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Forecasting of urban water demand based on combining Grey and
BP neural network with Markov chain model

JING Ya-ping*,ZHANG Xin*,LUO Yan®
(a College of Water Resources and Architectural Engineering ,b College of Economy and Management ,

Northwest A& F University ,Yangling » Shaanxi 712100, China)

Abstract: [Objective] Because water demand forecast model is nonlinear and stochastic,a combination
model based on Grey and BP neural network model corrected by Markov chain is established to improve ac-
curacy. [Method] On the analysis of Grey GM(1,1) model,BP neural network and the linear combination
of these two methods,a prediction model based on Grey neural network and Markov chain model is set up.
The water consumption of Yulin from 2000 to 2009 is used to verify this model and check its precision
through some analysis. [Result] The result shows that Grey neural network model after Markov chain has
higher precision, the absolute forcasting errors are all less than 4% ,and its mean square errors of predicting
error value is 1. 00,less than the mean square errors of predicting error value of Grey GM(1,1),BP neural
network and combination of Grey GM and BP neural network. [Conclusion) The Grey neural network and
Markov chain model is better than Grey GM and BP neural network model and other 2 single models, which
not only gives higher prediction but also shows the data sequence trend and the internal law between sys-

tem states. This model suits for volatile random questions.
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Table 1 Statistics of actual water consumption in Yulin from 2000— 2009
EM K&/ m? g0 FAKE/ M m? ARy K& /4 m?
Year Water consumption Year Water consumption Year Water consumption
2000 5.77 2004 6.02 2007 6.90
2001 5.84 2005 6.33 2008 7.09
2002 5.98 2006 6.76 2009 6.90
2003 6. 00
- 2 B BEVE A& KR T R C BTG B K BE IR A ) .
Note:From the Water Resources Department of Shaanxi Province:“Water Resources Bulletin of Shaanxi Province”.
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Table 2 Comparison between statistics of actual water consumption and forecasting water consumption

by different models in Yulin from 2000—2009

g /¢ m® Predicted value

iR2%/% Error

R
5 gy o BP MR W WP ERY W
Serial Year Measured 8 GMALD - Bl ORI pimation 8 GMCL D P bl l T mbination

number Grey GM(1,1) . Grey GM(1,1) .
value network Gray-neural network Gray-neural
network model network model
1 2000 5.77 5.77 5.77 5.77
2 2001 5.84 5.77 5. 84 5.79 —1.18 0. 06 —0.77
3 2002 5.98 5.92 5.59 5.81 —0.93 —6.51 —2.76
4 2003 6. 00 6.08 5.98 6.05 1.37 —0. 36 0. 80
5 2004 6.02 6. 24 6.08 6.19 3.71 0. 94 2.80
6 2005 6.33 6.41 6. 30 6.37 1.25 —0.48 0.68
7 2006 6.76 6.58 7.24 6. 80 —2.67 7.04 0.52
8 2007 6.90 6.75 6.90 6. 80 —2.11 —0.04 —1.43
9 2008 7.09 6.93 6.98 6.95 —2.20 —1.62 —2.01
10 2009 6.90 7.12 6.98 7.07 3.16 1.09 2.48
#]J7 % 6 Mean square deviation ¢ 1. 26 7.13 1.04
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Table 3 Forecasting error and Yulin water demand from 2000—2009
by Grey neural network and Markov chain model

ARy WE/% R A W/ % PN AR W/ % R
Year Error State Year Error State Year Error State
2000 0.00 D 2004 2. 80 ® 2007 —1.43 ®
2001 —0.77 @ 2005 0.68 @ 2008 —2.01 ®
2002 —2.76 ® 2006 0.52 @ 2009 2.48 ®
2003 0. 80 @
e L 5K T — 3 T R H 6 5 o 26 A AR A 40 45 SR AT AR

0.4 0.2 0.4 A PO R A (7) L5 T TR Bk A

PY=]0 1.0 0
1.0 0 0

FRD 2L 53 00 Aol 22 ) 2% I A TR ) 0 45 2R LR 4

x4 ETORPMRECENEAGREMERNZREEIIMMAT 2000—2010 £FKREHHM

Table 4 Result of Yulin water demand forcasting from 2000—2010 by Grey neural network and Markov chain model

Ay g /42 m® B2/ % Ay g /42 m® B2/ % A1y A /{2 m® B2/ %
Year Predicted value Error Year Predicted value Error Year Predicted value Error

2000 5.77 0. 00 2004 6.08 0.98 2008 6.92 —2.39
2001 5. 80 —0.68 2005 6.22 —1.72 2009 7.07 2.46
2002 5.83 —2.59 2006 6.56 —2.91 2010 7.20

2003 5.85 —2.58 2007 6.83 —1.01 W% s 1. 00
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