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Report from Working Group 4 

 

What systematic observations are needed to reduce uncertainty in direct and 

indirect forcing? 
 

Goals  

 

 Discussion began with the clarification of Working Group 4 goals.  First, Ramanathan 

suggested that the major task is to recommend an observational program for the next 10 years.  

Second, a discussion about the meaning of the phrase “systematic observations” led to a 

consensus that the term implies sustained, multi-platform observations maintained over the long 

term. The group agreed that in addition to direct and indirect radiative forcing, the observations 

also should address impact of aerosols on latent heat in the atmosphere and precipitation, and 

should include forcing at both surface and top of the atmosphere.  The group also agreed that the 

observation program should be closely linked to the needs of the modeling community.  

 

Observations  

 

 Two specific points were raised with respect to model requirements of the observation.  

The first, raised several times by Charlson, concerns the large potential for errors in prediction of 

direct forcing due to sub-grid scale correlation of aerosol concentration and relative humidity. 

Uncertainties associated with this effect are observationally unconstrained.  In addition to 

reiterating the need for statistically significant sub-grid scale observations of fluxes and aerosol 

properties, Collins expressed a second concern that the number of species required in models to 

predict fluxes within a reasonable level of uncertainty is completely unknown.  To attain this 

requires detailed, size specific measurements of aerosol optical properties from which fluxes can 

be calculated using the observations at varying levels of complexity.  Decisions regarding the 



 

 

amount of species to include are made entirely based on needs for computational expedience. 

Plenary discussions and the report from working group 5 also stressed that the field observation 

program and the satellite observation program should include sufficient science funding to 

support efforts by modelers to find how to use the data to reduce modeling uncertainty and to 

constrain the models. 

 

 The rest of the discussion focused on specific quantities and strategies for measurement.  

Relatively quick agreement was reached on the minimum requirements for determining the direct 

effect.  These include surface reflectance, optical thickness, single scatter albedo, phase function, 

chemical composition, state of the mixture, aerosol vertical distribution, vertical flux divergence, 

absorption by aerosol, cloud properties and short-wave and long-wave spectral radiative fluxes. 

Compiling a similar list for indirect forcing proved to be more difficult, and in fact may not have 

ended in a comprehensive list owing to the conceptual difficulty of the problem and the need for 

the model to get indirect forcing. The suggested measurements should include cloud phase, 

precipitation, vertical velocity and updraft cooling rate. At the same time, the point was raised 

several times by Charlson that techniques to definitively measure the characteristics of CCN are 

lacking and new technologies are needed to extrapolate chamber measurements of CCN to the 

real world.  This discussion culminated in a table of current available observations, near-term 

observational requirements and long-term requirements. It was suggested by Mishchenko that the 

satellite measurements need to meet the following accuracy requirements: aerosol optical 

thickness - 0.01 (over the ocean) and 0.03 (over the land), aerosol effective radius (greater than 

50 nm) – 10%, aerosol refractive index in the visible – 0.015, cloud droplet effective radius 

(greater than 500 nm) – 5%.  

 

Strategy  

 

 The discussion of measurement strategies resulted in specific suggestions for near-term 

(1-3 years) and long-term (3-10 years) objectives.  With regard to satellite observations, the 

group concluded that NASA should be strongly encouraged to mount an imager instrument on 

the planned Global Precipitation Mission.  Additionally, an entirely new satellite mission, 

specifically designed for aerosol studies, should be proposed.  Such a mission should include a 



 

 

broad array of spectral, angular, polarization, glint, lidar and flux measurements.  It was noted 

that in order to get a mission in space by 2008, it would have to be proposed very soon.  

Nakajima suggested that future NASA aerosol missions could be coordinated with the joint 

European-Japanese satellite mission Earth-CARE to be launched in few years. A sustained long-

term set of surface and in-situ measurements of aerosol and cloud properties was also proposed.  

These observations would include profiles of cloud and aerosol properties in addition to surface 

sampling and remote sensing.  It was suggested that instrument packages be developed for light 

aircraft in order to facilitate regular, repeating profile flights coordinated with satellite 

overpasses. The group agreed that aircraft observations provide a unique opportunity to address 

vertical aerosol layers on a regular basis and complement satellite measurements of column 

quantities.  It was also suggested that existing ground networks, such as Global Atmosphere 

Watch (GAW) and Baseline Surface Radiation Network (BSRN) might be used as elements of 

the observation program in order to lower costs.  Clarke and Schwartz suggested a committee be 

convened to develop a systematic approach to site selection that optimizes the use of existing 

infrastructure, and captures as much of the required parameter space of aerosol properties as 

possible.  Finally, it was stressed that the in-situ observation network be coordinated by a single 

organization that will archive and distribute the data, as well as coordinate the calibration and 

validation of all of the aerosol parameters measured at every site.  The AERONET program was 

indicated as a successful model of such a centrally coordinated observation network.  

 

 One of the most important conclusions was the need for “integrated” measurements. To 

this goal, in-situ observations should be coordinated with satellite missions, the surface 

measurements should serve as validation of the satellite and the satellite measurements should 

provide a means of extending in-situ point measurements to estimates of regional and global 

forcing. The “integrated approach” should be used to derive an anthropogenic aerosol forcing at 

both surface and top of the atmosphere and validate the modeling results.  Eventually, the 

independently derived “observed” and “modeled” aerosol forcings should converge. Few 

specifics were provided here and, in fact, Kaufman noted that the different goals of the satellite 

mission may impose different constraints on the mission.  Also it was suggested that the satellite 

program include ample funding for science support in order to pursue the integration goals.  
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