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Background to Study
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Fires in these regions account for nearly half
of global carbon emissions with ~30% from
* Brown (BrC) & black (BC) carbon (Bond et al. south Africa

2004, 2013)

« Complex mix of aerosols & gases




Background to Study
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* Inaccurate model representation of wildfires; model

IPCC ARG, 2021 . c
overestimates absorption by aerosols

» Lack of process-level understanding of emissions; atmospheric
processes occurs at scales models can't capture

Largest uncertainty in radiative

forcing
« Aging-induced evolution of wildfire aerosols remains
undocumented




The Southeast Atlantic; A Natural Laboratory

* The fire season in southern Africa coincides
with the period of maximum cloud cover
over the SEA (July — October)

« Biomass Burning Aerosols (BBA) from
continental fires are transported over the
ocean for days to weeks (Adebiyi et al., 2016)

» Unique interaction of BBA with the
stratocumulus cloud deck over the SEA can
help study the ARI and ACI

Combination of remote-sensing observations
to study the evolution of Southern Africa BBA

Redemann et al. 2021 |
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Objective and Methods

Research Goal Dataset
To document the evolution of BBA absorption, during NASA ORACLES: Sept. 2016, Aug. 2017, Oct. 2018
long-range transport across the southeast Atlantic e Ground-based AERONET and Airborne 4STAR

region from a combination of remote sensing
observations and modeling.

* WRF-AAM and WRF-CAMS5 Outputs

Analysis

* Collocate SSA and AE retrievals from AERONET and
4STAR with aerosol age estimates from WRF-AAM

* Aerosol age is estimated as the extinction-
weighted average of CO tracers in WRF-AAM
(Saide et al. 2016)

Focused analysis on free-tropospheric BBA aerosols,

isolating non-BBA contributions from the total
column measurements.

Fakoya et al. in prep
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Results — BBA in the Total Column

Total Column SSA vs Model-derived Aerosol Age
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BBA in the Free Troposphere

Evolution of FT SSA with Aerosol Age
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Temporal Evolution of BBA absorption
Mean SSA at (AE >= 1.2)

Total Column

«==Free Troposphere

* Up to 2% decrease in
mean SSA in the FT relative
to the TC

« Changes in SSA for aged
aerosols due to chemical
processing. (Sedlacek et
al., 2022; Dobracki et al.,
2023)
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This vertical dependence of atmospheric processes and their influence on SSA is poorly
captured in most models




Big Picture Perspective
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New Science Questions

® TO What eXtent does bummg materlal and https://images.news18.com/ibnlive/uploads/2019/08/
Condition affeCt ChangeS in radiative Amazon-Fire-satellite-image-released-by-NASA.jpg
properties?

« Combine model simulations with
observations over other wildfire
emission regions (WE-CAN, ASIA-AQ,
FIREX-AQ) to compare the evolution.

* How can the results of this study help to
improve future predictions of climatic
impact of smoke aerosols?

«  What factors contributing to the
evolution trend is missing in models
and how can these be incorporated Amazon Wildfires, 2019
into models

TSN o
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Questions?

™ abdulamid.fakoya@ou.edu

Contact m https://www.linkedin.com/in/abdulamid-fakoya/
me

‘ https://scholar.google.com/citations?user=LY|7bDgAAAAJ&hl=en
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Supplementary - Aerosol Age

Model-derived Aerosol Age over the Southeast Atlantic
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* Youngest aerosols, < 1 - 6 days
------------------------------------------------------------------------------ in the source region (Mongu and
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* Oldest, 8 - 12 days at

Aerosol age (in days)
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Smoke from the continental
fires follows a relatively steady
trajectory up to Ascension
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Supplementary - Age, SSA, AE in the Total Column

Statistics of TC Aerosol age, SSA, and AE from all observation
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Supplementary - Age, SSA, AE in the Free Troposphere

Statistics of FT Aerosol age, SSA, and AE from all observation
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Ascension Island

Southeast Atlantic Ocean

Supplementary - Partitioning

% + Satellite Observations
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Ground-based
AERONET
measurements
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Supplementary - FT Partitioning

Fraction of FT AOD over the Southeast Atlantic Comparison of TC AOD and FT AOD over the SEA
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Isolating BL contribution using WRF-CAM BLH over the ocean showed that over

50% of aerosol loading is in the FT with significant variability
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Supplementary - Trajectory Analyses

NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Forward trajectcggsss;/?mng ?t Qs?g ‘}JTC 27 Aug 17 Backward trajectories ending at 0000 UTC 01 Sep 17 NOAA HYSPLIT MODEL
eteorological Data GDAS Meteorological Data Backward trajectories ending at 0000 UTC 18 Oct 18
- < GDAS Meteorological Data
w e i '
) R g =
5 y o
® Y . = »
g RSN g g
%) ) -~ §
s [0 2
u) \‘ F_ Q
nls [ =3
s 3 x.‘-_.‘ A | 8 M~ %
& = - E
* @ ®
(] =
o : wk * *
3 " 8 8
2 5 5
o [e]
) o
-
2 y
— ]
4 G <
po] < ®
= ¥ 2
S [ AT SO g O T R T, NP S, [, S| PRSP EUR SR P SO | 2 % _______________________ S = — — —. 1000
12 00 12 00 12 00 12 00 12 00 12 00 12 00 12 00 12 00 12 00 % —— ’5_
08/28 08/29 08/30 08/31 09/01 09/02 09/03 09/04 09/05 09/06 . I : : . . : I I : 1'2 0‘0 12 00 12 00 12 00 12 00 1'2 00
12 00 12 00 12 00 12 00 12 00 12 00 12 00 12 00 12 00 12 00 1047 1016 A0/15  10/14 1013 10/12
08/31 08/30 08/29 08/28 08/27 08/26 08/25 08/24 08/23 08/22

10-day forward and backward trajectories shows airmass over 7-day back trajectory to

the SEA originates from burning sources in southern Africa intercept with NASA P3 aircraft
during ORACLES 2018

I . S5



Supplementary - Model-Observation Comparison

Comparison between AERONET SSA and WRF-CAMb5 SSA (500 nm) Comparison between 4STAR SSA and WRF-CAMb5 SSA (500 nm)
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Supplementary - Sensitivity Test

Mean SSA at (AE >= 1.2) Mean SSA at (AE >= 1.2)
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Minimal sensitivity of FT SSA evolution to age binning. Overall, FT SSA decreases after 8
days meaning BBA become more absorbing after 10-12 days since emission.
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Supplementary - Sensitivity Test

Mean SSA at (AE >= 1.2)

0.90
.88
£ (.86-
N
o)
0
5 0.84
ik =@— Total Column
. =@~ Free Troposphere (BL SSA = 1)
' == Free Troposphere (BL SSA = 0.95)
Free Troposphere (BL SSA = 0.9)
0.80

0-2 2-4 4-6 6-8 8-10 10-12
Aerosol age (in days)

FT SSA evolution is sensitive to BL SSA values. BL SSA values that shows more absorption in
the BL causes FT SSA overestimation.
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