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Comparison of AERONET retrievals to in situ Lab measurements

Comparison of spectral SSA from AERONET retrievals (AE<0.4) from various
dust sources and/or regions: Most weakly absorbing dust at 380 nm from Ilorin
with trajectory from the Bodele, also a case from Mongolia. Strongest absorption
from Australia (red soils with high iron oxides). Similar SSA at all sites for l >600 nm.

Di Biagio et al. (2019) measured spectral
absorption in a laboratory from soil samples
collected from around the world. Soil dust was
suspended in a smog chamber for
measurements of scattering and absorption
coeff. to be made. The least absorbing dust
came from samples taken in the Bodele, with
SSA at 370 nm of 0.96, while the most
absorbing sample came from Australia with
SSA at 370 nm of 0.70. From the AERONET
cases shown in the plot at left the most
absorbing is from Birdsville, Australia with
SSA at 380 nm ~0.84, while the least absorbing
is from Mongolia and Ilorin, Nigeria ~0.93. For
the weakly absorbing case in Nigeria the back
trajectory suggests some origin from over the
Bodele Depression. Therefore we see general
agreement in the dust source regions for
strongly and weakly absorbing particles,
although the extremes are much greater in the
lab data of Di Biagio et al. (2019). This may be
due in part to dust from several sources mixing
together in the transported aerosol plumes
measured by AERONET.

Ilorin, Nigeria AERONET site
Significant differences in dust
absorption on different dates of
large dust events (AOD(440)>1.4
for both).
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The higher SSA in the Oct
30, 2017 retrievals is
consistent with the
characteristics of the
mineral source in the
Bodele Depression

Backward trajectories ending at 1500 UTC 25 Mar 18
GDAS Meteorological Data
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Oct. 30, 2017 trajectory in
blue passes directly over
the Bodele Depression
which is a source of very
weakly absorbing
diatomite sediments.
Mar 25, 2028 trajectory in
blue passes over a
different region of the
Sahara, not even close to
the Bodele Depression.
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Back trajectories suggest that dust
in these events originated from
different source regions

Ilorin, Nigeria:
SSA from Feb-May is lower at
shorter wavelengths than from
October - December, possibly due to
more transport from the Bodele to
Ilorin in the fall season.
SSA increases as AOD increases,
possibly in part due to the Bodele
Depression events having both very
high AOD and very low SSA (weak
absorption in diatomaceous
sediment versus iron oxides in
mineral dust)
The data gap in January is likely
due to lack of AE<0.4 due to
biomass burning smoke mixing with
dust

Kanpur, India: Strong trend of decreasing absorption through the spring to fall seasons at all wavelengths,
greatest at shortest wavelengths (possible BC coating on dust - note that longer l SSA increases also); no trend as
a function of AOD; trend as a function of AE is only significant at longer wavelengths (r2=0.25 at 870 nm)

GSFC Sep 15, ’20: Long distance smoke transport from California



Normalized (to 500nm) AOD spectra at GSFC show extremely unusual decreases <500 nm. At
the La Jolla, UCSB and Fresno cases the AOD spectra show at flattening from 380 to 340 nm, when
this smoke was close to the fire sources.



Normalized size distributions ( to peak concentration values) comparisons to the GSFC case
on Sep 15, ‘20 shows fine mode is significantly larger in radius and also much narrower in
width



Spectral SSA at GSFC for the Sep 15, ‘20 case shows strong absorption at 380 nm relative to
500 nm suggesting significant Brown Carbon absorption, but also due to decreased scattering
optical depth <500 nm due to the large size with narrow width fine mode size distribution



AOD computed from the retrieved size distribution and refractive indices for the GSFC case
matches the measured AOD to within 0.001 at all channels.

HYSPLIT Back-Trajectory shows that the air
that arrived at GSFC at 6 km on Sep 15 was
located over the Pacific off the west coast of
California and Oregon from Sep 8 through Sep
12, 2020. MPL backscatter at GSFC showed
aerosol layer at 4-6 km altitude on Sep 15.
This smoke is aging for a few days in an
elevated layer over the Pacific Ocean, with
some input from active fires each day, until it is
advected towards the East coast (Sep 10 Aqua
image below)

Background: V4 Operational CALIOP Measurements of Smoke
above Clouds Over Southeast Atlantic Ocean Can Be Problematic
 Proximity of smoke to clouds impacts cloud drop size, cloud
coverage, etc. and consequently cloud radiative impacts
 CALIOP aerosol profiles have been used to determine proximity of
elevated smoke layers to underlying clouds
 Problem: CALIOP V4 532 nm aerosol layer detection often misses
lower boundary of thick smoke layer due to strong attenuation of
upper part of smoke layer (current V4 algorithm CALIOP 1064 nm
penetrates further but uses 532 nm layer boundaries) resulting in:
– Underestimate of above cloud AOD (ACAOD)
– Overestimate in the size of the gap between smoke and cloud

e.g. Adebiyi et al., 2015

Solution: Opaque Water Cloud (“Depolarization Ratio Method”) Provides Alternative (and Better)
Method to Derive Above Cloud AOD (ACAOD) and Aerosol Extinction Profiles
1.V4 Operational product uses
•layer detection scheme
•extinction retrieval algorithm
•inferred lidar ratio
2.Opaque water cloud (“Depolarization Ratio” – Hu et
al., 2007; Deaconu et al., 2017)) uses
• Layer-integrated attenuated backscatter and
depolarization of clouds
• Assumed cloud lidar ratio (18.9 sr)
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Averaged ACAOD (532 nm), Aerosol Angström exponent (532-1064 nm),
and Lidar Ratio computed using CALIOP ACAOD constraint (2006-2018)
 CALIOP profiles (2006-2018),
constrained by the CALIOP above
cloud AOD derived using the return
signals from the underlying clouds,
show that moving west (away)
from the African coast and from
August to October:
– Aerosol optical thickness decreases
– Aerosol Angstrom exponent decreases
(~ aerosol size increases)
– Lidar ratio decreases (~ aerosol
absorption decreases)

•

Lidar ratio monthly trend is
consistent with:
- HSRL-2 profiles of lidar ratio
- Decrease in aerosol
absorption (increase in SSA)
derived from AERONET and
OMI (Eck et al., 2013, JGR)

How large is the gap between clouds and smoke layers? (It depends…)
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Where’s the
bottom of the
smoke layer?

Q. Where’s the bottom of the smoke layer?
A. It depends on threshold used to define the bottom.
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HSRL-2 and CALIOP data show how aerosol layer bottom and
gap thickness depend on aerosol extinction threshold value
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HSRL-2 and CALIOP data show similar distributions of aerosol
extinction in the 50-100 m layer above cloud top
HSRL-2 data show
no correlation
between above
cloud AOD and
aerosol extinction
just above cloud
top

Airborne HSRL-2 Measurements and Retrievals from NASA ORACLES
Mission Show Vertical Variability in Median Aerosol Parameters
Airborne HSRL-2

Airborne HSRL-2
Aerosol Extinction
(532 nm)
ORACLES – August 2017, 2018
NASA P-3
(Sao Tome)

(Redemann et al., ACP, 2020 submitted)

CALIOP
MERRA2
MERRA2 provided by
Arlindo da Silva (GSFC)

ORACLES – September 2016
NASA ER-2
(Walvis Bay, Namibia)

Median CALIOP aerosol extinction profile
(2006-2018) shows more aerosol near
surface and aloft than MERRA-2 model

Self-raising aerosols
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Background
• Vertical distribution of aerosol important direct radiative
effects, aerosol-cloud interactions, and long-range
transport
• Model biases in elevation of absorbing aerosols
• What lifts aerosol vertically?
- Initial buoyancy of plumes from large fires / chimneys
- BL mixing
- Deep convection
- Large-scale ascent
- Numerical diffusion
- Anything else?

Black carbon aerosol is unique as it strongly
absorbs solar radiation
• Strong regional impacts on
radiative energy balance and
precipitation, but these are quite
sensitive to altitude of the BC
• Absorb of solar radiation by the BC
could help to maintain its
buoyancy…
• Does this maintain the buoyancy
of the plume or even enhance
regional-scale ascent in polluted
regions?

BC effective radiative forcing

BC induced precipitation change

Hypothesis
Radiative heating from BC aerosol elevates aerosols
higher in the atmosphere

Experiment
with
HadGEM3GA7.1

• Control simulation - No BC absorption
• Experiment
- BC absorption included
• 20 year runs with HadGEM3-GA7.1 (N96)
• Interactive aerosol radiation, cloud and atmos dynamics
• Emissions and SSTs based on 2014 CMI6 timeslice

Global distribution of BC in the
atmosphere
• The abundance of BC aerosol is
indicated here by absorption
optical depth (AAOD)
• This corresponding to the
amount of sunlight the BC can
potentially absorb in the
atmosphere.
• The radiative heating rate also
depends on solar illumination

BC radiative heating in the
atmosphere
• Plot shows the annual mean from
the control simulation
• BC contributed ~90% of the
heating
• Remainder was from mineral dust
• Strongest heating at 700mb is
from African biomass burning
plumes and BC-rich haze over
Southern & Eastern Asia

Impact of aerosol absorption on largescale vertical velocity
• Statistically significant changes in
large-scale vertical motion over broad
areas (stipples indicate 95%
confidence)
• BC heating causes ascent of around
0.2 cm/s (~ 1km in 5 days) in
absorbing aerosol layers over tropical
Atlantic and Asia
• Compensating descent in Indian ocean
and subtropical Atlantic

Change in BC mass concentration at
600mb
• BC mass at 600mb is
increased almost everywhere
• Biggest absolute and relative
increase are Tropical – SE
Atlantic
• Strong relative increases over
remote oceanic regions
• Some reductions over central
Africa, middle East, and
Antarctic.
• Relative increases at 300mb
were much more uniformly
spread (not shown)

Increases of BC and OC in the upper
troposphere & stratosphere
BC mass concentration (ug/m3)

Note the logarithmic scale
•
•

Concentrations generally increase above 800mb
Large relative increases in the stratosphere

• Absolute concentrations are lower higher up but large
relative increases in UTLS could be important for icephase microphysics and heterogeneous chemistry

Does absorption increase BC mass
loading?
BC column-integrated mass loading (mg/m2)

• Column mass up by 4%
• North-South shift from
West Africa to Tropical
Atlantic
• Strongest relative
increases over remote
oceans
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Elevation of aerosol layers due to SW
heating
• Absorption by BC helps to raise
carbonaceous aerosol (BC + OC)
out of the BL into the freetroposphere (>2km)
• Carbonaceous aerosol layers rise
by on average ~270m
• Biggest gains occur in remote
oceanic regions affected by longrange transport of elevated aerosol
layers
• Aerosol may continues to rise with
time the further it is transported

Elevation of biomass burning
aerosol over SE Atlantic
• Results are for Aug-Sept
when biomass burning
emissions peak
• BC heating elevates the
biomass burning aerosol
~1km
• This will delay or prevent
the mixing of aerosol into
the stratocumulus clouds of
the marine BL.
• Potentially important
consequences for aerosolcloud and aerosol-radiation
interactions in this region!

Cross section of BC mass over Arctic
during JJA
With absorption included:
• More BC ascends into
the FT and slides up the
polar front.
• Elevated layers are
higher over Arctic and
less makes it into the
Arctic at low levels.

Control run

Absolute
difference

Relative
difference

Surface BC concentration during JJA
• Decreases in Arctic due to more lofting
of mid-latitude sources
• Decreases over tropical-south Atlantic
due to elevation of BB layer
• More surface BC over NH subtropical
Atlantic and tropical-southern Pacific
and Indian Ocean, presumably due to
compensating descent and/or longer
range transport into those regions.

Conclusions
• Accurate representation of BC absorption / radiative heating is
important for the elevation and long-range transport of the BC
and other co-emitted aerosols
• Biases in the vertical distribution of biomass burning have often
attributed to models failing to lift smoke at its source (plume
rise), but errors in aerosol absorption properties could be just as
important.
• This is potentially important for capturing the overlap between
aerosol and cloud and subsequent aerosol-cloud interactions /
aerosol forcing

Single slide summary…

Self raising aerosols
BC radiative heating (700mb)

BC heating enhances uplift
raising aerosol concentration in
the mid troposphere and above.
Results from HadGEM3-GA7.1 experiments with
BC absorption ON/OFF. Results are annual mean
differences from 20 year runs.

ΔW at 700mb

ΔBC mass (600mb)

BC mass concentration (ug/m3)

σ
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