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Abstract The earth system model (ESM) is an important tool for analyzing global climate and ecological environment
changes. The Aerosol and Atmospheric Chemistry Model (AACM) enables the simulation of gases and aerosols
associated with the effects of climate change for further processing using the Atmospheric General Circulation Model
(AGCM). On the basis of the Global Nested Grid Air Quality Prediction Model System, a simplified version of the
AACM of the Institute of Atmospheric Physics (IAP-AACM) suitable for the ESM of the Chinese Academy of Sciences
(CAS-ESM) is developed using a simplified gas-phase chemical mechanism. Not only anthropogenic aerosols but also
natural aerosols and its precursors (e.g., sea salt, dust, and dimethyl sulfide) are considered. The evaluation showed that
the IAP-AACM with simplified gas-phase chemical mechanism can reasonably simulate the spatial distribution of
aerosols and precursor gases. The difference between the simplified version and the standard version with CBM-Z
mechanism is small. The comparison of the obtained values with the observations shows that the simplified version
captured the spatial distribution of aerosols and its precursors well and provided a reliable aerosol simulation for the IAP-
AGCM in favor of two-way feedback. Furthermore, the simplified version can significantly improve the calculation
efficiency and well satisfy the need for long-range integration of the CAS-ESM. To provide a more comprehensive

aerosol simulation in the research on global climate change, the mechanism of nitrogen chemistry and the stratospheric
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chemistry of ozone will be considered in the [AP-AACM in the future.
Keywords Model evaluation, Aerosol, Chemical mechanism, IAP-AGCM model, [AP-AACM model
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Fig. 1 Sketch map of the framework of the IAP-AACM model
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Fig. 2 (a, b) Monthly mean concentration of dimethyl sulfide (DMS) in sea water; (c, d) monthly mean flux of DMS in seawater calculated by the

IAP-AACM. The left and right columns indicate the monthly mean flux for Jan and Jul, respectively
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Table 1
chemistry module of the IAP-AACM
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exp(1000.0/7)] X [1+1.4 X 10~ ?'[H,0]exp

Reaction equations in the simplified gas-phase

(2200/7)]
H,0, + OH—H,0 + HO, 2.9X 10~ "2exp(—160/T)

H,0, »20H TR BH v A AT R

SO, + OH—H,SO, EZF-INAL))

DMS + OH—S0, 9.6 10~ 2exp(—234/T)

DMS + OH—0.5 SO, + 17X 10™“exp(7810/T)[M]0.21/[1+5.5 X
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DMS + NO,—S0, + 1.9X 10~ Pexp(529/T)

HNO,

NH, + OH—H,0 1.7X 10~ 2exp(—710/7)
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Table 2 Comparison of variables in the simplified and CBM-Z versions of the IAP-AACM
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Monitoring Network in East Asia, EANET)f1 1 [E 3
i M W & ¥ (China National Environmental
Monitoring Center, CNEMC). ASO,F1 BC <4 Ik #1
#% K B EANET. 3% [H fig I, B A I % (Interagency
Monitoring of Protected Visual Environments,
IMPROVE). Kk ¥ i Wil #1 ¥F 4l i+ % (European
Monitoring and Evaluation Program, EMEP). 7 4}
BC 0 I3 A 7 o B K0 0 W 19 (China
Atmosphere Watch Network, CAWNET)(Zhang et al.,
2008) (I ELHE Bk CAWNET PASMIT AT i dfs KA I (]
B192014 4,

&3 IAP-AACM fE FRYHERR B 2
Table 3 Emission inventory used in the IAP-AACM

HEOH 2455 Heuk e HECIR 5 Vi i ZH R
HTAP-v2 2010 N5 0.1° (4D %0.1°( & &) Janssens-Maenhout et al.(2015)
GFED-v4 2010 e R R e 0.25°(HiJ%)x0.25° (& %) Randerson et al.(2015)
MEGAN- MACC 2010 LR 0.5° (A JE)%0.5° (4 %) Sindelarova et al.(2014)

REAS 2001 +HEINO)) 0.5° (A E)*0.5° (L) Yan et al.(2005)
POET 2000 HE(VOCs) 1oCA )< 1° () Granier et al.(2005)
GEIA 1983 ~ 1990 7 N E(NO,) 1OCE X 10 (A ) Price et al.(1997)

"HTAP-v2 2010 4E A\ 93 ) v [ b X R A i AE K22 MEIC 2014 3E1T T & 4.
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Fig. 3 Surface distribution of OH (left column) and NO; (right column) interpolated in the simplified version of the IAP-AACM (top and bottom

rows denote the simulation in Jan and Jul, respectively; ppb denote 10~7)
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3.1.2 IAP-AGCM A% 3%iF 4

fE IAP-AGCM & J& 1) it #2 o, 93k 1] &5
(2012) % %F %65 DU AL IAP-AGCM F R JUL 1 RE 3k 4T T
VAL, PPAl 285 5 2 s B 2 R 0% B0 0 S M B4 L
KA W BT W UKEE A B RS 51
A, BT OFERIE SST. WK . KILZER,
YA 7E N B2 TG 20, (E R R AR 2 /K VR s
A, IFHAFE “WITCZ” MR %, HikiE
TR TR CAS-ESM Hr, JRATT0
IAP-AGCM 4T T VPAh, HEBEMM SR ERF
Y4E F1 NCEP-R1 £ 43 #7 £ 4% (1 Lb st an 1€ 5 B .
B AR G AT T T2 MR [ 199 0 20 347 9 )~ 1 25
(] 73 A RE A, 7E K0 20 XSS 40 0 22 /N 42 °C
PR A A BROK 0 2t X B, 3 o g B A
FAL e R Bt b B AL O A 2, SEEVEIE . MR
B A AE AL B A #E L 4 °C. TAP-AGCM i 4T
MR T AN [ 6 B ) AU () G R XU Ta] - 7R K

43 DX W10 A5 50U 25 7E+1 m/s LAY o s AR T 5 58
SOTE VT AP0 O 22 s i M 1 BE K, 7R 76 K
T8 i XA 5 2~4 m/s, 7E 2 BR PG XA O
£ 3~4 m/s. IAP-AGCM & ) i) RH2 7£ K B 43 Hh
DX A AU i 22 PE£10% LA, 45 SO OH R B (R B 40 AE
RS LA S AR M X B4, EVE I b b KR o
U o AEATEALSE L R RS AT RR PRSI 22 3570
FEFG I rh AR DR [ 2R 0 0L 0 IS 20% ~
30%, TESRERF. JEMALE . oA E T
AL 157 10%~30%. A1 WRF B 28 #5 f 25 fL 1)
(Wei et al., 2019), TAP-AGCM 1E ¥ # 3 [X 77 7F
BE N B S 1) U P AU RS 1) [l A, W) R El T B
A AR 2 P R UK B 2 T B X B 2 R S IR R
T2 2% 3% T % HAGE B 1) IS4 RE 77 PR (Yao et al.,
2016).
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