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Dust absorption – Iron Oxide Mineral content



Di Biagio et al. (2019)  ACP  - Lab measurements of spectral SSA



Comparisons of SSA from AERONET Retrievals to Laboratory Soil Sample Measurements

Climatological AERONET data of spectral SSA 
from > 20 year interval at Dakar, Senegal 
utilizing 3890 Level 2 retrievals

AOD(440) > 0.4 = L2 criteria for uncertainty in 
SSA of <=0.03

Angstrom Exponent < 0.4 = Dust dominated cases

2% minimum and maximum SSA populations 
from AERONET represent the 2 standard 
deviation tails 

Note the tight agreement between the AERONET 
climatological average SSA and the Sahara 
average from Di Biagio (2019)



Note: Ragged Point, Barbados only has 92 total L2 Almucantars with AOD(440)>0.4 and AE<0.4 due to 
combination of plume spreading and dilution plus wet + dry deposition after crossing the Atlantic Ocean

Only ~1 standard deviation tails shown since 2 sigma would be too few observations

Ave. SSA and minimum 
SSA at Ragged Point, 
Barbados are significantly 
higher as compared to 
Cape Verde.

Possible factors:
 (1) Maybe dust sources 
for largest trans-Atlantic 
transport events have 
higher SSA

(2) possible size 
distribution changes in 
trans-Atlantic transport 

(3) Small sample size at 
Barbados (92) may not be 
truly representative versus 
robust sample at Cape 
Verde (2076).

Western Atlantic Eastern Atlantic – Trans-oceanic transport



Note: Birdsville, Australia only has 27 total L2 Almucantars with AOD(440)>0.4 and AE<0.4
Note that for Birdsville the lowest SSA retrievals agree closely with the Di Biagio measurements

Saudi Arabia Australia



Birdsville, Australia



While the SSA of Di Biagio (2019) are computed from directly from scattering and absorption coefficient measurements, 
the imaginary refractive index is computed by them from Mie code using the measured size distributions and optical data. 
Therefore the dust is (erroneously) assumed to be spherical and this introduces some uncertainty in calculated refractive 
indices. 





Spectral Imaginary Refractive index shows significant spread at 440 nm while more uniformly low at longer wavelengths.

Spectral Real Refractive index is similar for all Saharan/Sahelian dust sites but consistently higher for all other desert site regions

Di Biagio et al. (2019)
Real Part RI
Sahara & Sahel range 
1.49-1.52 
Middle East & East Africa
1.50-1.55
Australia
1.54
Asia (Gobi & Taklamakan)
1.48 & 1.54



Temporal Variability of SSA at Ilorin, Nigeria - 4 Ch. & 6 Ch. Retrievals

A 3rd order Polynomial fit is excellent for all wavelengths in the range of 380 to 1020 nm. The 6-channel retrieval is 
nearly identical to the 4-channel retrieval except for extending to 380 nm. This suggests that for dust SSA the 4 channel 
retrievals of old Cimels that lack the 380 nm sky radiances the SSA can be reliably extrapolated to 380 nm.



Oct. 30, 2017 trajectory in blue 
passes directly over the Bodele 
Depression which is a source of 
very weakly absorbing diatomite 
sediments.
Mar 25, 2018 trajectory in blue 
passes over a different region of 
the Sahara, not even close to the 
Bodele Depression.

The higher SSA in the Oct 30, 
2017 retrievals is consistent with 
the characteristics of the mineral 
source in the Bodele Depression

Back trajectories to the Ilorin, Nigeria site







Middle Mode
0.33 – 0.76 μm

The ‘middle mode’ sized particles 
(volume radius 0.33 - 0.76 μm) are 
present in site averages of AERONET 
retrievals for all sites in the Sahara and 
Sahel, when AOD(440)>0.4 and 
AE(440-870)<0.4. 
This persistent mode results in a large 
fine mode fraction of aerosol optical 
depth (~40% at 440 nm; if fine mode is 
defined as radius<0.76 μm) for the 
majority of dust events from the 
world’s largest sources of airborne soil 
dust.

Additionally, this middle mode of 
diameters 0.66 to 1.52 μm is well within 
the PM2.5 size range of diameter <2.5 
micron, therefore readily inhalable and 
a significant human health risk.

Sahara/Sahel Size distributions



Middle mode sized dust particles were 
observed from in situ aircraft sampling 
during the GERBILS campaign in the 
western Sahara and Sahel in June 2007. 
These were campaign averaged size 
distributions from flights that transited 
thousands of kilometers over this dust 
source region.
These in situ campaign averaged size 
distributions agreed well with AERONET 
retrievals made at two sites within the 
aircraft sampled spatial domain. The 
AERONET size distributions are 12-day 
averages over the same time interval as 
the aircraft flights in late June 2007.

Comparison of in situ aircraft measured to 
AERONET retrievals of Dust Size Distributions



Tanré et al. (2001)

Gianelli et al. (2013)



Sahara/Sahel - Middle Mode Dust: Consistent presence throughout the year



Dust case with AE(440-870)=0.193  However the Fine mode Fraction of AOD =0.47 at 440 nm



Dust case with AE(440-870)=0.193  However the Fine mode Fraction of AOD =0.47 at 440 nm



Banizoumbou, Niger   Mar 13, 2022    
AOD(440)=3.49  AE=0.195

V3 L2 Almucantar retrieval with 97% 
Spheroidal particle shape versus 
retrieval made with 100% Spherical 
particle shape

Relatively similar retrievals for the two 
different particle shape assumptions; 
especially for SSA
Very High AOD results in multiple 
scattering which likely reduces the 
effect of particle shape for this case.



Both cases have very low AE yet the Dakar case has a much broader coarse mode with a shoulder of 
significant  ‘middle mode’ sized particles

The AOD spectra is linear in log space (Angstrom fit) for the Birdsville 
case (minimal middle mode), with all wavelengths including 1640 nm 
fit to less than 0.01 in AOD. Note that this is unusual for dust cases 
since the vast majority have significant middle mode sized particles.





Summary and Conclusions

� Single Scattering Albedo – Close agreement between Di Biagio lab measurements of soil samples for  
Saharan and Sahelian sites plus a Middle Eastern site (Saudi Arabian peninsula). The 2 standard 
deviation tails of Sahel/Saharan site data (both highest and lowest 2% of values) also agree well (within 
~0.01-0.02) to the least absorbing soil samples (Bodele Depression) and most absorbing Sahel samples 
(Mali and Niger).

� Single scattering Albedo – seasonal cycle at some Sahelian/Saharan sites (Ilorin & Dakar) with a 
minimum to maximum range in SSA of ~0.04 at 440 nm. Possibly due to seasonal shift in advection 
from various dust source regions with varying iron oxide contents.

� Size Distribution – Sahelian/Saharan sites all show persistent middle mode (radius ~0.33 to 0.76 
micron) for all seasons. The middle mode also exists for the single sites in Australia, Saudi Arabia, and 
Mongolia but is not as pronounced as in the Sahara/Sahel region.

� Spectral AOD – The middle mode sized particles are consistent with the relatively large decrease in 
AOD at 1640 nm measured for most dust site data with low AE values


