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1. INTRODUCTION 

It is now generally accepted that a complete picture 
of anthropogenic radiative forcing of the earth system 
requires the consideration of aerosols. Aerosol radiative 
forcing is typically classified as being direct - an 
increase (usually) in system albedo caused by the 
additional atmospheric optical depth, or indirect - an 
increase of cloud droplet number concentration leading 
to an increase in system albedo (Twomey, 1977). 
These forcings together are potentially of the same 
order of magnitude as greenhouse gas forcing but have 
opposite sign (IPCC 1995). Although the magnitude of 
both aerosol radiative forcings on a global scale is quite 
uncertain, the study of indirect radiative forcing is 
particularly problematic because it involves subtle 
changes in cloud radiative properties and lifetimes. 

Studies to date have typically been limited to in-situ 
characterization of cloud microphysics, such as com­
parison of marine and polluted air (Brenguier et al. 
2000) or global satellite surveys showing mean 
differences in hemispheric and continental/maritime 
clouds (Han et al. 1994). In this study we investigate 
the effect of aerosol on low-level clouds in a synoptic 
framework. The study of cloud processes is best 
accomplished by in-situ investigations but these are 
prohibitively expensive to conduct on anything close to a 
global scale. The standard solution to this dilemma is to 
resort to remote sensing procedures anchored by 
limited in-situ results. Unfortunately, aerosols cannot be 
detected remotely in the presence of cloud so their 
interaction cannot be studied solely from remote 
instrumentation. 

Here we adopt a hybrid method to study the 
problem. We use the sulfate column burden simulated 
by an aerosol chemical transport model as an indicator 
of aerosol concentration. Cloud microphysics is inferred 
remotely from AVHRR Global Area Coverage (GAC) 
data over the North Atlantic. Information from the two 
sources is combined to assess the potential of aerosol 
indirect radiative forcing. 

2. CHEMICAL TRANSPORT MODEL 

The Brookhaven National Laboratory (BNL) 
chemical transport and transformation model, the Global 
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Chemistry Model driven by Observation-derived 
synoptic meteorological data (GChM-O), is described in 
Benkovitz et al. (1994) and Benkovitz and Schwartz 
(1997). The model, a three-dimensional Eulerian trans­
port and transformation model, is driven by synoptic 
meteorological data assimilated from observations. The 
model represents emissions of the several sulfur 
species, chemical conversion of S02 to sulfate by H202 
and 03 in the aqueous phase and by OH in the gas 
phase, chemical conversion of DMS to S02 and MSA by 
OH, and removal by wet and dry deposition. The model 
tracks the several sulfur species according to the source 
type and region and conversion mechanism. The model 
has a horizontal grid spacing of 1.1250 latitude x 1.1250 

longitude, 15 levels to 100 hPa and outputs the mixing 
ratios of S02 and sulfate at each grid cell location and 
model level at 6-hour time intervals. 

Output of a model run for April 1987 was used to 
identify a time period for investigating the indirect 
radiative effect of anthropogenic aerosols in the North 
Atlantic. During early April the eastern North Atlantic 
came under the influence of a cut-off low-pressure 
system that transported boundary layer air from source 
regions in northwestern Europe (Benkovitz et al. 2001). 
We focus here on the period April 2-8. The model 
output shows that a mass of relatively polluted air from 
Northern Europe invaded the area from the east after 
April 3 and that the region again became relatively clean 
by April 8. Figure 1 shows the column burden of sulfate 
simulated by GChM-O on April 2 and April 5, both at 
1800 UTC. Within the region, we have chosen the area 
bounded by longitudes 25W and 30W and latitudes 50N 
and 55N to investigate changes in cloud microphysics 
over the time period. This area is indicated in the figure 
and is henceforth referred to as Region A. As we wish 
to examine the relation between cloud microphysical 
properties and the intrusion of sulfate aerosol from 
Europe it is necessary to minimize other sources of 
aerosol such as desert dust or organics from biomass 
burning. Restricting the analysis to the higher latitudes 
reduces the possibility of contamination, although it 
probably does not eliminate it altogether. 

3. REMOTELY SENSED DATA 

For this study we have obtained cloud micro­
physical information from a two-channel method using 
AVHRR GAC data (Nakajima and Nakajima 1995). The 
procedure makes use of Channels 1 (visible), 3 (near­
infrared) and 4 (infrared window) to obtain cloud droplet 
effective radii and cloud optical depth for each pixel. As 




