27 3 Vol.27 No.3
2012 06 JOURNAL OF TROPICAL METEOROLOGY Jun. 2012

. 2012 28(3): 339-347.

: 1004-4965(2012)03-0339-09

(L / 730000
2. Department of Atmospheric Sciences, University of Washington, USA)

50 , (
10 54.3 mm) 1980 ( 10 5.6%)
( ) (
(convective inhibition, CIN)  28.67 (J/kg)/(10 ) (convective available
potential energy CAPE) 12.81 (J/kg)/(10 ) ( )
20
: X513 : A Doi 10.3969/j.issn.1004-4965.2012.03.006
1 7]
(8]
( )
[9-10]
ENSO
(1
ENSO
[2-5]
El Nifio
La Nifia
[11]
[12]
[6]
:2010-08-09; 2011-10-28
: (708088) 2012CB955301
708088

E-mail: hjp@lzu.edu.cn



340 28
ENSO 50
(3] 503
0 mm
()
[18-19]
(1)
) [20]
1980 1980
3) km
(1] 1980
Huang [4 Rosenfeld (21]
3)
Qian [ 1951 1
Zhao!'! 40
28
- (17] (Precipitable Water Vapor)
1979—2002 194 300 hPa
300 hPa
4) (Moderate-

(15 60°N 90 140 °E)

[15]

)

resolution Imaging Spectroradiometer MODIS)

( 1 °x1 °)
550 nm
0.0 1.0 10
( 0.1)
( )
(0/2(n-1)) o n
)
(5 NCEP/NCAR 1959—2008
50

(Convective available potential



3

341

energy  CAPE) (Convective
inhibition CIN)
3
3.1
1 50
(
) ( la)
-2%/(10 ) —-8%/(10 )
( 1b)
-1%/(10 )
=5%/(10 )
1%/(10 ) 10%/(10 ) (
1d)
( 1o
( =5%/(10 )
-10%/(10 )
10%/(10 ) )
le

( -18.9 mm/(10 )
( 15.7 mm/(10
mm/(10 )

mm/(10 )) 1980

) 24
(-54.3

10 5.6%

=26.9%

a)

45 P—

(N) wadF

10 -_—;';;

‘ T

=5

110

120 130 140
2 (B)

(N) W@

90 100

110

120

ZH (B)

90 100

110

120

% (B)

140

140



342

28

90 100 110 120 130 140
£ (B)
S0 T
¢
4844 ' ,++* L ;
bs ’ A
AT T S A L
aes[- T 9y i L2} / W I et M* f ¥ by e
,i § v 6 L]
E asorf- *
¢
g 2875 — 'y -
g 2219
1563
s
s fiposmammion R *
i kik;: _‘;?am"/‘/“"gyrsosf & ® e 2o Jlee? Y
> &3 sonvioy| | Lgalloe®t Begce il TSN R .A._.,‘;,.
2504 | | o
1959 1969 1979 1989 1999 2009
year
1 1959—2008
a. (%/(10 )); b. (%/(10 )); c. (%/(10 )); d.

=y

At

=i

2
K

hill

tein

(%) H>mi-H

(%/(10  ));e.

30 T T T T T T T T T

20 4
-30 1 1 1 1 1 1 1 1 1 1
1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003
o
2 1959—2002

(%)

105 110 115 120 125 130

#J% ()

EE - a =
014 025 035 046 056 067 NoData

135 140

60 T

N @

90 100 110 120 130 140
ZPE (B, |
0 15 20 25 30 35 40 45 50
320022008 MODIS
() 1980—2005
()
3.2
2
9
1975
1960
50
-15% 1975
1980
1990 ( 15%) 21
( 25% )

1970



3 343
SVD
0.3 0.6
mm/(10 ) 1.0 mm/(10 )
50 SVD 5
(D 5
5.7%/(10 ) 75%
4)
33 0.87 a=0.01
3.3.1 SVD
(4
(
17.5 36°N 105 120°E
() ()
5
3 ) 2002—2008 (%) ( )
[22—23]
MODIS I I
36.56 36.56 0.83
0.1 21.34 58.19 0.90
7.94 66.13 0.92
6.50 72.63 0.87
4.86 77.47 0.90
0.6
0.10 0.15
[24] [25] [26-28]
3 3
[29—33]
332 SVD

SVD




344 28
10 4.7%/(10 )
-2.7%/(10
A
i i
250
%125
PRI S S B SR P S S T S B T SR g' 'i«T
1980 1985 1990 o 1995 2000 2005 gjé %
¥ | ﬁﬁ
60.0 T T T T 0.0 I
il &
550 H ¢
500 g
125
150
i
[ 400
2 2509 «
Z30 51959 1969 1979 1989 1999 2009
300 ®
250 5 ( )
200 ( ) ( )
150 (%)
900 100.0 1100 1200 1300 140.0 %
%E (F) (%/(10 )
I T T T
04 02 00 02 04 06 3'3‘4
6 2002—2008
4 (SVD)
a.
b.
( 70 g/m?)
333 (<0.2)
5 50
3 um
289 K
5 pm(  6¢)

50
28.67 (J/kg)/(10 )
12.81 (J/kg)/(10 )
1980
~2.1%/(10 )



345

(ORT) IR

a) 273K< = T <281K

b) 28 1K<z Wik <289K
T T

B L L B B I L L 191 T ]

t WA K B 1% <40gm-2 r WA E £ <40gn-2 ]
180 40gm-2GHA K B #2<70gm-2 13; 40gm-2GHA K B #2<T0gm-2 ,

E T0gm-2 Eio0gn2 H T0gm-2 41590gm-2 1
17 WA K 2>90gm-2 J 17k WiAKE7>90gn-2 -

r 1 2 VL ]

r 18 I ° ]
18- 1 wer ]

b ° 16 0 1
151 4 ~ 15k ® .

[ 1®r ]

L [ ] 41 % L ]
1aF 4 7 ° .
13E ) 1] 13E s

r [ »

b ! j ¢ o o ]
12 A 1 12r ]
11: 1 1 1 | i 11:.‘” A PRI R R B ‘H.:
0.0 0.2 04 0.6 0.8 10 00 0.2 04 0.6 0.8 1.0

Rl 1 R
7 ik ey

o ORWHERK i Q) ZTHRE2T3K

F A KOG : ‘ T K ER < A0 ]
180 40gn-2<3 Ak B 3 <T0gm-2 mi 10gn-2HAK # 2 <T0gn-2

E N Ogn-2<HA K #£<90gn-2 [ T0gn-24i2 ' ]
17k b o WA KB 2>90gm-2 3

[ Z I 1
161 16l ]

. T 1sj ) ]
151 %150 o 7

F % L []
14- ~ 8l L]

[ F ° ]
s B ]
12 12 7
1ML o b b b b 11:‘H,‘.\.,‘.H\H‘.,\H,‘@,‘.‘.‘:
0.0 0.2 04 06 08 1.0 00 0.2 04 .06 0.8 1.0

RO AR T
6 2002—2008
70 g/m®
(1) 50
( 10 54.3
mm) 1980
10 5.6%
-26.9%
NCEP

2



346 28
MODIS
3)
[34] (PNNL) (Yun Qian)
[1] [M]. 2000 458.
[2] - [J1. 2006 22(2)
131-137

[3] [ 2007 23(2) 189-195.

[4] [J1. 2003 19(3) 260-268.

[5] [J1. 1986 44(3) 360-372.

[6] [J]. 2003 26(5) 662-630.

[7] [J]. 1994 12(4) 149-154.

[8] [J1. 2000 19(1) 100-110.

[9] [71. 2001 20(2) 94-99.

[10] . ENSO [J]. 2000 25(2) 102-112.

[11] .20 [J1]. 2003 25(2) 143-147.

[12] [J1. 2003 25(2) 157-164.

[13] . 1998 [7]. 1988 12(3)  283-291.

[14] HUANGJ P LINJ B, MINNIs P, et al. Satellite-based assessment of possible dust aerosols semi-direct effect on cloud water path over
East Asia[J]. Geophys Res Lett, 2006(33) L19802, doi: 10.1029/2006GL026561.

[15] QIAN Yun, GONG Daoyi, FAN Jiwen, et al. 2009. Heavy pollution suppresses light rain in China: Observations and modeling[J]. J
Geophys Res, 2008(114): D00K02, doi: 10.1029/2008JD011575.

[16] ZHAO Chunsheng, TIE Xuexi, LIN Yunping. A possible positive feedback of reduction of precipitation and increase in aerosols over
eastern central China [J]. Geophys Res Lett, 2006(33) L11814, doi: 10.1029/2006GL025959.

[17] . [J]. ,2006  2(3): 131-134.

[18] CHARLSON R J. Atmospheric visibility related to aerosol mass concentration: Review[J]. Environmental Science Technology, 1969,
3(10): 913-918.

[19] APPEL B R, TOKIWA Y, HSU J, et al. Visibility as related to atmospheric aerosol constituents[J]. Atmospheric Environment[Atmos.
Environ], 1985,19(9): 1 525-1 534.

[20] QIU J H, YANG L Q. Variation characteristics of atmospheric aerosol optical depths and visibility in North China during

1980-1994[J]. Atmospheric Environment, 2000, 34(4): 603-609.



3 347

[21] ROSENFELD D, DAI J, YU X, et al. Inverse relations between amounts of air pollution and orographic precipitation[J]. Science,
2007,315 13961 398.

[22] LEVY R C, REMER L, MATTOO S, et al. Second-generation algorithm for retrieving aerosol properties over land from MODIS
spectral reflectance[J]. J Geophys Res, 2007(112) D13211, doi: 10.1029/2006JD007811.

[23] REMER L A. Global aerosol climatology from the MODIS satellite sensors[J]. J Geophys Res, 2008(113) D14S07, doi: 10.1029/2007

JD009661

[24] .30 . 2002 26(6) 721—730.

[25] . Angstrom (2004 08—2004 12)[J]. 2006
27(9) 1703-1711.

[26] RAMANATHAN V, CRUTZEN P J, KIEHL J T, et al. Aerosols, climate, and the hydrological cycle[J]. Science, 2001, 294 2 119-
2 124.

[27] RAMANATHAN V, CHUNG C, KIM D, T. et al. Atmospheric brown clouds: Impact on South Asian climate and hydrologic cycle[J].
Proc Natl Acad Sci U S A, 2005(102): 5 326 — 5 333, doi:10.1073/pnas.0500656102.

[28] ROSENFELD D, LOHMANN U, RAGA G B, et al. Flood or drought: How do aerosols affect precipitation?[J]. Science, 2008, 321:
1309-1 313.

[29] HUANG J, WANG Y, WANG T, et al. Dusty cloud radiative forcing derived from satellite data for middle latitude regions of East
Asia[J]. Progress in Natural Science, 2006, 16(10): 1 084-1 089.

[30] HUANG J, MINNIS P, LIN B, et al. Possible influences of Asian dust aerosols on cloud properties and radiative forcing observed from

MODIS and CERES[J]. Geophys Res Lett, 2006(33) L06824, doi: 10.1029/2005GL024724.

[31] HUANG J, MINNIS P, CHEN B, et al. Long-range transport and vertical structure of Asian dust from CALIPSO and surface
measurements during PACDEX[J]. J Geophys Res, 2008(113) D23212, doi: 10.1029/2008JD010620.

[32] . [J1. ,2005  16(6): 716-728.

[33] KOREN I, KAUFMAN Y J, REMER L A, et al. Measurement of the effect of Amazon smoke on inhibition of cloud formation[J].
Science, 2004, 303: 1 342-1 345.

[34] . 1. ,2003,21(4): 19-22.

EFFECTS OF AEROSOLS ON AUTUMN PRECIPITATION OVER
MID-EASTERN CHINA

CHEN Si-yu', HUANG Jian-ping', FU Qiang® ', GE Jin-ming', SU Jing'

(1. Key laboratory for Semi-Arid Climate Change of the Ministry of Education, College of
Atmospheric Science, Lanzhou University, Lanzhou 730000, China;
2. Department of Atmospheric Sciences, University of Washington, USA)

Abstract: Observational data analysis indicates that precipitation decreases by 54.3 mm per decade in
mid-eastern China in autumn for 1959—2008 and the decrease rate is 5.6% per decade from the 1980s to the
present. This decreasing trend of precipitation is different from that in other seasons. We examine three
mechanisms associated with the changes in water vapor transport, atmospheric stability and cloud
microphysical properties, which may be responsible for the reduction of the autumn rainfall. The reduction of
autumn rainfall are directly caused by the increase of the atmospheric stability, as indicated by the increased
convective inhibition (CIN) whose increasing rate is 28.67 J/kg per decade, the decreased convective
available potential energy (CAPE) whose decreasing rate is 12.81 J/kg per decade, and the change of cloud
microphysical properties, such as the decreased cloud droplet effective radius. Furthermore, the changes of
atmospheric stability and cloud microphysical properties may be closely related to the change of atmospheric
aerosols, based on satellite observations over the entire mid-eastern China during autumn for 1980—2008. It
is suggested that significantly increased aerosol concentrations produced by air pollution (with corrected
visibility decreased by —2.7% per decade) are at least partly responsible for the decreased precipitation events,
especially light rain events, in mid-eastern China over the past 20 years. The aerosols effect on precipitation
is more obvious in autumn since the weather systems in autumn are more stable (when the dynamic effects are
greater than the thermal actions) and the precipitation is influenced more by large-scale systems.

Key words: atmospheric science; aerosol; autumn rainfall; singular value decomposition (SVD); atmospheric
stability; cloud microphysical properties



