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Study on the applicability of the Earth system variable grid technology to the simulation of atmospheric composition in East
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Abstract: This study establishes two sets of experiments to compare the performance of the latest version of the Community Earth
System Model (CESM2) in simulating atmospheric pollutants over East Asia. The first set employs the MUSICA simulation with
regional refinement over East Asia (SE), while the second set utilizes the conventional grid configuration of CESM (FCSD). Both
simulations are evaluated against satellite and surface observations to assess the advantages of the variable-resolution approach in
modeling regional air pollution over East Asia.Results demonstrate that while FCSD exhibits superior performance in simulating
tropospheric ozone column concentrations due to its finer vertical resolution, the SE configuration outperforms FCSD in capturing
surface O;, CO, and NO,levels over China. Compared to observational data from the China National Environmental Monitoring
Centre (CNEMC), SE reduces mean seasonal biases by approximately 5.0%, 6.4%, and 52.9% for O, CO, and NO,, respectively,
relative to FCSD. Furthermore, the Earth System Model framework provides a comprehensive representation of stratospheric
chemistry and dynamics, offering a powerful tool for investigating stratosphere-troposphere exchange processes. This capability
holds significant implications for both global climate change research and regional air quality management.

Key words: CESM2; MUSICAVO; regional refinement; pollutant simulation

LR, T G 2 e, I 55 Be Al 17— &
LUIPNEREE S VIREER ) T Ry NS REE L R R i
TR R DA =R AT 3ok R 7 25 MAERT 58 R B,
R (L RBORL 75 YL B vy THT LA 2 o e, (1
SR R 73 Ml X ) S S (O5) VR JBE 201 S B H Rk L T
&H,05 V5 B IEIBRHT Ry — A I )L IT K O
AT R IR S I R AEL A « S ARURERE A A A f B
o 7= A AT S LA A O (¥ B4 1

T2 AR BRI 2 Y IR 2 0 B 6 — Xk
11135, HE SRR A L 45 DX el ) (it £ . Stk
(NOY) S35 R A HLI(VOCs) A O B Fi 44,
TEVCHCN SR A2 VL AE R 05.CO A2 FEEEH

T RKRI R U B 2 AR A R

Wi HHEA: 2025-02-27
EEWMHE: HEKEFIR I (2022YFC3701204)
* TUTAER, FI##%, houxw@nuist.edu.cn



6046 o

KoM R % 45 %

IR HE 2 e N 35 i 5 1) CO BL#EAE BN 1 fi
VLT CO (f4k 2 G AR 29 HLA= i J8 103
LB CO W2 WIS RAE K Ak ik bL
MR SRR, E S OH B HAE ) S Y o]
2% CHyv Os S5 % U B R U 2 7, 1t T o)
X SR ) &8 AR M 7= A BRI NO, AU
O M EZFTARY) 2 — 1 H A B 8 —Fh iy 2%
AR AR HER R RV, S 5 2R AR R
A OB LI JE AT R 2 AT O ot 4 A K
o SONAR R A A WIS, S OH H Ak
IS A S 2, 308 1T T RSO R 3k U IS 55 — IR TE LR
R AR I PR IISE i

KA I R 32 2 N J 78 21 4 BRI 22 RS %
i, 5 bk 3R 4 1 LA 2 s 40 A1 B FR U0 AL
AHIR TG e (R AUAL 22 12 T X Jal sl 4 kA% 20 3
AT (LR T, o T A ER B R o X dsk X R S 1 A
JEE AN LLESCAS RERE A 4l 92 32 X O b iy <
Yo P X S R A8 ] A BR Ak 2 B AR SR AR A3
WA T 55 AT A0 A BRI AL 2 8] Ak 27 A 3 T A
— 50, T B AR A BT 45 B O 2 KT 1O, X sl R
AL B S A A R B D A e R T R A Ak
KAEE AL (WACCM)H 1) b3 544 A
(UBC)J7 ZE K A BRI B (it 22 R A0 4k 25 A A
T2 A AT K G SN P2 SRR
JRAT A A 31— BOR I BB R 05 1
M SRR AR FE i Z O5 B — AN FEZERUE, T
JAAZA R R TR Z - O3 IIFIT 42 0% HE 2L A
I DSBS TR A S 3 s A 2 R R Ak e AT SR A7 A
AR

N T T R4 B 5 X % A AL
Ay, ST 7 1) HA 5 Rl 58 T TR 2 RS
(NCARYH K T 48— 1% REERY MUSICA(Multi-
Scale Infrastructure for Chemistry and Aerosols).
MUSICA #58 GEAS 71 58— [HEZL R[] I READL 4 Bk
D IR RE KA 2 e B XA 22 RS ) S A
JI Al DAAE AR F A IE S8R 2 IR, [R] I 3B
RN B DRI R, SO 4 2377 G ) AU A 4
FEEAL R FEPY MUSICAVO 2 MUSICA 55— AN
AL AE H ) CAM-chem(Community Atmosphere
Model with chemistry)fit & *?, Ll Spectral Element
(SEYE N 8l Jy ko, SCVFREAT IX AT AL (RR), ] G 2

B % h CAM-chem-SE-RR #{ MUSICAv0*!.
MUSICAVO0 #£ CESM2.2.0 HER WA IR 40 4k X Sk A BR
52 [ A 1 (CONUS), ZE 7 o Ath 1 X SIS ABL ) 41 4L
O FE A AT R0 . BT R I, A R
CESM_MUSICAvVO #5875 %< it 5 4540, P e B e
B AR TR 23 R 2 R B AR 2 AN )y T
I AL §E: 25 SRR BEARTE . PM s IR fi
FETEIN G o Y A AR SN B R 20 fi 4
TRV Aff 1, U L2 e 1 T2 A v s P )
(O3 25) (e A8 71,

R A MUSICAVO 75 A K 10 25/ it 5
RIS 5 255 Y 2 180 A AH B A g i B A
ARG T 5%, IR 3E— 28 PEAL MUSICAVO 78 X R
B bR TRAT5 RPN Os) IARALL 25 STt
V- WL R ) ST AS 4 DA R RS0 e TR 46
T LA R SO AR e R AL S, — AR A AR
WX HEAT X IR AN A ) MUSICAVO #4525 (SE),
T2 0.99x1.25°4L L M #5 73 HE 1) CESM 5548
S (FCSD),Z3 % 2017~2019 45 43 X 1) K<,
J8 A3 BEAT RO, T 356 T T2 Rt e W DA A 7593 #r
B AR 45 B (03,NO,,COYHEA T VAL

1 HIEETAE

1.1 A DLW £

i OMI/MLS ) A %% 42 (https://acd—ext.
gsfc.nasa.gov/Data_services/cloud_slice/) >k PP il 1
PUSHARZ O3 FEMKE(TCO). 1% T A H s 45 2 th
NASA Aura i+ ] OMI F1 MLS PN 2 5 A
PEAE FHF I KA O3 20 A % s 4E i 22 I
(P4 EK Os ¥R BE ¥ 2 45 PR A A R 5 I Ath 27 5 F
FURIREUE B T 3% B (10 ] S5 4 0 v it 1 S A
FUAEH I E 46 70 HE %4 1°x1.25°, 51 (7] 2 2018~
2019 4.

Hh [ [ AR IS i (CNEMC) H 2013 4L
A4 E I 1000 ANk 6 THE TG Ui /N
IO s A T I 05,CO LA NO, 1 [H
PA S ORI B 340k B CNEMC 2018~ 2019 4E
1500 22l i 1R Mt 0 45 SR A R T AR SORASE 28 T) e
fff P R T B A T VE A, B4R SR A hitps:
//quotsoft.net/air/. CNEMC %= < Ji & F it 4 8 3 v it
ETAE kA2 R e 0,



1134

JEIR A MR ZR G878 I R AR A I Hb DO R0 IR I P9

6047

O3 M1 NO, 11 B Wil £t K B T AR R DT
0 DR 4 H S5 0 I 4 (EANET,  https://www.eanet.
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Sl s PR S A R T B A A B AR OK A3 B AR AL
TR X T) 4 2018~2019 4F AHIFFT T8 HT B4 E SR8
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Table 1 Latitude, longitude, altitude, type, and data source of international observation station

A LH HiHk(m) i R ot ks

A Sado-Seki 38.251 °N, 138.4 °E 159 Remote EANET

H A Happo 36.697°N, 137.789°E 1850 Remote EANET

HA Oki 36.289°N, 133.185°E 90 Remote EANET

% i Mondy 51.622°N, 100.919°E 1996 Remote EANET

i [F Kanghwa 37.709°N, 126.274°E 60 Rural EANET

Z%[F Nai-Muaeng 14.980°N, 102.098°E 184 Urban EANET

Z%[® Bangkok 17.7844°N, 100.5394°E 5 Urban EANET

1 [ Haibin—park 22.2611°N,113.5736°E 30 Urban EANET

i Imsil 35.6025°N, 127.1814°E 217 Rural EANET

71 [E Lulin 23.470°N, 120.870°E 30 GAW Other elements WDCGG

[ Anmyeon-do 36.5386°N, 126.33°E 2862 GAW Regional WDCGG

HA Yonagunijima 24.4667°N, 123.0106°E 42 GAW Regional WDCGG

% Pha Din 21.5731°N, 103.5157°E 1466 GAW Regional WDCGG
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Table 2 Simulation experiment setup

ESERS SE FCSD
it CESM2.2.0 CESM2.2.0
HIF FCnudged FCSD
L/EUVES CAMS6.3 CAM6.3
LN MOZART-TS1 MOZART-TS1
EIVANES MERRA2Nudging MERRA2Nudging
B0y 2017~2019 2017~2019
spin—up i} Bt 2017 2017
SR B 2018~2019 2018~2019
Vig [ =S R 0.25°, HoA X 1°;32 f2 0.99x1.25%,56 |2
el CMIP6 (2015 44 3E) CMIP6 (2015 4EAE L)
MG ANRS 49.3h/a 29.3h/a

AL CESM #52xUAdE FH IR A Sy dse o i A (1)
22.0 fR,EE T & BB A B CAM6.3
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32 2,802 WA K 3.64hPa. P 41 55 5 35 i
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Research and Applications, Version 2)f 7M1 %44
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Fig.1 The seasonal average tropospheric ozone column concentration (TCO, DU) in East Asia from 2018 to 2019
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Fig.2 Vertical stratification of the refined and traditional model simulation schemes
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Fig.3 Spatial distribution of seasonal mean surface O; concentrations at monitoring sites across China during 2018~2019 (volume
mixing ratio, 10 %)
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Fig.4 Comparison of ozone site observations (volume mixing ratio, 10 %)
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Fig.6 Spatial distribution of seasonal mean surface CO concentrations at monitoring sites across China during 2018~2019 (volume
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Fig.8 The figure shows the Gaussian error fitting curve for CO (volume mixing ratio, 10 %)
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