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Flood Forecasting and Warning Using Neuro-Fuzzy Inference Technique
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Abstract

Since the damage from the torrential rain increases recently due to climate change and global
warming, the significance of flood forecasting and warning becomes important in medium and small
streams as well as large river. Through the preprocess and main processes for estimating runoff,
diverse errors occur and are accumulated, so that the outcome contains the errors in the existing
flood forecasting and warning method. And estimating the parameters needed for runoff models
requires a lot of data and the processes contain various uncertainty. In order to overcome the
difficulties of the existing flood forecasting and warning system and the uncertainty problem,
ANFIS(Adaptive Neuro-Fuzzy Inference System) technique has been presented in this study. ANFIS,
a data driven model using the fuzzy inference theory with neural network, can forecast stream level
only by using the precipitation and stream level data in catchment without using a lot of physical
data that are necessary in existing physical model. Time series data for precipitation and stream level
are used as input, and stream levels for t+1, t+2, and t+3 are forecasted with this model. The
applicability and the appropriateness of the model is examined by actual rainfall and stream level data
from 2003 to 2005 in the Tancheon catchment area. The results of applying ANFIS to the Tancheon
catchment area for the actual data show that the stream level can be simulated without large error.

keywords : ANFIS, neural network, data driven model, flood forecasting
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Table 3. Rainfall Data of Hadaewon-Dong Observation Station
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Fig. 4. Tancheon Basin

data start date and time | end data and time | maximum intensity |maximum water level
training data 2003.08.27.10:30 2003.08.28.07:00 70mw/'hr 170.88cm
checking data 2005.09.13.05:10 2005.09.13.22:10 15m/hr 160.41cm
testing data 2005.09.17.07:50 2005.09.18.04:00 Smm/hr 129.46¢m
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Table 4. Rainfall Data of Seohyeon-Dong Observation Station

data start date and time | end data and time | maximum intensity | maximum water level
training A& 2004.07.11.17:50 2004.07.13.06:10 8.5my/hr 161.14cm
checking A= 2005.06.30.23:50 2005.07.01.10:40 12.5my/hr 143.83cm
testing AH& 2005.09.13.12.30 2005.09.13.23:20 23.0my'hr 160.41cm
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Ao 7VoIT). F9lsh FOoARE oA TAF= Aol Table 5. Mixing of All Data Set
Ve 918 7P st lSeheAlE val A observatory set code lag time | lead time
she e ¥ Ao pald b Fed PE S o ool
shteltt Hadaewon | PO1 -Q012 10 min t+1
ofm we) QAR Tl M AREAE 2] POI2 -QO1
A8l 7 3] AeESae gs), 6714 2= 4, 27 P012 -QO12 t+2
Ao] Ase] A7H(lag time), 371419] ol %A 7Hlead Seohyeon | P0I123-Q01 | 30 min
time)& 44, ZFel 2A7ke) e wEa ARsic PO123-QO12 o
7H0e] 9ol el 98 dZeln wwsisc
Table 6. Set of Input Data
set code input data output data At
P01 -QO01 Pi(t), Pi(t-1), QW), Qt-1), Q(t+3)
P01 -Q012 Pi(t), Pi(t-1), Qt), Qt-1), Q(t-2) Q(t+3)
P;012 -Q01 Pi(t), Pit-1), Pit-2), QW), Qt-1), Q(t+3) 10min
P;012 -Q012 Pi(t), Pit-1), Pit-2), Qt), Qt-1, Q(t-2) Q(t+3)
P;0123-Q01 Pi(t), Pit-D, Pi(t-2), Pi(t-3), Q), Qt-1), Q(t+3)
P;0123-Q012 Pi(t), Pit-1), Piut-2), Pi(t-3), Q), Qt-1), Q(t-2) Q(t+3)
P01 -QO01 Pi(t), Pi(t-1), QW), Qt-D), Q(t+3)
P01 -Q012 Pi(t), Pi(t-1), QM), QUt-1, Q-2 Q(t+3)
P;012 -Q01 Pi(t), Pit-1), Pi(t-2), QW), Qt-1), Q(t+3) 0min
P;012 -Q012 Pi(t), Pit-1), Pi(t-2), Qt), Qt-1), Q(t-2) Q(t+3)
P;0123-Q01 Pi(t), Pit-1), Pit-2), Pi(t-3), Q), Q(t-1), Q(t+3)
P;0123-Q012 Pi(t), Pit-1), Piut-2), Pi(t-3), Q), Qt-1), Q(t-2) Q(t+3)
P01 -QO01 Po(t), Paot-1), QM), Qt-1), Q(t+3)
P01 -Q012 Po(t), Pat-1), Q), QUt-1, Qt-2) Q(t+3)
P:012 -QO01 Po(t), Polt-1), Pot-2), Qt), Q(t-1), Q(t+3) 10min
P2012 -Q012 Po(t), Polt-1), Pot-2), Qt), Qt-1), Q(t-2) Q(t+3)
P-,0123-Q01 Po(t), Po(t-1), Pat-2), Po(t-3), Q), Q(t-1), Q(t+3)
P20123-Q012 Pao(t), Polt-1), Po(t-2), Po(t-3), Q), Qt-1), Q(t-2) Q(t+3)
P:01 -QO01 Po(t), Polt-1), QW), Qt-1), Q(t+3)
P01 -Q012 Po(t), Polt-1), Qt), Qt-1, Qt-2) Q(t+3)
P,012 -QO01 Po(t), Po(t-1), Pat-2), Qt), Q(t-1), Q(t+3) 30min
P2012 -Q012 Po(t), Po(t-1), Pat-2), QWM), QUt-1, Q-2 Q(t+3)
P20123-Q01 Po(t), Po(t-1), Po(t-2), Po(t-3), Q(), Q(t-1), Q(t+3)
P20123-Q012 Po(t), Po(t-1), Po(t-2), Po(t-3), Q), Q(t-1), Qt-2) Q(t+3)
346 BEKEREEHNE



HO
Y,
=~
L
>
i
(—?
5 2
it
<
Au)
o)
ofl £
2

precipitation of water level
Hadaewon
P;01-Q01

precmltatlon of water level of time

time t t-1

precipitation of water level of
time t-1 time t

Fig. 5. The Meaning of the Code

2 AelM e "JOHH Adudd A
AHYS Fdste] FEE Al
o T dkedel 1?4# el S frsgs}gau}
= mEjAe] sl = F e
ARE-3ATh

U

a rlo
_nli
[~
)
o

e & g iy

member— ship &

4.2.3 ANFISE o|&% Fd4 A%

Ats sets TS, FEAHE, 8= ThE
T AAE o] fslo] EAAOR FdSF B
TEII Y FxeA miRsES Tt
ANFISQ ¥ 7les ol&3st] flal d= A

sl ANFISE ©]&3te] FIS (Fuzzy Inference
System) 2US FHAZ £ Q) v Ho g T
A AREHAl 2 AR setS ARESE] BAGTE oS A
288 A== A s

Fig.. 6014 K= 313 7ol &4 il
AEA o2 A 7 AAolnm A o
3 (Epochs®] S7hda5s FHoA= A&Aow 3
23th 28X HEo s o= 1S
S7k8t7] Al=keket o] A& overfitting©] 2k shw 7
FolAM overfitting ¥= A wiZEFE o] 834
oS Al2gle 75 "ok

Alz=dlo] -5

Ho] Lule

o

jall 034(
do £ do do

i

ul

[ qm
:Ollji
o
o,
i
r
o,
2
B\

A5 T 5 =
AeAE HH) A5 T A
QAbst YEEUE vwstel FHHOE BEt

Ao) L A4

B4 Z39k 20084 3H

Training Error
T _ overfitting ws Training error
o D RTTAAAAETTY Checking error
Ofdly,, 'E
+*+*+++%H— talals
9 +*_*+*
LE 012} **h
*t&*
01t *u
*****
L L THes
0 5 10 15 20 25 30 35 40
Epochs

Fig. 6. Training and Checking Error
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Table 7. Comparison of RMSE (t+3)
Seongnam observatory #1 Seongnam observatory #2
set code (Hadaewon) set code (Seohyeon)
10min interval | 30min interval 10min interval | 30min interval
P01 -QO01 0.091283 0.178441 P01 -QO01 0.145711 0.381445
P01 -Q012 0.223225 0.270284 P01 -QO012 0.140135 0.331887
P,012 -Q01 0.087176 0.235900 P:012 -QO01 0.143179 0.342845
P,012 -Q012 0.094875 0.183858 P:012 -Q012 0.141167 0.337234
P;0123-Q01 0.091627 0.188485 P»0123-Q01 0.153003 0.263516
P;0123-Q012 0.172326 0.246418 P20123-Q012 0.139399 0.287313
Table 8. Comparison of Peak Ratio (i+3) (Unit = %)
Seongnam observatory #1 Seongnam observatory #2
set code (Hadaewon) set code (Seohyeon)
10min interval | 30min interval 10min interval | 30min interval
P01 -QO01 11.909 15.506 P01 -QO01 5.857 19.402
P01 -QO012 120.811 96.060 P01 -QO012 0.709 11.808
P;012 -Q01 0.923 0.656 P-012 -Q01 1.915 0.345
P,012 -Q012 4.902 15.156 P:012 -Q012 3.564 10.226
P;0123-Q01 12.760 3.059 P20123-Q01 1.906 13.127
P;0123-Q012 0.970 55.891 P;0123-Q012 12.661 13.420
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Table 9. RMSE, Peak Ratio and Peak Error of

Final Model
RMSE |rate of peak (%)|error of peak
t+1 0.026152 0.103054 -0.004586
t+2 0.031655 0.351987 0.015663
t+3 0.043210 0.001796 0.000080
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Fig. 8. Test of Water Level Forecasting

Table 10. Comparison Real with Forecast Data

observation | forecasting
data data (i)
t+1 4.47 4.445414 -0.02459
t+2 4.48 4.465663 -0.01434
t+3 4.48 4.45008 -0.02992
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