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Forecasting Models For Streamflow Based on Neural Networks
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ARAZFRPANA AANGY dFFES A3 PHE  Quasi-Newton'd§ AHgsHATh
2 AT 4 FAS G4 AaRolE F4E AgHgen BAE 2 — lodW BE A%
2o,

ﬂ?l_'.

_ 1
ANET) = ¥ exp(—NET) (0

Qe 748 Yukstst dwrsl Qe 7E(Generalized Delta Rule)S Algdte] tpE43z9&
A7 dutsl g5 7AL FE3e oxE WA ALdEL o] @
e DEoE RHI AARTE 2AYY FHEL 2HFAA &
Ao HFEHog ALLHT) Fig. 1o =27

feedlorward
input ~ out
layer layer
i hidden k
Wi layer We;

target
vahie
t

feedbackward

Fig. 1 Construction of multilayer neural network
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2 ATdMz FHHFEHH A AFFRGREL HLnr) Ystd FASLEALAD
(IHP) HEFHFY st Ge5d4A4d Hdfdes 445t AAFEA HEst9 B4%
22F FAAEY TAFEALARIHP) dEZAGHFE ATFRIAN F250] gl AFsa
2 FEFAEE 9 %“E‘P‘Ii‘ﬁﬂﬂ 1991978 1993712+ @FAFEE ol L3R, SHAINA &
2 1998 699 FEF AEE HEABE olRIIY, B =FdA A FEA HEZ Y&
AR S AR HAPRE 00mm, AWFES B0mm=E 7HAFATH oA 1991dF 1998y
Abole] RAA A GG FAHTF-F(203mm)E VYEE F B @ Aotk E f&
o} Aagre 0w/ sec, AN 1,340 m/sec & A&t

zZt 359 BAYA, €% AR89 717HE Table 13 20

Table 1 Selected storm events for model run test

sty Date urationth)
casel 91/ 7/ 17 10:00 - 891/ 7/ 20 13:00 76
case? 91/ &/ 22 08:00 - 91/ &/ 25 11:00 76
case3 93/ 6/ 27 20:00 - 93/ 6/ 30 13:00 66
cased 93/ 7/ 28 20:00 - 93/ 8/ 01 15:Q0 92
caseb 98/ 6/ 26 01:00 - 98/ 6/ 29 20:00 92
dqEFAR7 HE48E9 vladte driv A AL de FAE FE-FE SR g
NAFZge| e HEEtgdd gHET A BES A0 3 Table 29 22 FAF w3

& AHgeraeh

Table 2 Indices for statistical test

Index | Relation equation
SSE(sum squar error) -L ﬁ:l(X —Y)?
. - _1 Xi_X:'m Yz'_ Yt'm
CCl(correlation coefficient) N g( ox )( oy )
RMSE(root mean square error) \f —}\]— ﬁ (X;— Y)?
ME(mean error) *-1]\7 g (X;—Y)

A7NH, Xz AERED, V= AZFEY, Xt A5FEF 3T, V.= 43%52%F 3
. EEHR, Nz A59 Folv

Aoz AL gIFF A= F

Hz3s 230 FAAAL el AE2A 10 7

SSE(sum square error)= A&

& A #eld, CClcorrelation coefficient)
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7rgrE F¥el At RMSE(root mean square error)t F#Z37 dizoer A2x9 o
17

Pz A% 2 A7 A EAE UYEME A REo|, ME(mean error)E BT S #o|t},
29

9] E4 % (model efficiency)® @& A3 ko]l ZAA4(R? : determination coefficient)&
Asrakel RP9) gte] 1ol 7A7te42 B} Aol ¥EE Ros sl

2 (XD = (VT
21X~ (X))

A71H, Xk 45783, Vi A28, X,b 45583 47, Ne 189 oo,

=
(=]
=

(5)

B AFNME ATEGHE FEFE 04]?—?“5}7] -?—]%H Mok v S&xLe JBWMEZ Fhd

QU+ = f [QD,t—1), Qt—2), Xt—3), Q(¢t—4);

R(D, R(t—1), R(t—2), R(t—3), R(t—4)]

469 HAHe GAFAA 1ARFY JEE FEYoln ¢ -.% t2 AANHlFH 4N 7 A7
A9 54 AL HEFH 4AT AAANY 50 AL #9 FFESFez F 100 AdzE T
2,000 2] Y& vtEZ¢(epoch)E APFPoh TE 28 s:l A HA g d¥€E »= F
FodA e A M 29FY w2 £ A WA P F oA edF
4& AA3E YetdE Table 337 2o}

(6)

’

o == foln BYe T

Table 3 Construction of model

hidden | Daaden | Outout | 1
Hidden idden 1dden earning
Method layer Model layer | layer E‘ggg number
node node
QN-10-4 4
QN-10-8 3
QN-10-12 12
! QN-10-24 24 0 1 2000
QN-10-30 30
QN-10-40 40
. QN-10-4-4 4 4
Q -
Has QN-10-4-8 4 8
Newton QN-10-4-12 4 12
QN-10-8-4 8 4
2 [ QN-10-8-8 8 8 1 2000
ON-10-8-12 | 8 | 12
QN-10-12-4 | 12 4
QN-10-12-8 | 12 8
QN-10-12-12] 12 | 12
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HY=E dotir] 948 A3 d 259 g5 F2HE 54

2438 A3 RE Y Eo| 4@Asrt 09804, RMSE®E 9.881 ~ 17.957, ME+= 0.7 °|&=

% Gt A AF3 Utk QN-10-8-82 8 & A& BE BFPEo] Ad H4 -

Hojgtel WA Fde] velyton) FAe B A543 g7 FEe HUE By U2 ZAIE
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Tabhle 4 Statistical analysis of mutilayer neural network model

First | Second
Method Model 1111;1;131 }}f;‘gf SSE CC | RMSE | ME

node node
QN-10-4 4 255.024 | 0989 | 15969 | -0.189
QN-10-8 8 122087 | 0993 | 11.049 0.025
QN-10-12 12 0 100578 | 0993 | 10.029 0.126
QN-10-24 24 97.395 | 0994 9.869 0.145
QN-10-30 30 99.180 | 0993 9.959 0.296
QN-10-40 40 150.998 | 0.992 | 12.288 0.220
~ ToN10-4-4 4 4 232.888 | 0989 | 15.261 0.063
Quasi~ " NT10-48 4 8 192559 | 0991 | 13.877 0.168
Newton [ ON-10-4-12 | 4 12 322437 | 0986 | 17957 | -0137
QN-10-8-4 3 4 103229 | 0993 | 10.160 0.116
QN-10-8-8 8 3 148378 | 0992 | 12181 | -0.005
ON-10-8-12 | 8 12 218984 | 0990 | 14.798 0611
QN-10-12-4 | 12 4 99.800 | 0.993 9.990 0.114
QN-10-12-8 | 12 8 113546 | 0993 | 10.656 0.164
QN-10-12-12| 12 12 97.639 0.994 9.881 -0.340

Tenk2® e wjA¥s A4 A8 o 2o T4RY BEA FEIAR ALT FEIHIY
NAH w2E Fo A4 IAUES Robrks A4 WEshe) Table 5o ey At

Table 5 Selected Tank model parameters for flood event 1

Height of runoff orifice Runoff coefficient Infiltration coefficient
H11|H12 |H13| H2 | H3 || A11 | A12 | Al3 | A2 | A3 B1 B2 B3

5.0 |300|50.0| 50 | 50 || 020018 ! 017 | 0.01 |0.001| 0.05 0.03 | 0.003

714, Hie Z+ Tanke §&F9 Zol(mm)olZ Air 7 Tank® #EFAFod Bz &
Tank? AFFA Tt}
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Table 6 Stafistical analysis result 10000

0 -
E
Ahead Flood event %
Model forecasting 1 - - Selactad NN Mol » g
hour RMSE | R® g
1 575791 0.854 z o »
Nﬂf&rjgk 2 102.9287] 0539 E .
4 128.3801] 0.293 S
1 402777 0.929 e "
Tank 2 40.5112| 0.929 -
4 77.2144] 0744 w — J o
HHED AT LW WS-28 500 W2 600

Fig 2 The Forecasted results one hour ahead
Flood periods : 1998. 6. 26. 06:00—~6. 29. 20:00
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Fig 3 The Forecasted results two hours ahead Fig 4 The Forec-asted- resulis four ho.urs ahead )
Flood periods - 1998, 6. 26. 06:00~6. 29. 20:00 Flood pCﬂOdS 1 1998, 6. 26. 06:00—6. 29. 20:00
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