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o] gHslA| o]FeiZ| 1 it o] AFA = IPCC A6x} BEA oA AME-E SSP AU 22 d&H 7|23} A7 o]
g5t} AR 99 7|5 F B4 BASHL Aok kS A4S 1993~2020W71A] X 99| 7] F7lskaL A%
T2 Wil 2 2o & Bol ATk HA| A 0 2= FHadts F S Bt SSP AJutE] Qof] W2 2025~2100d7HA] X F 9] 7]
22 AA) 2R} 24~28C Fretal A7 AAF o2 FrbetAE vid HEES dAET o AY o2 Fodct
SSP Alutg] of| w2 7| THSHE W sHH 2025~2100W71R] i A FHFge 571 B st Aol B8 U] 4t
A9k 22.4~37.5%0] aFsh= 717t o] AR AT A oR FAHBEE AAH R g4 LS BEsh= Ao
s

FQO|: UYAEHEXK| L, 7|S S}, SSP AILIR|R, X[t ehuat

ABSTRACT: Drought has caused water shortages in some areas, and efforts are being made to diversify water sources and use groundwater
efficiently to solve this problem. In this study, we analyzed the climate change characteristics of Gangwon state and evaluated the groundwater
recharge using the temperature and annual precipitation predicted by the SSP scenario used in the 6th IPCC report. From 1993 to 2020, the
temperature of Gangwon state increased and the annual precipitation showed large differences every year, but overall it tended to decrease.
According to the SSP scenario, the temperature of Gangwon state will increase by 2.4~2.8°C from the current level and the annual precipitation
will increase overall, but the annual variation will be larger than the current level from 2025 to 2100. Reflecting the climate change according
to the SSP scenario, the annual recharge from 2025 to 2100 do not show a clear tendency of increase or decrease, but the recharge for the
period corresponding to 22.4~37.5% will decrease from the current level. Therefore, it is necessary to systematically manage groundwater
resources.

Key words: Gangwon state, climate change, SSP scenario, groundwater, recharge
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19709 o]F 79| it 7|22 A|71F 1L.7CH A5
3}ar 9J oW (Marcott et al., 2013), o= X9 B
7| &0] gol Z7tstsith. FAAE = 7| HEE A5
AalA A&z estar glom 21009 A5+ Bt
710] 4C gtz &0l 20% F= "okl oS3t 9]
th(Schellnhuber ef al., 2012). AF-2Ush= A AAF LS
2 A9 5 ok, A7k 17, AA| R ALE] F TRt
Hofoll FHLAEE FFFS v e} AFdstE 2l
3 7Het S WARIE o} H =Tt A} FrkskaL ok
(Dai et al., 2004; IPCC, 2023). =o)X ZX]Z Q] 72
2~34, 3% 72 5~74d 712 EAYSEL o (Lee et
al., 2021), FF 7| FAGE AT 7B Tl AL
WA Aoz diEnE 848 dydes TR 4
G FAUL BuSAL 3T Y vhlshe o] B
Rekan=

e AR, A, Qe Zee] Bl 2
7 447} F4710] BEEo] §-8 AA Ko Belah]
ofFch 20189 7]&, i A7t A o] 87 366 A
M’ o2 FAHEE 0% 67%E Y ALY L FTYLSE o
L3517 33% = FFHGA =2 ARESttH(Related minis-
tries jointly, 2021). 2022 ZUo| A= 718, 24, gl £ 5
o715 7} HIHsHA WAlste] & FEof gt 27t 2
Al S7¥ske) 53], GRAHS S 7HEe = Ao
3L g 2 985 75 59 Hsizt BAgstthRelated
ministries jointly, 2023).

et AF7HAREE 5= s '@ AR 30.1%
£ ARt A AlAY & FeFY 33~35%F AR
(Doll et al., 2012; Amanambu et al., 2020). X|3}p= F
Hhakgol] Ao s FIFs WA gl A ;w0 H]A
AdF oz 7|$Hske] Gk g W=ri(Howard ef al,
2016). oA Rokpi= =2 SAH Ptete] F3i et
3P TR 2 ddstal, Y7 A gAY
SHiterol| A A|8l4=0] AbEAd o] v &St Ministry of
Environment, 2023). A|1x} Z7}=2Z2] 7| EA 1o A X5}
$29] 0] 832 29.19 m/d o2 WA £ 7.6%S A}
Aoh= Ao g2 skt J2oll= B, Ak HAL 4
& oA FEEHE Ak E sAY e 2 E85k et
< v}gs}a It Ministry of Environment, 2023).

A FESIE Qg 7| At 24 So] WssE &
Fa Byl AL E 4 Ak 2ol SuH ALE
1R RAYONN B3 7Ll B Hast 2
waiRke] 2712 <18 718 WANES A F7k51 B
B2 ojzio] okshE 4 QAT B - 29| W), 7|2

N

Aol ags) & Q= &g 5= 9l &g Yol
FE ] R A oA rREHS oA & AL
2 st 2y sigt @ A7 AR A Hol A e T
o2 qla) g4 o] WAIT & U Ao Wit
(Related ministries jointly, 2021).

71 E sl ghgato] Aake: SAHUES ST B8
o 942 T ATEL HR U Bl 7|V ATAE
2 £4 02 A& A3P=]r QQth(Lee et al., 2010; Ha
et al., 2018; Choi, 2021; Suk ef al., 2022). = =H= A
12} E9E]712419(2021~2030), AMUR}F Z[shrz] 7|24
g)(2022~2031) T4 7] F3te}t o334 &= Z|8t
S A, ASSART, f87E 52 2ol A5
& sk Fgeke Wore veIsielch. Kok 444
& BEHOR olgaly] YNE A5l TUE, ol
% MFsE Bolelel SR AT 4 gt 5
AL Moo B7Fahe Aol Easi

A F2 #5572 (Representative Concentration
Pathways, RCP) 7|33} AlUjel 0.2 o 2ah 74e A2 g
ol galo] T A5l AHle] MEEAS Wolsigo
Intergovernmental Panel on Climate Change (IPCC) A|6X}
H o)A Aeist ZEAVS] A7 =(Shared Socioeconomic
Pathways, SSP) 7] 513} A|U] 2.5 0|83 A3 =4}
Ao HEEAS B7tots dAte S YA 23t
th(Seo et al., 2022).

A A AP Ho] wol AHAPL Fdtal 53] 9
A9 sHH FE= Aot 840 L-gHEokollA FH ot
ROt} 53] HXAl= & o8 oj7lo] v o) & i
st7] S8l & Ask B, AskrA T 5 st
Frdor Egstar et B3 Sl HAE FaL 2l
T7H o™ AT, SR, Sl s, AHE 34
o] fJA|ste] SHYA 2 AREE o Sl AN S S
£ Zo] Bagt A Folrt. 2030974 FUAH o) & 5=
A Ayt AT, £2A 5 570 A GollA AEE E
THET7 RS Ao r AU, YL, F S
17] A FoM= P87 FE5F Aoz AP UK Lee
et al., 2021). LA Q9] +ALAS A A A o= Hejsr] ¢
A= vl LS A5t o] Basitt o] A+
£ SSP AU 22 oS3t ek o &sto] A W
Aot ¥ B7Hsto nlHf Aok ALY B84
&S AXShE ol = 571 S8l a5kt

oft

fr el o ofn

|

2. 3AXIY

20219 718, ZHEEBAX =L WAL 16,875 kmo] 1
746,220A|H), 1,555,87670] AS=gtct. 2017 A7HA] QA+
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< S7sIt7) 2018\ o]% sttt 202149 4=
20173 oiH] 11,2159 Fastich AR Ho] AA A
©] 81.4%0] 7 A} AFA L 229,33 1.2%0] 9 4
Yit BAAE WA BIET AFAL S AL
HOIT AP 7182 93-12.0T 9] Y9lE Holn By
2 10.7Co|t}. vt B+ 7|22 123C2 FYE
AR =R 1.6C o =t A7 804.5~1,590.3 mm2]
HYE Ho|2 H-2 1,180.3 mmo|th. A732] 57.2%
7h7~94 HFEH

FHEEAR| = AeERFES 93.3%0]2 3 T
A FL 68.2~93.4%0]|H, Al G X FL291.1~99.7%=
D A H gl Al D9 Aol HishiA A
Moz Ut} B3|, THE, JUT AT ArERTE
0] 80% ©o]sl2 uj-$- FTHKOSIS, 2024). 592 47]9] oj
HAGPHAY, sslidy, 9ddd, 9sdsslids),
20719] ZR o2 T 67he] FBAAeke)(u] 27
HAEAY HAT, s, A EA BASHE, S
e, HAAHE FEEM v|aE A4 B2 Tdst
A A gl B AFEY A|sl 1hEAdo] ez
ZtHGangwon Province and KOGGA, 2015). 2018~2022
W7 A5 QABE AT oF 188 wiEk mPol of
ol o] 51.6%, 5U-E°] 43.3%, FU-E°] 4.9%,
71Eb7F 0.3%5 AHAIRITE 22 59 Setoll g 4
A Fgasti, sAe4t A% F7he AT Ran
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AEE FAFAARNA SYSHAHKOSIS, 2024). 4
WE AR BE U AESHY 7| ZFAS ol g3l 3

Axoe] 7| FES B

3.2. JI=H3t A|LII

IPCC A6z} KA oA vl 7|55 AS3H7] HsiA
ARERE 7] 8L AU = 7] ARG-SHE RCP AL
Q0 AF-FA, AL, =41, BejA|, A, AR)A| =, 7]
< U, A AL B 55 F7HE PR SSP AY
2o ARSSHT SSP Ay 2= 7|5 FoRd B
232 vty 57l 3o 2 FAE ) SSP1-1.9 & SSP1-
2.62 H7] W 247 FE7F @AY Yobx|al 742
205093} 2070'30f| 24 7FA9) vl ETFe] 091 7592 314
AR ARg-o] FashE Il FeF 2 0= AR °lF
Zg7-olth SSP2-4.5= 2AVIA HiEHE AR RFAIS)H
o] 7|37t A9tE 1 FA RS AEH R o] Foi|
£ 7-Folth SSP3-7.02 7|3 WIS A3lshr] 9%t 7le
o] =ofA|aL Y HF o] 2202 o]Fo|A 2100
7R 247189 HiEFo] @A =2 28] A& Sofut
€ 7ol SSP5-8.5= FAEH T4 Yo by
A= ARl Soluhal FEEe =S 3 4lsk=
2050 371A] A7k viEwro] @A &2 28 A =
olub= Zf-olth o] SSP AluE|e= A2 7] Fst
£ Frlsl=d ARk QITHIPCC, 2023; CIP, 2024). =
WellMe 7154 BzdofA 2022 1295 P2
A 71 ARAHEE AlFSaL len o dFoA=
2025~2100E7HA] RCPL} SSP AU 2.2 dl&H 73X
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Fig. 1. Groundwater use by purpose in Gangwon state from 2018 to 2022 data from KOSIS (2024).
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3.3. Tlok eye

S R= AUAL Aslra] 7| 2A412)(2022~203 1) A 7+
A H 9] x| FFE2 11.6~19.6%2] LS HolaL g
oFEfRS 3,079 ¥R m¥/d, P RsERS 2,218 Wik mP/d
O 2 AFFY 12.0%E ML 5= Q= A= EA53
tH(Ministry of Environment, 2023). X5} SHFaFe 714
T G Ho g P piFo A Be St
ZhA ek A7 Askes Aol HEkE Ao
t}. o] Atol| A ZHA A Y FFES AR A Shpe
7|41 2)(2022~2031) W LA 187 Al-+9] FFEL
ARG AA gt ZF Al- 9] HA B E Fote] ALkt
718181 ARSHATE A A AA AR} 2t Al
o] AR FATAAEAAN sk A AEme
RCP % SSP AJu2] @9 7|Rbste] 7| A Bz E oA A3
Sh= AR Qo e AR E o]-8-5he] 2025~2100 7k
A AR Qo FFE A5 ESH RCPL} SSP A
vl e 2 fA9 e Blaste] 3RS A g ek
WIS Brslgleh o 24 Al EXo]§ 2 9 & P,
E5S (99 AXWHI} 5-F 15| ¢al Tes] 4
Fol kS a1 Ekqlet vl el digt AgeE
Eol7] YAl At okt 7]er aglof gk =
71AQ1 £4]o] Zasitt.

4. 2t A E9

4.1.)|2HS E4

1993~2020E7H4] 7R H 9] AR 7122 9.9~12.0C
o|11, H#2 11.0Colct. WslZEL 0~1.3C2 ujd & 2}

oy
OF
0%

o|F HolX| gAYt AAHC R F7ets AFS B
o} 2012971R] FtEoh AU 2 97t vIvisHA
ABFH o} 20134 o] Fofl= ABH 7]20| HHET A
& = #SEHAT 20209 ABHF 7|22 1993 dfH]
oF 128 Z71eldck, W} A <) A 7] Lo of
3t A4 71971 217 00323} 0.0482 A G)
QHF 7|20 AT YRR o WA ALY
). AEEE it FH0E JEAde] AT 7]
2o] FAAGof| v|shA A o2 F& HFS Hrk

1993~2020\71A] 73R A F o] A7 =2k2 804.5~1,883.1
mm&| HYE Ho|al FHFL 1,333.3 mmo|t} 20149 9]
A73==Fo] 804.5 mm=E 7 a1 2003 0] 1,883.1 mm
2713 BT 2API B9 e 27 EE g
She ol wEmoR BREUCHLY 3). ALYl
et 2AAle] F187] 4502 AR AAHoR
Fshe Ao BRIk 2011 o} i Az
o] Buch AYom AYF /12 FRuct Eh
ojlfgt 7|+ EA LR gf FZof 7Y RI=TF St
gt AR HHE 20109 2YHEE SR = F2 &,
Z05, 729 7ol Bkt Aol 7HEo] AR A
O 2 FWHEI 20109 FHE o]Fof= 3~64 9] Fat 24
B9 o] AR Fo 7Hgo] WA Ao s £4
ot gLt FF D WET Siet 5 A Fol T T3
Aol TEE | gh=tt.

o

4.2. J|2Ha MY
IPCC A53} HaAo| A ARg3t RCP AlL}be] 22 o] g
ajo] o235 21004 x| 2e] ABF 7122 oF 114,

14 -
—o-Korea —4—Gangwon state
y = 0.032x- 50.70 A .
13 ° .Y ° R?=0.2975 I SN / e
._/' \ R\ ) P \\H - & o
/ » AR . | &

%) . o AR o« /
S \ 7 [ 2 / Ny S/
12 M L ] o—0 ‘ A
S ¢ «* A . A
® A y &
S / ¥ 3 F Y
o A . Sk, A A
2 [ A . <
g 11 7 - 7 X ik
& A=ty / .
= 1/ A .y ./ y=0.048-8522 /
z A X rmoser A A

10 & A ‘

9 T T T T T T T T |
1993 1996 1999 2002 2005 2008 2011 2014 2017 2020
Year

Fig. 2. Annual variations of annual average air temperature in Korea and Gangwon state from 1993 to 2020 data from KOSIS

(2024).
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T B 7120] 37 37h8 Aol MY Aot BerE
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Fig. 3. Annual variations of annual precipitation in Gangwon state from 1993 to 2020 data from KOSIS (2024).
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Fig. 4. Annual variations of annual average air temperature according to RCP and SSP scenarios in Gangwon state from 2025
to 2100 data from CIP. Slope represents the slope of the regression line for RCP and SSP scenarios.
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RCP4.5, RCP6.0, RCP8.5 A|L}&] Qo)A o] &3t A7}4=aF
Zol BagtEoh A2 Fe7t 76\d Foll 2442 31, 26, 28,
273]0]aL, HAZk thv] F57F2 717} 0.4~379.4, 2.2~458.2,
2.8~518.8, 11.9~346.1 mmo]|c}. ARHZ L 6-9L71x] A
ZdwFe] oF 68~71%7} HFEA|RE o] 717k Fof| W7
o] Hjo} HA40] 2}o]7} 497.8~669.1 mmE 7}F4eFo] ¥
37 o & AL E dSESIT SSP AU 2 |53
A74F2 RCP Al 2] 2.8k fARE HEE/AE Ho|x|qt
AR Al el 3AAA Y 7]1&7]= 0.692~4.6652 ¢
e 3716l HeE2 v 2 AoE qSEH0
(713 5). SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5 AJL}e]
LA A& AFE ol BAgET F2 FL= 76
| Fofl 247} 27, 17, 21, 283]2 RCP AU 2.9] B]8}jA
AR oz AA oZ= <t =38t SSP1-2.6, SSP2-4.5,
SSP3-7.0, SSP5-8.5 AU Qo)A of| &3t d7tSako] of
T WAk ojn] B2 22 0.7~335.5, 16.6~398.2, 4~
244.6, 3.4~436.2 mm= SSP5-8.55 A| 93t 2] ALtz
LA = FE5TFo] AT

SSP AlUE] 22 ASH 7R 99 7| FHT oA 7]
2 A At A AR STk AR e
t}. RCP Alute] 2 tfjv] 7|23t Q742 AsZo] 57}
Sttt} Yebd o 2 7hE2 A7eRko]l WagkET A4 W
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Fig. 5. Annual variations of annual precipitation according to RCP and SSP scenarios in Gangwon state from 2025 to 2100 data
from CIP. Slope represents the slope of the regression line for RCP and SSP scenarios.
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Fig. 6. Assessing the possibility of drought using annual mean air temperature and annual precipitation predicted by RCP and
SSP scenarios in Gangwon state from 2025 to 2100. A represents the annual change in annual mean air temperature and annual
precipitation.
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