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Forecast of water resource demand in Xi’an city using neural
network and support vector machine models
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Abstract: [Objective] Water demand forecast models with higher precision were established to im-
prove water resources planning. [Method) This study established neural network and support vector ma-
chine based forecasting models and used them to predict water demand in Xi”an. [Result] The predicted
water demands of Xi’an in 2010 and 2020 by the established radial basis function neural networks forecas-
ting model were 324 856.5 thousand m’ and 481 804. 3 thousand m’, respectively. Support vector machine
model, which could fully consider the various factors affecting water demand forecasts, predicted the water
demands in 2010 and 2020 were 324 880. 3 thousand m® and 481 844. 1 thousand m’,respectively. [Conclu-
sion) Both of the two built models based on neural network and support vector machine were able to accu-
rately predict water demand.
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Table 1 Water consumption per capita and its measured impact factors in Xi’an from 1991 to 2000
UNCESIENS: Tolb J7 T8 BOK
! o ik ON |
Per capita water Industrial found value of .
. . Water about population
AR Ay consumption quantity of water
Yee SN AE ) ; ) - )
o j:’l”_ﬁ}/\ﬂ) 5 —fhfi WK/ T7 VA — e fi S/ TN 5 — b fi
g Normalized value Measured value Normalized value Measured value Normalized value
Measured value
1991 23.26 0 109. 78 0 230. 86 0
1992 49. 68 0. 252 115.59 0.412 1 232.5 0.030 1
1993 66.23 0.409 8 123. 88 1 237.07 0.114 1
1994 60. 66 0.356 7 110. 15 0.026 2 248. 35 0.321 3
1995 82.09 0.561 110 0.015 6 255.71 0.456 5
1996 99.76 0.729 5 114. 89 0.362 4 261.28 0.558 9
1997 102.02 0.751 1 114. 37 0.3255 267.52 0.673 5
1998 108. 88 0.816 5 113. 27 0.247 5 271.75 0.751 2
1999 114.19 0.867 2 112. 2 0.171 6 276. 14 0.831 9
2000 128.12 1 113 0.228 4 285.29 1
R 2 BERM1991-2000 FAHEERKEZTNESHNEMNLLE
Table 2 Measured and predicted water consumption per capita in Xi’an from 1991 to 2000 L/(d+ A
Ay S E T B A SHMAE T (&
Year Measured value Predictive value Year Measured value Predictive value
1991 23.26 23.26 1996 99.76 99. 76
1992 49. 68 48. 68 1997 102.02 102. 32
1993 66.23 66.23 1998 108. 88 108. 84
1994 60. 66 60. 66 1999 114.19 114. 17
1995 82.09 82.09 2000 128.12 127.98

N 2 A H NS4 255 T K B S B 8 5
WECHE T LB WL 1 RBF 28 ) 2% T ) 76 ¢ T
1991—2000 4 N ¥ 25 & MK & 5 & 48 S E + 43
P30T, N F RBF it 28 ) 26 50 0 130 0 3% B, 79 ¢ Tl
2005,2010, 2020 4F B 75 7K = 4> %1 4 16 941. 29,
32 485. 65148 180. 43 J7 m*. il WLiZTi 2020 4E )
T K EREE 2005 AEBE N T AL 2 f5. P T AR TR TR K
KRR & R R OR 1 SR B IE AR Tl BR i
A 5 I KA AR LA R TS R R ORI
KR T ARG KA, R 8 TG T R T
K R T R X Bk E 2y PR BE R 48 ] R AR R R 1)
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PEHCPG 42T 1991 — 2000 4 9 FI 7K 558 Sy Il 25
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2.3.1 H#HELE RVL 1991 —2000 4F 1y 5K
PRI £ A= 36 FH K S 9ERE, DL 1991 — 1997 47 (1) B 1
NN GEAEA YN 2R 2% L LA 1998 —2000 4F 4 K 38 1
FIKT IS REAS . R B A 52 M0 PR EHE el T 49 R R
AN S [ 3 B P9 i B TR 35 47 T o B R AR 1 B A R
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Table 3 The selected water indicators for Xi’an water demand forecasting
R Rz A W2
P A Industrial output/hundred million Yuan B E /2ot ok /7 m?
Year Urban 1 02 el 3 Total output value Qf Urbanland
population Primary Secondary Tertiary agrlculturc,forostry,ammal rural life,
industry industry industry husbandry and fishery water supply
1991 230. 86 118. 57 108. 56 108. 76 216. 95 3063
1992 232.5 109. 41 118. 14 114. 45 234.38 6 587
1993 237.07 112.53 142.76 111.52 252. 89 8 955
1994 248. 35 98.42 110. 26 113. 31 227.78 8 592
1995 255.71 104. 46 112.05 109. 51 243.37 11 972
1996 261.28 106. 78 118. 84 113.16 246. 85 14 866
1997 267.52 109. 06 116. 47 113. 38 272.63 15 565
1998 271.75 106. 54 117.51 110. 18 295.52 16 875
1999 276. 14 97.48 115.7 111. 46 343. 31 17 984
2000 285.29 103.51 115.1 110. 87 372.83 20 845
F4 ARTAKERE-—HKEHEE
Table 4 The normalized data of water indicators in Xi’an
= it AT _ Tolk = i Tndustrial output ,, AR
Yo Urban ey S B areutture fovesryanimal
population indus(tr}; \industr;’ indus(tr;, husbandry and fishery
1991 0 1 0 0 0
1992 0.030 1 0.566 8 0.280 1 1 0.111 8
1993 0.114 1 0.714 7 1 0.485 1 0.230 6
1994 0.321 3 0.048 2 0.049 7 0.799 6 0.069
1995 0.456 5 0.333 5 0.102 0.131 8 0.169 5
1996 0.558 9 0.443 1 0. 300 6 0.773 3 0.1915
1997 0.673 5 0.550 8 0.231 3 0.812 0. 357
1998 0.751 2 0.429 9 0.2617 0.249 6 0. 504
1999 0.8319 0 0.208 8 0. 464 0.810 6
2000 1 0.288 1 0.191 2 0.358 5 1
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Table 5 The effects of penalty factors on prediction
FESH T (O) Tﬁjil%ﬁﬁl(s) @rﬂ%%iﬂlEE(J) ‘f%’gﬁﬁﬁ ﬁﬂl*ﬂ;(\f AR %
Penalty factor C 088 R?dml basls RE/M RIE/ % Erus
coefficient (e) function width (o) Evn Emap
0.01 0.001 2 2.016 3. 064 3.12
0.1 0.001 2 1.063 1. 463 1. 781
1 0.001 2 0.224 0. 346 0.481
10 0. 001 2 0.313 0.412 0. 741
100 0.001 2 0.313 0.412 0.741
1 000 0.001 2 0.313 0.412 0.741
10 000 0.001 2 0.313 0.412 0.741
100 000 0. 001 2 0.313 0.412 0. 741
6 5K R ET T E K R
Table 6 The effect of loss factors on prediction
ERH T (O BRfe ~ CAEREEEG PR FRMARE % BOTRRE/ %
Penalty factor C Loss coefficient () R,adlal basm R L Emap Erus
function width (o) Eva
1 0.1 2 0.226 0. 344 0. 449
1 0.01 2 0.221 0.333 0.421
1 0. 001 2 0.224 0.337 0.435
1 0.000 1 2 0.223 0. 338 0.432
1 0.000 01 2 0.224 0. 337 0.433
F 7 F o) E R E X IE R
Table 7 The effect of radial basis function on prediction
EFHTO MkFHo  CPEREEEG PR THRMBE/ Y RS/ %
Penalty factor C Loss coefficient (e) R?dml l.)asls B2 /1t m Ennap Erus
function width (g) Ewma
1 0.01 0.05 2.154 3.254 3.489
1 0.01 0.1 2.154 3.254 3.489
1 0.01 0.5 1.378 2.087 2.445
1 0.01 1 0.475 0.678 0.946
1 0.01 1.5 0.313 0. 459 0.578
1 0.01 2 0.221 0.333 0.429
1 0.01 ) 0.251 0. 346 0.515
1 0.01 10 0.618 0.935 1. 045
1 0.01 100 0. 754 1. 054 1. 255
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S ) B AR FUI PG 2T 2005.,2010 1 2020 4 1)
TS H 17 015. 67,32 488. 03 Fl 48 184. 41
i m’, Al L% 2020 4R KRR 2005 A A3 N
T2 %,

3 HhwhHifie

38 oo 2 57 B4R ) 2 R 81 (Radial basis function,
RBF) i 28 [ 4% 75 7K 100 A5 7 R AN ¥ 25 4 H
KR (ZEA TR AT 75 7K 2 B, 75 3] 75 42 17 2010
F1 2020 4F 1955 K & 4> 9k 32 485. 65,48 180. 43
T7m® % S L SVM B A BE 4> T % 1 5
T K T B A A R ER L W P 2 T 2010 F 2020 4R
BT K 43k 32 488. 03,48 184.41 Jf m®, %
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