
 

 

Rapporteur summary for Working Group 3 of NACIP workshop  
 
Attendees: 
Sonia Kreidenweis (Chair), John Seinfeld (SC), Tom Ackerman, Marcia Baker, Catherine 
Chuang, Andy Heymsfield, Peter Hobbs, Bjorn Stevens, Brian Toon, Ron Ferek, Joel Levy, 
Andy Vogelmann, Bill Conant (Rapporteur), Greg Roberts (Rapporteur) 
 
Question to group:  What key information is lacking regarding aerosol/cloud interactions and 
the indirect effect?  What research is required to provide this information? 
 

This report provides insight to the discussions of the working group by identifying the 
key information needed to resolve aerosol/cloud interactions and the indirect effect.  The latter 
part of this report suggests research initiatives designed to provide the necessary information for 
studying aerosol/cloud interactions. 
 The initial discussions of the working group focused on many of the unresolved issues in 
aerosol/cloud interactions.  There is definitely a need to identify and quantify the Twomey effect 
separately from the feedbacks (precipitation suppression and cloud lifetime) in a 
model/observation validation closure and determine anthropogenic influence on Twomey effect.  
Despite considerable scatter, recent field studies (i.e., MAST) suggest that the 2nd indirect effect 
was not necessary to explain the observed albedo, cloud drop and aerosol relationships and that 
the Twomey relationship appears to be the dominant first-order effect. 

A discussion on ice clouds led to the consensus that we know very little about ice nuclei 
and the interactions between homogeneous and heterogeneous ice formation mechanisms.  A 
planned experiment (i.e., NASA-CRYSTAL) will address some of these issues.  Heterogeneous 
ice nuclei probably play only a small role relative to droplet freezing in formation of ice clouds 
under many atmospheric conditions.  The importance of the droplet freezing pathway suggests 
that the Twomey mechanism may have a strong influence on ice clouds as well as warm clouds, 
further supporting this mechanism as the initial focus. 

Although many field and modeling experiments have studied aerosol/cloud interactions 
over the past several decades, our group reached a consensus that we do not have sufficient 
information from these previous studies to say that we have a fundamental understanding; thus, 
better designed and more comprehensive field experiments are required to constrain the 
boundary conditions for satellite data retrievals and modeling. 
 The parameterizations currently used in cloud resolving models and GCMs (i.e., “explicit 
microphysics”, “bulk microphysics”, and “autoconversion” techniques) leave much to be 
desired.  There are still many assumptions and differences between GCMs, which lead to widely 
different predictions of cloud type frequencies and distributions.  Large uncertainties in the 
appropriate way to treat small-scale processes, particularly the updraft velocity and the treatment 
of vertical momentum transfer and entrainment, that arise because of model grid resolution, need 
to be addressed in cloud resolving models and eventually in GCMs and regional models.  There 
were conflicting discussions within our working group on the ability of bin microphysics with 
dynamics to accurately predict the cloud droplet concentrations.  In light of these discussions, 
tuning is still a major component of aerosol/cloud models. 
 A consensus was not established among our group on the priority of studying albedo 
change and precipitation.  Some suggested, as noted above, that we should unravel the Twomey 
effect before focusing on precipitation effects.  However, others indicated the Twomey effect 



 

 

was studied somewhat quantitatively in recent field studies (i.e., MAST) and was found to be 
sufficient to explain the observed albedo change in ship tracks; therefore, Rosenfeld’s 
observations of precipitation suppression merit experimental verification.  

Future experiments need to separate aerosol studies into three major components -- 
models, observations (field and laboratory), and validations.  Closure studies (aerosol-CCN 
(cloud condensation nuclei); CCN-cloud drop concentration; cloud drop-cloud microphysics; 
microphysics-radiation) may be a useful paradigm for determining how well our models are 
faithful to the observations.  For modeling studies, it is important to assess the anthropogenic 
influence for different types of clouds.  The group concluded that stratocumulus and trade 
cumulus were probably the most important cloud types. 

There is a need for a long-term observing strategy to provide statistically viable data to 
support satellite and modeling observations.   Long-term surface observations and profile 
measurements of the atmospheric column are necessary to assess seasonal variations at a 
particular site.  Complete instrumentation, with built-in redundancy to ensure a successful 
mission, is necessary to reduce error bars and for a closure study to be successful.  Ultimately, 
the studies must use cloud-resolving models to study microphysics and ensure proper validation 
of observational data. Therefore, it is also important that the observations include measurements 
needed to set the boundary conditions for such models. 

Two models for controlled experiments were discussed for near-term definitive and 
quantitative results: 

 
1) Downwind of an isolated city (most realistic), biomass burning plume, paper mill or 

generator 
2) Downwind of a ship of opportunity or a stationary aerosol source over ocean in marine 

stratocumulus or trade-cumulus. 
 

Each of these should incorporate a long-term monitoring strategy for statistics and intensive field 
experiments for process studies.  Key required observations combine aerosol (size and 
chemistry), cloud microphysics, dynamics, and radiation. 
 Besides field studies, laboratory studies are needed, as we cannot predict cloud drop 
number concentrations because of uncertain aerosol/water interactions.  There is fundamental 
science in aerosol/cloud chemistry and physics, and both lab and field work needs to be done 
here.  In particular, aerosol/CCN closure must be studied in the laboratory. 

The working group indicated that there is a general need to unite cloud and aerosol 
research, in part because of a lack of financial motivation to integrate the microphysical models 
into cloud models.  Because of the large cost for the type of study advocated here, for future 
experiments to be properly conducted, scientists must build a convincing case and a well-thought 
out strategy (one that can survive program manager overturning).  It is certain that more than one 
agency will need to be involved in order to support such a study. 
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