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Fig. 1. (color online) The (a) real and (b) imaginary parts
of refractive indices of black carbon and ammonium sul-
fate aerosols in the visible and infrared range from 0.4 ym

to 30 um.
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Fig. 2. (color online) Measurements and simulations of

mass extinction cross sections of freshly emitted black
carbon aerosols. Squares with solid line are measured
results reported in Ref. [19], and spheres with dotted

line are simulated results calculated by the superposi-

tion T-matrix method [42].
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Fig. 3. (color online) Variations of infrared absorption amplification factor of black carbon (BC) by

coating sulfate with various thicknesses (Rs,1 = 0.15 ym to Rs,) = 1.05 pm) at different wavelengths

(0.55, 5.5, 7.5, and 9.5 pum).
Dy = 3.0 for coated BC.

Ns = 100, a = 0.025 pm, and ko = 1.2 for BC. D¢ = 1.8 for bare BC,
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Abstract

Black carbon aerosols affect the shortwave and longwave radiation in climate in a strong yet uncertain way. In aging
process, black carbon particles coated by co-emitted aerosols tend to reduce the shortwave radiative forcing of freshly
emitted black carbon at the top of atmosphere (TOA), however, this effect is still unclear in the longwave range. Here
in this work, we investigate the effect of black carbon aging on longwave radiative forcing. The freshly emitted black
carbon aerosols are simulated to be fractal aggregates consisting of hundreds of small spherical primary particles, and
these aggregated black carbon aerosols tend to be fully coated by the large sulfate particles after aging. The optical
properties of these freshly emitted and internally mixed black carbon aerosols are simulated using the numerically exact
superposition T-matrix method, and their longwave radiative forcings are calculated by the radiative transfer equation
solver. The results indicate that the black carbon longwave radiative forcing at TOA is remarkably amplified (up to 3)
by coating the large sulfate particles, while the black carbon shortwave radiative forcings decrease during their aging.
Moreover, the thicker sulfate coatings tend to increase the longwave radiative forcings of black carbon aerosols at TOA.
These findings should improve our understanding of the effect of black carbon aging on their longwave radiative forcings

and provide guidance for assessing the climate change.
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PACS: 92.20.Bk, 92.70.Kb, 95.85.Hp, 52.25.Tx DOI: 10.7498 /aps.66.169201

* Project supported by the National Natural Science Foundation of China (Grant Nos. 41401386, 41371015, 41001207), the
Major Special Project-the China High-Resolution Earth Observation System (Grant No. 30-Y20A21-9003-15/17) and Open
Fund Project of State Key Laboratory of Remote Sensing Science, China (Grant No. OFSLRSS201619).

1 Corresponding author. E-mail: chength@radi.ac.cn

169201-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.169201

	1引    言
	2黑碳气溶胶微物理模型
	2.1 黑碳的微观形态
	2.2 黑碳老化机理模型
	2.3 长波范围内气溶胶的复折射指数
	Fig 1


	3黑碳气溶胶的光学辐射特性模拟
	3.1 黑碳气溶胶的光学特性模拟
	Fig 2

	3.2 黑碳气溶胶辐射强迫计算

	4硫酸盐大小对黑碳红外吸收截面放大效应的影响
	Fig 3

	5黑碳形态对黑碳红外吸收截面放大效应的影响
	Fig 4
	Fig 5


	6黑碳混合生长对其长波辐射强迫的影响
	Fig 6
	Fig 7


	7结    论
	References
	Abstract

