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ABSTRACT

The authors have empirically examined the dependence of the outgoing longwave radiation (OLR) on sea
surface temperature ( 7;), precipitable water (W), and height-mean relative humidity ( RH). The OLR is obtained
from 4 yr of data from the Earth Radiation Budget Experiment (ERBE), while T, W, and RH are obtained
from objective analyses of rawinsonde and ship data. It is found that in the midlatitudes, the surface temperature
explains over 80% of the variability in the clear-sky OLR (F,) and almost half of the variability in the total
OLR (F,,). It fails badly in the tropics and subtropics, however, where T explains only about 20% of the
variability in F,,, and is largely decoupled from F,. The two-dimensional contour plot of the OLR binned
with respect to T and RH is marked by distinct changes in the gradient that are consistent with inferences from
earlier investigations. For low values of 7 (<10°C), the OLR depends mainly on 7. For values of 7 above
10°C, the OLR depends increasingly on RH. Specifically, in the tropics (7; ~ 25°C), the total and clear-sky
OLR depend significantly on both T; and RH. The well-known drop in OLR in the tropics with increasing T
correlates directly to an increase in RH, and not to changes in 7. The authors suggest that the observed
dependence of the OLR on T, and RH be a minimum performance standard for climate models. This approach
is illustrated by comparing the observed dependence with the results of a radiative transfer model and an
R15 general circulation model, and by discussing the strengths and limitations of using RH to parameterize
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the OLR.

1. Introduction

The possibility of human-induced climate change is
challenging researchers to understand better the sen-
sitivity and stability of the earth’s present climate. The
outgoing longwave radiation (OLR) is an important
component of the earth’s total energy budget. Conse-
quently, a great number of studies have attempted to
relate the OLR to observed climate variables. The sur-
face temperature ( 7) is commonly used for this pur-
pose, because it is important in its own right in the
state of the climate, and also because 7T, determines
the emission of longwave radiation at the surface, which
contributes heavily to the magnitude of the OLR (Bu-
dyko 1968; Sellers 1969; Warren and Schneider 1979;
North et al. 1981; Raval and Ramanathan 1989).

A number of studies, however, have shown that T
alone cannot fully represent the OLR over the full range
of the climate system (Budyko 1969; Cess 1976; Ste-
phenson-Graves 1982; Warren-and Thompson 1983;
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Short et al. 1984; Kubota 1989). Most of these studies
find that, to explain the behavior of the OLR more
fully, one needs to invoke additional parameters such
as cloudiness, cloud-top height, moisture, lapse rate,
or surface convergence (a proxy for deep convection).
In fact, in regions of deep convection, the cloud-top
height, more than any other parameter, controls
the OLR.

The chief objective of this paper is to consider the
OLR as a function of two climate variables, the surface
temperature (7;) and the height-mean tropospheric
relative humidity (RH) (Thompson and Warren
1982). We obtain the OLR data for this study from
the Earth Radiation Budget Experiment (ERBE),
which provides information on the “total” flux (F,,)
as well as the “clear-sky” flux (F,) that one would
obtain in a hypothetical cloud-free case (Barkstrom
1984; Ramanathan et al. 1989). Although deep con-
vection and its attendant clouds have a significant im-
pact on the OLR of the tropical atmosphere, our study
is primarily geared toward the observed dependence of
the clear-sky OLR. The surface temperature and ver-
tical profiles of humidity are derived from objective






