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Reservoir Eutrophication Dynamics
by Principal Component Analysis

Paris Honglay Chen” , David D-W. Tsai”®

Professor(l), and Graduate Student(z), Department of Soil and Water Conservation,

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

ABSTRACT

To help develop management policy of eutrophication the principal component analysis was
used to find out important water quality factors with no colinearity problem of eutrophication in
Te-Chi reservoir. At first the important factors of eutrophication were sifted out by the simple
regression analysis. The principal component analysis was done on basis of the full eutrophication
model formed by the multiple regression analysis, we accomplished. The results showed that the
first three principal components were the concentrations of phosphorus and algae, nitrogen, algae, as
well as sodium and algae, respectively. A total of 75.92% explained model variances, suggesting

that the eutrophication of Te-Chi reservoir was mainly caused by nutrient.
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After comparing the results between the principal component analysis and original variables, it was
selected by regression model found that the latter had higher explanatory ability on model variances
than the former. The former could solve colinearity problems of the model. Therefore, if
removing colinearity was the main consideration, the use of principal component regression model is
suggested.

(Keywords: Eutrophication, Principal Component Analysis, Water Quality Factors,
Te-Chi Reservoir)
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Figure 1. Overview of research method.
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Table 1. Covarlance matrlx between two independent variables.
Covariance Matrix

i i 517 s 7R R

1< 18.50591 2.53915 19.70415 2.74052 0.33144 -0.32972

i?\f;?k 2.53915 3.20890 2.91982 0.57826 0.01075 0.22129
R i 19.70415 2.91982 87.82885 37.15649 0.46143 -0.75764
B 2.74052 0.57826 37.15649 21.60918 0.18940 -0.26397
ExS 0.33144 0.01075 0.46143 0.18940 0.01984 -0.00800

pﬁjf’&%@ -0.32972 0.22129 -0.75764 -0.26397 -0.00800 0.06821
?F’Jf—rﬁ 119.74132 35.35525 308.43972 121.63879 5.32742 -3.69427
F%&Efi 34.15453 0.63087 224.21537 70.10553 0.83274 -3.30354
\,%ﬁ 41.23073 2.62389 143.32479 62.71368 0.96239 -2.10103

COD -0.08529 0.11301 0.12597 0.11903 -0.01059 0.02115
Hi¥Fa 308.14410 4.55780 1370.77486 619.14880 8.37672 -21.92010
Pr] 1) -2.00608 -1.13171 -2.85678 -0.81043 -0.03297 -0.06117

Covariance Matrix

At Galany COD il Hbha b1 e A

1< 119.74132 34.15453 41.23073 -0.08529 308.14410 -2.00608
i}'% 35.35525 0.63087 2.62389 0.11301 4.55780 -1.13171
%*h [ii PE’ 308.43972 224.21537 143.32479 0.12597 1370.77486 -2.85678
B 121.63879 70.10553 62.71368 0.11903 619.14880 -0.81043
Sz 5.32742 0.83274 0.96239 -0.01059 8.37672 -0.03297
ﬁﬁjf&%@ -3.69427 -3.30354 -2.10103 0.02115 -21.92010 -0.06117
?F’Jf—rﬁ 3038.30564 | 1129.49471 486.95487 -5.89110 4399.87650 -26.32576
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Table 2. Uncorrected correlation matrix between two independent variables.

. ; e | BRF O, U [, SR . . .

Variable | ik 1’%;% EI% e g FFJP&E@ ;wF‘J?yi ﬁ’yﬁf‘éﬁ@ COD i) | B acka| B
el 1.0000 | 0.9752 | 0.8493 | 0.7993 | 0.9368 | 0.9086 | 0.8369 | 0.4550 | 0.8347 | 0.9720 | 0.7687 | 0.8706
1’Fﬁ§ u 0.9752 | 1.0000 | 0.8126 | 0.7944 | 0.8984 | 0.9599 | 0.8164 | 0.4238 | 0.7755 | 0.9827 | 0.7109 | 0.8697
HE )15
E[?;h 0.8493 | 0.8126 | 1.0000 | 0.9478 | 0.8199 | 0.7074 | 0.8538 | 0.6483 | 0.9630 | 0.8054 | 0.9550 | 0.6757

FE
B 0.7993 | 0.7944 | 0.9478 | 1.0000 | 0.7994 | 0.7167 | 0.8065 | 0.5367 | 0.9227 | 0.8002 | 0.9220 | 0.7004
iz | 0.9368 | 0.8984 | 0.8199 | 0.7994 | 1.0000 | 0.8338 | 0.8934 | 0.4429 | 0.8130 | 0.8947 | 0.7620 | 0.8059

ﬁjf‘&ﬁ 0.9086 | 0.9599 | 0.7074 | 0.7167 | 0.8338 | 1.0000 | 0.6992 | 0.3212 | 0.6431 | 0.9514 | 0.5677 | 0.8517
?Féi@i 0.8369 | 0.8164 | 0.8538 | 0.8065 | 0.8934 | 0.6992 | 1.0000 | 0.6075 | 0.8156 | 0.7649 | 0.7808 | 0.6121

ﬁ%{‘&ﬁ 0.4550 | 0.4238 | 0.6483 | 0.5367 | 0.4429 | 0.3212 | 0.6075 | 1.0000 | 0.5893 | 0.4023 | 0.6479 | 0.3836
COD | 0.8347 | 0.7755 | 0.9630 | 0.9227 | 0.8130 | 0.6431 | 0.8156 | 0.5893 | 1.0000 | 0.7764 | 0.9744 | 0.6730

Sﬂ 0.9720 | 0.9827 | 0.8054 | 0.8002 | 0.8947 | 0.9514 | 0.7649 | 0.4023 | 0.7764 | 1.0000 | 0.7177 | 0.9197
HFkal 0.7687 | 0.7109 | 0.9550 | 0.9220 | 0.7620 | 0.5677 | 0.7808 | 0.6479 | 0.9744 | 0.7177 | 1.0000 | 0.6417
A% | 0.8706 | 0.8697 | 0.6757 | 0.7004 | 0.8059 | 0.8517 | 0.6121 | 0.3836 | 0.6730 | 0.9197 | 0.6417 | 1.0000

i R Fé%@%ﬁ'fﬁa?ﬁ °
2 3. PygF RGCRIR TR R
Table 3. Corrected correlation matrix between two independent variables.

Variable | i} 1FL,$L @7'?%;' AL SUR | THPRER | R | BYREF| COD i (B ESka| B
<1 1 0.3295 | 0.4887 | 0.1370 | 0.5469 |-0.2935 | 0.5050 | 0.1878 | 0.5660 |-0.0614 | 0.4468 | -0.5408
f’r‘*}é?\ 0.3295 1 0.1739 | 0.0694 | 0.0426 | 0.4730 | 0.3581 | 0.0083 | 0.0865 | 0.1955 | 0.0159 |-0.7327
e NS
[:h;%; 0.4887 | 0.1739 1 0.8529 | 0.3495 | -0.3095 | 0.5971 | 0.5660 | 0.9032 | 0.0416 | 0.9123 | -0.3535

=
AL 0.1370 | 0.0694 | 0.8529 1 0.2892 | -0.2174 | 0.4747 | 0.3568 | 0.7967 | 0.0793 | 0.8308 | -0.2022
A 0.5469 | 0.0426 | 0.3495 | 0.2892 1 -0.2175 | 0.6861 | 0.1399 | 0.4035 |-0.2329 | 0.3709 |-0.2714

ﬁjf‘&ﬁ -0.2935 | 0.4730 | -0.3095 | -0.2174 | -0.2175 1 -0.2566 | -0.2992 | -0.4751 | 0.2509 | -0.5235 | -0.2717
?Fi’u?f: 0.5050 | 0.3581 | 0.5971 | 0.4747 | 0.6861 | -0.2566 1 0.4848 | 0.5217 | -0.3311 | 0.4979 | -0.5539

ﬁ%{l’izﬁ 0.1878 | 0.0083 | 0.5660 | 0.3568 | 0.1399 | -0.2992 | 0.4848 1 0.4500 | -0.2644 | 0.5406 | -0.0492
COD | 0.5660 | 0.0865 | 0.9032 | 0.7967 | 0.4035 | -0.4751| 0.5217 | 0.4500 1 0.0380 | 0.9500 | -0.2258

Sﬂ -0.0614 | 0.1955 | 0.0416 | 0.0793 | -0.2329 | 0.2509 | -0.3311 | -0.2644 | 0.0380 1 0.0182 | -0.1764
W H#Fha | 0.4468 | 0.0159 | 0.9123 | 0.8308 | 0.3709 | -0.5235| 0.4979 | 0.5406 | 0.9500 | 0.0182 1 -0.1150
PR | -0.5408 | -0.7327 | -0.3535 | -0.2022 | -0.2714 | -0.2717 | -0.5539 | -0.0492 | -0.2258 | -0.1764 | -0.1150 1

ﬁ%c : lltﬁg@%dﬁgégg%ﬁﬁgm .
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Table 4. Comparisons between covariance matrix and corrected correlation matrix.
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5. HURBEIE = 75 55 53 o ) Bl sk &

Table 5. Eigenvalue and eigenvector of principal component analysis resulted by covariance matrix.
Eigenvectors
Prinl Prin2 Prin3 Prin4 Prin5 Prin6
<3 0.012012 0.021691 -0.033402 0.434205 -0.473691 0.565668
i?fé:n 0.000417 0.013263 -0.012203 0.071579 0.052180 0.190626
R Ei“r'?%} 0.052179 0.020547 -0.004289 0.254356 0.665014 0.587990
AL 0.023272 -0.002074 -0.022842 -0.093304 0.562649 -0.162709
PR 0.000339 0.001368 -0.001691 -0.000050 -0.009684 -0.000231
ﬁjf‘&@? -0.000822 0.000193 -0.000136 0.004918 0.031256 0.018402
?E‘l@?s 0.183553 0.910901 -0.364709 -0.049731 -0.014065 -0.024063
E}:ﬁf‘&@? 0.147601 0.343412 0.925657 0.047912 -0.001752 -0.020118
COD 0.097021 -0.011781 -0.063983 0.845660 0.091259 -0.506448
gl -0.000025 -0.002868 -0.001195 0.006666 0.017128 0.018522
#HifFa 0.965246 -0.225892 -0.064551 -0.099844 -0.049874 0.023500
EVE -0.000763 | -0.008871 0.008774 -0.054708 | -0.041177 | -0.112998
Eigenvalue | 27452.5774 2377.0459 1059.7810 29.6249 15.3479 9.0208
Proportion 0.8871 0.0768 0.0342 0.0010 0.0005 0.0003
Cumulative 0.8871 0.9639 0.9981 0.9991 0.9996 0.9999
Prin7 Prin8 Prin9 Prin10 Prinll Prin12
ER -0.060822 0.501945 0.085184 0.041316 -0.015744 -0.022668
iﬁgn 0.937396 -0.152575 0.215246 0.006974 -0.070938 0.045692
Ok B‘I"F% -0.236021 -0.293437 0.045233 -0.001029 -0.011120 0.013489
AL 0.117301 0.790772 0.073465 0.030557 -0.041768 -0.004790
A -0.020475 0.027151 0.027957 0.116660 0.356471 0.925895
ﬂij&ﬁ 0.071278 0.010189 0.050073 0.083558 0.922180 -0.365472
?E’J?fi -0.010454 -0.013048 0.001028 0.004045 0.000548 -0.002835
WE@ 0.011835 0.024334 -0.001351 0.001701 -0.000582 0.000707
COD 0.021975 -0.076363 -0.007056 -0.003418 0.003513 0.002755
g7l 0.061202 -0.025006 -0.354533 0.924957 -0.096342 -0.066472
#HifFa 0.008168 -0.003007 -0.003913 -0.001555 0.002063 -0.000870
b)) -0.195138 -0.072644 0.899955 0.348052 -0.077876 -0.043662
Eigenvalue 2.3558 1.2630 0.1557 0.0524 0.0206 0.0028
Proportion 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
Cumulative 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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Table 6. Correlation analy51s between principal components and independent variables

(covariance matrix).

Pearson Correlation Coefficients, N=19

Prob > | r | under Hy:Rhy =0

Prinl

Prin2

Prin3

Prin4 Prin5 Prin6 Prin7 Prin8 Prin9

Prinl0

Prinl1

Prinl2

il

0.46267

0.24584

-0.25277

0.549371-0.43138]0.39494 {-0.02170{ 0.13113 { 0.00781

0.00220

-0.00053

-0.00028

P-Value

0.0461

0.3103

0.2965

0.0148 | 0.0652 | 0.0942 | 0.9297 | 0.5926 | 0.9747

0.9929

0.9983

0.9991

0.03853

0.36099

-0.22176

0.2174910.11412{0.31961 [ 0.80318 [-0.09572| 0.04741

0.00089

-0.00569

0.00135

P-IValue

0.8756

0.1289

0.3615

0.3711 | 0.6418 | 0.1822 | <.0001 | 0.6967 | 0.8472

0.9971

0.9816

0.9956

07
i

0.92250

0.10689

-0.01490

0.1477210.27799 | 0.18844 -0.03865(-0.03519{ 0.00190

-0.00003

-0.00017

0.00008

P-Value

<.0001

0.6632

0.9517

0.5462 | 0.2492 | 0.4398 | 0.8752 | 0.8863 | 0.9938

0.9999

0.9994

0.9998

W

0.82947

-0.02176

-0.15997

-0.10925(0.47418 |-0.10513{0.03873 [ 0.19118 | 0.00624

0.00150

-0.00129

-0.00005

P-Value

<.0001

0.9296

0.5130

0.6562 | 0.0403 | 0.6684 | 0.8749 | 0.4330 | 0.9798

0.9951

0.9958

0.9998

LY

0.39897

0.47348

-0.39081

-0.00193(-0.26931{-0.00492{-0.22309{ 0.21660 | 0.07830

0.18951

0.36348

0.34713

P-Value

0.0906

0.0406

0.0980

0.9938 | 0.2649 | 0.9840 | 0.3586 | 0.3731 | 0.7500

0.4371

0.1261

0.1454

T

-0.52173

0.03597

-0.01696

0.10248 {0.46883 [ 0.21162 | 0.41888 [ 0.04384 | 0.07564

0.07321

0.50716

-0.07390

P-Value

0.0220

0.8838

0.9451

0.6763 | 0.0429 | 0.3845 | 0.0743 | 0.8586 | 0.7583

0.7658

0.0267

0.7637

0.55174

0.80570

-0.21540

-0.00491(-0.00100{-0.00131{-0.00029{-0.00027( 0.00001

0.00002

0.00000

0.00000

P-Value

0.0143

<.0001

0.3758

0.9841 | 0.9968 | 0.9957 | 0.9991 | 0.9991 | 1.0000

0.9999

1.0000

1.0000

BT

0.57859

0.39612

0.71294

0.00617 |-0.00016{-0.00143| 0.00043 | 0.00065 |-0.00001

0.00001

0.00000

0.00000

P-Value

0.0094

0.0932

0.0006

0.9800 | 0.9995 | 0.9954 | 0.9986 | 0.9979 | 1.0000

1.0000

1.0000

1.0000

COD

0.94936

-0.03392

-0.12301

0.27183]0.02111 |-0.08983| 0.00199 |-0.00507{-0.00016

-0.00005

0.00003

0.00001

P-Value

<.0001

0.8904

0.6159

0.2602 | 0.9316 | 0.7146 | 0.9935 | 0.9836 | 0.9995

0.9999

0.9999

1.0000

il

-0.01268

-0.43321

-0.12049

0.112400.20789 | 0.17235|0.29103 |-0.08706|-0.43335

0.65579

-0.04287

-0.01088

P-Value

0.9589

0.0639

0.6232

0.6468 | 0.3931 | 0.4805 | 0.2267 | 0.7230 | 0.0638

0.0023

0.8617

0.9648

B ha

0.99755

-0.06869

-0.01311

-0.00339(-0.00122| 0.00044 | 0.00008 |-0.00002(-0.00001

0.00000

0.00000

0.00000

P-Value

<.0001

0.7799

0.9575

0.9890 | 0.9960 | 0.9986 | 0.9997 | 0.9999 | 1.0000

1.0000

1.0000

1.0000

A

-0.14670

-0.50162

0.33126

-0.34535|-0.18709(-0.39362|-0.34737|-0.09468| 0.41180

0.09238

-0.01297

-0.00267

P-Value

0.5490

0.0287

0.1659

0.1476 | 0.4431 | 0.0954 | 0.1451 | 0.6998 | 0.0798

0.7068

0.9580

0.9913
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Table 7. Eigenvalue and eigenvector of principal component analysis resulted by correlation matrix.

Eigenvectors

Prinl Prin2 Prin3 Prin4 Prin5 Prin6

R 0.281168 0.206346 -0.249629 -0.441095 -0.424610 -0.059153
i?f:;fn 0.093496 0.571618 0.063305 0.198092 -0.165055 -0.223526
%aq;; [l 0.405355 -0.024298 0.222951 0.091747 0.000230 -0.055099
Y 0.338620 -0.085106 0.341691 0.138426 0.441196 -0.211096

ExS 0.253280 0.068344 -0.415288 -0.301528 0.518387 0.429511
T‘?J&E@ -0.191623 0.434105 0.173199 0.310466 0.341457 0.117120
A 0.340284 0.156909 -0.334132 0.192843 0.181812 0.109910
LR 0.253292 -0.162164 -0.060024 0.585327 -0.403399 0.554001
COD 0.400801 -0.099996 0.186986 -0.142325 -0.044109 -0.169257
gl -0.044066 0.201969 0.606523 -0.386741 -0.073229 0.586734
#HifFa 0.395331 -0.177078 0.212769 -0.041003 -0.021407 -0.069275
PP -0.183131 -0.544663 0.037479 0.002010 0.094543 0.063570

Eigenvalue 5.2492 2.3086 1.5526 0.9905 0.7071 0.4350

Proportion 0.4374 0.1924 0.1294 0.0825 0.0589 0.0362

Cumulative 0.4374 0.6298 0.7592 0.8417 0.9007 0.9369

Eigenvectors

Prin7 Prin8 Prin9 Prin10 Prinl1 Prinl2

N5l 0.389715 -0.151912 0.127179 0.143175 0.431324 0.200063
e -0.000557 0.679631 -0.120824 0.158820 0.028931 -0.203712
%z‘?l%( [B”r'?gé} 0.126071 -0.242600 0.448033 0.460731 -0.324056 -0.425640
AL -0.101232 -0.109217 -0.247128 0.153296 0.629040 0.022880
ZAE 0.177039 0.164301 -0.277544 0.099348 -0.122358 -0.233196
THPRES 0.603483 -0.176755 0.182267 -0.172233 -0.029525 0.242786
A -0.443241 0.107667 0.567565 -0.181743 0.089935 0.307106
ﬁ%‘c@zﬁ@ 0.113923 -0.036097 -0.223809 -0.041929 0.151208 -0.068502
COD 0.182359 0.092570 0.032081 -0.783730 -0.065957 -0.286548
gl -0.230880 0.100858 0.131768 -0.012987 0.088934 0.035912
#HfFa 0.115871 0.205347 -0.222945 0.135617 -0.442047 0.664118
TP 0.342079 0.558749 0.396046 0.106714 0.240745 0.000535

Eigenvalue 0.3560 0.2399 0.0630 0.0488 0.0319 0.0175

Proportion 0.0297 0.0200 0.0053 0.0041 0.0027 0.0015

Cumulative 0.9666 0.9866 0.9918 0.9959 0.9985 1.0000
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Correlation analy51s between principal components and independent variables
(correlation matrix).

Eﬁ?ﬁéﬁm&%% » FA Ijlﬂﬂf Fﬁﬁ[fﬂj‘é'wu
25 ”#ngﬂﬂi °

Pearson Correlation Coefficients, N=19

Prob > | r | under Hy:Rhy =0

Prinl

Prin2

Prin3

Prin4

Prin5

Prin6

Prin7

Prin8

Prin9

Prinl0

Prinl1

Prinl2

Ak 10.64419

0.31352

-0.31104

-0.43900

-0.35704

-0.03901

0.23253

-0.07440

0.03192

0.03162

0.07698

0.02646

P-Value | 0.0029

0.1912

0.1949

0.0601

0.1335

0.8740

0.3381

0.7621

0.8968

0.8978

0.7541

0.9144

0.21421

0.86852

0.07888

0.19715

-0.13879

-0.14743

-0.00033

0.33286

-0.03033

0.03507

0.00516

-0.02694

P-Value | 0.3785

<.0001

0.7482

0.4185

0.5709

0.5470

0.9989

0.1638

0.9019

0.8867

0.9833

0.9128

aCd
[

0.92872

-0.03692

0.27780

0.09131

0.00019

-0.03634

0.07522

-0.11882

0.11246

0.10174

-0.05783

-0.05629

P-Value | <.0001

0.8807

0.2495

0.7101

0.9994

0.8826

0.7596

0.6281

0.6467

0.6785

0.8141

0.8190

B 10.77582

-0.12931

0.42576

0.13777

0.37099

-0.13923

-0.06040

-0.05349

-0.06203

0.03385

0.11226

0.00303

P-Value | <0001

0.5978

0.0691

0.5738

0.1179

0.5697

0.8060

0.8278

0.8008

0.8906

0.6473

0.9902

LT

Az 10.58030

&

0.10384

-0.51746

-0.30010

0.43590

0.28328

0.10563

0.08047

-0.06966

0.02194

-0.02184

-0.03084

P-Value | 0.0092

0.6723

0.0233

0.2119

0.0621

0.2399

0.6669

0.7433

0.7769

0.9290

0.9293

0.9003

TP |-0.43903

0.65958

0.21581

0.30899

0.28712

0.07725

0.36007

-0.08657

0.04575

-0.03803

-0.00527

0.03211

P-Value | 0.0600

0.0021

0.3749

0.1980

0.2333

0.7533

0.1300

0.7246

0.8525

0.8772

0.9829

0.8962

A 0.77963

0.23841

-0.41634

0.19193

0.15288

0.07249

-0.26446

0.05273

0.14246

-0.04013

0.01605

0.04061

P-Value | <.0001

0.3256

0.0762

0.4312

0.5321

0.7681

0.2739

0.8302

0.5607

0.8704

0.9480

0.8689

B | 0.58032

-0.24639

-0.07479

0.58255

-0.33921

0.36539

0.06797

-0.01768

-0.05618

-0.00926

0.02699

-0.00906

P-Value | 0.0092

0.3092

0.7609

0.0089

0.1554

0.1240

0.7822

0.9427

0.8193

0.9700

0.9127

0.9706

COD [0.91828

-0.15193

0.23299

-0.14165

-0.03709

-0.11163

0.10881

0.04534

0.00805

-0.17306

-0.01177

-0.03789

P-Value | <.0001

0.5346

0.3371

0.5630

0.8802

0.6491

0.6575

0.8538

0.9739

0.4786

0.9619

0.8776

-0.10096

il

0.30687

0.75574

-0.38491

-0.06158

0.38698

-0.13776

0.04940

0.03307

-0.00287

0.01587

0.00475

P-Value | 0.6809

0.2013

0.0002

0.1037

0.8023

0.1017

0.5738

0.8408

0.8931

0.9907

0.9486

0.9846

W#ka |0.90575

£

-0.26905

0.26511

-0.04081

-0.01800

-0.04569

0.06913

0.10057

-0.05596

0.02995

-0.07889

0.08782

P-Value | <.0001

0.2653

0.2727

0.8683

0.9417

0.8527

0.7785

0.6821

0.8200

0.9031

0.7482

0.7207

A [-0.41957

-0.82757

0.04670

0.00200

0.07950

0.04193

0.20410

0.27365

0.09941

0.02356

0.04297

0.00007

P-Value | 0.0737

<.0001

0.8494

0.9935

0.7463

0.8647

0.4020

0.2569

0.6856

0.9237

0.8614

0.9998
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Table 9. Eigenvector of standardized principal component from correlation matrix.

Eigenvectors
Prinl Prin2 Prin3 Prind Prin5 Prin6
KRl 0.12272 0.13581 -0.20034 -0.44320 -0.50496 -0.08969
i?‘f% 0.04081 0.37621 0.05081 0.19904 -0.19629 -0.33891
RZ B‘r'?}% 0.17692 -0.01599 0.17893 0.09218 0.00027 -0.08354
B 0.14780 -0.05601 0.27423 0.13909 0.52469 -0.32006
A 0.11055 0.04498 -0.33329 -0.30297 0.61649 0.65122
iﬁ\ CAHY -0.08364 0.28571 0.13900 0.31195 0.40607 0.17758
?F:M‘?’?c 0.14852 0.10327 -0.26816 0.19376 0.21622 0.16665
Eﬁ‘&%‘ 0.11055 -0.10673 -0.04817 0.58812 -0.47974 0.83998
COD 0.17494 -0.06581 0.15007 -0.14300 -0.05246 -0.25663
il -0.01923 0.13293 0.48677 -0.38858 -0.08709 0.88961
Bk 0.17255 -0.11654 0.17076 -0.04120 -0.02546 -0.10504
Bv] Ll -0.07993 -0.35847 0.03008 0.00202 0.11243 0.09639
Eigenvectors
Prin7 Prin8 Prin9 Prinl0 Prinl1 Prinl2
“J<3E 0.65317 -0.31018 0.50669 0.64837 2.41680 1.51286
??Té?k -0.00093 1.38768 -0.48138 0.71922 0.16211 -1.54045
%i?[ﬂﬁ“ﬁi} 0.21130 -0.49534 1.78500 2.08644 -1.81575 -3.21866
AL -0.16967 -0.22300 -0.98458 0.69421 3.52465 0.17302
Ex 0.29672 0.33547 -1.10576 0.44990 -0.68560 -1.76341
’ﬁjfl&?ﬁ‘? 1.01144 -0.36090 0.72617 -0.77996 -0.16543 1.83593
?Fflﬁ?%& -0.74288 0.21984 2.26123 -0.82303 0.50392 2.32231
Eﬁ&ﬁ?ﬂ‘? 0.19094 -0.07370 -0.89168 -0.18988 0.84725 -0.51800
COD 0.30564 0.18901 0.12781 -3.54916 -0.36957 -2.16685
il -0.38696 0.20593 0.52498 -0.05881 0.49832 0.27156
W ika 0.19420 0.41928 -0.88823 0.61415 -2.47688 5.02201
F 0.57333 1.14086 1.57788 0.48326 1.34894 0.00405
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Table 10. The former three principal components of each principal component analysis.
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Table 11. Principal component analysis results of forward selection method.
Sep | Tiored | Varsin | ReSquare | ReSquare | FVelue | PreF
1 Prinl 1 0.6603 0.6603 33.04 <.0001
2 Prin3 2 0.1335 0.7938 10.36 0.0054
3 Prin2 3 0.0571 0.8509 5.74 0.0300
4 Prin7 4 0.0389 0.8898 4.94 0.0432
5 Prin9 5 0.0284 0.9181 4.51 0.0535
6 Prinl1 6 0.0152 0.9334 2.74 0.1235
7 Prin12 7 0.0093 0.9427 1.79 0.2083
8 Prin5 8 0.0093 0.9520 1.93 0.1944
9 Prin4 9 0.0088 0.9607 2.01 0.1901
10 Prin10 10 0.0043 0.9651 0.99 0.3482
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Table 12. ANOVA table from principal component analysis results of forward selection method.

Source DF SS um of Mean F Value | Pr>F | R-Square | Adj. R-Sq
quares Square
Model 10 | 2881.83764 | 288.18376 | 22.11 | <0.0001 | 0.9651 0.9214
Error 8 104.28932 | 13.03616
Corrected |1 | 2986.12696
Total
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Table 13. Principal component analysis results of backward selection method.

S0 | pomoved | Varsin | RSqure | RSque | FValue | PrF
1 Prin8 11 0.0001 0.9664 0.01 0.9089
2 Prin6 10 0.0013 0.9651 0.27 0.6210
3 Prin10 9 0.0043 0.9607 0.99 0.3482
4 Prin4 8 0.0088 0.9520 2.01 0.1901
5 Prin5 7 0.0093 0.9427 1.93 0.1944
6 Prinl2 6 0.0093 0.9334 1.79 0.2083
7 Prinl1 5 0.0152 0.9181 2.74 0.1235

% 14. ﬂ{f] SR RY 5T AR 5 T TR AR e 5 Pk
Table 14. ANOVA table from principal component analysis results of backward selection method.

Sum of Mean
Squares Square

Model 5 | 2741.69716 | 548.33943 | 29.16 | <0.0001 | 0.9181 0.8867
Error 13 244.42980 | 18.80229

Corrected
Total

Source DF F Value | Pr>F | R-Square | Adj. R-Sq

18 | 2986.12696

F 15, = R 5T 3 B RIS T FraE U

Table 15. Principal component analysis results of stepwise selection method.

S0 | Enored | Varsin | ReSquure | ReSquue | FVAUe | ProF
1 Prinl 1 0.6603 0.6603 33.04 <0.0001
2 Prin3 2 0.1335 0.7938 10.36 0.0054
3 Prin2 3 0.0571 0.8509 5.74 0.0300
4 Prin7 4 0.0389 0.8898 4.94 0.0432
5 Prin9 5 0.0284 0.9181 4.51 0.0535
6 Prinl1 6 0.0152 0.9334 2.74 0.1235

5% BRI T AR R P B 4528.020 FF I (60 12) N 1% ) b9
R+ 50 R [ @%rﬁo*#a@@@wﬁgfjww’

1% - '3 93.34% » A SIS LV B 0L
I
SRR 15 53k P o R R
PRI 16 0 Al F AL 3 (R )BT

155



o BEE 40 (2) 1 137- 161 (2008)
Journal of Soil and Water Conservation , 40 (2) : 137 - 161 (2008)

SR AREE G 17) > {AVRRERERIV T 3T Flfr“%vﬁffi AT IEY L2
10 i 95 55 » S S it EHPEL 6 T - 5 3279 2 wb5T AR - B2 3 (kL
INE ﬁ![r[] VSE IV E %JF‘ |‘l /"FI H Et Eh%é ° %l o590 BT 7= 9 2 RY 55 55 H[J%TTE]P&EE@

F 16, FHEE T Y51 ES ) Arad e o) T

Table 16. ANOVA table from Principal component analysis results of stepwise selection method.

Source | DF Sum of Mean F Value | Pr>F | R-Square | AdjR-Sq
Squares Square

Model 6 | 2787.18810 | 464.53135| 28.02 |<0.0001 | 0.9334 0.9001
Error 12 198.93886 | 16.57824

Corrected
Total

18 | 2986.12696

F 17, 2 FRMRE O AT LY

Table 17. Comparison of analysis results among all selection models.

AJIEHE HIVL RS ST F Value | Pr>F | R-Square | AdjR-Sq
JIIE[FIJiL[LIE]-ﬁ?} 1,2,3,4,5,7,9,10,11,12 22.11 <0.0001 0.9651 0.9214
S 12,3,7,9 29.16 | <0.0001| 0.9181 0.8867
7 W 1,2,3,7,9,11 28.02 | <0.0001 0.9334 0.9001
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Figure 2. Influence of the number of principal components on explanatory ability of model.
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Table 18. Simplified results for principal component analysis of stepwise selection method.
Variable | Number Partial Model
Step Entered Vars In R-Square R-Square F Value Pr>F
1 Prinl 1 0.6603 0.6603 33.04 < 0.0001
2 Prin3 2 0.1335 0.7938 10.36 0.0054
3 Prin2 3 0.0571 0.8509 5.74 0.0300
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Table 19. ANOVA table of simplified results for principal component analysis of
stepwise selection method.

Source | DF SS um of Mean FValue | Pr>F | R-Square | AdjR-Sq
quares Square
Model 3 | 2540.79948 | 846.93316 | 28.53 | <0.0001 0.8509 0.8210
Error 15 | 445.32748 | 29.68850
Corrected
Total 18 | 2986.12696
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Table 20. Colinearity tests of tolerance and VIF.

PR

PRPRE - 2N 8

Variable DF Tolerance Variance Inflation
ERYE 1 . 0
“1<3E} 1 0.3148 3.17659
RE [ 1 0.07419 13.47916
B 1 0.1185 8.43861
s 1 0.42732 2.34019
Gty 1 0.40979 2.44028
il 1 0.73281 1.3646

A 20 F A - PR R Has e

Table 21. Colinearity tests of eigenvalue, condition index and variance proportions.
) Condition Proportion of Variation
Number | Eigenvalue Index e o " I —y pvn N
] M| RPN R ARG | R gl
1 5.61301 1 0.000147740.000388 | 0.000736 | 0.00114 | 0.00419 | 0.00411 |0.000215
2 0.80708 | 2.63719 |0.00062663 | 0.00109 | 0.000925 |0.000208 | 0.00389 | 0.27747 | 0.00112
3 0.31245 | 4.23846 0.00151 | 0.00263 | 0.01343 | 0.05627 | 0.00333 | 0.21371 | 0.00172
4 0.20267 | 5.26266 |0.00042058|0.000249 | 0.00318 | 0.01702 | 0.62075 | 0.07563 | 0.00174
5 0.05275 | 10.31552 | 0.00579 | 0.05174 | 0.2136 | 0.18489 | 0.08872 | 0.06272 | 0.00519
6 0.00896 | 25.02837 | 3.14E-07 | 0.65175 | 0.42592 | 0.53132 | 0.26431 | 0.13017 | 0.24959
7 0.00308 | 42.67734 0.9915 0.29215 | 0.34222 | 0.20916 | 0.0148 | 0.2362 | 0.74042
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