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Numerical Study for the Radiative Impacts of Asian Tropospheric Aerosols
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Transport and radiative impacts of Asian tropospheric aerosols (dust, sulfate, black carbon (BC), organic
carbon (OC), and sea salt) during springtime 2001 were simulated using a regional-scale chemical
transport-radiation model. Model results are intensively examined with the optical observation at the surface
monitoring stations. It was shown that modeled aerosol optical thickness (AOT) and Angsirdme exponent
accurately captured many of the observed characteristics. Analyses for the modeled AOT also showed that Asian
aerosol outflows are most dominant at a region between 25°N and 45°N. The aerosol direct radiative forcings at
tropopause (ARF) under the clear and all sky conditions were evaluated. It was shown that sulfate has significantly
negative forcing, especially under the clear sky, and clear-sky total ARF always indicates negative values due to its
negative forcing. We also found that Asian dust is remarkable aerosol under the overcast condition because it has
so large positive forcing as to offset negative impacts of other aerosols due to the absorption of the radiation
enhanced by the cloud layer. Finally, springtime Asian-scale averaged ARFs under the clear and all sky conditions
were evaluated. The clear-sky ARF were -1.45Wm™ for sulfate, -0.99Wm™ for OC, -0.39Wm™ for dust, -0.24Wm™
for sca salt and +0.19Wm? for BC, respectively. For the all-sky ARF, it were evaluated as to be -0.74Wm for
sulfate, -0.51Wm™ for OC, -0.16Wm™ for dust, -0.13Wm? for sea salt and +0.26Wm™ for BC, respectively. These
individual negative impacts are very large and a positive forcing of BC is small relatively to the annual global mean
ARF reported by past study, respectively. Therefore, we conclude that the Asian acrosol outflow causes a regional
cooling effect, and its magnitude is very large compared with their annual global effect.
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Fig. 1 Simulation domain. Crosses indicate observation sites in
Fig. 2, and three gray colored regions are used in Figs. 4
and 5.
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Fig. 2 Time variation of observed and simulated AOT (Acrosol Optical Thickness) and Angstréme exponent at 2) Beijing, b) Anmyon, ¢)
Gosan, d) Shirashama and €) Okinawa. Circles and triangles indicate observed Angstrome exponent and AOT, respectively. Black
lines indicate simulated Angstrdme exponent and AOT, respectively.
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Table 1 Observed and simulated averaged AOT and Angstréme
exponent during springtime 2001

Observation Model
Sitdlitem~ AOT _ Angstome 7. Angstrome
exponent exponent

Beijing 0.79 0.82 045 0.53
Anmyon 0.48 0.96 0.37 0.83
Gosan 0.50 1.00 0.35 0.94
Shirahama  0.32 1.00 0.31 0.93
Okinawa - - 0.33 1.12
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Fig. 3 Averaged AOT field for a) dust, b) sulfate, c¢) carbonaceous, d) sea salt and e) total and f) simulated Angstrome exponent field.
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Fig. 4 Time variations of modeled daily averaged direct aerosol
radiative forcing (ARF) at tropopause under the clear sky
condition over the a) Northern side of Japan (northern gray
region in Fig. 1), b) Japan Sea (central gray region in Fig.
1) and ¢) Southern side of Japan (southern gray region in
Fig. 1). In figure, all ARF values are spatially averaged
over the gray color regions in Fig. 1.
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Fig. 5 Same as Fig. 4 but for the all sky
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Fig. 6 Springtime averaged aerosol direct radiative forcings at tropopause under the clear sky condition for a) dust, b) sulfate, c) black
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Fig. 7 Same as Fig. 6 but for the all sky
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Table 2: Springtime Asian averaged aerosol radiative forcing (Wm?)

Clear sky All sky
Adrosol types Land  Ocean Asia Land Ocean  Asia
Dust -0.37 -0.40 -0.39 -0.12 -0.21  -0.16
Sulfate -1.05 -1.85 -1.45 -0.52 -0.96 -0.74
Anthropogenic  -0.98 -1.45 -1.21 -0.49 -0.77  -0.63
Volcanic  -0.08 -0.42 -0.25 -0.03 -0.19  -0.11
Black Carbon +0.34  +0.04 +0.19 +036 +0.17 +0.26
Anthropogenic +0.20 +0.02  +0.11 +0.21  +0.09 +0.15
Biomass +0.14  +0.02  +0.08 +0.16  +0.07 +0.11
Organic Carbon -0.86 -1.13 -0.99 -0.44 -0.58  -0.51
Anthropogenic  -0.34 -0.42 -0.38 -0.16 -0.20  -0.18
Biomass -0.53 -0.72 -0.63 -0.28 -0.38  -0.33
Sea salt -0.07 -0.41 -0.24 -0.04 -0.23  -0.13
Total -1.85 -3.58 -2.71 -0.68 -1.69  -1.18
OF T FRANOEE-EFLHE ARF I3t LTIV ESHO Table 3: Comparisons of the springtime Asian-scale mean
15) 4 aerosol radiative forcing (ARF) (Wm™) simulated by
FrFfB2001) PO REFERL TN D, RAMS/CFORS with the annual global mean ARF
BERKEDEA (Fig. 6). £FLLT Bx D=7/ v (Wm™) simulated by other Global model
N Ats ) o 3] 5 N — Springtime Asian Annual global mean
5D ARF L, 210 AOT LI &I BlE 7= 57 2T 1 e ARE (Global
LT, $ie, MEET 7 oy L (B, iR, v ATOSLUPS A MS/CFORS) model)
BHRF) 3. 2 ERTADELZRL, —F., BARRIT Clearsky Allsky Clear sky All sky
S CIED ARF 2RL TV, FAMCBILCE, bl DUt 039 017 -0.07 0.00
e - N Sulfate -1.45  -0.74 072 -04
BT N_EOEWESE T, ED ARF 2RO, FiLL Black Carbon +0.19  +0.26 +0.21 +0.36
< N z = R Organic Carbon -0.99 -0.51 -045 -0.24
ATRHAEDERRLNTVWD, R RERAEDMEIL FR Sea salt 024 013 059  -031
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