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A Comparative Study of Unit Hydrograph Models for
Flood Runoff Simulation at a Small Watershed

Abstract

In this study, three different unit hydrograph methods (Snyder, SCS, Clark) in the HEC-HMS were compared
to find better fit with the observed data in the small agricultural watershed. Baran watershed, having 3.85km’ in
size, was selected as a study watershed. The watershed input data for HEC-HMS were retrieved using
HEC-GeoHMS which was developed to assist making GIS input data for HEC-HMS. Rainfall and water flow
data were monitored since 1996 for the study watershed. Fifty five storms from 1996 to 2003 were selected for
model calibration and verification. Three unit hydrograph methods were compared with the observed data in terms
of simulated peak runoff, peak time and total direct runoff for the selected storms. The results showed that the
coefficient of determination (RZ) for the observed peak runoff was 0.8666~0.8736 and root mean square error,
RMSE, was 5.25~6.37 m/s for calibration stages. In the model verification, R? for the observed peak runoff
was 0.8588~0.8638 and RMSE was 9.57~11.80 m'/s, which were slightly less accurate than the calibrated
data. The simulated flood hydrographs were well agreed with the observed data. SCS unit hydrograph method
showed best fit, but there was no significant difference among the three unit hydrograph methods.

Keywords : HEC-HMS, Unit hydrograph, Rainfall-runoff, SCS, Snyder, Clark
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1. HEC-HMS 2&2| 712

HEC-HMS (Hydrologic Modeling System) 1]
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2] Ywoyutoa AR ARAL HY
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7159 MM B2y 2y ¥ d&EY7|E0] 371
5j9ich (USACE, 1998).
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(USACE, 2001a).
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Fig. 1 Typical HEC-HMS representation of water—
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]fﬂz}iﬂl %L%“r"— 918 HEC-GeoHMS(USACE,
2001b) 2EE olg3slgon HEC-GeoHMS ZE&
& ulFyool o3 20008 AAEERLH, Hlﬂ%l
GIS A8 7 #71AE 4 HEE AT
7R Az 2EE HEC-HMSY d%sle] 49 321
FFAo] olgE=E HA=Qtt. HEC-GeoHMS&
HEC-HMSY] zmg 53kt ol85H, A=
e, AR A=, F94847, HMS 2A/Y
59 ZER TAHY ot 9y AFEe =
HR|E Yol AZsE 1/5,000 NGIS FHAZE 9]
g8l on HEC-GeoHMS ZEE o|&3to] AAM;
g, SEFAE, L, SHFRE, AFYTEE

SCS e ol$¥ F8%) RS el A%
SSUNECNE 2, )

EgREe} BX0|gARE 0|83}
Qe 50;5% 1/25,000 HUEFEE olgalo] &
ANk, 871% $(1988)9]
SEs BoRe BEsd
Exlolg—x}if GRS olgstel EXo|8R

Table 1 Classification of AMC

5-day Antecedent rainfall, RF5(mm)
AMC Group Growing season Dormant season
(Jun. ~ Sep.) (Oct.~May)
I RF5< 35.6 RF5 <127
It 35.6 <RF3<533 127<RF5< 279
m RF5 > 53.3 RF5> 279

Table 2 CN values for each land use and hydro-
logic soil group

Land use Hydrologic soil group
A B C D
Paddy 78 78 78 78
Upland 72 81 88 91
Farmstead 29 74 82 86
Reservoir 100 100 100 100
Forest 56 75 86 N
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Table 3 Optimized parameters of the HP#6 wa-

tershed
Snyder UH SCSUH Clark UH
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Fig. 5 Comparison peak runoff of simulation and
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£ BYY 2R3 A4 dstel 22 29AS
7} 0.9863, 0.90422 YERgen, RMSE, RMAE %
Mad 4% 9%l AT 2
7lg & e Aoz Bt
BIE Bl B HFA AT i

Honel 39

Zzt A%AS7} 0.8500 o1

9 WA thet
ok & #

W, 0.9800 oMoz u

Ejton], RMSE, RMAE 2 Aexte] 29 v
24 4% dolHg T WD g AoE vt
gou, 2 ZolME SCS BYIE ol Yl &

At AAol diste] FAALS} RMSE, Adheate]
A7 W] 7oA Snyder?t Clark % W
Br} o 295 E°]k ZAoE Ueytt
a8y ZA-FERE ssly] Y8l 263 Sny-
der, Clark, SCS Ti= o] that Z4z}e] FA ]
Bke 53l ZF e Aol gt 24% ¢
ANE AAE £ AXT, 7 29 W 7h &
o7 o7t ZAsR=AlE & & ¢k w4, B
Ao AYHE e by A8 Hest
Snyder, Clark, SCS ©H= oA AHZEglof of
st Z+ 37kl Feldt o7t QleAE Yotiv)

Table 4 Calibrated and verified results from HEC-HMS model simulation at the HP#6 watershed

Calibration Verification
fiem R RMSE | RVAE | RB(®) R RME | RMAE | RB®)
Total volume (mm) 0.9863 7.06 0.20 7.06 0.9042 16.00 0.27 11.13
Snyder 0.8736 543 0.29 6.53 0.8620 10.20 0.36 19.80
Pfalf ;”“‘;“ Clark 0.8666 6.37 033 1789 | 0888 | 1180 | 038 2876
e SCS 0.8724 5.25 0.30 2.90 0.8638 9.57 0.35 15.77
Snyder 0.9899 0.73 0.04 1.99 0.9970 0.62 0.03 0.89
Peak time (hrs) Clark 0.9895 0.80 0.04 3.31 0.9964 0.67 0.03 0.43
SCS 0.9900 0.72 0.03 1.86 0.9970 0.62 0.03 0.97
Table 5 ANOVA table of calibration result
SV SS df MS Fs Foosezan
Among groups 2.0938 2 1.0469 00414 3.1093
Peak runoff (m'/s) Within groups 2046.7150 81 25.2680
Total 2048.8090 83
] Among groups 0.2017 2 0.1009 0.2593 3.1093
Fe e Within groups 315019 81 0.3889
Total 31.7036 83
** SV . source of variation, SS : sum of squre, df : degree of freedom, MS : mean square
Table 6 ANOVA table of verification result
Y SS df MS Fs Foosezan
Among groups 3.1689 2 1.5845 0.0188 3.1138
Peak runoff (m'/s) Within groups 6567.3190 78 84.1964
Total 6570.4830 80
) Among groups 0.0930 2 0.0475 0.1793 3.1138
pea(‘;;)‘me Within groups 20,6686 78 0.2650
Total 20.7636 80
** SV : source of variation, SS : sum of squre, df : degree of freedom, MS : mean square
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Akl digt AAAS, RMSE, RMAE, Atjexie]
SAA Ao AFGAe EFL 7 & w3t
= 202 YEpgth

5) Snyder, Clark, SCS ©$|= w7kl §-9)7
Zfo|g dobir] Yt LYEAEANS ANE F
3}, zb dhi7oll= oA A7t gl AR UE
wth o] AdE 7Hte g, B Ao a3t Z
PHE 52 4RG99 ZEkg Fsked o8]

7R Ao B,

B d7E SUE SWIeBAYel Agdl
of3) olsorl A%
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