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Abstract - Anthropogenic aerosols influence the earth's radiation balance and climate directly,
by scattering shortwave (solar) radiation in cloud-free conditions and indirectly, by increasing
concentratiorfs of cloud droplets thereby enhancing cloud shortwave reflectivity. These effects
are thought to be significant in the context of changes in the earth radiation budget over the
industrial period, exerting a radiative forcing that is of comparable magnitude to that of increased
concentrations of greenhouse gases over this period but opposite in sign. However the
magnitudes of both the direct and indirect aerosol effects are quite uncertain. Much of the
uncertainty of the indirect effect arises from incomplete ability to describe changes in cloud
properties arising from anthropogenic aerosols. This paper examines recent studies pertaining to
the influence of anthropogenic aerosols on loading and properties of aerosols affecting their
cloud nucleating properties and indicative of substantial anthropogenic influence on aerosol and
cloud properties over the North Atlantic.
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INTRODUCTION

In recent years awareness has increased of the possible climatic influence of anthropogenic aerosols
though modification of the shortwave (solar) radiation budget. Two key mechanisms have been
described. The first, the so called "direct effect", consists of enhancement of scattering of radiation by
aerosols in clear (cloud-free) air; a portion of the scattered radiation is scattered in the upward direction,
leaving the planet and thereby decreasing the radiant energy absorbed by earth-atmosphere system and
exerting a cooling influence on the climate (Charlson et al., 1991, 1992). The second mechanism, the
so-called "indirect effect", arises from an increase in the concentration of cloud droplets resulting from
enhanced concentrations of acrosol particles that serve as nuclei upon which water vapor condenses to
form cloud droplets (Cloud Condensation Nuclei, CCN). The increase in cloud droplet number
concentration is postulated to increase multiple scattering within clouds, thereby increasing cloud-top
albedo, a phenomenon originally suggested by Twomey (1971a; Twomey et al., 1984; Platnick and
Twomey, 1994). The increase in cloud droplet concentration may also inhibit precipitation development,
enhancing cloud lifetime and resulting in an increase in planetary shortwave albedo (Albrecht, 1989) and
possibly also in the atmospheric absorption of longwave (thermal infrared) radiation by the resultant
increased atmospheric loading of liquid water and water vapor.

Estimates of the global and annual average magnitude of possible anthropogenic perturbation of the
shortwave radiation budget through these mechanisms are of comparable magnitude to the perturbation
in the longwave radiation budget of the troposphere due to increased concentrations of infrared active
("greenhouse”) gases over the industrial period (IPCC, 1996 and earlier publications in this series;
Charlson et al., 1992; Jones et al., 1994) but opposite in sign. It must be stressed, however, that these
estimates are quite uncertain; indeed the uncertainty in the perturbation of the radiation budget by
anthropogenic aerosols is now thought to be the greatest source of uncertainty in secular "forcing" of
climate change over the industrial period. This uncertainty in tumn greatly restricts the confidence that can
be placed in empirical inference of climate change over this period and its qualitative and quantitative
attribution to changes in radiative forcing.
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