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Abstract Using the WRF-Chem (Weather Research and Forecasting—Chemistry) model, we investigate aerosol
radiative forcing and its impacts on surface air temperature in Eastern China on the synoptic scale. Simulations of five
selected periods without precipitation (August 23-25, 2006; November 10-12, 2008; December 1618, 2008; January
15-17, 2009; and April 27-29, 2009) indicate that acrosol concentrations are generally lower in the daytime and higher at
night. Simulated surface—layer concentrations of PM, s averaged over Northern China (29.8°—42.6°N, 110.2°-120.3°E,)
are 40-80 pug m >, higher than the simulated values of 30—47 pg m ° in Southern China (22.3°-29.9°N, 109.7°~120.2°E).
Aecrosols exerted a large cooling effect on surface air temperature (SAT, 2 m above ground level), and the effect is the
strongest at 08:00 and 17:00 with decreases in temperature by 0.2—1 K. We also find that including aerosols in simulations
improves the simulation of SAT. Based on the simulation of a weather event during August 23 to 25 in 2006, we
quantitatively analyze the total (direct + indirect), direct, and indirect radiative effects of aerosols on SAT. Shortwave
radiative forcing at the surface induced by direct effects of aerosols is stronger in Northern China than that in Southern
China, with average forcings of —11.3 W m 2 and —5.8 W m 2, respectively, and corresponding coolings of SAT by
0.074 K and 0.039 K. However, shortwave radiative forcing induced by indirect effects of aerosols is weaker in Northern
China than that in Southern China, with average forcings of —12.4 W/m? and —14.4 W m 2, respectively, and
corresponding coolings of SAT by 0.035 K and 0.094 K. The direct and indirect effects of sulfate are of similar magnitude.
The total effect of sulfate on shortwave radiative forcing in Northern and Southern China is —7. 0 W m 2 and —10.5
W m 2, respectively, causing a cooling of SAT by 0.062 K and 0.074 K, while the effect of nitrate is relative weak. Due to
black carbon aerosols, the solar shortwave radiation reaching the surface is decreased by 6.5 W m > and 5.8 W m 2 and
the SAT increases by 0.053 K and 0.017 K averaged over Northern and Southern China, respectively. The direct effect of
black carbon on shortwave radiation is much larger than the indirect effect.

Keywords Eastern China, Aerosols, Radiative forcing, Surface air temperature
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SBDART (Santa Barbara Discrete Ordinate Radiative
Transfere) U FTAL 5T HL X AEAS R R ARAL T 1Y
AR R R, RITR (2004 4F 10 H 26 FD.
KEER (2004 4F 10 A 29 H). ZFK (2004 4F 11
H 30 HD Fyba4a R (2006 4F 04 H 17 HD, JmHE
PM o WJE43 50 4 38.1 pgm >+ 320.8 ugm >+ 229.2
ng m oM 197.7 pg m, AR R R S
MK =30 Wm?, —76Wm >, —72Wm”
=136 Wm, X E T RS, &
PIFE S I E R . INARECRE, F EHLIX 2
WIS B DX, DR i 7 A R A i i DL A6
T 2 2 5 T 26 [E X . Zhang et al. (2009)
F F WRF-Chem LU 2008 41 1 H 26~30 HI
o [ e R R R R IR e, 2 AR R
TR IR DT R PR S R 1 S IR 3, AT RIF 9T DX 45
P TIAE B F N 0.033 Ko AR AR A
JREAE TR ATRUBE - 1R B 9 3 RT3 T =0 PR 5% 1

(R 5T 2 B P AR BN I [R] BEAMBI R 5T, 6
IR X IR S LA 53 I O BRI ]
FERICINE T 7 A T e S i A B SHOG R TR 5 i e 2>
ARG E =T

A WRF-Chem A CHFFE [ Z< i X
ISR 1 oy (BRIRER AR SR A R <y
JBE) AR R AT [R5 S B e MG b 110l 1) 5%
Wi o SERLLEH T 2 AN AL BLAME] (2006 4 08 H
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al., 2009),

AR WRF-Chem 3.3 JRA, iZARA LA T
2011 4 4 o Bk i EE R RS EL T =0
FELAR : BcERY Lin etal. (1983) f4# 7 %, RRTM

(The Rapid Radiative Transfer Model) KR4 77 %
H1 Goddard %R J7 % (Mlawer et al., 1997), YSU
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AR % e BN BL AR CBM-Z - ( Carbon-Bond
Mechanism version Z) /5% (Zaveri and Peters, 1999),
AU LR ] MOSIC (Model for Simulating
Aerosol Interactions and Chemistry) /5% (Zaveri et al.,
2008), MOSIC kitesr 8 MY (0.039~0.078+
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Table 1 Annual total emissions in Eastern China and China
BC/Tg(C)a' SO/Tg(S)a’' OC/Tg(C)a' NHyTg(N)a' NOJ/Tg(N)a' CO/Tg(CO)a’' VOC/Tg(C)a’
FPEZRHES (20°~45°N, 110°~120°E) 1.0 8.9 1.7 6.1 3.6 99.8 147
P (20°~54°N, 90°~135°E) 19 16.4 3.6 11.7 7.0 180.8 26.6
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Table 2 Experimental setup
H A
5 1 2006 4F 08 H 23~25 H CTRL: B&HIHSGAFLREL LS
2008 4 11 A 10~12 H &R R EH
2008 4F 12 H 16~18 [l NOAER: U HEBIERE THRL
2009 4201 H 15~17 H
2009 4204 H 27~29 H
RUE 2 2006 4F 08 J] 23~25 H CTRL: W&HFHTSSANLELFELL IS,
ORI R R B
NODIR: %I A
NODIRIND: JCPIFIFF TR H EHR
A

4 RIUTERES T

B2 1E X 2 AN BEH 2006 4F 8 H 23~25 H
B, BBt CTRL BHLASE S S5 (Ml 2 m
TEPED L A TR B R A e ' 2 e S DN Ak
AT TR, TR OB REREAT T 412056
HE e BT A ORI RIS 35 SR H 1R 2 H T 2 mo i
FEE, DAL akG — SR AR Ay 1 A
4.1 HESIRIIE

Bl 1 S 1 ABROUROL I (- S5 T G, A8
RERCIF (1) PRI R CHR o0 A o i m (E X 32 2 A

FEHR E R ZRES, mE T DO it X, G e X kS,
Wik 25°C DA b AR EE oA et B Ak
(10~20°C) DL R HLX (0~15°C) . A fE R
eV T AN B H XL TR (B K22 5°C) . 70T
BEALIR 55 % 3% NCEP i B, X PRl il 2=
S IREN R ZEH K
4.2 S[iARKERIE

Kl 2 B TRLL AR TSI PMy s iR
(SO, MHIRE: (NO3 ) BRI %
WREA3 A (AL I R 77 XS L] 2a 204D . Ak |,
R B AL T B A, BoR HAETE TR,
KA =AY N LA s . X5 s
G PRI T 3N e S FE T AR ()T s
A . dbiX PM, s i B i EIA 70 ng m >,
LEN W ST N S b IX Rz, WRFEZT N
30~50 pug m . BRI E B E X AL T
JEFIDU ALK, 29 10~14 pgm >, TP E 4R
HARHIIX 29K 4~10 pg m> o FEEE B IR IR R i
REFRAC AR TR AL AL, 3% 20~28 pgm ™,
FEWIFE I AR R Rk 2 29 8~20 pug m s
W IR T AR, B T AR S A /e, 2
8~14pugm >, PUIHBXIKZ, 4 4~6ugm .

R 3 BB PM, s LA BRRER . 1
MRih. BEE. ik (NHS) FIEHUIBERRIERLA

R3 2006 F 8 A 23~25 BELIFIINEHE PM, s R EBHIRE(SO, NO;, BC, NH, f10C, BEfI: pgm)HS

KiRE (03, SO,#1NO,, H{fi: 107°)

Table 3 Simulated and observed concentrations of PM, s and its components (ug m ) and gas phase species (10™°) in the

surface layer during August 23-25, 2006

Kt Mol [ kit
EE:] L AL (D) Nl s Nl s AL
PM, s R /ug m ™ 23 H 55 50
24 H 53 50 80 120 22 9~22
25 H 88 120
SO,” K%/ ug m™ 23 H 12 10
24 H 16 20 14 32
25 H 26 30
NO; Fthbi % /ug m™ 23 H 6 5
24 H 20 15 26 30
25 H 16 13~17
BC JFri i/ /g m™ 23 H 7 5~8
24 H 7 5~8 4 3
25 H 9 12
NH, k)% /ug m™ 23~25 H 14 15
OC Jiftik )% /ug m™ 23~25 H 7 3~6
Os ki /107 23~25 H 70 40~80 83 60~100
SO, KIS0 23~25 H 32 15~20 15 3~5
NO, ik /107 23~25 H 28 7~40 18 5~15

Ve MIERL B P AN B AW B 2> Bk 1T SC#k: Matsui et al. (2009), Wuetal. (2011), Zhangetal. (2011) 1 Houetal. (2011).
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Fig. 1 (a) Simulated and (b) observed surface air temperature (°C)averaged over August 23-25, 2006
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Fig. 2 Simulated mass concentrations (ug m™>) of (a) PM,s, (b) SO,> (sulfate aerosol), (c) NOs (nitrate aerosol) and (d) BC (black carbon aerosol) in the
surface layer averaged over August 23-25, 2006
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Fig. 3 Simulated (red lines) and observed (black dots) AOD (Aerosol Optical Depth) at wavelength of 500 nm during August 23-25, 2006
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Fig. 4 Simulated surface layer mass concentrations of PM, s (right axis, black lines, pg m ) in the surface layer averaged over North China (solid lines) and

South China (dashed lines) and the aerosol impacts on surface air temperature (left axis, red lines, K)
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