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Fig.1 Study Area and Distribution of Meteorological Stations in the Upper Yangtze River
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Tab.1 Statistical Characteristics of the Annual Precipitation in the Selected Meteorological
Stations of the Upper Yangtze River
2 G & IR Y ki - o % KAH = /ME
K 03 3 (my  BIREFE RS iR P Cv Cs GER) CAS)
EH 33.02 97. 02 3681 1953~2008 479.3 68. 4 480.5 0.14 —0.01 638.3(1989) 321.7(1983)
yily 2 29.00 101.50 2 987 1953~2008 909.2 121.2 896. 6 0.13 0.33 1217.5(1965) 663.4(1994)
BHE 28.80 104. 60 341 1951~2008 1 104. 2 200, 2 1118.6 0.18 0.17 1624.8(1954) 710.4(1993)

Neural Network, faj #8 ANN) & @18 P, fC R M1 M
A 22 L M % (Back Propagation Artifi-
cial Neural Network, faj 8 BP-ANN) . 48 |i] & o £
#28 M #% (Radial Basis Function Artificial Neural
Network, fif #& RBF-ANND 1 [ S [8] 5 $i 28 B %4
( Generalized Regression Artificial Neural Net-
work, fiiFk GR-ANN) 4%, ANN B A AWE L
BYERMRES R AR EMA R WY, BA
H% X B EN . B HERETE GRSk SR Tt
B Z 28 RGBIERA F RN &2
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it BP W &5k 0 AL 625 B ] 3 Z A & N 48 45
W 8EA —EBENMETT, A REE DR

E T AR AT BE B & oo i~ 20H B
BA TR i S ), — R, X T 3 )= BP M &%,
REEMET T NEAZHETT N n B n~
2n, RBF-ANN A &HAJZ . B& 2 M)z,
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2 VIANZE R 2 1 2R A% 5 R B A ) 2 R
B0, 18 R AR R 2 2 R 30w B RBUHE S 48 1Y
B R, 2o Bl IH (Multiple Linear Regres-
sion, fiifff MLR) &8t 55 — ML E R 52 M2 &
ZEIMR KR PTIE,
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Tab. 2 BP-ANN Models Developed for Monthly Precipitation Forecasting for the Selected Stations

_ ER Jute HE
WAZR & RHETH MSE (mm)? R? MSE (mm)? R? MSE (mm)? R?
1 X—1, Xi—12 3 511. 03 0.73 1616.9 0.75 3 577.7 0. 55
2 Xi—1,Xi—2 3 910.12 0.53 2 602.0 0.59 4 957.0 0.37
3 X,—1,X,—12,P, 4 402. 43 0.79 1341.3 0.79 2 847.0 0. 64
4 X,—1,X,—12,P, ) 402. 09 0.79 1 244.5 0. 80 2 902. 3 0. 64
5 X,—1:X,—12,P, 6 384.02 0. 80 1 398.5 0.78 2 810.5 0. 65
6 Xi—1:X,—2,X,—12 4 921.77 0.73 1 508. 8 0.76 3 405.4 0.57
7 Xi—1,Xi—2,X:—12 ) 501. 08 0.74 1469.4 0.77 3 501.3 0. 56
8 Xi—1,Xi—2,Xi—12 6 464. 54 0.76 1409. 2 0.78 3429.9 0.57
9 Xi—1,X,—2,X,—12,P; 4 391. 00 0.79 1100.3 0. 83 2727.8 0. 66
10 X,—1,X;—2,X,—12,P; ) 406. 52 0.79 1 208. 8 0. 81 2 640.9 0.67
11 X,—1,X—2,X,—12,P; 6 400. 42 0.79 1116.3 0. 82 2 720.3 0. 66
12 X,—1,X—2,X,—12,P; 7 365. 67 0. 81 1125.2 0. 82 2731.2 0. 66
13 X,—1,X,—2,X,—12,P, 8 387.52 0. 80 1106.2 0. 83 2 675.9 0. 66
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Tab. 3 Performance Measures for the Calibration Period

EW Ll HE
BP RBF GR MLR BP RBF GR MLR BP RBF GR MLR
R? 0. 80 0. 80 0. 83 0. 66 0. 83 0. 80 0. 80 0.72 0.68 0.70 0. 66 0.50
MSE 379.41 382.26  325.40 662,68 1105.00 1269.10 1 235.10 1 768.50 2549.30 2 388.90 2 742.40 4 005.10
MAE 12.54 12.73 11. 68 17. 08 21. 60 23.93 23.74 28.77 32.68 32.09 33. 83 41. 93
a 0. 83 0. 80 0. 88 0.75 0. 84 0. 80 0.75 0.79 0.71 0.70 0. 60 0.63
b 0.01 7.90 4. 80 5. 40 0. 00 15. 00 17. 00 9.10 0.02 28.00 35. 00 24.00
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Tab.4 Performance Measures for the Validation Period
T Juk HE

BP RBF GR MLR BP RBF GR MLR BP RBF GR MLR

R? 0.79 0.77 0.76 0. 66 0. 80 0.77 0.77 0.72 0.59 0.52 0. 47 0.50
MSE 334.80 368.59 378.09 624. 45 1 360.90 1509.50 1513.30 2 195.80 2 507.60 2 973.30 3 265.60 3 850.60
MAE 12. 14 12.62 13. 05 16. 50 24.73 25.99 27. 85 32. 28 32.56 35. 60 37. 06 41. 93

a 0. 80 0.76 0.77 0.75 0.79 0.78 0.73 0. 80 0. 65 0.63 0.52 0.56

b 8. 00 8. 80 9. 30 5. 60 17. 00 17. 00 20. 00 10. 00 30. 00 32.00 39. 00 26. 00
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Fig. 2 Results Using the BP-ANN Model for the Validation Data Set of Yushu Station(a:the Forecasted and
Observed Time Series and Residuals;b:the Scatter Diagram Between the Forecasted and Observed Precipitation)
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Fig.3 Results Using the RBF-FANN Model for the Validation Data Set of Yushu Station(a:the Forecasted and
Observed Time Series and Residuals;b:the Scatter Diagram Between the Forecasted and Observed Precipitation)
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Fig.4 Results Using the GR-ANN Model for the Validation Data Set of Yushu Station(a:the Forecasted and Observed
Time Series and Residuals;b:the Scatter Diagram Between the Forecasted and Observed Precipitation)
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Observed Time Series and Residuals;b:the Scatter Diagram Between the Forecasted and Observed Precipitation)
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Tab.5 Annual,Seasonal and Monthly Analysis of Observed and Forecasted Precipitation
&3 H 4~10 H
EHE R BKRE B/ME EHE R BKE B/ME EHE hREE BKRKE B/AME
PR EIER 467.92 71.01 578.00 349.60 38.99 40.03 169,60 1.00 444,56 67.71 562.10 335.20
BP 471.28 17.91 514,27 448.91 39. 27 36.07 106.47 0. 81 439,21 18.54 484.50 415,90
E RBF 460.50 18.02 492.53 437.66 38. 37 34.63 105,40 —0.11 429.04 17.74 460,50 405, 26
GR 471.49 23.60 530.16 440, 38 39. 23 35.11 97. 05 4,35 436.73 24.31 497.11 402. 30
MLR 419.02 42.68 479.49 350.16 34.92 37.57 138,57 —5.56 415,21 43.95 485,80 343,81
PR EIER 961.05 101,85 1 097.00 763. 80 80, 08 81.67 341.10 0. 00 917.17 118.28 1 080.00 666,40
BP 970. 96 41,68 1 035,85 905, 88 80. 91 72.75 254, 68 0. 95 910.52 41, 74 979.41 840,08
yily 2 RBF 952.51 48.05 1 037.86 878. 84 79. 38 72.34 232.61 —2.36 894. 40 51.75 980, 72 821. 80
GR 938. 68 38. 39 985,50 874.57 78.22 67.49 210.53 11.46 863.17 38. 05 909. 90 798. 86
MLR 893.19 84.51 1 006,32 733.21 74.43 78.75 274,36 —8.54 877. 38 97.97 1 004.75 678. 35
PR EIER 985.96 174,83 1 306.50 749.10 82.16 78.30 398,90 4.00 851.65 190.13 1 214.10 562. 30
BP 1 002. 26 41,25 1 069.09 928.14 83.52 66.24 261.43 21.18 872.91 41, 87 929. 84 803,48
BHE RBF 1 006.79 74.91 1 113.27 879.19 83.90 67.87 322,22 2.63 874. 64 71.59 975,45 747, 35
GR 979, 64 65.91 1 082,85 870.58 81. 64 59.73 254,25 24.02 831. 92 66. 04 928.59 718, 81
MLR 865. 74 81. 93 966, 03 727. 32 72.14 67.33 267.48 —3.51 791. 68 87.14 940,15 627,58
e, Josit BP BUBBLAIZE SAE 3 3o I B, B FBSRLI]. B S35, 2008,17C5) . 716~722
\ 2 H R, 1990.
ST é:k 3 s J—‘—»E‘E—{_h 4 —‘Jg;‘ .
ijEll[lj ,n%*ﬁjjd&% » BL3x )qu ﬁ% ?% =’ _ [3] DELLEUR J W,KAVVAS M L. Stochastic models for month-

(Z)M 3 j'lj ‘lﬁ E/‘J‘EJZIKE%?HQJI%;E% ’ F%ﬂ(ﬁ@ ly rainfall forecasting and synthetic generation[ J ]. Appl Mete-
KB S (A E R , B AR B IR Z 8K, X AT R orol,1978,17¢10) ;1 528~1 536,
ig%@ Iji‘]ﬂ l}jﬁ[ﬁj ﬁ%ﬁj{ H@}E : [4] AKSOY H,DAHAMSHEH A. Artificial neural network mod-
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ARTIFICIAL NEURAL NETWORK MODELS FOR FORECASTING
MONTHLY PRECIPITATION IN THE UPPER YANGTZE RIVER

FENG Ya-wen''?, REN Guo-yu*, ZHANG Li', LUO Hua-chao'

(1. Faculty of Water Conservancy Engineering, North China University of Water Resources and Electric Power, Zhengzhou 450011, China;

2. Laboratory for Climate Studies, China Meteorological Administration, National Climate Center, Beijing 100081, China)

Abstract ;: Monthly precipitation forecast for the upper Yangtze River is very essential to the water resources
management for the entire Yangtze River basin. Three typical meteorological stations were selected respec-
tively in three different climatic zones. All the selected stations contained nearly 60 years of monthly precip-
itation records in the upper Yangtze River. This paper estimated the month of precipitation and precipitati-
on time delay parameter, and established monthly precipitation forecasting model using back-propagation
neural network, radial basis function neural network, generalized regression neural network and multiple
linear regression method respectively,to predict the precipitation of coming month. Then, the mean square
error and coefficient of determination were used to verify the simulation accuracy of various models and the
model simulation results. The results show that artificial neural network prediction model is superior to
multiple linear regression in general. Especially,the performance of the back-propagation neural network is
better than the others. It can be determined as an effective monthly precipitation methods for the upper

Yangtze River after determining reasonable input variables and network structure.

Key words:the upper Yangtze River; artificial neural network; monthly precipitation forecasting; multiple

linear regression



