered. 

Model 
1 

R 

,543 

a. Dependent Variable: Brown Shrimp Harvest 

Variables 
Entered 

SQRT 
(Nov-Dec 
Inflows), 
Ln (May-Jun 
Inflows), 
SQRT 
(Sept-Oct 
Inflows), 
Ln (Jul-Aug 
Inflows), 
SQRT 
(Jan-Feb 
Inflows), 
SQRT (Ytr-Apr 
Inflows) 

ANOVH 

b. lndependent Variables: (Constant), SQRT (November-December Inflows), 
Ln (MayJune Inflows), SQRT (September-October Inflows), Ln (July-August 
Inflows), SQRT (January-February Inflows), SQRT (March-April Inflows) 

R 
Square 

.295 

Removed 

. 

Adjusted 
R 

Square 

.I33 

Sig. - 

.135b 
F 
1.815 

d f 
6 

26 
32 

Sum of 
Squares 
5574384 
1.3E+07 
1.9E+07 

Model 
Mean 

Square 
929064 
511866 

1 Regression 
Residual 
Total 



a. Dependent Vatiable: Bmwn Shrimp Harvest 

6.4.2 Collinearity Diagnostics 

Parameter Estimates 

Standar 
d i i  

Coefficie 
nts 

Beta 

.251 

,284 

,109 

,054 

-.438 

-.131 

Model 

Variable 

INTERCEP 

SQRT-QJE 

SQRTQMA 

LN-QM J 

LN-QJA 

SQRT-QSO 

SQRT-QND 

Unstandardii 

1 

Parameter 

Estimate 

395.444267 

53.891379 

63.330220 

55.065473 

31.963337 

-33.646974 

-26.437863 

t 
.8W 

,889 

,950 

,506 

,275 

-1.814 

-.530 

Coefflcienk 

B 
395.444 

53.891 

63.330 

55.065 

31.963 

-33.647 

-26438 

(Constant) 
SQRT 
(January-February 
Inflows) 
SQRT (March-Apnl 
Inflows) 
Ln (MayJune Inflows) 
Ln (July-August 
I-) 
SQRT 
( s m -  
Inflows) 
SQRT 
(November-December 
Inflows) 

Standard 

Error 

494.37433037 

60.62215425 

66.64719364 

108.75907151 

116.06277867 

18.55311654 

49.86410125 

SM. E m  
494.374 

60.622 

66.647 

108.759 

116.063 

18.553 

49.864 

T for HO: 

Parameter-0 

0.800 

0.889 

0.950 

0.506 

0.275 

-1.814 

-0.530 

Si. 
.431 

,382 

.351 

,617 

,785 

,081 

.600 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop 

Number Eigenvalue Index SQRTQJF SQRT-QMA 

1 2.77765 1.00000 0.0327 0.0250 

2 1.34347 1.43789 0.0017 0.0062 

3 0.86520 1.79177 0.0004 0.1003 

4 0.49353 2.37236 0.2120 0.0001 

5 0.37354 2.72690 0.1359 0.0540 

6 0.14661 4.35269 0.6174 0.8144 

95% Confdance 
Interval for B 

Var Prop Var Prop 

LN-QMJ LN-QJA 

0.0267 0.0033 

0.1293 0.3136 

0.0420 0.0014 

0.0031 0.1524 

0.7891 0.5186 

0.0098 0.0108 

Lower 
Bwnd 
620.757 

-70.719 

-73.665 

-168.492 

-206.607 

-71.783 

-128.935 

Variance 

Inflation 

0.00000000 

2.94768282 

3.28828633 

1.71823913 

1.42420771 

2.15314751 

2.25274215 

Upper 
Bound 
141 1.645 

178.502 

200.325 

278.623 

270.534 

4.490 

76.059 

Var Prop Var Prop 

SQRT-QSO SQRT-QND 

0.0237 0.0355 

0.0041 0.0184 

0.3477 0.0009 

0.0006 0.5226 

0.0019 0.0002 

0.6219 0.4225 



6.43 Residuals Dingnostics 

Summary Information 

Residuals Statistld 

a. Dependent Variable: Brown Shrimp Harvest 



- 
88 

Cuse Values for Residuals Diagnostics 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that 

observation. 
ZPR Z-score of the predicted value of harvest 
ZRE %score of the residual 
SRE Studentid residual 
SDR Studentized deleted residuals 
'Values greater than 3 are flagged. 
This is flagged if it exceeds tTz, = tz5.0.01 = 2.485 

DRE 

-639.51631 

-736.86964 

-723.44783 

-899.52693 

-1132.78586 

-659.58612 

-1029.90866 

-816.21609 

-901.22070 

-1465.41273 

701.38863 

-546.53313 

-122.27206 

-256.04064 

-457.77764 

-1535.68007 

20.10206 

171.86321 

674.95449 

211.86518 

52.58545 

266.50770 

1864.39134 

320.94072 

967.36956 

14.29108 

350.71446 

334.95315 

959.18251 

1576.53414 

204.74673 

462.63637 

1086.14722 

ADJ 

755.01631 

832.26964 

775.84783 

1126.42693 

1320.08586 

831.08612 

1030.50866 

905.01609 

1040.12070 

1484.71273 

-649.58863 

942.73313 

272.37206 

738.84064 

854.97764 

2274.28007 

889.99794 

994.83679 

794.04551 

937.83482 

655.61455 

868.89230 

528.90866 

1083.1 5928 

26.63044 

1295.50892 

631.18554 

560.14685 

1017.61749 

838.76586 

2236.55327 

1063.46363 

921.75278 

RES 

-567.32184 

-652.21884 

-63 1.82421 

-771.56382 

-901.38258 

-608.34639 

-386.77120 

-743.16679 

-696.26919 

-837.62189 

381.05863 

-484.46034 

-82.93200 

-234.86497 

-402.65895 

-487.92481 

18.77207 

121.30367 

561.94368 

174.84368 

41.28341 

247.61077 

1623.4010 

294.68515 

673.35489 

10.56072 

316.29848 

286.59173 

804.25 102 

1400.3276 

65.13442 

432.29623 

1035.6107 

YEAR 

1962 

1963 

1964 

1 % ~  

1966 

1%7 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

198s 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

ZPR 

-.41129 

-.25604 

-.40793 

,34473 

,56113 

-.I7882 

-1.11917 

-.05394 

-.04627 

.00585 

-2.83618 

.06272 

-1.48896 

-.32781 

-.I3087 

.89139 

.08828 

.45742 

.I2597 

.28841 

-.44940 

.07980 

-.20266 

.61081 

-1.27904 

1.06561 

-.45255 

-.58934 
.76207 

.38453 

3.64587 

.57340 

.28226 

ZRE 

-.79296 

-.91162 

-.883 12 

-1.07843 

-1.25988 

-.85030 

-.54060 

-1.03874 

-.97319 

-1.17077 

.53262 

-.67714 

-. 11592 

-.32828 

-.56281 

-.68198 

.02624 

.I6955 

.78544 

.24438 

.05770 

.34609 

2.26907 

.41189 

.94116 

.01476 

.44210 

.40058 

1.12412 

1.95727 

,09104 

.60423 

1.44750 

PRE 

682.82184 

747.61884 

684.22421 

998.36382 

1088.6825 

779.84639 

387.37120 

831.96679 

835.16919 

856.92189 

-329.25863 

880.66034 

233.03200 

717.66497 

799.85895 

1226.5248 

891.32793 

1045.3963 

907.05632 

974.85632 

666.91659 

887.78923 

769.89900 

1 109.4148 

320.6451 1 

1299.2393 

665.60152 

608.50827 

3 172.5489 

1014.9724 

2376.1655 

1093.8037 

972.28933 

sRE ' 
-.84190 

-.96898 

-.94498 

-1.16443 

-1.41238 

-.88539 

-.88216 

-1.08860 

-1.10720 

-1.54855 

,72260 

-.71922 
-. 14075 

-.34276 

-.60009 

-1.20990 

.02715 

.20181 

.86081 

.26901 

.06512 

.35906 

2.43166 

.42985 

1.12808 

.01717 

.46553 

.43306 

1.22763 

2.07677 

.I6141 

.62508 

1.48240 

SDR ' 
-.83704 

-.96780 

-.94297 

-1.17281 

-1.44134 

-.88158 

-.87827 

-1.09265 

-1.1 1224 

-1.59375 

.71579 

-.71237 

-.I3807 

-.33686 

-.59256 

-1.22128 

.02662 

.I9805 

.85638 

.26416 

.06386 

.35296 

2.71279 

.42300 

1.13428 

,01684 

.45840 

.42619 

1.24027 

2.22976 

.I5836 

.61759 

1.51923 



Brown Shrimp Harvest 1 
I Regression Standadid Residual 

Fig. 6.4.1. Exploratory Plots of Brown Shrimp Harvest Standardized Residual. 
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Fig. 6.4.3. Residual Plots of Brown Shrimp Harvest vs. Logged and Square Root Inflows. 
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6.4.4 Prediction Intervals for Brown Shrimp Harvest 

B-SH Brown shrimp harvest 
LICI Lower limit for 99% prediction interval for brown shrimp harvest 
UICl Upper limit for 9% prediction interval for brown shrimp harvest 

UICI 

2780.06200 

2846.73301 

2794.38932 

3123.09471 

3270.33516 

2843.64853 

2921.19731 

2907.04909 

3037.67975 

3232.93022 

2070.17367 

2978.5471 1 

25 18.60745 

2786.26796 

2904.16892 

3805.04555 

2944.06752 

3307.02003 

3055.07724 

3 129.58822 

2858.19380 

2945.09023 

2882.50781 

3177.16154 

2590.76972 

3531.70271 

2748.88944 

2735.21612 

3315.12577 

3111.15615 

4954.38257 

3 145.98371 

3006.03990 

YEAR 

1962 

1963 

1964 

1%5 

1966 

1%7 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

B SH 

115.50 

95.40 

52.40 

226.80 

187.30 

171.50 

.60 

88.80 

138.90 

19.30 

5 1.80 

396.20 

150.10 

482.80 

397.20 

738.60 

910.10 

1166.70 

1469.00 

1149.70 

708.20 

1135.40 

2393.30 

1404.10 

994.00 

1309.80 

981.90 

895.10 

1976.80 

2415.30 

2441.30 

1526.10 

2007.90 

LICI 

-1414.41833 

-1351.49534 

-1425.94091 

-1 126.46707 

-1092.97000 

-1283.95575 

-2146.45492 

-1243.1 1550 

-1367.34137 

-1519.08644 

-2728.69094 

-1217.22643 

-2052.54345 

-1350.93802 

-1304.45101 

-1351.99594 

-1161.41165 

-1216.22737 

-1240.96460 

-1 179.87558 

-1524.36062 

-1169.51177 

-1342.70981 

-958.33183 

-1949.47950 

-933.22416 

-1417.68640 

-1518.19958 

-970.0278 1 

-1081.21135 

-202.05 140 

-958.37616 

-1061.46124 



6.4.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobi distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of 6eedorn. 

Small values indicate a problem. 
COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

6- and n - p - 1 denominator degree of 6eedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1 9 n  
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAHA PV 
.9160 
.9108 
.8772 
.8264 
.5911 
.9817 

.0081 

.9655 
SO43 
.0787 
.0579 
.9142 
.2301 
.9755 
.8956 
.0040 
.992 1 
.295 1 
.7341 
.7060 
.SO5 
.9885 
.8692 
.9767 
.2706 
.3W1 
.9498 
3190 
.7566 
.9188 
.0040 
9925 
.9994 

COOK PV ' 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OW7 
.OOOO 
.0133 
.OOOO 
,0002 
.0338 
.ooo4 
.OOOO 
.OOOO 
.OOW 
.OOOO 
.I364 
.OOOO 
.OOOO 
.OoOo 
.OW0 
.OOOO 
,0000 
.OM1 
.OoOo 
.0010 
.OoOo 
.OOOO 
.OM0 
.OW1 
.OW9 
.OOW 
.OOOO 
.OOOO 

LEV ' 
.08259 
.08458 
.09635 
.I1195 
.I7398 
,04738 
39416 
.05919 
.I9711 
.39810 
,42641 
.08327 
.29144 
.05240 
.OW10 
.65197 
.03586 
.26388 
.I3713 
.I4444 
.I8462 
.04060 
.09896 
.05151 
.27363 
.23072 
.06783 
.I1408 
.I3122 
.08147 
.65158 
.03528 
.01623 

MAH 
2.64276 
2.70643 
3.08306 
3.58250 
5.56720 
1.51621 
19.01304 
1.89422 
6.40760 
12.73928 
13.64497 
2.66472 
9.32605 
1.67684 
2.88326 
20.86309 
1.14750 
8.44422 
4.38821 
4.62201 
5.90797 
1.29929 
3.16661 
1.64816 
8.75613 
7.38316 
2.17050 
3.65055 
4.19909 
2.60689 
20.85040 
1.12889 
.51921 

COO 
.01289 
.01741 
.01850 
.03213 
.07316 
.00943 
.I8486 
.01664 
.05155 
25676 
.06270 
.Om47 
.00134 
.00151 
.00704 
.44906 
.00001 
.00243 
.02129 
.00219 
.oOo17 
.00141 
.I2540 
.00235 
,07938 
.00001 
,00337 

' .00452 
.04147 
.07753 
.00798 
.00392 
.01532 



SDFFITS Standardized dflits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the Square root January-February inflows 

SDFB-2 Standardized dfbeta for the Square root March-April inflows 

SDFB-3 Standardized dfbeta for the logged May-June inflows 

SDFB-4 Standardized dfbeta for the logged July-August inflows 

SDFB-5 Standardized dfbeta for the Square root Sepmber-Oaober inflows 

94 

SDFB-6 Standardized dfbeta for the Square root November-December inflows 

Items in b i d  are flagged if Isdffitsl or Isdfbetal exceed 1.0 for a small data set or 2 for a large 

data set. The cutoff used here is 1. 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

19&9 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 2 

.03976 

,02020 

.00251 

.lo808 

-.08234 

.01239 

.I4819 

-.04748 

,22951 

-.23797 

,02400 

.05753 

-.04498 

.04821 

-.03688 

-.SO288 

-.00162 

.09095 

-.03622 

-.0253 1 

-.02689 

-.OM60 

-.50255 

.05339 

-.44670 

-.00572 

-.05162 

-.00914 

.33395 

.46510 

.05449 

.01494 

.09245 

SDFFIT 

-.29860 

-.34866 

-.35909 

-.47762 

-.73029 

-.25585 

-1.13254 

-.34257 

-.60344 

-1.37976 

.65628 

-.25499 

-.09509 

-. 101 15 

-.21924 

-1.78965 

.00709 

.I2786 

.38404 

.I2155 

.03342 

.09751 

1.04521 

.I2626 

.74952 

.01001 

.I5121 

,17507 

.54437 

.79096 

.23184 

.I6361 

.33560 

SDFB 3 

.09837 

,11281 

.I4611 

-.22552 

-.54595 

.07833 

.08539 

.I3643 

-.22722 

.93990 

.08676 

-.I5725 

.05551 

-.05417 

.00007 

.I3789 

,00282 

.04557 

-.01732 

.08254 

.00940 

-.05794 

-.26358 

.05720 

-.I2892 

.00340 

-.05571 

-.09793 

-.21120 

.I7623 

-.03373 

.lo002 

.07111 

SDFB 0 

-.28064 

-.32266 

-.32779 

-.I6589 

-.I8500 

-.22031 

.09748 

-.28916 

,17429 

.34465 

-.01657 

.06672 

.01065 

.01546 

.05122 

.26735 

.00069 

,00535 

-.I8086 

-.05287 

.00734 

.03807 

.SO305 

-.00505 

.I2192 

-.00398 

.I2539 

.I5520 

-.I4315 

.29185 

-.04665 

-.00664 

.I1355 

SDFB 1 

-.02504 

-.02425 

.00011 

-.I6536 

.28289 

-.00220 

-.49073 

-.01718 

.04707 

-.lo184 

-.25253 

.04970 

.03812 

-.01057 

.07661 

,57176 

-.00108 

-.08620 

.04735 

-.01738 

.01828 

.02295 

.59832 

-.05510 

,15939 

.00521 

.03335 

.02312 

-.I4608 

-.40969 

.I2889 

-.03762 

-. 1 1661 

SDFB 4 

.I3000 

.I3939 

,11630 

.31663 

,43072 

.08195 

-.02910 

,10598 

-.03179 

-1.23638 

-.08021 

-.03318 

-.04716 

-.00019 

-. 12940 

.08586 

,00026 

-.02900 

.28545 

.02154 

-.01369 

.03269 

-.46324 

-.00632 

-.00505 

.00202 

-.04692 

-.04560 

.38437 

-.27031 

,02628 

-.02804 

-.08997 

SDFB 5 

.03006 

.03237 

.00921 

.02411 

-.00061 

.03481 

-.48260 

-.00564 

.23783 

.00818 

.50879 

.02862 

-.06395 

,00233 

-.03443 

-.I3978 

-.00188 

.07126 

-.01558 

-.01460 

-.01484 

-.02761 

-.36866 

.01258 

-.25033 

-.00704 

-.MI60 

,00132 

.06597 

.26173 

-.07294 

-.02998 

-.01938 

SDFB 6 

.03916 

,08894 

.08831 

,1421 1 

.26765 

.03799 

.30163 

.I2915 

-.48942 

-.lo849 

.00166 

-.Om64 

-.00103 

-.01277 

,03645 

-.63114 

.OW16 

-.08684 

,00022 

.00716 

.01983 

.00603 

.lo145 

-.05547 

.65846 

,00593 

.02831 

-.02850 

-.I4702 

-.52244 

-.03703 

-.01986 

-.03549 
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7. Examining Subsets of the Data 

7.1 Model 4: Harvest Untransformed and Square Root Inflows 

7.1 .I Harvest Untransformed and Square Root Inflows: 1977 Omitted 

N = 3 2  Regression Models for Dependent Variable: BROWN 

Rsq Ad j C IP) AIC MSE SBC Variables in Model 
In Rsq 

1 0.21397 0 .18777 1.210 421.5 494388 424.4 SQRT-QMA 

1 0.08472 0 . 0 5 4 2 1  6 .013  426.4 575685 429.3 SQRT-QSO 

1 0.03684 0.00474 7.792 428.0 605797 430.9 SQRT-QJF 

1 0 . 0 2 6 1 2  - .00634 8 . 1 9 1  428.3 6 1 2 5 4 1  431.3 SQRT-QMJ 

2 0 .32291 0 .27621 -0.038 418.7 440557 423 .1  SQRT-QMA SQRT-QSO 

2 0 .25326 0 .20176 1.750 421.8 485874 426.2 SORT-QJF SQRT-QSO 

2 0.24478 0 .19269 2 .065  422.2 4 9 1 3 9 1  426 .6  SQRT-QJF SQRT-QMA 

2 0 .23850 0.18598 2.298 422.5 495476 426.9 SQRT-QMA SQRT-QND 

............................................................................... 
3 0.32614 0.25394 1.042 420.6 454113 426.4 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.32399 0.25156 1 . 1 2 1  420.7 455558 426.5 SQRT-QMA SQRT-QJA SQRT-QSO 

3 0 .32339 0 .25089 1.144 420.7 455966 426 .6  SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.32313 0 .25061 1 . 1 5 3  420.7 456140 426.6 SQRT-QMA SQRT-QSO SQRT-QND 

4 0 .32698 0.22728 3 .010  422.5 470340 429.9 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

4 0 .32631 0 .22650 3 .035  422.6 4 7 0 8 1 1  429.9 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.32623 0 .22641 3.038 422 .6  470868 429.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.32434 0 .22424 3 .108  422.6 472188 430.0 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0 .32726 0.19788 5.000 424.5 488232 433.3 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.32698 0.19756 5 .010  424.5 488429 433.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0 .32640 0 .19686 5 .032  424.5 488856 433.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0 .32448 0.19457 5 .103  424 .6  4 9 0 2 5 1  433.4 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

6 0 .32726 0 . 1 6 5 8 0  7 .000  426.5 5 0 7 7 6 1  436.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SORT-QND 



7.2 Model 5: Square Root Variables 

7.2.1 Square Root Variables: 1968 Omitted 

N = 32 Regression Models for Dependent Variable: SQRT-BSH 

Rsq Ad j C (PI AIC MSE SBC Variables in Model 
In Rsq 

1 0.10649 0.07670 1.663 167.9 178.78 170.8 SQRT-QJF 

1 0.10566 0.07585 1.690 167.9 178.94 170.9 SQRT-QMA 

1 0.06949 0.03848 2.891 169.2 186.18 172.1 SQRT-QMJ 

1 0.05067 0.01903 3.515 169.8 189.94 172.8 SQRT-QSO 

...................................................................... 
2 0.22126 0.16755 -0.148 165.5 161.19 169.9 SQRT-QJF SQRT-QSO 

2 0.18384 0.12755 1.095 167.0 168.93 171.4 SQRT-QMA SQRT-QSO 

2 0.15878 0.10076 1.927 168.0 174.12 172.4 SQRT-QMA SQRT-QND 

2 0.14078 0.08152 2.524 168.6 177.84 173.0 SQRT-QJF SQRT-QND 

3 0.23546 0.15354 1.381 166.9 163.90 172.8 SQRT-QJF SQRT-QMJ SQRT-QSO 

3 0.22790 0.14517 1.632 167.2 165.52 173.1 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.22188 0.13851 1.832 167.5 166.81 173.3 SQRT-QJF SQRT-QSO SQRT-QND 

3 0.22127 0.13784 1.852 167.5 166.94 173.4 SQRT-QJF SQRT-QJA SQRT-QSO 

4 0.24172 0.12939 3.173 168.6 168.58 176.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.23690 0.12384 3.333 168.8 169.65 176.2 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.23576 0.12254 3.371 168.9 169.90 176.2 SQRT-QJF SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.23370 0.12017 3.439 169.0 170.36 176.3 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.24614 0.10117 5.026 170.5 174.04 179.2 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.24226 0.09655 5.155 170.6 174.93 179.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.23746 0.09082 5.315 170.8 176.04 179.6 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.23372 0.08636 5.439 171.0 176.91 179.8 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

---------------------------------------------------------*-------------------------------------- 

6 0.24693 0.06620 7.000 172.4 180.81 182.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.2.2 Square Root Variables: 1971 Omitted 

N = 32 Regression Models for Dependent Variable: SQRT-BSH 

m q  ~d j C (p) AIC MSE SBC Variables in Model 
1n RSq 

1 0.16200 0.13407 4.785 166.7 172.46 169.7 SQRT-QSO 

1 0.08065 0.05000 7.968 169.7 189.20 172.6 SQRT-QMA 

1 0.04103 0.00906 9.518 171.1 197.36 174.0 SQRT-QJA 

1 0.01737 -.01538 10.443 171.8 202.22 174.8 SQRT-QMJ 

2 0.27771 0.22790 2.258 164.0 153.77 168.4 SQRT-QMA SQRT-QSO 

2 0.27217 0.22198 2.475 164.2 154.95 168.6 SQRT-QJF SQRT-QSO 

2 0.21551 0.16141 4.692 166.6 167.01 171.0 SQRT-QMJ SQRT-QSO 

2 0.19659 0.14118 5.432 167.4 171.04 171.8 SQRT-QJA SQRT-QSO 

............................................................................... 
3 0.34524 0.27509 1.616 162.8 144.37 168.7 SQRT-QMA SQRT-QJA SQRT-QSO 

3 0.31632 0.24307 2.748 164.2 150.75 170.1 SQRT-QJF SQRT-QJA SQRT-QSO 

3 0.29616 0.22075 3.536 165.2 155.20 171.0 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.29259 0.21680 3.676 165.3 155.98 171.2 SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.35778 0.26263 3.126 164.2 146.85 171.6 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

4 0.34550 0.24853 3.606 164.8 149.66 172.2 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.34547 0.24850 3.607 164.8 149.67 172.2 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.33245 0.23356 4.117 165.5 152.65 172.8 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.36092 0.23802 5.003 166.1 151.76 174.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.35785 0.23436 5.123 166.2 152.48 175.0 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.34577 0.21995 5.596 166.8 155.35 175.6 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.33352 0.20535 6.075 167.4 158.26 176.2 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.36099 0.20763 7.000 168.1 157.81 178.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 



7.23 Square Root Variables: 1977 Omitted 

N = 32 Regression Models for Dependent Variable: SQRT-BSH 

Rs q Adj C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.14293 0.11437 3.382 169.8 189.51 172.7 SQRT-QMA 

1 0.13406 0.10520 3.707 170.1 191.47 173.0 SQRT-QSO 

1 0.03059 -.00172 7.496 173.7 214.35 176.6 SQRT-QMJ 

1 0.00720 -.02590 8.352 174.5 219.52 177.4 SQRT-QJF 

2 0.30169 0.25354 -0.431 165.2 159.73 169.6 SQRT-QMA SQRT-QSO 

2 0.24379 0.19164 1.689 167.8 172.97 172.1 SQRT-QJF SQRT-QSO 

2 0.20770 0.15306 3.011 169.2 181.23 173.6 SQRT-QMJ SQRT-QSO 

2 0.20196 0.14692 3.221 169.5 182.54 173.9 SQRT-QJF SQRT-QMA 

............................................................................... 
3 0.31125 0.23746 1.219 166.8 163.17 172.6 SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.30795 0.23381 1.340 166.9 163.95 172.8 SQRT-QMA SQRT-QSO SQRT-QND 

3 0.30244 0.22770 1.542 167.2 165.26 173.0 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.30182 0.22701 1.564 167.2 165.40 173.1 SQRT-QMA SQRT-QJA SQRT-QSO 

........................................................................................ 
4 0.31713 0.21597 3.004 168.5 167.77 175.8 SQRT-QMA SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.31160 0.20962 3.206 168.7 169.13 176.1 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.31128 0.20925 3.218 168.8 169.20 176.1 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.30857 0.20613 3.317 168.9 169.87 176.2 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

5 0.31722 0.18592 5.001 170.5 174.20 179.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.31715 0.18583 5.003 170.5 174.22 179.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.31164 0.17926 5.205 170.7 175.62 179.5 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.30890 0.17599 5.305 170.9 176.32 179.7 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

6 0.31723 0.15337 7.000 172.5 181.16 182.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.2.4 Square Root Variables: 1992 Omitted 

N = 32 Regression Models for Dependent Variable: SQRT-BSH 

m q  Ad j C (P) AIC MSE SBC Variables in Model 
In Rsq 

1 0.13297 0.10407 -0.244 167.2 174.84 170.1 SQRT-QSO 

1 0.02491 -.00759 3.215 170.9 196.63 173.9 SQRT-QMA 

1 0.01948 -.Ox320 3.389 171.1 197.72 174.0 SQRT-QJF 

1 0.00841 -.02464 3.743 171.5 199.96 174.4 SQRT-QMJ 

...................................................................... 
2 0.19052 0.13469 -0.0866 167.0 168.86 171.4 SQRT-QMA SQRT-QSO 

2 0.17236 0.11528 0.495 167.7 172.65 172.1 SQRT-QMJ SQRT-QSO 

2 0.17145 0.11431 0.524 167.7 172.84 172.1 SORT-QJF SQRT-QSO 

2 0.15417 0.09584 1.077 168.4 176.44 172.8 SQRT-QSO SQRT-QND 

............................................................................... 
3 0.21418 0.12998 1.156 168.0 169.78 173.9 SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.20193 0.11643 1.548 168.5 172.43 174.4 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.19084 0.10414 1.903 169.0 174.82 174.8 SQRT-QMA SQRT-QSO SQRT-QND 

3 0.19065 0.10394 1.909 169.0 174.86 174.8 SQRT-QMA SQRT-QJA SQRT-QSO 

........................................................................................ 
4 0.21813 0.10229 3.030 169.9 175.19 177.2 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.21530 0.09905 3.120 170.0 175.82 177.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.21420 0.09778 3.155 170.0 176.07 177.4 SQRT-QMA SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.20215 0.08395 3.541 170.5 178.76 177.8 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

5 0.21901 0.06882 5.001 171.8 181.72 180.6 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.21814 0.06779 5.029 171.9 181.92 180.7 SQRT-QJF SQRT-QMA SQRT-QMJ SORT-QSO 

SQRT-QND 

5 0.21535 0.06445 5.119 172.0 182.57 180.8 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.20333 0.05012 5.503 172.5 185.37 181.3 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.21905 0.03162 7.000 173.8 188.98 184.1 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.25 Square Root Variables: 1968 and 1971 Omitted 

N = 31 Regression Models for Dependent Variable: SQRT-BSH 

Rsq Ad j C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.09723 0.06610 4.790 161.4 171.39 164.3 SQRT-QJF 

1 0.09626 0.06509 4.824 161.4 171.57 164.3 SQRT-QMA 

1 0.07083 0.03879 5.720 162.3 176.40 165.2 SQRT-QSO 

1 0.04932 0.01654 6.477 163.0 180.48 165.9 SQRT-QMJ 

...................................................................... 
2 0.23713 0.18264 1.864 158.2 150.00 162.5 SQRT-QJF SQRT-QSO 

2 0.19590 0.13846 3.316 159.8 158.11 164.1 SQRT-QMA SQRT-QSO 

2 0.18093 0.12243 3.843 160.4 161.05 164.7 SQRT-QMA SQRT-QJA 

2 0.16338 0.10362 4.461 161.0 164.50 165.3 SQRT-QJF SQRT-QJA 

3 0.29629 0.21810 1.780 157.7 143.49 163.4 SQRT-QJF SQRT-QJA SQRT-QSO 

3 0.27363 0.19293 2.578 158.7 148.11 164.4 SQRT-QMA SQRT-QJA SQRT-QSO 

3 0.24314 0.15904 3.652 159.9 154.33 165.7 SQRT-QJF SQRT-QMJ SQRT-QSO 

3 0.24219 0.15799 3.686 160.0 154.52 165.7 SQRT-QJF SQRT-QMA SQRT-QSO 

4 0.31075 0.20471 3.271 159.0 145.95 166.2 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

4 0.29914 0.19132 3.680 159.5 148.41 166.7 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.29646 0.18822 3.774 159.7 148.97 166.8 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

4 0.27674 0.16547 4.469 160.5 153.15 167.7 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.31560 0.17872 5.100 160.8 150.72 169.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.31337 0.17605 5.179 160.9 151.21 169.5 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.29937 0.15924 5.672 161.5 154.29 170.1 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.27678 0.13214 6.467 162.5 159.27 171.1 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.31845 0.14807 7.000 162.7 156.34 172.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.2.6 Square Root Variables: 1968 and 1977 Omitted 

N = 31 Regression Models for Dependent Variable: SQRT-BSH 

Rs q Adj C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.17639 0.14799 -0.274 161.2 170.45 164.1 SQRT-QMA 

1 0.11280 0.08221 1.789 163.5 183.61 166.4 SQRT-QJF 

1 0.06939 0.03730 3.198 165.0 192.60 167.9 SQRT-QMJ 

1 0.05335 0.02071 3.718 165.5 195.92 168.4 SQRT-QSO 

2 0.24032 0.18606 -0.349 160.7 162.84 165.0 SQRT-QMA SQRT-QSO 

2 0.22304 0.16754 0.212 161.4 166.54 165.7 SQRT-QJF SQRT-QSO 

2 0.19049 0.13267 1.268 162.7 173.52 167.0 SQRT-QMA SQRT-QND 

2 0.18319 0.12485 1.505 163.0 175.08 167.3 SQRT-QMA SQRT-QMJ 

............................................................................... 
3 0.25329 0.17032 1.230 162.2 165.98 167.9 SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.25102 0.16780 1.304 162.3 166.49 168.0 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.24227 0.15808 1.588 162.6 168.43 168.4 SQRT-QMA SQRT-QSO SQRT-QND 

3 0.24063 0.15625 1.641 162.7 168.80 168.4 SQRT-QMA SQRT-QJA SQRT-QSO 

4 0.26002 0.14617 3.012 163.9 170.82 171.1 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.25462 0.13995 3.187 164.1 172.06 171.3 SQRT-QMA SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.25358 0.13874 3.221 164.2 172.30 171.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.25120 0.13600 3.298 164.3 172.85 171.4 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

177.59 174.5 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

177.61 174.5 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

178.91 174.7 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

179-72 174.9 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

6 0.26039 0.07549 7.000 167.9 184.96 177.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.2.7 Square Root Variables: 1968 and 1992 Omitted 

N = 31 Regression Models for Dependent Variable: SQRT-BSH 

Rsq Adj C (p) AIC MSE SBC variables in Model 
1n Rsq 

1 0.05123 0.01851 0.973 162.6 178.40 165.5 SQRT-QSO 

1 0.03494 0.00166 1.453 163.2 181.46 166.0 SQRTQMA 

1 0.03353 0.00021 1.495 163.2 181.73 166.1 SQRT-QMJ 

1 0.02244 -.01127 1.822 163.6 183.81 166.4 SQRT-QJP 

...................................................................... 
2 0.15184 0.09126 0.00663 161.2 165.18 165.5 SQRT-QJF SQRT-QSO 

2 0.11030 0.04674 1.232 162.6 173.27 166.9 SQRT-QMA SQRT-QSO 

2 0.10023 0.03596 1.528 163.0 175.23 167.3 SQRT-QMJ SQRT-QSO 

2 0.07720 0.01128 2.207 163.8 179.71 168.1 SQRT-QMA SQRT-QND 

............................................................................... 
3 0.16505 0.07227 1.617 162.7 168.63 168.4 SQRT-QJF SQRT-QMJ SQRT-QSO 

3 0.15863 0.06515 1.806 162.9 169.92 168.6 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.15666 0.06295 1.865 163.0 170.32 168.7 SQRT-QJF SQRT-QSO SQRT-QND 

3 0.15184 0.05760 2.007 163.2 171.29 168.9 SQRT-QJF SQRT-QJA SQRT-QSO 

4 0.17657 0.04989 3.277 164.2 172.70 171.4 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.17154 0.04409 3.426 164.4 173.75 171.6 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.16820 0.04023 3.524 164.6 174.45 171.7 SQRT-QJF SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.16609 0.03779 3.587 164.6 174.89 171.8 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

................................................................................................ 
5 0.18552 0.02262 5.014 165.9 177.65 174.5 SORT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.17661 0.01194 5.276 166.2 179.59 174.8 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.17184 0.00621 5.417 166.4 180.64 175.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.16980 0.00376 5.477 166.5 181.08 175.1 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.18598 -.01752 7.000 167.9 184.95 177.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.2.8 Square Root Variables: 1971 and 1977 Omitted 

N = 31 Regression Models for Dependent Variable: SQRT-BSH 

Rsq Ad j C (P) AIC MSE SBC Variables in Model 
In Rs q 

1 0.16556 0.13679 6.242 162.5 177.62 165.4 SQRT-QSO 

1 0.13265 0.10274 7.553 163.7 184.63 166.6 SQRT-QMA 

1 0.04367 0.01069 11.098 166.7 203.57 169.6 SQRT-QJA 

1 0.01728 -.01661 12.149 167.6 209.19 170.4 SQRT-QMJ 

...................................................................... 
2 0.32136 0.27288 2.035 158.1 149.62 162.4 SQRT-QMA SQRT-QSO 

2 0.27208 0.22009 3.998 160.3 160.48 164.6 SORT-QJF SQRT-QSO 

2 0.21877 0.16296 6.122 162.5 172.24 166.8 SQRT-QMJ SQRT-QSO 

2 0.20609 0.14938 6.627 163.0 175.03 167.3 SQRT-QJA SQRT-QSO 

............................................................................... 
3 0.38071 0.31191 1.671 157.3 141.59 163.0 SQRT-QMA SQRT-QJA SQRT-QSO 

3 0.32601 0.25112 3.850 159.9 154.10 165.6 SQRT-QMA SQRT-QSO SQRT-QND 

3 0.32535 0.25039 3.876 159.9 154.24 165.6 SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.32276 0.24751 3.979 160.0 154.84 165.8 SQRT-QJF SQRT-QMA SQRT-QSO 

4 0.38934 0.29539 3.327 158.8 144.99 166.0 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.38620 0.29177 3.452 159.0 145.73 166.2 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.38122 0.28602 3.650 159.2 146.91 166.4 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

4 0.33605 0.23390 5.450 161.4 157.64 168.6 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.39605 0.27526 5.060 160.5 149.13 169.1 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.38969 0.26763 5.313 160.8 150.70 169.4 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.38787 0.26544 5.386 160.9 151.15 169.5 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.33739 0.20487 7.396 163.4 163.61 172.0 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.39755 0.24694 7.000 162.4 154.96 172.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.2.9 Square Root Variables: 1971 and 1992 Omitted 

N = 31 Regression Models for Dependent Variable: SQRT-BSH 

Rsq Ad j C (P) AIC MSE SBC Variables in Model 
In Rsq 

1 0.16606 0.13730 1.508 159.6 161.58 162.4 SQRT-QSO 

1 0.05354 0.02090 5.354 163.5 183.39 166.4 SQRT-QJA 

1 0.03073 -.00269 6.134 164.2 187.80 167.1 SQRT-QJF 

1 0.01827 -.01558 6.560 164.6 190.22 167.5 SQRT-QMA 

2 0.21538 0.15934 1.822 159.7 157.46 164.0 SQRT-QMA SQRT-QSO 

2 0.21161 0.15530 1.950 159.8 158.21 164.1 SQRT-QJA SQRT-QSO 

2 0.20136 0.14431 2.301 160.2 160.27 164.5 SQRT-QJF SQRT-QSO 

2 0.18966 0.13178 2.701 160.7 162.62 165.0 SQRT-QMJ SQRT-QSO 

............................................................................... 
3 0.28589 0.20654 1.411 158.8 148.62 164.5 SQRT-QMA SQRT-QJA SQRT-QSO 

3 0.24999 0.16666 2.639 160.3 156.09 166.0 SQRT-QJF SQRT-QJA SQRT-QSO 

3 0.24435 0.16039 2.831 160.5 157.26 166.2 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.22839 0.14266 3.377 161.2 160.58 166.9 SQRT-QMA SQRT-QMJ SQRT-QSO 

........................................................................................ 
4 0.29435 0.18579 3.122 160.4 152.50 167.6 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

4 0.28657 0.17681 3.388 160.7 154.18 167.9 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.28593 0.17608 3.410 160.8 154.32 167.9 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

4 0.26865 0.15613 4.001 161.5 158.06 168.7 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

5 0.29788 0.15745 5.002 162.2 157.81 170.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.29443 0.15332 5.119 162.4 158.58 171.0 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.28660 0.14392 5.387 162.7 160.34 171.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.26962 0.12355 5.967 163.5 164.16 172.1 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

6 0.29792 0.12240 7.000 164.2 164.37 174.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 



7.2.10 Square Root Variables: 1977 and 1992 Omitted 

N = 31 Regression Models for Dependent Variable: SQRT-BSH 

Rsq Ad j C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.13781 0.10808 1.181 162.9 179.69 165.7 SQRT-QSO 

1 0.05996 0.02754 3.726 165.5 195.91 168.4 SQRT-QMA 

1 0.02425 -.00940 4.893 166.7 203.35 169.6 SQRT-QJF 

1 0.00813 -.02607 5.420 167.2 206.71 170.1 SQRT-QMJ 

...................................................................... 
2 0.24501 0.19109 -0.323 160.7 162.96 165.0 SQRT-QMA SQRT-QSO 

2 0.17653 0.11771 1.916 163.4 177.75 167.7 SQRT-QMJ SQRT-QSO 

2 0.17089 0.11166 2.100 163.6 178.96 167.9 SQRT-QJF SQRT-QSO 

2 0.15541 0.09508 2.606 164.2 182.31 168.5 SQRT-QSO SQRT-QND 

3 0.25382 0.17092 1.389 162.4 167.03 168.1 SQRT-QMA SQRT-QMJ SQRT-QSO 

3 0.25308 0.17009 1.413 162.4 167.19 168.1 SQRT-QMA SQRT-QSO SQRT-QND 

3 0.25307 0.17008 1.414 162.4 167.20 160.1 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.24544 0.16160 1.663 162.7 168.90 168.5 SQRT-QMA SQRT-QJA SQRT-QSO 

........................................................................................ 
4 0.26139 0.14776 3.142 164.1 171.69 171.2 SQRT-QMA SQRT-QMJ SQRT-QSO SQRT-QND 

4 0.26112 0.14745 3.151 164.1 171.76 171.2 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.25802 0,14387 3.252 164.2 172.48 171.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

4 0.25406 0.13929 3.382 164.4 173.40 171.5 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

5 0.26568 0.11882 5.002 165.9 177.52 174.5 SORT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.26191 0.11429 5.125 166.0 178.44 174.6 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.26140 0.11368 5.141 166.1 178.56 174.7 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.25804 0.10965 5.251 166.2 179.37 174.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

................................................................................................ 
6 0.26573 0.08216 7.000 167.9 184.91 177.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.3 Model 6: Logged and Square Root Variables 

7.3.1 Logged and Square Root Variables: 1968 Omitted 

N = 32 Regression Models for Dependent Variable: LN-BSH 

R-square Adj C (PI AIC MSE SBC Variables in Model 
~n mq 

1 0.129443 0.100425 1.9395 16.4562 1.57427 19.3877 LN-QMJ 

1 0.088090 0.057693 3.3617 17.9413 1.64906 20.8727 SQRT-QMA 

1 0.081519 0.050903 3.5877 18.1710 1.66094 21.1025 SQRT-QJF 

1 0.046229 0.014437 4.8014 19.3775 1.72476 22.3090 SQRT-QSO 

2 0.218383 0.164479 0.8808 15.0076 1.46218 19.4048 LN-QMJ SQRT-QSO 

2 0.180958 0.124473 2.1678 16.5042 1.53219 20.9015 SQRT-QJF SQRT-QSO 

2 0.158257 0.100206 2.9486 17.3791 1.57466 21.7763 SQRT-QMA SQRT-QSO 

2 0.157543 0.099443 2.9731 17.4063 1.57599 21.8035 SQRT-QMA LN-QMJ 

............................................................................ 
3 0.263685 0.184795 1.3228 15.0970 1.42663 20.9599 SQRT-QJF LN-QMJ SQRT-QSO 

3 0.255403 0.175625 1.6076 15.4549 1.44267 21.3178 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.241689 0.160442 2.0792 16.0389 1.46924 21.9019 LN-QMJ LN-QJA SQRT-QSO 

3 0.238339 0.156733 2.1944 16.1800 1.47573 22.0429 LN-QMJ SQRT-QSO SORT-QND 

..................................................................................... 
4 0.271622 0.163714 3.0498 16.7502 1.46352 24.0789 SQRT-QJF LN-QMJ LN-QJA SQRT-QSO 

4 0.267158 0.158589 3.2033 16.9457 1.47249 24.2744 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.266434 0.157757 3.2283 16.9773 1.47394 24.3060 SQRT-QJF LN-QMJ SQRT-QSO SQRT-QND 

4 0.261480 0.152070 3.3986 17.1927 1.48389 24.5213 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

5 0.272768 0.132916 5.0104 18.6998 1.51741 27.4942 SQRT-QJF SORT-QMR LN-QMJ LN-QJA 

SQRT-QSO 

5 0.272597 0.132712 5.0163 18.7073 1.51777 27.5017 SQRT-QJF LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.267841 0.127041 5.1799 18.9159 1.52770 27.7103 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.261725 0.119749 5.3902 19.1821 1.54046 27.9765 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.273070 0.098607 7.0000 20.6865 1.57745 30.9466 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



73.2 Logged and Square Root Variables: 1977 Omitted 

N = 32 Regression Models for Dependent Variable: LN-BSH 

&square Ad j C (p) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.310888 0.287917 6.3419 27.6732 2.23519 30.6047 SQRT-QSO 

1 0.044413 0.012560 19.6217 38.1347 3.09952 41.0662 SQRT-QJF 

1 0.044278 0.012420 19.6284 38.1392 3.09996 41.0707 SQRT-QMA 

1 0.015526 -.017289 21.0612 39.0877 3.19322 42.0192 LN-QMJ 

................................................................... 
2 0.396024 0.354371 4.0991 25.4534 2.02660 29.8506 LN-QMJ SQRT-QSO 

2 0.393103 0.351248 4.2447 25.6078 2.03640 30.0050 SQRT-QSO SORT-QND 

2 0.376911 0.333939 5.0516 26.4504 2.09073 30.8476 SQRT-QMA SQRT-QSO 

2 0.321404 0.274604 7.8178 29.1811 2.27698 33.5783 SQRT-QJF SQRT-QSO 

3 0.454850 0.396441 3.1675 24.1742 1.89454 30.0372 LN-QMJ SQRT-QSO SQRT-QND 

3 0.423646 0.361894 4.7226 25.9554 2.00298 31.8183 SQRT-QMA SQRT-QSO SQRT-QND 

3 0.416634 0.354130 5.0720 26.3424 2.02735 32.2053 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.411612 0.348570 5.3223 26.6167 2.04480 32.4796 LN-QMJ LN-QJA SQRT-QSO 

................................................................................... 
4 0.462537 0.382913 4.7844 25.7198 1.93700 33.0485 LN-QMJ LN-QJA SQRT-QSO SQRT-QND 

4 0.461110 0.381274 4.8556 25.8047 1.94215 33.1333 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

4 0.459784 0.379753 4.9216 25.8833 1.94692 33.2119 SQRT-QJF LN-QMJ SQRT-QSO SQRT-QND 

4 0.447270 0.365385 5.5453 26.6161 1.99202 33.9448 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

5 0.492121 0.394452 5.3101 25.9081 1.90078 34.7025 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.470489 0.368659 6.3882 27.2428 1.98175 36.0373 SQRT-QJF LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.466152 0.363489 6.6043 27.5039 1.99798 36.2983 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.455101 0.350313 7.1550 28.1595 2.03933 36.9539 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

................................................................................................ 
6 0.498344 0.377947 7.0000 27.5135 1.95259 37.7737 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRTQSO SQRT-QND 

................................................................................................ 



OBS -MODEL--TYPE--DEPVAR- - M E -  INTERCEP SQRT-QJF SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

1 MODELl 

2 MODELl 

3 MODELl 

4 MODELl 

5 MODELl 

6 MODELl 

7 MODELl 

8 MODELl 

9 MODELl 

10 MODELl 

11 MODELl 

12 MODELl 

13 MODELl 

14 MODELl 

15 MODELl 

16 MODELl 

17 MODELl 

18 MODELl 

19 MODELl 

20 MODELl 

21 MODELl 
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PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 
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PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 
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LN-BSH 

LN-BSH 

LN-BSH 
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LN-BSH 
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LN-BSH 
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LN-BSH 

LN-BSH 

OBS SQRT-QND LN-BSH -IN- -P- -EDF- - MSE- - RSQ- -ADJRSQ- -CP- - AIC- - SBC- 



Parameter Estimates 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter=O Prob > IT1 Inflation 

INTERCEP 1 5.231720 0.98843461 5.293 0.0001 0.00000000 

SQRT-QJF 1 -0.165591 0.13073536 -1.267 0.2170 3.43900351 

SQRT-QMA 1 0.183541 0.15577909 1.178 0.2498 2.70703874 

LN-QMJ 1 0.338537 0.21376845 1.584 0.1258 1.72477161 

LN-QJA 1 -0.126553 0.22724335 -0.557 0.5825 1.27791728 

SQRT-QSO 1 -0.108241 0.03647292 -2.968 0.0065 2.14918232 

SQRT-QND 1 0.160932 0.10962642 1.468 0.1546 1.52119677 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQRT-QJF SQRT-QMA LN-QMJ LN-QJA SQRT-QSO SQRT-QND 

Variable 
Variable DF Label 

INTERCEP 1 Intercept 
SQRT-QJF 1 SQRT (January-February InflOWS) 
SQRT-QMA 1 SQRT (March-April Infl0W~) 
LN-QMJ 1 Ln (May-June Inflows) 
LN-Q JA 1 Ln (July-August Inflows) 
SQRT-QSO 1 SQRT (September-October Inflows) 
SQRT-QND 1 SQRT (November-December Inflows) 



733 Logged and Square Root Variables: 1968 and 1977 Omitted 

N = 31 Regression Models for Dependent Variable: LN-BSH 

R-square Adj C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.126955 0.096850 1.8682 17.0348 1.62770 19.9028 LN-QMJ 

1 0.117360 0.086925 2.1855 17.3737 1.64559 20.2417 SQRT-QMA 

1 0.078803 0.047038 3.4604 18.6991 1.71748 21.5671 SQRT-QJF 

1 0.052798 0.020136 4.3203 19.5621 1.76596 22.4301 SQRT-QSO 

..................................................................... 
2 0.220863 0.165210 0.7630 15.5071 1.50450 19.8090 LN-QMJ SQRT-QSO 

2 0.178704 0.120040 2.1571 17.1406 1.58591 21.4426 SQRT-QMA SQRT-QSO 

2 0.178407 0.119722 2.1669 17.1519 1.58648 21.4538 SQRT-QJF SQRT-QSO 

2 0.169882 0.110588 2.4488 17.4719 1.60295 21.7738 SQRT-QMA LN-QMJ 

............................................................................ 
3 0.261801 0.179779 1.4094 15.8339 1.47825 21.5698 SQRT-QJF LN-QMJ SQRT-QSO 

3 0.258861 0.176512 1.5066 15.9571 1.48413 21.6930 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.239437 0.154930 2.1489 16.7591 1.52303 22.4950 LN-QMJ LN-QJA SQRT-QSO 

3 0.237534 0.152815 2.2118 16.8366 1.52684 22.5725 LN-QMJ SQRT-QSO SQRT-QND 

4 0.269168 0.156732 3.1658 17.5229 1.51978 24.6929 SQRT-QJF LN-QMJ LN-QJA SQRT-QSO 

4 0.266455 0.153602 3.2555 17.6378 1.52542 24.8077 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

4 0.265505 0.152506 3.2869 17.6779 1.52740 24.8479 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.264301 0.151116 3.3267 17.7287 1.52990 24.8987 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

.............................................................................................. 
5 0.271887 0.126265 5.0759 19.4074 1.57469 28.0113 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

5 0.271271 0.125526 5.0962 19.4336 1.57602 28.0375 SQRT-QJF LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.271028 0.125233 5.1043 19.4440 1.57655 28.0479 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.268165 0.121798 5.1989 19.5655 1.58274 28.1694 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.274181 0.092727 7.0000 21.3096 1.63514 31.3475 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 



7.4 Model 7: Harvest Untransformed, and Logged and Square Root Inflows 

7.4.1 Harvest Untransformed, and Logged and Square Root Inflows: 1968 Omitted 

N = 32 Regression Models for Dependent Variable: BROWN 

R-square Adj C (PI AIC MSE SBC Variables in Model 
1n Rsq 

1 0.128706 0.099662 2.5911 423.5 526582 426.4 SQRT-QJF 

1 0.119736 0.090393 2.9060 423.8 532003 426.8 SQRT-QMA 

1 0.061703 0.030426 4.9435 425.9 567076 428.8 LN-QMJ 

1 0.047802 0.016062 5.4316 426.3 575477 429.3 SQRT-QSO 

..................................................................... 
2 0.245813 0.193800 0.4794 420.9 471523 425.3 SQRT-QJF SQRT-QSO 

2 0.203095 0.148136 1.9792 422.7 498231 427.0 SQRT-QMA SQRT-QND 

2 0.196127 0.140687 2.2239 422.9 502587 427.3 SQRT-QMA SQRT-QSO 

2 0.188670 0.132716 2.4857 423.2 507249 427.6 SQRT-QJF SQRT-QND 

3 0.261948 0.182871 1.9129 422.2 477915 428.1 SQRT-QJF LN-QMJ SQRT-QSO 

3 0.255188 0.175387 2.1503 422.5 482292 428.4 SQRT-QJF LN-QJA SQRT-QSO 

3 0.254128 0.174213 2.1875 422.5 482979 428.4 SQRT-QJF SQRT-QSO SQRT-QND 

3 0.251523 0.171329 2.2789 422.6 484666 428.5 SQRT-QJF SQRT-QMA SQRT-QSO 

4 0.273832 0.166252 3.4957 423.7 487635 431.0 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.269734 0.161547 3.6395 423.9 490387 431.2 SQRT-QJF LN-QMJ SQRT-QSO SQRT-QND 

4 0.265894 0.157138 3.7744 424.0 492966 431.4 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.265081 0.156205 3.8029 424.1 493512 431.4 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

.............................................................................................. 
5 0.285333 0.147897 5.0919 425.2 498370 434.0 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.283004 0.145120 5.1737 425.3 499995 434.1 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

SQRT-QND 

5 0.270420 0.130116 5.6155 425.8 508770 434.6 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

5 0.270321 0.129998 5.6189 425.8 508839 434.6 SQRT-QJF LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.287950 0.117058 7.0000 427.0 516407 437.3 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 



7.4.2 Harvest Untransformed, and Logged and Square Root I d o m :  1977 Omitted. 

N = 32 Regression Models for Dependent Variable: BROWN 

R-square Adj C (p) AIC MSE SBC Variables in Model 
In Rsq 

1 0.213971 0.187770 1.5234 421.5 494388 424.4 SQRT-QMA 

1 0.084716 0.054207 6.3782 426.4 575685 429.3 SQRT-QSO 

1 0.040916 0.008946 8.0233 427.9 603234 430.8 LN-QMJ 

1 0.036841 0.004736 8.1764 428.0 605797 430.9 SQRT-QJF 

2 0.322905 0.276209 -0.5682 418.7 440557 423.1 SQRT-QMA SQRT-QSO 

2 0.253257 0.201757 2.0478 421.8 485874 426.2 SQRT-QJF SQRT-QSO 

2 0.244777 0.192693 2.3663 422.2 491391 426.6 SQRT-QJF SQRT-QMA 

2 0.238500 0.185983 2.6021 422.5 495476 426.9 SQRT-QMA SQRT-QND 

.............................................................................. 
3 0.331079 0.259409 1.1248 420.3 450783 426.2 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.327265 0.255186 1.2680 420.5 453353 426.4 SQRT-QMA LN-QJA SQRT-QSO 

3 0.326136 0.253937 1.3104 420.6 454113 426.4 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.323128 0.250606 1.4234 420.7 456140 426.6 SQRT-QMA SQRT-QSO SQRT-QND 

....................................................................................... 
4 0.333298 0.234527 3.0414 422.2 465927 429.5 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.331859 0.232875 3.0955 422.3 466933 429.6 SQRT-QM?l LN-QMJ LN-QJA SQRT-QSO 

4 0.331235 0.232159 3.1189 422.3 467369 429.6 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

4 0.330427 0.231232 3.1492 422.4 467934 429.7 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

5 0.334208 0.206171 5.0073 424.2 483188 433.0 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

5 0.333423 0.205235 5.0367 424.2 483757 433.0 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRTQND 

5 0.332086 0.203641 5.0869 424.3 484727 433.1 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

5 0.330740 0.202036 5.1375 424.3 485704 433.1 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

SQRT-QND 

6 0.334401 0.174657 7.0000 426.2 502369 436.4 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.43 Harvest Untransformed, and Logged and Square Root Inflows: 1992 Omitted. 

N = 32 Regression Models for Dependent Variable: BROWN 

R-square Ad j C (p) AIC MSE SBC Variables in Model 
1n RSq 

1 0.088341 0.057952 -0.0811 421.5 494916 424.5 SQRT-QSO 

1 0.021631 -.010982 1.9619 423.8 531132 426.7 SQRT-QMA 

1 0.015045 -.017786 2.1635 424.0 534707 426.9 LN-QMJ 

1 0.006944 -.026158 2.4116 424.3 539105 427.2 SQRT-QND 

2 0.138805 0.079413 0.3735 421.7 483642 426.1 LN-QMJ SQRT-QSO 

2 0.134887 0.075225 0.4935 421.8 485842 426.2 SQRT-QJF SQRT-QSO 

2 0.134302 0.074599 0.5114 421.9 486171 426.3 SQRT-QMA SQRT-QSO 

2 0.092227 0.029622 1.7999 423.4 509800 427.8 SQRT-QSO SQRT-QND 

.............................................................................. 
3 0.163699 0.074095 1.6111 422.8 486435 428.6 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.161122 0.071242 1.6900 422.9 487934 428.7 SQRT-QJF LN-QMJ SQRT-QSO 

3 0.153866 0.063209 1.9122 423.1 492155 429.0 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.148243 0.056984 2.0844 423.3 495425 429.2 SQRT-QMA LN-QJA SQRT-QSO 

4 0.173757 0.051351 3.3031 424.4 498385 431.7 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.171803 0.049107 3.3629 424.5 499563 431.8 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

4 0.167035 0.043633 3.5090 424.6 502439 432.0 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

4 0.165285 0.041624 3.5625 424.7 503495 432.0 SQRT-QMA L N Q M J  LN-QJA SQRT-QSO 

............................................................................................ 
5 0.181764 0.024411 5.0579 426.1 512538 434.9 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.176428 0.018048 5.2213 426.3 515880 435.1 SQRT-QJF SQRT-QMA LNQMJ LN-QJA 

SQRT-QSO 

5 0.174865 0.016185 5.2692 426.3 516859 435.1 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

SQRT-QND 

5 0.172804 0.013728 5.3323 426.4 518150 435.2 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

6 0.183655 -.012268 7.0000 428.0 531808 438.2 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 



7.4.4 Harvest Untransformed, and Logged and Square Root Inflows: 1968 and 1977 Omitted. 

N = 31 Regression Models for Dependent Variable: BROWN 

R-square Ad j c (PI AIC MSE SBC Variables in Model 
1n Rsq 

1 0.102083 0.071120 -0.2573 408.0 487875 410.8 SQRT-QSO 

1 0.020510 -.a13266 2.1722 410.7 532198 413.5 SQRT-QMA 

1 0.011428 -.022661 2.4427 410.9 537132 413.8 SQRT-QND 

1 0.008288 -.025909 2.5363 411.0 538838 413.9 LN-QMJ 

................................................................... 
2 0.150733 0.090071 0.2938 408.2 477922 412.5 SQRT-QJF SQRT-QSO 

2 0.148064 0.087211 0.3733 408.3 479424 412.6 SQRT-QMA SQRT-QSO 

2 0.139911 0.078476 0.6161 408.6 484012 412.9 LN-QMJ SQRT-QSO 

2 0.104140 0.040150 1.6815 409.9 504142 414.2 SQRT-QSO SQRT-QND 

3 0.169122 0.076802 1.7461 409.6 484891 415.3 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.167601 0.075113 1.7914 409.6 485778 415.4 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.166893 0.074325 1.8125 409.6 486192 415.4 SQRT-QJF LN-QMJ SQRT-QSO 

3 0.164916 0.072129 1.8714 409.7 487345 415.5 SQRT-QMA SQRT-QSO SQRT-QND 

....................................................................................... 
4 0.184923 0.059527 3.2755 411.0 493965 418.1 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.180579 0.054514 3.4049 411.1 496598 418.3 SQRT-QMA LN-QMJ SQRT-QSO SQRT-QND 

4 0.180396 0.054303 3.4103 411.1 496709 418.3 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.176395 0.049687 3.5295 411.3 499133 418.5 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

5 0.193424 0.032108 5.0223 412.6 508366 421.2 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.189499 0.027399 5.1392 412.8 510839 421.4 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

SQRT-QND 

5 0.181922 0.018306 5.3649 413.1 515615 421.7 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

5 0.180794 0.016952 5.3985 413.1 516326 421.7 SQRT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.194174 -.007283 7.0000 414.6 529055 424.6 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.4.5 Harvest Untransformed, and Logged and Square Root Inflows: 1968 and 1992 Omitted. 

N = 3 1  Regression Models for Dependent Variable: BROWN 

R-square Adj C (p) AIC MSE SBC Variables in Model 
1n mq 

1 0.049773 0.017007 0.7954 409.4 511762 412.3 SQRT-QSO 

1 0.030013 -.OD3435 1.3734 410.1 522404 413.0 LN-QMJ 

1 0.026635 -.006929 1.4723 410.2 524223 413.1 SQRT-QMA 

1 0.013116 -.020914 1.8677 410.6 531504 413.5 SQRT-QJF 

2 0.124654 0.062129 0.6051 408.9 488271 413.2 SQRT-QJF SQRT-QSO 

2 0.102683 0.038589 1.2478 409.7 500526 414.0 LN-QMJ SQRT-QSO 

2 0.097290 0.032810 1.4055 409.9 503534 414.2 SQRT-QMA SQRT-QSO 

2 0.088517 0.023412 1.6621 410.2 508427 414.5 SQRT-QMA SQRT-QND 

.............................................................................. 
3 0.143353 0.048170 2.0581 410.2 495537 416.0 SQRT-QJF LN-QMJ SQRT-QSO 

3 0.137308 0.041454 2.2349 410.5 499034 416.2 SQRT-QJF SQRT-QSO SQRT-QND 

3 0.136119 0.040132 2.2697 410.5 499722 416.2 SQRT-QJF LN-QJA SQRT-QSO 

3 0.131221 0.034690 2.4130 410.7 502556 416.4 SQRT-QJF SQRT-QMA SQRT-QSO 

4 0.165079 0.036629 3.4226 411.4 501546 418.6 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.153126 0.022838 3.7722 411.9 508726 419.0 SQRT-QJF LN-QMJ SQRT-QSO SQRT-QND 

4 0.147959 0.016875 3.9234 412.1 511830 419.2 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.147587 0.016446 3.9343 412.1 512053 419.2 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

.............................................................................................. 
5 0.177274 0.012729 5.0659 413.0 513989 421.6 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

SQRT-QND 

5 0.174470 0.009364 5.1479 413.1 515741 421.7 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.154102 -.015078 5.7437 413.8 528466 422.4 SQRT-QJF LN-QMJ LN-QJA SQRTQSO 

SQRT-QND 

5 0.153085 -.016298 5.7734 413.9 529101 422.5 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO 

6 0.179526 -.025593 7.0000 414.9 533940 424.9 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 



7.4.6 Harvest Untraosformed, and Logged and Square Root Inilows: 1977 and 1992 Omitted. 

N = 31 Regression Models for Dependent Variable: BROWN 

R-square Adj C (P) AIC MSE SBC Variables in Model 
In Rsq 

1 0.089499 0.058102 1.8842 409.4 511190 412.3 SQRT-QMA 

1 0.088455 0.057023 1.9173 409.4 511776 412.3 SQRT-QSO 

1 0.015651 -.018292 4.2269 411.8 552651 414.7 LN-QMJ 

1 0.009985 -.024153 4.4066 412.0 555832 414.9 SQRT-QND 

..................................................................... 
2 0.223525 0.168063 -0.3676 406.5 451512 410.8 SQRT-QMA SQRT-QSO 

2 0.138575 0.077045 2.3273 409.7 500909 414.0 LN-QMJ SQRT-QSO 

2 0.137174 0.075543 2.3718 409.7 501724 414.0 SQRT-QJF SQRT-QSO 

2 0.125224 0.062740 2.7508 410.2 508673 414.5 SQRT-QJF SQRT-QMA 

.............................................................................. 
3 0.237473 0.152748 1.1899 407.9 459823 413.6 SQRT-QJF SQRT-QMA SQRT-QSO 

3 0.230042 0.144491 1.4257 408.2 464304 414.0 SQRT-QMA LN-QMJ SQRT-QSO 

3 0.228535 0.142817 1.4735 408.3 465213 414.0 SQRT-QMA LN-QJA SQRT-QSO 

3 0.224003 0.137781 1.6172 408.5 467946 414.2 SQRT-QMA SQRT-QSO SQRT-QND 

4 0.242281 0.125709 3.0374 409.7 474498 416.9 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

4 0.240398 0.123537 3.0971 409.8 475677 417.0 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

4 0.237944 0.120704 3.1750 409.9 477214 417.1 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.231456 0.113219 3.3808 410.2 481277 417.3 SQRT-QMA LNQMJ LN-QJA SQRT-QSO 

............................................................................................ 
5 0.242981 0.091577 5.0152 411.7 493022 420.3 SQRT-QJF SQRT-QMA LN-QJA SQRT-QSO 

SQRT-QND 

5 0.242859 0.091431 5.0191 411.7 493102 420.3 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRTQSO 

5 0.240777 0.088933 5.0851 411.8 494457 420.4 SQRT-QJF SQRT-QMA LN-QMJ SQRT-QSO 

SQRT-QND 

5 0.231957 0.078349 5.3649 412.1 500201 420.7 SORT-QMA LN-QMJ LN-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.243460 0.054325 7.0000 413.7 513240 423.7 SQRT-QJF SQRT-QMA LN-QMJ LN-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 
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1. Summary  Report  

1.1 Description of t he  ~ r o b l e m '  

Bimonthly freshwater inflows into Aransas Bay were recorded for the years 1962 to 1994. These 

variables, and various transformations of them, were used to construct a model for the annual harvest of 
brown shrimp. 

1.2 Constructing Models - General Discussion 

Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this en4 the data must be examined from three points of view: 

individual observations (to detect outliers or influential points); variables, individually and in groups (to 

select an optimal set of predictors); and the interaction of these two, which produces the overall structure of 

the data set (to determine whether multicollinearity is present or not). The first two of these were examined 

by both graphic and quantitative means; the third by quantitative means only. 

12.1 Detecting Influential Points and Outliers 

The structures of individual variables were examined via box plots and histograms, as well as by 

all the usual numerical measures. For each pair of variables, 99 % prediction ellipses and 95% confidence 

ellipses were plotted in a further effort to look for unusual points. For example, suppose large values of 

Variable A are generally associated with large values for Variable B. If an observation consisted of a large 

value for Variable A but a small value for Variable B, that point would be considered unusual, even though 

it was well within the range of data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual indicates a 

point not well-fit by the model. The deleted residual, however, is somewhat more useful in the search for 
influential points. The model is fitted without a given observation, and the predicted response and 

corresponding residual are calculated for that observation. The Studentized deleted residual is scaled to 

have a Student's t distribution. Histograms and nonnal P-P plots of the residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dffits (to measure the influence of a given observation on the predicted response) 

and the Dfbetas (to measure the influence of a given observation on the calculated coefficients) were also 

used to build a general picture of the influence of individual points. Plots were made of the standardized 

Dffits value for each model against the Dfbeta values for each predictor in the model. Points which were 

extreme indicated observations which had strong effects on both predicted values and coefficient estimates. 

1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to look for 

nonlinear relationships between the response variable and individual predictors. Partial residual plots were 
employed to examine the overall relationship between the response and individual predictors. A partial 

' The following discussion, prepared by Jacqueline Kiffe, was taken 6om Seatrout Harvests in Galveston Bay: A 
Regression Analysis, by F. Michael Speed, ST. and Jacqueline Kiffe. 



residual is a corollary to the deleted residual. That is, the model is fitted without a given variable and the 

predicted response and corresponding residual are calculated for each observation. This seeks to answer the 

question, "What is the relationship of this predictor to the response variable, taking all other variables into 

account?" Thus, it examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a given model. 

We examined a number of these, including R* and mean squared error (MSE), and several others which 

directly incorporate penalties for having too many predictors in the model, such as adjusted R ~ ,  C, AIC, 

and SBC. It is well-established that t k  many predictors in a model can lead to bad prediction, just as too 

few can, and these measures are used as part of the attempt to find an optimal model. 

1.23 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by linear 

combinations of the remaining variables, resulting in unstable coefficient estimates. The variance inflation 
factor (VIF) was calculated for each coefficient estimate to measure this instability, which is not usually 

considered profound for VIF's less than 10. No problems were found with this data. Additionally, the 

condition index (a ratio of eigenvalues of the covariance matrix, with the largest eigenvalue always on top) 

was calculated. A ratio greater than 30 is considered cause for concern. Again, no evidence of 

multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox procedure, used to 

find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 
13.1 Selecting the Data Set Used 

First, the variables were explored thoroughly, individually and in pairs, in a first effort to detect 

outliers. The SAS programming language allows a number of diagnostics to be calculated for a group of 

models on a given data set without actually performing a formal regression, thus allowing one to examine a 
large number of models quite efficiently. The Box-Cox procedure was performed to find if a transformation 

to normality was suggested. The log transform was suggested for some variables, and the square root for 

others. At this point, there were several data sets for which the diagnostic series was calculated: 

1. Untransformed data. 

2. Harvest untransformed, and natural log of inflow variables. 

3. All variables logged. 

4. Harvest untransformed, and square root of inflows variables. 

5. All variables square root. 

6. Harvest and inflows variables transformed according to Box-Cox suggestion. 



1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one contained all 

variables in its corresponding data set. All diagnostics were generated, and influential points were 

determined for each model. 

Table 1.1 R-Square and Adjusted R-Square values for the different suggested models. 

Data set 3 presented the highest R' values. However , the models 3, 5 and 6 were considered as 

final candidates. The observations flagged as potentially influential are given in the summary table below, 

for each model. 

Table 1.2 Summary of points flagged by Boxplots. 

Adjusted R 
- 0.0295 

0.0575 

0.2051 

0.0212 

0.1198 

0.1868 

Data Set 

1 

2 

3 

4 

5 

6 

Year Variable 
1968 May-Jun, Sept-Oct, SQRT (Sept-Oct) Inflows. 
1972 Sept-Oct, SQRT (Sept-Oct) Inflows. 
1974 Sept-Oct Inflows. 
1975 Nov-Dec Inflows. 
1976 Jul-Aug, SQRT (Jul-Aug) Inflows. 
1977 Nov-Dec, SQRT (Nov-Dec) Inflows. 
1979 Jul-Aug Inflows. 
1980 Jan-Feb, Jul-Aug, SQRT (Jul-Aug) Inflows. 
1981 May-Jun, Jul-Aug, SQRT (Jul-Aug) Inflows. 
1982 Jan-Feb, Nov-Dec, SQRT (Nov-Dec) Inflows. 
1983 Jul-Aug Inflows. 
1984 Jan-Feb, Sept-Oct Inflows. 
1985 Mar-Apr Inflows. 
1986 NOV-Dec Inflows. 
1990 Jul-Aug, SQRT (Jul-Aug) Inflows. 
1992 Jan-Feb, SQRT (Jan-Feb), Mar-Apr, SQRT (Mar-Apr), May-Juk 

Nov-Dec, SQRT (Nov-Dec) Inflows. 
1993 Jan-Feb, May-Jun, SQRT (Jul-Aug) Inflows. 

R ' 
0.1636 

0.2342 

03542 
0.2048 

0.2849 

03393 



Table 1.3 Summary of points flagged by 99% Prediction Ellipse. 

Year Variable 
1968 Harvest vs. Sept-Oct, Jan-Feb vs. Sept-Oct, Mar-Apr vs. Sept-Oct, 

May-Jun vs. Sept-Oct, Jul-Aug vs. Sept-Oct, Sept-Oct vs. Nov-Dec Inflows. 
1977 Jan-Feb vs. Nov-Dec Inflows. 
1981 May-Jun vs. Jul-Aug Inflows. 
1982 Mar-Apr vs. Nov-Dec Inflows. 
1985 Jan-Feb vs. Mar-Apr, Mar-Apr vs. Nov-Dec Inflows. 
1992 Harvest vs. Jan-Feb, Harvest vs. Mar-Apr, Harvest vs. Nov-Dec, Jan-Feb vs. 

Mar-Apr, Jan-Feb vs. Mar-Apr, Jan-Feb vs. May-Jun, Jan-Feb vs. Jui-Aug, 
Jan-Feb vs. Sept-Oct, Jan-Feb vs. Nov-Dec, Mar-Apr vs. May-Jun, 
Mar-Apr vs. Jul-Aug, Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec, 
May-Jun vs. Nov-Dec, Jul-Aug vs. Nov-Dec, Sept-Oct vs. Nov-Dec Inflows. 

1993 May-Jun vs. Sept-Oct Inflows. 

Table 1.4 Summary of points flagged by diagnostic measures. 

Kev to Abbreviations: 
BOX Box plot SRE Studentized residual 
SDR Studentized deleted residual LEV Leverage value 
MAH Mahalanobis distance COO Cook's distance 
SDF Standardized Dffits value SDB Standardized Dfbeta value 



13.3 Selecting the Final Candidate Models 
After the subset analysis led us to the models: Data Set 3 (all variables loged) 1965 andlor 1968 

omitted; Data Set 5 (all variables square root) 1985 andlor 1992 omitted, Data Set 6 (variables 

transformed according to Box-Cox analysis) 1965 omitted. 

Table 1.5 R-Square and Adjusted R-Square values for the different subsets. 

13.4 Selecting the Final Model 
It is clear that Data Set 3 with 1965 omitted is the best model. Regression was performed using 

this model. and the deleted residuals were calculated. 

Best Candidate Model 

Ln (Brown Shrimp Harvest) = 6.598 + 0.472*Ln (Jan-Feb Inflows) 

- 0.242*Ln (May-Jun Inflows) 

- 0.321 *Ln (Sept-Oct Inflows) 

+ 0.286*Ln (Nov-Dec Inflows) 

Adjusted 
R  

0.273 

R 2  

0.367 

Prob>F 

0.012 



1.4 Best Model: Logged All Variables 

1.4.1 Summary Information 

Descriptive Statistics 

I I Std. I 
Deviation 

Ln (January-February Inflows) 2.8917 
Ln (May-June Inflows) 4.1742 1.4843 
Ln ISeotember-October Inflows) 3.9752 1.6722 - . - - 8  I 1 I 

Ln (November-December Inflows) I 3.01 34 ] 1.3180 ( 32 

Model surnmaeb 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 

b. Method: Enter 

c. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows), Ln (May-June Inflows), Ln (January-February Inflows) 

d. All requested variables entered. 

I I sum of I I Mean I 1 

Adjusted 
R 

Square 

,273 

Model 
1 

, 

R 

.606 

a. Dependent Variable: Ln (Brown Shrimp Hawest) 

Std. Error 
of the 

Estimate 

1.2450 

R 
Square 

.367 

Variables 

b. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows), Ln (May-June Inflows), Ln (January-February 

Durbin- 
Watson 

,793 

Entered 
Ln(November-December 
Inflows), 
Ln(September-October 
Inflows), 
Ln(May-June Inflows), 
Ln(Janu2p-February 

. Inflows) 

Model 

Inflows) 

Removed 

. 

Squares 
24.268 
41 350 
66.118 

1 Regression 
Residual 
Total 

df 
4 

27 
3 1 

Square 
6.067 
1.550 

F 
3.914 

Sig. 
.012" 



a. Dependent Variable: Ln (Brown Shrimp Harvest) 

Residuals Statkt id 

Centered 
Leverage ,018 ,278 ,125 ,066 32 
Value 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 

Standar 
dued 

Coefficie 
nts 

Beta 

,485 

-.246 

-.368 

,259 

t 
7.992 

2.488 

-1.381 

-2.286 

1.462 

Model Sg. 
,000 

,019 

,179 

,030 

,155 

95% Confidence 
Interval for B 

Unstandardhed 
Coefficients 

1 

Lower 
Bound 
4.904 

,083 

-.602 

-.609 

-.I15 

B 
6.598 

,472 

-.242 

-.321 

,286 

(Constant) 
Ln (January-February 
Inflows) 
Ln (May-June Inflows) 
Ln (September-October 
Inflows) 
Ln (November-December 
Infkws) 

Upper 
Bound 
8.292 

361 

,118 

-.033 

,688 

Std. Error 
.826 

,190 

,175 

,140 

,196 
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Table 1.6 Observed, predicted, lower and upper predicted intervals values for brown shrimp harvest. 

a Brown shrimp harvest (thousands of pounds). 
LICI Lower limit for 99% prediction interval for brown shrimp harvest. 
UICI Upper limit for 99% prediction interval for brown shrimp harvest. 

predicteda 

126.58 

596.69 

958.24 

11 17.53 

904.97 

40 1.07 
104.03 

1099.49 

1416.44 

218.72 

237.01 

219.36 

183.72 

538.36 
470.69 

1368.92 

1239.33 

1165.33 

918.15 

357.42 
2352.61 

2289.54 

1653.64 
475.14 

870.64 

1 169.73 
43 1.96 

354.60 

2670.35 

909.30 
2340.04 

1881.07 
699.17 

LICI 

2.89 

14.00 
23.26 

28.26 

23.05 

9.94 

2.10 

24.54 
35.89 

5.37 
5.65 

5.3 1 

4.70 

10.40 

13.11 

34.06 

36.20 

3 1.97 
18.58 

9.29 

56.17 

58.43 

33.19 
13.74 

22.34 

33.10 
11.45 

8.70 

61.33 
23.89 

53.77 
46.07 

19.03 

Year 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 
1970 

1971 

1972 

1973 

1974 

1975 
1976 

1977 

1978 

1979 

1980 

1981 
1982 

1983 

1984 

1985 
1986 

1987 

1988 
1989 

1990 
1991 

1992 
1993 
1994 

UICI 

5539.34 

25432.48 
39480.96 

44190.31 

35529.16 
16183.54 

5152.38 

4926 1.42 
55896.09 

8904.83 

9949.58 

9056.54 
71 78.35 

27858.45 

16894.98 

55018.28 
42431.64 

42479.75 

45364.55 

13749.99 

98541.53 

89713.25 

82399.30 
16432.02 

33933.57 
41 337.32 

16297.35 

1445 1.20 
116268.2 

34610.27 

101829.9 

76801.83 
25687.99 

observeda 

195.70 
76.90 

182.20 

22.65 

482.90 

235.70 
12.70 

162.50 

258.60 

78.90 

137.50 

172.20 

210.90 

486.70 

732.60 
474.00 

659.80 

1427.60 

1010.90 

1744.40 
1916.50 

3122.30 

2789.60 

255 1.70 
2365.10 

3308.90 

2789.90 
1967.10 

3558.10 

4883.30 

1572.50 
2293.10 

3415.20 



From Model and Observed Harvests 

Fig. 1 . 1  Comparative plots of observed values vs. calculated from the regression model. 
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2.2 Test of Normality for Individual Variables 

Tests of Normality 

*. This is an upper bound of the true significance. 

'. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

(September-October 

Novem ber-December 
Inflows 
Ln 
(Novem ber-December 
Inflows) 
SQRT 
(Novem ber-Decem ber 
Inflows) 

.285 

,085 

,185 

33 

33 

33 

,000 

.200° 

. O N  

,641 

,968 

.829 

33 

33 

33 

.O1OM 

,500 

.O1OW 



2 3  Percentiles for Individual Variables 

- 



2.4 Summary Information for Individual Variables 

2.4.1 Summary Information for Brown Shrimp Harvest 

Extreme Values 



Fig. 2.la. Exploratory Plots of Brown Shrimp Harvest. 
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2.4.2 Summary Information for January-February Inflows 

Extreme Values 

Skewness 
Kurtosis 

2.350 
6.076 

.409 
,798 



I January-February Inflows I 

Normal QQ Plot 

of January-February Inilows 

Fig. 2.2a. Exploratory Plots of January-February Inflows. 
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2.43 Summary Information for March-April Inflows 

Extreme Values 

Skewness 
Kurtosis 

3.444 
13.667 

,409 
.798 
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Fig. 2.3a. Exploratory Plots of March-April Inflows. 
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2.4.4 Summary Information for MayJune Inflows 

Extreme Values 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

I 

209.7150 

1.530 
1.097 

,409 
,798 



Fig. 2.4a. Exploratory Plots of May-June Inflows. 
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2.4.5 Summary Information for July-August Inflows 



Fig. 2.5a. Exploratory Plots of July-August Inflows. 
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2.4.6 Summary Information for September-October Inflows 

lnterquartile Range 140.5000 

Skewness 2.950 ,409 
Kurtosis 9.132 ,798 

Extreme Values 



Fig. 2.6a. Exploratory Plots of September-October Inflows. 
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2.4.7 Summary Information for November-December Inflows 

5% Trimmed Mean 

lnterquartile Range 

Skewness 
Kurtosis 

37.2100 

2.307 
4.659 

,409 
.798 



Fig. 2.7a. Exploratory Plots of November-December Inflows. 
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3. Prediction and Confidence Regions 
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Fig. 3.1. Prediction and Confidence Ellipses. 
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Fig. 3.4. Prediction and Confidence Ellipses. 
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4. Box-Cox Analysis 

Table 4.1 Numerical Results. 

QSO Lag 
2940494 

1879081 

1209052 

783815 

512369 

338013 

225267 

151835 

103641 

71753 

50477 

36157 

26439 

19793 

15222 

12075 

9924 

8492 

7603 

7157 

7111 
7476 

8320 

979 1 

12144 

15807 

21485 

30333 

44267 

66477 

102324 

160894 

257694 

419391 

692146 

1156358 

1952868 

3329690 

5725718 

9921147 

17308719 

HARVEST 
1.82E+10 

9.36E+09 

4.83E+09 

2.51E+09 

1.32E+09 

6.98E+08 

3.73E+08 

2.02EM8 

l.llEM8 

61617538 

34950982 

20265086 

12063064 

74 10829 

4727246 

3151410 

2209300 
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1284903 
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93 1753 
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1 144929 
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1524507 

1803963 
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4049524 

5100438 

6486840 

8324825 

10773479 

14051514 

18460609 

QMA Lag 

2 1493 

15955 

11921 

8971 

6803 

5203 

4016 

3131 

2469 

1971 

1594 

1309 

1093 

928 

804 

712 

645 

599 

573 

566 
577 

612 

674 
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932 

1169 

1531 

2085 

2946 

4300 
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9930 
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6663 8 

1 10887 
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QJF Lag 

1309231 
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1503 12 
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12841 

8277 

5469 

3717 

2609 

1900 
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1141 
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826 

757 
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738 

782 

866 
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1191 

1470 

1868 

2437 

3255 
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6173 

8730 
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26948 

4022 1 

60666 

92383 

141914 

219738 

QND Lag 

45695 
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8694 

6424 

4805 

3642 

2801 

2189 
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1411 
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766 
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663 
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759 
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1201 
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114438 
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QMJ Lag 
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1571034 
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1 1203 
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5. Model Choice Diagnostics 

5.1 Untransformed Data 

N = 33 Regression Models for Dependent Variable: BROWN SHRIMP 

R-square Adj C (P) A I C  HSE SBC Variables in Model 
1n mq 

1 0.060780 0.030483 0.1950 476.3 1748973 479.3 QSO-LAG 

1 0.058683 0.028318 0.2602 476.4 1752879 479.4 QJA-LAG 

1 0.031247 -.000003 1.1130 477.3 1803969 480.3 QMA-LAG 

1 0.025543 -.005892 1.2903 477.5 1814591 480.5 QJF-LAG 

.................................................................... 
2 0.114975 0.055973 0.5104 476.3 1702989 480.8 QJA-LAG QSO-LAG 

2 0.093296 0.032849 1.1843 477.1 1744704 481.6 QMA-LAG QJA-LAG 

2 0.088268 0.027486 1.3405 477.3 1754379 481.8 QJF-LAG QSO-LAG 

2 0.084566 0.023537 1.4556 477.5 1761503 481.9 QMA-LAG QSO-LAG 

3 0.142241 0.053507 1.6628 477.3 1707438 483.3 QJF-LAG QJA-LAG QSO-LAG 

3 0.141892 0.053122 1.6737 477.3 1708132 483.3 QUA-LAG QJA-LAG QSO-LAG 

3 0.133899 0.044303 1.9221 477.6 1724043 483.6 QMA-LAG QMJ-LAG QJA-LAG 

3 0.128624 0.038482 2.0861 477.8 1734543 483.8 QJA-LAG QSO-LAG QND-LAG 

4 0.155396 0.034739 3.2539 478.8 1741296 486.3 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

4 0.151221 0.029967 3.3837 479.0 1749904 486.4 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

4 0.147652 0.025888 3.4946 479.1 1757262 486.6 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

4 0.143222 0.020825 3.6324 479.3 1766396 486.7 QMA-LAG QJA-LAG QSO-LAG QND-LAG 

............................................................................................ 
5 0.163552 0.008654 5.0004 480.5 1788351 489.5 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG 

5 0.157287 0.001229 5.1952 480.7 1801747 489.7 QMA-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.151345 -.005813 5.3798 481.0 1814449 489.9 QJF-LAG QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 

5 0.147663 -.010177 5.4943 481.1 1822322 490.1 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

6 0.163565 -.a29459 7.0000 482.5 1857105 492.9 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



5.2 Logged Inflows 

N = 33 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  BROWN S H R I M P  

R-square A d j  C ( P )  A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
1n Rsq 

1 0.081280 0.051644 2.1913 475.6 1710799 478.6 LN-QMA 

1 0.076469 0.046677 2.3547' 475.7 1719759 478.7 LN-QJF 

1 0.042425 0.011536 3.5105 476.9 1783153 479.9 LN-QND 

1 0.041395 0.010472 3.5455 477.0 1785072 480.0 LN-QJA 

................................................................... 
2 0.146374 0.089465 1.9814 475.1 1642571 479.6 LN-QJF LN-QSO 

2 0.140359 0.083050 2.1856 475.4 1654144 479.9 LN-QMA LN-QMJ 

2 0.112816 0.053670 3.1207 476.4 1707144 480.9 LN-QJF LN-QMJ 

2 0.112187 0.053000 3.1420 476.4 1708354 480.9 LN-QMA LN-QSO 

.......................................................................... 
3 0.177606 0.092531 2.9210 475.9 1637041 481.9 LN-QJF LN-QMA LN-QMJ 

3 0.171608 0.085913 3.1246 476.2 1648980 482.1 LN-QJF LN-QMJ LN-QSO 

3 0.164142 0.077674 3.3781 476.4 1663843 482.4 LN-QJF LN-QSO LN-QND 

3 0.160517 0.073674 3.5012 476.6 1671058 482.6 LN-QMA LN-QMJ LN-QJA 

4 0.205786 0.092327 3.9642 476.8 1637408 484.2 LN-QJF LN-QMA LN-QMJ LN-QSO 

4 0.194159 0.079039 4.3590 477.2 1661380 484.7 LN-QJF LN-QMA LN-QMJ LN-QJA 

4 0.191960 0.076526 4.4337 477.3 1665913 484.8 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.190696 0.075082 4.4766 477.4 1668519 484.9 LN-QJF LN-QMJ LN-QJA LN-QSO 

5 0.219129 0.074523 5.5113 478.2 1669526 487.2 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.216890 0.071870 5.5873 478.3 1674312 487.3 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.216182 0.071030 5.6113 478.3 1675827 487.3 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.201296 0.053388 6.1167 478.9 1707654 487.9 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

---------------------------------------------------------*------------------------------------ 

6 0.234188 0.057462 7.0000 479.6 1700304 490.0 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.3 Logged All Variables 

N = 33 Regression Models for Dependent Variable: LN (BROWN SHRIMP1 

R-square Ad j C (P) A I C  MSE S B C  Variables in Model 
1n RS q 

1 0.142077 0.114402 5.5379 27.0999 2.14367 30.0929 LN-QND 

1 0.118155 0.089708 6.5010 28.0075 2.20344 31.0005 LN-QJF 

1 0.115608 0.087079 6.6035 28.1026 2.20980 31.0957 LN-QMA 

1 0.068855 0.038818 8.4856 29.8026 2.32662 32.7956 LN-QJA 

................................................................... 
2 0.210140 0.157483 4.7978 26.3721 2.03938 30.8617 LN-QJA LN-QND 

2 0.200266 0.146950 5.1953 26.7821 2.06488 31.2717 LN-QSO LN-QND 

2 0.183635 0.129211 5.8649 27.4613 2.10782 31.9509 LN-QMA LN-QND 

2 0.177886 0.123079 6.0963 27.6929 2.12266 32.1824 LN-QJF LN-QND 

3 0.263360 0.187155 4.6554 26.0702 1.96756 32.0562 LN-QJA LN-QSO LN-QND 

3 0.255473 0.178453 4.9728 26.4216 1.98862 32.4077 LN-QMA LN-QMJ LN-QND 

3 0.251733 0.174326 5.1234 26.5870 1.99861 32.5730 LN-QJF LN-QSO LN-QND 

3 0.246204 0.168225 5.3460 26.8299 2.01338 32.8160 LN-QMJ LN-QJA LN-QND 

................................................................................. 
4 0.308738 0.209986 4.8285 25.9720 1.91230 33.4546 LN-QMA LN-QMJ LN-QJA LN-QND 

4 0.289622 0.188139 5.5981 26.8722 1.96518 34.3548 LN-QJF LN-QMJ LN-QJA LN-QND 

4 0.289060 0.187497 5.6207 26.8983 1.96673 34.3809 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.286860 0.184983 5.7093 27.0003 1.97282 34.4828 LN-QJF LN-QMJ LN-QSO LN-QND 

........................................................................................ 
5 0.339206 0.216836 5.6020 26.4845 1.89571 35.4636 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.327001 0.202371 6.0933 27.0885 1.93073 36.0675 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

5 0.325767 0.200909 6.1430 27.1489 1.93427 36.1280 LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.311871 0.184440 6.7024 27.8221 1.97413 36.8012 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

6 0.354159 0.205118 7.0000 27.7292 1.92408 38.2047 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.4 Square Root Inflows 

N = 33 Regression Models for Dependent Variable: BROWN SHRIMP 

RSq Ad j C (p) AIC MSE SBC Variables in Model 
1n mq 

1 0.06161 0.03134 1.680 476.3 1747428 479.3 SQRT-QMA 

1 0.05481 0.02432 1.902 476.5 1760089 479.5 SQRT-QSO 

1 0.04658 0.01582 2.171 476.8 1775417 479.8 SQRT-QJF 

1 0.04531 0.01451 2.213 476.8 1777788 479.8 SQRT-QJA 

...................................................................... 
2 0.12213 0.06361 1.701 476.1 1689212 480.6 SQRT-QJF SQRT-QSO 

2 0.11685 0.05798 1.874 476.3 1699375 480.8 SQRT-QMA SQRT-QMJ 

2 0.10790 0.04842 2.166 476.6 1716610 481.1 SQRT-QMA SQRT-QSO 

2 0.09949 0.03946 2.441 476.9 1732779 481.4 SQRT-QJA SQRT-QSO 

............................................................................... 
3 0.16052 0.07367 2.446 476.6 1671058 482.6 SQRT-QMA SQRT-QMJ SQRT-QJA 

3 0.15679 0.06957 2.568 476.7 1678467 482.7 SQRT-QJF SQRT-QJA SQRT-QSO 

3 0.14376 0.05519 2.994 477.2 1704409 483.2 SQRT-QMA SQRT-QJA SQRT-QSO 

3 0.14097 0.05210 3.085 477.4 1709975 483.3 SQRT-QJA SQRT-QSO SQRT-QND 

........................................................................................ 
4 0.17655 0.05891 3.922 478.0 1697686 485.4 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.17555 0.05777 3.955 478.0 1699749 485.5 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

4 0.17406 0.05607 4.003 478.1 1702808 485.5 SQRT-QJF SORT-QMJ SQRT-QJA SQRT-QSO 

4 0.17084 0.05238 4.109 478.2 1709464 485.7 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

5 0.20037 0.05229 5.143 479.0 1709629 488.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.19251 0.04298 5.400 479.3 1726434 488.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.18267 0.03131 5.722 479.7 1747487 488.7 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.17820 0.02602 5.868 479.9 1757029 488.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

................................................................................................ 
6 0.20475 0.02123 7.000 480.8 1765671 491.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



5.5 Square Root All Variables 

N = 33 Regression Models for Dependent Variable: SQRT (BROWN SHRIMP) 

-4 Ad j C (PI AIC MSE SBC Variables in Model 
1n RS q 

1 0.08661 0.05715 4.207 195.5 352.68 198.5 SQRT-QJF 

1 0.08583 0.05634 4.236 195.5 352.98 198.5 SQRT-QMA 

1 0.06285 0.03262 5.071 196.3 361.85 199.3 SQRT-QJA 

1 0.05802 0.02763 5.246 196.5 363.72 199.5 SQRT-QSO 

...................................................................... 
2 0.17381 0.11873 3.037 194.2 329.64 198.7 SQRT-QJF SQRT-QSO 

2 0.14120 0.08395 4.222 195.5 342.65 200.0 SQRT-QMA SQRT-QMJ 

2 0.13628 0.07869 4.401 195.7 344.62 200.1 SQRT-QJF SQRT-QJA 

2 0.13537 0.07773 4.434 195.7 344.98 200.2 SQRT-QMA SQRT-QJA 

3 0.22045 0.13981 3.341 194.3 321.76 200.3 SQRT-QJF SQRT-QJA SQRT-QSO 

3 0.21401 0.13270 3.575 194.5 324.42 200.5 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.20008 0.11733 4.082 195.1 330.17 201.1 SQRT-QMA SQRT-QMJ SQRT-QJA 

3 0.18749 0.10344 4.539 195.6 335.36 201.6 SQRT-QJF SQRT-QMJ SQRT-QSO 

........................................................................................ 
4 0.24267 0.13448 4.534 195.3 323.75 202.8 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

4 0.23976 0.13115 4.639 195.4 324.99 202.9 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.23794 0.12907 4.705 195.5 325.77 203.0 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.23493 0.12563 4.815 195.7 327.06 203.1 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

5 0.26693 0.13117 5.651 196.2 324.99 205.2 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.26565 0.12966 5.698 196.3 325.55 205.3 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.26533 0.12928 5.709 196.3 325.69 205.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.25011 0.11124 6.263 197.0 332.44 206.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

6 0.28485 0.11981 7.000 197.4 329.24 207.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 



5.6 Variables Transformed According to the Box-Cox Analysis 

N = 33 Regression Models for Dependent Variable: (BROWN SHRIMP) O e 2  

R-square Ad j C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.126934 0.098770 5.3565 2.6032 1.02040 5.5962 (QND-LAG)-~'~ 

1 0.125489 0.097278 5.4134 2.6578 1.02209 5.6508 LN-QJF 

1 0.109231 0.080496 6.0532 3.2656 1.04109 6.2587 (QMA-LAG)-'.~ 

1 0.071558 0.041608 7.5357 4.6326 1.08512 7.6256 (QJA-LAG)-O.~ 

2 0.193421 0.139649 4.7401 1.9893 0.97411 6.4788 (QJA-LAGJ-O.~ (QND-LAGI -' . 
2 0.180484 0.125849 5.2493 2.5144 0.98974 7.0039 LN-QSO (QND_LAG)-'.~ 

2 0.177209 0.122356 5.3781 2.6460 0.99369 7.1355 LN-QJF LN-QSO 

2 0.173204 0.118085 5.5357 2.8062 0.99853 7.2958 LN-QJF (QND-LAG)-~'~ 

............................................................................ 
3 0.244506 0.166351 4.7299 1.8301 0.94388 7.8161 LN-QJF LN-QSO (QND_LAG)-'.~ 

3 0.243072 0.164770 4.7863 1.8927 0.94567 7.8787 (QJA-LAG)-~.~ LN-QSO (QND-LAG) -O 

3 0.232464 0.153064 5.2037 2.3519 0.95893 8.3380 (QMA-LAG)-'.~ LN-QMJ (QND-LAG)-'.' 

3 0.229633 0.149940 5.3152 2.4734 0.96246 8.4595 LN-QJF (QMA-LAG)-O'l LN-QMJ 

.................................................................................... 
4 0.283242 0.180849 5.2055 2.0932 0.92747 9.5757 (QMA-LAG)-~'~ LN-QMJ ( QJA-LAG) -O 

(QND-LAG)-'-~ 

4 0.282001 0.179429 5.2544 2.1503 0.92907 9.6328 LN-QJF LN-QMJ (QJA-LAG)-~.~ (QND-LAG)-'.' 

4 0.278987 0.175985 5.3730 2.2885 0.93297 9.7711 LN-QJF LN-QMJ LN-QSO (QND-LAG)-O.~ 

4 0.278374 0.175285 5.3971 2.3165 0.93377 9.7991 LN-QJF (QJA-LAG)-O.~ LN-QSO (QND-LAG) -O. 

............................................................................................ 
5 0.330073 0.206013 5.3627 1.8634 0.89898 10.8424 LN-QJF LN-QMJ (QJA-LAG)-O.~ LN-QSO 

(QND-LAG)-'.' 

5 0.310470 0.182780 6.1341 2.8151 0.92528 11.7942 LN-QJF (QMA-LAG)-'.~ LN-QM J 

~QJA-LAG)-~.~ (QND-LAGI-O.~ 

5 0.299302 0.169543 6.5736 3.3454 0.94027 12.3244 (QMA-LAG)-~.~ LN-QMJ (QJA_LAG)-O.' 

LN-QSO (QND-LAG) -O 

5 0.298025 0.168030 6.6238 3.4055 0.94198 12.3845 LN-QJF (QMA-LAG)-~'~ LN-QMJ LN-QSO 

(QND-LAG) 

................................................................................................ 
6 0.339290 0.186818 7.0000 3.4062 0.92071 13.8818 LN-QJF (QMA-LAG)-~'~ LN-QMJ 

(QJA-LAG) -O. LN-QSO (QND-LAG)-'.~ 

................................................................................................ 



6. Regression for the Best Models 

6.1 Model 3: Logged All Variables 

6.1.1 ANOVA and Parameter Estimates 

Model summaeb 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 

b. Method: Enter 

c. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(July-August Inflows), Ln (September-October Inflows), Ln (May-June Inflows), Ln 
(January-Febnrary Inflows), Ln (March-April Inflows) 

Durbin- 
Watson 

,970 

d. All requested variables entered. 

ANOVPT 

I I sum of I 1 

Adjusted 
R 

Square 

,205 

R 
Square 

.354 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 

Std. Error 
of the 

Estimate 

1.3871 

R 

.595 

Model 
1 

b. Independent Variables: (Constant), Ln (November-December Inflows). Ln 
(July-August Inflows), Ln (September-October Inflows), Ln (May-June Inflows), 
Ln (January-February Inflows). Ln (March-April Inflows) 

Variables - 
Entered 

Ln(Nov-Dec 
Inflows), 
Ln(Jul-Aug 
Inflows), 
Ln(Sept-Oct 
Inflows), 
Ln(May-Jun 
Inflows), 
Ln(Jan-Feb 
Inflows), 
Ln(Mar-&r 
Inflows) 

Removed 



a. Deoendent Variable: Ln (Brown Shrimp Harvest) 

6.1.2 Collinearity Diino9tics 

Parameter Estimates 

Standar 
dued 

Coefficie 
nts 

Beta 

,233 

,185 
-.338 

,222 

-.I87 

,339 

Model 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

Unstandardbed 
Coefficients 

1 

INTERCEP 1 5.425121 1.00898609 5.377 0.0001 0.00000000 

LN-QJF 1 0.244870 0.22904362 1.069 0.2949 1.91336830 

LN-QMA 1 0.187875 0.24214834 0.776 0.4448 2.29912480 

LN-QM J 1 -0.359357 0.22209438 -1.618 0.1177 1.75209582 

W J A  1 0.236231 0.18105312 1.305 0.2034 1.16025507 

LN-QSO 1 -0.172792 0.16525348 -1.046 0.3054 1.28539311 

LNQND 1 0.399035 0.22294959 1.790 0.0851 1.44041395 

t 
5.377 

1.069 

,776 
-1.618 

1.305 

-1.046 

1.790 

B 
5.425 

,245 

,188 
-.359 

.236 

-. 173 

,399 

(Constant) 
Ln (January-February 
Inflows) 
Ln (MarchApril Inflows) 
Ln (MayJune Inflows) 
Ln (July-August 
Infkws) 
Ln 
(September-October 
Inflows) 
Ln 
(November-December 
Infkws) 

Collinearity Diagnostics (intercept adjusted) 

Std. Error 
1.009 

,229 

.242 

.222 

,181 

.I65 

,223 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop var Prop 
Number Eigenvalue Index LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

Sg. 
.OOO 

,295 

.445 
,118 

,203 

,305 

.085 

95% Confdence 
Interval for B 

Lower 
Bound 

3.351 

-.226 

-.310 
-.a16 

-.136 

-.512 

-.059 

Upper 
Bound 

7.499 

,716 

,686 
.097 

.608 

,167 

,857 



6.13 Residuals Diagnostics 

Summary Infomation 

Residuals Statistid 

a. Dependent Variable: Ln (Brown Shrimp Harvest) 



52 

Case Values for Residuals Diagnostics 
- - - - - 

PRE Predicted value of harvest 
RES Ordinary residual of harvest; o k e d  minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fined without that observation. 
ZPR Z-score of the predicted value of harvest 
ZRE Zscore of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
Values greater than 3 are flagged. 
This is flagged if it e x d  f n p ~ , ~  = ~ZS.O.OL = 2.485 

ZPR 

-2.0847 

-.43718 

.30658 

-34706 

11429 

-1.1269 

-1.7852 

-.I9449 

.66406 

-.90936 

-.47209 

-1.4105 

-1.3654 

.32184 

.50012 

90250 

-.I1339 

.96008 

A6103 

-.I3991 

1.14083 

1.57701 

.55633 

-.00146 

,18846 

,20092 

-.74264 

-1.1201 

2.29213 

.03567 

1.66408 

.63995 

.22451 

DRE 

1.01237 

-2.1681 

-1.8694 

-3.4971 

-.42559 

.08725 

-3.2603 

-1.6439 

-1.7280 

-1.4750 

-1.3325 

.02452 

.21177 

-.78427 

-.37192 

-1.3073 

.I9137 

-.06788 

.09280 

1.4531 1 

.OW16 

.I9465 

1.4608 1 

2.15055 

1.48806 

1.79864 

2.49679 

2.59907 

-.a758 

2.39325 

779349 

,87020 

1.70905 

RES 

.77263 

-1.6868 

-1.5129 

-2.5319 

-.36014 

.07182 

-2.2396 

-1.1634 

-1.4937 

-1.2240 

-1.0734 

.02047 

.I8145 

-A446 

-.30058 

-1.1085 

.I6279 

-.05930 

.05761 

1.15958 

.06785 

.I5206 

.98443 

1.41174 

1.15995 

1.48422 

2.18723 

2.18730 

-.37941 

2.02642 

-.61446 

.71101 

1.49399 

YEAR 

1962 

1963 

1%4 

1965 

1%6 

1967 

1968 

1%9 

1970 

1971 

1 9 n  

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

ZRE 

.55701 

-1.2161 

-1.0907 

-1 A253 

-.25963 

.05178 

-1.6146 

-.83870 

-1.0768 

-38239 

-.77384 

.01476 

,13081 

-.39252 

-.21670 

-.79917 

.I1736 

-34275 

.MI53 

,83597 

.a891 

.I0963 

,70970 

1.01775 

,83623 

1.07001 

1.57682 

1.57687 

-.27352 

1.46089 

-4298  

.51258 

1.07705 

ADJ 

4.26421 

6.51056 

7.07450 

6.61509 

6.60540 

5.37531 

5.80187 

6.73457 

7.28324 

5.84315 

6.2561 1 

5.12413 

5.13962 

6.97192 

6.96852 

7.46850 

6.30057 

7.33 163 

6.82579 

6.01105 

7.47409 

7.85167 

6.47285 

5.69397 

6.28052 

6.30573 

5.43697 

4.98525 

8.78457 

6.10032 

8.15392 

6.86746 

6.42694 

PRE 

4.50395 

6.02934 

6.71799 

5.64984 

6.53995 

5.39074 

4.78120 

6.25405 

7.04898 

5.59216 

5.99702 

5.12819 

5.16994 

6.7321 1 

6.89718 

7.26974 

6.32914 

7.32305 

6.86099 

6.30458 

7.49041 

7.89426 

6.94923 

6.43278 

6.60863 

6.620 15 

5.74653 

5.39702 

8.55639 

6.46715 

7.97488 

7.02665 

6.64200 

SRE ' 
,63759 

-1.3787 

-1.2124 

-2.1452 

-.28224 

,05707 

-1.9481 

-.99697 

-1.1582 

-.96865 

-36218 

,01615 

.I4132 

-.47109 

-.24104 

-36786 

,12725 

-.a574 

.05271 

.93581 

.05448 

.I2403 

.86452 

1.25615 

.94715 

1.17790 

1.68472 

1.71890 

-:34613 

1.58762 

-.50339 

.56707 

1.15197 

SDR 

.63016 

-1.4042 

-1.2239 

-2.3187 

-.27718 

.05596 

-2.0670 

-.99685 

-1.1662 

-.96746 

-A5779 

.01584 

.I3863 

-.46393 

-.23663 

-.86361 

.I2481 

-.04485 

.05169 

.93350 

,05342 

.I2166 

.86019 

1.27092 

.94521 

1.18714 

1.75030 

1.79031 

-.34020 

I .63823 

-.49604 

.55953 

1.15958 



Ln (Brown Shrimp Harvest) 

Regression Standardized Residual 

2 

Std. Lkv = .90 
Mcsn=O.OO 

0 N = 33.00 

-1.75 -1.25 -.75 -.25 .25 .75 1.25 

Fig. 6.1.1. Exploratory Plots of Ln (Brown Shrimp Harvest) Standardized Residual. 
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Fig. 6.1.3. Residual Plots of Ln (Brown Shrimp Harvest) vs. Logged Inflows. 

,?I 

. . . . . .. 
. . 

1 

2 

I I 

0 

1 .I 1 - 
D -3, 

Residual P l d  

A .  

L n w m - )  

I 9 P  

.- 
I V Y  

1962 . 
.. . .  - .  

. .: 
,963 

:?I 

11161 

1. 

I 

0 

f , .  

1 3 .2, -1 

0 I I 3 4 J 6 I 

h(w-ugm-) 

'Y 

.. 

. . .  
. . 

.. 

I 1 3 J 6 

Lrim"m&s-lnflan) 



6.1.4 Prediction Intervals for Brown Shrimp Harvest 

Ln (BSH) Ln (Brown shrimp harvest) 
LICI Lower limit for 99% prediction interval for brown shrimp harvest 
UICl Upper limit for 99% prediction interval for brown shrimp harvest 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Lo(BSH) 

5.28 

4.34 

5.21 

3.12 

6.18 

5.46 

2.54 

5.09 

5.56 

4.37 

4.92 

5.15 

5.35 

6.19 

6.60 

6.16 

6.49 

7.26 

6.92 

7.46 

7.56 

8.05 

7.93 

7.84 

7.77 

8.10 

7.93 

7.58 

8.18 

8.49 

7.36 

7.74 

8.14 

LICI 

0.21742 

1.76862 

2.51210 

1.29590 

2.39978 

1.20945 

0.36450 

1.87239 

2.94162 

1.4227 1 

1.78455 

0.96740 

1.04886 

2.32770 

2.68936 

3.13270 

2.19698 

3.23233 

2.33433 

2.07879 

3.27890 

3.63904 

2.51064 

1.965 10 

2.35045 

2.44244 

1.66018 

1.24853 

4.03581 

2.32790 

3.70775 

2.83450 

2.55229 

UICI 

8.7904 

10.2901 

10.9239 

10.0038 

10.6801 

9.5720 

9.1979 

10.6357 

11.1563 

9.76161 

10.2095 

9.2889 

9.2910 

11.1365 

11.1050 

1 1.4068 

10.4613 

11.4138 

11.3877 

10.5304 

11.7019 

12.1495 

11.3878 

10.9005 

10.8668 

10.7979 

9.8328 

9.5455 

13.0770 

10.6064 

12.2420 

11.2188 

10.7317 



6.1.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2ptl)In or 0.5, whichever is smaller. 
* MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of freedom. 

Small values indicate a problem. 
COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + I numerator degree of 

freedom and n - p - 1 denominator degree of kedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
199.2 
1993 
1994 

MAH 
6.6081 1 
6.13294 
5.13302 
7.86265 
3.95143 
4.68848 
9.04831 
8.38410 
3.36853 
4.47554 
5.25229 
4.32016 
3.61 165 
8.81483 
5.16798 
3.89566 
3.80875 
3.07484 
11.1665 
5.49436 
5.23488 
6.03201 
9.46572 
10.0238 
6.08616 
4.62424 
2.99778 
4.10005 
11.0480 
3.93516 
6.25052 
4.88451 
3.05707 

COO 
.01802 
.07746 
.04948 
.25063 
.00207 
.00010 
.24707 
,05865 
.03005 
.02749 
.02563 
.00001 
.00048 
.01396 
.00197 
.01929 
.00041 
.00004 
.Ow24 
.03 167 
.00010 
.Ow62 
.05167 
.I1797 
.03625 
.04199 
,05739 
.07946 
.01029 
.06518 
.01055 
.01029 
.02729 

LEV ' 
.20650 
,19165 
,16041 
.24571 
.I2348 
.I465 1 
.28276 
.26200 
.lo527 
.I3986 
.I6413 
.I3501 
. I  1286 
,27546 
.I6150 
.I2174 
.I1902 
.09609 
.34895 
.I7170 
.I6359 
.I8850 
.29580 
.31324 
,19019 
,14451 
.09368 
.I2813 
.34525 
,12297 
.I9533 
.I5264 
.09553 

MAHA PV 
.4708 
,5243 
,6437 - 
,3449 
.7854 
.6979 
.2492 
.2999 
.W89 
.7237 
.6292 
.7423 
.8233 
,2662 
.6395 
.7917 
.8015 
,8780 
,1315 
.5999 
.6313 
.5360 
.2209 
.I872 
.5297 
.7057 
.8852 
,7682 
.I365 
.7872 
.5108 
.6741 
.8797 

COOK PV3 
.OOOO 
.0009 
.0002 
.0326 
.OOOO 
.OOOO 
.03 14 
.0004 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OOOO 
.OW0 
.OOOO 
.OOOO 
.OOOO 
,0000 
.0000 
.OM2 
.0036 
.0001 
.OW 1 
.0004 
.OOlO 
,0000 
.OW5 
.OW0 
.OOOO 
.OOOO 



SDFFITS Standardized dffits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the Logged January-February inflows 

SDFB-2 Standardized dfbeta for the Logged March-April inflows 

SDFB-3 Standardized dfbeta for the Logged May-June inflows 

SDFB-4 Standardized dfbeta for the Logged July-August inflows 

SDFB-5 Standardized dfbeta for the Logged September-October inflows 

SDFB-6 Standardized dfbeta for the Logsed November-December inflows 

Items in bold are flagged if lsdffitsl or lsdfbetal exceed 1.0 for a small data set or 2 ,/m for a large 
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data set. The cutoff used here is 1. 

YEAR 

1962 

1%3 

1%4 

1965 

1%6 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 0 

,18012 

-.56559 

-.33074 

-.93875 

-.01799 

,01442 

.62441 

-.29288 

-.06298 

-. 15427 

.24925 

-.00049 

-.OOlOO 

-.03106 

.02701 

,12743 

.01464 

.00446 

-.00306 

-.28599 

-.00455 

-.00132 

.I0308 

.I4245 

-.03213 

-.09730 

.39520 

.38584 

-.05235 

,34684 

.I3075 

-.04511 

.07573 

SDFFIT 

.35102 

-.75000 

-.59415 

-1.4317 

-.I1816 

.02594 

-13954 

-.64066 

-.MI84 

-.43809 

-.42143 

.00705 

.05667 

-.30789 

-.I1527 

-.36569 

.05229 

-.01706 

,04040 

.46%7 

.02620 

.06439 

.59838 

.91941 

SO271 

.54640 

.65847 

.77679 

-.26383 

,69701 

-.26776 

.26476 

.43995 

SDFB 1 

-.20540 

,19555 

-.00245 

-.76772 

.02863 

-.OW14 

.20650 

-.33913 

.I0172 

.I 1801 

,17159 

-.00237 

-.01879 

.I 1293 

,07287 

.05297 

.02181 

-.OM16 

.02449 

-.08598 

.01242 

,01127 

.35174 

-.21438 

-.01158 

.I9764 

-.28837 

.25715 

.02227 

.I3072 

-.03523 

.08991 

-.28496 

SDFB 2 

.01378 

-.07014 

.I3989 

,46177 

-.04227 

-.01197 

.37368 

-.23427 

-.04712 

-.05592 

-. 10498 

-.00061 

.00922 

-.03964 

-.01844 

-.04501 

-.03582 

-.00411 

-.01270 

-.07779 

-.00524 

-.01161 

-.09042 

.83455 

-.33020 

-.42858 

-.I3452 

-.22020 

-.09652 

.38685 

-.OX21 

.00011 

,22528 

SDFB 3 

.05005 

.33249 

.I2448 

-.31393 

-.04658 

.00983 

-.74395 

.I7230 

-.I4485 

.I9012 

-.09097 

,00544 

.006% 

,16325 

.00201 

-.05989 

.01989 

.00574 

-.01297 

.2335 1 

-.00354 

-.00303 

-.29863 

-.37705 

.07706 

,31641 

.03870 

-.02232 

.I6694 

-.I5429 

,00090 

,11582 

,01657 

SDFB 4 

-. 13809 

.31237 

-.25046 

38294 

,03144 

.00114 

-.32165 

.31454 

.Oslo9 

-.I1172 

-.08361 

-.00068 

-.01701 

-.00207 

-.08287 

.06881 

-.01790 

-.00825 

.01913 

.29896 

-.00610 

.04270 

-.I7782 

-.26370 

.05307 

.I0565 

-. 17324 

,04102 

-. 14077 

-.20188 

.01187 

-.I0356 

-.08205 

SDFB 5 

.06089 

.03843 

,32394 

,72324 

,0523 1 

-.01336 

-.72996 

-.MI52 

.30246 

- 2 4 5 6  

-.30582 

-.WOO6 

.04089 

-.I3248 

-.00537 

.00388 

-.02814 

-.00442 

,01087 

.08790 

.00 105 

-.03643 

.I8504 

A4314 

-.07362 

-.2653 1 

-.I5223 

.03598 

,05631 

-.07813 

-.02723 

-.a8698 

-.06539 

SDFB 6 

-.a263 

-. 14562 

,01205 

.SO95 1 

.00803 

-.00758 

.34643 

.46666 

-. 17693 

.I5851 

-.00682 

-.00210 

-.01388 

-.I5844 

-.03623 

-.24294 

.01604 

.00412 

-.01253 

-.01188 

.01286 

.01289 

.04216 

-.41239 

,37747 

.I8655 

,19036 

-.54119 

-.03577 

46387 

-.08807 

.03297 

,13674 



DFWI n DFBETA 

Depodrnt Vsmbk Ln (Br- Sbrmp Harmt) 

- D m A W  

m n .  DFBETA 

Dependmt Varmbk: Ln (Bmm S k h p  H-) 
I,, 

I 

IWFlT n DFBETA 

Dependent Vanbk: Ln (Bro.ua Shnmp Ha-t) 

D F F l T n  WBETA 

D q e d m  V h b k :  Ln (Brom S h p  H m )  

M n DFBETA 

Depodra  Vanbk: Ln (Brown S h p  Ha-) 

D m  ,% WBETA 

D-dent V m b k :  Ln (Broum S h p  H-I) 

- D-A IN-ahu 

W m n D F B E T A  

D e p d m t  Varibk: Ln (Brow S h p  HIMII) 

Fig. 6.1.4. Standardized DFFIT vs. Standardized DFBETA. 



6.2 Model 5: Square Root All Variables 

6.2.1 ANOVA and Parameter Estimates 

Model ~ u r n r n a 4 ~ ~  

a. Dependent Variable: SQRT (Brown Shrimp Harvest) 

b. Method: Enter 

c. lndependent Variables: (Constant). SQRT (November-December Inflows), SQRT 
(July-August Inflows), SQRT (September-October Inflows), SQRT (May-June Inflows), 
SQRT (January-February Inflows), SQRT (March-April Inflows) 

d. All requested variables entered. 

Model 
1 

a. Dependent Variable: SQRT (Brown Shrimp Harvest) 

R 

,534 

b. lndependent Variables: (Constant), SQRT (November-December Inflows). 
SQRT (July-August Inflows), SQRT (September-October Inflows), SQRT 
(May-June Inflows), SQRT (January-February Inflows), SQRT (March-April 
Inflows) 

Variables R 
Square 

,285 

Entered 
SQRT(Nov-Dec 
Inflows), 
SQRT(Ju1-Aug 
Inflows), 
SQRT(Sept-Oct 
Inflows), 
SQRT(May-Jun 
Inflows) , 
SQRT(Jan-Feb 
Inflows), 
SQRT(t@r-Apr 
Inflows) 

d f 
6 

26 
32 

Sum of 
Squares 

3409.538 
8560.190 

11969.7 

Model 

Removed 

.I 

Adjusted 
R 

Square 

,120 

Mean 
Square 
568.256 
329.238 

Regression 
Residual 
Total 

Std. EITO~ 
of the 

Estimate 

18.1449 

F 
1.726 

Durbin- 
Watson 

,791 

Sig. 
1 55b 



Model - 
1 

(January-February 1 ,925 1 1.108 1 ,193 1 ,835 1 ,411 1 -1.352 1 3.202 

(Constant) 
SQRT 

Inflows) 
SQRT (March-April 
Inflows) 
SQRT (May-June 
Inflows) 
SQRT (July-August 
Infkws) 
SQRT 

(November-December I 884 I 1,049 I 179 I 842 1 407 1 -1.273 I 3.040 
Inflows) 

Unstandardized 
Coefficients 

(September-October 
Inflows) 
SQRT 

a. Dependent Variable: SQRT (Brown Shrimp Hawest) 

dized 
Coefficie 

nts 

Beta B 
22.574 

,842 

-.676 

,943 

6.2.2 Collinearity Diagnostics 

Std. Error 
8.008 

-.456 

Parameter Estimates 

t 
2.819 

1.043 

.565 

,618 

Parameter Standard T for HO: Variance 
Variable DF Estimate Error parameter-0  rob > ITI Inflation 

,406 

INTERCEP 1 22.573767 8.00831668 2.819 0.0091 0.00000000 

SQRT-QJP 1 0.925188 1.10759515 0.835 0.4112 1.94666125 

SQRT-QMA 1 0.842045 1.04328661 0.807 0.4269 1.97602924 

SQRT-QMJ 1 -0.675978 0.56509231 -1.196 0.2424 1.59545075 

SQRT-QJA 1 0.942880 0.61764637 1.527 0.1389 1.07507529 

SQRT-QSO 1 -0.456224 0.40598393 -1.124 0.2714 1.26295953 

SQRT-QND 1 0.883579 1.04905631 0.842 0.4073 1.64682610 

Sig. 
,009 

,188 

-.251 

,263 

Collinearity Diagnostics(intercept adjusted) 

-.209 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO SQRT-QND 

95% Confidence 
Interval for B 

,807 

-1.196 

1.527 

Lower 
Bound 

6.112 

-1.124 

Upper 
Bound 
39.035 

,427 

,242 

,139 

.271 

-1.302 

-1.838 

-.327 

2.987 

,486 

2.212 

-1.291 ,378 



6.2.3 Residuals Diagnostics 

Summary Information 

Residuals Statistid 

- 

Centered 
Leverage ,050 ,447 .I82 ,122 33 
Value 

a. Dependent Variable: SQRT (Brown Shrimp Harvest) 



Case Values for Residuals Diagnostics 
- 
YEAR - 
1%2 

1963 

1964 

1%5 

1%6 

1%7 

1%8 

1969 

1970 

1971 

i 9 n  

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 - 

PRE 

2 1.47263 

26.66320 

33.53112 

26.70179 

30.62894 

26.24842 

5.34425 

34.17866 

33.93165 

25.591 19 

17.41405 

17.99974 

16.53666 

27.59388 

39.91268 

38.66226 

29.02516 

43.42215 

40.82227 

3 1.67825 

42.2991 8 

49.59809 

30.49812 

35.51221 

31.36815 

30.92538 

26.1383 1 

26.70210 

5 1.92590 

33.48627 

55.42848 

35.51521 

3 1.98232 i 

RES 

-7.48335 

-17.89393 

-20.03297 

-21.94785 

-8.65396 

-10.89589 

-1.78054 

-21.43111 

-17.85060 

-16.70862 

-5.68801 

-4.87724 

-2.01426 

-5.53260 

-12.84609 

-16.89072 

-3.33859 

-5.63855 

-9.02762 

10.08777 

1.47867 

6.27946 

22.31854 

15.00214 

17.26415 

26.59766 

26.681 19 

17.64990 

7.72391 

36.39435 

-15.77372 

12.371 12 

26.45739 

PRE Redicted value of harvest 
RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 

ZPR 

-9856  

-.49570 

.I6965 

-.49197 

-.I 1151 

-.53589 

-2.56105 

.23238 

.20845 

-.59956 

-1.39175 

-1.33501 

-1.47675 

-.40554 

.78789 

.66675 

-.26688 

1.12788 

.87601 

-.00985 

1.01909 

1.72619 

-.I2418 

.36158 

-.03990 

-.08279 

-.54655 

-.49194 

1.95171 

.I6530 

2.29103 

.36186 

,01960 

ZPR Z-score of the predicted value of harvest 
ZRE Z-score of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
This is flagged if it exceeds fn-p2,. = t2~,0.01 = 2.485 

DRE 

-8.32717 

-20.08103 

-22.09314 

-25.49804 

-10.20381 

-12.02650 

-3.35919 

-27.92009 

-19.52854 

-18.28020 

-7.94358 

-6.27177 

-2.37320 

-7.40923 

-15.58576 

-22.85635 

-3.68232 

-6.52019 

-14.68371 

15.00981 

2.13715 

8.34065 

32.10695 

28.40233 

21.44612 

30.873 13 

29.31 189 

19.19943 

11.25398 

41.01601 

-30.19697 

18.04230 

29.19145 

ADJ 

22.31645 

28.85030 

35.59129 

30.25198 

32.17879 

27.37903 

6.92290 

40.66764 

35.60958 

27.16277 

19.66962 

19.39427 

16.89559 

29.4705 1 

42.65235 

44.62789 

29.36889 

44.30378 

46.47836 

26.75621 

41.64070 

47.53689 

20.70972 

22.11202 

27.18618 

26.64991 

23.50762 

25.15258 

48.39583 

28.86461 

69.85173 

29.84403 

29.24826 

ZRE 

-.41242 

-.98617 

-1.10405 

-1.20959 

-.47694 

-.60049 

-.09813 

-1.18111 

-.98378 

-.92084 

-.31348 

-.26879 

-.11101 

-.30491 

-.70797 

-.93088 

-.I8400 

-.31075 

-.49753 

.555% 

.08149 

.34607 

1.23002 

.82680 

.95146 

1.46585 

1.47045 

.97272 

.42568 

2.00576 

-.86932 

.68180 

1.45812 

SRE' 

-.43505 

-1.04470 

-1.15943 

-1.30375 

-51789 

-.63088 

-.I3478 

-1.34811 

-1,02898 

-.96318 

-.37045 

-.30481 

-.I2050 

-.35286 

-.77982 

-1.08286 

-. 19324 

-.33416 

-.63453 

.67816 

.09797 

.39885 

1.47529 

1.13762 

1.06045 

1.57927 

1.54124 

1.01452 

51383 

2.12931 

-1.20280 

.82337 

1.53160 

SDR' 

-.42817 

-1.04661 

-1.16750 

-1.32239 

-51047 

-.62342 

-.I3221 

-1.37071 

-1.03019 

-.%I79 

-.36422 

-.29942 

-.I1819 

-.34683 

-.77378 

-1.08662 

-.18%2 

-.32838 

-.62708 

.67095 

.0%09 

.39230 

1.51128 

1.14438 

1.06311 

1.62869 

1.58547 

1.01511 

50643 

2.29791 

-1.21369 

.81812 

1.57457 



SQRT (Brown Shrimp Harvest) 

I Regression Standardized Residual 1 

Normal P-P Plot of Residual 
1.00' 

.75 ' 

.so 

0.00 2 5  .75 1.0  

ObservedCumProb 

Fig. 6.2.1. Exploratory Plots of SQRT (Brown Shrimp Harvest) Standardized Residual. 
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Fig. 6.2.2. Partial Residual Plots of SQRT (Brown Shrimp Harvest) vs. Square Root Inflows. 

1991 

Ins 

.. . 
.. . .. . . . 

-10 0 LO m 

.a 

YI. 

to 

10. 

1 0  

-10 

-, 

2 .YI. 

Parlid Residurl Pbt 

9)RT(---) 

W R T - M  lnfloH) 

. 
19a1 Im . . 

,993 

. . 
: ' . . - .  

.. 

40. 

Y) 

20' 

10 

I 0  

-10, 

d -m 
C . 

-10 0 I0 m 

SQRT(ldY-Augl lnfloH) 

199, 

.. . 
' Y 

. 
I P E  

I s "  . . . - .  19.n 

. - -  
7 . , 

- 1 4 4 . 2 0 2 4 6 1  

s Q R T ( N d - -  Mkws) 
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Fig. 6.2.3. Residual Plots of SQRT (Brown Shrimp Harvest) vs. Square Root Inflows. 
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6.2.4 Prediction Intervals for Brown Shrimp Harvest 

SQRT (BSH) Square root brown shrimp harvest 
LICI Lower limit for 99% prediction interval for brown shrimp harvest 
UICI Upper limit for 99% prediction interval for brown shrimp harvest 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SQRT (BSH) 

13.99 

8.77 

13.50 

4.75 

2 1.97 

15.35 

3.56 

12.75 

16.08 

8.88 

1 1.73 

13.12 

14.52 

22.06 

27.07 

21.77 

25.69 

37.78 

3 1.79 

41.77 

43.78 

55.88 

52.82 

50.51 

48.63 

57.52 

52.82 

44.35 

59.65 

69.88 

39.65 

47.89 

58.44 

LICI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UICI 

74.38515 

79.75749 

86.24907 

80.5 1705 

84.74229 

78.98471 

66.47364 

90.15146 

86.47264 

78.13338 

74.54519 

73.74356 

70.63487 

84.03862 

94.58431 

95.28064 

81.74546 

97.14243 

100.16321 

89.77945 

99.96539 

105.90403 

88.09281 

96.68007 

86.48478 

84.72295 

78.77179 

79.1 1678 

109.71456 

86.67064 

116.71756 

93.3 1824 

84.71017 



6.2.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahatonobis distance 
COO Cook's distance 
LEV Lev- value 
MAHA-PV P-value associated with the Mahatanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
* MAHA-PV = 1 - F O ,  where F is the CDF of a Chi-Square variable with p + 1 degrees of freedom. 

Small values indicate a pmblem. 
COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 

keedom and n - p - 1 denominator degree of freedom. A value greater than 0.5 indicates a problem, 
A value less than 0.2 indicates no problem. Values in between are inmnclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
2.27298 
2.51554 
2.01428 
3.48579 
3.89076 
2.03861 
14.06867 
6.46750 
1.77981 
1.78140 
8.1 1669 
6.14549 
3.87015 
7.13534 
4.65527 
7.38247 
2.01738 
3.35723 
11.35654 
9.52379 
8.88988 
6.93836 
8.7861 1 
14.12787 
5.27027 
3.46183 
1.90225 
1.61292 
9.06784 
2.63605 
14.31476 
9.08876 
2.02741 

COO 
.00305 
.01906 
,01975 
,03928 
.00686 
.00590 
.00230 
.07861 
.01422 
.01247 
,00777 
,00379 
.00037 
.00603 
.01853 
.05916 
.OW55 
.00249 
.03604 
.03206 
.OW61 
.00746 
.I3637 
.I6514 
,03892 
.05727 
.03346 
.01291 
.01724 
.08225 
.I8898 
.04440 
.03463 

LEV ' 
.07103 
,07861 
.06295 
.lo893 
.I2159 
.06371 
.43965 
.202I1 
.05562 
.05567 
.25365 
.I9205 
.I2094 
.22298 
.I4548 
.23070 
.06304 
.lo491 
.35489 
.29762 
.27781 
,21682 
.27457 
.44150 
.I6470 
.lo818 
.05945 
,05040 
.28337 
.08238 
.44734 
.28402 
.06336 

MAHA PV 
.9432 
,9259 
.9590 
3367 
.7923 
.9577 
,0500 
.4863 
.9710 
,9709 
.3224 
.5229 
.7946 
,4149 
.7019 
.3902 
.9589 
.8501 
.I238 
.2172 
.2607 
.4353 
.2684 
.0490 
.6270 
3393 
.965 1 
.9781 
.2478 
.9165 
.0459 
,2463 
.9583 

COOK. PV ' 
.a000 
.OOOO 
.OOOO 
.OOO 1 
.OOOO 
.OW0 
.OOOO 
.OO 10 
.0000 
.OOOO 
.OOOO 
.OOOO 
.OW0 
.OOOO 
.OOOO 
. O W  
.OOOO 
.0000 
.OOO 1 
.Om0 
.OW0 
.0000 
,0056 
,0099 
.0001 
.OW3 
.OOO1 
.OOOO 
.OW0 
,001 1 
.0148 
.OW1 
.Om1 



SDFFITS Standardid &ts value 

SDFB-0 Standardid dfbeta for the intercept term 

SDFB-1 Standardized dh.ta for the Square root January-February intlows 

SDFB-2 Standardized dfbeta for the Square root March-April intlows 

SDFB-3 Standardized dfbeta for the Square root May-June inflows 

SDFB-4 Standardid dfbeta for the Square root July-August inflows 

SDFB-5 Standardized dfbeta for the Square root September-Oaober inflows 

SDFB-6 Standardized dfbeta for the Square root November-December inflows 

Items in bold are flagged if lsdffitsl or Isdfbetal exceed 1.0 for a small data set or 2 for a large 

YEAR 

1962 

1963 

1964 

1%5 

1%6 

1 x 7  

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

data set. The cutoff used here is 1. 

SDFB 0 

-.I3200 

-.32281 

-.25876 

-.42716 

-.05819 

-. 17795 

.02696 

-.34442 

-.I0601 

-.20787 

.07152 

-.04305 

-.01253 

-.02411 

.02238 

,15138 

-.03779 

.01418 

.03837 

-. 16000 

-.00982 

-.03457 

,09620 

.I4592 

.08223 

.I2253 

,44012 

.25981 

-.02803 

,48296 

.55917 

-.04877 

.22548 

SDFFIT 

-.I4378 

-.36590 

-.37440 

-.53185 

-.21603 

-.20082 

-. 12449 

-.75424 

-.31585 

-.29497 

-.22936 

-.I6011 

-.04989 

-.20200 

-.35734 

-.64577 

-.06084 

-.I2985 

-.49636 

.46867 

.06412 

.22476 

1 .00085 

1.08155 

.52323 

.65299 

,49784 

.30078 

,34236 

.81887 

-1.16058 

3 3 9 2  

SO617 

SDFB 1 

.03539 

.08948 

.03732 

-.25221 

,06654 

.00385 

.01754 

-.52458 

.I3370 

.05679 

,07724 

.02113 

.01180 

,10046 

.I7301 

.23577 

-.01648 

-.07324 

-.33387 

-.05312 

.02773 

.00524 

,57596 

-.30139 

-.I8201 

.22416 

-.I3510 

.OM14 

-.09269 

,11463 

-.I91 19 

,25755 

-.3 1772 

SDFB 2 

.01092 

,03219 

.06391 

.I9758 

-.092% 

.06385 

.OI 172 

-. 10135 

-.06246 

-.02016 

-.05570 

.05048 

-.00846 

40981 

-.02812 

.01281 

.03745 

-.01626 

,12778 

-.I2731 

-02491 

-.01529 

-.I9488 

1.01515 

-.I9136 

-.49171 

-.09289 

-.07439 

.I2189 

.41478 

-56082 

-.09585 

.21923 

SDFB 3 

,01207 

.lo333 

.07993 

-.08289 

-.08962 

-.03366 

-.04834 

.I5504 

-.08885 

.I2746 

-.02500 

-. 13920 

.00761 

.08682 

.03351 

-.08746 

-.01629 

.03737 

.I5739 

.30231 

-.00954 

-.02535 

-A6623 

-.48256 

-.03283 

.41319 

44398 

-.02971 

-.I5816 

-.I8077 

,06289 

.35299 

-.02928 

SDFB 4 

.06828 

.I4641 

-.OW87 

.28483 

,05890 

.a200 

-.00447 

.33019 

.a903 

.01532 

-.01505 

.03347 

.01475 

.00414 

-.28533 

.00374 

.02359 

-.05729 

-.21192 

.29144 

-.00598 

.I9542 

-.24683 

-.21723 

.01089 

-.00023 

-.I7905 

-.06210 

.26451 

-.27298 

.03700 

-.I7163 

-. 10347 

SDFB 5 

.00597 

.OM98 

.I4460 

,24312 

.06958 

.09425 

-.08167 

3623 1 

.I5474 

-.08952 

-. 18665 

.05703 

-.03833 

-.08589 

.03418 

.07316 

.03187 

-.00781 

-.I 1635 

46205 

-.00176 

-.06089 

.46871 

.41403 

-.04754 

-.37870 

-.I3722 

-.05015 

-.01136 

-.I1045 

-.05967 

-.23531 

-.OW17 

SDFB 6 

.02735 

-.03685 

.03 184 

.24528 

,04576 

.05759 

.02452 

.54632 

-.09151 

.07578 

-.00225 

,03297 

.00944 

-.I3201 

-. 12233 

-.55956 

-.00770 

.a856 

.I7655 

.00930 

.0343 1 

.02867 

-.06680 

-.35399 

.43350 

. O W  

.04716 

-.I4971 

.05673 

-30253 

-.24731 

-.08630 

.I4069 
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6.3 Model 6: Variables Transformed According to the Box-Cox Analysis 

63.1 ANOVA and Parameter Estimates 

Model Summaeb 

a. Dependent Variable: (Brown Shrimp Hawest)EY).2 

b. Method: Enter 

Model 
1 

c. lndependent Variables: (Constant), (November-December In f lows)~. l .  (July-August 
Inflow~)~-O.l, Ln (September-October Inflows), Ln (MayJune Inflows). Ln (January-February 
Inflows), (March-April Infl~ws)~-O.l 

d. All requested variables entered. 

Variables 

a. Dependent Variable: (Brown Shrimp Ha~est)'Y].P 

R 

,582 

Entered 
(Nov-Dec Inflows)" -0.1, 
(Jul-Aug Inflows)" -0.1, 
Ln(Sept-Oct Inflows), 
Ln(Ma-Jun Inflows), 
Ln(Jan-Feb Inflows), 
(Mar-Apr Inflows)" -O.td 

b. lndependent Variables: (Constant), (November-December Inflows)LO.l, 
(July-August Inflows)"-0.1, Ln (September-October Inflows), Ln (May-June 
Inflows), Ln (January-February Inflows), (March-April 1nflows)LO.l 

Removed 

. 

R 
Square 

,339 

Sum of 
Squares 

12.293 
23.938 
36.231 

d f 
6 

26 
32 

Model 
1 

Adjusted 
R 

Square 

,187 

Mean 
Square 

2.049 
,921 

Regression 
Residual 
Total 

Std. 
Error of 

the 
Estimate 

,9595 

F 
2.225 

Durbin- 
Watson 

,773 

Sig. 
,073" 



a. Dependent Variable: (Brown Shrimp Ha~est)"O.2 

63.2 Collinearity Diagnostics 

Parameter Estimates 

Model 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

Standar 
dized 

Cmfficie 
nts 

Beta 

,276 

-.I49 
-.329 
-.221 

-.I93 

-.308 

Unstandardized 
Coefficients 

1 

INTERCEP 1 9.910780 2.80376732 3.535 0.0016 0.00000000 

LNQJF 1 0.198286 0.15806846 1.254 0.2208 1.90437910 

(QMA) -O.l 1 -1.372433 2.27890029 -0.602 0.5522 2.40497263 

LN-QMJ 1 -0.239253 0.15493788 -1.544 0.1346 1.78196298 

IQJA) 1 -2.265667 1.77797648 -1.274 0.2138 1.18711798 

LN-QSO 1 -0.121914 0.11448083 -1.065 0.2967 1.28914286 

(QND)-'.' 1 -3.367543 2.07784854 -1.621 0.1172 1.42266719 

t 
3.535 

1.254 

-.602 
-1.544 
-1.274 

-1.065 

-1.621 

Sig. 
,002 

,221 

,552 
,135 
,214 

.297 

,117 

B 
9.91 1 

,198 

-1.372 
-.239 

-2.266 

-.I22 

-3.368 

(Constant) 
Ln (January-February 
I n h s )  
(March-April Inflows)" -0.1 
Ln (May-June Inflows) 
(July-August I n h s ) "  -0.1 
Ln (September-October 
Inflows) 
(Novwnber-December 
Inflows)" -0.1 

Collinearity Diagnosticslintercept adjusted) 

Std. Error 
2.804 

,158 

2.279 
,155 

1.778 

,114 

2.078 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
# Eigenvalue Index LN-QJF (QMA)-'.l LNQMJ (QJA)-O.l LN-QSO IQND) 

95% Confdence 
Interval for B 

Lower 
Bound 

4.148 

-.I27 

-6.057 
-.558 

-5.920 

-.357 

-7.639 

Upper 
Bound 
15.674 

323 

3.312 
,079 

1.389 

,113 

,904 



6.3.3 Residuals Diagnostics 

Summary Information 

Residuals Statlstid 

Centered 
Leverage ,093 ,345 ,182 ,072 33 
Value 

a. Dependent Variable: (Brown Shrimp Harvest)'Y).2 



Case Values for Residuals Diagnostics 

RES Ordinary residual of harvest; observed minus predicted 
DRE Deleted residual; residual obtained when the model is fitted without that observation 
ADJ Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
ZPR Z-score of the predicted value of harvest 
ZRE Z-score of the residual 
SRE Studentized residual 
SDR Studentized deleted residuals 
' Values greater than 3 are flagged. 
This is flagged if it exceeds &-p2,, = t25,0.0~ = 2.485 

ADJ 

2.22233 

3.76394 

4.29470 

3.86496 

3.93335 

3.11461 

3.19670 

4.11559 

4.38307 

3.38668 

3.68730 

2.%177 

2.94854 

4.1 1224 

4.13306 

4.401 11 

3.78319 

4.44592 

4.27130 

3.53610 

4.46497 

4.73138 

3.82278 

3.25 177 

3.62106 

3.75869 

3.06969 

2.77551 

5.21309 

3.53465 

4.80298 

4.07799 

3.71093 

YEAR 

1962 

1963 

1964 

1%5 

1966 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

PRE 

RES 

,48912 

-1.05610 

-1.17125 

-1.42153 

-.41743 

-.lo727 

-1.05810 

-.94366 

-1.16104 

-.8 1407 

-31078 

-.I3502 

-.02769 

-.a295 

-.3 1874 

-A3808 

-.I0176 

-. 15003 

-. 17604 

.74506 

.05668 

.21245 

.71665 

1.06226 

.85014 

1.06977 

1.58694 

1.45538 

-.05121 

1.63049 

-.35635 

.SO790 

1.19625 

of harvest 

PRE 

2.38376 

3.43944 

4.00335 

3.28715 

3.8591 1 

3.08902 

2.72059 

3.71 169 

4.19861 

3.20%7 

3.48786 

2.93534 

2.94388 

3.91004 

4.05962 

4.26698 

3.76515 

4.42489 

4.16575 

3.70462 

4.47754 

4.78669 

4.17109 

3.73912 

3.87887 

3.98774 

3.30090 

3.10253 

5.18271 

3.83643 

4.71466 

4.19195 

3.89334 

Predicted value 

ZPR 

-2.25712 

-55388 

.35596 

-.79959 

.I2324 

-1.11924 

-1.71367 

-.I1462 

,67099 

-.92458 

-.47575 

-1.36720 

-1.35342 

.20541 

.44674 

.78130 

-.02837 

1.03607 

.61797 

-.I2602 

1.12101 

1.61981 

.62660 

-.07036 

.I5511 

.33077 

-.77739 

-1.09745 

2.25875 

,08664 

1.50359 

.66025 

,17847 

DRE 

,65056 

-1.38061 

-1.46259 

-1 9 9 3 4  

-.49166 

-.I3286 

-1.53421 

-1.34757 

-1.34550 

-.99107 

-1.01023 

-.I6145 

-.03235 

-.66515 

-.39219 

-.97221 

-. 1 1980 

-.I7107 

-.28159 

.91359 

.06924 

.26775 

1.06496 

1.54961 

1.10795 

1.29882 

1.81816 

1.78239 

-.08160 

1.93227 

44467 

.62187 

1.37866 

ZRE 

,50975 

-1 .lo064 

-1.22064 

-1.48148 

-.43503 

-.I1179 

-1.10272 

-.98345 

-1.21000 

-.a4840 

-A4498 

-.I4072 

-.02886 

-.48248 

-.33219 

37342 

-.lo606 

-.I5636 

-.I8346 

.77648 

.05907 

.22141 

,74687 

1.10706 

.88599 

1.1 1488 

1.65387 

1.51675 

-.05337 

1.69925 

-.37137 

.52932 

1.24670 

SRE ' 
.58788 

-1.25842 

-1.36403 

-1.75696 

-.47213 

-.I2441 

-1.32783 

-1.17523 

-1.30258 

-.93610 

-.94319 

-.I5387 

-.03119 

-.57832 

-.36847 

-.94072 

-.I1507 

-.I6696 

-.23203 

35983 

.06528 

.24856 

.91046 

1.33710 

1.01145 

1.22845 

1.77025 

1.67853 

-.06737 

1.84983 

-.41485 

.58571 

1.33838 

SDR ' 
.58034 

-1.27337 

-1.38813 

-1 33522 

-.46496 

-.I2203 

-1.34858 

-1.18429 

-1.32112 

-.93379 

-.MI12 

-. 15095 

-.03059 

-.57077 

-.36227 

-.93856 

-.I1287 

-.I6381 

-.22776 

35538 

.06402 

.24402 

90736 

1.35869 

1.01192 

1.241 16 

1.85101 

1.74308 

-.06607 

1.94652 

-.40815 

.57816 

1.36008 



(Brown Shrimp Harvest)"0.2 

Regression Standardized Residual 

Std. Dev = .90 
Mean = 0.0 
N = 33.00 

-1.5 -1.0 -.5 0.0 .5 1 .O 1.5 

Normal P-P Plot of Residual 
1.00' 

.75 ' 

0.00 .25 .50 .75 1 .OO 

Observed Cum hob 

Fig. 6.3.1. Exploratory Plots of (Brown Shrimp ~arvest)~.' Standardized Residual. 
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Fig. 6.3.3. Residual Plots of (Brown Shrimp ~arvest)'.' vs. Box-Cox Transformed Inflows. 
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63.4 Prediction Intervals for Brown Shrimp Harvest 

BOX-BSH (Brown shrimp harvest) O" 

LICI Lower limit for 99% prediction interval for brown shrimp harvest 
UICI Upper limit for 99% prediction interval for brown shrimp harvest 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

LICI 

-.59501 

0.47633 

1.08357 

0.26001 

0.99862 

0.17728 

-0.33148 

0.67198 

1.35543 

0.31507 

0.57023 

0.05909 

0.09198 

0.86536 

1.15440 

1.42272 

0.905 18 

1.59943 

1.03944 

0.80283 

1.57948 

1.85797 

1.09959 

0.68219 

0.91859 

1.09590 

0.47017 

0.20196 

2.05919 

0.96950 

1.79558 

1.29163 

1.05616 

BOX BSH 

2.87 

2.38 

2.83 

1.87 

3.44 

2.98 

1.66 

2.77 

3.04 

2.40 

2.68 

2.80 

2.92 

3.45 

3.74 

3.43 

3.66 

4.27 

3.99 

4.45 

4.53 

5.00 

4.89 

4.80 

4.73 

5.06 

4.89 

4.56 

5.13 

5.47 

4.36 

4.70 

5.09 

UICI 

5.36254 

6.40254 

6.923 14 

6.3 1428 

6.71961 

6.00076 

5.77267 

6.75139 

7.04178 

6.10427 

6.40548 

5.81 158 

5.79577 

6.95473 

6.96484 

7.1 1 124 

6.62512 

7.25034 

7.29206 

6.60641 

7.37559 

7.71541 

7.24260 

6.79604 

6.83914 

6.87958 

6.13164 

6.003 10 

8.30622 

6.70336 

7.63373 

7.09227 

6.73053 



6.3.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 

MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of fieedom. 
Small values indicate a problem. 

' COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + I numerator degree of 
fieedom and n - p - 1 denominator degree of fieedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
6.97100 
6.55180 
5.40464 
8.27832 
3.86203 
5.19356 
8.96086 
8.62169 
3.41736 
4.74552 
5.34793 
4.26888 
3.64088 
8.75803 
5.02285 
3.44518 
3.84851 
2.96521 
11.02527 
4.93314 
4.83576 
5.64002 
9.49642 
9.09423 
6.47642 
4.67362 
3.09976 
4.90133 
10.94669 
4.02798 
5.38613 
4.89479 
3.26420 

COO 
.01630 
.06951 
.06612 
.I7925 
.00566 
.00053 
,11334 
.08445 
,03851 
.02722 
.03126 
.00066 
.00002 
.02087 
,00447 
,02023 
.00034 
.00056 
.OM61 
.02389 
.00013 
.00230 
.05756 
.I1718 
,04432 
.04616 
.06523 
.09W 
.OW38 
.09048 
.00609 
.01100 
.03902 

LEV ' 
.21784 
.20474 
.I6889 
.25870 
.I2069 
.I6230 
.28003 
.26943 
.I0679 
.I4830 
.I6712 
.I3340 
.I1378 
.27369 
.I5696 
.lo766 
,12027 
.09266 
.34454 
.I5416 
.I5112 
.I7625 
.29676 
,28419 
.20239 
.I4605 
.09687 
.I5317 
.34208 
.I2587 
.I6832 
.I5296 
.I0201 

MAHA PV ' 
.43 19 
.4770 
.6107 
.3087 
.7955 
.6364 
.2555 
.2810 
.&I39 
.6910 
.6176 
.7483 
3201 
,2705 
.6572 
.&I10 
.7971 
3882 
.I375 
.6681 
.6800 
3 2 4  
.2 190 
.2460 
.4853 
.6997 
3756 
.6720 
.I410 
.7765 
.6130 
.6728 
.8595 

COOK PV ' 
.OOW 
.0007 
.0006 
.0127 
.OOOO 
.OOOO 
.0032 
.0012 
.0001 
.0000 
.OOOO 
.WOO 
.OOOO 
.Om0 
.OOOO 
.OOOO 
.OW0 
.OOOO 
.0000 
.OW0 
.0000 
.ooOO 
.OW 
.0035 
,0001 
.0002 
.OW5 
.0015 
.0000 
,0015 
.OOOO 
.ooOO 
.OOO1 



SDFFITS Standardiidffits value 

SDFB-0 Standardiidfbeta for the intercept term 

SDFB-l Standardizeddfbeta for the Logged January-February inflows 

SDFB-2 Standardizeddfbeta for the (March-April inflows?.' 

SDFB-3 Standardizeddhta for the Logged May-June inflows 

SDFB-4 Standardizeddfbeta for the (July-August inflowsjO" 

SDFB-5 Standardizeddfbeta for the Logged September-October inflows 

SDFB-6 Standardizeddfbeta for the (November-December inflowsjO.' 

~tems in bold are flagged if (sdffitsl or Isdfbeta) exceed 1.0 for a small data set or 2 4- for a large 

data set. The cutoff used here is 1. 

- 
YEAR 

1962 

1963 

1964 

1965 

1%6 

1967 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 2 

-.00537 

.05913 

-.I6854 

-.32568 

.06705 

-.02839 

-.24048 

.30969 

.06034 

.04400 

.I2447 

-.00287 

.00263 

.05217 

.03332 

,05813 

-.03222 

.01486 

-.05839 

.06336 

.00458 

.02132 

.08398 

-.83417 

.38710 

.44832 

,15979 

.23052 

.01903 

-.48360 

.05330 

.00889 

-.28348 

SDFFIT 

.33340 

-.70586 

-.69233 

-1.17005 

-.I9608 

-.05960 

-.90462 

-.77480 

-52659 

-.43543 

-.46677 

-.06679 

-.01255 

-.37721 

-.I7389 

-.37548 

-.04752 

-.06134 

-.I7636 

,40681 

.03014 

,1245 1 

.63257 

.92029 

,55725 

.57431 

.70654 

.82626 

-.05089 

.83742 

-.203 19 

.27387 

.53 110 

SDFB 3 

,05656 

.28776 

.I4666 

-.26634 

-.07854 

-.02264 

-.47766 

,20875 

-.I5629 

.I8404 

-.08989 

-.05024 

-.00132 

.20321 

.00885 

-.06099 

-.01847 

.02169 

.05633 

.20468 

-.00467 

-.00810 

-.31179 

-.37959 

.09604 

.32740 

.05301 

-.01253 

.03317 

-.I9469 

-.01008 

.I2533 

,00603 

SDFB 0 

-.07191 

-.08723 

-.I4052 

.82504 

-.02430 

.02479 

.31483 

.30433 

-.I8252 

-.03458 

-.09346 

.02170 

,00239 

-.I8964 

-.I2877 

-.I3166 

.02014 

-.01640 

.03482 

.03 152 

.00027 

.05072 

-.I 1609 

.23795 

.02524 

-.I5056 

.02955 

-.45759 

-.03861 

-.05157 

-.05735 

-.05563 

.30502 

SDFB 1 

-.I8457 

.I7614 

-.0065 1 

-.59929 

,05008 

-.00113 

.I3984 

-.38056 

,12055 

.I1288 

.I9607 

,02424 

,00460 

.I3736 

.I 1190 

.04825 

-.01958 

-.02162 

-.lo805 

-.07695 

.01489 

.02303 

.36402 

-.23364 

.01033 

.20800 

-.30229 

.26770 

.OW1 

.I2777 

a.043 16 

.09604 

-.34844 

SDFB 6 

.04384 

.I4881 

-.01781 

-.41094 

-.00723 

-.01898 

-.21622 

-.56554 

.20712 

-.I6248 

.01205 

-.02039 

-.00283 

.I9046 

.05413 

,23244 

.01642 

-.01294 

-.05182 

.00858 

-.01355 

-.02662 

-.05790 

.40824 

-.40977 

-.21213 

-.22675 

58815 

.00706 

,55809 

.06368 

-.03877 

-.I6469 

SDFB-~4 

.I4389 

-.32218 

,31924 

-.75173 

-.04981 

.00588 

.21803 

-.37665 

-.04902 

.I3074 

.08833 

-.00569 

-.00387 

.003 19 

.I1863 

-.08042 

-.01526 

.02924 

.08509 

-.24386 

.00740 

-.07919 

,19031 

.27325 

-.08003 

-.I3398 

.I7612 

-.08666 

.02561 

,22102 

-.00879 

.I0477 

,09719 

SDFB 5 

.05321 

.04062 

.37041 

.56920 

.08851 

.02969 

-.47048 

-.06222 

.33804 

-.21702 

-.33837 

-.00042 

-.00919 

-.I6604 

-.00919 

-.00519 

,02568 

-.01552 

-.04514 

.07644 

.00213 

-.073 1 1 

,19693 

.45361 

-.OM97 

-.28073 

-.I6918 

.03906 

.01091 

-.07935 

-.01601 

-.09256 

-.06725 
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Fig. 6.3.4. Standardized DFFIT vs. Standardized DFBETA. 



7. Examining Subsets of the Data 

7.1 Model 3: Logged AU Variables 

7.1.1 Logged AU Variables: 1965 Omitted 

N = 32 Regression Models for Dependent Variable: LN (BROWN S H R I M P )  

R-square A d  j C (P) A I C  MSE S B C  Variables in Model 
1n R s q  

1 0.153334 0.125112 5.9918 21.8962 1.86600 24.8277 LN-QJF 

1 0.113719 0.084176 7.5822 23.3595 1.95331 26.2910 LN-QND 

1 0.101747 0.071805 8.0629 23.7889 1.97969 26.7203 LN-QMA 

1 0.055980 0.024513 9.9003 25.3791 2.08056 28.3106 LN-QSO 

................................................................... 
2 0.276894 0.227024 3.0311 18.8482 1.64863 23.2454 LN-QJF LN-QSO 

2 0.218289 0.164378 5.3840 21.3419 1.78225 25.7391 LN-QSO LN-QND 

2 0.210534 0.156088 5.6953 21.6578 1.79993 26.0550 LN-QJF LN-QMJ 

2 0.181618 0.125177 6.8562 22.8090 1.86586 27.2062 LN-QJF LN-QND 

3 0.322322 0.249714 3.2073 18.7719 1.60024 24.6349 LN-QJF LN-QSO LN-QND 

3 0.316908 0.243720 3.4246 19.0266 1.61302 24.8895 LN-QJF LN-QMJ LN-QSO 

3 0.276900 0.199425 5.0309 20.8479 1.70750 26.7109 LN-QJF LN-QMA LN-QSO 

3 0.276894 0.199418 5.0311 20.8482 1.70751 26.7111 LN-QJF LN-QJA LN-QSO 

4 0.367048 0.273277 3.4116 18.5870 1.54998 25.9157 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.328227 0.228705 4.9702 20.4919 1.64505 27.8206 LN-QJF LN-QMA LN-QMJ LN-QSO 

4 0.324294 0.224189 5.1281 20.6787 1.65468 28.0074 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.324247 0.224135 5.1300 20.6809 1.65480 28.0096 LN-QJF LN-QJA LN-QSO LN-QND 

5 0.373898 0.253494 5.1366 20.2388 1.59218 29.0332 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.371251 0.250338 5.2429 20.3739 1.59891 29.1683 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.329047 0.200018 6.9373 22.4528 1.70623 31.2472 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.326933 0.197497 7.0222 22.5534 1.71161 31.3479 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

6 0.377301 0.227853 7.0000 22.0644 1.64687 32.3246 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



OBS _MODEL_ _TYPE--DEPVAR_ _WSE- INTERCEP LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

1 MODELl 

2 MODELl 

3 MODELl 

4 MODELl 

5 MODELl 

6 MODELl 

7 MODELl 

8 MODELl 

9 MODELl 

10 MODELl 

11 MODELl 

12 MODELl 

13 MODELl 

14 MODELl 

15 MODELl 

16 MODELl 

17 MODELl 

18 MODELl 

19 MODELl 

20 MODELl 

21 MODELl 

PARMS 

PARMS 

PAWS 

PARMS 

PARMS 

PARMS 

PAWS 

PARMS 

PARMS 

PARMS 

PARMS 

PAWS 

PARMS 

PAWS 

PARMS 

PARMS 

PAWS 

PARMS 

PARMS 

PARMS 

PARMS 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

LN-BSH 

OBS LN-QND LN-BSH -IN- -P- -EDF- - MSE- - RsQ- -ADJRSQ- -CP- - AIC- - SBC- 



Parameter Estimates 

Parameter Standard T for HO: Variance 
Variable DP Estimate Error Parametex-0 Prob > IT1 Inflation 

INTERCEP 1 6.301419 1.00707545 6.257 0.0001 0.00000000 

LN-QJF 1 0.407552 0.22321520 1.826 0.0798 2.11859709 

LN-QMA 1 0.084428 0.22842558 0.370 0.7148 2.35332048 

LN-QMJ 1 -0.294854 0.20734787 -1.422 0.1674 1.78290772 

LN-Q JA 1 0.088335 0.17923645 0.493 0.6264 1.21963086 

LN-QSO 1 -0.283365 0.16015066 -1.769 0.0890 1.34997127 

LN-QND 1 0.293940 0.21118551 1.392 0.1762 1.45835119 

Collinearity Diagnostics(intercept adjusted) 

Condition var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

Variable 
Variable DF Label 

INTERCEP 1 Intercept 
LN-QJF 1 Ln (January-February Inflows) 
LN-QMA 1 Ln (March-April Inflows) 
LN-QMJ 1 Ln (May-June InfloWS) 
LN-QJA 1 Ln (July-August InflOWS) 
LN-QSO 1 Ln (Septentber-October InflOWS) 
LN-QND 1 Ln (November-December Inflows) 



7.13 Logged All Variables: 1965 and 1968 Omitted 

N = 31 R e g r e s s i o n  M o d e l s  fo r  D e p e n d e n t  Var iab le :  LN (BROWN S H R I M P )  

R-square A d  j C IP) A I C  MSE S B C  V a r i a b l e s  i n  M o d e l  
1 n  R S q  

1 0.197524 0.169853 0.6191 11.7695 1.37344 14.6374 LN-QJF 

1 0.103843 0.072941 3.8434 15.1923 1.53378 18.0603 LN-QND 

1 0.094800 0.063586 4.1546 15.5035 1.54925 18.3715 LN-QMA 

1 0.073959 0.042026 4.8719 16.2092 1.58492 19.0772 LN-QJA 

................................................................... 
2 0.239611 0.185297 1.1706 12.0994 1.34789 16.4014 LN-QJF LN-QSO 

2 0.220972 0.165327 1.8121 12.8502 1.38093 17.1521 LN-QJF LN-QJA 

2 0.212117 0.155840 2.1169 13.2005 1.39662 17.5025 LN-QJF LN-QND 

2 0.207516 0.150910 2.2752 13.3810 1.40478 17.6830 LN-QJF LN-QMJ 

.......................................................................... 
3 0.265944 0.184382 2.2643 13.0069 1.34940 18.7428 LN-QJF LN-QSO LN-QND 

3 0.250200 0.166889 2.8062 13.6647 1.37834 19.4007 LN-QJF LN-QJA LN-QSO 

3 0.249844 0.166493 2.8184 13.6794 1.37900 19.4154 LN-QJF LN-QMJ LN-QSO 

3 0.245379 0.161533 2.9721 13.8634 1.38721 19.5993 LN-QJF LN-QJA LN-QND 

4 0.283394 0.173147 3.6637 14.2610 1.36799 21.4310 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.280588 0.169910 3.7603 14.3822 1.37335 21.5521 LN-QJF LN-QMJ L N Q S O  LN-QND 

4 0.267645 0.154976 4.2057 14.9349 1.39805 22.1049 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.264736 0.151619 4.3059 15.0578 1.40361 22.2277 LN-QJF LN-QMJ LN-QJA LN-QND 

........................................................................................ 
5 0.302641 0.163169 5.0013 15.4170 1.38450 24.0210 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.287264 0.144717 5.5305 16.0931 1.41503 24.6971 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.281061 0.137273 5.7440 16.3618 1.42734 24.9657 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.269069 0.122883 6.1567 16.8746 1.45115 25.4785 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

.............................................................................................. 
6 0.302678 0.128348 7.0000 17.4154 1.44211 27.4533 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.2 Model 5: Square Root AU Variables 

7.2.1 Square Root AU Variables: 1985 Omitted 

N = 32 Regression Models for Dependent Variable: SQRT (BROWN SHRIMP) 

RSq Adj C IP) AIC MSE SBC Variables in Model 
1n RSq 

1 0.09376 0.06355 4.331 189.4 350.65 192.4 SQRT-QJE 

1 0.07435 0.04349 5.024 190.1 358.16 193.1 SQRT-QJA 

1 0.06700 0.03590 5.286 190.4 361.00 193.3 SQRT-QND 

1 0.06155 0.03027 5.481 190.6 363.11 193.5 SQRT-QSO 

...................................................................... 
2 0.18679 0.13071 3.012 188.0 325.50 192.4 SQRT-QJF SQRT-QSO 

2 0.16186 0.10406 3.902 188.9 335.48 193.3 SQRT-QJA SQRT-QND 

2 0.15364 0.09527 4.195 189.3 338.77 193.7 SQRT-QJE SQRT-QJA 

2 0.15217 0.09370 4.248 189.3 339.36 193.7 SQRT-QSO SQRT-QND 

............................................................................... 
3 0.24987 0.16950 2.762 187.4 310.98 193.3 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.24358 0.16254 2.986 187.7 313.58 193.5 SQRT-QJE SQRT-QJA SQRT-QSO 

3 0.20167 0.11613 4.482 189.4 330.96 195.3 SQRT-QJF SQRT-QSO SQRT-QND 

3 0.19860 0.11273 4.591 189.5 332.23 195.4 SQRT-QJE SQRT-QMJ SQRT-QSO 

4 0.27584 0.16855 3.835 188.3 311.33 195.6 SQRT-QJE SQRT-QJA SQRT-QSO SQRT-QND 

4 0.26137 0.15194 4.352 188.9 317.55 196.2 SQRT-QMJ SQRT-QJA SORT-QSO SQRT-QND 

4 0.26093 0.15144 4.367 188.9 317.74 196.3 SQRT-QJE SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.25006 0.13896 4.755 189.4 322.41 196.7 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.29861 0.16372 5.023 189.2 313.14 198.0 SQRT-QJE SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.28689 0.14976 5.441 189.8 318.37 198.6 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.26509 0.12376 6.219 190.7 328.10 199.5 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.26234 0.12048 6.317 190.9 329.33 199.7 SQRT-QJE SQRT-QMA SORT-QMJ SQRT-QJA 

SQRTQSO 

................................................................................................ 
6 0.29926 0.13108 7.000 191.2 325.36 201.5 SQRT-QJE SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.2.2 Square Root AU Variables: 1992 Omitted 

N = 32 Regression Models for Dependent Variable: SQRT (BROWN SHRIMP) 

RSq Adj C (PI AIC MSE SBC Variables in Model 
In Rsq 

1 0.10045 0.07046 5.121 190.0 357.00 193.0 SQRT-QMA 

1 0.09105 0.06076 5.467 190.4 360.72 193.3 SQRT-QJF 

1 0.06276 0.03151 6.509 191.3 371.95 194.3 SQRT-QJA 

1 0.06007 0.02874 6.608 191.4 373.02 194.4 SQRT-QSO 

2 0.18203 0.12562 4.117 189.0 335.81 193.4 SQRT-QJF SQRT-QSO 

2 0.15514 0.09688 5.107 190.0 346.85 194.4 SQRT-QMA SQRT-QMJ 

2 0.14652 0.08766 5.425 190.3 350.39 194.7 SQRT-QMA SQRT-QJA 

2 0.14187 0.08269 5.596 190.5 352.30 194.9 SQRT-QMA SQRT-QSO 

............................................................................... 
3 0.22671 0.14386 4.472 189.2 328.81 195.0 SQRT-QJF SQRT-QJA SQRT-QSO 

3 0.21624 0.13227 4.858 189.6 333.26 195.5 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.21418 0.12999 4.933 189.7 334.13 195.6 SQRT-QJF SQRT-QMA SQRT-QMJ 

3 0.21030 0.12569 5.077 189.9 335.79 195.7 SQRT-QMA SQRT-QMJ SQRT-QJA 

4 0.26913 0.16085 4.910 189.4 322.28 196.7 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QND 

4 0.26296 0.15377 5.137 189.6 325.00 197.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

4 0.26021 0.15061 5.239 189.8 326.22 197.1 SQRT-QJF SQRT-QJA SQRT-QSO SQRT-QND 

4 0.25238 0.14162 5.527 190.1 329.67 197.4 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

5 0.29267 0.15665 6.043 190.3 323.89 199.1 SQRT-QMA SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.28975 0.15316 6.151 190.5 325.24 199.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.28962 0.15301 6.156 190.5 325.29 199.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

5 0.27868 0.13997 6.559 191.0 330.30 199.8 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.32101 0.15806 7.000 191.0 323.35 201.3 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



7.23 Square Root All Variables: 1985 and 1992 Omitted 

N = 31 Regression Models for Dependent Variable: SQRT (BROWN SHRIMP) 

m q  Ad j C (P) AIC MSE SBC Variables in Model 
In Rsq 

1 0.09717 0.06604 4.621 184.3 359.08 187.2 SQRT-QJE 

1 0,07444 0.04252 5.417 185.1 368.12 188.0 SQRT-QJA 

1 0.07148 0.03946 5.520 185.2 369.29 188.1 SQRT-QMA 

1 0.06392 0.03164 5.785 185.4 372.30 188.3 SQRT-QSO 

...................................................................... 
2 0.19419 0.13663 3.223 182.8 331.93 187.1 SQRT-QJE SQRT-QSO 

2 0.16272 0.10291 4.325 184.0 344.90 188.3 SQRT-QJA SQRT-QND 

2 0.15531 0.09497 4.585 184.3 347.95 188.6 SQRT-QJE SQRT-QJA 

2 0.15077 0.09011 4.743 184.4 349.82 188.7 SQRT-QSO SQRT-QND 

............................................................................... 
3 0.25310 0.17011 3.159 182.4 319.06 188.2 SQRT-QJA SQRT-QSO SQRT-QND 

3 0.24885 0.16539 3.308 182.6 320.88 188.4 SQRT-QJE SQRT-QJA SQRT-QSO 

3 0.21928 0.13254 4.344 183.8 333.51 109.6 SQRT-QJE SQRT-QSO SQRT-QND 

3 0.20262 0.11403 4.927 184.5 340.62 190.2 SQRT-QJF SQRT-QMJ SQRT-QSO 

4 0.29485 0.18637 3.697 182.7 312.81 189.0 SQRT-QJE SQRT-QJA SQRT-QSO SQRT-QND 

4 0.26249 0.14902 4.831 184.1 327.17 191.2 SQRT-QJE SQRT-QMJ SQRT-QJA SQRT-QSO 

4 0.26124 0.14758 4.874 184.1 327.72 191.3 SQRT-QMJ SQRT-QJA SQRT-QSO SQRT-QND 

4 0.25554 0.14100 5.074 184.3 330.25 191.5 SQRT-QMA SQRT-QJA SQRT-QSO SQRT-QND 

................................................................................................ 
5 0.31174 0.17409 5.105 183.9 317.53 192.5 SQRT-QJE SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.29568 0.15482 5.668 184.6 324.94 193.2 SQRT-QJE SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.27723 0.13268 6.314 185.4 333.45 194.0 SQRT-QMA SORT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.27286 0.12743 6.467 185.6 335.47 194.2 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

................................................................................................ 
6 0.31476 0.14345 7.000 185.8 329.31 195.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

-- ...................................................................................... 



7 3  Model 6: Variables Transformed According to the Box-Cox Analysis 

7.3.1 Variables Transformed According to the Box-Cox Analysis: 1965 Omitted 

N = 32 Regression Models for Dependent Variable: (BROWN SHRIMP)0.2 

&square Ad j C (PI AIC MSE SBC Variables in Model 
1n RS q 

1 0.152534 0.124285 4.5801 -0.8580 0.91643 2.0735 LN-QJF 

1 0.101078 0.071114 6.5583 1.0282 0.97207 3.9597 (QND)-"' 

1 0.096557 0.066442 6.7321 1.1888 0.97696 4.1203 (QMAI-O.' 

1 0.046688 0.014911 8.6493 2.9081 1.03088 5.8396 LN-QSO 

.................................................................... 
2 0.261408 0.210471 2.3945 -3.2582 0.82623 1.1390 LN-QJF LN-QSO 

2 0.204205 0.149323 4.5937 -0.8711 0.89022 3.5261 LN-QJF LN-QMJ 

2 0.188091 0.132098 5.2131 -0.2296 0.90825 4.1676 LN-QSO (QND).'.' 

2 0.175173 0.118288 5.7098 0.2755 0.92270 4.6727 LN-QJF (QND)-'.' 

3 0.297755 0.222515 2.9972 -2.8730 0.81363 2.9899 LN-QJF LN-QSO IQND)-O" 

3 0.297737 0.222495 2.9979 -2.8722 0.81365 2.9908 LN-QJF LN-QMJ LN-QSO 

3 0.261512 0.182388 4.3905 -1.2627 0.85562 4.6003 LN-QJF IQJA)-"~ LN-QSO 

3 0.261490 0.182364 4.3914 -1.2617 0.85565 4.6012 LN-QJF (QMAI-'" LN-QSO 

.................................................................................... 
4 0.338858 0.240911 3.4170 -2.8030 0.79438 4.5256 LN-QJF LN-QMJ LN-QSO (QND)-~" 

4 0.307206 0.204570 4.6339 -1.3066 0.83241 6.0221 LN-QJF (QMA)-'.' LN-QMJ LN-QSO 

4 0.300141 0.196458 4.9055 -0.9819 0.84090 6.3468 LN-QJF (QMA).'.' LN-QSO (QND)-'" 

4 0.300095 0.196406 4.9072 -0.9798 0.84095 6.3489 LN-QJF LN-QMJ (QJA).'" LN-QSO 

5 0.347385 0.221882 5.0892 -1.2184 0.81429 7.5760 LN-QJF LN-QMJ (QJA)-'.~ LN-QSO 

(QND)-'.' 

5 0.342230 0.215736 5.2874 -0.9667 0.82072 7.8278 LN-QJF (QMA)-'.' LN-QMJ LN-QSO 

(QND)-'.' 

5 0.309000 0.176115 6.5649 0.6104 0.86219 9.4049 LN-QJF (QMA)-'" LN-QMJ (QJA]"" 

LN-QSO 

5 0.303508 0.169568 6.7760 0.8637 0.86904 9.6582 LN-QJF (QMA)-'" (QJA) -'" LN-QSO 
(QND)-'.' 

................................................................................................ 
6 0.349706 0.193635 7.0000 0.6676 0.84385 10.9277 LN-QJF (QMAI-'.~ LN-QMJ IQJA)-"~ 

LN-QSO (QND) -"' 
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1. SUMMARY REPORT 

1.1 Description of the problem' 
Bimonthly freshwater inflows into Corpus Christi Bay were recorded for the years 1962 

to 1994. These variables, and various transformations of them, were used to construct a model 

for the annual harvest of crab. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of 
view: individual observations (to detect outliers or influential points); variables, individually and 

in groups (to select an optimal set of predictors); and the interaction of these two, which 

produces the overall structure of the data set (to determine whether multicollinearity is present or 

not). The first two of these were examined by both graphic and quantitative means; the third by 

quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as 

well as by all the usual numerical measures. For each pair of variables, 99 % prediction ellipses 

and 95% confidence regions were plotted in a further effort to look for unusual points. For 

example, suppose large values of Variable A are generally associated with large values for 
Variable B. If an observation consisted of a large value for Variable A but a .small value for 

Variable B, that point would be considered unusual, even though it was well within the range of 

data for both variables and could not be considered an outlier. 
In addition, a number of residual analysis techniques were employed. A large residual 

indicates a point not well-fit by the model. The deleted residual, however, is somewhat more 

useful in the search for influential points. The model is fitted without a given observation, and 
the predicted response and corresponding residual are calculated for that observation. The 

Studentized deleted residual is scaled to have a Student's t distribution. Histograms and normal 

P-P plots of the residuals were also examined. 
Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dffits (to measure the influence of a given observation on the predicted 

response) and the Dfbetas (to measure the influence of a given observation on the calculated 

coefficients) were also used to build a general picture of the influence of individual points. Plots 

were made of the standardized Dffits value for each model against the standardized Dfbeta values 
for each predictor in the model. Points which were extreme indicated observations which had 

strong effects on both predicted values and coefficient estimates. 

I The followlnp dacusrton. prepared by Jacquel~nc Knife. was taken fmm Seatroul Harvest In Galveston Bay: A Rcgmslon Analysis. by F. Michael Speed. Sr. and 

Jacquel~ne Kiffe. 
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1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to 

look for nonlinear relationships between the response variable and individual predictors. Partial 

residual plots were employed to examine the overall relationship between the response and 

individual predictors. A partial residual is a corollary to the deleted residual. That is, the model is 
fitted without a given variable and the predicted response and corresponding residual are 

calculated for each observation. This seeks to answer the question, "What is the relationship of 

this predictor to the response variable, taking all other variables into accoun t? 'Thus ,  it 
examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a 
given model. We examined a number of these, including R* and mean squared error (MSE), and 

several others which directly incorporate penalties for having too many predictors in the model, 
such as adjusted R*, Cp, AIC, and SBC. It is well-established that too many predictors in a model 

can lead to bad prediction, just as too few can, and these measures are used as part of the attempt 

to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by 

linear combinations of the remaining variables, resulting in unstable coefficient estimates. The 

variance inflation factor (VIF) was calculated for each coefficient estimate to measure this 

instability, which is not usually considered profound for VIFs less than 10. No problems were 

found with this data. Additionally, the condition index (a ratio of eigenvalues of the covariance 

matrix, with the largest eigenvalue always on top) was calculated. A ratio greater than 30 is 

considered cause for concern. Again, no evidence of multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox 
procedure, used to find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 

1.3.1 Selecting the Data Set Used 
First, the variables were explored thoroughly, individually and in pairs, in a first effort to 

detect outliers. The SAS' programming language allows a number of diagnostics to be calculated 
for a group of models on a given data set without actually performing a formal regression, thus 

allowing one to examine a large number of models quite efficiently. The Box-Cox procedure was 

performed to find if a transformation to normallity was suggested. The log transform was 
suggested for some variables, and the squared root for others. At this point, there were several 

data sets for which the diagnostic series was calculated: 
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1. Untransformed crab data and untransformed inflow data 

2. Log of crab data and untransformed inflow data 

3. Log of crab data and log of inflow data 

4. Log of crab data and square root of inflow data 

5.  Square root of crab data and log of inflow data 

6 .  Various transformation suggested by Box-Cox 

1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one 

contained all variables in its corresponding data set. All diagnostics were generated, and 

influential points were determined for each model. 

Table 1,l R2 and Adjusted R' for full data sets. 

Data Set RI ~ d j .  R" 
1 0.1596 -0.0805 

Data sets 2, 3, 4 and 6 presented the highest R~ values. These four models were 

considered final candidates. The observations flagged as potentially influential are given in the 

summary table below, for each model. 
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Table 1.2 S t r m m a ~  ofpoinfsjlagged by Boxplofs. 

Year Variable 
1963 Ln(May-June) 

1969 Jan-Feb Inflows, Sqrt(Jan-Feb) 

1971 July-Aug Inflows, Sqrt(Ju1y-Aug), Sept-Oct Inflows. Sqrt(Sept-Oct) 

1972 July-Aug Inflows. Sqrt(Ju1y-Aug), Sept-Oct Inflows, Sqrt(Sept-Oct) 

1973 Sept-Oct Inflows. 

1974 Sept-Oct Inflows, Sqrt(Sept-Oct) 

1976 Nov-Dec Inflows, Sqrt(Nov-Dec) 

1977 March-April Inflows, Ln(Mar-Apr), Sqrt(Mar-Apr), Nov-Dec Inflows 

SqrtpIov-Dec) 

1978 Ln(Crab), March-April Inflows, Ln(Mar-Apr), Sqrt(Mar-Apr), 

1980 July-Aug Inflows. 

1981 Ln(Crab), May-June Inflows, July-Aug Inflows, Sqrt(Ju1y-Aug), CrabA0.l 

1984 Ln(May-June) 

1986 Crab, Sqrt(Crab) 

1989 Crab, Sqrt(Crab), Ln(May-June) 

1990 Crab, 

1992 Jan-Feb Inflows, Sqrt(Jan-Feb), March-April Inflows, Ln(Mar-Apr), 

Sqrt(Mar-Apr), 

1993 Crab, Sqrt(Crab), Jan-Feb Inflows, Sqrt((Jan-Feb), March-April Inflows. 

Ln(Mar-Apr), Sqrt(Mar-Apr), 
- -- 

Table 1.3 Summary ofpointsjlagged by 99%predicfion ellipses. 

Year Variable 
None None 
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Table L4 Outliers of data set 2. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

Table 1.5 Outliers of data set 3. 

- - 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
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Table 1.6 Outliers of data set 4. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1969 1 1 

Table 1.7 Outliers of data set 6 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1963 1 1 

A Key to Abbreviations: 
BOX Box plot 

SRE Studentized residual 
SDR Studentized deleted residual 

LEV Leverage value 
MAH Mahalanobis distance 

COO Cook's distance 

SDF Standardized Dffits value 

SDB Standardized Dfbeta value 
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1.3.3 Selecting the Final Candidate Models 
After the subset analysis led us to four models, Data Set 2 with 1978 omitted; Data Set 3 

with 1978 omitted, Data Set 4 with 1978 omitted and Data Set 6 with none omitted. 

Table 1.8 R.' and Adjusted 2 for data sets number 2, 3, 4 and 6 

Data set Observations omitted R' ~ d j .  R2 
2 1978 0.3662 0.2836 

6 None 0.2555 0.1625 

1.3.4 Selecting the Final Models 
It appears that Data set 2 with 1978 omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Ln(Crab Harvest) = 5.1 1848 + 0.0067075*(March-April) 
- 0.0072524*(Jul-Aug Inflows) 
+ 0.0023 169*(Sep-0ct Inflows) 
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1.4 Best Model: Logged Harvest and Square Root of Inflow 

1.4.1 Summary Information 

Table 1.9 Descriptive statistics for dependent and independent variables 

Descriptive Statistics 

Table 1.10 Model summary for the final model. 

Model s u m m a e b  

Ln(Crab Harvest) 
March-April Inflows 
July-August Inflows 
September-october 
intlows 

a. Dependent Variable: Ln(Crab Harvest) 

b. Method: Enter 

c. Independent Variables: (Constant). September-October Inflows, March-April 
Inflows. July-August lnflows 

d. All reauested variables entered. 

Std. 
Deviation 
1.151 17 
43.4990 
126.6195 

234.1876 

Mean 
4.91409 
33.501 1 
106.7481 

148.9370 

Table 1.11 Anova for the final model. 

N 
27 
27 
27 

27 

Durbin- 
Watson 

1.254 

b. Independent Variables: (Constant), September-October Inflows. March-April 
Inflows, July-August lnflows 

Adjusted 
R Square 

,284 

R Square 

,366 

Variables 
Entered 

September-October 
Inflows, 
March-April 
Inflowsb$uly-August 
Inflows 

ANOVP 

Std. Error 
of the 

Estimate 

,97438 

R 

.605 

a. Dependent Variable: Ln(Crab Harvest) 

F 
4.430 

Model 
1 Regress~on 

Residual 
Total 

Sig. 
.013D 

df 
3 
23 
26 

Sum of 
Squares 
12.619 
21 .a37 
34.455 

Mean 
Square 
4.206 
,949 
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Table 1.12 Parameter estimates for the final model. 

Coefficlentd' 

a. Dependent Variable: Ln(Crab Harvest) 

(Constant) 
March-April Inflows 
July-August Inflows 
September-October 
Inflows 

Table 1.13 Residuals statistics for thefinal model. 

Residuals Statistice 

a. Dependent Variable: Ln(Crab Hawest) 

Unstandardized 
Coefficients 

Standar 
dized 

Coefficie 
nts 

Beta 

,253 
-.798 

,471 

B 
5.118 

6.7E-03 
-7.3E-03 

2.3E-03 

- 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Std. Error 
,302 
,004 
,002 

,001 

Mean 

4.91409 

,000 

.34112 

4.93046 

-1 .BE-1 5 

,000 

-.007 

-1.6E-02 

-.003 

2.889 

.048 

,111 

t 
16.948 

1.508 
-3.037 

1.795 

Minimum 

2,81 561 

-3.01 2 

.20286 

3.50741 

-1.70980 

-1.755 

-1.902 

-2.00824 

-2.026 

,164 

,000 

,006 

Std. 
Deviation 

69666 

1.000 

,15883 

,66490 

,91644 

,941 

1.014 

1.07908 

1.048 

3.674 

,071 

,141 

Maximum 

6.06224 

1.648 

36930 

6.10300 

1.85939 

1.908 

1.970 

1.981 32 

2.1 13 

11.305 

,267 

,435 

Sig. 
,000 
,145 
,006 

,086 

N 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

95% Confidence 
Interval for B 

Lower 
Bound 

4.494 
-.002 
-.012 

,000 

Upper 
Bound 

5.743 
,016 

-.002 

.005 
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Figure 1.1 Predicted and observed values for the harvest. 
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Table 1.14 Prediction Intervals for Redjish Fish Harvest based on thejinal model. 

YEAR 

1962 
1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

RED 
83.20 
45.30 

113.70 

152.20 

100.50 

70.70 

41.10 

326.20 

125.80 

123.80 

102.80 

9.30 

50.50 

17.40 

7.70 

141.60 

231.80 

76.10 

132.80 

877.20 

267.60 

202.80 

948.50 

665.50 

112.20 

508.40 

973.60 

1 12.50 

RED Observed red fish fish harvest 

PRE-! Predicted trout harvest 

LICI-I Lower limit for 99% prediction interval for the trout harvest. 

UICI-1 Upper limit for 99% prediction interval for the trout harvest. 
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2. EXPLORING THE DATA 

2.1 Listing of data 

Table 2.1 The crab data and the inflow data. 

Year 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Crab 

83.20 

45.30 

113.70 

152.20 

100.50 

70.70 

41.10 

326.20 

125.80 

123.80 

102.80 

9.30 

50.50 

17.40 

7.70 

141.60 

231.80 

76.10 

132.80 

877.20 

267.60 

202.80 

948.50 

665.50 

112.20 

508.40 

973.60 

112.50 
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Crab Crab harvest (thousands of pounds) 

.IF-inflow Lagged January-February inflows (thousands of acre-feet) 

MA-inflow Lagged March-April inflows (thousands of acre-feet) 

MJ-inflow Lagged May-June inflows (thousands of acre-feet) 

JA-inflow Lagged July-August inflows (thousands of acre-feet) 

SO-inflow Lagged September-October inflows (thousands of acre-feet) 

ND-inflow Lagged November-December inflows (thousands of acre-feet) 
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2.2 Examination of Individual Variables 

Table .2.2 Test of Normality for the crab data and the infIow data. 

Tests of Normality 

Kolmo~orov-Smirno? 
Statistic I df I Sig. 

Crab HaNeSt 295 1 28 1 ,000 

Square Root of Crab 
Harvest 

1 223 

January-February 
lnflows 

1 305 

Ln(January-February 
Inflows) 
Square Root of 
January-February 
lnflows 
March-April lnflows 
Ln(March-April Inflows) 
Square Root of 
March-April lnflows 
May-June lnflows 

1 Ln(May-June Inflows) 
Square Root of 
May-June lnflows 
July-August lnflows 
Ln(July-August Inflows) 
Square Root of 
July-August Inflows 
September-october 
lnflows 

1 351 

Ln(September-October 
Inflows) 

1 115 

Square Root of 
September-October I 230 
lnflows 
November-December 
lnflows 

I 225 1 28 1 
Ln(November-Decemb 
er Inflows) 
Square Root of 
November-December 
Inflows 

". This is an upper bound of the true significance. 

'. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

Statistic 

,949 ,276 

,864 28 ,010 
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Table .2.3 Percentiles of the crab data and the inflow data. 
PCrmUbs 

Weighted Crab Harvest 
Average(Definlfion Ln(Crab Harvest) 
1) SquareRootolCrab 

Harvest 
January-February 
Inflows 
Ln(January-February 
Inflows) 
Square Root of 
January-February 
lnflows 
March-Aprll lnflows 
Ln(March-Apnllnflom) 
Square Rool 01 
March-Apnllnflows 
MayJune Inflows 
Ln(MayJune1nflows) 
Square Rool of 
MayJuneinflows 
July-August lnflows 
Ln(Ju1y-August Inflows) 
Square Root of 
July-wust 

SeptemberLocfober 
1n11uus 
~'September~ocmber 
hflowS) 
Square Root 01 
September-Oclober 
InflOm 
November-Demmber 
lnflows 

Ln(NOvember-Decemb 
er Inflows) 
Square Root of 
November-December 
Inflows 

Tukey's Hlnges Crab Hawest 
Ln(Crab Hamest) 
Square Rwt 01 Crab 
Hamst 
January-February 
Inflows 
Ln(January-February 
Inflows) 
Square Root of 
January-February 
kllOm 
March-Apnl Inflows 
Ln(Mard1-April Inflows) 
square Root of 
March-Apnl Inflows 
MayJune Inflows 
Ln(May-June Inflows) 
Square Roof of 
May-June lnflows 
July-August Inflows 
~n(~uiy/\ugust Inflows) 
Square Roof of 
JUI~-AWJUS~ inflows 
September_oclober 
kIlM 

Ln(Sepwmbe1-October 
Inflows) 
Square Root of 
September-October 
Inflows 
November-December 
Influus 
Ln(November-Decemb 
er Inflows) 
Square Root 01 
November-December 
Inflows . 

90 
884.3300 
6.78455 

29.73558 

137.2330 

5.92601 

11.70969 

152.6940 
5.02844 

12.35694 

354.2300 
5.86824 

18.81276 

375.2380 
5.92601 

19 36340 

460.0750 

6.09911 

21,26050 

109.5700 

4.67205 

10.39816 

95 
962.3050 
6.86925 

31.02039 

164.0800 

6.10580 

12.80918 

153.8290 
5.03583 

1240276 

430.2290 
6.06407 

20.74066 

M8.5045 
610580 

21.17730 

894.2425 

6.79595 

29.90368 

197.6590 

5.26652 

14.05905 

Permnt11es 
50 

118.7500 
4.77612 

10.89478 

23.7250 

4.05267 

4.87066 

19.9300 
2.99215 

4.46422 

125.7350 
4.83303 

11.20994 

59.0100 
4.05267 

7.63417 

69.6600 

4.24352 

8.34604 

34.8200 

3.54262 

5.88970 

118.7500 
4.77612 

10.89478 

23.7250 

4.05267 

4.87066 

19.9300 
2.99215 

4.4M22 

125.7350 
4.83303 

11.20994 

59.0100 
4.05267 

7.63417 

69.6600 

4 24352 

8.34604 

34.8200 

3.54262 

5.88970 

25 
72.0500 
4.27685 

8.48713 

14 6775 

3.42508 

3.83084 

12.0875 
2.49215 

3.47669 

72.4800 
4.27357 

8.49231 

30.7450 
3.42508 

5.51392 

30.2475 

3.40662 

5.49867 

11.1375 

2.40678 

3.33429 

73.4000 
4.29525 

8.56593 

14.8850 

3 4 4 W  

3.85773 

12.1350 
2.49606 

3.48351 

78.6100 
4.35219 

6.83906 

31.3900 
3.44564 

5.60149 

30.9550 

3.43149 

5.56227 

11.6950 

2.45460 

3.41590 

5 
8.4200 

2.12618 

2.89850 

7 4615 

2.31911 

2.72382 

6.7650 
1.91152 

2.60080 

7.7725 
2.04742 

2.78570 

10.1775 
2.3191 1 

3.18936 

6.9610 

2.16340 

2.97150 

5.0145 

1.58385 

2.22340 

75 
258.6500 
5.55359 

16.07511 

37.9900 

4.71419 

616345 

32.9650 
3.49493 

5.74078 

224.7225 
5.41428 

14.98856 

111.7350 
4 71419 

10.56543 

127 7550 

4.84650 

11.29285 

54.0800 

3.98985 

7.35279 

249.7000 
5.51768 

15.79173 

37.6800 

4 67782 

6.13820 

32.3800 
3.47622 

5.68759 

22i.3350 
5.39436 

14.84074 

107.8200 
4.67782 

10.37678 

121 7000 

4.79658 

I 1  01808 

53.0000 

3.96946 

7.27860 

10 
16 5900 
2.79362 

4.05916 

9.8350 

2.38028 

3.13548 

7 1550 
1.96776 

2.67485 

15.3720 
2.71671 

3.90658 

10.8080 
2.38028 

3.28755 

19.3890 

2.95177 

4.39019 

7.6000 

2.02645 

2.75567 
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2.2.1 The crab data 

Table .2.4 Descriptives for the crab data. 

Descriptives 

Table .2.S Extreme Values for the crab data. 

Extreme Values 

Crab Mean 
Harvest 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
236.4571 

125.7455 

347.1688 

208.5865 

1 18.7500 
81519.5 

285.51 62 

7.70 
973.60 
965.90 

186.6000 

1.784 
2.037 

Crab Highest 1 
Hawest 2 

3 
4 
5 

Lowest 1 

2 
3 
4 
5 

Std. Error 
53.9575 

,441 
,858 

Case 
Number 

27 
23 
20 
24 
26 
15 
12 
14 
7 
2 

Year 
1993 
1989 
1986 
1990 
1992 
1981 
1978 
1980 
1973 
1963 

Value 
973.60 
948.50 
877.20 
665.50 
508.40 

- 
7.70 
9.30 
17.40 
41.10 
45.30 



Crab Harvest in Covpus Chrisri Bav 17 

Observed Value 

Figure 2.1 Normal Q-Q Plot of Crab Harvest. 

Figure 2.2 BoxPlot of Crab Harvest. 

Crab Harvest 

Figure 2.3 Histogram of Crab Harvest. 
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Observed Value Observed Value 

Figure 2.4 Normal Q-Q Plot ofLn(Crab 
Harvest). 

Figure 2.5 Normal Q-Q Plot of Sqrt(Crab 
Hawest). 

Figure 2.6 BoxPlot of Ln(Crab Harvest). Figure 2.7 BoxPlot of Sqrt(Crab Harvest). 

Ln(Crab Harvest) Square Root of Crab Harvest 

Figure 2.8 Histogram ofLn(Crab Hawest). Figure 2.9 Histogram of Sqrt(Crab Harvest). 
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2.2.2 The January-February Inflows data 

Table .2.6 Descriptivesfor the January-February Inflow data 

Descriptives 

Table .2.7 Extreme Values for the January-February Injlow data. 

Extreme Values 

January-February Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
38.5221 

21.7317 

55.3126 

33.2602 

23.7250 
1875.002 

43.3013 

6.44 
165.70 
159.26 

23.3125 

2.277 
4.351 

Std. Error 
8.1832 

,441 
,858 

Value 
165.70 
162.10 
134.47 
69.68 
44.25 
6.44 
8.71 
9.96 
10.72 
12.39 

Year 
1993 
1992 
1969 
1962 
1978 
1963 
1989 
1979 
1990 
1991 

January-February Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

* 

Case 
Number 

27 
26 
4 
1 

12 
2 
23 
13 
24 
25 
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Observed Value 

Figure 2.10 Normal Q-Q Plot of January- 
February Inflows. 

Figure 2.11 BoxPlot of January-February 
Inflows. 

January-February lnllom 

Figure 2.12 Histogram of January-February 
Inflows. 
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1 . I !  
Observed Value 

Figure 2.13 Normal Q-Q Plot of Ln January- 
February Inflows). 

Normal Q-Q Plot of Square Root of January-February 
12 

Figure 2.14 Normal Q-Q Plol of Sqrt( 
January-February Inflows). 

Observed Value 

Ln(January-February Inflows) 

Figure 2.1 7 Histogram of Ln(January- 
February Inflows). 

Figure 2.15 BoxPlot of Ln(January-February 
Injlo ws). 

Figure 2.16 BoxPlot of Square Root of 
January-February Inflows 

Square Root ol January-February Inflows 

Figure 2.18 Histogram of Sqrt(January- 
February Inflows). 

Inflows 
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2.2.3 The March-April Inflows data 

Table .2.8 Descriptives for the March-April Inflow data. 

Descriptives 

Table .2.9 Extreme Valuesfor the March-April Infow data. 

Extreme Values 

Std. Error 
9.1491 

,441 
,858 

-March-April Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
37.8175 

19.0451 

56.5899 

33.0895 

19.9300 
2343.758 

48.41 24 

6.63 
154.36 
147.73 

20.8775 

2.035 
2.547 

Value 
154.36 
153.18 
152.64 
150.21 
36.90 

6.63 
6.93 
7.18 
8.28 

10.15 

Year 
1978 
1977 
1992 
1993 
1991 
1976 
1989 
1963 
1981 
1973 

March-April Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 

5 

Case 
Number 

12 
11 
26 
27 
25 
10 
23 
2 

15 
7 
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Ob~owed Value 

Figure 2.19 Normal Q-Q Plot of March-April 
Injlo ws. 

Figure 2.20 BoxPlot of March-April Injlows. 

Figure 2.21 Histogram of March-April Inflows. 
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Observed Value 

Figure 2.22 Normal Q-Q Plot of Ln(March- 
April Inflo ws) . 

Figure 2.24 BoxPlot of Ln(March-April) 
Inflows. 

Figure 2.26 Histogram of Ln(March-April 
Inflows). 

Observed Value 

Figure 2.23 Normal Q-Q Plot of Sqrt(March- 
April Inflows). 

Figure 2-25 BoxPlot of Square Root of 
March-April Inflows. 

Square Rwt  of March-April Inflows 

Figure 2.27 Histogram of Sqrr(March-April 
Inflows). 
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2.2.4 The May-June Inflows data 

Table .2.10 Descriptivesfor the May-June Inflow data. 

Descriptives 

Table .2.11 Extreme Values for the May-June m o w  data. 

Extreme Values 

May-June Mean 
inflows 95% Confidence Lower 

Intewal for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
157.4271 

11 1.7723 

203.0820 

150.4202 

125.7350 
13862.8 

11 7.7402 

7.21 
438.95 
431.74 

152.2425 

,928 
.289 

Std. Error 
22.2508 

.441 
,858 

Value 
438.95 
419.57 
346.97 
286.26 
285.82 

7.21 
8.46 

16.14 
27.37 
46.26 

May-June Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 

5 

Case 
Number 

15 
16 
27 
26 
21 
23 
2 

18 
24 

1 

Year 
1981 
1982 
1993 
1992 
1987 
1989 
1963 
1984 
1990 
1962 
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Observed Value 

Figure 2.28 Normal Q-Q Plot of May-June 
Inflows. 

Figure 2.29 BoxPIot of Mav-June Inflows 

May-June Inflows 

Figure 2.30 Histogram of May-June Inflows. 
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Observed Value Obsewed Value 

Figure 2.31 Normal Q-Q Plot ofLn(May-June Figure 2.32 Normal Q-Q Plot ofSqn(May- 
Inflo ws). June Infows). 

Figure 2.33 BoxPlot of Ln(May-June) Inflows. Figure 2.34 BoxPlot of Square Root of May- 
June Inflows. 

LnlMay-June Inliows) Square Root of May-June Inflows 

Figure 2.35 Histogram of Ln(May-June Figure 2.36 Histogram of Sqrt(May-June 
Info ws) . InJo ws). 
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2.2.5 The July-August Inflows data 

Table .2.12 Descriptives for the July-August Inj7ow data. 

Descriptives 

Table .2.13 Extreme Values for the July-August Inflow data. 

Extreme Values 

July-August Mean 
Inflows 95% Confidence Lower 

interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
104.2021 

55.7396 

152.6647 

90.1806 

59.01 00 
15620.2 

124.9809 

9.75 
454.71 
444.96 

80.9900 

1.998 
3.098 

Std. Error 
23.6192 

,441 
,858 

Value 
454.71 
440.92 
367.94 
270.51 
156.04 

9.75 
10.70 
10.82 
23.37 
26.96 

Year 
1971 
1972 
1981 
1980 
1976 
1963 
1989 
1965 
1992 
1984 

July-August Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 

5 

Case 
Number 

5 
6 

15 
14 
10 
2 

23 
3 

26 
18 
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ObSeNBd Value 

Figure 2.37 Normal Q-Q Plot ofJuly-August 
Inflows. 

N. = 
Juhl-*ugun hrws 

Figure 2.38 BoxPlot of July-August Inflows. 

J Y I ~ A u Q u S ~  Inflows 

Figure 2.39 Histogram of July-August Infows. 
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O b s e ~ B d  Value Observed Value 

Figure 2.40 Normal Q-Q Plot of Ln(Ju1y- 
August Inflows). 

Figure 2.41 Normal Q-Q Plot of Sqrt(Ju1y- 
August Inflows). 

Figure 2.42 BoxPIot of Ln (July-August) 
Inpows. 

Figure 2.44 Histogram of Ln(Ju1.v-August 
Inflows). 

Figure 2.43 BoxPlor of Square Root of July- 
August Inflows. 

Square R w t  of July-August Inflows 

Figure 2.45 Histogram of Sqrt(Ju1v-August 
InPo ws). 
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2.2.6 The September-October Inflows data 

Table .2.14 Descriptives for the September-October Inflow data 

Descriptives 

Table .2.15 Extreme Values for the September-October Inflow data. 

Extreme Values 

September-october Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
146.0696 

56.7647 

235.3746 

1 12.0398 

69.6600 
53042.8 

230.3102 

6.99 
900.25 
893.26 

97.5075 

2.742 
7.062 

September-october Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Std. Error 
43.5245 

,441 
,858 

Case 
Number 

6 
5 
8 
7 
10 
2 
1 

23 
21 
24 

Year 
1972 
1971 
1974 
1973 
1976 
1963 
1962 
1989 
1987 
1990 

Value 
900.25 
886.90 
412.65 
346.38 
149.56 
6.99 
11.37 
20.28 
21.18 
22.12 
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Observed Value 

Figure 2.46 Normal Q-Q Plot of September- 
October Inflows. 

Figure 2.47 BoxPlot of September-October 
Inflows. 

September_octobBr Inflows 

Figure 2.48 Histogram of September-October 
Inflows. 



Crab Harvest in Corpus Christi Bay 

Observed Valve 

Figure 2.49 Normal Q-Q Plot of 
Ln(September-October Inflows). 

Figure 2.51 BoxPlot of Ln (September- 
October) Inflows. 

Figure 2.53 Histogram of Ln(Sepfember- 
October Inflows). 

Observed Value 

Figure 2.50 Normal Q-Q Plot of Sqrt( 
September-October Inflows) 

Figure 2.52 BoxPlot ofsquare Root of 
September-October Inflows. 

Square Root of September-October Inflows 

Figure 2.54 Histogram of Sqrt(September- 
October Inflows). 



Crab Harvest in Corpus Christi Bay ?A 

2.2.7 The November-December Inflows data 

Table .2.16 Descriptives for the November-December Inflow data. 

Descriptives 

Table .2.17 Extreme Valuesfor the November-December Infow data. 

Extreme Values 

November-December Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
44.3814 

25.1931 

63.5698 

38.0515 

34.8200 
2448.780 

49.4851 

3.93 
198.82 
194.89 

42.9425 

2.273 
5.339 

Std. Error 
9.3518 

,441 
,858 

November-December Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1977 
1976 
1986 
1985 
1969 
1963 
1962 
1979 
1978 
1990 

Case 
Number 

11 
10 
20 
19 
4 

2 
1 

13 
12 
24 

Value 
198.82 
196.24 
99.94 
73.56 
65.77 
3.93 
6.34 
7.74 
8.75 
9.33 
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Obse~ed Value 

Figure 2.55 Normal Q-Q Plot of 
November-December Info ws 

Figure 2.56 BoxPlot of November-December 
Inflows. 

Figure 2.57 Histogram of November-December 
Inflows. 
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ObservBd Value Observed Value 

Figure 2.58 Normal Q-Q Plot of 
Lnwovember-December 
Inflows). 

Figure 2.59 Normal Q-Q Plot of Sqrt( 
November-December Inflows). 

Figure 2.60 BoxPlot of Ln(November 
December) Inflows. - 

Ln(Novembe1-December Inflows) 

Figure 2.62 Histogram of Lnwovember- 
December Inflows). 

Figure 2.61 BoxPlot of Square Root of 
November-December Inflows. 

Square Rwt 01 November-December Inflows 

Figure 2.63 Histogram of Sqrt(November- 
December Inflows). 
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3. PREDICTION ELLIPSES AND CONFIDENCE REGIONS 

Data 

SSY. Conteem 
Repm 

Thousands of Acre-Feet 

Figure 3.1 Crab Harvest vs. January- 
February Inflows. PE. 

Thousands 01 Acre-Feet 

Figure 3.3 Crab Harvest vs. March-April 
Injows, PE. 

Thousands 01 Arne-Fee1 

Thousands 01 Acre.Feet 

Figure 3.2 Crab Harvest vs. January- 
February Inflows. CR. 

Thousands 01 Acre-Feel 

Figure 3.4 Crab Harvest vs. March-April 
Injows. CR. 

Thousands of Acre-Feet 

Figure 3.5 Crab Harvest vs. May-June 
Inflows, PE. 

Figure 3.6 Crab Harvest vs. May-June 
Inflows, CR. 
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Thousands of Acre-Feet 

Figure 3.7 Crab Harvest vs. July-August 
Inflows, PE. 

Thousands 01 Acre-Feet 

Figure 3.9 Crab Harvest vs. September- 
October Inflows, PE. 

em' 

Ma' 

Thousands of Acre-Fel 

1W. 

r - . 
$ 
e O 1  

Figure 3.8 Crab Harvest vs. July-August 
Inflows. CR. 

Thousands of Acre-Feel 

Q 

Figure 3.10 Crab Harvest vs. September- 
October Inflows. CR. 

Dam 

em' 

Sm' 

Thousands of Acre-Feet Thousands of Acre-Feel 

Figure 3.11 Crab Harvest vs. November- Figure 3.12 Crab Harvest vs. November- 
December Inflows, PE. December Inflows. CR. 
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Thousands of Acre-Feet 

Figure 3.13 January-February Inflows vs. 
March-April Inflows, PE. 

Thousands of Acre-Feet 

Thou~ands 01 Acre-Feet 

Figure 3.14 January-February Injlows vs. 
March-April Inflows, CR. 

Figure 3.15 January-February Inflows vs. 
May-June Inflows, PE. 

Thousands ot Acre-Feel 

Figure 3.16 January-February Inflows vs. 
May-June Inflows, CR. 

? - m i l  E~NP 
bu) a - m  o m  4W €€a sm 

Thousands of Acre-Fee1 Thousands 01 Acre-Feel 

Figure 3.1 7 January-February Inflows vs. Figure 3.18 January-February Inflows vs. 
July-August Inflows. PE. July-August Inflows, CR. 
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housands of Acre-Feel 

Figure 3.19 January-February Inflows vs. 
September-October Inflows, PE. 

Thousands of Acre-Feel 

Figure 3.21 January-February Inflows VS. 

November-December Inflows. 
PE. 

Thousands 01 Acre-Feet 

Figure 3.23 March-April Inflows vs. May- 
June Inflows, PE. 

Thousands 01 Acre-Feet 

Figure 3.20 Januay-February Inflows vs. 
September-October Inflows. CR. 

Thousand of Acre Feet 

Figure 3.22 January-February Inflows vs. 
November-December Inflows, 
CR. 

e 95Y.canMne 

0 I w m m 4 m s o a  

Thousands of Acre-Feet 

Figure 3.24 March-April Inflows vs. May- 
June Inflows. CR. 
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Thousands of Acre-Feet 

Data 

99% Prmrnon 
EIIIW 

Figure 3.25 March-April Inflows vs. July- 
August Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.27 March-April Inflows vs. 
September-October Inflows. PE. 

Thousands of Acre-Feet 

Figure 3.29 March-April Inflows vs. 
November-December Inflows. 
PE. 

Thousands of Acre-Feet 

Figure 3.26 March-April Inflows vs. July- 
August Inflows. CR. 

mousands 01 Acre-Feet 

Figure 3.28 March-April Inflows vs. 
September-October Inflows. CR. 

Thousands of Acre-Feet 

Figure 3.30 March-April Inflows vs. 
November-December Inflows, 
CR. 
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Dam hu 

' P B h h a a m  
2 

= %%ox- 
E l W  E 0 R e p m  

m 0 I W a W 3 m 4 W r n  

Thousands of Acre-Feet Thousands of Acre-Feet 

Figure 3.31 May-June Inflows vs. July-August Figure 3.32 May-June Inflows vs. July-August 
Inflows. PE. Inflows. CR. 
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Figure 3.34 May-June Inflows vs. September- 
October Inflows, CR. 

Figure 3.33 May-June Injlows vs. September- 
October Inflows, PE. 
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Figure 3.35 May-June Inflows vs. November- Figure 3.36 May-June Inflows vs. November- 
December Inflows. PE. December Inflows. CR. 
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Figure 3.37 Julv-August Inflows. vs. 
September-October Inflows, PE. 

Figure 3.38 July-August Inflows. vs. 
September-October Inflows. CR. 
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Figure 3.39 July-August Inflows. vs. Figure 3.40 July-August Inflows. vs. 
November-December Inflows, November-December Inflows. 
PE. CR. 
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Figure 3.41 September-October Inflows vs. Figure 3.42 September-October Inflows vs. 
November-December Inflows, November-December Inflows, 
PE. CR. 
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4. Box-Cox ANALYSIS 

Table .4.1 Mean Square Error from Box-Cox transformation of the crab data and the injlow data for 
different lambda. 

Lam. Crab JF-inflow MA-inflow UT_inflow JA-inflow SO-inflow m i d o w  

-2.0 12881033 2049.2 1493.5 7353497 96171.0 462301.6 16809.9 

-1.9 8286247 1746.2 1293.2 4802808 74275.4 326276.6 12876.0 

-1.8 5360772 1496.6 1124.7 3 154840 57643.9 23 1788.5 9936.9 

-1.7 348975 1 1290.6 982.8 2085348 44977.4 165866.9 773 1.7 

- 1  6 2287330 1120.3 863.3 1387928 35304.3 1 19660.8 6069.5 

-1.5 1510571 979.3 762.6 930775.6 27896.5 871 12.7 4810.7 

-1.4 1005987 862.6 678.0 629440.2 22207.8 64064.9 3852.7 

-1.3 676248.3 765.9 607.1 4296 16.2 17827.2 47654.4 3120.1 

-1.2 459391.5 686.1 547.9 296249.9 14445.3 35903.4 2557.1 

-1.1 3 15805.2 620.3 498.8 206622.1 11828.8 27440.9 2122.3 

-1.0 220055.2 566.5 458.6 145943.9 980 1.4 21313.4 1785.3 

-0.9 155734.0 522.9 426.3 104544.1 8229.8 16855.3 1523.2 

-0.8 112205.9 488.3 401.1 76067. I 7013.2 13601.1 1318.9 

-0.7 82541.5 461.7 382.5 56314.6 6075.6 1 1224.3 1 159.9 

-0.6 62203.7 442.3 370.2 42498.0 5359.8 9496.3 1036.7 

-0.5 - 48207.1 429.8 36a  32754.6 4823.2 8257.5 942.3 

-0.4 - 38579.9 4.m 364.5 25832.6 4434.6 7398.6 871.7 
-0.3 32016.4 424.5 371.5 20885.9 4171.9 6847.3 821.2 

-0.2 27654.1 432.2 386.0 17339.1 4020.7 6559.6 788.4 

-0. I - 24928.6 447.4 408.9 14799.1 772.0 

0.0 - 23481.2 471.2 441.7 12995.8 4026.7 6717.7 771.6 
0. I - 23099.6 504.7 486.4 11 743.9 4186.1 7190.2 787.5 

0.2 23682.1 550.0 545.6 10915.9 4461.4 7984.4 821.3 

0.3 252 17.2 609.4 623.0 10425.5 4870.3 9185.0 875.5 

0.4 - 27776.0 686.2 723.3 19LL5_8 5439.3 10922.0 954.1 

0.5 31513.5 784.7 852.6 I025 1 .O 6205.9 13389.6 1062.5 

0.6 36679.9 910.5 1019.4 10512.0 7221.7 16874.1 1208.5 

0.7 43641.9 1071.1 1234.7 10993.0 8557.4 21797.0 1402.9 

0.8 52915.5 1276.2 1513.1 11699.5 10308.5 28779.4 1660.0 

0.9 652 14.6 1538.6 1874.1 12647.3 12604.4 38739.9 1999.7 

I .O 81519.5 1875.0 2343.8 13862.8 15620.2 53042.8 2448.8 

1 . 1  103173.4 2307.7 2957.0 15383.3 19593.1 73723.0 3043.8 

1.2 132017.7 2866.1 3760.5 17258.5 24845.4 103830.1 3834.7 

1.3 170580.6 3589.2 48 17.2 19552.4 31815.8 147953.6 4889.6 

1.4 22234 1 .O 4528.8 6212.2 22345.8 41 103.5 213029.7 6302.0 

1.5 292098.1 5753.9 8060.1 25740.0 53528.4 309582.0 8200.2 

1.6 386489.7 7356.6 10516.5 2986 1.4 70216.1 453636.4 10761.0 

1.7 514720.0 9460.5 13792.6 34867.3 92714.9 669682.3 14228.4 

1.8 689584.2 12231.0 18176.1 40953.2 123161.0 995264.2 18939.7 

1.9 928913.2 15890.7 24059.2 48362.0 164507.8 14881 17 25362.8 

2.0 1257613 20739.1 3 1977.9 57396.1 220848.7 2237277 34147.3 
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Figure 4.1 Box-Cox Transformation - MSE of Crab vs. Lambda and MSE of InJlow data vs. Lambda. 
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5.1 Untransformed crab data and untransformed inflow data 

Table 5.1 Regression Modelsfor Dependent Variable: CRAB on INFLOWS 

Rsq Adj C ( p )  AIC MSE SBC Variables in M o d e l  
1n flsq 

1 0.1026 0.0681 -1.575 316.6 75972 319.3 QJF-LAG 
1 0.0895 0.0544 -1.247 317.0 77082 319.7 QJA-LAG 
1 0.0447 0.0080 -0.130 318.3 80868 321.0 QMA-LAG 
1 0.0443 0.0076 -0.119 318.4 80903 321.0 QSO-LAG 

. - - ---------------------- . ------------- . . - . . - . - - . . - -- . ----- . . - ----------- . -  
2 0.1531 0.0854 -0.839 317 .O 74558 321 .O QJF-LAG QJA-LAG 
2 0.1271 0.0573 -0.188 317.8 76850 321.8 QJF-LAG QMJ-LAG 
2 0.1240 0.0539 -0.109 317.9 77128 321.9 QJF-LAG QSO-LAG 
2 0.1149 0.0441 0.117 318.2 77926 322.2 QMA-LAG QJA-LAG 

- - . - - - . - - - - - - -*- . . - - - - . - - - - - - - - - . - - - . - - - - - - - - . - - - - - - - - - . . - - - - - - . - - . . - - - - - - -  
3 0.1594 0.0543 1.005 318.8 77092 324.1 QJF-LAG QMJ-LAG QJA-LAG 

3 0.1547 0.0490 1 .I23 31 8.9 77523 324.2 QJF-LAG QJA-LAG QSO-LAG 

3 0.1533 0.0474 1.158 319.0 77652 324.3 QJF-LAG QMA-LAG (MA-LAG 

3 0.1532 0.0474 1.159 319.0 77658 324.3 QJF-LAG QJA-LAG QND-LAG 
- - - . - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - . - - . - - - . . - - -  
4 0.1595 0.0133 3.002 320.8 80433 327.4 PJF-LAG QMJ-LAG QJA-LAG 

QSD-LAG 
4 0.1594 0.0133 3.004 320.8 80438 327.4 QJF-LAG QMJ-LAG QJA-LAG 

QND-LAG 

4 0.1594 0.0133 3.004 320.8 80438 327.4 OJF-LAG QM-LAG QMJ-LAG 
QJA-LAG 

4 0.1548 0.0079 3.119 320.9 80879 327.6 QJF-LAG QMA-LAG QJA-LAG 
QSO-LAG 

- - --- . - . - . . - ---------- . ------ . . - - . ------ . -- . -- . . - -------- . . - -------- . ------  
5 0.1596 -.0314 5.001 322.8 84082 330.7 QJF-LAG QMA-LAG QW-LAG 

QJA-LAG QSO-LAG 
5 0.1596 -.0315 5.001 322.8 84084 330.7 QJF-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

5 0.1595 -.0315 5.003 322.8 64091 330.8 QJF-LAG QMA-LAG W - L A G  
QJA-LAG QND-LAG 

5 0.1549 -.0372 5.119 322.9 84554 330.9 QJF-LAG QMA-LAG QJA-LAG 
QSO-LAG QNO-LAG 

- - - - - - - - - - - . - - . - - - - . - - - . . - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - -  

6 0.1596 -.0805 7.000 324.8 88083 334.1 QJF-LAG QMA-LAG QMJ-LAG 
QJA-LAG QSO-LAG OND-LAG 

N = 28 
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5.2 Log of crab data and untransformed inflow data 

Table 5.2 Regression Models for Dependent Variable: Ln(CRAB) on INFLOWS 

Rsq Adj  C(p) AIC MSE SBC V a r i a b l e s  i n  Model 
1n flsq 

1 0.1467 0.1139 2.834 10.51 1.359 13.17 (MA-LAG 
1 0.0955 0.0608 4.444 12.14 1.440 14.80 QJF-LAG 
1 0.0197 -.0181 6.831 14.40 1.561 17.06 OSO-LAG 
1 0.0162 -.0217 6.941 14.50 1.567 17.16 QMJ-LAG 

- - - - . . - - - - - - - . . . - - - - - - - - - - - - - - - - - - - - - - - . - - . - - . . - - - - - - - - - - - . . - - - . . - - -* - - . - - -  

2 0.2082 0.1449 2.901 10.41 1.311 14.41 OJA-LAG QSO-LAG 
2 0.1946 0.1301 3.330 10.89 1.334 14.89 QJF-LAG OJA-LAG 
2 0.1712 0.1049 4.064 11.69 1.372 15.69 QJA-LAG QND-LAG 
2 0.1658 0.0991 4.234 11.88 1.381 15.87 QJF-LAG OMJ-LAG 

- - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - . - - - - - - - - - - - - - . - - - - - - - . - - - . . - - - - - - - - - - - - - .  
3 0.2585 0.1658 3.321 10.58 1.279 15.91 QJF-LAG QJA-LAG OSO-LAG 
3 0.2291 0.1328 4.243 11.66 1.330 16.99 OJF-LAG OMA_LAG QJA-LAG 
3 0.2288 0.1324 4.254 11.68 1.330 17.01 QJA-LAG OSO-LAG OND-LAG 
3 0.2201 0.1227 4.526 11.99 1.345 17.32 QJF-LAG QMJ-LAG QJA-LAG 

- . . - - - . . - - - - - - - - . . - - - . . - - - - - - - - - - - - - - - -* - - - - - - - - - - - - - . - - . - - - - - - - - - - . - - - - - - .  
4 0.2910 0.1676 4.299 11.32 1.276 17.99 QJF-LAG QMA-LAG QJA-LAG 

QSO-LAG 
4 0.2765 0.1507 4.753 11.89 1.302 18.55 QJF-LAG QJA-LAG OSO-LAG 

QND-LAG 
4 0.2686 0.1414 5.003 12.19 1.317 18.86 QJF-LAG QMA-LAG QJA-LAG 

QND-LAG 
4 0.2636 0.1355 5.159 12.38 1.326 19.05 QJF-LAG QMJ-LAG QJA-LAG 

OSO-LAG 
. - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -  

5 0.3247 0.1712 5.239 11.96 1.271 19.95 OJF-LAG OMA-LAG QJA-LAG 
QSO-LAG QNO-LAG 

5 0.2977 0.1381 6.086 13.06 1.322 21.05 OJF-LAG QMA-LAG QMJ-LAG 
QJA-LAG QSO-LAG 

5 0.2971 0.1374 6.105 13.08 1.323 21.07 QJF-LAG QMA-LAG QMJ-LAG 
QJA-LAG QND-LAG 

5 0.2819 0.1186 6.585 13.68 1.351 21.67 QJF-LAG QMJ-LAG QJA-LAG 
OSO-LAG OND-LAG 

- - - - . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - -  

6 0.3323 0.1415 7.000 13.64 1.316 22.97 QJF-LAG QMA-LAG QMJ-LAG 
(MA-LAG QSO-LAG QND-LAG 

N = 28 
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5.3 Log of crab data and log of inflow data 

Table 5.3 Regression Modelsfor Dependent Variable: Ln(CRAB) on Ln(INFL0WS) 

Rsq Adj C ( p )  A I C  MSE SBC Var i ab les  i n  Model 
1n Rsq 

1 0.1146 0.0806 1.700 11.54 1.410 14.21 LN-QJA - 
1 0.0578 0.0216 3.349 13.28 1.500 15.95 LN-QSO 
1 0.0305 -.0068 4.143 14.09 1.544 16.75 LN-QJF 
1 0.0249 - .Dl26 4.303 14.24 1.553 16.91 LN-QMJ 

- - - - - - - - - - - - - - - - - - . - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - . . - - - - .  

2 0.2239 0.1618 0.527 9.853 1.285 13.85 LN-QJA LN-QND 
2 0.1826 0.1172 1.727 11.31 1.354 15.30 LN-QSO LN-QND 
2 0.1303 0.0608 3.244 13.04 1.440 17.04 LN-QJF LN-QJA 
2 0.1176 0.0470 3.613 13.45 1.461 17.44 LN-QMA LN-QJA 

- - - - . - - - - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - . - - . . - - - . - - - - - - - . . - - - -  
3 0.2587 0.1661 1.517 10.57 1.279 15.90 LN-QJA LN-QSO LN-OND 
3 0.2355 0.1400 2.191 11.43 1.319 16.76 LN-QMJ LN-QJA LN-OND 
3 0.2255 0.1287 2.481 11.80 1.336 17.12 LN-QJF LN-OJA LN-QND 
3 0.2242 0.1272 2.520 11.84 1.338 17.17 LN-QMA LN-QJA LN-QND 

- - - - - - - . . - - - - - - - - - - - - - - - - - - - - . - - - - * - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

4 0.2689 0.1417 3.222 12.18 1.316 18.84 LN-QMJ LN-QJA LN-QSO LN-QND 
4 0.2588 0.1299 3.516 12.57 1.334 19.23 LN-QMA LN-QJA LN-QSO LN-QND 
4 0.2587 0.1298 3.517 12.57 1.334 19.23 LN-QJF LN-QJA LN-QSO LN-QND 
4 0.2528 0.1229 3.688 12.79 1.345 19.45 LN-&IF LN-QMJ LN-(MA LN-QND 

- - - - - - - - - - - - - - - - - - - . - - - - . - - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5 0.2761 0.1116 5.013 13.91 1.362 21.90 LN-QJF LN-QMJ LN-QJA LN-QSO 

LN-OND 
5 0.2717 0.1062 5.141 14.07 1.371 22.07 LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-OND 
5 0.2588 0.0903 5.516 14.57 1.395 22.56 LN-OJF LN-QMA LN-QJA LN-QSO 

LN-QND 
5 0.2531 0.0833 5.682 14.78 1.406 22.78 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QND 
- - - - - - - - - - - - - - - - - - - - - - . - - - - . - - - - - - - - - - - . - - - - - - - - - - - - . . - . . - - - . . - - - - - - . . - - - - -  

6 0.2765 0.0698 7.000 15.89 1.426 25.21 LN-QJF LN-OMA LN-QMJ LN-QJA 
LN-QSO LN-QND 

N = 28 
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5.4 Log of crab data and square root of inflow data 

Table 5.4 Regression Models for Dependent Variable: Ln(CRAB) on Sqrt(INFL0WS) 

Rsq A d j  C ( p )  A I C  MSE SBC Variables in Model 
In Rsq 

1 0.1442 0.1113 0.514 10.59 1.363 13.26 SQR-QJA 
1 0.0638 0.0278 2.817 13.11 1.491 15.77 SQR-QJF 
1 0.0391 0.0021 3.524 13.83 1.530 16.50 SQR-QSO 
1 0.0202 -.0175 4.065 14.38 1.560 17.04 SQR-QMJ 

- - . - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - . - - - - . - - - - - -  
2 0.2078 0.1444 0.692 10.43 1.312 14.43 SQR-QJA SQR-QND 
2 0.1695 0.1030 1.789 11.75 1.375 15.75 S Q R J F  SQR-QJA 
2 0.1561 0.0886 2.171 12.20 1.397 16.19 SQR-QJA SQR-OSO 
2 0.1445 0.0761 2.505 12.58 1.417 16.58 SQR-QMJ S Q R J A  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -  
3 0.2224 0.1252 2.275 11.91 1.341 17.24 SQR-CJF SQR-QJA SQR-ON0 
3 0.2112 0.1126 2.594 12.31 1.361 17.64 SQR-Qh!J SQR-QJA SQR-QND 
3 0.2107 0.1121 2.608 12.33 1.362 17.65 SQR-QJA SQR-QSO SQR-QND 
3 0.2100 0.1113 2.628 12.35 1.363 17.68 SQR-QMA SQR-QJA SQR-QND 

- - - - - - . - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - . - - - - - - - - - - - - . . - - - - - - - - - - - - - - - . - - - - - -  
4 0.2443 0.1129 3.647 13.11 1.360 19.77 SQR-QJF SQR-QMJ SQR-QJA 

SQR-QND 
4 0.2424 0.1106 3.701 13.18 1.364 19.84 SQR-CJF SQR-QMA SQR-QJA 

SQR-QND 
4 0.2270 0.0926 4.142 13.74 1.391 20.40 SQR-QJF SQR-QJA SQR-QSO 

SQR-QND 
4 0.2132 0.0764 4.537 14.24 1.416 20.90 SQR-W SQR-QJA SQR-QSO 

SQR-QND 
- - . - - - - - - - - - - - - - - - - . . - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -  

5 0.2649 0.0978 5.057 14.34 1.383 22.33 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QNO 

5 0.2466 0.0754 5.580 15.02 1.418 23.02 SQR-QJF SQR-QMA SQR-QJA 
SQR-QSO SQR-QND 

5 0.2466 0.0754 5.581 15.02 1.418 23.02 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

5 0.2141 0.0355 6.511 16.21 1.479 24.20 SQR-OMA SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

. - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

6 0.2669 0.0574 7.000 16.26 1.445 25.59 SQR-CJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QSO SQR-QND 

N = 28 
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5.5 Square root of crab data and log of inflow data 

Table 5.5 Regression Models for Dependent Variable: Sqrt(CRA5) on Ln(INFL0WS) 

R s q  Adj C ( p )  AIC MSE SBC Variables in Model 
In R s q  

1 0.1128 0.0786 0.267 115.9 58.66 118.6 LN QJA - 
1 0.0783 0.0428 1.211 117.0 60.94 119.7 LN-QSO 
1 0.0246 -.0129 2.679 118.6 64.49 121.3 LN-QJF 
1 0.0242 -.0134 2.690 118.6 64.52 121.3 LN-QMJ 

- - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - . - - - - . - - - . - - - - - - - - - - . * - - - . . - - -  

2 0.1706 0.1043 0.685 116.0 57.03 120.0 LN-QJA LN-QND 
2 0.1582 0.0909 1.024 116.5 57.88 120.5 LN-QSO LN-ON0 
2 0.1274 0.0576 1.867 117.5 60.00 121.5 LN-QMA LN-QJA 
2 0.1244 0.0543 1.949 117.6 60.21 121.6 LN-QJF LN-QJA 

- - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - . - . . - - - - - - . . * - - - . - - - - - - - - - . . - . - - - - - - .  

3 0.2122 0.1137 1.548 116.6 56.43 121.9 LN-QJA LN-QSO LN-OND 
3 0.1793 0.0768 2.446 117.7 58.78 123.1 LN-QMA LN-QJA LN-QND 
3 0.1764 0.0735 2.525 117.8 58.99 123.2 LN-QMJ LN-QJA LN-QND 
3 0.1754 0.0723 2.553 117.9 59.06 123.2 LN-QW LN-QSO LN-QND 

- - - - - . - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - . - - . - - - - - - - - - - - . . - . . - - - - - - - - - - . - - - - - . -  
4 0.2191 0.0833 3.359 118.4 58.36 125.0 LN-QMA LN-QJA LN-QSO LN-QND 
4 0.2169 0.0807 3.419 118.4 58.53 125.1 LN-QMJ LN-QJA LN-QSO LN-QND 
4 0.2122 0.0752 3.547 118.6 58.88 125.3 LN-QJF LN-QJA LN-QSO LN-QND 
4 0.2014 0.0626 3.841 119.0 59.68 125.6 LN-QMA LN-QMJ LN-QSO LN-QND 

- - . - - - - - - - - - - - - . - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . -  

5 0.2320 0.0574 5.007 119.9 60.01 127.9 LN-QMA LN-QMJ LN-QJA LN-QSO 
LN-QND 

5 0.2212 0.0441 5.302 120.3 60.86 128.3 LN-QJF LN-QMA LN-QJA LN-QSO 
LN-QND 

5 0.2209 0.0438 5.310 120.3 60.88 128.3 LN-QJF LN-QMJ LN-QJA LN-QSO 
LN-QND 

5 0.2057 0.0252 5.725 120.8 62.06 128.8 LN-QJF LN-QMA LN-QMJ LN-QSO 
LN-QND 

- - . . - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . . - - - - . - - - - - - - - - - - - - - - - - - - - - - - -  
6 0.2322 0.0128 7.000 121.9 62.85 131.2 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO LN-QND 

N = 28 



Crab Harvest in Corpus Chrisri Bay el 

5.6 Various transformation suggested by Box-Cox 

Table 5.6 Regression Modelsfor Dependent Variable: (CRAB)" on variously transformed INFLOWS. 

Rsq Ad j  C(p) AIC MSE SBC Var iables i n  Model 
I n  Rs9 

1 0.1075 0.0732 1.798 -90.65 0.0366 -87.99 OR-QJA 
1 0.0628 0.0268 3.091 -89.29 0.0385 -86.62 QR-QSO 
1 0.0201 -.0176 4.325 -88.04 0.0402 -85.37 LN-QND 
1 0.0180 -.0198 4.386 -87.98 0.0403 -85.31 OR-OMJ 

. - - - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - . . - - - . - - -  
2 0.2068 0.1433 0.929 -91 .96 0.0339 -87.96 QR-QJA LN-QND 
2 0.1879 0.1229 1.475 -91.30 0.0347 -87.30 QR-QSO LN-QNO 
2 0.1184 0.0479 3.483 -89.00 0.0376 -85.00 OR-QMA OR-QJA 
2 0.1160 0.0453 3.552 -88.92 0.0377 -84.93 QR-QJF OR-QJA 

. - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - -  
3 0.2555 0.1625 1.520 -91.73 0.0331 -86.40 Q R J A  OR-QSO LN-QND 
3 0.2142 0.1160 2.715 -90.22 0.0350 -84.89 QR-QMA QR-QJA LN-QND 
3 0.2110 0.1124 2.807 -90.11 0.0351 -84.78 QR-QW OR-QJA LN-QND 
3 0.2076 0.1085 2.906 -89.98 0.0353 -84.66 OR-QMJ QR-QSO LN-QND 

- - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - . - - - - -  
4 0.2628 0.1346 3.309 -90.01 0.0342 -83.35 QR-QMA QR-QJA QR-QSO LN-QND 
4 0.2600 0.1313 3.391 -89.90 0.0344 -83.24 QR-QMJ OR-QJA QR-QSO LN-QND 
4 0.2561 0.1267 3.505 -89.75 0.0345 -83.09 OR-QJF QR-QJA OR-QSO LN-QND 
4 0.2269 0.0924 4.349 -88.67 0.0359 -82.01 QR-QMA QR-QMJ QR-QSO LN-QND 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - -  
5 0.2723 0.1069 5.034 -88.37 0.0353 -80.38 OR-QMA OR-QMJ OR-QJA QR-QSO 

LN-QND 
5 0.2689 0.1027 5.134 -88.24 0.0355 -80.24 OR-QJF QR-QMA QR-QJA QR-QSO 

LN-QND 
5 0.2603 0.0921 5.383 -87.91 0.0359 -79.92 OR-QJF OR-QMJ OR-QJA QR-QSO 

LN-QND 
5 0.2271 0.0515 6.340 -86.68 0.0375 -78.69 OR-QJF QR-QMA QR-QMJ QR-QSO 

LN-QND 
. . . - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . .  

6 0.2735 0.0659 7.000 -86.42 0.0369 -77.09 QR-QJF QR-QMA OR-QMJ QR-QJA 

N = 28 

Dependent Var iab le :  (CRAB)O.' 
Independent Var iab les :  OR-WF=(January -February I n f  lows)-0.' 

I IR_W=(March-Apr i l  I n f l ows )  -0 -5  

OR-w=(May-June  inflow^)^.^ 
OR-m=(July-August  I n f l ows )  -O.' 
OR-QNI)=(September-October I n f l ows )  .O.' 
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6. REGRESSION FOR THE BEST MODELS 

6.1 Regression - Log of crab data on inflow data 

6.1.1 ANOVA and Parameter Estimates 

Table 6.1 Model Summary for log of crabdata on inflow data. 

Model Summa@b 

a. Dependent Variable: Ln(Crab Hawest) 

b. Method: Enter 

C. Independent Variables: (Constant). November-December Inflows, January-February 
Inflows, September-October Inflows, May-June Inflows. March-April Inflows. July-August 
Inflows 

d. All requested variables entered. 

Table 6.2 ANOVA table of log of crab data on inflow data 

- 

Durbin- 
Watson 

1 .ZOO 

Std. Error 
of the 

Estimate 

1.14738 

b. Independent Variables: (Constant). November-December Inflows, 
January-Februaly Inflows, September-October Inflows. May-June Inflows. 
March-April Inflows, July-August Inflows 

Adjusted 
R Square 

,141 

R Square 

.332 

Sig. 
.16l0 

R 

,576 

Model 
1 

a. Dependent Variable: Ln(Crab Hawest) 

F 
1.742 

Variables 
Entered 

November-December 
Inflows. 
January-February 
Inflows. 
September-October 
Inflows, May-June 
Inflows. March-April 
Inflows,..uly-August 
Inflows 

Mean 
Square 
2.293 
1.316 

df 
6 
21 
27 

Model 
1 Regression 

Residual 
Total 

Sum of 
Squares 
13.756 
27.646 
41.402 
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Table 6.3 Table of coefficients for log of crabdata on inflow data. 

Coetlicientd 

Standar 
dized 

Unstandardized Coeflicie 
Coefficients nts 

I B 1 Std. Error 1 Beta 1 t 
(Constant) 1 4.916 1 ,448 1 1 10.982 
January-February 
March-April 
May-June 
July-August 
September-October 
November-December 

a. Dependent Variable: 

95% Confidence 

6.1.2 Collinearity Diagnostic 

Table 6.4 Variance Inflaton for log of crabdata on inflow data. 

CoefflcientZ 

a. Dependent Variable: Ln(Crab Hawest) 

(Constant) 
January-February 
March-April 
May-June 

July-August 
September-October 

November-December 

Table 6.5 Collineariry Diagnosrics(intercept adjusted) for Dependent Variable: LN(CRAB) on INFLOWS. 

Condit ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 

t 
10.982 
1.759 

-1.259 
-.489 
-1.756 

1.051 
1.042 

Number Eigenvalue Index QJF-LAG O W L A G  OW-LAG OJA_LAG QSO-LAG QMD-LAG 

1 2.14142 1.00000 0.0539 0.0501 0.0055 0.0371 0.0440 0.0041 
2 1.66142 1.13530 0.0446 0.0580 0.0989 0.0310 0.0245 0.0686 
3 0.98439 1.47492 0.0068 0.0430 0.1771 0.0088 0.0000 0.5588 
4 0.71436 1.73138 0.0472 0.1416 0.2954 0.0030 0.0935 0.2806 
5 0.34286 2.49914 0.6370 0.6793 0.0372 0.0325 0.0563 0.0869 
6 0.15554 3.71042 0.2105 0.0279 0.3860 0.8877 0.7817 0.0011 

Collinearity Statistics 
Tolerance 

,481 

,584 
,634 
,291 
,343 

,903 

VIF 

2.078 
1.711 
1.577 
3.438 
2.919 
1.107 
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6.1.3 Residuals Diagnostics 

Table 6.6 Residuals Diagnosrics for log of crabdata on inflow data. 

Residuals Statistlcg 

a. Dependent Variable: Ln(Crab Harvest) 

Std. 
Deviation 

,71378 

1 .OOO 

,19097 

,81936 

1 .01189 

,882 

1.041 

1.43942 

1.091 

4.522 

.I25 

,167 

Pred~cted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Maximum 

6.47902 

2.327 

,89405 

7.66659 

2.10375 

1.834 

1.989 

2.47599 

2.155 

15.429 

,552 

,571 

- 

N 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

Minimum 

2,91694 

-2.664 

,27451 

3.43511 

-1.91865 

-1.672 

-2.229 

-3.40984 

-2.490 

.581 

,000 

,022 

Mean 

4.81823 

,000 

,54218 

4.90398 

3.2E-16 

.OOO 

-.030 

-8.6E-02 

-.033 

5.786 

.068 

,214 
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Table 6.7 Case Values for Residuals Diagnosticsfor log of crab data on inflow data. 

YEAR P R K l  RES-1 DRE-1 ADJ-1 ZPR-1 ZRK1  SRE_~' SDR-1' 

1962 5.4387 -1.0174 -1.2875 5.7088 2693 -.8868 -.9975 -.9974 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds t ,,.p. 2.u=t12,0.01=2.681. 
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Regression Standardized Residual 

Figure 6.1 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.2 Normal P-P Plot of Residuals. 
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January-February lnflom 

Figure 6.3 Partial Residual Plor for January- 
February Inflows. 

May-June Inflows 

Figure 6.5 Partial Residual Plot for May-June 
Inflows. 

September-October Inflows 

Figure 6.7 Partial Residual Plot for 
September-October Inflows. 

March-Apnl Inflows 

Figure 6.4 Partial Residual Plor for March- 
April Inflows. 

July-August Inflows 

Figure 6.6 Partial Residual Plot for July- 
August Inflows. 

November-D~cember lnllows 

Figure 6.8 Partial Residual Plot for 
November-December Inflows. 
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JanuaryFebruary lnflows 

Figure 6.9 Residuals Plot for Januanj- 
February Inflows. 

March-ADnI Inflows 

Figure 6.10 Residuals Plot for March-April 
Inflows. 

MayJune Inflows JuIyAugusl hflows 

Figure 6.11 Residuals Plot for May-June Figure 6.12 Residuals Plot for Julv-August 
Inflows. Inflows. 

Se~1emberi)ctOber Inflows Novemtar-December lnnows 

Figure 6.13 Residuals Plot for September- Figure 6.14 Residuals Plot for November- 
October Inflows. December Inflows. 



Crab Harvest in Corpus Christi Bqv 59 

6.1.4 Prediction Intervals for Crab Harvest 

Table 6.8 Prediction Intervals for Crab Harvest. 

YEAR 
1962 

LICI-1 Lower limit for 99% prediction interval for the log of crab harvest. 

LN-CRAB Log of crab harvest 

UICI-I Upper limit for 99% prediction interval for the log of crab 
harvest. 
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6.1.5 Outliers and Influential Point Detection 

Table 6.9 Mahalanobis distance. Cook's distance. Leverage value and associatedp-values 

YEAR MAH-I COOK-1 LEV-I ' MAH-PV> COOK-P~ 
1962 4.6997 ,0377 ,1741 ,6966 ,0001 
1963 2.6322 ,0232 ,0975 ,9168 .OOOO 
1965 1.3476 ,0036 ,0499 ,9871 .OOOO 
1969 11.1749 ,3404 .4 139 ,1312 ,0740 
1971 11.0333 ,0666 ,4086 ,1372 .0006 
1972 12.0898 ,001 1 ,4478 ,0976 .OOOO 
1973 5.8578 ,1175 ,2170 .5564 ,0037 
1974 4.7796 .O 144 ,1770 ,6868 .OOOO 
1975 .5812 .OOOO ,0215 ,9991 .OOOO 

1976 11.6629 ,0261 ,4320 .1122 .OOOO 

1977 15.4292 ,0029 *.5715 *.0309 .OOOO 

1978 10.8433 ,5518 .40 16 ,1456 ,2143 

1979 2.6533 ,0073 ,0983 .9151 .OOOO 

1980 7.6403 ,0123 ,2830 .3654 .OOOO 

1981 13.3648 .2005 ,4950 ,0637 ,0182 

1982 7.3337 ,0106 .27 16 ,3950 .OOOO 
1983 1.3885 ,0009 .05 14 ,9859 .OOOO 

1984 2.0308 ,0086 ,0752 ,958 1 .OOOO 

1985 1.3807 .OO 18 .05 1 1 ,9862 .OOOO 
1986 2.6304 ,0422 .0974 ,9170 ,0001 
1987 2.1295 ,0114 ,0789 ,9523 .OOOO 

1988 2.3739 .0092 ,0879 .9363 .OOOO 
1989 2.4457 ,0626 ,0906 .93 1 1 ,0005 

1990 3.0949 ,1000 ,1146 ,876 1 .0022 

1991 1.8379 ,0012 ,0681 ,9683 .OOOO 

1992 8.8297 ,0282 ,3270 ,265 1 .OOOO 

1993 9.8040 ,2300 ,363 1 ,2000 ,0267 

1994 ,9302 ,000 1 ,0345 .9959 .OW0 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)in or 0.5, whichever is smaller. 
'MAHAPV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(C0OK-I), where F is the CDF of an F-ratio random variable with p+l  numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.10 Standardized d f f s  value and Standardized dfbera values 

YEAR 
1962 

1963 

1965 

1969 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFFITS 
-.5139 

-.4034 

-.I551 

*- 1.6234 

,6757 

-.0847 

-.9414 

.3 130 

,0175 

-.4190 

-.I388 

*-2.1952 

-.22 17 

-.2874 

*-1.1920 

.2669 

.0760 

-.2428 

-.I101 

,5563 

,2801 

.2499 

,6983 

,9064 

,0906 

,4374 

*1.3166 

-.0202 

SDFBE T-0 
-.2743 

-.4018 

-.I127 

,0558 

-.0885 

,0074 

-.0619 

,0499 

,0147 

.0384 

.0249 

-.4164 

-.lo66 

-.0472 

,2529 

-.0473 

,0658 

-.2272 

-.0599 

.2058 

,0281 

,0547 

,6926 

,7139 

,0634 

-.I297 

-.4234 

-.0146 

SDFBE T-2 
.2365 

,0341 

,035 1 

'1.0941 

,0387 

,0067 

,1254 

.O 103 

-.0003 

.I399 

-.0755 

*-2.0286 

-.0737 

-.0433 

.0828 

-.0469 

-.0275 

.0520 

.0260 

-.I 130 

-.0713 

-.0342 

-.0883 

,071 1 

,0210 

,1138 

,3330 

-.0036 

SDFFITS Standardized dflts value 

SDFBE T-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for January-February inflows 

SDFBET-2 Standardized dfbeta for March-April inflows 

'lterns are flagged if Js@tsJ or Jsdfbetal exceed 1.0 for a small data set or 24- for a large data 

set. The cutoff used here is 1. 
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Table 6.11 Standardized dfbeta values 

YEAR 
1962 

1963 

1965 

1969 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFBE T-4 
-.I851 

SDFBE T-5 
,1908 

SDFBE T-3 Standardized dfbeta for May-June inflows 

SDFBET-4 Standardized dfbeta for July-August inflows 

SDFBE T-5 Standardized dfbeta for September-October inflows 

SDFBE T-6 Standardized dfbeta for November-December inflows 

kerns are flagged if !.sdffits( or bdJbetal exceed 1.0 for a small data set or 2 J m n n  for a large data 
set. The cutoff used here is 1. 
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Stamardized DFBETA Intercept 

Stamardud DFBETA March-aprll lnllwr 

Slandardlzed DFBETA July-Aug~~I lnllovs 

SWardlzed DFBETA Novermer-December InllWS 

S ~ r d ~ z e d  DFBETA January-February Innas 

Standardad DFBETA MayJune lnllwr 

Slsndardired DFBETA SeplenYrer.CXlC+3Wr 

Figure 6.15. Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of inflow variables. 
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6.2 Regression - Log of trout data on log of inflow data 

6.2.1 ANOVA and Parameter Estimates 

Table 6.12 Model Summa" for log of trout data on log of inflow data. 

Model S u m m a q b  

a. Dependent Variable: Ln(Crab Harvest) 

b. Method: Enter 

Variables 
Entered 

Ln(November-December). 
Ln(March-April), 
Ln(July-August), 
Ln(January-February), 
Ln(Septembeg:gctober), 
Ln(May-June) 

c. lndependent Variables: (Constant). Ln(Novernber-December Inflows), 
Ln(March-April Inflows), Ln(July-August Inflows), Ln(January-February Inflows), 
Ln(September-October Inflows), Ln(May-June Inflows) 

R Square 

,277 

R 

,526 

d. All requested variables entered. 

Table 6.13 ANOVA table of log of trout data on log of inflow data 

ANOVR 

Durbin- 
Watson 

1.489 

Adjusted 
R Square 

.070 

a. Dependent Variable: Ln(Crab Harvest) 

Std. Error 
of the 

Estimate 

1.19429 

b. lndependent Variables: (Constant), Ln(November-December Inflows). 
Ln(March-April Inflows). Ln(July-August Inflows), Ln(January-February 
Inflows). Ln(September-October Inflows), Ln(May-June Inflows) 

Mean 
Sauare 

1.908 
1.426 

df 
6 

21 
27 

Model 
1 Regression 

Residual 
Total 

Sum of 
Squares 

11.449 
29.953 
41.402 

F 
1.338 

Sig. 
.285O 



Crab Harvest in Corpus Christi Ba-v 65 

Table 6.14 Table of coefjcients for log of trout data on log ofinflow data. 

Coefllclentsl 

a. Dependent Variable: Ln(Crab Harvest) 

6.2.2 Collinearity Diagnostic 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(May June) 
Ln(Ju1y-August) 
Ln(September-October) 
Ln(Novernber-December) 

Table 6.15 Variance Inflation for log of trout data on log of inflow data. 

Coefficient@ 

Standar 
dized 

Coefficie 
nts 

Beta 

,103 
026 
-.205 
-.279 
-229 
,477 

Unstandardized 
, Coefficients 

a. Dependent Variable: Ln(Crab Hamest) 

t 
3.893 
,375 
,115 

-.718 
-1.033 
-.826 
1.988 

B 
5.794 
153 

3.5E-02 
-.239 
-.328 
-.242 
,577 

(Constant) 

Ln(January-February) 

Ln(March-April) 

Ln(May-June) 

Ln(July-August) 

Ln(September-October) 

Ln(Novernber-December) 

Table 6.16 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: LnlTROCTT) on 
Ln(INFL0 WS): 

Std. Error 
1.489 
.408 
,302 
,333 
318 
,293 
290 

Cond i t i on  Var Prop Var Prop Var Prop Var Prop Var Prop Var  Prop 
Number E igenva lue  Index LN-(XIF LN-OMA LN-OW LN-QJA LN-OSO LN-OND 

1 2.53959 1 .OOOOO 0.0057 0.0068 0.0426 0.0403 0.041 5 0.0549 
2 1 .80802 1.18517 0.1019 0.1262 0.0136 0.0258 0.0244 0.0013 
3 0.59436 2.06708 0.0344 0.1378 0.0305 0.1859 0.0006 0.5617 
4 0.51654 2.21733 0.1033 0.6439 0.1836 0.0196 0.0925 0.0494 
5 0.30408 2.88993 0.0208 0.0526 0.0449 0.4481 0.7341 0.2789 
6 0.23741 3.27062 0.7339 0.0327 0.6847 0.2803 0.1070 0.0538 

Siq. 
,001 
,711 
,910 
,480 
,313 
,418 
,060 

t 
3.893 

,375 

.I15 

-.718 

-1.033 

-826 

1.988 

95% Confidence 
Interval for B 

Collinearity Statistics 

Lower 
Bound 

2.699 
-.696 
-.593 
-.931 
-.SO 
-.850 
-.027 

Tolerance 

,453 

,684 

,422 

,472 

,446 

.599 

Upper 
Bound 

8.890 
1.002 
,662 
,453 
,333 
,367 

1.181 

VIF 

2.206 

1.463 

2.369 

2.117 

2.241 

1.670 
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6.2.3 Residuals Diagnostics 

Table 6.1 7 Residuals Diagnostics for log of trout data on log of injlow data. 

Residuals Statistic+ 

a. Dependent Variable: Ln(Crab Ha~eSt) 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Mean 

4.81823 

,000 

,58684 

4.86222 

1.6E-16 

.OOO 

-.016 

-4.4E-02 

-.021 

5.786 

.056 

,214 

Minimum 

3.56747 

-1.921 

,36246 

3.45587 

-2.23476 

-1.871 

-2.231 

-3.17643 

-2.492 

1.523 

,001 

,056 

Maximum 

5.76325 

1.451 

30213 

6.59079 

1.97635 

1.655 

1.909 

2.63053 

2.049 

11.215 

,300 

.415 

Std. 
Deviation 

65120 

1.000 

.I 1247 

.78315 

1.05326 

,882 

1.032 

1.44936 

1.079 

2.465 

,077 

,091 

N 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 
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Table 6.18 Case Values for Residuals Diagnostics for log of trout data on log of in fow data. 

PRE-1 Predicted value of harvest 
RES- 1 Ordinary residuals: observed harvest minus predicted harvest 
DRE-I Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
SRE-1 Studentized residual 
SDR-1 Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds r,,.z.o=t12,0.01=2.681 
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Regression Standardized Residual 

Figure 6.16 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.1 7 Normal P-P Plot of Residuals. 
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Figure 6.18 Partial Residual Plot for 
Ln(Januav-Febmav Inflows). 

Figure 6.20 Partial Residual Plot for Ln(May- 
June Inflows). 

Figure 6.22 Partial Residual Plot for 
Ln(September-October Inflows). 

Ln(March-Apnl Inflows) 

Figure 6.19 Partial Residual Plot for 
Ln(March-April Injlows). 

Ln(July-August Inflows) 

Figure 6.21 Partial Residual Plot for Ln(Ju1y- 
August Inflows). 

LnlNovember-December Inflows) 

Figure 6.23 Partial Residual Plot for 
Lnwovember-December 
Inflows) . 
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Figure 6.24 Residuals Plot for Ln(Januaty- 
February Inflows). 

Figure 6.25 Residuals Plot for Ln(March- 
April Inflows). 

Ln(May-June Inflows) Ln(July-August Inflows) 

Figure 6.26 Residuals Plot for Ln(May-June 
Injlows). 

Figure 6.27 Residuals Plot for Ln(Ju1y-August 
Injlows). 

Figure 6.28 Residuals Plot for Ln(September- Figure 6.29 Residuals Plot for LNNovember- 
October Inflows). December Injlo ws) . 
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6.2.4 Prediction Intervals for Trout Harvest 

Table 6.19 Prediction Intervalsfor Trout Harvest. 

YEAR 

1962 

1963 

1965 

1969 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

LN-TROUT 
4.42 1 

3.813 

4.734 

5.025 

4.610 

4.258 

3.716 

5.788 

4.835 

4.819 

4.633 

2.230 

3.922 

2.856 

2.041 

4.953 

5.446 

4.332 

4.889 

6.777 

5.589 

5.312 

6.855 

6.501 

4.720 

6.23 1 

6.881 

4.723 

LICI-1 Lower limit for 99% prediction interval for the natural log of trout 

harvest. 

LN-TROUT Natural log of trout harvest 

UICI- 1 Upper limit for 99% prediction interval for the natural log of trout 

harvest. 
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6.2.5 Outliers and Influential Point Detection 

Table 6.20 Mahalanobis distance. Cook's distance. Leverage value and associatedp-values 

YEAR MAH-1 COOK- 1 LE V-1' MAH-PP COOK-PP 
1962 8.642 1 ,0166 ,3201 ,2794 .OOOO 
1963 8.5948 ,1658 .3 183 ,283 1 ,0105 
1965 7.5809 ,0032 ,2808 ,3710 .OOOO 
1969 6.3415 ,0277 ,2349 SO05 .OOOO 
1971 6.5661 ,0372 .2432 ,4754 ,000 1 

1972 10.6997 ,0111 ,3963 ,1523 .OOOO 

1973 4.2739 ,0152 ,1583 .7477 .OOOO 
1974 2.9907 ,0374 .I108 ,8859 .OOO 1 
1975 1.5226 ,0046 .0564 .98 15 .OOOO 
1976 6.8182 ,0106 ,2525 ,448 1 .OOOO 

1977 11.2154 ,1732 .4 154 ,1295 ,0119 
1978 7.0400 ,2996 ,2607 .4247 ,0538 
1979 8.3180 ,0007 ,3081 .3054 .OOOO 
1980 6.0606 ,0241 ,2245 .5327 .OOOO 
1981 6.1484 .I763 ,2277 ,5225 .0126 
1982 3.3115 ,0045 .I226 ,8548 .OOOO 
1983 1.5786 ,0014 ,0585 ,9795 .OOOO 

1984 4.5576 ,0304 ,1688 ,7138 .OOOO 
1985 2.7722 ,0089 ,1027 .9052 .OOOO 

1986 4.8494 .0447 ,1796 ,6783 ,0002 
1987 5.0809 ,0092 ,1882 .6501 .OOOO 
1988 4.0779 ,0246 ,1510 ,7708 .OOOO 

1989 7.2232 ,1140 ,2675 ,4060 ,0034 
1990 5.7503 ,1724 .2130 ,5692 ,0118 
1991 4.6856 ,003 1 .I735 ,6983 .OOOO 
1992 6.442 1 ,0156 ,2386 .4892 .OOOO 

1993 6.2566 .I421 .23 17 .5 101 ,0066 

1994 2.6010 ,001 7 ,0963 ,9193 .OOOO 

MAH-1 Mahalanobis distance 

COOK- 1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHA-PV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l  degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-I), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p- l denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.21 Standardized dfi ts  value and Standardized dfbeta values 

YEAR 
1962 
1963 

1965 

1969 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFFITS 
-.3342 

SDFBE T-1 
-.2357 

SDFBE T-2 
,1126 

.I 122 

.0337 

,1956 

,0692 

-.0640 

,1633 

,0650 

-.0074 

.lo05 

-.7481 

'-1.1264 

,0209 

-.I 103 

SO04 

-.lo36 

-.0535 

,0948 

-.0050 

.0659 

-.0557 

-. 1 163 

-. 1642 

,3891 

-.0811 

,1231 

.37 10 

-.0360 

SDFFITS Standardized d 8 t s  value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized djbeta for log of January-February inflows 

SDFBET-2 Standardized djbeta for log of March-April inflows 

'hems are flagged if (sdfitsl or Isdfbetal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is 1. 
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Table 6.22 Standardized dfbeta values 

YEAR SDFBET 3 SDFBET 4 SDFBET 6 

SDFBE T-3 Standardized dfbeta for log of May-June inflows 

SDFBE T-4 Standardized dfbeta for log of July-August inflows 

SDFBET-5 Standardized dfbeta for log of September-October inflows 

SDFBET-6 Standardized dfbeta for log of November-December inflows 

'1tems are flagged if (sdffitsl or (sdfbetal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is 1. 
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SmrdarduBd DFBETA Intercept 

StaMarduBd DFBETA LnIMarch-Aprl InflGWSl 

Slandard~zed DFBETA LnlJanuary-February Innowr) 

SmndavU~zsd DFBETA LnlMay-June InflOWSl 

Slandardlzed DFBEW Ln(July.Augusl Inllowsl StandardizBd DFBETA LnISeplember-Octcber In l l a r l  

Smndard'mBd DFBETA LnIN~emrer-DecerrOer In f l a r l  

Figure 6.30 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of log of inflow variables. 



Crab Harvest in Corpus Christi Bav 76 

6.3 Regression - Log of crab data on square root of inflow data 

6.3.1 ANOVA and Parameter Estimates 

Table 6.23 Model Summary for log of crab data on square root of inflow data. 

Model sumrnaqb 

a. Dependent Variable: Ln(Crab H ~ N ~ s ! )  

b. Method: Enter 

c. lndependent Variables: (Constant), Square Root of November-December Inflows, 
Square Root of January-February Inflows. Square Root of July-August Inflows, Square 
Root of March-April Inflows, Square Root of MayJune Inflows. Square Root of 
September-October Inflows 

Variables 
Entered 

Sqrt(November-December), 
Sqrt(January-February). 
Sqrt(July-August), 
Sqrt(March-April), 
Sqrt(May-June), 
~ ~ r t ( ~ e ~ t e m b e r - ~ c t o b e r f ~  

d. All requested variables entered 

R Square 

,267 

R 

,517 

Table 6.24 ANOVA table of log of crab data on square root of inflow data 

ANOVPa 

Adjusted 
R Square 

,057 

a. Dependent Variable: Ln(Crab Harvest) 

b. lndependent Variables: (Constant), Square Root of November-December 
Inflows, Square Root of January-February Inflows, Square Root of July-August 
Inflows, Square Root of March-April Inflows, Square Root of May-June Inflows, 
Square Root of September-October Inflows 

Std. Error 
of the 

Estimate 

1.20225 

Durbin- 
Watson 

1.257 

df 
6 
21 
27 

Model 
1 Regression 

Residual 
Total 

Siq. 
.31 l o  

- 

Mean 
Square 
1.841 
1.445 

Sum of 
Squares 

1 1.049 
30.354 
41.402 

F 
1.274 
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Table 6.25 Table of coefJicientsfor log ofcrab data on square root of intow data. 

a. Dependent Variable: Ln(Crab Harvest) 

(Constant) 
Sqrt( January-February) 
Sqrt(March-April) 
Sqrt(May-June ) 
Sqrt(July-August) 
Sqrt(Septernber-October) 
Sqrt(November-December) 

6.3.2 Collinearity Diagnostic 

Table 6.26 Collinearity Diagnostic for log of crab data on square root of inflow data. 

Coeff icientd 

Unstandardized 
Coefficients 

a. Dependent Variable: Ln(Crab Harvest) 

Standar 
dized 

Coefficie 
nts 

Beta 

,333 
-.I79 
-.I84 
-.394 
.067 
.263 

B 
5.029 
,150 

-7.2E-02 
-4.6E-02 
-9.6E-02 
1.2E-02 

,104 

(Constant) 
Sqrt(Januafy-February) 
Sqrt(March-April) 

Sqrt(May-June) 

Sqrt(July-August) 
Sqrt(September-October) 
Sqrt(Novernber-December) 

Table 6.2 7 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Sqn(CRAB) on 

Std. Error 
, ,815 

,122 
,095 
,061 
,074 
,050 
,082 

Sqn(lNFL0 WS). 

t 
6.1 69 
1.229 
-.762 
-.761 

-1.299 
,239 

1.263 

t 
6.169 
1.229 

-.762 
-.761 

-1.299 

,239 
1.263 

Cond i t i on  Var Prop Var Prop Var Prop Var  Prop Var Prop Var Prop 
Number Eigenvalue I ndex  SQR-QJF SQR-QMA SQR-QMJ SOR-WA SQR-OSO SQR-QND 

1 2.17615 1.00000 0.0203 0.0162 0.0065 0.0624 0.0702 0.0433 
2 1 ,90766 1.06806 0.0791 0.0907 0.0914 0.0024 0.0014 0.0429 
3 0.76020 1.69192 0.0034 0.0542 0.2487 0.0332 0.0014 0.5781 
4 0.59096 1.91896 0.0003 0.3883 0.1830 0.0325 0.1341 0.3109 
5 0.34946 2.49543 0.6271 0.4120 0.0989 0.0471 0.2631 0.0068 
6 0.21557 3.17727 0.2699 0.0367 0.3714 0.8224 0.5298 0.0180 

Sio. 
,000 
,233 
,454 
,455 
,206 
813 
,220 

Collinearitv Statistics 

Tolerance 

.475 

,635 
.600 
,378 
.442 

,806 

95% Confidence 
Interval for B 

VIF 

2.105 
1.574 
1.666 
2.642 
2.263 
1.241 

Lower 
Bound 

3.334 
-.I04 
-.270 
-.I73 
-.251 
-.092 
-.067 

Upper 
Bound 

6.725 
.404 
125 
,080 
.058 
,116 
276 
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6.3.3 Residuals Diagnostics 

Table 6.28 Residuals Diagnostics for log of crab data on square root of inflow data. 

Residuals Statlstice 

a. Dependent Variable: Ln(Crab Hawest) 
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Table 6.29 Case Valuesfor Residuals Diagnostics for fog of crab data on square root of injon, 
data. 

1991 4.5252 .I951 ,2278 4.4925 -.4581 .I623 ,1753 ,1712 
1992 5.5726 ,6586 ,9678 5.2634 1.1793 .5478 .6641 .6550 
1993 5.2095 1.6715 2.5510 4.3300 ,6117 1.3903 1.7176 1.8080 
1994 4.8238 -.lo09 -.I 116 4.8346 ,0088 -.0839 -.0883 -.0862 

PRE-I Predicted value of harvest 
RES-1 Ordinary residuals: observed harvest minus predicted harvest 
DRE-1 Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
.mu Z-score of the residual 
S K I  Studentized residual 
SDR-I Studentized deleted residuals 

'values greater than 3 are flagged. 
st his is flagged if it exceeds tn.p.2,0=t~~.0.~~=2.681. 
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Figure 6.31 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.32 Normal P-P Plot of Residuals. 
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Square Root 01 January-February Inflows 

Figure 6.33 Partial Residual Plot for 
Sqrt(Janua y-February Inflows). 

Square Root of May-June Inflows 

Figure 6.35 Partial Residual Plot for 
Sqrt(May-June Inflows). 

Sauare Root of Seplernber-October Inflows 

Figure 6.37 Partial Residual Plot for 
Sqrt(September-October Inflows) 

Square R w l o l  March-April Inflows 

Figure 6.34 Partial Residual Plot for 
Sqrt(March-April Inflows). 

Square ~ w t  of ~uly-~ugust lnnows 

Figure 6.36 Partial Residual Plot for 
Sqrt(Ju1y-August Infows). 

Square Root 01 November-December lnllows 

Figure 6.38 Partial Residual Plot for 
Sqrt(November-December 
Inflows). 
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Square Root of January-February Inflows Square Root of March-Apnl Inflows 

Figure 6.39 Residuals Plot for Sqrt(January- 
February Inflows). 

Figure 6.40 Residuals Plot for Sqrt(March- 
April Inflows). 

Square Root ol May-June l n h s  

Figure 6.41 Residuals Plot for Sqrt(May-June 
InJo ws). 

Square Root of September-October Inflows 

Figure 6.43 Residuals Plot for 
Sqrt(September-October Inflows) 

Square Root of July-August Inflows 

Figure 6.42 Residuals Plot for Sqrt(Ju1y- 
August Inflows). 

Square Root 01 November-December lnllows 

Figure 6.44 Residuals Plot for 
Sqrt(November-December 
Inflo ws) . 
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6.3.4 Prediction Intervals for Crab Harvest 

Table 6.30 Prediction Intervalsfor Crab Han~est. 

- - -  

YEAR 

1962 

1963 

1965 

1969 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

LICI-1 Lower limit for 99% prediction interval for the log of crab 

harvest. 

LN-CRAB Log of crab harvest 

UZCZ-1 Upper limit for 99% prediction interval for the log of crab 

harvest. 
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6.3.5 Outliers and Influential Point Detection 

Table 6.31 Mahalanobis distance, Cook's distance, Leverage value and associated p-values 

YEAR MAH-1 COOK- 1 LE v-I' MAH-PVL COOK-PV 
1962 7.0079 .0493 ,2596 ,4281 .0002 
1963 4.7212 .0485 ,1749 ,6939 ,0002 

1965 3.3832 .0080 ,1253 .8474 .OOOO 

1969 9.5008 .I324 .3519 ,2187 ,0054 

1971 9.4988 ,0706 ,3518 .2 188 .0007 

1972 12.0546 ,0005 ,4465 ,0988 .OOOO 

1973 5.5838 .0599 ,2068 .5891 .0004 

1974 4.43 19 ,0340 ,1641 ,7289 ,0001 

1975 ,7163 ,0004 .0265 ,9982 .OOOO 

1976 9.3389 ,0180 .3459 .2292 .OOOO 

1977 13.9670 ,0818 *.5173 .05 18 ,0012 

1978 8.6500 ,4202 .3204 ,2788 ,1212 

1979 5.3807 ,0034 .I993 .6136 .Om0 

1980 7.2378 ,0193 .2681 ,4045 .OOOO 

1981 9.5244 .2119 ,3528 ,2172 .02 13 

1982 4.9246 ,0063 ,1824 .6692 .OOOO 

1983 1.5653 .0004 ,0580 ,9800 .OOOO 

1984 2.9149 .O 176 ,1080 ,8928 .OOOO 
1985 2.2755 ,0048 .0843 ,9430 .0000 

1986 4.0194 ,0499 ,1489 ,7775 ,0002 

1987 2.9301 .0140 .lo85 ,8914 .OOOO 

1988 3.0688 ,0157 .I137 ,8786 .OOOO 

1989 4.1588 .0769 ,1540 ,7613 ,0010 

1990 4.6026 ,1462 ,1705 .7083 .0072 

1991 2.91 1 1  ,0007 ,1078 ,893 1 .OOOO 

1992 7.6610 ,0296 .2837 ,3634 .OOOO 

1993 8.3447 .22 18 ,3091 .3032 ,0241 

1994 1.626 1 ,0001 ,0602 .9776 ,0000 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
 his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
2 ~ ~ ~ ~ - ~ ~  = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
3 ~ ~ ~ ~ - ~ V  = F(CO0K-I), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.32 Standardized dffits value and Standardized dfbeta values 

YEAR 
1962 

1963 

1965 

1969 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFFITS 
-.5849 

-.5868 

-.2324 

-.9743 

,6994 

,0567 

-.6524 

,4873 

.05 13 

-.3484 

-.7468 

*- 1.9367 

-.I514 

-.3617 

*- 1.2607 

,2065 

,0528 

-.3487 

-. 1795 

.5989 

.3097 

,3285 

,7586 

* 1.0953 

.0701 

,4488 

*1.3115 

-.0281 

SDFBE T-1 
-.4414 

,1212 

-.0110 

-.8205 

,0609 

,023 1 

,0866 

-. 1462 

-.0060 

.o 180 

,1376 

,6756 

.lo73 

,061 1 

,1656 

-.0261 

,0219 

-.0975 

.0348 

-.2118 

-.0257 

-.0458 

-.0767 

-.I017 

-.0244 

,1932 

.5430 

.O 189 

SDFFITS Standardized d f i t s  value 
SDFBE T-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for square root of January-February inflows 

SDFBET-2 Standardized dfbeta for square root of March-April inflows 

'~tems are flagged if Isdfitsl or Isdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1. 
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Table 6.33 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 

1962 .35 16 -.2498 ,1744 ,1327 
1963 .I973 ,0649 .0975 .I246 

1965 -.0476 ,1739 -. 1454 ,0720 

1969 .2095 -.0306 ,0574 -.2733 

1971 -. 1485 .I872 ,3427 -.I368 

1972 -.0242 ,0184 ,0252 -.0080 

1973 -.3374 .45 19 -.4907 .045 1 

1974 ,1454 -.3033 ,4034 -.0252 

1975 ,0059 -.0066 .0126 -.0310 

1976 ,0183 -.0386 ,1071 -.3084 

1977 ,1952 -.I126 ,1404 -.4833 

1978 -.0572 ,2386 -.3435 .7682 

1979 -.09 15 ,0750 -.0498 ,0692 

1980 -.0183 -.2675 ,1959 ,1322 

1981 -.5350 -.6819 ,6003 .O 199 

1982 ,1654 -.0388 -.0038 ,0059 

1983 -.0190 -.0023 -.0057 -.0071 

1984 ,2325 -.0151 .0280 ,0240 

1985 -.0024 ,0953 -.0269 -.I117 

1986 .0432 -.2674 ,0116 ,4406 

1987 ,171 1 .0246 -.I550 ,0561 

1988 ,2093 ,0085 -.0992 -.lo79 

1989 -.326 1 -.I346 -.0427 -.0747 

1990 -.5837 .6492 -.6013 -.2270 

1991 -.026 1 ,0330 -.0403 .O 144 

1992 .0153 -.0395 ,034 1 ,0007 

1993 ,1788 .0235 ,0246 -.2949 

1994 -.0123 ,0148 -.002 1 -.0009 

SDFBET-3 Standardized dfbeta for square root of May-June inflows 

SDFBET-4 Standardized dfbeta for square root of July-August inflows 

SDFBE T-5 Standardized dfbeta for square root of September-October inflows 

SDFBET-6 Standardized dfieta for square root of November-December inflows 

'items are flagged if Isdfits( or (sdfbeta( exceed 1.0 for a small data set or 2 J ( p  + 1) / n for a large data 
set. The cutoff used here is I. 
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SIaMadPed DFBETA lnlercepl Slandadked DFBETA SqnlJanuary-Fsbruary Inflows) 

Standardued DFBETA Sqn(March-Aprl ln l l ~ ls )  Standadlrsd DFBETA SqrUMay-June lnllousl 

SlaMardzed DFBETA Sqfl(J~Iy-Augu~1 Inllwsl 

Slandadlzed DFBETA Sqn(Novewmber-December Inllws) 

Figure 6.45 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of square root of inflow variables. 
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6.4 Regression - Various transformation 

6.4.1 ANOVA and Parameter Estimates 

Table 6.34 Model Summay for various transformation 

Model summaeb 

a. Dependent Variable: Craba(O.l) 

Variables 
Entered 

Ln(November-December ), 
(March-April)"(-0.5). 
(JU~Y-AU~US~)"(-O.~). 
(January-February)"(-0.4), 
(May-June)"(0.4). 
(September-Octtober)"(-0.1 fd 

b. Method: Enter 

c. lndependent Variables: (Constant). Ln(Novernber-December Inflows), 
(March-April)"(-0.5), (July-August)"(-O.l), (January-February)"(-0.4), (May-June)"(0.4), 
(September-Octtober)^(-0.1) 

R 

,523 

d. All requested variables entered. 

Table 6.35 ANOVA table of various transformations. 

ANOVH 

R Square 

,274 

a. Dependent Variable: CrabA(O.l) 

Adjusted 
R Square 

,066 

b. Independent Variables: (Constant). Ln(N0vember-December Inflows), 
(March-April)"(-0.5), (July-August)"(-0.1). (January-February)"(-0.4). 
(May-June)"(0.4), (September-O~ttober)~(-O.l) 

Model 
1 Regress~on 

Residual 
Total 

Std. Error 
of the 

Estimate 

.I92181 

Mean 
Souare 
4.9E-02 
3.7E-02 

Durbin- 
Watson 

1.453 

Sum of 
Squares 

,292 
,776 

1.068 

F 
1.318 

df 
6 

21 
27 

Sig. 
.293D 
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Table 6.36 Table of coefficients for various transfonnations. 

Coefficient* 

a. Dependent Variable: CrabA(O.lJ 

(Constant) 
(January-February)"(-0.4) 
(March-April)"(-0.5) 
(MayJune)"(O4) 
(July-August)"(-0.1) 
(September-Octtober)"(-0.1) 
Ln(November-December) 

6.4.2 Collinearity Diagnostic 

Table 6.37 Collineariiy Diagnostic for various transformations. 

Coetficient$ 

Unstandardized 
Coefficients 

a. Dependent Variable: CrabA(O.l) 

B 
,263 
,111 

-305 
-7.7E-03 

,863 
,853 

9.8E-02 

Table 6.38 Collineariiy Diagnostics(intercept adjusted) for various transfoma~ions. 

Standar 
dized 

Coefficie 
nts 

Beta 

,048 
-134 
-.094 
,301 
,325 
502 

Std. Error 
,764 
,601 
.492 
,021 
.746 
,708 
,047 

(Constant) 

(January-February)"(-0.4) 

(March-A~ril)~(-0.5) 

(May-June)"(0.4) 

(July-August)"(-0.1) 

(September-Octtober)"(-0.1) 
Ln(November-December) 

C o n d i t i o n  Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenva lue  Index  OR-OJF OR-QMA OR-OW OR-QJA OR-QSO OR-QND 

1 2.52649 1.00000 0.0143 0.0102 0.0478 0.0426 0.0422 0.0525 

2 1 .64038 1.24153 0.1175 0.1461 0.0164 0.0334 0.0341 0.0070 

3 0.63026 2.00296 0.1031 0.4983 0.0140 0.1223 0.0279 0.2230 
4 0.60915 2.03736 0.0009 0.1758 0.3170 0.0999 0.0631 0.2718 

5 0.31024 2.85486 0.0042 0.0316 0.0779 0.4673 0.7676 0.2883 

6 0.28148 2.9971 2 0.7599 0.1380 0.5269 0.2345 0.0651 0.1574 

Siq. 
,734 
455 
,543 
.718 
260 
,242 
,052 

t 
.344 
,185 

-.619 
-.367 
1.158 
1.204 
2.063 

t 
.344 

.I85 

-.El9 

-.367 

1.158 

1.204 

2.063 

Collinearity Statistics 

Tolerance 

,510 

,735 

,522 

,511 

.475 

,584 

95% Confidence 
Interval for B 

VIF 

1.962 

1.360 

1.915 

1.955 

2.105 
1.712 

Lower 
Bound 
.I ,327 
-1.138 
-1 329 
-.051 
-.688 
-.620 
-001 

Upper 
Bound 

1.852 
1.361 
719 
.036 

2.415 
2.325 

196 
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6.4.3 Residuals Diagnostics 

Table 6.39 Residuals Diagnostics for various transformations 

Residuals Statistic@ 

a. Dependent Variable: CrabA(O.l) 

N 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

Std. 
Deviation 

,103995 

1.000 

1 .8E-02 

,126178 

.I69488 

.882 

1.036 

.235214 

1.077 

2.513 

,083 

,093 

Mean 

1.630886 

,000 

9.4E-02 

1.638539 

-4.OE-17 

,000 

-.016 

-7.7E-03 

-.016 

5.786 

,059 

,214 

Maximum 

1.786350 

1.495 

,126831 

1.900417 

,310857 

1.618 

1.900 

,428942 

2.038 

10.795 

,311 

.400 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error Of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Sld. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

.449349 

-1.746 

6.3E-02 

1.396950 

-.335464 

-1.746 

-2.002 

-.441274 

-2.172 

1.893 

,003 

,070 
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Table 6.40 Case Valuesfor Residuals Diagnosticsfor various rrunsfornrations. 

P~E-1 Predicted value of harvest 
RES-I Ordinary residuals: observed harvest minus predicted harvest 
DRE-1 Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
SRE-1 Studentized residual 
SDR-I Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds t ".,,. z..=r,z.o.ol=2.681. 
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Figure 6.46 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.47 Normal P-P Plot of Residuals. 
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Figure 6.48 Partial Residual Plot for 
(January-February)"(-0.4). 

Figure 6.50 Partial Residual Plot for (May- 
June Inflows)"(0.4/. 

Figure 6.49 Partial Residual Plot for (March- 
April Inflows)"(-0.5). 

Figure 6.51 Partial Residual Plot for (July- 
August Infows)"f-0.1). 

Figure 6.52 Partial Residual Plot for 
(September-October)"(-0. I). 

Figure 6.53 Partial Residual Plot,for 
Ln(November-December 
Infows) . 
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Figure 6.54 Residuals Plot for (January- 
February)"(-0.4). 

Figure 6.55 Residuals Plot for (March-April 
Injlo ws) "(-0.5). 

Figure 6.56 Residuals Plot for Sqrt(May-June 
Injlo ws)"(O. 4). 

Figure 6.57 Residuals Plot for (July-August 
Injlows) "(-0.1). 

Figure 6.58 Residuals Plot for (September- 
October Inflows)"(-0. I) .  

LnINovember-December Inflows) 

Figure 6.59 Residuals Plot for Ln(November- 
December Inflows). 
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6.4.4 Prediction Intervals for Crab Harvest 

Table 6-41 Prediction Intervals for Crab Harvest. 

YEAR 
1962 

TR-CRAB 
1.5560 

1.4642 

1.6054 

1.6529 

1.5857 

1.5309 

1.4501 

1.7838 

1.6217 

1.6191 

1.5893 

1.2498 

1.4802 

1.3306 

1.2264 

1.6410 

1.7239 

1.5422 

1.6305 

1.9693 

1.7488 

1.7010 

1.9847 

1.9156 

1.6032 

1.8647 

1.9899 

1.6037 

LIC/_l Lower limit for 99% prediction interval for the log of (Crab harvest)A(O.l). 

TR-CRAB (Crab harvest)"((). 1) 

UICI-1 Upper limit for 99% prediction interval for (Crab harvest)"(O. 1)  
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6.4.5 Outliers and Influential Point Detection 

Table 6.42 Mahalanobis distance, Cook's distance, Leverage value and associatedp-values 

YEAR MAH-1 COOK-1 LEV-1' MAH-PP COOK-PP 
1962 10.2038 ,0149 ,3779 .I773 .OOOO 
1963 10.7952 .3 114 ,3998 .I478 ,0594 

1965 8.0179 ,0044 ,2970 ,3310 .OOOO 

1969 4.3646 ,0123 ,1617 .7370 .OOOO 

1971 5.8681 ,0228 ,2173 ,5552 .OOOO 

1972 9.5989 .027 1 ,3555 .2125 .OOOO 

1973 4.3694 ,009 1 ,1618 .7364 .OOOO 

1974 2.8861 ,0335 ,1069 ,8953 ,000 1 

1975 1.8930 ,0048 ,0701 .9655 .OOOO 

1976 7.9548 ,0101 .2946 ,3366 .OOOO 

1977 9.0828 ,1393 ,3364 ,2468 ,0062 

1978 5.5099 .I806 ,2041 .5980 .0135 

1979 8.6026 ,0048 .3 186 .2825 .OOOO 

1980 5.7402 .0288 ,2126 ,5704 .OOOO 

1981 8.1323 .I908 .3012 ,321 1 ,0158 

1982 4.5073 ,0082 ,1669 ,7198 .OOOO 

1983 2.3158 ,0027 ,0858 ,9403 .OOOO 

1984 4.1410 .0161 ,1534 ,7634 .OOOO 

1985 2.6894 ,0117 ,0996 ,9122 .OOOO 

1986 4.6123 .0425 .I708 ,7072 .0001 

1987 4.8390 .0036 ,1792 .6796 .OOOO 

1988 3.6468 ,0153 ,1351 ,8194 .OOOO 

1989 7.1 126 ,1814 ,2634 ,4172 ,0137 

1990 6.4686 ,1959 ,2396 ,4862 ,0170 

1991 5.5084 .O 159 ,2040 ,5982 .OOOO 

1992 5.6672 ,0139 ,2099 .5791 .OOOO 

1993 5.4893 ,1395 ,2033 ,6005 ,0063 

1994 1.9824 ,0052 ,0734 ,9608 .OOOO 

MAH-1 Mahalanobis distance 

COOK1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
2~~~~~~~ = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(COOK_l), where F is the CDF of an F-ratio random variable with p+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.43 Standardized dffits value and Standardized dpeta values 

YEAR 

1962 

SDFFITS 
-.3160 

*- 1.5489 

-.I722 

-.2886 

,3944 

,4284 

-.2472 

.4890 

.I801 

-.2608 

*-1.0039 

*-1.2198 

-. 1784 

-.4445 

*- 1.2057 

.2354 

,1339 

-.3314 

-.2825 

,5472 

,1556 

.3239 

*1.1871 

*1.2559 

-.3280 

.3061 

* 1.0449 

-. 1877 

SDFBE T-0 
-.1427 

.7328 

-.0056 

,0376 

.2282 

,3443 

-.0298 

,1029 

,1247 

,0768 

-.0723 

-.5787 

,0182 

-. 1720 

,1789 

-.0499 

,033 1 

-.I315 

,0999 

-.3039 

-.0746 

-.0409 

-.3628 

,2931 

.03 10 

-.0955 

-.I743 

,0977 

SDFBE T-1 
,2237 

-.6912 

,0378 

.I732 

,0615 

-.2200 

.0405 

,1509 

-.0517 

-.0244 

,0113 

,2364 

-.I162 

-.0880 

-.2103 

-.0127 

-.0900 

,1768 

-.0392 

,2643 

.0114 

-.0171 

.2 199 

,2897 

-.1562 

-.0427 

-. 1854 

-. 1222 

SDFBE T-2 
-.0912 
-.2669 

-.0263 

-.0774 

-.0718 

.I505 

-.I367 

-.I143 

-.0037 

-.I305 

.5620 

,6387 

,0752 

.I407 

-.5591 

,1168 

,0643 

-. 1069 

,0437 

-.I418 

,0147 

.0609 

,437 1 

-.4456 

,1992 

-.I 143 

-.3558 

,1019 

SDFFITS Standardized dffits value 
SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfleta for (January-Febmary inflo~s)~(-0.4) 

SDFBET-2 Standardized dfbeta for (March-April inflows)"(-0.5) 

hems are flagged if bdffitsl or lsdfbetal exceed 1.0 for a small data set or 2 J m -  for a large data 

set. The cutoff used here is 1. 
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Standadze3 DFBETA Ln(N0nenDBr-DscwWrl 

SImaralzBd DFBETA (Janu~ry-Feb~aryl"l~0 4) 

Standardized DFBETA (May-Junel"(0 4) 

Slmardlzsd DFBETA (SeplsnDBr-OctaberIW 1 I 

Figure 6.60 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of various transforms of injlow variables. 
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7. EXAMINING SUBSETS OF THE DATA 

7.1 Log of crab data and untransformed inflow data: 1978 Omitted 

Table 7.1 Regression Models for Dependent Variable: CRAB on INFLOWS: 1978 Omitted 

Rsq Adj C ( p )  A I C  MSE SBC Var iab les  i n  Model 
I n  Rsq 

10 .2219  0.1908 2.408 3.809 1.072 6.401 QJA-LAG 
1 0.1229 0.0878 5.640 7.042 1.209 9.634 QJF-LAG 
1 0.0924 0.0561 6.637 7.966 1.251 10.56 QMA-LAG 
1 0.0337 -.0049 8.552 9.657 1.332 12.25 QSO-LAG 

- - - - - . . - - - - - . . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
2 0.3036 0.2456 1.739 2.813 1.000 6.701 QJA-LAG QSO-LAG 
2 0.2790 0.2189 2.544 3.752 1.035 7.640 QJF-LAG QJA-LAG 
2 0.2774 0.2172 2.595 3.810 1.037 7.698 QMA-LAG QJA-LAG 
2 0.2342 0.1704 4.006 5.379 1.099 9.266 QJA-LAG QND-LAG 

- - - . - - . . - - - - - - - - - . - - - - - - - - - - - - - . - - - - - - - . - - - - - - . - - - - - - . - - - - - - - -  
3 0.3662 0.2836 1.694 2.269 0.949 7.453 QMA-LAG (MA-LAG QSO-LAG 
3 0.3638 0.2808 1.775 2.374 0.953 7.558 QJF-LAG QJA-LAG QSO-LAG 
3 0.3179 0.2289 3.273 4.254 1.022 9.437 QJF-LAG QMJ-LAG (MA-LAG 
3 0.3126 0.2229 3.447 4.464 1.030 9.647 QJA-LAG QSO-LAG QND-LAG 

. - - . - - - - - - - - - - - - - - - - - - . - - - - . - - - . - - - - - - - . - - - - - - . . - - - - - - - - - . - - - - - - - . - - - -  
4 0.3771 0.2638 3.341 3.804 0.976 10.28 OJF-LAG QMA-LAG QJA-LAG 

OSO-LAG 
4 0.3731 0.2592 3.469 3.974 0.982 10.45 QJF-LAG QMJ-LAG QJA-LAG 

OSO-LAG 
4 0.3709 0.2565 3.542 4.070 0.985 10.55 QJF-LAG QJA-LAG QSO-LAG 

QND-LAG 
4 0.3679 0.2530 3.640 4.198 0.990 10.68 QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - . - - - - - - - - . - - - - - - - - - . - - - - - - - - - - .  

5 0.3854 0.2391 5.067 5.438 1.008 13.21 QJF-LAG QMA-LAG QMJ-LAG 
QJA-LAG QSD-LAG 

5 0.3804 0.2328 5.233 5.660 1.017 13.43 QJF-LAG QMJ-LAG QJA-LAG 
QSD-LAG QNO-LAG 

5 0.3789 0.2310 5.281 5.724 1.019 13.50 QJF-LAG QMA-LAG QJA-LAG 
QSD-LAG QND-LAG 

5 0.3681 0.2176 5.634 6.190 1.037 13.97 QMA-LAG QMJ-LAG QJA-LAG 
QSO-LAG QND-LAG 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - . - - - - - - . - - - - - - - . - - . - - - - - - - - * - - - - - - - - - -  

6 0.3875 0.2038 7.000 7.348 1.055 16.42 QJF-LAG QMA-LAG QMJ-LAG 
QJA-LAG QSO-LAG QND-LAG 

N = 27 
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Table 7.2 Analysis of Variance for Dependent Variable: Ln(CRAB) on INFLOWS: 1978 Omitted 

- 
Sum o f  Mean 

Source OF Squares Square F Value Prob>F 

Model 6 13.35147 2.22524 2.109 0.0976 
E r r o r  20 21 .I0373 1.05519 
c T o t a l  26 34.45520 

Root MSE 1.02722 R-square 0.3875 
Oep Mean 4.91409 Adj  R-sq 0.2038 
C.V. 20.90363 

Table 7.3 Parameter Estimates for Dependent Variable: Ln(CRAB) on INFLOWS: 1978 Omitted 

Parameter Standard T f o r  HO: Variance 
Va r i ab le  OF Est imate E r r o r  P a r a m e t e ~ O  Prob > I TI I n f l a t i o n  

INTERCEP 1 5.083245 0.406361 85 12.509 0.0001 0.00000000 

Table 7.4 Collineariry Diagnosticsfintercept adjusted) for Dependent Variable: Ln(CRAB) on INFLOWS: 
1978 Omitted 

Cond i t ion  Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index  (MF-LAG OM-LAG OW-LAG OJA-LAG OSO-LAG OND-LAG 

1 2.15555 1.00000 0.0540 0.0478 0.0122 0.0291 0.0361 0.0002 
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Table 7.5 Parameter Estimates of Models for Dependent Variable: Ln(CRAB) on INFLOWS: 1978 
Omitted 

Table le 6 Criteria Statistics ofModelsjbr Dependent Variable: Ln(CR4B) on INFLOWS: 1978 Omitted 

OBS -MSE- - RSO- - AWRSQ- -CP- - AIC- - SBC- 

1 1.07239 0.22189 0.19077 2.40761 3.80910 6.4008 
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Number of Parameters 

Figure 7.1 The R' criteria vs. Number of 
parameters. 

Number 01 Parameters 

Figure 7.3 The AIC criteria vs. Number of 
parameters.. 

Number of Parameters 

Figure 7.5 The C(p) criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.2 The Adjusted R criteria vs. 
Number ofparameters. 

Lu "3 

5 .D 1 
0 1 2 3 4 5 6 7  

Number of Parameters 

Figure 7.4 MSE vs. Number of parameters. 

Number of Parameters 

Figure 7.6 The SBC criteria vs. Number of 
parameters. 
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7.2 Log of crab data and square root inflow data: 1978 Omitted 

Table 7.7 Regression Models for Dependent Variable: Ln(CRAB) on LnlINFLOWS): 1978 Omitted 

Rsq Adj C ( p )  A I C  MSE SBC Var iab les  i n  Model 
I n  Rsq 

1 0.1744 0.1414 1.893 5.408 1.138 8.000 LN-QJA 
1 0.0880 0.0516 4.497 8.095 1.257 10.69 LN-QMA 
1 0.0701 0.0329 5.040 8.622 1.282 11.21 LN-QSO 
1 0.0622 0.0247 5.277 8.849 1.292 11.44 LN-QJF 

- - - - - . - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . -  
2 0.2527 0.1905 1.532 4.717 1.073 8.605 LN-QMA LN-QJA 
2 0.2489 0.1863 1.649 4.857 1.078 8.744 LN-QJA LN-QND 
2 0.2118 0.1461 2.766 6.157 1.132 10.04 LN-QJF LN-QJA 
2 0.1760 0.1073 3.846 7.357 1.183 11.24 LN-QMJ LN-QJA 

- ---------- .--- . . ------ .-- .-- .-- .--- .-------------- . . -- .--- .---------------  
3 0.2999 0.2086 2.110 4.957 1.049 10.14 LN-QMA LN-QJA LN-QND 
3 0.2656 0.1698 3.145 6.250 1.100 11.43 LN-QJA LN-QSO LN-QND 
3 0.2630 0.1669 3.221 6.343 1.104 11.53 LN-QJF LN-QJA LN-QND 
3 0.2608 0.1644 3.288 6.423 1.107 11.61 LN-QMA LN-QMJ LN-QJA 

- - - - - - - - - - - - - - - - - - - - - - . - - - - - . - - - - - . - - - - - - - - - - - - - - - - - - . - . - - - - - - - . - - - . - - - - - - -  
4 0.3244 0.2015 3.372 5.997 1.058 12.48 LN-QMA LN-QKl LN-QJA LN-QND 
4 0.3093 0.1838 3.825 6.591 1.082 13.07 LN-QMA LN-QJA LN-QSO LN-QND 
4 0.2999 0.1726 4.110 6.957 1.096 13.44 LN-QJF LN-QMA LN-QJA LN-QND 
4 0.2876 0.1581 4.480 7.426 1 . I16 13.91 LN-QJF LN-QMJ LN-QJA LN-QND 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 0.3325 0.1736 5.126 7.668 1.095 15.44 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QND 
5 0.3317 0.1726 5.151 7.702 1.097 15.48 LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 
5 0,3096 0.1453 5.816 8.579 1.133 16.35 LN-QJF LN-QMA LN-QJA LN-QSO 

LN-QND 
5 0.2934 0.1251 6.307 9.208 1.159 16.98 LN-QJF LN-QMJ L N J A  LN-QSO 

LN-QND 
. - . - - - . - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - . - - - - . - - - - - - - - - - -  

6 0.3367 0.1377 7.000 9.499 1.143 18.57 LN-OJF LN-QMA LN-QMJ LN-QJA 
LN-QSO LN-ON0 

N = 27 
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Table 7.8 Analysis of Variance for Dependent Variable: Ln(CRAB) on Ln(INFL0WS): 1978 Omitted 

Sum o f  Mean 
Source DF Squares Square F value Prob>F 

Model 6 11.60108 1.93351 1.692 0.1748 
Error  20 22.85412 1.14271 
C To ta l  26 34.45520 

Root MSE 1.06897 R-square 0.3367 
Oep Mean 4.91409 Adj R-sq 0.1377 
C.V. 21 .75325 

Table 7.9 Parameter Estimates for Dependent Variable: Ln(CRAB) on Ln(INFL0WS): 1978 Omitted 

Parameter Standard T f o r  HO: Variance 
Var iable DF Estimate E r r o r  Paramete~O Prob > ( TI I n f l a t i o n  

INTERCEP 1 5.372368 1.34308719 4.000 0.0007 0.00000000 
LN-QJ F 1 0.142023 0.36550575 0.389 0.7017 2.17231 297 
LN-QMA 1 0.338679 0.29627665 1 . I43 0.2665 1 .46992970 
LN-OMJ 1 -0.269186 0.2979291 1 -0.904 0.3770 2.371 97326 
LN-PJA 1 -0.370488 0.28504649 -1.300 0.2085 2.10337012 
LN QSO 1 -0.0951 12 0.26838892 - 0.354 0.7268 2.35376214 

Table 7.10 Col l ineam Diagnostics(in!ercept adjusted) for Dependent Variable: Ln(CRAB) on 
Ln(INFL0WS): 1978 Omitted 

-- - 
Condit ion Var Prop Var Prop Var Prop Var Prop Var prop Var Prop 

Number Eigenvalue Index LN-WF LN-OMA LN-OW LN-WA LN-QSO LN-QND 

1 2.59083 1.00000 0.0081 0.0125 0.0424 0.0360 0.0351 0.0519 
2 1 ,78834 1.20363 0.1000 0.1171 0.0090 0.0330 0.0329 0.0009 
3 0.58056 2.11250 0.0000 0.0002 0.1214 0.2069 0.0166 0.5466 
4 0.50784 2.25869 0.1749 0.8570 0.0937 0.0216 0.0188 0.0101 
5 0.29319 2.97265 0.0031 0.0002 0.0385 0.4452 0.7656 0.3268 
6 0.23923 3.29085 0.7138 0.0131 0.6950 0.2573 0.1310 0.0638 
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Table 7.1 I Parameter Estimates ofModels for Dependent Variable: Ln(CRAB1 on 
Ln(lNFL0WS): I978 Omitted 

08s -RMSE- INTERCEP LN-OJF LN-OMA LN-OW LN-QJA LN-OSO LN-ON0 

1 1.06668 6.77088 -0.45074 . 

Table 7.12 Criteria Statistics of Models fir Dependent Variable: Ln(CRAB) on 
Ln(INFL0WS): 1978 Omitted 

OBS -MSE- - RSO- - AWRSQ- -CP- - AIC- - SBC- 

1 1.13781 0.17443 0.14140 1.89296 5.40798 7.9997 
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Number of Parameters Number of Paramelers 

Figure 7.7 The R criteria vs. Number of Figure 7.8 The Adjusted R criteria vs. 
parameters. Number of parameters. 

Number of Parameters Number of Parameters 

Figure 7.9 The AIC criteria vs. Number of Figure 7.10 MSE vs. Number ofparameters. 
parameters.. 

Number of Parameters Number o l  Parameters 

Figure 7.11 The C(p) criteria vs. Number of Figure 7.12 The SBC criteria vs. Number of 
parameters. parameters. 
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7.3 Log of crab data and square root inflow data: 1978 Omitted 

Table 7.13 Regression Models for Dependent Variable: Ln(CR4B) on Sqrt(1NFLOWS): 1978 Omitted 

Rsq Adj C ( p )  A I C  MSE SBC V a r i a b l e s  i n  Model  
In Rsq 

1 0.2215 0.1903 0.669 3.824 1.073 6.416 SQR-QJA 
1 0.0972 0.0611 4.446 7.822 1.244 10.41 SQR-QJF 

1 0.0924 0.0561 4.593 7.966 1.251 10.56 SQR-QMA 
1 0.0570 0.0192 5.671 9.000 1.300 11.59 SQR-QSO 

. . . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - . - - - - - - - . - - - - - - - - - - - . - - - - - - - - .  

2 0.2810 0.2211 0.859 3.675 1.032 7.563 SQR-QMA SQR-QJA 

2 0.2615 0.1999 1.453 4.400 1.060 8.287 SQR-QJA SQR-QND 
2 0.2609 0.1993 1 .470 4.420 1 .061 8.308 SQR-QJF SQR-QJA 
2 0.2425 0.1793 2.031 5.086 1.088 8.973 SQR-QJA SQR-QSO 

- - . . - - . --- . -- . ------------------- . . --- . -- . ---------- . --------------- . . -----  

3 0.3071 0.2167 2.067 4.680 1.038 9.863 S Q R M A  SQR-QJA SQR-QSO 

3 0.2999 0.2086 2.285 4.957 1.049 10.14 SQR-QMA SQR-QJA SQR-QND 

3 0.2924 0.2001 2.512 5.244 1.060 10.43 S Q R - W  SQR-QMJ SQR-QJA 

3 0.2895 0.1968 2.601 5.355 1.064 10.54 SQR-QJF SQR-QJA SQR-QND 
. . ......................................................................... 
4 0.31 67 0.1924 3.774 6.302 1 .070 12.78 SQR-QMA S Q R J A  SQR-QSO 

SQR-QND 
4 0.3165 0.1922 3.781 6.310 1.071 12.79 SQR-QJF SQR-QMJ SQR-QJA 

SQR-QND 
4 0.3148 0.1902 3.832 6.376 1 .073 12.86 SQR-QMA SQR-QMJ SQR-QJA 

SQR-QSD 

4 0.3135 0.1887 3.871 6.427 1.075 12.91 S Q R  SQR-QMJ SQR-QJA 
SQR-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
5 0.3300 0.1704 5.370 7.771 1.099 15.55 SQR-QJF SQR-QMA SQR-QMJ 

SQR-QJA SQR-QND 
5 0.3290 0.1693 5.399 7.810 1.101 15.58 SQR-QJF SQR-QMA SQR-QMJ 

SQR-QJA SQR-QSO 
5 0.3265 0.1661 5.476 7.911 1.105 15.69 SQR-QMA SQR-QMJ SQR-QJA 

SQR-QSO SQR-QND 

5 0.3264 0.1660 5.480 7.917 1.105 15.69 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SaR-QND 

. . - - . . . - -- . ----------- . --- . . - - . --- . . - ---------------- . -- . ----------------- .  
6 0.3422 0.1448 7.000 9.276 1.133 18.35 SQR-QJF SQR-QMA SQR-QMJ 

SQR-QJA SQR-QSO SQR-QNO 

N = 27 
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Table 7.14 Analysis of Variance for Dependent Variable: Ln(CR4B) on Sqrt(INFL0 WS): 1978 Omitted 

Sum o f  Mean 
source OF Squares Square F Value Prob>F 

Model 6 1 1  .78893 1 .96482 1.734 0.1649 
Error  20 22.66628 1 .I3331 
c T o t a l  26 34.45520 

Root MSE 1 .06457 R-square 0.3422 
Oep Mean 4.91409 Adj R-sq 0.1448 
C.V. 21 .66367 

Table 7.15 Parameter Estimates for Dependent Variable: Ln(CRAB) on Sqrt(INFL0 WS): 1978 Omitted 

Parameter Standard T f o r  HO: Variance 
Va r iab le  DF Estimate E r ro r  Parameter=O Prob > I T I  I n f l a t i o n  

INTERCEP 1 5.08261 8 0.7221 9784 7.038 0.0001 0.00000000 
SQR-QJF 1 0.077065 0.11 170928 0.690 0.4982 2.233571 28 
SQR-QMA 1 0.069437 0.10017965 0.693 0.4962 1.77722439 
SQR-QMJ I -0.043402 0.05408552 - 0.802 0.4317 1.66524749 
SQR-QJA 1 - 0.1 1 1997 0.06594704 - 1 .698 0.1050 2.62985736 
SQR-QSO 1 0.027290 0.04485694 0.608 0.5498 2.29702998 
SQR-ON0 1 0.048068 0.07609140 0.632 0.5347 1 .30321329 

Table 7.16 Collineariry Diagnostics(intercept adjusted) for Dependent Variable: Ln(CRAB) on 
Sqrt(INFL0 WS): 1978 Omitted 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index S[IR_QJF SQR-QWl SQR-OW SQR-QJA SQR-QSO SOH-QND 

1 2.13583 1.00000 0.0150 0.0085 0.0097 0.0666 0.0745 0.0438 
2 2.00396 1.03238 0.0729 0.0890 0.0754 0.0006 0.0001 0.0387 
3 0.78667 1 .64773 0.0077 0.0492 0.2635 0.0303 0.001 3 0.4951 
4 0.5261 5 2.01479 0.0184 0.2853 0.2556 0.0378 0.1490 0.3721 
5 0.34029 2.50528 0.5278 0.4482 0.0374 0.1048 0.2706 0.0029 
6 0.20710 3.21136 0.3582 0.1197 0.3584 0.7599 0.5045 0.0473 
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Table 7.1 7 Parameter Estimates of Models for Dependent Variable: Ln(CRAB) on 
Sqrt(INFL0 WSJ: 1978 Omitted 

08s -RMSEE INTERCEP SOR-OJF SIIR_OMA SOR-OM SOR-OJA SOR-OSO SOR-OND 

1 1.03586 5.86589 . - 0.10552 

Table Z 18 Criteria Statistics ofModels for Dependent Variable: Ln(CRAB) on 
Sqrt(INFL0WS): 1978 Omitted 

OBS - M E -  - RSQ- - ADJR.90- -CP- - AIC- - SBC- 

1 1.07300 0.22146 0.19031 0.66945 3.82434 6.4160 
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Number of Parameters Number 01 Parameters 

Figure 7.13 The R' criteria vs. Number of 
parameters. 

Figure 7.14 The Adjusted R criteria vs. 
Number ofparameters. 

Number of Parameters Number of Parameters 

Figure 7.15 The AIC criteria vs. Number of Figure 7.16 MSE vs. Number of parameters. 
parameters.. 

Number of Parameters Number of Paramelers 

Figure 7.1 7 The C(p) criteria vs. Number of Figure 7.18 The SBC criteria vs. Number of 
parameters. parameters. 
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7.4 Various Transformation of data: None Omitted 

Table 7.19 Regression Models for Dependent Variable: Various Transformations None Omitted 

Rsq Adj  C(p) AIC MSE SBC Var iab les  I n  Model 
I n  Rsq 

1 0.1075 0.0732 1.798 -90.65 0.0366 -87.99 OR-QJA 
1 0.0628 0.0268 3.091 -89.29 0.0385 -86.62 OR-QSO 
1 0.0201 -.0176 4.325 -88.04 0.0402 -85.37 LN-ON0 
1 0.0180 -.0198 4.386 -87.98 0.0403 -85.31 QR-QMJ 

. --- . .--------. .- . .---.-----. .-----.---.--.---------------. .-- .----------.-  
2 0.2068 0.1433 0.929 -91.96 0.0339 -87.96 OR-QJA LN-QND 
2 0.1879 0.1229 1.475 -91.30 0.0347 -87.30 QR-QSO LN-ON0 
2 0.1184 0.0479 3.483 -89.00 0.0376 -85.00 OR-QMA QR-QJA 
2 0.1160 0.0453 3.552 -88.92 0.0377 -84.93 QR-QJF QR-QJA 

- - - - - - - . - - - - - . - - . - - - - . - - . - - . - - - - - . - - - - - - - - - - - - - - - - - . - - - - - - - - - . . - - - - . - - - - - - -  
3 0.2555 0.1625 1.520 -91.73 0.0331 -86.40 OR-QJA OR-QSO LN-QND 
3 0.2142 0.1160 2.715 -90.22 0.0350 -84.89 OR-QMA OR-QJA LN-QND 
3 0.2110 0.1124 2,807 -90.11 0.0351 -84.78 QR-QMJ QR-QJA LN-QND 
3 0.2076 0.1085 2.906 -89.98 0.0353 -84.66 QR-QMJ QR-QSO LN-QND 

- ---- . . ----------- . ------- . -------- . --- . - . . ------ . . ------- . ----------- . ----  
4 0.2628 0.1346 3.309 -90.01 0.0342 -83.35 OR-QMA QR-QJA OR-QSO LN-QND 
4 0.2600 0.1313 3.391 -89.90 0.0344 -83.24 QR-QMJ QR-QJA QR-QSO LN-QND 
4 0.2561 0.1267 3.505 -89.75 0.0345 -83.09 OR-QJF QR-QJA OR-QSO LN-QND 
4 0.2269 0.0924 4.349 -88.67 0.0359 -82.01 QR-QMA OR-QMJ QR-QSO LN-QNO 

- - - - - - - - - - - - - . - - . - - - - - - - . - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - . - - - * . - - - - . - - - - - * - -  

5 0.2723 0.1069 5.034 -88.37 0.0353 -80.38 QR-QMA QR-QKI OR-QJA OR-QSO 
LN-OND 

5 0.2689 0.1027 5.134 -88.24 0.0355 -80.24 OR-QJF QR-QMA QR-QJA OR-QSO 
LN-QND 

5 0.2603 0.0921 5.383 -87.91 0.0359 -79.92 OR-QJF OR-QMJ OR-QJA QR-QSO 
LN-QND 

5 0.2271 0.0515 6.340 -86.68 0.0375 -78.69 OR-QJF OR-QMA QR-QMJ QR-QSO 
LN-QND 

- - ---- . ------ . -- . . - -- . . - - . ------------ . . - . - ------- . ------------------ . . - ---  
6 0.2735 0.0659 7.000 -86.42 0.0369 -77.09 OR-QJF OR-QMA QR-QMJ OR-QJA 

OR QSO LN QND 
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Number 01 Parameters 

Figure 7.19 The R criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.21 The AIC criteria vs. Number of 
parameters.. 

Number of Parameters 

Figure 7.20 The Adjusted R' criteria vs. 
Number of parameters. 

Number 01 Parameters 

Figure 7.22 MSE vs. Number ofparameters. 

Number of Parameters Number of Parameters 

Figure 7.23 The C(pl criteria vs. Number of Figure 7.24 The SBC criteria vs. Number of 
parameters. parameters. 
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Table 7.20 Analysis of Variance for Dependent Variable: Various Transformations: None Omitted 

Sum of Mean 
Source DF Squares Square F va lue Prob>F 

Model 6 0.29201 0.04867 1.318 0.2928 
E r ro r  21 0.77561 0.03693 
C T o t a l  27 1 ,06761 

~ o o t  ME 0.19218 R-square 0.2735 
Dep Mean 1.63089 A d j R - s q  0.0659 
C.V. 1 1 .78386 

Table 7.21 Parameter Estimates for Dependent Variable: Various Transformations: None Omitted 

Parameter Standard T f o r  no: Variance 
Var iab le  DF Est imate E r r o r  P a r a m e t e ~ O  Prob > I TI I n f l a t i o n  

INTERCEP 1 0.262692 0.76424651 0.344 0.7345 0.00000000 
OR-QJF 1 0.111276 0.60080218 0.185 0.8548 1.96164678 
QR-QMA 1 -0.304684 0.49242800 -0.619 0.5427 1.36034040 
~ R - ~ K I  1 -0.007668 0.02091 655 - 0.367 0.7176 1.91515644 
QR-QJA 1 0.863460 0.74584782 1 . I58  0.2600 1.95538690 
OR-QSO 1 0 .a52605 0.70821 980 1.204 0.2420 2.10467957 
LN-QND 1 0.097603 0.04730534 2.063 0.0517 1.71214022 

Table 7.22 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Various 
Transformations: None Omitted 

Condi t ion  
Number Eigenvalue Index 

1 2.52849 1.00000 
2 1.64038 1.24153 
3 0.63026 2.00296 
4 0.60915 2.03736 
5 0.31 024 2.85486 
6 0.28148 2.99712 

va r  Prop 
OR-OJF 

0.0143 
0.1175 
0.1031 
0.0009 
0.0042 
0.7599 

Var Prop 
OR-ow 

0.0102 
0.1461 
0.4983 
0.1758 
0.0316 
0.1380 

Var Prop Var Prop 
OR-OW OR-QJA 

0.0478 0.0426 
0.0164 0.0334 
0.0140 0.1223 
0.3170 0.0999 
0.0779 0.4673 
0.5269 0.2345 

Var Prop 
OR-OSO 

0.0422 
0.0341 
0.0279 
0.0631 
0.7676 
0.0651 

Var Prop 
LN-OND 

0.0525 
0.0070 
0.2230 
0.2718 
0.2883 
0.1574 
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Table 7.23 Parameter Estimates of Modelsfor Dependent Variable Various Transformations 
None Omitted 

Table 7.24 Criteria Statistics ofModels for Dependent Variable: Various Transformations. None Omitted 
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1. Summary Report 
1.1 Description of the ~roblern' 

Bimonthly freshwater inflows into Aransas Bay were recorded for the years 1962 to 1994. These 

variables, and various transformations of them, were used to construct a model for the annual harvest of 

Crab. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of view: 

individual observations (to detect outliers or influential points); variables, individually and in groups (to 

select an optimal set of predictors); and the interaction of these two, which produces the overall structure of 

the data set (to determine whether multicollinearity is present or not). The first two of these were examined 

by both graphic and quantitative means; the third by quantitative means only. 

1.2.1 Detesting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as well as by 

all the usual numerical measures. For each pair of variables, 99 % prediction ellipses and 95% confidence 

ellipses were plotted in a further effort to look for unusual points. For example, suppose large values of 

Variable A are generally associated with large values for Variable B. If an observation consisted of a large 

value for Variable A but a small value for Variable B, that point would be considered unusual, even though 

it was well within the range of data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual indicates a 
point not well-fit by the model. The deleted residual, however, is somewhat more useful in the search for 

influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The Studentized 
deleted residual is scaled to have a Student's t distribution. Histograms and normal P-P plots of the 

residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dfits (to measure the influence of a given observation on the predicted response) 

and the Dfbetas (to measure the influence of a given observation on the calculated coefficients) were also 

used to build a general picture of the influence of individual points. Plots were made of the standardized 

Dffits value for each model against the Dfbeta values for each predictor in the model. Points which were 
extreme indicated observations which had strong effects on both predicted values and coefficient estimates. 

1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to look for 

nonlinear relationships between the response variable and individual predictors. Partial residual plots were 

employed to examine the overall relationship between the response and individual predictors. A partial 
- 

' The following discussion, prepared by Jacqueline Kiffe, was taken kom Seatrout Harvests in Galveston Bay: A 
Regression Analysis, by F. Michael Speed, Sr. and Jacqueline Kiffe. 



residual is a corollary to the deleted residual. That is, the model is fitted without a given variable and the 

predicted response and corresponding residual are calculated for each observation. This seeks to answer the 

question, "What is the relationship of this predictor to the response variable, taking all other variables into 

account?" Thus, it examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a given model. 

We examined a number of these, including R2 and mean squared error (MSE), and several others which 

directly incorporate penalties for having too many predictors in the model, such as adjusted R2, C, AIC, 

and SBC. It is well-established that too many predictors in a model can lead to bad prediction, just as too 

few can, and these measures are used as part of the attempt to find an optimal model. 

1.23 MulticoUinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by linear 

combinations of the remaining variables, resulting in unstable coefficient estimates. The variance inflation 

factor (VIF) was calculated for each coefficient estimate to measure this instability, which is not usually 

considered profound for VIF's less than 10. No problems were found with this data. Additionally, the 

condition index (a ratio of eigenvalues of the covariance matrix, with the largest eigenvalue always on top) 

was calculated. A ratio greater than 30 is considered cause for concern. Again, no evidence of 

multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox procedure, used to 

find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 
13.1 Selecting the Data Set Used 

First, the variables were explored thoroughly, individually and in pairs, in a first effort to detect 

outliers. The SAS programming language allows a number of diagnostics to be calculated for a group of 

models on a given data set without actually performing a formal regression, thus allowing one to examine a 

large number of models quite efficiently. The Box-Cox procedure was performed to find if a transformation 

to normality was suggested. The log transform was suggested for some variables, and the square root for 

others. At this point, there were several data sets for which the diagnostic series was calculated: 

1. Untransformed data. 

2. Harvest untransformed, and natural log of inflow variables. 

3. All variables logged. 
4. Harvest untransformed, and square root of inflows variables. 

5.  All variables square root. 

6. Square Root Harvest and logged inflows. 

7. Harvest and inflows variables transformed according to Box-Cox suggestion. 



1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one contained all 

variables in its corresponding data set. All diagnostics were generated, and influential points were 

determined for each model. 

Table 1.1 R-Square and Adjusted R-Square values for the different suggested models. 

Data set 6 presented the highest R* values. However , the models 3, 6, and 7 were considered as 

final candidates. The observations flagged as potentially influential are given in the summary table below, 

for each model. 

Table 1.2 Summary of points flagged by 99% Prediction Ellipse. 

Adjusted R  

0.2882 

0.4371 

0.4422 

0.3672 

0.3629 

0.4694 

0.4565 

Data Set 

1 

2 

3 
4 

5 

6 
7 

Year Variable 
198 1 May-Jun vs. Jul-Aug Inflows. 
1992 Harvest vs. Mar-Apr, Jan-Feb vs. Mar-Apr, Jan-Feb vs. Nov-Dec 

Mar-Apr vs. May-Jun, Mar-Apr vs. Jul-Aug, Mar-Apr vs. Sept-Oct 
Mar-Apr vs. Nov-Dec Inflows. 

1993 Harvest vs. Jan-Feb, Harvest vs. Mar-Apr, Harvest vs. May-Jun, 
Jan-Feb vs. Mar-Apr, Jan-Feb vs. May-Jun, Jan-Feb vs. Jul-Aug, 
Jan-Feb vs. Sept-Oct, Jan-Feb vs. Nov-Dec, Mar-Apr vs. May-Jun 
Mar-Apr vs. Jul-Aug, Mar-Apr vs. Sept-Oct, Mar-Apr vs. Nov-Dec 
May-Jun vs. JuI-Aug, May-Jun vs. Sept-Oct, May-Jun vs. Nov-Dec Inflows. . 

R 2  

0.42 17 

0.5426 

0.5468 

0.4859 

0.4824 

0.5689 

0.5584 

Table 1.3 Summary of points flagged by Boxplots. 

Year Variable 
1965 Ln (Harvest). 
1966 Ln (Harvest). 
1967 Sept-Oct Inflows. 
1968 Sept-Oct Inflows. 
1971 Sept-Oct Inflows. 
198 1 Jul-Aug Inflows. 
1991 Nov-Dec Inflows. 
1992 Mar-Apr, SQRT (Mar-Apr), Nov-Dec Inflows. 
1993 Jan-Feb, Mar-Apr, SQRT (Mar-Apr) Inflows. 



Table 1.4 Summary of points flagged by diagnostic measures. 

Key to Abbreviations: 
BOX Box plot 
SRE Studentized residual 
SDR Studentized deleted residual 
LEV Leverage value 
MAH Mahalanobis distance 
COO Cook's distance 
SDF Standardized Dffits value 
SDB Standardized Mbeta value 

Data Set 7 

1 3 3  Selecting the Fioal Candidate Models 
After the subset analysis led us to the models: Data Set 3 (logged all variables) 1965 and/or 1966 

omitted, Data Set 6 (square root harvest and logged inflows) 1968 and 1988 omitted, Data Set 7 (variables 

transformed according to Box-Cox analysis) 1968 and/or 1988 omitted. 

Table 1.5 R-Square and Adjusted R-Square values for the different subsets. 

1 

2 
1968 1 

1 1988 1 



1.3.4 Selecting the Final Model 
Data Set 6 with 1968 and 1988 omitted is selected as best model. Regression was performed using 

this model, and the deleted residuals were calculated. 

ProbF 

4.28~10" 

Best Candidate Model 

SQRT (Crab Harvest) = - 2.913 + 7.416*Ln(January-February Inflows) 
- 3.252*Ln(March-April Inflows) 
- 3.027*Ln(May-June Inflows) 
+ 4.379*Ln(September-October Inflows) 
+ 4.653*Ln(November-December Inflows) 

R 2  

0.650 

Adjusted 
R ' 

0.58 



1.4 Best Model: Square Root Harvest and Logged Inflows 

1.4.1 Summary Information 

Descriptive Statistics 

. . 
Ln (November-December Inflows) I 3.4049 1 1.0033 1 31 

N 
31 

v a n u a r y - ~ e b r u a r y  Inflows) 
Ln (March-April Inflows) 
Ln (May-June Inflows) 
Ln (Seotember-October Inflows) 

Model 

Std. 
Deviation 

13.6036 SQRT (Crab Harvest) 
Mean 
32.3096 

3.3001 
3.2235 
4.4623 
4.3142 

a. Dependent Variable: SQRT (Crab Harvest) 

b. Method: Enter 

c. Independent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows), Ln (January-February Inflows), Ln (May-June Inflows), Ln 
(March-April Inflows) 

d. All requested variables entered. 

1.2780 
1.2270 
1.1623 
1.4097 

31 
31 
31 
31 

Std. Error 
of the 

Estimate 

8.8180 

Model 
1 

a. Dependent Variable: SQRT (Crab Harvest) 

b. lndependent Variables: (Constant), Ln (November-December 
Inflows), Ln (September-October Inflows), Ln (January-February 
Inflows), Ln (May-June Inflows), Ln (March-April Inflows) 

Durbin- 
Watson 

1.442 

R 

.806 

Variables 

Sig . 
.OOOb 

R 
Square 

,650 

Entered 
Ln(Nov-Dec Inflows), 
Ln(Sept-Oct Inflows), 
Ln(Jan-Feb Inflows), 
Ln(May-Jun  inflow^,^ 
Ln(Mar-Apr Inflows 

Adjusted 
R 

Square 

.580 

Removed 

Mean 
Square 
721.561 

77.757 

df 
5 

25 
30 

F 
9.280 

Sum of 
Squares 
3607.805 
1943.918 
5551.724 

Model 
1 Regression 

Residual 
Total 



a. Dependent Variable: SQRT (Crab Harvest) 

Residuals Statistics? 

a. Dependent Variable: SQRT (Crab Harvest) 

Stand 
ardized 
Coeff~ 
cients 

Beta 

,697 
-.293 
-.259 
,454 
,343 

M 
0 

d 
el 

Unstandardized 
Coefficients 

1 
t 

-.381 
4.340 
-1.722 
-1.637 
3.476 
2.563 

B 
-2.913 
7.416 

-3.252 
-3.027 
4.379 
4.653 

(Constant) 
Ln (January-February Inflows) 
Ln (MarchApril Inflows) 
Ln (May-June Inflows) 
Ln (September-October Inflows) 
Ln (November-December Inflows) 

Std. 
Error 
7.654 
1.709 
1.888 
1.849 
1.260 
1.81 5 

Sig. 
.707 
,000 
.097 
.A14 
,002 
,017 

95% Confidence 
Interval for B 

Lower 
Bound 
-18.677 

3.897 
-7.141 
-6.834 
1.784 

,914 

Upper 
Bound 
12.851 
10.935 

.638 
,781 

6.974 
8.392 



Table 1.6 Observed, predicted, lower and upper predicted intervals values for crab harvest. 

a Crab harvest (thousands of pounds). 
LICI Lower limit for 99% prediction interval for crab harvest. 
UlCI Upper limit for 99% prediction interval for crab harvest. 

Year 

1962 

1963 

1964 

1965 
1966 

1967 

1968 

1969 
1970 

1971 

1972 

1973 

1974 

1975 

1976 
1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 
1985 

1986 

1987 

1988 
1989 

1990 

1991 

1992 

1993 
1994 

LIC1 

186.66 

302.40 

297.22 

16.17 

266.96 
26.87 

.OO 

.08 

57.64 

33.24 
40.40 

9.57 

31.37 

65.44 
5.94 

86.23 

35.44 

170.41 

311.15 
431.15 

356.68 
547.23 

578.00 

220.64 

3.63 
28.21 

.80 

10.34 
90.81 

113.97 

284.62 

35.07 
51.1 5 

UICI 

4855.09 
1424.91 

1458.61 

2406.05 

153 1.23 
2741.96 

3458.28 

2830.18 

3386.98 

3461.63 

3483.93 
2660.33 

3594.95 

3757.1 1 

3277.70 
3762.07 

3168.73 

4214.20 

5112.47 

5588.63 

5212.17 

5761.08 
6095.32 

4724.98 

3149.18 

3500.26 

2795.13 
2437.12 

1988.62 

4179.77 

4969.92 
3739.86 
3475.62 

observeda 

1605.40 

125.20 

112.30 

39.60 

19.30 
155.60 

197.50 

724.20 

878.10 
591.80 

1338.90 
1272.80 

1079.90 

892.40 

1318.80 
2244.60 

205 1.20 

2436.30 

2716.10 

1777.30 

2 150.40 

2509.00 

2129.70 
223 1.50 

936.00 

1683.60 

2571.90 
405.10 

766.10 

868.20 

997.60 

1487.40 
368.50 

predicteda 

1736.43 

103.62 

109.74 

506.93 

129.87 

556.48 

862.84 
715.00 

1082.07 

1043.32 

1068.67 
587.71 

1074.48 

1203.56 

890.70 

1246.85 
968.59 

1519.87 

1986.53 

2281.08 

2073.95 
2464.86 

2606.82 
1746.92 

84 1.64 

1039.25 

675.39 
532.48 

307.38 

1418.54 

1908.3 1 
11 24.80 
1092.52 



Cross Validation Plot: 

From Model and Observed Harvests 
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Fig. 1.1 Comparative plots of observed values vs. calculated from the regression model. 
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2. Exploring the Data 

2.1 Listing of Data 

Table 2.1. Crab harvest and water inflows data. 

CRAB Crab harvest (thousands of pounds) 
JF-LAG Lagged January-February inflows (thousands of acre-feet) 
MA-LAG Lagged March-April inflows (thousands of acre-feet) 
MJ-LAG Lagged May-June inflows (thousands of acre-feet) 
JA-LAG Lagged July-August inflows (thousands of acre-feet) 
SO-LAG Lagged Septernber-Odober inflows (thousands of acre-feet) 
ND-LAG Lagged November-December inflows (thousands of acre-feet) 



2.2 Test of Normality for Individual Variables 

Tests of Normality 

Novern ber-Decern ber 

*. This is a lower bound of the true significance. 

*. This is an upper bound of the true significance. 

a. Lilliefon Significance Correction 



2 3  Percentiles for I n d ~ d d  Variables 

Psmantl)u 



2.4 Summary Information for Individual Variables 

2.4.1 Summary Information for Crab Harvest 

Extreme Values 

Interval for Mean 

lnterquartile Range 

Skewness 
Kurtosis 

1592.00 

,190 
-1.191 

.409 
,798 



Fig. 2.la. Exploratory Plots of Crab Harvest. 
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2.4.2 Summary Information for January-February Inflows 

Extreme Values 

Interval for Mean 

Skewness 
Kurtosis 

1.798 
3.895 

,409 
. ,798 



January-February Inflows 

Normal QQ Plot 

of January-February Inflows 

Fig. 2.2a. Exploratory Plots of  January-February Inflows. 
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2.4.3 Summary Information for March-April Inflows 

Interval for Mean 



Fig. 2.3a. Exploratory Plots of  March-April Inflows. 
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Normal QQ Pbt 
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Fig. 2.3b. Exploratory Plots of Transformed March-April Inflows. 
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2.4.4 Summary Information for MayJune Inflows 

Interval for Mean 

lnterquartile Range 
248.0750 

Skewness 1.256 .409 
Kurtosis 1.331 .798 

Extreme Values 



Fig. 2.4a. Exploratory Plots of May-June Inflows. 
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2.4.5 Summary Information for July-August Idlows 

Extreme Values 

interval for Mean 

Skewness 
Kurtosis 

1.339 
,709 

,409 
,798 



Fig. 2.5a. Exploratory Plots of July-August Inflows. 
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2.4.6 Summary Information for September-October Inflows 

Interval for Mean 

i 

lnterquartile Range 

Skewness 
Kurtosis 

236.7600 

1.577 
1.572 

,409 
,798 



Normal Q Q  Plot 

of Septcmbcr-Ocmber Inilows 

Fig. 2.6a. Exploratory Plots of September-October Inflows. 
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Fig. 2.6b. Exploratory Plots of Transformed Septernber-October Inflows. 



2.4.7 Summary Information for November-December Inflows 

lnterquartile Range 

Skewness 
Kurtosis 

48.6100 

1.326 
.639 

,409 
,798 
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Fig. 2.7b. Exploratory Plots of Transformed Novernber-December Inflows. 



3. Prediction and Confidence Regions 

Fig. 3.1. Prediction and Confidence Ellipses. 
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Fig. 3.3. Prediction and Confidence Ellipses. 
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Fig. 3.6. Prediction and Confidence Ellipses. 
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4. Box-Cox Analysis 

Table 4.1 Numerical Results. 

QMJ Lag 

2212213 

1472829 

987656 

667661 

455433 

313828 

21 8724 

154399 

110562 

80446 

59581 

45001 

34723 

27419 

22 192 

18432 

15724 

13783 

12416 

1 1490 

10915 

10634 

10612 
10836 

1 1305 

12035 
13057 

14419 

16188 

18458 

21352 

25035 

29725 

3571 1 

43379 

53238 

65972 
82492 

104023 

132214 

169292 

QJA Lag 

836818 

529247 

336641 

215525 

139018 

90447 

59443 

39534 

26666 

18289 

12795 

9163 

6743 

5119 

4023 

3283 

2787 

2462 

2260 
2154 

2123 
2158 

2256 

2418 

2648 

2959 

3365 

3889 

4561 

542 1 

6522 

7937 

9761 

12123 

15197 

19216 

24496 

31470 

40726 

53069 

69607 

HARVEST 

1.34E+10 

7.10E+09 

3.80E+09 

2.05E+09 

l.llE+09 

6.09E+08 

3.37E+08 

1.89E+08 

1.07E+O8 

6200 17 10 

36451445 

2 1884275 

13459162 

8508632 

5548896 

3746009 

2625935 

1915893 

1456819 

1 154647 

9529 17 

817228 

7263 14 

666853 

630427 

61 1705 

607354 

615377 

634710 

664977 

706347 

75945 1 

825355 

905550 

1001986 

1117113 

1253956 

1416206 

1608340 

1835772 

2105034 

QSO Lag 

3990474 

2623139 

1735864 

1157060 

777366 

526804 

360415 

249 186 

174309 

123535 

88845 

64962 

48396 

36827 

28703 

22983 

18963 

16171 

14290 

13110 

12501 

12388 
12746 

13591 

14979 

17018 

19869 

23773 

29068 

36238 

45957 

59181 

77253 

102077 

136356 

183937 

250322 

343394 

474492 

659971 

923480 

QJF Lag 

1054158 

636109 

386295 

236282 

145714 

90709 

57081 

36372 

23516 

15463 

10370 

7115 

501 1 

3635 

2726 

21 19 

1712 

1438 

1257 

1142 

1077 

1051 
1060 

1101 

1177 

1290 

1448 

1663 

1949 

2329 

2834 

3508 

4410 

5626 

7274 

9523 

12609 

16870 

22786 

31043 

42628 

QMA Lag: 

78386 

55267 

39247 

28089 

20273 

14767 

10864 

8080 

6080 

4633 

3580 

2808 

2238 

1816 

1503 

1270 

1098 

974 

889 

836 

812 
816 

850 

917 

1026 

1186 
1416 

1741 

2196 

2835 

3736 

5010 

6824 

9422 

13164 

18586 

26484 

38047 

55059 
80200 

1 17509 
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6359 
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3497 

291 1 
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925 

999 

1095 
1218 

1374 

1570 

1817 

2126 

2515 

3004 

3620 

440 1 

5392 
6653 

8266 

10334 

12995 

16430 

LAMBDA 

-2.0 

-1.9 

-1.8 

-1.7 

-1.6 

-1.5 

-1.4 

-1.3 

-1.2 

-1.1 

-1.0 

-0.9 

-0.8 

-0.7 

-0.6 

-0.5 

-0.4 

-0.3 

-0.2 

-0.1 

0 

0.1 
0.2 
0.3 
0.4 

0.5 

0.6 
0.7 

0.8 

0.9 

1 .O 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 



Fig 4.1. MSE of Harvest and Inflows Variables vs. Lambda obtained fiom Box-Cox Transformation 



5. Model Choice Diagnostics 

5.1 Untransformcd Data 

N = 33 Regression Models for Dependent Variable: CRAB 

R-square A d  j C (P) A I C  MSE SBC Variables in Model 
1n U q  

1 0.206885 0.181300 6.6547 439.8 578286 442.8 QJA-LAG 

1 0.172478 0.145784 8.2014 441.2 603373 444.2 QJF-LAG 

1 0.054867 0.024379 13.4887 445.6 689127 448.6 QND-LAG 

1 0.005872 -.026197 15.6912 447.2 724851 450.2 QSO-LAG 

.................................................................... 
2 0.321712 0.276493 3.4926 436.6 511047 441.1 QJF-LAG QMA-LAG 

2 0.316732 0.271180 3.7165 436.9 514799 441.3 QJF-LAG QJA-LAG 

2 0.234796 0.183782 7.3999 440.6 576533 445.1 QJF-LAG QMJ-LAG 

2 0.218111 0.165985 8.1500 441.3 589104 445.8 QMA-LAG QJA-LAG 

............................................................................ 
3 0.383616 0.319852 2.7097 435.5 480420 441.4 QJF-LAG W L A G  QND-LAG 

3 0.376795 0.312326 3.0163 435.8 485736 441.8 QJF-LAG QMA-LAG QJA-LAG 

3 0.350641 0.283466 4.1921 437.2 506122 443.2 QJF-LAG QMA-LAG QMJ-LAG 

3 0.349260 0.281942 4.2542 437.2 507198 443.2 QJF-LAG QMJ-LAG QJA-LAG 

4 0.409260 0.324868 3.5569 436.1 476877 443.5 QJF-LAG QMA-LAG QMJ-LAG QND-LAG 

4 0.397857 0.311836 4.0695 436.7 486082 444.2 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

4 0.395815 0.309503 4.1613 436.8 487730 444.3 QJF-LAG QMA-LAG QJA-LAG QND-LAG 

4 0.384211 0.296242 4.6829 437.4 497097 444.9 QJF-LAG QMA-LAG QSO-LAG QND-LAG 

5 0.418082 0.310319 5.1603 437.6 487154 446.5 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QND-LAG 

5 0.415437 0.307185 5.2791 437.7 489368 446.7 QJF-LAG QMA-LAG QMJ-LAG QSO-LAG 

QND-LAG 

5 0.398432 0.287030 6.0436 438.7 503604 447.6 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG 

5 0.395847 0.283967 6.1598 438.8 505768 447.8 QJF-LAG QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 

................................................................................................ 
6 0.421647 0.288181 7.0000 439.4 502791 449.8 QJF-LAG QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 

................................................................................................ 



5.2 Logged Inflows 

N = 33 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  CRAB 

R-square A d  j C (PI  AIC MSE SBC V a r i a b l e s  i n  M o d e l  
1n R s q  

1 0.338899 0.317573 8.5804 433.8 482030 436.8 LN-QJF 

1 0.196338 0.170414 16.6843 440.2 585976 443.2 LN-QJA 

1 0.115870 0.087349 21.2586 443.4 644648 446.4 LN-QND 

1 0.093564 0.064324 22.5265 444.2 660912 447.2 LN-QSO 

................................................................... 
2 0.405076 0.365414 6.8186 432.3 448238 436.8 LN-QJF LN-QJA 

2 0.385171 0.344182 7.9501 433.4 463235 437.9 LN-QJF LN-QSO 

2 0.381697 0.340477 8.1475 433.6 465852 438.0 LN-QJF LN-QMA 

2 0.359770 0.317088 9.3940 434.7 482373 439.2 LN-QJF LN-QMJ 

3 0.449044 0.392048 6.3192 431.8 429425 437.7 LN-QJF LN-QMJ LN-QSO 

3 0.442747 0.385100 6.6771 432.1 434332 438.1 LN-QJF LN-QMA LN-QSO 

3 0.438350 0.380248 6.9271 432.4 437760 438.4 LN-QJF LN-QMA LN-QJA 

3 0.436919 0.378669 7.0085 432.5 438875 438.5 LN-QJF LN-QUA LN-QND 

4 0.489627 0.416717 6.0122 431.2 412000 438.7 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.485965 0.412531 6.2204 431.5 414957 438.9 LN-QJF LN-QMA LN-QMJ LN-QSO 

4 0.479296 0.404910 6.5995 431.9 420340 439.4 LN-QJF LN-QMJ LN-QJA LN-QSO 

4 0.478382 0.403866 6.6515 431.9 421078 439.4 LN-QJF LN-QMA LN-QJA LN-QSO 

........................................................................................ 
5 0.531605 0.444865 5.6260 430.4 392118 439.4 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.510368 0.419695 6.8332 431.9 409896 440.8 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.508699 0.417717 6.9281 432.0 411293 440.9 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.488769 0.394096 8.0611 433.3 427978 442.3 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

6 0.542617 0.437068 7.0000 431.6 397625 442.1 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.3 Logged All Variables 

N = 33 Regression M o d e l s  for D e p e n d e n t  Variable: L n  (CRAB) 

R-square ~d j C (PI A I C  M S E  S B C  Variables i n  M o d e l  
In RSq 

1 0.253957 0.229891 13.8014 7.5935 1.18698 10.5865 LN-QJF 

1 0.234240 0.209539 14.9326 8.4543 1.21835 11.4473 LN-QND 

1 0.181562 0.155161 17.9548 10.6498 1.30217 13.6428 LN-QSO 

1 0.156096 0.128873 19.4158 11.6610 1.34268 14.6540 LN-QJA 

................................................................... 
2 0.376210 0.334624 8.7876 3.6875 1.02556 8.1771 LN-QJF LN-QSO 

2 0.359392 0.316684 9.7525 4.5655 1.05321 9.0550 LN-QJF LN-QND 

2 0.355332 0.312354 9.9854 4.7739 1.05988 9.2635 LN-QSO LN-QND 

2 0.309167 0.263111 12.6340 7.0563 1.13578 11.5458 LN-QJF LN-QJA 

.......................................................................... 
3 0.456564 0.400347 6.1776 1.1367 0.92426 7.1228 LN-QJF LN-QSO LN-QND 

3 0.419246 0.359168 8.3186 3.3285 0.98773 9.3145 LN-QJF LN-QMJ LN-QSO 

3 0.404549 0.342950 9.1618 4.1532 1.01272 10.1393 LN-QJF LN-QJA LN-QSO 

3 0.400157 0.338105 9.4137 4.3957 1.02019 10.3817 LN-QJF LN-QMA LN-QND 

4 0.512121 0.442424 4.9902 -0.4221 0.85940 7.0604 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.507344 0.436965 5.2643 -0.1006 0.86782 7.3820 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.470265 0.394589 7.3916 2.2941 0.93313 9.7766 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.436533 0.356038 9.3268 4.3313 0.99255 11.8138 LN-QJF LN-QMJ LN-QJA LN-QSO 

5 0.545442 0.461264 5.0786 -0.7566 0.83036 8.2225 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.516660 0.427152 6.7299 1.2695 0.88294 10.2485 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.512592 0.422332 6.9632 1.5460 0.89037 10.5251 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.440600 0.337008 11.0935 6.0922 1.02188 15.0712 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

.............................................................................................. 
6 0.546812 0.442230 7.0000 1.1438 0.85970 11.6194 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



5.4 Square Root Inflows 

N = 33 Regression Models for Dependent Variable: CRAB 

RSq Ad j C (PI AIC MSE SBC Variables in Model 
1n RSq 

1 0.27151 0.24801 7.839 437.0 531167 440.0 SQRT-QJF 

1 0.21323 0.18785 10.786 439.5 573661 442.5 SQRT-QJA 

1 0.08235 0.05275 17.405 444.6 669090 447.6 SQRT-QND 

1 0.00992 -.02202 21.067 447.1 721897 450.1 SQRT-QMA 

2 0.38420 0.34315 4.140 433.4 463966 437.9 SQRT-QJF SQRT-QJA 

2 0.36145 0.31888 5.291 434.6 481108 439.1 SQRT-QJF SQRT-QMA 

2 0.30833 0.26222 7.977 437.3 521129 441.7 SQRT-QJF SQRT-QMJ 

2 0.28976 0.24241 8.916 438.1 535119 442.6 SQRT-QJF SQRT-QSO 

............................................................................... 
3 0.42855 0.36943 3.898 433.0 445402 438.9 SQRT-QJF SQRT-QMA SQRT-QJA 

3 0.42118 0.36130 4.270 433.4 451141 439.4 SQRT-QJF SQRT-QMA SQRT-QND 

3 0.40411 0.34246 5.134 434.3 464448 440.3 SQRT-QJF SQRT-QMJ SQRT-QJA 

3 0.39021 0.32712 5.837 435.1 475283 441.1 SQRT-QJF SQRT-QJA SQRT-QSO 

........................................................................................ 
4 0.44751 0.36858 4.939 433.8 446003 441.3 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QND 

4 0.44211 0.36241 5.212 434.2 450359 441.6 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.43880 0.35863 5.380 434.4 453033 441.8 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

4 0.43659 0.35611 5.491 434.5 454812 442.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QND 

5 0.47642 0.37946 5.477 434.1 438313 443.0 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.45966 0.35959 6.325 435.1 452348 444.1 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.45911 0.35894 6.353 435.1 452809 444.1 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.45711 0.35658 6.453 435.3 454480 444.2 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO 

................................................................................................ 
6 0.48585 0.36720 7.000 435.5 446974 445.9 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRTQSO SQRT-QND 

................................................................................................ 



5.5 Square Root All Variables 

N = 33 Regresslon Models for Dependent Variable: SQRT (CRAB) 

RSq Adj C (P) AIC MSE SBC Variables in Model 
1n Rsq 

1 0.26901 0.24543 7.718 166.6 146.76 169.6 SQRT-QJF 

1 0.19935 0.17352 11.218 169.6 160.74 172.6 SQRT-QJA 

1 0.13771 0.10990 14.314 172.0 173.12 175.0 SQRT-QND 

1 0.02225 -.00929 20.113 176.2 196.30 179.2 SQRT-QMA 

2 0.37173 0.32985 4.558 163.6 130.34 168.1 SQRT-QJF SQRT-QJA 

2 0.32365 0.27856 6.974 166.0 140.31 170.5 SQRT-QJF SQRT-QMA 

2 0.31453 0.26883 7.432 166.4 142.21 170.9 SQRT-QJF SQRT-QND 

2 0.29528 0.24830 8.399 167.4 146.20 171.8 SQRT-QJF SQRT-QSO 

3 0.42322 0.36356 3.972 162.7 123.78 168.7 SQRT-QJF SQRT-QMA SQRT-QND 

3 0.39306 0.33028 5.487 164.4 130.26 170.4 SQRT-QJF SQRT-QMA SQRT-QJA 

3 0.38521 0.32161 5.882 164.9 131.94 170.8 SQRT-QJF SQRT-QJA SQRT-QND 

3 0.38331 0.31952 5.977 165.0 132.35 170.9 SQRT-QJF SQRT-QJA SQRT-QSO 

........................................................................................ 
4 0.45382 0.37579 4.435 162.9 121.40 170.4 SQRT-QJF SQRT-QMA SQRT-QSO SQRT-QND 

4 0.43981 0.35978 5.139 163.8 124.52 171.3 SQRT-QJF SORT-QMA SQRT-QJA SQRT-QND 

4 0.43098 0.34970 5.582 164.3 126.48 171.8 SQRT-QJF SORT-QMA SQRT-QMJ SQRT-QND 

4 0.40635 0.32154 6.820 165.7 131.95 173.2 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

5 0.47875 0.38223 5.183 163.4 120.15 172.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QSO 

SQRT-QND 

5 0.46208 0.36247 6.020 164.4 123.99 173.4 SQRT-QJF SQRT-QMA SQRT-QJA SQRT-QSO 

SQRT-QND 

5 0.44543 0.34273 6.857 165.5 127.83 174.4 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QND 

5 0.42875 0.32296 7.694 166.4 131.68 175.4 SQRT-QJF SQRT-QMJ SQRT-QJA SQRT-QSO 

SQRT-QND 

................................................................................................ 
6 0.48239 0.36294 7.000 165.2 123.90 175.7 SQRT-QJF SQRT-QMA SQRT-QMJ SQRT-QJA 

SQRT-QSO SQRT-QND 

................................................................................................ 



5.6 Square Root Harvest and Logged Inflows 

N = 33 R e g r e s s i o n  M o d e l s  f o r  D e p e n d e n t  V a r i a b l e :  SQRT ( C W )  

 quare re Ad j C (P )  A I C  MSE SBC Variables i n  M o d e l  
I n  RS q 

1 0.334112 0.312631 11.1590 163.5 133.687 166.5 LN-QJF 

1 0.190545 0.164433 19.8173 169.9 162.511 172.9 LN-QJA 

1 0.188347 0.162164 19.9499 170.0 162.952 173.0 LN-QND 

1 0.128423 0.100308 23.5638 172.4 174.982 175.4 LN-QSO 

2 0.406447 0.366876 8.7965 161.7 123.137 166.2 LN-QJE LN-QSO 

2 0.397491 0.357324 9.3367 162.2 124.995 166.7 LN-QJF LN-QJA 

2 0.392988 0.352520 9.6082 162.4 125.929 166.9 LN-QJF LN-QND 

2 0.353802 0.310722 11.9715 164.5 134.059 169.0 LN-QJF LN-QMA 

.......................................................................... 
3 0.458091 0.402032 7.6819 160.7 116.300 166.7 LN-QJE LN-QMJ LN-QSO 

3 0.454935 0.398549 7.8723 160.9 116.977 166.9 LN-QJF LN-QMA LN-QND 

3 0.450912 0.394109 8.1149 161.1 117.841 167.1 LN-QJE LN-QSO LN-QND 

3 0.447239 0.390057 8.3364 161.3 118.629 167.3 LN-QJE LN-QJA LN-QSO 

4 0.526811 0.459212 5.5375 158.2 105.179 165.7 LN-QJE LN-QMA LN-QSO LN-QND 

4 0.508850 0.438686 6.6207 159.4 109.171 166.9 LN-QJE LN-QMJ LN-QSO LN-QND 

4 0.484308 0.410637 8.1008 161.1 114.626 168.5 LN-QJF LN-QMJ LN-QJA LN-QSO 

4 0.480701 0.406515 8.3184 161.3 115.428 168.8 LN-QJE LN-QMA LN-QJA LN-QND 

............................................................................. -- 
5 0.562994 0.482067 5.3553 157.6 100.733 166.6 LN-QJE LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.538441 0.452967 6.8361 159.4 106.393 168.4 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.522877 0.434521 7.7747 160.5 109.981 169.5 LN-QJE LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.499125 0.406371 9.2072 162.1 115.456 171.1 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

6 0.568886 0.469398 7.0000 159.1 103.198 169.6 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 



5.7 Variables transformed according to the Box-Cox Analysis 

N = 33 Regression Models for Dependent Variable:  CRAB)'.^ 

R-square A d j  C I P )  A I C  MSE SBC Variables i n  Model 
In Rsq 

1 0.332100 0.310555 10.3260 219.4 727.41 222.4 (QJF)''' 

1 0.193418 0.167399 18.4916 225.6 878.45 228.6 LN-QJA 

1 0.182393 0.156018 19.1408 226.1 890.46 229.1 (QND)-'.' 

1 0.089940 0.060583 24.5844 229.6 991.15 232.6 (QSO)'" 

.................................................................... 
2 0.401509 0.361609 8.2392 217.8 673.54 222.3 ( Q J F ) ~ "  LN-QJA 

2 0.389537 0.348839 8.9441 218.4 687.02 222.9 ( Q J F ) ' . ~  ( Q S O ) - ' . ~  

2 0.384517 0.343484 9.2397 218.7 692.67 223.2 (QJF) '" ( Q N D ) - ' . ~  

2 0.353200 0.310080 11.0836 220.3 727.91 224.8 (QJF)'" LN-QMA 

............................................................................ 
3 0.445637 0.388290 7.6409 217.2 645.39 223.2 (QJF)'.' LN-QMA ( Q N D ) - " ~  

3 0.445570 0.388215 7.6449 217.2 645.47 223.2 (QJF)'.' (QMJ)'"* ( Q S O ) ~ "  

3 0.436678 0.378403 8.1685 217.8 655.83 223.8 ( Q J F ) ' . ~  LN-QJA (QSO)'" 

3 0.433988 0.375435 8.3268 217.9 658.96 223.9 ( Q J F ) " ~  LN-QJA (QND)-'" 

.................................................................................... 
4 0.509498 0.439426 5.8808 215.2 591.44 222.7 (QJF)'" LN-QMA ( Q S O ) ' . ~  (QND)-'.' 

4 0.494705 0.422520 6.7518 216.2 609.28 223.7 (QJF)'.' ( Q M J ) " ~  (QSO)'" (QND)-'" 

4 0.479090 0.404675 7.6712 217.2 628.11 224.7 ( Q J F ) ~ "  LN-QMA LN-QJA (QND)-'" 

4 0.477489 0.402844 7.7655 217.3 630.04 224.8 ( Q J F ) " ~  ( Q M J ) " ~  LN-QJA ( ~ s 0 ) O . l  

5 0.526077 0.438313 6.9046 216.1 592.62 225.0 (QJF)'" LN-QMA LN-QJA ( Q s o ) " ~  

(QND)-'.' 

5 0.513655 0.423591 7.6360 216.9 608.15 225.9 (QJF) '" (QMJ)' .~ LN-QJA ( Q s o ) " ~  

(QND)-'.' 

5 0.492509 0.398529 8.8811 218.3 634.59 227.3 (QJF)'.' LN-QMA ( Q M J ) " ~  LN-QJA 

IQSO)'.' 

6 0.558424 0.456522 7.0000 215.7 573.40 226.2 ( Q J F ) " ~  LN-QMA (QMJ)'.' LN-QJA 

(QSO) '.' ( Q N D ) - ' . ~  



6. Regression for the Best Models 

6.1 Model 3: Logged All Variables 

6.1.1 ANOVA and Parameter Estimates 

b. Method: Enter 

c. Independent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows), Ln (July-August Inflows), Ln (January-February 
Inflows), Ln (May-June Inflows), Ln (March-April Inflows) 

d. All requested variables entered. 

I I sum of I 1 Mean 1 1 

a. Dependent Variable: Ln (Crab Harvest) 

b. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows). Ln (July-August Inflows), Ln (January-February 
Inflows), Ln (May-June Inflows), Ln (MarchApril Inflows) 

Sig. 
,001 

Model Squares 
26.970 
22.352 
49.322 

1 Regression 
Residual 
Total 

df 
6 

26 
32 

Square 
4.495 

,860 

F 
5.229 



Parameter Estimates 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

Ln 
(September-october 
Inflows) 
Ln 
(NwemberDecember 
Inflows) 

INTERCEP 1 3.492666 0.85693838 4.076 0.0004 0.00000000 

LN-QJF 1 0.562214 0.19067828 2.948 0.0067 2.11430662 

LN-Qm 1 -0.267488 0.19090701 -1.401 0.1730 2.12729055 

LN-QMJ 1 -0.244494 0.18589280 -1.315 0.1999 1.69528623 

LN-QJA 1 0.045209 0.16127435 0.280 0.7814 1.32666629 

LN-QSO 1 0.355975 0.13154391 2.706 0.0119 1.32141172 

LN-QND 1 0.469852 0.19033953 2.468 0.0205 1.43661057 

a. Dependent VaMMe: Ln (Crab Harvest) 

,411 

,391 

Collinearity Diagnostics(intercept adjusted) 

,356 

,470 

Condition Var Prop Var Prop Var Prop Var Prop Var prop Var prop 
Number Eigenvalue Index LN-QJF LN-PMA LN-QMJ LN-QJA LN-QSO LN-QND 

2.706 

2.468 

,132 

,190 

,012 

,020 

,086 

,079 

.626 

,861 



6.13 Residuals Diagnostics 

Summary In  formation 

Residuals Statlstld 

Centered 
Leverage ,053 ,340 .I82 .079 33 
Value 4 

a. Dependent Variable: Ln (Crab Harvest) 
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Case Values for Residuals Diagnostics 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

YEAR 

1%2 

1963 

1%4 

1%5 

1%6 

1 %7 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Predicted value of harvest 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

PRE 

7.25682 

4.80289 

4.84985 

5.84518 

4.85802 

5.84251 

6.37185 

6.19964 

6.65448 

6.688 10 

6.74081 

5.96628 

6.80126 

6.94695 

6.75346 

7.12353 

6.52259 

7.17331 

7.63629 

-8.12990 

7.91503 

8.15533 

8.26541 

7.42308 

6.48352 

6.67452 

6.05434 

5.88993 

5.52404 

7.34460 

7.69667 

6.75537 

6.6761 1 

ADJ 

7.18364 

4.78892 

4.90470 

6.24409 

5.54804 

6.23736 

6.82497 

6.13344 

6.64325 

6.74291 

6.67843 

5.67674 

6.7523 1 

7.00005 

6.58482 

7,02055 

6.42224 

7.09374 

7.55562 

8.33086 

7.971 14 

8.21466 

8.43167 

7.30399 

6.38840 

6.51565 

5.74745 

5.87189 

4.8923 1 

7.50906 

7.88513 

6.56436 

6.79263 

Values greater than 3 are flagged. 
This is flagged if it exceeds &z,. = t~5.0.01 = 2.485 

RES 

.I2431 

.02702 

-.I2867 

-2.16635 

-1.89791 

-. 79522 

-1.0861 1 

.38543 

.I2328 

-.30493 

.45879 

1.18270 

.I8336 

-. 15303 

.43102 

.59275 

1.10359 

.62493 

.27066 

44705 

-.24162 

-.32769 

-.a167 

.28735 

.35809 

'7541 7 

1.79806 

.I1420 

1.11728 

-.57818 

-.79132 

.54941 

-.76667 

ZPR 

.a212 

-2.03087 

-1.97972 

-A9553 

-1.97082 

-.89845 

-.32185 

-.SO944 

-.01399 

.02263 

.Otto05 

-.76363 

.I4589 

.30458 

.09383 

.4%93 

-.I5765 

.55116 

1.05546 

1.59314 

1.35909 

1.62084 

1.74075 

.82323 

-.20021 

.00784 

-.66770 

44679 

-1.24534 

.73774 

1.12124 

,09591 

.00957 

DRE 

.I9749 

.04099 

-.I8352 

-2.56526 

-2.58793 

-1.19007 

-1.53923 

,45163 

.I3451 

735975 

~ 2 1 1 7  

I .47224 

.23232 

-.20614 

.59%6 

,69573 

1.20394 

.70450 

.35133 

-.84801 

-.29773 

r38702 

-.76793 

.40644 

,45322 

.91304 

2.10495 

.I3225 

1.7490 1 

-.74264 

-.97978 

.74043 

-38319 

ZRE 

.I3407 

.02914 

-.I3878 

-2.33644 

-2.04692 

-.85765 

-1.17138 

.41569 

,13296 

-.32887 

.49482 

1.27556 

.I9776 

-.I6505 

.46486 

.63929 

1.19023 

,67399 

.29191 

-.69785 

-.26059 

-.35342 

-.US91 

.30991 

.38621 

,81339 

1.93924 

.I2317 

1.20500 

-.62357 

-35345 

.59255 

-A2686 

SRE ' 
.I6899 

,03589 

-.I6574 

-2.54247 

-2.39024 

-1.04919 

-1.39449 

,44998 

.I3889 

-.35721 

.52738 

1.42315 

.22260 

-.I9156 

.54831 

.69260 

1.24317 

.71562 

.33258 

-.79891 

-.28927 

-.38408 

-.73311 

,36858 

.43449 

A9497 

2.09821 

,13254 

1.50765 

-.70671 

-.94%6 

.68789 

-A8747 

SDR ' 
.I6579 

.03520 

-.I6260 

-2.87614 

-2.65341 

-1.05132 

-1.42160 

4 2 9 7  

.I3624 

-.35114 

.51993 

1.45327 

.21848 

-.I8797 

.54080 

.68551 

1.256% 

.70874 

.32682 

-.79319 

-.28411 

-.37770 

-.72642 

.36237 

.42761 

39142 

2.25745 

.I3001 

1.54757 

-.69974 

-.94780 

.68075 

-.88373 



Ln (Crab Harvest) I 
Regression Standardized Residual 

lo  1 

Fig. 6.1.1. Exploratory Plots of Ln (Crab Harvest Standardized Residual). 
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Fig. 6.1.3. Residual Plots of Ln (Crab Harvest) vs. Logged Inflows. 
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6.1.4 P~~ediction Intervals for Crab Harvest 

Ln(CRAB) Logged crab harvest 
LICI Lower limit for 99% prediction interval for Crab harvest 
UICI Upper limit for 99% prediction interval for Crab harvest 

YEAR 

1962 

1963 

1964 

1%5 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Ln(CRAB) 

7.38 

4.83 

4.72 

3.68 

2.96 

5.05 

5.29 

6.59 

6.78 

6.38 

7.20 

7.15 

6.98 

6.79 

7.18 

7.72 

7.63 

7.80 

7.91 

7.48 

7.67 

7.83 

7.66 

7.71 

6.84 

7.43 

7.85 

6.00 

6.64 

6.77 

6.91 

7.30 

5.91 

LICI 

4.24056 

1.81966 

1.91354 

3.07566 

1.95838 

2.86922 

3.44062 

3.44084 

3.97269 

3.92235 

4.01455 

3.14787 

3.96635 

4.05763 

3.83716 

4.36301 

3.84094 

4.45527 

4.77936 

5.26441 

5.10629 

5.38845 

5.42374 

4.49341 

3.64959 

3.88293 

3.29649 

3.14337 

2.51811 

4.49714 

4.88336 

3.86566 

3.93499 

UICI 

10.27308 

7.78612 

7.78616 

8.61469 

7.75765 

8.81579 

9.30307 

8.95843 

9.33626 

9.45385 

9.46707 

8.78469 

9.63617 

9.83626 

9.66976 

9.88405 

9.20425 

9.89135 

10.49322 

10.99540 

10.72377 

10.92221 

11.10708 

10.35276 

9.31745 

9.466 10 

8.81219 

8.63649 

8.52996 

10.19205 

10.50999 

9.64508 

9.41723 



6.1.5 Outiier and Iduential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flaggcd if it exceeds (2ptl)In or 0.5, whichever is smaller. 

MAHA-PV = 1 - F(MAH), where F is the CDF of a Chi-Square variable with p + 1 degrees of W o m .  
Small values indicate a problem. 

' COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 
freedom and n - p - I denominator degree of 6eedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
10.88853 
9.93328 
8.59441 
4.00646 
7.56250 
9.64764 
8.45061 
3.72068 
1.70098 
3.90603 
2.86039 
5.32364 
5.77318 
7.27454 
8.02973 
3.76673 
1.69763 
2.64477 
6.37747 
6.61373 
5.06121 
3.93609 
5.95831 
8.40671 
5.74651 
4.59818 
3.69572 
3.39593 
10.58851 
6.11687 
5.18535 
7.28556 
3.25213 

COO 
.00240 
.00010 
,00167 
.I7004 
.29674 
.07808 
.I1590 
.OW97 
.NO25 
.00328 
.00540 
.07083 
.00189 
.00182 
.01680 
.01191 
.02008 
.00932 
.00471 
.02832 
.00278 
.00382 
.02122 
.00804 
.00716 
.02410 
.lo734 
.00040 
.I8360 
.02030 
.03068 
.02350 
.01710 

LEV ' 
.34027 
.31041 
.26858 
.I2520 
.23633 
.30149 
.26408 
.I1627 
.053 16 
.I2206 
.08939 
.I6636 
.I8041 
.22733 
.25093 
.I1771 
.05305 
.08265 
.I9930 
.20668 
.I5816 
.I2300 
.I8620 
.26271 
.I7958 
,14369 
,11549 
.I0612 
.33089 
.I9115 
.I6204 
.22767 
.lo163 

MAHA PV 
.I436 
.I924 
.283 1 
,7790 
,3727 
,2094 
.2945 
,8113 
,9745 
,7905 
.8976 
.6205 
.5665 
.4009 
.3300 
.SO62 
.9747 
.9158 
.4964 
.4702 
.6525 
.7871 
.5446 
.2981 
.5696 
.7089 
.8 14 1 
.8461 
.I576 
.5262 
.6374 
.3998 
,8607 

COOK PV 
.WO 
.OOOO 
.OOOO 
,0108 
,051 1 
.OOlO 
.0034 
.0000 
.WOO 
,0000 
.oo00 
.0007 
.WOO 
.OM0 
.0000 
.OOOO 
.OW0 
.OOOO 
.OOOO 
.OOOO 
.0000 
.0000 
.OOOO 
.OOOO 
.WOO 
.WOO 
.0027 
.OOOO 
.0136 
.OOOO 
.OOOO 
.OOOO 
.OOOO 



SDFFITS Standardized a t s  value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the logged January-February inflows 

SDFB-2 Standardized dfbeta for the logged March-April inflows 

SDFB-3 Standardized dfbeta for the logged May-June inflows 

SDFB-4 Standardized dfbeta for the logged July-August inflows 

SDFB-5 Standardized dfbeta for the logged September-October inflows 

SDFB-6 Standardized dfbeta for the logged November-December inflows 

Items in bold are flagged if Is&ts( or lsdfbetai exceed 1.0 for a small data set or 24- for a large 

data set. The cutoff used here is 1. 

SDFB 4 

-.06055 

-.01295 

-.03553 

-.21673 

.01056 

-.03034 

-.I4136 

,02566 

-.02218 

.01392 

.02300 

.I8670 

-.03537 

. M I 5  

.I3345 

.I2818 

-.25429 

.06332 

.06848 

-.I8167 

-.04078 

-.04733 

-.07842 

-.I4623 

-.06834 

-.05517 

-.02769 

-.01085 

.78163 

-.I6672 

.I3283 

-.03105 

.I4876 

Y W R  

1962 

1%3 

1%4 

1965 

1966 

1%7 

1968 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 0 

,06525 

.01975 

-.07796 

-.68854 

-.49949 

-.06312 

.I2616 

-.01786 

.01384 

-.00791 

-.04727 

-.I3791 

-.02587 

-.02349 

-.03755 

-.I2712 

.09028 

.00819 

-.00184 

.27438 

.08244 

.03932 

.02438 

.07135 

.04671 

.03320 

.28313 

.03759 

.33757 

.05608 

,15812 

-.09046 

.03024 

SDFFIT 

,32721 

.02530 

-.I0616 

-1.23419 

- 1.59992 

-.74082 

-.91823 

.I8358 

.04111 

-.I4887 

.I9171 

.71906 

.I1289 

-.I1073 

.33828 

.28572 

.37904 

.25291 

,17842 

44205 

-.I3691 

-.I6072 

-.38185 

.23328 

.22039 

,40913 

,93262 

.05168 

1.16369 

-.37320 

-.a253 

.40139 

-.34452 

SDFB 5 

.02439 

-.00249 

.04283 

,75035 

1.11840 

-.32803 

-.34222 

-.I2656 

,00173 

-. 10476 

,10587 

.07711 

,03942 

-.04501 

-.03180 

-.09781 

-.02253 

,10365 

.06269 

.02473 

,02779 

-.06924 

-.20480 

.08219 

.01281 

-.I4466 

-.28750 

-.00580 

-.53986 

.00716 

.04087 

-. 19958 

.06182 

SDFB 6 

-.01246 

.00452 

.03648 

,10831 

.63578 

.49256 

.33794 

-.02114 

-.00703 

.02668 

-.02960 

-.39815 

.05018 

-.07053 

.I8605 

.I4954 

.01888 

-.I4278 

-.08933 

-.20427 

46799 

-.00219 

-.00647 

.0463 1 

.05970 

.I2884 

-.28991 

.00473 

-.44669 

-.I4212 

-.20837 

-.02345 

.02377 

SDFB 3 

-.06689 

-.00369 

.02796 

-.03410 

-.68504 

-.01737 

-.41%1 

,12898 

-.00880 

.03486 

.04602 

.41620 

,04574 

.02004 

-.01409 

.07958 

.05248 

-.08442 

-.07667 

-.I6206 

-.05723 

.Of5807 

.23229 

-.I5512 

-.07906 

.I6338 

.37937 

-.00944 

-.23400 

.I3793 

-.01473 

.15%7 

-. 12982 

SDFB 1 

.I0779 

-.00568 

.02890 

-. 19318 

.46132 

.28700 

,14381 

.00565 

.01492 

.05551 

-.08247 

-.33165 

-.03660 

.00030 

-.20108 

-.I1330 

.09450 

.08861 

.07696 

-.06554 

-.02883 

-.08262 

-.I9432 

,08434 

-.07600 

,14562 

.28317 

.00327 

-.44759 

,13187 

-.08980 

,05527 

-.07428 

SDFB 2 

-.05256 

-.00475 

-.01115 

.47094 

-.70555 

-.42143 

.29009 

-.02045 

.01142 

-.05501 

.02223 

.I9791 

-.03321 

.04722 

.01490 

.03246 

.01383 

.03851 

.01390 

.23223 

.06305 

.03063 

.08428 

,06494 

.I3841 

-.32588 

-.51004 

-.02621 

.61827 

-.I4041 

-.I 1287 

.I3244 

-.0603 1 



D m  K DFBETA 

Dspndent VMabk: L. (Cab Hvvat) 

S l l t l l M D F a T A W  

D m %  DFBETA 

DFm K DFBETA 

Dspdmt V d k  La (Cmb Hvvat) 

& p d a  vp.bb: La (Cab H.rvsl) 

"1 l s l l  

- M B E l A  W-QJF 

DFm n DFBETA 

DePuhn  V d b  La (Cab W) 

Dq.ndat vmbh: Ln (Cab Huns) I -1 

Fig. 6.1.4. Standardized DFFIT vs. Standardii DFBETA. 



6.2 Model 6: Square Root Harvest and Logged Inflows 

6.2.1 ANOVA and Parameter Estimates 

Model summaqb  

a. Dependent Variable: SQRT (Crab Hawest) 

b. Method: Enter 

C. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows), Ln (July-August Inflows), Ln (January-February 
Inflows), Ln (May-June Inflows), Ln (March-April Inflows) 

d. All requested variables entered. 

R 

.754 

Model 
1 

a. Dependent Variable: SQRT (Crab Harvest) 

b. lndependent Variables: (Constant), Ln (November-December Inflows), Ln 
(September-October Inflows), Ln (July-August Inflows), Ln (January-February 
Inflows), Ln (May-June Inflows), Ln (March-April Inflows) 

R 
Square 

,569 

Std. Error 
of the 

Estimate 

10.1586 

Adjusted 
R 

Square 

,469 

Variables Durbin- 
Watson 

1.222 

Entered 
Ln(Nov-Dec 
Inflows), 
Ln(Sept-Oct 
Inflows), 
Ln(Jul-Aug 
Inflows), 
Ln(Jan-Feb 
Inflows), 
Ln(May-Jun 
Inflows), 
Ln(Mar-$r 
Inflows) 

Mean 
Square 
590.099 
103.198 

Model 

Removed 

Sum of 
Squares 

3540.592 
2683.135 
6223.728 

1 
F 
5.718 

d f 
6 

26 
32 

Regression 
Residual 
Total 

Sig. 
,001 



a. Depen- Variable: SQRT (Crab H a m t )  

Parameter Estimates 

Model 

Variable DF 

1 

INTERCEP 1 

LN-QJF 1 

LN-QMA 1 

LN-QMJ 1 

L N Q  JA 1 

LN-QSO 1 

LN-QND 1 

Unstandardi 
Coaffidants 

(Constant) 
Ln (January-Fehary 
Infknvs) 
Ln (March-April Infbws) 
Ln (MayJune Inflows) 
Ln (July-August 
I-) 
Ln 
(SeptemberOAaber 
I-) 
Ln 
(Nwember-December 
Inflows) 

Number Eigenvalue 

Standar 
d i d  

Coeffcie 
nts 

Beta 

,691 

-.313 
-.227 

,088 

,334 

.317 

B 
-1.782 

7,71 

-3.484 
-2.760 

1.053 

3.253 

4.277 

parameter Standard T for HO: Variance 
Estimate Error Parameter-0 Prob > IT1 Inflation 

Std. Error 
9.389 

2.089 

2.092 
2.037 

1.767 

1.441 

2.085 

Collinearity Diagnostics(intercept adjusted) 

t 
-.I90 

3.691 

-1.666 
-1.355 

,596 

2.257 

2.051 

Condition Var Prop Var Prop Var Prop Var Prop Var prop Var Prop 
Index LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

Sg. 
.a51 

.001 

,108 
,187 

,556 

,033 

.050 

95% Confidence 
Interval for B 

Lower 
Bound 
-21.081 

3.416 

-7.784 
-6.948 

-2.579 

,290 

-.W9 

Upper 
Bound 
17.516 

12.005 

,815 
1.427 

4.685 

6.215 

8.564 



6.23 Residuals Diagnostics 

Summary Information 

Residuals Statistid 

Centered 
Leverage ,053 ,340 .I62 ,079 33 
Value 

> 

a. Dependent Variable: SQRT (Crab Harvest) 



64 

Case Values for Residuals Diagnostics 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

Predicted value of harvest 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
Zscore of the predicted value of harvest 
Z-score of the residual 
Studwtized residual 
Studentized deleted residuals 

' Values greater than 3 are flagged. 
This is flagged if it exceeds L,~. = t25,0.01 = 2.485 

ADJ 

43.67177 

8.15294 

14.89569 

29.23373 

16.75914 

25.37440 

34.23503 

29.39498 

32.85727 

30.69043 

30.23807 

20.71899 

29.33035 

32.50813 

27.95747 

34.62749 

29.22587 

38.12579 

44.00195 

51.61116 

47.39906 

50.37194 

52.86103 

36.45782 

26.57256 

32.50067 

23.86073 

24.44198 

18.09082 

40.99176 

46.08442 

33.87959 

34.89746 

YEAR 

1962 

1963 

1%4 

1965 

1966 

1967 

1%8 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

19'84 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

RES 

-2.26867 

2.00180 

-3.01379 

-19.37345 

-9.06881 

-8.6201 7 

-14.24042 

-2.1 1992 

-2.95540 

-5.39391 

5.59253 

12.01572 

2.78734 

-1.95618 

6.00733 

10.86260 

14.72528 

9.96430 

6.25124 

-7.21290 

-33317 

-.23878 

-5.25913 

7.62198 

3.17751 

7.04666 

22.93814 

-3.72622 

6.12468 

-8.97392 

-11.71068 

3.47804 

-13.62963 

PRE 

42.3361 1 

9.18748 

13.61096 

25.6663 1 

13.46199 

21.09415 

28.29389 

29.03088 

32.58816 

29.72085 

30.99845 

23.66060 

30.07449 

3 1 A2925 

30.30795 

36.51461 

30.56490 

39.39459 

45.86497 

49.37094 

47.20557 

50.32870 

51.40780 

39.61677 

27.41661 

33.98503 

27.77577 

23.85332 

21.55384 

38.43915 

43.29549 

35.08879 

32.82598 

DRE 

-3.60432 

3.03634 

-4.29852 

-22.94087 

-12.36596 

-12.90043 

-20.18156 

-2.48401 

-3.22452 

6.36349 

6.35291 

14.95733 

3.53148 

-2.63506 

8.35782 

12.74972 

16.06430 

11.23310 

8.11427 

-9.453 12 

-1.02666 

-.28202 

-6.71236 

10.78093 

4.02156 

8.53103 

26.85318 

4.31489 

9.58769 

-1 1.52653 

-14.49961 

4.68724 

-15.701 11 

ZPR 

,95278 

-2.19861 

-1.77808 

-.63199 

-1.79224 

-1.06666 

-.38219 

-.31213 

.02606 

-.24653 

-.I2507 

42267 

-.21291 

-.a609 

-. 19072 
.39934 

-.I6629 

.67314 

1.28827 

1.62157 

1.41571 

1.71263 

1.81521 

.69426 

-.46559 

15886 

-.43145 

-.80435 

-1.022% 

3230 

1.04399 

.26379 

,04867 

ZRE 

-.22332 

.I9705 

-.29667 

-1.90710 

-.89272 

-.84856 

-1.40181 

-.20868 

-.29093 

-.53097 

35052 

1.18281 

.27438 

-.I9256 

.59135 

1.06930 

1.44954 

.98087 

.61536 

-.71003 

-.08202 

-.02351 

-.51770 

.75030 

.31279 

.69366 

2.25800 

-.36680 

.60290 

-.88338 

-1.15278 

.34237 

-1.34168 

SRE ' 
-.28149 

.24269 

-.3543 1 

-2.07527 

-1.04245 

-1.03807 

-1.66880 

-.22589 

-.30388 

-.57672 

58675 

1.3 1968 

.30884 

-.22349 

.69751 

1.15846 

1.51401 

1.04145 

.70109 

-.81285 

-.09104 

-.02555 

-.58487 

.89233 

.35189 

.76323 

2.4431 1 

-.39472 

.75433 

-1.00117 

-1.28273 

.39746 

-1.44003 

SDR ' 
-.27645 

,23825 

-.34827 

-2.22783 

-1,04426 

-1.03968 

-1.73176 

-.22172 

-.29851 

46917 

.57921 

1.33969 

.30340 

-.21936 

.69046 

1.16647 

1.55472 

1.04322 

.69407 

-.80739 

-.OW29 

-.02505 

-.57732 

38872 

.34588 

.75694 

2.72935 

-.38822 

.74792 

-1.00121 

-1.29%1 

.39093 

-1.47199 
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Fig. 6.2.1. Exploratory Plots of SQRT (Crab Harvest Standardized Residual). 
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Fig. 6.2.2. Partial Residual Plots of SQRT (Crab Harvest) vs. Logged Inflows. 
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Fig. 6.2.3. Residual Plots of SQRT (Crab Harvest) vs. Logged Inflows. 
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6.2.4 Pdiction Intervals for Crab Harvest 

SQRT(CRAB) Square root crab harvest 
LICI Lower limit for 99% prediction interval for Crab harvest 
UlCI Upper limit for 99% prediction interval for Crab harvest 

UICI 

75.38289 

41.87238 

45.78182 

56.00972 

45.23099 

53.67007 

60.40906 

59.25681 

61.97038 

60.02302 

60.86792 

54.53974 

61.13435 

63.48520 

62.25954 

66.75950 

59.94570 

69.17405 

77.16612 

80.76592 

77.97872 

80.64323 

82.54178 

71.71492 

58.46578 

64.57027 

57.99141 

53.94519 

54.48738 

69.63648 

74.1 1882 

66.74907 

62.85829 

LICI 

9.28934 

0 

0 

0 

0 

0 

0 

0 

3.20593 

0 

1.12898 

0 

0 

.I7330 

0 

6.26972 

1.18409 

9.61514 

14.56382 

17.97595 

16.43243 

20.01418 

20.27382 

7.51863 

0 

3.39979 

0 

0 

0 

7.24183 

12.47215 

3.42850 

2.79367 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SQRT CRAB 

40.07 

11.19 

10.60 

6.29 

4.39 

12.47 

14.05 

26.91 

29.63 

24.33 

36.59 

35.68 

32.86 

29.87 

36.32 

47.38 

45.29 

49.36 

52.12 

42.16 

46.37 

50.09 

46.15 

47.24 

30.59 

4 1.03 

50.71 

20.13 

27.68 

29.47 

3 1.58 

38.57 

19.20 



6.2.5 Outlier and Influential Point Detection 

Calcukated Quantities 

MAH Mahalonobis distance 
COO Codr's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 

MAHA - PV = 1 - F(MAH), where F is the CDF of a Chi-square variable with p + 1 degrees of freedom. 
Small values indicate a problem. 

COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 
fieedom and n - p - 1 denominator degree of 6eedom. A value greater than 0.5 indicates a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

MAH 
10.88853 
9.93328 
8.59441 
4.00646 
7.56250 
9.64764 
8.45061 
3.72068 
1.70098 
3.90603 
2.86039 
5.32364 
5.77318 
7.27454 
8.02973 
3.76673 
1.69763 
2.64477 
6.37747 
6.61373 
5.06121 
3.93609 
5.95831 
8.40671 
5.74651 
4.59818 
3.69572 
3.39593 
10.58851 
6.11687 
5.18535 
7.28556 
3.25213 

COO 
,00666 
,00435 
.00764 
.I1329 
.05644 
.07644 
.I6598 
.MI25 
.00120 
.00854 
.OW9 
,06091 
.00364 
.00248 
.02719 
.03331 
.02978 
.01973 
.02093 
.02932 
.00027 
.00002 
.01350 
.04714 
.OW70 
.01753 
.I4553 
.00352 
.04596 
.04073 
.05598 
.00785 
.04502 

LEV ' 
.34027 
.31041 
.26858 
.I2520 
.23633 
.30149 
,26408 
.I1627 
,05316 
.I2206 
.08939 
.I6636 
.I8041 
.22733 
.25093 
.I1771 
.05305 
.08265 
.I9930 
. 2 W 8  
.I5816 
.I2300 
.I8620 
.26271 
.I7958 
.I4369 
.I 1549 
.I0612 
.33089 
.I9115 
,16204 
.22767 
.I0163 

MAHA PV ' 
.I436 
.I924 
.283 1 
.7790 
.3727 
,2094 
,2945 
.8113 
.9745 
.7905 
.8976 
.6205 
.5665 
.4009 
.3300 
3062 
.9747 
,9158 
.4964 
.4702 
.6525 
.7871 
.5446 
.298 1 
.5696 
.7089 
3141 
,846 1 
.I576 
.5262 
.6374 
.3998 
.8607 

COOK PV ' 
.OOOO 
.OOOO 
.OW0 
.003 1 
.0003 
.0009 
.0101 
.OOOO 
.Om0 
.OOOO 
.OOOO 
.0004 
.OOM 
.OOOO 
.OW0 
.OOOl 
.OOOO 
.OOOO 
.OW0 
.OOOO 
.Om0 
.MOO 
.OOOO 
.0002 
.OOOO 
.OW0 
.0068 
.OOOO 
.0002 
.OW1 
.0003 
.MOO 
,0002 



SDFFITS Standardized dffits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the logged January-February inflows 

SDFB-2 Standardized dfbeta for the logged March-April inflows 

SDFB-3 Standardized dfbeta for the logged May-June inflows 

SDFB-4 Standardized dfbeta for the logged July-August inflows 

SDFB-5 Standardized dfbeta for the logged September-Odober inflows 

SDFB-6 Standardized dtbeta for the logged November-December inflows 

~tems in ~d are flagged if ~sdt~ts l  or lsdfbeta/ exceed 1.0 for a small data set or 2 Jm for a large 

70 

data set. The cutoff used here is 1. 

SDFB-2 

,08764 

-.03214 

-.02387 

,36478 

-.27767 

-.41676 

.35338 

,01024 

-.02502 

-.08916 

.02476 

.I8244 

- .MI2  

,055 11 

.01902 

.05523 

,01710 

.05668 

,02952 

.23638 

.01981 

.00203 

,06698 

.I5928 

. I 1  196 

-.27671 

-.61666 

.07826 

.29880 

-.20090 

-. 15477 

,07605 

-.I0046 

SDFB 3 

,11154 

-.02498 

.05989 

-.02641 

-.26%0 

-.01718 

-.51116 

-.OH56 

.O 1929 

,05650 

.05126 

.38367 

.06352 

.02339 

-.01799 

.I3541 

.06492 

-. 12427 

-. 16281 

-.I6496 

-.01799 

,00451 

.I8461 

-.38043 

-.06395 

.I3873 

.45867 

.02820 

-. 1 1309 

,19736 

-.02020 

.09169 

-.21623 

YEAR 

1%2 

1%3 

1%4 

1%5 

1%6 

1967 

1968 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 4 

.I0095 

-.08764 

-.07609 

-.I6788 

.OM16 

-.03000 

-.I7221 

-.01284 

,04861 

,02257 

.02562 

.I7211 

-.a91 1 

.07720 

.I7038 

.21812 

-.3 1453 

.09321 

.I4544 

-.I8493 

-.01282 

-.00314 

-.06233 

-.35865 

-.05528 

-.04684 

-.03348 

.03239 

.33775 

-.23855 

.I8214 

-.01783 

.24779 

SDFFIT 

-.21211 

,17127 

-.22739 

795599 

-.62966 

-.73262 

-1.11857 

-.09189 

-.Om8 

-.24132 

.21357 

.66286 

,15677 

-. 12923 

.43 189 

.48619 

,46883 

.37226 

.37890 

-44996 

44303 

-.01066 

-.30348 

.57214 

.I7827 

,34741 

1.12758 

-. 15430 

,56239 

-.53398 

-.63422 

.23050 

-.57386 

SDFB 0 

-.I0879 

,13369 

-. 16698 

-.53334 

-. 19657 

-.06242 

.I5369 

,00894 

-.03033 

-.01281 

-.05266 

-.I2714 

-.03592 

-.02741 

-.04795 

-.21631 

.I1167 

.O 1206 

-.00390 

.27929 

.02591 

.00261 

.01938 

.I7500 

,03778 

.02819 

,34232 

-. 11225 

,16314 

.08024 

.21681 

-.05195 

.05036 

SDFB 5 

-.MOM 

-.01686 

,09173 

.58121 

.44015 

-.32440 

-.41689 

,06335 

-.00379 

-. 16981 

.I1794 

.07109 

.05474 

-.05253 

-.04060 

-.I6644 

-.02787 

.I5256 

.I3314 

,02518 

.00873 

-.00459 

-.I6277 

.20157 

,01036 

-.I2284 

-.34760 

.01733 

-.26091 

.01024 

.05W 

-.I1461 

.I0298 

SDFB-1 

-.I7974 

-.03842 

,06189 

-. 14963 

.I81 55 

.28383 

.I7519 

-.00283 

-.03269 

.08998 

-.09187 

-.30573 

-.05082 

.OOO35 

-.25672 

-.I9280 

,11689 

.I3042 

.I6344 

-.06671 

-.00906 

-.00548 

-. 15444 

.20686 

-.MI47 

.I2365 

.34236 

-.00976 

-.21631 

,18869 

-. 123 13 

,03174 

-.I2373 

SDFB 6 

.02078 

,03058 

,07814 

,08389 

,25021 

,4871 1 

.41167 

.01058 

,01541 

,04325 

-.03297 

-.36703 

.06%8 

-.0823 1 

.23753 

.25446 

.02335 

-.21017 

-.I8971 

-.20792 

-.02137 

-.00014 

-.00514 

.I1359 

.04829 

.I0940 

-.35051 

-.01412 

-.21588 

-.20335 

-.28572 

-.01347 

.03959 
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Fig. 6.2.4. Standardized DFFIT vs. Standardized DFBETA. 



6.3 Model 7: Variables Transformed According Box-Cox Analysis 

6.3.1 ANOVA and Parameter Estimates 

Model surnmaqb 

a. Dependent Variable: (Crab Harvest)'Y).6 

b. Method: Enter 

c. lndependent Variables: (Constant). (November-December Infl~ws)~-O.l, 
(September-October Inflows)%.l, Ln (July-August Inflows). (May-June Inflows)%.2. 
(January-February Inflows)%.l , Ln (March-April Inflows) 

d. All requested variables entered. 

a. Dependent Variable: (Crab Harvest)"O.6 

Std. Error 
of the 

Estimate 

23.9459 

Adjusted 
R Square 

,457 

b. lndependent Variables: (Constant), (November-December Infl~ws)~-O.l, 
(September-October Inflows)'Y).l, Ln (July-August Inflows), (May-June 
Inflows)%.2, (January-February Inflows)%.l, Ln (March-April Inflows) 

Durbin- 
Watson 

1.197 

Model 
1 

* 

R 

,747 

F 
5.480 

Mean 
Square 

3142.260 
573.404 

R 
Square 

,558 

Variables 

Sip. 
.OOl 

Model 

Entered 
(Nov-Dec 
1nflows)kO. 1, 
(Sept-Oct 
Inflows)%. 1, 
Ln(Ju1Aug 
Inflows), 
(May-Jun 
Inflows)%.2, 
(Jan-Feb 
Inflows)Ao.l, 
Ln(Mar-$r 
Inflows) 

Sum of 
Squares 
18853.6 
14908.5 
33762.1 

1 

Removed 

d f 
6 

26 
32 

Regression 
Residual 
Total 



a. Dependent VariaMe: (Crab HarvestrO.6 

6.3.2 Collinearity Diagnostics 

Parameter Estimates 

Model 

parameter Standard T for HO: Variance 
Variable DF Estimate Error Parameter-0 Prob > IT1 Inflation 

Standar 
d i i  

Coefficie 
nts 

Beta 

,691 

-.306 
-.225 

,114 

,300 

-.307 

Unstandardi 
C o e f f i t s  

1 

INTERCEP 1 -41.560946 75.77901138 -0.548 0.5881 0.00000000 

QJFO.~ 1 131.002861 35.32924155 3.708 0.0010 2.04220523 

Ln-QMA 1 -7.950043 4.89658942 -1.624 0.1165 2.09825174 

QMJO.~ 1 -13.121042 9.50739912 -1.380 0.1793 1.57110633 

Ln-Q JA 1 3.151814 4.12570089 0.764 0.4518 1.30170839 

QSO'" 1 44.179798 21.54440213 2.051 0.0505 1.25895293 

QND-O. ' 1 -135.399166 68.72877516 -1.970 0.0596 1.43258808 

Sg. 
,588 

,001 

.117 

.I79 

.452 

,051 

,060 

t 
-.548 

3.708 

-1.624 
-1.380 

,764 

2.051 

-1.970 

B 
-41.561 

131.003 

-7.950 
-13.121 

3.152 

44.180 

-135.399 

(Constant) 
(January-February 
Inflowsr0.l 
Ln (March-Apfil Inflows) 
(May-June InflowsP0.2 
Ln (July-August 
Inflows) 

(S--Odober 
InflowsrO.1 

(NOYember-December 
Inflows)"4.1 

Collinearity Diagnostics(intercept adjusted) 

SM. Error 
75.779 

35.329 

4.897 
9.507 

4.126 

21.544 

68.729 

Condition Var Prof, Var Prop Var P;oy Var Prop Var Prop Var Prop 
Number Eigenvalue Index QJF" L"-Q~ QMJ ~n-QJA qsoO" QND-O. l 

95% Confidence 
Interval for B 

Lower 
Bound 

-197.327 

58.383 

-18.015 
-32.664 

-5.329 

-.lo5 

-276.673 

Uppef 
Bound 
114.205 

203.623 

2.115 
6.422 

11.632 

88.465 

5.875 



6 3 3  Residuals Diagnostics 

Summary Information 

Residuals Statistid 

Cook's 
Distance 
Centered 
Leverage ,050 .327 ,182 
Value 

a. Dependent Variable: (Crab Harvest)'Y).G 
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Case Values for Residuals Diagnostics 

PRE 
RES 
DRE 
ADJ 
ZPR 
ZRE 
SRE 
SDR 

, YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Predicted value of harvest 
Ordinary residual of harvest; observed minus predicted 
Deleted residual; residual obtained when the model is fitted without that observation 
Adjusted predicted value; predicted value of harvest when the model is fitted without that observation. 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

' Values greater than 3 are flagged. 
This is flagged if it ex& tn-p2,. = t ~ ~ o . 0 ~  = 2.485 

PRE 

89.43033 

16.61345 

24.92668 

52.70330 

24.20809 

38.68156 

55.10756 

59.04253 

66.61642 

59.98334 

62.52860 

43.35729 

59.16958 

63.62279 

62.18051 

74.88047 

61.04387 

83.17615 

100.12225 

105.26499 

100.58097 

110.28719 

1 1 1.67828 

81.88833 

53.10072 

70.23207 

54.99658 

46.66032 

43.65383 

79.06558 

92.01343 

75.48954 

66.55772 

RES 

-5.60989 

1.52343 

-7.93533 

-43.61218 

-18.30153 

-18.01797 

-31.26569 

-7.05309 

-8.25493 

-13.92535 

12.64215 

29.56430 

6.90434 

-4.69288 

12.31110 

27.60997 

36.05291 

24.47990 

14.79030 

-16.16935 

-.69338 

-.71498 

-12.36872 

20.24280 

7.54016 

16.01480 

56.21563 

-9.971 19 

10.12004 

-2 1.09978 

-29.00859 

4.57803 

-31.89501 

DRE 

-8.72729 

2.25491 

-1 1.01631 

-5 1.07120 

-24.21432 

-27.50571 

-45.16738 

-8.23304 

-9.00667 

-16.56968 

14.41142 

37.32420 

8.88415 

-6.34666 

16.96071 

32.3521 1 

39.20456 

27.57529 

19.38424 

-21.26936 

-.85883 

-35444 

-15.79571 

28.30555 

9.67620 

19.08246 

65.13600 

-1 1.56164 

15.71342 

-27.22817 

-35.71548 

6.39232 

-37.03725 

ADJ 

92.54774 

15.88198 

28.00766 

60.16232 

30.12088 

48.16930 

69.00925 

60.22247 

67.36816 

62.62767 

60.75933 

35.59738 

57.18978 

65.27657 

57.53090 

70.13834 

57.89222 

80.08076 

95.52831 

110.36500 

100.74642 

110.42664 

115.10527 

73.82558 

50.96468 

67.16442 

46.07621 

48.25076 

38.06045 

85.19397 

98.72031 

73.67525 

71.69996 

ZPR 

,95172 

-2.04820 

-1.70571 

-.56136 

-1.73531 

-1.13903 

-.46231 

-.30020 

.01183 

-.26144 

-.I5658 

-.94640 

-.29496 

-.I 1150 

-. 17092 

.35230 

-.21775 

.69406 

1.39221 

1.60408 

1.411 11 

1.81099 

1.86830 

.64101 

-.54499 

,16079 

-.46688 

-.81032 

-.93419 

.52472 

1.05814 

.37739 

.00941 

ZRE 

-.23427 

,06362 

-.33139 

-1.82128 

-.76429 

-.75245 

-1.30568 

-.29454 

-.34473 

-.58153 

.52795 

1.23463 

.28833 

-.I9598 

.51412 

1.15302 

1.50560 

1.02230 

.61766 

-.67525 

-.028% 

-.02986 

-.51653 

A4536 

.31488 

.66879 

2.34761 

-.41641 

.42262 

-.88115 

-1.21142 

.I9118 

-1.33196 

SRE' 

-.29220 

.07740 

-.39045 

-1.97089 

-.87912 

-.92968 

-1.56934 

-.3 1823 

-.36009 

-.63435 

.56368 

1.38723 

,32707 

-.22791 

.60345 

1.2481 1 

1.57003 

1.08501 

.70710 

-.77445 

-.03223 

-.03264 

-58372 

.99963 

.35671 

,73004 

2.52702 

-44839 

.52662 

-1.00096 

-1.34419 

.22591 

-1.43533 

SDR' 

-.28700 

.07591 

-.38400 

-2.09547 

-.87516 

-.92717 

-1.61737 

-.3 1266 

-.35398 

-.62690 

.55614 

1.41361 

.32138 

-.22371 

.59592 

1.26227 

1.61816 

1.08888 

.70014 

-.76832 

-.03160 

-.03201 

-57617 

.99962 

.35064 

.72332 

2.852% 

-4139  

.51917 

-1.00100 

-1.36642 

.22174 

-1.46676 



(Crab Harvest)^0.6 

Regression Standardized Residual 

Fig. 6.3.1. Exploratory Plots of (Crab Harvest Standardized Residual) 
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63.4 Prediction Intervals for Crab Harvest 

Bor(CRAB) (Crab harvestf6 
LICI Lower limit for 99% prediction interval for Crab harvest 
UlCI Upper limit for 99% prediction interval for Crab harvest 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1%9 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

LICI 

11.91341 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3.63188 

0 

13.00220 

26.1 1777 

3 1.17715 

27.91512 

38.52363 

38.27559 

6.46599 

0 

0 

0 

0 

0 

5.41848 

19.49581 

.09726 

0 

Box(CRAB) 

83.82 

18.14 

16.99 

9.09 

5.91 

20.66 

23.84 

5 1.99 

58.36 

46.06 

75.17 

72.92 

66.07 

58.93 

74.49 

102.49 

97.10 

107.66 

114.91 

89.10 

99.89 

109.57 

99.3 1 

102.13 

60.64 

86.25 

111.21 

36.69 

53.77 

57.97 

63.00 

80.07 

34.66 

UICI 

166.94726 

93.18767 

100.19704 

123.93550 

98.42739 

115.84744 

13 1.20007 

130.18973 

135.87631 

131.63500 

133.03352 

1 16.48648 

132.74968 

138.32932 

137.28795 

146.12907 

130.20539 

153.3501 1 

174.12672 

179.35283 

173.24682 

182.05074 

185.08097 

157.3 1066 

126.61778 

141.91984 

125.94536 

1 17.6282 1 

121.13535 

152.71269 

164.53104 

150.88183 

137.56544 



63.5 Outlier and Influential Point Detection 

Calculated Quantities 

MAH Mahalonobis distance 
COO Cook's distance 
LEV Leverage value 
MAHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
' This is flagged if it exceeds (2@l)/n or 0.5, whichever is smaller. 

MAHA-PV = 1 - F O ,  where F is the CDF of a Chi-Square variable with p + 1 degrees of freedom. 
Small values indicate a problem. 

COOK-PV = F(COO), where F is the CDF of an F-ratio random variable with p + 1 numerator degree of 
freedom and n - p - 1 denominator degree of kedom. A value greater than 0.5 indimes a problem. 
A value less than 0.2 indicates no problem. Values in between are inconclusive. 

, 
COOK PV' 

.OOOO 

.OOOO 
,0000 
,0018 
.OOO 1 
.0005 
.0085 
.OOOO 
.OOOO 
.OOOO 
.OW0 
.0007 
.WOO 
.OOOO 
.OW0 
.OW1 
.OOOO 
.OoOo 
.OW0 
.0000 
.WOO 
.Ow0 
.oOoO 
.0003 
.OOOO 
,0000 
.0067 
.OOOO 
.OOOO 
.oOol 
,0004 
.OOOO 
,0002 

YEAR 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

COO 
,00678 
.00041 
.DO846 
.09491 
.03567 
.06502 
.I5643 
.00242 
.00169 
.01092 
.00635 
.07216 
.OM38 
.00261 
.01965 
.03822 
.03078 
.02127 
.02219 
.02703 
. O O W  
.OM03 
.01349 
.05686 
.00515 
.01458 
.I4476 
.OM58 
.02190 
,04157 
,05968 
.00289 
.04745 

MAH 
10.46076 
9.41085 
7.97987 
3.70395 
6.84424 
10.06829 
8.87931 
3.61648 
1.70119 
4.13713 
2.95889 
5.68328 
6.16140 
7.36868 
7.80279 
3.72083 
1.60278 
2.62237 
6.61409 
6.70332 
5.19503 
4.25312 
5.97294 
8.14540 
6.09438 
4.17455 
3.41270 
3.43230 
10.42109 
6.23271 
5.03947 
8.11264 
3.47317 

LEV ' 
.32690 
.29409 
.24937 
,11575 
,21388 
.31463 
.27748 
.I1301 
.05316 
,12929 
.09247 
,17760 
,19254 
.23027 
.24384 
.I1628 
,05009 
.08195 
.20669 
.20948 
.I6234 
.I3291 
.I8665 
.25454 
.I9045 
.I3045 
,10665 
.lo726 
.32566 
.I9477 
.I5748 
.25352 
.lo854 

MAHA PV 
,1639 
,2245 
.3344 
.8132 
,4453 
.I847 
.2614 
,8227 
.9745 
.7639 
.8888 
.5772 
.5210 
.3915 
.3503 
.8113 
,9785 
.9176 
.4701 
.4604 
.6362 
.7502 
,5429 
.3199 
,5288 
.7595 
,8444 
.8423 
,1659 
.5129 
.6551 
,3228 
-- .8381 



SDFFITS Standardized dffits value 

SDFB-0 Standardized dfbeta for the intercept term 

SDFB-1 Standardized dfbeta for the (January-February 

SDFB-2 Standardized dfbeta for the logged March-April inflows 

SDFB-3 Standardired dfbeta for the (May-June 

SDFB-4 Standardized dfbeta for the logged July-August inflows 

SDFB-5 Standardized dfbeta for the (September-October inflows?' - 

SDFB-6 Standardized dfbeta for the (November-December  inflow^)^.' 
Items in bold are flagged if Isdffits) or lsdfbetal exceed 1.0 for a small data set or 2 Jm for a large 

data set. The cutoff used here is 1. 

YEAR 

1962 

1%3 

1964 

I%S 

1966 

1%7 

1%8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SDFB 6 

-.02878 

-.OW28 

-.09805 

-.09552 

-.21435 

-.44004 

-.38129 

-.01388 

-.01676 

-.03092 

,01645 

,37196 

-.08220 

.08705 

-.20413 

-.26368 

-.03384 

.21129 

.I8922 

.I9355 

.00721 

.OOO53 

,01239 

-.I2284 

-.04998 

-.lo643 

,40076 

,01542 

,14897 

.I9440 

.25978 

.00967 

-.03322 

SDFB 0 

.07738 

.02592 

-.02639 

-.I5376 

-.01258 

.33830 

.45382 

-.00160 

.01870 

.02871 

-.02650 

-.25798 

,06281 

-.07209 

.27694 

,30718 

.02691 

-.27505 

-.27226 

-.05603 

-.00245 

.00524 

.09932 

.03500 

.08963 

,07683 

-.30367 

-.05673 

.02759 

-.26150 

-.I0180 

-.01622 

.08499 

SDFB 4 

.09725 

-.02894 

-.08493 

-.I6651 

.01140 

-.OM9 

-.I4279 

-.01859 

,05689 

.03529 

,01666 

.I7625 

-.05579 

.07880 

.I4549 

.24508 

-.32165 

.09538 

.I4430 

-. 18232 

-.00481 

-.00390 

-.06342 

-.39043 

-.05477 

-.03953 

-.01276 

.03396 

.26183 

-.25184 

.I8635 

-.01180 

.24501 

SDFFIT 

-.21395 

.05260 

-.23927 

-.86660 

-.49744 

-.67280 

-1.07847 

-.I2788 

-.lo682 

-.273 18 

.20805 

.72423 

,17209 

-.I3280 

,36622 

,52313 

,47843 

.38720 

.39020 

-,43150 

-.01544 

-.01414 

-.30328 

.63087 

.I8663 

.31657 

1.13647 

-.I7628 

,38597 

-.53947 

-.65703 

.I3959 

-.58894 

SDFB-5 

-.03439 

-.00620 

,10982 

SO627 

,33091 

-.30570 

-.43825 

.08557 

-.00258 

-.I961 1 

,12368 

,06208 

.06552 

-.05300 

-.04504 

-.I7870 

-.03116 

.I5203 

.I2940 

.01456 

.a0284 

-.00614 

-. 15992 

,20380 

,00354 

-. 10430 

-.35065 

.02793 

-.I9088 

,03646 

,04866 

-.06506 

.I0986 

SDFB 1 

-. 18047 

-.00868 

,06862 

-.I0326 

.I5438 

.23202 

.I3362 

-.00118 

-.03656 

.09285 

-.08401 

-.32666 

-.05391 

,00189 

-.21684 

-.22628 

,10150 

,14572 

,18484 

-.06314 

-.00328 

-.00765 

-.I5610 

,21141 

-.07087 

.lo592 

.33433 

-.OM27 

-.I5985 

,21355 

-.I5153 

,02497 

-.I 1838 

SDFB-2 

,08724 

-.01289 

-.01958 

.3 1092 

-.24568 

-.37602 

,34475 

.01314 

-.03304 

-.09422 

.01944 

.I8412 

-.05219 

.05616 

.01349 

.07840 

.03521 

.06044 

.02381 

.22695 

.00712 

.00289 

.07146 

.I8708 

.11901 

-.25125 

-.58186 

.08809 

.20616 

-.21348 

-.I5918 

.03713 

-.09335 

SDFB 3 

.I0649 

-.00685 

,04321 

,02386 

-. 17960 

.00301 

-.49372 

-.OW56 

,02829 

,07417 

,04409 

.a983 

,06994 

.02477 

-.02304 

,12698 

.05151 

-.I4436 

-.I7452 

-. 1695 1 

-.00696 

.00625 

18056 

-.41377 

-.06820 

11454 

,40648 

.02902 

-.07570 

,19442 

-.03378 

,06274 

-.25300 
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7. Examining Subsets of the Data 

7.1 Model 3: Logged AU Variables 

7.1.1 Logged AU Variables: 1965 Omitted 

N = 32 Regression Models for Dependent Variable: LN (CRAB) 

 s square A d j  C (PI A I C  MSE S B C  Variables in Model 
1n RSq 

1 0.274632 0.250453 15.3105 0.9557 0.96987 3.8871 LN-QJF 

1 0.225015 0.199182 18.2730 3.0729 1.03621 6.0044 LN-QND 

1 0.192068 0.165137 20.2402 4.4052 1.08026 7.3367 LN-QJA 

1 0.120438 0.091119 24.5171 7.1235 1.17603 10.0550 LN-QSO 

2 0.370308 0.326881 11.5978 -1.5707 0.87097 2.8265 LN-QJF LN-QND 

2 0.349596 0.304740 12.8345 -0.5351 0.89962 3.8621 LN-QJF LN-QSO 

2 0.349212 0.304330 12.8574 -0.5162 0.90015 3.8810 LN-QJE LN-QJA 

2 0.318927 0.271956 14.6657 0.9393 0.94204 5.3366 LN-QJA LN-QND 

3 0.466705 0.409566 7.8421 -4.8877 0.76398 0.9753 LN-QJE LN-QMA LN-QND 

3 0.430701 0.369705 9.9918 -2.7971 0.81556 3.0658 LN-QJF LN-QSO LN-QND 

3 0.415279 0.352630 10.9127 -1.9418 0.83766 3.9212 LN-QJF LN-QJA LN-QND 

3 0.409390 0.346110 11.2643 -1.6211 0.84609 4.2419 LN-QJE LN-QMJ LN-QSO 

4 0.535445 0.466622 5.7378 -7.3035 0.69016 0.0252 LN-QJE LN-QMA LN-QSO LN-QND 

4 0.499098 0.424891 7.9080 -4.8930 0.74415 2.4357 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.491266 0.415898 8.3756 -4.3965 0.75579 2.9322 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.474900 0.397107 9.3528 -3.3832 0.78011 3.9455 LN-QJF L N Q M A  LN-QMJ LN-QND 

........................................................................................ 
5 0.576552 0.495119 5.2834 -8.2683 0.65328 0.5261 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.545907 0.458582 7.1131 -6.0324 0.70056 2.7620 LN-QJE LN-QMA LN-QJA LN-QSO LN-QND 

5 0.512352 0.418573 9.1166 -3.7511 0.75233 5.0433 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.497556 0.400932 10.0001 -2.7946 0.77516 5.9998 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

6 0.581298 0.480809 7.0000 -6.6290 0.67180 3.6312 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.13 Logged All Variables: 1966 Omitted 

N = 32 Regression Models for Dependent Variable: LN (CRAB) 

R-square A d j  C (p) A I C  MSE SBC Variables i n  Model 
1n Rsq 

1 0.341546 0.319597 5.1758 -6.3678 0.77147 -3.4363 LN-QJF 

1 0.229523 0.203840 10.8200 -1.3401 0.90272 1.5914 LN-QND 

1 0.160726 0.132751 14.2862 1.3968 0.98333 4.3282 LN-QMA 

1 0.129616 0.100603 15.8537 2.5615 1.01978 5.4930 LN-QJA 

................................................................... 
2 0.424356 0.384657 3.0034 -8.6688 0.69770 -4.2716 LN-QJF LN-QND 

2 0.396654 0.355044 4.3992 -7.1647 0.73128 -2.7675 LN-QJF LN-QSO 

2 0.369316 0.325821 5.7766 -5.7467 0.76442 -1.3495 LN-QJF LN-QJA 

2 0.342571 0.297231 7.1241 -4.4176 0.79683 -0.0204 LN-QJF LN-QMA 

.......................................................................... 
3 0.469518 0.412681 2.7280 -9.2833 0.66593 -3.4203 LN-QJF LN-QSO LN-QND 

3 0.437749 0.377508 4.3286 -7.4221 0.70581 -1.5591 LN-QJF LN-QJA LN-QND 

3 0.433486 0.372788 4.5434 -7.1803 0.71116 -1.3174 LN-QJF LN-QMA LN-QND 

3 0.424632 0.362985 4.9895 -6.6841 0.72228 -0.8211 LN-QJF L N Q M J  LN-QND 

4 0.488992 0.413287 3.7468 -8.4801 0.66524 -1.1514 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.486340 0.410243 3.8804 -8.3145 0.66869 -0.9858 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.476981 0.399497 4.3519 -7.7366 0.68088 -0.4080 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.443817 0.361419 6.0229 -5.7693 0.72405 1.5594 LN-QJF LN-QMA LN-QJA LN-QND 

5 0.502020 0.406255 5.0904 -7.3065 0.67322 1.4879 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.492637 0.395068 5.5631 -6.7092 0.68590 2.0852 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.490425 0.392430 5.6746 -6.5700 0.68889 2.2245 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.443886 0.336941 8.0194 -3.7733 0.75181 5.0211 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QND 

.............................................................................................. 
6 0.503814 0.384729 7.0000 -5.4220 0.69762 4.8382 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.13 Logged AU Variables: 1965 and 1966 Omitted 

N = 31 Regression Models for Dependent Variable: LN (CRAB)  

R-square A d  j C (P) A I C  MSE S B C  Variables i n  Model 
1n Rsq 

1 0.414872 0.394695 5.9966 -19.0333 0.508485 -16.1654 LN-QJF 

1 0.229297 0.202722 16.4615 -10.4937 0.669752 -7.6257 LN-QND 

1 0.177921 0.149574 19.3587 -8.4932 0.714399 -5.6252 LN-QJA 

1 0.116653 0.086193 22.8138 -6.2648 0.767642 -3.3969 LN-QMA 

2 0.486768 0.450109 3.9422 -21.0975 0.461935 -16.7956 LN-QJF LN-QND 

2 0.458966 0.420321 5.5100 -19.4621 0.486958 -15.1602 LN-QJF LN-QJA 

2 0.425409 0.384367 7.4024 -17.5967 0.517161 -13.2947 LN-QJF L N Q S O  

2 0.424260 0.383136 7.4672 -17.5347 0.518195 -13.2328 LN-QJF LN-QMA 

3 0.536030 0.484477 3.1643 -22.2256 0.433064 -16.4897 LN-QJF LN-QMA LN-QND 

3 0.513142 0.459047 4.4549 -20.7330 0.454426 -14.9970 LN-QJF LN-QJA LN-QND 

3 0.495431 0.439367 5.4537 -19.6252 0.470958 -13.8893 LN-QJF LN-QMJ LN-QND 

3 0.495126 0.439029 5.4709 -19.6065 0.471243 -13.8705 LN-QJF LN-QSO LN-QND 

4 0.552803 0.484004 4.2184 -21.3671 0.433461 -14.1972 LN-QJF LN-QMA LN-QJA LN-QND 

4 0.551617 0.482635 4.2853 -21.2850 0.434612 -14.1150 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.539174 0.468278 4.9869 -20.4365 0.446672 -13.2665 LN-QJF LN-QMA LN-QMJ LN-QND 

4 0.519400 0.445462 6.1020 -19.1340 0.465839 -11.9641 LN-QJF LN-QMJ LN-QJA LN-QND 

........................................................................................ 
5 0.566549 0.479859 5.4432 -20.3350 0.436943 -11.7310 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.563195 0.475834 5.6323 -20.0960 0.440324 -11.4921 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.555107 0.466129 6.0884 -19.5272 0.448478 -10.9233 LN-QJF LN-QMA L N Q M J  LN-QJA LN-QND 

5 0.532937 0.439524 7.3387 -18.0197 0.470827 -9.4158 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

6 0.574408 0.468010 7.0000 -18.9022 0.446897 -8.8643 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.2 Model 6: Square Root Harvest and Logged Intlows 

7.2.1 Square Root Harvest and Logged Inflows: 1968 Omitted 

N = 32 Regression Models f o r  Dependent Variable:  S Q R T  (CRAB) 

R-square Ad j C(P1 A I C  MSE S B C  Va r i ab l e s  i n  Model 
I n  R S  q 

1 0.320619 0.297373 13.6851 158.5 133.155 161.4 LN-QJF 

1 0.208665 0.182287 20.5542 163.3 155.098 166.3 LN-QJA 

1 0.207962 0.181561 20.5974 163.4 155.236 166.3 LN-QSO 

1 0.158110 0.130047 23.6562 165.3 165.006 168.3 LN-QND 

................................................................... 
2 0.439003 0.400314 8.4213 154.3 113.744 158.7 LN-QJF LN-QSO 

2 0.395553 0.353867 11.0873 156.7 122.554 161.1 LN-QJF LN-QJA 

2 0.368795 0.325263 12.7291 158.1 127.979 162.5 LN-QJF LN-QND 

2 0.352188 0.307511 13.7481 158.9 131.346 163.3 LN-QJF LN-QMA 

3 0.505647 0.452680 6.3322 152.3 103.812 158.2 LN-QJF LN-QMA LN-QSO 

3 0.484937 0.429752 7.6029 153.6 108.161 159.5 LN-QJF LN-QJA LN-QSO 

3 0.473268 0.416833 8.3189 154.3 110.611 160.2 LN-QJF LN-QMJ LN-QSO 

3 0.461673 0.403996 9.0303 155.0 113.046 160.9 LN-QJF LN-QSO LN-QND 

4 0.565298 0.500898 4.6722 150.2 94.666 157.5 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.538975 0.470675 6.2873 152.1 100.399 159.4 LN-QJF LN-QMA LN-QJA LN-QSO 

4 0.520040 0.448935 7.4491 153.3 104.522 160.7 LN-QJF LN-QMA LN-QMJ LN-QSO 

4 0.506105 0.432935 8.3041 154.3 107.557 161.6 LN-QJF LN-QMJ LN-QJA LN-QSO 

........................................................................................ 
5 0.582459 0.502163 5.6192 150.9 94.426 159.7 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.580542 0.499877 5.7368 151.0 94.860 159.8 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.547080 0.459980 7.7900 153.5 102.427 162.3 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

5 0.524729 0.433330 9.1614 155.0 107.482 163.8 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

6 0.592551 0.494763 7.0000 152.1 95.830 162.4 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



7.2.2 Square Root Harvest and Logged Idom: 1988 Omitted 

N = 32 Regresslon Models for Dependent Variable: S Q R T  ( C R A B )  

&square ~d j C(P) AIC M S E  S B C  Variables in Model 
1n R S q  

1 0.354872 0.333368 17.8331 156.8 126.331 159.7 LN-QJF 

1 0.259531 0.234848 24.6067 161.2 145.002 164.1 LN-QND 

1 0.215330 0.189175 27.7469 163.0 153.657 166.0 LN-QJA 

1 0.159785 0.131778 31.6931 165.2 164.534 168.2 LN-QSO 

................................................................... 
2 0.452742 0.415000 12.8799 153.5 110.862 157.9 LN-QJF LN-QND 

2 0.449480 0.411513 13.1117 153.7 111.522 158.1 LN-QJF LN-QSO 

2 0.430140 0.390839 14.4857 154.8 115.440 159.2 LN-QJF LN-QJA 

2 0.368207 0.324635 18.8857 158.1 127.986 162.5 LN-QJF LN-QMJ 

3 0.529649 0.479255 9.4161 150.7 98.685 156.5 LN-QJF LN-QSO LN-QND 

3 0.520382 0.468994 10.0745 151.3 100.629 157.2 LN-QJF LN-QMJ LN-QSO 

3 0.499468 0.445839 11.5603 152.7 105.017 158.5 LN-QJF LN-QJA LN-QND 

3 0.497252 0.443386 11.7177 152.8 105.482 158.7 LN-QJF LN-QJA LN-QSO 

4 0.615019 0.557985 5.3510 146.3 83.765 153.6 LN-QJF LN-QMJ LN-QSO LN-QND 

4 0.579795 0.517543 7.8535 149.1 91.429 156.4 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.558274 0.492833 9.3824 150.7 96.112 158.0 LN-QJF LN-QJA LN-QSO LN-QND 

4 0.549961 0.483288 9.9730 151.3 97.920 158.6 LN-QJF LN-QMJ LN-QJA LN-QSO 

........................................................................................ 
5 0.641227 0.572232 5.4890 146.0 81.065 154.8 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.627381 0.555723 6.4728 147.2 84.194 156.0 LN-QJF LN-QMJ LN-QJA LN-QSO LN-QND 

5 0.594848 0.516934 8.7840 149.9 91.544 158.7 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.551454 0.465195 11.8669 153.1 101.349 161.9 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

.............................................................................................. 
6 0.648110 0.563657 7.0000 147.4 82.690 157.6 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

K Q N D  

............................................................................................... 



7.2.3 Square Root Harvest and Logged Inflows: 1968 and 1988 Omitted 

N = 31 Regression Models for Dependent Variable: SQRT (CRAB) 

R-square A d  j C(p) A I C  MSE SBC Variables in M o d e l  
1n Rsq 

1 0.341743 0.319044 19.5203 151.9 126.016 154.7 LN-QJF 

1 0.249524 0.223646 26.0376 155.9 143.670 158.8 LN-QSO 

1 0.234835 0.208450 27.0758 156.5 146.482 159.4 LN-QJA 

1 0.227142 0.200491 27.6194 156.8 147.955 159.7 LN-QND 

................................................................... 
2 0.489470 0.453004 11.0801 146.0 101.226 150.3 LN-QJF LN-QSO 

2 0.429616 0.388874 15.3102 149.4 113.093 153.7 LN-QJF LN-QJA 

2 0.427662 0.386780 15.4483 149.5 113.481 153.8 LN-QJF LN-QND 

2 0.391289 0.347810 18.0188 151.4 120.693 155.7 LN-QJA LN-QSO 

3 0.543132 0.492369 9.2878 144.5 93.941 150.3 LN-QJF LN-QJA LN-QSO 

3 0.539728 0.488587 9.5283 144.8 94.641 150.5 LN-QJF LN-QSO LN-QND 

3 0.539665 0.488517 9.5328 144.8 94.654 150.5 LN-QJF LN-QMJ LN-QSO 

3 0.528584 0.476205 10.3159 145.5 96.932 151.2 LN-QJF LN-QMA LN-QSO 

................................................................................. 
4 0.612311 0.552667 6.3987 141.5 82.782 148.6 LN-QJF LN-QMA LN-QSO LN-QND 

4 0.608328 0.548071 6.6802 141.8 83.633 148.9 LN-QJE LN-QMJ LN-QSO LN-QND 

4 0.576356 0.511180 8.9398 144.2 90.460 151.4 LN-QJF LN-QMJ LN-QJA LN-QSO 

4 0.576070 0.510851 8.9599 144.2 90.521 151.4 LN-QJF LN-QJA LN-QSO LN-QND 

........................................................................................ 
5 0.649853 0.579824 5.7456 140.3 77.757 148.9 LN-QJF LN-QMA LN-QMJ LN-QSO LN-QND 

5 0.631075 0.557290 7.0727 141.9 81.927 150.5 LN-QJF LN-QMA LN-QJA LN-QSO LN-QND 

5 0.626029 0.551235 7.4293 142.3 83.047 150.9 LN-QJF LN-QMJ L N Q J A  LN-QSO LN-QND 

5 0.590349 0.508419 9.9509 145.2 90.971 153.8 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

6 0.660403 0.575504 7.0000 141.3 78.556 151.4 LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 

............................................................................................... 



OBS -MODEL- 

1 MODELl 

2 MODELl 

3 MODELl 

4 MODELl 

5 MODELl 

6 MODELl 

7 MODELl 

8 MODELl 

9 MODELl 

10 MODELl 

11 MODELl 

12 MODELl 

13 MODELl 

14 MODELl 

15 MODELl 

16 MODELl 

17 MODELl 

18 MODELl 

19 MODELl 

20 MODELl 

21 MODELl 

OBS LN-QND 

1 .  

2 .  

3 .  

4 6.46199 

5 .  

6 .  

7 4.23355 

8 .  

9 .  

10 3.29795 

11 . 
12 . 
13 4.42569 

14 3.90188 

15 . 
16 2.72503 

17 4.65280 

18 3.88109 

19 3.41680 

20 . 
21 4.21437 

- TYPE- 
PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PAWS 

PARMS 

PARMS 

PARMS 

PARKS 

PARMS 

PARMS 

PARMS 

PARMS 

PAFMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

PARMS 

- DEPVAR- 
SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

SQRT-CRA 

INTERCEP 

11.7738 

11.5134 

12.2115 

10.3069 

-1.6713 

2.5764 

1.1381 

-0.7227 

-7.5081 

-8.4391 

4.8555 

0.4339 

-7.7717 

-1.9551 

-1.1782 

-12.1660 

-2.9131 

-10.5842 

-5.4231 

-0.6458 

-5.5473 

LN-Q JF 

6.22279 

5.33547 

5.02502 

5.07758 

4.48109 

4.54350 

6.75749 

7.03717 

6.68282 

6.08118 

5.79477 

3.96344 

7.41592 

6.02218 

5.47681 

6.67662 

6.83813 

LN-Q JA 

5.46394 

3.57505 

4.37095 

2.83919 

2.39387 

2.38477 

1.75286 

1.71186 

2.26183 

1.33772 



Parameter Estimates 

Variable DE 

INTERCEP 1 

LN-Q JF 1 

LN-QMA 1 

L N M J  1 

LN-Q JA 1 

LN-QSO 1 

LN-QND 1 

Parameter 
Estimate 

Standard T for HO: 
Error Parameter-0 Prob > IT1 

Variance 
Inflation 

Collinearity Diagnostics(intercept adjusted) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QJF LN-QMA LN-QMJ LN-QJA LN-QSO LN-QND 

Variable 
Variable DE Label 

INTERCEP 1 Intercept 
LN-QJF 1 Ln (January-February Inflows) 
LN-QMA 1 Ln (March-April Inflows) 
LN-QMJ 1 Ln (May-June Inflows) 
LN-QJA 1 Ln (July-August InflowS) 
LN-QSO 1 Ln (September-October Inflows) 
LN-QND 1 Ln (November-December Inflows) 



7.3 Model 7: Variables Transformed According to Box-Cox Analysis 

7.3.1 Variables Transformed According to Box-Cox Analysis: 1968 Omitted 

N = 32 Regression Models for Dependent Variable: 

R-square Ad j C (P) AIC MSE SBC Variables in Model 
In RS q 

1 0.317517 0.294767 12.3287 212.7 725.72 215.7 (QJF) 

1 0.211727 0.185451 18.5799 217.3 838.21 220.3 LN-QJA 

1 0.161797 0.133857 21.5303 219.3 891.30 222.2 (QSO)~" 

1 0.150992 0.122692 22.1688 219.7 902.79 222.6 (QND)-'.' 

2 0.416963 0.376753 8.4523 209.7 641.35 214.1 (QJF) (QSO)'~" 

2 0.398978 0.35752'9 9.5150 210.7 661.13 215.1 (QJF) '" LN-QJA 
2 0.359385 0.315205 11.8546 212.7 704.69 217.1 (QJF) (QND) 

2 0.350379 0.305577 12.3868 213.1 714.59 217.5 (QJF)'" LN-QMA 

............................................................................ 
3 0.484424 0.429183 6.4660 207.7 587.40 213.6 (QJF)~" LN-QMA (QSO)~" 

3 0.468707 0.411783 7.3947 208.7 605.30 214.6 (QJF)'" LN-QJA (QSO)~'~ 

3 0.454771 0.396353 8.2182 209.5 621.18 215.4 (QJF)'.' (QMJ)'.' (QSO)'" 

3 0.439210 0.379125 9.1377 210.4 638.91 216.3 (QJF)'.' (QSO)'" (QND)-O" 

.................................................................................... 
4 0.543252 0.475586 4.9897 205.9 539.65 213.2 (QJF)"~ LN-QMA (QSO)'" (QND)"~ 

4 0.523687 0.453123 6.1458 207.2 562.76 214.5 (QJF) '" LN-QMA LN-QJA (QSO)~" 

4 0.500790 0.426832 7.4989 208.7 589.82 216.0 (QJF) LN-QMA (QMJ) '.' (QS0)O.l 

4 0.492953 0.417835 7.9620 209.2 599.08 216.5 (QJF)'" (QMJ)~" LN-QJA (QSO) 

............................................................................................ 
5 0.563576 0.479648 5.7988 206.4 535.47 215.2 (QJF) ''I LN-QMA LN-QJA (Qso) ''I 

(QNDI 

5 0.562397 0.478243 5.8584 206.5 536.91 215.3 (QJF)'" LN-QMA (QMJ]'-' (QSO)'" 

(QND)-'.' 

5 0.533327 0.443582 7.5762 208.6 572.58 217.4 (QJF)"~ LN-QMA (QMJ)~'~ LN-QJA 

(QSO) 

5 0.511002 0.416964 8.8954 210.1 599.97 218.9 (QJF)'.' (QMJ)~.~ LN-QJA (QSO)~" 

(QND)-'.' 

6 0.576924 0.475386 7.0000 207.4 539.85 217.7 (QJF)'.' LN-QMA (QMJ)'.~ LN-QJA 

(QSO)'.' (QND)-'.' 



7.3.2 Variables Transformed According to Box-Cox Analysis: 1988 Omitted 

N = 32 Regression Models for Dependent Variable: ( C R A B I O . ~  

R-square A d  j C ( P I  A I C  MSE S B C  Variables in Model 
In Rsq 

1 0.358233 0.336841 17.1997 210.5 677.81 213.5 (QJF)"' 

1 0.258170 0.233442 24.2471 215.2 783.49 218.1 (QND)-"' 

1 0.220373 0.194385 26.9092 216.8 823.41 219.7 LN-QJA 

1 0.118213 0.088820 34.1043 220.7 931.30 223.6 (QSO)'.' 

.................................................................... 
2 0.450828 0.412954 12.6782 207.6 600.01 211.9 (QJF)"' (QND)-'.' 

2 0.440702 0.402130 13.3914 208.1 611.07 212.5 (QJF)'" LN-QJA 

2 0.437735 0.398959 13.6003 208.3 614.32 212.7 (QJF)'.' ( Q S O ) ~ "  

2 0.380354 0.337619 17.6417 211.4 677.01 215.8 (QJF)"' ( Q M J ) " ~  

3 0.511459 0.459116 10.4079 205.8 552.83 211.7 (QJE) ( Q M J ) " ~  (QSO) 

3 0.505259 0.452251 10.8447 206.2 559.85 212.1 (QJF) ''I LN-QJA (QND) ".' 
3 0.492160 0.437748 11.7672 207.0 574.67 212.9 I Q J F ) " ~  LN-QJA ( Q S O ) O ' ~  

4 0.606621 0.548343 5.7057 200.9 461.63 208.2 ( Q J F ) ~ "  ( Q M J ) " ~  I Q S ~ I ' . ~  (QND)-'" 

4 0.571428 0.507936 8.1844 203.6 502.93 210.9 (QJF)'.' LN-QMA (QSO)'" (QNDI-"' 

4 0.553652 0.487526 9.4363 204.9 523.79 212.2 ( Q J F ) " ~  LN-QJA ( Q S 0 ) O "  (QND)-'.' 

4 0.547331 0.480269 9.8815 205.4 531.21 212.7 (QJF)"' (QMJ) LN-QJA (QSO) '.' 

5 0.634161 0.563808 5.7660 200.6 445.83 209.3 (QJF)'.' LN-QMA (QMJ)'" ( ~ s o ) ~ "  

(QND)-'.' 

5 0.623700 0.551335 6.5028 201.5 458.57 210.2 (QJF) '" (QMJ) LN-QJA (QSO) '" 
IQND)-'.' 

5 0.591329 0.512738 8.7827 204.1 498.02 212.9 (QJFI'.' LN-QMA LN-QJA (QSO)'" 

(QND)-'. '  

5 0.549102 0.462391 11.7568 207.2 549.48 216.0 ( Q J F ) " ~  LN-QMA (QMJ)'.' LN-QJA 

(QSO)'.' 

6 0.645038 0.559847 7.0000 201.6 449.87 211.8 ( Q J F ) ~ "  LN-QMA ( Q M J ) " ~  LN-QJA 

( ~ s 0 ) O . l  ( Q N D I - ' . ~  



7 3 3  Variables Transformed Accordiog to Box-Cox Analysis: 1968 and 1988 Omitted 

N = 31 Regression Models for Dependent Variable: (CRAB)  
0 . 6  

R-square ~d j C (P) A I C  MSE S B C  Variables in Model 
1n RSq 

1 0.344031 0.321411 18.4390 204.0 677.282 206.9 (QJF)'" 

1 0.240257 0.214059 25.6274 208.5 784.427 211.4 LN-QJA 

1 0.224418 0.197674 26.7246 209.2 800.781 212.1 (QND)-'" 

1 0.201628 0.174098 28.3033 210.1 824.312 213.0 ( Q S O ) ~ "  

.................................................................... 
2 0.473316 0.435696 11.4834 199.2 563.217 203.5 (QJF) O.' (QSO)'-' 

2 0.439655 0.399631 13.8151 201.1 599.213 205.4 ( Q J F ) O "  LN-QJA 

2 0.424751 0.383662 14.8475 201.9 615.151 206.2 (QJF)'" (QND)-'.' 

2 0.358671 0.312862 19.4249 205.3 685.815 209.6 ( Q J F ) " ~  LN-QMA 

............................................................................ 
3 0.533008 0.481120 9.3486 197.5 517.881 203.2 (QJF)"' LN-QJA ( Q S O ) ~ "  

3 0.525818 0.473132 9.8466 197.9 525.854 203.7 ( Q J F ) ~ "  1 ~ ~ 0 ) " ~  (QND)-'" 

3 0.525662 0.472958 9.8574 197.9 526.027 203.7 ( Q J F )  '.' (QMJ) (QSO)'" 

3 0.512837 0.458707 10.7458 190.8 540.250 204.5 (QJF)'.' LN-QMA (QSO)'.' 

4 0.599552 0.537945 6.7390 194.7 461.165 201.9 ( Q J F ) ~ "  LN-QMA (QSO) O.' ( Q N D ) - ' . ~  

4 0.596550 0.534481 6.9470 194.9 464.622 202.1 (QJF)"' (QMJ] (QSO)'" (QND)-'.' 

4 0.568329 0.501918 8.9019 197.0 497.123 204.2 (QJF) O.' ( Q M J ) " ~  LN-QJA ( Q S O ) ' ' ~  

4 0.567277 0.500705 8.9747 197.1 498.334 204.3 ( Q J F ) ~ . '  LN-QJA (QSO)"' ( Q N D ) - ' . ~  

5 0.638666 0.566399 6.0296 193.5 432.766 202.1 (QJF)'" LN-QMA (QMJ) ( Q S O ) " ~  

(QND) -'" 
5 0.623245 0.547894 7.0978 194.8 451.235 203.4 IQJF)'" LN-QMA LN-QJA ( Q S O ) ~ . ~  

(QNDI -'.' 
5 0.619014 0.542817 7.3909 195.1 456.303 203.8 (QJF) O" ( Q M J I " ~  LN-QJA (QSO)'" 

( Q N D ) " . ~  

5 0.582478 0.498973 9.9218 198.0 500.062 206.6 (QJF)'" LN-QMA ( Q M J ) " ~  LN-QJA 

(QSO) 

6 0.653530 0.566912 7.0000 194.2 432.254 204.2 (QJF)'" LN-QMA (QMJ)'" LN-QJA 

(QSO) '.' (QND)-'.' 
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1. SUMMARY REPORT 

1.1 Description of the problem' 
Bimonthly freshwater inflows into Corpus Christi Bay were recorded for the years 1961 

to 1993. These variables, and various transformations of them, were used to construct a model 

for the annual harvest of flounder. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of 
view: individual observations (to detect outliers or influential points); variables, individually and 

in groups (to select an optimal set of predictors); and the interaction of these two, which 

produces the overall structure of the data set (to determine whether multicollinearity is present or 
not). The first two of these were examined by both graphic and quantitative means; the third by 

quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as 

well as by all the usual numerical measures. For each pair of variables, 99 % prediction ellipses 

and 95% confidence regions were plotted in a further effort to look for unusual points. For 

example, suppose large values of Variable A are generally associated with large values for 

Variable B. If an observation consisted of a large value for Variable A but a small value for 

Variable B, that point would be considered unusual, even though it was well within the range of 
data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual 
indicates a point not well-fit by the model. The deleted residual, however, is somewhat more 

useful in the search for influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The 

Studentized deleted residual is scaled to have a Student's t distribution. Histograms and normal 

P-P plots of the residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dffits (to measure the influence of a given observation on the predicted 

response) and the Djbetas (to measure the influence of a given observation on the calculated 
coefficients) were also used to build a general picture of the influence of individual points. Plots 

were made of the standardized Dffits value for each model against the standardized Dfbeta values 
for each predictor in the model. Points which were extreme indicated observations which had 

strong effects on both predicted values and coefficient estimates. 

I The following dlscurnon. prepared by Jacqveltne Kiffe, war d e n  from Seattout Hamst m Galveston Bay: A Regresston Analynr, by F. Michael Spxd, Sr. and 

Jacqueline Klffe. 
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1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to 

look for nonlinear relationships between the response variable and individual predictors. Partial 

residual plots were employed to examine the overall relationship between the response and 
individual predictors. A partial residual is a corollary to the deleted residual. That is, the model is 

fined without a given variable and the predicted response and corresponding residual are 

calculated for each observation. This seeks to answer the question, "What is the relationship of 

this predictor to the response variable, taking all other variables into account?" Thus, it 

examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a 
given model. We examined a number of these, including R* and mean squared error (MSE), and 

several others which directly incorporate penalties for having too many predictors in the model, 

such as adjusted R', Cp, AIC, and SBC. It is well-established that too many predictors in a model 

can lead to bad prediction, just as too few can, and these measures are used as part of the attempt 

to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by 

linear combinations of the remaining variables, resulting in unstable coefficient estimates. The 

variance inflation factor (VIF) was calculated for each coefficient estimate to measure this 

instability, which is not usually considered profound for VIFs less than 10. No problems were 

found with this data. Additionally, the condition index (a ratio of eigenvalues of the covariance 
matrix, with the largest eigenvalue always on top) was calculated. A ratio greater than 30 is 

considered cause for concern. Again, no evidence of multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox 
procedure, used to find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 

1.3.1 Selecting the Data Set Used 
First, the variables were explored thoroughly, individually and in pairs, in a first effort to 

detect outliers. The SAS@ programming language allows a number of diagnostics to be calculated 
for a group of models on a given data set without actually performing a formal regression, thus 

allowing one to examine a large number of models quite efficiently. The Box-Cox procedure was 

performed to find if a transformation to normallity was suggested. The log transform was 

suggested for some variables, and the squared root for others. At this point, there were several 

data sets for which the diagnostic series was calculated: 
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1. Untransformed flounder data and untransformed inflow data 

2. Log of flounder data and untransformed inflow data 

3. Log of flounder data and log of inflow data 

4. Log of flounder data and square root of inflow data 

5. Square root of flounder data and log of inflow data 

6. Various transformation suggested by Box-Cox 

1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one 

contained all variables in its corresponding data set. All diagnostics were generated, and 

influential points were determined for each model. 

Table 1.1 R' and Adjusted R' for full data sets. 

Data Set RZ Adj. R2 
1 0.1499 -0.0463 

Data sets 3 and 4 presented the highest R~ values. These two models wire considered 
final candidates. The observations flagged as potentially influential are given in the summary 

table below. for each model. 
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Table 1.2 Summa?y ofpointsflagged by Boxplots 

Year Variable 
1964 Ln(January-February),Ln(May-June) 

Table 1.3 Summary ofpointsflagged by 99%prediction ellipses. 

Year Variable 
None None 

Table 1.4 Outliers of data set 3. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

1964 2 2 
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Table 1.5 Outliers of data set 4. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1967 1 1 2 

A Key to Abbreviations: 
BOX Box plot 
SRE Studentized residual 

SDR Studentized deleted residual 

LEV Leverage value 
MAH Mahalanobis distance 
COO Cook's distance 

SDF Standardized Dfits value 
SDB Standardized Dfbeta value 
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1.3.3 Selecting the Final Candidate Models 
After the subset analysis led us to two models, Data Set 3 with none omitted and Data 

Set 4 with none omitted. 

Table 1.6 R' and Adjusted  for data sers number 3 and 4. 

- -  - - 

Data set Observations omitted R~ Adi. R' 
3 None 0.2553 0.1782 

4 None 0.2 150 0.1338 

1.3.4 Selecting the Final Models 
It appears that Data set 3 with none omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Ln(F1ounder Harvest) = 1.61307 + 0.46979*Ln(Jul-Aug Inflows) 
- 0.40834*Ln(Sep-0ct Inflows) 
+ 0.38435*Ln(Nov-Dec Inflows) 



Flounder Harvest in Corpus Christi Bay 7 

1.4 Best Model: Logged Harvest and Logged Inflows 

1.4.1 Summary Information 

Table 1.7 Descriptive statistics for dependent and independent variables. 

Descriptive StatisUcs 

Table 1.8 Model summay for the final model. 

Model 

Ln(Flounder Harvest) 
Ln(July-August Inflows) 
Ln(Sep1ember-October Inflows) 
Ln(November-December Inflows) 

a. Dependent Variable: Ln(Flounder Ha~es t )  

b. Method: Enter 

c. lndependent Variables: (Constant). Ln(November-December Inflows), 
Ln(Ju1y-August Inflows). Ln(September-October Inflows) 

d. All requested variables entered. 

Std. 
Deviation 
1.261922 
,985247 

1 .1 63962 
.925540 

Mean 
2.968871 
4.078720 
4.668572 
3.501969 

Table 1.9 Anova for the final model. 

ANOVPP 

N 
33 
33 
33 
33 

Variables 
Entered 

Ln(November-December). 
Ln(July-August), 
~n(~eptember-0ctober)~~ 

R Square 

,255 

R 

,505 

a. Dependent Variable: Ln(Flounder Harvest) 

b. Independent Variables: (Constant). Ln(Novernber-December Inflows). 
Ln(July-August Inflows), Ln(September-October Inflows) 

Adjusted 
R Square 

,178 

Model 
1 Regression 

Residual 
Total 

Mean 
Square 

4.336 
1.309 

Std. Error 
of the 

Estimate 

1.143945 

Sum of 
Squares 

13.009 
37.950 
50.958 

Durbin- 
Watson 

1.004 

df 
3 

29 
32 

F 
3.314 

Sig. 
,034' 
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Table 1.10 Parameter estimates for the final model. 

Coetticienff 

a. Dependent Variable: Ln(Flounder Harvest) 

Table 1.11 Residuals statistics for the final model. 

Residuals StatlstlcP 

(Constant) 
Ln(July-August) 
Ln(September-October) 
Ln(November-December) 

Siq. 
,158 
,038 
,044 
.I30 

a. Dependent Variable: Ln(Flounder Hamest) 

95% Confidence 
Interval for B 

Unstandardized 
. Coefficients 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Standar 
dized 

Coefficie 
nts 

Beta 

,367 
-.377 
,282 

Lower 
Bound 
-.665 
,027 
-.806 
-.I20 

B 
1.613 
,470 
-.408 
,384 

Mean 

2.968871 

.OOO 

,389221 

2.992274 

-2.4E-16 

.OOO 

-.009 

-2.3E-02 

-.018 

2.909 

,035 

.091 

t 
1.448 
2.170 
-2.102 
1.557 

Upper 
Bound 
3.891 
,913 
-.011 
,889 

Std. Error 
1.114 
,217 
.I94 
247 

Minimum 

1.607572 

-2.135 

,224300 

1.640258 

-2.592221 

-2.266 

-2.408 

-2.927616 

-2.646 

.261 

,000 

,008 

Maximum 

4.332468 

2.139 

,563986 

4.840693 

1.865273 

1.631 

1.695 

2.016157 

1.755 

6.808 

.262 

,213 

Std. 
Deviation 

.637589 

1.000 

8.6E-02 

,657367 

1.089003 

352 

1.015 

1.239373 

1.052 

1.685 

,057 

.053 

N 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 
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Figure LI Predicted and observed values for the harvest. 
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Table 1.14 Prediction Intervals for Redfish Fish Harvest based on thefinal model. 

YEAR RED P R L I  LICI-1 UICI-1 
1961 13.10 25.26 ,9020 707.37 

RED Observed red fish fish harvest 

P R L !  Predicted flounder harvest 

LICI-1 Lower limit for 99% prediction interval for the flounder harvest. 

UICI-1 Upper limit for 99% prediction interval for the flounder harvest. 
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2. EXPLORING THE DATA 

2.1 Listing of data 

Table 2.1 The flounder data and the inflow data. 

Year 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

Flounder 

13.10 

12.40 

6.50 

8.50 

7.60 

5.80 

.60 

1.50 

4.40 

5.30 

8.50 

17.50 

38.00 

56.30 

25.70 

49.10 

44.90 

68.70 

26.80 

5.90 

36.60 

74.40 

32.20 

86.80 

120.60 

65.40 

33.10 

7.80 

9.60 

44.80 

93.80 

52.20 

66.70 
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Flounder Flounder harvest (thousands of pounds) 

JF-inflow Lagged January-February inflows (thousands of acre-feet) 

MA-inflow Lagged March-April inflows (thousands of acre-feet) 

MJ-inflow Lagged May-June inflows (thousands of acre-feet) 

JA-inflow Lagged July-August inflows (thousands of acre-feet) 

SO-inflow Lagged September-October inflows (thousands of acre-feet) 

Nxinf low Lagged November-December inflows (thousands of acre-feet) 
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2.2 Examination of Individual Variables 

Table .2.2 Test of Normality for the flounder data and the injlow data. 

Tests of Normality 

flounder Ha~eSt  
Ln(Flounder Hawest) 
Square Root of 
Flounder Ha~eSt  
January-February 
lnflows 
Ln(January-February 
Inflows) 
Square Root of 
January-February 
lnflows 
March-April Inflows 
Ln(March-April Inflows) 
Square Root of 
March-April lnflows 
May-June Inflows 
Ln(May-June Inflows) 
Square Root of 
May-June lnflows 
~u ly-~ugust  lnflows 
Ln(July-August Inflows) 
Square Root of 
July-August lnflows 
September-October 
lnflows 
Ln(September-October 
Inflows) 
Square Root of 
September-October 
lnflows 
November-December 
lnflows 
Ln(November-Decemb 
er Inflows) 
Square Root of 
November-December 
lnflows 

". This is an upper 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

Statistic 
384 
,932 

,948 

,773 

,960 

,883 

,576 
.803 

,673 

,956 
,904 

,974 

,760 
,958 

,882 

.712 

,947 

,835 

,838 

,949 

,926 

Sig. 
,010 
,100 

.080 

,000 

.I66 

,002 

.OOO 
,000 

.OOO 

,200' 
,002 

,086 

,000 
.200' 

.023 

,000 

,200' 

.001 

,008 

.200' 

,200' 

Statistic 
,177 
,140 

,144 

,266 

,131 

,201 

.405 

.250 

,336 

.091 
,198 

,143 

,243 
,080 

.I65 

,277 

.I22 

,213 

.I81 

.I20 

.I08 

bound of the 

Shap~ro-Wilk 
df 
33 
33 

33 

33 

33 

33 

33 
33 

33 

33 
33 

33 

33 
33 

33 

33 

33 

33 

33 

33 

33 

Kolmoaorov-SmirnoP 
df 
33 
33 

33 

33 

33 

33 

33 
33 

33 

33 
33 

33 

33 
33 

33 

33 

33 

33 

33 

33 

33 

true significance. 

Sig. 
,010' 
,053 

.I98 

.010' 

,377 

.010' 

,010' 
.010' 

,010' 

,315 
.010' 

,661 

,010' 
,349 

,010' 

.010' 

,175 

,010' 

.010' 

,213 

,039 



Flounder Harvest in Corpus Christi Bav 14 

Table .2.3 Percentiles of the 

Wetghted Flwnder Harvest 
Average(Defin1tlon Ln(FI0underHa~est) 
1) Square Root of 

munderHarveOl 
.!ammyFebruary 
I n f l w  
Ln(JaMlary-Febwry 
In f l w )  
square Rool of 
January-February 
I* 
March-Apnllnflows 
Ln(March-Aprillnflows) 
Square R w l  of 
Mard-Apr,l 
MayJune  inn^ 
LnlMay-JunelnOows) 
square Ron of 
MayJunelnflw 
July-Augustlnflw 
Ln(JuIyAugust1nllw) 
Square Rool of 
July 

Sep(ember-Ocmber 
Inflows 

Ln(Sepfember-ocmber 
I n f lw )  
Square Ron Of 

Seplember-Oclobsr 
Inflows 
Nwember-Decamber 
l n f l w  
LnrNovsmbDecamb 
w I*) 
square Root ol 
November-DeCember 
lnnw 

Tukey's Hnnge~ Flounder Harvest 
Ln(FIwnder Harvest) 
Square Ron ol 
Rwnder Harvest 
January-February 
k f l w  
Ln(Jar~ary-Febw 
Inflows) 
square Roo1 01 
JanuayFebruary 
Mows 
wrch-~pnl  Innom 
~ n ( ~ a r m - ~ p r i l  ~nnows) 
Square ROO1 ol 
March-Apnl Inflows 
MayJune l n f l w  
Ln(MayJune Innom) 
Square Root of 
MayJune Innom 
July-Must lnflom 
Ln(Ju1y-August Inflows) 
Square Root of 
July-*usun b l f l w  
Seplsmber Ocmber 
l n f l w  
Ln(%plmber-Oclober 
I n f l w )  
square R w l  Of 
Seplernber-October 
I* 
November-Decamber 
l n f l w  
Ln(NOwmber.DBEBmb 
et InRows) 
Square Root of 
Novmber-Decamber 
l n f l w  

flounder data and the inflow data. 

75 
54.2500 

3.992889 

7.364145 

42.8150 

3.748058 

6.528919 

25.1300 
3.224017 

5.012926 

200.7200 
5.301325 

14.1655 

103.4800 
4.639253 

10.1722 

280.3650 

5.635895 

16.7433 

71.6350 

4.271442 

8.463447 

52.2000 
3.955082 

7.224957 

37.1500 

3.614W 

6.095080 

24.8900 
3.214466 

4.988988 

193.8500 
5.267085 

13.9230 

101.&(00 
4.623403 

10.0916 

274.8WO 

5.61- 

16.5771 

70.4300 

4.254619 

8.392258 

PerCBnlleS 
50 

26.8000 
3.288402 

5.176872 

28.0900 

3.335414 

5.300000 

18.2900 
2.906354 

4.276681 

155.9600 
5.049600 

12.4684 

68.6400 
4.198705 

6.160882 

89.1200 

4.489984 

9.440339 

35.4100 

3.566994 

5.950630 

26.8000 
3.288402 

5.176872 

28.0900 

3.335414 

5.300000 

18.2900 
2.908354 

4.276681 

155.9600 
5.049600 

12.4684 

66.6000 
4.198705 

8.164882 

89.1200 

4.498984 

9.440339 

35.4100 

3.568994 

5.950630 

25 
7.7000 

2.041136 

2.774829 

19.1350 

2.951504 

4.374341 

13.9450 
2.633983 

3.733238 

68.1300 
4.221414 

8.254063 

28.8850 
3.362692 

5.373630 

51.1250 

3.895675 

7.082169 

13.5500 

2.603020 

3.677938 

7 . 8 W  
2.054124 

2.792048 

19.2400 

2.956991 

4 3 W 2  

14.6100 
2.681706 

3.822303 

68.3100 
4.224056 

8.264986 

29.9100 
3.398193 

5.469004 

65.0600 

4.175310 

8.065978 

14.6M)O 

2.685123 

3.828838 

5 
1.2300 

130578 

1.089700 

8.7660 

2.134488 

2.935253 

8.6560 
2.145310 

2.932861 

17.4010 
2.762407 

4.083085 

10.5230 
2.353228 

3.243647 

17.3650 

2.804407 

4.118424 

7.3750 

1.981579 

2.704852 

90 
81.8400 

4.401946 

9.040208 

93.9280 

4.542377 

9.691279 

109.0140 
4690978 

10.4397 

273.5540 
5.610053 

16.5335 

285.8380 
5.650998 

16.8882 

673.7360 

6.512831 

25.9564 

134.7540 

4.903436 

11.6083 

PeIcalm*s 

10 
4.7600 

1.556045 

2.179440 

11.7280 

2.459441 

3.422435 

11,1100 
2.403030 

3.329134 

35.6340 
3.571148 

5.966198 

13.1900 
2.578217 

3.630673 

24.6120 

3.203156 

4.960951 

9 .1W 

2.213024 

3.024837 

95 
101.&100 
4.616559 

10.0741 

113.0020 

4.727375 

10.6302 

117.2160 
4.763486 

10.8252 

346.4610 
5.845561 

18.6431 

318.8490 
5.763930 

17.8528 

730.5920 

6.591019 

27.0101 

141.3050 

4.950314 

11 8854 
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2.2.1 The flounder data 

Table .2.4 Descriptives for the flounder data. 

Descriptives 

Table .2.5 Extreme Values for the flounder data. 

Extreme Values 

Flounder Mean 
Harvest 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
34.2758 

23.2644 

45.2871 

31.9177 

26.8000 
964.363 

31.0542 

.60 
120.60 
120.00 

46.5500 

.985 
,376 

Std. Error 
5.4058 

,409 
,798 

Flounder Highest 1 
Hawest 2 

3 
4 
5 

 owes st 1 
2 
3 
4 
5 

Year 
1985 
1991 
1984 
1982 
1978 
1967 
1968 
1969 
1970 
1966 

Case 
Number 

25 
31 
24 
22 
18 
7 
8 
9 

10 
6 

Value 
120.60 
93.80 
86.80 
74.40 
68.70 

.60 
1.50 
4.40 
5.30 
5.80 
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Observed Value 

Figure 2.1 Nonnal Q-Q Plot of Flounder 
Harvest. 

Figure 2.2 BoxPlot of Flounder Harvest. 

Flounder Harvest 

Figure 2.3 Histogram of Flounder Harvest 
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Observed Value 

Figure 2.4 Normal Q-Q Plot of Ln(F1ounder 
Harvest). 

Figure 2.6 BoxPIot of Ln(F1ounder Harvest). 

Observed Value 

Figure 2.5 Normal Q-Q Plot of 
Sqrt(F1ounder Harvest). 

Figure 2.7 BoxPlot of Sqrt(F1ounder 
Harvest). 

Ln(F1ounder Harvest) Square Root of Flounder Harvest 

Figure 2.8 Histogram of Ln(F1ounder 
Harvest). 

Figure 2.9 Histogram of Sqrt(F1ounder 
Harvest). 
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2.2.2 The January-February Inflows data 

Table .2.6 Descriptives for the January-February Inflow data. I 
Descriptives 

Table .2.7 Extreme Values for the Janualy-Febtualy Inflow data. 

Extreme Values 

' January-February Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
interquartile Range 

Skewness 
Kurtosis 

Statist~c 
37.3985 

26.8650 

47.9320 

34.8356 

28.0900 
882.482 

29.7066 

5.49 
114.36 
108.87 

23.6800 

1.572 
1.457 

Std. Error 
5.1713 

,409 
,798 

Value 
11 4.36 
1 12.42 
95.26 
91.93 
89.91 
5.49 

10.17 
11.04 
12.76 
13.59 

Year 
1993 
1992 
1970 
1969 
1968 
1964 
1990 
1991 
1971 
1980 

January-February Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

33 
32 
10 
9 
8 
4 

30 
31 
11 
20 
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Observed Value 

Figure 2-10 Normal Q-Q Plot of January- 
February Inflows. 

Figure 2.11 BoxPIor of January-February 
Inlows. 

Figure 2.12 Histogram of January-February 
Inflows. 
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Observed Value 

Figure 2.13 Normal Q-Q Plot of Ln January- 
February Inflows). 

Figure 2.15 BoxPlot of Ln(January-February 
Injlows). 

Figure 2.14 Normal Q-Q Plot of Sqrt( 
January-February Inflows) 

Figure 2.16 BoxPlot of Square Root of 
January-February Inflows. 

Ln(Janusry.February Inflows) 

Figure 2.17 Histogram of Ln(January- 
February Inflows). 

Square Root of January-February lnflom 

Figure 2.18 Histogram of Sqrt (January- 
February Inflows). 
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2.2.3 The March-April Inflows data 

Table .2.8 Descriptivesfor the March-April Inflow data. 

Descriptives 

Table .2.9 Extreme Values for the March-April Inrow data. 

Extreme Values 

Std. Error 
6.0582 

,409 
,798 

March-April Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
31.7203 

19.3802 

44.0604 

28.1 577 

18.2900 
1211.149 

34.8016 

6.64 
123.11 
1 16.47 

11.1850 

1.984 
2.279 

Value 
123.1 1 
114.69 
111.81 
104.82 
104.63 

6.64 
9.52 

10.21 
12.46 
12.81 

Year 
1979 
1992 
1993 
1977 
1978 
1964 
1973 
1982 
1983 
1962 

March-April Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

19 
32 
33 
17 
18 
4 

13 
22 
23 
2 
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Obsewed Value 

Figure 2.19 Normal Q-Q Plot of March-April 
Inflows. 

". -.GI InRon 

Figure 2.20 BoxPlor of March-April Injlows. 

100 300 500 700 900 1100 
200 400 600 800 IWO 1200 

March.Apnl Inflows 

Figure 2.21 Histogram of March-April Inflows. 
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Observed Value Observed Value 

Figure 2.22 Normal Q-Q Plot ofLn(March- 
April Inflows). 

Figure 2.23 Normal Q-Q Plot of Sqrt(March- 
April Inflows). 

Figure 2.25 Boxplot of Square Root of 
March-April Inflows. 

Figure 2.24 BoxPlot of Ln (March-April) 
Inflows. 

Figure 2.26 Histogrant of Ln (March-April 
Info ws) . 

Square Rwt 01 March-April Inflows 

Figure 2.27 Histogram of Sqrt(March-April 
Inflows). 
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Observed Value 

Figure 2.28 Normal Q-Q Plot of May-June 
InJows. 

Figure 2.29 BoxPlot of May-June Inflows. 

May-June ln f lw  

Figure 2.30 Histogram of May-June Inflows. 
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Y 2 
1 2 3 4 5 6 7 

Observao Value 

Figure 2.31 Normal Q-Q Plot of Ln (May-June 
Inflows). 

Figure 2.33 BoxPlot of Ln(May-June) Inflows 

Observed Value 

Figure 2.32 Normal Q-Q Plot of Sqrt(May- 
June Inflows). 

Figure 2.34 BoxPlot of Square Root of May- 
June Inflows. 

Ln(May-June Inflows) Square Rwt of May-June Inflows 

Figure 2.35 Histogram of Ln(May-June 
Injlo ws) . 

Figure 2.36 Histogram of Sqrt(May-June 
Inflows) . 
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2.2.5 The July-August Inflows data 

Table .LIZ  Descriptives for the July-August Inflow data. 

Descrlptives 

Table .2.13 Extreme Values for the July-August Injlow data. 

Extreme Values 

Std. Error 
16.4947 

,409 
.798 

July-August Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
93.2585 

59.6599 

126.8570 

84.8572 

66.6000 
8978.443 

94.7546 

10.11 
338.40 
328.29 

74.5950 

1.538 
1.221 

July-August Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1973 
1972 
1971 
1981 
1982 
1964 
1965 
1966 
1967 
1984 

Case 
Number 

13 
12 
11 
21 
22 
4 
5 
6 
7 

24 

Value 
338.40 
310.47 
307.47 
253.39 
249.34 

10.1 1 
10.70 
12.65 
14.00 
22.02 A 
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O b s e ~ e c  Value 

Figure 2.37 Normal Q-Q Plot ofJuly-August 
Inflows. 

*,.n 
Dlm 

Figure 2.38 BoxPlot of July-August Inflows. 

July-August Inflows 

Figure 2.39 Histogram of July-August Inflows. 
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ObserVBd Value 

Figure 2.40 Normal Q-Q Plot ofLn(Ju1y- 
August Inflows). 

Figure 2.42 Boxplot of Ln(Ju1y-August) 
Injlows. 

Ln(July-August Inflows) 

Figure 2.44 Histogram of Ln(Ju1v-August 
Inflows). 

Observed Value 

Figure 2.41 Normal Q-Q Plot of Sqn(Ju1y- 
August Inflows). 

Figure 2.43 BoxPlot of Square Root of July- 
August Inflows. 

Square Root 01 July-August Inflows 

Figure 2.45 Histogram of Sqrt(Ju1y-August 
Inflows). 
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2.2.6 The September-October Inflows data 

Table .2.14 Descriptivesfor the September-October Inflow dam. 

Descriptives 

Table .2SS Extreme Values for the September-October Inflow data. 

Extreme Values 

Std. Error 
41.9475 

,409 
,798 

September-October Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Dev~at~on 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Stat~stic 
202.4609 

117.0167 

287.9051 

181.5009 

89.1200 
58066.4 

240.9698 

9.91 
816.37 
806.46 

229.2400 

1.491 
.770 

Value 
816.37 
693.83 
675.78 
670.67 
61 2.72 

9.91 
20.56 
24.36 
24.99 
30.08 

Year 
1974 
1970 
1969 
1968 
1972 
1964 
1990 
1989 
1991 
1985 

September-October Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

14 
10 
9 
8 

12 
4 

30 
29 
31 
25 
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Obsewea value 

Figure 2.46 Nonnal Q-Q Plot ofseptember- 
October Inflows. 

Figure 2.47 BoxPlot of September-October 
Inlows. 

September-Oclober lntlovs 

Figure 2.48 Histogram of September-October 
In$'ows. 
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ObsewBd Value 

Figure 2.49 Normal Q-Q Plot of 
Ln(September-October Inflows). 

Figure 2.51 BoxPlot of Ln(September- 
October) Inflows. 

Ln(Sepmb8r-October Inflows) 

Figure 2.53 Histogram of Ln(September- 
October Inflows). 

O b s e ~ B d  Value 

Figure 2-50 Normal Q-Q Plot of Sqrt( 
September-October Inflows). 

Figure 2.52 BoxPlot of Square Root of 
September-October Inflows. 

Square Root 01 September-October lnflws 

Figure 2.54 Histogram of Sqrt(September- 
October Inflows). 
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2.2.7 The November-December Inflows data 

Table .2.16 Descriptives for the November-December Inflow data. 

Descrlptives 

Table .2.17 Extreme Values for the November-December Injlow data. 

Extreme Values 

Inflows 95% Confidence Lower 
lnte~val for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
48.2291 

33.7009 

62.7573 

45.1 902 

35.4100 
1678.734 

40.9724 

5.45 
148.90 
143.45 

58.0850 

1.234 
.755 

Std. Error 
7.1324 

,409 
,798 

November-December Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

1 
17 
19 
18 
2 
4 

20 
31 

5 
21 

Year 
1961 
1977 
1979 
1978 
1962 
1964 
1980 
1991 
1965 
1981 

Value 
148.90 
138.05 
135.35 
133.86 
78.65 
5.45 
8.20 
8.76 
9.75 
9.85 



Flounder Harvest in Corpus Christi Bay 34 

Figure 2.55 Normal Q-Q Plot of 
November-December Inflows. 

Figure 2.56 BoxPIot of November-December 
Inflows. 

Figure 2.57 Histogram of November-December 
Inflows. 
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Observed Value 

Figure 2.58 Normal Q-Q Plot of 
Ln(November-December 
Inflo ws). 

(I- N - 
Ln(l*Mmm--ber 

Figure 2.60 BoxPlot of Lnmovember 
December) Inflows. - 

Figure 2.59 Normal Q-Q Plot of Sqrt( 
November-December Inflows). 

Figure 2.61 BoxPlot of Square Root of 
November-December Inflows. 

Ln(N0vember-December knows) Square Root 01 November-December Inflows 

Figure 2.62 Histogram of Ln (November- Figure 2.63 Histogram of Sqrtflovember- 
December Inflows). December Inflows). 
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3. PREDICTION ELLIPSES AND CONFIDENCE REGIONS 

mousands of Acre-Feet 

Figure 3.1 Flounder Harvest vs. January- 
Februaly Inflows, PE. 

Dam 

S% ommenu 

Figure 3.2 Flounder Harvest vs. January- 
February Inflows, CR. 

Thousands ol  AcreFeet Thousands of Acre-Feet 

Figure 3.3 Flounder Harvest vs. March-April Figure 3.4 Flounder Harvest vs. March-April 
Inflows, PE. Inflows, CR. 

Thousands of Acre-Feet Thousands of Ane-Feet 

Figure 3.5 Flounder Harvest vs. May-June Figure 3.6 Flounder Harvest vs. May-June 
Inflows, PE. Inflows. CR. 
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Thousands of Acre-Feel Thousands of Acre-Feet 

Figure 3.7 Flounder Harvest vs. July-August 
Inflows, PE. 

Thousands of Acre-Feel 

Figure 3.9 Flounder Harvest vs. September- 
October Inflows. PE. 

Thousands of Acre-Feet 

Figure 3.11 Flounder Harvest vs. November- 
December Inflows, PE. 

Figure 3.8 Flounder Harvest vs. July-August 
Inflows, CR. 

Thousands of Acre-Feel 

Figure 3.10 Flounder Harvest vs. September- 
October Inflows, CR. 

mousands of Acre-Feet 

Figure 3.12 Flounder Harvest vs. November- 
December Inflows, CR. 
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Thousands of Acre-Feel Thousands Of AnkFeet 

Figure 3.13 January-February Inflows vs. 
March-April Inflows. PE. 

Thousands of Acre-Feel 

Figure 3.15 January-February Inflows vs. 
May-June Inflows, PE. 

Figure 3.14 January-February Inflows vs. 
March-April Inflows. CR. 

Figure 3.16 January-February Inflows vs. 
May-June Inflows. CR. 

Thousands of Acre-Feet Thousands of Acre-Feet 

Figure 3.1 7 January-February Inflows vs. Figure 3.18 January-February Inflows vs. 
Julv-August Inflows, PE. July-August Inflows, CR. 
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Thousands of Acre-Feet 

Figure 3.19 January-February Inflows vs. 
September-October Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.20 January-February Inflows vs. 
September-October Inflows. CR. 

Tnousands of Acre-FwI mousands 01 Acre-Feet 

Figure 3.21 January-February Inflows vs. Figure 3.22 January-February Inflows vs. 
November-December Inflows, November-December Inflows, 
PE. CR. 

ThouSandS Of AUB-Feet Thousands 01 Acre-Feet 

Figure 3.23 March-April Inflows vs. May- Figure 3.24 March-April Inflows vs. May- 
June Inflows, PE. June Inflows, CR. 
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Thousands of Acre-Feet Thousands Of Aae-Feel 

Figure 3.25 March-April Inflows vs. July- Figure 3.26 March-April Inflows vs. July- 
August Inflows, PE. August Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.27 March-April Inflows vs. 
September-October Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.28 March-April Inflows vs. 
September-October Inflows, CR. 

Thousands of Acre-Feel Thousands ot Acre-Feet 

Figure 3.29 March-April Inflows vs. Figure 3.30 March-April Inflows vs. 
November-December Inflows. November-December Inflows, 
PE. CR. 
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Thousands of Acre-Feet 

Figure 3.31 May-June Inflows vs. July-August 
Inflows. PE. 

Thousands of Acre-Feel 

Figure 3.33 May-June Infows vs. September- 
October Inflows, PE. 

Thousands 01 Acre-Feel 

Thousands of Aue-Feet 

Data 

9% CaoMare 
R W  

Figure 3.32 May-June Inflows vs. July-August 
Inflows, CR. 

Thousands of Aue-Feet 

Figure 3.34 May-June Inflows vs. September- 
October Inflows, CR. 

Thousands 01 AcruFeet 

Figure 3.35 May-June Inflows vs. November- Figure 3.36 May-June Inflows vs. November- 
December Inflows, PE. December Inflows, CR. 
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Thousands of Acre-Feet 

Figure 3.37 July-August Inflows. vs. 
September-October Inflows, PE. 

Thoulands of AneFeet 

Figure 3.39 July-August Inflows. vs. 
November-December Inflows, 
PE. 

Thousands ol Acre-Feet 

Figure 3.38 July-August Inflows. vs. 
September-October Inflows. CR. 

Thcusands of Acre-Feet 

Figure 3.40 July-August Inflows. vs. 
November-December Inflows, 
CR. 

Thousands of Acre-Feet mousands of Acre-Feet 

Figure 3.41 September-October Inflows vs. Figure 3.42 September-October Inflows vs. 
November-December Inflows. November-December Inflows, 
PE. CR. 
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Table .4.1 Mean Square Error from Box-Cox transformation of the flounder data and the inflow data for 
different lambda. 

Lam. Flounder JF-inflow MA-inflo MJ-inflow JA-inflow SO-inflow ND-inflow 
-2.0 3213967 5149.1 532.4 4434304 6463 1.5 1 190074 15460.9 
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LAMBDA UMBDA 

LAMBDA LAMBDA 

LAMBDA LAMBDA 

m ; 1m 
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.10 - 8  - 6  . 4  . Z  0 2 4 1 B 1.0 

LAMBDA 

Figure 4.1 Box-Cox Transformation - MSE of Flounder vs. Lambda and MSE of Inflow data vs 
Lambda. 
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5.1 Untransformed flounder data and untransformed inflow data 

Table 5.1 Regression Modelsfor Dependent Variable: FLOUNDER on INFLOWS 

Rsq A d j  C(p) AIC MSE SBC Variables i n  Model 
In Rsq 

1 0.0533 0.0228 -0.046 227.9 942.4 230.9 QMA-LAG 
1 0.0478 0.0171 0.123 228.1 947.9 231.1 OSO-LAG 
1 0.0134 -.Ole4 1.174 229.3 982.1 232.3 QJF-LAG 
1 0.0035 -.0287 1.479 229.6 992.0 232.6 QMJ-LAG 

- - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - -  

2 0.1089 0.0494 0.255 227.9 916.7 232.4 QJF-LAG QMA-LAG 
2 0.0856 0.0246 0.967 228.8 940.6 233.3 QMA_LAG QSO-LAG 
2 0.0728 0.0110 1.357 229.2 953.7 233.7 QM4-LAG QND-LAG 
2 0.0639 0.0015 1.630 229.6 962.9 234.1 QMA-LAG QW-LAG 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - - . - -  
3 0.1381 0.0489 1.362 228.8 917.2 234.8 QJF-LAG QMA-LAG QND-LAG 
3 0.1165 0.0252 2.020 229.7 940.1 235.6 QJF-LAG QMA-LAG QSO-LAG 
3 0.1126 0.0208 2.140 229.8 944.3 235.8 QJF-LAG QWLAG QM-LAG 
3 0.1096 0.0175 2.233 229.9 947.5 235.9 QJF-LAG OWLAG QJA-LAG 

- - ------------------------------------- .---------- .---------- .-------------  
4 0.1480 0.0263 3.059 230.5 939.0 237.9 QJF-LAG QMA-LAG OW-LAG 

QND-LAG 
4 0.1395 0.0165 3.319 230.8 948.4 238.3 QJF-LAG QMA-LAG QSO-LAG 

QND-LAG 
4 0.1384 0.0153 3.352 230.8 949.6 238.3 QJF-LAG QMA-LAG QJA-LAG 

QND-LAG 
4 0.1195 -.0062 3.929 231.5 970.4 239.0 QJF-LAG QMA-LAG QW-LAG 

QSO-LAG 
. - - - -------------------------------------------------------------- . - -------  

5 0.1488 -.0088 5.033 232.4 972.8 241.4 QJF-LAG QMA_LAG QMJ-LAG 
QJA-LAG QND-LAG 

5 0.1485 -.OD92 5.043 232.4 973.2 241.4 QJF-LAG QMA-LAG QMJ-LAG 
QSO-LAG QND-LAG 

5 0.1395 -.0198 5.318 232.6 983.5 241.8 QJF-LAG QMA-LAG QJA-LAG 
QSO-LAG QND-LAG 

5 0.1242 -.0380 5.787 233.4 1001.0 242.3 QMA-LAG QW-LAG WA-LAG 
QSO-LAG OND-LAG 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

6 0.1499 -.0463 7.000 234.4 1009.0 244.9 QJF-LAG QMA-LAG OW-LAG 
QJA-LAG QSO-LAG OND-LAG 

N = 33 
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5.2 Log of flounder data and untransformed inflow data 

Table 5.2 Regression Models for Dependent Variable: Ln(FLOUi?DER) on INFLOWS 

Rsq Adj C ( p )  AIC MSE SBC Variab les  i n  Model 
In Rsq 

10.0817 0.0521 1.312 15.53 1.509 18.52 QMA-LAG 
1 0.0396 0.0086 2.703 17.01 1.579 20.00 OSO-LAG 
1 0.0340 0.0029 2.887 17.20 1.588 20.19 QJA-LAG 
1 0.0308 -.0005 2.994 17.31 1.593 20.30 QJF-LAG 

- - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
2 0.1886 0.1345 -0.215 13.44 1.378 17.93 QJF-LAG QMA-LAG 
2 0.1307 0.0727 1.696 15.72 1.477 20.21 OM-LAG QJA-LAG 
2 0.1040 0.0443 2.575 16.71 1.522 21.20 QWLAG OSO-LAG 
2 0.0896 0.0289 3.052 17.24 1.546 21.73 QJA-LAG QSO-LAG 

- - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.2055 0.1233 1.226 14.75 1.396 20.73 WF-LAG QMA-LAG QJA-LAG 
3 0.1887 0.1048 1.781 15.44 1.426 21.42 QJF-LAG QMA-LAG QSO-LAG 
3 0.1886 0.1047 1.783 15.44 1.426 21.43 QJF-LAG QMA-LAG QND-LAG 
3 0.1886 0.1047 1.784 15.44 1.426 21.43 QJF-LAG QMA-LAG QMJ-LAG 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

4 0.2089 0.0958 3.115 16.61 1.440 24.09 QJF-LAG QMA-LAG QJA-LAG 
QSO-LAG 

4 0.2085 0.0954 3.128 16.62 1.441 24.11 QJF'LAG QMA-LAG QMJ-LAG 
QJA-LAG 

4 0.2055 0.0920 3.226 16.75 1.446 24.23 QJF-LAG QMA-LAG QJA-LAG 
QND-LAG 

4 0.1888 0.0730 3.776 17.43 1.476 24.91 QJF-LAG OMA-LAG QSO-LAG 
QND-LAG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 0.2123 0.0665 5.001 18.46 1.487 27.44 WF-LAG QMA-LAG QMJ-LAG 

WA-LAG QSO-LAG 
5 0.2092 0.0628 5.103 18.59 1.492 27.57 QJF-LAG QMA-LAG QJA-LAG 

OSO-LAG QND-LAG 
5 0.2087 0.0621 5.122 18.62 1.494 27.59 QJF-LAG QMA-LAG QMJ-LAG 

QJA-LAG QND-LAG 
5 0.1889 0.0387 5.773 19.43 1.531 28.41 WF-LAG OM-LAG ON-LAG 

QSO-LAG QND-LAG 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 0.2123 0.0306 7.000 20.46 1.544 30.94 QJF-LAG QMA-LAG QMJ-LAG 
QJA-LAG OSO-LAG QND-LAG 

N = 33 
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5.3 Log of flounder data and log of inflow data 

Table 5.3 Regression Models for Dependent Variable: Ln (FLOUNDER) on LnfINFLOWS) 

Rsq Adj C ( p )  AIC MSE SBC Var iab les  in Model 
In Rsq 

1 0.1248 0.0966 3.731 13.94 1.439 16.93 LN QJA - 
1 0.0545 0.0240 6.360 16.49 1.554 19.48 LN-QMA 
1 0.0510 0.0204 6.492 16.61 1.560 19.60 LN-QND 
1 0.0311 -.0002 7.236 17.30 1.593 20.29 LN-QJF 

- - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

2 0.1930 0.1392 3.180 13.26 1.371 17.75 LN-QJA LN-QSO 
2 0.1756 0.1206 3.834 13.97 1.400 18.46 LN-QMA LN-QJA 
2 0.1545 0.0981 4.622 14.80 1.436 19.29 LN-QMJ LN-QJA 
2 0.1423 0.0852 5.076 15.27 1.457 19.76 LN-QJF LN-QMA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0.2553 0.1782 2.852 12.61 1.309 18.60 LN-QJA LN-QSO LN-QND 
3 0.2515 0.1741 2.993 12.78 1.315 18.76 LN-QMA LN-QMJ LN-QJA 
3 0.2357 0.1566 3.586 13.47 1.343 19.46 LN-QMA LN-QJA LN-QSO 
3 0.2240 0.1437 4.023 13.97 1.364 19.96 LN-QJF LN-QMA LN-QJA 

- - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - -  
4 0.2759 0.1725 4.080 13.68 1.318 21.17 LN-QMA LN-OMJ LN-(MA LN-QSO 
4 0.2712 0.1671 4.257 13.90 1.326 21.38 LN-OMA LN-QJA LN-QSO LN-QND 
4 0.2635 0.1583 4.543 14.24 1.340 21.73 LN-(MF LN-QMA LN-QMJ LN-QJA 
4 0.2623 0.1569 4.590 14.30 1.343 21.78 LN-OMJ LN-(MA LN-QSD LN-QND 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - -  
5 0.2970 0.1668 5.291 14 .?I 1 .327 23.69 LN-QMA LN-QMJ LN-(MA LN-QSO 

LN-QND 
5 0.2915 0.1603 5.497 14.97 1.337 23.95 LN-(MF LN-QMA LN-QJA LN-QSO 

LN-QND 
5 0.2782 0.1446 5.993 15.58 1.362 24.56 LN-QJF LN-QMA LN-OMJ LN-WA 

LN-QND 
5 0.2773 0.1435 6.029 15.62 1 ,364 24.60 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO 
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - . - - - - . - - - - - - - . - - - - - . - - - - - - - - - - - - - - - - - - - -  

6 0.3048 0.1444 7.000 16.34 1.363 26.82 LN-QJF LN-QMA LN-QMJ LN-(MA 
LN-QSO LN-QND 

N = 33 
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5.4 Log of flounder data and square root of inflow data 

Table 5.4 Regression Models for Dependent Variable: Ln(FL0UNDER) on Sqrt(INFL0WS) 

Rsq A d j  C ( p )  A I C  MSE SBC Variables i n  Model 
In Rsq 

1 0.0714 0.0414 3.234 15.89 1.526 18.89 SQR-QMA 
1 0.0699 0.0399 3.285 15.95 1.529 18.94 SQR-QJA 
1 0.0397 0.0087 4.335 17.00 1.579 20.00 SQR-QND 
1 0.0359 0.0048 4.468 17.13 1.585 20.13 SQR-QSO 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

2 0.1786 0.1238 1.514 13.85 1.395 18.34 SQR-QJF SQR-QMA 
2 0.1516 0.0950 2.450 14.91 1.441 19.40 SQR-QMA SQR-QJA 
2 0.1313 0.0734 3.156 15.69 1.476 20.18 SQR-QJA SQR-QSO 
2 0.1023 0.0424 4.163 16.78 1.525 21.27 SQR-QSO SQR-QND 

- . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.2150 0.1338 2.248 14.35 1.379 20.33 SQR-QJF SQR-QMA SQR-QJA 
3 0.2013 0.1187 2.725 14.92 1.403 20.91 SQR-QMA SQR-QMJ SQR-QJA 
3 0.1963 0.1132 2.899 15.13 1.412 21.11 SQR-QJF SQR-QMA SQR-QND 
3 0.1957 0.1125 2.918 15.15 1.413 21.14 SQR-QMA SQR-QJA SQR-QSO 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

4 0.2345 0.1252 3.572 15.52 1.393 23.00 SQR-WF SQR-QMA SQR-OMJ 
SQR-QJA 

4 0.2296 0.1195 3.743 15.73 1.402 23.21 SQR-QMA SQR-QMJ SQR-QJA 
SQR-QSO 

4 0.2241 0.1133 3.933 15.96 1.412 23.45 SQR-QJF SQR-QMA SQR-QJA 
SQR-QND 

4 0.2234 0.1124 3.960 16.00 1.413 23.48 SQR-QJF SQR-QMA SQR-QJA 
SQR-QSO 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - -  
5 0.2426 0.1023 5.293 17.17 1.430 26.15 SQR-QJF SQR-QMA SQR-QKI 

SQR-QJA SQR-QSO 
5 0.2397 0.0989 5.391 17.29 1.435 26.27 SQR-WF SQR-QMA SQR-QJA 

SQR-QSO SQR-QND 
5 0.2381 0.0970 5.449 17.37 1.438 26.34 SQR-WF SQR-QMA SQR-QKI 

SQR-QJA SQR-QND 
5 0.2368 0.0955 5.492 17.42 1.440 26.40 SQR-QMA SQR-QhiJ SQR-QJA 

SQR-QSO SQR-QND 
- - - - - - - - - - - . - - - - - . - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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5.5 Square root of flounder data and log of inflow data 

Table 5.5 Regression Models for Dependent Variable: Sqn(FL0UNDER) on Ln(NFL0WS) 

Rsq Adj C ( p )  A IC  MSE SBC Variables in Model 
In Rsq 
1 0.0646 0.0344 1.931 66.88 7.155 69.87 LN-QMA 
1 0.0603 0.0300 2.072 67.03 7.188 70 -02 LN-QJA 
1 0.0379 0.0069 2.614 67.80 7.359 70.80 LN-QSO 
1 0.0206 -.0110 3.385 68.39 7.492 71.38 LN-QJF 

- - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

2 0.1374 0.0799 1.525 66.20 6.819 70.69 LN-QJF LN-QMA 
2 0.1302 0.0722 1 .761 66.48 6.875 70.96 LN-QJA LN-QSO 
2 0.1221 0.0635 2.031 66.76 6.940 71.27 LN-QMA LN-QJA 
2 0.0964 0.0362 2.880 67.73 7.142 72.22 LN-QMA LN-OSO 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.1829 0.0984 2.019 66.41 6.681 72.40 LN-QMA LN-QJA LN-QSO 
3 0.1750 0.0896 2.282 66.73 6.746 72.72 LN-QMA LN-OhU LN-QJA 
3 0.1701 0.0842 2.443 66.93 6.786 72.91 LN-QJF LN-QMA LN-QJA 
3 0.1569 0.0697 2.879 67.45 6.894 73.43 LN-QJA LN-OSO LN-QND 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - -  
4 0.2058 0.0923 3.264 67.48 6.726 74.96 LN-QMA LN-QMJ LN-QJA LN-QSO 
4 0.1922 0.0767 3.71 3 68.04 6.842 75.52 LN-QJF LN-QMA LN-QMJ LN-QJA 
4 0.1918 0.0764 3.723 68.05 6.844 75.53 LN-QJF LN-QMA LN-QJA LN-QSO 
4 0.1906 0.0749 3.766 68.10 6.855 75.59 LN-QMA LN-QJA LN-QSO LN-OND 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 0.2086 0.0620 5.169 69.36 6.951 78.34 LN-QMA LN-W LN-QJA LN-QSO 

LN-QND 
5 0.2083 0.0617 5.179 69.37 6.953 78.35 LN-QJF LN-QMA LN-W LN-QJA 

LN-QSO 
5 0.2043 0.0569 5.312 69.54 6.988 78.52 LN-QJF LN-QMA LN-QJA LN-QSO 

LN-QND 
5 0.1931 0.0436 5.683 70.00 7.087 78.98 LN-QJF LN-OMA LN-QhU LN-QJA 

LN-QND 
- - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

6 0.2137 0.0323 7.000 71.14 7.171 81.62 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO LN QND 
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5.6 Various transformation suggested by Box-Cox 

Table 5.6 Regression Modelsfor Dependent Variable: M FLOUNDER)"^ on variously transformed 
INFLOWS. 

Rsq Adj C(p) AIC MSE SBC Variables i n  Model 
~n RSO 

6 0.2735 0.0659 7.000 -86.42 0.0369 -77.09 OR-OJF OR-OMA OR-OMJ O R J A  

1 0.0846 0.0551 1.785 -8.968 0.7182 -5.995 LN-QJA 
3.327 -7.375 0.7541 -4.382 OR-QMA 
3.601 -7.096 0.7605 -4.103 OR-QSO 
3.815 -6.880 0.7655 -3.887 OR-QND 

- - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1.539 -9.487 0.6880 -4.998 LN-WA OR-QSO 
2.673 -8.202 0.7153 -3.713 OR-OMA LN-QJA 
3.120 -7.708 0.7261 -3.219 OR-OJF OR-QMA 
3.179 -7.644 0.7275 -3.155 OR-OW LN-QJA 

3 0.1899 0.1061 2.245 -9.019 0.6794 -3.033 LN-QJA QR-QSO OR-ON0 
3 0.1866 0.1024 2.356 -8.885 0.6822 -2.899 OR-OMA LN-QJA OR-OSO 
3 0.1607 0.0739 3.226 - 7.852 0.7039 - 1 .866 OR-OMA OR-OW LN-OJA 
3 0.1583 0.0712 3.307 -7.757 0.7059 -1.771 OR-OW LN-QJA OR-OSO 

- - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - -  

4 0.2108 0.0981 3.539 -7.885 0.6855 -0.403 OR-OMA OR-OM LN-QJA QR-OSO 
4 0.2097 0.0968 3.579 -7.836 0.6865 -0.354 O R - W  LN-QJA OR-QSO OWNO 
4 0.1925 0.0772 4.155 -7.128 0.7014 0.355 OR-OW LN-QJA OR-OSO OR-QND 
4 0.1905 0.0749 4.222 -7.047 0.7031 0.435 OR-QJF LN-QJA OR-QSO OR-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - * - - - - - - - - - - - - - - - - - - .  

5 0.2236 0.0798 5.110 -6.423 0.6993 2.556 OR-OMA OR-OM L N J A  OR-OSO 
OR-ON0 

5 0.2196 0.0751 5.246 -6.252 0.7030 2.727 OR-QJF OR-W LN-OJA OR-OSO 
OR-ON0 

5 0.2110 0.0648 5.536 -5.890 0.7107 3.089 OR-QJF OR-OMA OR-OM LN-OJA 
OR-aso 

5 0.1925 0.0430 6.155 -5.128 0.7273 3.851 OR-QJF OR-OM LN-QJA OR-QSO 
OR-QND 

- * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

6 0.2269 0.0485 7.000 -4.563 0.7232 5.913 OR-QJF QR-OMA OR-OM LN-QJA 
OR-OSO OR-ON0 

N = 28 

Dependent Variable: ( FLOUNL~ER)O.~ 
Independent Variables: OR-WF=(January -February In f lows)  -O.' 

O R - W = ( ~ a r c h - ~ p r i l  In f lows)  
0 R - W = ( ~ a y  -June I n f l o ~ s ) ~ . ~  
OR-LISG=(September-October In f lows)  'O.' 
OR-ONG=(~ovember-December I n f 1 0 w s ) ~ ~ '  
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6. REGRESSION FOR THE BEST MODELS 

6.1 Regression - Log of flounder data on log of inflow data - 

6.1.1 ANOVA and Parameter Estimates 

Table 6.1 Model Surnrnaiy for log offlounder data on log of infIow data. 

Model 

a. Dependent Variable: Ln(Flounder Hawest) 

b. Method: Enter 

c. Independent Variables: (Constant). Ln(November-December Inflows), Ln(May-June 
Inflows), Ln(March-April Inflows). Ln(July-August Inflows). Ln(September-October 
Inflows). Ln(January-February Inflows) 

Std. Error 
of the 

Estimate 

1.167286 

Adjusted 
R Square 

,144 

Variables 
Entered 

Ln(November-December), 
Ln(May-June), 
Ln(March-April), 
Ln(July-August), 
Ln(September-Octo$q, 
Ln(January-February) ' 

d. All requested variables entered. 

Durbin- 
Watson 

,929 

Table 6.2 ANOVA table of log ofj70under data on log of inflow data 

ANOVR 

R 

,552 

R Square 

,305 

a. Dependent Variable: Ln(Flounder Harvest) 

b. Independent Variables: (Constant), Ln(November-December Inflows), 
Ln(May-June Inflows), Ln(March-April Inflows), Ln(July-August Inflows), 
Ln(September-October Inflows). Ln(January-February Inflows) 

Sig. 
,119" 

Model 
1 Regression 

Residual 
Total 

Mean 
Square 

2.589 
1.363 

F 
1.900 

Sum of 
Squares 

15.532 
35.426 
50.958 

df 
6 

26 
32 
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Table 6.3 Table of coefcients for log offlounder data on log ofinflow data. 

Coefficient* 

a. Dependent Variable: Ln(Flounder Harvest) 

6.1.2 Collinearity Diagnostic 

Table 6.4 Variance Inflaion for log oflounder data on log of inflow data. 

Coefflcienk9 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(May-June) 
Ln(July-August) 
Ln(September-October) 
Ln(November-December) 

95% Confidence 
Interval for B 

Standar 
dized 

Coefficie 
nts 

Beta 

-.I34 
,258 
-.I59 
,370 
-.219 
,218 

Lower 
Bound 
-1.493 
-1.144 
-.279 
-.914 
-.I11 
-.728 
-.305 

a. Dependent Variable: Ln(Flounder Hawest) 

Unslandardied 
Coefficients 

Upper 
Bound 

4.851 
,669 

1.139 
,447 

1.059 
,253 
,898 

Table 6.5 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
Ln(lNFL0 WS): 

t 
1.088 
-.539 
1.246 
-.705 
1.666 
-.997 
1.014 

B 
1.679 
-.238 
,430 
-.233 
,474 

-.238 
297 

(Constant) 

Ln(January-February) 
Ln(March-April) 

Ln(May-June) 

Ln(July-August) 
Ln(September-October) 

Ln(November-December) 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-QIF LN-OM4 LN-OW LN-WA LN-QSO LN-OND 

1 2.35780 1.00000 0.0397 0.0309 0.0482 0.0127 0.0446 0.0503 
2 1 .30200 1 .34570 0.071 5 0.0929 0.0037 0.2075 0.0323 0.0029 
3 1.01015 1.52778 0.0293 0.2076 0.0621 0.0760 0.1640 0.0203 
4 0.80602 1.71033 0.0129 0.0460 0.2281 0.0105 0.0277 0.3678 
5 0.29821 2.81184 0.1632 0.6220 0.1632 0.0042 0.7204 0.2076 
6 0.22582 3.23127 0.6833 0.0006 0.4948 0.6890 0.0110 0.3511 

Sio. 
,286 
,594 
224 
.487 
,108 
,328 
.320 

Std. Error 
1.543 
,441 
,345 
,331 
,284 
,239 
.293 

t 
1.088 

-.539 
1.246 

-.705 

1.666 
-.997 

1.014 

Collinearity Statistics 

Tolerance 

,430 

,626 

,525 
,542 

.552 

,581 

VIF 

2.327 

1.597 

1.904 
1.844 

1.810 
1.723 
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6.1.3 Residuals Diagnostics 

Table 6.6 Residuals Diagnostics for log offlounder data on log of inflow data. 

Residuals Statistic* 
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Table 6.7 Case Values for Residuals Diagnostics for log ofjlounder data on log of inflow data. 

1962 2.93480 -.4171 -.5178 3.0355 -.0489 -.3573 -.3981 -.3916 
1963 2.90710 -1.0353 -1.2993 3.1711 -.0887 -.8869 -.9936 -.9933 
1964 2.66520 -.5251 -.9408 3.0809 -.4359 -.4499 -.6021 -.5946 
1965 1.86320 ,1649 ,1958 1.8324 -1.5870 .I413 ,1540 ,1510 
1966 1.89959 -.I417 -.I759 1.9338 -1.5348 -.I214 -.I353 -.I327 
1967 2.01060 -2.5214 -3.0471 2.5363 -1.3755 -2.1601 -2.3746 *-2.6312 
1968 1.54161 -1.1361 -1.5143 1.9197 -2.0486 -.9733 -1.1237 -1.1296 
1969 1.58943 -.lo78 -.I490 1.6306 -1.9800 -.0924 -. 1086 -.lo65 
1970 2.10466 -.4369 -.5202 2.1879 - 1.2405 -.3743 -.4084 -.4018 
1971 4.27235 -2.1323 -2.6676 4.8076 1.8710 -1.8267 -2.0432 -2.1867 
1972 3.49777 -.6356 -.7761 3.6383 ,7592 -.5445 -.6017 -.5942 
1973 3.10402 .5336 .6768 2.9608 .I940 ,4571 ,5148 SO74 
1974 2.69173 1.3390 1.6726 2.3581 -.3978 1.1471 1.2820 1.2989 
1975 2.87166 ,3748 ,4174 2.8291 -.I395 .32 1 1 .3389 ,3330 
1976 3.12976 ,7641 ,8513 3.0425 ,2309 .6546 ,6909 ,6838 
1977 4.11419 -.3098 -.4010 4.2054 1.6440 -.2654 -.3019 -.2966 
1978 4.31925 -.0895 -.I193 4.3490 1.9383 -.0767 -.0885 -.0868 
1979 3.64000 -.3516 -.5506 3.8390 .9633 -.3012 -.3769 -.3706 
1980 3.36224 -1.5873 -2.0358 3.8107 ,5646 - 1.3598 -1.5400 -1.5840 
1981 3.25638 ,3437 ,4545 3.1455 ,4127 .2944 .3386 ,3327 
1982 3.03049 1.2790 1.6795 2.6299 ,0884 1.0957 1.2556 1.2703 
1983 2.77035 ,7016 3277 2.6443 -.2850 ,601 1 ,6528 ,6455 
1984 2.49079 1.9728 2.1933 2.2703 -.6862 1.6901 1.7820 1.865 1 
1985 2.91893 1.8735 2.0274 2.7651 -.0717 1.6050 1.6697 1.7328 
1986 2.88899 1.2915 1.4799 2.7006 -.I147 1.1064 1.1844 1.1941 
1987 3.19912 .3004 ,3556 3.1439 ,3305 ,2574 .2800 .2750 
1988 2.99800 -.9439 -1.1703 3.2244 ,0418 -3086 -.9004 -.8970 
1989 2.95879 -.6970 -3827 3.1444 -.0145 -.5971 -.6720 -.6647 
1990 3.66124 ,1410 .I822 3.6200 ,9938 ,1208 .I373 ,1347 
1991 3.53048 1.0107 1.2650 3.2762 .806 1 ,8658 ,9687 ,9675 
1992 3.58129 .3738 .6316 3.3235 .8791 .3202 ,4162 .4095 
1993 3.07347 1.1267 1.6076 2.5926 .I501 ,9653 1.1530 1.1606 

PRE-1 Predicted value of harvest 
RES-1 Ordinary residuals: observed harvest minus predicted harvest 
DIE-I Deleted residuals: residuals obtained when the model is fitted without that obs. 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
S K I  Studentized residual 
SDR-1 Studentized deleted residuals 
'values greater than 3 are flagged. 
'This is flagged if it exceeds t.,2p=t25,0.01=2.485. 
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Regresston Standardized Residual 

Figure 6.1 Histogram of Standardized 
Residuals. 

D 
e 
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Figure 6.2 Normal P-P Plot of Residuals. 



Flounder Harvest in Corpus Christi Bay 56 

Ln(January-February Inflows) LnIMarch-Apnl Inflows) 

Figure 6.3 Partial Residual Plot for Figure 6.4 Partial Residual Plot for 
Ln(January-Februan, InJows). Ln(March-April Inflows). 

Figure 6.5 Partial Residual Plot for Ln(May- 
June Inflows). 

Figure 6.6 Partial Residual Plot for Ln(July- 
August Inflows). 

Ln(Seplember-Oclober lnflawsl Ln(N0wmber-December Inflows) 

Figure 6.7 Partial Residual Plot for Figure 6.8 Partial Residual Plot for 
Ln(Septernber-October Inflows). Ln(November-December 

Inflows). 
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Ln(JanuayFebruary lnflowsl 

Figure 6.9 Residuals Plot for Ln(January- 
Februaly Inflows). 

Figure 6.10 Residuals Plot for Ln(March- 
April Inflows). 

LnIMay-June Inflows) Ln(July-Au~usl Inflows) 

Figure 6.11 Residuals Plot for Ln(May-June Figure 6.12 Residuals Plot for Ln(Ju1y-August 
Inflows). Inflows). 

Ln(September-Octaber Inflows) Ln(N0vember-December Inflows) 

Figure 6.13 Residuals Plot for Ln(September- Figure 6.14 Residuals Plot for Ln (November- 
October Inflows). December Inflows). 
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6.1.4 Prediction Intervals for Flounder Harvest 

Table 6.8 Prediction Intervals for Flounder Harvest. 

- -- - 

YEAR LICI-1 LN-FLOW UZCI-I 
1961 -.5474 2.5726 6.7379 
1962 -.6101 2.5177 6.4797 
1963 -.6508 1.8718 6.4650 
1964 - 1.2295 2.1401 6.5599 
1965 - 1.6265 2.0281 5.3529 
1966 -1.6453 1.7579 5.4445 
1967 -1.5016 -.5 108 5.5228 

1968 -2.0844 ,4055 5.1676 
1969 -2.0752 1.4816 5.2541 
1970 -1.3889 1.6677 5.5982 
1971 ,7182 2.1401 7.8265 
1972 -.0273 2.8622 7.0228 
1973 -.4663 3.6376 6.6744 
1974 -.8606 4.0307 6.244 1 

1975 -.5333 3.2465 6.2766 

1976 -.2759 3.8939 6.5354 
1977 ,5206 3.8044 7.7078 

1978 .693 1 4.2297 7.9453 
1979 -.I446 3.2884 7.4246 
1980 -.2208 1.7750 6.9453 
1981 -.3611 3.6000 6.8739 
1982 -.5792 4.3095 6.6402 
1983 -.7115 3.4720 6.2522 
1984 -.9119 4.4636 5.8935 
1985 - . a55  4.7925 6.2833 
1986 -.5548 4.1805 6.3328 
1987 -.2872 3.4995 6.6855 
1988 -.5454 2.0541 6.5414 
1989 -.6096 2.2618 6.5272 
1990 ,0693 3.8022 7.2532 
1991 -.0242 4.5412 7.0852 
1992 -.2677 3.9551 7.4303 
1993 -.6235 4.2002 6.7704 

LICI-1 Lower limit for 99% prediction interval for the natural log of flounder 

harvest. 

LN-FLOUNDER Natural log of flounder harvest 

UICI-1 Upper limit for 99% prediction interval for the natural log of flounder 
harvest. 
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6.1.5 Outliers and Influential Point Detection 

Table 6.9 Mahalanobis distance. Cook's distance, Leverage value and associatedp-values 

YEAR MAH-1 COOK-1 LEV-1' M A H J ~  COOK-PP 
1961 7.3889 ,0137 .2309 ,3895 .OOOO 
1962 5.2527 ,0055 ,1641 .6292 .OOOO 
1963 5.5326 ,0360 ,1729 .5953 ,000 1 
1964 13.1684 ,0410 .4115 .068 1 .0001 
1965 4.0713 ,0006 ,1272 .7715 .OOOO 
1966 5.2530 .0006 ,1642 ,6291 .OOOO 
1967 4.5506 ,1679 ,1422 .7146 ,0104 
1968 7.0208 ,0600 .2 194 ,4267 ,0004 
1969 7.8788 ,0006 ,2462 ,3434 .OOOO 
1970 4.1531 ,0045 ,1298 ,7620 .OOOO 
1971 5.4514 ,1497 ,1704 .6050 ,0074 
1972 4.8256 ,0114 .I508 ,6812 .OOOO 
1973 5.8034 ,0102 .I814 ,5629 .OOOO 
1974 5.4128 ,0585 ,1691 ,6097 .0004 
1975 2.2945 .0019 .0717 .94 18 .OOOO 
1976 2.3091 ,0078 ,0722 .9408 .OOOO 
1977 6.3106 .0038 ,1972 .5040 .OOOO 
1978 7.0236 ,0004 ,2195 ,4264 .OOOO 
1979 10.5957 ,0115 .33 1 1 ,1573 .OOOO 
1980 6.0798 .0957 ,1900 ,5305 ,0019 
1981 6.8341 ,0053 ,2136 ,4464 .OOOO 
1982 6.6621 ,0705 ,2082 ,4649 ,0007 
1983 3.9053 ,0109 .I220 ,7906 .OOOO . 

1984 2.2477 ,0507 .0702 ,9449 ,0002 
1985 1.459 1 ,0327 ,0456 ,9837 .0001 
1986 3.1041 ,0292 ,0970 ,8752 .OOOO 
1987 4.0001 .002 1 ,1250 .7798 .OOOO 
1988 5.2205 ,0278 .I631 .633 1 .OOOO 
1989 5.7606 ,0172 ,1800 ,5680 .OOOO 
1990 6.2734 ,0008 .I960 .5082 .OOOO 
1991 5.4636 ,0337 ,1707 ,6036 .OOOl 
1992 12.0912 ,0171 .3779 ,0976 .OOOO 
1993 8.6015 .0810 ,2688 .2825 .0011 

MAH-I Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
ma his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHAPY = I-F(MAH_l), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(C0OK-l), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.10 Standardized df)ts value and Standardized dfbeta values 

YEAR SDFFITS SDFBE T-0 SDFBET-1 SDFBET-2 
1961 -.3053 ,0145 -.I470 ,1019 
1962 -. 1924 -.0156 -.lo46 ,0620 
1963 -.5016 -.I150 -.2644 ,1934 
1964 -.5290 -.5022 ,1305 .Dl84 
1965 ,0653 ,0406 -.0095 -.0018 
1966 -.0652 -.0267 ,021 8 -.0004 
1967 *-1.2014 -.4649 ,4063 -.0230 
1968 -.6517 ,1462 -.2336 -.0167 
1969 -.0658 ,0105 -.0310 -.0021 
1970 -. 1754 ,0685 -.0598 ,0068 
1971 *- 1.0956 -.0214 ,0008 .I878 
1972 -.2794 ,0899 .0575 -.0186 
1973 ,2629 -.0538 -.0153 -.0543 
1974 ,6483 -.0300 -.3857 ,1140 
1975 ,1122 ,0027 -.0711 ,0044 
1976 .23 11 .0075 -.0999 ,0434 
1977 -.I610 .06 1 1 ,0443 -. 1149 
1978 -.0501 ,0131 .0141 -.0357 
1979 -.2788 .0284 ,1570 -.I734 
1980 -.8420 ,0498 ,063 1 -.2617 
1981 ,1890 -.0412 -.0202 ,0270 
1982 ,7109 -. 1729 .2404 -.4706 
1983 ,2736 -.0071 ,0057 -. 1862 
1984 ,6236 ,3354 .I382 -.2553 
1985 ,4966 .3 183 ,0204 -.0286 
1986 .4561 ,2481 -.2287 -.0787 
1987 ,1179 -.0035 -.0239 -.0454 
1988 -.4393 -.0563 ,0708 ,2560 
1989 -.3430 -.0704 -.0252 ,2082 
1990 ,0729 ,0383 .002 1 ,0173 
1991 ,4853 .I913 -.0489 .2299 
1992 ,3401 -.I470 ,2322 .lo06 
1993 .7582 -.2695 ,3859 .2342 

SDFFITS Standardized dffits value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for log of January-February inflows 

SDFBE T-2 Standardized djbeta for log of March-April inflows 

'items are flagged if bdffitsl or (sdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1. 
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Table 6.11 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 ,1606 -.0832 .O 140 -. 1022 
1962 ,1183 -.0560 ,0107 -.0337 
1963 ,2535 -.0675 ,1413 -.I481 

1964 .I917 ,1207 ,0240 .0648 

1965 ,0080 -.0398 ,0110 -.0190 
1966 -.0344 ,0466 -.0058 ,0101 
1967 -.6519 ,8702 -.0828 ,1363 
1968 ,0262 ,0496 -.3343 ,3579 
1969 ,0195 -.0035 -.0343 .0384 
1970 -.OW4 ,0255 -.0782 .0182 
1971 ,0710 -.6333 ,5542 -.2432 

1972 ,0459 -.lo76 -.I404 -.0177 
1973 -.0258 ,1228 ,1122 -.0420 
1974 ,0990 -.2414 ,4939 ,1208 
1975 ,0403 -.0292 ,0600 .0128 
1976 -.0366 ,0332 ,1469 -.0282 
1977 ,0224 -.0002 -.0314 -.0479 
1978 ,0115 -.0016 -.0058 -.0157 
1979 -.053 1 ,1478 -.0615 -.I249 
1980 .0479 -.4194 -. 1220 .5789 
1981 .0575 ,0734 ,0048 -.lo00 
1982 ,2765 ,3134 -.3197 ,0230 
1983 .I 933 -.0164 -.I283 ,0836 
1984 -.I532 -.I861 -.0767 ,1568 
1985 -.0382 -.023 1 -.2009 -. 1140 
1986 ,1065 -.3084 -.0364 ,3101 
1987 ,0835 -.0366 -.0632 ,0803 
1988 -.2864 ,1563 ,2401 -.3 195 
1989 -.2069 .0486 ,2704 -.I33 1 
1990 -.0483 ,0290 -.0072 -.0246 
1991 -.2320 ,1610 .0179 -.2669 
1992 -.0795 .I646 -.I381 -.I167 

1993 .0266 .0615 -.2998 -.I344 

SDFBET-3 Standardized dfbeta for log of May-June inflows 

SDFBET-4 Standardized dfbeta for log of July-August inflows 
SDFBET-5 Standardized dfbeta for log of September-October inflows 
SDFBET-6 Standardized dfbeta for log of November-December inflows 

'lterns are flagged if lsdffitsl or lsdfbetal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is 1. 



Flounder Harvest in C o p s  Christi Bav 62 

Standartiwed DFBETA Intercept 

Slandardlzed DFBETA Ln(March-Apol Intlowsl 

Slamardlzed DFBETA LnfJanuary-February lnllowsl 

Slanaadlzed DFBETA Ln(May-June Inllowrl 

Slanaaral2ed DFBETA Ln(Ju1y-August Inflows) SPndardozed DFBETA Ln(Seplember-OctWr InflWSl 

Standardized DFBETA LnfNovember-December Inflows) 

Figure 6. I5 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of log of inflow variables. 
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6.2 Regression - Log of flounder data on square root of inflow data 

6.2.1 ANOVA and Parameter Estimates 

Table 6.12 Model Summa? for log offlounder data on square root of inflow data. 

Model Summawb 

a. Dependent Variable: Ln(Flounder Harvest) 

b. Method: Enter 

C. lndependent Variables: (Constant), Square Root of November-December Inflows, 
Square Root of May-June Inflows, Square Root of September-October Inflows, Square 
Root of July-August Inflows, Square Root of March-April Inflows, Square Root of 
January-February Inflows 

d. All requested variables entered 

Std. Error 
of the 

Estimate 

1311606 

Variables 
Entered 

Sqrt(November-December), 
Sqrt(May-June), 
Sqrt(Sep1ember-October), 
Sqrt(July-August). 
Sqrt(March-April). ,d 
Sqrt(January-February) 

Table 6.13 ANOVA table of log offlounder data on square root of inflow data 

ANOVR 

Durbin- 
Watson 

.a26 

R Square 

.251 

R 

,501 

Adjusted 
R Square 

,078 

a. Dependent Variable: Ln(Flounder Harvest) 

b. lndependent Variables: (Constant), Square Root of November-December 
Inflows, Square Root of May-June Inflows. Square Root of September-October 
Inflows. Square Root of July-August Inflows, Square Root of March-April 
Inflows. Square Root of January-February Inflows 

Model 
1 Regression 

Residual 
Total 

Mean 
Square 

2.132 
1.468 

Sum of 
Squares 

12.791 
38.168 
50.958 

F 
1.452 

df 
6 

26 
32 

Sig. 
,233' 
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Table 6.14 Table ofcoef)cientsfor log offlounder data on square root of inflow data. 

CoefficientsP 

a. Dependent Variable: Ln(Fbunder Harvest) 

6.2.2 Collinearity Diagnostic 

Table 6.15 Collinearity Diagnostic for log offlounder data on square root of inflow data. 

Coefficient@ 

t 
2.545 
-.702 
1.451 
-.626 
1.330 
-.670 
.541 

Standar 
dized 

Coefficie 
nts 

Beta 

-.I71 
.329 

-.I33 
,293 

-.I45 
. I  11 

(Constant) 
Sqrt(January-February) 
Sqrt(March-April) 
Sqrt(May June) 
Sqrt(July-August) 
Sqrt(September-October) 
Sqrt(November-December) 

a. Dependent Variable: Ln(Flounder Harvest) 

Siq. 
,017 
,489 
,159 
.537 
,195 
,509 
593 

Unstandardized 
Coefficients 

(Constant) 

Sqrt(January-February) 

Sqrt(March-April) 

Sqrt(May-June) 

Sqrt(July-August) 

Sqrt(Sep1ember-October) 

Sqrt(November-December) 

Table 6.16 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
Sqrt(ZNFL0 WS). 

B 
2.398 
-. 100 
,171 

-4.2E-02 
8.5E-02 
-2.5E-02 
5.OE-02 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 

Std. Error 
,942 
143 
,118 
,067 
,064 
,037 
,092 

95% Confidence 
, Interval for B 

t 
2.545 

-.702 

1.451 

-.626 

1.330 

-.670 
.541 

Number Eigenvalue Index SOR-WF S(IR_OMA SOR-OW SOR-WA SQR-OSO SCIR_OND 

1 1.91956 1 .OOOOO 0.0755 0.0657 0.0553 0.001 5 0.0384 0.0658 
2 1 .43262 1.15754 0.0326 0.0432 0.0524 0.2180 0.0640 0.0000 
3 1 .06613 1.34183 0.0335 0.1378 0.0665 0.0564 0.2590 0.0015 
4 1 .00755 1.38028 0.0460 0.0092 0.1865 0.0200 0.0001 0.3794 
5 0.31616 2.46404 0.0313 0.4102 0.5553 0.2871 0.1424 0.5333 
6 0.25798 2.72777 0.7811 0.3339 0.0840 0.4170 0.4960 0.0200 

Lower 
Bound 

,461 
-393 
-.071 
-.I78 
-.046 
-.lo0 
-.I39 

Upper 
Bound 

4.336 
,193 
41 4 
,095 
,215 
.051 
,238 

Collinearity Statistics 

Tolerance 

,485 

,560 

,637 
,594 

415 

,684 

VIF 

2.061 

1.785 

1.569 

1.684 
1.627 
1.462 
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6.2.3 Residuals Diagnostics 

Table 6.1 7 Residuals Diagnostics for log offlounder data on square root 

Residuals StatlsticZ 

of inflow data. 

a. Dependent Variable: Ln(Flounder Ha~eSt)  

N 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

Std. 
Deviation 

432223 

1.000 

,117559 

,707085 

1.092127 

,901 

1 .OOO 

1.350702 

1.044 

2.81 3 

.044 

,088 

Mean 

2.968871 

,000 

,545885 

2.979324 

2.2E-16 

,000 

-.004 

-1 .OE-02 

-.014 

5.818 

,034 

.I82 

Maximum 

4.35061 3 

2.186 

,788428 

4.720810 

1.883268 

1.554 

1.627 

2.087097 

1.683 

12.581 

.I69 

,393 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

1.637388 

-2.106 

,348090 

1.802186 

-2.935338 

-2.423 

-2.600 

-3.382002 

-2.964 

1.672 

,001 

,052 
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Table 6.18 Case Values for Residuals Diagnostics for log offlo~mder data on square root of injlow 
data. 

YEAR PREI RES-I DRE-I ADJ-1 ZPR-I ZRU SRKI' SDR-I' 
1961 2.8811 -.3085 -.4607 3.0333 -.I388 -.2546 -.3111 -.3057 
1962 2.7751 -.2574 -.3135 2.8312 -.3064 -.2125 -.2345 -.2302 
1963 2.7613 -.8895 -1.1090 2.9808 -.3283 -.7341 -.8197 -.8144 
1964 2.7975 -.6575 -.9079 3.0480 -.2710 -.5426 -.6377 -.6302 
1965 2.4245 -.3964 -.4480 2.4761 -.8610 -.3271 -.3478 -.3418 
1966 2.3825 -.6247 -.7279 2.4858 -.9274 -.5 156 -.5566 -.5490 
1967 2.4245 -2.9353 -3.3820 2.8712 -.8610 -2.4227 -2.6005 *-2.9645 
1968 1.6374 -1.2319 -1.6675 2.0730 -2.1060 -1.0168 -1.1830 -1.1925 
1969 1.7118 -.2302 -.3206 1.8022 -1.9884 -.I900 -.2242 -.2200 
1970 1.9284 -.2607 -.3311 1.9988 -1.6458 -.2151 -.2425 -.2380 
1971 4.0468 -1.9067 -2.5807 4.7208 1.7050 -1.5737 -1.8309 -1.9236 
1972 3.4637 -.6015 -.7885 3.6507 ,7827 -.4965 -.5684 -.5608 
1973 3.2379 ,3997 .5450 3.0926 ,4255 .3299 ,3852 ,3788 
1974 2.5587 1.4720 2.0871 1.9436 -.6488 1.2149 1.4467 1.4794 
1975 2.8228 ,4237 .4652 2.7813 -.2310 ,3497 ,3664 ,3602 
1976 3.0851 ,8087 ,8815 3.0124 ,1839 ,6675 ,6969 ,6898 
1977 4.1762 -.3718 -.4925 4.2970 1.9097 -.3069 -.3532 -.3472 
1978 4.3506 -.I209 -.I642 4.3939 2.1855 -.0998 -. 1163 -. 1 140 
1979 3.9438 -.6554 -1.0587 4.3471 1.5421 -.5410 -.6875 -.6804 
1980 3.4771 -1.7021 -2.0399 3.8148 ,8039 -1.4049 -1.5379 -1.5817 

1981 3.3191 .2809 ,3815 3.2186 ,5540 ,2318 .2702 .2653 
1982 2.9866. 1.3228 1.7704 2.5391 ,028 1 1.0918 1.2630 1.2784 
1983 2.6350 .8370 1.0045 2.4675 -.5281 ,6908 .7568 .7504 
1984 2.5978 1.8658 2.0603 2.4033 -.5869 1.5399 1.6182 1.6733 
1985 2.9092 1.8833 2.0630 2.7295 -.0944 1.5544 1.6268 1.6832 
1986 2.8898 1.2908 1.4304 2.7501 -.I251 1.0653 1.1215 1.1273 
1987 2.9341 ,5654 ,6888 2.8107 -.0550 ,4667 ,5151 ,5077 
1988 2.8030 -.7489 -.9193 2.9734 -.2624 -.6181 -.6848 -.6776 
1989 2.7329 -.4711 -.5415 2.8033 -.3733 -.3888 -.4169 -.4102 
1990 3.3581 ,444 1 ,5448 3.2574 ,6156 ,3666 ,4060 ,3994 
1991 3.4080 1.1331 1.3794 3.1617 ,6946 .9352 1.0319 1.0332 
1992 3.4390 ,5161 ,8951 3.0599 ,7436 ,4260 ,5610 .5535 
1993 3.0732 1.1270 1.7114 2.4888 ,1650 ,9302 1.1463 1.1535 

PRE-1 Predicted value of harvest 
RES-1 Ordinary residuals: observed harvest minus predicted harvest 
DRE-1 Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
SE-1  Studentized residual 
SDR-1 Studentized deleted residuals 
I Values greater than 3 are flagged. 
?his is flagged if it exceeds tn.p2,0=rZS.0.01=2.485. 
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Regresston Standardized Residual 

Figure 6.16 Histogram of Standardized 
Residuals. 

Wserved Cum Prob 

Figure 6.1 7 Normal P-P Plot of Residuals. 
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Square Root of January-February Inflows Square Root of Match-April Inflows 

Figure 6.18 Partial Residual Plot for Figure 6.19 Partial Residual Plot for 
Sqrt(Januaw-February Inflows). Sqrt(March-April Inflows). 

Square Root of May-June Inflows Square Rwtof July-August Inflows 

Figure 6.20 Partial Residual Plot for Figure 6.21 Partial Residual Plot for 
Sqrt(Ma,v-June Inflows). Sqrt(Ju1y-August Inflows). 

Square Root of September-October Inflows Square Root of November-December Inflows 

Figure 6.22 Partial Residual Plot for Figure 6.23 Partial Residual Plot for 
Sqrt(September-October Inflows). Sqrt(November-December 

Inflows). 
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Square Root of January-February lnflows 

Figure 6.24 Residuals Plot for Sqrt(January- 
February Inflows). 

Square Root of May-June Inflows 

Figure 6.26 Residuals Plot for Sqrt(May-June 
In fo  ws) . 

Square Root of September-Oetober Inflows 

Figure 6.28 Residuals Plot for 
Sqrt(September-October Inflows). 

Square Root of March-Apll Inflows 

Figure 6.25 Residuals Plot for Sqrt(March- 
April Inflows). 

Square Root of July-August Inflows 

Figure 6.27 Residuals Plot for Sqrt(Ju1y- 
August Inflows). 

Square Root 01 November-December Inflows 

Figure 6.29 Residuals Plot for 
Sqrt(Novem ber-Decem ber 
Inflows). 
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6.2.4 Prediction intervals for Flounder Hawest 

Table 6.19 Prediction Intervals for Flounder Harvest. 

YEAR LICZ-1 LN-FLOUN UZCI-1 
1961 - 1.0020 2.5726 6.7642 
1962 -.8802 2.5 177 6.4305 
1963 -.9236 1.8718 6.446 1 
1964 -1.0052 2.1401 6.6003 
1965 -1.1310 2.0281 5.9800 
1966 -1.2151 1.7579 5.9801 
1967 -1.1576 -.5108 6.0066 
1968 -2.1436 ,4055 5.4184 
1969 -2.1003 1.4816 5.5238 
1970 -1.7791 1.6677 5.6358 
1971 ,2659 2.1401 7.8277 
1972 -.2809 2.8622 7.2084 
1973 -.5512 3.6376 7.0270 
1974 - 1.272 1 4.0307 6.3895 
1975 -.6910 3.2465 6.3366 
1976 -.4178 3.8939 6.5880 
1977 .4195 3.8044 7.9330 

1978 ,5658 4.2297 8.1354 
1979 -.0125 3.2884 7.9001 
1980 -.I576 1.7750 7.1118 
1981 -.4655 3.6000 7.1037 
1982 -.7817 4.3095 6.7550 
1983 -1.0016 3.4720 6.27 16 
1984 -.9242 4.4636 6.1198 
1985 -.6011 4.7925 6.4195 
1986 -.6375 4.1805 6.4 170 
1987 -.7217 3.4995 6.5899 
1988 -.8624 2.0541 6.4685 
1989 -.8459 2.2618 6.3117 
1990 -.3065 3.8022 7.0226 

1991 -.2469 4.5412 7.0629 
1992 -.5778 3.955 1 7.4557 

1993 -.8262 4.2002 6.9726 

LICI-1 Lower limit for 99% prediction interval for the log of flounder 

harvest. 

LXFLOUN Log of flounder harvest 

UICI-1 Upper limit for 99% prediction interval for the log of flounder 

harvest. 
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6.2.5 Outliers and Influential Point Detection 

Table 6.20 Mahalanobis distance. Cook's distance, Leverage value and associated p-values 

YEAR 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

COOK I MAH PP COOK PP 

- -  - 

MAH-I Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MHA-PV P-value associated with the Mahalanobis distance 
COOK-PV P-value associated with Cook's distance 
?his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
2 ~ ~ ~ ~ - ~ ~  = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l  degrees of 
freedom. Small values indicate a problem. 
3 ~ ~ ~ ~ - ~ ~  = F(CO0K-l), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.21 Standardized dffits value and Standardized dfbeta values 

YEAR SDFFZTS SDFBET-0 SDFBET-1 SDFBET-2 
1961 -.2147 ,03040 -.I009 ,1110 

SDFFITS Standardized dflits value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for square root of January-February inflows 

SDFBET-2 Standardized dfbeta for square root of March-April inflows 

 terns are flagged if Isdfitsl or lsdfbetal exceed 1.0 for a small data set or 2 -,/(p + 1 )  / n for a large data 

set. The cutoff used here is 1. 
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Table 6.22 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 .0692 -.0379 ,0524 -.1407 

SDFBET-3 Standardized dfbeta for square root of May-June inflows 

SDFBE T-4 Standardized dfbeta for square root of July-August inflows 

SDFBE T-5 Standardized dfbeta for square root of September-October inflows 

SDFBE T-6 Standardized dfbeta for square root of November-December inflows 

'lterns are flagged if bdffitsl or bdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1. 



Flounder Harvest in Corpus Christi Bay 74 
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Figure 6.30 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of square root of inflow variables. 
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7. EXAMINING SUBSETS OF THE DATA 

7.1 Log of flounder data and log of inflow data: None Omitted 

Table 7.1 Regression Models,for Dependent Variable: Ln(FL0UNDER) on Ln(INFL0WS): None Omitted 

Rsq Adj C ( p )  A I C  MSE SBC Var iab les  i n  Model 
In Rsq 

1 0.1248 0.0966 3.731 13.94 1.439 16.93 LN-QJA 
1 0.0545 0.0240 6.360 16.49 1.554 19.48 LN-QMA 
1 0.0510 0.0204 6.492 16.61 1.560 19.60 LN-QND 
10 .0311  -.0002 7.236 17.30 1.593 20.29 LN-WF 

. - - - . - - - - - - - - - - - - - - - - - - - - - - - - . - - . - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - .  
2 0.1930 0.1392 3.180 13.26 1.371 17.75 LN-QJA LN-QSO 
2 0.1756 0.1206 3.834 13.97 1.400 18.46 LN-QMA LN-QJA 
2 0.1545 0.0981 4.622 14.80 1.436 19.29 LN-QMJ L N J A  
2 0.1423 0.0852 5.076 15.27 1.457 19.76 LN-QJF LN-QMA 

- - - - - - - - - - - - - - - . - - - - - - - . - - . - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.2553 0.1782 2.852 12.61 1.309 18.60 LN-QJA LN-QSO LN-QND 
3 0.2515 0.1741 2.993 12.78 1.315 18.76 LN-QMA LN-QMJ LN-QJA 
3 0.2357 0.1566 3.586 13.47 1.343 19.46 LN-OMA LN-QJA LN-QSO 
3 0.2240 0.1437 4.023 13.97 1.364 19.96 LN-QJF LN-QMA LN-QJA 

- - - - - . . - - - - - - - - - - - - - - - * - - - - - - - - . - - - - - - - - - . . - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - -  
4 0.2759 0.1725 4.080 13.68 1.318 21.17 LN-QMA LN-QMJ LN-QJA LN-QSO 
4 0.2712 0.1671 4.257 13.90 1.326 21.38 LN-QMA LN-QJA LN-QSO LN-QND 
4 0.2635 0.1583 4.543 14.24 1.340 21.73 LM-QJF LN-OMA LN-OMJ LN-QJA 
4 0.2623 0.1569 4.590 14.30 1.343 21.78 LN-OW LN-QJA LN-QSO LN-QND 

- - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - . * - - - -  

5 0.2970 0.1668 5.291 14.71 1.327 23.69 LN-QMA LN-QMJ LN-WA LN-QSO 
LN-QND 

5 0.2915 0.1603 5.497 14.97 1.337 23.95 LN-QJF LN-QMA LN-QJA LN-QSO 
LN-QND 

5 0.2782 0.1446 5.993 15.58 1.362 24.56 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QND 

5 0.2773 0.1435 6.029 15.62 1.364 24.60 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO 

- . . --- .--- .--- . .------- .-- .- .-- .------------------------- .---------- .------  
6 0.3048 0.1444 7.000 16.34 1.363 26.82 LN-WF LN-QMA LN-Qh!J LN-WA 

LN-OSO LN-QND 

N = 33 
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Table 7.2 Analysis of Variance for Dependent Variable: Ln(FL0UNDER) on Ln(ZNFL0WS): None 
Omitted 

Sum o f  Mean 
Source DF Squares Square F Value Prob>F 

Model 6 15.53181 2.58863 1 .900 0.1189 
Error  26 35.42650 1 .36256 
C T o t a l  32 50.95831 

Root MSE 1 .I6729 R-square 0.3048 
Dep Mean 2.96887 Ad j R-sq 0.1444 
C.V. 39.31 752 

Table 7.3 Parameter Estimates for Dependent Variable: Ln(FL0UNDER) on Ln(INFL0WS): None 
Omitted 

Pararne t e r  Standard T f o r  HO: Variance 
Var iable DF Estimate Er ro r  Parameter=O Prob > I TI I n f l a t i o n  

INTERCEP 1 1 .679298 1 ,54309401 1 .088 0.2865 0.00000000 
LN-QJF 1 -0.237775 0.44103432 -0.539 0.5944 2.326761 31 
LN-QMA 1 0.429735 0.34485041 1.246 0.2238 1 .59708162 
LN-QMJ 1 -0.233456 0.33116594 - 0.705 0.4871 1.90365640 
LN-QJA 1 0.473914 0.28442019 1 .666 0.1077 1.84419155 
LN-QSO 1 -0.237710 0.23852259 -0.997 0.3281 1.81022057 
LN QND 1 0.296768 0.29261039 1.014 0.31 98 1 .72252324 

Table 7.4 Collinearity Diagnosticsfintercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
Ln(INFL0WS): None Omitted 

Condit ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-OJF LN-QMA LN-Qh!J LN-QJA LN-QSO LN-QNO 

1 2.35780 1 .OOOOO 0.0397 0.0309 0.0482 0.01 27 0.0446 0.0503 
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Table 7.5 Parameter Estimates of Models for Dependent Variable: Ln(FL0UNDER) on 
Ln(INFL0WS): None Omitted 

- 

0 8 s  -RMSE- INTERCEP LN-QJF LN-QMA LN-OW LN-QJA LN-QSO LN-QND 

1 1.19944 1.12331 0.45248 . 

Table 7.6 Criteria Statistics ofModels for Dependent Variable: Ln(FL0UNDER) on 
Ln(INFL0WS): None Omitted 



Flounder Harvest in Corpus Christi Bay 78 

Number of Parameters 

Figure 7.1 The R' criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.3 The AIC criteria vs. Number of 
parameters.. 

a L 7 7 7 7 - A  
Number of Parameters 

Figure 7.5 The C(pj criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.2 The Adjusted R' criteria vs. 
Number of parameters. 

Number of Parameters 

Figure 7.4 MSE vs. Number of parameters. 

Number of Parameters 

Figure 7.6 The SBC criteria vs. Number of 
parameters. 
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7.2 Log of flounder data and square root inflow data: None Omitted 

Table 7.7 Regression Models for Dependent Variable: Ln(FL0UNDER) on Sqrt(INFL0WS): None 
Omitted 

Rsq Adj C ( p )  AIC  MSE SBC Variables I n  Model 
1n Rsq 

1 0.0714 0.0414 3.234 15.89 1.526 18.89 SQR-QMA 
1 0.0699 0.0399 3.285 15.95 1.529 18.94 SQR-QJA 
1 0.0397 0.0087 4.335 17.00 1.579 20.00 SQR-QND 
1 0.0359 0.0048 4.468 17.13 1.585 20.13 SQR-QSO 

- - - . - - - - . - - - - - - - - - - - - - - . . - - - . - - - - - - - - - - . . - - . - - - - - - . - - - - - . . - - - - - - - - - - - - - - - - -  
2 0.1786 0.1238 1.514 13.85 1.395 18.34 SQR-QJF SQR-QMA 
2 0.1516 0.0950 2.450 14.91 1.441 19.40 SQR-QMA SQR-QJA 
2 0.1313 0.0734 3.156 15.69 1.476 20.18 SQR-QJA SQR-QSO 
2 0.1023 0.0424 4.163 16.78 1.525 21.27 SQR-QSO SQR-QND 

- - - - - - . - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - . - - - - - - - - - - . - - - . - - . - - - - - - - - - - - . - - - - - - -  
3 0.2150 0.1338 2.248 14.35 1.379 20.33 SQR-QJF SQR-QMA SQR-QJA 
3 0.2013 0.1187 2.725 14.92 1.403 20.91 SQR-QMA SQR-QMJ SQR-QJA 
3 0.1963 0.1132 2.899 15.13 1.412 21.11 SQR-QJF SQR-QMA SQR-QND 
3 0.1957 0.1125 2.918 15.15 1.413 21.14 SQR-QMA SQR-QJA SQR-QSO 

. - - - . - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - - - - - - . .  
4 0.2345 0.1252 3.572 15.52 1.393 23.00 SQR-QJF SQR-QMA SQR-QMJ 

SQR-QJA 
4 0.2296 0.1195 3.743 15.73 1.402 23.21 SQR-QMA SQR-QMJ SQR-WA 

SQR-QSO 
4 0.2241 0.1133 3.933 15.96 1.412 23.45 SQR-QJF SQR-QMA SQR-QJA 

SQR-QND 
4 0.2234 0.1124 3.960 16.00 1.413 23.48 SQR-QJF SQR-QMA SQR-QJA 

SQR-QSO 
- - - - - - - - - - - . - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.2426 0.1023 5.293 17.17 1.430 26.15 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QSO 

5 0.2397 0.0989 5.391 17.29 1.435 26.27 SQR-QJF SQR-QMA SQR-QJA 
SQR-QSO SQR-QND 

5 0.2381 0.0970 5.449 17.37 1.438 26.34 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QNO 

5 0.2368 0.0955 5.492 17.42 1.440 26.40 SQR-QMA SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

- - - - - - - - - - - - - - - - . - - - - - - - - - . . - - . - - - - - - - . - - - - - - - - - - - - - . - - - - - - - - - - - - . . - - - - - - . -  
6 0.2510 0.0782 7.000 18.80 1.468 29.28 SQR-QJF SQR-QMA SQR-OMJ 

SQR-QJA SQR-QSO SQR-QND 

N = 33 
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Table 7.8 Analysis of Variance for Dependent Variable: Ln(FL0UNDER) on Sqrt(INFL0WS): None 
Omitted 

-- 

sum o f  Mean 
Source DF Squares Square F Value Prob>F 

Model 6 12.79059 2.13177 1.452 0.2334 
E r r o r  26 38.16771 1 .46799 
C T o t a l  32 50.95831 

~ o o t  MSE 1.21161 R -  square 0.2510 
Dep Mean 2.96887 A U j R - s q  0.0782 
C.V. 40.81 033 

Table 7.9 Parameter Estimates for Dependent Variable: Ln(FL0UNDER) on Sqrt(INFL0WS): None 
Omitted 

Parameter Standard T  f o r  HO: Variance 
Var iab le  DF Est imate E r r o r  Parameter-0 Prob > ( T I  I n f l a t i o n  

INTERCEP 1 2.398384 0.94240473 2.545 0.0172 0.00000000 
SOR-OJF 1 -0.100136 0.14270557 -0.702 0.4891 2.061 16662 
SQR-QMA 1 0.171497 0.11818700 1.451 0.1587 1 .78541470 
SQR-QMJ 1 -0.041 636 0.06655322 - 0.626 0.5370 1 .56928968 
SOR-OJA 1 0.084586 0.06360620 1.330 0.1951 1.68402320 
SOR-QSO 1 -0.024577 0.03668987 -0.670 0.5088 1 .62676579 
SQR OND 1 0.049675 0.09174928 0.541 0.5928 1.46202763 

Table 7.10 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
Sqrt(INFL0WS): None Omitted 

Condi t ion  Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQR-QJF SQR-OM SQR-QhU SQR-QJA SQR-OSO SOR-QND 

1 1.91956 1 . 00000 0.0755 0.0657 0.0553 0.001 5 0.0384 0.0658 
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Table 7.11 Parameter Estimates ofModels for Dependent Variable: Ln(FL0WDER) on 
Sqrt(INFL0WS): None Omitted 

OBS -RMSE- INTERCEP SOR-OJF SOR-OM SOR-OMJ SOR-OJA S(IR_OSO SOR-OND 

1 1.23549 2.25835 0.13925 

Table 7.12 Criteria Statistics of Models for Dependent Variable: Ln(FL0-R) on 
Sqn(INFL0WS): None Omitted 
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Number of Parameters 

Figure 7.7 The R2 criteria vs. Number of 
parameters. 

~ u n b e r  of Parameters 

Figure 7.9 The AIC criteria vs. Number of 
parameters.. 

Number of Parameters 

Figure 7.11 The C(p) criteria vs. Number of 
parameters. 

Number of Parameters 

Figure 7.8 The Adjusted R2 criteria vs. 
Number ofparameters. 

Number of ParameWs 

Figure 7.10 MSE vs. Number ofparameters. 

Number 01 Parameters 

Figure 7.12 The SBC criteria vs. Number of 
parameters. 
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1.1 Description of the problem' 
Bimonthly freshwater inflows into Aransas Bay were recorded for the years 1962 to 

1994. These variables, and various transformations of them, were used to construct a model for 

the annual harvest of flounder. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of 
view: individual observations (to detect outliers or influential points); variables, individually and 

in groups (to select an optimal set of predictors); and the interaction of these two, which 
produces the overall structure of the data set (to determine whether multicollinearity is present or 

not). The first two of these were examined by both graphic and quantitative means: the third by 

quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as 

well as by all the usual numerical measures. For each pair of variables, 99 % prediction ellipses 

and 95% confidence regions were plotted in a further effort to look for unusual points. For 

example, suppose large values of Variable A are generally associated with large values for 
Variable B. If an observation consisted of a large value for Variable A but a small value for 

Variable B. that point would be considered unusual, even though it was well within the range of 
data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual 

indicates a point not well-fit by the model. The deleted residual, however, is somewhat more 
useful in the search for influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The 
Studentized deleted residual is scaled to have a Student's t distribution. Histograms and normal 

P-P plots of the residuals were also examined. 
Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dflts (to measure the influence of a given observation on the predicted 

response) and the Dfbetas (to measure the influence of a given observation on the calculated 
coefficients) were also used to build a general picture of the influence of individual points. Plots 

were made of the standardized DSfits value for each model against the standardized Dfbeta values 

for each predictor in the model. Points which were extreme indicated observations which had 
strong effects on both predicted values and coefficient estimates. 

I The followlnp dbrcosr~an. prepared by Jacqueltne Kiffe. was taken from Seatrout Harvest tn Galveston Bay: A Regerrtor1 Analyrls. by F Michael Speed. Sr and 

Jacqueline Klffe. 
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1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to 

look for nonlinear relationships between the response variable and individual predictors. Partial 

residual plots were employed to examine the overall relationship between the response and 

individual predictors. A partial residual is a corollary to the deleted residual. That is. the model is 
fitted without a given variable and the predicted response and corresponding residual are 

calculated for each observation. This seeks to answer the question. "What is the relationship of 

this predictor to the response variable, taking all other variables into account?" Thus, it 

examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a 

given model. We examined a number of these, including R' and mean squared error (MSE), and 

several others which directly incorporate penalties for having too many predictors in the model, 
such as adjusted R ~ ,  Cp, AIC, and SBC. It is well-established that too many predictors in a model 

can lead to bad prediction, just as too few can. and these measures are used as part of the attempt 

to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by 

linear combinations of the remaining variables, resulting in unstable coefficient estimates. The 

variance inflation factor (VIF) was calculated for each coefficient estimate to measure this 

instability, which is not usually considered profound for VIPs less than 10. No problems were 
found with this data. Additionally, the condition index (a ratio of eigenvalues of the covariance 

matrix, with the largest eigenvalue always on top) was calculated. A ratio greater than 30 is 

considered cause for concern. Again, no evidence of multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox 

procedure, used to find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 

1.3.1 Selecting the Data Set Used 
First, the variables were explored thoroughly, individually and in pairs, in a first effort to 

detect outliers. The SAS@ programming language allows a number of diagnostics to be calculated 

for a group of models on a given data set without actually performing a formal regression, thus 

allowing one to examine a large number of models quite efficiently. The Box-Cox procedure was 

performed to find if a transformation to normallity was suggested. The log transform was 
suggested for some variables, and the squared root for others. At this point, there were several 

data sets for which the diagnostic series was calculated: 
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1. Untransformed flounder data and untransformed inflow data 

2. Log of flounder data and untransformed inflow data 

3. Log of flounder data and log of inflow data 

4. Log of flounder data and square root of inflow data 

5 .  Square root of flounder data and log of inflow data 

6. Various transformation suggested by Box-Cox 

1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models. each one 

contained all variables in its corresponding data set. All diagnostics were generated. and 

influential points were determined for each model. 

Table 1.1 R' and Adiusted R for full data sets 

Data Set R' Adj. R' 
1 0.1749 -0.0155 

2 0.2264 0.0479 

3 0.2515 0.0787 

4 0.2336 0.0568 

5 0.2189 0.0387 

6 0.22 14 0.04 18 

Data sets 2, 3, and 4 presented the highest R' values. These three models were 
considered final candidates. The observations flagged as potentially influential are given in the 

summary table below, for each model. 
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Table 1.2 Summan, ofpointsflagged b.v Boxplots 

Year Variable 
1962 Nov.-Dec. Inflows 

1968 Sept-Oct Inflows 

1969 Ln(F1ounder Harvest), Sept-Oct Inflows 

198 1 July-Aug Inflows 

1990 Ln(F1ounder Harvest). Nov.-Dec. Inflows 

1992 March-April Inflows. Sqrt(Mar-Apr) 

1993 March-April Inflows, Sqrt(Mar-Apr), Jan.-Feb. Inflows 

Table 1.3 Summary ofpointsflagged by 99% prediction ellipses 

Year Variable 
None None 

Table 1.4 Outliers of data set 2. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

Table 1.5 Outliers of data set 3. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1966 1 1 

1969 1 1 2 

1990 1 1 1 3 
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Table 1.6 Outliers of data set 4. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1966 1 1 7 

A Key to Abbreviations: 

BOX Box plot 

SRE Studentized residual 
SDR Studentized deleted residual 

LEV Leverage value 

MAH Mahalanobis distance 

COO Cook's distance 

SDF Standardized Dfits value 

SDB Standardized Dfbeta value 
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1.3.3 Selecting the Final Candidate Models 
After the subset analysis led us to four models, Data Set 2 with 1990 omitted; Data Set 3 

with 1990 omitted and Data Set 4 with 1990 omitted. 

Table I .  7 R? and Adjusted R.'.for data sets number 2. 3. 4 and 6 

Data set Observations omitted R' Adj. R' 
2 1990 0.3 197 0.2 189 

1.3.4 Selecting the Final Models 
It appears that Data set 2 with 1990 omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Ln(Flounder Harvest) = 3.8596 1 - 0.0012434*(May-June) 
+ 0.0015722*(July-Aug. Inflows) 
- 0.0006671 *(Sept.-Oct. Inflows) 
+ 0.0039004*(Nov.-Dec. Inflows) 
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1.4 Best Model: Logged Hawest and Untransformed Inflows 

1.4.1 Summary Information 

Table 1.8 Descripnve statistics for dependent and independent variables 

Descriptive Statistics 

Table 1.9 Model sumrnaryfor the final model. 

Model s u m m a e b  

Ln(Flounder Harvest) 
May-June Inflows 
July-August Inflows 

September-0ctober 
lnflows 
November-December 
lnflows 

a. Dependent Variable: Ln(Flounder Hawest) 

b. Method: Enter 

c. Independent Variables: (Constant). November-December Inflows, July-August Inflows. 
September-October Inflows. May-June lnflows 

d. All requested variables entered. 

Mean 
3.840610 
158.4475 
69.01 75 

187.9413 

49.9650 

Variables 

Entered 
November-December Infl.. 
July-August Inflows, 
September-Octoqej Infl., 
May-June lnflows 

Table 1.10 Anova for the final model. 

ANOVPa 

1 1 Sum of 1 I Mean I I 1 

Std. 
Deviation 
,598187 

146.3186 
79.0445 

215.8244 

49.6336 

R 

,565 

N 
32 
32 
32 

32 

32 

b. lndependent Variables: (Constant), November-December Inflows, 
July-August Inflows, September-October Inflows, May-June lnflows 

Model 
1 Regression 

Residual 
Total 

R Square 

,320 

Std. Error 
of the 

Estimate 

,528688 

Adjusted 
R Square 

219 

a. Dependent Variable: Ln(Flounder Harvest) 

Squares 
3.546 
7.547 

11.093 

Durbin- 
Watson 

1.220 

df 
4 

27 
31 

Square 
.886 
,280 

F 
3.171 

Sig. 
.02gD 
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Table 1.11 Parameter estimates for the,final model. 

CoettlcientZ 

Table 1.12 Residuals statisticsjbr the final model. 

(Constant) 
May-June Inflows 
July-August Inflows 
September-October Infl. 
November-December lnfl. 

Residuals Statistic$ 

a. Dependent Variable: Ln(Flounder Harvest) 

a. Dependent Variable: Ln(Flounder Ha~eSt)  

llnstandardized 
Coefficients 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Standar 
dized 

Coefficie 
nts , 

Beta 

-.304 

,208 
-.241 
324 

B 
3.860 

-1.2E-03 

1.6E-03 
-6.7E-04 
3.9E-03 

Std. Error 
,191 
001 
.001 
,000 
,002 

Minimum 

3.052921 

-2.329 

,123782 

3.007345 

-1.136381 

-2.149 

-2.263 

-1.263178 

-2.468 

,731 

,000 

,024 

t 
20.218 
-1.701 
1.307 

-1  382 
1.888 

Maximum 

4.474547 

1.874 

,358255 

4.543574 

1 .ZOO665 

2.271 

2.412 

1.354134 

2.672 

13.266 

,306 

,428 

Siq. 
000 
100 
,202 
.I78 
,073 

Mean 

3.840610 

,000 

.201004 

3.846694 

-3.3E-16 

,000 

-.DO5 

-6.1 E-03 

-.008 

3.875 

,032 

,125 

95% Confidence 
Interval for B 

Lower 
Bound 

3.468 
-.003 
-.001 
-.002 
000 

Std. 
Deviation 

,338204 

1.000 

5.8E-02 

,340880 

,493402 

,933 

1.004 

.572873 

1.051 

2.999 

,061 

,097 

Upper 
Bound 

4.251 
,000 
,004 
,000 
008 

N 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 
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Figure 1.1 Predicted and observed valuesfor the harvest. 
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Figure 1.2 Predicted and observed valuesfor the harvest. 
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Table 1.13 Prediction Intervals for Flounder Harvest based on the final model. 

YEAR 

1962 
1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

FLOU 
62.80 
72.20 

77.90 

83.30 

135.50 

32.70 

27.20 

8.40 

22.60 

32.70 

36.90 

19.60 

43.50 

65.50 

89.50 

68.10 

41.20 

42.40 

58.00 

47.00 

119.90 

67.80 

75.20 

44.60 

90.50 

70.10 

27.90 

15.40 

9.70 

34.00 

40.10 

41.30 

43.00 

FLOU Observed flounder harvest 

P R L !  Predicted flounder harvest 

LICI- 1 Lower limit for 99% prediction interval for the flounder harvest. 

UICI-I Upper limit for 99% prediction interval for the flounder harvest. 
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2. EXPLORING THE DATA 

2.1 Listing of data 

Table 2.1 The flounder data and the inflow data 

Year Flounder JF-inflow MA-inflow iMJ_inflow JA-inflow SO-inflow ND-inflow 

1962 62.80 101.62 8.13 22.26 13.73 286.38 146.58 
1963 72.20 1.24 2.09 12.16 2.40 36.80 10.03 
1964 77.90 3.06 3.19 6.75 39.26 11.26 10.30 
1965 83.30 15.50 4.7 1 30.83 39.44 5.03 5.09 
1966 135.50 22.85 53.73 171.90 12.23 7.49 12.36 
1967 32.70 11.25 52.24 165.90 22.84 6.84 11.14 
1968 27.20 9.83 4.45 308.94 48.16 735.03 5.56 
1969 8.40 54.63 29.10 3 16.63 40.24 750.61 6.28 
1970 22.60 55.55 54.13 105.72 16.43 2 1.54 24.73 
1971 32.70 10.45 29.66 82.72 29.17 63.92 24.55 
1972 36.90 13.22 21.79 186.87 46.60 595.65 2 1.22 
1973 19.60 15.96 28.76 409.35 42.60 562.30 22.94 
1974 43.50 8.32 12.59 271.14 16.99 304.44 9.96 
1975 65.50 6.13 6.20 46.73 8.42 439.28 53.58 
1976 89.50 4.45 13.50 35.02 127.65 178.24 59.71 
1977 68.10 29.96 48.51 152.22 131.89 67.60 124.8 1 
1978 41.20 41.79 39.51 158.18 12.04 63.88 129.69 
1979 42.40 63.16 32.13 85.82 88.02 62.04 28.32 
1980 58.00 111.42 31.82 59.09 214.91 212.52 14.50 
1981 47.00 77.77 17.95 305.34 304.68 244.25 13.32 
1982 119.90 101.88 29.18 338.25 179.88 187.08 117.59 
1983 67.80 105.36 29.86 76.67 200.04 107.60 119.87 
1984 75.20 78.59 19.09 37.88 196.61 283.59 42.69 
1985 44.60 70.47 115.47 37.90 9.60 340.91 35.86 
1986 90.50 16.42 113.88 50.42 14.71 107.66 60.71 
1987 70.10 30.46 5.1 1 130.03 31.50 64.87 76.16 
1988 27.90 25.69 5.44 120.87 27.08 26.54 27.93 
1989 15.40 6.06 2.78 21.82 17.08 31.01 8.23 
1990 9.70 12.34 30.45 16.36 193.50 22.82 12.06 
1991 34.00 21.30 60.09 35.14 190.3 1 8.15 13.73 
1992 40.10 164.68 236.13 298.03 35.59 80.72 133.00 
1993 4 1.30 237.91 269.63 607.54 32.58 93.1 1 170.21 
1994 43.00 90.63 88.99 382.20 15.88 27.78 58.23 

Flounder Flounder harvest (thousands of pounds) 

JF-inflow Lagged January-February inflows (thousands of acre-feet) 

MA-inflow Lagged March-April inflows (thousands of acre-feet) 

MJ-inflow Lagged May-June inflows (thousands of acre-feet) 

JA-inflow Lagged July-August inflows (thousands of acre-feet) 

SO-inflow Lagged September-October inflows (thousands of acre-feet) 

ND-inflow Lagged November-December inflows (thousands of acre-feet) 
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2.2 Examination of Individual Variables 

Table .2.2 Test of Normaiihfor the flounder data and the inflow data 
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Table .2.3 Percentiles of thejlounder data and the inpow data. 
Perormtiles 

Weighted Flounder Harvest 
Average(Deflntlon Ln(F1ounder Harvest) 
1 I Square Root of 

Flounder 
January-February 
Inflows 
Ln(JanUary-February 
hflowsl 
Square Rool of 
January-February 
1"llom 
March-April lnflows 
Ln(Marb-Aprlllnflowsl 
Square Rool 01 

May-June Inflow 
LnlMay-Junslnflowsl 
Square Root of 
MayJunelnnowS 
July-Atgust lnflows 
Ln(July-AugustlnflOwS) 
Square Rool of 
July-AuguSllnnowS 

SeplemPer-October 
Inflow3 

Ln(September-Octobe' 
l n f l w l  
Square Root Of 
September-OClober 
Inflows 
November-December 
Inflows 
Ln(November-Decemb 
er Inflows) 
Square Rwt  of 
November-Cecember 
Inflows 

Tukey's Hlnges Flounder Harvest 
Ln(F1ounder Harvest) 
quare Rool of 
Flounder Harvest 
January-February 
Inflows 
LnIJanuary-February 
Inflows) 
Square Root of 
January-February 
Inflows 
March-Aprll Inflows 
Ln(March-April lnflom) 
Square Rool of 
Marb-April lnflows 
May-June lnflom 
Ln(May-June Inflow) 
Square Rool ol 
MayJune lnnow 
July-August Inflows 
Ln(J~ly-Aug~~1 Inflows) 
Square Rool of 
July-August lnflows 
Septemter-October 
l n f l w  
Ln(Sep1ember-Onobsr 
l n f l w l  
%"are Roo1 of 
Seplember-October 
lnflom 
November-December 
inflows 
LnINovember-Decemb 
er InIIows) 
Square Root of 
Novwmter-December 
lnflom 

5 
9.3100 

2.~28958 

3 049620 

2.5140 

B47424 

1 556566 

2.5730 
936865 

1.600836 

10.5370 
2.321569 

3.220406 

6 6140 
1754068 

2495965 

6.2970 

1.830577 

2.503567 

5.4190 

1.689102 

2.327407 

10 
17 0800 

2.630632 

4 125446 

5 0940 

1.616426 

2.250364 

3 6940 
1.293174 

191 5435 

18.5440 
2.910034 

4.295325 

10.5760 
2.352352 

3.246980 

7.7540 

2.047346 

2.784000 

7.0600 

1.945536 

2.651115 

25 
32.7000 

3.487375 

5 716391 

10 6500 

2.383485 

3.293374 

7 1650 
1.960055 

2.670646 

365100 
3.596862 

6.041287 

16.1550 
2.762085 

4.019183 

271600 

3.301485 

5.211186 

11.6000 

2.450216 

3.405207 

32.7000 
3.487375 

5.718391 

11,2500 

2.420368 

3.354102 

6 1300 
2.095561 

2.851315 

37.8800 
3.634423 

6.154673 

16.4300 
2.799109 

4.053394 

27.7800 

3.324316 

5.270674 

12.0600 

2.489694 

3.472751 

Percenltles 
50 

43.5000 
3.772761 

6.595453 

25.6900 

3.246102 

5.068530 

29.1800 
3.373484 

5.401652 

105.7200 
4660794 

10.2820 

35.5900 
3.572065 

5.965735 

60.7200 

4390966 

8.984431 

24.7300 

3.208017 

4.972927 

43.5000 
3.772761 

6.595453 

25.6900 

3.246102 

5.068530 

29.1800 
3 3 7 W  

5.401852 

105.7200 
4.660794 

10 2820 

35.5900 
3.572065 

5.965735 

60.7200 

4.390986 

8.984431 

24 7300 

3.206017 

4972927 

75 
71.1500 

4.264661 

6.434816 

76.1800 

4.359000 

6.841915 

52.9650 
3.969910 

7.278900 

284.5850 
5.649915 

16.8649 

129.7700 
4.865630 

11.3913 

264.9850 

5.652425 

16.8814 

68.4350 

4.219472 

8 259316 

70.1000 
4 249923 

8.372574 

77.7700 

4.353756 

6.816730 

52.2400 
3.955848 

7.227724 

271.1400 
5.602635 

16.4663 

127.6500 
4.849292 

11.2962 

2835900 

5.647530 

16.8401 

60.7100 

4.106108 

7.791662 

90 
90.1000 

4 500905 

9492067 

106.9960 

4.690937 

10.4391 

114.8340 
4.743465 

10.7160 

364.6200 
5.897061 

19.0866 

196.6660 
5.291599 

14.0946 

562.3100 

6.366606 

24 1267 

131.6760 

4.880266 

11.4746 

95 
124 5800 
4.823352 

11.1571 

186 6490 

5.214371 

13.6102 

246.1600 
5.504163 

15.6827 

466.8070 
6.133025 

21.5572 

241 8410 
5.474932 

154984 

7397040 

6.606204 

27 1972 

153.6690 

5032410 

12 3669 
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2.2.1 The flounder data 

Table .2.4 Descriprives,for the flounder data. 

Descriptives 

Table .2.5 Extreme Values for the flounder data. 

Extreme Values 

Std. Error 
5.1810 

,409 
,798 

Flounder Mean 
Harvest 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
52.9242 

42.3709 

63.4776 

51.1232 

43.5000 
885.806 

29.7625 

8.40 
135.50 
127.10 

38.4500 

,866 
.790 

Flounder Highest 1 
Harvest 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1966 
1982 
1986 
1976 
1965 
1969 
1990 
1989 
1973 
1970 

Case 
Number 

5 
21 
25 
15 
4 
8 

29 
28 
12 
9 

Value 
135.50 
1 19.90 
90.50 
89.50 
83.30 
8.40 
9.70 

15.40 
19.60 
22.60 
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Observed Value 

Figure 2.1 Normal Q-Q Plot of Flounder 
Harvest. 

Figure 2.2 BoxPlot of Flounder Harvest. 

Flounder Harvest 

Figure 2.3 Histogram of Flounder Harvest. 
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Observed Value 

Figure 2.4 Nonnal Q-Q Plot ofLnlFlounder 
Harvest). 

Figure 2.6 BoxPlot of Ln (Flounder Harvest). 

LnlFlounder Harvest) 

Figure 2.8 Histogram of Ln(F1ounder 
Harvest). 

Observed Value 

Figure 2.5 Normal Q-Q Plot of 
Sqrt(F1ounder Harvest) 

Figure 2.7 BoxPIot ofSqrt(F1ounder 
Harvest). 

Square Root of Flounder Harvesl 

Figure 2.9 Histogram of SqrtlFIounder 
Harvest). 
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2.2.2 The January-February Inflows data 

Table .2.6 Descriptivesfor rhe Januay-Februav Inflow data. 

Descriptives 

Table .Z. 7 Extreme Values,for the Januaw-February Inflow data. 

Extreme Values 

January-February Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
49.0894 

30.2128 

67.9660 

42.8205 

25.6900 
2834.040 

53.2357 

1.24 
237.91 
236.67 

67.3300 

1.798 
3.895 

Std. Error 
9.2671 

,409 
,798 

January-February Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1993 
1992 
1980 
1983 
1982 
1963 
1964 
1976 
1989 
1975 

Case 
Number 

32 
31 
19 
22 
21 
2 
3 

15 
28 
14 

Value 
237.91 
164.68 
11 1.42 
105.36 
101.88 

1.24 
3.06 
4.45 
6.06 
6.13 
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Ob~erved Value 

Figure 2.10 Normal Q-Q Plot ofJanuay-  
February Injlows. 

Figure 2.11 BoxPlot of Januay-February 
Injlows. 

January-February Inflows 

Figure 2.12 Histogram of January-Februay 
Injlows. 
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Obse~ed Value 

Figure 2.13 Normal Q-Q Plot of Ln Januaiy- 
Februaiy Inflows). 

Figure 2.15 BoxPlot of Ln(January-February 
Inflo ws). 

Figure 2.1 7 Histogram o f  LnlJanuary- 
February Inflows). 

Observed Value 

Figure 2.14 Normal Q-Q Plot ofSqrt( 
January-Februan Inflows). 

Figure 2.16 BoxPlot of Square Root of 
January-February Inflows. 

Square Roof of January-February Inflows 

Figure 2.18 Histogram ofSqrt(January- 
February Inflows). 
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2.2.3 The March-April Inflows data 

Table .2.8 Descriptivesfor the March-April Injlow data. 

Descriptives 

Table .2.9 Extreme Values for the March-April Inflow data. 

Extreme Values 

Std. Error 
10.6395 

,409 
,798 

March-April Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
45.4633 

23.791 5 

67.1352 

36.1 373 

29.1800 
3735.540 

61.1191 

2.09 
269.63 
267.54 

45.8200 

2.649 
7.303 

Value 
269.63 
236.13 
11 5.47 
113.88 

88.99 
2.09 
2.78 
3.19 
4.45 
4.71 

Year 
1993 
1992 
1985 
1986 
1994 
1963 
1989 
1964 
1968 
1965 

March-April Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 

5 

Case 
Number 

32 
31 
24 
25 
33 
2 

28 
3 
7 
4 
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Observed Value 

Figure 2.19 Norn~al Q-Q Plot ofMarchdpri1 
Inflows. 

Figure 2.20 BoxPIot of March-April Inflows 

0 0  YIO 1030 1500 2 W O  2500 
a 0  750 la0 I750 2250 2750 

Figure 2.21 Histogram of March-April Inflows. 
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Observed Value Observed Value 

Figure 2.22 Normal Q-Q Plot ofLn/Marcl~- Figure 2.23 Normal Q-Q Plot ofSqrtl  March- 
April Inflows). April Inflon3s). 

Figure 2.24 BoxPlot of LnlMarch-Aprili Figure 2.25 BoxPlot of Square Root of 
Inflows. March-April Inflows. 

LnlMarch-Apnl Inflows) Square Roo1 ol March-Apnl Inflows 

Figure 2.26 Histogram of Ln(March-April Figure 2.27 Histogram ofSqrt(March-April 
Inflorsi . InJonrs). 
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2.2.4 The May-June Inflows data 

Table .2.10 Descriptives,for the May-June h1j7ow data 

Descriptives 

Table .2.11 Extreme Valuesfor the May-June Inflow data. 

Extreme Values 

May-June Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
154.1418 

102.3289 

205.9547 

141.3606 

105.7200 
21351.9 

146.1228 

6.75 
607.54 
600.79 

248.0750 

1.256 
1.331 

May-June Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Std. Error 
25.4367 

,409 
,798 

Case 
Number 

32 
12 
33 
21 

8 
3 
2 

29 
28 

1 

Year 
1993 
1973 
1994 
1982 
1969 
1964 
1963 
1990 
1989 
1962 

Value 
607.54 
409.35 
382.20 
338.25 
316.63 

6.75 
12.16 
16.36 
21.82 
22.26 
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Obse~ed Value 

Figure 2.28 Normal Q-Q Plot of May-June 
Inflow's. 

Figure 2.29 BoxPlof of May-June Inflows, 

May-June Inflows 

Figure 2.30 Histogram ofMav-June Inflows. 
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Observed Value 

Figure 2.31 Normal Q-Q Plot ofLn (May-June 
Inflowsj. 

N. ZJ 

L"(M.y-Am h h l  

Figure 2.33 BoxPlot of Ln(Ma.v-June) Inflows. 

0 - " 
Y -10 

-10 0 10 20 30 

Obsewod Value 

Figure 2.32 Normal Q-Q Plot of Sqrt( Ma-v- 
June Inflows). 

Figure 2.34 BoxPlot of Square Root of Ma.v- 
June Inflows. 

Ln(May-June Inflows) Square Root of May-June Inflows 

Figure 2.35 Histogram o f  Ln(Mav-June 
Inflows) . 

Figure 2.36 Histogram of Sqrf(Ma.v-June 
Inflo WS). 
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2.2.5 The July-August Inflows data 

Table .2.12 Descr~ptives.for the Julv-August Inflons data 

Descriptives 

Table .2.13 Extreme Values for the July-August Inflow dafa. 

Extreme Values 

July-August Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Stat~stic 
72.7897 

44.1531 

101.4263 

65.6504 

35.5900 
6522.352 

80.761 1 

2.40 
304.68 
302.28 

113.6150 

1.339 
,709 

Std. Error 
14.0587 

,409 
,798 

July-August Highest 1 
Inflows 2 

3 
4 

5 
Lowest 1 

2 
3 
4 
5 

Year 
1981 
1980 
1983 
1984 
1990 
1963 
1975 
1985 
1978 
1966 

Case 
Number 

20 
19 
22 
23 
29 
2 

14 
24 
17 
5 

Value 
304.68 
214.91 
200.04 
196.61 
193.50 

2.40 
8.42 
9.60 

12.04 
12.23 
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2 ,  I 

Observed Value 

Figure 2.37 Normal Q-Q Plot ofJuly-August 
Injlou,~. 

Figure 2.38 BoxPlot of July-August Inflows. 

July-AUQYSI Inflows 

Figure 2.39 Histogram oj"Ju1v-August Inflows. 
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Observea Value Obssrved Value 

Figure 2.40 Normal Q-Q Plot of LnfJuiv- 
August Inflows). 

Figure 2.41 Normal Q-Q Plot ofSqrt(  July- 
August l n f l o ~ s ) .  

Figure 2.42 BoxPlot oJ'LnlJulv-August) 
Inflows. 

Figure 2.43 BoxPIot ofSqrrarr Root ofJu!v- 
Augusr Inflows. 

Ln(Ju1y-August Inflows) Square Root of July-August Inlows 

Figure 2.44 Histogram of Ln(J1rl.v-August 
I ~ O ~ ~ . S / , .  

Figure 2.45 Histogram of SqrttJuly-August 
I ~ ~ o M % - / .  
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2.2.6 The September-October Inflows data 

Table .2.14 Descriptives.for the September-October Injlow dara. 

Descriptives 

Table .2.15 Extreme Valuesfor the September-October Inflow data. 

Extreme Values 

September-October Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
182.9376 

106.9284 

258.9468 

161.5853 

80.7200 
45950.8 

214.3613 

5.03 
750.61 
745.58 

257.8250 

1.488 
1.363 

September-October Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 - 

Std. Error 
37.3155 

,409 
,798 

Value 
750.61 
735.03 
595.65 
562.30 
439.28 

5.03 
6.84 
7.49 
8.15 

11.26 

Case 
Number 

8 
7 

11 
12 
14 
4 
6 
5 

30 
3 

Year 
1969 
1968 
1972 
1973 
1975 
1965 
1967 
1966 
1991 
1964 
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Observed Value 

Figure 2.46 Normal Q-Q Plot of September- 
October Inflows. 

Figure 2.47 BoxPlot of September-October 
InJows. 

0 0  1WO 2 W O  3WO 4WO MOO K O 0  7WO 
500 1540 2500 3YIO 4500 5500 6500 7MO 

Seplember-October Inflows 

Figure 2.48 Histogram of September-October 
InJo ws. 
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Observed Value 

Figure 2.49 Normal Q-Q Plot of 
Ln(September-October Inflows) 

Figure 2.51 BoxPIot of Ln (September- 
October) Inflows. 

O b s e ~ e d  Value 

Figure 2.50 Normal Q-Q Plot of Sqrt( 
September-October Inflows). 

Figure 2.52 BoxPIot of Square Root of 
September-October Inflows. 

Ln(Septernber-October Inflows) Square Root of September-October Inflows 

Figure 2.53 Histogram of Ln (September- Figure 2.54 Histogram of Sqrt(September- 
October Inflows). October Inflows). 
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2.2.7 The November-December Inflows data 

Table .2.16 Descriptivesfor the ~Vovember-December Inflow data. 

Descriptives 

Table .2.17 Extreme Values for the November-December Infow data. 

Extreme Values 

* 

November-December Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
48.8164 

31.3369 

66.2958 

45.0084 

24.7300 
2430.054 

49.2956 

5.09 
170.21 
165.12 

56.8350 

1.152 
-.013 

Std. Error 
8.5813 

,409 
,798, 

November-December Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1993 
1962 
1992 
1978 
1977 
1965 
1968 
1969 
1989 
1974 

Case 
Number 

32 
1 

31 
17 
16 
4 
7 
8 

28 
13 

Value 
170.21 
146.58 
133.00 
129.69 
124.81 

5.09 
5.56 
6.28 
8.23 
9.96 
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Observed Value 

Figure 2.55 Normal Q-Q Plot o f  
November-December Injlows. 

Figure 2.56 BoxPlot of November-December 
Inflows. 

Figure 2.57 Histogram of November-December 
Inflows. 
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ObsewBd Value Observed Value 

Figure 2.58 Normal Q-Q Plot of 
Ln (Novem ber-Decem ber 
Injlo ws). 

Figure 2.59 Normal Q-Q Plot of Sqrt( 
November-December Inflows). 

Figure 2.60 BoxPlot of Lnwovember 
December) Inflows. - 

Figure 2.62 Histogram of Ln(November- 
December Inflows). 

Figure 2.61 BoxPlot of Square Root of 
November-December Inflows. 

%uare Root 01 November-December LnflDws 

Figure 2.63 Histogram of Sqrt(November- 
December Inflows). 
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PREDICTION ELLIPSES AND CONFIDENCE REGIONS 

Thousands of Acre-Feet 

Figure 3.1 Flounder Harvest vs. Januaiy- 
February Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.2 Flounder Harvest vs. Januap 
February Inflows, CR. 

Thousands 01 Acre-Feet Thousands of Acre-Feet 

Figure 3.3 Flounder Harvest vs. March-April 
Inflows. PE. Figure 3.4 Flounder Harvest vs. March-April 

Inflows. CR. 

Thousands of Acre-Feel Thousands of Acre-Feet 

Figure 3.5 Flounder Harvest vs. May-June Figure 3.6 Flounder Harvest vs. May-June 
Inflows, PE. Inflows. CR. 
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(20' 

100' 

en' 

Thousands ol Aue-Feet Thousands of Acre-Feel 

Figure 3.7 Flounder Harvest vs. July-August Figure 3.8 Flounder Harvest vs. July-August 
Inflows, PE. Inflows. CR. 

w 

1W 

I : 0 - 
0 

e 
3 mm 

e = ~ g ~ ~ e d ~  
t 1W E b u  

lmo 0 lmo 2MO 

Thousands of Acre-Feet 

Figure 3.9 Flounder Harvest vs. Seprember- 
October Inflows, PE. 

n 
z 
P 
3 2 0  0.m 

e j wO o x a o x a r w m s w  - 95XConweca Ream 

Thousands ol Acre-Feel 

Figure 3.10 Flounder Harvest vs. September- 
October Inflows. CR. 

mousands 01 ARB-~eet Thousands 01 Acre-Feet 

Figure 3.11 Flounder Harvest vs. November- Figure 3. I2 Flounder Harvest vs. November- 
December Inflows, PE. December Inflows, CR. 
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mousands 01 Acre-Feet mousands of Awe-Feet 

Figure 3.13 January-February Inflows vs. Figure 3.14 January-February Inflows vs 
March-April Inflows, PE. March-April Inflows, CR. 

Thousands of Acre-Feet Thousands of Acre-Feet 

Figure 3.15 January-February Inflows vs. Figure 3.16 January-February Injlows vs. 
May-June Inflows, PE. May-June Inflows, CR. 

mousands of Acre-Feel Thousands of Acre-Feel 

Figure 3.1 7 January-February Inflows vs. Figure 3.18 January-February Inflows vs. 
July-August Inflows. PE. July-August Inflows. CR. 
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Dam 

' %%Coohdsnc~ 
Replrn 

Thousands of Acre-Feel Thousands of Acre-Feet 

Figure 3.19 January-February Inflows vs. Figure 3.20 ~anuary-~ebruar?, Inflows vs. 
September-October Inflows. PE. September-October Inflows, CR. 

Thousands 01 Acre-Fest Thousands of Acre-Feet 

Figure 3.21 January-February Inflows vs. 
November-December Inflows, 
PE. 

Figure 3.22 January-Februar?, Inflows vs. 
November-December Inflows, 
CR. 

Thousands of Acre-Feel Thousands of Acre-Feet 

Dam 

" BSuConhdsncs 
Rspon 

Figure 3.23 March-April Inflows vs. May- Figure 3.24 March-April Inflows vs. May  
June Infiws. PE. June Inflows. CR. 
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Thousands of Aue-Feet Thousands of Acre-Feet 

Dam 

' 95XCm- 
Regon 

Figure 3.25 March-April Inflows vs. July- 
August Inflows. PE. 

Thousands of Acre-Feet 

Figure 3.27 March-April Inflows vs. 
September-October Inflows, PE. 

Figure 3.26 March-April Inflows vs. July- 
August Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.28 March-April Inflows vs. 
September-October Inflows, CR. 

Thousands of Acre-Feet Thousands of Aue-Feet 

Figure 3.29 March-April Inflows vs. Figure 3.30 March-April Inflows vs. 
November-December Inflows, November-December Inflows, 
PE. CR. 
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Dam 

9% Plsdmm 
E Up. 

Thousands of Aue-Feet Thousands of Acre-Feet 

Figure 3.31 May-June Inflows vs. July-August Figure 3.32 May-June Inflows vs. July-August 
Inflows, PE. Inflows, CR. 

Dam 

BP*Pnd*aar 
Elk- 

Thousands Of Aue-Feet 

Figure 3.33 May-June Inflows vs. September- 
October InJows. PE. 

Dam 

BP*Pnd*aar 
UllW 

Thousands of Acre-Feet 

Figure 3.34 May-June Inflows vs. September- 
October Inflows, CR. 

Thousands of Acre-Feel Thousands of Acre-Feet 

Figure 3.35 May-June Inflows vs. November- Figure 3.36 May-June Inflows vs. November- 
December Inflows, PE. December Inflows, CR. 
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Thousands 01 Acre.Fee1 

Figure 3.37 July-August Inflows. vs. 
September-October Inflows. PE. 

Thousands of Acre-Feet 

Figure 3.38 July-August Inflows. vs. 
September-October Inflows, CR. 

Thowands of Acre-Feat Thousands of Acre-Feet 

Figure 3.39 July-August Inflows. vs. Figure 3.40 July-August Inflows. vs. 
November-December Inflows, November-December Inflows, 
PE. CR. 

two 

- 
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Thousands of Acre-Feel Thousands of Awe-Feet 

Figure 3.41 September-October Inflows vs. Figure 3.42 September-October Inflows vs 
November-December Inflows, November-December Inflows. 
PE. CR. 
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4. Box-Cox ANALYSIS 

Table .4.1 Mean Square Error from Box-Cox transformation of the flounder data and the inflow data for 
different lambda. 

Lam Flounder m i n f l o w  MA-inflo MJ-inflow JA-inflow SO-inflow ND-inflow 
-2.0 17102.6 1054158 78386.1 2212213 836817.5 5131715 12818.3 
-1.9 13670.2 636109 55266.9 1472829 529247.2 3345762 10212.3 



MSE OF NOVEMBER-DECEMBER INFLOWS MSE OF JULY-AUGUST INFLOWS 

MSE OF SEPTEMBER-OCTOBER INFLOWS 

MSE OF HARVEST 

MSE OF JANUARY FEBRUARY INFLOWS 
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5.1 Untransformed flounder data and untransformed inflow data 

Table 5.1 Regression Models for Dependent Variable: FLOUNDER on INFLOWS 

Rsq Adj C ( p )  A IC  MSE SBC Var iab les  i n  Model 
I n  Rsq 

1 0.0655 0.0354 0.445 224.7 854.4 227.7 QSO-LAG 
1 0.0525 0.0219 0.856 225.2 866.4 228.2 QND-LAG 
1 0.0329 0.0017 1.474 225.8 884.3 228.8 QMJ-LAG 
1 0.0098 -.0222 2.203 226.6 905.5 229.6 QJA-LAG 

- - - - - - - - - - - - . - - - - - - - - - - - - - - . . - - - - - - - . - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - - - - - -  
2 0.1216 0.0630 0.679 224.7 830.0 229.2 QMJ-LAG QND-LAG 
2 0.1030 0.0432 1.265 225.4 847.5 229.8 QMA-LAG QND-LAG 
2 0.1021 0.0422 1.294 225.4 848;4 229.9 QSO-LAG QND-LAG 
2 0.0884 0.0276 1.725 225.9 861.3 230.4 QJF-LAG QND-LAG 

. - - - - - - - - - - - - - - . . - . - - - - - . - - - - - - - - - . . - - - - . - - - - - - - - - - - - . - . - - - - - - - - - - - - - - . - - - -  
3 0.1645 0.0781 1.326 225.0 816.6 231.0 QMA-LAG QSO-LAG QND-LAG 
3 0.1387 0.0496 2.141 226.0 841.9 232.0 QMJ-LAG QSO-LAG QND-LAG 
3 0.1369 0.0477 2.196 226.1 843.6 232.1 QMA-LAG QMJ-LAG QND-LAG 
3 0.1334 0.0437 2.308 226.2 847.1 232.2 QJF-LAG QSO-LAG QND-LAG 

- - - - - - - - - . - - - - - - - - . - - - - . - - - - - - - - - . - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

4 0.1699 0.0513 3.157 226.8 840.4 234.3 QMA-LAG QMJ-LAG QSO-LAG 
QND-LAG 

4 0.1670 0.0480 3.249 226.9 843.3 234.4 QMA-LAG QJA-LAG QSO-LAG 
QND-LAG 

4 0.1655 0.0463 3.296 227.0 844.8 234.5 WF-LAG QMA-LAG QSO-LAG 
QND-LAG 

4 0.1548 0.0341 3.631 227.4 855.6 234.9 QJF-LAG QJA-LAG QSO-LAG 
QND-LAG 

- - ----- . --- . ---- . --- . -------- . -- . . - -- . . - ---------------------------- . . - -- . -  
5 0.1727 0.0195 5.068 228.7 868.5 237.7 QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 
5 0.1709 0.0174 5.125 228.8 870.4 237.7 QJF-LAG QMA-LAG QJA-LAG 

QSO-LAG QND-LAG 
5 0.1701 0.0164 5.151 228.8 871.3 237.8 QJF-LAG QMA-LAG ON-LAG 

QSO-LAG QND-LAG 
5 0.1638 0.0089 5.350 229.0 877.9 238.0 QJF-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 
- - - - . - - - - - . - . - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - . - - - - - - - - .  

6 0.1749 -.0155 7.000 230.6 899.6 241.1 QJF-LAG QMA-LAG QMJ-LAG 
QJA LAG QSO LAG QND LAG 
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5.2 Log of flounder data and untransformed inflow data 

Table 5.2 Regression Models for Dependent Variable: LnfFLOUNDER) on INFLOWS 

Rsq Adj C ( p )  A IC  MSE SBC Var iab les  i n  Model 
I n  Rsq 

1 0.0987 0.0696 1.295 -28.98 0.3919 -25.98 QNO-LAG 
1 0.0863 0.0568 1.709 -28.53 0.3973 -25.54 QSO-LAG 
1 0.0344 0.0032 3.456 -26.70 0.4198 -23.71 QMJ-LAG 
1 0.0078 -.0242 4.350 -25.81 0.4314 -22.81 QJF-LAG 

. - - - - - - - . - - - - - F . - - - - - - - - - . - - s - - - . - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - -  

2 0.1850 0.1307 0.392 -30.30 0.3662 -25.81 QMJ-LAG QNO-LAG 
2 0.1599 0.1038 1.238 -29.30 0.3775 -24.81 QSO-LAG QNO-LAG 
2 0.1390 0.0816 1.939 -28.49 0.3868 -24.00 QMA-LAG QNO-LAG 
2 0.1251 0.0668 2.404 -27.96 0.3930 -23.47 QJF-LAG ONO-LAG 

- - - - - . . - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.2121 0.1306 1.482 -29.42 0.3662 -23.43 OMA-LAG QSO-LAG QND-LAG 
3 0.2058 0.1237 1.692 -29.16 0.3691 -23.17 ON-LAG OSO-LAG QND-LAG 
3 0.1918 0.1082 2.162 -28.58 0.3756 -22.59 QMA-LAG OW-LAG QND-LAG 
3 0.1891 0.1053 2.254 -28.47 0.3769 -22.48 ON-LAG QJA-LAG QND-LAG 

. . - - - - - - - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - -  
4 0.2249 0.1141 3.053 -27.95 0.3731 -20.47 QMA-LAG ON-LAG OSO-LAG 

QNO-LAG 
4 0.2132 0.1008 3.444 -27.46 0.3787 -19.98 QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 
4 0.2122 0.0997 3.478 -27.42 0.3792 -19.94 OJF-LAG QMA-LAG QSO-LAG 

OND-LAG 
4 0.2098 0.0969 3.559 -27.32 0.3804 -19.84 QN-LAG QJA-LAG QSO-LAG 

OND-LAG 
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  

5 0.2264 0.0831 5.001 -26.02 0.3862 -17.04 QMA-LAG ON-LAG QJA-LAG 
QSO-LAG QNO-LAG 

5 0.2251 0.0816 5.046 -25.96 0.3868 -16.98 QJF-LAG QMA-LAG QMJ-LAG 
OSO-LAG QNO-LAG 

5 0.2163 0.0712 5.340 -25.59 0.3912 -16.61 QJF-LAG QMJ-LAG QJA-LAG 
QSO-LAG QNO-LAG 

5 0.2142 0.0687 5.410 -25.51 0.3922 -16.53 QJF-LAG 0th-LAG QJA-LAG 
QSO-LAG QND-LAG 

- . - - - - - - - - - . . - - - - - - - - - - - - - - - - - . - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

6 0.2264 0.0479 7.000 -24.02 0.4010 -13.55 QJF-LAG QMA-LAG ON-LAG 
QJA-LAG QSO~-LAG ON0 LAG 
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5.3 Log of flounder data and log of inflow data 

Table 5.3 Regression Models for Dependent Variable: Ln(FL0UNDER) on Ln(INFL0WS) 

Rsq Adj C ( p )  A I C  MSE SBC V a r i a b l e s  in Model 
I n  Rsq 

1 0.1379 0.1101 0.943 -30.45 0.3748 -27.45 LN-QND 
1 0.0223 -.0092 4.959 -26.29 0.4251 -23.30 LN-QMJ 
1 0.0113 -.0206 5.341 -25.92.0.4299 -22.93 LN-QSO 
1 0.0030 -.0292 5.631 -25.65 0.4335 -22.65 LN-QMA 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - . - - . - - - - - - - - - - - -  
2 0.1969 0.1433 0.896 -30.78 0.3608 -26.29 LN-QMA LN-QND 
2 0.1939 0.1401 1.000 -30.66 0.3622 -26.17 LN-QMJ LN-QND 
2 0.1853 0.1310 1.297 -30.31 0.3660 -25.82 LN-QJF LN-QND 
2 0.1729 0.1178 1.727 -29.82 0.3716 -25.33 LN-QSO LN-QND 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - * - - - - - - - - - - - . - - - - - - . - - - - - - * - - - - -  

3 0.2419 0.1634 1.333 -30.69 0.3524 -24.70 LN-QMA LN-QSO LN-QND 
3 0.2180 0.1371 2.161 -29.67 0.3634 -23.68 LN-QMA LN-QMJ LN-QND 
3 0.2126 0.1311 2.349 -29.44 0.3660 -23.45 LN-QJF LN-QSO LN-QND 
3 0.2091 0.1273 2.470 -29.29 0.3676 -23.31 LN-QJF LN-QMJ LN-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - -  
4 0.2468 0.1392 3.161 -28.90 0.3625 -21.42 LN-QMA LN-QMJ LN-QSO LN-QND 
4 0.2463 0.1387 3.177 -28.88 0.3628 -21.40 LN-QJF LN-QMA LN-QSO LN-QND 
4 0.2424 0.1342 3.313 -28.71 0.3647 -21.23 LN-QMA LN-QJA LN-QSO LN-QND 
4 0.2253 0.1146 3.910 -27.97 0.3729 -20.49 LN-QJF LN-QMJ LN-QSO LN-QND 

- - - - - - - - - - - - - - . . - - - - - - . . - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
5 0.2494 0.1105 5.070 -27.02 0.3747 -16.04 LN-OJF LN-OMA LN-QMJ LN-QSO 

LN-OND 
5 0.2489 0.1098 5.088 -27.00 0.3749 -18.02 LN-QJF LN-QMA LN-OJA LN-QSO 

LN-QND 
5 0.2474 0.1080 5.142 -26.93 0.3757 -17.95 LN-QMA LN-OM LN-QJA LN-QSO 

LN-QND 
5 0.2276 0.0845 5.830 -26.07 0.3856 -17.09 LN-QJF LN-QMJ LN-QJA LN-QSO 

LN-QND 
- - - - - - . - - - . - - - - - - - - - - - - - . - - . - - . - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - .  

6 0.2515 0.0787 7.000 -25.1 1 0.3880 -14.63 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO LN-QND 

N = 33 
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5.4 Log of flounder data and square root of inflow data 

Table 5.4 Regression Models for Dependent Variable: LnlFLOUNDER) on Sqrt(INFL0WS) 

Rsq Adj C ( p )  AIC  MSE SBC Variables I n  Model 
I n  Rsq 

1 0.1240 0.0958 0.718 -29.92 0.3809 -26.93 SQR-QND 
1 0.0367 0.0056 3.682 -26.78 0.4188 -23.79 SQR-QSO 
1 0.0310 -.0003 3.874 -26.59 0.4213 -23.60 SQR-QMJ 
1 0.0056 -.0265 4.736 -25.73 0.4323 -22.74 SQR-QJF 

. - . - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - * - - - .  

2 0.1955 0.1419 0.292 -30.73 0.3614 -26.24 SQR-QMJ SQR-QND 
2 0.1709 0.1157 1.127 -29.74 0.3725 -25.25 SQR-QMA SQR-QND 
2 0.1583 0.1022 1.555 -29.24 0.3781 -24.75 SQR-QSO SQR-QND 
2 0.1560 0.0997 1.634 -29.15 0.3792 -24.66 SQR-QJF SQR-QNO 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - -  
3 0.2175 0.1366 1.546 -29.64 0.3637 -23.66 SQR-QMA SQR-QSO SQR-QND 
3 0.2104 0.1287 1.787 -29.35 0.3670 -23.36 SQR-QMA SQR-QMJ SQR-QND 
3 0.2053 0.1231 1.960 -29.13 0.3693 -23.15 SQR-QMJ SQR-QSO SQR-QND 
3 0.2019 0.1194 2.075 -28.99 0.3709 -23.01 SQR-QJF SQR-QMJ SQR-QND 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - - - - . - - - - . - -  
4 0.2311 0.1212 3.086 -28.22 0.3701 -20.74 SQR-QMA SQR-QMJ SQR-QSO 

SQR-QND 
4 0.2191 0.1075 3.493 -27.71 0.3759 -20.23 SQR-QJF SQR-QMA SQR-QSO 

SQR-QND 
4 0.2189 0.1073 3.499 -27.70 0.3760 -20.22 SQR-QMA SQR-QJA SQR-QSO 

SQR-QND 
4 0.2124 0.0999 3.721 -27.43 0.3791 -19.94 SQR-QJF SQR-QMJ SQR-QSO 

SQR-QND 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.2323 0.0901 5.045 -26.27 0.3832 -17.29 SQR-QMA SQR-QhU SQR-QJA 
SQR-QSO SQR-QND 

5 0.2314 0.0891 5.075 -26.24 0.3837 -17.26 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QSD SQR-QND 

5 0.2225 0.0785 5.377 -25.85 0.3881 -16.88 SQR-QJF SQR-QMA SQR-QJA 
SQR-QSO SQR-QND 

5 0.2184 0.0736 5.517 -25.68 0.3902 -16.70 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

- - - - . - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . - - * - - - - - - -  

6 0.2336 0.0568 7.000 -24.33 0.3973 -13.85 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QSO SQR-QND 

N = 33 
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5.5 Square root of flounder data and log of inflow data 

Table 5.5 Regression Models for Dependent Variable: Sqrt(FL0UNDER) on LnlINFLO WS) 

Rsq Adj C ( p )  A I C  MSE SBC Variables i n  Model 
1n Rsq 

1 0.1031 0.0741 0.857 47.22 3.944 50.21 LN-QND 
1 0.0288 -.0025 3.328 49.85 4.271 52.84 LN-QMJ 
1 0.0150 -.0168 3.788 50.31 4.332 53.31 LN-QSO 
1 0.0047 -.0274 4.130 50.65 4.377 53.65 LN-QMA 

2 0.1636 0.1078 0.841 46.92 3.801 51.40 LN-QMJ LN-QNO 
2 0.1578 0.1016 1.036 47.15 3.827 51.63 LN-QMA LN-QND 
2 0.1491 0.0924 1.324 47.48 3.867 51.97 LN-QJF LN-QND 
2 0.1402 0.0829 1.619 47.82 3.907 52.31 LN-QSO LN-QND 

53.23 LN-QMA LN-QSO LN-QND 
54.11 LN-QMA LN-QMJ LN-QND 
54.27 LN-QMJ LN-OSO LN-QND 
54.31 LN-QJF LN-QSO LN-QND 

56.43 LN-QMA LN-QMJ LN-QSO LN-QND 
56.54 LN-QJF LN-QMA LN-QSO LN-QND 
56.64 LN-QW LN-QJA LN-QSO LN-QND 
57.19 LN-QJF LN-Qh!J LN-QSO LN-QND 

5 0.2151 0.0697 5.127 50.82 3.963 59.80 LN-QJF LN-QMA LN-QJA LN-QSO 
LN-OND 

5 0.2144 0.0689 5.151 50.85 3.967 59.83 LN-QJF LN-QMA LN-QMJ LN-QSO 
LN-QND 

5 0.2140 0.0685 5.162 50.86 3.968 59.84 LN-QMA LN-OMJ LN-QJA LN-QSO 
LN-QND 

5 0.1986 0.0502 5.675 51.50 4.046 60.48 LN-QJF LN-QMJ LN-QJA LN-QSO 
LN-QND 

- . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - . - - - - - - - . . - - - - - - - - - - - - - - - - . .  
6 0.2189 0.0387 7.000 52.66 4.095 63.13 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO LN-QND 
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5.6 Various transformation suggested by Box-Cox 

Table 5.6 Regression Models for Dependent Variable: (FLOUNDER)"' on variously transformed 
INFLOWS. 

Rsq Adj C ( p )  A IC  MSE SBC Var iab les  I n  Model 

I n  Rsq 

10 .1098  0.0811 0.728 7.103 1.169 10.10 QR-QND 
1 0.0315 0.0002 3.344 9.886 1.272 12.88 OR-QMJ 
1 0.0164 -.0153 3.847 10.40 1.292 13.39 OR-QSO 
1 0.0045 -.0276 4.246 10.79 1.308 13.79 LN-QMA 

- - - . . - - . - - - - - . - - - - - - . - - - . . - - . - - . - - - . - - * - - - - . - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - -  

2 0.1710 0.1157 0.686 6.754 1.125 11.24 QR-QMJ QR-QND 
2 0.1671 0.1116 0.815 6.908 1.131 11.40 LN-QMA OR-ON0 
2 0.1503 0.0937 1.374 7.565 1.153 12.05 Q R Q J F  QR-QND 
2 0.1435 0.0864 1.601 7.828 1.163 12.32 OR-QSO QR-QND 

3 0.2097 0.1280 1.391 7.174 1.110 13.16 LN-QMA OR-QSO QR-QND 
3 0.1928 0.1093 1.955 7.871 1.134 13.86 LN-QMA OR-QMJ OR-QND 
3 0.1838 0.0994 2.256 8.238 1.146 14.22 OR-QMJ QR-QSO QR-QND 
3 0.1818 0.0971 2.325 8.322 1.149 14.31 QR-QJF QR-QMJ OR-QND 

. . - - - . . . - - - - - - - - - - - - - - - - - - - . - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.2175 0.1057 3.132 8.848 1.138 16.33 LN-QMA QR-QMJ QR-QSO OR-QND 
4 0.2125 0.1000 3.298 9.058 1.145 16.54 QR-QJF LN-QMA QR-QSO QR-QND 
4 0.2114 0.0987 3.335 9.104 1.147 16.59 LN-QMA LN-QJA QR-QSO OR-QND 
4 0.1952 0.0803 3.875 9.774 1.171 17.26 QRQJF OR-QMJ QR-QSD OR-QND 

"---------.-.---------------.-----------------..-...----------.--.-.---**-. 
5 0.2189 0.0743 5.083 10.79 1.178 19.77 LN-QMA QR-QMI LN-QJA QR-QSO 

QR-QND 
5 0.2186 0.0739 5.094 10.80 1.179 19.78 QR-QJF LN-QMA QR-QMJ QR-QSO 

QR-QND 
5 0.2163 0.0712 5.172 10.90 1.182 19.88 OR-WF LN-QMA LN-QJA OR-QSO 

OR-QND 
5 0.1981 0.0497 5.778 11.65 1.209 20.63 QR-QJF OR-QW LN-QJA OR-QSO 

QR-QND 
. - - - - . - - - - - . - - - - - - - - - - - - . - - . - . - - - - - - - - - - - - . - - - - . - - - - - . - - - - - - - - - - - - - - . - - - - - .  

6 0.2214 0.0418 7.000 12.68 1.220 23.16 QR-QJF LN-QMA OR-QMJ LN-QJA 
QR-QSO OR-QND 

N = 33 

Dependent Var iab le :  ( FLOUNDER) 
Independent Var iables:  OR-OJF=(January-February 

Off-ON=(May -June I n f l o ~ s ) ~ . ~  
OR-QNB(September-October I n f  lows)0. '  
OR-O~D=(~ovember-December In f lows) -0 . '  
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6. REGRESSION FOR THE BEST MODELS 

6.1 Regression - Log of flounder data on inflow data 

6.1.1 ANOVA and Parameter Estimates 

Table 6.1 Model Summary for log offlounder data on inflow data. 

Model sumrnaeb 

a. Dependent Variable: Ln(Flounder Ha~eSt) 

b. Method: Enter 

c. lndependent Variables: (Constant), November-December Inflows, July-August 
inflows, September-October Inflows, May-June Inflows, March-April Inflows, 
January-February Inflows 

Durbin- 
Watson 

1.042 

d. All requested variables entered. 

Std. Error 
of the 

Estimate 

.633254 

Table 6.2 ANOVA table of log ofyounder data on inflow data 

ANOVK 

Adjusted 
R Square 

,048 

R Square 

,226 

Variables 
Entered 

November-December 
Inflows, July-August 
Inflows. 
September-October 
Inflows. May-June 
Inflows. March-April 
Inflows,pnuary-February 
Inflows 

b. lndependent Variables: (Constant), November-December Inflows, 
July-August Inflows, September-October Inflows, MayJune Inflows, 
March-April Inflows, January-February Inflows 

R 

,476 

Sig. 
.306O 

a. Dependent Variable: Ln(Flounder Harvest) 

F 
1.268 

Mean 
Square 

,509 
.401 

df 
6 

26 
32 

Model 
1 Regression 

Residual 
Total 

Sum of 
Squares 

3.052 
10.426 
13.478 
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Table 6.3 Table of coefficientsfor log offlounder data on inflow data 

Coefficient# 

a. Dependent Variable: Ln(Flounder Harvest) 

6.1.2 Collinearity Diagnostic 

(Constant) 
January-February Infl. 
March-April Infl. 
MayJune Infl. 
~u~y-August Infl. 
September-October Infl. 
November-December Infl. 

Table 6.4 Variance Inflation for log offlounder data on inflow data. 

t 
15.960 

-.033 
-.583 
-.640 
,215 

-1.031 
1.773 

Coefficients! 

Sia. 
,000 
,974 
,565 
,528 
.a32 
,312 
,088 

Standar 
dized 

Coefficie 
nts 

Beta 

-.012 
-.I73 
-.I51 
.043 

-.208 
,424 

Unstandardized 
Coefficients 

Table 6.5 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: LN(FL0UNDER) on 
INFLOWS. 

B 
3.804 

-1.4E-04 
-1.8E-03 
-6.7E-04 
3.5E-04 
-6.3E-04 
5.6E-03 

- 

- 
(Constant) 

January-February Inflows 
March-April Inflows 

May-June Inflows 

July-August Inflows 

September-October Inflows 
November-December Infl. 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index OJF-LAG O W L A G  (IMJLAG MA-LAG OSO-LAG OND-LAG 

1 2.64689 1 .OOOOO 0.0299 0.0357 0.0357 0.0000 0.0005 0.0442 
2 1.26720 1.44526 0.001 1 0.0011 0.1060 0.0261 0.3744 0.0187 
3 1.07062 1 ,57235 0.0099 0.01 56 0.0009 0.5898 0.0308 0.0003 
4 0.53542 2.22341 0.0000 0.0867 0.1333 0.0258 0.1804 0.5607 
5 0.32444 2.85626 0.0615 0.2578 0.7220 0.0003 0.3626 0.1177 
6 0.15543 4.12664 0.8976 0.6030 0.0020 0.3580 0.051 3 0.2584 

95% Confidence 
Interval for B 

Std. Error 
,238 
,004 
,003 
,001 
,002 
,001 
,003 

Lower 
Bound 

3.314 
-.OW 
-.Om 
-.003 
-.003 
-.002 
-.001 

a. Dependent Var~able: Ln(Flounder Harvest) 

t 
15.960 

-.033 

-583 

-640 

,215 

-1.031 

1.773 

Upper 
Bound 

4.294 
,008 
,005 
,001 
,004 
,001 
,012 

Collinearlty Statistics 
Tolerance 

,251 

.336 

,536 

,734 

,731 

,520 

VIF 

3.991 

2.972 

1.866 

1.362 

1.368 

1.924 
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6.1.3 Residuals Diagnostics 

Table 6.6 Residuals Diagnosrics for log ofjlounder data on injlow data. 

Residuals Statistic* 

a. Dependent Variable: Ln(Flounder Hawest) 

Value 
Std. 
Predicted 
Value 
Standard 

Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

3.1 0721 1 

-2.221 

,161340 

3.125647 

-1.583461 

-2.501 

-2.781 

-1.959099 

-3.254 

1.108 

,000 

,035 

Maximum 

4.403322 

1.976 

.473655 

4.631 145 

1.253555 

1.980 

2.102 

1.413094 

2.262 

16.933 

,262 

.529 

N 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

Mean 

3.793080 

,000 

,281979 

3.799013 

-7.9E-16 

,000 

-.004 

-5.9E-03 

-.019 

5.81 8 

,033 

,182 

Std. 
Deviation 

,308826 

1.000 

7.6E-02 

,342543 

.570808 

,901 

,998 

,702537 

1.061 

3.698 

.056 

,116 
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Table 6.7 Case Values for Residuals Diagnostics for log offlounder data on injlow data. 

YEAR PRE-I REKl D m 1  ADJ-1 ZPR-1 ZRE-1 SRE_I' SDR-~' 
1962 4.4033 -.2634 -.4912 4.631 1 1.9760 -.4159 -.5680 -.5604 

1994 3.6848 .0764 .0966 3.6646 -.3505 ,1206 ,1356 ,1330 

PRE-1 Predicted value of harvest 
RES-1 Ordinary residuals: observed harvest minus predicted harvest 
DRE-1 Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
SRE-I Studentized residual 
SDR-1 Studentized deleted residuals 
'values greater than 3 are flagged. 
?his is flagged if it exceeds t,,.z..=rzs.o.o,=2.485. 
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Regresston Standardized Residual 

Figure 6.1 Histogram of Standardized 
Residuals. 

Obwrvea Cum Prob 

Figure 6.2 Normal P-P Plot of Residuals. 
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Figure 6.3 Partial Residual Plot for January- 
February Inflows. 

May-June Inflow6 

Figure 6.5 Partial Residual Plot for May-June 
Inflows. 

September-October lnllaws 

Figure 6.7 Partial Residual Plot for 
September-October Inflows. 

Figure 6.4 Partial Residual Plot for March- 
April Inflows. 

July-August inflows 

Figure 6.6 Partial Residual Plot for Julv- 
August Inflows. 

~overnbsr-December inflows 

Figure 6.8 Partial Residual Plot for 
November-December Inflows. 
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January-February Inflows 

Figure 6.9 Residuals Plot for Januay- 
February Infows. 

May-June Inflows 

Figure 6.11 Residuals Plot for May-June 
Inflows. 

March-April Inflows 

Figure 6.10 Residuals Plot for March-April 
Inflows. 

July-August Inflows 

Figure 6.12 Residuals Plot for July-August 
Inflows. 

Se~tember4ctober Inflows November-Oecember lnllows 

Figure 6.13 Residuals Plot for Septernber- Figure 6.14 Residuals Plot for November- 
October Info  ws. December Infows. 
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6.1.4 Prediction Intervals for Flounder Harvest 

Table 6.8 Prediction Intervals for Flounder Harvest. 

YEAR 
1962 
1963 

1964 
1965 
1966 

1967 
1968 
1969 
1970 

1971 
1972 

1973 
1974 
1975 

1976 
1977 

1978 

1979 
1980 
1981 

1982 

1983 
1984 

1985 
1986 
1987 

1988 
1989 
1990 

1991 
1992 
1993 

1994 

LN-FLOU 
4.1400 

LICI-1 Lower limit for 99% prediction interval for the natuaral log of flounder harvest. 

LN-FLOU Log of flounder harvest 

UICZ-1 Upper limit for 99% prediction interval for the natural log of flounder harvest. 
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6.1.5 Outliers and Influential Point Detection 

Table 6.9 Mahalanobis distance. Cook's distance. Leverage value and associatedp-values 

YEAR MAH-1 COOK-1 LEV-1' MAH-pfl COOK-P@ 
1962 13.8725 ,0399 ,4335 ,0535 ,0001 
1963 2.663 1 ,0106 ,0832 ,9143 .OOOO 
1964 2.065 1 ,0102 ,0645 ,9562 .OOOO 
1965 2.5400 .O 184 ,0794 ,9241 .OOOO 
1966 2.643 1 ,0803 ,0826 ,9159 .OO 1 1 
1967 2.7870 ,0016 ,0871 .9040 .OOOO 
1968 7.488 1 ,0030 .2340 .3799 .OOOO 
1969 8.1922 ,1919 ,2560 .3 159 .O 154 
1970 2.5686 ,0203 .0803 .92 18 .OOOO 
1971 1.1075 ,0026 ,0346 ,9929 .OOOO 
1972 4.3794 ,0038 ,1369 ,7352 .OOOO 
1973 6.9900 .0130 .2 184 ,4299 .OOOO 
1974 3.0164 ,0054 ,0943 ,8835 .OOOO 
1975 4.3319 ,0133 ,1354 ,7409 .OOOO 
1976 3.5466 ,0153 ,1108 ,8303 .OOOO 
1977 8.7256 .OO 17 ,2727 ,2730 .OOOO 
1978 5.9103 .0432 ,1847 ,5503 ,000 1 
1979 1.9121 .0003 ,0598 .9645 .OOOO 
1980 9.5334 ,0314 ,2979 .2 166 .OOOO 
1981 1 1.2053 ,0254 ,3502 .I299 .OOOO 
1982 7.2627 ,0758 .2270 ,4020 ,0009 
1983 6.1557 ,0025 ,1924 ,5217 .OOOO 
1984 4.7362 .0199 ,1480 ,6921 .OOOO 
1985 8.4699 .0135 .2647 ,2930 .OOOO 
1986 7.6265 .0804 ,2383 ,3667 ,001 1 
1987 2.7045 .OO 12 ,0845 ,9109 .OOOO 
1988 2.4280 ,0133 ,0759 ,9324 .OOOO 
1989 2.4286 .0554 ,0759 ,9324 .0003 
1990 5.1660 ,2622 ,1614 .6397 .0368 
1991 6.4279 .O 108 ,2009 .4908 .OOOO 
1992 10.4550 .0078 .3267 ,1642 .OOOO 
1993 16.9330 ,0026 *.5292 *.0178 .OOOO 
1994 5.7279 ,0007 ,1790 ,5719 .OOOO 

MAH-I Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
"This is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHAPV = 1-F(MAH_l), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-I), where F is the CDF of an F-ratio random variable with p+ 1 numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.1 0 Standardized dfjrs value and Standardized dfbeta values 

- - -  

YEAR 
1962 
1963 
1964 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

1979 
1980 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

SDFFITS 
-.5212 
,2701 
,2659 
,3591 
.SO70 

-. 1046 
,1415 

*-1.2177 
-.3779 
-. 1324 
.I612 

-.2977 

,1912 
.30 18 
,3247 

-.I078 
-.5511 
-.04 15 
.4640 

.4 156 
,7364 
-. 1297 
,3701 
.3025 
,7585 
,0896 

-.3036 
-.6530 

'-1.5849 
-.2708 
-.2303 
-.I313 
,0684 

SDFFITS Standardized dffits value 
SDFBET-0 Standardized djbeta for the intercept term 
SDFBET-1 Standardized djbeta for January-February inflows 

SDFBET-2 Standardized djbeta for March-April inflows 

'~tems are flagged if lsdffitsl or bdfbetal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is I .  
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Table 6.11 Standardized dfbeta values 

YEAR SDFBE T-3 SDFBE T-4 SDFBE T-5 SDFBET-6 
1962 ,2200 .2357 -. 1295 -.2075 

SDFBET-3 Standardized dfbeta for May-June inflows 

SDFBET-4 Standardized dfbeta for July-August inflows 

SDFBET-5 Standardized dfbeta for September-October inflows 

SDFBET-6 Standardized dfbeta for November-December inflows 

'ltems are flagged if bdffitsl or Jsdfbeta( exceed 1.0 for a small data set or 24- for a large data 

set. The cutoff used here is 1. 
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Sfandardued DFBETA Intercept 

Standaratzed DFBETA Mach-Apnt lnflows 

SPmardlled DFBETA Januanl.F€4ruaf) lnflas 

Standardized DFBETA May-June lntlars 

Stamaraned DFBETA July-August lntlws Stardard'usd DFBETA S ~ p l e r m w - m o t e  lnllws 

Standardked DFBETA November-DeceM Inflows 

Figure 6.15. Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of inflow variables. 
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6.2 Regression - Log of flounder data on log of inflow data 

6.2.1 ANOVA and Parameter Estimates 

Table 6.12 Model Summary for log offlounder data on log ofinjlow data. 

a. Dependent Variable: Ln(Flounder HaNeSt) 

Model summaeb 

b. Method: Enter 

c. lndependent Variables: (Constant), Ln(November-December Inflows), 
Ln(July-August Inflows), Ln(September-October Inflows), Ln(May-June Inflows), 
Ln(March-April Inflows), Ln(January-February Inflows) 

Durbin- 
Watson 

,992 

d. All requested variables entered. 

Std. Error 
of the 

Estimate 

,622930 

Table 6.13 ANOVA table of log offlounder data on log of inflow data 

ANOVR 

Variables 
Entered 

Ln(November-December), 
Ln(July-August), 
Ln(September-October), 
Ln(May-June), 
Ln(March-April), c,d 

Ln(January-February) 

R Square 

,251 

R 

,501 

a. Dependent Variable: Ln(Flounder HaNeSt) 

Adjusted 
R Square 

,079 

b. lndependent Variables: (Constant). Ln(November-December Inflows), 
Ln(July-August Inflows), Ln(September-October Inflows), Ln(May-June 
Inflows). Ln(March-April Inflows), Ln(January-Februafy Inflows) 

Sia. 
.232b 

Mean 
Square 

,565 
,388 

df 
6 

26 
32 

Model 
1 Regression 

Residual 
Total 

F 
1.456 

Sum of 
Squares 

3.389 
10.089 
13.478 



Flounder Harvesr in Aransas Bay 63 

Table 6.14 Table of coefficients for log offlounder data on log o f  inflow dara. 

Coefficient8 

a. Dependent Variable: Ln(Flounder Harvest) 

6.2.2 Collinearity Diagnostic 

Table 6.15 Variance Inflation for log offlounder data on log of inflow data. 

Sia. 
,000 
,709 
,371 
,770 
,794 
,330 
,012 

(Constant) 
Ln(Januav-Feb~ary) 
Ln(March-April) 
Ln(May-June) 
Ln(July-August) 
Ln(September-October) 
Ln(November-December) 

Standar 
dized 

Coeflicie 
nts 

Beta 

-.lo1 
-.218 
-.064 
,049 
-.I88 
,572 

Table 6.16 Collinearin, Diagnostics(intercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
Ln(lNFL0 WS): 

t 
5.629 
-.377 
-.911 
-.296 
,264 
-992 
2.695 

95% Confidence 
Interval for B 

Unstandard~zed 
Coefficients 

Coefficient@ 

Condition Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-WF LN-QM.4 LN-Qh4J 

1 2.58650 1 . 00000 0.0467 0.0460 0.0448 
2 1.03986 1.57714 0.0051 0.0763 0.0272 
3 0.98197 1.62296 0.0077 0.0003 0.0270 
4 0.76699 1 .a3637 0.001 9 0.0322 0.3337 
5 0.33971 2.75930 0.0064 0.6845 0.4582 
6 0.28498 3.01268 0.9321 0.1606 0.1090 

Lower 
Bound 
2.277 
-.338 
-.368 
-.288 
-.I85 
-.259 
,082 

B 
3.587 

-5.2E-02 
-.I13 

-3.6E-02 
2.7E-02 
-8.4E-02 

,347 

(Constant) 

Ln(January-February) 
Ln(March-April) 

Ln(May-June) 

Ln(July-August) 
Ln(Septernber-October) 

Ln(November-December) 

Var Prop Var Prop Var Prop 
LN-QJA LN-QSO LN-QND 

0.0156 0.0162 0.0427 
0.0410 0.5351 0.0216 
0.6806 0.0485 0.0488 
0.0110 0.0405 0.4003 
0.0179 0.3579 0.2218 
0.2339 0.0018 0.2649 

Upper 
Bound 
4.897 
,233 
142 
,215 
,239 
090 
,611 

Std. Error 
.637 
,139 
.I24 
,122 
,103 
085 
,129 

a. Dependent Variable: Ln(Flounder Harvest) 

t 
5.629 

-.377 

-.911 

-.296 
,264 
-.992 

2.695 

Collinearity Statistics 

Tolerance 

.403 

,502 

,613 

,832 

,799 

,639 

VIF 

2.482 

1.993 

1.630 

1.201 

1.251 

1.566 



Flounder Harvest in Aransas Bay 64 

6.2.3 Residuals Diagnostics 

Table 6.1 7 Residuals Diagnostics for log offlounder data on log of inflow data. 

Residuals Statistic9 

a. Dependent Variable: Ln(Flounder Harvest) 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Max~mum 

4.318057 

1.613 

,396763 

4.439629 

1.353388 

2.173 

2.439 

1.705259 

2.723 

12.012 

.318 

.375 

Minimum 

2.966592 

-2.540 

.I58688 

3.20371 3 

-1.437908 

-2.308 

-2.649 

-1.894348 

-3.041 

1.107 

,000 

,035 

Mean 

3.793080 

.OOO 

,282216 

3.781 01 9 

-6.6E-16 

.OOO 

,009 

1.2E-02 

,002 

5.818 

,041 

,182 

Std. 
Deviation 

,325439 

1.000 

5.2E-02 

,358662 

561502 

,901 

1.019 

.718652 

1.082 

2.454 

.069 

,077 

N 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 
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Table 6.18 Case Valuesfor Residuals Diagnostics for log offounder data on log of inflow data. 

1994 3.8311 -.0699 -.0839 3.845 1 ,1169 -.I123 -. 1230 -. 1206 
P R E l  Predicted value of harvest - 

RES-1 Ordinary residuals: observed harvest minus predicted harvest 
DRE- 1 Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
SRE-1 Studentized residual 
SDR-1 Studentized deleted residuals 

'values greater than 3 are flagged. 
st his is flagged if i t  exceeds t.,.2,0=tzs.o.ol=2.485. 



Flounder Harvest in Aransas Bav 66 

Rqres~ ion  Standardned Residual 

Figure 6.16 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.1 7 Nonnal P-P Plot of Residuals. 
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Ln(January-February Inflows) 

Figure 6.18 Partial Residual Plot for 
Ln(Januay-February Inflows) 

Ln(May-June Inflows) 

Figure 6.20 Partial Residual Plot for Ln(May- 
June Inflows). 

Ln(March-Apnl Inflows) 

Figure 6. I9 Partial Residual Plot for 
Ln(March-April Inflows) 

Figure 6.21 Partial Residual Plot for Ln(Ju1y- 
August Inflows). 

Ln(Sep1ember-Oaober Inflows) Ln(N0vember-December Inflows) 

Figure 6.22 Partial Residual Plot for Figure 6.23 Partial Residual Plot for 
LnlSeptember-October Inflows). Ln(November-December 

InJows). 
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Ln(JanuayFebrua1y Inflows) 

Figure 6.24 Residuals Plot for Ln(January- 
February Inflows). 

Ln(May-June Inflows) 

Figure 6.26 Residuals Plot for Ln(May-June 
Inflows). 

Ln(Septsmbe1-October Inflows) 

Figure 6.28 Residuals Plot for Ln(September- 
October Inflows). 

Ln(March-Apnl Inflows) 

Figure 6.25 Residuals Plot for Ln(March 
April Inflows). 

Ln(July-August Inflows) 

Figure 6.27 Residuals Plot for Ln(Ju1-v-August 
Inflows). 

Ln(November-December Inflows) 

Figure 6.29 Residuals Plot for Ln(November- 
December Inflows). 
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6.2.4 Prediction Intervals for Flounder Harvest 

Table 6.19 Prediction Intervals for Flounder Harvest. 

YEAR LICI-I LN-FLOU UICI-1 
1962 2.2658 4.1400 6.3703 

LICI-1 Lower limit for 99% prediction interval for the natural log of flounder harvest. 

LN-FLOU Natural log of flounder harvest 

UICI-1 Upper limit for 99% prediction interval for the natural log of flounder harvest. 
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6.2.5 Outliers and Influential Point Detection 

Table 6.20 Mahalanobis distance, Cook 2 distance. Leverage value and associated p-values 

YEAR MAH-1 COOK-1 LEV-1' MAH-PV C O O K - P ~ ~  
1962 12.0121 ,0134 ,3754 ,1002 .OOOO 
1963 9.5067 ,0343 ,2971 .2 183 ,0001 
1964 6.4446 ,0151 ,2014 ,4889 .OOOO 
1965 7.6462 ,1047 ,2389 ,3648 ,0025 
1966 5.6333 ,2209 ,1760 ,5832 ,0230 
1967 6.0156 ,0013 ,1880 ,5379 .OOOO 
1968 8.0362 ,001 0 .25 1 1 ,3294 .OOOO 
1969 8.1358 ,1438 ,2542 ,3208 ,0066 
1970 2.8823 .O 184 .0901 ,8957 .OOOO 
1971 1.381 1 ,0025 ,0432 .9861 .OOOO 
1972 3.4106 ,0003 ,1066 ,8446 .OOOO 
1973 4.4528 ,0247 .I391 .7264 .OOOO 
1974 4.5249 ,0144 ,1414 .7177 .OOOO 
1975 5.8970 ,0016 ,1843 .55 18 .OOOO 
1976 9.3356 ,0227 .29 17 ,2294 .OOOO 
1977 5.267 1 .OOOO ,1646 ,6274 .OOOO 
1978 3.5088 ,0158 ,1096 ,8343 .OOOO 
1979 1.1069 .OOOO ,0346 ,9929 .OOOO 
1980 6.4224 .0586 ,2007 ,4914 ,0004 
1981 5.8897 .0243 ,1841 ,5527 .OOOO 
1982 5.0462 .0489 ,1577 .6543 ,0002 
1983 4.2776 .OW0 .I337 ,7473 .OOOO 
1984 4.8729 .0212 .I523 .6755 .OOOO 
1985 11.5172 ,0330 .3599 .I176 ,0001 
1986 6.3258 .0579 ,1977 ,5023 ,0004 
1987 6.0322 ,0002 .I885 .5360 .OOOO 
1988 4.7104 ,0460 ,1472 ,6953 .0002 
1989 3.8140 .0837 ,1192 ,8009 ,0012 
1990 6.7407 ,3183 .2 106 ,4564 .06 1 1 
1991 6.7901 ,005 1 ,2122 .45 1 1 .OOOO 
1992 4.1930 ,0043 ,1310 ,7573 .OOOO 
1993 5.7989 .0054 ,1812 ,5634 .OOOO 
1994 4.3715 ,0004 ,1366 .7361 .OOOO 

MAH-I Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)in or 0.5, whichever is smaller. 
'MAHAPV = I-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l  degrees of 
freedom. Small values indicate a problem. 
'COOK_PV = F(C0OK-I), where F is the CDF of an F-ratio random variable with p+ l  numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.21 Siandardized dfjts value and Siandardized dfleta values 

YEAR 
1962 

SDFFITS 
-.3013 
.4854 
.32 14 
,8734 

* 1.3885 
-.0926 
.0803 

*-1.0357 
-.3587 
-.I311 
,0473 

-.4143 

,3139 
,1034 
.3935 

-.0146 
-.3308 
-.0006 
,6454 

,4092 

.5905 
,0050 
.3823 
.4745 
.64 13 

-.0383 
-.5731 
-.a038 

*-1.7132 
-.I864 
-. 1704 
-.I904 
-.0540 

SDFFITS Standardized d f i t s  value 
SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for log of January-February inflows 

SDFBE T-2 Standardized djbeta for log of March-April inflows 

'[terns are flagged if Isdffitsl or Isdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1. 
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Table 6.22 Standardized dfleta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1962 ,1479 ,1291 -.0697 -.0662 

SDFBET-3 Standardized dfbeta for log of May-June inflows 

SDFBE T-4 Standardized dfbeta for log of July-August inflows 

SDFBET-5 Standardized dfbeta for log of September-October inflows 

SDFBE T-6 Standardized dfbeta for log of November-December inflows 

'kerns are flagged if (sdffitsl or (sdfletal exceed 1 .O for a small data set or 24- for a large data 
set. The cutoff used here is 1. 
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Standardwed DFBETA lnlercepl 

Standardled DFBETA Ln(March-April Inflwr) 

StaMardlzed DFBETA Ln(January-February I n h e )  

StaMardlzBd DFBETA LnlMay-June Inflows) 

S w r d i z e d  DFBETA Ln(July-Aujust lntlwrl Srandardized DFBETA Ln(Sep1ember-Oetober Inllow~l 

Srandardued DFBETA Ln(NwenOsr-December Inflwrl 

Figure 6.30 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of log of inflow variables. 
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6.3 Regression - Log of flounder data on square root of inflow data 

6.3.1 ANOVA and Parameter Estimates 

Table 6.23 Model Summaiy for log offounder data on square root of inflow data 

Model sumrnaWb 

a. Dependent Variable: Ln(Flounder Harvest) 

b. Method: Enter 

Durbin- 
Watson 

1.023 

Variables 
Entered 

Sqrt(November-December), 
Sqrt(September-October), 
Sqrt(July-August), 
Sqrt(May-June), 
Sqrt(March-April), c,, Sqrt( 
January-February) 

c. lndependent Variables: (Constant), Square Root of November-December Inflows. 
Square Root of September-October Inflows, Square Root of July-August Inflows, 
Square Root of May-June Inflows. Square Root of March-April Inflows. Square Root 
of January-February Inflows 

d. All requested variables entered. 

R 

,483 

Table 6.24 ANOVA table of log offounder data on square root of inflow data 

ANOVR 

R Square 

,234 

a. Dependent Variable: Ln(Flounder Harvest) 

Model 
1 Regression 

Residual 
Total 

b. lndependent Variables: (Constant), Square Root of November-December 
Inflows, Square Root of September-October Inflows, Square Root of 
July-August Inflows, Square Root of May-June Inflows, Square Root of 
March-April Inflows, Square Root of January-February Inflows 

Adjusted 
R Square 

,057 

Std. Error 
of the 

Estimate 

,630306 

Sum of 
Squares 

3.149 
10.329 
13.478 

df 
6 

26 
32 

Mean 
Square 

,525 
,397 

F 
1.321 

Siq. 
,283' 
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Table 6.25 Table of coefficientsfir log offlounder data on square root of inflow data. 

Coefflciente 

a. Dependent Variable: Ln(Flounder Harvest) 

6.3.2 Collinearity Diagnostic 

Table 6.26 Collinearig Diagnostic for log offounder data on square root of infow data. 

Coefficient$ 

(Constant) 
Sqrt(January-February) 
Sqrt(March-April) 
Sqrt(May June) 
Sqrt(July-August) 
Sqrt(September-October) 
Sqrt(November-December) 

95% Confidence 
Interval for B 

t 
9.733 
-.212 
-719 
-.614 
,274 

-.a26 
2.248 

Lower 
Bound 

2.928 
- 120 
-. 125 
-.066 
-.051 
-.049 
,008 

a. Dependent Variable: Ln(Flounder Harvest) 

Siq. 
000 
,834 
,479 
,545 
,787 
,416 
,033 

Upper 
Bound 

4.495 
,098 
.060 
,035 
.066 
,021 
.I87 

(Constant) 

SqrI(January-February) 

Sqrt(March-April) 

Sqrt(May- June) 

Sqrt(July-August) 

Sqrt(September-October) 

Sqrt(November-December) 

Table 6.27 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
Sqrt(INFL0 WS). 

Standar 
dized 

Coefficie 
nt5 

Beta 

-.061 
-.I80 
-.I34 
,052 

-.160 
,501 

Unstandardized 
Coefficients 

Cond i t i on  Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SQR-QJF SQR-QMA SQR-QI SQR-QJA SQR-QSO SQR-QND 

1 2.46585 1.00000 0.0469 0.0503 0.0447 0.0027 0.0018 0.0531 
2 1 .21968 1 .42187 0.0003 0.0244 0.0853 0.0253 0.4388 0.0247 
3 1.07106 1.51732 0.0152 0.0128 0.0506 0.6315 0.0076 0.0007 
4 0.64635 1.95321 0.001 1 0.0847 0.1961 0.0556 0.1620 0.4586 
5 0.36115 2.61301 0.0349 0.4097 0.6190 0.0126 0.3467 0.2037 

6 0.23591 3.23301 0.901 6 0.4181 0.0043 0.2722 0.0430 0.2592 

B 
3.712 

-1.1 E-02 
-3.2E-02 
-1.5E-02 
7.8E-03 
-1.4E-02 
9.8E-02 

t 
9.733 

-.212 

-.719 

-.614 

,274 

-.826 

2.248 

Std. Error 
,381 
053 
,045 
,025 
,028 
,017 
.044 

Collinearity Statistics 

Tolerance 

,358 

.469 

,620 

,819 

,788 

,593 

VIF 

2.791 

2.133 

1.63 3 

1.221 

1.269 

1.687 
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6.3.3 Residuals Diagnostics 

Table 6.28 Residuals Diagnostics for log offounder data on square root of infow data 

Residuals StatistlcZ 

a. Dependent Variable: Ln(Flounder Harvest) 

N 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error Of 

Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

3.097085 

-2.219 

,159773 

3.230684 

-1.541234 

-2.445 

-2.765 

-1.970034 

-3.226 

1.086 

.OOO 

,034 

Maximum 

4.41 1806 

1.972 

,421966 

4.632599 

1.353873 

2.148 

2.327 

1.588647 

2.564 

13.372 

,304 

,418 

Mean 

3.793080 

,000 

,284641 

3.791583 

1.5E-16 

,000 

,001 

1.5E-03 

-.010 

5.81 8 

.036 

,182 

Std. 
Deviation 

,313689 

1.000 

5.8E-02 

,350281 

.568150 

,901 

1.007 

,712067 

1.075 

2.736 

,061 

,086 
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Table 6.29 Case Values Jor Residuals Diagnostics for log offlounder data on square root of inflow 
data. 

YEAR PRE-1 R E X I  DRE-1 ADJ-1 ZPR-1 Z R K l  SRE-I' SDR-l2 
1962 4.4118 -.27185 -.4926 4.6326 1.9724 -.43 13 -.5806 -.573 1 

1994 3.7074 ,05381 ,0663 3.6949 -.2732 ,0854 ,0947 ,0929 
PRE-1 Predicted value of harvest 
RES-1 Ordinary residuals: observed harvest minus predicted harvest 
D m 1  Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
ZRE-1 Z-score of the residual 
SRE-1 Studentized residual 
SDR-I Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds tn,za=t~s.o.01=2.485. 
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Figure 6.31 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.32 Normal P-P Plot of Residuals. 
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Square Root of January-February Inflows 

Figure 6.33 Partial Residual Plot for 
Sqrt(January-February Inflows). 

Square Root of March-Apnl Inflows 

Figure 6.34 Partial Residual Plot for 
Sqrt(March-April Inflows). 

!.I o , - m m - s  

? 2 - 1 5  

LC- 
: .20 

-20 -10 0 

Square Root of May.June Inflows 

Figure 6.35 Partial Residual Plot for 
Sqri(May-June Inflows). 

Square R w t  of July-August Inflow 

Figure 6.36 Partial Residual Plot for 
Sqrt(July-August Inflows). 

Square Roof of SBpternDer-October Inflows Square Root of November-December Inflows 

Figure 6.37 Partial Residual Plot for Figure 6.38 Partial Residual Plot for 
Sqrt(September-October Inflows). Sqrtmovember-December 

Inflows). 
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Square Root of January-February Inflows 

Figure 6.39 Residuals Plot for Sqrt(Januay- 
Februa y Inflows). 

Square R w t  01 May-June Inflows 

Figure 6.41 Residuals Plot for Sqrt(May-June 
Inflows). 

Square Root of March-Awl Inflows 

Figure 6.40 Residuals Plot for Sqrt(March- 
April Inflows). 

Square R w t  of July.Aylus1 lnflows 

Figure 6.42 Residuals Plot for Sqn(Ju1y- 
August Inflows). 

Square Root of September-Oclomr Inflows Square Root of Novernber.Decernber lnllows 

Figure 6.43 Residuals Plot for Figure 6.44 Residuals Plot for 
Sqrt(September-October Inflows). Sqrt(November-December 

Injlo ws) . 
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6.3.4 Prediction Intervals for Flounder Harvest 

Table 6.30 Prediction Intervalsfor Flounder Harvest. 

YEAR 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

LN-FLOU 
4.1400 

LICI-1 Lower limit for 99% prediction interval for the natural log of flounder harvest. 

LN-FLOU Log of flounder harvest 

UICI-1 Upper limit for 99% prediction interval for the natural log of flounder harvest. 
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6.3.5 Outliers a n d  Influential Point Detection 

Table 6.31 iMahalanobis distance. Cook's distance, Leverage value and associated p-values 

YEAR MAH-1 COOK- I LEV-I' MAH-PP COOK-P~ 
1962 13.3720 ,0391 ,4179 .0635 .OOO 1 
1963 4.4394 ,0172 .I387 .7280 .OOOO 
1964 3.2997 ,0126 ,1031 ,8560 .OOOO 
1965 4.2130 .0374 ,1317 ,7549 ,0001 
1966 3.7594 ,1341 .I 175 ,8070 ,0053 
1967 4.0375 ,0006 .I262 ,7755 .OOOO 
1968 7.0466 ,0005 .2202 ,4240 .OOOO 
1969 7.6260 ,1695 ,2383 ,3667 ,0107 
1970 2.8495 .0179 ,0890 ,8986 .OOOO 
1971 1.0864 .0022 ,0340 ,9933 .OOOO 
1972 4.1659 ,0014 ,1302 .7605 .OOOO 
1973 5.9776 ,0204 ,1868 .5424 .OOOO 
1974 3.6799 ,0093 ,1150 ,8158 .OOOO 
1975 5.9472 ,0070 ,1858 ,5459 .OOOO 
1976 6.5559 ,0184 ,2049 ,4765 .OOOO 
1977 7.3017 ,0012 ,2282 ,3982 .OOOO 
1978 4.5250 ,0279 ,1414 .7 177 .OOOO 
1979 1.5058 .OOOO ,0471 ,9821 .OOOO 
1980 8.2330 .0476 .2573 ,3125 ,0002 
1981 8.6693 ,0295 .2709 ,2773 .OOOO 
1982 6.6151 .0652 ,2067 ,4700 ,0005 
1983 5.4533 ,0013 ,1704 ,6048 .OOOO 
1984 5.1183 .0193 ,1599 .ti455 .OOOO 
1985 1 1.0926 .0253 .3466 .I346 .OOOO 
1986 7.85 16 ,0786 ,2454 ,3459 .0010 
1987 4.1903 ,0003 ,1309 ,7576 .OOOO 
1988 3.4586 ,0218 ,1081 ,8396 .OOOO 
1989 3.1542 .0686 .0986 ,8704 ,0006 
1990 5.9955 ,3038 .I874 ,5403 ,0542 
1991 6.9062 ,0077 ,2158 ,4387 .OOOO 
1992 7.4371 ,0048 ,2324 .3848 .OOOO 
1993 1 1.3898 .0036 ,3559 ,1225 .OOOO 
1994 5.0466 .0003 ,1577 .6543 .OOOO 

MAH-1 Mahalanobis distance 

COOK-I Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
'MAHA-PV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+ l  degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-I), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.32 Standardized dfits value and standardized dfbeta values 

YEAR SDFFZTS SDFBET-0 SDFBET-1 SDFBET-2 
1962 -.5164 -.0952 -.2622 .24 19 

SDFFZTS Standardized dffits value 
SDFBE T-0 Standardized dpeta for the intercept term 
SDFBET-1 Standardized dpeta for square root of January-February inflows 

SDFBET-2 Standardized dfbeta for square root of March-April inflows 

'1tems are flagged if lsdffitsl or lsdfbetal exceed 1.0 for a small data set or 2 , / ( ~  + I) / n for a large data 
set. The cutoff used here is 1 .  



Flounder Harvest in Aransas Bay 84 

Table 6.33 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1962 .2300 ,2424 -. 1276 -. 1672 

SDFBET-3 Standardized dfbeta for square root of May-June inflows 

SDFBET-4 Standardized dfbeta for square root of July-August inflows 

SDFBET-5 Standardized dfbeta for square root of September-October inflows 

SDFBE T-6 Standardized dfbeta for square root of November-December inflows 

'~tems are flagged if IsGtsl or (sdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1. 
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Standardhed DFBETA Intercept Stardardlzsd DFBETA SqnIJanuatyFebruav Inllovrl 

Smrdardmed DFBETA Sqn(May-June Intlas) Smrd8rdtzed DFBETA SqfilMarch-Apnl lnflasl 

Smrdardued DFBETA SqnIJuly-Aqust Inllows) Standardized DFBETA SqnlSeptemb~-OclC4W InllauS) 

Smndamued DFBETA S q W N o v e M - D e c e M  Inf las)  

Figure 6.45 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA ofsquare root of inflow variables. 
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7. EXAMINING SUBSETS OF THE DATA 

7.1 Log of flounder data and untransformed inflow data: 1990 Omitted 

Table 7.1 Regression Models for Dependent Variable: Ln (FLOUNDER) on INFLOWS: 1990 Omirred 

Rsq Adj C(p) AIC MSE SBC V a r i a b l e s  i n  Model 
In Rsq 

1 0.1518 0.1235 4.117 -35.17 0.3136 -32.24 QSO-LAG 
1 0.0823 0.0517 6.746 -32.65 0.3393 -29.72 QMJ-LAG 
1 0.0822 0.0516 6.751 -32.65 0.3394 -29.72 QND-LAG 
1 0.0487 0.0169 8.021 -31.50 0.3518 -28.57 QJA-LAG 

. . .---------.- . .- . .---. .----.- . .------.----.---------.--------------.-----.  
2 0.2304 0.1773 3.139 -36.28 0.2944 -31.89 QMJ-LAG QND-LAG 
2 0.2015 0.1464 4.235 -35.10 0.3054 -30.70 QJA-LAG QSO-LAG 
2 0.2004 0.1453 4.274 -35.06 0.3058 -30.66 QSO-LAG QND-LAG 
2 0.1831 0.1268 4.930 -34.37 0.3125 -29.98 QMJ-LAG QSO-LAG 

- - - - - - - . . - - - . - - . - - - - - - - - . - - - - - - - . - - - - . - - - . . - - - . - - - - . - - - - . . - - - - - - . - -*- - - . - - -  
3 0.2766 0.1991 3.391 -36.26 0.2866 -30.40 OW-LAG QSO-LAG QND-LAG 
3 0.2715 0.1935 3.583 -36.04 0.2886 -30.18 QMJ-LAG QJA-LAG QND-LAG 
3 0.2609 0.1817 3.986 -35.58 0.2928 -29.71 QMA-LAG QSO-LAG QND-LAG 
3 0.2468 0.1661 4.520 -34.97 0.2984 -29.11 QJA-LAG QSO-LAG QND-LAG 

- - - - - - - ~ . ~ ~ ~ ~ - - - - - - - - - - - - - ~ ~ ~ . . ~ ~ ~ ~ . ~ ~ ~ ~ . ~ ~ ~ - - - ~ ~ ~ . ~ ~ ~ . ~ ~ ~ ~ ~ - ~ ~ . ~ ~ ~ ~ . ~ ~ ~ . ~ ~  
4 0.3197 0.2189 3.760 -36.23 0.2795 -28.90 QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 
4 0.3127 0.2109 4.024 -35.90 0.2824 -28.57 QJF-LAG QJA-LAG QSO-LAG 

QND-LAG 
4 0.2911 0.1861 4.841 -34.91 0.2912 -27.58 QMA-LAG QMJ-LAG QSO-LAG 

QND-LAG 
4 0.2906 0.1855 4.859 -34.89 0.2914 -27.56 QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 
- - - - - - - . - - . - - - - - - - . - - - . . - - - - - - . . - - - - . - - - - - - - - - - - - - - - - - - - -~~ . - - - - - - - - - .~~~ .~  

5 0.3397 0.2127 5.002 -35.18 0.2817 -26.39 QJF-LAG QMJ-LAG QJA-LAG 
QSO-LAG QND-LAG 

5 0.3261 0.1966 5.515 -34.53 0.2875 -25.74 OWLAG QMJ-LAG QJA-LAG 
QSO-LAG QND-LAG 

5 0.3142 0.1823 5.967 -33.97 0.2926 -25.18 QJF-LAG Q K L A G  QJA-LAG 
QSO-LAG QND-LAG 

5 0.2911 0.1548 6.841 -32.91 0.3024 -24.12 QJF-LAG OWLAG QMJ-LAG 
QSO-LAG QND-LAG 

. - - - - - - . . - - - . - - - - - - - - - . . - . . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - . - - - - . - - - - . - -  
6 0.3397 0.1813 7.000 -33.19 0.2930 -22.93 QJF-LAG QMA-LAG QMJ-LAG 

QJA-LAG QSO-LAG QND-LAG 
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Table 7.2 Analvsis o f  Variance for Dependent Variable: Ln(FL0UNDER) on INFLOWS: 1990 Omitted 

Sum of  Mean 
Source DF Squares Square F Value Prob>F 

Model 6 3.76851 0.62809 2.144 0.0836 
Error 25 7.32413 0.29297 
C To ta l  3 1 11 .09264 

Root MSE 0.54126 R -  square 0.3397 
Dep Mean 3.84061 Adj R-sq 0.1813 
C.V. 14.09314 

Table 7.3 Parameter Estimates for Dependent Variable: Ln(FL0UNDER) on INFLOWS: 1990 Omitted 

Parameter Standard T f o r  HO: Variance 
Variable DF Estimate Error  Parameter-0 Prob > I TI I n f l a t i o n  

INTERCEP 1 3.8401 98 0.20402674 18.822 0.0001 0.00000000 
WF-LAG 1 -0.002634 0.003671 58 -0.717 0.4798 4.10889624 
QMA-LAG 1 0.0001 21 0.00276549 0.044 0.9654 3.11448277 
QMJ-LAG 1 -0.000882 0.00089693 -0.983 0.3348 1.82248037 
QJA-LAG 1 0.001 998 0.001 47293 1.357 0.1870 1.43434263 
QSO-LAG 1 -0.000730 0.00052303 - 1 .396 0.1750 1.34836419 
QND-LAG 1 0.005329 0.00269374 1 .978 0.0590 1.89152101 

Table 7.4 Collineariry Diagnostics(intercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
INFLOWS: 1990 Omitted 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index QJF-LAG *LAG OWLAG WA-LAG OSO-LAG UND-LAG 

1 2.63960 1 . 00000 0.0294 0.0342 0.0352 0.0005 0.001 0 0.0450 
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Table 7.5 Parameter Estimates of Models for Dependent Variable: Ln(FL0UNDER) on INFLOWS: 1990 
Omitted 

08s -RMSE- INTERCEP OJF-LAG OMA-LAG OM-LAG OJA-LAG QSO- LAG OND-LAG 

1 0.56004 4.04353 . -.0010797 . 
2 0.58250 4.02648 . -.0011731 . 
3 0.58254 3.66795 . .0034556 
4 0.59310 3.72539 . ,0016694 . 
5 0.54256 3.85903 . - .0016424 . .0048398 
6 0.55267 3.92778 . ,0016873 -.0010834 . 
7 0.55302 3.88761 . - .0009686 .0027027 
8 0.55898 4.13456 . -.0007599 . - .0009234 . 
9 0.53534 3.96389 . -.0012705 . -.0006532 .0040186 
10 0.53721 3.75500 . - .0016237 .0015356 . , .0047414 
1 1  0.54112 3.94201 . - .0027828 . -.0010404 ,0044424 
12 0.54626 3.78118 . .0016301 -.0009761 .0026092 
13 0.52869 3.85961 . - ,001 2434 ,001 5722 - .0006671 .0039004 
14 0.53138 3.79139 -.0039956 . .0022280 -.0009402 .0054613 
15 0.53966 3.97492 . -.0015941 -.0009353 . -.0007776 .0046680 
16 0.53985 3.84798 . - .0024124 . .0013293 -.0010370 .0041346 
17 0.53077 3.84262 -.0025359 . -.0008712 .0019691 -.0007368 .0053240 
18 0.53619 3.87543 . - .0010869 - .0010170 .0014472 - .0007508 .0043525 
19 0.54092 3.80731 -.0033909 -.0006307 . .0020589 -.0009615 .0054285 
20 0.54994 3.97496 -.0000359 -.0015802 -.0009330 . -.0007774 .0046829 
21 0.54126 3.84020 -.0026338 0.0001211 -.0008821 .0019983 -.0007302 .0053286 

Table 7.6 Criteria Statistics of Models for Dependent Variable: Ln(FL0UNDER) on NFLOWS: 1990 
Omitted 
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Number of Parameters 

Figure 7.1 The R criteria vs. Number of 
parameters. 

Number 01 Parameters 

Figure 7.3 The AIC criteria vs. Number of 
parameters.. 

Number of Paramelen 

Figure 7.2 The Adjusted R' criteria vs. 
Number ofparameters. 

Number of Parameters 

Figure 7.4 MSE vs. Number ofparameters 

Number of Parameters Number ol Parameters 

Figure 7.5 The C(p) criteria vs. Number of Figure 7.6 The SBC criteria vs. Number of 
parameters. parameters. 
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7.2 Log of flounder data and log of inflow data: 1990 Omitted 

Table 7.7 Regression Models for Dependent Variable: LnIFLOUNDER) on LnIINFLOFW): 1990 
Omitted 

Rsq Adj C ( p )  AIC MSE SBC V a r i a b l e s  i n  Model 
1n Rs9 

1 0.1193 0.0899 5.162 -33.97 0.3257 -31.03 LN-QND 
1 0.0901 0.0597 6.261 -32d92 0.3365 -29.99 LN-QMJ 
1 0.0371 0.0050 8.255 -31.11 0.3560 -28.18 LN-QSO 
1 0.0085 -.0246 9.333 -30.18 0.3666 -27.24 LN-QJA 

. - .--------.--------------------. . .-------.--. .-- .---. .- . .---. .-  

2 0.2576 0.2064 1.953 -37.43 0.2840 -33.04 LN-QMJ LN-QND 
2 0.1880 0.1320 4.574 -34.57 0.3106 -30.17 LN-QSO LN-QND 
2 0.1842 0.1280 4.716 -34.42 0.3120 -30.02 LN-QJF LN-QND 
2 0.1678 0.1104 5.333 -33.78 0.3183 -29.38 LN-QMA LN-QND 

- - - - - . - - - - - - - - - - - - - - - - - - - - . - - . - - - . - - * - - - - - - . - - - - - - - - . - - . - - - - - - - - - - - - - . . - . - -  

3 0.2853 0.2088 2.909 -36.65 0.2831 -30.79 LN-QMJ LN-QSO LN-QND 
3 0.2736 0.1958 3.350 -36.13 0.2878 -30.27 LN-QMJ LN-QJA LN-QND 
3 0.2664 0.1878 3.620 -35.82 0.2906 -29.95 LN-QJF LN-QMJ LN-QND 
3 0.2598 0.1805 3.869 -35.53 0.2932 -29.67 LN-QMA LN-QMJ LN-QND 

- - - - - - - - - - - - - - - . - - - - - - - - . . - . - - - - - - - - - - . - - . . - - - - - - . - - - - - . - - - - - - - - - - - - . - - - - - -  

4 0.3064 0.2037 4.114 -35.61 0.2849 -28.28 LN-QMJ LN-QJA LN-QSO LN-QND 
4 0.2971 0.1930 4.465 -35.18 0.2888 -27.86 LN-QJF LN-QMJ LN-QJA LN-QND 
4 0.2951 0.1907 4.540 -35.09 0.2896 -27.77 LN-QJF LN-QMJ LN-QSO LN-QND 
4 0.2940 0.1894 4.583 -35.04 0.2901 -27.71 LN-OMA LN-QMJ LN-QSO LN-QND 

- . - - - - - - - - - - - - - - - - - - - - . . - - . - - - - - - . - - - . - - - - - - - - - - - - - - . - - - - - - - - - - - . - - - - - - - . . -  
5 0.3345 0.2065 5.057 -34.93 0.2839 -26.14 LN-QJF LN-QMJ LN-QJA LN-QSO 

LN-QND 
5 0.3174 0.1862 5.701 -34.12 0.2912 -25.33 LN-QMA LN-QMJ LN-QJA LN-QSO 

LN-QND 
5 0.2996 0.1650 6.370 -33.30 0.2988 -24.51 LN-QJF LN-QMA LN-QJA LN-QSO 

LN-QND 
5 0.2984 0.1635 6.416 -33.24 0.2993 -24.45 LN-QJF LN-QMA LN-QMJ LN-QSO 

LN-QND 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 0.3360 0.1767 7.000 -33.01 0.2946 -22.75 LN-QJF LN-OMA LN-QMJ LN-QJA 
LN-QSO LN-QND 

N = 32 



Flounder Harvest in Aransas Ba.v 91 

Table 7.8 Anaivsis of Variance for Dependent Variable: LnfFLOUNDER) on Ln(INFL0WS): 1990 
Omitted 

Sum of Mean 
Source DF Squares Square F Value Prob>F 

Model 6 3.72745 0.62124 2.109 0.0881 
Error  25 7.36519 0.29461 
C T o t a l  31 1 1 .09264 

Root MSE 0.54278 R-square 0.3360 
Dep Mean 3.84061 A d j R - s q  0.1767 
C.V. 14.13259 

Table 7.9 Parameter Estimates for Dependent Variable: Ln(FL0UNDER) on Ln(INFL0WS): 1990 
Omitted 

Parameter Standard T f o r  HO: Variance 
Va r iab le  DF Estimate E r ro r  Parameter=O Prob > I TI I n f l a t i o n  . . 
INTERCEP 1 3.801824 0.55969052 6.793 0.0001 0.00000000 
LN-QJF 1 -0.1021 56 0.12203290 -0.837 0.4105 2.49740165 
LN-QMA 1 -0.026627 0.11184912 -0.238 0.8138 2.1271 2888 
LN-QMJ 1 -0.129999 0.11107498 -1.170 0.2529 1.63908092 
LN-QJA 1 0.111930 0.09405532 1 . I 9 0  0.2452 1 ,23821 160 
LN-QSO 1 -0.089465 0.07404216 - 1 .208 0.2382 1.22089788 
LN-QND 1 0.307688 0.11 27361 7 2.729 0.0115 1.55236727 

Table 7.10 CoNinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
Ln(INFL0 WS): I990 Omitted 

Condi t ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN OJF LN OM LN O M  LN OJA LN 0.50 LN OND 
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Table 7.11 Paramerer Estimates ofModels for Dependent Variable: LnfFLOUNDER) on 
Ln(INFL0 WS): 1990 Omitted 

08s -RMSE- INTERCEP LN-QJF LN-QMA LN-OMJ LN-QJA LN-0.50 LN-OND 

1 0.57066 3.19067 . 0.19174 

Table 7.12 Criteria Statistics of Models for Dependent Variable: Ln(FL0UNDER) on 
Ln(ZNFL0WS): 1990 Omitted 
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Number of Parameters Number 01 Parameters 

Figure 7.7 The R' criteria vs. Number of Figure 7.8 The Adjusted R criteria vs 
parameters. Number ofparameters. 

Number of Parameters Number of Parameters 

Figure 7.9 The AIC criteria vs. Number of Figure 7.10 MSE vs. Number ofparameters. 
parameters.. 

Number 01 Parameters Number 01 Parameters 

Figure 7.11 The C(p) criteria w. Number of Figure 7.12 The SBC criteria vs. Number of 
parameters. parameters. 
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7.3 Log of flounder data and square root inflow data: 1990 Omitted 

Table 7.13 Regression Models ,for Dependent Variable: Ln(FL0UNDER) on SqrtlINFLOWS): 1990 
Omitted 

Rsq Ad] C ( p )  A I C  MSE SBC Var iab les  i n  Model 
1n Rsq 

1 0.1050 0.0752 6.031 -33.45 0.3309 -30.52 SQR-QNO 
1 0.0917 0.0614 6.537 -32.98 0.3358 -30.05 SQR-QMJ 
1 0.0833 0.0527 6.857 -32.69 0.3390 -29.75 SQR-QSO 
1 0.0344 0.0022 8.715 -31.02 0.3570 -28.09 SQR-QJA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0.2499 0.1981 2.523 -37.10 0.2869 -32.71 SQR-QMJ SQR-QND 
2 0.1807 0.1242 5.152 -34.28 0.3134 -29.88 SQR-QSO SQR-QND 
2 0.1534 0.0950 6.191 -33.23 0.3238 -28.83 SQR-QJF SQR-QND 
2 0.1500 0.0914 6.319 -33.10 0.3251 -28.71 SQR-QMA SQR-QND 

........................................................................... 

3 0.2814 0.2044 3.326 -36.47 0.2847 -30.61 SQR-QMJ SQR-QJA SQR-ON0 
3 0.2756 0.1980 3.544 -36.22 0.2870 -30.36 SQR-QMJ SQR-QSO SQR-QNO 
3 0.2559 0.1762 4.295 -35.36 0.2948 -29.50 SQR-QJF SQR-QMJ SQR-ON0 
3 0.2536 0.1737 4.380 -35.26 0.2957 -29.40 SQR-QMA SQR-QMJ SQR-QNO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 0.3139 0.2123 4.087 -35.96 0.2819 -28.63 SQR-QMJ SQR-QJA SQR-QSO 

SQR-QND 
4 0.3047 0.2017 4.439 -35.53 0.2857 -28.20 SQR-QJF SQR-QMJ SQR-QJA 

SQR-QND 
4 0.2973 0.1932 4.721 -35.19 0.2887 -27.86 SQR-QJF S Q R J A  SQR-QSO 

SQR-QND 
4 0.2887 0.1833 5.047 -34.80 0.2922 -27.47 SQR-MA SQR-QMJ SQR-QSO 

SQR-QND 
-- . . . .-- .---. .----.------. .------. .---.----.--------------. .-----------.- . .  

5 0.3422 0.2157 5.012 -35.31 0.2806 -26.51 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SQR-QNO 

5 0.3235 0.1934 5.722 -34.41 0.2886 -25.62 SQR-QMA SQR-QMJ SQR-QJA 
SQR-QSO SQR-QNO 

5 0.3061 0.1727 6.384 -33.60 0.2960 -24.80 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QND 

5 0.3047 0.1710 6.437 -33.53 0.2966 -24.74 SQR-QJF SQR-QMA SQR-QJA 
SQR-QSO SQR-QNO 

........................................................................... 

6 0.3425 0.1847 7.000 -33.32 0.2917 -23.06 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QSO SQR-QND 

N = 32 
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Table 7.14 Analysis of Variance for Dependent Variable: LnlFLOUNDER) on Sqrt(1,VFLOWS): 1990 
Omitted 

Sum of Mean 
Source DF Squares Square F Va lue  Prob>F 

Model 6 3.79951 0.63325 2.171 0.0803 
E r r o r  25 7.29313 0.29173 
C T o t a l  31 1 1 .09264 

Root MSE 0.54012 R-square 0.3425 
Dep Mean 3.84061 Adj R-sq 0.1847 
C.V. 14.06328 

Table 7.15 Parameter Estimates for Dependent Variable: Ln(FL0UNDER) on SqrtjINFLOWS): 1990 
Omitted 

Parameter Standard T f o r  HO: Var iance  
V a r i a b l e  DF Es t imate  E r r o r  Parameter=O Prob > ( TI I n f l a t i o n  

INTERCEP 1 3.767977 0.32722207 11.515 0.0001 0.00000000 
SQR-QJF 1 -0.039384 0.0463361 3 -0.850 0.4034 2.84239296 
SOR-QMA 1 -0.004405 0.03958498 -0.111 0.9123 2.24032535 
SQR-QMJ 1 -0.025581 0.02134010 -1  . I 99  0.2419 1.57258708 
SQR-QJA 1 0.036560 0.02592478 1.410 0.1708 1.28446266 
SQR-QSO 1 -0.017056 0.01449966 ' -1.176 0.2506 1.24237256 
SQR-QND 1 0.090192 0.03737842 2.413 0.0235 1.65740458 

Table 7.16 Collineariv Diagnosricsjintercept adjusted) for Dependent Variable: Ln(FL0UNDER) on 
SqrtjINFLO WS): 1990 Omitted 

C o n d i t i o n  Var Prop Var Prop Var Prop Var Prop Var Prop Var  Prop 
Number E igenva lue  Index S K O J F  SOR-OMA S[IR_OMJ SOR-OJA SQR-OSO SOR-OND 

1 2.46686 1 .OOOOO 0.0464 0.0480 0.0437 0.0064 0.0011 0.0528 
2 1 ,25082 1.40435 0.0000 0.0259 0.0604 0.0984 0.3848 0.0253 
3 1 .04287 1.53801 0.0142 0.0166 0.1087 0.4903 0.0529 0.0089 
4 0.64665 1 .95317 0.0003 0.0529 0.1846 0.0834 0.2366 0.4439 
5 0.36499 2.59975 0.0607 0.3558 0.6024 0.0078 0.2827 0.2786 
6 0.22781 3.29066 0.8784 0.5008 0.0003 0.31 36 0.041 9 0.1905 
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Table 7.1 7 Parameter Estimates ofModels for Dependent Variable: Ln(FL0-R) on 
Sqrt(INFL0 WS): 1990 Omitted 

- 

08s -RMSE- INTERCEP SOR-OJF SOR-OMA SOR-OMJ SOR-OJA SOR-OSO SOR-QND 

1 0.57526 3.47759 . 0.05801 8 

Table 7.18 Criteria Statistics of Models for Dependent Variable: Ln(FL0UNDER) on 
Sqrt(INFL0 WS): 1990 Omirted 

00s -MSE- - RSO- - AL?JRSO- -CP- - AIC- - SBC- 

1 0.33092 0.10501 0.07518 6.03117 -33.4529 -30.5214 
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Number 01 Parameters Number o l  Parameters 

Figure 7.13 The R criteria vs. Number of Figure 7.14 The Adjusted R' criteria vs. 
parameters. Number ofparameters. 
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Figure 7.15 The AIC criteria vs. Number of Figure 7.16 MSE vs. Number ofparameters. 
parameters.. 
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Figure 7.17 The C(pl criteria w. Number of 
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Figure 7.18 The SBC criteria vs. Number of 
parameters. 



F. Michael Speed 
Michael Longnecker 
Birgir Hrafnkelsson 

p - >  1 ,  $ 1  j Y 1;s) : 

L I A Reg~.cssion i211:rlysis 
I 

Harvest vs Frcsllwater Inflows 

Department of Statistics 
Texas A &M Universitl~ 



A Regression Analysis 
Harvest vs. Freshwater Inflows 

F. Michael Speed 
M. Longnecker 

Birgir Hrafnkelsson 

Department of Statistics 
Texas A M  University 

March 1997 



I .  Summary Report I 

1.1 Description of the Problem 1 

1.2 Constructing Models - General Discussion 1 

1.2.1 Detecting Influential Points and Outliers 1 

1.2.2 Variable Selection 2 

1.2.3 Multicollinearity 2 

1.2.4 Other Procedures 2 

1.3 How the Final Model Was Chosen 2 

1.3.1 Selecting the Data Set Used 2 

1.3.2 Selecting the Points to be Omitted 3 

1.3.3 Selecting the Final Candidate Models 6 

1.3.4 Selecting the Final Models 6 

1.4 Best Model: Logged Harvest and Square Root of Inflow 7 

1.4.1 Summary Information 7 

2. Exploring the Data I1 

2.1 Listing of data 1 1  

2.2 Examination of  Individual Variables 12 

2.2.1 The trout data 14 

2.2.2 The January-February Inflows data 17 

2.2.3 The March-April Inflows data 20 

2.2.4 The May-June Inflows data 23 

2.2.5 The July-August Inflows data 26 

2.2.6 The September-October Inflows data 29 

2.2.7 The November-December Inflows data 32 

3. Prediction Ellipses and Confidence Regions 35 

4. Box-Cox Analysis 42 

5. Model Choice Diagnostics 44 

5.1 Untransformed trout data and untransformed inflow data 44 

5.2 Log of trout data and untransformed inflow data 45 

5.3 Log of trout data and log of inflow data 46 

5.4 Log of trout data and square root of inflow data 47 

5.5 Square root of trout data and untransformed inflow data 48 



. . 
11 

5.6 Square root of trout data and log of inflow data 49 

5.7 Square root of trout data and square root of inflow data 50 

5.8 Various transformation suggested by Box-Cox 5 1 

6. Regression for the Best Models 52 

6.1 Regression - Log of trout data on log of inflow data 52 

6.1.1 ANOVA and Parameter Estimates 52 

6.1.2 Collinearity Diagnostic 53 

6.1.3 Residuals Diagnostics 54 

6.1.4 Prediction Intervals for Trout Harvest 59 

6.1.5 Outliers and Influential Point Detection 60 

6.2 Regression - Log of trout data on square root of inflow data 64 

6.2.1 ANOVA and Parameter Estimates 64 

6.2.2 Collinearity Diagnostic 65 

6.2.3 Residuals Diagnostics 66 

6.2.4 Prediction Intervals for Trout Harvest 71 

6.2.5 Outliers and Influential Point Detection 72 

6.3 Regression - Square Root of trout data on inflow data 76 

6.3.1 ANOVA and Parameter Estimates 76 

6.3.2 Collinearity Diagnostic 77 

6.3.3 Residuals Diagnostics 78 

6.3.4 Prediction Intervals for Trout Harvest 83 

6.3.5 Outliers and Influential Point Detection 84 

7. Examining Subsets of the Data 88 

7.1 Log of trout data and log of inflow data: 1964 Omitted 88 

7.2 Log of trout data and square root inflow data 92 

7.3 Square root of trout data and untransformed inflow data 96 



Trout Harvesr in Corpus Chrisri Bay 1 

1.1 Description of the problem' 
Bimonthly freshwater inflows into Corpus Christi Bay were recorded for the years 1961 

to 1980. These variables, and various transformations of them, were used to construct a model 
for the annual harvest of trout. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of 

view: individual observations (to detect outliers or influential points); variables, individually and 
in groups (to select an optimal set of predictors); and the interaction of these two, which 
produces the overall structure of the data set (to determine whether multicollinearity is present or 

not). The first two of these were examined by both graphic and quantitative means; the third by 

quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as 

well as by all the usual numerical measures. For each pair of variables, 99 % prediction ellipses 

and 95% confidence regions were plotted in a further effort to look for unusual points. For 

example, suppose large values of Variable A are generally associated with large values for 
Variable B. If an observation consisted of a large value for Variable A but a small value for 

Variable B, that point would be considered unusual, even though it was well within the range of 
data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual 
indicates a point not well-fit by the model. The deleted residual, however, is somewhat more 

useful in the search for influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The 
Studentized deleted residual is scaled to have a Student's t distribution. Histograms and normal 
P-P plots of the residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 

standarized values for the Dflts (to measure the influence of a given observation on the predicted 
response) and the Dfbetas (to measure the influence of a given observation on the calculated 

coefficients) were also used to build a general picture of the influence of individual points. Plots 
were made of the standardized D@ts value for each model against the standardized Dfbeta values 

for each predictor in the model. Points which were extreme indicated observations which had 

strong effects on both predicted values and coefficient estimates. 

I The followmg dacurrton. prepared by Jacqueltne Klffe, was taken from Scanout Harvest m Galveston Bay A Regarton Analyrls. by F Michael Speed. Sr and 

Jacqueline Ktffe 
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1.2.2 Variable Selection 

For each regression, residuals were plotted against each of the independent variables to 

look for nonlinear relationships between the response variable and individual predictors. Partial 

residual plots were employed to examine the overall relationship between the response and 
individual predictors. A partial residual is a corollary to the deleted residual. That is, the model is 

fitted without a given variable and the predicted response and corresponding residual are 
calculated for each observation. This seeks to answer the question, "What is the relationship of 

this predictor to the response variable, taking all other variables into account?" Thus, it 
examines the marginal relationship of a given predictor to the response. 

Numerous measures have been developed over the years to assess the adequacy of a 
given model. We examined a number of these, including R* and mean squared error (MSE), and 

several others which directly incorporate penalties for having too many predictors in the model, 

such as adjusted R2, Cp, AIC, and SBC. It is well-established that too many predictors in a model 
can lead to bad prediction, just as too few can, and these measures are used as part of the attempt 

to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by 

linear combinations of the remaining variables, resulting in unstable coefficient estimates. The 
variance inflation factor (VIF) was calculated for each coefficient estimate to measure this 

instability, which is not usually considered profound for W F s  less than 10. No problems were 
found with this data. Additionally, the condition index (a ratio of eigenvalues of the covariance 

matrix, with the largest eigenvalue always on top) was calculated. A ratio greater than 30 is , 

considered cause for concern. Again, no evidence of multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox 

procedure, used to find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 

1.3.1 Selecting the Data Set Used 
First, the variables were explored thoroughly, individually and in pairs, in a first effort to 

detect outliers. The SAS@ programming language allows a number of diagnostics to be calculated 
for a group of models on a given data set without actually performing a formal regression, thus 

allowing one to examine a large number of models quite efficiently. The Box-Cox procedure was 

performed to find if a transformation to normality was suggested. The log transform was 

suggested for some variables, and the squared root for others. At this point, there were several 
data sets for which the diagnostic series was calculated: 
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1. Untransformed trout data and untransformed inflow data 

2. Log of trout data and untransformed inflow data 

3. Log of trout data and log of inflow data 
4. Log of trout data and square root inflow data 
5. Square root of trout data and untransformed inflow data 

6.  Square root of trout data and log of inflow data 

7. Square root of trout data and square root inflow data 

8. Various transformation suggested by Box-Cox 

1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one 

contained all variables in its corresponding data set. All diagnostics were generated, and 

influential points were determined for each model. 

Table 1.1 R2 and Adjusted R2 for full data sets. 

Data Set R2 
I 0.8255 

Adj. R2 
0.7449 

0.821 1 

0.8626 

0.8688 

0.8493 

0.7844 

0.8342 

0.81 13 

Data sets 3 , 4  and 5 presented the highest R' values. These three models were considered 

final candidates. The observations flagged as potentially influential are given in the summary 
table below, for each model. 
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Table 1.2 Sumrnaly ofpointsflagged by Boxplors. 

Year Variable 
1964 Ln(March-April), Ln(May-June), Sqrt(May-June) 

1970 January-February inflows. 

1971 July-August inflows. 

1972 July-August inflows. 

1973 Harvest, July-August inflows. 

1977 March-April mflows. Ln(March-April), Sqrt(March-April) 

1978 March-April inflows. Ln(March-April), Sqrt(March-April) 

1979 March-April inflows. Ln(March-April), Sqrt(March-April) 

Table 1.3 Summary ofpointsflagged by 99% prediction ellipses. 

Year Variable 
None None 

Table 1.4 Outliers ofdata set 3. 

- 

Year BOX SIZE SDR LEY MAH COO SDF SDB TOTAL 

1964 2 1 1 1 2 7 

1968 1 1 
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Table 1.5 Outliers of data set 4. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

1964 1 I 1 1 4 

Table 1.6 Outliers of data set 5. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

1968 1 1 

A Key to Abbreviations: 
BOX Box plot 

SRE Studentized residual 
SDR Studentized deleted residual 
LEV Leverage value 

MAH Mahalanobis distance 
COO Cook's distance 
SDF Standardized Dffits value 

SDB Standardized Dfbeta value 
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1.3.3 Selecting the Final Candidate Models 
After the subset analysis led us to three models, Data Set 3 with 1964 omitted; Data Set 4 

with 1969 omitted and Data Set 5, no observation omitted. 

Table 1.7 R2 and Aa)usted R2 for data sets number 3, 4 and 5. 

Data set Observations omitted Adj. R~ 
3 1964 0.8912 0.8493 

5 None 0.8968 0.8600 

1.3.4 Selecting the Final Models 
It appears that Data set 4 with 1969 omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Ln(Trout Harvest) = 0.3433 - 0.3792*Sqrt(Jan-Feb Inflows) 
+ 0.2969*Sqrt(May-Jun Inflows) 
+ 0.0590*Sqrt(Jul-Aug Inflows) 
+ 0.0440*Sqrt(Sep-0ct Inflows) 
+ 0.1415*Sqrt(Nov-Dec Inflows) 
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1.4 Best Model: Logged Harvest and Square Root of Inflow 

1.4.1 Summary Information 

Table 1.8 Descriptive statistics for dependent and independent variables. 

Descriptive Statistics 

Table 1.9 Model sumrna?y for the final model. 

Model sumrnaMb 

Ln(Trout Hamest) 
Sqrt( January-February Inflows) 
Sqrt(May-June Inflows) 
Sqrt(July-August Inflows) 
Sqrl(Sepember-October Inflows) 
Sqrt(November-December Inflows) 

a. Dependent Variable: Ln(Trout Hamest) 

b. Method: Enter 

N 
19 
19 
19 
19 
19 
19 

Variables 
Entered 

a r t (  January-February Inflows) 
Sqrt(May-June Inflows) 
Sqrl(July-August Inflows) 
Sqrl(Sepember-October Inflows) c,c 
Sqrt(November-December Inflows) 

c. lndependent Variables: (Constant), Square Root of November-December Inflows. Square 
Root of May-June Inflows, Square Root of July-August Inflows, Square Root of 
Sepember-October Inflows, Square Root of January-February Inflows 

d. All requested variables entered. 

Mean 
3.5881 
5.5803 
10.7525 
8.9310 
14.7551 
7.0231 

R 

.964 

Table LIO Anova for thefinal model. 

ANOVPP 

Std. 
Deviation 
1.4260 
1.9158 
3.3351 
4.9583 
7.8252 
3.2760 

R 
Square 

,930 

a. Dependent Variable: Ln(Trout Ha~eSt) 

b. lndependent Variables: (Constant), Square Root of November-December 
Inflows, Square Root of May-June Inflows. Square Root of July-August 
Inflows, Square Root of Sepember-October Inflows, Square Root of 
January-February Inflows 

Adjusted 
R 

Square 

,903 

Model 
1 Regression 

Residual 
Total . 

Mean 
Square 
6.808 
,197 

Std. Error 
of the 

Estimate 

,4442 

Sum of 
Squares 
34.040 
2.565 
36.605 

Durbin- 
Watson 

2.039 

F 
34.502 

df 
5 
13 
18 

Sig. 
.OOOD 
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Table 1.11 Parameter estimates for the final model. 

CoefflclenW 

a. Dependent Variable: Lnvrout Harvest) 

(Constant) 
Sqrt(January-February Inflows) 
Sqrt(May4une Inflows) 
Sqrt(July-August Inflows) 
Sqrt(Sepember-October Inflows) 
Sqrt(November-December Inflows) 

Table 1.12 Residuals statistics for the final model. 

Residuals Statistic# 

a. Dependent Variable: Ln(Trou1 Harvest) 

Unstandardized 
Coefficients 

Standar 
dized 

Coefficie 
nts 

Beta 

-.509 
,694 
,205 
.241 
,325 

B 
,343 

-.379 
.297 

5.9E-02 
4.4E-02 

.I41 

Std. Error 
,528 
,084 
,038 
,030 
,019 
,039 

Std. 
Deviation 

1.3752 

1.000 

4.97E-02 

1.3771 

.3775 

,850 

1.031 

,5598 

1.103 

2.270 

.I10 

,126 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

t 
.650 

-4.510 
7.781 
1.994 
2.320 
3.651 

N 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

Maximum 

5.5647 

1.437 

.3446 

5.7733 

,7378 

1.661 

2.087 

1.1644 

2.458 

9.882 

.419 

,549 

Minimum 

,9358 

-1 329 

.I527 

,9061 

-.5983 

-1.347 

-1.551 

-.7928 

-1.650 

1.180 

,000 

,066 

Mean 

3.5881 

,000 

,2449 

3.5875 

3.7E-16 

,000 

,000 

5.9E-04 

,016 

4.737 

,083 

,263 

Siq. 
,527 
,001 
.OOO 
,068 
,037 
.003 

95% Confidence 
Interval for B 

Lower 
Bound 

-.798 
-.561 
.214 

-.005 
,003 
058 

Upper 
Bound 

1.485 
-198 
,379 
.I23 
,085 
,225 
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1960 1970 1980 1990 

Year 

ObSewed Hardest 

Predicted Hawest 

Figure 1.1 Predicted and observed values for the harvest. 

- 
Predicted Hardes 

Observed Hawesl 

1941 1951 1961 1971 1981 1991 

Year 

Figure 1.2 Predicted and observed values for the harvest. 
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Table 1.13 Prediction Intervals for Trout Harvest based on the final model. 

YEAR TROUT PRKI  LICI-1 UZCI-1 
1961 7.00 10.24 2.19 47.81 
1962 6.40 6.01 1.36 26.59 

TROUT Observed trout harvest 
PRE,, Predicted trout harvest 
LICI-I Lower limit for 99% prediction interval for the trout harvest. 

UICI-1 Upper limit for 99% prediction interval for the trout harvest. 



Trout Harvest in Corpus Christi Bay 11 

2. EXPLORING THE DATA 

2.1 Listing of data 

Table 2.1 The trout data and the injlow data. 

Year Trout JF_inflow MA-inflow MJ-inflow JA-inflow SO-inflow ND-inflow 

1961 7.00 58.45 13.11 42.66 68.59 274.80 148.90 

1962 6.40 49.25 12.81 38.52 52.35 178.60 78.65 

1963 2.80 48.48 13.28 33.71 32.81 88.84 72.87 

1964 2.60 5.49 6.64 7.72 10.11 9.91 5.45 

1965 13.20 26.72 15.50 74.65 10.70 68.57 9.75 

1966 25.40 27.01 20.93 166.41 12.65 68.66 10.36 

1967 14.50 28.09 22.47 168.79 14.00 69.73 12.21 

1968 16.70 89.91 21.03 219.30 27.86 670.67 17.64 

1969 38.70 9 1.93 18.46 128.91 26.74 675.78 18.02 

1970 72.60 95.26 25.37 211.69 38.3 1 693.83 56.42 

1971 101.50 12.76 18.29 94.70 307.47 34.80 46.74 

1972 153.30 2 1.69 17.45 147.81 310.47 612.72 78.25 

1973 314.10 19.03 9.52 155.96 338.40 605.99 40.5 1 

1974 167.60 23.79 19.07 158.31 73.99 816.37 64.29 

1975 121.90 19.24 17.38 175.19 92.49 289.82 37.63 

1976 68.70 17.23 16.72 105.85 126.23 285.93 35.21 

1977 83.40 37.15 104.82 149.46 105.12 158.61 138.05 

1978 62.40 30.44 104.63 105.60 101.84 103.47 133.86 

1979 103.70 34.14 123.11 169.20 3 1.74 134.64 135.35 

1980 56.90 13.59 24.89 171.41 202.89 72.81 8.20 

Trout Trout harvest (thousands of pounds) 

JF-inflow Lagged January-February inflows (thousands of acre-feet) 

MA-inflow Lagged March-April inflows (thousands of acre-feet) 

MJ-inflow Lagged May-June inflows (thousands of acre-feet) 

JA-inflow Lagged July-August inflows (thousands of acre-feet) 

SO-inflow Lagged September-October inflows (thousands of acre-feet) 

NRinflow Lagged November-December inflows (thousands of acre-feet) 
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2.2 Examination of Individual Variables 

Table .2.2 Test of N o n n a l i ~  for the trout data and the inflow data. 

Tests of Normality 

Ln(Trout Hawest) 
Square Root of Trout 
Hawest 
January-February 
lnflows 
Ln(January-February 
Inflows) 
Square Root of 
January-February 
lnflows 
March-April lnflows 
Ln(March-April Inflows) 
Square Root of 
March-April lnflows 
May-June lnflows 
Ln(May-June Inflows) 
Square Root of 
May-June lnflows 
July-August lnflows 
Ln(July-August Inflows) 
Square Root of 
July-August lnflows 
SeptemberOctober 
lnflows 
Ln(September-October 
Inflows) 
Square Root of 
Sepember-October 
lnflows 

Trout Hawest 

Kolmogorov-Smirnova 
Statistic I df I Sig. 

,182 1 20 1 ,080 

S 
Statistic 

,818 
,938 

,950 

,834 

,965 

,925 

,579 
,815 

,681 

.931 
,774 

,885 

,772 
,947 

,886 

,825 

.929 

,901 

,866 

,929 

,924 

November-December 
lnflows 
Ln(November-Desem 
ber Inflows) 
Square Root of 
November-December 
lnflows 

hapiro-Wilk 
df 

20 
20 

20 

20 

20 

20 

20 
20 

20 

20 
20 

20 

20 
20 

20 

20 

20 

20 

20 

20 

20 

". This is an upper bound of the true significance. 

'. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

.I44 

,128 

,142 

- 
Sig. 

.010" 
,289 

,403 

.010" 

,626 

.I56 

.010" 

.010^' 

.010" 

.213 

.010" 

.021 

.010" 
,376 

,023 

.010" 

.I91 

,044 

.010" 

,197 

.I44 

20 

20 

20 

.ZOO 

.200 

,200 
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Table .2.3 Percentiles of the 

Wenghled Tiout Harvest 
Average(Defineon ~(TIWI Harvest) 
11 SqUxe RWIOf 

Harvest 
January.February 
1nnows 
Ln(January-February 
Inflom) 
Square Rool of 
January-February 
Inflows 
March-Aprillnflows 
Ln(March-Aptillnflows) 
Square Root ol 

Innows 
MayJune Innom 
Ln(MayJune1nflwn) 
Square Rool of 
MayJune l n f l w  
July-Augustlnfiows 
Ln(Ju1y-Augusllnflwn) 
Square Root of 

-AUIUStl nflom 
SeptemberOclober 
InIlowS 
Ln(September-October 
Inflows) 
Square Rool of 
Sepember-OclOber 
lnflwn 
Nwember.December 
Inflows 
Ln(Nwember-kem 
be, Inflows) 
Square Rool 01 
November-December 
Inflows 

Tukey's Hinges Trwl  H a ~ e s I  
~n(Trout Hawest) 
Square Root of Trw l  
Harvest 
January-Febtuary 
1nflom 
Ln(January.FsbrW 
Inflows) 
Square Rool of 
January-February 
lnflwn 
war&-~pnl tnnom 
Ln(March-Apt1 Inflow) 
Squaw Root of 
Mard-April Inflows 
MayJune lnflwn 
h(May-June lnnows) 
square Rool of 
MayJune Inflows 
July-Acgugusl Inflows 
Ln(JuiyA4igusl lnflowsl 
Square Rool of 
~u ly -~ugust  Inflows 
SeptemberOclobw 
lnnows 
Ln(September-October 
Infloml 
Square Rool of 
Sepember-Onober 
Inflom 
November-DBmmber 
Inflows 
Ln(N~ember-DeSem 
her Inflows) 
square Root of 
Nwember-December 
Inflows 

trout data and the inflow data. 

95 
306.775 
5.7163 

17.4840 

95.0935 

4.5548 

9.7515 

122.195 
4.8050 

11.0526 

218.920 
5.3887 

14.7958 

337.004 
5.8199 

183569 

810.243 

6.6967 

26.4606 

148.358 

4.9995 

12.1798 

75 
103.150 
46361 

10.1562 

49.0575 

3.8930 

7.0041 

24.2850 
3.1689 

4.9268 

169.096 
5.1305 

13.0037 

120.953 
4.7924 

10.9896 

611.038 

6.4151 

24.7191 

76.5500 

4.3637 

8.8628 

102.600 
4.6308 

10.1290 

48.8650 

3.6890 

6.9903 

23.6800 
3.1633 

4.8646 

168.995 
5.1299 

12.9998 

115.675 
4 7466 

10.7440 

609.355 

6.4124 

24.6850 

78.4500 

4.3625 

8.8572 

Permnt11es 
50 

59.6500 
4.0874 

7.7213 

27.5500 

3.3158 

5.2486 

163750 
2.9110 

4.2866 

148.635 
5.0015 

12.1915 

60.4700 
4.0930 

7.7586 

166.605 

5.1258 

12.9791 

43.6250 

3.7731 

6.6007 

59.6500 
4.0874 

7.7213 

27.5500 

3.3158 

5.2486 

18.3750 
2.9110 

4.2866 

148.635 
5.0015 

12.1915 

60.4700 
4.0930 

7.7586 

168.605 

5.1258 

12.9791 

43.6250 

3.7731 

6 .W7  

5 
2.6100 
.9592 

1.6155 

5.8535 

1.7451 

2.4045 

6.7840 
19111 

2.6023 

9.0195 
2.1175 

2.9299 

10.1395 
2.3164 

3.1842 

11.1545 

2.3563 

3.2856 

5.5875 

1.7160 

2.3610 

90 
166.170 
5.1127 

12.8896 

91.7260 

45168 

9.5774 

104.801 
4.6521 

10.2372 

208.040 
5.3362 

14.4182 

310.170 
5.7371 

17.6116 

692.025 

6.5396 

26.3062 

137.780 

4.9256 

11.7379 

PNcsnUhS 

10 
3.1600 
1.1123 

1.7590 

12.8430 

2.5526 

3.5835 

9.8490 
2.2631 

3.1348 

34.1910 
3.5311 

5.8461 

10.8950 
2.3670 

3.2996 

38.1770 

3.6174 

6.1373 

8.3550 

2.1214 

2.8895 

25 
13.5250 
2.6037 

3.6769 

19.0625 

2.9486 

43683 

13.8350 
2.6249 

3.7174 

79.6625 
4.3723 

6.9129 

27.0200 
3.2964 

51979 

70.5000 

4.2554 

6.3961 

13.5675 

2.5942 

3.6707 

13.8500 
2.6272 

3.7205 

19.1350 

2.9515 

4.3743 

14.3900 
2.6635 

3.7906 

84.6750 
4.4318 

9.1857 

27.3000 
3.3067 

5.2247 

71.2700 

4.2662 

8.4417 

14.9250 

2.6662 

3.8471 
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2.2.1 The trout data 

Table .2.4 Descriptives for the trout data. 

Table .2.5 Extreme Values for the trout data. 

Trout Mean 
kla~est 95% Confidence Lower 

Interval tor Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
71.6700 

35.9913 

107.349 

62.0389 

59.6500 
581 1.65 

76.2342 

2.60 
314.10 
311.50 

89.6250 

1.843 
4.395 

Trout Highest 1 
Hawest 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Std. 
Error 
17.0465 

.512 
392 

Case 
Number 

13 
14 
12 
15 
19 
4 
3 
2 
1 
5 

Year 
1973 
1974 
1972 
1975 
1979 
1964 
1963 
1962 
1961 
1965 

Value 
314.10 
167.60 
153.30 
121.90 
103.70 
2.60 
2.80 
6.40 
7.00 
13.20 
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h e r v n d  Value 

Figure 2.1 Normal Q-Q Plot of Trout Harvest. 

Figure 2.2 BoxPlot of Trout Harvest. 

Trout Harvest 

Figure 2.3 Histogram of Trout Harvest. 
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Observed Value 

Figure 2.4 Nonnal Q-Q Plot ofLn(Trout 
Harvest). 

Figure 2.6 BoxPlot of Ln (Trout Harvest). 

Ln(Trou1 Harvest) 

Figure 2.8 Histogram of Ln(Trout Harvest). 

1 1  I 
YI -10 

-10 0 10 20 

Obse~ed Value 

Figure 2.5 Normal Q-Q Plot of 
Sqrt(Tr0utHarvest). 

Figure 2.7 BoxPIo~ of Sqrt(Trout Harvest). 

Square Root of Troul Harvest 

Figure 2.9 Histogram of Sqrt(Trout Harvest). 
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2.2.2 The January-February Inflows data 

Table .2.6 Descriptives for the January-Februan, lnfow data. 

Descriptives 

Table .2.7 Extreme Values for the January-February Inflow data. 

Extreme Values 

Std. 
Error 
6.0374 

.512 
,992 

January-February Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
37.4825 

24.8461 

50.1189 

36.0500 

27.5500 
728.999 

27.0000 

5.49 
95.26 
89.77 

29.9750 

1.243 
,537 

' January-February Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1970 
1969 
1968 
1961 
1962 
1964 
1971 
1980 
1976 
1973 

Case 
Number 

10 
9 
8 
1 
2 
4 

11 
20 
16 
13 

Value 
95.26 
91.93 
89.91 
58.45 
49.25 
5.49 

12.76 
13.59 
17.23 
19.03 
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Figure 2.10 Normal Q-Q Plot of January- 
February Injlows. 

Figure 2-11 BoxPlot of January-February 
Inflows. 

January-February Inflows 

Figure 2.12 Histogram of January-February 
InJows. 
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lu4 o-, 

Observed Value 

Figure 2.13 Normal Q-Q Plot of Ln January- 
February Inflows). 

Figure 2.15 BoxPlot ofLn(January-February 
Inflows). 

Ln(January-February Inflows) 

Figure 2.17 Histogram of Ln(January- 
February Inflows). 

Observed Value 

Figure 2.14 Normal Q-Q Plot of Sqrt( 
January-February Inflows). 

Figure 2.16 BoxPlot of Square Root of 
January-February Inflows. 

Square Root of JanuaryFebruary Inflows 

Figure 2.18 Histogram of Sqrt(January- 
February Inflows). 
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2.2.3 The March-April Inflows data 

Table .2.8 Descriptives for the March-April Inflow data. 

Descriptives 

Table .2.9 Extreme Values for the March-April Inflow data. 

Extreme Values 

March-Apr~l Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
31.2740 

14.9940 

47.5540 

27.5406 

18.3750 
1210.01 

34.7852 

6.64 
123.11 
11 6.47 

10.4500 

2.087 
2.902 

Std. 
Error 
7.7782 

,512 
,992 

. 

Value 
123.1 1 
104.82 
104.63 
25.37 
24.89 
6.64 
9.52 

12.81 
13.1 1 
13.28 

Year 
1979 
1977 
1978 
1970 
1980 
1964 
1973 
1962 
1961 
1963 

March-April Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

19 
17 
18 
10 
20 
4 

13 
2 
1 
3 
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ObseNed Value 

Figure 2.19 Normal Q-Q Plot of March-April 
Inflows. 

N - rn 
M ~ - * p n l l " f l O * l  

Figure 2.20 BoxPlot of March-April Inflows. 

March-Apnl Inflows 

Figure 2.21 Histogram ofMarch-April Inflows. 
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Observed Value 

Figure 2.22 Normal Q-Q Plot of Ln(March- 
April Inflows). 

Figure 2.24 BoxPlot of Ln(March-April) 
Inlows. 

Figure 2.26 Histogram ofLn(March-April 
Inflows). 

Figure 2.23 Normal Q-Q Plot ofSqrt(March- 
April Inflows). 

Figure 2.25 BoxPlot of Square Root of 
March-April Inflows. 

Square Rwt of March-Apnl Inflows 

Figure 2.27 Histogram of Sqrt(March-April 
Inflows). 
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2.2.4 The May-June Inflows data 

Table .2.10 Descriptives for the May-June Infow data. 

Descriptlves 

Table .I11 Extreme Values for the May-June Inflow data. 

Extreme Values 

May-June Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5O' Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
126.293 

97.8084 

154.777 

127.713 

148.635 
3704.13 

60.8616 

7.72 
219.30 
211.58 

89.4350 

-.511 
-.710 

Std. 
Error 

13.6091 

,512 
.992 

MayJune Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1968 
1970 
1975 
1980 
1979 
1964 
1963 
1962 
1961 
1965 

Case 
Number 

8 
10 
15 
20 
19 
4 
3 
2 
1 
5 

Value 
21 9.30 
21 1.69 
175.19 
171.41 
169.20 

7.72 
33.71 
38.52 
42.66 
74.65 
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Observed Value 

Figure 2.28 Normal Q-Q Plot of May-June 
Inflows. 

Figure 2.29 BoxPIot of May-June Inflows. 

MayJune Inflows 

Figure 2.30 Histogram of May-June Inflows. 
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Wsewed Value 

Figure 2.31 Normal Q-Q Plot of Ln(May-June 
Inflows). 

Figure 2.33 BoxPlot of Ln(May-June) Inflows. 

ObsewBd Value 

Figure 2.32 Normal Q-Q Plot of Sqrt(May- 
June Injlows). 

Figure 2.34 BoxPlot of Square Root of May- 
June Inflows. 

Square Root of May-June Inflows 

Figure 2.35 Histogram of Ln(May-June 
Inflows). 

Figure 2.36 Histogram of Sqrt(May-June 
Inflows). 
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2.2.5 The July-August Inflows data 

Table .2.12 Descriptives for the July-August Inflow data. 

Descriptives 

Table .2.13 Extreme Valuesfor the July-August Inflow data. 

Extreme Values 

Std. 
Error 

23.7359 

,512 
,992 

July-August Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquarlile Range 

Skewness 
Kurtosis 

Statistic 
99.2380 

49.5581 

148.918 

90.9028 

60.4700 
1 1267.9 

106.150 

10.11 
338.40 
328.29 

93.9325 

1.412 
.788 

July-August Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1973 
1972 
1971 
1980 
1976 
1964 
1965 
1966 
1967 
1969 

Case 
Number 

13 
12 
11 
20 
16 
4 
5 
6 
7 
9 

Value 
338.40 
310.47 
307.47 
202.89 
126.23 

10.1 1 
10.70 
12.65 
14.00 
26.74 
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Observed Value 

Figure 2.37 Normal Q-Q Plot of July-August 
Inflows. 

303' 

MO' 

Figure 2.38 BoxPlot of July-August Inflows. 

July-August lnllows 

Figure 2.39 Histogram of July-August Inflows. 



Trout Harvest in Corpus Christi Ba-v 

Observed Value 

Figure 2.40 Normal Q-Q Plot of Ln(July- 
August Inflows). 

Figure 2.42 BoxPlot of Ln(July-August) 
Inflows. 

250 3 b 0  3 5 0  4bO 4 3 3  5 0 0  5'50 6 W  

Ln(July-August Inflows) 

Figure 2.44 Histogram of Ln(Ju1y-August 
Inflows) . 

Observed Value 

Figure 2.41 Normal Q-Q Plot of Sqrt(July- 
August Inflows). 

Figure 2.43 BoxPlot of Square Root of July- 
August Inflows. 

Square Rwl of JuIy-A~(~us1 InROws 

Figure 2.45 Histogram of Sqrt(Ju1y-August 
Injlows) . 
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2.2.6 The September-October Inflows data 

Table .2.14 Descriptives for the September-October Inflow data. 

Descriptives 

Table .2.15 Extreme Values for the September-October Znfow data. 

Extreme Values 

SeptemberOctober Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
295.728 

168.512 

422.943 

282.682 

168.605 
73885.7 

271.819 

9.91 
816.37 
806.46 

540.538 

,763 
-1.095 

Std. 
Error 
60.7806 

,512 
,992 

Value 
816.37 
693.83 
675.78 
670.67 
612.72 
9.91 
34.80 
68.57 
68.66 
69.73 

Year 
1974 
1970 
1969 
1968 
1972 
1964 
1971 
1965 
1966 
1967 

SeptemberOctober Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

14 
10 
9 
8 
12 
4 

11 
5 
6 
7 
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400 -2W 0 200 400 €03 BOO IWO 

Observed Value 

Figure 2.46 Normal Q-Q Plot of September- 
October Inflows. 

Figure 2.47 BoxPlot of September-October 
Inflows. 

Figure 2.48 Histogram ofSeptember-October 
Inflows. 
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ObseNed Value Observed Value 

Figure 2.49 Normal Q-Q Plot of 
Ln(September-October Inflows). 

Figure 2.50 Normal Q-Q Plot of Sqrt( 
September-October Inflows) 

Figure 2.51 BoxPlot of Ln(September- 
October) Inflows. 

Figure 2.53 Histogram of Ln(September- 
October Inflows). 

Figure 2.52 BoxPlot of Square Root of 
September-October Inflows. 

Square Roof of Sepember-(Xfober Inflows 

Figure 2.54 Histogram of Sqrt(September- 
October Inflows). 
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2.2.7 The November-December Inflows data 

Table .2.16 Descriprives for the November-December Inflow data 

Descriptives 

Table .2.17 Extreme Values for the November-December Inflow data. 

Extreme Values 

November-December Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
57.41 80 

34.8878 

79.9482 

55.2228 

43.6250 
2317.46 

48.1400 

5.45 
148.90 
143.45 

64.9825 

,796 
-.626 

Std. 
Error 

10.7644 

,512 
,992 

Value 
148.90 
138.05 
135.35 
133.86 
78.65 

5.45 
8.20 
9.75 

10.36 
12.21 

November-December Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

1 
17 
19 
18 
2 
4 

20 
5 
6 
7 

Year 
1961 
1977 
1979 
1978 
1962 
1964 
1980 
1965 
1966 
1967 
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Obsmed Value 

Figure 2.55 Normal Q-Q Plot of 
November-December Inflows. 

Figure 2.56 BoxPIot of November-December 
Inflows. 

November-December lnnows 

Figure 2.57 Histogram of November-December 
Inflows. 
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Observed Value 

Figure 2.58 Normal Q-Q Plot of 
Ln(November-December 
Inflows). 

Figure 2.60 BoxPlot of Lnwovember 
December) Inflows. - 

Ln(N0vember-Desember Inflows) 

Figure 2.62 Histogram of Lnmovember- 
December Inflows). 

Observed Value 

Figure 2.59 Normal Q-Q Plot ofSqrt( 
November-December Inflows). 

Figure 2.61 BoxPlot of Square Root of 
November-December Inflows. 

Squue Root of November-December Inflows 

Figure 2.63 Histogram of Sqrt(Novernber- 
December Inflows). 
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PREDICTION ELLIPSES AND CONFIDENCE REGIONS 

Thousands of Acre-Feet 

Figure 3.1 Trout Harvest vs. January- 
February Inflows. PE. 

ThousBnds of Acre-Feet 

Figure 3.3 Trout Harvest vs. March-April 
Inflows. PE. 

Thousands of Acre.Fee1 

Figure 3.5 Trout Harvest vs. May-June 
Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.2 Trout Harvest vs. January- 
February Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.4 Trout Harvest vs. March-April 
Inflows. CR. 

Thousan06 of Acre-Feel 

Figure 3.6 Trout Harvest vs. May-June 
Inflows. CR. 
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Thousands of Acre-Fen1 Thousands of Acre-Feet 

Figure 3.7 Trout Harvest vs. JuIv-August 
Inflows, PE. 

Figure 3.8 Trout Harvest vs. July-August 
Inflows, CR. 

$1 P - 0 0 .; 1 
r . . 4 " mu 

e ., 85XConl'd.nu 
Rqlon 

.mo o mo 400 soa aoo ~wo 

mousands of Acre-Feet Thousands of Acre-Feel 

Figure 3.9 Trout Harvest vs. September- 
October Inflows, PE. 

Figure 3.10 Trout Harvest vs. September- 
October Inflows. CR. 

mousands of Acre-Feel Thousands of AcreFeeI 

Figure 3.11 Trout Harvest vs. November- 
December Inflows, PE. 

Figure 3.12 Trout Harvest vs. November- 
December Inflows, CR. 



Trout Harvest in Corpus Christi Bay 

- 
Y 5 1 E 0 01 
e" 
J Dsa 

9SnPMlrmn E .to Elllp0. 
-2W 100 0 100 200 

Thousands of Acre-Feet 

Figure 3.13 January-February Inflows vs. 
March-April Inflows. PE. 

Thousands of Acre-Feet 

Figure 3.15 January-February Inflows vs 
May-June Inflows, PE. 

Thousands 01 Ann-Feet 

Figure 3.1 7 January-February Inflows vs. 
July-August Inflows. PE. 

Thousands of AneFeet 

Figure 3.14 Januaw-February Inflows vs. 
March-April Inflows, CR. 

Thousands of Aae.Feet 

Figure 3.16 January-Febniary Inflows vs. 
May-June Inflows. CR. 

Thousands of Acre-Feet 

Figure 3.18 January-February Inflows vs. 
July-August Inflows. CR. 



Trout Harvest in Corpus Christi Bay 19 

Thousands of Acre-Feet 

Figure 3.19 January-February Inflows vs. 
September-October Inflows, PE. 
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Figure 3.20 January-February Inflows vs. 
September-October Inflows, CR. 

Thousands 01 Acre-Feel Thousands of Acre-Feet 

Figure 3.21 January-February Inflows vs. Figure 3.22 January-February Inflows vs. 
November-December Inflows, November-December Inflows, 
PE. CR. 

Thousands ol Acre-Feet 
Figure 3.23 March-April Inflows vs. May- 

June Inflows. PE. 
Figure 3.24 March-April Inflows vs. May- 

June Inflows, CR. 
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Figure 3.25 March-April Inflows vs. July- Figure 3.26 March-April Inflows vs. July- 
August Inflows, PE. August Inflows. CR. 

Thousands of Acre-Feet ThousaMs of Acre-Feet 

Figure 3.27 March-April Inflows vs. Figure 3.28 March-April Inflows vs. 
September-October Inflows, PE. September-October Inflows, CR. 

Thousands 01 Acre-Feet Thousands of Acre-Feet 

Figure 3.29 March-April Inflows vs. Figure 3.30 March-April Inflows vs. 
November-December Inflows, November-December Inflows, 
PE. CR. 
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Figure 3.31 May-June Inflows vs. July-August Figure 3.32 May-June Inflows vs. July-August 
Inflows, PE. Inflows, CR. 

mousands of ~cre-Feet mousands of Acre-Feet 

Figure 3.33 May-June Inflows vs. September- Figure 3.34 May-June Inflows vs. September- 
October Inflows. PE. October Inflows. CR. 

Thousands of Acre-Feet housands 01 Acre-Feet 

" Data - 95% ConfXleMe 
Repon 

D 

Figure 3.35 May-June Inflows vs. November- Figure 3.36 May-June Inflows vs. November- 
December Inflows, PE. December Inflows, CR. 
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Figure 3.37 July-August Inflows. vs. Figure 3.38 July-August Inflows. vs. 
September-October Inflows, PE. September-October Inflows. CR. 

Figure 3.39 July-August Inflows. vs. 
November-December Inflows. 
PE. 

Thousands 01 Acre-Feet 

Figure 3.40 July-August Inflows. vs. 
November-December Inflows. 
CR. 

Thousands of Acre-Feet Thousands 01 Acre-Feet 

Figure 3.41 September-October Inflows vs. Figure 3.42 September-October Inflows vs 
November-December Inflows, November-December Inflows, 
PF rR 
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Figure 4.1 Box-Cox Transformation - MSE of Trout vs. Lambda and MSE of Inflow data vs. Lambda. 
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5.1 Untransformed trout data and untransformed inflow data 

Table 5.1 Regression Modelsfor Dependent Variable: TROUT on INFLOWS 

Rsq A d j  C(p) A I C  USE SBC Variables in Model 
1n Rsq 
1 0.5215 0.4949 19.64 161.6 2935 163.6 WA-LAG 
10.22850.1857 41.47 171.1 4733 173.1 OSO-LAG 
1 0.1495 0.1022 47.35 173.1 5217 175.1 OW-LAG 
1 0.0943 0.0439 51.47 174.3 5556 176.3 WF-LAG 

- -?-- . - - - - - - - - - . . - - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - . - - - - - - - - - - -  
20.65820.6179 11.46 156.9 2220 159.8 OJA-LAGOSO-LAG 
2 0.6422 0.6001 12.65 157.8 2324 160.8 QJF-LAG OSO-LAG 
2 0.6150 0.5697 14.68 159.2 2501 162.2 OW-LAG OJA-LAG 
2 0.5385 0.4842 20.38 162.9 2998 165.8 OM-LAG OJA-LAG 

. . - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.7591 0.7139 5.944 151.9 1663 155.8 WF-LAG WA-LAG OSO-LAG 
3 0.7054 0.6502 9.943 155.9 2033 159.9 WF-LAG OM-LAG OSO-LAG 
3 0.7048 0.6494 9.992 155.9 2038 159.9 OW-LAG WA-LAG OSO-LAG 
3 0.6864 0.6275 11.36 157.1 2165 161 .1 OJF-LAG QSO-LAG ONO-LAG 

- - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.8215 0.7739 3.296 147.9 1314 152.8 WF-LAG ( IMALAG WA-LAG 

OSO- LAG 
40.78300.7251 6.166 151.8 1598 156.8 W F - L A G O W - L A G W A - L A G  

QSO- L4G 
4 0.7814 0.7232 6.280 151.9 1609 156.9 WF-LAG WA-LAG OSO-LAG 

ONO-LAG 
4 0.7288 0.6564 10.20 156.2 1997 161.2 WF-LAG OW-LAG OSO-LAG 

ONO-LAG 
. - . - - - - - - - . - - - - - - - - - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - -  
5 0.8253 0.7629 5.016 149.4 1378 155.4 WF-LAG O W L A G  W L A G  

WA-LAG OSO-LAG 
5 0.8223 0.7589 5.236 149.8 14Ql 155.7 WF-LAG O W L A G  WA-LAG 

OSO-LAG ONO-LAG 
5 0.8145 0.7483 5.817 150.6 1463 156.6 WF-LAG OW-LAG WA-LAG 

OSO-LAG ONO-LAG 
5 0.7289 0.6321 12.19 158.2 2138 164.2 WF-LAG O W L A G  OW-LAG 

OSO-LAG ONO-LAG 
. - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - - - * - . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  

6 0.8255 0.7449 7.000 151.4 1482 158.4 WF-LAG OMA_LAG OW-LAG 
WA-LAG OSO-LAG ONO-LAG 
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5.2 Log of trout data and untransformed inflow data 

Table 5.2 Regression Modelsfor Dependent Variable: Ln(TR0UT) on INFLOWS 

Rsq A d j  C ( p )  A I C  MSE SBC Variables in Model 
In Rsq 

1 0.4336 0.4021 44.15 4.723 1.152 6.714 OMJLAG 
1 0.3824 0.3481 49.59 6.453 1.256 8.445 WA-LAG 
1 0.1995 0.1550 69.01 11.64 1.628 13.63 0.90-LAG 
1 0.0887 0.0381 80.78 14.23 1.853 16.23 OM-LAG 

. - - - - . - - - - - - - - - - - - - - - - . - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - -  
2 0.7322 0.7007 14.44 -8.260 0.577 -5.273 OMJLAG QJA-LAG 
2 0.5632 0.5118 32.39 1.526 0.941 4.514 QJF-LAG OMJLAG 
2 0.5141 0.4570 37.60 3.654 1.046 6.642 OM-LAG WA-LAG 
2 0.5079 0.4500 38.26 3.908 1.060 6.896 WA-LAG OSO-LAG 

- - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - -  

3 0.7858 0.7456 10.75 -10.72 0.490 -6.742 OM-LAG OMJLAG (X IALAG 
3 0.7705 0.7274 12.38 -9.342 0.525 -5.360 QMJLAG WA-LAG QND-LAG 
3 0.7466 0.6991 14.91 -7.362 0.580 -3.379 WF-LAG OW-LAG W L A G  
3 0.7390 0.6901 15.72 -6.773 0.597 -2.790 OMJLAG WA-LAG OSO-LAG 

0.439 -7.253 OM-LAG OMJLAG WA-LAG 
OSO- LAG 

0.4S6 -4.813 WF-LAG OM-LAG WA-LAG 
OND-LAG 

0.505 -4.447 QJF-LAG O W L A G  W L A G  
WA-LAG 

0.520 -3.856 OM-LAG OW-LAG WA-LAG 
OND-LAG 

0.320 - 1 1 .92 WF-LAG OM-LAG W - L A G  
O W L A G  OSO-LAG 

0.408 -7.085 WF-LAG OW-LAG WA-LAG 
0.50-LAG OND-LAG 

0.457 -4.833 OM-LAG OW-LAG WA-LAG 
0.50-LAG OND-LAG 

0.473 -4.127 WF-LAG OM-LAG WA-LAG 
OSO-LAG ONO-LAG 

- - - - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
6 0.8776 0.8211 7.000 -15.92 0.345 -8.945 QJF-LAG OM-LAG OMJLAG 

WA-LAG 0.90-LAG OND-LAG 

N = 20 
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5.3 Log of trout data and log of inflow data 

Table 5.3 Regression Models for Dependent Variable: Ln(TR0UT) on Ln(INFL0WS) 

Rsq Adj  C ( p )  AIC MSE SBC Variables in Model  
In Rsq 

1 0.5580 0.5335 45.12 -0.239 0.899 1.752 L N - W  
1 0.4469 0.4162 60.48 4.247 1.125 6.238 LN-QJA 
1 0.2524 0.2109 87.38 10.27 1.520 12.26 LN-OSO 
1 0.1449 0.0974 102.3 12.96 1.739 14.95 LN-OMA 

- - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - . . - - - - - - - . - - - - - - - - -  

2 0.7729 0.7462 17.40 -11.56 0.489 -8.572 LN-OW LN-WA 

2 0.7057 0.6710 26.70 -6.368 0.634 -3.381 LN-OJF LN-OW 
2 0.6003 0.5533 41.27 -0.251 0.861 2.736 LN-OW LN-ON0 
2 0.5641 0.5128 46.28 1.485 0.939 4.473 LN-OW LN-OSO 

- . - - - . - - - - - - . - - - - - - - - - - . - - . - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - -  
3 0.8342 0.8031 10.93 -15.84 0.379 - 1  1.86 LN-OJF LN-OW LN-ON0 
3 0.8279 0.7956 11.80 -15.10 0.394 -11.12 LN-OJF LN-(IMJ LN-QJA 
3 0.8191 0.7852 13.01 -14.11 0.414 -10.12 LN-OJF LN-OW LN-OSO 
3 0.7937 0.7550 16.53 -11.48 0.472 -7.496 LN-OJF LN-OMA LN-(IS0 

- - - - - - . - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - - - - - .  

4 0.8943 0.8661 4.617 -22.85 0.258 -17.87 LN-WF LN-OW LN-OSO LN-OND 

4 0.8800 0.8481 6.588 -20.32 0.293 -15.34 LN-QJF LN-LIMA LN-OW LN-OSO 

4 0.8630 0.8265 8.943 -17.67 0.334 -12.69 LN-WF LN-OW LN-QJA LN-OSO 

4 0.8566 0.8184 9.824 -16.76 0.350 -11.78 LN-QJF LN-OW LN-(MA LN-OND 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5 0.9032 0.8686 5.392 -22.60 0.253 -16.63 LN-QJF LN-OM LN-OW LN-QJA 

LN-OSO 
5 0.8997 0.8638 5.877 -21.89 0.262 -15.92 LN-QJF LN-OMA LN-OW LN-OSO 

LN-QND 
5 0.8967 0.8597 6.291 -21.30 0.270 -15.33 LN-QJF LN-OW LN-OJA LN-OSO 

LN-ON0 
5 0.8590 0.8086 11.50 -15.09 0.369 -9.114 LN-QJF L N - W  LN-OW LN-QJA 

LN-OND 
. .---.--.- .-----. .----.---------. .---. .------------.------. .------. .------ 
6 0.9060 0.8626 7.000 -21.20 0.265 -14.23 LN-QJF LN-(IMA LN-OW LN-OJA 

LN-OSO LN-OND 

N = 20 
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5.4 Log of trout data and square root of inflow data 

Table 5.4 Regression Models for Dependent Variable: Ln(TR0Uv on Sqrt(INFL0WS) 

R s q  A d ]  C(p) A I C  MSE SBC Variables i n  Model 
In RSq 

1 0.5233 0.4968 53.05 1.273 0.969 3.265 SOR-OW 
1 0.4300 0.3983 66.57 4.849 1.159 6.840 SOR-(MA 
1 0.2233 0.1802 96.52 11.04 1.580 13.03 SOR-OSO 
1 0.1107 0.0613 112.8 13.75 1.809 15.74 SOR-OMA 

. - - - . - . - - - - - - - - - - - - . - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - .  

2 0.7968 0.7729 15.44 -13.78 0.436 -10.79 SOR-OW S(IR_OJA 
2 0.6460 0.6043 37.28 -2.677 0.762 0.310 SOR-QJF SOR-OW 
2 0.5868 0.5382 45.86 0.416 0.890 3.403 SOR-OW SQR-OND 
2 0.5518 0.4991 50.93 2.042 0.965 5.029 SOR-OM SOR-OJA 

- - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - .  
3 0.8197 0.7859 14.12 -14.17 0.413 -10.19 SQR-OM SOR-OMJ SOR-WA 
3 0.8128 0.7776 15.13 -13.42 0.428 -9.433 SOR-WF SOR-OW SOR-OJA 
3 0.8108 0.7754 15.40 -13.21 0.433 -9.228 SOR-OW SOR-OJA SOR-OND 
3 0.8011 0.7638 16.81 -12.21 0.455 -8.226 SOR-OMJ SOR-QJA SQR-OSO 

- - - - . - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - . .  

4 0.8599 0.8225 10.30 -17.22 0.342 -12.24 SQR-WF SQR-OW SOR-OSO 
SOR-OND 

4 0.8482 0.8077 11.99 -15.61 0.370 -10.63 SOR-WF SOR-OW S-WA 
SOR-ON0 

4 0.8456 0.8044 12.37 -15.27 0.377 -10.29 SOR-QJF S(1R(IMJ SOR-WA 
SOR-OSO 

4 0.8453 0.8040 12.41 -15.23 0.378 -10.25 SOR-OJF SOR-OM SOR-OW 
SOR-oso 

. - - - - - - . . - - - - - - - - - * - - - . . - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - - -  

5 0.9103 0.8782 5.000 -24.13 0.235 -18.15 S[)R_OJF SOR-OM S(IR_OW 
SOR-OJA SOR-OSO 

5 0.8888 0.8491 8.113 -19.83 0.291 -13.86 SOR-WF SOR-OW SOR-QJA 
SOR-0.70 S( IR0ND 

5 0.8645 0.8162 11.62 -15.89 0.354 -9.915 SOR-WF SQR-OM SOR-OW 
SOR-OSO SOR-ON0 

5 0.8593 0.8091 12.38 - 15.13 0.368 -9.159 SOR-WF SOR-OM SOR-OJA 
SOR-OSO SOR-ON0 

- - - - - - - . . - - - - - - . - - - - - - - - . - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . -  
6 0.9103 0.8666 7.000 -22.13 0.253 -15.16 SOR-WF SOR-OM SOR-OW 

SQR-WA SOR-OSO SOR-OND 

N = 20 
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5.5 Square root of trout data and untransforrned inflow data 

Table 5.5 Regression Modelsfor Dependent Variable: Sqrr(TR0UT) on INFLOWS 

Rsq A d j  C (p )  A I C  MSE SBC V a r i a b l e s  i n  Model 
In Rs9 

1 0.4992 0.4714 47.15 47.59 9.83 49.59 OJA-LAG 
1 0.2709 0.2304 75.93 55.11 14.31 57.10 O W L A G  
1 0.2264 0.1834 81.55 56.29 15.18 58.28 OSO-LAG 

1 0.0789 0.0278 100.1 59.78 18.07 61.77 WF-LAG 
- - - - - - - - - - - - . - - - - - - . - - - - - - . - - - * - - - - - - - - . - - - - - - - - - . . - - - - - - - - . . - - - . . - - - . . - - - -  

2 0.6949 0.6591 24.47 39.68 6.34 42.67 OW-LAG q L A G  

2 0.6360 0.5932 31.90 43.21 7.56 46.20 OJA-LAG 0.90-LAG 
2 0.6004 0.5533 36.39 45.08 8.30 48.07 OJF-LAG 0.50-LAG 

2 0.5683 0.5175 40.43 46.62 8.97 49.61 O R L A G  OJA-LAG 
- . . - - - . - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - . - - . - - - - - - - - - - - - - - - . . . - - - . - - - - - - . .  

3 0.7597 0.7147 18.30 36.90 5.30 40.89 O W L A G  WA-LAG OSO-LAG 

3 0.7486 0.7015 19.70 37.81 5.55 41.79 WF-LAG OM-LAG OSO-LAG 

3 0.7277 0.6766 22.34 39.41 6.01 43.40 OM-LAG OJA-LAG LISO-LAG 
3 0.7241 0.6724 22.78 39.67 6.09 43.65 OW-LAG OJA-LAG OND-LAG 

- - --- . . ------- . . ------- . ------------- . ---- . -- . . ---------------- . . ----------  
4 0.8671 0.8316 6.764 27.07 3.13 32.05 WF-LAG O N L A G  WA-LAG 

OSO-LAG 
4 0.8156 0.7664 13.25 33.62 4.34 38.59 (WF-LAG OW-LAG WA-LAG 

0.90-LAG 
4 0.7963 0.7420 15.68 35.60 4.80 40.58 OJF-LAG O W L A G  OSO-LAG 

OND-LAG 

4 0.7918 0.7363 16.25 36.04 4.90 41.02 OMA_LAG OW-LAG W L A G  
0.90-LAG 

- - - - - - - - - - - - - - - - . . - - - - - - - . - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
5 0.8968 0.8600 5.010 24.00 2.60 29.97 WF-LAG O W L A G  OMJ-LAG 

WA-LAG 0.50-LAG 
5 0.8779 0.8343 7.393 27.36 3.08 33.34 WF-LAG O W L A G  W L A G  

0.50-LAG OND-LAG 
5 0.8731 0.8278 7.996 28.13 3.20 34.11 WF-LAG OW-LAG W L A G  

OSO-LAG OND-LAG 

5 0.8006 0.7293 17.15 37.18 5.03 43.16 OJF-LAG (lMALAG OW-LAG 
OSO-LAG OND-LAG 

. - - - - . . - - - - - - - . - - - - - - - - - - . - - . . - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - -  
6 0.8969 0.8493 7.000 25.98 2.80 32.95 OJF-LAG OM-LAG OMJ-LAG 

WA-LAG OSO-LAG OND-LAG 

N = 20 
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5.6 Square root of trout data and log of inflow data 

Table 5.6 Regression Models for Dependent Variable: Sqrt(TR0UT) on Ln(INFL0WS) 

Rsq A d j  C ( p )  A I C  MSE SBC Variables in Model 
In Rsq 

1 0.5051 0.4776 27.61 47.36 9.71 49.35 LN-WA 
1 0.3356 0.2987 42.55 53.25 13.04 55.24 L N - W  
1 0.2344 0.1919 51.47 56.08 15.02 58.07 LN-(IS0 
10.1023 0.0524 63.11 59.27 17.62 61.26 LN-OND 

. - - - - - - . . - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - - - . - - - - - - - - - - - - - - - - - - .  
2 0.6507 0.6096 16.78 42.39 7.26 45.38 LN-OW LN-WA 
2 0.6429 0.6008 17.47 42.83 7.42 45.82 LN-WF LN-OSO 
2 0.5737 0.5235 23.57 46.38 8.86 49.36 LN-WA LN-(IS0 
2 0.5251 0.4692 27.85 48.53 9.87 51.52 LN-OMA LN-OJA 

- - - - - - . - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - -  

3 0.7791 0.7377 7.463 35.22 4.88 39.20 LN-WF LN-OMA LN-OSO 
3 0.7616 0.7169 9.013 36.75 5.26 40.74 LN-QJF LN-OW LN-OSO 
3 0.7160 0.6628 13.03 40.25 6.27 44.23 LN-WF LN-OJA LN-OSO 
3 0.7138 0.6601 13.23 40.41 6.32 44.39 LN-OJF LN-OMJ LN-OJA 

- - - - - - . - - - . - - - - . - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - * - - - . - - - - - - - - * - - - - - - - - - - - - - - -  

4 0.8504 0.8105 3.183 29.43 3.52 34.41 LN-OJF LN-(IMJ LN-OSO LN-OND 
40.81070.7602 6.682 34.14 4.46 39.12 LN-WFLN-OW LN-WALN-OSO 
4 0.8083 0.7572 6.892 34.39 4.51 39.37 LN-WF LN-QMA LN-WA LN-OSO 
4 0.8040 0.7518 7.271 34.83 4.61 39.81 LN-WF LN-OMA LN-OW LN-0.90 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.8524 0.7997 5.004 31.16 3.72 37.13 LN-QJF LN-OW LN-OJA LN-QSO 
LN-OND 

5 0.8505 0.7971 5.175 31.42 3.77 37.39 LN-WF LN-OW LN-OW LN-OSO 
LN-OND 

5 0.8347 0.7757 6.564 33.42 4.17 39.40 LN-WF LN-OMA LN-OW LN-WA 
LN-OSO 

5 0.8087 0.7404 8.855 36.34 4.83 42.32 LN-WF LN-OMA LN-WA LN-(ISO 
LN-OND 

- - - - - - . . - - - - - - - - . - - - - - - - . . - - - . - - - - - - - - - - - . - - - - - - - - - - . - - - - - . - - - - - - - . - - - - - - - -  

6 0.8525 0.7844 7.000 33.15 4.01 40.12 LN-WF LN-(lMA LN-OW LN-WA 
LN-OSO LN-OND 

N = 20 
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5.7 Square root of trout data and square root of inflow data 

Table 5.7 Regression Models for Dependent Variable: Sqn(TR0UT) on Sqrt(INFL0WS) 

R s q  A d j  C ( p )  A I C  MSE SBC Variables i n  Model 
In RSq 

1 0.5224 0.4959 38.73 46.64 9.37 48.64 SOR-WA 
1 0.3243 0.2867 61.45 53.59 13.26 55.58 SOR-OW 
1 0.2385 0.1962 71.28 55.98 14.94 57.97 SOR-OSO 
10.0738 0.0223 90.16 59.89 18.17 61.88 SOR-WF 

- - - - - - - - . . - - - - . - - - - - - - - - - - - - - - - - - - - - - - . - - . - - - - - - - - - - - - . - - - - - - . - - - . . - - - - - - - -  
2 0.7117 0.6777 19.05 38.55 5.99 41.54 SOR-OW SOR-QJA 
2 0.6438 0.6019 26.83 42.78 7.40 45.77 SQR-OJA SOR-OSO 
2 0.6205 0.5759 29.50 44.05 7.88 47.03 SOR-OJF SOR-OSO 
2 0.5682 0.5174 35.49 46.63 8.97 49.62 SOR-(1MA SOR-QJA 

- - - - - - - . - - - - - - - . - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - . - - - - . - . - - - .  

3 0.7803 0.7391 13.18 35.12 4.85 39.10 SOR-WF SOR-OM SOR-OSO 
3 0.7433 0.6951 17.42 38.23 5.67 42.21 SOR-WF SOR-OW SOR-OSO 
3 0.7375 0.6883 18.09 38.68 5.79 42.66 SOR-OW SLIR_WA SOR-OSO 

3 0.7330 0.6830 18.60 39.01 5.89 43.00 SOR-WF SOR-WA SOR-OSO 
- - - - - - - - - . - - - - - - - . - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - -  
4 0.8570 0.8189 6.386 28.52 3.37 33.50 SOR-WF SOR-OM SQR-OJA 

SOR-OSO 
4 0.8445 0.8030 7.827 30.21 3.66 35.19 S-WF SOR-OW SOR-OSO 

SOR-ON0 

4 0.8325 0.7879 9.195 31 .69 3.94 36.67 SCIR_QJF SOR-OM SOR-WA 
SQR-OSO 

4 0.8120 0.7619 11.54 34.00 4.43 38.98 S W W F  SOR-(IMA SOR-OW 
SQR~OSO 

- - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - -  
5 0.8850 0.8439 5.182 26.17 2.90 32.15 SOR-WF SOR-OM SOR-OW 

SOR-QJA ~ Q R - o s o  
5 0.8768 0.8329 6.116 27.54 3.11 33.52 SOR-QJF SOR-OW SOR-WA 

SOR-OSO S(IFI0ND 
5 0.8654 0.8174 7.424 29.31 3.39 35.29 SOR-OJF SOR-OM SOR-OJA 

SOR-OSO SOR-ON0 
5 0.8449 0.7895 9.781 32.16 3.91 38.13 S-WF SIIR_QM SQR-OMJ 

SOR-OSO SOR-OND 
. - -- . ---------- . -------- . -- . . - - . -- . ---------------- . -- . --------- . ---- . -----  

6 0.8866 0.8342 7.000 27.89 3.08 34.86 SOR-WF SOR-OM SOR-OW 
SOR-WA SOR-OSO S[IR_OND 

N = 20 
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5.8 Various transformation suggested by Box-Cox 

Toble 5.8 Regression Modelsfor Dependent Variable: (TROUT)"' on variously transformed INFLO WS. 

Rsq A d j  C ( p )  A IC  MSE SBC V a r i a b l e s  i n  Model 
In Rsq 

1 0.4846 0.4560 35.89 -34.23 0.1643 -32.24 LN-WA 
1 0.3516 0.3155 49.29 -29.64 0.2067 -27.65 OR-OW 
1 0.2421 0.2000 60.31 -26.52 0.2416 -24.53 [If-OSO 
1 0.1230 0.0743 72.30 -23.60 0.2795 -21.61 OR-OM 

. - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - . - - - -  
2 0.7359 0.7048 12.59 -45.60 0.0891 -42.61 (IR_OW LN-OJA 
2 0.5679 0.5170 29.51 -35.76 0.1458 -32.77 LN-WA OR-OSO 
2 0.5565 0.5043 30.66 -35.24 0.1497 -32.25 OR-OM LN-OJA 
2 0.5449 0.4914 31.82 -34.72 0.1536 -31.73 (IR_OJF OR-OSO 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  

3 0.8152 0.7806 6.607 -50.75 0.0663 -46.76 CIR_WF OR-[IMA OR-OSO 
3 0.7671 0.7235 11.45 -46.12 0.0835 -42.14 ( 3 R W F  OR-OW LN-WA 
3 0.7385 0.6895 14.33 -43.80 0.0938 -39.82 OR-OW LN-WA OR-OND 
3 0.7380 0.6888 14.38 -43.76 0.0940 -39.78 OR-OW LN-WA OR-OSO 

- - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - -  
4 0.8430 0.8012 5.805 -52.01 0.0600 -47.03 OR-WF OR-QMA LN-WA OR-OSO 
4 0.8291 0.7836 7.205 -50.31 0.0654 -45.33 [ I f lOJF OR-OW (IR_OSO OR-OND 
4 0.8231 0.7759 7.813 -49.62 0.0677 -44.64 OR-WF OR-OM OR-(IMJ [IROSO 
4 0.8167 0.7679 8.452 -48.91 0.0701 -43.93 OR-WF OR-OM OR-OSO OR-OND 

- - . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.8663 0.8185 5.465 -53.21 0.0548 -47.24 OR-WF OR-OM OR-OW LN-OJA 
OR-OSO 

5 0.8550 0.8032 6.598 -51.60 0.0594 -45.62 OR-WF OR-OW LN-WA OR-OSO 
OR-OND 

5 0.8461 0.7911 7.499 -50.40 0.0631 -44.43 OR-WF OR-OM LN-OJA OR-OSO 
OR-OND 

5 0.8457 0.7905 7.540 -50.35 0.0632 -44.37 OR-WF OR-OM OR-OW OR-OSO 
OR-ON0 

. - - . - . . - - - . - - - - - - - - - - . . - - - - - - - - - - - - - - - - . - - - - - - - . - - - . - - - - - - - . . - - - - - - - - - - - - - -  

6 0.8709 0.8113 7.000 -51.92 0.0570 -44.95 (IR_WF OR-(IMA OR-OW LN-OJA 
OR-OSO OR-OND 

N = 20 

Dependent V a r i a b l e :  ( T R O U T ) ~ . ~  
Independen t  V a r i a b l e s :  OR-WF=(January-February   inflow^)^.' 

O ~ - ~ ~ ~ = ( ~ a r c h - ~ p r i l  I n f l o w s )  
O ~ - ~ = ( ~ a y - ~ u n e  I n f l o w s ) ' . '  
O R - W = ( S e p t e m b e r - O c t o b e r  I n f l o ~ s ) ~ . ~  
OR-ONE (~ovember -December  I n f  1 0 w s ) O . ~  
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6.  REGRESSION FOR THE BEST MODELS 

6.1 Regression - Log of trout data on log of inflow data 

6.1.1 ANOVA and Parameter Estimates 

Table 6.1 Model Summay for log of trout data on log of inflow data. 

Model S ~ r n r n a r y ~ . ~  

a. Dependent Variable: Ln(Trout H a ~ e ~ t )  

b. Method: Enter 

C. Independent Variables: (Constant), Ln(September-October Inflows), Ln(March-April Inflows). 
Ln(July-August Inflows), Ln(November-Desember Inflows), Ln(January-February Inflows). 
Ln(May-June Inflows) 

d. All reauested variables entered. 

Model 
1 

Table 6.2 ANOVA table of log of trout data on log of inflow data 

R 

,952 

Variables 
Entered 

Ln(January-February ), 
Ln(March-April). 
Ln(May-June), 
Ln(July-August), 
Ln(September-October), ,,d 
Ln(November-Desember) 

b. lndependent Variables: (Constant). Ln(September-October Inflows). 
Ln(March-April Inflows). Ln(July-August Inflows). Ln(November-Desembel 
Inflows), Ln(January-February Inflows), Ln(May-June Inflows) 

R Sauare 

,906 

Model 
1 Regression 

Residual 
Total 

Adjusted 
R Sauare 

,863 

a. Dependent Variable: Ln(Trout Hawest) 

Mean 
Square 
5.528 
,265 

Sum of 
Squares 
33.168 
3.442 
36.609 

Std. Error 
of the 

Estimate 

,5145 

df 
6 
13 
19 

F 
20.881 

Durbin- 
Watson 

1.643 

Sig. 
.OOOb 
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Table 6.3 Table of coefficients for log of trout data on log of inflow data. 

Coetficlentsa 

a. Dependent Variable: Ln(Trout Harvest) 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(May-June) 
Ln(July-August) 
Ln(Sep1ernber-October) 
Ln(November-December) 

6.1.2 Collinearity Diagnostic 

Table 6.4 Variance Inflation for log of trout data on log of inflow data. 

Coeff lclentsa 

Unstandardized 
Coefficients 

a. Dependent Variable: Ln(Trout Harvest) 

Standar 
dized 

Coelfici 
ents 

Beta 

-631 
,189 
,537 
,141 
,469 
,113 

B 
-1.627 
-1.213 

,342 
,907 
,174 
549 
,150 

Table 6.5 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(TR0UT) on 
Ln(INFL0 WS): 

Std. 
Error 

,900 
.293 
.301 
,310 
,186 
,215 
.239 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(May-June) 
Ln(Ju1y-August) 
Ln(September-October) 
Ln(November-Desember) 

Condit ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-CdF LN-OMA LN-OM LN-QJA LN-OSO LN-QND 

1 2.60545 1.00000 0.0186 0.0124 0.0170 0.0097 0.0199 0.0162 
2 1 .27071 1.43192 0.0886 0.0010 0.0007 0.1287 0.0050 0.0145 
3 1 .03622 1.58568 0.0000 0.1484 0.0008 0.0279 0.0540 0.0113 
4 0.87177 1.72878 0.0319 0.0142 0.1208 0.0002 0.0004 0.0945 
5 0.14329 4.26420 0.8404 0.0159 0.0028 0.5403 0.4530 0.0831 
6 0.07256 5.99211 0.0205 0.8082 0.8578 0.2932 0.4675 0.7803 

t 
-1 307 
-4.136 
1.136 
2.923 

,936 
2.549 
,626 

t 
-1.807 
-4.136 
1.136 
2.923 

,936 
2.549 

,626 

Collinearity Statistics 
Tolerance 

,311 
,261 
.214 
,317 
,214 
,223 

Sia. 
,094 
.001 
,276 
,012 
,366 
,024 
,542 

VIF 

3.219 
3.837 
4.669 
3.157 
4.684 
4.477 

95% Confidence 
Interval for B 

Lower 
Bound 

-3.572 
-1.846 
-.308 
,236 

-.228 
,084 

-.366 

Upper 
Bound 

.318 
-.579 
,992 

1.577 
,577 

1.014 
,666 
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6.1.3 Residuals Diagnostics 

Table 6.6 Residuals Diagnostics for log of trout data on log of inflow data. 

Residuals Statlsticsa 

a. Dependent Variable: Ln(Trout Harvest) 

Mean 

3.5915 

.OOO 

,2981 

3.5245 

5.6E-16 

.OOO 

,040 

6.7E-02 

,067 

5.700 

.I48 

,300 

Maximum 

5.3245 

1.312 

,4677 

5.41 20 

,7807 

1.517 

2.013 

1.5490 

2.332 

14.750 

,791 

,776 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

,7242 

-2.170 

.2024 

-.3766 

-.6128 

-1.191 

-1.545 

-1.2037 

-1.643 

1.991 

,000 

.lo5 

Std. 
Deviation 

1.3212 

1.000 

6.34E-02 

1.4883 

,4256 

,827 

1.080 

,7708 

1.159 

2.989 

,242 

,157 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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Table 6.7 Case Valuesfor Residuals Diagnosricsfor log of trout data on log ofinjow, dara. 

YEAR 
1961 
1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds t,,.2,a=t,2.0.01=2.68 1 



Trout Harvest in Corpus Christi Bav 

Figure 6.1 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.2 Normal P-P Plot of Residuals. 
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Ln(January-February Inflows) 

Figure 6.3 Partial Residual Plot for 
Ln(Januaty-February Inflows). 

Ln(May-June Inflows) 

Figure 6.5 Partial Residual Plot for Ln(May- 
June Inflows). 

Ln(September.October Inflows) 

Figure 6.7 Partial Residual Plot for 
Ln(September-October Inflows). 

Ln(March-April Inflows) 

Figure 6.4 Partial Residual Plot for 
Ln(March-April Inflows). 

Ln(Ju1y-August Inflows) 

Figure 6.6 Partial Residual Plot for Ln(Ju1y- 
August Inflows). 

Figure 6.8 Partial Residual Plot for 
Ln(november-December 
Inflows). 
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Ln(January-February Inflows) 

Figure 6.9 Residuals Plot for Ln(January- 
February Inflows). 

Ln(May-June Inflows) 

Figure 6.11 Residuals Plot for Ln(May-June 
Inflo ws). 

Ln(Sep1ember-October Inflows) 

Figure 6.13 Residuals Plot for Ln(September- 
October Inflows). 

Figure 6.10 Residuals Plot for Ln(March- 
April Inflows). 

Ln(July-Awust Inflows) 

Figure 6.12 Residuals Plot for Ln(Ju1y-Aupt 
Inflows). 

Figure 6.14 Residuals Plot for Ln(November- 
December Inflows). 
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6.1.4 Prediction Intervals for Trout Hawest 

Table 6.8 Prediction Intervals for Trout Harvest. 

YEAR LICI-1 LN-TROUT UZCZ-1 
1961 ,5054 1.9459 4.0764 

LICI-1 Lower limit for 99% prediction interval for the natural log of trout 

harvest. 

LN-TROUT Natural log of trout harvest 

UICI- I Upper limit for 99% prediction interval for the natural log of trout 

harvest. 
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6.1.5 Outliers and Influential Point Detection 

Table 6.9 Mahalanobis distance. Cook's distance, Leverage value and associatedp-values 

YEAR M A K ~  COOK-1 LEV-1' MAH-PP COOK-PV' 
1961 5.26486 .04639 ,27710 .6277 ,0002 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
?his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHAPV = I-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-I), where F is the CDF of an F-ratio random variable with p+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.10 Standardized dffits value and Standardized dfleta values 

YEAR SDFFITS SDFBET-0 SDFBET-1 SDFBET-2 

1961 -.56210 -.01657 -.I7457 ,20626 
1962 -.I9625 -.02218 -.08585 ,04124 

1963 -.67123 -.I1135 -.30524 .27928 
1964 *2.36964 *2.11453 -.77014 .62005 

1965 ,27785 .I5188 -.01646 -.02948 

1966 ,11165 ,02378 -.00947 -.04900 

1967 -.88918 -.I5628 ,05336 ,40536 

1968 *-1.01972 ,36924 -.48014 -.22749 

1969 * 1.94949 -.44012 .90503 ,88217 

1970 ,75314 -.34852 .29176 -.I5838 

1971 *2.59201 -.27003 .72866 '-1.19737 

1972 -.34576 ,03061 ,12408 ,01073 

1973 ,80496 -.03180 -.I7268 -.23652 

1974 -. 11673 -.03066 ,09189 ,00716 

1975 -.08894 -.01689 .055 11 ,04026 

1976 -.32185 -.08716 ,17189 -.06546 

1977 -.03894 .01444 -.00325 -.02392 

1978 ,005 15 -.00122 ,00034 ,00344 

1979 ,49905 -.01332 -.I9571 ,14242 

1980 *- 1.86785 ,37813 -.60423 -.70853 

SDFFITS Standardized d@ts value 

SDFBE T-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for log of January-February inflows 

SDFBET-2 Standardized dfbeta for log of March-April inflows 

kerns are flagged if (sdffitsl or (sdfleta( exceed 1.0 for a small data set or 2 J T p + i r l n  for a large data 
set. The cutoff used here is 1. 
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Table 6.11 Standardized dfbela values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 .03714 -.01236 ,10858 -.22329 

SDFBE T-3 Standardized dfbeta for log of May-June inflows 

SDFBET-4 Standardized dfbeta for log of July-August inflows 

SDFBE T-5 Standardized dfbeta for log of September-October inflows 

SDFBET-6 Standardized dfbeta for log of November-December inflows 

'~tems are flagged if /sd@ts) or JsdfbetaJ exceed 1.0 for a small data set or 2 for a large data 

set. The cutoffused here is I. 
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Slandardtzed DFBETA lnlercept 

Standardized DFBETA Ln(March-*pnl Inflovs) 

Slandard'ued DFBETA Ln(July_Auglrst Inflows) 

Standardued DFBETA Ln(Nwsmber-December Inflows) 

Slandardized DFBETA Ln(January-February Innas)  

Slandsrdiied DFBETA Ln(May-June lnllovsl 

StandamirM DFBETA Ln(Septernber-October Innws) 

Figure 6.15. Standardized DFFZTS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of log of inflow variables. 
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6.2 Regression - Log of trout data on square root of inflow data 

6.2.1 ANOVA and Parameter Estimates 

Table 6.12 Model Summary for log of trout data on square root of inflow data. 

Model Surnmaryapb 

a. Dependent Variable: Ln(Trout Hawest) 

b. Method: Enter 

Durbin- 
Watson 

1.982 

c. Independent Variables: (Constant), Square Root of November-December Inflows, 
Square Root of May-June Inflows, Square Root of July-August Inflows, Square Root Of 
Sepember-October Inflows, Square Root of January-February Inflows, Square Root of 
March-April Inflows 

Std. 
Error of 

the 
Estimate 

,5027 

d. All requested variables entered. 

Table 6.13 ANOVA table of log of trout data on square root of inflow data 

ANOVAa 

R Square 

.910 

R 

.954 

Mod 
el 
1 

Adjusted 
R Square 

,869 

Variables 
Entered 

Sqrt(January-February). 
Sqrt(March-April), 
Sqrt(May-June). 
Sqrt(J~ly-August). 
Sqrt(Sepember-October), 
~qrt(~ovember-~ecember) 

SQ. 
.OOOb 

I 
F 

21.978 
Residual 3.285 
Total 36.609 

Mean 
Square 

5.554 
df 

6 
Model 
1 Regression 

a. Dependent Variable: Lnvrout Ha~eSt) 

b. lndependent Variables: (Constant), Square Root of November-December 
Inflows, Square Root of May-June Inflows, Square Root of July-August 
Inflows, Square Root of Sepember-October Inflows, Square Root of 
January-February Inflows. Square Root of March-April Inflows 

13 
19 

Sum of 
Squares 

33.324 
,253 1 
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Table 6.14 Table of coefficients for log oftrout data on square root of inflow data. 

6.2.2 Collinearity Diagnostic 

Coefficientsa 

Table 6.15 Collinearity Diagnostic for log of trout data on square root of injlow data. 

(Constant) 
Sqrt(January-February) 
Sqrt(March-April) 
Sqrl(May-June) 
Sqrt(July-August) 
Sqrt(Sepember-October) 
Sqrt(November-December) 

a. Dependent Variable: Ln(Trout Harvest) 

Table 6.16 Collinearity Diagnosticsfintercept adjusted) for Dependent Variable: Ln(TR0UT) on 
Sqrt(INFL0 WS): 

Unstandardized 
Coefficients 

Collinearity Statistics 
Tolerance 1 VIF 

I (Constant) 
Sqrt(Janua1y-February) 
Sqrt(March-April) 
Sqrt(May-June) 
Sqrt(July-August) 
Sqrt(Sepember-October) 
Sqrt(November-December) 

Condit ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
lumber Eigenvalue Index SOR-OJF SOR-OM4 SOR-OW SOR-OJA SOR-OSO SOR-QND 

1 1 .98368 1.00000 0.0421 0.0145 0.0332 0.0026 0.0411 0.0187 
2 1.50719 1.14723 0.0355 0.0487 0.0031 0.0262 0.0310 0.0472 
3 1 .33244 1.22015 0.0551 0.0138 0.0179 0.1757 0.0160 0.0049 
4 0.89306 1.49037 0.0202 0.0431 0.1311 0.0258 0.0262 0.0668 
5 0.20068 3.14400 0.7977 0.0061 0.0065 0.4967 0.4872 0.0316 
6 0.08296 4.89003 0.0494 0.8739 0.8082 0.2730 0.3986 0.8308 

Standar 
dized 

Coeffici 
ents 

Beta 

-.409 
,304 
,427 
,328 
,452 

-.002 

B 
.325 

-.274 
,174 
,182 

9.3E-02 
7.8E-02 

-7.7E-04 

t 
.543 

Std. 
Error 

,598 
,089 
,098 
,067 
,036 
,026 
,071 

a. Dependent Variable: Ln(Trout Hawest) 

-3.082 
1.764 
2.717 
2.574 
2.998 
-.011 

t 
,543 

-3.082 
1.764 
2.717 
2.574 
2.998 
-.011 

,393 
,233 
,280 
,424 
,304 
,250 

Sig. 
,596 
.009 
,101 
,018 
,023 
,010 
,991 

2.547 
4.298 
3.574 
2.358 
3.293 
4.006 

- 

95% Confidence 
Interval for B 

Lower 
Bound 

-.968 
-.466 
-.039 
,037 
,015 
,022 

-.I54 

Upper 
Bound 

1.618 
-.082 
,386 
,327 
,171 
,135 
,153 
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6.2.3 Residuals Diagnostics 

Table 6.1 7 Residuals Diagnostics for log of trout data on square root of inflow data. 

Residuals Statisticsa 

a. Dependent Variable: Ln(Trout Hamest) 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Mean 

3.5915 

.OOO 

,2926 

3.5926 

3.6E-16 

.OOO 

,000 

-1 .E-03 

-.010 

5.700 

,097 

,300 

Maximum 

5.5738 

1.497 

,4135 

5.7657 

,6704 

1.334 

1.804 

1.3013 

2.002 

11.906 

,492 

.627 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Std. 
Deviation 

1.3243 

1.000 

5.47E-02 

1.3149 

,4158 

,827 

1.045 

,6751 

1.143 

2.447 

.I42 

.I29 

Minimum 

1.1768 

-1.823 

,1748 

1.5019 

-.9195 

-1.829 

-2.251 

-1.3926 

-2.769 

1.347 

,000 

,071 
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Table 6.18 Case Values for Residuals Diagnostics for log of trout data on square roor of inflow data. 

YEAR 
1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds t,,2,.=t~z.o.o~=2.68 1. 
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Regresston Standardized Resldual 

Figure 6.16 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.17 Normal P-P Plot of Residuals. 
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Square R w l o l  JanusryFebruary I n m  

Figure 6.18 Partial Residual Plot for 
Sqn(Januaty-February Inflows). 

Squue Root 01 MayJune lnl las 

Figure 6.20 Partial Residual Plot for 
Sqrt(Ma.v-June Injloa*~). 

Square Rwt of Mmch-Apil Inflows 

Figure 6.19 Partial Residual Plot for 
Sqrt(March-April Inflows). 

S q w e  Rwt  d July-August InHowS 

Figure 6.21 Partial Residual Plot for 
Sqrt(July-August Inflows). 

Figure 6.22 Partial Residual Plot for Figure 6.23 Partial Residual Plot for 
Sqrt(September-October Inflows). Sqrt(November-December 

Inflows). 
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Square Root of Januav-February lnllows 

Figure 6.24 Residuals Plot for Sqrt(January- 
February Inflows). 

Square R w l  of May-June lnflows 

Figure 6.26 Residuals Plot for Sqrt(May-June 
Inflows). 

Square Root of Sepember-October Inflows 

Figure 6.28 Residuals Plot for 
Sqrt(September-October Inflows). 

Square Root of March-Apnl Inflows 

Figure 6.25 Residuals Plot for SqrtfMarch- 
April InJlo ws) . 

' " I  I 

Square R w l  of July-August Inflows 

Figure 6.27 Residuals Plot for Sqrt(Ju1y- 
August Inflows). 

Square Root of November-December lnflows 

Figure 6.29 Residuals Plot for 
Sqrt(November-December 
Injlows). 
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6.2.4 Prediction Intervals for Trout Harvest 

Table 6.19 Prediction Intervals for Trout Harvest. 

YEAR LICI-1 LN-TROUT UICZ-1 
1961 .2708 1.9459 3.9416 

LICI-1 Lower limit for 99% prediction interval for the natural log of trout 
harvest. 

LN-TROUT Natural log of trout harvest 

UICI-1 Upper limit for 99% prediction interval for the natural log of trout 
harvest. 
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6.2.5 Outliers and Influential Point Detection 

Table 6.20 Mahalanobis distance, Cook S distance, Leverage value and associatedp-values 

YEAR MAH-1 COOK-1 LEV-1' M A H _ P ~  COOK-P@ 
1961 7.96206 ,02416 ,41906 ,3360 .OOOO 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-I Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 his is flagged if it exceeds (2p+l)/n or 0.5, whichever is smaller. 
'MAHAPV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
3 ~ ~ ~ ~ - ~ ~  = F(CO0K-l), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-l denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.21 Standardized dffits value and Standardized dfbeta values 

YEAR 
1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

SDFFZTS 
-.39809 

-.01096 

-.48770 

*-1,10159 

,4901 6 

,34154 

-.62596 

*-1.98575 

*2.05984 

.73257 

* 1.69202 

-.79250 

.28885 

.I5048 

.39660 

,07100 

-.25376 

-.09689 

.43764 

*- 1.02226 

SDFFITS Standardized dfl ts  value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for square root of January-February inflows 

SDFBET-2 Standardized dfbeta for square root of March-April inflows 

'~tems are flagged if bdfjitsl or bdfbetal exceed 1.0 for a small data set or 2 ,/- for a large data 

set. The cutoff used here is 1. 



Trout Harvest in Corpus Christi Bay 74 

Table 6.22 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 -.06349 ,06533 . I  1856 -.26841 

SDFBET-3 Standardized dfbeta for square root of May-June inflows 
SDFBE T-4 Standardized dfbeta for square root of July-August inflows 
SDFBET-5 Standardized dfbeta for square root of September-October inflows 
SDFBE T-6 Standardized dfbeta for square root of November-December inflows 

'kerns are flagged if (sdfltsl or JsdJbetal exceed 1.0 for a small data set or 24- for a large data 
set. The cutoff used here is 1 .  
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S m i l e d  DFBETA interrep1 

37 
Slandardized DFBETA SqnlJanuary.Febuuy innar l  

=I 

S l a M ~ z e d  DFBETA %n(March-Apl Inllovrl S l m i s d  DFBETA SqnIMavJune Inllasl 

Slandard'aed DFBETA %n(Juiy-AugM lnllas) 

S l m d m ~ e d  DFBETA Sqn(N0vember-December inllo*sl 

Stan&rd!zed DFBETA SatlSeplambet-Oclwer In l lar )  

Figure 6.30 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of square root of inflow variables. 
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6.3 Regression - Square Root of trout data on inflow data 

6.3.1 ANOVA and Parameter Estimates 

Table 6.23 Model Summary for square root of trout data on inflow data. 

Model Summaryab 

a. Dependent Variable: Square Root of Trout Harvest 

b. Method: Enter 

Model 
1 

c. lndependent Variables: (Constant). November-December Inflows, SeptemberOctober 
Inflows, July-August Inflows, May-June Inflows, January-February Inflows, March-A~ril 
Inflows 

d. All requested variables entered. 

Variables 
Entered 

January-February. 
March-April, 
May-June. July-August, 
SeptemberOctober, c,d 
November-December 

Table 6.24 ANOVA table of square root of trout data on infow data 

ANOVAa 

a. Dependent Variable: Square Root of Trout Harvest 

R 

,947 

Model 
1 Regression 

Residual 
Total 

b. Independent Variables: (Constant), November-December Inflows, 
SeptemberOctober Inflows, July-August Inflows, May-June inflows, 
January-February Inflows, March-April Inflows 

R 
Square 

,897 

Adjusted 
R 

Square 

,849 

Std. Error 
of the 

Estimate 

1.6736 

Sum of 
Sauares 
316.786 
36.413 

353.200 

Durbin- 
Watson 

2.472 

df 
6 

13 
19 

Siq. 
.OOOb 

Mean 
Square 
52.798 
2.801 

F 
18.849 
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Table 6.25 Table ofcoeficients for square root of trout data on inflow data 

Coefficientsa 

a. Dependent Variable: Square Root of Trout HaNest 

(Constant) 
January-February 
March-April 
May-June 
July-August 
SeptemberOctober 
November-December 

6.3.2 Collinearity Diagnostic 

Table 6.26 Collinearity Diagnostic for square root of trout data on inflow data. 

Coefficientsa 

a. Dependent Variable: Square Root of Trout HaNest 

Standar 
dized 

Coeffici 
ents 

Beta 

-.474 
,306 
,224 
,416 
.616 
,017 

t 
1.860 

-3.545 
1.731 
1.547 
3.486 
4.247 

,102 

Unstandardized 
Coefficients 

(Constant) 
January-February 
March-April 
May-June 
July-August 
SeptemberOctober 
November-December 

Table 6.27 Collinearity Diagnosticsfintercept adjusted) for Dependent Variable: Sqrt(TR0UT) on 
INFLOWS: None Omitted 

B 
2.339 

-7.6E-02 
3.8E-02 
1.6E-02 
1.7E-02 
9.8E-03 
1.5E-03 

Condit ion Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index QJF-LAG OM-LAG QtA-LAG QJA-LAG 0.90-LAG OND-LAG 

1 1.86647 1.00000 0.0619 0.0077 0.0450 0.0010 0.0804 0.0094 
2 1.68991 1.05094 0.0256 0.0657 0.0088 0.0116 0.0011 0.0674 
3 1 .29792 1.19919 0.0529 0.0044 0.0413 0.2647 0.0135 0.0038 
4 0.80254 1 .52503 0.0350 0.0335 0.181 2 0.0675 0.0580 0.0826 
5 0.23546 2.81549 0.7824 0.0001 0.0087 0.5234 0.5484 0.0205 
6 0.10770 4.16295 0.0422 0.8885 0.7151 0.1318 0.2986 0.8163 

Sia. 
.086 
,004 
.I07 
,146 
,004 
,001 
.920 

Std. 
Error 

1.258 
,021 
.022 
,010 
,005 
,002 
.015 

t 
1.860 

-3.545 
1.731 
1.547 
3.486 
4.247 

,102 

95% Confidence 
Interval for B 

Coilinearitv Statistics 

Lower 
Bound 

-.378 
-.I22 
-.009 
-.006 
,006 
,005 

-.030 

Tolerance 

,444 
.254 
,377 
,557 
,377 
.295 

Upper 
Bound 

5.056 
-.030 
,085 
,038 
.027 
,015 
.033 

VIF 

2.251 
3.941 
2.653 
1.796 
2.650 
3.385 



Trout Harvest in Corpus Christi Bay 78 

6.3.3 Residuals Diagnostics 

Table 6.28 Residuals Diagnostics for square root of trout data on inflow data. 

Residuals Statisticsa 

a. Dependent Variable: Square Root of Trout Hawest 
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Table 6.29 Case Values for Residuals Diagnostics for square root of trout data on inflow data. 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fined without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
 h his is flagged if it exceeds t,,z,0=t12,0.01=2.681 
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Regression Slandardlzed Residual 

Figure 6.31 Histogram of Standardized 
Residuals. 

Observed Cum Prob 

Figure 6.32 Normal P-P Plot of Residuals. 
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January-February Inflows 

Figure 6.33 Partial Residual Plot for January 
February Inflows. 

Figure 6.35 Partial Residual Plot for May- 
June Inflows. 

March-April lnllows 

Figure 6.34 Partial ~esrdual  plot for  arch- 
April Inflows. 

July-August Inflows 

Figure 6.36 Partial Residual Plot for July- 
August Inflows. 

SeptemberOMber Inflows November-December Inflows 

Figure 6.37 Partial Residual Plot for Figure 6.38 Partial Residual Plot for 
September-October Inflows. November-December Inflows. 
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JanuawFebruary Inflows 

Figure 6.39 Residuals Plot for Januay- 
February Inflows. 

Figure 6.41 Residuals Plot for May-June 
Inflows. 

SeDlernberOnober Inflows 

Figure 6.43 Residuals Plot for September- 
October Inflows. 

March-Apnl Inflows 

Figure 6.40 Residuals Plot for March-April 
Inflows. 

J~ly-Aw~~s1 Inflows 

Figure 6.42 Residuals Plot for Ju[v-Augwt 
Inflows. 

N m b e r - D m b e r  Inflows 

Figure 6.44 Residuals Plot for November- 
December Injlows. 
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6.3.4 Prediction Intervals for Trout Harvest 

Table 6.30 Prediction Intervals for Trout Harvest. 

YEAR LICI-I 
1961 0.0000 

LICI-1 Lower limit for 99% prediction interval for the square root of trout 
harvest. 

LN-TROUT Square root of trout harvest 

UZCI-I Upper limit for 99% prediction interval for the square root of trout 
harvest. 
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6.3.5 Outliers and Influential Point Detection 

Table 6.31 Mahalanobis distance, Cook's distance. Leverage value and associatedp-values 

YEAR MAH-1 COOK-1 LEV-1' MAH-PP COOK-PV' 
1961 11.17282 .06566 *.58804 ,1313 ,0007 

1962 3.00234 .00008 .I5802 ,8848 .OOOO 

1963 3.43604 ,00367 ,18084 ,8420 .OOOO 

1964 8.34522 ,08849 ,43922 ,3031 .OO 18 

1965 2.88532 ,00736 ,15186 ,8954 .OOOO 

1966 4.28854 ,00438 ,22571 ,7460 .OOOO 

1967 4.26914 ,02054 ,22469 ,7483 .OOOO 

1968 5.69019 .32639 ,29948 ,5764 ,0717 

1969 9.01021 ,11956 .47422 ,2519 ,0045 

1970 5.70872 ,10184 .30046 ,5741 ,0028 

1971 6.87509 .04875 ,36185 ,4420 ,0003 

1972 5.20704 ,25897 .27405 .6347 ,0404 

1973 6.12118 .25 166 .32217 .5257 .0375 

1974 1 1.29296 ,00603 *.59437 ,1263 .OOOO 

1975 3.58101 ,10743 .I8847 .a266 .0033 

1976 1.09663 .00001 ,05772 .993 1 .OOOO 

1977 4.69376 .00242 .24704 ,6973 .0000 

1978 5.49138 ,02033 .28902 ,6002 .OOOO 

1979 7.30667 .07116 ,38456 .3977 ,0009 

1980 4.52573 .07322 ,23820 ,7176 .0010 

MH-1  Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
'This is flagged if it exceeds (2p+l)/n or 0.5, wluchever is smaller. 
'MAHAPV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-I), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.32 Standardized dffits value and Standardized dfbeta values 

YEAR SDFFZTS SDFBET-0 SDFBET-1 SDFBET-2 
1961 -.65800 ,09065 -.04990 ,44243 

SDFFITS Standardized dffits value 
SDFBET-0 Standardized dfbeta for the intercept term 
SDFBE T-1 Standardized dfbeta for January-February inflows 
SDFBET-2 Standardized dfbeta for March-April inflows 

*items are flagged if bdffitsl or bdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1. 
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Table 6.33 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 -. 13942 ,10972 ,18474 -.52661 

SDFBET-3 Standardized dfbeta for May-June inflows 
SDFBET-4 Standardized dfbeta for July-August inflows 
SDFBE T-5 Standardized dfbeta for September-October inflows 
SDFBET-6 Standardized d'e ta  for November-December inflows 

'~tems are flagged if bdffitsl or bdfbetal exceed 1.0 for a small data set or 2 4- for a large data 
set. The cutoff used here is 1 .  
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Standamow DFBETA Intercepl 

Standaadired DFBETA March-Awl I n t l m  

Standard'mW DFBETA July-August lnllows 

Stattdardced DFBETA November-Decsmtmr lnllowr 

Standard~W DFBETA Janualy.February lnnaws 

Standudum DFBETA May-June Innow5 

Standamzed DFBETA Septmtmr-October lnt lar  

Figure 6.45 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of inflow variables. 
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7. EXAMINING SUBSETS OF THE DATA 

7.1 Log of trout data and log of inflow data: 1964 Omitted 

Table 7.1 Regression Modelsfor Dependent Variable: Ln(TR0UT) on Ln(INFL0WS): 1964 Omitted 

Rsq A d j  C ( p )  AIC  MSE SBC Variables i n  Model 
In Rsq 

1 0.4785 0.4478 43.51 -0.143 0.899 1.746 LN-OW 
1 0.3696 0.3326 55.72 3.459 1.086 5.348 LN-WA 
1 0.2252 0.1796 71.93 7.379 1.335 9.268 LN-WF 
1 0.1139 0.0618 84.41 9.928 1.527 11.82 LN-0.90 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - -  
2 0.8017 0.7769 9.251 -16.51 0.363 -13.68 LN-OW LN-OJA 
2 0.6331 0.5873 28.16 -4.825 0.672 -1.992 LN-OJF LN-OW 
2 0.6166 0.5687 30.01 -3.990 0.702 -1.157 LN-OW LN-OND 
2 0.5848 0.5329 33.58 -2.475 0.760 0.359 LN-WF LN-OSO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0.8235 0.7882 8.801 -16.73 0.345 -12.95 LN-OW LN-OJA LN-ON0 
3 0.8159 0.7791 9.651 -15.93 0.360 -12.15 LN-WF LN-OW LN-QND 
3 0.8134 0.7761 9.935 -15.67 0.364 -11.89 LN-WF LN-OW LN-WA 
3 0.8075 0.7690 10.60 -15.08 0.376 -11.30 LN-OM LN-OW LN-WA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 0.8804 0.8462 4.421 -22.12 0.250 -17.40 LN-WF LN-OW LN-OSO LN-OND 
4 0.8628 0.8237 6.387 -19.52 0.287 -14.80 LN-WF LN-OW LN-WA LN-OND 
4 0.8522 0.8100 7.578 -18.10 0.309 -13.38 LN-QJF LN-OM LN-OW LN-OSO 
4 0.8507 0.8081 7.746 -17.91 0.312 -13.19 LN-QJF LN-QMA LN-OW LN-OND 

- . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  

5 0.8912 0.8493 5.207 -21.92 0.245 -16.25 LN-WF LN-QMJ LN-WA LN-OSO 
LN-OND 

5 0.8828 0.8377 6.154 -20.50 0.264 -14.83 LN-WF LN-OM LN-OMJ LN-WA 
LN-OSO 

5 0.8809 0.8351 6.362 -20.20 0.268 -14.53 LN-WF LN-L)MA LN-OW LN-OSO 
LN-OND 

5 0.8713 0.8218 7.440 -18.73 0.290 -13.06 LN-QJF LN-OM LN-OW LN-WA 
LN-OND 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 0.8930 0.8396 7.000 -20.24 0.261 -13.63 LN-OJF LN-OM LN-OW LN-WA 

LN-QSO LN-OND 

N = 19 
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Table 7.2 Analysis of Variance for Dependent Variable: Ln(TR0UT) on Ln(INFL0WS): 1964 Omitted 

Sum o f  Mean 
Source DF Squares Square F Value Prob>F 

Model 6 26.16180 4.36030 16.698 0.0001 
Er ro r  12 3.13349 0.26112 
C T o t a l  18 29.29529 

Root MSE 0.51100 R-square 0.8930 
Dep Mean 3.73020 Adj R-sg 0.8396 
C. V. 13.69906 

Table 7.3 Parameter Estimates for Dependent Variable: Ln(TR0UT) on Ln(INFL0WS): 1964 Omitted 

Parameter Standard T f o r  HO: Var iance 
V a r i a b l e  DF Estimate E r ro r  Pararnete~O Prob > I TI I n f l a t i o n  

INTERCEP 1 - 3.51 7683 1 .95665727 -1.798 0.0974 0.00000000 
LN-(MF 1 -0.988338 0.35688627 - 2.769 0.0170 3.3789591 9 
LN-OM 1 0.156560 0.3440881 7 0.455 0.6572 4.41061732 
LN-OKI 1 1 .276628 0.45924657 2.780 0.0167 4.6971 1204 
LN- W A  1 0.221759 0.19002445 1.167 0.2659 2.89908810 
LN-0.90 1 0.398161 0.25489736 1 .562 0.1443 4.50689378 
LN OND 1 0.290379 0.27030963 1.074 0.3038 4.72557828 

Table 7.4 Collineariry Diagnosticsfintercept adjusted) for Dependent Variable: Ln(TR0UT) on 
Ln(INFL0 WS): 1964 Omitted 

Condi t ion  Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-WF LN-OM LN-QW LN-WA LN-OSO LN-OND 

1 1.61070 1.00000 0.0952 0.0011 0.0002 0.0771 0.0141 0.0014 
2 1 .54720 1.02031 0.0113 0.0142 0.0000 0.0296 0.0296 0.0690 
3 1 ,34592 1.09395 0.0015 0.0086 0.1142 0.0008 0.0189 0.0162 
4 1 .27534 1.12381 0.0008 0.1047 0.0011 0.0321 0.0454 0.0035 
5 0.15597 3.21360 0.7059 0.0144 0.0009 0.8488 0.1342 0.1890 
6 0.06488 4.98243 0.1853 0.8570 0.8836 0.0117 0.7579 0.7209 
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Table 7.5 Parameter Estimates of Models for Dependenr Variable: Ln(TR0UT) on 
LnlINFLO WS): 1964 Omitted 

08s -RMSE- INTERCEP LN-OJF LN-OM LN-OMJ LN-OJA LN-OSO LN-OND 

1 0.94799 -3.66592 . 1.55255 . 

Table 7.6 Criteria Statistics of Models for Dependent Variable: Ln(TR0UT) on 
Ln(INFL0 WS): 1964 Omitted 
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7.2 Log of trout data and square root inflow data 

Table 7.7 Regression Models for Dependent Variable: Ln(TR0UT) on Sqrt(1NFLOWS): 1969 Omirted 

R s q  Adj  C ( p )  AIC  MSE SBC V a r i a b l e s  i n  Model 
I n  Rsq  

1 0.5236 0.4956 69.98 2.370 1.026 4.258 S[IR_QMJ 
1 0.4456 0.4130 83.89 5.250 1.194 7.139 SOR-WA 
1 0.2441 0.1996 119.8 11.14 1.628 13.03 SQR-OSO 
1 0.1119 0.0596 143.4 14.21 1.912 16.09 SQ/-(lMA 

- - - - - - - - - - - - - - - - - - - - . - - - - - . - - . - - - - - - - - - - . - - - - - - - - - - - - - * - - - - - - - . - - . - . . . - - - - -  
2 0.8029 0.7782 22.17 -12.39 0.451 -9.561 SOR-OW SOR-OJA 
2 0.6679 0.6264 46.23 -2.488 0.760 0.346 SOR-OJF SOR-OW 
2 0.5876 0.5360 60.57 1.631 0.944 4.464 SOR-OW SOR-OND 
2 0.5754 0.5223 62.75 2.186 0.972 5.019 SQR-OM SOR-WA 

- - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - . - - - - * - - -  

3 0.8436 0.8123 16.90 -14.79 0.382 -11.01 S W W F  S O R - W  SOR-QND 
3 0.8326 0.7992 18.86 -13.51 0.408 -9.727 S( IR0JF SOR-OW SOR-OJA 
3 0.8289 0.7947 19.52 -13.08 0.418 -9.307 SOR-OM S [ I R O K I  SOR-WA 
3 0.8202 0.7843 21 .07 - 12.15 0.439 -8.367 SOR-OW S(IR_WA SOR-OND 

- - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - -  

4 0.9085 0.8823 7.326 -22.97 0.239 -18.25 SQf-WF S(IR0W SOR-OSO 
SOR-OND 

4 0.9009 0.8726 8.676 -21.46 0.259 -16.74 SOR-OJF SOR-OW SOR-OJA 
SQR-OND 

4 0.8852 0.8524 11.49 -18.66 0.300 -13.94 SOR-WF SOR-OM SLIR_OW 
SOR-OND 

4 0.8594 0.8193 16.07 -14.82 0.368 -10.10 SOR-WF SOR-OM S( ]ROKI  
SOR-U.4 

. - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *  

5 0.9299 0.9030 5.501 -26.05 0.197 -20.38 SQR-OJF S(IR_(IMJ S ( I R W A  
SQR-OSO SOR-QND 

5 0.9250 0.8962 6.371 -24.77 0.211 -19.10 SOR-WF S(IR_(IMA SOR-OW 
SOR-WA SOR-OSO 

5 0.9091 0.8741 9.220 -21.10 0.256 -15.43 SOR-WF SOR-OM SOR-OW 
SOR-OSO SOR-ON0 

5 0.9064 0.8704 9.692 -20.55 0.263 -14.89 SOR-WF S ( I R 0 M  SOR-OMJ 
SOR-OJA SOR-OND 

. - . - - - - - - - . - - - - - - . - - - - . - - - - - - - - - - - - - - - - - - . - - - - - - - - - . - - - - - - - - - - - . - - - . - - - - - - -  
6 0.9327 0.8991 7.000 -24.82 0.205 -18.21 SOff-OJF SOR-(IMA SOR-OW 

SOR-OJA SOR-OSO SOR-OND 

N = 19 
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Table 7.8 Analysis of Variance for Dependent Variable: LnlTROUT) on Sqrt(INFL0WS): 1969 Omitted 

sum o f  Mean 
Source OF Squares Square F Value Prob>F 

Model 6 34.14250 5.69042 27.731 0.0001 
E r r o r  12 2.46240 0.20520 
c T o t a l  18 36.60489 

Root MSE 0.45299 R-square 0.9327 
Oep Mean 3.58808 A d j R - s q  0 .8991 
C.V. 12.62485 

Table 7.9 Parameter Estimates for Dependent Variable: Ln(TR0UT) on Sqrt(INFL0WS): 1969 Omitted 

Parameter Standard T f o r  HO: Variance 
Var iab le  OF Est imate E r r o r  Parameter=O Prob > I TI I n f l a t i o n  

INTERCEP 1 0.362981 0.53961788 0.673 0.5139 0.00000000 
SOR-CUF 1 -0.358494 0.09055391 - 3.959 0.0019 2.64007754 
SOR-OM 1 0.07221 6 0.10203365 0.708 0.4926 5.66666585 
SOR-W 1 0.255180 0.07057655 3.616 0.0035 4.8600431 2 
SON-W.4 1 0.070725 0.03442809 2.054 0.0624 2.55616956 
SOR-oso 1 0.056220 0.02595537 2.166 0.051 2 3.61861438 
SQR OND 1 0.092818 0.07927408 1 .I71 0.2644 5.91636935 

Tabk 7.10 Collinearily Diagnosticsfintercept adjusted) for Dependent Variable: Ln(TR0LIT) on 
Sqrt(INFL0WS): 1969 Omitted 

Condi t ion  Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SOR-CUF S(IR_OMA SOR-OW SOR-QJA SOR-OSO SOR-OND 

1 2.07329 1.00000 0.0361 0.0119 0.0201 0.0039 0.0315 0.0166 
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Table 7.11 Parameter Estimates of Models for Dependent Variable: Ln(TR0UT) on 
Sqrt(INFL0 WS): 1969 Omitted 

08s -RMSE- INTERCEP SOR-OJF SOR-QMA SOR-OMJ SOR-OJA SQR-OSO SOR-OND 

1 1.01279 0.26115 . 0.30941 . 

Table 7.12 Criteria Statistics of Models for Dependent Variable: Ln(TR0IIT) on 
Sqrt(INFL0 WS): 1969 Omitted 
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Figure 7.7 The R2 criteria vs. Number of 
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Figure 7.11 The C(p) criteria vs. Number oj 
parameters. 

Number of Parameten 

Figure 7.8 The Adjusted R2 criteria vs. 
Number of parameters. 
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Figure 7.10 MSE vs. Number of parameters. 

u) -30 d7 o r 

Number of Parameten 

Figure 7.12 The SBC criteria vs. Number of 
paramerers. 
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7.3 Square root of trout data and untransformed inflow data 

Table 7.13 Regression Modelsfor Dependent Variable: Sqrt(TR0UT) on INFLOWS: None Omitted 

Rsq A d j  C ( p )  A I C  MSE SBC Va r i ab les  i n  Model 
In Rsq 

10.49920.4714 47.15 47.59 9.83 49.59 OJA-LAG 
1 0.2709 0.2304 75.93 55.11 14.31 57.10 OW-LAG 
1 0.2264 0.1834 81.55 56.29 15.18 58.28 OSO-LAG 
1 0.0789 0.0278 100.1 59.78 18.07 61.77 OJF-LAG 

- . - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - . - . - - - - - . - - - . - - . - - . - - - - - - - - - - - - - - - - - .  
2 0.6949 0.8591 24.47 39.68 6.34 42.67 OW-LAG OJA-LAG 
2 0.6360 0.5932 31.90 43.21 7.58 46.20 OJA-LAG OSO-LAG 
2 0.6004 0.5533 36.39 45.08 8.30 48.07 QJF-LAG OSO-LAG 
2 0.5683 0.5175 40.43 46.62 8.97 49.61 OM-LAG QJA-LAG 

. - - - - - - - - . - - - - . - - - - - * - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - s - - - . - - - - - - -  

3 0.7597 0.7147 18.30 36.90 5.30 40.89 O W L A G  QJA-LAG 0.50-LAG 
3 0.7486 0.7015 19.70 37.81 5.55 41.79 QJF-LAG 0-LAG OSO-LAG 
3 0.7277 0.6766 22.34 39.41 6.01 43.40 OMJLAG OJA-LAG 0.90-LAG 
3 0.7241 0.6724 22.78 39.67 6.09 43.65 OW-LAG WA-LAG OND-LAG 

----.--.-s--.---------.---.------------.----------------*--.---.----------- 

4 0.8671 0.8316 6.764 27.07 3.13 32.05 QJF-LAG OM-LAG WA-LAG 
OSO-LAG 

40.81560.7664 13.25 33.62 4.34 38.59 OJF-LAGOMJLAG WA-LAG 
OSO-LAG 

4 0.7963 0.7420 15.68 35.60 4.80 40.58 WF-LAG OW-LAG OSO-LAG 
OND-LAG 

4 0.7918 0.7363 16.25 36.04 4.90 41.02 O K L A G  OM-LAG WA-LAG 
oso- LAG 

- - - - - - . - - - - - - - - . - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - -  

5 0.8968 0.8600 5.010 24.00 2.60 29.97 QJF-LAG OMA-LAG OMJ-LAG 
WA-LAG OSO-LAG 

5 0.8779 0.8343 7.393 27.36 3.08 33.34 OJF-LAG O W L A G  WA-LAG 
OSO- LAG OND-LAG 

5 0.8731 0.8278 7.996 28.13 3.20 34.11 WF-LAG O W L A G  WA-LAG 
OSO-LAG OND-LAG 

5 0.8006 0.7293 17.15 37.18 5.03 43.16 QJF-LAG OMA-LAG OW-LAG 
OSO-LAG OND-LAG 

. - ----------- . -------- . --- . --- . . - -- . . - - . --- . ----- . --------------- . . - -------  
6 0.8969 0.8493 7.000 25.98 2.80 32.95 Q J F - L A G O M - L A G O M J U G  

OJALAG OSO-LAG OND-LAG 

N = 20 
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Table 7.14 Analysis of Variance for Dependent Variable: Sqn(TR0UT) on INFLOWS: None Omitted 

-- 

Sum o f  Mean 
Source DF Squares Square F Value Prob>F 
Model 6 316.78642 52.79774 18.849 0.0001 
Error 13 36.41 325 2.801 02 
C Total 19 353.19967 

Root MSE 1.67362 R-square 0.8969 
Dep Mean 7.34915 Adj  R-sq 0.8493 
C .  V .  22.77303 

Table 7.15 Parameter Estimatesfor Dependent Variable: Sqrt(TR0UT) on INFLOWS: None Omitted 

Parameter Standard T for  HO: Variance 
Variable DF Estimate Error Parameter=O Prob > I TI I n f l a t i on  
INTERCEP 1 2.3391 80 1 .25755916 1 .860 0.0856 0.00000000 
OJF-LAG 1 -0.075618 0.02133383 -3.545 0.0036 2.25061968 
OM-LAG 1 0.037929 0.02191 200 1.731 0.1071 3.94086323 
OXLAG 1 0.01 5895 0.01 027592 1 .547 0.1459 2.65317111 
QJA-LAG 1 0.01 6898 0.00484793 3.486 0.0040 1.79635553 
OSO-LAG 1 0.009765 0.00229947 4.247 0.0010 2.65004848 
OND-LAG 1 0.001 496 0.01 467420 0.102 0.9204 3.38499802 

Table 7.16 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Sqrt(TR0UT) on 
INFLOWS: None Omitted 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index OJF-LAG OM@-LAG OWLAG QJA-LAG 0.50-LAG OND-LAG 

1 1 .86647 1.00000 0.0619 0.0077 0.0450 0.0010 0.0804 0.0094 
2 1 .68991 1 ,05094 0.0256 0.0657 0.0088 0.01 16 0.001 1 0.0674 
3 1.29792 1.19919 0.0529 0.0044 0.0413 0.2647 0.0135 0.0038 
4 0.80254 1 .52503 0.0350 0.0335 0.181 2 0.0675 0.0580 0.0826 
5 0.23546 2.81 549 0.7824 0.0001 0.0087 0.5234 0.5484 0.0205 
6 0.10770 4.16295 0.0422 0.8885 0.7151 0.1318 0.2986 0.8163 
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Table 7.1 7 Parameter Estimates of Models for Dependent Variable: Sqrt(TR0UT) on 
INFLOWS: None Omitted 

08s -RMSE- INTERCEP OJF-LAG QMA-LAG ON-LAG QJA-LAG OSO-LAG QND-LAG 

1 3.13475 4.50121 . 0.028698 . 

Table 7.18 Criteria Statistics of Models for Dependent Variable: Ln(TR0UT) on 
INFLOWS: None Omitted 

OBS -MSE- - RSO- - AWRSO- -cp- - AIC- - SBC- 
1 9.8267 0.49921 0.47139 47.148 47.5948 49.5862 
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Figure 7.16 MSE us. Number ofparameters. 

In Y+7 M 0 1 

Number of Parameters 

Figure 7.18 The SBC criteria vs. Number of 
parameters. 



I 
T .  r t - r r r l f ,  t f ; t r = ~ ' r h - - t  s i l l  : \ I  : I  tl: t -  l : 

1 A Itegrt?ssion A ~ialysis 

Harvest vs Freshwater Inflows 

I?. Michael Speed 
Michael Longnecker 
Birgir Hrafnkelsson 

Department of Statistics 
Texas ABM University 



A Regression Analysis 
Harvest vs. Freshwater Inflows 

F. Michael Speed 

M. Longnecker 
Birgir Hramkelsson 

Department of Statistics 
Texas A&M University 

May 1997 



I.  Summary Report I 

1.1 Description of the Problem 1 

1.2 Constructing Models - General Discussion 1 

1.2.1 Detecting Influential Points and Outliers 1 

1.2.2 Variable Selection 2 

1.2.3 Multicollinearity 2 

1.2.4 Other Procedures 2 

1.3 How the Final Model Was Chosen 2 

1.3.1 Selecting the Data Set Used 2 

1.3.2 Selecting the Points to be Omitted 3 

1.3.3 Selecting the Final Candidate Models 6 

1.3.4 Selecting the Final Models 6 

1.4 Best Model: Logged Harvest and Square Root of Inflows 7 

1.4.1 Summary Information 7 

2. Exploring the Data I 2  

2.1 Listing of data 12 

2.2 Examination of Individual Variables 13 

2.2.1 The trout data 15 

2.2.2 The January-February Inflows data 18 

2.2.3 The March-April Inflows data 21 

2.2.4 The May-June Inflows data 24 

2.2.5 The July-August Inflows data 27 

2.2.6 The September-October Inflows data 30 

2.2.7 The November-December Inflows data 33 

3. Prediction Ellipses and Confidence Regions 36 

4. Box-Cox Analysis 43 

5. Model Choice Diagnostics 45 

5.1 Untransformed trout data and untransformed inflow data 45 

5.2 Log of trout data and untransformed inflow data 46 

5.3 Log of trout data and log of inflow data 47 

5.4 Log of trout data and square root of inflow data 48 

5.5 Square root of trout data and square root of inflow data 49 



11 

5.6 Various transformation suggested by Box-Cox 50 

6. Regression for the Best Models 51 

6.1 Regression - Log of trout data on inflow data 5 1 

6.1.1 ANOVA and Parameter Estimates 5 1 

6.1.2 Collinearity Diagnostic 52 

6.1.3 Residuals Diagnostics 53 

6.1.4 Prediction Intervals for Trout Harvest 58 

6.1.5 Outliers and Influential Point Detection 59 

6.2 Regression - Log of  trout data on log of inflow data 63 

6.2.1 ANOVA and Parameter Estimates 63 

6.2.2 Collinearity Diagnostic 64 

6.2.3 Residuals Diagnostics 65 

6.2.4 Prediction Intervals for Trout Harvest 70 

6.2.5 Outliers and Influential Point Detection 71 

6.3 Regression - Log of trout data on square root of inflow data 75 

6.3.1 ANOVA and Parameter Estimates 75 

6.3.2 Collinearity Diagnostic 76 

6.3.3 Residuals Diagnostics 77 

6.3.4 Prediction Intervals for Trout Harvest 82 

6.3.5 Outliers and Influential Point Detection 83 

7. Examining Subsets of the Data 8 7 

7.1 Log of trout data and untransformed inflow data: None Omitted 87 

7.2 Log of trout data and log of inflow data: 1963 Omitted 91 

7.3 Log of trout data and square root of inflow data: 1963 Omitted 95 



Trout Hawest in Aransas Bay I 

1.1 Description of the problem' 
Bimonthly freshwater inflows into Aransas were recorded for the years 1961 to 1980. 

These variables, and various transformations of them, were used to construct a model for the 

annual harvest of trout. 

1.2 Constructing Models - General Discussion 
Stability of coefficient estimates and accuracy of predicted values are primary goals in 

constructing models for prediction. To this end, the data must be examined from three points of 
view: individual observations (to detect outliers or influential points); variables, individually and 

in groups (to select an optimal set of predictors); and the interaction of these two, which 

produces the overall structure of the data set (to determine whether multicollinearity is present or 

not). The first two of these were examined by both graphic and quantitative means; the third by 

quantitative means only. 

1.2.1 Detecting Influential Points and Outliers 
The structures of individual variables were examined via box plots and histograms, as 

well as by all the usual numerical measures. For each pair of variables, 99% prediction ellipses 
and 95% confidence regions were plotted in a further effort to look for unusual points. For 

example, suppose large values of Variable A are generally associated with large values for 
Variable B. If an observation consisted of a large value for Variable A but a small value for 

Variable B, that point would be considered unusual, even though it was well within the range of 
data for both variables and could not be considered an outlier. 

In addition, a number of residual analysis techniques were employed. A large residual 

indicates a point not well-fit by the model. The deleted residual, however, is somewhat more 
useful in the search for influential points. The model is fitted without a given observation, and 

the predicted response and corresponding residual are calculated for that observation. The 
Studentized deleted residual is scaled to have a Student's t distribution. Histograms and normal 
P-P plots of the residuals were also examined. 

Other quantities, such as the Mahalanobis distance, Cook's distance, the leverage value, 
standarized values for the Dflts (to measure the influence of a given observation on the predicted 

response) and the Dfbetas (to measure the influence of a given observation on the calculated 
coefficients) were also used to build a general picture of the influence of individual points. Plots 

were made of the standardized Dflts value for each model against the standardized Dfbeta values 

for each predictor in the model. Points which were extreme indicated observations which had 

strong effects on both predicted values and coefficient estimates. 

1 The following discusnon, prepared by Jacqueline Kiffe. war taken fmm Searrout Harvest in Galveston Bay: A Regression Analysis. by F. Michael Speed, Sr. and 

Jacqueline Kiffe. 
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1.2.2 Variable Selection 
For each regression, residuals were plotted against each of the independent variables to 

look for nonlinear relationships between the response variable and individual predictors. Partial 

residual plots were employed to examine the overall relationship between the response and 

individual predictors. A partial residual is a corollary to the deleted residual. That is, the model is 

fitted without a given variable and the predicted response and corresponding residual are 
calculated for each observation. This seeks to answer the question, "What is the relationship of 

this predictor to the response variable, taking all other variables into account?" Thus, it 

examines the marginal relationship of a given predictor to the response. 
Numerous measures have been developed over the years to assess the adequacy of a 

given model. We examined a number of these, including R2 and mean squared error (MSE), and 

several others which directly incorporate penalties for having too many predictors in the model, 

such as adjusted R2, Cp, AIC, and SBC. It is well-established that too many predictors in a model 
can lead to bad prediction, just as too few can, and these measures are used as part of the attempt 

to find an optimal model. 

1.2.3 Multicollinearity 
Multicollinearity arises when one or more variables are nearly closely approximated by 

linear combinations of the remaining variables, resulting in unstable coefficient estimates. The 

variance inflation factor (VZF) was calculated for each coefficient estimate to measure this 

instability, which is not usually considered profound for VIFs less than 10. No problems were 

found with this data. Additionally, the condition index (a ratio of eigenvalues of the covariance 

matrix, with the largest eigenvalue always on top) was calculated. A ratio greater than 30 is 
considered cause for concern. Again, no evidence of multicollinearity was found. 

1.2.4 Other Procedures 
Several other miscellaneous diagnostics, including the Durbin-Watson test for serial 

autocorrelation were performed, and no general problems were detected. The Box-Cox 

procedure, used to find a transformation to normality, was also performed. 

1.3 How the Final Model Was Chosen 

1.3.1 Selecting the Data Set Used 
First, the variables were explored thoroughly, individually and in pairs, in a first effort to 

detect outliers. The SAS@ programming language allows a number of diagnostics to be calculated 

for a group of models on a given data set without actually performing a formal regression, thus 
allowing one to examine a large number of models quite efficiently. The Box-Cox procedure was 

performed to find if a transformation to normallity was suggested. The log transform was 
suggested for some variables, and the squared root for others. At this point, there were several 

data sets for which the diagnostic series was calculated: 
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1 .  Untransformed trout data and untransformed inflow data 

2. Log of trout data and untransformed inflow data 

3. Log of trout data and log of inflow data 

4. Log of trout data and square root of inflow data 

5 .  Square root of trout data and square root of inflow data 

6 .  Various transformation suggested by Box-Cox 

1.3.2 Selecting the Points to be Omitted 
The full regression with all diagnostics was performed for these models, each one 

contained all variables in its corresponding data set. All diagnostics were generated, and 

influential points were determined for each model. 

Table 1.1 R~ and Adjusted R~ for fill data sets. 

Data Set 3 Adj. R' 
1 0.5863 0.3954 

2 0.7345 0.61 19 

3 0.7048 0.5686 

4 0.7503 0.635 1 

5 0.6727 0.52 16 

6 0.6343 0.4655 

Data sets 2, 3, and 4 presented the highest R' values. These three models were 
considered final candidates. The observations flagged as potentially influential are given in the 

summary table below, for each model. 
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Table 1.2 Summary ofpointsflagged b-v Boxplots. 

Year Variable 
1980 Ln(Trout), July-August Inflows, Sqrt(Ju1y-August) 

Table 1.3 Summan, ofpointsflagged by 99%prediction ellipses 

Year Variable 
None None 

Table 1.4 Outliers of data set 2. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

Table 1.5 Outliers of data set 3. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 
1961 1 1 

1963 1 1 1 1 5 9 

1964 1 1 

1975 1 1 

1976 I 1 

1980 1 1 1 3 
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Table 1.6 Outliers of data set 4. 

Year BOX SRE SDR LEV MAH COO SDF SDB TOTAL 

A Key to Abbreviations: 
BOX Box plot 

SRE Studentized residual 

SDR Studentized deleted residual 

LEV Leverage value 

MAH Mahalanobis distance 
COO Cook's distance 

SDF Standardized Dffits value 
SDB Standardized Dfbeta value 
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1.3.3 Selecting the Final Candidate Models 
Afier the subset analysis led us to four models, Data Set 2 with none omitted; Data Set 3 

with 1963 omitted and Data Set 4 with 1963 omitted. 

Table I .  7 R2 and ~djusred R2jbr data sets number 2, 3 and 4, 

Data set Observations omitted R' Adj. R' 
2 None 0.7291 0.6324 

13.4 Selecting the Final Models 
It appears that Data set 4 with 1963 omitted is the best model. Regression was performed 

using this model, and the deleted residuals were calculated. 

Ln(Trout Harvest) = 6.27401 - 0.083477*Sqrt(Jan.-Feb. Inflows) 
+ 0.11770*Sqrt( March-April Inflows) 
- 0.09539*Sqrt(May-June Inflows) 
- 0.2 1394*Sqrt(Jul-Aug Inflows) 
+ 0.053512*Sqrt(Sep-0ct Inflows) 
+ 0.068904*Sqrt(Nov.-Dec. Inflows) 
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1.4 Best Model: Logged Harvest and Square Root of Inflows 

1.4.1 Summary Information 

Table 1.8 Descriptive statistics for dependent and independent variables. 

Descriptive Statistics 

Table 1.9 Model summary for the final model. 

Model Surnrnaeb 

Ln(Trout Hawest) 
a r t (  January-February Inflows) 
Sqrt(March-April Inflows) 
Sqrt(May-June Inflows) 
Sqrt(July-August Inflows) 
Sqrt(September-October Inflows) 
Sqrt(November-December Inflows) 

a. Dependent Variable: Ln(Trou1 Hawest) 

Mean 
5.086102 
5.049526 
4.750408 

11.2119 
6.430674 

13.6319 
5.6631 56 

b. Method: Enter 

Variables 
Entered 

Sqrt(November-December), 
Sqrt(September-October), 
Sqrt(March-April), 
Sqrt(July-August), 
Sqrt(January-F&nrary), 
Sqrt(May-June) ' 

C. Independent Variables: (Constant). Square Root of November-December Inflows. 
Square Root of September-October Inflows, Square Root of March-April Inflows, 
Square Root of July-August Inflows. Square Root of January-February Inflows. 
Square Root of May-June Inflows 

Std. 
Deviation 
,520164 

2.321081 
1.522770 
4.162315 
2.253051 
7.417221 
2.91 61 87 

Std. Error 
of the 

Estimate 

,221297 

d. All requested variables entered. 

N 
19 
19 
19 
19 
19 
19 
19 

Durbin- 
Watson 

2.765 

R 

.938 

R Square 

,879 

Adjusted 
R Square 

,819 
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Table 1.10 Anova for the final model. 

ANOVR 

a. Dependent Variable: Lnvrout Harvest) 

b. Independent Variables: (Constant), Square Root of Novernber-December 
Inflows, Square Root of September-October Inflows, Square Root of 
March-April Inflows, Square Root of July-August Inflows, Square Root of 
January-February Inflows, Square Root of May-June Inflows 

Table I .  I I  Parameter estimatesfor the final model. 

Coefficlene 

Sig. 
.OOOD 

Model 
1 Regression 

Residual 
Total 

a. Dependent Variable: LnCTrout Harvest) 

Mean 
Square 

.714 

4.9E-02 

F 
14.575 

Sum of 
Squares 

4.283 

,588 

4.870 

df 
6 

12 

18 

(Constant) 
Sqrt(Januaw-February) 
Sqrt(March-April) 
Sqrt(May4une) 
Sqrt(July-August) 
Sqrt(September-October) 
Sqrt(November-December) 

95% Confidence 
Interval for B 

Standar 
dized 

Coefficie 
nts 

Beta 

-.372 
,345 

-.763 
-.927 
,763 
.386 

Lower 
Bound 

5.738 
-.I45 
-.026 
-.I65 
-.273 
,023 
,023 

Upper 
Bound 

6.810 
-.022 
,261 

-.026 
-.I55 
,084 
,115 

Unstandardized 
Coefficients 

t 
25.516 
-2.965 
1.789 

-2.982 
-7.885 
3.834 
3.239 

B 
6.274 

-8.3E-02 
,118 

-9.5E-02 
-.214 

5.4E-02 
6.9E-02 

Sia. 
,000 
,012 
,099 
,011 
,300 
,002 
.007 

Std. Error 
,246 
,028 
,066 
,032 
,027 
.Of4 
,021 
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Table 1.12 Residuals statistics for theha1 model. 

Residuals Statlsticd 

a. Dependent Variable: Ln(Trout Harvest) 

Std. 
Deviation 

,487772 

1.000 

2.1 E-02 

,5051 07 

,180688 

,816 

1.014 

.281582 

1.079 

2.270 

,095 

,126 

Value 
Std. 
Predicted 
Value 
Standard 
Error Of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Res~dual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
cook's 
Distance 
Centered 
Leverage 
Value 

N 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

Maximum 

5.877695 

1.623 

,193234 

5.869698 

.352254 

1.592 

1.858 

,495014 

2.108 

12.777 

,371 

,710 

Minimum 

3.694492 

-2.853 

,106250 

3.641 087 

-.348173 

-1.573 

-1.869 

-.491294 

-2.125 

3.202 

,000 

,178 

Mean 

5.086102 

,000 

.I32707 

5.071 822 

1.2E-15 

,000 

.024 

1.4E-02 

.035 

5.684 

.080 

,316 
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Figure 1.1 Predicted and observed values for the harvest. 

Figure 1.2 Predicted and observed values for the harvest. 
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Table 1.14 Prediction Intervals for Trout Harvest based on thefinal model. 

YEAR TROUT PRK1 LZCI-1 UZCI-1 
1961 335.80 282.89 125.94 635.44 

TROUT Observed trout harvest 
PRE-! Predicted trout harvest 
LICI-1 Lower limit for 99% prediction interval for the trout harvest. 

UICI-1 Upper limit for 99% prediction interval for the trout harvest. 
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2. EXPLORING T H E  DATA 

2.1 Listing of data 

Table 2.1 The trout data and the inflow data 

Year Trout JF-inflow MA-inflow MJ-inflow JA-inflow SO-inflow ND-inflow 

1961 335.80 85.35 12.53 76.10 22.09 261.57 102.55 

1962 360.70 71.46 1 1.40 58.42 16.61 238.01 99.5 1 

1963 185.30 68.35 6.21 16.04 9.88 197.47 102.87 

1964 187.00 2.27 2.73 11.40 27.05 25.49 8.41 

1965 134.40 10.94 3.93 21.76 27.02 9.91 8.54 

1966 110.80 16.67 37.16 117.89 33.60 5.95 9.96 

1967 199.00 16.39 36.63 127.86 16.07 6.96 9.10 

1968 148.70 12.89 36.99 303.30 39.42 492.6 1 10.27 

1969 123.00 37.58 20.20 224.35 34.75 502.38 5.04 

1970 181.00 42.43 38.25 263.17 35.14 502.41 19.33 

1971 228.10 37.99 37.01 73.54 22.08 54.97 17.70 

1972 225.50 14.82 33.38 176.66 39.38 399.10 29.29 

1973 202.50 1 1.60 20.10 275.96 39.53 415.48 16.5 1 

1974 152.80 13.40 22.00 302.27 31.27 559.45 19.57 

1975 283.20 6.87 9.71 182.54 14.08 311.23 38.09 

1976 223.10 5.73 11.83 52.72 87.96 303.41 44.08 

1977 120.60 2 1.29 33.65 103.25 90.67 153,34 114.66 

1978 106.00 29.50 34.03 127.02 90.38 53.14 94.82 

1979 79.60 60.44 46.07 137.12 64.26 75.87 93.72 

1980 40.90 83.81 22.90 64.94 145.73 149.76 2 1.28 

Trout Trout harvest (thousands of pounds) 

JF-inflow Lagged January-February inflows (thousands of acre-feet) 

MA-inflow Lagged March-April inflows (thousands of acre-feet) 

MJ-inflow Lagged May-June inflows (thousands of acre-feet) 

JA-inflow Lagged July-August inflows (thousands of acre-feet) 

SO-inflow Lagged September-October inflows (thousands of acre-feet) 

ND-inflow Lagged November-December inflows (thousands of acre-feet) 
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2.2 Examination of Individual Variables 

Table .2.2 Test ofNonnality for the trout data and the injlow data 

Tests of Normality 

Trout Hawest 
Ln(Trout Hawest) 
Square Root of Trout 
Hawest 
January-February 
lnflows 
Ln(January-February 
Inflows) 
Square Root of 
January-Februaly 
lnflows 
March-April lnflows 
Ln(March-April Inflows) 
Square Root of 
March-April lnflows 
May-June lnflows 
Ln(May-June Inflows) 
Square Root of 
May-June lnflows 
July-August lnflows 
Ln(July-August Inflows) 
Square Root of 
July-August Inflows 
September-October 
Inflows 
Ln(September-October 
Inflows) 
Square Root of 
September-October 
lnflows 
November-December 
lnflows 
Ln(November-Decemb 
er Inflows) 
Square Root of 
November-December 
lnflows 

*. This is a lower bound of the true significance. 

". This is an upper bound of the true significance. 

a. Lilliefors Significance Correction 
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Table .2.3 Percentiles of the trout data and the inflow data. 
mmtl(es 

Welgnled Trout Harvesl 
AveragelDehnlon Ln(TrmiiHarvest) 
1) SquafeRoOtofTrour 

Harwsl 
January-Febwv 
Inflows 
LnNarmary-Februav 
Inflows) 
Square Rool of 
January-February 
Inflows 
March-Apnllnflom 
Ln(March-ApdlMw) 
Square Rwt  of 
Marm-Aprlllnnows 
~ a y ~ v n e  lnnows 
Ln(MayJune1nflows) 
Square Root 01 
MayJunelnflows 
July-Augusllnflows 
ln(JuQ-mustlnflows) 
Square Rool 01 
July-Augustlnflows 
September-October 
Inflows 
Ln(Sep'mber-Ocmber 
hflowsl 
Square Rool ol 
Septsmber-Onober 
Inflows 

Inn- 
Ln(NovBmber-Decemb 
er I M m )  
Square Root of 
Nomber.Decernber 
Inflows 

Tukey's Hinges Trout ~ N ~ S I  

Lnmoul Harvest) 
Square Rool of Trout 
Harvesl 
January-February 
lnnows 
Ln(January-February 
Inflows) 
Square Root of 
January-February 
InAo*rs 
March-April Inflows 
Ln(MardFApri1 Inflows) 
Square Root 01 
March-Apll Inflows 
MayJune Inflows 
Ln(MayJun8 Inflows) 
Square Root of 
MayJune Inflows 
July-August Inflows 
~ n ( ~ u l y - ~ u g u ~ l  lnflowsl 
Square R w l  of 
July-August Innom 
September-October 
Inflows 
Ln(Sep(ember-Ocmber 
h l l m )  
Square Root ol 
September-Ocmber 
InRnvr 
Nomber-DecemDBr 
Inflows 
LnlNowmber-Decemb 
er Influs) 
Square Root of 
November-December 
In f l m  

PerCenUlss 
50 

183.1500 
5.210237 

13.5331 

18.9800 

2.935924 

4.34500 

22.4500 
3.111090 

4.737905 

122.4550 
4.807048 

11.0640 

34.1750 
3.531353 

5.845732 

217.7400 

5.378950 

14.7400 

20.450 

3.015883 

4.518412 

183.1500 
5.210237 

13.5331 

18.9800 

2.935924 

4.34500 

22.4500 
3.111WO 

4.737905 

122.4550 
4.807048 

11.0610 

34.1750 
3.531353 

5.86732 

217.7400 

5.378950 

14.7400 

20.4250 

3.915683 

4.518412 

25 
121.2000 
4.797406 

11.0090 

11.9225 

2.47i367 

3.451974 

11.5075 
2.442870 

3.392161 

60.0500 
4.034110 

7.747107 

22.0825 
3.094785 

4.699202 

53.5975 

3.981394 

7.320833 

10.0375 

2.306240 

3.168131 

121.8000 
4.802332 

11.0362 

12.2450 

2.503728 

3.498071 

11.8150 
2.&?126 

3.407033 

61.6800 
4.120561 

7.850917 

22.0850 
3.(19*899 

4.699468 

54.0550 

3.989859 

7.351947 

10.1 150 

2.313902 

3.180315 

5 
42.8350 

3.744424 

6.521639 

2.4430 

,866077 

1.551006 

2.7900 
1.022519 

1.668779 

11.6320 
2.450687 

3.407819 

10.0900 
2.308225 

3.173701 

6.0005 

1.791231 

2.449208 

5.2085 

1.643007 

2.277745 

10 
82.2400 

4405657 

9.059258 

5.8440 

1.783860 

2.416475 

4.1580 
1.414392 

2.033379 

16.6120 
2.805584 

4.070973 

14.2790 
2.857975 

3.777973 

7.2550 

1.975516 

2.689165 

8,4230 

2.130955 

2.902233 

75 
224.9000 
5.415645 

14.9966 

55.9375 

4.013202 

7.459195 

36.9000 
3.608203 

6.074523 

213.8975 
5.361648 

14.6114 

58.0775 
4 M l W  

7.583997 

411.3850 

6.019379 

20.2819 

94.5450 

4.549063 

9.723394 

224.3000 
5.412970 

14.9766 

51.4350 

3.924753 

7.144074 

36.8100 
3.605758 

6.067106 

203.4450 
5.310088 

14.2445 

51.8950 
3.919999 

7.151761 

407.2900 

6.009323 

20.1804 

94.2700 

4.546146 

9.709233 

90 
330.5400 
5.799480 

18.1752 

82.5750 

4.412611 

9.084642 

38.1410 
3.641252 

6.175783 

299.6390 
5.702214 

17.3085 

90.6410 
4.506906 

9.520556 

502.4070 

6.219411 

22.4144 

102.8380 

4.633154 

10.1409 

95 
359.4550 
5.884470 

18.9587 

85.2730 

4.445850 

9.234320 

45.6790 
3.820861 

6.757347 

303.2485 
5.714552 

17.4140 

142.9770 
4.958029 

11.9444 

556.5960 

6.321577 

23.5908 

114.0705 

4.73654 

10.6797 
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2.2.1 The trout data 

Table .2.4 Descriptives for the trout data. 

Descriptives 

Table .2.S Extreme Valuesfor the trout data. 

Extreme Values 

Trout Mean 
Ha~eSt  95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
181.4000 

143,4400 

219.3600 

179.2444 

183.1500 
6578.623 

81.1087 

40.90 
360.70 
319.80 

103.7000 

,612 
.312 

Std. Error 
18.1365 

,512 
,992 

Value 
360.70 
335.80 
283.20 
228.10 
225.50 
40.90 
79.60 
106.00 
1 10.80 
120.60 

Trout Highest 1 
Harvest 2 

3 
4 

5 
Lowest 1 

2 
3 
4 
5 

Case 
Number 

2 
1 
15 
1 1  
12 
20 
19 
18 
6 
17 

Year 
1962 
1961 
1975 
1971 
1972 
1980 
1979 
1978 
1966 
isn 
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Observed Value 

Figure 2.1 Normal Q-Q Plot of Trout Harvest. 

Figure 2.2 BoxPlot of Trout Harvest. 

Trout Harvest 

Figure 2.3 Histogram of Trout Harvest. 
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6 5 1  1 1 

Observed Value 

Figure 2.4 Normal Q-Q Plot of Ln(Trout 
Harvest). 

Observed Value 

Figure 2.5 Nonnal Q-Q Plot of Sqrt(Trout 
Harvest). 

Figure 2.6 BoxPlot of Ln(Trout Harvest). Figure 2.7 BoxPlot of Sqrt(Trout Harvest). 

Ln(Tr0ut Harvest) Square Rwt  01 Trout Harvest 

Figure 2.8 Histogram of Ln(Trout Harvest). Figure 2.9 Histogram of Sqrt (Trout Harvest). 
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2.2.2 The January-February Inflows data 

Table .2.6 Descriptives for the January-February Inflow data. 

Descriptives 

Table .2.7 Extreme Values for the Januaty-February Infow data. 

Extreme Values 

Std. Error 
6.0827 

.512 
,992 

January-February Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 
Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
32.4890 

19.7577 

45.2203 

31.231 1 

18.9800 
739.994 

27.2028 

2.27 
85.35 
83.08 

44.0150 

.869 
-.632 

Value 
85.35 
83.81 
71.46 
68.35 
60.44 
2.27 
5.73 
6.87 

10.94 
11.60 

January-February Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

1 
20 

2 
3 

19 
4 

16 
15 
5 

13 

Year 
1961 
1980 
1962 
1963 
1979 
1964 
1976 
1975 
1965 
1973 
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Observed Value 

Figure 2.10 Normal Q-Q Plot of January- 
February Inflows. 

Figure 2.11 BoxPlot of January-February 
Inflows. 

JanuatyFebruary Inflows 

Figure 2.12 Hisrogram of January-Februa y 
Inflows. 
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0 b s e ~ B d  Value Obse~Bd Value 

Figure 2.13 Normal Q-Q Plot of Ln January- Figure 2.14 Normal Q-Q Plot.of Sqrt( 
February Inflows). January-February Inflows) 

Figure 2.15 BoxPlot of Ln(January-February Figure 2.16 BoxPlot of Square Root of 
Inflows). January-February Inflows 

Ln(January-February Inflows) Square Root of January-February Inflows 

Figure 2.1 7 Histogram of Ln(January- Figure 2.18 Histogram of Sqrt(January- 
February Inflows). February Inflows). 
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2.2.3 The March-April Inflows data 

Table .2.8 Descriptives for the March-April Infow data. 

Descriptives 

Table .2.9 Extreme Values for the March-April Infow data. 

Extreme Values 

March-April Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquariile Range 

Skewness 
Kurtosis 

Statistic 
23.8355 

17.4914 

30.1796 

23.7728 

22.4500 
183.748 

13.5554 

2.73 
46.07 
43.34 

25.3925 

-.I15 
-1.426 

March-April Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Std. Error 
3.031 1 

,512 
,992 

Case 
Number 

19 
10 
6 

11 
8 
4 
5 
3 

15 
2 

Year 
1979 
1970 
1966 
1971 
1968 
1964 
1965 
1963 
1975 
1962 

Value 
46.07 
38.25 
37.16 
37.01 
36.99 
2.73 
3.93 
6.21 
9.71 

11.40 
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Observed Value 

Figure 2.19 Normal Q-Q Plot ofMarch-April 
Inglows. 

Figure 2.20 BoxPIot of March-April Inglows. 

Figure 2.21 Histogram of March-April Inf70ws. 
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Observed value 

Figure 2.22 Normal Q-Q Plot of Ln(March- 
April Inflows). 

Figure 2.24 BoxPIot of Ln fMarch-April) 
Inflows. 

Wsewed Value 

Figure 2.23 Normal Q-Q Plot of Sqrt(March- 
April Inflows). 

Figure 2.25 BoxPlot of Square Root of 
March-April Inflows. 

Ln(March-Aprll InfIowsl Square Rwt  of March-Apnl Inflows 

Figure 2.26 Histogram of Ln(March-April Figure 2.27 Histogram of Sqrt(March-April 
Inflows). Inflo ws) . 
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2.2.4 The May-June Inflows data 

Table .2.10 Descriptives for the May-June Injlow data. 

Descriptives 

Table .2.11 Extreme Values for the May-June Inflow data. 

Extreme Values 

Std. Error 
21.3386 

,512 
,992 

May-June Mean 
Inflows 950' Confidence Lower 

Interval for Mean Bound 

upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
135.8155 

91.1532 

180.4778 

133.4228 

122.4550 
9106.752 

95.4293 

11.40 
303.30 
291.90 

153.8475 

.537 
-.go4 

Value 
303.30 
302.27 
275.96 
263.1 7 
224.35 

1 1.40 
16.04 
21.76 
52.72 
58.42 

Year 
1968 
1974 
1973 
1970 
1969 
1964 
1963 
1965 
1976 
1962 

May-June Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Case 
Number 

8 
14 
13 
10 
9 
4 
3 
5 

16 
2 
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Observed Value 

Figure 2.28 Normal Q-Q Plot of May-June 
Inflows. 

Figure 2.29 BoxPIot of May-June Inflows. 

May-June Inflows 

Figure 2.30 Histogram of May-June Inflows. 
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Figure 2.31 Normal Q-Q Plot of Ln(May-June 
Info  ws) . 

Figure 2.33 BoxPlot of Ln(May-June) Inflows. 

Figure 2.35 Histogram of Ln(Ma,v-June 
Inflows). 

Observed Value 

Figure 2.32 Normal Q-Q Plot of Sqrt(May- 
June Inflows). 

Figure 2.34 BoxPlot of Square Root of May- 
June Inflows. 

4.0 6 0  8.0 10.0 12.0 11.0 16.0 180 

Square Root of May-June Inflows 

Figure 2.36 Histogram of Sqrt(May-June 
Inflows). 
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2.2.5 The July-August Inflows data 

Table .2.12 Descriptives for the July-August Inflow data. 

Descriptives 

Table .2.13 Extreme Values for the July-August Injow data. 

Extreme Values 

Std. Error 
7.71 89 

,512 
,992 

July-August Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
44.3485 

28.1926 

60.5044 

40.631 1 

34.1 750 
11 91.638 

34.5201 

9.88 
145.73 
135.85 

35.9950 

1.676 
2.704 

July-August Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1980 
1977 
1978 
1976 
1979 
1963 
1975 
1967 
1962 
1971 

Case 
Number 

20 
17 
18 
16 
19 
3 

15 
7 
2 

11 

Value 
145.73 
90.67 
90.38 
87.96 
64.26 
9.88 

14.08 
16.07 
16.61 
22.08 
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Obse~ed Value 

Figure 2.37 Normal Q-Q Plot of July-August 
Injlows. 

Figure 2.38 BoxPlot of July-August Inflows 

J u l ~ A ~ g u s l  Inflows 

Figure 2.39 Histogram of July-August Inflows. 
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Observed Value 

Figure 2.40 Normal Q-Q Plot of Ln(Ju1y- 
August Inflows). 

Figure 2.42 BoxPlot of Ln(Ju1y-August) 
mnpows. 

Figure 2.44 Histogram of Ln(Ju1y-August 
Inflows). 

Observed Value 

Figure 2.41 Normal Q-Q Plot of Sqrt(Ju1v- 
August Inflows). 

Figure 2.43 BoxPIot of Square Roof ofJuly- 
August Inflows. 

Square Root of July-August Inflows 

Figure 2.45 Histogram of Sqrt(Ju1y-August 
mnpo ws). 
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2.2.6 The September-October Inflows data 

Table .2.14 Descriprives for the September-October Inflow data. 

Descriptives 

Table .2.15 Extreme Values for the September-October Inflow data. 

Extreme Values 

Std. Error 
42.6274 

512 
,992 

September-October Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
235.9255 

146,7053 

325.1 457 

230.7283 

217.7400 
36341.9 

190.6356 

5.95 
559.45 
553.50 

357.7875 

.313 
-1.338 

September-October Highest 1 
Inflows 2 

3 
4 

5 
Lowest 1 

2 
3 
4 
5 

Year 
1974 
1970 
1969 
1968 
1973 
1966 
1967 
1965 
1964 
1978 

Case 
Number 

14 
10 
9 
8 

13 
6 
7 
5 
4 

18 

Value 
559.45 
502.41 
502.38 
492.61 
41 5.48 

5.95 
6.96 
9.91 

25.49 
53.14 
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Observed Value 

Figure 2.46 Normal Q-Q Plot of September- 
October Inflows. 

Figure 2.4 7 BoxPlot of September-October 
Inflows. 

Figure 2.48 Histogram of September-October 
Inflows. 
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O b s e ~ e d  Value 

Figure 2.49 Normal Q-Q Plot of 
Ln(September-October Inflows). 

Figure 2.51 BoxPlot of Ln(September- 
October) Inflows. 

Ln(Seplernber-Oclober Inflows) 

Figure 2.53 Histogram of Ln(September- 
October Inflows). 

Obewed Value 

Figure 2.50 Normal Q-Q Plot of Sqrf( 
September-October Inflows). 

Figure 2.52 BoxPlot of Square Roor of 
September-October Inflows. 

Square Roo1 of Ssptember-Oclober Inflows 

Figure 2.54 Histogram of Sqrt(September- 
October Inflows). 
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2.2.7 The November-December Inflows data 

Table .2.16 Descriptivesfor the November-December Inflow data. 

Descriptlves 

Table .2.17 Extreme Values for the November-December Injlow data. 

Extreme Values 

November-December Mean 
Inflows 95% Confidence Lower 

Interval for Mean Bound 

Upper 
Bound 

5% Trimmed Mean 

Median 
Variance 
Std. Deviation 

Minimum 
Maximum 
Range 
lnterquartile Range 

Skewness 
Kurtosis 

Statistic 
43.2650 

24.3640 

62.1660 

41.4222 

20.4250 
1630.981 

40.3854 

5.04 
11 4.66 
109.62 

84.5075 

,798 
-1.225 

Std. Error 
9.0305 

,512 
,992 

November-December Highest 1 
Inflows 2 

3 
4 
5 

Lowest 1 
2 
3 
4 
5 

Year 
1977 
1963 
1961 
1962 
1978 
1969 
1964 
1965 
1967 
1966 

Case 
Number 

17 
3 
1 
2 

18 
9 
4 
5 
7 
6 

Value 
114.66 
102.87 
102.55 
99.51 
94.82 
5.04 
8.41 
8.54 
9.10 
9.96 
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Observed Value 

Figure 2.55 Normal Q-Q Plot of 
November-December Inflows. 

en' 

60' 

40' 

20' 

0' 

Figure 2.56 BoxPlot of November-December 
Inflows. 

100 200 300 400 500 600 700 BOO 900 1WO 1100 

Nwember-December Inflows 

Figure 2.57 Histogram of November-December 
Inflows. 
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Observed Value 

Figure 2.58 Normal Q-Q Plot of 
Ln(iVovember-December 
Inflo ws). 

Figure 2.60 BoxPlot of Ln(November 
December) Inflows. - 

Obse~Bd Value 

Figure 2.59 Normal Q-Q Plot of Sqrt( 
November-December Inflows). 

Figure 2.61 BoxPlot of Square Root of 
November-December Inflows. 

Ln(N0vember-DecemWr Inflows) SQuare Root 01 November-Decembar Inflows 

Figure 2.62 Histogram ofLn(l\rovember- 
December Inflows). 

Figure 2.63 Histogram of Sqrt(November- 
December Inflows). 
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Thousands of Acre-Feet 

Figure 3.1 Trout Harvest vs. January- 
February Inflows, PE. 

Thousands 01 Acre-Feet 

mm 
99%- 
Elk.. 

Figure 3.3 Trout Harvest vs. March-April 
InJows, PE. 

Thousands 01 Acre-Feet 

Figure 3.2 Trout Harvest vs. January- 
February Inflows, CR. 

Figure 3.4 Trout Harvest vs. March-April 
Inflows, CR. 

Thousands of Acre-Feet Thousands of Acre-Feel 

Figure 3.5 Trout Harvest vs. May-June Figure 3.6 Trout Harvest vs. May-June 
Inflows, PE. Inflows, CR. 
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Thousands of Acre-Fee1 

Figure 3.7 Trout Harvest vs. July-August 
Inflows, PE. 
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Thousands of Acre-Feet 

Figure 3.9 Trout Harvest vs. September- 
October Inflows. PE. 

Thousands of Acre-Feet 

Figure 3.8 Trout Harvest vs. July-August 
Inflows. CR. 

Thousands of Acre-Fee1 

Figure 3.10 Trout Harvest vs. September- 
October Inflows, CR. 

Thousands of Awe-Feet Thousands of Acre-Feel 

Figure 3.11 Trout Harvest vs. November- Figure 3.12 Trout Harvest vs. November- 
December Inflows, PE. December Inflows, CR. 
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Thousands of Acre-Feet 

Figure 3.13 January-February Inflows vs. 
March-April Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.15 January-February Inflows vs. 
May-June Inflows, PE. 

Thousands of AcreFeet 

Figure 3.1 7 January-February Inflows vs. 
July-August Inflows. PE. 

Thousands of Acre-Feel 

Figure 3.14 January-Febmary Inflows vs. 
March-April Inflows. CR. 

Thousands of Awe-Feet 

Figure 3.16 January-February Inflows vs. 
May-June Inflows, CR. 

Thousands of Acre-Feel 

Figure 3.18 January-February Inflows vs. 
July-August Inflows, CR. 
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Thousands 01 Acre-Fee1 

Figure 3.19 January-February Inflows vs. 
September-October Inflows. PE. 

Thousands of AcreFwt 

Figure 3.21 January-February Inflows vs. 
November-December Infows, 
PE. 

Thousands of Acre-Feet 

Figure 3.20 January-February Infows vs. 
September-October Inflows. CR. 

Thwsands ol Acre-Feet 

Figure 3.22 January-February Inflows vs. 
November-December Inflows. 
CR. 

Thousands of Acre.Fee1 mo-nds 01 acre-Feet 

Figure 3.23 March-April Inflows vs. May- Figure 3.24 March-April Inflows vs. May- 
June Inflows, PE. June Inflows, CR. 
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Thousands of Acre-Feet 

Figure 3.25 March-April Inflows vs. July- 
August Inflows, PE. 

Thousands Of Acre-Feet 

Figure 3.27 March-April Inflows vs. 
September-October Inflows. PE. 

musands of Acre-Feel 

Figure 3.29 March-April Inflows vs. 
November-December Inflows, 
PE. 

mo~sands of Acre-Feet 

Figure 3.26 March-April Inflows vs. July- 
August Inflows, CR. 

Figure 3.28 March-April Inflows vs. 
September-October Inflows, CR. 

Thousands of Acre-Feet 

Figure 3.30 March-April Inflows vs. 
November-December Inflows, 
CR. 
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Thousands 01 Acre-Fwt Tho~sands of Awe-Feat 

Figure 3.31 May-June Inflows vs. July-August Figure 3.32 May-June Inflows vs. July-August 
Inflows, PE. Inflows, CR. 

Thousands of Aue-Feet Thousands of Acre-Feet 

Figure 3.33 May-June Inflows vs. September- Figure 3.34 May-June Inflows vs. September- 
October Inflows, PE. October Inflows. CR. 

Thousands of Acre-Feet Thwsands of Acre-Feet 

Figure 3.35 May-June Inflows vs. November- Figure 3.36 May-June Inflows vs. November- 
December Inflows, PE. December Inflows. CR. 
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Thousands of Ane-Feel 

Figure 3.37 July-August Inflows. vs. 
September-October Inflows, PE. 

Thousands of Acre-Feet 

Figure 3.39 July-August Inflows. vs. 
November-December Inflows. 
PE. 

mousands 01 Acre-Feet 

Figure 3.38 July-August Inflows. vs. 
September-October Inflows. CR. 

Thousands of ACIR-Feet 

Figure 3.40 July-August Inflows. vs. 
November-December Inflows, 
CR. 

mousands 01 Acre-Feet Thousands of Ane-Feet 

Figure 3.41 September-October Inflows vs. Figure 3.42 September-October Inflows vs. 
November-December Inflows, November-December Inflows, 
PE. CR. 
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4. Box-Cox ANALYSIS 

Table .4.1 Mean Square Error from Box-Cox transformation of the trout data and the inflow data for 
different lambda. 

Lam. Trout K i n f l o w  MA-inflo MJ-inflow JA-inflow SO-inflow ND-inflow 
-2.0 77552.6 50708.9 1 1029.2 752149 2628.4 53961 199 8343.5 
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Figure 4.1 Box-Cox Transfonnation - MSE of Trout vs. Lambda and MSE of Inflow data vs. Lambda 
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5.1 Untransformed trout data and untransformed inflow data 

Table 5.1 Regression Models for Dependent Variable: TROUT on INFLOWS 

R s q  A d j  C ( p )  A I C  MSE SBC V a r i a b l e s  i n  M o d e l  
I n  R s q  
1 0.3539 0.3180 4.303 170.1 4486 172.1 (UA-LAG 
1 0.1692 0.1230 10.11 175.1 5769 177.1 QMA-LAG 
1 0.0471 -.0058 13.94 177.8 6617 179.8 QND-LAG 
1 0.0322 -.0215 14.41 178.2 6720 180.1 QSO-LAG 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
2 0.4514 0.3869 3.239 168.8 4033 171.8 OJA-LAG QND-LAG 
2 0.4308 0.3638 3.887 169.5 4185 172.5 QMA-LAG OJA-LAG 
2 0.3935 0.3222 5.058 170.8 4459 173.8 QJF-LAG (MA-LAG 

2 0.3872 0.3151 5.257 171.0 4506 174.0 QM-LAG OJA-LAG 
- - . -- . . ------------------ .-------------------- .----------------------------  
3 0.5414 0.4555 2.410 167.2 3582 171.2 OM-LAG QJA-LAG OSO-LAG 
3 0.5156 0.4248 3.223 168.3 3784 172.3 QMA-LAG QJA-LAG QND-LAG 
3 0.4793 0.3817 4.363 169.8 4068 173.7 QJA-LAG QSO-LAG QND-LAG 
3 0.4650 0.3647 4.812 170.3 4180 174.3 QJF-LAG QMA-LAG QJA-LAG 

- - .-------- .------------- .-------------------------------------------------  
4 0.5840 0.4731 3.072 167.3 3466 172.2 OM-LAG QJA-LAG QSO-LAG 

QND-LAG 
4 0.5439 0.4223 4.332 169.1 3800 174.1 QJF-LAG OW-LAG QJA-LAG 

QSO-LAG 
4 0.5437 0.4221 4.338 169.1 3802 174.1 QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 
4 0.5429 0.4210 4.364 169.1 3809 174.1 MA-LAG W - L A G  MA-LAG 

QSO-LAG 
- - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - . - - - - - - -  
5 0.5863 0.4385 5.000 169.2 3694 175.1 QJF-LAG QMJ-LAG QJA-LAG 

QSO-LAG QND-LAG 
5 0.5843 0.4359 5.063 169.2 3711 175.2 QMA-LAG OW-LAG QJA-LAG 

QSO-LAG QND-LAG 
5 0.5449 0.3823 6.302 171.1 4063 177.0 QJF-LAG QMA-LAG QJA-LAG 

OSO-LAG QND-LAG 
5 0.5444 0.3817 6.317 171.1 4068 177.1 QJF-LAG QMA-LAG QW-LAG 

QJA-LAG OSO-LAG 
- - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

6 0.5863 0.3954 7.000 171.2 3978 178.1 QJF-LAG QM-LAG QW-LAG 
QJA-LAG QSO-LAG QND-LAG 

N = 20 
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5.2 Log of trout data and untransformed inflow data 

Table 5.2 Regression Modelsfor Dependent Variable: Ln(TR0UT) on INFLOWS 

Rsq Adj C ( p )  AIC MSE SBC Variables i n  Model 
~n flsq 
1 0.5266 0.5003 7.175 -39.14 0.1285 -37.15 (MA-LAG 
1 0.1314 0.0832 26.52 -27.00 0.2359 -25.01 QMA-LAG 
1 0.0505 -.0023 30.49 -25.22.0.2578 -23.22 QSO-LAG 
1 0.0210 -.0334 31.93 -24.60 0.2658 -22.61 (MF-LAG 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  
2 0.5794 0.5299 6.592 -39.50 0.1209 -36.51 (MA-LAG QND-LAG 
2 0.5646 0.5134 7.317 -38.81 0.1252 -35.82 QMA-LAG (MA-LAG 
2 0.5467 0.4934 8.192 -38.00 0.1303 -35.02 QJA-LAG QSO-LAG 
2 0.5349 0.4802 8.768 -37.49 0.1337 -34.50 QMJ-LAG QJA-LAG 

. - - - - - . - - - - - - - - - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - -  
3 0.6443 0.5776 5.416 -40.85 0.1087 -36.87 Qh!J-LAG (MA-LAG QSO-LAG 
3 0.6130 0.5405 6.945 -39.17 0.1182 -35.19 QJA-LAG QSO-LAG QND-LAG 
3 0.6108 0.5378 7.055 -39.05 0.1189 -35.07 QMA-LAG (MA-LAG QND-LAG 
3 0.6071 0.5335 7.234 -38.87 0.1200 -34.88 QJF-LAG QJA-LAG QND-LAG 

- - - - - . - - - - - - - - - - - - - - - - - - - - . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.6702 0.5823 6.145 -40.37 0.1075 -35.39 QMJ-LAG QJA-LAG QSO-LAG 

QND-LAG 
4 0.6653 0.5760 6.388 -40.07 0.1091 -35.09 QJF-LAG QWJ-LAG QJA-LAG 

QSO-LAG 
4 0.6462 0.5519 7.319 -38.96 0.1153 -33.98 QMA-LAG QMJ-LAG QJA-LAG 

QSO-LAG 
4 0.6447 0.5499 7.397 -38.87 0.1158 -33.89 QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 
- - - - - . - - - - - - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
5 0.7291 0.6324 5.261 -42.30 0.0946 -36.33 WF-LAG QhU-LAG QJA-LAG 

QSO-LAG QND-LAG 
5 0.6760 0.5603 7.863 -38.72 0.1131 -32.75 QJF-LAG QMA-LAG QMJ-LAG 

(MA-LAG QSO-LAG 
5 0.6756 0.5597 7.884 -38.69 0.1133 -32.72 0JF-LAG QMA-LAG (MA-LAG 

QSO-LAG QND-LAG 
5 0.6702 0.5524 8.145 -38.37 0.1151 -32.39 QMA-LAG QMJ-LAG (MA-LAG 

QSO-LAG QND-LAG . ------------------.--------------------------.---------------------------- 
6 0.7345 0.6119 7.000 -40.70 0.0998 -33.73 QJF-LAG QMA-LAG QMJ-LAG 

QJA-LAG QSO-LAG QND-LAG 

N = 20 
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5.3 Log of trout data and log of inflow data 

Table 5.3 Regression Models for Dependent Variable: Ln(TR0UT) on Ln(INFL0WS) 

Rsg Adj  C ( p )  AIC MSE SBC Var iab les  i n  Model 
In Rs9 

1 0.4713 0.4420 7.284 -36.93 0.1436 -34.94 LN-QJA 
1 0.0907 0.0401 24.05 -26.08 0.2469 -24.09 LN-QMA 
1 0.0458 -.0072 26.02 -25.12 0.2591 -23.13 LN-QSO 
1 0.0402 -.0131 26.27 -25.00 0.2606 -23.01 LN-QJF 

- - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - -  
2 0.5530 0.5004 5.687 -38.28 0.1285 -35.30 LN-QJA LN-QSO 
2 0.5225 0.4663 7.031 -36.96 0.1373 -33.98 LN-QJA LN-QND 
2 0.5060 0.4479 7.756 -36.29 0.1420 -33.30 LN-QJF LN-QJA 
2 0.4797 0.4184 8.918 -35.25 0.1496 -32.26 LN-QMJ LN-QJA 

- - - - - . - - . - - - - - - - - - - - - - - * - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - -  

3 0.6271 0.5572 4.424 -39.91 0.1139 -35.93 LN-QJF LN-QJA LN-QND 
3 0.6117 0.5389 5.103 -39.10 0.1186 -35.12 LN-QJF LN-QJA LN-QSO 
3 0.5773 0.4981 6.616 -37.40 0.1291 -33.42 LN-QJA LN-QSO LN-QND 
3 0.5561 0.4729 7.549 -36.42 0.1356 -32.44 LN-QMA LN-QJA LN-QSO 

. - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - -  
4 0.6937 0.6120 3.491 -41.84 0.0998 -36.86 LN-QJF LN-QJA LN-QSO LN-QND 
4 0.6624 0.5723 4.870 -39.90 0.1100 -34.92 LN-QJF LN-QW LN-QJA LN-QND 
4 0.6396 0.5436 5.871 -38.59 0.1174 -33.61 LN-QJF LN-QMA LN-QJA LN-QND 
4 0.6132 0.5101 7.035 -37.18 0.1260 -32.20 LN-QJF LN-QMA LN-QJA LN-QSO 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - -  

5 0.7035 0.5977 5.057 -40.50 0.1035 -34.52 LN-QJF LN-OMA LN-CMA LN-QSO 
LN-QND 

5 0.6984 0.5907 5.283 -40.15 0.1053 -34.18 LN-QJF LN-QMJ LN-QJA LN-QSO 
LN-QND 

5 0.6654 0.5459 6.737 -38.08 0.1168 -32.10 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QND 

5 0.6325 0.5013 8.185 -36.20 0.1283 -30.23 LN-QJF L N - W  LN-QMI LN-(NA 
LN-QSO 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
6 0.7048 0.5686 7.000 -38.58 0.1110 -31.61 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO LN-QND 

N = 20 
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5.4 Log of trout data and square root of inflow data 

Table 5.4 Regression Models for Dependent Variable: Ln(TR0UU on Sqrt(ZNFL0WS) 

Rsq Adj C ( p )  A I C  MSE SBC Variables i n  Model 
1n RSq 

1 0.5126 0.4855 9.380 -38.55 0.1324 -36.56 SQR QJA - 
1 0.1182 0.0692 29.92 -26.69 0.2395 -24.70 SQR-QMA 
1 0.0576 0.0053 33.07 -25.37 0.2559 -23.38 SQR-QSO 
1 0.0301 -.0237 34.50 -24.79 0.2634 -22.80 SQR-QJF 

- - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
2 0.5723 0.5220 8.270 -39.17 0.1230 -36.18 SQR-QJA SQR-QND 
2 0.5687 0.5180 8.457 -39.00 0.1240 -36.01 SQR-QJA SQR-QSO 
2 0.5255 0.4697 10.71 -37.09 0.1364 -34.10 SQR-QJF SQR-QJA 
2 0.5250 0.4691 10.74 -37.07 0.1366 -34.08 SQR-QMA SQR-QJA 

- - - - - - . - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - . - - - - - - -  
3 0.6493 0.5836 6.260 -41.14 0.1071 -37.18 SQR-WF SQR-QJA SQR-QND 
3 0.6262 0.5561 7.463 -39.86 0.1142 -35.88 SQR-QJA SQR-QSO SQR-QND 
3 0.6089 0.5355 8.367 -38.95 0.1195 -34.97 SQR-QMJ SQR-QJA SQR-QSO 
3 0.5849 0.5071 9.614 -37.77 0.1268 -33.78 SQR-QJF SQR-QJA SQR-QSO 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - -  
4 0.7105 0.6333 5.075 -42.97 0.0943 -37.99 SQR-QJF SQR-QJA SQR-QSO 

SQR-QND 
4 0.6526 0.5600 8.090 -39.33 0.1132 -34.35 SQR-CJF SQR-QMJ SQRQJA 

SPR-QND 
4 0.6510 0.5580 8.171 -39.24 0.1137 -34.26 SQR-QJF SQR-QMA SQR-QJA 

SQR-QND 

4 0.6435 0.5485 8.563 -38.81 0.1162 -33.83 SQR-QJF SQR-QMJ SQR-QJA 
SQR-aso 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - s - -  

5 0.7316 0.6358 5.974 -42.49 0.0937 -36.51 SQR-QJF SQR-(W SQR-QJA 
SQR-QSO SQR-QND 

5 0.7129 0.6104 6.950 -41.14 0.1002 -35.16 SQR-QJF SQR-QMA SQR-QJA 
SQR-QSO SQR-QND 

5 0.6769 0.5615 8.825 -38.78 0.1128 -32.80 SQR-WF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QSO 

5 0.6631 0.5428 9.543 -37.94 0.1176 -31.97 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QND 

- - - - - - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - . - - - - - * -  

6 0.7503 0.6351 7.000 -41.93 0.0939 -34.96 SQR-QJF SOR-QMA SQR-OW 
SQR-QJA SQR-QSO SQR-QND 

N = 20 
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5.5 Square root of trout data and square root of inflow data 

Table 5.5 Regression Modelsfor Dependent Variable: Sqrt(TR0UT) on Ln(INFL0WS) 

Rsq Ad j  C(p) AIC MSE SBC Var iab les  i n  Model 
1n Rsq 

1 0.4513 0.4206 5.792 35.83 5.457 37.82 SQR-QJA 
1 0.1352 0.0872 18.35 44.93 6.601 46.92 SQR-QMA 
1 0.0593 0.0071 21.36 46.61 9.356 48.60 SQR-QSO 
1 0.0362 -.0173 22.28 47.10 9.586 49.09 SQR-QND 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - . - - - -  

2 0.5374 0.4830 4.372 34.42 4.871 37.40 SQR-QJA SQR-QND 
2 0.5092 0.4515 5.492 35.60 5.168 38.59 SQR-QJA SQR-QSO 
2 0.4745 0.4127 6.670 36.97 5.534 39.95 SQR-QfJA SQR-QJA 
2 0.4539 0.3896 7.690 37.74 5.751 40.72 SQR-QMJ SQR-(MA 

. - - - - - - - - - - - - - - - - - - . - - - - - - - - - . - - - - - - - - . - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 0.5926 0.5162 4.161 33.88 4.559 37.86 SQR-QJA SQR-QSO SQR-QND 
3 0.5781 0.4969 4.758 34.58 4.721 38.56 SQR-OKI SQR-QJA SQR-QSO 
3 0.5703 0.4898 5.065 34.94 4.806 38.92 SQR-QJF SQR-QJA SQR-QND 
3 0.5545 0.4710 5.692 35.66 4.984 39.65 SQR-QMA SQR-QJA SQR-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - . - - - - - - - - - - - - - -  
4 0.6303 0.5317 4.682 33.93 4.412 36.91 SQR-QJF SQR-QJA SQR-QSO 

SQR-QND 
4 0.6202 0.5190 5.083 34.47 4.533 39.45 SQR-QhU SQR-QJA SQR-QSO 

SQR-QND 
4 0.6123 0.5090 5.397 34.88 4.627 39.86 SQR-QMA SQR-QJA SQR-QSO 

SQR-QND 
4 0.5864 0.4761 6.426 36.18 4.936 41.16 SQR-QJF SQR-QMJ SQR-QJA 

SQR-QSO 
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  

5 0.6642 0.5443 5.336 34.01 4.294 39.96 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

5 0.6415 0.5135 6.238 35.32 4.584 41.29 SQR-WF SQR-(1MA S Q R J A  
SQR-QSO SQR-QND 

5 0.6203 0.4846 7.079 36.47 4.855 42.44 S Q R  SQR-OMJ SQR-QJA 
SQR-QSO SQR-QND 

5 0.6046 0.4637 7.696 37.27 5.054 43.24 SQR-QJF SQR-QMA SQR-QW 
SQR-QJA SQR-QSO 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
6 0.6727 0.5216 7.000 35.50 4.508 42.47 SQR-QJF SQR-QMA SQR-QMJ 

SQR-WA SQR-QSO SQR-QND 

N = 20 
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5.6 Various transformation suggested by Box-Cox 

Table 5.6 Regression Models for Dependent Variable: Sqrt(TR0UT) on variously transformed INFLOWS. 

Rsq Ad j  C(p) AIC MSE SBC Var iab les  i n  Model 
1n Rsq 

1 0.4214 0.3893 4.566 36.89 5.755 38.88 OR QJA - 
1 0.1461 0.0987 14.35 44.68 8.493 46.67 OR-QMA 
1 0.0609 0.0088 17.38 46.58 9.340 48.57 QR-QSO 
1 0.0487 -.0041 17.81 46.84 9.461 48.83 QR-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - . -  

2 0.5003 0.4415 3.763 35.96 5.263 38.95 QR-QJA OR-QSO 
2 0.4923 0.4325 4.048 36.28 5.347 39.27 OR-QJA QR-QND 
2 0.4388 0.3728 5.948 38.28 5.910 41.27 QR-QMA QR-QJA 
2 0.4323 0.3655 6.181 38.51 5.979 41.50 OR-WF QR-QJA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0.5576 0.4747 3.725 35.52 4.950 39.51 QR-QJF OR-WA QR-QND 
3 0.5556 0.4722 3.798 35.62 4.973 39.60 QR-QJA QR-QSO OR-QND 
3 0.5249 0.4358 4.887 36.95 5.316 40.93 OR-QMJ QR-QJA QR-QSO 
3 0.5175 0.4270 5.151 37.26 5.399 41.24 QR-QJF Q R J A  QR-QSO 

- - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - -  

4 0.6272 0.5277 3.253 34.10 4.450 39.08 OR-QJF QR-QJA QR-QSO QR-QND 
4 0.5706 0.4561 5.262 36.93 5.124 41 .91 OR-QJF QR-QMJ QR-WA QR-QND 
4 0.5690 0.4540 5.321 37.00 5.144 41.98 QR-QMA QR-QJA QR-QSO OR-QND 
4 0.5616 0.4447 5.582 37.34 5.232 42.32 QR-QMJ QR-QJA QR-QSO QR-QND 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.6324 0.5011 5.066 35.82 4.700 41.79 OR-QJF QR-QMJ QR-QJA QR-QSO 
QR-QND 

5 0.6285 0.4958 5.206 36.03 4.751 42.01 OR-QJF OR-QMA QR-WA QR-QSO 
QR-QND 

5 0.5924 0.4469 6.487 37.89 5.212 43.86 OR-WF OR-QMA QR-QMJ QR-QJA 
QR-QND 

5 0.5695 0.4158 7.301 38.98 5.504 44.95 QR-QMA QR-QMJ QR-QJA QR-QSO 
QR-QND 

- - - - . . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - -  
6 0.6343 0.4655 7.000 37.72 5.037 44.69 OR-WF QR-QMA QR-QW QR-WA 

QR-QSO QR-QND 
N = 20 

Dependent Var iab le :  Sqrt  ( TROUT) 
Independent Var iables:  OR-OJF=(January-February 1nf1ows)O.~ 

OR-W=(March-Apr i l   inflow^)^.' 
CIR_W=(May-June  inflow^)^.' 
QR-OMJ=(July -August I n f l ows )  -0.2 

QR-ONB(September-October  inflow^)^.' 
~ONB(November-December I n f l ows )  -O.' 
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6. REGRESSION FOR THE BEST MODELS 

6.1 Regression - Log of trout data on inflow data 

6.1.1 ANOVA and Parameter Estimates 

Table 6.1 Model Summary for log of trout data on inflow data. 

Model SummaWb 

a. Dependent Variable: Ln(Trout Harvest) 

Variables 
Entered 

November-December Inflows, 
March-April Inflows. 
September-October Inflows. 
July-August Inflows, 
January-Februq &flows, 
May-June Inflows ' 

b. Method: Enter 

c. lndependent Variables: (Constant), November-December Inflows, March-April Inflows, 
September-October Inflows, July-August Inflows. January-February Inflows, May-June 
Inflows 

R 

,857 

d. All requested variables entered. 

Table 6.2 ANOVA table of log of trout data on inflow data 

ANOVY 

R Square 

,734 

a. Dependent Variable: Ln(Trout Harvest) 

b. Independent Variables: (Constant), November-December Inflows, March-April 
Inflows, September-October Inflows, July-August Inflows, January-February 
Inflows. May-June Inflows 

Adjusted 
R Square 

,612 

Model 
1 Regression 

Residual 
Total 

Std. Error 
of the 

Estimate 

.315969 

Sum of 
Squares 

3.590 
1.298 
4.888 

df 
6 
13 
19 

Durbin- 
Watson 

2.095 

Mean 
Square 

,598 
1.OE-01 

F 
5.993 

Sig. 
.003D 
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Table 6.3 Table of coef$cientsfor log of trout data on inflow data. 

Coefficients' 

a. Dependent Variable: Ln(Trout Hamest) 

6.1.2 Collinearity Diagnostic 

(Constant) 
Janualy-February Infl. 
March-April Inflows 
May-June Inflows 
July-August Inflows 
September-October Infl. 
November-December Infl. 

Table 6.4 Variance Inflation for log of trout data on inflow data. 

95% Confidence 
. Interval for B 

Lower 
Bound 

5.087 
-.013 
-.014 
-.008 
-.016 
,000 

-.001 

Table 6.5 Collinearity Diagnosticsfintercept adjusted) for Dependent Variable: LN(TR0UT) on 
INFLOWS. 

Upper 
Bound 

6.013 
,001 
,023 
.001 
-.006 
,004 
,009 

Coeff iciene 

Condition 
Number ' Eigenvalue Index 

1 2.23431 1 . 00000 
2 1 .39421 1 .26592 
3 1.11529 1.41 540 
4 0.72226 1 .75884 
5 0.461 25 2.20092 
6 0.07268 5.54451 

t 
25.904 
-1.773 

,511 
-1.698 
-4.761 
2.119 
1.692 

Standar 
dized 

Coefficie 
nts 

Beta 

-.325 
,119 

-.659 
-.735 
,680 
,297 

Unstandardized 
Coefficients 

(Constant) 

Janualy-February Infl. 

March-April Inflows 

May-June Inflows 

July-August Inflows 

September-October Infl. 

November-December Infl. 

Var Prop Var Prop 
CJF-LAG 0M-LAG 

0.0411 0.0064 
0.0656 0.0967 
0.1145 0.0574 
0.0068 0.1594 
0.6120 0.0019 
0.1601 0.6781 

Siq. 
,000 
,100 
,618 
,113 
,000 
,054 
.I14 

B 
5.550 

-6.1 E-03 
4.4E-03 

-3.5E-03 
-1.1 E-02 
1.8E-03 
3.7E-03 

Var Prop 
o n u _ U G  

0.0220 
0.0083 
0.0029 
0.0008 
0.0020 
0.9640 

Std. Error 
,214 
,003 
,009 
,002 
,002 
,001 
,002 

a. Dependent Variable: Ln(Trout Harvest) 

t 
25.904 

-1.773 

,511 

- 1.698 

-4.761 

2.119 

1.692 

Var Prop 
oJn_LAG 

0.0105 
0.1685 
0.1100 
0.6516 
0.0055 
0.0540 

Var Prop 
0.50-LAG 

0.0204 
0.0045 
0.0555 
0.0272 
0.0009 
0.8915 

Collinearlty Statistics 

Var Prop 
OND- LAG 

0.0569 
0.0487 
0.0846 
0.0329 
0.7490 
0.0279 

Tolerance 

,610 

,378 

,136 

,858 

,199 

.661 

VIF 

1.640 
2.642 

7.375 

1.165 

5.036 

1.514 
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6.1.3 Residuals Diagnostics 

Table 6.6 Residuals Diagnostics for log of trout data on injlow data. 

Residuals Statistice 

a. Dependent Variable: Ln(Trout Hawest) 

Mean 

5.092896 

.OOO 

. I  83999 

5.075135 

-1.6E-16 

,000 

,019 

1 BE-02 

.006 

5.700 

.075 

,300 

Maximum 

5.742424 

1.494 

,296638 

6.014528 

.376390 

1.191 

1.468 

,598149 

1.544 

15.796 

,309 

,831 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error Of 

Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Minimum 

3.694241 

-3.21 8 

,147076 

3.568744 

-.520448 

-1.647 

-2.033 

-.792552 

-2.364 

3.167 

,001 

,167 

Std. 
Deviation 

,434676 

1 .OOO 

3.4E-02 

.477937 

,261360 

.827 

1.014 

,396956 

1.064 

2.819 

,087 

,148 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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Table 6.7 Case Values for Residuals Diagnostics for log oftrout dara on inflow dara. 

PRE-1 Predicted value of harvest 
RES-1 Ordinary residuals: observed harvest minus predicted harvest 
DREI Deleted residuals: residuals obtained when the model is fitted without that 

observation 
ADJ-1 Adjusted predicted value: predicted value of harvest when the model is 

fitted without that observation 
ZPR-1 Z-score of the predicted value of harvest 
Z K 1  Z-score of the residual 
SRE-I Studentized residual 
SDR-1 Studentized deleted residuals 

'values greater than 3 are flagged. 
?his is flagged if it exceeds tn.p.Zp=t12.0.~1=2.681. 
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Regress~on Slandardned Residual 

Figure 6.1 Histogram of Standardized 
Residuals. 

Observed Cum Pmb 

Figure 6.2 Nonnnl P-P Plot of Residuals. 
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January-February Inflows 

Figure 6.3 Partial Residual Plot for January- 
February Inflows. 

Figure 6.5 Partial Residual Plot for May-June 
Inflows. 

Se~tember-October lnflows 

Figure 6.7 Partial Residual Plot for 
September-October Inflows. 

Figure 6.4 Partial Residual Plot for March- 
April Inflows. 

July-Aqust Inflows 

Figure 6.6 Partial Residual Plot for July- 
August Inflows. 

Novembr-Dec~mbr Inflows 

Figure 6.8 Partial Residual Plot for 
November-December Inflows. 
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January-February lnflows March-Apnl Inflows 

Figure 6.9 Residuals Plot for January- 
February Inflows. 

MayJune Inflows 

Figure 6.11 Residuals Plot for May-June 
Inflows. 

Figure 6.10 Residuals Plot for March-April 
Inflows. 

Figure 6.12 Residuals Plot for July-August 
Inflows. 

September-October lnflows 

Figure 6.13 Residuals Plot for September- 
October Inflows. 

November.December Inflows 

Figure 6.14 Residuals Plot for November- 
December Inflows. 
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6.1.4 Prediction Intervals for Trout Harvest 

Table 6.8 Prediction Intervals for Trout Harvest. 

YEAR LZCZ-1 LN-TROUT UICZ-1 
1961 4.3377 5.8165 6.5426 

LICI-1 Lower limit for 99% prediction interval for the natuaral log of trout harvest. 
LN-TROUT Natural log of trout harvest. 
UICI- I Upper limit for 99% prediction interval for the natural log of trout harvest. 
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6.1.5 Outliers and Influential Point Detection 

Table 6.9 Mahalanobis distance, Cook's distance, Leverage value and associated p-values 

YEAR MAH-1 COOK-1 L E V  MAH-pv2 COOK-PP 
1961 5.5419 ,1598 .2917 ,5941 ,0107 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHAPV = I-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-l), where F is the CDF of an F-ratio random variable withp+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.10 Standardized dfjrs value and Standardized dJbeta values 

YEAR SDFFZTS SDFBET-0 SDFBET-1 SDFBET-2 
1961 *1.1126 -.0249 .6267 -.2333 

SDFFITS Standardized d f l t s  value 

SDFBE T-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for January-February inflows 

SDFBET-2 Standardized dfbeta for March-April inflows 

'items are flagged if bdfits( or bdfbetal exceed 1.0 for a small data set or 2 4 m '  for a large data 
set. The cutoff used here is 1 .  
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Table 6.11 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 ,101 1 -.3322 -.0340 ,2741 

SDFBET-3 Standardized dfbeta for May-June inflows 

SDFBET-4 Standardized dfbeta for July-August inflows 

SDFBE T-5 Standardized dfbeta for ~e~ tember -~c tobe r  inflows 
SDFBE T-6 Standardized dfbeta for November-December inflows 

kerns are flagged if bdffitsl or (sdfbetal exceed 1.0 for a small data set or 2 4- for large data 

set. The cutoff used here is 1. 
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Stanaadlzed DFBETA Intercept 

2 0 

'OF 
( 5  

Slandardzed DFBETA March-April InllWS 

Smrdaraued DFBETA January-FWruary I n n a s  

20- 

stawrdued DFBETA May-June lnflars 

20, I 

Stardardued DFBETA Nwelmer.Decenter Infla*S 

Figure 6.15. Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of inflow variables. 
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6.2 Regression - Log of trout data on log of inflow data 

6.2.1 ANOVA and Parameter Estimates 

Table 6.12 Model Summaly for log oftrout data on log of inflow dara. 

Model SumrnaMb 

a. Dependent Variable: Ln(Trout Hawest) 

b. Method: Enter 

Variables 
Entered 

Ln(November-December), 
Ln(March-April), 
Ln(September-October), 
Ln(July-August), 
Ln(January-Fggruary), 
Ln(May-June) ' 

c. lndependent Variables: (Constant), Ln(November-December Inflows), 
Ln(March-April Inflows). Ln(September-October Inflows), Ln(July-August Inflows). 
Ln(January-February Inflows), Ln(May-June Inflows) 

R 

,840 

d. All requested variables entered 

R Square 

,705 

Table 6.13 ANOVA table of log of trout data on log of inflow data 

Std. Error 
of the 

Estimate 

,333133 

Adjusted 
R Square 

,569 

I I sum of I I Mean 1 1 I 

Durbin- 
Watson 

1.693 

I Residual 1 1.443 1 13 1 , 1 1 1  1 I I 
Model 1 Souares 

I Total 1 4.888 / 19 1 I 

df I square I F I S~Q. 

a. Dependent Variable: Ln(Trout Hawest) 

1 Regression [ 3.445 1 6 1 574 1 5.174 ( .OO@ 

b. lndependent Variables: (Constant), Ln(November-December Inflows), 
Ln(March-April Inflows), Ln(September-October Inflows), Ln(July-August 
Inflows), Ln(January-February Inflows), Ln(May-June Inflows) 
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Table 6.14 Table of coefficients for log of trout data on log of inflow data. 

CoefflclenW 

a. Dependent Variable: Ln(Trout Harvest) 

6.2.2 Collinearity Diagnostic 

Table 6.15 Variance Inflation for log of trout data on log of inflow data. 

(Constant) 
Ln(January-February) 
Ln(March-April) 
Ln(May4une) 
Ln(July-August) 
Ln(September-October) 
Ln(November-December) 

95% Confidence 
Interval for B 

t 
10.201 
-2.227 

,532 
-.239 

-4.497 
1.318 
1.785 

Lower 
Bound 

5.274 
-.461 
-.373 
-.471 
-362 
-.067 
-.035 

Siq. 
,000 
,044 
,604 
,815 
,001 
,210 
,098 

Upper 
Bound 

8.108 
-.007 
,617 
,378 
-.303 
.275 
368 

(Constant) 

Table 6.16 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(TR0UT) on 
Ln(lNFL0 WS): 

Standar 
died 

Coefficie 
nts 

Beta 

-.455 
,196 
-.089 
-.SO2 
,305 
,338 

Unstandardized 
Coefficients 

Ln(January-February) 

Ln(March-April) 

Ln(May-June) 

Ln(Ju1y-August) 
Ln(September-October) 

Ln(November-December) 

-- 

Number 

1 
1 
2 

3 
4 
5 
6 

€3 
6.691 
-.234 
,122 

-4.7E-02 
-.582 
,104 
.I66 

I 
10.201 

- 

Eigenvalue 

2.53959 
2.24535 
1.43658 
0.97499 
0.86292 
0.40587 
0.07428 

Std. Error 
,656 
,105 
.a 
197 
130 
,079 
,093 

Collinearlty Statistics 

Tolerance I VIF 

a. Dependent Variable: Ln(Trou1 Halvest) 

-2.227 

,532 

-.239 
-4.497 

1.318 
1.785 

Condi t ion 
Index 

1 .00000 
1 .00000 
1.25019 
1.51755 
1 .61308 
2.35205 
5.49791 

Var Prop Var Prop 
LN-(X/F LN-QM 

0.0057 0.0068 
0.0274 0.0241 
0.1023 0.0059 
0.0190 0.0119 
0.1375 0.0169 
0.4349 0.0235 
0.2789 0.9177 

,543 
,167 

,165 

,714 

,424 

633 

Var Prop 
L N - W  

0.0426 
0.0212 
0.0160 
0.0139 
0.0042 
0.0207 
0.9240 

1.842 

6.006 
6.067 

1.400 

2.358 
1.579 

var Prop 
LN-QJA 

0.0403 
0.0327 
0.0111 
0.2247 
0.3880 
0.1365 
0.2070 

Var Prop 
LN-OSO 

0.0415 
0.0247 
0.0095 
0.2166 
0.0761 
0.0844 
0.5886 

va r  Prop 
LN-OND 

0.0549 
0.0110 
0.2134 
0.0058 
0.0354 
0.6372 
0.0972 
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6.2.3 Residuals Diagnostics 

Table 6.17 Residuals Diagnostics for log of trout data on log of inflow data. 

Residuals Statistic$ 

a. Dependent Variable: Ln(Trout Harvest) 

Value 
Std. 
Predicted 
Value 
Standard 
Error Of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Residual 
Stud. 
Residual 
Deleted 
Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Mean 

5.092896 

,000 

,193745 

5.1 23577 

4.7E-16 

,000 

-.034 

-3.1 E-02 

-.064 

5.700 

,114 

,300 

Minimum 

3.969346 

-2.639 

,137965 

4.286778 

-.560108 

-1.681 

-2.513 

-1.251456 

-3.367 

2.309 

,000 

,122 

Std. 
Deviation 

,425818 

1.000 

3.7E-02 

,4961 74 

,275558 

,827 

1.063 

.466684 

1.209 

2.483 

,248 

,131 

Maximum 

5.936247 

1.981 

,252480 

6.473432 

,513780 

1.542 

1.823 

,718034 

2.030 

9.964 

1.114 

,524 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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Table 6.18 Case Values for Residuals Diagnostics for log of trout data on log of inflow data. 

YEAR 
1961 
1962 
1963 
1964 

1965 
1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
2 This is flagged if it exceeds tn.p2,0=t12,0.01=2.681. 
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-1.53 -1.m -53  0.m 5 3  I m 1.53 

Regresston StandarduBd Residual 

Figure 6.1 6 Histogram of Standardized 
Residuals. 

Figure 6.1 7 Normal P-P Plot of Residuals. 
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Ln(Januaw-February Inflows) 

Figure 6.18 Partial Residual Plot for 
Ln(JanuapFebruary Inflows). 

LnIMay-June Inflows) 

Figure 6.20 Partial Residual Plot for Ln(May- 
June Inflows). 

Ln(September-October Inflows) 

Figure 6.22 Partial Residual Plot for 
Ln(September-October Inflows). 

LnIMarch-Apnl Inflows) 

Figure 6.19 Partial Residual Plot for 
Ln(March-April Inflows). 

Ln(J~ly-August Inflows) 

Figure 6.21 Partial Residual Plot for Ln(Ju1y- 
August Inflows). 

Ln(November-December Inflows) 

Figure 6.23 Partial Residual Plot for 
Lnwovember-December 
Inflo ws) . 
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Ln(January-February Inflows) 

Figure 6.24 Residuals Plot for Ln(January- 
February Inflows). 

Figure 6.26 Residuals Plot for Ln(May-June 
Injlows). 

Ln(March-April inflows) 

Figure 6.25 Residuals Plot for Ln(March- 
April Info ws) . 

Ln(July-August Inflows) 

Figure 6.27 Residuals Plot for Ln(Ju1y-August 
Injlows). 

Ln(September-October Inllows) Ln(N0vember-December Inflows) 

Figure 6.28 Residuals Plot for Ln(September- Figure 6.29 Residuals Plot for Lnmovember- 
October Inflows). December Inflows). 
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6.2.4 Prediction Intervals for Trout Harvest 

Table 6.19 Prediction Intervals for Trout Harvest. 

YEAR UCI-1 LN-TROUT UICI-1 
1961 4.1654 5.8165 6.4400 

LICI-1 Lower limit for 99% prediction interval for the natural log of trout harvest. 

LN-TROUT Natural log of trout harvest 

UICI-I Upper limit for 99% prediction interval for the natural log of trout harvest. 
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6.2.5 Outliers and Influential Point Detection 

Table 6.20 Mahalanobis distance, Cook's distance, Leverage value and associated'p-values 

YEAR MAH-I COOK- 1 m i  MAH-PV~ COOK-PP 
1961 4.4548 ,1888 .2345 .7262 ,0172 

UAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-P P-value associated with Cook's distance 
 his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
'MAHA-PV = 1-F(MAH_l), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-I), where F is the CDF of an F-ratio random variable with p+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.21 Standardized dffits value and Standardized dfbeta values 

YEAR SDFFZTS SDFBET-0 SDFBET-1 SDFBET-2 

1961 * 1.2802 -.3869 ,7489 -.6379 

SDFFITS Standardized dflts value 

SDFBET-0 Standardized dfbeta for the intercept term 

SDFBET-1 Standardized dfbeta for log of January-February inflows 

SDFBE T-2 Standardized djbeta for log of March-April inflows 

'items are flagged if Isdfitsl or bdfbetal exceed 1.0 for a small data set or 24- for a large data 

set. The cutoff used here is 1. 
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Table 6.22 Standardized dfbeta values 

YEAR SDFBE T-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 .5086 -.0362 -.3002 ,4967 

SDFBET-3 Standardized dfbeta for log of May-June inflows 
SDFBET-4 Standardized dfbeta for log of July-August inflows 
SDFBET-5 Standardized dfbeta for log of September-October inflows 

SDFBE T-6 Standardized dfbeta for log of November-December inflows 

'~tems are flagged if bdflts) or bdfbetal exceed 1.0 for a small data set or 2 Jm for a large data 
set. The cutoff used here is 1 .  
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Standadtzed DFBETA InterCepl 

s ~ a r d c e d  DFBETA Ln(March-Apt1 InflWS! 

StamadmBd DFEETA Ln(January-Fsbruaw Inlorrs! 

Standard~zed DFBETA Ln(Jdy-Aqusl Inllous) Standamwed DFEETA Ln(Septermer-October Innavrl 

Stamarr3zed DFEETA Ln(NoveW-DBceRLY)r lnlonl  

Figure 6.30 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of log of inflow variables. 
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6.3 Regression - Log of trout data on square root of inflow data 

6.3.1 ANOVA and Parameter Estimates 

Table 6.23 Model Summaty for log of trout data on square root of inflow data. 

Model sumrnaMb 

a. Dependent Variable: Ln(Trout HaNeSt) 

b. Method: Enter 

Variables 
Entered 

Sqrt(November-December). 
Sqrt(September-October), 
Sqrt(March-April), 
Sqrt(July-August), 
Sqrt(January-Fggruary), 
Sqrt(May-June) ' 

c. lndependent Variables: (Constant), Square Root of November-December Inflows, 
Square Root of September-October Inflows. Square Root of March-April Inflows, 
Square Root of July-August Inflows. Square Root of January-February Inflows, Square 
Root of May-June Inflows 

R 

,866 

d. All requested variables entered. 

Durbin- 
Watson 

2.094 

R Square 

,750 

Table 6.24 ANOVA table of log oftrout data on square root of inflaw data 

ANOVPP 

Adjusted 
R Square 

,635 

a. Dependent Variable: Ln(Trout HaNeSt) 

Std. Error 
of the 

Estimate 

,306374 

b. lndependent Variables: (Constant), Square Root of November-December 
Inflows, Square Root of September-October Inflows. Square Root of 
March-April Inflows, Square Root of July-August Inflows, Square Root of 
January-February Inflows, Square Root of May-June Inflows 

Sip. 
.002O 

Model 
1 Regression 

Residual 
Total 

Sum of 
Squares 

3.668 
1.220 
4.888 

df 
6 

13 
19 

Mean 
Square 

,611 
9.4E-02 

F 
6.512 
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Table 6.25 Table of coef$ciena for log of trout data on square root of inji'ow data 

Coefflclentr' 

Standar 
dized 

Unstandardized Coefficie 
Coefficients , nts 1 95% Confidence 

Interval for 8 

a. Dependent Variable: Lnflrout Harvest) 

6.3.2 Collinearity Diagnostic 

Table 6.26 Collinearity Diagnostic for log of trour data on square root of inflow data 

Coefficientd 

a. Dependent Variable: Ln(Trout Hamest) 

Table 6.27 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Sqrt(TR0UT) on 
Sqrt(INFL0 WS). 

(Constant) 
Sqrt(Januaty-February) 
SqrtA(March-April) 
Sqrt(May-June) 
Sqrt(July-August) 
Sqrt(September-October) 
Sqrt(November-December) 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index SOR-(XIF SOR-OM4 SOR-OW SOR-(MA SOR-OSO SOR-OND 

1 1.96860 1 .OOOOO 0.0052 0.0285 0.0354 0.0081 0.0287 0.01 88 

t 
18.462 
-2.391 

387 
-1.397 

-5.082 
2.131 
1.956 

Collinearity Statistics 
Tolerance 

,583 
.246 
.I48 
.778 
,275 
,645 

VIF 

1.714 

4.057 
6.772 

1.285 
3.635 
1.551 
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6.3.3 Residuals Diagnostics 

Table 6.28 Residuals Diagnostics for log of trout data on square root of inflow data. 

Residuals Statistice 

a. Dependent Variable: Ln(Trout Hawest) 

N 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Mean 

5.092896 

,000 

,179041 

5.096954 

-1.2E-15 

,000 

-.004 

-4.1 5 0 3  

-.039 

5.700 

,089 

,300 

Maximum 

5.823534 

1.663 

.266378 

6.273537 

,455594 

1.487 

1.785 

.656085 

1.973 

13.413 

,720 

,706 

Predicted 
Value 
Std. 
Predicted 
Value 
Standard 
Error of 
Predicted 
Value 
Adjusted 
Predicted 
Value 
Residual 
Std. 
Res~duai 
Stud. 
Residual 

Residual 
Stud. 
Deleted 
Residual 
Mahal. 
Distance 
Cook's 
Distance 
Centered 
Leverage 
Value 

Std. 
Deviation 

,439351 

1.000 

2.9E-02 

.464298 

,253423 

,827 

1.038 

,403358 

1.204 

2.338 

.I66 

,123 

Minimum 

3.758675 

-3.037 

,145231 

3.905949 

-.GO1 558 

-1.963 

-2.596 

-1.051 561 

-3.594 

3.319 

.OOO 

,175 
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Table 6.29 Case Values for Residuals Diagnostics for log of trout data on square root of inflow 
data. 

Predicted value of harvest 
Ordinary residuals: observed harvest minus predicted harvest 
Deleted residuals: residuals obtained when the model is fitted without that 
observation 
Adjusted predicted value: predicted value of harvest when the model is 
fitted without that observation 
Z-score of the predicted value of harvest 
Z-score of the residual 
Studentized residual 
Studentized deleted residuals 

'values greater than 3 are flagged. 
 his is flagged if it exceeds f,.p2.0=t12,0.~I=2.681. 
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Figure 6.31 Histogram of Standardized 
Residuals. 

O ~ S ~ N W  Cum h o b  

Figure 6.32 Normal P-P Plot of Residuals. 
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Square Root of January-February Inflows 

Figure 6.33 Partial Residual Plot for 
Sqrt(January-February Inflows). 

Square Rwt  ol MayJune lnnovs 

Figure 6.35 Partial Residual Plot for 
Sqrt(May-June Inflows). 

Square Root of March-April Inflows 

Figure 6.34 Partial Residual Plot for 
Sqrt(March-April Inflows). 

Square Rwt  of July-Aylust Inflows 

Figure 6.36 Partial Residual Plot for 
Sqrt(July-August Inflows). 

Square Root ol September-October Inflows Square Root of November-December l n f l w  

Figure 6.37 Partial Residual Plot for Figure 6.38 Partial Residual Plot for 
Sqrt(September-October Inflows). Sqrt(November-December 

InJows). 
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Square Rwt  of January-February Inflows Square Rwt  of March-Aprl Inflows 

Figure 6.39 Residuals Plot for Sqrt(Januaty- 
Februay Injlows). 

Figure 6.40 Residuals Plot for Sqrt(March- 
April Inflows). 

Square Root of May-June Inflows Square R w t  of July-August Inflows 

Figure 6.41 Residuals Plot for Sqrt(May-June 
Injlo ws). 

Figure 6.42 Residuals Plot for Sqrt(Ju1y- 
August Inflows). 

Square Root of September-October Inflows Souare Root of November-Dewrnber Inflows 

Figure 6.43 Residuals Plot for 
Sqr?(September-October Inflows). 

Figure 6.44 Residuals Plot for 
Sqrt(November-Decem ber 
Inflows). 
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6.3.4 Prediction Intervals for Trout Harvest 

Table 6.30 Prediction Intervalsfor Trout Harvest. 

YEAR LZCI-1 LN-TROUT UZCZ-1 
1961 4.3064 5.8165 6.4154 

LICI-1 Lower limit for 99% prediction interval for the natural log of trout harvest. 

LN-TROUT Natural log of trout harvest 

UICI-I Upper limit for 99% prediction interval for the natural log of trout harvest. 
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6.3.5 Outliers and  Influential Point Detection 

Table 6.31 Mahalanobis distance, Cook's distance, Leverage value and associatedp-values 

YEAR MAH-1 COOK-1 LEV-1' MAH-PP COOK-PP 
1961 4.8562 ,2002 ,2556 .6775 ,0203 

MAH-1 Mahalanobis distance 

COOK-1 Cook's distance 

LEV-1 Leverage value 

MAHA-PV P-value associated with the Mahalanobis distance 

COOK-PV P-value associated with Cook's distance 
 h his is flagged if it exceeds (2p+l)ln or 0.5, whichever is smaller. 
*MAHA-PV = 1-F(MAH-I), where F is the CDF of a Chi-squared random variable with p+l degrees of 
freedom. Small values indicate a problem. 
'COOK-PV = F(CO0K-I), where F is the CDF of an F-ratio random variable with p+l numerator degrees 
of freedom and n-p-1 denominator degrees of freedom. A value greater than 0.5 indicates a problem. A 
value less than 0.2 indicates no problem. Values in between are inconclusive. 
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Table 6.32 Standardized df$ts value and Standardized dpeta values 

YEAR SDFFITS SDFBET-0 SDFBET-1 SDFBET-2 
1961 * 1.3089 -.I215 ,7297 -.435 1 

1962 ,7978 ,0738 .273 1 -.0953 

1963 *-3.1085 *- 1.0765 -.3324 -.4356 

1964 -.I901 -.I672 ,0683 ,0237 

1965 -.3019 -.2250 -.0327 ,1551 

1966 -.2401 -.0707 -.0001 -.0347 

1967 ,5775 ,2222 -.0086 ,1099 

1968 -.3288 ,0368 .0894 -.I155 

1969 -.3484 .0035 -.I813 ,0780 

1970 .I604 -.043 1 .0368 ,0599 

1971 ,7578 ,241 8 -.0411 .5755 

1972 ,0433 ,0022 -.0254 ,0335 

1973 .5200 -.0409 ,0262 -.3068 

1974 -.5319 ,0536 .0283 ,1839 

1975 -.0266 -.0074 .0058 .O 146 

1976 *1.5178 ,2654 -.9585 .4568 

1977 -.4839 .I510 ,2574 -. 1322 

1978 ,3592 -.I393 -.0100 -.I138 

1979 -.a521 .43 17 -.I880 -.0556 

1980 -.5332 ,1396 -.3132 .I124 

SDFFITS Standardized dfits value 

SDFBET-0 Standardized djbeta for the intercept term 

SDFBET-1 Standardized djbeta for square root of January-February inflows 

SDFBET-2 Standardized djbeta for square root of March-April inflows 

'~tems are flagged if bdffitsl or bdfbeta( exceed 1.0 for a small data set or 2 Jm' for a large data 
set. The cutoff used here is 1. 
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Table 6.33 Standardized dfbeta values 

YEAR SDFBET-3 SDFBET-4 SDFBET-5 SDFBET-6 
1961 .2980 -.2335 -.I751 ,4082 

SDFBET-3 Standardized dfbeta for square root of May-June inflows 
SDFBE T-4 Standardized dfbeta for square root of July-August inflows 

SDFBE T-5 Standardized dfbeta for square root of September-October inflows 

SDFBE T-6 Standardized dfbeta for square root of November-December inflows 

'~tems are flagged if bdfitsl or bdjbetal exceed 1.0 for a small data set or 2 for a large data 

set. The cutoff used here is 1. 
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SmRlaralzBd DFBETA lnlereepl 

Smaddned DFBETA SqrllManh-Wl Idlows) 

Sfandd!zBd DFBETA SqnlJanuw-February l d l a s l  

SmRlaraded DFBETA Sqrt(May-June InnDwS) 

Smndardlra DFBETA SqrllJJy-August Intlms) StamamlTed DFBETA SqrllSeptsmixr-Octchr Intlows) 

smwjam~ed DFBETA Sqn(Novermer.Decender Inllms) 

Figure 6.45 Standardized DFFITS vs. Standardized DFBETA Intercept and vs. Standardized 
DFBETA of square root of injlow variables. 
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7. EXAMINING SUBSETS OF THE DATA 

7.1 Log of trout data and untransformed inflow data: None Omitted 

Table 7.1 Regression Models for Dependent Variable: TROUTon INFLOWS: None Omitted 

R s q  A d j  C ( p )  AIC MSE SBC Variables in Model 
In R s q  

1 0.5266 0.5003 7.175 -39.14 0.1285 -37.15 QJA-LAG 
1 0.1314 0.0832 26.52 -27.00 0.2359 -25.01 QMA-LAG 
1 0.0505 -.0023 30.49 -25.22 0.2578 -23.22 QSO-LAG 
1 0.0210 -.0334 31.93 -24.60 0.2658 -22.61 QJF-LAG 

- - - - - - - - - - - - - - - - - - * - - - - . - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - . - - - . - - - - - - - . - - - - - - -  

2 0.5794 0.5299 6.592 -39.50 0.1209 -36.51 QJA-LAG QND-LAG 
2 0.5646 0.5134 7.317 -38.81 0.1252 -35.82 QMA-LAG QJA-LAG 
2 0.5467 0.4934 8.192 -38.00 0.1303 -35.02 QJA-LAG QSO-LAG 
2 0.5349 0.4802 8.768 -37.49 0.1337 -34.50 QMJ-LAG QJA-LAG 

--------.s-------------------------.-------.-----.------------------------- 

3 0.6443 0.5776 5.416 -40.85 0.1087 -36.87 QMJ-LAG QJA-LAG QSO-LAG 
3 0.6130 0.5405 6.945 -39.17 0.1182 -35.19 QJA-LAG QSO-LAG QND-LAG 
3 0.6108 0.5378 7.055 -39.05 0.1189 -35.07 QMA-LAG QJA-LAG QND-LAG 
3 0.6071 0.5335 7.234 -38.87 0.1200 -34.88 QJF-LAG QJA-LAG QND-LAG 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . -  
4 0.6702 0.5823 6.145 -40.37 0.1075 -35.39 QMJ-LAG (MA-LAG QSO-LAG 

QND-LAG 
4 0.6653 0.5760 6.388 -40.07 0.1091 -35.09 QJF-LAG QMJ-LAG QJA-LAG 

OSO-LAG 
4 0.6462 0.5519 7.319 -38.96 0.1153 -33.98 QMA-LAG OM-LAG QJA-LAG 

QSO-LAG 
4 0.6447 0.5499 7.397 -38.87 0.1158 -33.89 QMA-LAG QJA-LAG QSO-LAG 

QND-LAG 
. - - - - - - - - - - . - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 0.7291 0.6324 5.261 -42.30 0.0946 -36.33 OJF-LAG QMJ-LAG QJA-LAG 
QSO-LAG OND-LAG 

5 0.6760 0.5603 7.863 -38.72 0.1131 -32.75 QJF-LAG QMA-LAG QMJ-LAG 
(MA-LAG QSO-LAG 

5 0.6756 0.5597 7.884 -38.69 0.1133 -32.72 QJF-LAG QMA-LAG QJA-LAG 
QSO-LAG QND-LAG 

5 0.6702 0.5524 8.145 -38.37 0.1151 -32.39 QMA-LAG QMJ-LAG QJA-LAG 
QSO-LAG QNO-LAG 

- - . - - - - - - - - - - - - - - - - . - - - - - . - - . - . - - . - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - -  
6 0.7345 0.6119 7.000 -40.70 0.0998 -33.73 QJF LAG QMA LAG QMJ LAG - - - 

(MA-LAG QSO-LAG QND-LAG 
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Table 7.2 AnaLvsis of Variance for Dependent Variable: Ln(TR0W) on INFLOWS: None Omitted 

sum o f  Mean 
source DF Squares Square F Value Prob>F 

Model 6 3.58993 0.59832 5.993 0.0034 
Error  13 1 .29787 0.09984 
c T o t a l  19 4.88780 

 ROO^ MSE 0.31597 13-square 0.7345 
Dep Mean 5.09290 Ad] A-sq 0.6119 
C . V .  6.20411 

Table 7.3 Parameter Estimates for Dependent Variable: Ln(TR0UT) on INFLOWS: None Omitted 

parameter Standard T f o r  HO: Variance 
V a r i a b l e  OF Estimate E r r o r  Paramete-0 Prob > I TI I n f l a t i o n  

INTERCEP 1 5.549905 0.21 425085 25.904 0.0001 0.00000000 
&IF-LAG 1 -0.006052 0.00341 235 -1.773 0.0996 1.63983261 
QMA-LAG 1 0.004438 0.00869270 0.511 0.6182 2.64239063 
QMJ-LAG 1 -0.003503 0.00206288 - 1 .698 0.1133 7.37521502 
QJA-LAG 1 -0.010793 0.00226692 -4.761 0.0004 1.16542162 
QSO-LAG 1 0.001808 0.00085334 2.119 0.0539 5.03638070 
QND LAG 1 0.003736 0.00220827 1 .692 0.1145 1.51362492 

Table 7.4 Collineariiy Diagnostics(intercept adjusted) for Dependent Variable: Ln(TR0UT) on 
IhFLO WS: None Omitted 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index [MF-LAG OMA-LAG OW-LAG W L A G  OSO-LAG Q K L A G  

1 2.23431 1.00000 0.0411 0.0064 0.0220 0.0105 0.0204 0.0569 
2 1 ,39421 1.26592 0.0656 0.0967 0.0083 0.1685 0.0045 0.0487 
3 1.11529 1.41540 0.1145 0.0574 0.0029 0.1100 0.0555 0.0846 
4 0.72226 1 .75884 0.0068 0.1594 0.0008 0.651 6 0.0272 0.0329 
5 0.461 25 2.20092 0.6120 0.0019 0.0020 0.0055 0.0009 0.7490 
6 0.07268 5.54451 0.1601 0.6781 0.9640 0.0540 0.8915 0.0279 
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Table 7.5 Parameter Estimates of Models for Dependent Variable: Ln(TR0UT) on INFLOWS: None 
Omitted 

08s -RMSE- INTERCEP QJF-LAG Q N L A G  QW-LAG QJA-LAG 0.50-LAG QND-LAG 

1 0.35853 5.56576 . -0.010663 . 

Table 7.6 Criteria Statistics ofModels for Dependent Variable: Ln(TR0UT) on INFLOWS: None Omitted 
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Figure 7.1 The R' criteria vs. Number of 
parameters. 
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Figure 7.3 The AIC criteria vs. Number of 
parameters.. 
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Figure 7.5 The C(p) criteria vs. Number of 
parameters. 
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Figure 7.2 The Adjusted R' criteria vs. 
Number of parameters. 
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Figure 7.4 MSE vs. Number ofparameters. 

Number of Parameters 

Figure 7.6 The SBC criteria vs. Number of 
parameters. 
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7.2 Log of trout data and log of inflow data: 1963 Omitted 

Table 7.7 Regression Models for Dependent Variable: Ln(TR0UT) on Ln(INFL0WS): I963 Omitted 

Rsq Adj C ( p )  A IC  MSE SBC Variables in Model 
1n Rsq 

1 0.5353 0.5080 21.61 -36.43 0.1331 -34.54 LN-QJA 
1 0.0888 0.0352 56.79 -23.63 0.2610 -21.74 LN-QMA 
1 0.0510 -.0049 59.77 -22.86 0.2719 -20.97 LN-QJF 
1 0.0444 -.0119 60.29 -22.73 0.2738 -20.84 LN-QSO 

- - - . . - - - - - - - - * - - . - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - -  

2 0.6606 0.6182 13.74 -40.40 0.1033 -37.56 LN-QJA LN-QND 
2 0.6394 0.5943 15.41 -39.24 0.1098 -36.41 LN-QJA LN-QSO 
2 0.5480 0.4915 22.62 -34.95 0.1376 -32.12 LN-QJF LN-QJA 
2 0.5420 0.4848 23.09 -34.70 0.1394 -31 -87 LN-QMA LN-QJA 

- - - - - - . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - -  

3 0.7316 0.6779 10.15 -42.85 0.0871 -39.08 LN-QJF LN-QJA LN-QND 
3 0.7213 0.6655 10.96 -42.14 0.0905 -38.36 LN-QJA LN-QSO LN-QND 
3 0.6681 0.6257 13.57 -40.00 0.1013 -36.22 LN-Qh!J LN-QJA LN-QSO 
3 0.6738 0.6086 14.70 -39.15 0.1059 -35.37 LN-QMA LN-QJA LN-QND 

. - - . - - - - - - - - - - - . . - - - - - - - . - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4 0.8018 0.7451 6.618 -46.61 0.0690 -41.89 LN-QJF LN-QJA LN-QSO LN-QND 
4 0,7539 0.6836 10.39 -42.50 0.0856 -37.78 LN-QMJ LN-QJA LN-QSO LN-QND 
4 0.7398 0.6654 11.50 -41.44 0.0905 -36.72 LN-QMA LN-QJA LN-QSO LN-QND 
4 0.7349 0.6592 11.89 -41.09 0.0922 -36.37 LN-QJF LN-QMJ LN-QJA LN-QND 

---.----------------------------------------------------------------------- 
5 0.8134 0.7416 7.706 -45.76 0.0699 -40.09 LN-QJF LN-QMJ LN-OJA LN-QSO 

LN-QND 
5 0.8018 0.7255 8.618 -44.61 0.0743 -38.95 LN-QJF LN-OMA LN-WA LN-QSO 

LN-QND 
5 0.7622 0.6707 11.74 -41 .15 0.0891 -35.49 LN-QJF LN-QMA LN-QMJ LN-QJA 

LN-QSO 
5 0.7555 0.6615 12.26 -40.63 0.0916 -34.96 LN-QMA LN-QMJ LN-JA LN-QSO 

LN-QND 
. - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - s - - - - - - - - - - - . - - - - - - -  

6 0.8477 0.7715 7.000 -47.62 0.0618 -41.01 LN-QJF LN-QMA LN-QMJ LN-QJA 
LN-QSO LN-QND 

N = 19 
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Table 7.8 Analysis of Variance for Dependent Variable: Ln(TR0m) on Ln(INFL0WS): 1963 Omitted 

Sum o f  Mean 
Source OF squares Square F Value Prob>F 
Model 6 4.12850 0.68808 11 .I32 0.0003 
Error 12 0.74176 0.06181 
C Total 18 4.87026 

Root MSE 0.24862 R-square 0.8477 
Dep Mean 5.08610 Adj R-sq 0.7715 
C . V .  4.88828 

Table 7.9 Parameter Estimatesfor Dependent Variable: Ln (TROUT) on Ln(INFL0WS): 1963 Omitted 

Parameter Standard T for  HO: Variance 
Variable OF Estimate Error Paramete~O Prob > ( TI I n f l a t i on  
INTERCEP 1 7.65341 8 0.56681333 13.503 0.0001 0.00000000 
LN-QJ F 1 -0.21 21 39 0.07872797 - 2.695 0.0195 1.71780914 
LN-QMA 1 0.293556 0.17845732 1.645 0.1259 5.87922395 
LN-QMJ 1 -0.318307 0.16734013 - 1 .902 0.0814 6.34868734 
LN-QJA 1 -0.776237 0.11249792 -6.900 0.0001 1.55405540 
LN-QSO 1 0.189748 0.064241 18 2.954 0.0121 2.78004756 
LN-QND 1 0.180971 0.06971210 2.596 0.0234 1.43683478 

Table 7.10 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(TR0UT) on 
Ln(INFL0WS): 1963 Omitted 

Condition Var Prop Var Prop Var Prop Var Prop Var Prop Var Prop 
Number Eigenvalue Index LN-WF LN-OMA LN-OW LN-WA LN-OSO LN-OND 

1 2.42549 1.00000 0.0436 0.0195 0.0157 0.0182 0.0204 0.0265 
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Tuble 7. I 1  Parameter Estimates ofModels for Dependent Variable: Ln(TR0UT) on 
Ln(INFL0 WS): 1963 Omitted 

08s -RMSE- INTERCEP LN-QJF LN-(IMA LN-OM LN-QJA LN-QSO LN-OND 

1 0.36487 7.20635 . -0.58606 . 
2 0.51092 5.66782 . - 0.19469 
3 0.52143 5.45035 -0.12037 . 
4 0.52324 4.74080 . 0.07203 . 
5 0.32141 6.88228 . -0.66566 . 0.18981 
6 0.33133 6.81162 . -0.62478 0.11156 . 
7 0.37094 7.33855 -0.06078 . -0.57176 . 
8 0.37338 7.29915 . -0.05609 -0.56539 . 
9 0.29520 7.12051 -0.15540 . -0.65361 . 0.24824 
10 0.30083 6.62673 . - 0.68269 0.08763 0,. 15788 
11 0.31822 7.34369 . -0.15448 -0.63691 0.16031 . 
12 0.32543 7.00338 . - 0.07907 -0.63891 . 0.19550 
13 0.26260 6.86107 -0.16586 . -0.67115 0.09446 0.21776 
14 0.29260 7.08414 . -0.12776 -0.68728 0.13019 0.14304 
15 0.30088 6.75868 . -0.09386 -0.65172 0.09168 0.16316 
16 0.30367 6.97436 -0.16456 . 0.03519 -0.65391 . 0.25150 
17 0.26443 7.11916 -0.14811 . -0.07909 -0.67523 0.12008 0.20216 
18 0.27251 6.86228 -0.16528 -0.00144 -0.67072 0.09450 0.21763 
19 0.29850 8.05950 -0.16121 0.37916 -0.43840 -0.75959 0.24576 . 
20 0.30263 7.18280 . 0.05579 -0.17722 -0.70747 0.14427 0.13416 
21 0.24862 7.65342 -0.21214 0.29356 -0.31831 -0.77624 0.18975 0.18097 

Table 7.12 Criteria Statistics of Models for Dependent Variable: Ln(TR0UT) on 
Ln (INFLOWS): 1963 Omitted 

08s -MSE- - RSQ- - ADJRSQ- -CP- - Arc-  - SBC- 

1 0.13313 0.53529 0.50796 21.6141 -36.4252 -34.5363 
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Figure 7.7 The R criteria vs. Number of 
parameters. 
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Figure 7.9 The AIC criteria vs. Number of 
parameters.. 
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Figure 7.8 The Adjusted R' criteria vs. 
Number ofparameters. 
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Figure 7.10 MSE vs. Number ofparameters. 
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Figure 7.11 The C@) criteria vs. Number of Figure 7.12 The SBC criteria vs. Number of 
parameters. parameters. 
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7.3 Log of trout data and square root of inflow data: 1963 Omitted 

Table 7.13 Regression Models for Dependent Variable: Ln(TR0UT) on Sqrt(INFL0WS): 1963 Omitted 

flsq Adj C(p) A I C  MSE SBC Variables i n  Model 

In R s q  
1 0.5422 0.5153 30.53 -36.71 0.1311 -34.82 SQR-QJA 
1 0.1179 0.0660 72.73 -24.25 0.2527 -22.36 SQR-QMA 
1 0.0575 0.0020 78.74 -22.99 0.2700 -21.10 SQR-QSO 
1 0.0407 -.0158 80.41 -22.65 0.2748 -20.76 SQR-QJF 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - . - - - . - - - . - - - - - . . - - - - - - - - - - - - -  
2 0.6622 0.6200 20.59 -40.49 0.1028 -37.65 SQR-QJA SQR-QND 
2 0.5996 0.5496 26.82 -37.26 0.1219 -34.42 SQR-QJA SQR-QSO 
2 0.5675 0.5135 30.01 -35.79 0.1316 -32.96 SQR-QMA SQR-QJA 
2 0.5482 0.4917 31.93 -34.96 0.1375 -32.13 SQR-QMJ SQR-QJA 

. - - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - . - - - - - - - - - -  

3 0.7169 0.6603 17.15 -41.84 0.0919 -38.07 SQR-QJA SQR-QSO SQR-QND 
3 0.7137 0.6564 17.47 -41.63 0.0930 -37.85 SQR-QJF S Q A A  SQR-QND 
3 0.7113 0.6536 17.71 -41.47 0.0937 -37.69 SQR-QMJ SQR-QJA SQR-QSO 
3 0.6906 0.6287 19.77 -40.15 0.1005 -36.37 SQR-QMA SQR-QJA SQR-QND 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - .  
4 0.7876 0.7269 12.13 -45.30 0.0739 -40.58 SQR-QMJ SQR-QJA SQR-QSO 

SQR-QND 
4 0.7744 0.7100 13.43 -44.16 0.0785 -39.44 SQR-QJF SQR-QJA SQR-QSO 

SQR-QND 
4 0.7489 0.6771 15.98 -42.12 0.0874 -37.40 SQR-QMA SQR-QJA SQR-QSO 

SOR-QND 
4 0.7318 0.6552 17.67 -40.87 0.0933 -36.15 SQR-QMA SQR-OW SQR-QJA 

SQR-QSO 
- - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - . - -  

5 0.8471 0.7884 8.201 -49.55 0.0573 -43.89 SQR-QJF SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

5 0.7909 0.7105 13.79 -43.60 0.0783 -37.93 SQR-OMA SQR-QMJ SQR-QJA 
SQR-QSO SQR-QND 

5 0.7899 0.7091 13.89 -43.51 0.0787 -37.84 SQR-QJF SQR-QMA SQR-QJA 
SQR-QSO SQR-QND 

5 0.7738 0.6869 15.49 -42.11 0.0847 -36.44 SQR-QJF SQR-QMA SQR-QMJ 
SQR-QJA SQR-QSO 

- - - - - . - - - - - - - . - - - - - - . - - - - . - - - - - - - - - . - - - - - - - - - - - - . - - - . - - . - - - . - - - - - - . - - . - - - - -  
6 0.8793 0.8190 7.000 -52.04 0.0490 -45.43 SQR-QJF SQR-QMA SQR-QMJ 

SQR-QJA SQR-QSO SQR-QND 

N = 19 
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Table 7.14 Analysis of Variance for Dependent Variable: LnfTROUT) on Sqrt(1NFLOWS): 1963 Omitted 

Sum of  Mean 
Source DF Squares Square F Value Prob>F 

Model 6 4.28260 0.71377 14.575 0.0001 
Error 12 0.58767 0.04897 
c T o t a l  18 4.87026 

~ o o t  MSE 0.22130 I?-square 0.8793 
~ e p  Mean 5.08610 Adj R-sq 0.8190 
C.V. 4.35101 

Table 7.15 Parameter Estimates for Dependent Variable: Ln(TR0UT) on Sqrt( lNFL0 WS): 1963 Omitted 

Parameter Standard T f o r  HO: Variance 
Var iab le  DF Estimate Error  Parameter=O Prob > I TI I n f l a t i o n  . , 

INTERCEP 1 6.274007 0.24588638 25.516 0.0001 0.00000000 
SQR-OJF 1 -0.083477 0.0281 5241 - 2.965 0.0118 1 .56940335 
SQR-QMA 1 0.11 7702 0.06578664 1 .789 0.0988 3.68864144 
SQR-QKI 1 -0.095386 0.03198437 -2.982 0.0114 6.51430402 
SQR-QJA 1 -0.213935 0.02713175 - 7.885 0.0001 1.37347374 
SQR-QSO 1 0.053512 0.01395765 3.834 0.0024 3.9393961 6 
SQR-ON0 1 0.068904 0.02127328 3.239 0.0071 1.41456316 

Table 7.16 Collinearity Diagnostics(intercept adjusted) for Dependent Variable: Ln(TR0UT) on 
Sqrf(INFL0 WS): 1963 Omitted 

Condit ion Var Prop Var Prop Var Prop Var Prop Var prop Var Prop 
Number Eigenvalue Index SOR-WF SOR-OMA SOR-OW SOR-OJA SOR-OSO SOR-OND 

1 1.93013 1.00000 0.0197 0.0378 0.0301 0.0120 0.0321 0.0061 
2 1 .75815 1.04777 0.0975 0.0029 0.01 10 0.0793 0.0101 0.1306 
3 0.95214 1 ,42378 0.0466 0.1001 0.0002 0.0883 0.0809 0.11 79 
4 0.78828 1.56478 0.1564 0.0349 0.0005 0.5469 0.0356 0.0001 
5 0.49481 1 .97502 0.4972 0 .0173 0.0053 0.0704 0.01 12 0.7081 
6 0.07649 5.02322 0.1826 0.8071 0.9529 0.2032 0.8301 0.0372 
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Table 7.1 7 Parameter Estimates ofModels for Dependent Variable: Ln(TR0UT) on 
Sqrt(INFL0 WS): 1963 Omitred 

Table 7.18 Criteria Statistics of Modelsfor Dependent Variable: Ln(TR0UT) on 
Sqrt(INFL0 WS): 1963 Omitted 

OBS - RSO- - AWRSO- - cf'- - AIC- - SSC- 

1 0.13115 0.54222 0.51530 30.5256 -36.7106 -34.8218 
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Figure 7.13 The R' criteria vs. Number of Figure 7.14 The Adjusted R' criteria vs. 
parameters. Number of parameters. 
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Figure 7.15 The AIC criteria vs. Number of Figure 7.16 MSE vs. Number ofparameters. 
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Figure 7.1 7 The C(p) criteria vs. Number of Figure 7.18 The SBC criteria vs. Number of 
parameters. parameters. 


