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ABSTRACT

The main purpose of this study was to eliminate collinearity and to compare the mechanism of
the water quality models with model selection method, which could be helpful for index selection in
watershed management. We selected the Dansuie River Watershed as a study site and collected all
water quality data available. Multiple regression analysis was applied to build up the regression
models in each water quality index: RPI and WQI. Each model was examined by collinearity analysis.
After the verification of collinearity in the models, we tried to apply the model selection method to
solve the problem. We found out several important results in this study: (1) In the RPI model, the best
model was selected by stepwise (backward) regression and the result chose BOD and ammonia to
substitute the original index model. The adjusted R* of 0.608 was better than 0.451 of the initial
model. (2) After removal of the collinearity, all the models exhibited there was no significant
collinearity existed any more. This result proved the model selection method was helpful to reduce
the collinearity. (3) Suspended solid and dissolved oxygen of RPI index were not as important as the
selected parameters in this watershed. (4) WQI model showed that the best model was screened by
stepwise (backward) regression and the model was composed by electrical conductivity, dissolved
oxygen, nitrate and Kjeldahl. Compared to the original model of adjusted R* of 0.811, the simplified
model of 0.834 was promoted. (5) The collinearity tests of the filtered WQI model showed the
collinearity still existed but the degree was improved. (6) According to the selected parameters of the
best WQI model, the salty water and nitrogen pollution effects were noticeable in the study area. (7)
Compared to the analysis results of the RPI and WQI models, there were different trends to deal with
the collinearity in each index. In RPI, it seemed to prefer using single parameter to explain the water
quality. Contrarily, WQI model tended to eliminate collinearity by taking out the most serious
collinear parameter. Furthermore, from the parameters selection results, the WQI model performed
better integrality and accuracy than the RPI model. Consequently, in this study we provided
important information for choosing a better index in water quality management.

(Key words: RPI, WQI, Collinearity, Model selection, Watershed management)
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Table 2 Results of forward regression analysis for the RPI model
Variable | Number Partial Model
Step Entered Vars In R-Square R-Square C(p) FValue | Pr>F
1 NH," 1 0.432 0.432 3.643 | 13.68 0.002
2 BOD 2 0.218 0.650 -1.884 | 10.56 0.005
3 COD 3 0.023 0.672 —0.665 1.10 0.309
F 3 RPI [ S AR VAR B A
Table 3 ANOVA of forward regression method for the RPI model
M
Source DF Sum of ean F Value | Pr>F | R-Square | AdjR-Sq
Squares Square
Model 3 11.981 3.994 10.94 | <0.001 0.672 0.611
Error 16 5.844 0.365
Corrected
Total 19 17.825
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Table 4 Parameter estimation of the forward regression analysis for the RPI model

Variable | D | Farameter | Stndard oo | sy | Stichred
Intercept 1 2.703 0.545 4.96 <0.001
BOD 1 0.424 0.128 3.33 0.004 0.498
COD 1 —-0.040 0.038 -1.05 0.309 —-0.224
NH," 1 0.534 0.169 3.16 0.006 0.681
5 RPI [ji] i E80E 5T A
Table 5 Results of backward regression analysis for the RPI model
S | pomoved | Varsin | RSquare | RSquwe | OB | FValue | ProF
1 EC 7 <0.001 0.682 7.010 0.01 0.923
2 FC 6 0.001 0.681 5.032 0.02 0.878
3 DO 5 0.001 0.680 3.065 0.04 0.847
4 TP 4 0.002 0.678 1.119 0.07 0.799
5 KN 3 0.006 0.672 —0.665 0.29 0.597
6 COD 2 0.023 0.650 —-1.884 1.10 0.309
% 6 RPI [ 5SS 451 R B B3 4 L
Table 6 ANOVA of backward regression method for the RPI model
Source DF Ss(lllgr(;z Sl\c/ll EZ?G F Value Pr>F R-Square | AdjR-Sq
Model 2 11.579 5.789 15.76 <0.001 0.650 0.608
Error 17 6.246 0.367
comected | 1o | 17825

F 7 RPI [pi] i R G R A

Table 7 Parameter estimation of the backward regression analysis for the RPI model

Variable DF Pargmeter Standard t Value Pr> |t Stand.ardized
Estimate Error Estimate
Intercept 1 2.390 0.458 5.22 <0.001
BOD 1 0.415 0.128 3.25 0.005 0.487
NH," 1 0.406 0.117 3.46 0.003 0.518
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Table 8 Results of stepwise regression analysis for the RPI model

Sep | Yot | Vo | Roqure | ReSquare | C0) | FValue | PreF
NH," 1 0.432 0.432 3.643 | 13.68 | 0.002
2 BOD 2 0.218 0.650 -1.884 | 10.56 | 0.005
F< O RPI = JIEHEaE ) P 510 ) Al E ik
Table 9 Comparison of all the RPI regression models
Sl 3k variables F value Pr>F R-Square | Adj R-Sq
S BOD - COD - i3 10.94 <0.001 0.672 0.611
[fil B BOD - i 5 15.76 <0.001 0.650 0.608
SERUBIIL BOD - %% 15.76 <0.001 0.650 0.608
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Table 10 Colinearity tests of tolerance and variance inflation

for the stepwise RPI regression model

Variable Tolerance Variance Inflation
Intercept - 0

BOD 0.918 1.089

NH," 0.918 1.089

F< 11 RPLZH PSS 1 S 5][20 iEe (R 1 i) Aradifu

Table 11 Colinearity tests of eigenvalue and condition index

for the stepwise RPI regression model

Number Eigenvalue Condition Index
1 2.805 1.000
2 0.146 4384
3 0.049 7.554

< 12 RPI Z 3l SaH80 =0 1 dghfed By (7] 55 Ao )

Table 12 Colinearity tests of variance proportions

for the stepwise RPI regression model

Number Proportion of Variation
Intercept BOD NH,"
1 0.011 0.011 0.024
2 0.095 0.099 0.976
3 0.895 0.891 <0.001
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Table 13 Results of different collinearity

analysis for the WQI model
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Table 14 Results of forward regression analysis for the WQI model

Variable | Number Partial Model
Step Entered Vars In R-Square R-Square Clp) FValue | Pr>F
1 KN 1 0.711 0.711 13.033 44.18 <0.001
2 DO 2 0.090 0.801 5.965 7.72 0.013
3 EC 3 0.026 0.827 5.331 2.43 0.139
4 NO;~ 4 0.042 0.869 3.140 4.78 0.045
5 TP 5 0.011 0.880 4.045 1.27 0.278
£ 15 WO [ S M1 1 A B33 475 !
Table 15 ANOVA of forward regression method for the WQI model
M
Source DF Sum of can F Value | Pr>F | R-Square | AdjR-Sq
Squares Square
Model 5 606.400 121.280 20.51 <0.001 0.880 0.837
Error 14 82.772 5.912
Corrected
Total 19 689.172

% 16 WQI [f|[ 85 E5R 7850 7

Table 16 Parameter estimation of the forward regression analysis for the WQI model

. Parameter Standard Standardized
Variable | DF Estimate Error t Value Pr>|t| Estimate
Intercept 1 69.004 5.720 12.06 <0.001 0

EC 1 —0.001 <0.001 -2.49 0.026 —0.374
DO 1 1.564 0.531 2.95 0.011 0.457
TP 1 -5.400 4.787 -1.13 0.278 -0.114
NO;~ 1 —12.302 5.282 -2.33 0.035 —0.369
KN 1 -1.920 0.714 -2.69 0.018 —0.491
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F 17 WQI [ 552 58 55 g

Table 17 Results of backward regression analysis for the WQI model

Sep | pomoved | Vot | Resquare | Rofure | C®) | Value | e

1 NH," 6 <0.001 0.880 6.013 0.01 0.911

2 pH 5 <0.001 0.880 4.045 0.03 0.855

3 TP 4 0.011 0.869 3.140 1.27 0.278
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Table 18 ANOVA of backward regression method for the WQI model

M
Source DF Sum of can F Value | Pr>F R-Square Adj R-Sq
Squares Square
Model 4 598.876 149.719 24.87 <0.001 0.869 0.834
Error 15 90.295 6.020
Corrected
Total 19 689.172

F 19 WQI [ i 8 S g A

Table 19 Parameter estimation of the backward regression analysis for the WQI model

Variable | DF Pélsrgr;llzzr Stgﬁiird t Value Pr>|t| St;r;%?;iiéed
Intercept 1 67.857 5.680 11.95 <0.001 0
EC 1 —0.001 <0.001 -2.30 0.037 —-0.341
DO 1 1.423 0.520 2.74 0.015 0.416
NO;~ 1 -11.570 5.290 -2.19 0.045 —-0.347
KN 1 -2.161 0.688 -3.14 0.007 —0.552

420 WQI T3 #3851 53 4737

Table 20 Results of stepwise regression analysis for the WQI model

S0 | Taet | Vore | Roqure | RSquure | ) |FValue| PrF
1 KN 1 0.711 0.711 13.033 | 44.18 [<0.001
2 DO 2 0.090 0.801 5965 | 7.72 | 0.013
3 EC 3 0.026 0.827 5331 | 243 | 0.139
4 NO;~ 4 0.042 0.869 3.140 | 4.78 | 0.045

F 21 WQI = 305575 P 5T A5 I i
Table 21 Comparison of all the WQI regression models

BILIE TS variables Fvalue | Pr>F | R-Square | AdjR-Sq
pfpEs  [EC>DO~TP~NOy ~KN | 2051 | <0.001 | 0.880 0.837
[fij %% |EC> DO~ NOy ~ KN 24.87 | <0.001 | 0.869 0.834

ZFH5gs  |EC > DO~ NOs™ ~ KN 24.87 | <0.001 | 0.869 0.834

AL = A 11111({)3‘*?(;(;\11)0 CNHS TP T 61 | <0001 | 0880 0.811
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Table 22 Colinearity tests of tolerance and
variance inflation for the stepwise WQI

regression model

Variable | Tolerance |Variance Inflation
Intercept - 0
EC 0.396 2.526
DO 0.378 2.644
NO;y 0.347 2.884
KN 0.282 3.541
% 23 WQI 3Z H g2 BN 1 = 5= i

=R FWFIEI\TJJ ST
Table 23 Colinearity tests of eigenvalue and
condition index for the stepwise WQI

regression model

Number | Eigenvalue | Condition Index
1 4.426 1.000
2 0.477 3.047
3 0.052 9.184
4 0.038 10.845
5 0.007 24.869
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Table 24 Colinearity tests of variance proportions for the stepwise WQI regression model

Number Proportion of Variation
Intercept EC DO NO5 KN
1 <0.001 0.003 0.002 0.002 0.002
2 <0.001 0.043 0.017 0.025 0.028
3 0.001 0.758 <0.001 0.003 0.449
4 <0.001 <0.001 0.541 0.575 0.005
5 0.998 0.197 0.441 0.395 0.516
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Table 25 The comparison between the best regression models of RPI and WQI

AR | variables | F value Pr>F R-Square | AdjR-Sq.
R ELE
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