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Abstract Changes in surface layer aerosol concentrations induced by climate change are important for understanding
regional air quality. In this study, the impact of climate change on surface-layer aerosol concentrations over East Asia
were investigated using multi-model results from the Atmospheric Chemistry and Climate Model Intercomparison Project
(ACCMIP) under the RCP8.5 scenario during 2000-2100. With anthropogenic emissions of aerosols and aerosol
precursors kept at year 2000 levels, the annual mean concentrations of surface-layer sulfate, organic carbon, and black
carbon over northern China (31°N—45°N, 105°E-122°E) were simulated to increase by 28%, 21%, and 9%, respectively,
owing to climate change over 2000-2100. Compared to that in 2000, annual mean surface-layer nitrate concentration in
2100 over eastern China was simulated to decrease by 30% by climate change alone. The climate-induced changes in fine
particulate matter (PM, s) concentrations were simulated to have large seasonal variation. Due to significant decreases in
nitrate concentrations in the winter, wintertime PM, s concentrations over eastern China were simulated to decrease by
15% over 2000-2100. Furthermore, the changes in summertime PM, 5 concentrations during 2000-2100 were found to
have different patterns in northern and southern China; PM, 5 concentrations in northern China would increase by 16%,
while those in southern China would decrease by 9%.

Keywords ACCMIP (Atmospheric Chemistry and Climate Model Intercomparison Project), Climate change, Anthropogenic

41 %
Vol. 41

aerosol, PM; 5

1 3515

EIBAE R EE KRRV L —, 580K
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al., 2013),

RIBAE A RPN, NS
(AR AR HE UK . AR A 25 8 S A R |
IR R 7K A3 45 1 1T S S RS R A s A%
DUREAFIIRY, B Sem il o i T AR Ik
IR LR AR, AARAR AR I
WL M AE AL — 8 I 28k BN, TS
PR AR A, A R Ve IRk R
I MO SRS =, T s iR 2
FIRHIR LS TE A AE, S BUHIR SR TR IR
J&%/> (Liao et al., 2006; Dawson et al., 2007; Jacob
and Winner, 2009; von Schneidemesser et al., 2015).
DA T s, AR BB K I & 23U

W& & Pd/> (Racherla and Adams, 2006; Avise et
al., 2009). AL FIRFTEARIL,  EARAK G R
SIBETN, AELRE KO AR 58 PR AR A TT RE 2 a5 e 2K
XV B HRE R AE L, AT A3 AR R v ok 52
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Fig. 1 Geographic locations of observational sites (triangles) in China Meteorological Administration Atmosphere Watch Network (CAWNET) and the study
domains of northern China (31°N-45°N, 105°E-122°E), southern China (20°N-31°N, 105°E-122°E), and eastern China (20°N—45°N, 105°E~122°E)

*1 Fr%E ACCMIP ERHEKER

Table 1 Description of the ACCMIP (Atmospheric Chemistry and Climate Model Intercomparison Project) models used in

this study
Wy [ AR GIHER (LS X L) 27 SR
GFDL GFDL-AM3 S04, NO;, BC, POM, SOA, Dust 2°X2.5° Donner et al. (2011)
GISS GISS-E2-R S04, NO;, BC, POM, SOA, Dust 2°X2.5° Koch etal. (2006)
UKMO HadGEM2 S04, BC, POM, SOA, Dust 1.24°X1.87° Collins et al. (2011)
NIES MIROC-CHEM S04, BC, POM, SOA, Dust 2.8°X2.8° Watanabe et al. (2011)

7F: SO4v NO;. NH4, BC. POM. SOA. Dust 7} #IACEMIREE . AEREE. Hdh. Mok, — KA. “IREHIERMLE. GFDL, GISS,
UKMO, NIES 434ll# 7~ J%[E Geophysical Fluid Dynamics Laboratory, %[5 Goddard Institute for Space Studies, #%[E Met Office, [ 7% National Institute

for Environmental Studies.

R, 52 Xl (20°N~45°N, 105°E~122°E,
KD, TR 204, AR o [ 2 50 1 X Xl 43
HAEF (31°N ~45°N, 105°E~ 122°E) Fl§ #
(20°N~31°N, 105°E~122°E).
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Fig. 2 The present-day multi-model and seasonal mean surface-layer concentrations (units: pg m ) of aerosols over East Asia: (a) Sulfate, (b) nitrate, (c)

ammonium, (d) organic carbon, (e) black carbon, (f) PM, s (fine particulate matter)
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Table 2  Surface-layer aerosol concentrations from the models and normalized mean biases relative to observations

TR Eh ik 2 B IR #h i 2 WK AR SRR S
A/ H— B/ H—F A/ H—F A/ A1 A/ H—1F
5N pem” Bz pem” Bz pgm”> Bz pgm>  HfaE pgm”>  PfaE

GFDL-AM3 8.07 —67.67% 0.95 -91.49% 4.64 —45.70% 5.94 =75.59% 1.32 —77.87%
GISS-E2-R 5.33 —78.64% 3.09 =72.45% 1.88 =77.99% 7.01 =71.19% 1.53 —74.46%
HadGEM2 5.70 =77.18% 4.78 —80.34% 2.46 —58.88%
MIROC-CHEM 3.69 —85.22% 4.69 —80.74% 1.23 =79.39%
Ty 5.70 =77.18% 2.02 —81.97% 3.26 —61.85% 5.60 —76.96% 1.63 =72.65%

s AT R X X000 20y X 100%, 3 Ay 235 A RZAR R s K R A LA

Bk R ER . HeEh . A MR R R
ARSI 40 9k 249 pgm ™, 112 ugm >, 8.5
pgm . 243 pgm M 5.9 pgm . BT R
Ehy HRER . EER . AL R GRS IR B S
TR (RS- 40 22 00 5 M —T77.2% —82.0% —61.9%.
—77.0%F1-72.7% (£ 2). WLUEH, Frafizint
R IE A FRATAE W B ARAY, X5 ALE (A
5345 BAH—%0 (Shindell et al., 2015; Chang et al.,
2015). LB R, RO 2RO X A IR AIG
ity 1) Ji DR 32 BE SR BE P ARAS T AR M XN O A
Jie S ILHT AR HERL (Liu et al., 2012; Chang et al.,
201500 B A A A HLHIAS 58 35 2 1 TR I
JERLRIATLE S 22 (P JR IR, B dls — S8 RF T BoR, B
R AR A o] ] b X TR e I A R 2
FEANE AT, AR — RS R A v [ M DX R 28 R
Jiee B (He et al., 2014; Huang et al., 2014). 1fil Gao
etal. (2014) MIWFFLE IR, DA S oG i
R 2 b R DL R R 1) i 1R 3 % A 1ok R 1 S
FEAE—SEN A e Ik, B2 il o 1R 3 40 i DX
THR R IR IE . WTLLE H, B A2 LA 56 3%
X TR RS A P AU D % Wi I AT AR R AN e
AR P09, 74, BHTARSCRIA 2000
SEFHEI RIS S 5 2006~2007 £E 0000 (1) 3 5 b
B HETRORT B B[R] 0 A ) 2 S 38500 TR
PR IR o HAE R R AR (2014) RS 2R,
2000 #2006 4 [E 1 X T G HE RO A 20
TS, SO, HEMAE 2006 4E L 2000 SEBE T
38%, NOX HEBI N 40%, BC HEBI N 20%. Jit
DLASCIE ] 2000 FEHEBUFI AL R 5 2006~
2007 FEMI 45 HAH LA, Db AR 25 3t At 2 AR A
EFHEE RN, BT PREE, T
HHE R MR BT DA o RO ik g

RO R AR MEANE , BAR AR — 2 X
R Bl . BT A S T AR AR SAT R
P IR E A AR AR AE AR BRSO 4
BB R o [ b X R P A AE ARG (Ex)
T T AR AR AR U IR B S T (R4 5 KA X
TS A — 58 B X

h T VPl 2 A O0S e I 2 8 DX M T
I AU RE ), FATXIEE T MODIS WA
B R 38 R IO 22 R I 0 A (B 3D ml LA
A RRECAT DU A 00 e 10 3 ) 23 AT
FfiEe FF AR IRO'G o ) R W S 2 vy T s
X, X5 &RTEBIKIZR 73 A dH—%. MODIS
UL PR A P ' 2 R RS UL 45 SR 110 A G &R
# (MODIS UL I AR AL BT A0 A 1L
JE SRR ARG Z18 058, HARBLA T LA
RRADL S A IO 25 SR BE 3 ) oA, AEAR AR AG T
AR HB X ) RO R LR R /), MODIS Rl
AL AARLRL P vh B A X (X sl LR 1) 4
I )OGS IR LS99 2 0.43 10037, UG
fiti 14%.

4 XFEE T REUBLU AN 23 M 8RN 2000 4R
PR W PR 850 hPa 7. FLrbii
JE WA 850 hPa MUZEH K A T NCEP/NCAR
MRl (Kalnay etal., 1996), BE/K#ERKE T
GPCP (Global Precipitation Climatology Project) }J
SRR . BB 4 FTE, 2R UL il BRI
JEOM A 5 AT R A — 5, R AR L
DU M AT S RO ARAU AT o TS0 K
BAUA 5 B 72, A REUL A1 24 K AE 7 P
HuDX ] S i, X AT g AR T B S A G
X EEAN RIS A RBEAEA 26 SRR, AN TR 0] [ 7K
BAUAFAE 8 2257, AR T A B A4 T 5
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Fig. 3 The annual mean aerosol optical thickness at 550 nm wavelength over China from MODIS (Moderate Resolution Imaging Spectroradiometer) and

ACCMIP models. The gray areas in Fig. b represent the observation data are missing
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Fig. 4 Distributions of annual mean (a) surface temperature (units: °C), (b) specific humidity (units: g kg "), (c) precipitation (units: mm d "), and (d) 850-hPa
wind (units: m's") over China from ACCMIP models (left column) and NCEP data (right column)
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Fig. 5 ACCMIP models-simulated changes in seasonal mean (a) surface temperature (units: °C), (b) specific humidity (units: g kg™"), (c) precipitation (units:

mm d "), and (d) 850-hPa wind (units: m ™) over China during 2000-2100 under the RCP8.5 scenario. Projected changes in surface temperature in Fig. a and

specific humidity in Fig. b are all statistically significant at the 95% confidence level based on the Student’s t test. The dotted areas in Fig. c¢ represent

statistically significant changes at the 95% confidence level based on the Student’s t test
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Fig. 6 ACCMIP models-simulated changes in seasonal mean surface-layer concentrations (units: pg m ) of aerosols over China during 2000-2100 induced

by the projected climate change under the RCP8.5 scenario: (a) Sulfate, (b) nitrate, (c) ammonium, (d) organic carbon, (e) black carbon, (f) PM,s. The dotted

areas represent statistically significant values at the 95% confidence level based on the Student’s t test
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Fig. 7 ACCMIP models-simulated changes in annual mean surface-layer concentrations (units: pg m ) of aerosols over China during 2000-2100 induced by

the projected climate change under the RCP8.5 scenario: (a) Sulfate, (b) nitrate, (c) ammonium, (d) organic carbon, (e) black carbon, (f) PM,s. The dotted areas

represent statistically significant values at the 95% confidence level based on the Student’s t test
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