
Evaluation of aerosol-cloud-
radiation interactions in ESMs
Johannes Quaas, MPI for Meteorology, Hamburg 

- Cooperation with the AEROCOM initiative

- some of our ESMs participated to the study by 
  Quaas et al. (Atmos. Chem. Phys. 2009)

Deliverable D2.2, month 30 (August 2012) 
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Evaluation metric

Feingold et al., Geophys. Res. Lett. 2003
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Aerosol measurements

Cloud measurements

 Method adopted:
   relate aerosol and cloud 
   quantities within a model
   gridbox (daily values)

No retrieval

∆x / ∆y : model resolution
here:  2.5° x 2.5°
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Quaas et al., J. Geophys. Res., 2004
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Cloud droplet number concentration (N
d
) vs. 

Aerosol optical depth (AOD)

satellites GCMs

Droplet number concentration vs. AOD

Quaas and AEROCOM contributors, Atmos. Chem. Phys., 2009
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Cloud droplet number concentration (N
d
) vs. 

Aerosol optical depth (AOD)

satellites GCMs

Quaas and AEROCOM contributors, Atmos. Chem. Phys., 2009

Droplet number concentration vs. AOD
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Liquid water path (L) vs. AOD

satellites GCMs

Quaas and AEROCOM contributors, Atmos. Chem. Phys., 2009

Liquid water path vs. AOD
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Liquid water path (L) vs. AOD

satellites GCMs

Liquid water path vs. AOD

Quaas and AEROCOM contributors, Atmos. Chem. Phys., 2009
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Second aerosol indirect effect implemented 
overly simplistic in GCMs
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Precipitation by 
autoconversion (AU) 
depends on cloud droplet 
number concentration N

d

AU ~ N
d

x

x є {-1.79, -1.0, -0.33, 0}

2nd indirect effect

Quaas and AEROCOM contributors, Atmos. Chem. Phys., 2009
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Relationship total cloud cover (TCC) - AOD

MODIS

Quaas , Stevens, Lohmann, Stier, Atmos. Chem. Phys., 2010
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Relationship total cloud cover (TCC) - AOD

ATSR2

Quaas , Stevens, Lohmann, Stier, Atmos. Chem. Phys., 2010
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Relationship total cloud cover (TCC) - AOD

Aerosol-climate model
ECHAM5-HAM

Quaas , Stevens, Lohmann, Stier, Atmos. Chem. Phys., 2010
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Relationship total cloud cover (TCC) - AOD

ECHAM5-HAM – 
but no aerosol indirect 
effects

Quaas , Stevens, Lohmann, Stier, Atmos. Chem. Phys., 2010
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Relationship total cloud cover (TCC) - AOD

ECHAM5-HAM – 
but dry rather than wet 
AOD

Quaas , Stevens, Lohmann, Stier, Atmos. Chem. Phys., 2010
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Relationship total cloud cover (TCC) - AOD

Quaas , Stevens, Lohmann, Stier, Atmos. Chem. Phys., 2010

ECHAM5-HAM – 
but AOD just from 
soluble aerosol
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Summary

 Aerosol-cloud interaction evaluation: suggest to be done in 
cooperation with AEROCOM
> results from preliminary study available

 Issues with vertical aerosol distribution and swelling
> aerosols in CALIPSO simulator?



16/ 17

Summary

 Aerosol-cloud interaction evaluation: suggest to be done in 
cooperation with AEROCOM
> results from preliminary study available

 Issues with vertical aerosol distribution and swelling
> aerosols in CALIPSO simulator?



17/ 17

AEROCOM project and contributors
Johannes Quaas, Johann Feichter, Stefan Kinne, Jens Kieser MPI-M, Hamburg

Yi Ming, Leo Donner, GFDL, Princeton, USA
Surabi Menon, Igor Sednev, Lawrence Berkeley National Laboratory, USA

Toshihiko Takemura, Kyushu University, Fukoka, Japan
Minghuai Wang, Joyce Penner, University of Michigan, Ann Arbor, USA

Andrew Gettelman, Hugh Morrison, Jean-François Lamarque, NCAR, Boulder, USA
Ulrike Lohmann, Hanna Joos ETH Zurich, Switzerland

Nicolas Bellouin, Olivier Boucher, Andy Jones Met Office Hadley Centre, Exeter, UK
Andrew Sayer, Gareth Thomas, Philip Stier, Don Grainger, University of Oxford, UK

Allison McComiskey, Graham Feingold, NOAA, Boulder, USA
Corinna Hoose, Jón Egill Kristjánsson, Trond Iversen, University of Oslo, Norway

Susanne Bauer, Dorothy Koch, NASA GISS, New York, USA
Xiaohong Liu, Richard Easter, Steve Ghan, Phil Rasch, PNNL, Richland, USA

Yves Balkanski, Michael Schulz, LSCE / IPSL, Gif-sur-Yvette, France
Alf Kirkevåg, Øvind Seland, Norwegian Meteorological Institute, Oslo, Norway

Mike Iacono, AER Inc., Lexington, USA


