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ABSTRACT

Recently, the CORDEX-East Asia team completed climate change simulations based on five regional climate models (RCM) under four
Shared Socioeconomic Pathways (SSP) scenarios. In this study, the performance of five RCMs and their ensemble averages for present-day
climate simulations are evaluated. All RCMs have relatively high performance for climatology patterns for Korea, East China and Japan,
while relatively low performance is observed for the Tibetan plateau. Many RCMs share cold and wet biases. Future climate changes under
four SSP scenarios are analyzed for the end of 21st century (2081 ~2100) compared to present day (1995 ~2014). East Asia is expected
to experience temperature increases of 2.4°C to 6.2°C and precipitation increases of 6.7% to 12.6%, with stronger changes in higher-emission
scenarios. Among the five RCMs, HadGEM3-RA projects the largest increase in temperature while GRIMs is characterized by the strongest
increase in precipitation. In line with mean warming rates, warm extreme days (TX90p) are projected to increase by 35.7 ~93.3 days and
cold extreme days (TN10p) are projected to decrease by 23.4 ~35.2 days. The results of this study can be used as a reference for future
detailed analyses of East Asian climate change and its impacts as well as for emphasizing the importance of carbon neutrality.
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5C7, 715 Hslet BAP, “sfef Bl W] Hitt SEEAA 5
715 Halel TATH tefRt A Aafso] WIS QITHIPCC,
2018; 2019a; 2019b; 2021). o)== A X|{LF 07 Z75lal Q=
715 HskR QI AL, <17 Tl 5= Hasshr] s 2t
7 7155}t Ao nf 7|3 Argo] et HshAQl
ARso] B42lo]7] wizoltt ERt IPCC= M= 38413
Al73=(Shared Socioeconomic Pathways; SSP) 5 7|53} o
2 A7) ot F2L ANBIEL, 2459] ATASE o} 7]
WtO= Coupled Model Intercomparison Project Phase 6
(CMIP6)E 53 Lo HAE 71 &S ARgsto] ARl
2 A]qof| wE mjF 7|3} oS AFE skl Utk
Iy SERFETE k2R AAF 71T EE
2 =R st ZF A Hof it AAlIgE 71+
A AEE AEsta RAPEE AlFst7]of o3
9ich. olo] wet A7 AT E2 1 (World Climate
Research Program; WCRP)2 H T} AASH 2|9 7| S35}
AFE fIste] 2009E0] A AH7|F AAgt Z2HE
(COordinated Regional climate Downscaling Experiment;
CORDEX)E A3} th. CORDEXE HARFE 147 AMA|
O L3 2t Gel sto] TR Ao S 5sH
AuElee] 5 BAe Yesks meAER A4 29
m2AEs} 330 FolM, Sejufets CORDEX-FotAo}
5ol Foisto] Fopalor H gt 9] vl F7t7] s}
2 g o x)9] WekE Agstal QItKim et al., 2021;
Park et al., 2022). T3t 7|E 2 BSLAIH-S 23loal Q)
OB 0F /15RES Agle] olF Hasteti glov]
(Christensen et al., 2007; Im et al., 2017), CORDEX-5O}A]|
ofo]l Zofst T ATAL 57} Ao S FRES Bglo]
U FFES 750130 oF 7IHEeR SSP F8 4% Al
w2l o] tigh sotrlor vl 715 AP EE ASStal A
Fote AIAE TSl ESE BoFAlol 9 FtE XA
ot HF AEARmE 83 T AE Bl 71EHS)
of et #skA] ofsf gfjo]l 7]ofskal UTHChoi and Ahn,
2017; Jo et al., 2019; Kim et al., 2020, Kim et al., 2021).
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Fig. 1. CORDEX-East Asia Phase2 domain and
topography (Shaded). Boxed area denotes
analysis region used in this study

Table 1. Configurations of Regional Climate Models (RCM) used
HadGEM3-RA CCLM WRF GRIMs RegCM
Vertical layers 63 eta levels 40 hybrid 27 sigma 28 sigma 23 sigma
Land surface model MOSES 11 TERRA-ML NOAH NOAH CLM3.5
Convection scheme Revised mass flux Tiedtke Kain-Fritch II SAS + CMT MIT-Emmanuel
Spectral nudging No Yes Yes Yes Yes
Reference Davies et al.(2005) | Rockel et al.(2008) | Powers et al.(2017) | Hong et al.(2013) Giorgi et al.(2012)

Journal of Climate Change Research 2022, Vol. 13, No. 3

www.dbpia.co.kr



SSP AL{Z|R 7| CORDEX-SOIA|Of 2T TS 7| 2HO| SO0t XY 2| §5E7t & D= Ty 24 341

Table 2. ETCCDI indices used in this study

Index Name Index Definition Units
TX90p Lo . L . .
The days TX is higher than 90th percentile of TX for historical experiment in each year days
(Warm days)
TN10p . . S . .
The days TN is lower than 10th percentile of TN for historical experiment in each year days

(Cold nights)

R95p
(Extremely wet days)

The wet (PR = 1 mm) days PR is higher than 95th percentile of PR for historical experiment in each year| days

RXID
(Max 1day PR)

The maximum PR in each year mn

Model (UKESM)°|™, 6417t 7+, 375(1 ~ 1000 hPa)2] =}
BE AAZASR ARESIHtH(Sellar et al., 2019). 579
CORDEX-5oFAJo} 204 A|F 713292 Hadley Centre
Global Environmental Model version 3 regional climate
(HadGEM3-RA),
Modeling (COSMO)-Climate Limited-area Modeling (CLM)
(CCLM), Weather Research and Forecasting (WRF),
Regional Climate Model version 4.0 (RegCM), Global/
Regional Integrated Model system (GRIMs)o]H, oJof tjjst
Al A2 Table 10 AAIsHATH

570 2l @A) 715 294 H(historical run)2 & 36
W(1979 ~2014)0] Histe] PRI vl 7] FHs} A9
2 IPCC 6x} H7IH1A9 #F 2A47}A 5 (Shared
Socioeconomic Pathways; SSP) A|UE]|Q 458 7|Hto &
F 861d(2015 ~2100)0] thsto] = ]At. SSP 4% ALt
Q2 F SSP1-2.62 AP A] 7|& AR A AR A
fo] HAaste] 1 ASAHA R A&7155 AALYES 7}
goh= Aeth AluE|Qoln, SSp2-4.5%= 7| T3St 43}
A ARIAA A et 3 At 7HYR St A
247k Ay Qoltt. SSP3-7.02 7|5 Hs}t sl FA
of &=2loln Z]& igo] o] 7]FHSo] FoFeh ARg
T2E 7145k, SSP5-8.5= A 71&9] whE I F
AE ol 3R ARRol &1L EA] 919 FEgt 7
T G E 7HYshe 84A Ay o]t jHE, o] At
IAe @A 715 29 s 9 v A9 flste
B+ 7L, AT ARE ARSSIeH, ASAEs
ECMWF Reanalysis v5 (ERAS) A|EAR7 O AEH+ 3k
= ARESETE vl 713st H9o] 3%, B9l
o A2 2do] dgdt ARE ARESIIoH, St
Zo] gt AYL Y ARE AFSSHRTH BE 42
Fig. 18] 99 & 7H 8- A(80°E ~ 150°E, 12°N ~ 52°N)
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Fig. 2. Difference of annual mean temperature climatology ('C) between observations and climate simulations
on East Asia region (1995 ~2014). At the bottom right in the figure, B means Bias, R means RMSE,

C means Correlation Coefficient
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Fig. 3. Same as in Fig. 2 but for total precipitation climatology (m d™")
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GARE F7F e Btk dAME BHao IHERE
AEEH S4 AGE () 5 "@A7F AL Y A
A2 AR (+) A4 BWATE A6k, E5] H=ejHF
oA (+) A5 WAL WS- Zotch(Fig. 3a). HEEE A

HEH HadGEM3-RAL: 7+=2ko] RMSEZ} 71¢ Z1
PCC7} 7V A, WRFE 734 Bias7} 7P 2 oB =,
olgo] @A ArTFs BHo 7P 7HEA EofRitty &
4> QIth(Fig. 3b, d). GRIMsE= 7}4=%9] Bias?} RMSE7}
WEA 23 PCCTE A1 Aon, Bl AeelA () 2
A7} ol 2 eFchFi 30. T, RegCMS T2
HE= 24 () A5 "7 =2 Usiy £35] A
e A4 F3TE (1) o HAE EAtk(Fig. 3e).

EZE Fig. 10 AAE 7Y box9] FoFAlol F<o]
et 7|23 4] AdE 19 4587t AHE figs.
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Fig. 4. Scatter diagrams of temperature and precipitation for bias (left column) and RMSE (right column) in the
Winter (top row), and Summer (bottom row) on East Asia region. blue: HadGEM3-RA (HG3), skyblue:
CCLM (CCL), green: WRF, orange: RegCM (REG), red: GRIMs (GRI), Black: Ensemble mean (ENS)
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Fig. 6. Anomaly time series of annual mean temperature ('C) on East Asia from 1995 ~ 2014

Table 3. Changes in annual mean temperature and total precipitation in the future compared to the
present—-day (1995 ~ 2014) from MME of 5 RCM over the East Asia

Temperature (C) Precipitation (%)
Scenarios Mid 21st century Late 21st century Mid 21st century Late 21st century
(2041 ~2060) (2081 ~2100) (2041 ~2060) (2081 ~2100)
SSP1-2.6 +1.8T +2.4T +4.2% +6.7%
SSP2-4.5 +23T +3.6C +5.1% +7.2%
SSP3-7.0 +2.6C +5.3C +4.4% +10.3%
SSP5-8.5 +2.8C +6.2C +6.4% +12.6%
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Fig. 7. Future changes of annual mean temperature ('C) between at the end of 21st century
(2081 ~2100) and present-day (1995 ~2014) on East Asia region
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&5 Fo| Hdf 2.64lc] @ AR HAYH) 574 2d
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GRIMs, RegCM, CCLM, WRF 402 A 7|2 A& =
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% Z2 HadGEM3-RAE 24T ~6.6C, WRF= 23T ~

6.0CE 1gtA AU oA &g 7t 7|2 A5 F9] 2t
ol Z Ao g HYHh(Figs. 6b, d). Fig. 7:= 5OFA|ot
AQolA 214171 FEE7]o] 57 2d3 FFE HAY
SSP 4% t3t 7|2 59| FAHEIEO|t} FoFAloto A
AWH 7| S B2 FE 19 A9 4 A9, 1
21 N ETXUoA T3 J= MejggolA 7P 2
Aoz dArEtt, WRFE AA| 7|12 AFS
U dF 299l A5 =2 H|w3 33 HadGEM3-RAE
1= 4 AFoA S Zo] 7HF ™, GRIMs}
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Fig. 8. Same as in Fig. 6 but for total precipitation (%)
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tH(Table 3). 214]7] T48t7]o] SSP1-2.63} SSP2-4.5
A= 57 B 7t A5 S7HE Apol7h A ot
SSP3-7.07} SSP5-8.50 4= RAZt o7} At} GRIMs
oA o S7HE0l 47 12.5%, 16.5%% 7P =3
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Fig. 10. Changes in temperature extreme indices between present-day (1995 ~2014) and late 21st century
(2081 ~2100). In this figure, TX90p denotes warm days, and TN10p denotes cold nights. blue:
HadGEM3-RA (HG3), skyblue: CCLM (CCL), green: WRF, orange: RegCM (REG), red: GRIMs (GRI),

Black: Ensemble mean (ENS)
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