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Abstract

Occurrence frequency of flood and drought tends to increase in last a few decades, leading to social and economic damage
since the abnormality of climate changes is one of the causes for hydrologic facilities by exceedance its designed tolerance.
Soil and Water Assessment Tool (SWAT) model was used in the study to estimate temporal variance of groundwater recharge
and baseflow. It was limited to consider recession curve coefficients in SWAT model calibration process, thus the recession
curve coefficient was estimated by the Baseflow Filter Program (BFLOW) before SWAT model calibration. Precipitation data
were estimated for 2014 to 2100 using three models which are GFDL-ESM2G, IPSL-CMS5A-LR, and MIROC-ESM with
Representative Concentration Pathways (RCP) scenario. SWAT model was calibrated for the Soyang watershed with NSE of
0.83, and R of 0.89. The percentage to precipitation of groundwater recharge and baseflow were 27.6% and 17.1%
respectively in 2009. Streamflow, groundwater recharge, and baseflow were estimated to be increased with the estimated
precipitation data. GFDL-ESM2g model provided the most large precipitation data in the 2025s, and IPSL-CM5A-LR
provided the most large precipitation data in the 2055s and 2085s. Overall, groundwater recharge and baseflow displayed
similar trend to the estimated precipitation data.
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2 7ARESATTY EAY, Ay UEFAY £ a4
FHES AHEE g2, 71AGES AP 4SS 2l
AT L=Egoi7t EE v vk =F AFEHe Loz
et 271t fEAES @ 7AGE: 8 Z2aUs
o ZREE AT} vl= USGS (US Geological Survey: Rutledge.
1998)ell Al 7fdlato] vl EH RECESS (Anderson and Burt,
1980), HYSEP (HYdrograph SEparation Program), WHAT
SYSTEM (Web GlS-based Hydrograph Analysis Tool; Lim
et al., 2005; Lim et al, 2010; Yang and Chi, 2011), RORA
(Rutledge. 1998), BFlow (Arnold and Allen, 1999: Arnold et
al,, 1995) &°] 4 AL8=o] & 7|AF&E B Z2aPo)
th 7IAfEE 2] fl&] AlgHR Qlen, o &
BFlow EZ 132 sFgo)A AFoE He|ss ATEA
o AHgEHE W G 7ARES 28 £+ s
Digital filter (Chapman and Maxwell, 1996)2 A8 =g
dolth. =3 BFlow: AWl e Ast: 43 71472 o
Stoll ## 9l wj7fwiRq) Alpha factor AHEE 4= i)
w9 2 B E #Ls] M E AHARE &
A3 22 99 FEHH AFE oldst: Ao Las)
B, 4% fIFeT ol Z942Edd o3 92 s
o daiyE 7|AfEd PSS BT F Urk o2
M e, 4 FYolH s Z9HES 2P L ol &3l o
& #EFe 23 F 44FET NARE 2971 s
B, 13& AFs] A 9 F9e: RES0 A
€9 F Utk 29$%% 2ol SWAT (Soil and Water
Assessment Tool; Amold et al., 1998) 23} HSPF (Hydro-
logical Simulation Program in Fortran; Bicknell et al.. 2001).
ANSWERS (Beasley et al., 1980), HEC-HMS (Hydrologic Engi-
neering Center-Hydrologic Modeling System; USACE. 2005)
2% 59l gled, o] F SWAT 2¥o| da #8513 g
THAhn et al., 2013: Ji et al., 2014: Joh et al., 2012; Lee
et al., 2011). Arold et al. (2000)= SWAT R&& o] &3a}
o wAlAlE F §9e] AEE; FELE FF5a o2 54
71M4E F7istgen. Kim et al, 2005 Kim et al.
2006)> SWATE o] &3ta] 99 A&y FFL 23
At Asr FEE cFste deol wloid olgh wHF
BAZE A= 7IAFEo g EAMo] Basin), o] #HFPo|
A ZIAREY T 54 diF 24o] dasith =,
SWAT R & o] &9 99 sl e A= 4 4
7tat7l Qs e grFdel 9@2 Fe 2o
e ojsjol EAHo] Bag Aoz AMzdr) AT A5
79 wWEel wE FFYg AFE 1Ysr] ofzen,
SWAT RE2 @& 9 di7lHsrt 5ol dolA uf
NE+E F4sted Al 4 FE24A59 542 el
A @ £ §9 FTNAM9 FF HFA ARHE
A AR QA F2 A Fol JalM FeH
= 8971 8t wEd olgA BPE fFoz
A9 Astr FEE 58 B7re7lole @A) U =
& 7€ Azt FTF 4F S FE 59 A4
B g H¢ He Z9v 27 g2, 90 )

SRS SRR MR H5E, 20014

&, EXolg, EY FEAASH =7 5o we s
FEZ A3 5H& Bgs ol ¢ e
B, 53 f9W @5+ 548 n@isle A FFe 4
B¢ A7E A FEHA gL 4P\

ol & AT BHE |) FEZHY FFEH L 2
SWAT Bflow& ©] 838k, SWAT w7l #<=Q] Alpha factor
8T F, ABRYEES F gt FEE Fey
& ¥\, 2) 71§ 2PE Fa udFE Adyeles
F&sle v Asts §4 4 7IAFEES Agsted ok

2. Materials and Methods

21, A7X9 Y X2

2 @7olM e fYolAg 71 Fdstel gE g3 9%
2 7IAfE 54& Hetshr] dste 97 4F5AGA &
FEE 79 AT er dFauch 294y Ho
9 9 B %2 165 km, 9 BHL2 2 2703 km’& 9]
T Aol AAsE ¥EE 91.80%. HAA 5.11%. A
0.54%, F4 4 A9 0.89%°19 UeiA] 1.66% = W
FroolthFig. 1). = #9 HFEL 650.5 m, 719 B
BARE 40.6%24 $-2lvtet S558 et g g)x)8k 3 9l
o 243 f99 & 2UHY AR Fig 13 2] §
q 2ER AT 2gAYd FHE AEE o] g8t
2YTHE 92 AR U Fo] AAH FRuE
& 7HAAL fEo] WAt &  qlo] 4 §& A9
A# ol $4517] Wl &ell(Lim et al., 2006) 2429 9
& AT gAY ez AF5Uck SWATEE S 32 29
5t7]1 98 EAE, EX0|&E, EXEe} 3 7| 4xnE
olg@th & AFlME SWAT 289 98 Auel ®ix}
SE AHALEAAM AFH FE30m 30 m APEY F
2 L2 (Digital Elevation Model: DEM)& o] 83}a] -2
stglen], fFAFRALNAN A B Exo)EE
(1:25.000)¢ FEDEY FAANT)EUAM AZFE &
s AHESITHFIe. 2). 294 999 EgEY @
& Af (alluvial soils and river wash, flood plains), An
(complex ol soils, narrow valleys), Ma (lithosols, siliceous
crystalline), Mm (lithosols, micaceous and hard siliceous),
Mu (brown forest soils and lithosols. undifferentiated). Ra
(red-yellow podzolic soils, siliceous crystalline). Re (lithosols,
severely eroded, siliceous) and Rocky (rocky lands)& -4
Ho] QUehFig. 3). B¢ 71842 dARKMImMY), A 2
F(mm). ¥ FALNEE%), € BHFES5(/sec), L FHar-
HA7I2CC) & ol &8st £ dFNAE 20058 194H
2009'd 129747 7138 NA A Fshs 40(FA, A, o
B, §2)° 94 718AEE THEU SWAT 289 7
AR F #F 4 Adkr LB 13 B 9L 1F
T 2TE A 4 #Favic 02 Fo|E B} o
T S4 A9 A B FFEFH2005~2009'd) 1.594 mmE
7 B ALR #5500, 2 A4 A dF A5
ol 7bg AL 1,356 mm2 FZE ATHFig. 4).



SWAT SHI} BFlowE 0|83 X315 #, 7|MF&ES| ASUH s 24 551

AR

Korea
I':.w- 'xvlllq e
it J;
gy " e
\oiheao 0599“!' -_H
R
South
Dt Korea
Ty dom
Wansan-gue -
st O n
Gwihgu . . Qfusan
o=y e Erwst dare
[y '
Wy e lmhi‘
..1..,@.,. A Mt

[ Soybng ‘watershed |

Fig. 1. Location of the Soyang watershed.
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Fig. 2. Landuse.

2.2, SWAT BFlow 28 & 0| &8} Alpha factor A

SWAT BFlow(Baseflow filter program)s= Amold and Allen
(1999)0] AAIG el EE AHEstd F FF T 714+
FF v &S AYskes 7IAREY 4 ZRagelth

SWAT BFlowx #99 371 8 ARE o&sid 2
FEAE B F 71ARES s, Z7] FEARE
Ed2 2 §9& HEF 5 e Alpha factorE AAZ
F 7] wEe] AdER Walste deiEe 54
g 998 + AUtk

Alpha factor (a)E 4] (1)ol 28t} 2bd flck

Q=QK=¢g™ (1
a=—Ink
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Fig. 3. Major soil types.

9§ a2)3 Ke 299 AKrecession index)e|th, 2 ¢
TelME sk FFE 9 7AREY 4% FEHS =
o]7] 9]sjA SWAT BFlowE o] &3t 494 9
F= Fo 2 HE(2005-2009d) Alpha factorS 4+ s}hed
SWATEE HAA Tl ALtk 4 2598 §4& 9
otate] Alpha factorE 4H@3te] 2] AHBsle Aol F&
st 2 dFedME BFARS FFHoz sty §9 &
9 & AEE o] &5t 4HEH Alpha factor® 9 A
Mol & gsk3ich

23. SWATS] 72

SWAT 28e ool 37 2552 f49 % 2
H4e =g # gow, o AF A mE 7
o0, 248t /1544 59 use] e Fa9
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Fig. 4. Spatial location of weather stations in the Soyang watershed.

A 5= £ F Aok EF 4 @99 =9y}
7he@ FAES RIo=A FE, EFR4A, AEFH, 9
FEH9 4714 EEE(sub-mode) 22 A5 0)g)on, o]
T ITE PRI AFHAC g8 AF 71AFE 48 F
& 52 Holrh SWAT 2gdA FF: EZL g
107 Z742] M&Estste] dBA2] FH7|HE AHEEHS
Adbsta, AskrE F 19 dEFLE FEITL SWAT
A4 2o FECES 4 2)9 54 W2d Edz
sk gl

]
SW, = SW, + Z(ﬁ.’,ﬁm = Qe — T g = i) 2)
i=1

714, SW;: AF ELFEE (mm H.0), SW,: ide %7]
EFTEF (mm H0), B, i¥99 25 mm H0), @,
199 AFFEFHmm H0), £ : i99 ¢4 mm H0),
Q,: 199 HAFHmm H0), w,,,: 199 EGSO2HH
FrE5of FYFEHmm H0).

seept

2.4, SWAT-CUPS] 7

SWAT-CUP (Calibration and Uncertainty Program for SWAT;
Abbaspour et al., 2007)2 292 AwdAF4 Eawangol A
7] 25| 1 TH Abbaspour, 2008). SWAT ZH & AFHARE
S AFsATE, o] BE2 g ZuEFE HEsA B
stal, Ztzhe) w2 A4 2 23 Ha § BEE #FE A
A7 HA Adsteok ste WAZE] itk old] SWAT-
CUPL ol xgsF9, s71A &4 ¥32F SUFI-2
(Sequential Uncertainty Fitting Ver.2), GLUE (Generalized

=S ES| x| Mo HsE, 2014

Likelihood Uncertainty Estimation), MCMC (Markov Chain
Monte Carlo), PSO (Particle Swarm Optimization), ParaSol
(Parameter Solution)2.2 A sjojglch oo SWAT =3
3 AAgezA 2F HA wfEsE EFIL olF
5 ¥ A= FAMA, 289 FH &P ¢y
shE EELAE AAFJoEA AlgAld o3 B8448
H23E 5 de FAo 2ok

25. SWAT 2¥2| Z+RE28 18 /&% 25

2 dFdde 24739 F98 d4o2 SWAT-CUPS
AHgEle SWAT 289 §&33S 23 sgan, 23 A
SWAT BFlowE ©]&3to] A&d72]172 2005956 2009
A7kA Alpha factor® 2HES BAAFE SWAT-CUPY
A g5t g s =23 437Ee o
SWAT BFlow& #8353} & Alpha factor(S1)2 SWAT-
CUP A &3 AFtet 7]&9] ¥HQ SWAT-CUPAA 25
HARES HE35lo] Alpha factor(S2)E 4AH4§ 2Axte 7
THY 2 =E FGste FFE EAsh myTe
20099 1€ 195 20099 129 31974A) 4949 o
i ARE AHESIY BASA.

423749 f99 SWAT 24 #84 H7k= Nash-Sutcliffe
F 87 (NSE, Nash-Sutcliffe efficiency), 224 $5(R)Z ©]
319100, NSE, R = 4 (34)d 95td 7z Aag %
Atk

(3)
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E(y?— VY- 1)
1 i=1

(4)

o 71A, vie iwA e fEoly, 2 ABY JFE YeRH

% oot BEF s BAF, ¥V £ AR B, e
#E3ke] B2 YEdH.

26. XI5t EHY/7IMREY UE

B QdPo|M e FEo] FeFEe neste] XY SWAT
wHol oz ARE olfsle €Y A FLY BE
2 2AgRed, A FIFol /HF B 4% FH2
g HRUY A& REEE 4Hgsdo. 8 249
SWAT 28 o] =& SWAT BFlow Al2g& &3l 714
G2 2Eatod A8k 20099 1€ 1€95E 2009
d 12€ 31974 2939 §99 Ass FEEH 1A
#2232 2% w7 S8 & 24T T Askr FFFol
AA e Hgd & FE2F F NAREZ AASE 4
28 2EAs9

27. Ol2H7|FHE A2 HE

271, DjE 7| FHHE AU HR

IPCC 42 BaA Zgo| AH§E SRESt FRAAYH
Mg S A A4S =l glol. IPCC 57 B
AR TNE S o] Rt 2L 247A AvRle
91 RCP (representative concentration pathways)& =815t
tHAPEC, 2013) RCPE Ex|o|gugl] w2 dge ¥
stgen, 7|%ws @ Ho] FAHAetl w2t 24
7h2 WlE FE7 28 F e AL desd wEssE
£ 26, 45, 6.0, 8.09] 4712 FF2 FEH Ak

2 AT 84 FAR AP flo] 2247kt MiE
g 2495 vebd RCP 858 vH7|F Adelez 49
stk £ APEC 71FAME A AFd 7158t 2310
u]2-2] GFDL-ESM2G (Geophysical Fluid Dynamics Laboratory)
9} =ah~o] [PSL-CMSA-LR (Institut Pierre Simon Laplace),
2@l 71 RN w2 AEEE 7R dE9
MIROC-ESM (Atmosphere and Ocean Research Institute,
National Institute for Environmental Studies, and Japan
Agency for Marine-Earth Science and Technology)2| RCP
8.5 Alujel o2 A &alol(APEC, 2013) A3 E 299 A
ALEE SWATEH| AH83stglt

272. HO|HHE off7|HE AlLZ|28 X8 XI5t
TEYY JINREY EM
e 7| S AvE s AAFHL 2gelx, B A
250 2844¢ WEsta glo] = APl &5
galMde Be] AL o} Ak oo & AFlAE= APEC
71FAEA AFsHs AelRPE w7 FEE ARl
& 297 990 Agsigict HouAFE 7dREE= SWAT

vgo) g olgsuen 71FHs AUl RCPRS
9} 7]1%wisl 2&(GFDL-ESM2G, IPSL-CMS5A-LR, MIROC-
ESM)el @& Aas FEH JAFEEFE 24 2 ¥
stk 29 712+ 2014 ~ 21008744 879 & A5
ounj A 7|9 7]17EER 20255 (2014 ~2040%d), 2055s (2041 ~
2070\), 2085s (2071 ~21008) ol £A45tgth HejM
A 9 443 A8 Boto €4z vy 25 w4
zg AgsRen, d3d 2+ ARE oo FTE
gy Aste goFsdt JARE ¥8e oS =9
= §3% F 71AFE %] AAshes HES A

3. Results and Discussion

3.1. SWAT R&f 28 21

2 A7) SWATEZ S ol &8t #3& 2oste 3
AoM 5454 12js7] 98] SWAT BFlowE ©] &3}
o] Alpha factor® AHgstch 297 99 Alpha factor
= 0.257(S1)ol2led, o8& SWAT-CUP| 333t 87
o] g2 ojE$ES 238k 20003 195 20099
129712 247 f99 4% FEF diste] RPsHL
o, BFo| ALEE ofi7lEe B g Table 13 ZTh
87 A= NSEE 083, R°E 0898 285 0] Saleh et
al. (2000)2] SWATEAS] H7P7]FHNSE > 0.65)° 101 “very
good"2.2 BF7IE AcKTable 2). £F 71E SWAT-CUP
AEEAS Eg ¥4 ZAde Alpha factors 0.995(S2) 4F
A5t%120), Alpha factorS A 2T Table 1] AAIF B
e EUsA HEF AT NSEE 0.82, R'E 0.86°]th
olgjgt AdolA HEo] £YF 99 w% e S13
27 2 melateic) shAlgh Fig sellA] o] 20099 A%
e gater ey S8 i8] Alpha factor 0.257(S1)
2 283 A SWAT-CUP AEFEFsle] Alpha factor
0.995(S2) & AL w@mE wf Sio] 7]FEY &Y S2EH
= A48 4ge v 385 stk £ Jung et
al. (2014)2] |3 ZAFjoA BFEo] SWAT-CUPSY A-FE
A w50 oFte] A44%E Alpha factor 2¥H = FEFH
Z2o)A BEE Tl oJsle] SWAT BFlowst 2& 7
Aegeue Zaaye L5t Alpha factors 4+ 3t
BAG Aol gFEAHES Ieso Hrisdotn AAlE
o} olo] me} B AF Aol Holi ubel o] Alpha
factor 0.257(S1)2] A& ol &ste] SWAT Ego] 247
fo9 F2% 9 7AFE Y Hrte g & F
e HAeow wedL)

3.2. X5t Y/ |IMREY MY 41

#% 23" SWAT Z8E ol&ste] dd/g¥ A+
sorarg A4 519 thFig. 6; Table 3). 2% 42 2009d
At FEEL 3904 mmiyear2 20099 ZFFE 14155
mm/years] oF 27.6% BE AA s A2E YEikth £§
gy A4 9 ARE 24, 94U 792 988
mm/month® ko] 713 HE ALZHEQ 1€ 26 mm/
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Table 1. Nine parameters used in calibration for flow

Parameter Description Variation Method Value
CN2 Moisture condition I curve number Multiply by Value 0.2925
ALPHA BF Baseflow alpha factor Replace by value 0.38
GW_DELAY Delay time for aquifer recharge (days) Replace by value 18.45
GWQMN Threshold water level in shallow aquifer for base flow (mm H:0) Replace by value 4975.00
GW_REVAP Revap coefficient Replace by value 0.15
CH_N2 Manning “n”™ value Replace by value 0.12
CH K2 Effective hydraulic conductivity in main channel alluvium Replace by value 14.38
SOL_AWC Available water capacity of the soil layer Multiply by Value 0.23
SOL K Saturated hydraulic conductivity (mm/hr) Multiply by Value 0.1925
2 60
— " i # Observed —=-S1 —=S2 _ \ *-Observed —-S1 —-S2
w - (%)
E 180 5 40
E 120 é
E g 2
0 0
2009-07-26 2009-07-29 2009-08-01 2009-11-15 2009-11-20 2009-11-25

Fig. 5. Observed and simulated streamflow recessions.

Table 2. Reported performance ratings for the NSE statistics
(Saleh et al., 2000)

Method Value Performance rating
NSE = 0.65 Very good
NSE 0.54 < NSE < 0.65 Adequate
NSE > (.50 Satisfactory

month Mt} of 38u] FE 2 HAog EMHUC} Fig 63
Table 394 Eolzo] 9¥el AS Z4+FF divle] 254
FFE|(9E FE 23.6 mm/month, 99 A Sh¢ Ghokar

200 — p— - - -
Groundwater recharge (mm/ month)

150 m Preaipitation (mny month)

100

50

Groundwater recharge (1mn/ month)

Jan.  Feb. Mar. Apr.  May Jun

Fig. 6. Precipitation vs, Groundwater Recharge in 2009.

Table 3. Monthly Precipitation and Recharge rate in 2009

35.1 mm/month) 24 YEb o= 69, 7€, 8] £
Ul W el o d@ole fehETh Table 4= &
T FHNX 9 7NAFEBY BEHL 245 959 7
T FEE VARE 25 O ASE vE 53
g Y] 71A/RES Yepdc) o] HolA Mol uje} o]
Aol 2 s v &o] 91.8%9 2%F F9o AL A4
F vl 17.1%7 ZIARER =8, & g9 273%7)
717fE HE st FYUHE RoR FAHJLG B
AN E 297 FYolA9 Asts: FIT S BY

I - ) . — 0

300 E
3
=

600 z
g
B
2

900 &

1.200

Jul.  Aug.  Sep. Oc. Nov. Dec

Date

mm Jan. Feb. Mar. Apr. May. Jun. Jul, Aug. Sep. Oct. Nov. Dec. Sum
Groundwater recharge | 2.6 7.3 15.2 204 26.8 52,1 98.8 84.2 35.1 11.9 247 1.4 | 3904
Precipitation 14.9 26.8 774 73.8 80.7 160.7 | 5134 | 2649 23.6 477 112.9 18.9 1415.5

Bl E et ErE x| H3A M55, 2014
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Table 4. Average annual hydrological components in 2009

2009 (year)
Precipitation (mm) 1415.5
Streamflow (mm) §84.0
Baseflow (mm) 2418
Baseflow/Precipitation (%) 17.1
Baseflow/Stream{low (%) 27.3
(a)
” Groundwater
z ey recharge (mm/month)
‘N ‘ :0_2
= [ 2-4
B ] 4-6
O §-8
' i 2- 10
B 10-12
21
Il -6
B 518
(b)

Groundwater
recharge (mm/month)
0-5
[ |25-50
Bl so-1
B -0
B 100- 125
Bl s - 10
150175
-2
W 20 - 225

Fig. 7. Spatio-temporal distribution of monthly groundwater
recharge of HRUs in 2009 (mm/month). (a) January
{minimum), (b) July (maximum)

al7] 98ta] Ryu et al. (2012)5 ol &3ale] Yl A&k T
4 BEE vm EAEArk Ryu et al (2012)2 sieH &
9e dgez 20099 Asky FFE WE2 B4 2
o F4 74, 8¢9 Z+Z} 73.54 mm/month, 73.59 mm/month
2 BENHger 74, 89 §Fo] 71F HS AEEY
1299(4.17 mm/month) Ko} ¢F 188 AE 2 ALeE A5
ok olaig FAAE Bal AEE Ass dIF BEE B

& fAFskA g sjtH o] A} 7hutE 7] o el &

G2 F9el vla Aske FaEo] AL Aoz yekTh
Fig. 7€ 2000 247 §99 94 g9 Ay A
A Wl 548 HoFE ado|t), afe4 Holxo] ¥
ek gk F b A2 122 FHdl 18.0 mm/month &
A 9 712 59 9go g qlste HRUYE Asks 4=
o] & Aeoeg EAs9on wd 713 gL 799 &4
2o FHd 2250 mm/month® HRUE #|5l5 @2k 3ol
7} Bol Y= Aog EMHAT. £F &9 799 A¥
E44 Asksy FgEe] 9 7heH FRoAM e
Go| doju}= ez FAEYh

33. oei7z|E Aluz|0 e 2E dat

2 AP A v 7|F AvEle B45s 7|FHEst B
H(GFDL-ESM2G. IPSL-CM5A-LR, MIROC-ESM)ell RCP
8.5 Al es HEG F 1 ARE ¥ HEE SWAT
230 st meolstgith. RCP 8.5 AU 8 Al 713t
20255 (2014 ~ 20401), 20555 (2041 ~ 2070%), 20855 (2071
~2100)2 T2t 297 F9o A E&stsch 715Hs)
A7)+ 201435 2100474 87d L iAo
MAAstg et 2429} [PSL-CMSA-LR =82 2025s, 2055s,
2085s 7]17HESQH Aol oF 67% (+608.7mm) =7HE %)L
v, MIROC-ESM =& Z3} <F 84% (+108.9mm) =715 %
o}, @A GFDL-ESM2G R¥elA = F gy cie 2
2 Bk 20555 FHE 4 9% (-132.8mm)E FA2EH
3L, 2085s ol A= 2055s o wla] kAl 2F 30% (+438.4mm)
Z7tebe ATS B¥tHTable 5) €898 72548 B¥IE
AT Bul MIROC-ESM 232 2025s, 2055s, 2085s 7]
B¢ BE ZAFEe] 7990 7MY & £2E Eglen
(Fig. 7). IPSL-CM5A-LR R &8l AE 20255 7|13t Setolle
Ha 2ol 79| BRESFATE 20555 9 2085s of| A=
W Argo]l 89 718 gol £ESch EJ GFDL-
ESM2G EgdA e Hi Zadol 899 713 BE &%
EE By 715Es 282 vasd s 9 2025s9AM &
GFDL-ESM2G ®@¢] B Z2e] 1,587.5 mmz 71 27|
YebgA gE 205559 2085s 713te] A2 IPSL-CM5A-
LR ®&@o] 1.706.7 mm. 2.099.4 mm & =LA L}elgoh

Fig. 8ollAd 2% 2A%E H%o] GFDL-ESM2G 23 &
ol 7bE ZEE 1] A9 1E, 1296 dAF Fashs
Agg w9ch 79 FA Fviske AEFE EUAL
7e qgdel 8ol 2055572 ZAskE i 20855 ol A
715l WEHol & FEE Btk IPSL-CM5A-LR E
e 2014d0 A 210080 Fal d4F FyEel F7ts
= A% 2o, RCP8S5Y 5% vz 255 35F
=gske 2% FdsA vebkth. MIROC-ESM 23 &

Table 5. Estimated precipitation data by the three models for the period from 2014 to 2100

Scenatio GFDL-ESM2G IPSL-CMSA-LR MIROC-ESM

Division 20258 20355s 2083s 2025s 2055s 2085s 2025s 20535s 2085s
Rrenpiiation 1587.5 14547 1893.1 1490.7 1706.7 2099.4 1295.4 1349.6 1404.3
(mm/year)
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Fig. 8. Estimated monthly precipitation data by three models. 2085s(manth)

ol 2% 79 BeEo] giEuA, vl 69 2
F7ohs 23 Btk

el 2
ol

ojgi7|1& ALUZI2E HESH X|5ts gyey
JIMREY MEED

7] AU s HE} Ass Fgge 7 A
+ GFDL-ESM2G 23 2] 75 403.8 mm/year, 365.9 mm/year,
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34,

Fig. 9. Application of future climate scenarios to estimate
monthly groundwater recharge (2014-2100).

Aoz webdchTable 6). IPSL-CMSA-LR 3 MIROC-ESM
© 2025s, 2055s, 2085s 7|3t H¢F & Aygo] F7)l
w2t 25t dgs go] Frkste AEE B A A
9] 71FRis wguic A7 E¥E cdEAn = 7
T A Aste FF v 8ol A 717 BF 20% o]4
Q Ae® FMEUTKTable 6). Fig. 9914 H5o] ¥4 =3}
T BT A 20255 oA GFDL-ESM2G 2 &o] 849

Table 6. Groundwater recharge and baseflow estimations using bias-corrected precipitation data

Scenario GFDL-ESM2G IPSL-CMSA-LR MIROC-ESM
Division 2025s | 2055s | 2085s | 2025s | 2055s | 2083s | 2025s | 2055s | 2085s
Groundwater recharge (mm) 4038 | 3659 | 4293 | 3862 | 425.0 | 470.78 | 3164 | 337.6 | 376.6
The ratio of Groundwater to precipitation recharge (%) | 25.4 25.2 22.7 259 24.9 224 244 25.0 26.8
Streamflow (mm} 1052.1 | 9503 1322 1098.8 | 1309.7 | 1487.2 | 808.9 848.0 877.0
Baseflow (mm) 204.1 190.1 | 2639 | 208.7 | 2526 | 3745 | 178.7 | 1889 | 2388
Baseflow/ Streamflow (%) 19.4 20.0 20.0 19.0 19.3 252 2211 22.3 27.2
Baseflow/ precipitation (%) 12.9 13.1 14.0 14.0 14.8 17.8 13.8 14.0 17.0

LS EASEX MW Ms5E, 2014
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109.8 mm/month & A vepton, 2055s ol A= IPSL-
CMSA-LR E&o] 8g¢] 97.0 mm/month® Lvlepde) 8¢
of 2 AFL HQl olf+ 7.8%e Uld ZoEe d¥L
2 dorEth 2085s o= IPSL-CMSA-LR E# & H&5f4]
& 2085s 44 Z0] 20994 mm W 789€ A g
SheFeko] 65.0 mm/month ©]4%] Ao 4 EHUH MIROC-
ESM Z@o] o@ olF ZAE ol A, vHZE Z+5H
9,10,11,129 A Fggol F7td Adrt vebgrh #
o] P 7| AFES A= GFDL-ESM2G B3¢ 29
19.4%01 4 200%=2 Z71E929, IPSL-CMSA-LR Z%
19.0%1A 25.2%, MIROC-ESM 22.1%°14 272%= 7}
gt £ 71 Fdst 28 E S vHE Aldee A
23 B4 AH A Hole uhel go] RS FFFo] F
7hgagtel] wel NAREY FEE 2ol FWEEIE
SAFEE Aol BEou 2j00dog 7}H AFE AT
g A FEHEe] F7HEE APIRE, AV Al 8ol
Mg Aol wtagch sty FYEC] ®S BF A
+92 dAFFE o4 #A2A sk fFo AHHoR
252 @ 4 glonyg AME U d@er gdA
E3 A4S gEsd A-d g7 7hs® Aotk

4. Conclusion

2 AT M= Alpha factors 4H¥ st vl 7] §9] =&t
T LY JAFE AL Agsd. 7€ ATFdAE
SWAT 238 % H4x 5454 9%g nestA] o
Brtstge) ool & @Atel A= SWAT BFlow &3 &%
7 edd s FFEE5HL vgsts Alpha factor®
st vk Age fFEZEE 2ofssith

SWAT 2@& olfslel fH#:Ed ZA3}2009d) NSE=
0.83, R2& 0.89 AAE 53l Ass @, 7IAHFE &4
a2 A AgsA melshe Aoz #od.

71%us @ RCP Aluel 8 A&ste b7 Fust
o @ A&k FYH 7AFE £AS 47 qAHez
e F7182 #FE f7 Ase L, 71AFE] s
= Aol dehgh 7|5 2gds Ags) & 24
2025s ©f GFDL-ESM2G Z@o| Z5 o] 718 aA F
o9, od wa Aste L NAFEE Bl +F
g AL Bgr}h 2055 A17]8h 2085s Al7ol = IPSL-
CM5A-LR 28o] malg Z4E Ass g 7IAFF
o] 2A ZAHSch ool ¥t MIROC-ESM 232 %A
AAF T 2@9 g2 AssE gL 71AFE FFol
AA 2459 A A9 71FHs w3 AEE & 2
7 20555 GFDL-ESM2G 2@e| Z#, Asts 3, 7]
AfZol #2de ATS B AL At vHR
A2 d#Y 2A Fotets 4EE Bdrh

2 d3s B s|fdse] g2 297 /99 Asks
g NAREY 2EE ot & F den, FF 5
AP E A% 71 2AEE o] &E F qlvkal #dHc ®
§ ood A5 Gl uet usE e Asks F9H 71A

72 T& Sote dy, #@e zgozRw® olgdE
Qo VA Ao FEAHQ Ede AAS A
o Agsiof & Ao AlRHT

B Ao 7+ £098 548 ool F Alpha factor
2 Mgste g2 d8ste o] 7|FHGE 1Y AFF
AAE 43 289 ¥eE 58 ol +7 AT &
%7 #9499 #EAsEe FFo= Qsd §9 279 #
2t 2AEE o]&ate AAE Alpha factorE 79 el A
gatgeng old & AFE Fsto 71FHEe] wE
7+ Af9e 71AFEY g4Fe LT A7t F ook
g Aol
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