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A Study of the Artificial Neural Network for Rainfali-Runoff Process
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ABSTRACT

With the improvement of science, the characters of biological brains were investigated and
implemented to modemn technology. The artificial neural network (ANN) has been developed
through the conceptual of biological brain characters and shown to be capable of self-organ-
ization and sclf-learning to describe non-lincar systems. Due to the flexible structure and
simplex organization of the ANN, it could approximately simulate any complex continuous in-
put-output mapping. Consequently, the method is used to investigate the hydrological events
which have the characters of highly uncertainty, non-uniform, and randomness.

In this study, the back-propagation neural network with three learning network layers, i.e.
input, hidden, and output, is utilized to forecast the hourly rainfall and to simulate the rainfall-
runoff process. Mecanwhile the effect of input number of the rainfall-runoff process is also in-
vestigate.The results indicate that the neural network is capable to describe the complex
hydrological events and has great forecasting efficiency.

Keywords : ANN, Non-linear system, Rainfall-runoff process.
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MM SHE M (AHEERREAEER) -
— R - RMSE HE ML QA2 BE B #E 0
T ZF W - (H & e MRS 5 AN - i AIC k& BIC
ENEHNHEEFERAZ M AEEE - AR
{ERIRE & AL -

RHRAN®

EALRSR 2 CBOKBHERTRNSR » 53
A5 HMAM G B A - DI&FH % RMSE {§
ELLE - EEABBESRERBEARECER
R - RIORENS 1L &HE LU 8] 9144 (B K EY
10 K% » M FKBRE M B A B &% /)N RMSE {8 - §E 2 ¥
BREZ/R 1.5cms » FHEBERBRHRZ
RMSE FFH{H - & 7 138 MBS 2 4Ly 2 RMSE &
BME -

HERTULUEL  EMAERITHEFRNE
¥ » RMSE R @ fH & K5 119cms - HIA 1 i &
WA EFy - W F B RMSE K8 {8 B B89 T RE 3T
%> HEQATREBAE I - RMSE H 84 {H 5
ZHWRE TR - MEWMASERIHCHBEZNE
¥ » RMSE@EIRE AR 37 » IARTHAE RN
B o H RMSE RSB < Wik - HEATHIF
MR RAEBEINE S R - &40 RMSE KB X
mLEFH -

# 7. BHEREE KHIRF < RMSE ZRE5{H (B4 :
CMS)

s 0 1 2 3 4 5

150.467 | 130.501 | 124.602 | 119.914

187.049

78.427 | 27913 23.237 22.808 17.244 | 14.816

" 23.695 25.703 24.090 16.527 | 15.721

41.130 | 23.328 24.713 15418 16.256 | 20.520

39.177 | 21.188 21.143 13.328 14.039 1 21.827

W W N - O

37.949 | 21.689 22.737 17.465 14.307 14.505

#e 2R 7 ch & fEBE A9 RMSE I EEAA KW R K
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3% 7 th & #ER AT RMSE g (AR ARW R
@ SR &8 AIC & BIC Z{H - TiZERR 5 &
RMSE ({8 - AIC & BIC {8 = (R X @i 2 ¥
BT RERA ANN@A4S5,1) ~ ANN(1,551) &
ANN(1.2,5,1) Z 8 & fER BRI - i 55l
Z ANN(5,5.5,1) f LW+ 401k W TR0 66 5 IR B o2
RMSE Wi 85 (8 3 I {5 18 2 SLREAE -

7 8 5 QU MR EBIBAR RBRE - BE

2 8. PUBIRBW I RE - BERREIIR QW)

RENEBEZER  aRbTEL ERESR
4o 11 BN - A RIELL ANNG.S.5,1) R £
H g ANN@4,4,5,1) - ANN(1,5,5,1) - ANN(1,2,5,
1) » BIRA BB SR - E R R RIS
REKF  BEBBESREBHEL BRXR
ANN(1,2,5,1) Bt + Bk z2 5 4 Lo/ B 3k B
FRAEESE BN AR ERHERIAHE » ANN
(12,5,1) Z PR =T O/ — & - [l 14 R

£ 9. AR ZRE - BERENR Q+D)

W] [F =T
A%l o | ANN | ANN [ ANN | ANN Aat w | ANN ANN | ANN | ANN
L1 8 | Gssh jessnlassnlazsy |: | & | essn ] @asy Jassn|azsn
[r[s| = eiu| #
a ln a
B ™| 9990 | 9901 9600] 9562] (@] [ | 9924 [ 9621 | 9621 91.65
2[5, ] -096 | -4.16 | -3.80 | -0.04 2{B, o] -481 | -7.11 |-867] -639
i ET, o 0 0 0 0 ¥ ET, ®0 0 0 1 -1
Feo| 9815 | 9697] 96.56] 97.38 G| 93961 9213 | 93.21] 9215
3[Bo,w] -3.18 | 241] 069] 061 3[ B0, @] -10.80 | -15.78 | -3.60 | -9.41
v (e -1 0 0 -1 | [mw] 1 -1 1 1
| 8396 | 85.81| 8589] 8732 CEoo| 6430 | 7160 | 6239| 6698
652, %] 300 -003]-059] 051 6[50, w] -282 | -1646 | 7.71| 004
ET, -1 -1 -1 -1 ) ET, &0 -1 -1 -1 -1
B[ [Few|[ 9622 | 9590] 96.60] 97391 | [ &e]| 8207 | 7485 | 91.01] 8039
9|20, ] 1391 |-16.45]|-13.38 | -8.84 9l 50, ™| -18.17 | -29.59 |-15.66 | -24.53
M,e| 4 4 2 -1 T, m] -5 5 5 -5
G| 9259 | 93.62] 9201] 91.67 G| 7617 | 8019 | 8477| 8346
si20, »] -15.65 | -14.60 | -12.77] -11.26 s[e, »| (1707 | -14.10 | 065] -7.29
ET, o0 -1 0 0 -1 ET, @0 -1 0 0 0
G| 9200 89.00] 9044] 9156 @~ | 7528 | 8134 | 7674| 83.06
Bil7]E0, 0] 21195 | -7.24]-522]-3.93 B’ 7] e0, wf 3536 | -37.20 |-1822] -27.07
R -1 -1 -1 e 3 2 2 2
GEe| 9122 | 91.78] 90.76] 93.63 ™| 7740 | 7848 | 7620 8189
s{Ee,w| 324] 813] 868] 322 8{70, ™| -093 | -1369 | 1220] -9.88
H,m| -1 -1 -1 -1 .| 2 2 2 -1
Ew| 9592 | 95611 93.72| 94.60 @Eoo| 8893 | 8752 | 9205| 89.13
mliofs, ] -417 | -5921-522]-670]1 |m|ofs0, 0] 233 | -779 |-664 | -11.90
T,e| -2 3 0 0 E,o0| 5 5 4 -1
G| 9514 | 92.71] 93.90] 94.70 CEov| 8504 | 8461 | 8697| 8620
[z, » -067 | 064] 034] 071 120, o] -12.14 | -20.65 | -12.60 | -16.22
Hom| -1 -1 1 3 ) -2 2 4
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1 K SGMDH 5= 85 $I {8 SRS (89 Lo il » el
B r] L EHE AL ANNG,SS, D) SRR RE

{E T BEF (/N 250cms):ANN(5,5,5,1) + ANN(4,4,5,
1) B SGMDH =St A SR HE BT M BI{E - ANN(L,
5,5,1) B ANN(1,2,5,1) Bl & & /N #7 150cms B &
fiti + KB 150cms {EfEEIEE © P RRAIEES
HHB4A » BLANN(Q1,2,5,1) % SGMDH 2 HE K ;

Ui (K2 1000cms) BFF A % (BN - BRER
HoRE SEEAHSE » LU SGMDH R &K - THHS B
#ERBASE » 0510 SGMDH {RZE# A » SN

chRs Ui B O 4 (B A

RIBQt + DEFEBUEAAKERE
BEREHEBEGHCHER  HRPAEL  ER
TE B 28 1k BN RRE AT B Q) LSRRI S
R o BB RBELANNGS,S,) RiRtE  BRB=5
FHEHEEEEAEE  BRAEE  BAlCHE
HERRRILIANNG 25,1 SRR » RBREEE
81961 E » BeeEBIRIF T BT -

IO/ Q + 2) HEHEP AR KER
T BERFENZBHZER  HRPTERY

2 10. UESIEEZBE « Bl R I (Qt+2)
MR | RAF] i ANN ANN ANN ANN
L 2 MEid 3 ANK: 1. (5,5,5,1) 4451 (1,5,5,1) (1,2,5,1)
B CE o0 91.29 90.86 95.47 87.29
2 EQ, o0 -7.56 -6.41 -7.46 -13.80
E ET, &) 0 0 0 1
E 87.38 8747 89.44 87.13
3 EQr0| -18.83 -17.45 -9.86 - 8.30
n ET, o) 2 2 -4 0
B 0 67.02 65.68 61.76 60.85
6 EQpoa | 1385 -13.58 0.03 -1.07
ET, o -2 -2 -2 -2
5 & o 56.62 60.01 77.34 64.51
9 Eg, 00| .3890 -34.85 -17.01 -31.80
ET, &) ) -6 -6 -6
& o 59.84 59.56 50.80 68.28
S £Q, 00 -2.11 -5.66 10.74 -2.54
ET, o -1 -1 -1 -1
CE o 70.02 69.83 43.73 64.08
] 7 £Qp 0] -40.48 -46.99 -28.35 -40.17
ET, &) -2 -7 -7 -3
E o 67.14 67.07 63.97 70.71
8 EQp o0 -9.50 -11.30 5.84 -3.61
£T, @ -2 -2 -2 -2
& o 82.08 81.19 78.40 83.54
A 10 | BQ, 00| -1524 -10.75 0.94 -9.14
£T, v -5 -5 -5 10
CE o0 72.03 76.15 60.72 71.71
In {gem) .3759 -28.20 -27.71 -26.17
£, oo -3 -3 -9 =5
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B 13. ZERGRIEPRRNCR - b ¢ 25 HRE
oo BB T ¢ B

ANN(LS5,1) E SR E D A B E RO ES

REEREBGEZHBRET  BEZH4RLR
EERAEGF % > EERMUAFHAPZERY
Bz - MAZH/AZREFATER QY #
REHELNRER > QA EBESN  BER
GRBFABOER KT  BE=F4PEHL
BAEARE  FHREE AR EEHERERD
DLANN(L2,5,0) Rt - IREREERESS -

8 - 10MMBKZHBRBEABILLE » ok
BRI - S 10 BRE 2 YLk B R 24
ZHE - AT HER AR S 40 /Y - [
WETAHERR > EREZE -

B8 - &9 - R0t WEAKKERI
ANN(1,2,5)) Bt - RIEEREH TR REEE
BHZHEARE  BEREBHTHRCMEEL -
FHSE A AR EERE > B Q + 2) BBHER
BN MAEBRY - B QL+ 2) i L
FHERC W © EEHE R -

FEER R

B S e AR A B T R R R A SRR
HEZ B BRI — R IF BB - MAERERA
& BEEDRLE BB REERRER 5N
BHE FRHERERETHGEL > Z2AT
BEET S - IEEEERET - ARARTR/D
Hz 8t EALA BB E R R RAE R
(#RBE) SHAMUE » USKERATHLZ
HETRE  HPEESGEE -

BLAEZEN—EHRARET - ARREEH
BETHSCTHRURATEESE » ERERAR
B b4 S - BP B KA i — IRt R R
ST —EHFOFTEREST > FEETHZIK
.

EREN-SRAETEH  ARER=S5KRE
BERBRE B NG ERBRBUK B
BRETH L HES > BPEE % GMDH S E &
Rt HESEMHBURER BT ER A G ER
ZBl% - Wi BPHEREABHENEGREES
BZRER -

ERNBAEBNEBERN SZRAEc¥
B REBHZHERBOAATHGA BEES
ZERAREE  HRBESEG T FEAZHR
B BERMAESGS > TR AEERD &
KA - BT/ DRRT /AR ZRE
B > ANN(12,5,1) X MmO R B BN > 3
HRBEDR  HARHERBBABCEERK
ZASHETRES  BERAESRRAER
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ANN(5,5,5,1) for calibration ANN(5,5,5,1) for validation ANN(5,8.5,1) for Iéuou(lng
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