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ABSTRACT

Global climate change could have an impact on hydrological process of a watershed and result in problems with future
water supply by influencing the recharge process into the aquifer. This study aims to assess the change of groundwater
recharge rate by climate change and to predict the sustainability of groundwater resource in Pyoseon watershed, Jeju
Island. For the prediction, the groundwater recharge rate of the study area was estimated based on two future climate
scenarios (RCP 4.5, RCP 8.5) by using the Soil Water Balance (SWB) computer code. The calculated groundwater
recharge rate was used for groundwater flow simulation and the change of groundwater level according to the climate
change was predicted using a numerical simulation program (FEFLOW 6.1). The average recharge rate from 2020 to 2100
was predicted to decrease by 10~12% compared to the current situation (1990~2015) while the evapotranspiration and the
direct runoff rate would increase at both climate scenarios. The decrease in groundwater recharge rate due to the climate
change results in the decline of groundwater level. In some monitoring wells, the predicted mean groundwater level at the
year of the lowest water level was estimated to be lower by 60~70 m than the current situation. The model also predicted
that temporal fluctuation of groundwater recharge, runoff and evapotranspiration would become more severe as a result of
climate change, making the sustainable management of water resource more challenging in the future. Our study results
demonstrate that the future availability of water resources highly depends on climate change. Thus, intensive studies on
climate changes and water resources should be performed based on the sufficient data, advanced climate change scenarios,
and improved modeling methodology.
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Fig. 1. Location of study area and observation/pumping wells.
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Fig. 2. (a) Schematic diagram for SWB analysis procedure, (b) Grid type input data used for groundwater recharge estimation (KIGAM,

2011b).
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Table 1. Maximum infiltration rate for each hydrologic soil group

Hydrologic soil group  Maximum infiltration rate (m/d)

A 0.28
B 0.20
C 0.13
D 0.05

Table 2. Curve number (CN) for land cover class
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Hydrologic soil group

Land cover type

A B C D
Agricultural facility 51 64 71 75
Agricultural paddy/cropland 57 66 73 77
Deciduous broadleaved forest 31 52 64 69
Evergreen broadleaved forest 31 52 64 69
Facility land 67 75 79 82
Grass 43 60 69 73
Open land 43 60 69 73
Open water 100 100 100 100
Orchard 49 65 75 79
River/reservoirs 43 60 69 73
Roads 98 98 98 98
Subalpine coniferous forest 31 52 64 69
Urban/residential 89 92 94 95
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Fig. 3. 3-D numerical domain of the study area and boundary
conditions used for simulation.
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4.1. 0|2 7|EH3} DTiE BA
nlef 7138l SiElS Baely] Ao B Aexe 7
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(2003~2015F #A=H S 1= Higk 1.32mE 259} #A= AR HyEE A, A 2=} A
Table 3. Hydraulic parameters used for FEFLOW simulation

K« (FKyy) (m/sec) K., (m/sec) S, (m™) Sy (5)
Soil layer 5.0x1077 8.0x107® 2.0x107°~3.0x107 0.30
Volcanic rock 1.3x107°~6.0x1073 1.3x107%~6.0x107* 4.6x107°~9.0x107* 0.14
Seogwipo sediment 2.2x107°~1.0x107 2.2x107°~1.0x1073 2.0x107~3.0x107 0.12
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Table 4. Comparison between meteorological and RCP
historical data in the Pyoseon watershed

RCP historical

Baseline (RCP 4.5,

RCP 8.5)

2000~2010  2000~2010
Annual precipitation (mm/yr) 1958.3 1793.4
Mean temperature (°C) 15.6 15.9
Mean maximum temperature (°C) 19.3 19.3
Mean minimum temperature (°C) 12.2 12.7
Mean relatively humidity (%) 722 75.1
Mean wind velocity (m/s) 32 5.6
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QA 92 Hirsle] AAGR vlwdk Ad}Fig. 5¢), e
RCP AlUR]R00A] 7|20 F7Fehe FAZ Byt ¥4
2 FHasle] BAs|E A3}, RCP 4.5, RCP 859 7]1&
£ 1990201535} BE Dol Ashy, Hudgdt
712 84, HA €9 7|2 192 YERITE RCP
8.59] 7% AUl 7128¥)e A9}t vluwsiM oF 3.4°C
Fedial, HAZIR (1€ AR} vlasiA oF 3.8°C F
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4.2. SWB E5X| 24

Table 62 1992~2011A7}] SWB 4 A} 7|&
AT AFJSSP, 20135 HoFTh EdloA] AAg
1992-20111d Ale] 34 9 Hat FUELS 383%% Al
T SHARE Ay A8 20130 AAE g
AE 44.4%9F F 6.1% =FoUal, Choi et al.(2011)°
AAE 2001-201037H4] TS 34.0%} °F 4.9% 2}o]
e Zo=2 Yeith diF oz mdo] BoE 3tE
& A= 7129 A7EHe} FARE HeE HofEr)
712 FEEAT SWB ko] 9 xjole] ¢
oz= A, Bdof| = o] HidER] gko} 11
o] Aal ekEe] WA AFERS TFsAAH, =4

Table 5. Climate projections in the Pyoseon watershed under RCP 4.5/8.5 scenarios

RCP historical RCP 4.5 RCP 8.5

2000~2010 2020s 2050s 2080s 2020s 2050s 2080s
Annual precipitation (mm/yr) 1793.4 2115.6 2205.1 24229 22239 2329.3 2561.6
Mean temperature (°C) 15.9 17.1 17.9 18.4 17.5 19.2 20.9
Mean maximum temperature (°C) 19.3 204 213 21.7 20.8 22.5 24.1
Mean minimum temperature (°C) 12.7 13.8 14.8 15.2 14.2 16.1 17.8
Mean relatively humidity (%) 75.1 76.6 76.4 76.2 76.7 76.4 76.4
Mean wind velocity (m/s) 5.6 4.8 4.9 4.8 4.9 4.8 4.7
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Table 6. Comparison of water balance analysis between
previous study (JSSP, 2013) and SWB analysis result

Hydrologic components JSSP SWB

Total Precipitation 100.0% 100.0%
ET 26.6% 39.3%
Runoff 29.1% 22.4%
Recharge 44.3% 38.3%

wdlof] ARSE CN g, BelE Zo|, AFdA 75, 3
F& 5ol digk oY Axme] 2544 T
T3, SWB o] ARgE =dl 3= H7](100 m)e]
FEFo = gk ARk} s 4 Ut

SWBE 351} 199020153744 A14-999] 247
A EFAE B4 A, SeHATd A5 1,990
mm/year® |1, ZHRFETE 440 mm/year, AA| SRR
770 mm/year© ], A5} SRS 780 mm/year®|TH(Table
7). Bo] A, F A ] i FFES 392%, A

Al FLAEL 38.7%, A FEES 22.1%2 eI
£ AFox 4 E5A] E4E4HE v 1A
w3 BlasiEd 34599 FWEES vt Het
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W HF@4%)RTh oF 229 e Row Uehdtt
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Table 7. Water balance estimation results of current state (1995~2015) and predicted change in water balance components from two

climate change scenarios (unit: mm/year)
i RCP 4.5 RCP 8.5
Hydrologic 19902015
components 2020s 2050s 2080s 2020s 2050s 2080s

Total precipitation 1,990 (100.0%)
ET 770 (38.7%)
Runoff 440 (22.1%)
Recharge 780 (39.2%)

2,115 (100%)
857 (40.5%)
689 (32.6%)
569 (26.9%)

2212 (100%) 2,423 (100%)
875 (39.5%)
711 (32.2%)
625 (28.3%)

887 (36.6%)
890 (36.7%)
646 (26.7%)

2,220 (100%) 2,325 (100%) 2,560 (100%)
863 (389%) 898 (38.6%) 933 (36.4%)
758 (34.1%) 739 (31.8%) 885 (34.6%)
600 (27.0%) 688 (29.6%) 743 (29.0%)

X ETH(Table 7).
Sl slokek, Zubaler
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