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Abstract

The shortwave aerosol direct radiative forcing (SWARF) was analyzed using the Clouds and Earth’s Radiant Energy
System (CERES) data in the East Asian region from 2001 to 2010. In the Yellow Sea and the Korean Peninsula, located in the
leeward side of China, significantly negative high SWARF at the top of atmosphere (TOA) occurs due to the long-range
transport of anthropogenic (e.g. sulphate) and natural aerosols (e.g. mineral dust) from the East Asian continent. Conversely,
eastern China has much higher levels of SWARF at the surface (SFC) due to anthropogenically emitted aerosol than in the
Yellow Sea and the Korean Peninsula. Since the radiative forcing of aerosols in the atmosphere are different in type, aerosol
types were classified into sea salt+sulphate, smoke, sulphate and dust by using satellite data. The analysis on the SWARF by
the classified aerosol types indicated that sulphate occupies a predominant portion of the atmosphere in the Yellow Sea and the
Korean Peninsula in the summer. In particular, the annual averages of the summer TOA SWAREF increased in the Yellow Sea
and the Korean Peninsula from 2001 to 2010.
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Fig. 1. The East Asian region (EA) is subdivided into eastern China (EC), the Yellow Sea and the Korean Peninsula (YK)
according to the annual PM; 5 exposure between 2008 ~2010 (Van Donkelaar et al., 2010).
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Fig. 2. Frequencies of aerosol types in East Asia (EA),

which was is subdivided into eastern China (EC),

the Yellow Sea and the Korean Peninsula (YK)

during 2005~2010 (SS; sea salt+sulphate, SM;

smoke, SU; sulphate, DU; dust, and DS; dust+
smoke).
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Table 1. Seasonal frequencies of classified aerosol types in East Asia (EA) which was subdivided into eastern China (EC),
the Yellow Sea and the Korean Peninsula (YK) during 2006 ~2010 (SS; sea salt+sulphate, SM; smoke, SU;
sulphate, DU; dust, and DS; dust+smoke)

Aerosol type, Number of pixels

spring summer fall winter
SS 120,481 SS 236,681 SS 218,288 SS 56,131
DU 60,246 DU 118,351 DU 109,159 DU 28,068
EA SM 40,188 SU 71,770 SM 59,007 SM 20,026
SU 20,069 SM 40,590 SU 50,146 SU 8,046
DS 9,393 DS 2,525 DS 6,381 DS 3,086
DU 9,267 SU 12,372 SM 7,934 DU 3,439
SM 4,094 SM 7,830 DU 6,772 SM 1,958
EC SS 3,317 SS 3,451 SS 6,720 SS 979
SU 1,524 DU 1,869 SU 5,984 SU 701
DS 1,488 DS 488 DS 1,848 DS 447
SM 7,687 SU 13,664 SM 8,646 DU 2,989
DU 5,284 SM 5,079 SU 6,716 SM 1,962
YK SU 3,266 SS 2,053 SS 4,559 SU 906
SS 2,909 DU 606 DU 2,533 SS 828
DS 1,588 DS 151 DS 151 DS 539
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Fig. 3. Distributions of mean TOA SWARF in the East
Asian region during 2001 ~2010.
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Table 2-& 2006~2010d 52t v Terra 439
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Wl 31o] 20005 S0 EokAlo} Kol A= SO,
NOy 5-9] vjEwo] A F7Fsk3laL, S=4t ohdzt
FHa QRS Tz Sofklo} xlejo] 2o B
=127} 271319 tHOhara =, 2007).

Table 2. TOA SWARF values according to the classified
aerosol types in East Asia (EA), which was
subdivided into eastern China (EC), the Yellow
Sea and the Korean Peninsula (YK) during 200
6~2010 (SS; sea salt+sulphate, SM; smoke, SU;
sulphate, DU; dust)

SS SM SuU DU
Area TOA SWARF (W™ ?)
(Number of pixels)
EA -3.13 -2.70 -2.68 -3.02
(743,845)  (199,864) (172,124) (371,961)
EC -2.74 -2.66 -2.83 -2.71
(16,424)  (25,733)  (21,984)  (21,984)
YK -1.66 -1.73 -2.13 -1.55
(12,005)  (27,297)  (26,364)  (17,391)
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Fig. 4. Variations of yearly SWARF values in East Asia
(EA), which was subdivided into eastern China
(EC), the Yellow Sea and the Korean Peninsula
(YK) during 2001 ~2010.
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Fig. 5. Variations of monthly SWARF values in East Asia
(EA), which was subdivided into eastern China
(EC), the Yellow Sea and the Korean Peninsula
(YK) during 2001 ~2010.
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Fig. 6. Variations and trends of the seasonal SWARF values ((a) spring, (b) summer, (c) fall and (d) winter) in East Asia (EA)
which was subdivided into eastern China (EC), the Yellow Sea and the Korean Peninsula (YK) during 2001 ~2010.
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