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Fig. 1 Artificial neural net with four hidden layers
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Tab.1 Parameter estimate (daily, 1976)

MODEL LAG A, Az As B! B? B? Bi B} B}

1 0.630 0.111 -0.048 2.515 -2.346 0.483 1.231 -0.175 -0.483
CAR 2 0.168 0.224 0.062 3.160 -2.485 0.000 1.162 0.283 -0.447
3 0.153 0.259  0.021 1.602 -1.862 0.188 1.950 -0.667 -0.228

1 1.337 -0.672 0. 211
AR 2 1.173 -0.806  0.347

2 0.979 -0.715 0.374

1 2.809 -0.874 0. 184 1.576  0.510 0. 333
RWTL 2 2.630 -1.390 0.241 2.149 -0.237 0. 472

3 1.085 -0.976 0.503 2.716 -0.464 0. 259
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Tab.2 Parameter estimate (daily, 1976)
MODEL LAG A, Aa As Bl B! B} B} B} B}
1 i.713 -1.051 0.220 0.154 -0.256 0.193 0.517 -0.181 -0.090
2 1.566 - 1.017 0.157 -0.011 0.194 0.004 1.912 -1}.187 0.134
3 1.084 -0.581 -0.015 0.012 0.178 0.099 4.425 -3.744 0. 832
CAR 4 0.612 -0.202 -0.109 -0.044 0.746 -0.286 5.760 -5.230 1. 371
‘ 5 0.253 0.231 -0.289 0.148 0.761 -0.612 6.410 -6.004 1. 655
6 0.271  0.2814 -0.389 0.681 ~0.000 -0.537 7.373 -7.932 2.529
7 0.363 -0.143 -0.153 0.597 -0.377 -0.410 6.644 ~6.690 2.261
8 0.084 -0.031 -0.167 0.053 -0.538 0.122 6.748 -6.430 2. 299
! 2.202 -1.651  0.428
2 3.116 -3.058 0.868
3 3.538 -3.721 1.029
AR 4 3.423 -3.669  0.991
5 3. 140 -3.397  0.909
6 2.826 -3.182 0.892
7 3.028 --3.776  1.174
8 2.187 -2.414  0.556
t 1.008 -1.874 1. 544 1.167 -1.970 3.785
2 0.452 -0.845 0.974 2.111 -1.627 2.562
3 0.205 -0.748 0. 898 4.345 -3.174 1. 869
4 0.473 -0.007 0.210 6.480 -6.115 2.522
RWTL
5 0.266 0.458 -0.146 6.528 -5.738 1. 896
6 0.578 -0.050 -0.040 7.508 -7.139 2. 032
7 0.114 0.119 -0.089 7.486 -6.727 1. 568
8 0. 482 0.384 -0.150 6.893 -5.574 0. 950
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Fig- 3 Daily mean discharge forecasting of 1976 by CAR model. one step(day) forecasting
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Tab.3 Model efficiency coefficients (1964,hourly)
CAR AR RWTL ANN
T t/h
Wik iR Wik ik 5HE
1 6 1. 00 1. 00 0.92 0.98 0.97
2 12 0.98 0.97 0.93
3 18 0. 96 0.94 0.92
4 24 0.93 0. 88 0. 90 0.97 0. 96
5 30 0. 88 0. 80 0. 86
6 36 0. 81 0.70 0.79 0.98 0. 94
7 42 0.72 0.59 0.-70
8 48 0.64 0. 47 0.61 0.95 0. 87
A4 BA A H LK (K A£14] §% .6h,1966 %)
Tab.4 Model efficiency coefficients (1966,hourly)
CAR AR RWTL ANN
Tk t/h
P iR Wik iR BiiE
1 6 1. 00 0.99 0. 59 0.99 0.98
2 12 0.98 0.98 0.62
3 18 0.93 0.95 0.59
4 24 0. 85 0. 88 0. 66 0. 96 0.95
5 30 0.76 0.76 0.60
6 36 0. 66 0.63 0. 59 0.91 0. 89
7 42 0. 56 0.43 0. 43
8 48 0. 25 0. 28 0. 26 0.79 0.73
A5 A A K A K (KM H)F%.6n,1971 %)
Tab.5 Model efficiency coefficients (1971,hourly)
CAR AR RWTL ANN
LIS t/h
iR iR iR Wi IeHiE
1 6 0.98 0.98 0.77 0.98 0.97
2 12 0.94 0.91 0.74
3 18 0. 86 0.79 0.68
4 24 0.73 0. 66 0.58 0.90 0. 84
5 30 0.57 0.50 0.43
6 36 0. 44 0. 34 0.24 0. 88 0.75
7 42 0.29 0.19 0. 07
8 48 0.15 0. 09 -0.05 0. 81 0. 66
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A6 HAA AR K (KM E 8 :4h,1976 F)
Tab. 6 Model efficiency coefficients (1976,hourly)

CAR AR RWTL ANN
AN t/h ‘ ‘ ‘ -
Wik Wik Wik PR Bk
1 4 1. 00 0.93 0. 94 0.99 0. 98
2 8 0.98 0.23 0. 80
3 12 0. 96 0.23 0. 81
4 16 0.95 0.23 0. 80 0.92 0. 95
5 20 0.88 0.23 0. 81 0.93 0. 90
6 24 0.83 0.23 0.78 0.91 0.77
27 BUYA K A K (K A£9 1% .6h,1982 #)
Tab.7 Model efficiency coefficients (1982,hourly)
CAR AR RWTL ANN
i‘{i t/h N 3 i > B N 3
Wik PR PR iR 563E
1 6 1. 00 0. 99 0. 85 0. 99 0.98
2 12 0.98 0. 96 0. 83
3 18 0. 94 0. 89 0. 83
4 24 0.9 0. 80 0.82 0.95 0.95
5 30 0. 86 0.71 0.79
6 36 0. 80 0.63 0.71 0. 90 0.90
7 42 0.70 0. 55 0.62
8 48 0.59 0. 45 0.52 0.77 0.77
28 BAA K LK (KM M :1d,1976 )
Tab.8 Model efficiency coefficients (1976,hourly)
CAR AR RWTL ANN
w0/ - - - - )
Wik PR Wik iR B
1 1 0.95 0.61 0. 83 0.98 0.98
2 2 0.67 0. 39 0. 50 0.95 0.94

3 3 0. 36 0.15 0.28 0.75 0.73
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Tab.9 Relative error for peak discharge (hourly)

mo#® M R/

NO Ey
4724 6/36 8/48

1 1964 -0.07 -0.03 -0.02
2 1964 0.10 -0.03 0. 06
3 1966 - 0. 06 - 0.09 - 0. 06
4 1966 0. 09 -0.08 0.10
5 1966 - 0.02 - 0.04 -0.05
6 1971 - 0. 06 0.10 0.12
7 1971 -0.03 0. 00 0.01
8 1971 0. 07 0. 04 0. 04
9 1971 0. 21 0.01 0.03
10 1971 0. 41 0. 31 0.37
11 1971 -0.14 -0.18 0. 09
12 1982 -0.03 -0.05 -0.01
13 1982 -0.07 -0.19 -0.15

A 10 EH4g2tig £ (ANN #41,1976 5F)
Tab. 10 Relative error for peak discharge (daily)

mo#®R oM Gk
NO

(DA SO K 302 SRR 3 K R 1/16 5/20 6/24
FIA T 23 4B (AN E£T 7K

5 & B

1 0. 06 -0.03 ~0.03
XHR ATLHESEWEHEBMATEY 2 -0.05 -0.01 - 0. 02
P 45 ) —SE R, RE “2E 2 3 -0.37 -0.38 - 0. 41
EHGFEAFERLABHRBER 4 -0.09 -0.06 ~0.03
4. 5 -0.02 -0.03 +0. 08
(2)ANN ﬁﬂ%%ﬁﬂfiﬁ%ﬁﬁ 6 -0.14 -0.12 -0.13
BLEER AN AT A IELREN
SERRIK SR 4 -

(DAL, CAR.RWTL AR fl ANN [ FELRI #7225 TR 8 (<8 258t
¥RF 0.8. MBI K ABT, BT A LB A Bl R & REREMK T ANN HEMH
MEBEFTREKREINE 7~8 H0H{A34 0.80 DL E. ANN BRI 7 F R 89 f 4000 B |
BN S YE R R A B B A LR



90 IR R (HREERD £ 33%

g F X M

1 Billings S A, Voon W S F. Least squares parameter estimation algorithms for non-linear sys-
tems. Int J system Sci, 1984, 15(6).:601~675

2 Hopfield JJ. Neural networks and physical system with emergent collective computational abili-
ties. Proc Natl Acad Sci, USA. 1982, 79.2554~2558

3 Hopfield J J. Neurons with graded response have collective computational properties like those
of two-state neurons. Proc Natl Acac! Sci, USA. 1984,81.:3088~3092

4 Rumelhart R. Hinton G E, Williums R J. Learning internal representations by error propaga-
tion. In Rumelhart D E, McClelland J L (Eds. ) Parallel Distributed Processing: Explorations
in the Microstructure of cognition. Vol.1 Foundation. Cambridge MA ;: MIT Press, 1986

5 Wu C Y. Application of artificial neural net-A new approuch for hydrological forecasting (Ab-
stract). 27th. International Geographic Conference, Washington D C, 1992

6 Wu C Y. Response of the Pearl River estuarine complex to the meteorological forcing: A cyber-

netics approach. Journal of Coastal Research, 1991, 7(4):1153~1167

Application of Artificial Neural Net:A New
Approach for Hydrological Forecasting

Wu Chaotu™ Zhang Wen

Abstract A highly nonlinear artificial neural network (ANN) model is introduced as an
alternative approach for river flow forecasting of the Hengshi station, the control station
of the largest key project of water and electricity in Guangdong province. Data for model
calibration and test include five year hourly and one year daily mean discharge. The
model can efficiently simulate the nonlinear process of a real hydrological system. Com-
parisons are made between the ANN model and the existing system analysis models, e.
g. CAR, RWTL and AR models. Totally 119 models are identified in this study, in all
cases » the ANN model is superior to the system analysis models in the sense of increas-

ing the forecasting lead time and improving the forecasting quality at the mean time.

Keywords hydrological forecasting, artificial neural net model, system analysis fore-

asting » North Jiang River
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