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Summary

• Black Carbon (BC) is an important climate forcer. Understanding its optical properties is critical to 
quantifying and reducing uncertainty in its radiative effect.

• Typically, the apparent mass absorption coefficient (MAC) of BC is between one and two times the MAC of 
bare BC (6.25 ± 1.0 m2/g at 660 nm, Bond and Bergstrom 2006).

• Mason et al. (AS&T 2018) reported anomalously high apparent MACs in fresh smoke from the Rim Fire 
during the SEAC4RS study in 2013.

• Here we observed similarly high apparent MAC for BC in smoke from several wildfire in the western United 
States sampled during the FIREX-AQ study in the summer of 2019.

• Theoretical models of the absorption coating enhancement predict MACs lower than observed MACs.

• Absorption due to soluble BrC is negligibly at 660 nm.

• Measurements of downstream of a thermodenuder suggest an additional absorber not included in the 
BC mass measurement.

• Similarly high apparent MACs are observed in some comparable datasets.

PAS Photoacoustic 660 nm PSAP filter-based 660 nm
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Intercomparison of Absorption Measurements

• Averaged over each wildfire plume transect.

• All 1 sec. data.

FIREX-AQ mission detail

Background

Apparent Mass Absorption Coefficients observed in FIREX-AQ

Models of Coating Enhancement

Black Carbon 
Microphysical data:

BC size distribution

BC coating thickness

Conclusions

Additional Datasets

Thermodenuded Absorption

1) Mie Theory
• Assumes a spherical core/shell 

morphology.
• Assumes a clear coating.
• Literature refractive index.

2) Chakrabarty and Heinson, 2018
• Parameterization of a fractal 

ensemble model.
• Assumes a clear coating.

3) Wu et al., 2017
• Parameterization of a 

fractal ensemble model.
• Assumes a clear coating.

*All axes: Absorption 660 nm (Mm-1)
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• Modeled absorption = BC Mass  MAC bareBC  Coating Enhancement

Bars show measurement Uncertainty: SP2 – 40%, PAS – 20%, PSAP – 20%

• Absorption, extinction, and particle size distribution were also measured 
downstream of a 250 °C thermodenuder.

The Shady Fire smoke plume seen from the DC-8 on 

Thursday, July 25, 2019. Credit: Bernadett Weinzierl
NASA's DC-8 on the ramp at Boise Airport on FIREX-

AQ Media Day, July 23, 2019. Credit: Kate Squires

• A NASA and NOAA mission to study fire emissions 
and smoke processes including several airborne 
and ground-based sampling platforms.

• The NASA DC8 aircraft sampled smoke plumes 
aloft, 0.5 - 5 hours downwind of wildfires.

• 13 research flights sampled several wildfire 
plumes in the western United States.

• BC mass concentration and BC microphysics were 
measured by laser Induced Incandescence (SP2).

• Aerosol absorption was measured by a NOAA 
photoacoustic instrument and a PSAP filter-based 
instrument.

• Soluble BrC absorption was measured by offline 
analysis of soluble extracts from filter samples.

Flight tracks of the DC8 research flights that sampled 

wildfires.

• Absorption measurements agree to 20%.

• Black Carbon (BC) is the globally dominant atmospheric absorber 
and is emitted by biomass burning and anthropogenic combustion 
sources.

• BC absorbs light broadly across the visible spectrum, and its 
absorption is enhanced by clear coatings.

• The apparent Mass Absorption Coefficient (MAC) is the ratio 
of the bulk absorption coefficient and the bulk BC mass 
concentration, and can be compared directly to MAC 
measured in laboratory settings; however, the sampled smoke 
is complex and is composed of organics aerosol, inorganic 
species as well as BC.

• Laboratory measurements of the MAC of uncoated, pure BC fall in a narrow range 6.25 ± 1.0 m2/g at 
660 nm. 

• Theoretical models suggest an enhancement of 2.5 times as an upper limit.

• Brown Carbon (BrC) absorbs in the strongly in the UV and blue portions of the spectrum and negligibly in 
the red portion of the spectrum.

• Here, we focus on measurements in the red portion of the spectrum, to simplify attribution of absorption 
to BC and the coating enhancement.  

• Apparent MAC for FIREX-AQ plume transects ranged from 12.5 – 25 m2/g, a factor of 2 – 4 larger than MAC 
for bare BC.

• The absorption (and MACs) measured by the photoacoustic was slightly higher than PSAP absorption 
measurement.

• The high MACs were associated with larger particle size distributions.

• All models predict less enhancement than is observed in FIREX-AQ.

• Mie theory is the model closest to the observations, but it is the least physical. Mie theory assumes a core/shell 
morphology known to be incorrect for BC which has a fractal morphology.

• Thermodenuder evaporates a large fraction of the organic aerosol, but not all.
• Mean particle diameter and extinction are dramatically reduced.

• Absorption at 660 nm is reduced only by approx. 20% and the apparent MAC remains 
anomalously high downstream of the thermodenuder.

• Thermodenuded absorption measurements suggest that an additional absorber that is low-
volatility, insoluble and is not detected by the SP2 may be responsible for the high MACs.
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• Typically, observations of the apparent MAC range from 5 -10 m2/g.

• Observations of anomalously high MACs currently are limited to airborne measurements 
of fresh wildfire plumes.

• Below are three airborne dataset that have observed MACs in a similarly high range and 
two that do not.

SEAC4RS 2013, Rim Fire, 
Mason et al. 2019 

KORUS-AQ 2016, Serpa Fire

DC3 Study 2012, High Park Fire

WECAN 2018

ARCTAS 2008

Missoula Firelab, Simulated Fires

Soluble Brown Carbon at 660 nm (Upper limit)

• Measurements of soluble brown carbon typically subtract the absorption 
measured at a long wavelength (700 nm).

• These measurements could be due to:
1) Instrument baseline drift.
2) BC leakage through the particle filter.
3) Soluble BrC that  absorber in the red.

• Sets an upper limit of the contribution of soluble BrC to apparent MAC 
at 660 nm of 1 m2/g.

Anomalously high MACs Typical MACs 
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• Anomalously high MACs have been observed in fresh smoke from several wildfires, but 
not consistently across all datasets.  

• Thermodenuded measurements suggested an additional absorber rather than an 
underestimate of the coating enhancement.

• More work is needed to:
• Replicate these measurements and re-examination of historic datasets.
• Determine the evolution downwind.
• Detailed microphysical studies to confirm an additional absorber.


