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1995,1997;Li,1998) .,

AU IR 2 1 ] e 00, B I 3o ok A 2 Y 26 W
FIAROUL AR A AT 250 228 3 3K A WS S A7 78 S8 R AN
£t ( Twomey, 1974 ; Feingold et al., 2003; Tao et
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e FE B T AT WRAETT SC [ TR A 5% [ S 22 17
TN ERTT R AL KIS I T 2 ZJEAA
BHE M B T AR ST ) L 1 2 R IR T I H
FIPRAL, o [E G R b E R 2 B MR PR R #R s S T
AR BRI A I 0[] B A 2 o R 2 T[]
P VEE TSI H , A2 45 1) d5c 56 2E 19 56 [ B8 T 119
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Fig.1  Statistics of aerosol research articles published by
global and Chinese researchers ( blue dots: global,

red dots:China;from Li,2020)
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ATM Forcing

AR 45 SR I A — B (Niu et al.,2010) o IR
B2 F A il ] 400 0 T O R, R 2 e R B
IR B A 2D, [ R ACHD L B IR 3, U
JI52 FY 8 S5 00X 2R R ER AL sl R R A
F A — R FI 0 (L et al.,2016) .

SR, ik 2 14 U3 A A 452 25 b TR 25 4 24,
i = AR T FR T AR Al T 8 RO ) R
WAL A B A SRR o I AN IX 5k 2678
Pex 2Bk A 9 BIF 5¢ 28 ¢ T2, B OB kAR
AU @ A ) iR (AR ) AT (04 %)
9 1 0 L T A Al s B, A UG R R R R AR A
(Yang et al.,2013b) . N[& 4 Jirz, Ao F & & o
A4 L o e L E o IR BE R B H R 2 B R K
R o FLlh I (9 fe B i i BE A I R B (H AR IR
i BE SRR BE I e DR IR I e E = AE AR,
X il B2 R IR (AR ) i 5, A8 1 5 AR B R e

b
40
=
g
=
=l
=
&
2
=
—40L BOT TOT ATM
d SFC Forcing

P2 A A BRI R R = AR H OB R A P Y B SR (a5 5] B Li et al.,2007) , & B PR E RS
2 TS RS R P S 4 S A (), A IS B 98 1 A M MR P A (s B W e ™) DL R R U 2 Y e T K
PH#E &) (d; 30 . W - m™?) (b—d E#5B] [ Li et al.,2010)

Fig.2 (a)The daily average and monthly average direct radiative forcing due to aerosol and cloud observed in Xianghe ( from Li

et al.,2007) ; (b) the change of atmospherictop,bottom and internal radiation caused by national average aerosol; ( ¢ ) the

atmospheric absorption of solar radiation enhanced by aerosol(unit; W - m~) ;and (d)the ground solar radiation reduced

by aerosol (unit:W - m™>) (Figs b-d are from Li et al.,2010)
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Fig.3 (a)Temperature change (unit;:C/(10 a)) in the 1960—1990 and (b) aerosol optical depth distribution
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Fig.4 (a)Topography and aerosol distribution in the Guanzhong Plain and Qinling Mountain areas ( warm color refers to the
high-pollution Guanzhong Plain area) and the long-term changes of the maximum ground temperature, minimum ground

temperature and daily ground temperature range of (b)Huashan, (c¢)Huayin and (d) Xi’an (from Yang et al.,2013a)
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BJ) 0 96 R e, {EL P 2 e B2 S AR AN WAL, I AT R
JE DR 0 Sl i 5 BN AIR T T e S e e 2 5 R Y
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e, FA o 718 A Bk R AL (CMIPS ) 1 by 52
17 55 0 B ADL R, PPl T 3 DX O I Ll
SRFNMR A AR A AL X f e B AR A MG E H A 22
52w, A5 5 0 I 4 SR AR — B (Liu et al.,
2016a) o AN [ i XS B SR T B A (), He o A
585 M) Tk B2 1) R AN [ B2 0 T8 T ) 2 ) A R
P 5 Ay IR, 0 B 2 b, T T W WA A

2 SRR =rE0mh

U AE I = BEAE R, A I — i 15 =
TEAR N o WFFE A B, 7E v I 2R 9 0 e 1 e 2k A
T, B A RCEE AR ] RERE L RO 7 )R (AOD)
¥EN T 3% < ( Yuan et al., 2008 ; Tang et al., 2014;
Wang et al., 2014 Liu et al.,2017), WG H L H
fif T, 49 T 2 W TS I = R 1 S O AT R
(Huang et al.,2015;Wang et al.,2015) , Liu and Li
(2018b) i I WF 5% 2= B, BE K R] RE 1O A B 2 200 T
AT IS W 1 RN, TR IR A5 T AOD Ry 1
I # 5z GBS % (CCN) i34 inJo ¢, i -5 KRR
S JE R XA OC . 3k SE ST AR RV 20 25Ok
TARZRROMAG TR 32222 5 (Liu et al.,2016b)

25 W OV RS 2 Ty S AK I 2 400 o e = K e A
W TR, (5 15 B8 2 KR BESS O 1T, Rk 3 vk 45 i B2
AT B8 22 1 s PR iR, T E — 2D 1 SR R ARG 1) |
BE MR R, S BRI = (DCC) B =
I B 14 Jin ( Koren et al., 2005, Rosenfeld et al.,
2008;Li et al.,2011) , 3 i 4 Fifr 15 19 0 IS 80T 4%
1/ (aerosol invigoration effect) , %R W AL I Il =
B bR m g, U R RN R E N E S ol
[ FL(Fan et al.,2013) . = B4R W AR i X #h LR S8
AWV (Yan et al.,2014) o FOBr T 58 K AT
B A B R B A0 JBUREL ( LAFITA K S 7] BEJE 7
CCN) A ATEAK VR FE 2 26 A1 A% ARG RO #, 3
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S B O AT R BRI D, X T I s
Pk 0 & 2 A F 1 (Guo et al.,2016,2017; Jiang
et al.,2016) ,{H i B o AT 38 3o 800 00 {45 %
JK 5% (Li et al.,2011)
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BRI R I ] BE 5377 4k RS IR 22, B )
B G/ KAl KR . Jiang et al. (2017) F] F 2
NOAA [¥) 43R T 4 452 2 19 [ T 91 4 1 e w7 SO0 00 45
RO RG AT TR IR 22 5B R, KM
T 38 5 22 W6 OV SO 2 J5 R A 8 i 4 K (&
7) L 3X A5 BV R e e T R B SRR — B, [H]
) P S0 B 40 53 A A A A AR X s TR K
52, i B e R 5 56 ] R R OO I A 3 Y 2
WA —3(Li et al.,2011),
A REOKE ] il IX ) N RUBE B R AE AR B 52
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FFE K B %2 i ( Guo et al.,2017,2018,2019) , & ¥
o [ /N RUBE B F R A 19 42 70 SRR =45 A B R
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Xof T o s AR A TE 52 0, E R e ML — B, RO
JBEXE Z5 AR K B 5 i A — A~ 3 AL (Koren et al.,
2008) o M IE B RCIR I, U AR R K A
% K& & (Jiang et al.,2016; Wang et al.,2018) , 7F
o [ AR ER, A0 I v i SR, Ak 2 R R K, (36
], DX AV ST o T I S IS ATR AR B2 ) | BT
/D %7K ( Guo et al.,2019)
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Fig.5 Improvement and development process of aerosol cloud promotion effect theory (CBH: cloud base height, CN; surface
aerosol number density) : (a) proposal of theoretical hypothesis( from Rosenfeld et al.,2008) ; ( b) theoretical observation

verification( from Li et al.,2011) ; (c¢.d) theoretical perfection( from Fan et al.,2013,2018)

Joint ACI & ARI Effects on Precipitation
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Pl 6 AT I R M) i S R ok ) B L R T o K JRUBE (5] B LA et al.,2017b)

Fig.6 Principle of aerosol effect on precipitation through radiation and microphysical effects( from Li et al.,2017b)

81



ALHFFIR 2020410 H43% H 1

30
a _ r=0.560 2,p<0.01 b r=0.652 2,p<0.01
a=75.23,b=-2.82 a=48.4,b=-1.329
. 20 L
X
&
Iy
=10
0 1 o I 1 i
0.05 0.10 0.15 0.20 0.25 0.05 0.10 0.15 0.20 0.25
RN UL
30
c r=0.518 2.p<0.01 d
a=8.554,h=1.588
, 201 . L
&
&

7

F

P17 5[ NOAA 1y 4 BR I0 4 45 2 Y ik T T 412 5%

al.,2017) : (a) W AR FW ; (b) 2 ; ()
ERFEEE, aaFEPE)

0 0.2 0.4 0.6 0.8

Fig.7 Relationship between the root-mean-square-error in rainfall prediction by the NOAA Global
Forecast Model and aerosol optical depth: (a) Australia; (b) United States; ( ¢) China; (d)
comparisons in these three countries( green; Austrilia;blue; USA ;red:China)
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Fig.8 Locations of the studies on aerosol-cloud-precipitation-interactions in China (Li et al.,2019).The base map

shows the single scattering albedo across China with light and dark colors denote weak and strong absorptions
respectively (Lee et al.,2017)
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Fig.9 (a)The variation trend of visibility in Mount Hua and (b) the variation trend of precipitation difference between Mount

Hua and the surrounding plains( from Yang et al.,2013b)
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Fig.10  Variation of cloud top and bottom temperature
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Fig.11 The theoretical sketch of aerosol influence on wind
in the mountain area for: (a) clean air;(b) pollu-
ted air ( under clean condition, the surface of the
plain is heated by solar radiation, producing con-
vection and forming rainfall ;under polluted condi-
tion, the rainfall of the plain is restrained, yet the
downstream mountain area is significantly en-

hanced ; from Fan et al.,2015)
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Fig.12 Relationship between the observed and simulated daily variation of precipitation and the ground pollution concentration

(a,c)observation results( from Guo et al.,2016) ; (b,d) model simulation results( from Lee et al.,2016)
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Fig.14 The probability of weekly variation of (a,c) visibility and (b, d) thunderstorm: (a,b) Guanzhong Plain; (c,d) Yangtze

River Delta( from Yang et al.,2016)
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Fig.15 Effects of dust and smoke aerosols on lightnings in Africa( the three regions in Fig.b respectively represent aerosol radia-

tion effect,cloud microphysical effect and their combined effects;from Wang et al.,2018)
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Impact of aerosols on the weather, climate and environment of China;
an overview

LI Zhanqing

Department of Atmospheric and Oceanic Science ,University of Maryland ,College Park ,MD 20740, USA

Air pollution, weather and climate are closely related to the life of local residents.Global change and sustain-
able development are common challenges currently faced by all of humankind, yet the issues of air pollution and
climate change are especially significant in developing countries.China,as a developing country with the world’s
largest population and fastest development,is faced with particularly severe challenges in these two regards.There-
fore,a thorough understanding of the causes and development mechanisms of air pollution and climate change, as
well as a clear understanding of their interrelationship , are of guiding significance to the formulation of sustainable
development policies. Along with the development of global change research, aerosols and greenhouse gases,
namely the two most important human emissions affecting the Earth’s climate, play an important role in climate
change science.As a result, aerosol research has become one of the fastest growing branches of geoscience re-
search.The characteristics of China’s weather and climate change, such as the increase in high temperature, de-
crease of cold waves, decrease of wind speed, stabilization of the atmosphere, decrease of light rain, increase of
heavy rain,increase of thunderstorms and weakening of monsoons are all related to air pollution by varying de-
grees.This paper mainly reviews the influence of aerosols on weather and climate in China and the air pollution
issues related to meteorological factors,focusing on the complex relationship between aerosols and extreme weath-
er events,including the degree and mechanism of impact.The research method involves an analysis of the compre-
hensive observation data of satellite, earth and space, along with model simulation. The observation data include

long-term historical observation data,short-term enhanced observation experiment data,and global satellite data.
aerosol ; air pollution ; weather-climate ; extreme weather events

doi; 10. 13878/j.cnki.dqkxxb.20200115005

(T2 K R AL

92



