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In contrast to the GHGs-only forcing experiment, the total cloud radiative response ( ) to the more com-
plex historical forcings involves both surface temperature driven and aerosol-mediated changes in clouds. 

WANG ET AL.

10.1029/2020GL091024

4 of 10

Figure 1. Cloud feedbacks, ECS, and aerosol-mediated cloud radiative responses ( ) in the CMIP6 models. (a) Scatter plot of ECS and cloud feedback 
parameter. (b) Intermodel relationship between cloud feedback and . The cloud feedback and ECS are computed from the response to 4xCO2 forcing and 
the  is calculated from the historical experiments (1950–2000 mean). Each dot represents a single model. The colors from red to blue indicate high cloud 
feedback models to low cloud feedback models. The filled circles represent the 15 models that are more consistent with the observation on historical warming 
(1990–2014 mean minus 1880–1909 mean) than the other 15 models (open circles). CMIP6, the 6th Phase of the Coupled Model Intercomparison Project; ECS, 
effective climate sensitivity.
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Figure 2. Cloud feedback (top row), historical cloud radiative response (1950–2000 mean of , mid row) and aerosol-mediated cloud radiative response 
(1950–2000 mean of , bottom row) in the CMIP6 ensemble. (a, d, and g): Ensemble mean of T9 models. (b, e, and h): Ensemble mean of B9 models. (c, f, 
and i): The differences between T9 and B9 models. Only the regions that the difference passed t-test (p < 0.05) are shown. CMIP6, the 6th Phase of the Coupled 
Model Intercomparison Project.
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(Wang et al., 2021)

Motivation

• Climate model with a stronger positive cloud feedback also has a stronger cooling from 
aerosol indirect forcing due to anthropogenic aerosols

• Why?

ERFACI: 
effective radiative forcing of anthropogenic aerosols

Cloud feedback: 
the response of clouds to the climate change.



Model Experiment Model Setup

CTL Default CESM2 and E3SM_V2 model 

DCS Same as CTL, but set the threshold on cloud ice and snow autoconversion process from 
195 𝜇m to 400 𝜇m.

ConvTrig Same as CTL, but turn off the new trigger of convection and use the old trigger 

SIP Same as CTL, but add SIP from raindrops freezing breakup and ice-ice collisional breakup

M92 Same as CTL, but use Meyer et al. (1992) scheme for ice nucleation in mixed-phase 
clouds instead of CNT

FreezCloud Same as CTL, but assume all condensation to be ice phase when cloud temperature is 
smaller than –5℃

Experiments 

Less liquid
More ice

Purpose: perturbed the cloud glaciation--- how the ERFACI change 
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• ERFACI: effective radiative forcing of anthropogenic aerosols
• Calculation: PD and PI experiments

• For each simulation, adding a diagnostic calculation of radiation (Fclean) in which all the 
aerosols have been removed

• Direct radiative forcing: ∆(F – Fclean)
• Cloud radiative forcing: ∆(Fclean– Fclear, clean)

• Cloud feedback: the response of clouds to the climate change.
• Calculation :PD and PD+4K_SST experiments

• Diagnostic package (Zelinka et al., 2021; 2022) to calculate cloud feedback components. 

(Ghan, 2013)

Method 
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• Motivation 
• Method 

• Model and Experiments 

• Results
• Relationship between LWP and ERFACI
• Relationship between LWP and cloud feedback
• Relationship between ACI and cloud feedback

Outline
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Less liquid

LWP 

Latitude
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Ø ERFACI shift is linearly proportional to 
the change of LWP

LWP and ERFACI over NH (30-90oN) 

Low liquid :       FreezCloud

Medium liquid : M92

High liquid:       CTL

R= – 0.90
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High liquid Medium liquid Low liquid

LWP and ACI over NH 
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LWP and ACI over NH 

High liquid Medium liquid Low liquid

With smaller LWP, the clouds are less susceptible to aerosol perturbations.
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Outline
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Cloud feedback and LWP over SH (30-90S )

R= 0.94



Cloud feedback

Less LWP, more ice 
When warming, more ice melting to liquid à cloud optical depth increase àstronger negative feedback
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Outline
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Cloud feedback and ERFACI

• the simulation with high LWP
• More positive cloud feedback
• stronger cooling effect from ERFACI
• Offset each other

R= – 0.82



• New finding: 
• ERFACI monotonically decreases (stronger) with increasing LWP
• With smaller LWP, the clouds are less susceptible to aerosol 

perturbations.

• Confirmed:
• Relationship between LWP and cloud feedback
• Stronger ACI –– Higher ECS 

Summary
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