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ABSTRACT

Radiative convective equilibrium of the atmosphere with a given distribution of relative humidity is
computed as the asymptotic state of an initial value problem.

The results show that it takes almost twice as long to reach the state of radiative convective equilibrinm
for the atmosphere with a given distribution of relative humidity than for the atmosphere with a given

distribution of absolute humidity.

Also, the surface equilibrium temperature of the former is almost twice as sensitive to change of various
factors such as solar constant, CO; content, Os content, and cloudiness, than that of the latter, due to the
adjustment of water vapor content to the temperature variation of the atmosphere.

According to our estimate, a doubling of the CO, content in the atmosphere has the effect of raising the
temperature of the atmosphere (whose relative humidity is fixed) by about 2C. Our model does not have the
extreme sensitivity of atmospheric temperature to changes of CO, content which was adduced by Maller.

1. Introduction

This study is a continuation of the previous study
of the thermal equilibrium of the atmosphere with a
convective adjustment which was published in the
JOURNAL OF THE ATMOSPHERIC SCIENCES (Manabe and
Strickler, 1964). Hereafter, we shall identify this study
by M.S. In M.S. the vertical distribution of absolute
humidity was given for the computation of equilibrium
temperature, and its dependence upon atmospheric
temperature was not taken into consideration. How-
ever, the absolute humidity in the actual atmosphere
strongly depends upon temperature. Fig. 1 shows the
distribution of relative humidity as a function of
latitude and height for summer and winter. According
to this figure, the zonal mean distributions of relative
humidity of two seasons closely resemble one another,
whereas those of absolute humidity do not. These
data suggest that, given sufficient time, the atmosphere
tends to restore a certain climatological distribution
of relative humidity responding to the change of
temperature. If the moisture content of the atmosphere
depends upon atmospheric temperature, the effective
height of the source of outgoing long-wave radiation
also depends upon atmospheric temperature. Given a
vertical distribution of relative humidity, the warmer
the atmospheric temperature, the higher the effective
source of outgoing radiation. Accordingly, the de-
pendence of the outgoing long-wave radiation is less
than that to be expected from the fourth-power law of
Stefan-Boltzman. Therefore, the equilibrium tempera-
ture of the atmosphere with a fixed relative humidity
depends more upon the solar constant or upon ab-

sorbers such as CO, and Os, than does that with a
fixed absolute humidity, in order to satisfy the condi-
tion of radiative convective equilibrium. In this study,
we will repeat the computation of radiative convective
equilibrium of the atmosphere, this time for an atmo-
sphere with a given distribution of relative humidity
instead of that for an atmosphere with a given distri-
bution of absolute humidity as was carried out in M.S.

As we stated in M.S., and in the study by Manabe
and Moller (1961), the primary objective of our study
of radiative convective equilibrium is the incorporation
of radiative transfer into the general circulation model
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FrG. 1. Latitude-height distribution of relative humidity for both
summer and winter (Telegadas and London, 1954).
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