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ABSTRACT 

This paper proposes a feedback mechanism which modifies the enhancement of cloud top albedo 
expected from an increased concentration of cloud condensation nuclei (CCN). The mechanism 
is based on the thermodynamic tendency of the cloud to stabilize itself against changes in the 
absorption of solar radiation. For optically thin clouds, this absorption feedback leads 
to a reduction in the anticipated albedo enhancement, while for optically thick clouds, an 
amplification of the albedo enhancement is predicted. The likely impact of this effect on the 
radiative forcing of climate due to changes in CCN and hence cloud top albedo is discussed. 

1. Introduction 

Marine boundary layer clouds have been the 
focus of much attention over recent years, due in 
part to their possible role in moderating the earth's 
climate. In particular, extensive quasi-permanent 
decks of stratocumulus clouds are prevalent in a 
number of areas around the globe (e.g., Randall, 
1984 ). These clouds are highly efficient reflectors of 
incoming shortwave solar energy, but emit in the 
longwave at a temperature not very different from 
the surface. Hence their net effect is to cool the 
earth-atmosphere system. 

An important aspect of the role of these clouds 
in relation to climate is the dependence of cloud 
top albedo on the notional droplet size. Since the 
latter is influenced by the local concentration of 
cloud condensation nuclei (CCN), changes in 
CCN have the potential to affect the cloud top 
albedo, and hence to modulate the input of radiant 
energy to the planet. Twomey ( 1977) and Twomey 
et al. ( 1984) investigated this effect in the context 
of the impact of increasing pollution on cloud 
optical depth. They found that increasing pollu
tion leads to an increase in droplet concentration 
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with an associated decrease in droplet size. These 
changes act to increase the cloud optical depth, 
which in most circumstances causes an increase in 
cloud top albedo. This chain of events has since 
become known as the "Twomey effect" (Hudson, 
1991 ). 

Experimental confirmation of the effect is seen 
in the ship track measurements of Radke et al. 
(1989). Using a combination of satellite and in situ 
observations, they found unambiguous increases 
in droplet concentration and cloud top albedo 
along the tracks. These effects were explained in 
terms of enhanced CCN number densities due to 
emission from ships. 

The effect of CCN on cloud top albedo was 
linked into the climate change debate by Charlson 
et al. (1987), who proposed that CCN originating 
from oceanic phytoplankton could act as a signifi
cant modulator of cloud albedo. This opened the 
possibility of a regulatory feedback loop, since the 
primary production rate is governed by ocean 
temperature. Furthermore, Charlson et al. ( 1992) 
highlighted the quantitative significance of this 
effect by suggesting that a 30 % increase in global 
CCN concentration may give rise to a forcing of 
-2 Wm - 2

, one half of the "greenhouse" forcing 
of +4 Wm - 2 due to doubled C02 • 

Overlooked in the previous work is the possibility 


























