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Factorization  

R: “clean-sky” shortwave cloud forcing 
ΔR: aerosol indirect forcing, aka ERFaci  
:  cloud optical depth         Nd: cloud droplet number 
CCN: CCN at 1 km (0.1% supersaturation)        
L: liquid water path         re: droplet effective radius  



Factorization  

dR: AIE 
R: shortwave cloud forcing 
tau:  cloud optical depth 
Nd: cloud droplet number 
CCN: CCN concentration 



Factorization: dlntau/dlnNd  

tau:  cloud optical depth 
Nd: cloud droplet number 
CCN: CCN concentration 
LWP: liquid water path 



Constraints from present day variability 
might not apply to pre-industrial to present 
day changes 

5  

Penner et al., PNAS 
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dlnNd/CCN (PD) vs. dlnNd/dlnCCN (PD&PI) 



dlntau/Nd (PD) vs. dlntau/dlnNd (PD&PI) 



dlnLWP/Nd (PD) vs. dlnLWP/dlnNd (PD&PI) 



Spop vs. dlnLWP/dlnCCN  

Spop=-dlnPOP/dlnAI 

Over ocean  
(Wang et al., 2012, GRL)  



Satellite vs Surface-Based Remote Sensing 

Azores only 

Global Global 

Mann et al., JGR (2014)  



Conclusions 

Diversity in estimated effective radiative forcing through 
aerosol effects on clouds is driven by diversity in several 
factors 

Sensitivity of droplet number to CCN 
Sensitivity of liquid water path to droplet number 

Constraints on anthropogenic aerosol effects are needed 
Constraining susceptibilities using data from present day 
conditions might not be sufficient to constrain 
anthropogenic aerosol effects 
New present day metrics are needed to constrain 
anthropogenic aerosol effects 
Regional analysis is needed 



THANKS! 
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