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ABSTRACT

In Korea, where more than half of annual precipitation (55%, 653.9mm) occurs during the rainy season (June-September),
it is difficult to efficiently store and manage water resources. These challenges are likely to be exacerbated by climate change,
the impact of which was demonstrated in the summer of 2020 in the form of an unprecedented long rainy season. The purpose
of this study is to help establish efficient future water resource management and water-related disaster prevention measures
in response to climate change. Application of the HEC-HMS (Hydrologic Engineering Center’s Hydrologic Modeling System)
model was evaluated for simulation of rainfall runoff for the Daecheong Dam basin. During model set-up, parameter values
for loss, transform and routing methods were calculated based on land cover/land use status and soil type. The calibration
results for rainfall runoff at Junction-22 for the year of 2008 showed an excellent Nash-Sutcliffe Efficiency (NSE) value of
0.732, proving the high accuracy of the model. Simulation results for runoff volume at the same junction in 2017 using
calibrated parameter values showed an acceptable NSE value of 0.535. Thus, the overall model efficiency of HEC-HMS was
validated. The results of a pilot simulation of the impact of climate change on runoff volume under RCP scenarios 4.5 and
8.5 for the year 2050 forecast potential exacerbation of the seasonality in precipitation, in addition to showing a dissimilar
pattern from the present, suggesting potential water management issues. Since future management methods should take into
account the intensity and frequency of precipitation during the dry and rainy seasons, which vary due to climate change,

validation of the HEC-HMS as a tool for predicting runoff volume in the mid- to long-term future is important.
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BOMoF E71F9] FFLE 1981~20109 7] &
Ugke] dEA 24 1,307.7 mme] 55.3%20 723.2 mm
7t 69olA 8¥E HFYHE= oo HIFEHUTHKMA,
2018; Park et al., 2008). °o]2|st AZFA W&o it
A= A B E s 710l dat AeA] W {F=
gtHsta olE 7)o ARgstal Sl

SpAlL, 4ol
Hd el Aol WS Wol 845 o} H9A| T ol

=8 & B2 EE 7159 9Qlo] H 4& Qlth(Lee et al.,
2019). ol W2 7ol B ofu] Z7ekAL Aot
7170 Zold A9, we] W Ei= F4 we] felo]
8 4% 988 oulun olsh ge ol Leltere
ARG ol AAEA F 1480 Sl E+tst1L
SALHE 9 o]HLSS A Ath(Lee et al., 2011).

) sApEREe) ofe el V|FHele ofskd Aow A
e Qled)], AR 1981~20109 308 E<QF oj2H Aup
o Ao sy dete] Aol S7H+54.28 mm/10
)5l tH(Bae et al., 2008; Choi 2015; Jung et al., 2011;
KMA, 2018). o]2{gt 7|FHst= Qlsto] &3] AZA
o] g2 ZAFA Aozl AW 3t tho] A AT}

o=
SR E 3 Qth(Jung et al, 2013; Kim and Choi., 2013;
Lee et al, 2011; Yang, 2007). KMA (2020)°] wZH

20204 ©}5 An} 71zko] 69 24U2 AZ.2 8Y 162
FREAE ol 19739 olF 714 71 Auiw 712
o 3 54 89 02 WA HE AR A% FFT
S BAANAE AZHY 87 mm, ShAHCIA oA
AlZFE 79 mme] F-9-7F A5Gt NABO (2019)= =
g A B ADAT ol 88.4%71 F- 29l o

Gote, Seletol s BE 29 SO A% F47t 7
% 2 Ao12 sk AR 349 £ GaYe i
Ehtet.

olgfst 7| FHstE AT WA BEAS 2 B4
Gt S7beke BUHOR A8 AYFRY] F4oh @

o At W AHs4 B3 37kt Agoltt. ol
uiska Wele Hastsh] 98] a9 nle) 499%

F ot WA

olt}(Jin et al, 2015; Kim and Kim,
2011; Knebl et al., 2005). 9= Sof 20204 o237} 7ol
Qd4el 79 Aol W] i ool 43 oaoTat
o) sstslo] il BETL LRl
tHKim et al., 2018). FEF9] 7=
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A o7 Ld)r|ojof SHK(Bae et al., 2011; Jeong et al.,
2008; Kim et al., 2018; Kim et al., 2013; Kim et al., 2004).

TERETSE Zste A7 # Zd2 PRMS
(Precipitation-Runoff Modeling System), HEC-HMS

(Hydrologic Engineering Center’s Hydrologic Modelling
System), SWAT (Soil & Water Assessment Tool), ReFH
(Revitalised Flood Hydrograph), SLURP (Semi-distributed
Land Use-based Runoff Processes) 5©°] Qlom, 1 &
HEC-HMS E9 £ AL AMgsH7] |3t GUI &

o AAL 7T 9ol 4y AgE: mdojth
HEC-HMS T29< &-85l0] 79553 nojst 29|

T=5°| v EASL 1

Steinman, 2009; Emam et al.,

A= AHUTH(Chu and
2016; Meenu et al., 2013;
Nyaupane et al., 2018; Vaze et al., 2010). S}A|9 = 9]
Be dEE ZdS A 7|EAA A Tt SYTF-
Aol Higt ®ojo] &-gsH= Zof 1AL lth(Hwang
and Yang, 2018; Joo et al., 2014). Ta}A 2 A9 BH
= " 7|59} AlUE| 9] T sl TE AR
=% H3kE 9&5t7] 918 HEC-HMS ZES = o4t

Ao A-gsta &g 7HsdE HESHE Zolt o]F &5}
o] HEC-HMS E‘:é«] = A& &8 7hsdol A5E
B, FF DAFAMT digt mojof TIAA] 9k, 5
7] vl SHFEFS Hsto] AZ7|Ttol| AX W3}
FAE EA5ks Aol 29 {83 =771 F Zolg 7]
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=

2.1 97 YK
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D). HEd 599 ?1
2 9914 km* & 9F 1/4 oJAFS X}Xlo}lﬂ 1078 A+
(AHAFIAA G, 5, AT SHEE HFA, B2
T, AL YT %JL P BAEE AFAL
s BTyl AHU. E3t o] AFe 20204 o
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2020). 53] sig 2] shrol HAsk= WA
A o] opd FHE AHo)A FAF= FIFE2E
=32 WY 59 48 EAE ASHLE FAL QMo <
A o] Al ghEo] ofEFS Fil oH, T4
v v Y9 EAIE Ao A-rETel H
mojel ¥ o] Wago] FEAIE Aozt & & Ut
(Jung et al., 2002; Kwon et al., 2002).
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Fig. 1. Study site

2.2 HEC-HMS =¥

HEC-HMS Rd2 "= S359¥" FEA74aUS.
Army Corps of Engineers Hydrologic Engineering Center,
HEC)IIA &9 Al&E AA S 2 HgS ZRofste=
Aesl B9 WIE A U $Eoh F4Rao] s
3l mElo|th(Hydrologic Engineering Center, 2018).
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F94L 9o} $20] g FEH(In 5ol AT ol
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—
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A71A Tee EGAITH), AL FAHEF(Km), LS {2
AHkm), He I=2Hm, 79 2 E19F 3 AFYAl
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Lo
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K=1.075

o714 A FIHA k), L R29%(km), T &2
AlZHhry& QJu|SHHMOE, 2019).

SETA0E Solot RUSERME SEFNA U
e REERYCR MMV WA smRge
Muskingum HP'HE 53] 49951t Hydrologic Engineering
Center 2018). Muskingum ®H-2 s}d9] 3t 77+ 35}
L 350} 1 7k 5K ARl oo} AR 27t o
oL ZAE A7kl duht AA| = =A1E gl 1ol
o} o Ei7AS= SHeARAS KoF ARayt 4=E 2
e 4B xolel, g Wil Honz B g
AE 0~059 HM9 T S 028 HHSIFTHMOE,

2019).
Aes APEES B A g 422 99

ArcGIS 105 T2IS FEIRT, Bl LTI ET
BAAHOA ABIRE 2007-2000 S S BEARE
oz male wset B BAel A9 54 YR
o] FEFol Histe] AEAol 7H 2ARE ghe =Eshe #
A 7 2ok 2R 2 HA 220 Vse HE
Slsick. ol wlias: 2Aske v pasE Ha u o) 4
ARS Al Alfxrdos AAstqlal, B 201749 3¢
FEF LIS A TSA=Eete) Hlwste] Ao
W w2 2E 91 HECHMS 29 &8 7t
‘de SRS BN 449 Hotes 2d aexed
Nash-Sutcliffe Efficiency(NSE)S Alol= Z 02 1513
oAl 3).

NSE=1-—

3)

i < Y;()bs_ y;sz'm)2
i=1

- <y;obs_ Yimean)2
=1

i
A7IA Yoe SHIRT VS Yo 2RO SHIRT

NZGL, Yoeurls SHAST B2H0) BFL OJu]3Hc Moriasi
et al., 2007).
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o4 243 Ao E-8F NSE= 1 o=y} A=k
2 Wielol AN WA RS 2o B7SKE 54 7]
tHo|tHGupta and Kling, 2011; Moriasi et al., 2007). T2} &
T A2 flo REF AR RYgE4tgEo] S0l
L =S Yehjie Mg A58 o8tk NSEE oo}
10 Ajole] gz 100} 71842 o g Bagiel A
o7} A}, QukEOZ 0004 10 Aole] o] ZHE 58 7
S 202 s, Bl g Welsh Al
gk Fol= Aol et Adolet A= yehdth & At
M 5 7FE A9 AFE VIS0 ® Sto] Hol aeie
AEE AZFEE Table 137} Zo] 2|5kt (Moriasi et al.,
2007).

Table 1. Criteria for evaluating model performance
based on Nash-Sutcliffe Efficiency (NSE) values

Criteria for performance ratings

Reference Poor Fair Good Very
good

Moriasi f al 050 < | 065 < | 075 <
"“;(S)‘O;: #+1 <050 | NSE< | NSE < | NSE <
0.65 0.75 1.00

E%

Rt g2 7|5 eyt vl Je-REel viAle ¥
ERI517] Y84l RCP4.52} RCP8.5 AlU+E] 2.0 wE 2050
o] F-REFe Ao HOsaL ol flsh 714l
A Asshe vl 715 Au2] 2] MMESs] A =g A}
2 ARSI MMESse= SH: 7|55} tiS e 9
3 7 1km FWIE=E AT Al A 71518} Alu=]
Qo  5719]  R|Y7|ERE(HadGEM3-RA,  RegCM4,
SNURCM, GRIMs, WRFy& A2 o= FAssto] A4t
Fozx shtol 7|5 s} Hdo] 7= BSAS WEaL
AFleES 59 A=) el AHEITHKIm et al,
2019). ZAAEE AlFE= MMESs RCP4.59F RCP8.5 ALt
2120 P P ArcGIS 105 Z2THS o8, 2o
A =EE 3N &FdE FHEE Aldsle] dEdEs &
B3I Fig 2= & 479 2YeA &5 v AR
ST F8 Mt He AP E 20504 FFe] Mot
£ Yepd Zo]H, Table 2= ©15 37HLY Uiro] AEEZ
UeRd ot} o71As tdA AR Ff Hat FA |
it olsiE 7] Al ZE9 A== B8 387 ot
ol Zd=egol obd Al Aol didt Bt UE e
Z HABIY e, ol& Zoldue] digt E4of &8It
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Daily Precipitation of 2050 under Two Scenarios: RCP4.5 & RCP8.5
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Fig. 2. Daily precipitation of 2050 under two scenarios RCP4.5 and RCP8.5
Table 2. Seasonal average precipitation (mm) for each time period
Spring Summer Fall Winter
All Year
Mar - May Jun - Aug Sep - Nov Dec - Feb
2017 1.32 8.65 1.75 0.91 3.18
2050 - RCP4.5 4.01 12.41 2.01 0.91 4.87
2050 - RCP8.5 2.86 11.91 2.90 0.70 4.62

“ HEC-HMS Model Set-up Calibration & Validation

¥' Sub-basin area
¥ Streamflow length

v Sub-bagin area
¥ Reach length
v DEM

* Precipitation Data

* 8CS8-CN = Basin Model

v 2019LC Map LV3 ¥ Sub-hasing from watershed delineation

v Soll Type Map ¥ Loss: SCS-CN and impervious layer % from
ArcGIS

» Clark Unit ¥ Transform: Clark unit from ArcGIS

¥ Routing: Muskingum from ArcGIS

v DEM » Meteorologic Model
| v Pastprecipitation data (2007-2009, 2017)
* Muskingum ¥ Future precipitation under climate change

scenarios RCP4.5 & RCP8.5 (2050)
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Fig. 3. Research flow using HEC-HMS model
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Fig. 4. Calibration results for the year of 2008:
simulated and observed runoff volume

Validation Results for the Year of 2017
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Fig. 5. Validation results for the year of 2017:

simulated and observed runoff volume

Table 3. Nash-Sutcliffe Efficiency (NSE) values and
ratings for calibration and validation results

Performance
rating
PeriOd NSE ..................................................
(Moriasi et al.,
2007)
Calibration 2008 0.732 Good
Validation 2017 0.535 Fair

3.2 D2 ZRREY 29| 2 A uF

=
Y 9 #44 dAE A HEC-HMS RUz 74
J-220]] tj5lo] RCP4.59F RCP8.59] @& 2050 3Haj<]
AR HHAREFmUsyE RO Aie oI Zoh
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(Fig. 6). 22} 7]7to] thet U4 K& FoHakZ 2017
d 32716.53 m¥/s) thH] RCP4.59 A= 4.24 m’/s Z7)5H
10.78 m*/s2, RCP8.591 A= 2.83 m*/s Z7}3F 935 m*s2
YUERTh 7|1$sts ofskd Zow AYHIL e Ad
ol I sHHREE HE 42 fl5h] 2050 gsfe
717kl dis mojd AP+ FEFS LY ALEHE
Uleo] BA5) 2 A= Table 43 2t

AvtA o2 AZ(12~2¥) F(3~59)9 7] &<t 5t
ARETo] 20179 #53E o] AT 2o E U=
o], 3] RCP4.5 A|yz] 204 et AatEt} RCPS.5
AU oA BL o3t @Ato] ST ZoE S
At ¥t Euete] $71E BEREe 6~8¥9 AL
RCP4.52} RCP8.5 AlUE] oA 217 A /&2 B
ol 12.60 m’/s, 6.05 m*/s Z7Fet= 2AE Yehddh 7t
7 FEIATSE o2 £7] o]F 7kl sfFst= 9-11
Holl A TA=AT 20179 FS 9LFEH 1€ £7]
o|% Fulr} o] H& ZrolF 1l o]of whe} F-FEl
Fast= AZ|E UEPHSolE S5t 20509 XA}
= 9435 2 FEHS o XY dE FFE BN
o 7FE /=% $7HY WH3k= RCP8.594 RCP4.5ETH
o SAsHA Uehg Ao = A SEQIth(Fig. 7). RCP AL

2191 20509 o] HshE YERd Fig. 29 AER
EA3t Table 29} H|w3}o] HAJ5}H, RCP4.59F RCPS.5
oA BF Z71e Aoz AYH 7FTFo] Fig. 63} Table
47F YetdE 20509 7+ TR 719 90US

oI 4 k.

Simulation Results for the Period from September to November in 2050

50 4 s

. . H

T T T
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Runoff Volume (m3/s)
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g. 7. Simulation results of runoff volume for
2050 September to November under
RCP scenarios 4.5 and 8.5, in comparison
to the observed values of 2017.
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Fig. 6. Simulation results of runoff volume for the year of 2050 under RCP4.5 and RCP8.5 - compared to the

observed values in 2017.
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Table 4. Seasonal average daily runoff volume (m®/s) for each time period

Spring Summer Fall Winter
All Year
Mar - May Jun - Aug Sep - Nov Dec - Feb

2017 1.48 20.05 3.09 1.35 6.53

2050 - RCP4.5 1.45 32.65 7.46 1.28 10.77

2050 - RCP8.5 0.79 26.10 9.47 0.88 9.36
3.3 D2 X 2| 2Seot z2do] g3ttt 20089 7|Eo® Y HiAHs g
=2 BT 23 A5 nojd gRA )220 A

o 5 =] = =1L =

HEC-HMS EdZ &-8oto] =EH 20509 g ol o o =sro 90081 m2gral w|mae w 0.7320] 925t

FRCP ARl 4945 Roadns FHHoR
3 23t @Al ekt 7] @ 9719) A@4ol
WSk Qlstel 25 o sk b5 AAet e
R BYOT AT AHFEF WFo| Aol 7t
o Felsgict. 53] 7HEO~119)2] F9-REF o
Z7V} AEE9Y] R, BRI S ol wht
EX gl W @ 4 ong do) AYE 22
2 PRIk 4719 5 2o T ol olsk
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NSE #t= et 2do] 2 A4S 93 A
o7 g2 A-8ste] SLAFN Hs 201799 7
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