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Black Carbon (BC) and Brown Carbon (BrC)

[Myhre et al., 2013]
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[Wanget al., 2014] [Jo et al., 2016]

Absorption Coefficient [m1] = Mass [g m3] X Mass Absorption Cross-Section [MAC; m2 g1 ]

e MACoOf7.5 + 1.2 m? g for fresh BC [Bond and Bergstrom, 2006] is adapted to most global aerosol models.
* Some models have also used a broad range of MAC,. ranging from 2.3 to 18 m? g to account for the de-
coating or coating-enhancement of ambient BC absorption.
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Surface In-situ measurements

e Characterize the light absorption
optical properties of BC and BrC
from field measurements

e Estimates of MAC of BC (MAC;,)
and BrC (MACg,)

e Determine the contributions of
BC and BrC to total aerosol light
absorption coefficient
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Column AERONET measurements

e Constrain the AOD and AAOD of BC and BrC over East Asia
e Determine the contributions of BC and BrC to AAOD



In-Situ Aerosol Light Absorption Measurements during GoPoEx 2014
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Aerosol Light Absorption Properties during GoPoEx 2014
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Light Absorption Measurements by CLAP and COSMOS

COSMOS Absorption Coefficient (Mm-1)
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MAC;.observed in Urban Areas
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MAC; . observed in Background Sites

Coating enhancement during long-range transport ?
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Coating effect of BC absorption by BrC Less coagulation & partial evaporation of the

coating materials under dry conditions
[Leung et al., EST, 2017]
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MAC; .

In-situ measured BrC (MACE‘FCS““) at 565 nm
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All the results given in here have substantial
experimental (e.g., in-situ/ex-situ optical
absorption measurement) and analytical (e.g.,
extraction of BrC) uncertainties, in addition
to a lack of understanding of the sources,
chemical transformations, and associated
optical properties (e.g., photo-bleaching
effect; Fang et al., 2017) of BrC.
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Photochemical degradation affects the light
absorption of water-soluble brown carbon in the
South Asian outflow
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Fig. 5. Bounding the light absorption of WS-BrC in the South Asian outflow.



Contribution of BC and BrC to Light Absorption Coefficient

Contribution to Total Absorption — Project Median
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Column Aerosol Light Absorption from AERONET

e Aerosol optical depth (AOD) and absorption AOD (AAOD) at
multiple wavelengths

e AOD and AAOD are more closely related to the column abundance
of BC and BrC
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Wavelength Dependency of Absorption for BC and BrC

1) Removed the dust absorption by the wavelength dependency of
absorption for dust particles, because the dust AOD is nearly
wavelength independent, and dust AAOD increases steeply at shorter
wavelengths compared with carbonaceous aerosols (Russell et al.,,
2010; Bahadur et al., 2012; Chung et al., 2012b).

2) The AAOD, calculated as “AAOD=(1-SSA)xAOD”, was separated to the
individual contributions of BC (AAOD;.) and BrC (AAODyg, ) using their
spectral dependence on absorption, normally represented by the
absorption Angstrom exponent (AAE; the so-called “AAE approach;”
Bahadur et al., 2012; Chung et al., 2012b).

3) The AAOD for BC (AAODg.) and BrC (AAODg,.) were finally converted
into the AOD for BC (AOD;.) and BrC (AODg, ), respectively, by using
the SSA for BC and BrC suggested by Magi et al. (2009) and Chung et al.
(2012).



Contribution of BC and BrC to AAOD
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Short Summary

 Aerosol absorption coefficient from COSMOS was approximately
15-20% lower due to volatile light-absorbing (“BrC”) aerosols.

 The MAC of BC and BrC was estimated to be 6.4 m? g1 and 0.62 m?
gl from in-situ aerosol measurements during GoPoEx 2014,
respectively.

 The contribution of BC to total aerosol light absorption coefficient
at 565 nm was estimated to be 88 %, while BrC accounted for 12 %.

 The contribution of BC and BrC to AAOD at 550 nm, constrained by
AERONET observations at 14 sites by using different spectral
dependences, was estimated to be 85 % and 15 %, respectively.

* A high BC contribution to AAOD appeared in urban sites, whereas
the contribution of BrC to AAOD was higher in background sites.



Aerosol Light Absorption Properties during GoPoEx 2014
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Ac,, = 0,,(CLAP) - o, (COSMOS)

e Temporal variation of BrC absorption is well match with OC mass concentration.



Discrepancy between modeled and observed absorption enhancement

Absorption Enhancement
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Contribution of BC and BrC to AAOD as a function of Wavelength
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