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Abstract

In this study, reliable future runoff projections based on RCPs for Yongdam dam watershed was
performed using SWAT model, which was validated by k—fold cross validation method, and investigated
the factors that cause the differences with respect to runoff projections between this study and previous
studies. As a result, annual average runoff compared to baseline runoff would increase 17.7% and 26.1%
in 2040s and 2080s respectively under RCP8.5 scenario, and 21.9% and 44.6% in 2040s and 2080s respectively
under RCP4.5 scenario. Comparing the results to previous studies, minimum and maximum differences
between runoff projections over different studies were 10.3% and 53.2%, even though runoff was projected
by the same rainfall-runoff model. SWAT model has 27 parameters and physically based complex structure,
so it tends to make different results by the model users’ setting. In the future, it is necessary to reduce
the cause of difference to generate standard runoff scenarios.

Keywords : climate change, runoff projection, rainfall-runoff model, SWAT, Yongdam dam watershed

2 X

2 Aol M= SWAT B8-S o848 499 492 tlde = k-fold cross validation 7S AHS-ste] A4
RCP 7]8ke] n|g) 622k AbAsla o]2 3k AFte} Hlwsle] SWAT &S o83k 7|33} g2k =« Zale] zole]
221l dis] AHRSITE 1 A3 F/-E%2 baseline thY] 2040s, 2080s 717+l RCPR5 Alube] Lol A= 17.7%, 26.1%
7} RCPAS Alvhe] 9.9] 7Zd-9-elli= 21.9%, 446% 571k Z1o® A= Uch o]& A8 Ao vlasl] & Av} 22 m3ys
AHE Lol T et G AR o] A9 A At 7 A 10.3%00 A H 53.2% *Fo]E Bth SWAT E&ol=
24 7k g o 2770 W w/RgTE EAstaL ARgAve BYS FEshs Bgol|A] Ape] 7} wo] whAsh 4=

otk @5 olest Aol ol Austel EEEY FAUEL AL 9% wo] Basiuy

* AEusta et A- S A4} (e-mail: jungchami@gmail.com)
Graduate Student, Department of Civil and Environmental Engineering, Seoul National University, Seoul, Korea
= MEUetal BASFATA HAFATA (e-mail: bbear96@snu.ac kr)
Post doctoral research fellow, Ph.D., Institute of Health & Environment, Seoul National University, Seoul, Korea
s AR R, AUl gt A E TR 1S (e-mail: yokim05@snu.ackr, Tel: 82-2-880-8916)
Carresponding Author, Professor, Department of Civil and Environmental Engineering, Seoul National University, Seoul, Korea

A8 6N 20154 64 439



U] 715Hste)] ok Akl 7= 20000 o
B @] Wy aL vk 5
T FAFE7E AL Bovt F
3 S o2 4I5S AAERAL vk Ahn et al. (2001)2
GCM (General Circulation Model) 23236 tiA &
o] FEF WskE gotsr] flsto] B RS A8
3l 34% g T7F A9E 4SS, Ministry of
Science and Technology (MST; 2004)& &9 &<
< U’ e2 YONU GCM (Yonsei University General
Circulation Model)oll 98l 23 € 71$# 3} Ay
SLURP (Semi-distributed Land Use-based Runoff Pro-
cess) 3ol iEste] S o] FEHo] 76% 5
7V Ao g AWsd Tl Ministry of Environment (ME;
2006)= A E 30 CLMS RCMel H3HA)121 SNURCM
= Mdeklar S ] i AABE 407 F99 F=
22 A 0 2030~20493 2] FEH-S 85% STt
Aolekar st Kang(ZOU?)o S99 s o
© 2 570 GCM= o-&sto] Alve] & A% 5}3’— bed =
& o3t 7]FWsI} frEol U]X]%
ATh MST (2007)-2> A2, B2 AU Q& o]&3ko] =] 5
o7 13971 fr9<S o= PRMS 28-S o838t &
75EES 438193, Ministry of Education and
Science Technology (MEST; 2010)& =] 109719 54
9& diidez 13719 AOGCMS AHEste] 7]$AIUE]
2E AT A-ERYY A e g
a#3l7] 9k HZo] ATFAMEA, Park et al. (2011)2
A 2 ggdf9e o s ECHO-GE A1B Ay
28 SWAT 23S o]&ate] 2080dthell& &l
18% S7He Aoz AwslelaL, No et al. (2013)< RCP
AU 25 7|Hro 2 ArcSWAT 28-S o] &35t F7F
Ho] frEFo] 2080 tell oF 43% F 7t o= s
T gFg WS 2SIt Minstry of Land,
Infrastructure, and Transport (MLIT; 2013)= =i 971
o] HfAS ez SWAT, PRMS, SLURP =83}
RCP45, 85 AlUe]o& AR&ate] wlef s ddatal
a1, Park et al. (2014)-2> RCP4.5, 854112 2.9F SWAT
REE olgate] ST mE frFe] 2080 hell
of 23% 71 Aow x*”‘ stk olA" 57 9
7158t A A e F-FEERPEoZ SWAT
o] 7P Wol AREHSl e 1 Ate] Aol= 3]
Z|FWsle] mE A JdFEIE fsAE FiEE

440

3ke] A8 ARl = A o] A Eofof gt 1
o AL dutrg o' GCM (General Circulation
Model)& o]-&3l Ab=3gh 7| A Y| 2.5 98 A5=E A
gatedl o= dye] JANA AAE AU E 7Rk
2 gtk of7)A, <l

A4 AAY Al e A7 uf
Z Avgeela F-2=6), IPCC Al 42F H7hE.a1x] o) A
= SRES (Special Report on Emission Scenarios) A]1}2]
27 AFEEQIE SAINE SRES AU Q&= A& o
AlZE A A4 o] w5t 9ot AR Qe A
A S 28R sk RS Alve]ee] deAs
SUAFH T A= IPCC Al 53F H7HRIAE 93 A=
& 227 wjE Ay 2.1 RCP (Representative Con—
centration Pathways)7} AA S ATt SRESAA = v
o] At3]- A Fert /g WA AAE A o]of i wjE
Z A 02 LA = Az a}nﬂ RCPoIA =
E"P“ﬂ@% WA AAste] HAl 247 w5 Wl A
50“3‘ e = Qlrh A Zrol A= A 22 RCP A
vt Lf]re 71eHst q 9 Jeg it AeEa gl
om —rr“/]”ri‘m— o @)= ot}

g EE E AglMs gEluet 7] 9st dAatellA 7t
%} o] A8 4749 Sdd Fs
AA]8faL O]E A Aeh H]Lo}oi SWAT 285 o83t
71588} i A ARt of = Freo] xjol7} Ayt o]
213k zpojo] MY QQlo] FiRIA] v KAt gtk

2. 0|=X ujz
2.1 RCP Al Lzl

3 AT IPCC 57 37 Aol A AlEA £8)
3 ea7)s Aluele RCPE ARSI IPCC A 47
7h oA AN EIE SRES Al e 9] 1
HEel A dwe Azt ol welel A48 AA Gzt 7
4 WA AL ool mE WME W Aluelew Sk
B A L ROP Al ol AgAeE

Hafe] A4l LATks BE W 4TS N
W oole} sl A % EXo] guse] me

PN
T
G TIW FHH M FELS Bov} AP

ﬂl

RCP= *O‘PHL«] A Q1 HAL A= tjs) Aks]-7
A A 8= o] 77 E 5 dths QJn]ofA] EH4
(Representative) 2= ®d-& ARSgch HE3h 247k~
HjE AUk Q0] At uh2 WstE s Sl A=

BEKEREEMNE



(Pathway)'gb= u|E 23$tHNational Institute of
Meteorological Research; 2011). RCP Alvjg]e:= A AlA|
227k~ wjEhd ZE(MESSAGE, AIV, GCAM, IMAGE)
S 85 247 MET A S 7| 2E 2ATES oo
ZES vl o R o BAPIAIE AE, AL AAY wst
w2 EXo]- gt s Fgete] HEAR S
S 470(RCP2.6, RCP45, RCP6.0, RCP85)E A&t
RCP /\] 1/],;4 o ;}L: E/\].ﬂxﬂeﬂ = oA 7}1\‘ oy oﬂ
Ux|e] JEe W7 e AEE ou|shs &
oA w9 Wm'elth 7} RCPY 542 vkt 2k,
«RCP26 : QIZFEC oJgh dafs A7 2~ 7t
i
« RCPA5 1 24712 A7k o] Ads] Adds= 45
« RCP60 : 241712 A7t o] o] 1= AL Adw)= 75
* RCB5 : @A) FAI(Alo) 2 2727} vias= 735-
RCP AU & & ete 7|5 st A e Ak
yJr7<qg A 7 & Ttk WA A2 2A7E b
= Al 221 RCP Alvtg] 2.6l 7] 23l % A+ t7]-3)
ok AgtR & 2l HadGEM2-AO (The fully-coupled atmo-
sphere-ocean version of the Hadley Centre Global En-
vironment Model, version 2) 2 ¢F 135 km 31’4 =2] A X]
71533t AU .8 4SS 1E|a Al AT V)%
st AluE] e Apsel] 7] %8 S-2ukel A el b 125km
H”‘:«] A9 7] ¢ 2820 HadGEM3-RaZ o83l shit
A7) 5st Al o & AlEdt) X 97| SRES
oEH AhEl ghbe 71 e RSk AjuhE] QoA ZF AR
2 Ad ¥ES AAT AxAEE F=39] PRIDE
(PRISM based Downscaling Estimation Model)oll 28
H ASAE2000~2010) oA L2 715 Fholl 219715
23] HxE tatd 2y ATA AA"E AHEE 1
km ARE G 7153t Alve 7t ALtk

and Water Assessment Tool)(Amold et al., 1998) 5.3
7838ttt

SWAT B3 5 554 $9A72(USDA Agri-
cultural Research Service)2] Jeff Amold 5ol 23l 7l
H FoRg oAl o Tele] Ko7t 7hset froaue o] &
7] A FER o, i R, B B, %

[e}
24 323, Huiy rugon T4 gt K9

H48% H69E 2015F 6]

u EX|9) 5
A= 53 FHES- T (HRU, Hydrologic Response
Unit) 2 U3 Z} HRUNA 522 A8 %W
=% AskrRe AT SRS APt oE 7)1t
Ar 2= HaL 7]2(0), HAA 712(70), B-E<Eys), 9
ARFM)/), IS, 24 @ mm)o] D asi.

- °

LU
\
jal

T

T,

SWAT oA Rojs]= FEwd2 Eq. (D] &<
A g Aol 7)1 &=%
t
= SI/VE) + E day — 9117/ E;z I/Vsmp Qyu ) (1>

@
x
)
i
g
1o,
i
N
3
E
o
E
0
>
>
FO
ok
.ﬂ
H
QL
2
)
\

HHH | Priestley Taylor

gl Hargreaves WS AREslal Qth

2.3 k—fold cross validation
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Table 1. Projection Result of RCP4.5 and 8.5 Scenarios in the 2040s and 2080s
Scenario PCP M= Mz Msm RH WS PET
Baseline 1363.0 12.1 18.6 6.7 73.9 15 1106.0
20405 15154 13.7 20.4 85 74.4 15 1157.7
RCPAS (11.2%) (1.6C) (1.8C) (1.8C) (0.7%) ) (4.7%)
20805 17065 14.6 214 95 74.6 15 11934
(25.2%) (2570) (2.8C) (287C) (0.9%) -) (7.9%)
20405 15156 14.2 20.9 89 74.6 15 1186.3
RCPS5 (11.2%) (217C) (2.37) (227) (0.9%) -) (7.3%)
20805 1633.2 16.8 23.8 11.7 7.0 14 12985
(19.8%) (4.7°C) (5.27C) (6.07C) (1.5%) (-1m/s) (17.4%)

PCP: Precipitation, Tiem' Mean Temperature, Tia: Maximum Temperature, Tiin: Minimum Temperature, RH: Relative Humidity, WS:

Wind Speed, PET: Potential evapotranspiration, ( ) represents changes relative to the historical statistics
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Table 2. Comparison Simulation Results between Park et al. (2014) and this Study (SW-P)

Study case Static Average during calibration | Average during validation
Observed 1,064.6 668.7
Park et al. (2014) -
Runoff Simulated 954.9 748.5
(mm/yr) Observed 1,069.7 646.4
SW-P :
Simulated 1,010.6 818.4
R? 0.44 0.55
Park et al. (2014)
Evaluation NSE 0.38 0.52
criteria R2 0.63 0.69
SW-P
NSE 0.62 0.59
e i R A L Ty i T q
§ 100 30 %":
g o w
E 500 2
7 " sim.
’ :9\ \53\ \ﬁ. x‘d\ xg's \(;\, \D'\’ NQ'» \D"' \p’x \;'» A‘D\ ‘ —PCP
&@:Q '13’@9 w,“&p w..ésqp w@wp wdS\p "59%5\ g “P’SQ w“op 'P\’L‘Q '1.“00
Fig. 1. Streamflow at the Outlet of Yongdam Dam Watershed During 2002~2013 (SW-P)
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Table 3. Calibration and Validation Results using k—fold Cross Validation (SW-K)
o . L . Calibration Validation
Case Calibration Period Validation Period ;
NSE Vid NSE Vid
1 2004~2013 2002~2003 0.63 0.67 0.64 0.6
2 2002~2003, 2006~2013 2004~2005 0.64 0.69 0.61 0.61
3 2002~2005, 2008~2013 2006~2007 0.64 0.66 0.64 0.68
4 2002~2007, 2010~2013 2008~2009 0.63 0.66 0.63 0.72
5 2002~2009, 2012~2013 2010~2011 0.62 0.64 0.70 0.74
6 2002~2011 2012~2013 0.6 0.67 0.48 0.70
Avg. (SW-K) - - 0.64 0.67 0.62 0.68
(SW-P) - - 0.62 0.63 0.59 0.69
3 =
% Hl
Obs.
—— Sim.
DE\D'\. \D"v NDM \Q\ NQ\ wQ\ wg\ xs;’ \})M \9\' \};, é;, o PCP
,IQQ’VQ ﬁpsﬁp ”pro ﬂs@q 1édca 5 Q&,e {9%,0 «VOQD:Q @@Q wa”‘}) S oF :,'CJQ
Fig. 2. Streamflow at the Outlet of Yongdam Dam Watershed During 2002~2013 (SW-K)
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Fig. 3. Water Balance Analysis Based on RCP4.5 Scenario
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Precipitation
(1363.0 mm, 100 %)
Evapotranspiration . ) oy,
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Surface Runoff

(121.7 mm, 8.9 %) Total Runoff
2.2 N (634.2 mm, 46.5 %)

(817.0 mm, 50.0 %) (157.9 mm, 9.7 %)
Land Surface Interflow (799.8 mm, 49.0 %)
l (382.6 mm, 28.1 %)

( 486.3 mm, 29.8 %)
Groundwater
(130.1 mm, 9.5 %)

Soil Layer

Percolation to Shallow Aquifer
( 140.7 mm, 10.3 %)

" .0
Shallow Aquifer { 135.9mine 8:9'95)

(163.5 mm, 10.0 %)

Recharge to Deep Aquifer .
l (5.2 mm, 0.4 %) Baseline
Deep Aquifer 5.8 mm, 0.4 %
(Flow out of Watershed) | (5.9 mm, 0.4 %) 2080s
Fig. 4. Water Balance Analysis Based on RCP8.5 Scenario
Table 5. Calibration and Validation Period of Studies
Studies Calibration Validation
Park et al. (2014) 2002~2006 (5 years) 2007 ~2010 (4 years)
SW-P 2002~2006 (5 years) 2007 ~2010 (4 years)
SW-K 2004~2013 (10 years) 2002~2003 (2 years)
MLIT (2013) 2001 ~2002 (2 years) 2003~2005 (3 years)
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