R RERERTRRELITE N ERLFY
magn®  EL F?®

#% 2
FPARL | BRI R [ ‘ﬂﬁ'rﬁg%&f‘xﬁﬁ 1‘%4’ e N NEPIEE S f%;&um, sg¢
IR %lﬁﬁ%”ﬁg%“*’"%ﬂiﬁﬂiflw@@ ’<ﬁU#?uf§r“¥J Vﬂ
& o P I [E'H PRSI R S E[J?PHE[H : ’ALWH ? R R 5§ AT 31‘1—1[_%%4*&’ SiHIl
G ATE FR 53 PTG N B
Ao ZFESTATEROARYE [ R fifi g FURHBESA » H I T PRREEEOT TR - 27 07
SRR TE PRI R RATRITOPS o S R AR PO
(M3 : A SR FA Y~ SBER KT FS S A KE)

Colinearity Analysis and Model Selection of
Water Quality Factors Related to Eutrophication

Paris Honglay Chen

Professor, Department of Soil and Water Conservation,

National Chung-Hsing University, Taichung, Taiwan 402, R.O.C.

David D-W. Tsai

Graduate Student, Department of Soil and Water Conservation,

National Chung-Hsing University, Taichung, Taiwan 402, R.O.C.

ABSTRACT

This study was conducted to find out the important water quality factors related to eutrophication
in the Te-Chi reservoir by different regression methods so that the explanation of the models could
be improved, and the management plan of eutrophication can be established successfully. Three
regression methods including forward, backward, and stepwise were used to analyze the important
water quality factors that had been initially screened by simple regression analysis. The results
showed that all standardized R* values of three methods were better than that of the original multiple
regression model and the best method was forward regression analysis. Consequently, regression
methods could screen efficiently the important water quality factors of eutrophication in order to
improve the explanation capability of the models.

(Key words: Eutrophication, Multiple Regression Analysis, Parameter Selection, Water Quality
Factor, Te-Chi Reservoir)
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Figure 1. Overview of research method.
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Table 2. Correlation matrix between two independent variables.
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Table 4. Colinearity tests of eigenvalue, condition index and variance proportions.

Number | Eigenvalue andition Variance proportions'
index Intercept | I+ IR [T WY Z
1 10.45538 1.00000 | 0.00001 | 0.00004 | 0.00005 | 0.00013 | 0.00019 | 0.00022
2 1.31368 2.82114 | 0.00005 | 0.00008 | 0.00021 | 0.00087 | 0.00076 | 0.00016
3 0.49604 4.59106 | 0.00002 | 0.00000 | 0.00006 | 0.00093 | 0.00529 | 0.00008
4 0.34650 549312 | 0.00002 | 0.00010 | 0.00010 | 0.00009 | 0.00162 | 0.01186
5 0.17322 7.76921 | 0.00000 | 0.00033 | 0.00180 | 0.00534 | 0.01541 | 0.03435
6 0.10394 10.02938 | 0.00001 | 0.00805 | 0.00225 | 0.00251 | 0.09311 | 0.00814
7 0.04823 14.72283 | 0.00084 | 0.00005 | 0.00675 | 0.00203 | 0.00004 | 0.24741
8 0.02067 2249255 | 0.00064 | 0.01006 | 0.02581 | 0.43524 | 0.00475 | 0.00014
9 0.01727 24.60155 | 0.00095 | 0.00072 | 0.01372 | 0.05099 | 0.04122 | 0.03435
10 0.01441 26.93676 | 0.00307 | 0.01614 | 0.02094 | 0.04571 | 0.22599 | 0.00486
11 0.00671 3048817 | 0.00054 | 0.21750 | 0.03880 | 0.03151 | 0.30576 | 0.00393
12 0.00302 58.80052 | 0.01822 | 0.13797 | 0.88949 | 0.36417 | 0.00233 | 0.49561
13 0.00093 | 106.02150 | 0.97563 | 0.60895 | 0.00002 | 0.06048 | 0.30353 | 0.15888
Number Variance proportions
TR A 5k Gakaty COD gl Bka B
1 0.00012 0.00022 0.00077 0.00017 0.00004 0.00010 0.00014
2 0.00154 0.00059 0.05213 0.00129 0.00024 0.00148 0.00125
3 0.00050 0.00036 0.33235 0.00413 0.00002 0.00202 0.00121
4 0.00001 0.04180 0.01214 0.00079 0.00018 0.00216 0.01477
5 0.02524 0.00098 0.00655 0.00207 0.00016 0.00252 0.02756
6 0.00050 0.01736 0.00002 0.02624 0.00058 0.00202 0.02405
7 0.05561 0.15377 0.09096 0.00004 0.00122 0.00011 0.01840
8 0.03803 0.00124 0.05740 0.19790 0.00204 0.02687 0.00551
9 0.10470 0.06033 0.04426 0.32883 0.04962 0.14118 0.13306
10 0.09474 0.04121 0.28758 0.18546 0.03105 0.33350 0.05098
11 0.00954 0.07881 0.02806 0.10578 0.36723 0.00015 0.00368
12 0.62296 0.37992 0.06840 0.05441 0.00630 0.47529 0.05131
13 0.04651 0.22341 0.01938 0.09289 0.54132 0.01260 0.66807
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Table 5. Results of forward regression analysis.

Step \;raligte)(lie I\\I;fslbizr Partial R* | Model R Cp F value Pr>F
1 A g 1 0.8851 0.8851 5.5466 | 130.92 <0.0001
2 | RS 2 0.0205 0.9055 3.8863 3.47 0.0810
3 AN 3 0.0140 0.9195 3.3866 2.61 0.1273
4 Cakany 4 0.0202 0.9397 1.7745 4.69 0.0480
5 | 5 0.0070 0.9468 2.5200 1.71 0.2133
6 I 3 6 0.0032 0.9500 3.9434 0.77 0.3964

P 6. MRIpEELEE L ASE
Table 6. ANOVA of forward regression method.
Source DF | Sum of squares | Mean square | F value | Pr>F R? Adj. R?
Model 6 2836.75156 472.79193 37.98 |<0.0001| 0.9500 | 0.9250
Error 16 149.37540 12.44795
Corrected total | 18 2986.12696
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Table 7. Parameter estimation of F test for forward regression analysis.

AT H RS 5 AT A 2

Variable :;ri?nrzztj; St:;iird Type II SS F value Pr>F
Intercept 60.89203 11.16797 370.05829 29.73 0.0001
Rl -0.30305 0.34454 9.63025 0.77 0.3964
B ?E#?E} 1.01699 0.32578 121.30455 9.74 0.0088
O -1.19751 0.51967 66.09990 5.31 0.0399
A gk 0.19822 0.02308 918.26659 73.77 <0.0001
AT -0.07951 0.03073 83.30563 6.69 0.0238
) -4.02794 3.00968 22.29577 1.79 0.2056

# 8. MRS AT N Y e R

Table 8. Parameter estimation of't test for forward regression analysis.

vt | or | e [ S e | pep | S
Intercept 1 60.89203 11.16797 5.45 0.0001 0
I R 1 -0.30305 0.34454 -0.88 0.3964 -0.10122
R [ 1 1.01699 0.32578 3.12 0.0088 0.73997
A 1 -1.19751 0.51967 -2.30 0.0399 -0.43220
L 1 0.19822 0.02308 8.59 <0.0001 0.84831
TR 1 -0.07951 0.03073 -2.59 0.0238 -0.26092
&l 1 -4.02794 3.00968 -1.34 0.2056 -0.10094
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Table 9. Results of backward regression analysis.

: 229 - 246 (2007)

Step r\;:?zg I\\I]gfslbiir Partial R? Model R? Cp F value | Pr>F

1 COD 11 0.0001 0.9663 11.0216 0.02 0.8880

2 by e 10 0.0024 0.9639 9.4515 0.50 0.5025

3 WikFa 9 0.0056 0.9583 8.4550 1.24 0.2970

4 2 Z 8 0.0051 0.9532 7.3744 1.11 0.3195

5 eSS 7 0.0025 0.9506 5.8247 0.54 0.4803

6 ﬁljf&ﬁ 6 0.0007 0.9500 39434 | 0.15 0.7078

7 RO 5 0.0032 0.9468 2.5200 | 0.77 0.3964

8 gl 4 0.0070 0.9397 1.7745 1.71 0.2133

F 10 SRR BLRERE I AR AT
Table 10. ANOVA of backward regression analysis.
Source DF | Sum of squares | Mean square | F value | Pr>F R’ Adj. R?
Model 4 2806.16817 701.54204 54.58 [<0.0001| 0.9397 | 0.9225
Error 14 179.95879 12.85420
Corrected total | 18 2986.12696
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o ﬁﬁl » EERART [ 150.61841 5 fukiin
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Y =43.54983 + 0.72822X, — 0.85247X,
+0.20092X; - 0.05617X4
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Table 11. Parameter estimation of F test for backward regression analysis.
Variable :;?fnn;Zf; StZ?ri?rd Type I1 SS F value Pr>F
Intercept | 43.54983 1.54453 10219 795.02 <0.0001
RS [ 0.72822 0.21274 150.61841 11.72 0.0041

W% -0.85247 0.36421 70.41926 5.48 0.0346
A g 0.20092 0.01960 | 1350.11305 105.03 <0.0001
Gakany -0.05617 0.02593 60.33183 4.69 0.0480
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Table 12. Parameter estimation of t test for backward regression analysis.

vaiale | o | P | Sod | e | e ol | St
Intercept | 1 | 43.54983 1.54453 28.20 <0.0001 0

BPEIEE | 1 | 072822 | 0.21274 3.42 0.0041 0.52986

AR 1 | -0.85247 | 0.36421 -2.34 0.0346 | -0.30767

B 1 | 020092 | 0.01960 10.25 <0.0001 0.85983

BEFRER | 1| -0.05617 | 0.02593 2.17 0.0480 | -0.18433
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Table 13. Results of stepwise regression analysis.

Step Zfégg}ie I\\I]gfslbiir Partial R? Model R? Cp F value | Pr>F
1 A @% 1 0.8851 0.8851 5.5466 | 130.92 [<0.0001
2 S [‘nﬁ"f}ﬂ 2 0.0205 0.9055 3.8863 3.47 0.0810
3 W R 3 0.0140 0.9195 3.3866 2.61 0.1273
4 Giany 4 0.0202 0.9397 1.7745 4.69 0.0480
Fo 14, FHAHERE VIR
Table 14. ANOVA of stepwise regression analysis.
Source DF | Sum of squares | Mean square | F value | Pr>F R? Adj. R?
Model 4 2806.16817 701.54204 54.58 |<0.0001| 0.9397 | 0.9225
Error 14 179.95879 12.85420
Corrected total | 18 2986.12696
F 15, FHSPE RN Y F 2
Table 15. Parameter estimates of F test for stepwise regression analysis.
Variable gsiﬁnn;fit:rrl St:?ri?rd Type 11 SS F value Pr>F
Intercept 43.54983 1.54453 10219 795.02 <0.0001
g Ei‘r"ﬁ%} 0.72822 0.21274 150.61841 11.72 0.0041
A 5 -0.85247 0.36421 70.41926 5.48 0.0346
N ARE 0.20092 0.01960 | 1350.11305 105.03 <0.0001
TR R -0.05617 0.02593 60.33183 4.69 0.0480
F 16, FHAPER T FTREN Dt ﬁ%:%gﬁﬁlﬁif
Table 16. Parameter estimates of t test for stepwise regression analysis.
Vrate | pp | Tt T SO T e | peo) | Soeed
Intercept 1 43.54983 1.54453 28.20 <0.0001 0
g [B‘r'fa‘g 1 0.72822 0.21274 3.42 0.0041 0.52986
W% 1 -0.85247 0.36421 -2.34 0.0346 -0.30767
A Ffft 1 0.20092 0.01960 10.25 <0.0001 0.85983
Gniany 1 -0.05617 0.02593 -2.17 0.0480 -0.18433
F 16 R A ARSI 2R EELRL) R Fy o 3 0.85983 > AT

2 SYfIVERE SYE o DITE o SARIE (AR R 4 W I“mF"%ilé%l’“jE Fﬂﬁﬁiﬁ;lﬁz' i
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Table 17. Results of different model selection
methods in different significant level.

I Y RS RS | F
0.7 09134 | 09134 | 0.9225
0.5 0.9250 | 0.9188 | 0.9225
0.15 | 09225 | 09225 | 0.9225
0.1 0.8937 | 0.9225 | 0.8937
0.05 | 0.8783 | 09225 | 0.8783
0.01 | 0.8783 | 0.8783 | 0.8783
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Table 18. ANOVA for full model of eutrophication.
Source DF | Sum of squares | Mean square | F value | Pr>F R? Adj. R?
Model 12 2885.931 240.4942 14.40 | 0.0019 | 0.9664 | 0.8993
Error 6 100.2112 16.70187
Corrected total | 18 2986.142
ER e Ip ¢ > 2005¢ -
19, (RS M BT
Table 19. Parameter estimation for full model of eutrophication.
Vaste | or | T T SO T e | e[ [ Sonted
&M 1 77.69014 26.22922 | 2.961969 | 0.025219 0
7= 1 -0.98623 0.703218 | -1.40246 | 0.210344 | -0.32937
i?‘ F 1 1.609134 1.251053 | 1.286223 | 0.245766 0.22379
L?ﬂqj» i ﬁﬁ' 1 1.392002 0.477315 | 2.916319 | 0.026759 1.01283
AN 1 -1.27132 0.788522 | -1.61228 | 0.158027 | -0.45883
ER 1 24.92924 17.06291 1.461019 | 0.194315 0.27264
ﬁ]@z%’? 1 -13.6577 9.100533 | -1.50076 | 0.184091 -0.27695
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Table 20. Comparisons of all regression models.

SIEE F value Pr>F R’ Adj. R?

3 37.98 <0.0001 0.9500 0.9250
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B H I 54.58 <0.0001 0.9397 0.9225

(B = fst 14.40 0.0019 0.9664 0.8993

= B H ) 8.60 0.0009 0.9116 0.8056
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