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What is needed to evaluate and improve GCM calculations of aerosol forcing? 
Charge:  Prioritize key research questions and approaches (modeling, field, laboratory 
and satellite observations) to address them. 
 
The research questions can be organized in the following categories:   
(1)  aerosol distributions and characteristics, 
(2)  coupling to the hydrologic cycle, and 
(3)  coupling to chemistry. 
The first two correspond to the "direct" and "indirect" aerosol climate forcings. The 
coupling to chemistry relates back to (1) and (2), but is separated out for discussion 
because of its very different modeling requirements. 
 
Priorities of (1), (2) and (3) is in the numerical order, because we must have realistic 
aerosol distribution before the indirect aerosol effect can be simulated realistically. 
 
Satellites:  designed for greater aerosol precision 
Fixed long-term sites (continuity important and coverage) 
Field studies 
Specific laboratory studies 
All are required, so we do not prioritize among them. 
 
However, all of these are superceded by support for the science, for the brainpower to 
analyze the data obtained from all of the above measurements. 
 
High priority must also be given to enhanced coordination of the aerosol program with 
other programs.  For example, GEWEX Cloud Systems Studies (GCSS) has plans for 
important cloud measurements.  It would be valuable to include aerosol component in 
GCSS.  Other to be discussed BSRN, ARM. 
 
We also point out that the indirect aerosol effect on high level clouds, which has so far 
received almost no attention, should be given a priority comparable to that for low level 
clouds, i.e., very high priority.  There is the possibility that it provides a significant 
positive forcing, which may offer an explanation of how a large negative forcing by low 
clouds could be consistent with observed global warming. 
 
Greatest uncertainty among aerosol forcing is the indirect effect of clouds.  The modeling 
needs to be carried out in concert with both a top-down and a bottom-up approach to the 
analysis.  Both have high priority, but the top-down approach will be essential for 
reducing the "error bar" (uncertainty) in the indirect effect. [“top-down” refers to an 
approach that emphasizes analysis of global satellite observations of cloud and aerosol 
variability and change; “bottoms up” emphasizes the aerosol and cloud particle 
microphysics, with high resolution cloud modeling and observations.] 
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With regard to modeling of the indirect effect the priorities are: 
(1) Research funding, because the problem is people (brainpower) limited at present. 
(2) Relevant observations. 
(3) High resolution modeling, on a variety of scales, which requires substantial computer 
capability.  There is a need to explore connections between cloud-resolving and global 
models. 
 
With regard to coupling to chemistry, key issues that deserve priority support concern: 
(1) Hygroscopicity, to properly account for aerosol mass, 
(2) Pathways for SO2 oxidation (homogeneous vs. heterogeneous pathways), which 
affects the simulated aerosol indirect effort. 
 
(end) 


