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Climate Effects of Black Carbon aerosol from Mainland China

and India in East Asia in Winter
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Abstract Black carbon (BC) aerosols have significant impacts on regional and global climate
change. To figure out the direct effect of aerosols in Asian regions, the latest generation of regional
climate and chemistry model RegCM4 is used to investigate the direct impact of BC emissions from
India and mainland China on East Asian climate in winter. The results show that the total BC column

burden, and top of atmospheric and surface effective radiative forcing in East Asia are 1.78 mg/m?,
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+1.98 W/m? and -2.17 W/m?, respectively. The mechanisms of Chinese Mainland and Indian BC
effects on regional climate changes are different from each other. The Indian BC will affect the East
Asian winter climate by adjusting the dynamic process of the atmosphere, which will cause a cooling
effect at lower layers with increasing scattering aerosol loadings. In contrast, the BC from mainland
China can also directly affect the East Asian climate. Its absorption to solar radiation can cause a
warming effect at 850 hPa in most areas of East Aisa. Additionally, BC from mainland China may
play a much more important role in East Asian winter climate changes than Indian BC because of
its larger loadings in this region. In general, the Chinese mainland and Indian BCs will cause a
decrease in cloud cover and an increase in air temperature near 850 hPa, as well as induce decreases
in sunshine duration, air temperature, sensible heat flux, and evaporation at the surface. As a result,
the boundary layer height is decreased, and scattering aerosol loadings are increased. The results
further suggest that the direct response of the East Asian winter climate to different BC emissions
is nonlinear.
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Fig. 1 Spatial distributions of winter mean black carbon aerosol emissions (units: mg/(m? * day))
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Table 1 The numerical experiment setup
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Fig. 2 Winter mean of Black carbon column burden (units: mg/m?) distribution from (a) black

carbon emissions from China, (b) black carbon emissions from India, and (c) black carbon emissions



from China and India, as well as the wind fields(black arrow;units:m/s) near 780 hPa from control

experiments.
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Fig. 3 Changes in winter mean shortwave radiation heating rate (SWHR; units: K/day) near 850hPa
(a)black carbon from China, (b) black carbon from India and (c) black carbon from China and

India.The black dots indicate the 90% confidence levels from the Student’s t test.
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Fig. 4 The Effective Radiative Forcing (units: W/m?) of winter mean at the top of the

atmosphere(TOA) (a-c) and at the surface(SRF) (d-f) caused by black carbon aerosols, (a,d) black



carbon from China, (b, e) black carbon from India, and (c, f) black carbon from China and India.

The black dots indicate the 90% confidence levels from the Student’s t test.
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Table 2 Regional winter mean changes of the black carbon column burden(units: mg/m?), near-
surface shortwave heating rates(SSWHR) (units: K/day), Effective Radiative Forcing (units: W/m?)
at the top of the atmosphere(TOA) and at the surface(SRF) in northern China (108 °-120 ° E, 30 °-
45 ° N), southeastern China (110 °-120 ° E, 20 °- 30 ° N), southwestern China(100 °-110 ° E, 25 °-
35 ° N), East Asia (100 °-130 ° E, 20° - 50°N) . Each column of data is the mean change of the
corresponding physical quantity in the corresponding region caused by black carbon from China,

black carbon from India, black carbon from China and India respectively, separated by "/".

e X HeFg I X 74 R HhL X IR X

WEHARERAEES R 2.93/0.18/3.15  2.02/0.15/2.24  3.29/0.32/3.70  1.60/0.15/1.78
(mg/m?)

850hPa PIUTEEYE N 0.06/0.04(X 10" 0.08/0.17(X 10" 0.15/0.56(X 10~ 0.05/0.15(X
R (K/day) 2/0.06 2)/0.09 2/0.17 102)/0.06

KRATIEBEES8E 1.83/0.69/2.61  2.52/0.43/2.68  2.86/0.92/4.19  1.47/0.40/1.98

(W/m?)
WA AR i -3.08/-0.10/- 2.61/-0.21/- -2.93/-0.31/- -1.88/-0.23/-
(W/m?) 3.34 3.27 3.26 2.17
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Fig. 5 Changes of winter mean cloud fraction (units: %) near 850 hPa, (a) black carbon from China,
(b) black carbon from India, (c) black carbon from China and India.The black dots indicate the 90%

confidence levels from the Student’s t test.
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Fig. 6 Changes of winter mean specific humidity (units: g/kg) and wind field (black arrow; units:
m/s) near 850 hPa, (a) black carbon from China, (b) black carbon from India, (c¢) black carbon from

China and India.The black dots indicate the 90% confidence levels from the Student’s t test.
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Fig. 7 Changes of winter mean temperature (units: K) near 850 hPa, (a) Black carbon from China,
(b) Black carbon from India, and (c¢) Black carbon from China and India. The black dots indicate

the 90% confidence levels from the Student’s t test.
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Fig. 8 Changes of winter mean sunshine duration (units: h/day), (a) Black carbon from China, (b)
Black carbon from India, (c) Black carbon from China and India.The black dots indicate the 90%

confidence levels from the Student’s t test.
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0.04 K. EFERNAE, REMZASEBRMNSESIMIFA—H (K2, 7, 9, HEZHAR
KEVZESR, — R AR T XI5 S B i B2 (4 &2 4 1 % JE 26 P (Zhuang et al., 2019).
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Fig. 9 Changes of winter mean surface temperature (units: K), (a) Black carbon from China, (b)
Black carbon from India, and (c) Black carbon from China and India. The black dots indicate the

90% confidence levels from the Student’s t test.
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Fig. 10 Changes of winter mean sensible heat flux(units: W/m?), (a) Black carbon from China, (b)
Black carbon from India, and (c) Black carbon from China and India. The black dots indicate the

90% confidence levels from the Student’s t test.
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Fig. 11 Changes of winter mean surface evaporation (units: mm/day), (a) Black carbon from China,
(b) Black carbon from India, and (c¢) Black carbon from China and India. The black dots indicate

the 90% confidence levels from the Student’s t test.
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Fig. 12 Changes of winter mean boundary layer height (units: m), (a) Black carbon from China, (b)
Black carbon from India, and (c) Black carbon from China and India. The black dots indicate the

90% confidence levels from the Student’s t test.
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Fig. 13 Changes of winter mean primary organic carbon (POC) column burden (units: mg/m?), (a)
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Black carbon from China, (b) Black carbon from India, and (c) Black carbon from China and India
The black dots indicate the 90% confidence levels from the Student’s t test
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Fig. 14 Changes of winter mean sulfate aerosol column burden (units: mg/m?), (a) Black carbon
from China, (b) Black carbon from India, and (c) Black carbon from China and India. The black

dots indicate the 90% confidence levels from the Student’s t test.
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Table 3 Regional winter mean changes of the cloud fraction near 850 hPa (units:%),
temperature(units: K) near 850 hPa, sunshine duration (units: h/day), surface temperature (units: K),
sensible heat flux(units: W/m?), surface evaporation (mm/day), boundary layer height (units: m),
primary organic carbon (POC) column burden (units: mg/m?), sulfate aerosol column burden (units:
mg/m?) in northern China (108 °-120 ° E, 30 °-45 ° N), southeastern China (110 °-120 ° E, 20 °-
30 ° N), southwestern China(100 °-110 ° E, 25 °-35 ° N), East Asia (100 °-130 ° E, 20° - 50°N).
Each column of data is the mean change of the corresponding physical quantity in the corresponding
region caused by black carbon from China, black carbon from India, black carbon from China and

India respectively, separated by "/".
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al., 2007; Zhang et al., 2009; Wang et al., 2010; Jiang et al., 2017), A 1HI0F 7 KB L & 24
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