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ABSTRACT 

Anthropogenic sulfate (SO 4) aerosol particles play two potential roles in the radiative climate 
of the earth. In cloud-free air, SO 4 particles scatter sunlight, some of which is lost to space, 
thereby reducing solar irradiance at the ground. The same particles can act as cloud condensa­
tion nuclei (CCN), the number concentration of which is an important determinant of cloud 
albedo. This albedo effect, in turn, also influences incoming short-wave solar radiation. Develop­
ment of a three-dimensional global model for estimating the SO 4 aerosol mass concentration, 
along with previously-acquired information on the scattering and back-scattering coefficients 
per unit mass concentration allow calculation of the effects of anthropogenic SO; aerosol on 
clear-sky optical depth. Subsequently, this can be used to estimate the change in hemispheric and 
global average reflected solar radiation. The conclusion is that the change of reflected solar flux 
due to anthropogenic S04 averaged over the Northern Hemisphere is ca. -1.1 wm- 2

, which 
is comparable but opposite in sign to the present-day radiative forcing by anthropogenic C0 2 , 

+ 1.5 Wm - 2
• Because of the spatial variability of the anthropogenic SO; distribution, its 

meteorological effects must be studied regionally. That is, global models with regional resolution 
and regional data are required. Unlike the direct effect on solar irradiance, the relationship of 
CCN number concentration to mass concentration is not known. Thus it is not yet possible to 
make quantitatively reliable statements about anthropogenic forcing of cloud albedo, although 
there is qualitative evidence that the CCN effect may also be substantial. 

1. Introduction 

Considerable attention is being given to changes 
in the climate of the earth that are anticipated to 
occur as a consequence of increased concentra­
tions of gases that absorb infrared radiation. While 
this attention certainly is justified, anthropogenic 
atmospheric aerosol particles also appear to be 
capable of changing the radiation budget through 
their direct backscattering affects as well as 
through their indirect effect on cloud albedo 
arising from their role as cloud condensation 
nuclei (CCN). These effects on the earth radiation 
budget may today be comparable in magnitude 
but opposite in sign to those caused by greenhouse 

* contribution no: 628. 

forcing (Wigley, 1989; Charlson et al., 1990). 
Because the global aerosol burden in general and 
the burden in certain regions of the Northern 
Hemisphere in particular are calculated to have 
increased from pre-industrial levels, largely due to 
the combustion of fossil fuel, it is necessary for 
prediction of anthropogenic climate change to 
understand the geographical distribution, time 
trend and meteorological effects of anthropogenic 
aerosols. 

The possible role of aerosol particles in climate 
and atmospheric optics is not a newly recognized 
topic; studies of their influence on incoming solar 
radiation, usually termed "turbidity", date back to 
the early 1900's (Angstrom, 1929, 1930; Bergeron, 
1928). Unfortunately, the numerous national and 
international monitoring programs that were 
established in the 1960's and 70's to measure 
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