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Application of GA-NN model for evaluation of water environment carrying capacity in Baoding City
ZHANG Yan',LI Mingran', LI Xinde?
(1. Hydrology and Water Resources Survey Bureau , Baoding 071000,China;
2. Hebei Institute of Water Resources ,Shijiazhuang 050051, China)

Abstract; The assessment of water environmental carrying capacity (WECC) is of great significance to the healthy and sustainable
development of regional water environment and human society and economy. In order to study the WECC of Baoding City, 10
evaluation indexes were selected based on correlation analysis and principal component analysis. A GA-NN evaluation model of
back-propagation neural network (BP-NN) optimized by genetic algorithm (GA) was established and compared with BP-NN
evaluation model. Finally, the evaluation model was applied for assessment of WECC. The results revealed that the WECC of
Baoding City showed an increasing trend from 2001 to 2016. Although the carrying capacity of water environment increased, but
it was still at a weak level. Compared with the unoptimized BPNN, the GA-NN evaluation model showed higher fitting
accuracy, more stable fitting error and stronger generalization ability, and it can be used as a simple and effective method for
evaluating the WECC.
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Tab. 1 Primary selection index for water environment carrying capacity

HEILJZ (1) ) o R ST (3) A R (D)
K R Rt R WK YIRS BAR L I
N R K VSRR S i 8
UNEEI ¢
KYEWIT L R WK Y BRI RE BK - 1)
AT K % R AR 61 ERSH T
A¥¥) GDP SR ZE T R SRR 1E 1]
=7 GDP [T BB A 5345 8
AR FRTHMGEAR T A K VIR FTRCE SR 6
U WX R % R L 51
8 ‘ \ ARSEHE BT
7156 GDP i R K Y8 A 5 PR KO 1
L SR L R WS A BT i 7] E RS
P R W 25T R
AR B e 1 K A% I B 3 K B T 1 N
TALBE K HEHGk R 5 Tl K R B T e
HoF KB 7 % R R A B K T 2 4RI » T 1
1.1.2 T MM 88407 & BB R AT AH S 43 B » TR A OC R 8 B AH e R %R

i i IBM SPSS Statistics 24 X ] J2 B7 % i

132 «+ A X 5x%

ZEXHERT 0. 9 MR ARMMER . A DI B AR ]



KE %

GA-NN # B 72 R 7 7 ACER 358 AR ) 3 o 09 5

MR BT E R L3R 2.

22U A REENJZ AN Y GDP 55
R T30 GDP K & A1 b AR OC R B R T
0. 9. 1M A GDP 8 B4 S Wedt 2 2857 A R O »
P BR-5 Z A B PR bs . 7E3R 128 4 B
CAHSCPE T BR " Fm o At R DI 2 A5 HiE R I 1
I ZEI/INTF 0.9, BT LAGRE

XTI AR BR FRACHRT L » [R]I h 1 RE S 4 RO R IR 1
ARSCR R R TT ZEE N 73547 1 Tl o0 hr . M
P RIS RF AR R T 1 BT 22 BTk i i
8090, X HLIRHROR B A J DU 2 - 4% DU 22 P ) 25—
R R 28 R R AR T 0. 8 B b Al
LA T B 9 PR T ey 4 X {EL R R AR B

I3 A% U JZ R R A A R A R A

L L3 BT E kA 24 By 3847 07 1 SPSS el f AT I oM A5 W2 50 T 22
ZMRMEI M TG bR 22 5 R B 00 DTSRRI 3. TR N2 R BRI 4.
R 2 GENENERERMEXES T

Tab. 2 Correlation analysis between indexes in the criterion layer

HEN 2 HHE R
X, X X; X,
NBK g (X)) 1. 000 —0. 207 0. 301 —0. 510
UNEE IV ABITFK (X2 —0.207 1. 000 0. 737 0.078
IRBEPRIF R FIHEE(X3) 0.301 0.737 1. 000 —0.026
AR ERX ) —0.510 0.078 —0.026 1. 000
X Xs X Xs X
A GDP(X5) 1. 000 0. 026 —0. 846 0. 987 —0.914
5=k GDP HLE (X5) 0.026 1. 000 0. 223 —0. 020 0.155
(AR 2N -
e Tk 3 A K i (X7 —0. 846 0. 223 1. 000 —0. 895 0. 985
WAL (X)) 0. 987 —0. 020 —0.895 1.000 —0. 943
Ji 7t GDP K& (Xy) —0.914 0. 155 0. 985 —0. 943 1. 000
Xio0 X1 X2 X X1
X AL B 3 (XD 1. 000 0.131 0. 298 —0.089 0. 224
FRME 355 (X)) 0.131 1. 000 0.473 0. 062 0. 404
R
IREE K 75 K A R (X)) 0.298 0.473 1. 000 0.277 0.138
Tl K HE R AR 2 (Xas) —0. 089 0. 062 0. 277 1.000 0. 008
HhF KT RE X IR R (Xa0) 0. 224 0. 404 0.138 0. 008 1. 000
x3 EMHFTERBE
Tab. 3 Principal component variance contribution rate
N2 SB— E RS T % TR Y WA T TR/ % 5B = F RS T 2 TR Y Rty 2o/ %
UNEE 3 43.53 39.58 — 83.11
Mag T RIR 61.42 34. 64 — 96. 06
M A IR 29. 33 25. 50 23.72 78.55
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Tab. 4 Principal component factor load coefficient
i) Eiuy= S E MY 5 R 5= i e 2 SR
N K B 0. 059 0. 902 — -84
Nk 0. 937 0.211 — 1558
UNEF) 3
JKBEEIT R F A 0. 926 —0. 202 — 758
PNEE: IS 0. 050 —0. 827 — TS
A% GDP —0. 968 0. 088 — PR
AR 2N =5 GDP L& 0. 047 0. 997 — 188
2l v 22 ) I TENEDIS 0. 950 0. 196 — 1558
AWK R 0. 084 —0. 083 0. 939 1558
PR 75 % 0. 805 0.271 0. 126 81
AR WBR T K AL PR 0. 305 0. 653 0. 506 NS
TP K HER R 7 % —0. 046 0. 866 —0.168 1558
o F KT RE K kR R 0. 847 —0.135 0. 065 e
x5 KMERRNTEMIERTR
Tab.5 Grading table of evaluation index for WECC
BRI [ G I &30 I (455> IV C55%)
AR P A/ m? =2 000 1 700~2 000 100~1 700 <100
NI /m? =400 240~400 30~240 <30
KGRI R R/ % <15 15~40 40~65 >65
¥ GDP/7E >33 000 17 750~33 000 2 500~17 750 <2 500
=7k i GDP H i/ % =60 40~60 20~40 <20
T e Tl 3 B K i /m? <9 9~20 20~100 =100
AR IX LB R/ Y >70 15~70 5~15 <5
AMBEFR/ N =60 16~60 5~16 <5
AL B R HEGE bR/ % >95 70~95 40~70 <30
HFKIIREX bR/ % =95 70~95 30~70 <30
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Tab. 6 Comparative analysis of fitting accuracy of two models

Y BP-NN GA-NN
L1 B S W4 B S M4
SRR _
Y 0.050 3 0.054 7 0.013 7 0.012 1
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Fig. 6 Comparison of two model training error curves
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Tab. 7 Evaluation results of water environmental

carrying capacity in Baoding

Ay LR TS TRIRFLE
2001 3.993 5 I\ S REL
2002 3.993 9 I\ 57,
2003 3.993 8 I\ S REL
2004 2.998 2 1l BEREL
2005 3.972 7 I\ S IREL
2006 3.994 0 I\ IR,
2007 3.388 8 I\ SR
2008 2.934 7 Il BEIREL
2009 2.997 8 I BB IR,
2010 3.005 5 I B REL
2011 2.988 7 1l U IR,
2012 2.959 9 I BEIREL
2013 2.886 9 1l BB IR,
2014 3.000 6 11 BEIREL
2015 2.961 1 1l BB IR,
2016 2.614 2 I HREL
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FRPELE G R B e, PL R 28 B INARUE Wl A 2 L RE
JIEE R o — P R AL WECC fPF J7 2.

(3) N FHEESEAF 9 GA-NN #2224 WECC 3
LRI 2001—2016 4R R E i WECC #EATIEA
L5 F . 20012007 4F (2004 4EBRAM) , PR 5E 1T
WECC 7K — BAL T35 K 3K . 2008 4F L5 R &
T WECC A3 Firdi-#e AR AT 4k T 858 R BOKF- AT
P2 s K BR A [ 8 A 1 A 5 00 B PR IE K BRI
AL 2 1 nT R A R
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