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What are the dominant radiative forcing patterns of 
the time-evolving anthropogenic emissions, 
including industrial aerosol (AER) and biomass 
burning (BMB)? 

How does atmosphere respond, and what are the 
relative roles of direct atmospheric radiative forcing 
vs. indirect SST forcing?

(Deser et al. 2020)

Industrial AER + BMB AOD



Experiment Designs

CESM1 XAER
Large Ensembles(15)

1920 - 2030

AER+BMB emissions 
1920-2030

AER+BMB emissions
1920-2030 (10)

AER+BMB emissions + SST’
1920-2030 (10)

CESM1 All forcing Large 
Ensembles (40)

1920 - 2100

Fully Coupled Model

CESM1 XBMB
Large Ensembles(15)

1920 - 2030

(Deser et al. 2020)

AER+BMB induced SST’ 
1920-2030

Atmospheric Model
(CAM5 1-deg AMIP 

ensembles)

AER+BMB induced SST’
1920-2030 (10)

1

2

3

RAD-only AMIP

SST-only AMIP

RAD+SST AMIP



Leading Forcing Patterns
AOD Regression SST Regression

NH Inter-basin + EqPac SST’

Inter-hemispheric SST’

NH mid-latitude 
AOD mode.

JJA



Leading Forcing Patterns

Low-latitude 
AOD mode.

AOD Regression SST Regression

NH Inter-basin + EqPac SST’

Inter-hemispheric SST’

NH mid-latitude 
AOD mode.

JJA

Dotted denotes insignificant.
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 What are the dominant radiative forcing patterns of the time-evolving anthropogenic emissions? 
 1. Low-latitude mode;    2. NH mid-latitude mode.                              

(same for industrial-sector and biomass burning aerosols individually).
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 How does atmosphere respond to these dominant radiative forcing patterns? And what are the 
relative roles of direct atmosphere radiative forcing vs. indirect SST forcing?

Atmospheric radiative forcing 
patterns 

Indirect SST forcing patterns 
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• Precipitation responses, particularly over oceans, are mainly dominated by indirect SST 
forcing.
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• Indirect SST forcing dominates the pattern of the full response.
• Low-latitude radiative forcing induces strong local precipitation response. 

 How does atmosphere respond to these dominant radiative forcing patterns? And what are the 
relative roles of direct atmosphere radiative forcing vs. indirect SST forcing?
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 What are the dominant radiative forcing patterns of the time-evolving 
anthropogenic emissions? 
•  Low-latitude mode  industrial AER and BMB.   
•  NH mid-latitude mode  industrial AER.              

How does atmosphere respond, and what are the relative roles of direct 
atmospheric radiative forcing vs. indirect SST forcing?

• Indirect SST forcing dominates the pattern of the full response.
• Direct atmospheric radiative forcing also contributes, particularly over 

low-latitude land regions, and even counteracts in some (remote) regions.
• Further investigation of the mechanism is needed.

Summary
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