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ABSTRACT

We employ a one-dimensional radiative~convective equilibrium model with multiple cloud layers to dem-
onstrate that the surface equilibrium temperature is highly sensitive to the vertical distribution of effective
cloud base heights. It is also demonstrated that the reflected solar flux from an ensemble of cloud layers is
independent of the vertical distribution of these cloud layers and is a function only of the total water path
integrated in the vertical, a property which also determines the solar radiation reaching the surface. The
downward longwave radiation, on the other hand, depends strongly on the effective cloud base height as well

as the background water vapor distribution.

1t is argued that the longwave radiative transfer processes of cloud tend to decouple the radiative budgets
at the top of the atmosphere and the surface. Thus, for a given total atmospheric optical thickness, it is possible
to obtain different values of surface temperature under conditions of radiative equilibrium at the top of the

atmosphere.

1. Introduction

It is an established tenet that clouds are a critical
factor involved in the global climate system. Their
importance stems from the fact that of all climate con-
stituents, they possess the potential for producing the
maximum changes in the radiative budget overall and
in the individual shortwave and longwave components.
An increase of cloud, for example, will impart on the
radiative budget at the top of the atmosphere (i.e., the
planetary budget) an increased reflected solar energy
but (usually) a substantially reduced longwave emission
t0o space. At the surface, clouds produce the reverse
effect with an increase in amount, reducing the incident
solar radiation together with an enhanced downward
longwave flux.

Although the influences of cloud on the individual
short- and longwave components of the planetary and
surface radiation budgets are reversed, the net effect
is the result of the compensation between changes in
these fluxes. At the surface, clouds change the ratio of
longwave and shortwave radiation, in addition to the
production of a possible change in intensity of the total
radiant energy.

The extent to which the compensating solar and
thermal effects cancel to produce a smaller (or non-
existent) impact on the net radiation budgets is a con-
troversial subject (e.g., Schneider, 1972; Cess, 1976;
Ohring and Clapp, 1980; Hartmann and Short, 1980;
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Cess et al, 1982; among others). A related, but ne-
glected aspect, is whether or not the surface and plan-
etary budgets are effected equally by a given change
of cloudiness. While it may be possible to infer certain
of the surface radiative fluxes from satellites (e.g., Gau-
tier ez al., 1980), the extent to which the planetary and
surface budgets are correlated has not been established.
The whole issue of whether or not satellite monitoring
of changes in the net radiation balance at the top of
the atmosphere is indicative of changes in (surface)
climate hinges on this correlation.

In order to study the influence of clouds on the
radiation budgets separately and on the correlation
between the two under conditions of radiative and
convective equilibrium, a one-dimensional radiative
equilibrium model with convective adjustment is em-
ployed. An important factor in establishing whether
or not such correlations exist lies in whether or not
the vertically integrated emission of longwave radiation
from the atmosphere plus surface to space is related
in some way to the integrated atmospheric emission
of longwave radiation to the surface. In this note we
study the effects of cloud height on the radiation bal-
ances at the boundaries of the atmosphere and spe-
cifically describe the effects of cloud height on the re-
spective integrated atmospheric emissions. We employ
different vertically overlapping cloud distributions and
examine their effect on both surface temperature and
planetary temperature. By employing different vertical
distributions of cloud, we decouple the effective emis-
sion from cloud top to that from cloud base and thus
demonstrate that cloud base height is a more crucial
height parameter in the determination of surface tem-






