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Fig. 1 Horizontal distribution of wind and flow fields at 925 hPa (a) 500 hPa (c¢) and 200 hPa (e) from the

CTRL and at 925 hPa (b) 500 hPa (d) and 200 hPa (f) from the NCEP/NCAR in winter



5 55
CAMS 2.2
2.2.1
(20°—45°N
. 105°—122°FE  2a) . 2a
a © b a b 0.1%
(CCNg 1) com 7 20°—45°N 105°—122°F
2 (CTRL) 850 hPa CCN, 4 (a)
CCN, ;,(b) 105°—122°E —
Fig.2 Horizontal distribution of sulfate aerosol column loading and CCN, ,, at 850 hPa (a) latitude-altitude
sections of sulfate aerosol concentration and CCN, ,, (b) along 105°422°E in winter from CTRL
850 hPa 700 hPa CER 1.6—
0.1% (CCNy 10) ( 3.2 pmo CER
) o
s
( 24 mgem 7)., 2.2.2
S0, .
o CDNC CER
850 hPa CCNy 1o, .2
137.69  *cm o
( 320 +emY) CCN,,, CDNC
( 2a). 800 hPa ( ) 850 hPa
( 2b) 20 mg'm_z CCNy 14 29%  33% .
. CCN, 1y CCN, .,
700 hPa CCNy 14 N%( 2)
900 hPa . . N
CDNC
( CDNC) 33% .32% 80%( 2).
( ) 3 CER
0.93x10° +em™  94.33 geem Yo — o 3
( CER) 20°N 850 hPa CER
( ) CER 4.8 pm (20°N ) (



56

36
) (20°—30°N) CDNC o
2
Table 2 Changes in cloud characteristics caused by the indirect effect of sulfate in winter over East China

850 hPa CDNC/ CLWP/ CER/ / / / /

CCN, o /om ™ 1x10° <cm”? geem m (%) (%) (%) (%)
40.23 0.31 12. 63 -0.04 0.15 0. 69 0.33 -0.72
45.01 0.30 7.91 -0.05 -0.48 -0.26 0.24 -0.71
127.36 0.74 41.29 -0.15 1.75 2.43 1.04 0.42

wm; 107 Pass™'; 90%
3 (a) . (b) (¢
105°—122°E —

Fig.3 Latitude-altitude sections of the changes in cloud droplet effective radius and vertical velocities caused by
the IE of sulfate averaged over 105°422°E in winter in CTRL minus HALFIE ( a)
DOUBLEIE minus CTRL (b) and CTRL minus NONEIE ( ¢)

. . CER SWCF
3% 9%( 2). ( 4a 4c) CER
CER ( 2 ; SWCF
CDNC
CER ( 4b)  CLWP
. CER .
3
2 o
( CLWP) . SWCF
( ) o “
1
2 ~1.80 Wem 2, 13
CLWP ( 4) CLWP
~0.88 Wem 2,
CLWP -1.04 Wem >
( 2a) o
CER.CLWP .
2 ( 3)
(SWCF) SWCF .
2.2.3
. 4 5

3 SWCF,



5 : 57

-0.33 C; ( -0.80 C)

Wem ~%; g'(:mfz; 90%
4 (a) . (b) (¢

Fig. 4 Horizontal distribution of the changes in cloud shortwave radiative forcing and total cloud liquid water path
caused by the IE of sulfate in winter in CTRL minus HALFIE (a) DOUBLEIE minus
CTRL (b) and CTRL minus NONEIE ( ¢)
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Fig. 5 Horizontal distribution of the changes in surface temperature and sea level pressure caused by the IE of
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Impact of indirect effects of sulfate aerosol on winter climate in East China
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Abstract: The indirect effects ( [E) of aerosols affect the climate through clouds which is complex and uncer—
tain. Based on the CAMS5. 1 ( Community Atmosphere Model V5.1) model developed by the NCAR ( National
Center for Atmospheric Research) sensitivity experiments of the IE of sulfate aerosols were designed to investigate
the influence of the IE on a cloud precipitation and the intensity of monsoon in winter in East China in this paper
by changing the number concentrations of the sulfate aerosols that can serve as the cloud condensation nuclei num-
ber concentration. The results show that sulfate aerosols play a dominant role in the formation of cloud condensa—
tion nuclei ( CCN) in East Asia. The indirect effects of sulfate aerosols result in a significant increasing concentra—
tion of CCN and cloud droplet number in winter in East China decrease the effective radius of cloud droplet in the
low layer of ocean and land and increase the total cloud liquid water path resulting in an increasing albedo of a
cloud. The negative radiation effect forces to cool the surface and lower atmosphere increases the sea level
press. The increasing seadand pressure gradient leads to the intensification of the East Asian winter monsoon and
the reduction of the total precipitation rate in southern China. The indirect effects of sulfate aerosols may not be re—
sponsible for the decadal weakening of East Asian winter monsoon in the mid-4980s.

Keywords: Sulfate aerosol; CAMS. 1 model; Sensitivity experiments; East Asian winter monsoon



