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Flood Forecasting Study using Neural Network Theory and Hydraulic Routing
Abstract

Recently, due to global warming, climate change has affected short time concentrated local rain and un-—
expected heavy rain which is increasingly causing life and property damage. Therefore, this paper studies
the characteristic of localized heavy rain and flash flood in Nakdong basin study area by applying Data
Mining method to predict flood and constructing water level predicting model. For the verification neural

network from Data Mining method and hydraulic flood routing was used for flood from July 1989 to
September 1999 in Nakdong point and Iseon point was used to compare flood level change between

observed water level and SAM (Slope Area Method). In this research, the study area was divided into
hydraulic flood routing and neural network based on artificial intelligence which can be made from simple

three cases in which each point’s flood discharge, water level was considered to construct the model for
input data used for comparison analysis and comparison evaluation according to actual water level and
from the model.
Keywords : datamining method, neural network theory, flood predict, flood routing
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Table 1. Gauging Station Status

S e | Aty | e 5| e | Longine | Pt o | FIn S| e
Waegwan MLIT 1951.8. 35-59-50 | 128-23-48 18.97 30.58 1
Gumi " 1962.7. 36-06-29 | 128-23-56 23.78 35.07 2

Ilseongyo ” 1983.1. 36-16-13 | 128-20-42 30.78 40.32 2
Nakdong " 1924.1. 36-21-17 | 128-18-12 33.16 46.84 1

Table 2. Flood Events for Water Level Prediction

No. Flood Duration Peak Water Level at Peak Water Level at
Ilseongyo (m) Waegwan (m)
1 1989. 07. 26 15:00 ~ 1989. 07. 29 06:00 554 7.37
2 1995. 08. 30 21:00 ~ 1995. 09. 01 11:00 5.50 6.37
3 1998. 08. 15 21:00 ~ 1998. 08. 18 08:00 6.38 7.63
4 1999. 09. 23 20:00 ~ 1999. 09. 25 21:00 6.04 7.30
5 2002. 08. 31 15:00 ~ 2002. 09. 02 22:00 6.60 7.64
6 2003. 09. 12 19:00 ~ 2003. 09. 15 13:00 6.40 7.89
7 2004. 08. 18 20:00 ~ 2004. 08. 20 20:00 5.58 6.22
8 2009. 07. 14 23:00 ~ 2009. 07. 16 24:00 2.97 3.20

Table 3. Peak Water Level of Flood Events (1~4) for Major Points

Gauging Station Gauging Water Level-A Simulation Water Level-B A-B
Name Bl (EL. m) (EL. m) (cm)
1 41.09 41.02 6.78
2 40.89 40.80 877
Nakdong
3 41.69 41.63 6.41
4 41.42 41.38 3.64
1 36.33 36.29 4.35
2 36.29 36.21 7.82
Ilseongyo
3 37.17 37.10 6.83
4 36.83 36.77 5.75
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Table 4. Name and Setup of Flood Events
Forecasting Stations Duration (hr) Event Name Flood Duration
W1 2002. 08. 31 15:00 ~ 2002. 09. 02 22:00
W2 2003. 09. 12 19:00 ~ 2003. 09. 15 13:00
Ilseongyo, Weagwan 1~4
W3 2004. 08. 18 20:00 ~ 2004. 08. 20 20:00
W4 2009. 07. 14 23:00 ~ 2009. 07. 16 24:00

Table 5. Rating Curve of Gamcheon Tributary

River Gauging Station Stage Range Rating Curve Note
0.85<h <3.50 Q=13.8133(H— 0.56)>™» 1986, 1988
0.85<h<3.45 Q= 45.9981(h— 0.71)>827 1995
0.14<h=<4.01 Q=165.1331(h +0.1039) %% 2003
0.36<h<1.45 Q= 35.125 (h +0.020) %%
1.45<h<3.00 Q= 35.170 (h + 0.100)>*? 2006

Gam 3.00<h<3.93 Q=128.465(h +0.096) 3%
Seonsan

Stream 3.93<h<4.49 Q= 49.991 (h +0.120)>"
097<h<1.94 Q= 30.430 x (h — 0.970)"%?
1.94<h<4.21 Q= 136.491 < (h— 1.500) "9
0.60<h<2.31 Q=21.159 % (h— 0.600)>™ 2009
2.31<h<4.21 Q=136.491x (h— 1.500) "9
421<h<7.60 Q=151.761 x (h—1.600) "5
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Table 6. Peak Water Level Comparison between Case and Flood Events

- Peak Time (hr) Peak Stage(m)
Flood | Estimation
Byt Method Case 1 Case 2 Case 3 Case 1 Case 2 Case 3
(Ilseongyo) | (Weagwan) | (Weagwan) | (Ilseongyo) | (Weagwan) | (Weagwan)
Wi Observed 9.01 12:00 9.01 17:00 9.01 17:00 6.60 7.64 7.64
UFM 9.01 12:00 9.01 17:00 9.01 17:00 6.67 792 7.73
W2 Observed 9.13 15:00 9.13 18:00 9.13 18:00 6.40 7.89 7.89
UFM 9.13 15:00 9.13 18:00 9.13 18:00 6.47 8.09 7.98
Observed 8.19 12:00 8.19 21:00 8.19 21:00 297 6.22 6.22
w3 UFM 8.19 12:00 8.19 21:00 8.19 21:00 3.05 6.31 6.28
Wi Observed 7.16 09:00 7.15 22:00 7.15 22:00 2.95 3.20 3.20
UFM 7.16 09:00 7.15 22:00 7.15 22:00 2.96 3.26 3.24
HATE H2%% 20144F 21 213



k-
=

e

~=
=

S0

APl AR E

59

7FA717] W&ot Ranjuthan et

Minns & Hall (1996)

—_
o

m

ol

i3

al, 1992). &

0

A
T
<
;O#O
o

A owr

FRom, 0~4A13ke] o

5|

AR EE AL

2=
T

9]

mu

bol AN

AVl s
A%, ]~ )

= o
T

Ay

Ik e olE B M fARE

AL

A3l A 1

o

~2A13F AAPol ] gkl 7V

2]

[0

A sk 3~5

Al 8%

Aol M= &

5 A

s

o

= 2 ATl

=t} Table 8

o F2E et

M
S

gEgel P

]

PR

L
.

3}t Table 844 h

ANAAE A&

ok 02

Els

2 o)

B
i
~

T

Az A

T
ok

]

X

& AN

Al A7 1

1~3n

=

=
L

#H30 mE7h n7fet

—_
ils)

Table 7. Crosscorrelation Coefficient Lag Time for each Flood Event of Case 1
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Table 8. Model Structure Applied in Research

Target region Input data Number of node

Nakdong ~Ilseongyo (Case 1) h(t-1), h(t-2), h(t-3), h(t-4) 1n, 2n, 3n

Gumi~Weagwan (Case 2) h(t-1), h(t-2), h(t-3), h(t-4) 1n, 2n, 3n

Nakdong ~Weagwan (Case 3) h(t-1), h(t-2), h(t-3), h(t-4), h(t-5), h(t-6) 1n, 2n, 3n
th &, BSAIZE P o] A7 B2 H (t-4)&= AR & o] &3l &t AAANY 2495 ==5(1n, 2n, 3n)
O ZHE AAZE Ao FoRRE vEhiTth R dYARE st BYs A8EAsslon s
nyo] AL A BAE Tl kel 2 = o] slore 47t 4 gk Sl ddEE s ARk
ZoAE 2 QAo e 2N SRS v FEAF AR BAL el pHE 440 Sy
Basle] ARAE AR F ool AR HAel B8 & Aadlel s Adesih sl AE AR
& bgel) e Smaae] wAAsel] dig B eleha FRRA wsl ohaskA 2 1989~ 1999°) 4
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8 Agaie] A% S99k malol o oFW £AE A AABEE AL F WS £ 2B 23
o1g3el Wrhside. EAH ArblEont BEAS o wEg dw A7t Dol S50 RYS A4t 44
Ee] SEEAT HFA B4 UF AEEDegree  H WAL WI~WA FRAPI] oJa) sl F9) o

of Scattering) % EAgle] BABH O, FAH AFo  Fo) wmpAe] Agelnd Bl

 AFollA AAE mFe] HFrhE Q19 SAAEE Al
ALzt et JEElA HAE thE w7 ik
o7 AMgEE e AlE 2 2HRoot Mean Error Square,
RMSE), A3 5% XHRelative Peak Error, RPE), 2l tj
B 2 2xHMean Absolute Error, MAE), 3¢ th#2}¢}
Hitgk Akele] H]Ql RAD (Ratio of Mean Absolute
Deviation) & SAIAE =2 AHE3FATE oF22] A7 R

otelel Ea. (7% 2k

[1& -
RMSE= Ez(yi—yi)z,
i=1

H—H
RPE:%X 100(%), (7

P

o

rap=2AE
Yy

MAE= lEbﬁlﬁ
ni=
o714, iz ARSIy} g, BEGI} A5,

y3t n/he] Fitgtolt). ela B 9} A
S} o= HFFE et

BATE H29% 2014 2H

o vlg|ale] QA}7} Zolx|i= Aoz UEpyton 1At
A= NN8EFo] 7P i o FAI7E 2~4A1ke]
NNI2® & o] 7 A velsdth RPE®] 4 dlSA1RE 1
AlZF A= NNAE G o] 714 viorom, RMSES}F vhk7HA]
2 o ZX7F 2~4A] 7ol A= NNI2E o] 7Hd whe ks
Btk MAES] 7% ol5A1XF RMSES} PR HA| &2 oS
AlZE 1A A= NN8ELE o] o SAITF 2~4A|7Tol| A=
NNI2E o] 7} v 7ks A%tk RMSE, MAE 52
A A M Tk A% AUl TFoARe] A
oAl NNI2E o] tiA| Aoz 7P vhe ghs B
TH ~ 9 F - A7} oF 133kmE 1| A
Aol JEAERZ A A H4S 53] 918 THS 2
3t} Table 9= £492¢] g0 2 wds 9 7}
2| H7HA ®E B dk o]tk RMSES] 44 BE o 5A]
Zrol A NN12E.&o] 7F wHA| Lrelytal RPES

>
s

l:,

o

ol

[e]
e
FAE mEsA we

215



Table 9. Comparison of Accuracy in Model according to the Number of Hidden Layer for Case 1~3

. Case 1 Case 2 Case 3
Division Du(f;)lon (Nakdong ~Ilseongyo) (Gumi~Weagwan) (Nakdong ~Weagwan)

NN4 NN8 NN12 NN4 NN8 NN12 NN4 NN8 NN12

1 0.0058 | 0.0021 | 0.0028 | 0.0177 | 0.0062 | 0.0055 | 0.0661 | 0.0438 | 0.0399

2 0.0047 | 0.0030 | 0.0021 | 0.0178 | 0.0095 | 0.0089 | 0.0636 | 0.0671 | 0.0544

RMSE 3 0.0074 | 0.0021 | 0.0017 | 0.0199 | 0.0091 | 0.0086 | 0.0479 | 0.0448 | 0.0338

4 0.0137 | 0.0022 | 0.0019 | 0.0208 | 0.0075 | 0.0084 | 0.0356 | 0.0322 | 0.0309

5 - - - - - 0.0345 | 0.0322 | 0.0289

6 - - - - - 0.0344 | 0.0315 | 0.0211

1 04989 | 2.1320 | 2.0124 | 3.2195 | 25287 | 1.3029 | 5.2228 | 2.2160 | 1.0063

2 0.2274 | 01314 | 0.1770 | 21877 | 2.7985 | 1.3324 | 10.8300 | 3.2966 | 1.2153

RPE 3 1.9805 | 1.9521 | 0.8432 | 1.2218 | 1.1711 | 05434 | 3.0877 | 1.4512 | 0.2637

4 20750 | 0.6635 | 0.4042 | 1.3468 | 15032 | 1.3585 | 2.8697 | 1.8012 | 1.1697

) - - - - - 1.7636 | 15496 | 0.0690

6 - - - - - 1.1217 | 0.8355 | 0.6369

1 0.0158 | 0.0109 | 0.0133 | 0.0304 | 0.0144 | 0.0111 | 0.5487 | 0.2895 | 0.1881

2 0.0151 | 0.0125 | 0.0099 | 0.0273 | 0.0191 | 0.0150 | 0.5086 | 0.1359 | 0.1030

MAE 3 0.0188 | 0.0104 | 0.0097 | 0.0273 | 0.0145 | 0.0158 | 0.4795 | 0.1356 | 0.1297

4 0.0261 | 0.0107 | 0.0080 | 0.0316 | 0.0170 | 0.0165 | 0.4100 | 0.1422 | 0.1210

5] - - - - - 0.3949 | 0.1701 | 0.1383

6 - - - - - 0.4165 | 0.1607 | 0.1539

1 0.0212 | 0.0147 | 0.0178 | 0.0405 | 0.0191 | 0.0149 | 0.7317 | 0.1193 | 0.1174

2 0.0203 | 0.0168 | 0.0133 | 0.0364 | 0.0254 | 0.0200 | 0.6768 | 0.1709 | 0.1470

RAD 3 0.0252 | 0.0139 | 0.0130 | 0.0362 | 0.0193 | 0.0211 | 0.6368 | 0.1868 | 0.1655

4 0.0348 | 0.0143 | 0.0107 | 0.0419 | 0.0222 | 0.0218 | 0.5434 | 0.1885 | 0.1604

15) - - - - 0.5224 | 0.2250 | 0.1829

6 - - - - - 0.5501 | 0.2191 | 0.1965
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Table 10. Accuracy and Error of River Stage Simulation Result for Case 1~3

Duration Casel (Ilseongyo) Case 2 (Weagwan) Case 3 (Weagwan)
(hr) | W1 | W2 | W3 | W4 | WL | W2 | W3 | W4 | WL | W2 | W3 | W4
1 [0.0037]0.0019[0.0015|0.0024 [ 0.0029 |0.0021 | 0.0014 | 0.0031 | 0.0476 | 0.0295 | 0.0212 | 0.0159
2 0.0136|0.0069 | 0.0057 | 0.0069 | 0.0048 [ 0.0050 | 0.0062 [0.0054 | 0.0686 | 0.0594 | 0.0237 | 0.0374
RMSE 3 10.0228/0.0168|0.0178 |0.0101 | 0.0076 | 0.0078 | 0.0078 | 0.0062 | 0.0909 | 0.0701 | 0.0562 | 0.0583
4 ]0.0486(0.0184|0.0271 [0.0113]0.0114 | 0.0105 | 0.0109 | 0.0107 | 0.1423 | 0.1378 | 0.0621 | 0.0838
5 - - - - - - - - 102163 | 0.2471 | 0.0889 | 0.0906
6 - - - - - - - ~10.2464 | 03128 | 0.2138 | 0.1561
1 [0.4161]0.5968(0.9096|0.2294 [ 0.2016 |0.8395 | 0.2659 | 0.5324 | 5.6930 | 5.3930 | 4.6346 | 3.6293
2 0.8132/0.9571|1.1350 |0.3352| 1.0321 [0.9200 | 0.9215 | 0.6888 | 9.6830 | 7.6903 | 6.0338 | 4.7444
RPE 3 |1.3777|1.1261|3.4275|1.9147| 1.3710 | 0.7563 | 1.6690 | 1.5687 | 7.6830 |10.1930| 6.1517 | 6.3306
4 |2.7876(2.3265(4.1945 | 2.3121 | 2.4852 | 1.0823 | 2.9971 | 3.0605 | 10.8467 [ 10.1747 | 10.6923| 10.0327
5 - - - - - - - - [23.3477/20.1058 | 21.9559 | 15.5168
6 - - - - - - - - 136.1068|40.5903 | 50.6860 | 20.1488
1 [0.0127]0.01080.0077|0.0075[0.0117 |0.0105 | 0.0225 | 0.0099 | 0.1582 | 0.1392 | 0.2417 | 0.1839
2 10.0235/0.0176|0.0089 |0.0072 | 0.0124 [0.0123| 0.0220 [ 0.0060 | 0.1583 | 0.1539 | 0.2594 | 0.2699
MAE 3 ]0.0354/0.0251|0.0174 |0.0099 | 0.0170 [0.0202 | 0.0245 [ 0.0083 | 0.1923 | 0.1572 | 0.3271 | 0.3155
4 ]0.0457(0.0218|0.0180 [ 0.0085| 0.0274 | 0.0210 | 0.0398 | 0.0189 | 0.2593 | 0.1920 | 0.3435 | 0.3117
5 - - - - - - - - 10.3204 | 03203 | 0.5988 | 0.3923
6 - - - - - - - - 10.3692 | 0.3583 | 05143 | 0.7135
1 [0.0185]0.0176|0.0286|0.0315 | 0.0307 |0.0225 | 0.0412 | 0.0464 | 0.2293 | 0.2295 | 0.3034 | 0.2155
2 10.0337]0.0285|0.0323 |0.0298 | 0.0173 [0.0184 | 0.0396 [ 0.0275 | 0.2694 | 0.2493 | 0.3136 | 0.4437
RAD 3 ]0.0503|0.0404 | 0.0616 | 0.0406 | 0.0234 [0.0299 | 0.0434 [0.0374| 0.2389 | 0.2921 | 0.4539 | 0.4599
4 ]0.0642(0.0350|0.0625 [ 0.0546 | 0.0373[0.0310 | 0.0345 | 0.0828 | 0.3593 | 0.3285 | 0.5359 | 0.5861
5 - - - - - - - - 104583 | 05943 | 05374 | 0.6066
6 - - - - - - - - 104295 | 0.6933 | 0.8788 | 0.7306
~W4 7]kl A B 1AIRE el 5] 9 akgo] 71 2t 3k @ﬂr&} 427800 hFol S A4 A3 AyE vl
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Table 11. Time—-Stage Curve and Flood Hydrograph Comparison for each Methodology in Case 1~3

Time-Stage Curve Comparison for each Methodology

Case 1 (Ilseongyo)

Case 2 (Weagwan)

Case 3 (Weagwan)
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Table 12. Peak Water Level and Flood Discharge Comparison for Case 1~3 Flood Event

Case 1 (Ilseongyo) Case 2 (Weagwan) Case 3 (Weagwan)
Flood | Estimation | Peak | Peak | Flood Peak | Peak | Flood Peak | Peak | Flood
Event Method Time Stage | Volume Time Stage | Volume Time Stage | Volume
(hr) (m) (m®) (hr) (m) (m®) (hr) (m) (m%)
. 9.01 9.01 9.01
Observation 12:00 6.60 10,707 17:00 7.64 8,289 17:00 7.64 8289
9.01 9.01 9.01
W1 UFM 12:00 6.67 10,970 17:00 7.92 8,839 17:00 7.73 8479
9.01 9.01 9.01
ANN 12:00 6.49 10,308 15:00 7.62 8,254 17:00 7.56 8149
. 9.13 9.13 9.13
Observation 15:00 6.40 8,085 18:00 7.89 10,887 18:00 7.89 10887
9.13 9.13 9.13
W2 UFM 15:00 6.47 8,305 18:00 8.09 11,623 18:00 7.98 11214
9.13 9.13 9.13
ANN 15:00 6.28 7,723 18:00 7.81 10,631 18:00 7.82 10630
. 8.19 8.19 8.19
Observation 12:00 2.97 5,431 91:00 6.22 6,000 91:00 6.22 6000
8.19 8.19 8.19
W3 UFM 12:00 3.05 5,461 91:00 6.31 6,211 921:00 6.28 6157
8.19 8.19 8.19
ANN 12:00 2.86 5,352 91:00 6.18 5,909 91:00 6.06 5647
. 7.16 7.15 7.15
Observation 09:00 2.95 2,957 99:00 3.20 4,822 99:00 3.20 4822
7.16 7.15 7.15
W4 UFM 09:00 2.96 2,969 99:00 3.26 4,872 99:00 3.24 4855
7.16 7.15 7.15
ANN 09:00 2.92 2,916 92:00 3.10 4738 99:00 3.14 4734
& YERITE ANN " oA oS % T2 92= 0.02m, 0.08m,
Case 19] dAnl AHA SFAPIE 9)3F419] H] 0.03m, 0.10m= EF ¢5gt HF379 58S 29
AT AV EE URM WelA] o3 AFE58 ouh Wi A}Mow ANN 98] HFA|7b0] W] Lhsk
27k 2¥2F -0.07m, -0.07m, -0.08 m, -0.01 mE H 1L o HFAIRE 2417 AH 011%51915}.
ANN el A o 55 5349 @2k= 011 m, 012 Case 17} viR7HA 2 UFM "8R9l 44 35 591
011 m, 0.03mZ EE WA HFA|7ko] U }Mﬁ o =2 7S Bylon ANN J o A5 #5 Y HE
R e ATERS I5NS uYch URM el she gh Bl Case 19 1)) URM el o249
Ao PE =9 HT) = 7k Helom ANN HHHe| 7 Q 27} =olx oy ANN WHH ] of| 229 9 X= thA| 4
G 5 R e ghe Bk HEele v o7 Zo|EQr) AT} v AR AEESYE
2 AFEFYE A Aot bk BRARKE AR A9l dehdh BEA0E S5, 5 o
4ok, B4 oFE URM Wi #5 9un 2 5= URM WS 335 S9u w2 g8 Hola
e RAT ANN WO e 2 BT S Yk ANN WS e g2 31 4+ 9o
Case 28] 1% A\ HeH FRAPFE 93] vl Case 39] 97 Aol X F5A3E 91340 Hla
Avk FEAPE BE URM ol el 38 BFE59 23 FRAP 82 URM $HelA <58 35559 o
Sx7F 2+ 028 m, -0.20 m, -0.09m, -0.06 mE H.J L 27 242 -0.09m, -0.09m, -0.06m, 0.4 mE ¥
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