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Assessment of Flood Probability Based on Temporal Distribution of
Forecasted-Rainfall in Cheongmicheon Watershed
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ABSTRACT

The objective of this study was to assess the flood probability based on temporal distribution of forecasted-rainfall in Cheongmicheon watershed. In
this study, 6-hr rainfalls were disaggregated into hourly rainfall using the Multiplicative Random Cascade (MRC) model, which is a stochastic rainfall
time disaggregation model and it was repeated 100 times to make 100 rainfalls for each storm event. The watershed runoff was estimated using the
Clark unit hydrograph method with disaggregated rainfall and watershed characteristics. Using the peak discharges of the simulated hydrographs, the
probability distribution was determined and parameters were estimated. Using the parameters, the probability density function is shown and the flood
probability is calculated by comparing with the design flood of Cheongmicheon watershed. The flood probability results differed for various values of
rainfall and rainfall duration. In addition, the flood probability calculated in this study was compared with the actual flood damage in Cheongmicheon
watershed (R* = 0.7). Further, this study results could be used for flood forecasting.
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Table 2 The duration and total rainfall of each storm events

Table 1 Converted rainfall value

Actual rainfall range for Converted rainfall (mm)
6 hours (p, mm)

p ¢ 0.1 0

01 < p«(1 1

1< p«(5 5
5<p(10 10

10 < p (20 20

20 < p (40 40

40 < p (70 70

70 < p 173.5

200

150

100

Rainfall depth (mm)

50
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30

20

Rainfall depth (mm)

6 12 18

24 30 36 42 48 54
Time (hour)

(a) Input (6—hr rainfalls)

1 7 13

19 25 31 37 43 49
Time (hour)

(b) Result (1-hr rainfalls)

Fig. 6 The input and result of the MRC model (SE1)

-, e Duration Total rainfall (mm)
(hr) Actual rainfall Converted rainfall
SE1 2002-08-06 54 405.5 652.0
SE2 2006—07-15 72 314.0 498.5
SE3 2009-07-11 30 306.0 393.0
SE4 2006—07-26 72 2515 345.0
SE5 2012—-07-05 36 261.0 288.5
SE6 2000-07-22 18 2410 367.0
SE7 2018—-08-26 60 238.7 301.0
SE8 2011-07-27 18 206.0 348.0
SE9 2013—-07-21 24 202.9 358.0
SE10 2010—-09-21 30 187.3 195.5

Fasaetsei g A62d AllE, 2020 ¢ 21



WEZPol AIZERO G2 oM R E4 S T}
3. Clark BHI= $ojo] EAjol < Uehjglon] Fuld olo] EXuuE,
90| 9%er Ao AMGEIL SOIEAQIA S gse] = am Fig 73 Fig. 83} Itk §:1¢] DEM, X0l

GAAE, BATEE Bk 4RE At YRS
T2 FEA R AL 15000 A M5 S o} §5tof
X312 (Digital Elevation Model; DEM) At25 453}
Ak EXuErE SR 125,000 FEF EXTEE 2}
2E ol g3l on, EYEE H2UTH 125000 UE
G= ARE o83t EXYERES} EYEE o] 85t
.23 24> (curve number, CN)gHS AHAalglch $-guet

=9 A9 Z57)olle HeAdHolng e 5 (1997), =
ESFR (2012)0]14] AAE HEeF o] Eoktoll A}l

GOEA BAL SRk Clark B9
grld foel fUBYL

EJLE o]83sle] &
=R YYARE o8 E= %
Table 49} 2t}

Clark T9|=/2& ARgsto] frof faT2 Adst7]of o
R 7\%% Z=3ya}oict. 20153} 20179 2709] 79
ApAo] disto] RAL aEtgon 2018 2719] FAMY

off thate] 42 stk ZAoll= gud deto] 914
o FEIEE —r-r] 72 AR oAl (A 9] 2915 o

8ot =9 TAIAA] (MLTM,, 2009y ©]-8-5te]
213y

] O

E

ol
(ML

s al:o X o 5 2 HaHL 0] 85
CN(I) (AMC-TT 27)E 795 A-835}9/t}. Table 30 u]x FOo® SHksto] HAS stelom, gEeE o]-8st
Table 3 Land use of the study watershed
Land use Forest Agricultural Land Used Area Grass Water Other
Al
rea 261,85 257.41 34.12 15.40 13.01 13.81
(km®)
P t
erc(f;”) age 43,96 4322 5.73 2,59 218 232
o
Table 4 Characteristics of the Cheongmi stream watershed
Item Value
Area (km?) 595.6
Length (km) 60.7
Basin slope (%) 13.76
Stream gradient (%) 0.16
Impervious (%) 3.47
c Numb AMC( 1) 50.7
urve Number AMC(D 710
(CN)
AMC(IIl) 84,9

Legend

I Used Area
Agricultural Land

I Forest

I Grass

I Wet Land

[ Barren

I Water

Fig. 7 The land cover for the study watershed
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Table 5 Stage—discharge relation curve at Samhap

. Stage—discharge relation curve
Station 3 Range
(@ m’/s, h: m)
Q=57.710 X (h—0.350)%2" 0.35 < h < 1.00
Samhap Q= 62.963 < (h— 0.400)>11? 1.00 < h < 3.60
Q=179.603 < (h— 0.500)" 2** 3.60 < h < 9.00
Table 6 Statistics of calibration results
Statieli Calibration Validation
atistics
SE20150724 SE20170709 SE20180701 SE20180705
R? 0.98 0.97 0.94 0.92
NSE 0.94 0.96 0.90 0.92
PBIAS (%) 0.02 0.07 0.07 0.07
RMSE (m*/s) 12,52 30.54 44 24 27.10
EEN Precipitation ——Simulated ¢ Observed EE Precipitation ——Simulated <+ Observed
300 ) 600 0
500
Q 10 E s 10 E
= 200 £ = 400 £
..E. 20 g .E. 20 g
f 8 S a0 8
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a 8 a o
a0 a 100 40 o
0 lussassee e 0 s0
0 12 24 36 48 60 72 0 12 24 36 a8 60 72
Time (hr) Time (hr)
(a) SE20150724 (b) SE20170709
Fig. 9 Comparison of the observed with the simulated runoff (Calibration)
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600 ] 400 . )
500
Q g = ©vE
= 00 £E = E
E 20 g E 2 ¢
- wd B wb
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0 50 50
0 12 24 36 48 60 72 60 72
Time (hr) Time (hr)
(a) SE20180701 (b) SE20180705

Fig. 10 Comparison of the observed with the simulated runoff (Validation)

Sasaetsei g A62d AllE, 2020 ¢ 23



Table 7 The parameter and flood probability
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1,000 : —— — — — Fig. 149} 7t}
SE1 SE2 SE3 SE4 SE5 SE6 SE7 SE8 SE9 SE10
e B Aol AE F4 28 Autel Aaelne] g4 1)
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Fig. 12 The b lot of th k disch _
19 7 T Do pIot O The pest dsenarge TR} 07 2k UERHRITE SE19] 49 347} dlojd 88
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Storm event Location parameter Scale parameter Flood probability (%)
SE1 3,366.5 87.9 100.0
SE2 2,552 1 60.0 0.5
SE3 2,841.0 86.4 54.8
SE4 1,356.9 33.4 0.0
SE5 1,895.7 58.0 0.0
SE6 2,863.2 61.4 64.5
SE7 1,348.4 30.0 0.0
SE8 2,737.8 76.3 18.1
SE9 2,769.9 59.0 19.3
SE10 1,610.8 311 0.0
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Fig. 13 The probability density function for the peak discharge
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Fig. 14 The cumulative distribution function for the peak discharge
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