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Future Projection of Temperature over The Korean Peninsula under Global Warming
Targets of 1.5 and 2.0°C, Using the Multi-RCM Ensemble in CORDEX-EA Phase 2
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ABSTRACT

This study presents a future projection of temperature over the Korean Peninsula (KP) under the global warming targets of 1.5°C and
2.0°C set in the 2015 Paris Agreement. For projection, simulation data from the multi-Regional Climate Model (RCM) ensemble in
Coordinated Regional Climate Downscaling Experiment (CORDEX)-East Asia (EA) Phase 2 are used. Under the 2.0°C (1.5°C) global warming
condition, mean temperature over KP would increase 2.13°C (1.51°C) compared to the present period (1985 ~2005 years). Extreme minimum
and maximum temperature intensity indices (TNn and TXx) would also increase 2.61°C (1.91°C) and 2.38°C (1.58°C). In addition, changes
in probabilities of extreme temperature events that occurs once in 20 years during the present period are investigated. Extreme cold events
would occur once in 28.9 years (22.6 years) and warm events once in 5.9 years (7.2 years). Meanwhile, there are several noteworthy points
about the future projection. The temperature over KP would increase more over the northern KP than the southern KP and this feature is
more distinct in TNn. The uncertainties of the projection are higher for the 1.5°C warming condition than the 2.0°C warming condition and
for extreme temperature versus mean temperature. The spatial pattern of change in extreme temperature frequency is different from that of

intensity. In other words, a smaller increase in the frequency of extreme cold events is expected over the inland KP.

Key words: Global Warming Target, Multi-RCM ensemble, CORDEX-EA Phase 2, The Korean Peninsula, Projection of

Temperature
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W)e] AT 7]20] 0.99C A5sACm, ol ke &
A7F2 8j&of 7]Qlgt A o] HHlslcHIPCC, 2021). 2018
89 A2 39.6C 9 A 41.0C9Y i 7L 7|E AT}
A, 20218 A ofd|2|7t £ T A AJA LA o]
A 715 @Ao] oyl JUTHKMA, 2018; Philip et al.,
2021, ol 7% Aoz Qg WS v, 20159 v
2] gofolAl= AR 712 A5 AAEE tiv] 20C=
Algkelal, ol§ EHEE 15T/ AT 4= s HAA
1957ko] SA7ks MBS PESIE Feld u ik
(UNFCCC 2015). wehA 243} Alsk B3#(1.5C 2 2.00)
o We falAel oS AL Hust shitw 7% W
s} o] Wagk Aol

ofg] A8 AFolM= HAAFEE(Global Climate
Model; GCM)9] 2R E o] §3lo] Luks} Ao B
stolMe] HAT @ A o] 7] Wshe Welgint
(King et al., 2017; Kharin et al., 2018; Lee and Min,
2018). 3tA9F GCMQ] 41 A== o 100 km FE
&, 9] 7|25 Astrlole @A Aok ol et
AN Histe], GCMO] KRt RE HAT O AT
of o] AFAHE Hotil F=EE FIA7I= 9oHd
BASE B AA AEE A Y97]FEE(Regional
Climate Model; RCM)9] HOREE AL&35}= Ao] 2
Aol B % Atk Wb ofe] A AroldE o
RCM Rojas Agalol 2ush Agt BuslolAe] A
o Fr9 7|28 AYstHtH(Vautard et al., 2014; Dosio
and Fischer, 2018; Im et al., 2019; Jo et al., 2019).

#E3HE RCMO] RojAtg AHE 9 HEE sk, Al
A 71% ALAE(World Climate Research Program)oj A]
= A NY71%F A3} ZE2 A E (Coordinated Regional
Climate Downscaling Experiment; CORDEX)E 519
THGiorgi et al., 2009). CORDEX ZZAEL t|§ F41
o Ao o] o A4 RCM LIHEE A&
stH, FofAlob A o] HisiA= FH7dTEeS v
23t CORDEX-EA (East Asia) 2Fo] o3t7of oA =
A Z 7} AFEEUTHKim et al., 2014). 7P AHA =T
ZAEHE CORDEX-EA Phase 1oA4+= A 2d A5
H|7 ZFZAE(Coupled Model Intercomparison Project
Phase 5; CMIP5) (Taylor et al., 2012)%] GCM HE2oJX} =
£ BAZLE sto] FobAot Aol Hisf 50 kmo] 4~
=S 7HA= RCM EqA =7 AE QT 2T =
ZAEQ CORDEX-EA Phase 20]4+= CMIP5%} T £&o]
%4l GCMQl CMIP6 (Eyring et al., 2016)9] 2R #=
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ARG E Sto] 47
A=t A E ATt g,
ApA| 9] B RTE oy} FAFCE AME GCM2)
EEAGNE FF= T2 4 UTHKim et al., 2020). ]
of wetf, ofz] A8 AFoA= B GCM, RCM . Atk
Yo HORFEE o|gsto] {53 thE RCM YHES
EE 2743} ARt ZH; oA 9] Fotrlor & Bl 299
71 HskE Aet vp glom, o]gA #5E tF RCM
FFES o] & AP EZAHA0] Eol& AL
71 4= Aot

2 AFolA= RCMY H|& 7% BHoRtmE o|-&-5t
of me] oA AAIE 23} ATt EHsto| A9 g
Ut 7] HEE st} gkt ojuf, thE RCM &
FE9 HOARE o]&sto] 7 Ao ESAHAES
Zo]aA}t sty 4R RCM GAETS o83t
A (Im et al., 2019; Jo et al., 2019)2} H| W 5},
Lo A= CORDEX-EA Phase 1 ¥ Phase 29] &=
42 BolRE Agele BT Jle Aol A
2 Ams

A=} 25 kmE FAFE RCM 2
SHH, RCMO] 1] Mol RCM

Hrl’mrﬁio
oS R o

oX,

al
=

2. Xl U o7 dhy

21. X2

£ AFA= oS RCM PAE 755 95k, GCM
453} o|E AAAOCZE St CORDEX-EA Phase 2 5|9
RCM 6F2] HoJA7E o]&stt. oldf, GCM 3%
CMIP535}9] UKESM (Sellar et al., 2019) 2 CMIP6 35}-2]
HadGEM2-AO (Martin et al., 2011), MPI-ESM-LR
(Giorgetta et al.,, 2013), GFDL-ESM2M (Dunne et al.,
2012)°]H, RCM 6% HadGEM3-RA (Davies et al.,
2005), CCLM (Rockel et al., 2008), WRF (Powers et al.,
2017), GRIMs (Hong et al., 2013), RegCM (Giorgi et al.,
2012), SNU-MMS5 (Cha and Lee, 2009)°|t}. ZF GCMO]|
w2} AFEE RCMO| 7+ A& th21, o= Table 1]
gAIs] Z1e= o] Qi

0|9} oA, SAZEA &l whE 1] flste,
E oA CMIPSS tE Bk 7 Z(Representative
Concentration Pathway; RCP) (van Vuuren et al., 2011) A]
2] Q. 2Z(RCP2.6, RCP8.5) & CMIP6S] ZE A}s] AA| 7
E(Shared Socioeconomic Pathways; SSP) (Riahi et al.,
2017) AlL2] 2. 45(SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5)
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Table 1. Simulated global warming timing of 1.5°C and 2.0C from each GCM, RCM and scenario

GCM RCM . Global warming target
- Scenario S -
Project Model Members 1.5C 2.0C
SSP1-2.6 2021 2031
HadGEM3-RA, CCLM, WREF, SSP2-4.5 2021 2031
CMIP6 UKESM
GRIMs and RegCM SSP3-7.0 2023 2032
SSP5-8.5 2021 2029
RCP2.6 2045 -
CMIP5 HadGEM2-AO HadGEM3-RA, CCLM and RegCM
RCP8.5 2033 2044
HadGEM3-RA, CCLM, WRF and RCP2.6 2023 -
CMIP5 MPI-ESM-LR
SNU-MM5 RCP8.5 2017 2036
RCP2.6 - -
CMIP5 GFDL-ESM2M WRF and RegCM
RCP8.5 2038 2053
Total samples 36 29

ArE AR&SHIH CMIP62] UKESM: ZAG o= AR
g A 7|Frdo] figjaE SSP AU 2 A7 E o]8s
FoH, CMIP52] YA GCME BAFC = AREEE A
715 5do] tisjA= RCP AU At7E o]-&stltt
(Table 1. o]df, tj7] % A7}~ ko] e}, SSP1-2.6 L
RCP2.62 A5k 2A7tA AlLd] 2, SSP3-7.0, SSP5-8.5
9l RCP8.5= T 2AI7FA AUE]Q, SSP2-4.5 ALt

= 3t T 2AVIA AYEeE RS 4 Utk E
o, 243} A|gt F3stof A 9] 7] WS}t ALt B B 2o
Al 271 RCM HOJAFR 0] HA}F HAS flste] dA] 7]
& H29] MY (Historical) A=E ARE-SIHATH

S, W 7]-&(mean temperature) HTH ofyz} =3t
71 &(extreme temperature)?] AYE AwE7] Q5] A
Bt 712 (tas)T T L HA 7]2(tasmin) H D 3L 7]
Z(tasmax)®] 7] 3F WFE ARGl olet A,
RCM 2Rt 9] 587 & HA BHAgS flsto] et
597 @ B3t 27719] & 8671 £33 714 T (Automated
Synoptic Observing System; ASOS) A9 7]& 35 A}
55 AREollon, IS Ao thet Al JE &= Table
Stof 7]& o] Qi

22, A5 Y

AAF 233} Agt F3o] mhE hE 712 AT 9
e AR T A G gt Algt 2% = AHS FoJst
£ Zo] "asltt AR RCMQ] BoJRt = FolAJo} 7]
o] thefAlvt AR Fglong Tok A|F9] Ao 7+
RCMO| AAZC g ARREH GCMO ZoREE ARSI
t}. ojmf, AJgt 2% = Ao tigt 7|& 7R AHdE
g Aol 1861 ARE 1901d0]|H, g 7|& Ao RHE

AR 7]20] 1.5C 9 2.0Co =Eoh= AFS AlsH
T Ao R Hosielt. 0|9k 3, 719 Hd e
o] opd 2A7IA viEE QIS HEPH]l Agh 2= T A
Fo| AFEE|ofof StEE, 21 olF BHH 7| 2ARE At
o EN A HEAHoRE Qg YFE Eo5UTt ol
gt P E2 RCMO| RORRE o83t ofz] Ad Aol
A ARE-E v} QJth(Vautard et al., 2014; Dosio and Fischer,
2018; Li et al., 2018; Jo et al., 2019). AFZE At L& T
G A2 ZF GCM 2 AU 0] whe th2A UE S
UK GCMO| ATk 2A7EA A2 QoA 213} =
eb 22 A0 WFEAT 2 GOM 2 Alueloo] o
2 Ag 2= = A2 Table 10 2= o] Gict.

202, oz 1Y AAL 3T 129 U
S 71 o A T o Qe A WA Ee &
4 A5 olgoke Mol n, T WA HHe I x
A 2] (extremal types theorem)E ©]-235F Hhfo|t}t B JF
oM F 7HA ¥ BEE olgsto] S3t 7|29 ¥t

£ dFetstaL oo diet AgE AlASHAT-
22.1. E8 X 0|18 ¢

=3t 71 20] Wsle Gesielz] 9] ETCCDI (Expert
Team of Climate Change Detection and Indices) =3t 7]
3 4E AR5 THZhang et al., 2011). ETCCDI =3}
71% A¢E #= A= (Donat et al., 2013) @ 2 247
(Sillmann et al., 2013; Kim et al., 2020)Z 0|83l B4
A ST 7159 B4 & UEhd Bt 3l & dellde
= 712 Ak A4 28(TNn, TXx)F 9t 712 Wl #|
= 2F(TN10p, TX90p)= °l-&3tH2H, A=2] Al Wi
€2 Table 20] 7]&E o] Ut}
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Table 2. Specification of extreme climate indices calculated using daily minimum temperature (TN) and

maximum temperature (TX). The percentile for Historical experiment is based on present period

(1985 ~ 2005 vyears)

Label Index Name Index Definition Units
TNn Min TN The minimum TN in each year T
TXx Max TX The maximum TX in each year T
TN10p Cold nights The days TN is lower than 10™ percentile of TN for Historical experiment in each year day
TX90p Warm days The days TX is higher than 90" percentile of TX for Historical experiment in each year day
222 5t 21 FE| 0|8 WY max{ Y, Y, }°o]H, M=—MpolnZ Hjgto] st =
39 BE Qs B2A F P 2 g9 gush g T FHAS (AR o, Sagte] ek 25 24
229 gef Bue} 4Hglol YYT BEo| sy AT (AR mE & dArelrs d A 71
Aotk o), £YHE Bxg guet 3¢ gx o @ AAWGS Xhs TNnd] diste] 255 45Tl
(Generalized Extreme Value Distribution; GEVD)Eal & = AL 22O WS A Egl.
o, $320) 9EFdghol 1 Telg AP whof] g S CMIPG St Historical 29 3= 7112 2014
7129 B4 & vehd % 9Urk(Coles, 2001). %A 27 B7IICTH CMIPS SpeflAj2f M2 71Kk 2005 A7 oet.
wpehd] B Lo ME RE RCM RS 0’317 9

3 715 Al TXxe= d H2 7129 A Hagh
LotER o £EE W2y 4T 4 Ut o
A, & AolAs A TXx AAEE GEVDOl| &
(fitting) Al &, ST REE Bl I 719 M
A=Fslelz|al sttt GEVDY &Sk (probability
distribution function)= 1+(k(x54_5)) >oo]1 k#0Y
gt ¥ 2o tiste] o33 Zo] R@Hh

flo it

401'

Fla)= = t(z)* e 1), (1)

where t(x)= [1 +k( r-

old|, £ 9 X|(location) HS:, = HE(scale) B, k=
% QK(shape) B4E UERATH B APoAL Her:d
H(maximum likelihood estimation)& ©|-&d}o] Z} ZZ} 2
el Hiet sS40 }OiQ'(Martins and Stedinger,
2000). o]e} M, g EEY FHEET
distribution function) 2 ‘ﬂi—‘gﬁ—,—(quann]e) %1{,\% o] &3}
of A FF(return level; z,)& AFET 4 U0H, o=

k=09 AY ©] B8 pol tstol BT} 2t

+<=(cumulative

—e+ 2 () 1] @

ol

n

M, v, =X, 21 83, M,=min(X,,X,}, M, =
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3 opwga] AAL] 712 7]17HS 1985 HEE] 2005WU7A| 2
Astlom, olF @A 7|Zte & Yoot o]e} A,
QA 717+2] = ASOS 5 A2} Historical A9 W
o Amoke] WmE Bole] 2t RCM GAE0] RS 174
Skolth. ofuf WA} HAS fIste] RCMO| 29| AtmE 7t
ASOS A9 91A]of gHA| A Wit 2GS HAIstRoH,
AREE WA B 7ML Variance Scaling 7]5©]THChen
et al,, 2011). G 7| H A= 0] Hdt HA5|5= Linear
Scaling 7130] 18] 2H5.0] BApHA) BAgslErRs 4ol
Aom, B 7o ZAZH AP Teutschbein and Seibert
(2012) 2 Kim et al(2021)0] 7]<=]o] glck

3. g+ Zit

3.1. @M 7|2 29

23} ARt RHSIo|A 9] ST 725 TS| oA,
¥ ol Tol AHE ROM Do) A 71 4
58 FASISI, ol A2 B WAL Astol A AL
B0 BE WA o] BT AW Aattem
correlation coefficient)?} 37t 5 HAE UEH|= HYH
A% (Taylor diagram) (Taylor, 2001)5 ©]-&5}3tHFig. 1).
Fig. lat= #53} RCM 2.9 Apzof tieh L+7]29] A
EEE vehd Aotk FAL wApEA A9 S YRy
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Fig. 1. (a) Daily climatology and (b) Taylor diagram of daily mean temperature for Multi-RCM ensemble (MME)

and ASOS data. The ensemble is grouped as corresponding GCM. Bias uncorrected (corrected)

simulation data is indicated dashed (solid) line in (a) and cross (dot) in (b). Historical experiment and
ASOS data during present period (1985 ~ 2005 years) are used

Zhe 17, 380] A BarlLo] g A, 190 Ha
Zhe Bl olaiat gihEo] A7 BES ROM RojdEs}

2 BoJsil Sle & SR 4= Ut} SEA9E RCM HLoJR}
H= ASOSo|| Hlsto] W2 7|22 HoRto gl 2o Hi}
(-4.6~-0.8C)7} HAstoict ghH, ol=gh ARt 23 WA=
VS #A} B 7|HE Boto] siad A gl 4= Qlrk o
Sog F7t B3xof thslo](Fig. 1b), RCM HOJRFE2} ASOS
7re] 37t A= 0.90~0.95% YERE oM, EE01E H
FHR= 1.06 ~ 1.2302 YERYTE &, RCM 29R}=7} st
T9) 7|2 31t BEE Z HoJstal glou, ool HAE Tt
A3 2 owgich gh, o2t 37t B2 WAL 2 A
TollA ARGRE HAF B 7S S5to] siaE A FRIY
= Slh

2 dojA= RCM 29| A&7} 7HR= AR 2 57h
A5 gelstglon, g WAyt | B4 7S &5t
of sjad AZ AT wEhA 4sE HA A A
5 P AL AR HEstlon, HA HAH
AUgle =S o830 =A 213t At HIHESHA
o] Ttk mlef 7] AYe AFAZE Aot
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o,

o] sl A&st9itt. Fig 2= HAT- 1.5C ¥ 20T 24
5} 3gsto A9 st I Bt 9 A, 11 7|29 ¥s)
(anomaly; oF=Ee)E WERH, F7F 2d2K2.0C ~1.5C)
2 QIgt ol Rpolm AAEo] rt. ojuf, oh-E=
QA 717+ 71202 AXE M, thE RCM HE9] ¥
THMulti-RCM Ensemble; MME)©]| thalA AA|Elo] Tt
AR 2.0C 23t 3Hgoto A, shatze] o B ¢
HA, 1 7122 @A 7|7l Bl 47t 2.13TC, 2.14TC,
2.08C S71 A 02 AYEAt(Fig. 2b.eh). o, A A
71:2&0] dhistod, gt X]9(2.04C)0] Hlsto] EJF X]%(2.36T)
9] 712 5ol ¥ IA verd AoE At 4 1
7120l tisiA= olelgt A HWar} okobA UEhd ZoE
gl=] i} 3t sl U 21 7]2(2.08C) Lt U
A 712(2.14C)°] © IA ASsh=s Ao HYEc
SHH, AAF 1.5C 243t SAsto A= stz g
w9 A, Ha 7122 @A 717kl Bls) 2+ 151T,
1.53C, 1.44C A58 Ao =2 AL= I thFig. 2a,d,9). 5,
1.5C 2413} stoflA e gtz o] Hit 7|22 A5ot,
I R 2.0C 243} 343 vlasto] 2& o= &
A=At E3H 1.5C AN E Fet A FGof| Hlsf E3t
A 99 7]20] ¥ IA A5k, 4 FHa 7|20 =g 4
A 7]20] o IA AT ACE AYEHAH
upxjeto g2, 0.5C F7F 2dst2 QI st 7|2 A
T AT HQAH(Fig. 2¢.fi). F7F 2USt= s, gt
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Fig. 2. Geographcial distributions for anomalies of daily mean temperatures (tas, tasmin and tasmax) from
MME. The anomalies are from two global warming targets of 1.5°C and 2.0°C. Differences of anomalies
induced additional warming (2.0°C ~ 1.56C) is also suggested. The anomalies are based on Historical
experiment during present period. The anomaly spatially averaged for a corresponding variable is
located at upper right in each plot
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2 oFsHA Yehd AoE BRIt o|e}k g, I3t A
2 e A52.61C)7F =3 -2 e X]4%2.38TC) ] H]sf
o FA ASohs 7129 R0l wE HArt A=

202, AAF 1.5C 23}t gHgstoA 9] ghite =
gt 71 A= A5 Wt AgS AW HEQITHFig. 3a,d).
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Fig. 3. Same as Fig. 2 except for extreme climate indices of TNn and TXx
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B A= 0.70C F7F S718tAL, =9t A F= Aee & Ao wlsh o =2A T7} F5e Aoz FRIFHA E}
080T F71 571 2oz AT Ath(Fig. 3c,f). W-TL + opA e =, %‘-? 712 9 5% 712 Aol "t &=

7b 2ok Qlste] St AL Ak Aol diside Ht A BHZ +38AT ol st & #Hit 7]L(taS)
A|Fo] @t A G vjs| o ZA F7F A5 Aew AT 3 =%t 712 = A4 28(TNn, TXx)of| tek RCM %
HAA, =2t L Ak Aol disfMs J3t A Gl & FEE A E2F HAE AE k(scatter plot)g ©]-8-3t

Anomaly (°C)

Anomaly (°C)

l\\

Anomaly (°C)

HH[HH}I\IIIII

2.0°C diff

(¢) TXx

Fig. 4. Scatter plots for anomalies of a mean temperature (tas) and extreme climate indices (TNn and TXx).
The anomalies are arranged as ensembles of GCMs, RCMs, target temperatures and additional
warming. The GCMs are indicated as labels, UK (UKESM), HG (HadGEM2-A0), MP (MPI-ESM-LR) and
GF (GFDL-ESM2M). The RCMs are indicated as colors, red (HadGEM3-RA), blue (CCLM), black (WRF),
orange (GRIMs), green (RegCM) and pink (SNU-MMBb). The additional warming is indicated as “diff”.
Inter-ensemble variability is calculated using standard deviation of ensemble and it is indicated as
“Std.” on upper-left side of the corresponding section
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of AAloFtHFig. 4).
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Fig. 5. Same as Fig. 2 except for extreme climate indices of TN10p and TX90p
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Fig. 6. Probability distribution functions for extreme climate indices under present condition (black), global

warming target of 2.0°C (red) and 1.5C (blue). A location parameter (Loc.) and 20-year return value

(Rv20) of TNn (Txx) is located on upper-left (right) side. The return value is also indicated as dotted

vertical line
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Table 3. Statistics of GEVD for extreme temperature under present and global warming target condition.

Return value are for 20 years reoccurrence event. The return period is calculated using 20 years
return value during present period. Changes of the statistics induced by 0.5°C additional warming are

also suggested

Global warming target
Present Period 5 N Additional warming
1.5C 2.0C

(a) Extreme cold temperature (TNn)
Shape 0.17 0.27 0.25 -0.02
Parameter Location (C) -14.4 -12.5 -11.8 0.7
Scale () 1.77 1.8 1.79 -0.01
Return value (C) -21.2 -20.7 -19.7 1.0
Return period (years) 20.0 22.6 28.9 6.3

(b) Extreme warm temperature (TXx)
Shape 0.15 0.2 0.17 -0.03
Parameter Location (C) 34.1 35.7 36.5 0.8
Scale (T) 1.59 1.87 1.82 -0.05
Return value (C) 40.0 433 435 0.2
Return period (years) 20.0 7.2 5.9 -1.3
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Fig. 7. Geographcial distributions for return period for extreme climate indices of TNn and TXx under warming

target of 1.5C and 2.0°C. The return period is calculated using 20-year return value during present

period. Difference of return period induced by additional warming is also suggested. The unit is year
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Table S1. Information of 86 ASOS station used for bias correction in this study

Station number Station name Latitude (°N) Longitude (°E) Altitude (m)
3 Senbong 42.32 130.40 3
5 Samjiyon 41.82 128.30 1386
8 Chongjin 41.78 129.82 43
14 Chunggang 41.78 126.88 332
16 Hyesan 41.40 128.17 714
20 Kanggye 40.97 126.60 306
22 Pungsan 40.82 128.15 1206
25 Kimchaek 40.67 129.20 23
28 Supung 40.45 124.93 83
31 Changjin 40.37 127.25 1081
35 Sinuiju 40.10 124.38 7
37 Kusong 39.98 125.25 99
39 Huichon 40.17 126.25 155
41 Hamheung 39.93 127.55 38
46 Sinpo 40.03 128.18 19
50 Anju 39.62 125.65 27
52 Yangdok 39.22 126.65 279
55 Wonsan 39.18 127.43 36
58 Pyongyang 39.03 125.78 38
60 Nampo 38.72 125.38 47
61 Changjon 38.73 128.18 35
65 Sariwon 38.52 125.77 52
67 Singye 38.50 126.53 100
68 Ryongyon 38.15 124.88 5
69 Haeju 38.03 125.70 81
70 Kaesong 37.97 126.57 70
75 Pyonggang 38.42 127.28 371
90 Sokcho 38.25 128.56 18
100 Daegwallyeong 37.68 128.72 772
101 Chuncheon 37.90 127.74 76
105 Gangneung 37.75 128.89 27
108 Seoul 37.57 126.97 86
112 Incheon 37.48 126.62 69
114 Wonju 37.34 127.95 150
119 Suwon 37.26 126.98 40
127 Chungju 36.97 127.95 115
129 Seosan 36.78 126.49 25
130 Uljin 36.99 129.41 49
131 Cheongju 36.64 127.44 59
133 Daejeon 36.37 127.37 70
135 Chupungnyeong 36.22 127.99 245
138 Pohang 36.03 129.38 4
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Table S1. Information of 86 ASOS station used for bias correction in this study (Continued)

Station number Station name Latitude (°N) Longitude (°E) Altitude (m)
140 Gunsan 36.01 126.76 28
143 Daegu 35.88 128.65 54
146 Jeonju 35.84 127.12 60
152 Ulsan 35.58 129.33 81
156 Gwangju 35.17 126.89 70
159 Busan 35.10 129.03 70
162 Tongyeong 34.85 128.44 31
165 Mokpo 34.82 126.38 45
168 Yeosu 34.74 127.74 66
170 Wando 34.40 126.70 35
184 Jeju 33.51 126.53 21
188 Seongsan 33.39 126.88 20
189 Seogwipo 33.25 126.57 52
192 Jinju 35.16 128.04 29
201 Ganghwa 37.71 126.45 48
202 Yangpyeong 37.49 127.49 47
203 Icheon 37.26 127.48 80
211 Inje 38.06 128.17 202
212 Hongcheon 37.68 127.88 140
221 Jecheon 37.16 128.19 265
226 Boeun 36.49 127.73 171
232 Cheonan 36.76 127.29 85
235 Boryeong 36.33 126.56 10
236 Buyeo 36.27 126.92 13
238 Geumsan 36.11 127.48 173
243 Buan 35.73 126.72 12
244 Imsil 35.61 127.29 247
245 Jeongeup 35.56 126.84 69
247 Namwon 35.42 127.40 133
260 Jangheung 34.69 126.92 44
261 Haenam 34.55 126.57 16
262 Goheung 34.62 127.28 52
272 Yeongju 36.87 128.52 211
273 Mungyeong 36.63 128.15 173
277 Yeongdeok 36.53 129.41 41
278 Uiseong 36.36 128.69 81
279 Gumi 36.13 128.32 49
281 Yeongcheon 35.98 128.95 96
284 Geochang 35.67 127.91 228
285 Hapcheon 35.57 128.17 27
288 Miryang 35.49 128.74 8
289 Sancheong 35.41 127.88 138
294 Geoje 34.89 128.60 45
295 Namhae 34.82 127.93 46
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Table S2. Anomaly from each ensemble of GCM, RCM and scenario under global warming target of 2.0°C

(1.5°C). The anomaly is based on present period. The unit is Celsius temperature

Ensemble ‘ tas ‘ TNn ‘ TXx
(GCM)

UKESM 2.21 (1.68) 2.48 (1.96) 2.57 (1.74)
HadGEM2-AO 2.23 (1.70) 3.53 (2.91) 2.66 (2.15)
MPI-ESM-LR 1.71 (0.93) 2.58 (1.03) 1.62 (0.90)
GFDL-ESM2M 2.00 (1.45) 2.61 (1.84) 1.58 (0.98)

(RCM)

HadGEM3-RA 2.31 (1.64) 2.78 (2.09) 2.68 (1.80)
CCLM 2.16 (1.48) 2.36 (1.78) 2.87 (1.86)
WRF 2.02 (1.39) 2.73 (1.79) 1.62 (0.83)
GRIMs 2.25 (1.73) 2.48 (1.90) 3.15 (2.53)
RegCM 2.01 (1.54) 2.50 (2.16) 1.99 (1.42)

SNU-MMS5 1.71 (0.91) 3.54 (1.21) 1.41 (0.87)
(Scenario)

Low (SSP1-2.6) 2.09 (1.54) 2.36 (1.71) 2.61 (1.60)
Low (RCP2.6) - (1.25) - (1.80) - (1.59)
Middle (SSP2-4.5) 2.05 (1.67) 2.02 (2.05) 2.59 (1.81)
High (SSP3-7.0) 2.32 (1.73) 2.62 (1.95) 2.58 (1.57)
High (SSP5-8.5) 2.37 (1.79) 291 (2.13) 2.50 (1.87)
High (RCP8.5) 1.95 (1.31) 2.90 (1.87) 1.96 (1.21)
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