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Abstract Earth System Models (ESMs) are advanced modeling frameworks designed for both sub-seasonal weather prediction
and long-term climate analysis. Unlike traditional global models, ESMs incorporate fully interactive atmospheric chemistry,
aerosols, clouds, and radiation processes. The coupling of atmospheric chemistry and aerosol physics in the atmosphere enables
ESMs to simulate weather and climate realistically by accounting for feedbacks between meteorology and atmospheric chemistry-
aerosol-cloud-radiation interactions, which leads to support quantitative assessment of how air pollutants influence regional
climate and air quality. In this study, we utilized the UK Earth System Model (UKESM) that includes fully interactive chemistry-
aerosol-cloud-radiation processes and simulates the whole atmosphere from the surface to the mesosphere. We conducted
30-year numerical simulations using two configurations of the UKESM, each with a different atmospheric chemistry scheme. The
first couples Strattrop, a simplified chemistry scheme designed for whole-atmosphere simulations on a global scale. The second
couples CRI, an extended version of Strattrop with enhanced ozone chemistry. To assess their simulation performance over East
Asia, simulated results of UKESM-Strattrop and UKESM-CRI were compared with reanalysis data and satellite observations over the
period 2003~2010. Both UKESM reasonably simulated surface air temperature compared to ERA5, but UKESM-CRI exhibited
weaker performance over the ocean. For precipitation, both models overestimated summer rainfall with UKESM-CRI showing a
lower correlation with ERA5. Through comparisons between the two current models, it is noted that the enhanced ozone
chemistry did not improve the simulation of surface temperature and precipitation. In comparisons of simulated air quality results,
UKESM-CRI showed better performance in simulating air pollutants such as sulfur dioxide and ozone. Both simulations
overestimated aerosol optical depth compared to satellite data, likely due to the insufficient representation of secondary organic
aerosols in UKESM. However, current global model evaluation study of climate and air quality over East Asia, as a first attempt,
sheds light on future advanced ESM studies of simulating air quality and climate simultaneously in that UKESM can simulate air
pollutants and climate over East Asia to an agreeable degree. Therefore, UKESM is expected to serve as a useful tool for predicting
both air quality and climate at the same time and for climate change assessment.
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7IEi3 02515 2A 0] 4558

o] Hc}(Lelieveld et al., 2015; Boucher et al., 2013;
Myhre et al., 2013). & 0] AAASHET} FUA]
G7] 3}HE (Volatile Orgamc Compounds, VOCs)->
AFd W 2& 555 S7HA AuiA} I 117
of TS ‘3]7‘]—1— AH 2Lote AytE|o] itk
(Seo et al., 2018). A 2E2 55 7] }AIFTFS 1]
A, o5 F &5 dlelzE2 FEsEdoRr &
&oto] 1590 E4S HSAA A3 H ARG 7
Fe Fol 71 7150 @714 -7
QIS o= QIT}(Szopa et al., 2021; Rosen-
feld et al., 2014).
712 d=do] AeiA, AZE Z1e]al 715 H3to]
FAZ 1 Q14o] it wheh, ti7| e d=
O] FE7t &2 FotAot A H ] 9 HjE=<l
=, 42, digtHl=oAs 7l d=d-E& Aot
3l =23 Utk (Szopa et al, 2021; Turnock et
al., 2020). =& tj7] 2 GA] 9 a2 (Air Pollu-
tion Prevention and Control Law; Dong, 2017)2 H]
e olg] JS Aot 8 A F7o] viE
AE Zstste] ti7|edEdS AAaA7]IAL Ut
(Hepburn et al., 2021; Zheng et al., 2018). Y22 At
A F2o HiE Ve et AES) A Ha
A=E Aoz b7l e =4 HiES AGAIA
£t (MOE]J, 2022; Kurokawa and Ohara, 2020). Tt
9=t Aesledhd 4 o] ohA1A] w2, g o 2}
Fo| & At 5 o A Fel divl e dE=E
L FAH o2 ZoYT}(Han et al.,, 2022). 0|2} 2L
T8 HIE=E5Y kg Bkl FobAoF A
< A5 ti71edEE Tt AACNA 7V =2
AT (hot spot) 0| L2, o] 0] FotAlof 2]H 9] of
7183 715 Hgte] n|As JFS FAL 4 Q=

2]
=2
0]t} (Jin et al., 2023; Szopa et al., 2021).

olAY 7F Al2Hle] Fadt gQlor Agolal
e WledEd2 e, 4D, 718 24, 29

A 7] FollA dojute Bt =2 dost- sfet
ol w2t Als3tA o2 FAglo] ekttt (Sein-

feld and Pandis, 2016). TSt 0] 52 tff7] EA} 4=2]2}

otz MATAIAEZE (UKESM) Lf M2 CHE T7|fet kY X80 2

SOMAIOF X|% o7 |22} 71 29| o5 E7t 623
TE59 B4 B0 9FS Fol 7] <t A=
HElS HEA]7|H, HEE 7] A AH-E oA tf7]
QAEAS] Frot HAE BIsHA7|= BT o=
W 125 J/JETt (Fan et al., 2016). |4 7]
FEET 7% AARE A= st a8t
7] o

o] =57 fAsiAE, ti71sket Bt ofolzE
22] 3o] Fatslol t7 e GEAT} 71 Aol
NEAEE TAT 5 Y ATALAR (Earth
System Model, ESM)& ©]-83F 4=2] Lo] Ago] A
A5t} (Hao et al., 2023; Danabasoglu et al., 2020; Sel-
lar et al., 2019; Collins et al., 2017).
v} 21274 SFotalol AlolA] 7] 2 9B
o] 7150l BAI GG BT ATEE G 7]
S LEg o] 85T} Dong et al. (2019)2 7]% &
@2l Hadley Centre Global Environment Model ver-
sion 3 (HadGEM3; Hewitt ef al., 2011)& ©]-§5}o]
1970355 2000'3712] “FoFA[otoll A F71eE ofof
2Zo] glgoF ALt o] Ut U Solrjof o=
4 29 e =T 4 S A
Zhuang et al. (2023)2 A 75 7|5 A2 RegC-
CMS (Wang et al., 2010)E ©|-&3to] Z71E ofoj=2
Sl B} Ao] 7] 5 L0} T8, 24 3
R10] 42 Fo] FolAlol 10| o84 B P
E oFSHA 4= 122 R 1519} Recchia and Luc-
arini (2023)+= 7] 3292l Planet Simulator (PlaSim;
Fraedrich et al., 2005)E &85t QI%, 5'FoFA|oF,
1831 F= TR AofA ool2E9] FUE A&
A0 a0 B9 90 e T
Hele g7 e A=Ay} 715 2he] Ao Ag=
J_—’E%}b tiAloll, th7] @ HE=Aol o7t HAF A
Qg oz el At Ak ol E
9,719, 13 20, AR S wet AgEOR 2
A e o2 @R e AA AL W)
Z-ol+= "hA]o|th (Kalisoras et al., 2024). =, 7] A
E3 o] ogFo] AT AR E2] = 7|E] V|E R
o

_]
AT B A FRelAe] G718 L 715 A
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o} o Zofl L2410 HAE A el /1T (Tho-
rnhill et al., 2021; Mulcahy et al., 2020; Tsigaridis et
al., 2014; Ghan et al., 2012).

ol IS SESH 7l F=E Tt 719 A
ol9] /JeAg-& Astr] sl Hi7Istet-oelzE
e A7 SR AAAR AR FA LE R
9l (Earth System Model; ESM)©] 7irE|o] E-8-5| 11
At tfEA S 2 Community Earth System Model
(CESM; Hurrell ef al., 2013)°= 4 W 7142 <
Hor AMgote 22 (offline) A7+ H719kst
42| 22?1 Goddard Earth Observing System Chemis-
try (GEOS-Chem; Henze et al., 2007), Model for Ozone
and Related Chemical Tracers (MOZART; Brasseur et
al., 1998) HIAUSS 7|t e g @& oojz&Z
AZ A FFE| A HOJ5k= Community Atmosphere
Model with Chemistry (CAM-Chem; Lamarque et al.,
2012), 223 th R E FHE 9 2 sHE 7] €]
tf7] 24 HEE 2o & Q1= Whole Atmosphere
Community Climate Model (WACCM; Emmons et
al., 2020)°] QA= o] Qlek. Z, 4 ESME 7| ¢2d
o] moJstd tj719] =d]-e WA} HEo] ol
FFE FE ol A, A, A} IZF &5 9]
&Y 22 A EH 0 TRt HA7HA| e
1 2| FA L} o FARE 7] AFAE
lonz f7] d7E St dddz &8
T}H(Youn et al., 2022).

TolAE Hi7Istel-ollolzE w70l AAH
A1 ESM & StU=A, A& A S7EA
7}2] 9] Z At 7] (Whole-atmosphere) & R & 4=
718tet-ofloj2& ¥4 (United Kingdom
Chemsitry and Aerosol, UKCA; Morgenstern et al.,
2009)°] A-EE ] UAE F= Met Office®] 241 7|
A AR 2 E (United Kingdom Earth System Model,
UKESM; Sellar et al., 2019)2 ©]-8-5t. UKESM-
QA7 1o] dhal 7| shskoo] 2% -8R A7} A
S2gstH, ti7]-sf-Ad-sre] dsE 2ol

o =, UKESM<2 7]£2] 7| §- K do] Rofshd 714

0.

i)

4
so 1

ol quorst
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ota @4 Qlol= Ax|etet Iy} ti7] skt WA,
oelzE W4, 75 &2 W4, BA Y To 5
Rl A A 2H 845 7He] Ao AEE AHshs
7P REE 7Hge] AT bi7] dddolet & 4 9l
ot UKESM& -85, QI3 B3 24l AJefA),
23 AAA sz sl viEE =2 9@ o7 &
oz} A= ofelzEd 2F0] 7]5e mAlE 9
e 12T 4= Q1th(Youn and Song, 2025). ©]&3t
ol UKESM2 gotA|ot ] €] o723} 7] %
HotE FHH e ofsfstal, 55k St A
T EF2A E8E 7Hs/dol 2 ol

2 AFolAls UKESMO] ti7d7 8 S5t719]
AAN 7S 2Esh= 712 di7]2ket ¥4 <l Strato-
sphere-troposphere chemistry scheme (Strattrop;
Archibald et al., 2020)¥} Strattrop®] & 35} 117
= AAIststo] AldtEel B WHisi Common
Representative Intermediates chemistry scheme (CRI;
Jenkin et al., 2008)2] & 7}2] tj7]|3}et HH S AF
SIict A2 ok = 714 o7lstet 7ol 7kt
45 UKESM= Coupled Model Intercomparison
Project Phase 6 (CMIP6; Eyring et al., 2016) Ef] .2
1981~201017F =] HLOJ5}9].2 ™, 2003~2010'8 9]
8zt KLo] AIE FofAlot A1 His] THe F
A oY ARMAtE W FEAES L 4%
ol Edll 712 di7lsket wA o] HgHol e
UKESM | 9] 35 B7Ietal, oF ofsh 1o
Zebe wi71sket 37 o] Foralor A 2] 7152 o

71 dEd e RO AT E PP AE A E

T ol Auts B4R A8 I+ (Youn and Song,
2025)E HIEF O R g Zolm, tigtal=io] 9A|gt &
ofAlot 2194 FA 0 E Hw EAT Aot} A]2H
o] = UKESMe]l thgt 7.8 9} UKESM =.o] Zxte]
H W FA& 9ol AM-E of 2] AEA2tm 2 PSR}
=o il 7]&qtch A3Eo A= AR T2 F 7]
st} g o] -85 UKESM2| &Lo] ATt 24 7]
2, A5, ol4teks, @ F, 1 oloj2E Fet T

=7 EstElX| 41 H M4 F
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7o} e WhEe] distel AR AR, BEAze
H i B ATHE A G rhAeto 2 AlaEelA
L A2 9 Eolz nhre g

2, 29 9 18

2.1 2% JHQ: UKESMt UKCA

UKESM-2 9= Met Office®] A 2 Z]4A|
ARIRE (ESM)Z CMIP6 ¥ Intergovernmental
Panel on Climate Change (IPCC) B7IE 1A o= 2
ol5t 9= Bdo|th Met Office?] 7|5 Rdeol
Hadley Centre Global Environment Model version 3 -
Global Coupled configuration 3.1 (HadGEM3-GC3.1;
Kuhlbrodt et al., 2018; Williams et al., 2018)-2 7|5F2.
= IS, UKESM2 7185 299 7], 2|
8H°k Sy meof Ag=]stel, A4, o7l ekel, °ﬂ°1§
B4} A7) A oR mojgton

SRR EL TS

=4,

W 24 A% A
k.

UKESMOl| 550l Sl t7|aet-oflolz & ndl

< United Kingdom Chemistry and Aerosol (UKCA;

otz MATAIAEZE (UKESM) Lf M2 CHE T7|fet kY X80 2

SOtAIoF XI% ch7 1Rt 71= 29| ¥5 ot 625

3 o713kt H491 Crie] A9 H 70079 T

< Sfot Wr-g& AltstH, di718kst 4 solver=
ASAD Newton-Raphson solver (Wild and Prather,
2000)E AHESHIL Stk olo]2F M Hojo=
GLObal Model of Aerosol Processes-mode (GLO-
MAP-mode; Mann et al., 2010) 228 AR5} Q)
th. GLOMAP-mode= 9§22 71| wel Nucle-
ation, Aitken, Accumulation, Coarse®] U] 7}2] &
(mode)= T EH, 7 HEE A4 S5
scopicity)% 1 H35le] 84 (soluble) ¥ &84
(insoluble) &2 A|&3}=|o] F 779] ofo]2E HE
= T 7 REo] ZedEo] Sl ofdrE2
E3#7}2 (Black carbon; BC), 7184 (Organic car-
bon; OC), Z41< (Sulphate; SU), &% (NH,), A4
H (NO3), Sl H (Sea salt; SS), HA] (Dust; DU)o|H,
GLOMAP-modes= °159] A&} & g FA°
=2 B OJSHH(E 1; Abraham ef al., 2025).

B Ao A HL35F UKCAS T 714 t)7)3ks 1+
A2 7]E 1442 Stratosphere-troposphere chemis-
try scheme (Strattrop; Archibald et al., 2020)3} Strat-
tropoll 2 35}t 74-S AA|3HeE Common Repre-

sentative Intermediates chemistry scheme (CRI; Jen-

J (hygro-

Morgenstern et al., 2009)2,
A o] A 710 Tt 7| ofet A, oflof =& Y,
813 o] Ajole] AeAES melgict 71 B4

Faze

ssH717t

O = 2837]|19] Hh-&-

kin et al., 2008) T 0|t} Strattrop< UKESM <] F
= ti7|stet g o2 AHgE T 9low, 877) stetE
= ROJRtth CRI=

Strattrop= 2t

Table 1. Description of the seven aerosol modes implemented in the GLOMAP-mode aerosol microphysics scheme including
their geometric mean radius size ranges (f in nm), aerosol compositions, and the geometric standard deviations.
Compositions are sulphate (SU, represented as sulfuric acid), black carbon (BC), organic carbon (OC, assumed as organic mat-
ter with an OM : OC ratio of 1.4), sea salt (SS), ammonium (NH,), nitrate (NOs), and mineral dust (DU) (see Table 46 in UKCA
Technical Description; Abraham et al., 2025).

Mode Size range (nm) Composition Geometric standard deviation

Nucleation Soluble r<5 SU, OC 1.59
Aitken Soluble 5<F<100 SU, BC, OC, NH,4, NO; 1.59

Insoluble 5<r<100 BC, OC 1.59
Accumulation Soluble 50<r<250 SU, BC, OC, SS, DU, NH,, NO3 1.40

Insoluble 50<F<500 DU 1.59

Soluble 250<F SU, BC, OC, SS, DU, NH,, NO; 2.0
Coarse =

Insoluble 500<r DU 2.0
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Aot A0, Strattropoll Al B FOo=2 TEE S
d H]ogk 313y 5-7] 3FeHE (Non-methane Volatile
Organic Compounds, NMVOCs)= of[&ll, T2, of
Al 5 i SHER Alwstste] @&
2p ooz A S AR Zlo] EAoltt
(Archer-Nicholls et al., 2021). =, CRI= VOC/NOy
T vl Hsle] mbE oF A4S Hoh Aot
HoJgh 4 Qlo] A B 4HY oA @F o 52
AEE =Y 5 e Aor IHA QUrh(Archer-
Nicholls et al., 2021). & A+2] & 7}2] tf7| 85} 2t
7goll T2 UKESM 7 =2 0)= 212} UKESM-
Strattrop2t UKESM-CRIZ 5} th UKESM =}
UKCAS] Et} ZHAIgE A2 Youn and Song (2025)
of 71& 5o A

B4 B2

2.2 MEMXLE: ERA52F CAMS

ECMWF ReAnalysis version 5 (ERAS5; Hersbach et
al., 2020)+<= European Centre for Medium-Range
Weather Forecasts (ECMWE)oll4 7HSE 2o 7]
& ERA-Interim A&42t2E 2HA3] tiAlohe 541
o AZAAE 19408 5H @A7EA 2 714 %
= AA TR tish 595k 71 ©F 30km (0.25° %
0.25°)2] F7F AL} 1417 &9 9] A7t A=
A FSkL Qlth ERASE 914, #leld, i) @&, 7]
g BEL S HAR B 2 zl}i@r ECMWEF®] =
A R 0] ATE 42+ F3H4D-Var) 7S A
|t 2%, 55, 35, 7&#‘% 4 5 F8 71
W B 71*0 SHIE W AR A skl
ot 74RE QT (Tarek et al., 2020). Copernicus

A
BT
(e,

Atmosphere Monitoring Service (CAMS; Inness et al.,
2019)= ECMWEF7} 2 sh= 2] ti7]13ket &4
g ofolzE 24 Aa"loR, A 7]8o] gk A
EA2} 5 (CAMS reanalysis) 2t AT 48 A S2t=
(CAMS daily forecast)& 25 A|-55F1 It} CAMS
= o SRRt A4 BEARE ol§stel 39
=% 5.3 (Chemical Transport Model; CTM)—O— EaA
RoJ5l, 0|5 YAFE (Ensemble) Batahod AJAIgH

it a 5 T8 “41719}3‘ =4 JHg 2t A
";‘)J\

881 ERA5 At=+= Copernicus Cli-
mate Change Service (C3S)7]- £935}= Climate Data
Store (CDS; https://cds.climate.copernicus.eu/datas-
ets/reanalysis-era5-single-levels?tab = download; last
access: March 1%, 2025)°l|A] 1417+ 7FA 9] 214 Zt=
(ERAS5 hourly data on single levels)E Python2 £~2
HEE 551 2003~20101 2] 84| A5 JdHAO
= WHdotth. CAMSS] A9 €387t 2 9F5he
Atmosphere Data Store (ADS; https://ads.atmosphere.
copernicus.eu/datasets/cams-global-reanalysis-eac4?
tab = download; last access: March 1%, 2025) 531 3
AlZF 744 9] 2003~201019 9] 892 ZhmE Wit
T} (CAMS global reanalysis version 4). ERA5+
UKESM©| REJet 7]/ Hlalo] o]-8-5kal CAMS=
olitet Mt @ E5 vlwshs o 27 &8t

2.3 2 gX=: TOMS

UKESM©| HoJgt @& Ao} vlwsty] 9|5 At
|5 CAMS AZAAR | Kol S netstr]
I35l Total Ozone Mapping Spectrometer (TOMS;
Prospero et al., 2002) Y92 =2E Z-83ItE TOMSE=
Nimbus-7, Earth Probe 5 o1& $]4d¢] &= A
A74A @& ERE 1978dFH 2005A7H2] A7]%F
wEsilen, 53] 458 LEE Aol 24 714
Shct & o) A AFESE A& = Earth Probe 9143
of gAE o #5H Atz Level 39| € Bt @
= AF A, 3 MEEE AHE 1°%
1.25°0]ck 2 2hm o] A9 19961 1295F 20054
128 1547k Al SRR, o] Z 20034 195 H
20059 11¥°] Y5 2252 NASAZH =gt

= Goddard Earth Sciences Data and Information Ser-

o7 IEstEx| M 41 E M 45
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vices Center (GES DICS)lA] Python 7|5t LAADS
Application Programming Interface (API)E ©]-8-3l|
W29 T} (https://daac.gsfc.nasa.gov/datasets/ TOM-
SEPL3mtoz_008/summary?keywords =TOMS; last

access: March 1st, 2025).

2.4 Ol0{=2Z ?IExt=: MODIS

UKESMo] 293t of]o]2F-2 Moderate Resolu-
tion Imaging Spectroradiometer (MODIS; Justice et
al., 2002) 9197422} vl W3}, MODISE Terra®t
Aqua 1] FA|E O] ool 2ES 2R theFet of
7] 2 A E HpES BEstH o, oojzE Fet
FA, ez E0 271 FE 55 A= o 1°x1°9]
St o 4, d B9l E AEShE s =
Atzolnh, whetA ofojzE o] Alg7ha] Exet sk
W35S st oretd 4= Qltk(Remer et al., 2005;
Kaufman et al., 2002). & ol A= Terra 91739
MODIS AIAE 53| A& Level-3 €8+ AOD 7
& (MODO08_M3)E A&t A&+ NASAQ
Level-1 and Atmosphere Archive and Distribution
System Distributed Active Archive Center (LAADS
DAAC; https://ladsweb.modaps.eosdis.nasa.gov/
archive/allData/61/MODO08_M3/; last access: March
Lst, 2025)°]4] Python 7]5t LAADS Application Pro-
gramming Interface (API) S -85} =35}t

3. SOIXo} XY 29| A} Hlw X

B Ao AR T F 714 drjstet e
283t & UKESMO| 44| mo] A¥E 7§tez 5
ofxJo} R H o] A 7|5 @ 7| e FEHe] Uigt =
o] o AEAT W A =27} H| W,
7 A 2Aste] AN B AP ALg
= 717] di715¥5t 4L Met Office} g+ RE
2] mdo] 7|1E gjr|skst o= XLQ_—}_ﬂ

Strattrop #1747} Strattropol] & S}t A&

ot TRFAILEZE (UKESW) L M2 T2 7 [3fet 2Ky M3 12

SOtAIoF XI% ch7 1Rt 71= 29| ¥5 ot 627

3t CRI #Ho|t}. Strattrop®] A5 H UKESM2
UKESM-Strattrop, CRIZ} 1'% UKESM+> UKE-
SM-CRIZ g go}3ct.

& UKESM= CentOS-8 252 Se{2H 7
A5t 1981 AR 2010714] °F 301 @7F CMIP6
EfQl o &2 Z17F 47 At e EAFO] 25671 9] ZojE At
goto] £2] BOlE St HA 3017t 4]
nojof] Adel= A|I7Fe] ¢ UKESM-Strattrop< <F
63,36042-0] 2111 UKESM-CRI= ©F 107,721420] 48
=] o] CRIC] AF A|7H0] Strattrop©l] HISH <F 1.78] &
7¥shodet. o] Aol Hlw 742 PSR R} Al
A2tmE9] 71 717k Eshe] 2003dEE] 2010
W|712] 8\d7te] 2] RO AvE AEA H SR}

29} HlwWal= Bl o g7 S8R Qlth T UKESM &
dlo] mof A9 A Y T o] 3ket ol o
St B} ZA S A2 Youn and Song (2025)°] 71&
wof et

3.1 712 71y He

3.1.1 X|& 7|2 (Surface Air Temperatrue; Tg,)
2003~2010% 7|7t &<t UKESM-StratTrop<}
UKESM-CRI®| BLOJg B 2|4} 7] e0] 27k &
IS ERAS A2AAt= e vl sk (T19 1) HA
ERA5Q] 37t R E AnHW Exjegef 9l o]g].
AHZE SO of HlF ol A= oF 20°C o1d9] =
7lea Holil T, T& 22 Us 110%‘011*1%
of 5°C o|ot= W2 7|25 Holil Jit}. o] FoH]
of o] AFAI A 7= %EOM(ZL%‘ la).
UKESM-StratTrop¥t ERA52] z}o]& A B, o)
A Ao M= +1°C o] 22 AolE Hof Rt
o7 AR F3F REE HAou, S, W it
9= 5 S 2] HoA= oF -2°C A== WA 29
Zde-e gelg 4~ i (1™ 1b). UKESM-CRIT}
ERA59] Zpolofl A= 5ol A o] 2ol 7} Kt 4o}
of Ht} -4°C ZolE HoH, AP
oF —2°C A W] R2J5}o] UKESM-Strattropl| H]
3l ERA59F 2fo] 7} ¥l 2] A e TH(TE 1o).
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(b) AT, [UKESM-Strattrop & ERAS] (c) AT, [UKESM-CRI & ERAS]
30.0 . pra § ot 100
50°N [F =S 50°Nf e 8.0
20.0 - i 6.0
= i e ] B 4.0
100 40oyfem s on | :
0.0 °C 3 b T 0.0 °C
ENRY| e = 30°NEE 2.0
-10.0 '- n /i B =" e
I 20N 20N R 50
20.0 e & =
" ‘}q\« D Yre ,“\ﬁ > -8.0
3 RN yil: | N el TR |
90°E 100°E 110°E 120°E 130°E 140°E 30.0 90°E 100°E 110°E 120°E 130°E 140°E 90°E 100°E 110°E 12“0°E 130°E 140°E -10:0

Fig. 1. Comparisons between 8-year (2003~2010) averaged surface air temperature (T) distributions from ERA5 reanalysis
and two UKESM simulations over East Asia: (a) ERA5 spatial distribution, (b) the difference between UKESM-Strattrop and
ERAS5, and (c) the difference between UKESM-CRI and ERA5 respectively.
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