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The Flood Water Stage Prediction based on Neural Networks
Method in Stream Gauge Station

2N T SAH Aepa™
Kim, Sung Won / Salas, Jose D.

Abstract

In this paper, the WSANN(Water Stage Analysis with Neural Network) model was presented so as
to predict flood water stage at Jindong which has been the major stream gauging station in Nakdong
river basin. The WSANN model used the improved backpropagation training algorithm which was
complemented by the momentum method, improvement of initial condition and adaptive-learning rate
and the data which were used for this study were classified into training and testing data sets. An
empirical equation was derived to determine optimal hidden layer node between the hidden layer node
and threshold iteration number. And, the calibration of the WSANN model was performed by the four
training data sets. As a result of calibration, the WSANN22 and WSANN32 model were selected for the
optimal models which would be used for model verification. The model verification was carried out so
as to evaluate model fitness with the two-untrained testing data sets. And, flood water stages were
rcasonably predicted through the results of statistical analysis. As results of this study, further research
activities are needed for the construction of a real-time warning of the impending flood and for the
control of flood water stage with neural network method in river basin.

Keywords: WSANN model, Improved Backpropagation Training algorithm, training data, testing data,
calibration, verification
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S 2 20007 4] 249



t}(Tsoukalas and Uhrig, 1997)
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Table 1. List of training parameters

o o18317] 913 e Aemele Aol Patameters Variable Value
:EZE 18371 o_}Oq e | = ]E 1= Aefgt Learining rate Ir 0.95
=1 = == ) S [e)
& AH8Sla £ Aol E Tkl vlES Momentum factor momentum 0.90
a5 Al eyze] JAMEe HAE A7) $iEt Tolerance of SSE err_goal 0.001
o] Nguyen¥} Widrow(1990)7} sl =o] ¢JHF Increasing multiplier Ir_inc 1.05
v wAksky 2o 7t Hele] BEolds FHEH Decreasing multiplier Ir_dec 0.70
Haksly] 9sle] wigghs AdEs 27208 A Error ratio err_ratio 1.04
3 e Hgala, R dAUEe} Ak A2
Uk olasidon] walEs Heslkdrne apg A9l &M SuERE TPV AT S %
aich & Aol welEae 3k dagmmy  SEEE FRAP] AR S5ek AR oxst ofd
o Pate] HESAL the A (5)~(6)F o] vk Al Hol wiEA T Table 17 o] Hehd 5
9 % gk Stk Table 1o] ANE s FoIM Sades
Tawfik et al.(1997)o] 23] #AAE F& o832

W™(k+1) =y W™k — (1— YIng"X™t (5) A S Smith(1993)7F AXNE g o

|3tk

B"™k+1) =y 8" (B —(1— v )ng” (6) 3. SACjAIX| Ao 2 XEZ A

A7, i EREAREA 2 delrs 09 AR e xiceol A
G ARSI e B dAgalNe) Aue egng O EHOSNE 2 TEAR 48
A guelEg olfslel dHARE FANZY fldh WSANNERS H8el) @ 1eEARe 4E
of ALBE TAW AT SAE EAE, WIS ARelel FaseE ARzl WEAHe yHse
Table 2. Summary of hydrologic data

Station Date Total time| HMS [IMP HMR HAR TFV.

- (hr) (m) (mm) | (m*/sec)| (m*/sec)| (10°/m*)
1984.09.02-1984.09.11 240 1150 856 | 108344 | 30948 | 26739
1987.07.12-1987.07.21 240 9.09 10.16 67072 | 15818 | 13667

Ko , |1990.09.11-1990.09.20 240 6.40 758 3.233.0 9259 799.9

TYCONZEYO 7901 08.22-1991.08.31 240 835 617 | 53770 | 18390 | 15889
1993.07.11-1993.07.20 240 821 9.79 5,570.7 1,691.9 14618
1993.08.07-1993.08.16 240 9.05 738 | 66027 | 2822 | 24383
1984.09.02-1984.09.11 240 10.80 8.47 83661 | 29911 | 2583
1987.07.12-1987.07.21 240 8.08 1025 | 44910 | 12650 | 10930

Jeok 1990.09.11-1990.09.20 240 6.06 6.64 24710 869.4 751.2

COKPOBYO 171697 08.22-1991.08.31 240 834 6.81 48024 | 13700 | 14947
1993.07.11-1993.07.20 240 7.90 891 4275.0 17904 | 15469
1993.08.07-1993.08.16 240 897 6.99 54737 | 28509 | 2463.1
1984.09.02-1984.09.11 240 998 7.44 88401 | 33189 | 28675
1987.07.12-1987.07.21 240 922 12.12 74458 | 27356 | 23636

Jind 1990.09.11-1990.09.20 240 6.06 5.35 3,052.1 13659 | 1,180.2

fdong 1991.08.22-1991.08.31 240 878 735 | 67090 | 26539 | 22930
1993.07.11-1993.07.20 240 801 8.36 55218 | 2383 | 20617
1993.08.07-1993.08.16 240 9.01 6.36 70872 | 3995 | 34530

[Note] HMS :

250

Hourly Maximum Stage,
Runoff, HAR : Hourly Average Runoff,

HMP : Hourly Maximum Precipitation,

HMR : Hourly Maximum
TFV : Total Flood Volume
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2AYE UG PRue] A Bolu, ofFEst SR
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Aefo] AL
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ont, o ST s
= Ao VERdh UW‘““’ = ‘5*70“31-%”%01]*
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32 EEXR J|ZEAH2EM

Table 23 % 2ol olgx AMFEAR
29 AT FAHFHROL il_‘?%%%ao} ﬁﬂ,,,_ah -1 g}é.x}g_c»] 7| ZZARAE LA HEAR 9
1 F FEA2S Jeen, 2 dyel olgd i, dHzk *6_‘7“'1“ AEeAls, HEAT 21
Az e 858 ahww%ﬂ S A ASRARS el Al S A
FA(1999) el A AAE R=E QJE-3Hrt Aom(Salas et al, 1999), TEAF] 7| 2T ARA
3 A5 E A HolA °l o= AAsr meEdw o] A¥A]i= Table 33 ol vERd 4= 9l Table
W AEwrdEAe] F4e % UERed B 30 ola b SeImARe] Feaple) Wire
Table 3. Summary of basic statistics analysis
. Basic statistics
Station Date Mean(m) | SD(m) cv SC KC Lag-1
1984.09.02-1984.09.11 | 5841 2.924 0501 0611 1931 0.9949
1987.07.12-1987.07.21 |  3.403 2.7% 0.822 0.892 2.270 0.9960
1990.09.11-1990.0920 | 2.887 1529 0530 1.154 2.959 0.9953
Koryeonggyo 1= g91 0822 1991.08.31 | 3.346 2921 0.873 0571 1.780 0.9952
1993.07.11-1993.07.20 | 3537 2795 0.790 0.113 1.660 0.9929
1993.0807-1993.08.16 | 5.112 2618 0512 0.099 1304 0.9937
1984.09.02-1984.09.11 | 6.090 2615 0.429 0.495 1.777 0.9946
1987.07.12-1987.0721 | 3.291 2,642 0.803 0.735 1.846 0.9951
1990.09.11-1990.0920 |  3.329 1.265 0.380 0.988 25657 0.9946
Jeokpogyo o0 0R22-1991.0831 | 4.082 2730 0.669 0.361 1.591 0.9942
1093.07.11-1993.07.20 | 3954 2513 0.636 0.047 1,564 0.9929
1993.08.07-1993.08.16 |  5.748 2,284 0.397 -0.103 1473 0.9932
1984.09.02-1984.09.11 |  5.750 2502 0435 0.480 1735 0.9943
1987.07.12-1987.0721 | 4622 2.944 0637 0.389 1545 0.9944
. 1990.09.11-1990.09.20 | 4.026 0.988 0.245 0.800 2.384 0.9933
Jindong 1991.0822-1991.0831 | 4837 2614 0541 0214 1.505 0.9939
1993.07.11-1993.07.20 | 4.470 2992 0513 0.019 1538 0.9932
1993.0807-1993.08.16 |  6.383 1934 0.303 ~0.151 1.378 0.9927
[Note] SD : Standard deviation, CV : Coefficient of variation, SC : Skewness coefficient,

KC : Kurtosis coefficient
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‘788775841(m) FFHA 1529-2.924(m), HEA
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Z]@E’J JLX]"\]"L]'Z”T‘(C,TOSS*COI’relatl()l’l coefficient)

CAFE (5)0.103-0.988, HEAGRE 1.473-2557 1 B Apleld, waPdaAlsE T )EAlele] AlAE |
glar 12 AGAAE 0.9929-0.99519) 2EE o ALag)el gt Hﬁg%éu*éb PE3R=d] YHkzow
ERIcE B3k 2lE FHEAMe] Zeeibde] Wy ARSECh e waPdEAlee) ke -194 17
2 4()9675750(m) F=Wzk= 0.988-2.944(m), o] BE WERGL 9lom, vk wapduAlgee] dry
SASE 0245-0637, ShEFEATE ()0 151—0800 27F 1o]H F #FALel2 zh{— P MEEEA o)
HEAGT 1.378-2384 131 13 ALY 2o, wE gho] oWl MEEdgAdo] gl o=
0.9927-0.9944¢] FxE RISl wEpd 71284 vieRdoh wadebAgE ok A (D 2e) YR
Ba0) AnE Axshd 74 FHERPlM vigE 7 £ qlnk
2= L}E}Lh A= Aoz Uelith 53 & ﬂ*}”
of sheAel WEghe wHa FAEARE 057, }Vi (X" = WX k)
HEUFARAES 042 2 AFFARARE 0298 Pe = (,A\w S
Uehial glojs NEeEAe] S590abde] st 7
Eﬂlfrel ﬂﬂ%imol 7V 0ol sk Aoz et
onl, FhelAbnel og 14 AQgRASe] gl W ol 5, e i L jAAele] Al k
= %C’k WEA AAGE] Aol = A oy mabdeAs X W AS/RKDY BE
g, X2= A8 AUk EEAE,
33 weENAs axdAIa /I;X([) = A gExge] gy, //;XQ) =324
A 3l SRS R WY gugae g 5,0 A0 wRARe) naw
Fxad we sl FolgAEe] 0 el w _

o QRS PADR wANREAS Eael 2 e A ox ¢ A e mEes e A
o] BAIEE BEAL fAshs A ¥k ohlel AAE EF7IHt=12, A7, k= AARZHLag time)o]il
Table 4(a). Summary of lag-0 cross—correlation analysis
Event Event 1 Event 2 Event 3 Event 4 Event 5 Event 6
Site 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

1 1.00 1 0.98 1098 | 1.00 098 [0.95]1.00 093|081 1.00]099]098]|1.00{0.98|0.93]|1.00}0.96]0.91
2 093 11.001.001098]1.00{095[09311.00[095{099|1.0010.99]098]|1.00|098]0.9 {1.00]0.98
3 0938 ]1.001.00]1095[095|1.00[0.81(095]1.00[098]|0.991.00(093}093]1.00](091|093]|1.00
Table 4(b). Summary of lag—1 cross—correlation analysis
Event Event 1 Event 2 Event 3 Event 4 Event 5 Event 6
Site 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

1 09910981098]099097]095:099[0941082]1099]109809710.99]098]0.94 099097091
2 097 10991099098]1099]095[092(0.99[096|0981099|0.99|097|0.99|0.98|0.96]|0.99]|0.98
3 09710991099 095094099 |078(10.94 1099097099 |098(092(0.97]0.989]090(0.97|0.99
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Fig. 2 Architecture of proposed WSANN model
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Table 5(a). Summary of statistical analysis for WSANN model calibration{1 hour ahead prediction)

B Model HLN TI Statistical Index
svent ode m{eX{m) s(e)(m) R
WSANN2I 0 2.000 0.0138 0.1801 0.993
Event 1 WSANN22 5.000 ~0.0002 0.1279 0.994
ven WSANN3SL W0 2,000 0.0210 0.2013 0.992
WSANN32 5,000 ~0.0125 0.1040 0.995
WSANNZI o0 2,000 0.0303 0.2156 0.993
Event WSANN22 5,000 0.0003 0.1664 0.994
WSANN3I 0 2,000 0.0003 0.2485 0.991
WSANN32 5,000 0.0006 0.2006 0.993
WSANN21 20 2,000 ~0.0003 0.1074 0.990
Bvent 4 WSANN22 “ 5.000 0.0001 0.1007 0.991
ven WSANN3I 0 2,000 0.0002 0.1006 0.991
WSANNS2 5,000 0.0004 0.1005 0.991
WSANN2I 0 2,000 0.0311 0.1620 0.994
Event 4 WSANN22 5,000 ~0.0001 0.0960 0.995
WSANN3I 0 2,000 0.0002 0.1516 0.994
WSANN32 5,000 0.0028 0.1339 0.994

[ Note ] HLLN : Hidden Layer Node, TI :

W33 M2k 20006 4]

Training Iteration
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o]
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Table 5(b). Summary of statistical analysis for WSANN model calibration(2 hour ahead prediction)

&

ARG e, ©s  Table

3.
T
-
i

0.0960-0.2485(m)

3

-0.0121-0.0391 (m),

Statistical Index
Event Model HILN TI
m(e)(m) s(e)m) R
WSANN2I 20 2,000 0.0008 0.1669 0.993
Event 1 WSANN22 5,000 -0.0002 0.1168 0.995
WSANN3I 20 2,000 0.0160 0.1673 0.993
WSANN32 ) 5,000 -0.0121 0.1132 0.995
WSANN21 20 2,000 0.0391 0.2018 0.993
Event 2 WSANN22 5,000 0.0006 0.1727 0.994
WSANN3I 20 2,000 0.0001 0.3258 0.988
WSANN32 - 5,000 0.0003 0.2130 0.993
WSANN21 920 2,000 -0.0001 0.0971 0.991
Event 3 W$ANN22 5,000 -0.0001 0.0958 0.991
WSANN3I 30 2.000 0.0003 0.0976 0.991
WSANN32 ’ 5,000 0.0001 0.0924 0.991
WSANN21 20 2,000 0.0259 0.1470 0.994
Event 4 WSANN22 5,000 -0.0003 0.0960 0.995
WSANN31 0 2,000 0.0001 0.1930 0.993
WSANN32 5,000 -0.0013 0.1151 0.995

[ Note ] HLLN : Hidden Layer Node, TI : Training Iteration

Table 5(c). Summary of statistical analysis for WSANN model calibration(3 hour

ahead prediction)

By Model HILN 1 Statistical Index
svent oce ) me)(m) s{e)(m) R
WSANN2I 20 2,000 ~0.0071 0.1629 0.994
Bvent 1 WSANNZ2 5.000 -0.0004 0.1152 0.995
WSANN3I 0 2,000 0.0063 0.1521 0.994
WSANNI2 5,000 -0.0102 0.1184 0.995
WSANN?I 20 2,000 0.0297 0.1820 0.993
Event 2 WSANN22 5,000 0.0003 0.1975 0.993
wvent = WSANN3I 0 2,000 0.0001 0.2919 0.990
WSANN32 ; 5,000 ~0.0003 0.1936 0.993
WSANN21 o0 2,000 0.0003 0.0949 0.991
Event 3 WSANN22 ‘ 5,000 ~0.0001 0.0944 0.991
vent WSANN3I 0 2,000 0.0001 0.0936 0.991
WSANN3S2 ‘ 5,000 0.0001 0.0943 0.991
WSANN21 20 2,000 0.0272 0.1647 0.993
WSANN22 5,000 ~0.0002 0.1167 0.99
Event 4 WSANN3I 0 2,000 0.0001 0.1606 0.994
WSANN3? 5,000 ~0.0121 0.1293 0.994

| Note 1 HLN : Hidden Laver Node, TI : Training Iteration
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Fig. 5(a) Comparison of observed and calibrated flood water

stage in 3 hour ahead prediction(Event 1)
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Fig. 5(b) Comparison of observed and calibrated flood water
stage in 3 hour ahead prediction(Event 2)
9.0 - -
3 hour Ahead Jindong : Event 3 {90.9.11 - 90.9.2(h
8.0
Obseryed
70 WRANNDY
e WSANN22
6.0 WSANNGI
= WSANN32
T 50
8
g
:1:; 4.0
2
=
20
20
1.0
0.0
0 25 50 75 100 125 150 175 200 225 250 275
Time(hr)

Fig. 5(c). Comparison of observed and calibrated flood water
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stage in 3 hour ahead prediction(Event 3)
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Fig. 5(d). Comparison of observed and calibrated flood water
stage in 3 hour ahead prediction{(Event 4}
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Table 6. Summary of statistical analysis for WSANN model verification

L Statistical Index
Event Prediction Model HLN
me)(m) s(e)(m) R
WSANN22 20 0.1028 0.2215 0974
LH Ahaed 7 < NN32 30 0.0022 0.1392 0.983
Event 5 | 21 Ancad | WSANNZ2 20 -0.0859 0.2303 0.964
WSANN32 30 ~0.0435 0.1348 0.973
WSANN22 20 0.0508 0.2308 0.963
3 H Ahead 0 NN32 20 ~0.0077 0.1383 0983
1 Ahaed | WSANNZ2 20 -0.1024 0.2369 0973
WSANN3Z 30 0.0165 0.1902 0.984
bvent 6 | 21 Ancad | WSANNZ2 20 0.0748 0.2446 0.972
WSANN32 30 ~0.0113 0.1951 0974
WSANNZ2 20 0.0736 0.2455 0972
3 H Ahead 170 NNae 30 00182 0.1983 0.984

{ Note ] HLN : Hidden Layer Node
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Fig. 6(a). Comparison of observed and verified flood water
stage in 3 hour ahead prediction(Event 5)
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Fig. 6(b). Comparison of observed and verified flood water
stage in 3 hour ahead prediction(Event 6)
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