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ABSTRACT

In this study, we projected climate change by region over South Korea under Global Warming Levels (GWL) of 1.5, 2.0,
and 3.0°C using new high-resolution (1 km) simulations. We combined 5 Regional Climate Models (RCMs) and 4 Shared
Socioeconomic Pathways (SSPs) and used them for future projection. The findings indicate that, as global warming progresses,
the annual mean temperature in South Korea will increase by +0.7, +1.4, and +2.6°C, respectively, compared to present-day
(2000 ~ 2019). There is no significant change in total precipitation under the 1.5°C GWL condition. However, an increase
of +4.0% (+5.8%) is expected under the 2.0°C (3.0°C) GWL condition, with a significant increase in precipitation expected
during the months of July to September. The study also finds that extreme high-temperature indices are projected to increase
more significantly than the annual mean temperature, suggesting that future annual temperature ranges may increase.
Additionally, extreme climate indices for precipitation are projected to increase unless GWL is limited to 1.5°C, with a notable
impact in the Jeju area. The results of this study are expected to be used as fundamental data for establishment of national

climate change adaptation policies aimed at achieving carbon neutrality.
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Fig. 1. Distribution of observation stations and DEM elevation (shading) with 1 km resolution over South Korea.

Blue triangles and black circles indicate ASOS and AWS, respectively.
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Table 1. Simulated global warming timing of 1.5°C,
2.0°C and 3.0°C from each scenario

Global Warming Level (GWL, °C)

Scenario
1.5 2.0 3.0
2021 2032
SSP1-2.6
(2011 ~2031) (2022 ~2042)
2021 2031 2056
SSP2-4.5
(2011 ~2031) (2021 ~2041) (2046 ~ 2066)
2024 2032 2050
SSP3-7.0
(2014 ~2034) (2022 ~2042) (2040 ~2060)
2021 2029 2046
SSP5-8.5
(2011 ~2031) (2019 ~2039) (2036 ~ 2056)
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Table 2. Climate change Indices calculated using daily maximum temperature (TMAX), minimum temperature
(TMIN), precipitation (PR), surface relative humidity (RH) and surface wind speed (WS)

Index Index Definition Units
HW The days TMAX is higher than 33°C in each year days
TR The days TMIN is higher than 25°C in each year days
TX90  The days TMAX is higher than 90th percentile of TMAX for present-day in each year days
TN90  The days TMIN is higher than 90th percentile of TMIN for present-day in each year days
TXx The maximum TMAX in each year °C
TNx The maximum TMIN in each year °C
FD The days TMAX is lower than 0°C in each year days
ID The days TMIN is lower than 0°C in each year days
TX10  The days TMAX is lower than 10th percentile of Tmax for present-day in each year days
TN10  The days TMIN is lower than 10th percentile of TMIN for present-day in each year days
TXn The minimum TMAX in each year °C
TNn The minimum TMIN in each year °C
RX1D  The maximum l-day PR in each year mm
RX5D  The maximum 5-day PR in each year mm
R95 The wet (PR = 1 mm) days PR is higher than 95th percentile of PR for present-day in each year days
R99 The wet (PR = 1 mm) days PR is higher than 99th percentile of PR for present-day in each year days
D80 The days PR is higher than 80 mm in each year days
WS90  The days WS is higher than 90th percentile of WS for present-day in each year days
RH90  The days RH is higher than 90th percentile of RH for present-day in each year days
Table 3. Cross-validation (Jack-knife) results of observed and estimated values for daily mean temperature
(TA), maximum temperature (TMAX), minimum temperature (TMIN), precipitation (PR), surface
relative humidity (RH) and surface wind speed (WS)
Bias
TA (°C) TMAX (°C) TMIN (°C) PR (mmd") RH (%) WS (m/s)
JAN. +0.04 +0.02 +0.06 -0.05 +0.13 +0.02
FEB. +0.04 +0.02 +0.06 -0.04 +0.13 +0.01
MAR. +0.04 +0.02 +0.06 -0.04 +0.14 +0.01
ARP. +0.03 +0.01 +0.05 -0.03 +0.13 +0.01
MAY. +0.01 +0.01 +0.03 -0.04 +0.08 +0.01
JUN. +0.01 +0.02 +0.01 -0.10 +0.07 +0.01
JUL. +0.02 +0.02 +0.01 -0.14 +0.05 +0.00
AUG. +0.03 +0.03 +0.02 -0.19 +0.04 +0.01
SEP. +0.03 +0.02 +0.03 -0.08 +0.07 +0.01
OCT. +0.03 +0.02 +0.05 -0.03 +0.07 +0.01
NOV. +0.04 +0.02 +0.06 -0.03 +0.03 +0.01
DEC. +0.04 +0.02 +0.06 -0.04 +0.02 +0.01
AVE. +0.03 +0.02 +0.04 -0.07 +0.08 +0.01
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Fig. 3. Spatial distribution for anomalies of annual mean temperature (TA), precipitation (PR), surface wind
speed (WS) and relative humidity (RH). The anomalies are from three global warming level (GWL) of
1.5°C, 2.0°C and 3.0°C compared to present—-day (2000 ~ 2019). Differences of anomalies induced
additional warming (2.0°C-1.56°C, 3.0°C-1.5°C) is also suggested.
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233t A7l @A diH] -11%=2 th ZRAsH,
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o A Yetue, 243} 30| EopdeE 944
& Z7FsIth(Table 4).

T WS)2 EA tiH] 1.5°C/2.0°C/3.0°C 243} A]7]
o +0.03 m/s F7}oto] wlgf 7]7tol] g ¥k gl
ZAoE AYEY, 233} 3o I Aol mie- 2Z
Ao & HRlth F&o] H|wF Hol| F7tst= Al7]= 4¢
o, 7P Wo| Hash= Al7le 192 Uehdti(Fig.
2c). AHEEZERH)E @A tiH] 1.5°C 243F Al7]
+0.4% Z7}8h, 2.0°C(3.0°C) 243t Al7]ol= -0.9%
(-0.6%)= ohh TAT Ao HAPE™M, 2dd}t 5o

£ WE/do] ml AckTable 4). A FE F& WHIE
AHEH, 7] A SN AFELS 243 =50 =t
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THFig. 3c). &= A 9E vl #Hsl= AFHA
H w2 F7F Zo] 31 FHEAHGo|A H|wF F7} Zo]
22 Aoz A= chFig. 3d). 2H3} $220] 7239

o X

Table 4. Changes in regional climate element from three global warming level (GWL) of 1.5°C, 2.0°C and 3.0°C

compared to present—-day (2000 ~ 2019) over South Korea

Var. GWL KOR CP GW CC JL GS JJ
1.5 +0.7(20.1) +0.7(x0.1) +0.7(0.1) +0.8(0.1) +0.6(0.1) +0.7(x0.1) +0.6(+0.1)
({g 2.0 +1.4(0.1) +1.3(20.1) +1.3(20.1) +1.4(20.1) +1.3(20.1) +1.3(£0.1) +1.2(+0.1)
3.0 +2.6(20.2) +2.6(+0.2) +2.6(20.2) +2.6(+0.2) +2.5(20.2) +2.6(+0.2) +2.4(+0.1)
15 +0.8(0.1) +0.8(x0.1) +0.8(0.1) +0.8(0.1) +0.7(0.1) +0.8(0.1) +0.6(x0.1)
T?fg)x 2.0 +1.4(0.1) +1.5(x0.1) +1.4(0.1) +1.5(0.1) +1.4(0.1) +1.5(20.1) +1.2(x0.1)
3.0 +2.7(20.2) +2.8(x0.2) +2.6(20.2) +2.7(20.2) +2.6(20.3) +2.7(20.2) +2.3(+0.2)
15 +0.7(x0.1) +0.7(x0.1) +0.8(0.1) +0.7(x0.1) +0.6(0.1) +0.6(0.1) +0.6(0.1)
T(MCI;\I 2.0 +1.3(20.1) +1.3(x0.1) +1.3(20.1) +1.3(0.1) +1.3(20.1) +1.3(x0.1) +1.2(0.1)
3.0 +2.6(x0.1) +2.6(x0.1) +2.6(x0.2) +2.6(x0.1) +2.5(20.2) +2.5(0.1) +2.3(x0.1)
1.5 -1.1(x3.9) -0.8(+5.8) 2.4(x4.0) 2.4(+4.9) -0.2(4.0) -1.1(24.3) +6.0(+4.1)
(PO/I:) 2.0 +4.0(£5.9) +6.1(£8.6) +4.3(£6.6) +2.6(6.8) +4.3(£5.9) +3.3(%6.1) +8.0(+4.3)
3.0 +5.8(£7.9) +7.9(x8.1) +6.2(+7.4) +4.6(+8.3) +5.6(£9.7) +5.2(£8.3) +8.9(+6.4)
1.5 +0.03(£0.02)  +0.01(20.02)  +0.12(20.03)  +0.1(x0.02)  +0.06(x0.02)  +0.07(x0.02)  -0.03(0.04)
(::Z) 2.0 +0.03(£0.02)  +0.11(20.03)  +0.02(20.04)  +0.1(x0.03)  +0.06(x0.03)  +0.07(x0.03)  -0.03(0.07)
3.0 +0.03(£0.03)  +0.01(20.03)  +0.02(x0.04)  +0.1(x0.03)  +0.06(x0.03)  +0.07(x0.03)  -0.03(0.07)
15 +0.4(0.3) +0.2(+0.4) +0.7(0.3) +0.5(x0.4) +0.6(0.3) +0.4(£0.3) +1.1(x0.3)
?/13 2.0 -0.9(0.4) -0.9(=0.6) -1.1(20.5) -0.9(20.5) -0.7(x0.5) -0.7(+0.4) -0.1(20.5)
3.0 -0.6(0.6) -0.7(0.6) -0.8(0.5) -0.7(0.6) -0.5(0.8) -0.4(0.6) +0.1(0.5)
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Table 5. Changes in regional extreme temperature indices from three global warming level (GWL) of 1.5°C,
2.0°C and 3.0°C compared to present-day (2000 ~ 2019) over South Korea

Var. GWL KOR CP GW CC JL GS 1
1.5 +5.8(x2.7) +7.1(x3.4) +3.5(2.0) +7.4(£3.3) +6.7(+3.3) +5.3(£2.4) +1.9(x1.7)
(i\;;) 2.0 +11.4(x4.7) +13.8(£5.5) +7.1(x3.4) +14.3(£5.6) +12.6(+5.9) +10.9(+4.3) +3.9(x2.7)
3.0 +23.0(£6.2) +28.2(+6.4) +14.7(+4.9) +27.9(+7.4) +25.7(£7.7) +22.0(£5.7) +12.1(3.3)
1.5 +6.4(x1.1) +8.2(£1.3) +1.8(+0.3) +7.8(+1.2) +8.7(x1.5) +6.1(£1.2) +6.9(x1.2)
(d]:;) 2.0 +12.7(x1.7) +15.5(x2.0) +3.9(0.6) +15.4(£1.9) +17.2(x2.4) +12.2(£1.8) +14.7(£1.7)
3.0 +22.7(£2.7) +27.3(22.9) +9.1(x1.5) +26.8(3.1) +29.2(+3.7) +22.2(+2.8) +27.6(£2.2)
15 +10.5(+2.6) +11.4(£2.7) +9.5(+2.4) +12.0(£2.6) +11.9(+3.0) +9.0(£2.5) +10.7(+2.4)
(Tiygso) 2.0 +21.3(x3.3) +23.1(£2.7) +19.1(x2.7) +24.0(+3.3) +23.5(x4.3) +19.0(£3.5) +22.0(£2.5)
3.0 +38.2(+4.1) +42.3(23.0) +35.2(+3.6) +41.7(+4.1) +41.0(+5.2) +34.8(+4.6) +36.9(+2.6)
15 +10.6(+1.8) +11.5(1.7) +10.5(+1.8) +11.0(1.6) +10.8(+1.8) +10.2(£2.0) +10.3(x1.6)
(lezjs(; 2.0 +19.7(+2.1) +20.9(+1.9) +18.7(+2.2) +19.7(+2.0) +20.3(+2.3) +19.6(+2.4) +21.1(x1.9)
3.0 +32.7(+3.0) +34.6(+2.9) +31.6(x3.1) +32.3(£3.1) +33.1(x3.2) +32.6(+3.3) +34.4(£2.3)
15 +1.5(x0.7) +1.3(20.8) +1.4(0.7) +1.5(0.8) +1.5(0.8) +1.6(x0.7) +0.5(0.6)
F(rjé); 2.0 +2.7(x1.2) +2.5(x1.3) +2.7(x1.0) +2.7(x1.3) +2.6(+1.3) +2.9(x1.0) +1.1(x£0.9)
3.0 +3.9(x1.3) +3.8(+1.4) +4.0(x1.2) +4.0(+1.4) +3.7(x1.4) +4.0(+1.2) +2.2(+1.1)
1.5 +1.3(20.2) +1.6(x0.2) +1.2(20.2) +1.5(+0.2) +1.2(20.2) +1.2(0.2) +0.6(0.2)
(TNC); 2.0 +2.5(x0.2) +2.8(x0.4) +2.3(x0.1) +2.8(20.3) +2.4(0.3) +2.3(£0.2) +1.2(+0.3)
3.0 +3.6(+0.3) +4.1(+0.5) +3.4(+0.3) +3.9(+0.4) +3.5(x0.4) +3.4(+0.3) +2.2(+0.3)
1.5 2.0(x1.2) 2.2(£1.7) -4.6(+1.5) -1.9(x1.5) -1.5(x1.0) -0.9(0.9) -1.5(x0.5)
(dlal;) 2.0 -4.0(+2.3) -4.7(£3.2) -8.6(+3.1) -3.7(+3.0) -3.0(x1.8) 2.0(+2.0) -2.6(+0.7)
3.0 -8.6(£1.5) -10.8(£2.4) -16.4(£2.3) -8.6(+2.0) -5.7(1.0) -5.4(+1.2) -3.7(0.5)
1.5 9.4(+1.8) -8.7(+2.0) -10.3(2.1) -9.8(+1.9) -8.8(£2.0) 9.6(2.1) -5.1(x1.9)
(dilyjs) 2.0 -16.5(x2.3) -15.8(2.4) -15.8(+3.0) -16.4(+2.3) -17.2(2.5) -17.1(x2.7) -10.0(+3.3)
3.0 -29.5(+2.5) -28.2(+2.6) 28.4(+3.3) -29.5(+2.9) -31.6(2.5) -30.0(+2.8) -18.8(2.5)
15 -4.5(x1.6) -3.6(+1.8) -5.0(1.7) -4.4(*1.7) -5.2(£1.8) -4.0(x1.6) -5.9(2.2)
ijylso) 2.0 -8.7(x3.1) -7.4(£3.6) 9.0(x3.3) -8.5(+3.4) -10.1(3.3) -8.2(+2.9) -11.7(+3.9)
3.0 -17.2(£2.4) -16.0(+2.8) -17.0(2.7) -17.0(+2.7) -18.7(2.8) -16.6(+2.2) -20.6(+3.6)
1.5 2.9(x1.8) -2.3(£2.0) -3.9(2.3) -3.2(1.9) -3.1(£2.0) -1.9(1.7) -6.6(£2.8)
(T;:;SO) 2.0 -6.9(+3.4) -6.1(+3.6) -6.7(+4.0) -7.0(23.6) -8.9(+3.5) -5.6(+3.4) -13.2(+4.9)
3.0 -16.6(+2.6) -16.0(+2.9) -16.2(+3.0) -16.9(+2.6) -18.6(2.7) -15.3(£2.6) -23.6(+3.5)
15 +0.3(x0.7) +0.6(=0.8) +0.3(+0.8) +0.4(+0.7) +0.7(+0.6) +0.1(x0.7) +0.8(+0.6)
(Tir)l 2.0 +0.8(x1.0) +1.1(x1.2) +0.5(x1.3) +1.0(x1.0) +1.4(0.8) +0.5(x1.1) +1.8(x0.9)
3.0 +2.2(+0.8) +2.7(+0.9) +2.1(£1.0) +2.4(+0.8) +2.7(+0.8) +1.9(+0.8) +3.0(x1.0)
1.5 +0.3(0.6) +0.7(x0.7) +0.5(0.7) +0.6(=0.7) +0.5(0.6) -0.3(£0.7) +0.6(0.4)
(TI\CH; 2.0 +0.8(£0.9) +1.2(x1.0) +0.9(x1.1) +1.2(20.9) +1.2(20.9) -0.2(x1.0) +1.2(+0.6)
3.0 +2.3(+0.9) +2.9(0.9) +2.6(+1.0) +2.8(+0.8) +2.7(+0.7) +1.3(x0.9) +2.3(x0.5)
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Fig. 4. Same as in Fig. 3 but for high temperature indices (HW, TR, TXx, TNx).
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w2t JEE7t Aaske 7k, 68l 7MY & A4t
A= chFig. 2d).

3.3. 2435t +Fd

JU

3t 7|

o

#a}

o] A oA 12 I3 7|EA L= AYE &
AR FILHW)T DHoFA(TR), HH4 7=
ARl 23 A(TX90)T 2FOKTN90), =3 7] A
9 Harle A Hg(Txxd 4 A7 A Aok
(TNx)C.& JLEZHTH HW/TRS @A o] 1.5°C 243
A71o +5.8Y/+6.4Y Z7F5HH, 2.0°C(3.0°C) 23} A
710l +11.4Y9(+23.09)/+12.7Y(+22.7Y) Z7}5lo], &4
3} o] FoHdSE SV FHo| AXItH(Table 5). X HH
HIE AW EH, HW= S dNA 7P A S7Fsta
AFHo A 7 F7F Zo| 2hoH, ol 7|2 ¥t
oz EA7} ZrHFig. 4a). TR AztH0A 71 37
S7ketH, ZLHolA F7F Fol 7HF AZ AoE AW
FohFig. 4b). E3F HWS} TRS 2% 79 A7 X193}
Shepst A HojlA F7F Fo] 22 Ao yEhdTh

TX90/TN90-S @A thH] 1.5°C &35} Al7]of +10.5Y
+10.6¥ Z7}5HH, 2.0°C(3.0°C) &3} A7) +21.3Y
(+38.2)+19.7¥(+32.79) J7toto], 243}t FFo] =
oFLE TX909] 571 Fo] §3] ¢ #AXItKTable 5). 4]
ogd W3} EAS AuEE, TX90S S EoA 571 =
o] 211 AN F7t Eo| 7 Zrom, TN90S =&
HollA AA F7Fstal ZLHNA F7F FHol 7 At
TXx/TNx= @A  of®]  1.5°C 243t A]7|q
+1.5°C/+1.3°C AF&sbH, 2.0°C(3.0°C) 243t A]7]9|
+2.7°C(+3.9°C)/+2.5°C(+3.6°C) Ar&sto], AW H7]-20|
H|g =3k 11.29] 5 Zo| ¢ & 2R APETH(Table
5). 67 A FolA TXx= B4AAFH)ONA A5 =
o] 7 A(FhiL, TNx&= FEARFH)NA 5 Zo]
7Pg FER)ZACE UBHTH(Fig. 4c, d).

AL T 71T A= AE 71E F3 4Rl 2
(ID)T} AEU(FD), AHd 7I& =3 QA T
(TX10)7} SFFOK(TNI10), S35t 7] A2 4 27|
A HAFH(TXn) o HA7]E A HALFH(TNn) 2= &
ot ID/FDE @A thH] 1.5°C 23} A|7]9]] -2.09/-9.4
o ZFAsh, 2.0°C(3.0°C) 245t A7) -4Y(-8.6
A)/-16.5U(-29.5Y) FAasto], 233} 50| oS
FDO| 4 o] F3I5HA #HXItK(Table 5). A 9H #3}
£ AWEY, ID= FRAY, 53] ZdHAA 7P A

4y 0
o gk

Factal B4 AFHAA Fa FHol 7MY Arh(Fig.
5a). FD= Aol 71 3A #rasty, AFdES]
AlF SRl A A Fo] 7P AHZ Ao g AYH
tHFig. 5b).

TX10/TN10& @A the] 1.5°C &3} A]7]of -4.5Y
/299 ZHAsHH, 2.0°C(3.0°C) 243} A]7]9] -8.7Y
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T A Fo] ¥ AXtK(Table 5). A9 H3l E4=
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H|5} 5 Fo] 2-Z Ao = AYEH(Table 5). 671 HY
FollA TXn2 AFACEZDANA S Zo] 7 A(Fh
I, TNn2 SEHoA A5 Zo] 7P 311 AgdoA=
2.0°C2138}t A7|17HA= Q5]8 AT Ao R AYE
thFig. 5¢, d). & A$= TEHOZ 15°C & 2.0°C &4
3t oA ASHE 2 5 IF A GojA ALE I35
A29] Fazt A=At ol FA AFH vl oAE
=% 7|2 A Hde] AyolE R, 2yt &
YH A Joj| A= 23} o] wet Awart 7k
A= AR

=%t 7154

4> AT

3l A9 AAE SIeiEd, =&
=35t AAKHW, TR, TX90, TN9O)
2 ZE Ao FrFetH, A2 S3% FA(ID, FD,
TX10, TN10)Z 2= HHo|A At o454 I35 1
2(TXx, TNx)> ZE AGoA 5otar, ALd I3 A
2(TNx, TNn)2 gyt HHH o2 e AS5shd, 55
o] A oA H|wH 77k ulfo] AT 4 Qi
FES o EE I3t 122 WU ETG AL Zo] 31
ALE I A2 P/ 2ET A5 Fo| it} 5
by Bt =7 FAHW, TX90, TXx) & 7]

29] ¥zt 7MY £ Ao HgHct
e 335 715 29 A A2l 1Y FHo G
FHRXID)H 59 FHth FFFRXSD), AHE 7|E =
AR5 A 1% =t 7
A2 T UR(DY0)E -

fo 4>

FUR99), AHF 7%
BEt} RXID/RX5DE
+6.4%/+3.2% Z7F5kH, 2.0°C(3.0°C) 243} A]7]o|
+16.8%(1+22.5%)/+13.9%(+18.0%) Z7}e Aoz A
Th(Table 6). o= Luksi7h Ao whet 5 ke

N
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Fig. 5. Same as in Fig. 3 but for low temperature indices (ID, FD, TXn, TNn).
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of +0.3Y4(+0.5Y9)+0.3Y(+0.4Y)E thA Z71E Ao
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+0.424(+0.59) Z717F AGE} &, 7|3HSEE 1.5°C 2
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9] ¥gks AFAH o g AAIst7] flsto] 49 10% =3
ZL£A(WS90)/E5 =L (RH0)S EA5FAT. WS90 &
A o8] 1.5°C 23} A7)0 +24.4Q Z7F5HH, 2.0°C
(3.0°C) 23} A7]0 +40.99(+39.4%) S717F At
(Table 6). °1t 23} & u|F 1.5°C 243} o]F, =
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Table 6. Changes in regional extreme precipitation, wind speed and relative humidity indices from three global
warming level (GWL) of 1.5 °C, 2.0 °C and 3.0 °C compared to present-day (2000 ~ 2019) over South

Korea
Var. GWL KOR CP GW CC JL GS 1
15 +6.4(£6.3) +8.3(£9.9) +3.9(£6.1) +4.8(+8.3) +8.1(£7.9) +5.3(+8.7) +25.2(+10.4)
R():/j)D 2.0 +16.8(x10.1)  +21.3(x15.5)  +15.1(x12.1)  +154(x132)  +182(x11.6)  +14.1(x12.0)  +36.0(x15.1)
3.0 $22.5(12.4)  4247(:11.4)  4207(x12.7)  +222(132)  +22.9(19.0)  +21.5(15.5)  +35.3(18.7)
15 +3.2(£6.0) +4.3(£9.8) -1.6(x5.2) +1.2(26.7) +5.4(+7.8) +4.2(+8.7) +19.2(+10.3)
R():/f)D 2.0 +13.9(x7.6)  +15.2(+13.4) +8.9(29.7) +12.2(£9.5) +17.0(x9.6) +143(9.8)  +31.0(x12.3)
3.0 +18.0(+9.7) +18.6(29.5)  +I3.3(x10.5)  +162(x11.4)  +184(x14.1)  +20.5(x12.5)  +32.7(x14.5)
15 -0.1(x0.4) 0.0(x0.5) -0.1(x0.4) -0.2(+0.4) -0.1(20.4) -0.2(x0.4) +0.7(20.5)
((1;9;) 2.0 +0.3(20.6) +0.5(x0.7) +0.4(20.6) +0.2(0.6) +0.4(x0.7) +0.2(+0.6) +0.9(20.5)
3.0 +0.5(+0.7) +0.6(+0.6) +0.5(20.7) +0.4(+0.8) +0.5(+0.9) +0.4(+0.7) +1.2(+0.5)
15 +0.1(20.1) +0.1(0.2) 0.0(x0.1) +0.1(20.2) +0.2(£0.2) +0.1(20.2) +0.4(0.3)
(;9;) 2.0 +0.3(20.2) +0.4(x0.3) +0.3(20.2) +0.3(0.3) +0.3(20.2) +0.3(+0.2) +0.4(x0.3)
3.0 +0.4(+0.2) +0.5(x0.2) +0.4(+0.3) +0.4(+0.3) +0.4(+0.3) +0.4(+0.3) +0.4(+0.2)
1.5 0.0(x0.2) 0.0(x0.4) +0.0(+0.2) 0.0(+0.3) +0.1(+0.3) 0.0(+0.3) +0.7(+£0.4)
(iiz) 2.0 +0.4(x0.4) +0.5(+0.6) +0.4(x0.4) +0.3(0.4) +0.4(x0.4) +0.3(+0.4) +0.8(0.5)
3.0 +0.5(+0.4) +0.5(20.5) +0.5(+0.5) +0.4(+0.4) +0.5(0.6) +0.4(+0.4) +1.0(+0.5)
15 +24.4(£3.4) +26.9(3.7) +26.0(+5.7) +25.1(3.4) +22.7(+3.0) +23.6(+4.4) +18.8(£7.9)
:Z:;:; 2.0 +40.9(+4.6) +46.6(+4.7) +39.7(x8.3) +41.4(+4.9) +38.4(x4.2) +40.8(+6.7)  +34.9(x12.6)
3.0 +39.4(+4.7) +45.8(+4.8) +38.4(8.3) +40.1(+5.1) +36.9(+4.0) +39.0(+6.5) +33.2(+12.4)
15 +10.9(+4.2) +8.7(+5.3) +14.7(£5.5) +12.2(+4.4) +13.3(£3.3) +8.2(+4.1) +0.4(2.5)
ZI:;; 2.0 +7.7(26.2) +8.4(+8.1) +10.1(+8.5) +9.6(26.6) +9.6(x4.7) +4.6(+6.0) -6.6(x3.2)
3.0 +8.3(5.6) +9.0(+8.2) +11.4(28.2) +10.1(+5.6) +10.3(+3.8) +5.2(£5.5) -7.2(+3.0)
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Fig. 7. Same as in Fig. 3 but for extreme wind speed and relative humidity indices (WS90, RH90).
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Fig. 8. Probability distribution functions (PDF) for extreme climate indices under present-day (black) and 1.5°C
(blue) / 2.0°C (green) / 3.0°C (red) global warming level (GWL) over South Korea. A location parameter
(Loc.) and 20 years return value (Rv20) are located on the upper side. The return value is also indicated

by the dotted vertical line.
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Fig. 9. Changes in mean temperature (TA) and precipitation (PR) of ensemble members from three global
warming level (GWL) of 1.5°C, 2.0°C and 3.0°C compared to present-day (2000 ~ 2019) over South

Korea.
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