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Motivation: The AAE approach for speciating absorbers

Separate absorption AOD into carbon and dust components:

Dust
Carbonaceous (0.84 to 1.16, depending upon region)
Black Carbon
Brown Carbon

where:

AAOD = ⇠(�) = ⇠d(1)�
�AAEd + ⇠BC(1)�

�AAEBC + ⇠BrC(1)�
�AAEBrC

PNAS (2012)
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Motivation: The AAE approach for speciating absorbers

Separate absorption AOD into carbon and dust components:

Dust
Carbonaceous (0.84 to 1.16, depending upon region)
Black Carbon
Brown Carbon

where:

AAOD = ⇠(�) = ⇠d(1)�
�AAEd + ⇠BC(1)�

�AAEBC + ⇠BrC(1)�
�AAEBrC

Problems with the AAE approach:
1. Assumes that all absorbers are externally mixed.
2. Uses AAE for BC is much lower than our traditional value of AAEBC = 1.
3. It does not account for the variability in the AAE of dust (0 to 3.5). 

PNAS (2012)

2

AAE
dust

= 2.4

AAE
carbon

' 1

AAE
BC

= 0.5

AAE
BrC

= 4.8



1. All aerosols are always internally mixed in the AERONET 
retrieval. 

2. AAE = 0.5 can not represent BC in the AERONET database, 
unless                     for BC. 

3. The AAE of dust can be anything (~0 to 3.5).

Main Points

dk/d� > 0
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If the atmosphere looks like this...

AERONET World
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If the atmosphere looks like this... AERONET uses an internal mixture 
like this to COMPUTE AAOD and AAE 
from size and refractive index:

AERONET World
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If the atmosphere looks like this... AERONET uses an internal mixture 
like this to COMPUTE AAOD and AAE 
from size and refractive index:

Repurcussions:

• All BC is internally mixed. Always!

• BC absorption contained in a small percentage of particles is redistributed to all 
particles in both fine and coarse modes. 

• We can’t use complicated morphologies to explain AERONET AAE (i.e, fractals, or 
even core-shell).

• Single scatter albedo ≤ 1. Always! 

AERONET World
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Refractive index

Radiative transfer model

Iterate refractive index  
and/or 

size distribution

Size Distribution

AERONET Retrieval Schematic

Aerosol Optical Depth, 
Single Scatter Albedo, 

Phase Fcn

NoModeled aerosol optical depth and 
radiances 

match measurements?   

•AAOD and AAE are computed from size and 
refractive index, and therefore can not be 
more robust than the retrieved refractive 
index. 
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1. All aerosols are always internally mixed in the AERONET 
retrieval. 

2. AAE = 0.5 can not represent BC in the AERONET database, 
unless                     for BC. 
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(spectral variability)
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1. All aerosols are always internally mixed in the AERONET 
retrieval. 

2. AAE = 0.5 can not represent BC in the AERONET database, 
unless                     for BC. 

3. The AAE of dust can be anything (~0 to 3.5).
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Conclusions

• AERONET AAE and AAOD are computed from size and refractive index!
• External mixture assumption of AAE approach is inconsistent with AERONET retrievals.
• The value of AAEBC = 0.5 is inconsistent with the Bond (2013) definition of BC.
• AAE < 1 can be caused by coarse mode particles or                    but not carbon particles.
• Coming soon to ACPD!
• gregory.l.schuster@nasa.gov

dk/d� > 0,
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The AAE approach for speciating absorbers

⇠ = ⇠c + ⇠d

Separate absorption AOD into carbon and dust components:
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17



The AAE approach for speciating absorbers

⇠(1)��AAE = ⇠c(1)�
�AAEc + ⇠d(1)�

�AAEd

⇠ = ⇠c + ⇠d

AAEBC = 0.5

AAEBrC = 4.8

Separate absorption AOD into carbon and dust components:

Apply Angstrom Eq to each component:

AAEc = 0.84 to 1.16       (carbonaceous; region specific)

AAEd = 2.4 (dust)

where:

Carbonaceous component is further separated into BC and BrC:

AERONET

⇠c(1)�
�AAEc = ⇠BC(1)�

�AAEBC + ⇠BrC(1)�
�AAEBrC

17



The AAE approach for speciating absorbers

⇠(1)��AAE = ⇠c(1)�
�AAEc + ⇠d(1)�

�AAEd

⇠ = ⇠c + ⇠d

AAEBC = 0.5

AAEBrC = 4.8

Separate absorption AOD into carbon and dust components:

Apply Angstrom Eq to each component:

AAEc = 0.84 to 1.16       (carbonaceous; region specific)

AAEd = 2.4 (dust)

where:

Carbonaceous component is further separated into BC and BrC:

AERONET

Assumes that BC and BrC are 
externally mixed

⇠c(1)�
�AAEc = ⇠BC(1)�

�AAEBC + ⇠BrC(1)�
�AAEBrC

17



The AAE approach for speciating absorbers

⇠(1)��AAE = ⇠c(1)�
�AAEc + ⇠d(1)�

�AAEd

⇠ = ⇠c + ⇠d

AAEBC = 0.5

AAEBrC = 4.8

Separate absorption AOD into carbon and dust components:

Apply Angstrom Eq to each component:

AAEc = 0.84 to 1.16       (carbonaceous; region specific)

AAEd = 2.4 (dust)

where:

Carbonaceous component is further separated into BC and BrC:

AERONET

Assumes that BC and BrC are 
externally mixed

Much lower than traditional value of AAE = 1

⇠c(1)�
�AAEc = ⇠BC(1)�

�AAEBC + ⇠BrC(1)�
�AAEBrC

17



The AAE approach for speciating absorbers

⇠(1)��AAE = ⇠c(1)�
�AAEc + ⇠d(1)�

�AAEd

⇠ = ⇠c + ⇠d

AAEBC = 0.5

AAEBrC = 4.8

Separate absorption AOD into carbon and dust components:

Apply Angstrom Eq to each component:

AAEc = 0.84 to 1.16       (carbonaceous; region specific)

AAEd = 2.4 (dust)

where:

Carbonaceous component is further separated into BC and BrC:

AERONET

Always! Assumes that BC and BrC are 
externally mixed

But, the AAE of dust can be 
anything ( < 0 to 3.5)

Much lower than traditional value of AAE = 1

⇠c(1)�
�AAEc = ⇠BC(1)�

�AAEBC + ⇠BrC(1)�
�AAEBrC

17



The AAE approach for speciating absorbers

⇠(1)��AAE = ⇠c(1)�
�AAEc + ⇠d(1)�

�AAEd

⇠ = ⇠c + ⇠d

AAEBC = 0.5

AAEBrC = 4.8

Separate absorption AOD into carbon and dust components:

Apply Angstrom Eq to each component:

AAEc = 0.84 to 1.16       (carbonaceous; region specific)

AAEd = 2.4 (dust)

where:

Carbonaceous component is further separated into BC and BrC:
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externally mixed

But, the AAE of dust can be 
anything ( < 0 to 3.5)

Much lower than traditional value of AAE = 1
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Clearly, AAE < 1 does not represent carbonaceous aerosol in Africa

11 % of retrievals

Symbols indicate that 
86% of the fvf are less than 0.2, 

56% of the dp are greater than 0.2, 
and 94% of the AE are less than 1.0.
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