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ABSTRACT

Recently, the frequency of severe storms increases in Korea. Severe storms occurring in a short time cause huge losses of both life and
property. A considerable research has been performed for the flood control system development based on an accurate stream discharge
prediction. A physical model is mainly used for flood forecasting and warning. Physical rainfall-runoff models used for the
conventional flood forecasting process require extensive information and data, and include uncertainties which can possibly
accumulate errors during modelling processes. ANFIS, a data driven model combining neural network and fuzzy technique, can
decrease the amount of physical data required for the construction of a conventional physical models and easily construct and evaluate
a flood forecasting model by utilizing only rainfall and water level data. A data driven model, however, has a disadvantage that it does
not provide the mathematical and physical correlations between input and output data of the model. The characteristics of a data driven
model according to functional options and input data such as the change of clustering radius and training data length used in the ANFIS
model were analyzed in this study. In addition, the applicability of ANFIS was evaluated through comparison with the results of
HEC-HMS which is widely used for rainfall-runoff model in Korea. The neuro-fuzzy technique was applied to a Cheongmicheon Basin
in the South Han River using the observed precipitation and stream level data from 2007 to 2011.
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Fig. 1. Neuron and back propagation algorithm
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Table 1. Rainfall Station of Cheongmi Basin

o] EA 127° 20/~ 127° 44, B-9] 36° 56 ~37° 13’
Atelell IXJBlaL Itk F9e] FFS ARl Tk FdE
olFar Qlom] FAR= A2 sheksitt. & ol 595.70km’,
% 37 60.8kmo|1] §-¢lo] SA7F Huj) Zdol= 39km, YEIF
Fujdo= 31km o|ti(Fig. 2). <1 ot 7S 1,061mm %EO]
T 69~94 Fo vie] A7t HEEo] WA

9B H7G- e Thiessen 7FEHTHS 0] 3L, 9
BHA-FE s SJal o8] A eaSas Mo A,
A4, A=, Y, 59 5 67120 t(Fig. 2, Table 1). 533
A
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e 918 59 BE2E Aname] AT Grl5elaE s
= e}

31 28 7

ANFIS9} HEC-HMS 238 =2 9JsiA AnA 5-29¢) 2007
WHE 20117179 29 2 fs 5 vlud & =] st
971¢] A}=E Datal ~Data9= 243819 tkFig. 3). 23S a54]
7171 $13) L3k s wE B3] 45 A& vlusp|
S8, 7 Amis Ame] Yolet AFES Fro) PIE ekl
T Ue AT Y A e A5SE AAEGT Table 2).

Coordinates Thiessen
Observatory - - .
longitude latitude Coefficient
Baekam 127°22" 48" 37°9' 36" 0.174
Samjuk 127°22' 28" 37°4' 36" 0.164
Seolseong 127° 31" 39” 37°8' 45" 0.140
Janghowon 127° 36 37°6' 36" 0.236
Saenggeuk 127° 36 25” 37°2' 4" 0.186
Geumwang 127° 36 37°59" 247 0.100
Table 2. Characteristics of Selected Data
Data length (day) Max water level (m) Max Discharge (m3/sec)
Datal 5 4.50 588.98
Data2 11 3.49 353.75
Data3 3 5.06 738.94
Data4 5 4.76 656.93
Data5 3 3.40 335.12
Data6 4 498 716.70
Data7 4 3.36 32697
Data8 1 4.55 601.82
Data9 2 474 651.60
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Fig. 3. Selected Data in Cheongmi Basin Area from 2007 to 2011
Table 3. Compostion of Selected Data
Trndata | Chkdata | Tstdata Trmdata | Chk data | Tstdata Trmdata | Chkdata | Tstdata
set 1-1 7 set 2-1 7 set 3-1 7
set 1-2 4 8 set 2-2 4 8 set 3-2 4 8
set 1-3 9 set 2-3 9 set 3-3 9
set 1-4 7 set 2-4 7 set 3-4 7
set 1-5 1 5 8 set 2-5 2 5 8 set 3-5 3 5 8
set 1-6 9 set 2-6 9 set 3-6 9
set 1-7 7 set 2-7 7 set 3-7 7
set 1-8 6 8 set 2-8 6 8 set 3-8 6 8
set 1-9 9 set 2-9 9 set 3-9 9

L 750 AR Akme] wishel] we AvkE vluslr] S,
Aed ole] AFEE Table 37} o] 27702] 3o 2 F-dsl8ich
Datal ~3L <5218 &, Datad~ 6L HAAE(checking data;
Chk data)2, Data7~9%= ASAE R AM83e] 713t
o diel 2@ a8kt

o] Qe A8 AR} FIEE 102 1
of A AHgsigion], deirtae] T40) te Aok uast
7] 18] Table 4] ViERt 75} o] AAARIE 7 EO2 1~
3302 A #= Ak7)9] ZF9AE} t~ 2208 BSALR)9

- s
zE 2%

FrEAEE AME3ste] 57H2] Model:& 7331 T Table 4). -3
2 %}(Discharge Error; DE)} HAlH2*xHRoot Mean
Square Error; RMSE)E A18-3t] A& v|wslith(Eq. 1
and Eq. 2)

|Qobs.max - Qest.max|

DE=
Qobs. max

% 100(%)

M
7N DE= %= ARKE

ﬂgr‘j‘ék-?jh Qobs.max% Q’éﬁﬁls—%;&
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Table 4. Data used in Each Model

Obs. Precipitation | Obs. Water Level |Est. Water Level
Model A| 7, B, Q Q1 ~ Qs
Model B| 7, £, _, Q, @4 Q1 ™~ Qs
Model C| £, £y, B, @, Gy Qi1 ™ Gins
Model D| £, £y, B, Q@1 Gy |G ™ Gins
ModelE| P}, By, By, B3| @, @1, Gy |Qey ~ Qs

Table 5. DE Comparison using Median with Model A to E (%)

Qest,.maxj‘f Cﬁ]-j__—}

SE= \/ E(Qesl. 7Qobs.)2
n—1

P Q=

- o ako
@Er*rroa

=)
—C/ﬁl

ol)E vepdk
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= O>

LHERTE.

Table 7. RMSE Comparison using Median with Model A to E (m'/sec)

Model A | Model B | Model C | Model D | Model E
T+1 023 0.27 0.30 0.20 0.21
T+2 0.54 0.88 1.29 0.75 0.82
T+3 1.08 2.02 1.97 1.49 1.41
T+4 1.65 2.66 2.53 1.95 1.83
T+5 2.76 3.03 2.89 2.10 2.15
T+6 327 3.49 3.07 2.21 2.09
T+7 3.97 435 4.40 2.65 241
T+8 4.88 5.28 4.44 2.83 3.12
T+9 5.62 5.60 4.39 2.71 3.23
T+10 5.68 5.83 4.72 3.78 335
T+11 5.80 5.96 5.13 4.58 4.29
T+12 7.15 6.00 6.39 5.54 4.37
T+13 7.97 6.61 6.66 6.55 6.60
T+14 7.20 6.91 7.25 6.68 6.88
T+15 8.46 7.10 7.95 7.51 8.50
T+16 7.55 7.48 8.02 8.58 5.84
T+17 8.32 8.39 8.62 8.24 5.98
T+18 9.19 9.24 9.40 7.25 5.88
average 5.07 5.06 4.97 4.20 3.83

Table 6. DE Comparison using Average with Model A to E (%)

Model A | Model B | Model C | Model D | Model E
T+1 1.85 2.27 2.09 1.62 2.36
T+2 3.38 4.13 432 331 3.89
T+3 5.40 7.41 7.27 5.16 522
T+4 8.02 9.32 8.91 7.71 7.67
T+5 11.02 11.78 10.88 10.46 10.33
T+6 14.30 14.05 13.45 13.37 13.24
T+7 17.64 17.20 16.55 16.52 16.36
T+8 21.24 20.73 20.06 19.60 19.13
T+9 25.12 24.47 23.83 22.56 22.19
T+10 29.31 28.68 27.95 26.19 25.74
T+11 33.74 33.07 32.49 29.84 29.66
T+12 38.57 37.11 36.91 33.93 33.89
T+13 42.80 41.27 41.01 38.05 38.29
T+14 46.66 45.00 44.49 42.88 42.89
T+15 50.69 49.11 52.52 47.70 47.54
T+16 53.54 56.21 58.08 51.12 49.88
T+17 57.77 62.39 63.75 55.05 53.89
T+18 61.82 66.76 69.66 58.02 57.98
average 29.05 29.50 29.68 26.84 26.68

Table 8 RMSE Comparison using Average with Model A to E (m'/sec)

Model A | Model B | Model C | Model D | Model E
T+1 0.28 0.55 0.55 0.32 0.48
T+2 0.73 1.25 1.31 0.97 1.26
T+3 1.27 2.63 2.44 1.66 1.76
T+4 2.10 3.49 3.05 225 2.17
T+5 3.76 4.85 4.23 2.51 2.72
T+6 5.61 5.64 5.03 3.31 3.06
T+7 7.19 7.40 6.68 4.20 3.72
T+8 8.55 8.72 8.06 4.83 4.49
T+9 9.61 9.46 9.09 5.67 5.08
T+10 10.56 10.32 9.83 6.46 5.76
T+11 11.35 11.03 10.83 6.91 6.43
T+12 12.08 11.69 11.38 7.99 7.16
T+13 12.70 12.14 12.24 8.93 8.95
T+14 13.32 12.64 12.86 9.91 9.06
T+15 13.64 13.03 13.35 10.90 10.51
T+16 13.56 13.47 14.21 12.11 11.12
T+17 13.85 15.13 14.20 12.56 11.97
T+18 14.90 15.80 15.00 12.19 13.06
average 8.61 8.85 8.57 6.32 6.04
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Model A | Model B | Model C | Model D | Model E
T+1 2.26 2.38 2.35 2.01 221
T+2 4.03 4.12 4.14 3.66 3.84
T+3 6.21 6.54 6.50 5.87 5.73
T+4 8.90 9.06 8.94 8.38 8.14
T+5 11.79 11.89 11.79 11.01 10.81
T+6 14.95 14.54 14.32 13.76 13.19
T+7 18.03 17.66 16.94 16.81 15.98
T+8 21.69 21.00 20.52 19.84 19.35
T+9 2491 24.83 23.79 23.52 22.57
T+10 28.75 28.48 27.42 27.32 26.08
T+11 32.65 31.82 31.21 30.76 29.74
T+12 36.79 35.92 35.28 35.16 33.58
T+13 40.83 40.28 39.40 37.91 3891
T+14 44.89 44.46 44.03 41.62 40.95
T+15 49.31 4891 47.33 45.65 46.39
T+16 50.47 51.07 52.06 49.60 49.14
T+17 54.49 56.28 55.99 53.41 53.09
T+18 58.23 60.58 60.87 57.26 57.15
average 28.29 28.32 27.94 26.86 26.49
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Table 9. Comparison as Use of Training Data

Discharge Error (%) RMSE (m'/sec)

Average | Median | Average | Median
Datal for Training 5.01 243 40.62 26.69
Data2 for Training|  3.72 3.69 58.89 4433
Data3 for Training| 14.29 8.72 38.39 22.31

Table 10. Comparison as Applying of Testing Data

Discharge Error (%) RMSE (m'/sec)
Average Median Average Median
Data7 3.68 3.93 21.84 11.97
Data8 5.19 3.77 29.82 55.27
Data9 14.16 12.64 60.80 33.42
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Table 11. Comparison of ANFIS and HEC-HMS
June 22"~ June 25" July 3 Aug 16" ~ Aug 17"
Discharge Error (%)| RMSE (m'/sec) |Discharge Error (%)| RMSE (m'/sec) |Discharge Error (%)| RMSE (m'/sec)
HEC-HMS 5.25 28.25 7.25 37.39 0.40 90.15
ANFIS t+9 0.52 9.29 1.20 26.83 2.87 26.36
ANFIS t+18 438 23.28 6.25 70.82 6.35 71.30
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