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ABSTRACT

In Korea, where more than half of annual precipitation (55%, 653.9 mm) 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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ok 3 59 8 oY ARt HiF AR I YF5E
2 FABFAA A= A2 87 mm, ThAF A A=
7K 79 mme] %97} SASIITE NABO (2019 3
W HA B A s eRole] 88.4%7h ehE 590 o

FotH, FHUEolA = HE- 2 o= QI3 71 7t
% 2 Sse Use Al F40) 4 gYe i
ehuich

olzlgt FHIE At A BEAE 2T B4
T S7kohs B0 R QS| AR S50t &
o A B4 154 E3 Z7el Aol ol
sl Halg A4zl 99 Aol ol BeaE
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(Precipitation-Runoff Modeling System), HEC-HMS

(Hydrologic Engineering Center’s Hydrologic Modelling
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2020). 53] sig 2] shrol HAsk= WA
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(Jung et al., 2002; Kwon et al., 2002).
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Fig. 1. Study site
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Adste] RYRYS TEIAY. FEY RGRDY 7
94, YR, SRS 93t AL AEe A
Foka, o wet 2598 AN e Asshel

B ATANE BAM WNY 278408 ANS
4o more] Wuelsh EAolgAH R MRl

(o]

g2t §&55 ZAAAE SCS-CN HHS A8l Th(Lee
and Bae, 2004). o] 93] EHF7T AF5h= 2019 A&
F EXNTEAES} AL dolA Agots £AH
LEYE ARE 7|2 A== &8oto] ' 4 &
FA7,9] Aurdo] wel Af9E W JEAE &
% KA 5=2F MOE (2013)9] 7|0 W& E5

A BAoA AHE RESES AHFER HE
Stz B2 TaE 240 o] 7MY 583 840]H,

ZZA o] g-83tch(Hydrologic Engineering Center,
2018). 2698 4YREF Ae] AP Clak T
2 AUSALT, ol VAR AS ol 8T
Ao 2 {o9] TIAINT)H FY9 AR &
et AFAREK) 2719 mi7iHarto s &elx
A 4= Sl ATARI R Oo|THMOE, 2019). =24
ARAGE HESE OFE B4 F S A
9] FEEAE dHsh] s 5 SERSAEE ol&
sto] e AW ZEAIEA ()T AFEEEA]
A@2)= ol-&str

Y

it

r\l

Farf

Jo

7,0-318
0.078 6]
H

Te = 0.339 A %282

http://www.ekscc.re.kr



612 =Xl - |FAI2 -

A71A Tee EGAITH), AL FAHEF(Km), LS {2
AHkm), He I=2Hm, 79 2 E19F 3 AFYAl
A 219 g o,

Lo
o1ss L¢ ()]

K=1.075

o714 A FIHA k), L R29%(km), T &2
AlZHhry& QJu|SHHMOE, 2019).
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Muskingum HP'HE 53] 49951t Hydrologic Engineering
Center 2018). Muskingum ®H-2 s}d9] 3t 77+ 35}
= 59F 7 7] 81 ARl of3) Fr-ge] 2717} &
v} ZHE 170l Quht AR RS el ol
t}. oldf] vjFie= SHeA R KO ARay A 4
Aok= 7HsAS xolH, x@h AT Ror g 2 Ao
AE 0~059 H9 5 S 022 A THMOE,
2019).

AeiE AIEES B upEe gt AEe 909
ArcGIS 105 TRIE B39, 7R LBelEeH
AATIO)A AR 2007~ 20094 314 % BEARE
Jtom nae BASG. Bd Byol 49 84 gRA
o] =7l tisto] A&Aof| 7P ZARE 32 =&k 2
2 w7 2ok P 2Y g 223 75 HY
StQAtt. ol wiZS F 2ok Wi a9 2 3
AgrE Al Aldxdow AAsIlar, B4 & 20174 79
FET LoZTE HA ISAEY] Hlwsto] Ao R
A o FREF LIS 913 HEC-HMS Bd &8 7hs
3& RISt EAT A0 Y= Bd aeAed
Nash-Sutcliffe Efficiency (NSE)E AAFsl= Z 02 3H0151%
THAI3)).

NSE=1-—

3)
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i=1
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=1

i
A7IA Yoe SHIRT VS Yo 2RO SHIRT
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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
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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

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

E%
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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

v Sub-bagin area
¥ Reach length
v DEM

* Precipitation Data

¥ Routing: Muskingum from ArcGIS

scenarios RCP4.5 & RCP8.5 (2050)

Control Specifications

Simulation for validation (2017}

Simulation for calibration (2007-2009)

AR
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v MMESs (2050)

* 8CS8-CN = Basin Model
¥ 2019LC Map LV3 ¥ Sub-basins from watershed delineation Precipitation Factor |
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ArcGIS
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v DEM » Meteorologic Model Necessar
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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). 29] 7|7t tigt 48 {E9 HHak2 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

Aoz AS(12~2¢9) 53 ~59)9 7] <
shdfEol 20179 W54 oiB] HaY Ao YE
=8, 53] RCP45 AU o)A yehd ZAupHt
RCP8.5 AlU2| oA BL o]2|gt d/ifo] FA4IT Ao
&=t vt f-uete] 7R ERE= 6~8¥Y
7% RCP4.52} RCP8.5 Al QofA Z+7F A |79
HHFzko] 12.60 m/s, 6.05 m*/s Z7F6k= 2A1E Uehdth
7P 5L Aol 7] o]% 7t dFst=
9~ 110 A TAET. 2017d2] ¢ 9€7H 11€¥
2 $7] o|F Auprt oj Fk ZrolE 1l o]of wEf 7%
FEF0] At A7IE Ul E E7-6kaL 20504
HoZAT = A5 =2 FEFS B ALY o E B
< H3th 7S REF 37HY W3k RCP8.5OA
RCP4.5ET} o F451A e A0 o &= Q) thFig. 7).

RCP A|u=] 2 2050 7o) W3 UeEld Fig 29}
AdEZ B43} Table 29} H|wslo] £A451H, RCP4.59}
RCP8.59A 5% 3718 Ao & AH ZF4=fo| Fig. 6
7} Table 47} Y= 20509 7+ A9-/EF 571

Y =AE = A
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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

]_

ol

RCP A}e0d 39-45% Bol2ne Yoz
3 23, @AOlE ekt A7) 9 97]9] AdAol
WMotz Qlstel 35 o ofahE M4 AAe e
o) WYOR 3 HAREY WEo| Lold 7
ol STt 53] 720~ 19)9] B85 of
7Pk SIS TR, FHF A o] wht
T Yol W4 B 4 glong Wo) AgE Be
WEI A71% F& 2stor T Aoltk. ol
(12~29)3 (3~ 59)9 FeGE%F] B2
A=d v, Ay PRFL a4
et w2 29
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ox 4o o 4
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