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Aerosol - cloud - climate effect: Study with a radiative transfer model
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ABSTRACT, The indirect radiative: forcing (through the enhancement of cloud albedo) due In anthropogenic sulphate
aero sols was calcul ated us ing a three -dimensi onal rad iative transfer mode l. The calculations .....e re made with diurnal and
seasonal cyc les cod rhree -dirrensicnal distributions of sulpha te aeroso l co ncentration data . The globally averaged annual mean
indirect forcing IS estimated 101x ·1 13 Wm-z which is comparable with the recent General Circulation Model calculations.
This forcing of · 1.13 Wm";? is compared with 2.12 Wm·2 due 10 mcreasc in greenhouse gases from the pre-industrial period 10
the present. This rodrrect fcrcmg due 10 anthropogenic aerosol is substantially higher thanthe w:uming effect due 10 greenhouse
gases over tbe industrial regions in the northern hemisphere. so thai the net radiative forcing over these regions is negative.
i.e, cooling. Some uncenainues in lhe: esnmauon of the indin:cl forcing th:u needs further research are pointed out.
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I . Introducti on

Anthropogenic aerosol compounds in the atmosphere
have increased dramatically primarily duri ng the course of
industrialization and most rapidly since about 1950. Of all
the part iculate pollutants 'bat humans create, sulphate aero
sols are the best understood because of the availability of a
large body ofdata. Unlike the greenhouse gases this aerosol
is distribu ted quite non-unifonnl y over the earth and more
confined in the northern hemisphere (Nil).

Radiative influence s of aeroso ls on clima te may be

divided as direct. referrin g to scattering and absorption of
radiation by the aerosol particle themselves and indirect
referring 10 the influence of aerosols on cloud radiative
properties, Apart from backscauerin g and absorption of
solar radiation. aeroso l particles also absorb infra red (IR)
radiation. But this effect is usually small because the opacity
of aerosols decrease at longcr wavelength s. Previous esti-

mates (Charlson ct <II. 1992, Kiehl and Bricgleb 1993.
Taylor and Penner 1994) of Ihe direct forcing by anthropo
genic sulphate aerosols indicate that this forcing is of com
parable magnitude to the grecnhouse gases forcin g but

opposite in sign.

The indirect way in which the sulphate aerosols cool
the earth is by influencing the albedo of clouds . In clouds
some oft he sulphate particles act as nuclei for condensation.
The density of cloud condensation nuclei determines the
number density and the size of cloud droplets. For a given
amount of condensed water, the number density in turn
affects the albedo of Ihe cloud . Thus by changing the droplet
size distribution and concentration the optical properties of
the cloud may be altered sufficiently to change the global
energy budget and thus the climate. This effect is called
Indirect effect or • Twomey effect " (Twomey 1974,

Twomey el 01. 1984). Charlson cr 01. ( 1992) and Sch lesinger
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