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Application of weighted average integrated neural network model to
urban water demand forecasting

CUI Dongwen
( Wenshan Water Conservancy Bureau of Yunnan Province, Wenshan 663000, China)

Abstract; A single neural network model has the disadvantages of a large degree of error fluctuation and low
precision. To solve these problems, a weighted average integrated water demand forecast model was developed
based on the SVM, BP, and Elman neural network models. First, correlation analysis and an ADF test of the unit
root were conducted to select the main factors in water demand forecasting. In order to avoid model overfitting, the
virtual dimension was introduced. To overcome the shortcomings, including the slow convergence and likely
occurrence of local extreme values of the BP and Elman neural network standard algorithms, the adaptive
momentum algorithm was used to improve the BP and Elman neural network algorithms. The SVM, BP, and Elman
models, each of them being a single model, were constructed, and were applied to water demand forecasting in
Shanghai City during the period from 2002 to 2011. Finally, the weighted average method was used to integrate the
results of the three single models. The study results show that the absolute value of the average relative error and
the absolute value of the maximum relative error of the integrated model were 1.800 4% , and 3.699 5%,
respectively, for water demand forecasting in Shanghai City during the period from 2002 to 2011. The precision and
generalization ability of the integrated model were much better than those of the single model, indicating that the
proposed weighted average integrated model was a feasible option and effective in water demand forecasting. The
proposed model integrates the advantages of each single model, effectively avoids the problem of a large degree of
prediction error and the instability of a single model, and has the advantages of high precision, strong generalization
ability, and slight changes in errors.

Key words: water demand prediction; support vector machine; BP neural network; Elman neural network;
weighted average integrated model
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g SRS VA UNCVAN S A T o BHKE, AR, RS A Bl
fZ m? PN {2t FE{E/ AT fZ m? TN /et P/ AT
1980 9.73 1146.52 65. 69 331.13 1996 23.11 1304. 43 1292. 11 2334.29
1981 10.17 1162. 84 69. 84 360. 12 1997 23.32 1305. 46 1592.74 2528.19
1982 10. 09 1180.51 74. 44 359. 62 1998 24.12 1306. 58 1855.36 2527.56
1983 10. 21 1194.01 82.97 363.92 1999 23.51 1313.12 2129. 60 2679.71
1984 10. 64 1204.78 98.22 395. 60 2000 24. 00 1321.63 2486. 86 23880.74
1985 11.54 1216. 69 121.59 456.59 2001 24.15 1327. 14 2728.94 2929. 50
1986 11.71 1232.33 135. 12 493.09 2002 24. 40 1334.23 3038.90 3077.11
1987 12.71 1249. 51 159. 48 556. 96 2003 25.82 1341.77 3404.19 3416. 80
1988 12.61 1262. 42 187. 89 679. 17 2004 27.35 1352.39 4097.26 3871.33
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1992 14.10 1289. 37 402.77 1132.75 2008 30. 90 1391. 04 7872.23 5839. 41
1993 14.94 1294. 74 579. 03 1401. 33 2009 30. 47 1400. 70 8930. 85 5663.34
1994 16.27 1298. 81 794. 80 1890. 12 2010 30. 90 1412.32 9833. 51 6692. 35
1995 22.07 1301. 37 1020. 20 2092. 89 2011 31.13 1419. 32 11142. 86 7420.92
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SVM BRI, JE T libsvm T ELAH , VEFRAR 1] B 4%
PREICH SVM A% sREL, % B AT F ¢ M R4k
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A1 Elman #1252 0 45 F: 700 55 73 F: 0000 1 B4 S 35 AR 2%
ZEAHE R Ho A HALE . il a5, SVM, BP
A1 Elman 3 571 4 48 1% 00 A B IR 0. 386 8 |
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FIFH F IR VI 2549 SVM  BP 1 Elman i 25 %]
LEBITRY DL K fin AT 34 4 B AE U X b T 2002—
2011 AEF /K EFEAT T, T 25 SR W4 2.,

SrHrER 2 F13% 3, W LUE H: OQFHInACE #4E
AT BT 2002—2011 4E 74T 7 7K 5000 A -2
FAXFIRZEH 1. 8004% , Fe KAHXT R ZEH 3. 699 5% , K
JEFIZACRE F7 3 FME L T4 o — B A | R Wi Asi Y
FH 7K 2 A 3T AT AT 80 . IS4 48 B
BERIZEA T 45 B — BRI 0 05, A ROk e T L — A
RUFI 15 2 2 RN RRURE I e i, LA 0 38 v
ZALRE iR R AR SRR Qi —
PERIEAT H A, SVM RS TR 0 RS i Ay AL e B4 T
BP #5 AU Al Elman BER | H SVM AR 5 A7 45 K A9 AL
R PEAR AR I 5d il T 18] SR Y B R R R
JEPRIE T S AR A ) FIUINRS BE RNz Ak RE 1, %
PRI, 45 B — A5 A S0 (14 Y- 47 A X352 25 446 X 34
INT 5% , e KAHRTR 22 4 SHE I TE 8% LAWY, 16—
SERREE Y BE 2 T K A B Ak, (A SERR
TN 25 Sk, BP 455 7Y 30 45 5 K, Elman 45 7Y
TR 45 AR 7N, SV B R 153000 455 SR it K, {HL 4% B
— AR ELA A ) B A, DT ARAIE T AT 3
AR AR ELA 5 ) FOUIN A B Az Ak e

%2 JLFERI FETH 2002—2011 EEASTNNERERELILE

A W7 (- SVM Y BP A Elman 5% JIASCF $4) 4 R AR 7R
CF) e’ s m® MRHRZE % BONAZ m® HIRHRZ/%  BONGAZ m® ARHRE/ % BUMLAL md HRRIE/%
2002 24. 40 24.4101 0.0413 25.9704 6.4361 25.9902 6.5173 25.3027 3.6995
2003 25.82 25.7520 -0.2635 27.0557 4.7857 27.2097 5.3822 26.5347 2.7679
2004 27.35 26.7732 -2.1089 28.5581 4.4173 28.4092 3.8727 27.7482 1.4560
2005 28. 65 28.9856 1.1712 29.2196 1.9881 28.8867 0.8261 29.0293 1.3238
2006 29.19 30.6317 4.9392 29. 8560 2.2817 29.0452 -0.4962 29.9729 2.6822
2007 30. 34 31.8601 5.0103 30. 6614 1.0592 29.3662 -3.2097 30. 8307 1.6175
2008 30.90 32.3272 4.6189 31.2181 1.0293 29.4517 -4.6871 31.2223 1.0430
2009 30. 47 31.7316 4.1405 31. 8660 4.5814 28.9468 -4.9991 31.0243 1.8192
2010 30. 90 31.8296 3.0084 32.3784 4.7846 29. 1207 -5.7583 31.2671 1.1881
2011 31.13 30.7049 -1.3655 33.2955 6.9562 28.9199 -7.0995 31.0034 -0.4068
ng;jf{%(gf% 2.6668 3.5426 4.2848 1.8004
ﬁ?ﬁj§$ﬁﬁxg§)§ 5.0103 6.9562 7.0995 3.6995
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