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Abstract An integrated approach of principle components analysis (PCA) and Bayesian network (BN) for identify-
ing the response pattern of different clusters were developed to understand sensitive relationships of water quality
in lakes of Yunnan Plateau. The model includes four steps: data preconditioning, lakes clustering with PCA,
Bayesian network learning and lake water quality response modeling. The results demonstrate that the 26 lakes can
be clustered into two groups; the Chl a concentration responds more significantly to Total Nitrogen (TN) and Total
Phosphorus (TP) in the first group, mainly resulting from much higher watershed disturbances; the Dissolved
Oxygen (DO) in the first group with higher water temperature is close to saturation and have little change with Chl
a increasing, while the second group is not; and there is good consistency on the relationship between Transpa-
rency (SD)and Chl «a in both groups.

Key words plateau lakes; water quality; clustering; response pattern; principle components analysis; Bayesian
network
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Table 1 Descriptive statistical analysis of lakes

Giitat WT/,C DO/(mg - L™ SD/m TN/(mg - L™ TP/(mg - L") Chl a/(mg - L") CODyy/(mg - L")
FHIE 21.39 7.155 2.569 0.544 0.039 0.008 4.626
bR 3.61 2.020 2.726 0.532 0.042 0.009 2.668
AR 0.17 0.282 1.061 0.978 1.070 1.147 0.577
f/MA 14.57 2.033 0.367 0.050 0.005 0.0004 0.900
SSoN:] 28.67 13.400 11.933 1.998 0.167 0.035 11.600
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Fig. 1 Methodological framework

T A i X, JE R A

$p IR ARL SV Z= (2, 2, Z,)
Cov(Z,,Z2,)=0,i#], (1)
Z=0'X=Yg X, EHY 41 @

MG e KA G 07 22, #f e A ) i Q
[uax, Var(Q'X) = [fuax, Q'Var(X)Q, (3

O 1Y)77 8] b Jr 2508 1 Var(X) i KARIE(E A, 19 FE
fE & oy e, BHIFEME Z DI E
Var(Z)=diag{ 4, A, ..., 4, } 1§ /&

950

“

PCA Rt p A JEUG 78 5 1) 505 22 70 i AN AR 5%
Y TT 22 20, HR e i A MO Z 07 2 A

VIRV

ROTREIHEO 4,/5 A Bk D Z, W TR —

FoEH, B B 3RO O RRIEAR R 1 128
1.2.2 BN

BN &7 78 & [B] A R AR H1 ¢ R (0 A ) TG &,
RS 434778 2 [R] A AN e PR AR LR M S R P, Tk
NN B =<N, A, @>, HH N FL/RIT S84 H24E,
A FORAR R RIMPRARE O R 2L, 0 FRF MR
A RCPT)NSE . XBEENTE nEN EKRE



HATIAG

7 T e SR TE FHE B 8 T2 B 2 UM R K Jo i i A AT 5

H, WA a €A Fon B R RIMCRIKE LR, R
FEANTT RUERXT R 1 AR AT AT 2, 48 RS
542 2 RS iy Al o6 &= B0, R BN
SIFTIRI R 56 2R A IR A5 M4 S | SRR ST
PR, AR SCHR A 7 5 5 A A BB 56 22 4 8 L 37 1)
(& 2). Hp, REFEEFEHAFEWH TN 1 TP 4R
FEIF WAL LE MR Chl o A BEFMBY, Chl o 5
CODy, ¥ 3PES b5 DO #l SD A W&, &
2 IR 6 NIRRT 6 SRRk, A NBIREK
K&

BN MG RS 2], DR RISRE R
1, WK N

D=d.,d,,..d,6).d =(d,.d,

For, m AREARLL, n AR R AR AR A ST [R]
AR BET,

v d,),i=1,2,..,m,

PDIO)=] [P, 16). )
SR PR
0(6\D) =logL(6|D) = logﬁp(diw) o (6)

iR A 26 R RE A, FHEIS%06
0 = arg max, /(6| D). @)

IR [, 2 BN Goit e B 7 ik, @ o B A
AN, TELRE MR S5 e BE T, it
BRI E A AR
1.2.3 MRIK RS

E A FH DL - 17 o 28 TR0 1 7K B 7% o ] 1) AR Ze Pk
TS 5 P 56 ZR A b, % o 137 56 28 9 A7 X i) A
Wlo 1) SRR AL, F [ 28 BBUE X ) 2 4
N 100 15, FERF—AE 53 (/0N IX 18] P R AT 0 18 A5
HIAGAEL, SR e BRI AR SR AN /N DX T] P e iy A5 5 Fr)
SRR 2) A BN BUDUAINX Al 4f{E, 1Y

B2 DATHTR & 41

Fig. 2 Structure of Bayesian networks
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Table 2 The loading matrix and proportion
of principal components

F ST R Fsr 1 F S 2
DO 0.915
SD 0.438

TN —0.438

TP —0.454 —0.237
Chla —0.431 0.225
CODy, —0.464 —0.207
Jr 2 TTRR 0.587 0.181
BBy 2 vk 0.587 0.768
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Fig. 3 Biplot graphical display of principal
component analysis
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Table 3 Result of clustering of 26 lakes in Yunnan Province
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Fig. 4 Comparison of water quality responses for lakes in two groups
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