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Brown carbon aerosol, is one of the most understudied aerosol components for

its sources and effects on climate change. Light-absorption properties of BrC aerosols were
evaluated based on filter observation followed by analyses in the laboratory and SKYNET observation.
After eliminating the contributions of black carbon, the absorption Angstrom exponent of BrC alone
obtained from filter observations had a positive Spearman correlation (coeffcient = 0.77, p < 0.1)
with that derived from sky radiometer observations but 33% higher values, indicating that the
light-absorption properties of BrC were successfully captured using the two methods. Using the
atmospheric transport model FLEXPART and fire hotspots obtained from the Visible Infrared Imaging
Radiometer Suite product, a high-BrC event was identified, which is related to an air mass
originating from regions with consistent fossil fuel combustion and sporadic open biomass burning in
central East China.



(Background)

Light-absorbing organic aerosol, also termed as brown carbon (BrC) aerosol, is one of the most
understudied aerosol components for its sources and effects on climate change. For a long time, organic
aerosols had been deemed to cause cooling on the earth’s surface. Recently model studies indicated that
BrCisaccounting for ~1/4 of warming effect by carbonaceous aerosols at the tropopause globally. However,
observation about the light absorption properties of BrC aerosols, which are fundamental for climate change
prediction, is very limited, especialy in East Asia.

The rapid growth of economy in East Asian countries such as Chinais accompanied by large emissions
of fine particulate matter (PM2s). BrC in PM25 is frequently transported to Japan and the western North
Pacific, deteriorating air quality and altering aerosol chemical composition. China is promoting shift of
energy use from fossil fuel to sustainable resources, to which BrC emissions are predicted to increase in the
coming years. BrC could also be emitted from crop residue burning in China and forest firesin Russia, the
latter is predicted to occur more frequently in 2100. However, so far it is under-examined on the temporal

variations of BrC aerosols in Japan and where are they coming from.

(Purpose)

In this study, the light-absorption properties of BrC are investigated by combining in-situ filter
measurements and sky radiometer observations on Fukue | sland, western Japan, an outflow site of theAsian
continent. We report important light-absorption properties of BrC, such as absorption Angstrom exponent
(AAE) obtained from both filter observations and sky radiometer measurements. We also report potential
sources of BrC using the atmospheric Lagrangian dispersion model FLEXPART together with fire hotspots
obtained from the Visible Infrared Imaging Radiometer Suite (V1IRS) satellite product. The purposes of the
study wereto unveil the temporal variations of light absorption properties of BrC aerosols combining filter-
and sky radiometer measurement (based on SKYNET observation network), and to identify the sources of

BrC aerosols.

(Methods)

(1) Filter-based observations

Ambient PM2s samples were collected using a continuous PM2s mass and elemental concentration
monitor (PX375, Horiba Ltd., Kyoto, Japan), which was deployed for the observation of particulate matter
and elemental composition. Filter spots were extracted using 10 ml methanol (HPL C grade, Fujifilm Wako
Corp., Japan) under ultrasonication for 30 min with brief intermittent manual shaking of the extraction vial.
To remove BC and other relatively large particles such as dust that might interfere with the light absorption
measurement of BrC, the extracts were then filtered through a syringe filter with a diameter of 13 mm and
pore size of 0.2 pm (polytetrafluoroethylene for organics, Shimadzu Ltd., Japan). The light absorption of
the extracts was then measured using a ultraviolet-visible spectrometer (U-2910, Hitachi Ltd., Japan) over
the wavelength range of 200-900 nm with aresolution of 1 nm. The obtained liquid-phase absorption (A,)
was corrected for instrumental detection bias by subtracting the mean absorption at 795-805 nm and for
the field blanks. The corresponding Abs, of BrC was calculated using A, in the ultraviolet-visible light
region (300-600 nm) as



Abs,=A,xVi/(VaxL) x In(10), 1)

where V; (m®) isthe volume (10 ml) of methanol used for extraction, Va is the volume of sampled air (1
m?® h~ by 8 hours for two spots in a daily sample), L is the optical path length (0.01 m), and the factor In
(10) is used to convert to the natural log for consistency with the atmospheric conditions (Hecobian et al.,
2010; Xieet al., 2019). A typical curve of Abs of the methanol extract in the wavelength range of 300-600
nm is shown for March 2, 2018 in Fig. 1a The figure shows that Abs had a clear wavelength dependence
with higher absorbances at shorter wavelengths. Abs at a wavelength of 365 nm (Abssss, mean value of
361-370 nm) was used as a representative light-absorption coefficient for BrC. The dependency of BrC
light absorption on the wavelength based on the filter extraction method, AAEgc iier, IS determined as the
slope of the linear fit of 10g10 (Abs;) versus 1og10 (). This study estimates AAEgc.iiter iN the wavelength
range of 340-500 nm.
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Fig. 1. Example light-absorption properties of BrC showing a dependence on wavelength, evaluated as (a)
the light-absorption coefficient of methanol extracts of filter samples collected on March 2, 2018 and (b)
the AAOD derived from sky radiometer observations made on January 20, 2018. The contributions of BrC
were derived by assuming an AAE value of 1.0 for BC.
(2) Ground remote-sensing observations

Ground-based remote-sensing observations of aerosol optical properties were conducted using a sky
radiometer, which wasintegrated with the SKYNET observation network. The aerosol optical depth (AOD),
single-scattering albedo (SSA), Angstrom exponent (AE), volume size distribution, and refractive index
were retrieved at 340, 380, 400, 500, 675, and 870 nm in 2018, using the sky radiometer analysis package
of the Center for Environmental Remote Sensing (SR-CEReS) version 1. To reduce uncertainty, the
retrieved data were first screened to keep only those data flagged as being unaffected by cloud and having
a solar zenith angle of at least 50° and then screened to keep only those data for which the SSA was less
than 0.95. The AOD and SSA data were screened to keep only those larger than their uncertainties, which

were assumed as 0.01 and 0.05, respectively. The AAOD over the whole column was then derived as

AAOD;=AOD; x (1 - SSA). )

ThisAAQD, however, incorporates contributions from all light-absorbing particles. The corresponding
AAE, denoted AAETotal-SKYNET, was then estimated as the slope of the linear fit of logl0 (AAQOD;)



versus |0ogl10 () in the wavelength range of 340-870 nm. Of the study period, the contributions of dust to
the AAOD are assumed to be negligible. Thus, the AAOD can be assumed to be the summation of the
contributions of BrC and BC:

AAOD;= AAOD; gc + AAOD; sc. 3)

A typical example of AAOD attribution is shown in Fig. 1b. Light absorption at wavelengths longer
than 700 nm is known to be mostly contributed by BC. A common value of 1.0 for the AAE of BC (AAEgc)
has been used in fractionation studies of carbonaceous aerosols. In this study, assuming a value of 1.0 for
AAEBC and a negligible contribution of BrC to AAODgzo nm, AAOD;_gc a wavelengths shorter than 870

nm can be extrapolated as

AAOD;_sc= AAODsg70mm * (M870) exp (-AAEzc). (4)

Summarizing equations (3) and (4), AAOD;_gc iSwritten as

AAOD; grc= AAOD;, - AAODsg70rm *(W/870) exp (~AAEsg). (5)

The AAE contributed solely by BrC obtained by the sky radiometer (AAEgc.skyner) isthen determined
asthe slope of the linear fit of 10910 (AAOD;._grc) versuslogl0 (1) in the wavelength range of 340-500 nm.
To further reduce uncertainty, light-absorption properties based on sky radiometer observations were
calculated as daily means for the period 9:00-15:00 LT.

(Results)
(1) Light absor ptions obtained in filter and sky radiometer measur ements
AAEgcier had a variation consistent with that of AAEgc.skwer (Fig. 2). This agreement results from
the strict screening of SKYNET retrieved data, with the potential effects of dust and other uncertainties
during measurement largely being eliminated. Interestingly, AAEgciier iS 33% higher than AAEg;c.scywer.
This difference might relate primarily to the nature of the evaluation methods. AAEgc.ier reflects the
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Fig. 2. AAEgciier and AAEgc.scyner contributed by BrC estimated for the wavelength range of 340-500
nm: (@) temporal variationsin March-July 2018 and (b) correlations. The error barsin panel (b) are
estimated by assuming that AAEBC has arange of 0.8-1.4. The dotted line shows the linear relationsin

panel (b), while rs represents Spearman correlation coefficient as the data follow non-normal distribution.



wavelength dependence of particle absorption near the ground while AAEgc.scywet incorporates that in the
whole atmospheric vertical column. If particles with less light-absorbing potential at shorter wavelengths
are dominant in higher layers of the column, AAEg.c skyner lower than AAEgciier Would be estimated.

The difference between AAEgciier and AAEgsc.syner Might also be attributed to the assumption that
AAEgc = 1.0 when estimating AAE grc.syner. AAEgc variesin the range of 0.8-1.4 depending on the source
section, particle size, and mixing state. If the plume detected by the sky radiometer contains BC with an
AAE lower than 1.0, then AAEs«yner would be underestimated.

(2) Sourcesof BrC during a high-BrC event

A high-BrC event was identified with elevations of light-absorbing propertiesin the period March 28—
30, 2018. During this event, high levels of average Abs (0.80 Mm%, >70% percentile level for March-July,
same for the following), AAODz40nm (0.12), AAEgciier (7.29), and AAEgc.skwwer (7.58) were observed,
along with a high BC concentration (0.46 pg m~). Meanwhile, the volume size distribution had a fine
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the region. These results suggest that besides

anthropogenic emissions, open biomass burning Fig. 3. Footprint of atypical high-BrC event calculated

using the FLEXPART residence time during March 20-29,
2018. VIIRS fire hotspots along with fire radiative power

on the North China Plain is an important source
of high BrC in the outflow region. As the next
step, further investigations would be placed to
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at the same location.
(3) Summary

We eval uated the light-absorption properties of BrC on Fukue Island through aerosol filter observations
and sky radiometer observations. AAEgcier and AAEg c.sxyner Of BrC had a positively linear correlation,
while AAEiiier Was 33% higher than AAEsywer. This result shows that light-absorption properties obtained
from sky radiometer observations can be converted to surface values. In the future, it is recommended to
investigate the vertical distributions of aerosol light absorption properties along with size ranges. A high-
BrC event on March 28-30, 2018 was identified, where air masses originated from the North China Plain
with discernable open biomass burning. The results of the study help to clarify the dynamics and sources
of BrCin East Asia
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