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Aerosol-cloud interactions in Sc clouds 
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Disentangle with:  

Causal effect 
estimation 

High temporal 
resolution data 

from geostationary 
satellite + 

reanalysis –
∆t = 1 hour  

Runge, 2021

GOES-17, + ERA5

Sc: Stratocumulus clouds; AOD: Aerosol Optical Depth; reff: effective droplet radius; CDNC: Cloud Droplet Number Concentration; COD: Cloud Optical Depth 

Aerosols 
(AOD) 

Rapid adjustment:  
Precipitation sup-
pression

reff, 
CDNC

Sensitivity? 
𝜕log(𝐶𝑂𝐷)
𝜕log(𝐴𝑂𝐷)

COD ↗

COD ↘

Immediate effect: 
Twomey effect  COD ↗

Rapid adjustment: 
Cloud top entrainment 
enhancement



CAUSATION CORRELATION 
reff COD reff COD

When CDNC is held constant: 

Causation > correlation 
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reff

CDNC
COD

Causal 
EffectCDNC

Confounder
CDNC: Cloud Droplet Number Concentration; COD: Cloud Optical Depth; reff: effective droplet radius; AOD: Aerosol Optical Depth



Results: Causal effect estimates

CDNC: Cloud Droplet Number Concentration; COD: Cloud Optical Depth; reff: effective droplet radius; AOD: Aerosol Optical Depth; ∆q= specific humidity difference 
between surface and free troposphere 
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Effect at lag 1  
(Propagation of 

effects with time)

∆log(COD, t+1) 
= 

0.8 * ∆log(CDNC, t)

where 0.8 = 
0.93*1.0-0.09*1.8 

4

*causal effects
(regression slopes 
or ‘sensitivities’) 

AOD

reff

CDNC

COD

Effect at lag 0 

∆log(COD, t) 
= 

1.0 * ∆log(CDNC, t)



Results: temporal development
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in hours
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In light blue: pathway for effect of CDNC on COD 
with lag = 4 

Twomey



GOES, NOAA

Summary
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For questions: emfons@ethz.ch

Correlation ≠ Causation Causal approach à derive 
temporal development of effects


