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work the direct radiative forcing by dust in China and the range of uncertainties. Our results show that annual total

emission, annual mean surface-layer concentration, burden, and AOD (Aerosol Optical Depth) of dust averaged over
China are 215+163 Tg a™', 41£27 pug m>, 9+4 kg m % and 0.0940.05, respectively. Simulated annual mean
short-wave, long-wave, and net (short-wave plus long-wave) direct radiative forcings by dust averaged over China are,
respectively, —1.340.8 Wm 2 0.740.4 W m 2, and —0.5+0.7 W m 2 at the top of the atmosphere and —1.5+1.0 W m 2,
18409 W m? 02402 W m? at the surface. Long-wave radiative forcing by dust is found sensitive to vertical

distribution of dust concentrations. Dust aerosol in high altitudes contributes largely to long-wave radiative forcing at the

top of the atmosphere. However, short-wave radiative forcing by dust is dependent on dust burden but not sensitive to its

vertical distribution.

Keywords Atmospheric Chemistry and Climate Model Intercomparison Project (ACCMIP), China, Dust aerosol, Direct

radiative forcing
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F2 ERASEESEEXRETR (ACCMIP) H1F

[2015-05-01],
22 hAIESRIBRYITE
VoA IR S s 38 S AR e A b AR B R

RS IR ZE M T SRR, BT e AR R
GEERSTE R 52 o 1T IEANE T ACCMIP iz
HOE B TR e, A SR &
ACCMIP BRI T B ik B, 48— 16
GISS GCM 1II' (Goddard Institute for Space Studies
General Circulation Model II') KSR AR 2 1) 48 5
fE5 77 St H A BB S iRaE o A, BT
ACCMIP B H R TV A IR SR EE, IR
PR RLARBORSE, PILIRATRE GISS GCM I’
(12000 42 BRI G b 2B %R0 B B2 LL 3]
1 ACCMIP s vb Ak 2 73 Bl 2 GISS GCM I’
kAR B, JFORFFRIRIEAAE . GISS GCM IR
2R FH B v 0 s s n— S SR S AL 4 77 % (Lacis
and Hansen, 1974; Hansen et al., 1983), %5 6 4~
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212 I, Liao et al. (2004), H.A 550 nm = [ Hiy[X
AR AR B BRI I % (Single Scattering
Albedo, SSA) Wil 1 fizr. PHALVEHLX SSA {H
7 0.872~0.878 Yl Py, & Huangetal. (2009) it
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Table 2 ACCMIP (Atmospheric Chemistry and Climate Model Intercomparison Project) models with dust simulation

IR (H /4

5N BRI A B HEHD, WEAE

ARG CEAR)

AR R RS2 R

GFDL-AM3 2001~2010 4F
GISS-E2-R 2000~2005 4F

2°/2.5°/L48, 0.017 hPa
2°/2.5°/L40, 0.14 hPa

GISS-TOMAS  2000~2009 4
HadGEM2 2000~2009 4F

2°/2.5°/L40, 0.14 hPa
1.24°/1.87°/L38, 39 km

NCAR-CAM3.5 2002~2009 4F  1.875°/2.5°/L26, 3.5 hPa
NCAR-CAMS5.1  2000~2009 4F  1.875°/2.5°/L30, 3.5 hPa

0.2~20 um 4> 5 K%
0.2~16 um 4> 4 k%

0.01~10 um 43K 12 £4
0.06~60 um 434 6 £4  Woodward et al. (2011)
MIROC-CHEM  2000~2010 4 2.8°/2.8°/L80, 0.003 hPa 0.2~20 um %34 10 £%4
0.1~10 um 433 4 4%
0.1~10 um 433 2 4%

Lietal. (2008)
Miller et al. (2006)

Donner et al. (2011)
Koch etal. (2006), Shindell et al.
(2013)

Lee and Adams (2012)
Collins et al. (2011)

Watanabe et al. (2011)

Lamarque et al. (2011,2012)
Liuetal. (2012)

Lee etal. (2009)

Takemura et al. (2000)
Mahowald et al. (2006)
Zender 2003
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Fig. 1 SSA (Single Scattering Albedo) of dust aerosol at 550 nm simulated
by GISS GCM II’ (Goddard Institute for Space Studies General Circulation
Model II"). The averaged value over China is given at the top right corner of

the panel
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Fig.2 Annual mean emission flux (units: 10" kg m > s™') of dust simulated by each ACCMIP model. Annual emission (units: Tg a ') over China is given at

the top right corner of each panel
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Fig. 3 Annual mean surface-layer concentrations (units: ug m ) of dust simulated by each ACCMIP model. The averaged concentration over China is given

at the top right corner of each panel
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Fig. 4 (a—g) Comparisons of observed (x axis) and simulated (y axis) monthly mean surface-layer concentrations (units: pg m ) of dust at 14 CAWNET

(h) CAWNET: S5 A7 B
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(Chinese Meteorological Administration Atmosphere Watch Network) sites for each ACCMIP model (solid lines indicate 1:1 ratio, and dashed lines indicate
2:1 and 1:2 ratios). The 14 CAWNET sites shown in (h) include Chengdu (CD, 30°39'N, 104°2.4'E), Dunhuang (DH, 40°9'N, 94°40.8'E), Dalian (DL, 38°54'N,
121°37.8'E), Gucheng (GC, 39°7.8'N, 115°48'E), Gaolanshan (GLS, 36°0'N, 105°51'E), Jinsha (JS, 29°37.8'N, 114°12'E), Lin’an (LA, 30°18'N, 119°44'E),
Longfengshan (LFS, 44°43.8'N, 127°36'E), Lasa (LS, 29°40.2'N, 91°7.8'E), Nanning (NN, 22°49.2'N, 108°21'E), Panyu (PY, 23°0'N, 113°21'E), Taiyangshan
(TYS, 29°10.2'N, 111°42.6'E), Xi’an (XA, 34°25.8'N, 108°58.2'E), and Zhengzhou (ZZ, 34°46.8'N, 113°40.8'E)
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Fig. 6 (a—g) Annual mean AOD (Aerosol Optical Depth) of dust at 550 nm simulated by each ACCMIP model and (h) observed annual mean AOD of total

aerosols at 555 nm over 20002010 retrieved from MISR (Multi-angle Imaging SpectroRadiometer). The averaged value over China is given at the top right

corner of each panel. The region with high dust concentrations in China (to the north of 36°N and west of 110°E) is denoted by black lines in (h)



6 1 TRRMIEE: BT Pr RS 22— LR RIS DA o v A S e e m i i da
No. 6 ZHANG Tianhang et al. Direct Radiative Forcing by Dust in China Based on Atmospheric Chemistry and Climate ... 1253

F-HuX, GFDL Bidthitf KA N 0.6~1.0 W m 7, R B KA 2.0~5.0 W m 2, KL H0i A
GISS il GISS-TOMAS Kl A 1.0~1.5  [M{EXHTGILE K HEEHREE 02~04 W m 2,
W m %, HadGEM2. MIROC. CAM3.5 fl CAMS.1 1M HadGEM2 #L40L [PIELAE H [ 2R A At AL 0%

(2) GEDL —0.6 (b) GISS —0.7
T T T T T T T T T T T T
SON | 50N
40N 40N
e 30N F
20N : 20N |
1 1 1 N¥e ) [ 1 1 1 N o it
80E 100E 120E 80E 100E 120E
(c) GISS-TOMAS —0.7 (d) HadGEM2 —1.1
T T T T T T T T T T T T
SON 50N
40N 40N |
30N |+ 30N
20N 20N F
1 1 1 Nt o 11 i 1 1 1 NY o I i
80E 100E 120E 80E 100E 120E
(e) MIROC —0.9 (f) CAM3.5 —24
T T T T T T T T T T T T
SON | 50N |
40N
30N |
20N
1 NYo ) [
100E 120E
—2.5
SON [ E
40N -
30N | -
20N | -
[ D
=30 —15 —=5 -2 -1 =05 0 0.3 0.6 Wm?

K7 S BBV A SRR S U R T ool CBARZ: Wm D), A LA P P
Fig. 7 Annual mean short-wave direct radiative forcing (units: W m ) by dust at the top of the atmosphere in each ACCMIP model. The averaged value over

China is given at the top right corner of each panel
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Fig. 8 Simulated annual mean long-wave direct radiative forcing (units: W m ) by dust at the top of the atmosphere in each ACCMIP model. The averaged

value over China is given at the top right corner of each panel
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Fig. 10 Annual mean surface short-wave direct radiative forcing (units: W m2) by dust simulated in each ACCMIP model. The averaged value over China is

shown at the top right corner of each panel
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Annual mean surface long-wave direct radiative forcing (units: W m ) by dust simulated in each ACCMIP model. The averaged value over China is

given at the top right corner of each panel
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