
Linking Optical Properties of Dust to Source 
Regions Over Africa and the Middle East  

African dust sources presented by Joe Prospero at DUST 2014. Model run by Paul Ginoux

Greg Schuster, NASA LaRC; Dongchul Kim, NASA GSFC, USRA;  
Zhaoyan Liu, NASA LaRC; Mian Chin, NASA GSFC; Kerstin Schepanski, TROPOS. 

Mineral n(532) Reference

Hematite 3.18 Chen and Cahan (1981)
Calcite 1.58 Ghosh (1999)
Quartz 1.55 Ghosh (1999)
Gypsum 1.52 Roush (2007)

Montomorillonite 1.52 Egan and Hilgeman (1979)
Kaolinite 1.49 Egan and Hilgeman (1979)

Illite* 1.41 Egan and Hilgeman (1979)
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• Backtrajectories can not quantify the proportion of dust originating from 
different Potential Source Areas (PSAs).
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How can we Link Measurements to Potential Source Areas?

• Alternative Approach:“Tag” source regions in a transport model (GOCART).

PSA regions from Formenti (ACP, 2011)
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Use Generalized Matrix Inverse (GMI) with AERONET retrievals to 
assign optical properties to each region

Real refr index of M AERONET retrievals with

Real refr index column vector of 
7 +1 source regions

M X 8 matrix of PSA fractions at AERONETs 
(GOCART, 2006-2016)

Have M = 1388, so overconstrained (i.e., M > 8). Solve for ~np

GOCART model runs allow us to write:

bnp = (FtF)�1Ft~na

~na = F~np

bkp = (FtF)�1Ft ~ka.

AOT (440) � 0.4, dp � 0.25, fvf < 0.05

✓ ✓



Regional Refractive Indices from GMI
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n(532)
k(532) x 105

bnp = (F tF )�1F t�!na

bkp = (F tF )�1F t�!ka

n k x 105

Chin (Ann. Geophys, 2009); GOCART, 550 nm 1.53 550

D. Kim (ACP, 2011), from AERONET, 550 nm 1.50 243

AERONET minimum 50

Compute optics  
(ext, ssa, lidar ratio, etc.) 
from                and 
modeled size distributions.

(bnp,bkp)
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Compute optics using GOCART size modes (extinction, ssa, Sa, etc.)

• GOCART’s eight lognormal size distributions (Chin, JAS 2002;  Ann. Geophys, 2009) 
• DLS 2.2 Spheroids (Dubovik, GRL 2002; JGR 2006) 
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Regional Variability Approach

dV

d ln r
Radius

Traditional model approach

(n,k) = (1.50, 0.00243)

• Regional variability approach requires separate optics computations for each source



Modeled Extinction (SAMUM 2)

(n,k) = (1.50, 0.00243)
February 2008

7 regional values for (n,k)

Difference; single minus 7 regions



Modeled Single Scatter Albedo (SAMUM 2)

(n,k) = (1.50, 0.00243) 7 regional values for (n,k)

Difference; single (n,k) minus 7 regions

February 2008



Modeled Lidar Ratio (SAMUM 2)

Note color scale change 
between two top panels 

(n,k) = (1.50, 0.00243) 7 regional values for (n,k)

Difference; single (n,k) minus regions

February 2008



Recap

• We used the GOCART aerosol transport model and AERONET with 
a Generalized Matrix Inverse to assign refractive indices to seven 
regions in Africa and Middle East. 

• Then we re-computed GOCART optics using the seven regionally 
variable refractive indices and compared optics to using a single 
“standard” dust everywhere.  

• Model output indicates that incorporating regional mineralogy (i.e., 
regional dust refractive indices) has little effect on dust AOD. 

• However, single-scatter albedo changes by up to ~0.03 and lidar 
ratio changes by up to ~15 sr. 
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Cape Verde 2007

Field Missions with Lidar Ratio Measurements
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AMMA, 2006

SAMUM-2, 2008

m = 1.52 - 0.002i

Citations:

AMMA: Omar (JGR, 2010)

SAMUM: Tesche (Tellus, 2008), Esselborn (Tellus, 2008)

SAMUM-2: Wandinger (GRL, 2010)
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Quarzazate 2007Quarzazate, Model Year 2007

m = 1.52 - 0.002i
SAMUM 2006

Cape Verde, Model Year 2007



Bermuda

Puerto Rico

HSRL Flights 
Rogers (AMT, 2014)

Dust
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Comparison to HSRL and Raman Lidars in West Atlantic

SALTRACE, 2013

HSRLHSRL
Barbados 

SALTRACE 
Gross (ACP, 2015)

Model, Barbados

m = 1.52 - 0.002i

Model, 
Bermuda

Model Year 2007

HSRL measurements (Bermuda to Cape San Juan): Rogers AMT 2014

SALTRACE (Barbados): Gross ACP 2015
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Agoufou and Banizoumbou  

Seasonal Variability at Sede Boker

Model, 2007
Empirical, 11 yrs
m = 1.52 - 0.002i



PSA mass at 60W, May 2008
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Fig.2. The variation of clay m
inerals w

ith latitude in the dusts. The distribution of clay m
inerals (as a 

percentage of the total < 2 pm
 fraction clays) is plotted against latitude; all values are averaged for 

each 5 ° of latitude. 

C
hlorite 

G
riffin et al., (1968) characterised chlorite as the high-latitude clay m

ineral because it 
is found in greatest abundance in deep-sea sedim

ents of polar regions. A
long the eastern 

m
argins of the A
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ents have a reasonably constant content 
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een c. 40°N

 and c. 50°S. This general pattern is also found in the 
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s the least variation of the four m

ajor clays - 
see 

Chester (1972)

Illite

Quantify the Origin of Aeolian 
Dust Collected over the Atlantic
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Fig. 1. Collection of  atmospheric dust made on board M.V. "Elpenor". The solid line indicates the 
ship's track (which was southwards), and the arrows the averaged wind directions; no average wind 
direction is given for exposures E4 and E5 where the winds were variable. The sample reference 
numbers and the dust-loadings are given for each collection; the start and finish of which is indicated 
by horizontal lines. 
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SAMUM 2



Modeled Absorption (SAMUM 2)
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