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Application of GA- BP model based on principal component analysis to urban water demand prediction

LI Xiaoying',SU Zhiwei',ZHOU Hua?, JIA Xiaofei?, YE Genmiao', CAT Chenkai'
(1. Collegeof Water Conservancy and Hydropower Engineering, H ohai University, N anjing 210098, China;
2. Water Resources Management Dep artment of T aiz hou City, Taizhou 225300, China)
Abstract: There are too many impact factors of water demand in the urban water demand prediction model and most of the fac
tors are multicollinear. Besides, the BP neural network has slow convergence rate and easily gets into a local optimum. To tackle
these problems, we proposed an improved prediction model by combining the principal component analysis ( PCA) , genetic algo
rithm (GA), and back propagation neural network ( BPNN) . T aizhou city was taken as a case for study. We established a water
demand prediction model that selects the main impact factors of water demand by principal component analysis and optimizes the
connection weights and thresholds of the BP neural network by genetic algorithm. T he BP neural netw ork prediction model was
set up as the contrast model. The results showed that the average relative error and the maximum relative error of water demand
prediction by the improved model in 2003 2014 in Taizhou city were 0. 564% and 1. 681% respectively. T he precision was supe
rior to that of the BP neural netw ork prediction model. T he results predicted by the G A BP model matched with the actual water
demand data of T aizhou city, and the model had faster calculation speed and higher precision. It can be used as an effective metlr
od for water demand prediction.
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Tab. 1 Table of impact factors for water demand prediction
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Tab.2 Standardzed data of impact factors of water demand in Taizhou City from 2003 to 2014
/'L'Fﬁj\ X] Xz X3 X4 X6 XS XS XQ XIO
2003 0.160 5 0.007 8 0.000 5 0.1340 0.0130 0.2410 0.004 3 0.000 3 0.149 6 0.0055
2004 0.160 3 0.001 8 0.0301 0.073 6 0.108 8 0.073 1 0.000 4 0.027 4 0.1122 0.0584
2005 0.007 0 0.000 6 0.161 6 0.0129 0.3186 0.003 4 0.000 4 0.204 6 0.005 6 0.4164
2006 0.001 4 0.0290 0.076 5 0.108 8 0.1145 0.000 4 0.026 9 0.146 9 0.049 6 0.062 8
2007 0.000 9 0.120 1 0.0182 0.2749 0.005 2 0.000 3 0.204 2 0.0105 0.3136 0.002 7
2008 0.02238 0.0828 01612 0.1145 0.000 5 0.0194 0.1321 0.074 4 0.0530 0. 000 2
2009 0.079 4 0.027 8 0.3399 0.0055 0.000 3 0.136 8 0.009 8 0.4225 0.002 4 0.000 3
2010 0.0583 0.190 1 0.1707 0.000 5 0.0249 0.084 7 0.0857 0.079 2 0.000 2 0.0258
2011 0.0130 0.3289 0.007 5 0. 000 4 0.184 8 0.008 9 0.4395 0.003 6 0.000 2 0.1842
2012 0.1514 0.200 8 0.000 9 0.0235 0.108 9 0.068 3 0.0920 0.000 3 0.0215 0.1772
2013 0.1845 0.009 2 0.000 5 0.160 1 0.0117 0.290 5 0.004 2 0.000 3 0.164 2 0.007 7
2014 0.160 2 0.001 1 0.0322 0.0912 0.108 8 0.0732 0.000 4 0.0300 0.1280 0.058 6
3 4
Tab.3 Eigenvalues, contribution rates, and cumulative contribution Tab.4 Load matrix of principal components
rates of principal components of impact factors YN
By FHIEAE DR ZE (%) R TR (%) Al Ea
X1 X» X3 Xy

X, 3717 37. 170 37.170

X, - 06144 0.256 8 0. 566 3 0.412 5
X, 2 624 26. 244 63 414

X2 04282 - 0.6757 -0.247 0.52 4
X3 1. 668 16. 678 80. 092

X3 04483 0.719 8 - 0.496 5 0. 009 2
X4 1. 332 13.32 93 414

X4 -Q7556 - 0.3115 -0.2540 -0.4957
Xs 0 327 3. 271 96 685

Xs 06998 - 0.1445 0.5947 -0.3380
Xo 148 1. 483 98 168 Xe - 06525  0.3838 0.2531  0.4272
X7 0 100 1. 065 99.173 X; 03502 -0.7877 - 0.352 0.250 9
Xs 0 053 0.525 99, 698 Xy 04458 0.7613 - 0.3545 -0.128
Xo 0 028 0. 277 99. 975 Xo - Q07909 -0.3256 -0.1179 -0.431 8
X0 0. 003 0.025 100. 000 X 07724 - 0.1115 0.5620 -0.281

KL KEIERE 41



FI5HE BB 3 H - g ANMEASARRE - 2017 F 12 A

2.3 FHAKRMMERE 5
2.3.1 GA-BP F AT AR

BHEEUY 6 A KF1E N GA-BP #7 [ f\ &,
TN THE T AKEAE T &, F7 3 J2 1 48 25 5
R, MEEAS H i B 2003 2010 4F %5 48 1F Syl 2 kE
A, 2011 2014 FHIEAENGIFE A . BT AR
(2N S H EGANAHIR], 1 S8 TR AR E R 1470 —
TRALEE, F 4 N GA-BP LRI 3R 1724 34k,
i, EE S E IR B EM & e B Ed i
W10, FhEE AR 40P, 38 AL154R KA 80, 28 XA
FEL 0.4, 2 FHEZREL 0. 08, PILEII 252K HCK ] traim
dm, PERERREUCR ] mse, W FAEE Y7 Z 4 Q 001, 18
5 SN SR T 2
2.3.2 BP #ZW %% AN AER

WBEE 6 AN 1EA BP i 22/ 48 IR SN e,
TR KRR &, 87 3 )2 g W g 1,
MEEAS Hh i L 2003 - 2010 485 4R A5 R I 25 FE A,
2011~ 2014 FHARAE AT IORE A KRR HE 4T
VA—AUALEE 5 i N Z1 BP A1 28 4 A5 7Y o 31T 2 5
k. Hrp, MBS HE T : BREEM&ETA
2B 8, W 251l 2R R AR traindm, % ] F HL
0.1, T RERRECR A mse, IR 177 2254 0. 001, Jfid
I JE1F BT
2.4 BEAFNAEAR

ﬂﬁﬁ?ﬁj*ﬁﬁﬁ%% EMRE&ﬂEilj(ﬁXﬁi%;é €maxM RE
VEN TR KT I b, Fot 5 AR
1 i”ﬁ— Xl (2)

eMRE= .
ni=1 X

| i— xil
€maxMRE=

(1<) (3)

e NEE | MFEAR TG, 0 NEE i MEAM
SEFMA.
2.5 FHORIAMLER BHHT

FIFHVIZRUF GA-BP 757K A=A il BP 757K
TR X5 7% M 117 2003— 2014 4E75 7K & 74T 15,
ool 2t SR R S bR T /K 8 LR 50 BRI 2R i) i 22
AR I 2 0 1 1L 2.

HH3R 51 WL, GA-BP 75 7K 7 I A7 S 5 A 1 40
B R B A B8 A 1 I 1 i 3 AR T BP 4 42
LRFTKTMARTY , GA-BP 75 7K 7 I ABS Y S 46 465 B A
(2011- 2014 4F) F°F $50HH % R 22 Rl K AHXS 3R 22 77
N 1.0961% FI 1. 6807% , X AR FEA (2003 - 2014
) [T S50 X % 22 AR 1% 22 43 il D Q- 5640% Al
1. 6807%, I VYIS 35 10T BP 4 28 10X 28% Tl 452 714
TiSE . WL, GA-BP 75 K P AR AL HL A B v
TS FERI 2 ACRE ST FHIE 1. 2 ATLLE 3, GA-BP

e 42+ KXKEIR

PR 28 EI 2R 213 P IFRE] T H AR ZE 0 001,
1M BP i 251l Rk E03 1174 25 A 1K 2 H Friz
Z{H 0 001, 7T LLE H, GA-BP #145 [4% 7E £ i AUl
AEME FRAL S Re PRI SR H bRfE, X 928 1) itk
RRAEH BE.

5 GA-BP BP

Tab.5 Comparison between the fitting results of
GA- BP prediction model and BP model

GA- BP 22 [ 3% BP 1 22 o) £%
DYUNYIN
FO g e PN RAEE BUME XS
/42 m3 (%) /42 m3 (%)
2003 29.63 29.620 5 0.0320 29.9223 0.986 5
2004 26.58 26.526 9 0.1997 26.834 8 0.958 6
2005 2817 28.276 0 0.376 2 27.969 2 0.7128
2006  27.85  27.7580  0.3303  28.1247  0.9863
2007 29.76 29.3451 1.394 2 30.128 6 1.2386
2008 27.15 27.258 6 0.400 0 27.3632 0.7853
2009 2873 28. 818 0.3195 28.154 2 2.004 1
2010 28.09 27.93 4 0.3439 28.9415 3.0313
2011 27.93  27.9533  0.0834  25.8761 7.3537
2012 27.41 27.8107 1.6807 26.851 2 2.0387
2013 27.36 27.0197 1.024 4 27.944 6 2.136 7
2014 26.68 26.524 4 0.5832 26.057 1 2.3347
I GABP

Fig. 1 Error curve of GA-BP neural netw ork

2 BP

Fig. 2 Error curve of BP neural network
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