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Abstract

This study generated flood time series of ungauged catchments in the Andongdam catchment using a distributed rainfall-runoff model
and data generation method, and extracted the peak flows of 50 catchments to investigate the effect of rainfall spatial variability on peak
flow simulation. The model performance statistics for three gauged catchments were reasonable for all events. The flood time series of
the 50 catchments were generated using distributed and mean rainfall time series as input. The distribution of the peak flow using the
mean rainfall was similar or slightly different to that using the distributed rainfall when the distribution of the distributed rainfall was
nearly uniform. However, the distribution of the peak flow using the mean rainfall was reduced significantly compared to that using the
distributed rainfall when actual storms moved to the top or bottom of the study catchment, or the rainfall was randomly distributed. These
cases were 35% of total number events. Therefore, the spatial variability of rainfall should be considered for flood simulation. In
addition, the power law relationship estimated using the peak flow of gauged catchments cannot be used for estimating the peak flow
of ungauged independent catchments due to latter’s significant variation of the peak flow magnitude.
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Fig. 1. Study area including three flow gauge points (Andongdam,
Dosan, and Socheon) and 47 ungauged outlets (Watch Points)
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Table 1. Size of area, average slope, and channel length of the 50 catchments

Name Area (km®) | Ave.slope | Ch.L (km) | River class Name Area (km®) | Ave.slope | Ch.L (km) | River class
Andongdam 1584.2 0.21 147.2 main WP 26 751.4 0.24 82.5 main
WP 2 14.7 0.19 5.6 sub WP 27 39.1 0.24 10.6 sub
WP 3 1459.7 0.21 132.4 main WP 28 28.4 0.27 11.1 sub
WP 4 51.6 0.1 12.6 sub Socheon 645 0.25 62.5 main
WP 5 13.8 0.13 5.3 sub WP 30 104.5 0.28 20.8 sub
WP 6 1327.7 0.23 119.6 main WP 31 32.7 0.3 7.4 sub
WP 7 89.6 0.2 19.9 sub WP 32 540 0.24 61.7 main
WP 8 81.2 0.21 16.4 sub WP 33 88.5 0.21 233 sub
WP 9 17.6 0.2 5.5 sub WP 34 373 0.21 10.1 sub
WP 10 1235.9 0.23 118.4 main WP 35 402.1 0.25 49.9 main
WP 11 1221.5 0.23 114 main WP 36 339 0.22 9.3 sub
WP 12 36.6 0.14 12.6 sub WP 37 13 0.24 4.6 sub
Dosan 1157.4 0.23 101.6 main WP 38 60.5 0.24 14.2 sub
WP 14 8.9 0.23 5.8 sub WP 39 232 0.24 7.4 sub
WP 15 1142.6 0.23 99.5 main WP 40 251.2 0.25 29.2 main
WP 16 11.2 0.25 5.6 sub WP 41 49.2 0.26 12.8 sub
WP 17 231.7 0.19 33.1 sub WP 42 222 0.28 9 sub
WP 18 34 0.1 6.5 sub WP 43 14.2 0.22 42 sub
WP 19 5.6 0.13 43 sub WP 44 189.9 0.25 252 sub
WP 20 28.6 0.29 7.5 sub WP 45 58.6 0.24 15.1 sub
WP 21 47 0.24 10.8 sub WP 46 131.2 0.25 24.6 sub
WP 22 850 0.24 89.5 main WP 47 41.6 0.27 10.9 sub
WP 23 838.8 0.24 83.1 main WP 48 32.6 0.28 7.7 sub
WP 24 86.4 0.18 20.3 sub WP 49 53.6 0.23 12.5 sub
WP 25 39.2 0.18 10.2 sub WP 50 19.6 0.25 7 sub
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Table 2. Periods of the 20 events®

Event Period
1998 Evt 1 1998/08/14:19 - 1998/08/17:23
1999 Evt 1 1999/08/02:13 - 1999/08/05:04
1999 Evt2 1999/09/19:20 - 1999/09/22:01
1999 Evt 3 1999/09/23:04 - 1999/09/25:19
2000 _Evt 1 2000/09/13:01 - 2000/09/15:18
2000_Evt2 2000/09/16:04 - 2000/09/18:04
2002 _Evt 1 2002/08/05:20 - 2002/08/09:16
2002_Evt 2 2002/08/30:23 - 2002/09/02:04
2003_Evt 1 2003/06/27:09 - 2003/06/29:18
2003 Evt2 2003/09/11:24 - 2003/09/15:01
2004 Evt 1 2004/06/19:04 - 2004/06/23:03
2004 _Evt2 2004/07/15:09 - 2004/07/19:02
2004 _Evt3 2004/08/17:19 - 2004/08/20:22
2006 _Evt 1 2006/07/10:07 - 2006/07/12:08
2006 _Evt2 2006/07/15:14 - 2006/07/17:10
2006_Evt 3 2006/07/28:04 - 2006/07/31:01
2007_Evt 1 2007/09/01:02 - 2007/09/03:17
2008 Evt 1 2008/07/24:19 - 2008/07/27:03
2009 Evt 1 2009/07/11:21 - 2009/07/14:08
2009 _Evt2 2009/07/14:15 - 2009/07/16:22

The format of period is Year/Month/Day:Hour
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Table 3. Description of the parameters of the GRM model
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No. Name of parameter Unit Range Description Calibration
1 IniSaturation - 0-1 Initial soil saturation ratio Yes
2 MinSlopeLdSrf - 0.0001-0.04 Minimum slope of land surface Yes
3 MinSlopeChBed - 0.001-0.04 Minimum slope of channel bed Yes
4 MinChBaseWidth m - Minimum channel width Yes
5 ChRoughness - 0.025-0.15 Channel roughness coefficient Yes
6 IniFlow CMS - Initial stream flow No
7 DryStreamOrder - 0-max. str. order Initial dry stream order No
8 CalCoefLCRoughness - 0-4 Land cover roughness coefficient No
9 CalCoefPorosity - 0-4 Soil porosity No
10 CalCoefWFSuctionHead - 0-4 Soil wetting front suction head No
11 CalCoefHydraulicK - 0-4 Soli hydraulic conductivity No
12 CalCoefSoilDepth - 0-4 Soil depth No
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Table 4. Calibrated parameter values for the 20 events

Event IniSaturation
1998 Evt 1 0.70
1999 Evt 1 0.60
1999 Evt2 035
1999 Evt3 0.66
2000 _Evt 1 0.45
2000_Evt2 0.93
2002 _Evt 1 0.08
2002 _Evt2 0.31
2003_Evt 1 0.07
2003_Evt2 0.90
2004 Evt 1 0.10
2004 _Evt2 0.77
2004 Evt3 0.53
2006 _Evt 1 0.38
2006 Evt 2 0.62
2006 Evt3 0.60
2007 Evt 1 0.65
2008 Evt 1 0.22
2009 Evt | 0.55
2009 _Evt2 0.60
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Table 5. Model performance for the calibration and validation catchments®

Andongdam - Dosan Socheon
Event

NSE PBIAS Tood NSE PBIAS Trood NSE PBIAS Tood
1998 Evt 1 0.86 -15.0 0.90 0.80 14.2 0.76 0.88 -3.0 0.86
1999 Evt 1 0.72 -21.7 0.88 0.83 -18.9 0.94 0.53 -14.1 0.65
1999 Evt2 0.70 -5.9 0.66 0.87 -10.7 0.86 0.78 -3.5 0.79
1999 Evt3 0.90 9.2 0.89 0.93 -83 0.89 0.75 -4.9 0.68
2000 _Evt 1 0.82 17.9 0.89 0.48 343 0.71 0.93 14.0 0.96
2000 Evt2 0.89 -8.4 0.93 0.90 12.1 0.93 0.70 -21.5 0.79
2002_Evt 1 0.86 0.7 0.88 0.81 -21.5 0.70 0.87 134 0.93
2002_Evt2 0.99 0.7 0.96 0.85 -29.7 0.76 0.98 -1.0 0.85
2003_Evt 1 0.93 -12.0 0.91 0.83 -23.5 0.73 0.76 -16.8 0.81
2003_Evt2 0.89 22.0 0.86 0.92 -8.4 0.86 0.07 20.0 0.52
2004_Evt 1 0.78 28.4 0.86 0.75 29.0 0.90 0.05 40.0 0.56
2004_Evt2 0.74 -2.7 0.82 0.84 -2.7 0.89 0.00 -7.2 0.52
2004_Evt 3 0.85 18.9 0.93 0.96 15.0 0.97 0.45 247 0.62
2006 Evt 1 0.92 -5.1 0.90 0.95 -2.5 0.89 0.79 12.5 0.73
2006_Evt 2 0.95 =13 0.96 0.92 -1.8 0.88 0.55 20.7 0.70
2006 Evt 3 0.92 9.2 0.97 0.98 -2.5 0.97 0.68 4.8 0.65
2007_Evt 1 0.88 -2.3 0.84 0.91 -8.8 0.82 0.26 14.9 0.56
2008 Evt 1 0.89 -2.3 0.93 0.95 -10.3 0.96 0.83 6.2 0.79
2009 Evt1 0.93 8.9 0.88 0.96 -7.6 0.89 0.87 -7.2 0.91
2009 Evt2 0.90 -8.4 0.90 0.81 -26.8 0.90 0.75 -23.7 0.76

“The bold and underlined numbers represent the values placed outside of the acceptance range for each performance evaluation statistic:

NSE > 0.5, PBIAS + 30%, and 7

>0.6

mod
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Fig. 2. Comparison of the peak flow with and without the rainfall spatial variability



N. W. Kim and M. J. Shin / Journal of Korea Water Resources Association 50(6) 359-371 367

hat
2
N
N

Fe-A 2w FES A o|H BB
AF7973 5= 5070 F-Foll sl F otz T oA
P | R 342 AA-AEA=E AR
S TS Ve ot 324 74
AU R E AFSSIAS A - /T
LERAT

Fig. 20]4] Ho{5=5=0] Type 18] 739 AA3-5-5 AR8=Y
7350 -8 WO TR 2 3£(2003_Evt 1_Qpeak)7}
P AAFE AR Ao o Ko R R R
(2003_Evt 1_Qpeak_areal)2} B3t Z4eS e Sl
Type 12] 573973 = 0] B3L(2003_Evt 1_Ppeak)o A &
0] 5070 -7 o] AT 2717 HE Type o] -+
739735 0] A 710 vol ] A H] =Rt A& BRI 4= QlTh
(Type 12] 3577 o] S A= 0.12, Type 2= 031,
Type 3= 0.39, Type 4+=0.30). ] AL 74-$-0] 71 694
Htol A4 v vt Aol BB E -5 ARSSto]
ARFES] ET-RES Rostol At AnE 4
4= k= AL oJu|gict. SRR 397 AR

02 o]
(Type 2)517U} 81RO 2 o] % (Type 3)51=

oo
lo rlo b o 1o

il

Z
b B |
A

o, ofh

ol
BRI E ST A0] foE RHT R B
(2006_Evt3 Qpeak areal, 1998 Evt1 Qpeak areal)7} A
A2 AHGT 50 o9 BTG FE(2006
Evt3_Qpeak, 1998 Evt1 Qpeak)E Tt FotAl= A2 23l

H ol off

>

Rainfall
High : 70.000000

Low : 2.773000

(a) 1998/08/15:07:00

(b) 1998/08/15:08:00

lo
(E

il
M
>
N
N
ol

T4 Slrk@elA Qe B9

[e}
Z Type 3 (1998_Evt 1) Al thal] 5-9-2] 5714 o] 5-&
Fig. 37} o] A& TAsHS). o142 297} o]&5h=
73olls B AHEoto] mOlRh HEREkao]
AA S0 o5 AFHFREE AHo] BT 4 gle-2 o]
gtk Eqh o] A2 S4=F A A 5.9-9] 37 o] -5 11

7850 2 7F FARIRE 8- HType 4)0ll= 3B 45
ARgsto] BOJRt fo BOHERRFO] FIL(2003_Evt
2_Qpeak_areal)7} A5 ARG -0 F- 9 RO
] 23£(2003_Evt2_Qpeak) H.T} o FoFA= Ze
HojZErh o] 22 AITPS] B4=F A Al o E & 749
HRI7FH| 0 A 53 AVE] 495 A 2fohH 5-9-9] F7H
Extdd o] W H AAPF-E AFEShe o] Adsith= A
& )R}, T3t o] Aih= 74¢-0] F3H E448 1ol

(c) 1998/08/15:09:00

Fig. 3. Spatial distribution of rainfall when the storm moved to the catchment’s outlet direction



368 N. W. Kim and M. J. Shin / Journal of Korea Water Resources Association 50(6) 359-371

t 799 RO FHEae] EEHAK 0 Qpeak)2}
P75 AMRE 73-9-0] ROIHFREY FEHAL
Qpeak_areal), 12|31 ¢ Qpeak®} ¢ Qpeak areal¥t2] H]
O] R EL-8(% o ratio=100( ¢ Qpeak areal/ 0 Qpeak))=
F5191.0. ™ 1 A3}HE Table 691 AMY 2 Typed 2 LERY
Atk ©1% o ratio=TFE 2-9-2] TypeE & 3B -+5
ARERt 7-9-0] HOl FRaFo] dulehE AA;E AR
7390 B F R WS RO & A=A E IS
I Uk

2] 2070 AV Type 7H= Type 12] 749 1371(65%),
Type 22] 73-%- 471(20%), Type 3] 8- 270(10%), 12|12
Type 49] = 170(5%) <] AMdol 131t Type 1] -9
% 0 ratio®] M= 34.785F 111.80 71| o™ Ht-2
66.07°]31t}. o] A2 Type 12] Z-¢-ol tisiA= 87HEw7

of mu 4o
_|>L
oo do

~
Q

L

2 o
}nﬂ

-

Table 6. Standard deviation (o) of the peak flow with and without
the spatial variability in rainfall for the catchments having
size less than 300 km?

Event o Qpeak Qpealf_areal % o ratio Type
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2009 Evt2 5.39 2.25 41.67 1

Mean 66.07 1
1999 Evt 1 9.92 2.06 20.73 2
2002 _Evt 1 4.74 2.20 46.47 2
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2006_Evt 3 2.04 0.83 40.55 2
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Fig. 4. Distribution of the simulated peak flow using the rainfall data with spatial variability. Main and Main_obs represent the peak flow of
catchments having the outlets placed on the Nakdong river, whereas Sub and numbered WP represent the peak flow of catchments
having the outlets placed on the tributaries of the Nakdong river. The Main and Main_obs represent the peak flow of ungauged and
gauged catchment, respectively. The Sub and the numbered WP represent the peak flow of independent and dependent ungauged

catchment, respectively. The solid black line represents the trendline of peak flows using power equation
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