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Incorporating the Aerosol Indirect Effect 
in Emissions Policy Formation

(Bauer and Menon, 2012)

Short lived climate pollutant 
(SLCP) and human health-related 
emissions control policies often 

neglect consideration of the cloud 
albedo impact of aerosol. 

Aerosol effects on clouds depend 
on meteorological and chemical 

factors at the location of 
activation, which are shaped by 
many local or distant emissions. 

Δ cloud droplet number concentration (CDNC)

Cloud albedo impact of aerosol from biofuel emissions

(Kodros et al., 2015)

Adjoints are promising 
tools for investigating 

cloud albedo impacts of 
aerosol precursor emissions 
(Saide et al., 2012; Karydis et 

al., 2012a,b; Morales 
Betancourt and Nenes, 2014; 

Sheyko et al., 2015). 



Parameterization of Droplet Activation
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Number of Droplets 
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Estimate maximum 
supersaturation,  smax

Compute CCN spectrum, 
Fs(s)

Soluble Particles 
Calculate supersaturation 

integral by Fountoukis 
and Nenes (2005)

Insoluble Particles 
Calculate 

supersaturation integral 
by Kumar et al. (2009)
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Nenes & Seinfeld 
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adjoint with updates through 
Kumar et  al. (2009)   

Treated aerosol at 960 hPa with 
prescribed size distribution 

(Karydis et al., 2012)  
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Droplet Number* in GEOS-Chem

*Aerosol at 960 hPa activated into cloud 
droplet based on chemical and 

meteorological characteristics at a given 
time and location 

Updraft:  0.3 m s-1 -land 
0.15 m s-1 - ocean  

Hourly average CDNC during last 
week of specific month in 2008 

GEOS-Chem adjoint v33
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Influence of Aerosol Number
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Emissions Influences on Global CDNC 
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Emissions Influences on Global CDNC 
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Projecting 
Influence of 
Emissions 

Changes on 
CDNC 

ΔEmisi
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≅ ΔNd

RCP 4.5-based anthropogenic 
OC emissions decreases 

between 2010 and 2050 in 
Europe would reduce global 

CDNC in boreal winter months.
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Projecting 
Influence of 
Emissions 

Changes on 
CDNC 

ΔEmisi
∂Nd

∂Emisi
≅ ΔNd

RCP 4.5-based anthropogenic 
OC emissions increases 

between 2010 and 2050 in 
west Africa and northern 
south Asia border areas 
indicative of diminished 

influence of OC emissions on 
global CDNC but are 

potentially important.
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Projecting 
Influence of 
Emissions 

Changes on 
CDNC 

ΔEmisi
∂Nd

∂Emisi
≅ ΔNd

RCP 4.5-based anthropogenic 
OC emissions changes 

anticipated over east Asia 
would have minimal impact 
on CDNC in boreal winter 

months.
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Projecting Influence of Emissions 
Changes on CDNC 
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Projecting Influence of Emissions 
Changes on CDNC 
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• Evaluated the influence of emissions on cloud 
droplet number concentration through an adjoint  

• Considered the potential impact of spatially-
heterogeneous projected emissions changes 

• Apply refined aerosol thermodynamics with 
ANISORROPIA for secondary inorganic species

Summary & Next Steps
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Emissions Influences on Global CDNC 
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August Concentrations
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Evidence of global importance of AIE historically 
How could this effect be incorporated in SLCP policy formation? 
What is the impact of emissions changes? (studies local & global) 

Investigations with adjoints have shown promise (refined 
signals) in this area but not online



FD v adjoint for 10 day runs



Influence of ICs via norms
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May Concentrations - base
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