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Abstract The direct effect of sulfate aerosols on the process of the East Asian subtropical monsoon was investigated
using the interactive global climate-chemistry model version 5 of the Community Atmosphere Model combined with the
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NCEP/NCAR reanalysis dataset. The simulation results suggest that the surface temperature in most parts of the East
Asian land has decreased, and the zonal thermal difference between the East Asian mid-latitude land and the western
Pacific has weakened. The reversal time of the land-sea zonal thermal difference is later/earlier in early spring/late
summer, and the onset/retreat times of the subtropical monsoon have been shifted to later/earlier by approximately 3
pentads because of the direct radiation effect of sulfate aerosols. The decreasing land—sea zonal thermal difference has led
to the weakening of the south wind over the East Asian land and the East Asian monsoon, and a regional adjustment in
monsoon rainfall. The results also imply that the reversal time of the land—sea zonal thermal difference between the East
Asian mid-latitude land and the western Pacific after 1980 is later/earlier in early spring/late summer than before 1980
from the analysis of the NCEP/NCAR reanalysis data, leading to a/an later/earlier onset/retreat of the subtropical monsoon,
weakening of the south wind over the East Asian land, and weakening of the subtropical monsoon after 1980. The sulfate
aerosol direct radiation effect is likely to be one of the causes of this result. Both previous observational and model studies
have shown that the sulfate aerosol loading increased markedly in the East Asian land after 1980 as a result of human

activity, and the East Asian monsoon weakened. This study further confirms the relationship between them.

Keywords

1 35|15

IPCC (BUN AL TR 4 SR E
{5445 (Forster etal., 2007) 452X N & it
75 JR A R A BT b DX T RO Y. B 7K 1) 2
TSI, R R R R i b 5 AT T e 2 D) i B 22
ST W EHEF F i K2 XIX 2 —, Zhu et
al. (1986) WIAfHEH T 43 M AR Ge o) Hy i g Hais
Z XS B HGHZRR . 4I5S (2008) R H AR
DRI (1) 3 ki 0 AR AN OB A T X — X BRI 4
W) RE R 22 5, [T R T 4 0 K 55 78 K
T B I A )it Bl A 22 5, AT R T 2R 2= X
RGN E AR RYE, KRR — 2 A
P ERR G XA R A R R G T4
(2007). FRF[4E (2007) FI#XF2% (2008) #E—
DX A3 T AR Y R FAGE 2 X BT 2 LR AR B RTATL
i, BT AT 2 DR S ] B e 42 1 Tl A
772 S B i 1 AR IV i A 2 XU ) B AR 1 24 1)
WERE I 25 SR R30HE o AR 0 AR 78 R AT 2 IR
ZRAFAE A BAE R, O B e 3 [ R 9 ) 5
o H 20 T2l 70 AR, ARG B 25 XURT R A
W2 NI OR IR AE e, I3 B Ky (1) Fe 72
(Xu, 2001; Yuetal, 2004; HEREEE, 2005; %
SERIE S5, 2006; Ding etal., 2008, 2009).

B T A R R R, #k s TR AR B2
R NFRIE B0 I 52 o oK . Bl Tl
IR KB 1K) SO, HE A RS H I ™ 5 e
W ELEL SO, HETBUM 20 4l 50 4EARH] 21 tHhad iy
T 5fE%, K&K AL 20 el 70 A2

East Asian subtropical monsoon, Sulfate aerosol, Direct effect

J5 (Lefohn et al., 1999; Streets et al., 2008), X
R SO i — RV R AE A B A b IR 26 <
JBE, ARy BRSO ORI SO IS, BRI 8 A
TP S 2550 AT N N S R e S A T O A
Bt ek BB R RLBAR S, AR R R
Mo VFZAEFE BRI IR £h TS RO 2R 0 2% ) 52 1
HHT T, Xu (2001) JET4E0h 20 iAo L
20 90 AR E = A= A e IS 2 T Tk
AT R 28 e (2 25 k> T OKBHER S, b
AR PR B AR A v It 2208, 5 380 2 XU 55 T 3
J% ], Ramanathan et al. (2001, 2005) 5 HT<
TS S 38 32 o T P A S 8 S 2D, A RAT K B4
%55, FEOVMZHJEIS. Menon etal. (2002) K
ISR I MSOR BRI B, I i ]
(2RS0T s R il SR /6 P v 17 0
Guetal. (2006) AHLIAABRR £h T R S AL,
7 VAL 7K gl 2> 1 7 1] R S A U K G
B, Menon et al. (2002) FrB AL 1 5L CH Je JE 2
0.85 L5 1 [E WL 0.90 AN—35, 1 BH v [ X Ik
Jig CASURT AR P oA A2 1, DR At A kg 3K P B 7K 2R 43
AT RE A T DA R IR RS E IS SR . Liu
etal. (2009). FAFA-HIXILE (2008a, 2008b) *J L5
BRI RO IAATL B, [ X S R 5k
HBBR I S5 O AL A o TRl A i et , o 3
X RIS, FEKID, JFERIEEG R A LA
BURRRE N 3. Guo etal. (2013) 5K, iR
R A AT LA 3 S0 [l FA ) 22 S 059 AT ek 55 24
Tt ISR BN RS 08 K R KPR ek 2D o Tiang
etal. (2013) AHUGRIR Eh A HLAK T IR T S0



5 1] TR R #h A T B R 280 %o 2R Y. A 2 IR R 1) 5
No. 5 WANG Dongdong et al. Direct Effect of Sulfate Aerosols on the Process of the East Asian Subtropical Monsoon 899

R BRI IN T ORAASE R, A T R, sk
(R it R 22 SRS T AR R K

1T P 2 S 2850 8 0T 23 XS T A 5
W REET X IR AT ZE A, I L IR AR
A4k, BE N BZEREKAR A IEST, T T 4R
ZE IR, RS R R A R e F I AN 2 1R
THAE, R B ARGHE ZE KUR sE AR U 2 o DRIk
A SCR) 26 B 1 Sy (NCAR) FFR )
HHAVAILRARGE L (CAMS) 4546 [ES %I
I LA Hp o R S ] SO AW ST L (NCEP/
NCAR) 1950~2009 4173 #r TR 7T R 51
JE R S SN R AR Ay 2 U R R R e A
SERCERR RIS

2 RANBAIXE LI

AHFFEHAER] NCAR Sk A i) CAMS 55K
(Neale et al., 2010). 1k R E ML HIIE H
MOZART ML (Emmons et al., 2010), i%HLHIE
MR TR RS RS RO R,
T EERRE R R Bk, AP,
FREh . YRR ER o RS T I
P A B AL F HL ] (RRTMG) (Tacono et al.,
2008), ML IR0 14 KiHATRSHTE, &
T B S R R AR 1 DA R A AN () K R 8 5 B
FUASTRIAE AR BE T A B W6 BRI
S RIA BRI 125 5m S R, AT ARG AR
B IR BRI N s O B, HLE S
RS IKIRFN A S V5 . A2 RS IR HE R
HF Lamarque et al.(2010) ] IPCC ARS HEHiE .
R B EENUEE — NS T %, AT TR
o MUK 2 1 o & F 4 & IR A - (Morrison  and
Gettelman, 2008; Gettelman etal., 2010), K
T 2 WS R R 2 S B, AE S A
SR AT, 2 I R R L R
T I IAPRLAR J3 A R B 1A 340 WU 1 (1) o 50k S B
(Abdul-Razzak and Ghan, 2000) . {14 7 2L
2 LT Bretherton and Park (2009) (ML B2
DA B R Park SE4hH o IX LKL AT AR

AT ARG AR T (0 LA LA (B35
J¥o

BRI LI LB B
PRI, AR AT R WO
IR L ORI L

FE SR I R R AR I R A RN T VE o FRAT e T
— 2N LRSS, e o A A R T
B AR R R, OB IR 5k H 4
R RONARES (With), 53 h— MR I SC R IR
AR BRI AR, OR F B R R 1 ) 2
SRR, A S SRR AR, ICEERIR
R PR B N 8 (Without) . {1 ] With 5
Without 46 7 45 SRR 7= it B2 5T s 1Y) 4%
RN, BRI 11 4R, B R
i), WG 485 R YIERAT /0T

A _ESR 23 (1) 20 T2 70 SRR TR I 45
NS, Wl oL, AL NCEP/
NCAR [ 1 43 8 gk ok S 26 JL A4 BLR WS
15, FEALE R ZXARLL, PLARFR I SRR &L
AT Z T G FR

NCEP/NCAR 57 fr 8 SR H T 44 s eidk
(1A BR TR R AG R AN 5835 AR A, &M ks
CHUTH . AR CERHERA . MIRSER. Rl 1
LA LI B RE AT R R A AR B, 3RS
T BN ES T REE, TR E
BT AR A KA R 45 AN J5 TR A5 (Kalnay
etal.,1996), AWFFAHH 1950~2009 FEHIHHE . 26
) R 28 1) KR 23 AT B8 kb vl T — 4Rk b, HX
1950~1979 4 30 4F4F 5 R FI4E, 185 1980
HFE DARTAR R 58 R IR BE AR DL R IR AU A, il
i BF1980; H{ 1980~2009 4 30 4E4f 5 K[{HE
Bygh i, A3 1980 4 LU it R £ /T I A7 A A e
LT SR, I8h AF1980, FHIX41%) L4 i
RAE T A2 K AR AR B o

BRI 2 20y s JTHESR, JK-F o HEh
1.9°X2.5°, MHE 30 2, KHop IBELEE,
REAUL Ik R BT K FH (R I TR 25Kl 30 mine A T ZERIFST
T I L S 2 G v SR T B AR A T
iR, B AR H P A AR
RO EAT AU .
3 HERHH

OV AR 2 W 503 A8 T T A 5] 1 00 D0 45 4 )
CAMS F A B4 AT PR, RS =
(Gettelman et al., 2010; Liuetal., 2012; Z=zzf
XHeE, 2013) 0 ASLE SR S0 AR AR 2R W 2= XU ) A
FURE ), 45 REKH CAMS B ] LSRN 91 52 2= K
IR S SEAR DG WAy (1) ZEREAE . R AR B A2



PN S

900 Chinese Journal of Atmospheric Sciences

38 %
Vol. 38

BATVUR, ARARZ AT U R R, I H AR ) AR
WARAE—A ALK iiE, HAskaess (2012),
Jiang et al. (2013) 55 NIGIEZE R —3, CAMS f
TERAU AR 70 AU 7K 5 A RS ER A 2 45 LA
B, XIS P80, AHIBAFAE— 2 [l 2E (PEImg)
(Kang etal., 2002; Adleretal., 2003; Lietal.,
2010).
3.1 BEREBSIAREEES NN

P 1 S AL PRt R Ak A R T L' B ok
2 JEL RE A S A M FL WS 105°~120°E I [R]—44 i 341
[Pl RO 48 SR R IR IR B8 S RO 2 % = 2y
ATLEZR 00 DX (R it b S AR b, DASCEDRE 1 I
g8 b, O IR P E R 300N i
(DY) 7 bbb X, AR 0K AT A A e PR R TR e
Gt . AENTE P (B b)Y Enf LA, &%
MR #h I E 2 AT AR 20°~35°N YUl Y, 7E
30°N B 1y v (5] g 7 R DY ) 1) 25 bt X SRR e s 2R
BIRBIRN, JeF LR 0.9 Ze47, M 18 fr/AiAti
T TR AT B R, 62 R R 4
75 0.6 Aidis HANEFEZ)G, BT RTEFERMIE
H, ARZLAPE RSN E, ORI M db5E,
SR X AR & 35°~40°N 2 Ja], 7EHEdbHX
HILEE 0. EYIEE 30 AL, AR
W B RIFUE IR, 30°N B 1) ] Kk X Y 2
PR, BEACW SR IRA B R SRR AE  ZEARE IS
(7~8 ) BEK>, Wb AE S, 7872 K
VAT LT BRI SR R IR G K, S IR A
2, EEERIN, CAMS BB BT 2h <
JRATMR P« D2 JEE L 1R 43 A R 2= 15 AR AR AIE 5 At
B R 3, BMEAL T SRR R ik
JE: 20~60 mg m >, JEJEEE: 0.5~1.2) Ty
345, 2005; Verma et al., 2006; F{A&{@4%, 2010,

60N -

30N -

Wang et al., 2010; HIRIAEE, 20105 SREM AR E
5, 2011; Pozzoli et al., 2011; Déandreis et al., 2012).,
T, BEHUME S HER ARG, — R
PR ARG Ry, R W% . AT M
CAMS BRI 2ELEIEH MOZART #ite, 517
A iR AR AR R, SRR IR S
PR EE T s (ZEZB A4S, 2013),

IR BRI oy SR PR B P IR, k> T
I R R BH R R o T A Jo b X5 2 vy 4 B (1)
T PR & 70 T T 42 i S 200 56 R BH i S A IR K
FREE D o B 2 B iR £h S I B 4w S 0 5 |
R R, BagE. MR nHImAl
H IR EY 105°~120°F I fa]—2 el I . M
2a FRT LR R, HT 6 B R RS 2 s I ) A%
1, MR R S W R ) ZE (A A N AR, X
AR AR 2 ik TR S TS BT O BH i S DA B G
RN B ) = B R T S B R . &
Z= RN 20°~30°N yuH N ARt E, &2
ZE AR W R R I b B b, 7 200~
40°N Yo [l =4 T R I . fEA FRRIRAEAE
IERh RS R i, XEERZ am b
M, FEADETE 18 (EITAG, 7R ET AR
FIEM AR IE B . B 2b S Lk B H R
AR B TR) R AR Ak, b R T BT B 3 v A Sl
. RGP E A N ZRREE R E
RSN ON P52, AE 200N LU Bl b % i Ay
il E, RIS 105°~120°FE ~F 341 %0 5 7
20°N UG it 34 38 17 £ P38 o
32 MEBHSBAREZREHUNMETRTE

XUt FE B9 520

HEr CAHRZ B4R T R0 401 2 X5
PRI S EER, I8 (2007) FIFRA]

] : 5 V\’\"/
"

20N

LMD KA LR RARY LAY RAR) RARD RAAD AR LARY LAM) RAM) RAR) AR RARI LAMY LAM) LAM
1 5 913172125293337414549535761656973
Pentad

BT BRI R A AT WG B BN IEE N () A PR (b) Y 105°~120°E Fef fil—2Fi 3 il i
Fig. 1 (a) Annual average and (b) time—latitude cross section along the longitudes 105°—120°E for sulfate aerosol optical depth in visible band
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Fig. 2 Time-latitude cross sections of (a) net solar radiation flux at surface (color, W m?) and total cloud cover (contour, units: %), (b) surface temperature

(color, K) and ground heat fluxes (contour, W m ) change by the direct effect of sulfate aerosol along the longitudes 105°~120°E (dashed contours represent

negative values)
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