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Introduction the radiation sensitivity problem. We anticipate that the
outcome of this approach will provide both a better longwave
radiative forcing algorithm and a better understanding of
how longwave radiative forcing influences the equilibrium
climate of the atmosphere.

Nature of Longwave Problems

Longwave radiation quantities-radiances, fluxes and
heating rates-are usually calculated in GCM models as
the cloud amount weighted average of the values for clear
and homogeneous cloud conditions. For example, the
downward flux at the surface, F, may be written as

F = (1 -N* ) F 0 + N* F c

where F 0 is the flux that would occur if the sky were clear
with the observed, non-cloud radiative properties; F c is the
flux that would occur if the sky were completely covered by
a single plane-parallel cloud layer of uniform optical prop-
erties; and N* is the "effective" fraction of the sky covered
by plane-parallel clouds.

The equation is deceptively simple, but there are signifi-
cant problems associated with the calculation of F 0' F c' and

N*. Our research program is directed at problems associ-
ated with each of the three terms. Nevertheless, we have

focused our initial research on the clear-sky problem.
Research on homogeneous and broken clouds problems

will occupy more of our efforts during the next few years.

One specific goal of the Atmospheric Radiation Measure-
ment Program (ARM) is to improve the treatment of
radiative transfer in general circulation models (GCM)
under clear-sky, general overcast, and broken cloud con-
ditions. We plan to contribute to this goal by attacking
major problems connected with one of the dominant radia-
tion components of the problem-longwave radiation. In
particular, our long-term research goals are to

.develop an optimum longwave radiation model for use
in GCMs that has been calibrated with state-of-the-art
observations

.assess the impact of the longwave radiative forcing in a
GCM

.determine the GCM's sensitivity to the radiative model
used in it

.determine how the longwave radiative forcing contrib-
utes relatively when compared with shortwave radiative
forcing, sensible heating, thermal advection, and ex-

pansion.

Our approach to developing the radiation model will be to
test existing models in an iterative, predictive fashion. We
will supply the Clouds and Radiative Testbed (CART) with
a set of models to be compared with operationally ob-
served data. The differences we find will lead to the
development of new models to be tested with new data.
Similarly, our GCM studies will use existing GCMs to study
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In particular, we are interested in answering the following

questions:

.How well do the models reproduce observed radiances
for clear-sky, low aerosol conditions?

.Which continuum formulations give the best agreement
with observations?

.How well do simple, empirical aerosol models work on
a routine basis?

.Howdo model uncertainties in downwelling radiance at
the surface translate into uncertainties in the vertical
profiles of upward and downward fluxes and heating
rates?

.systematic increases in the concentrations of CO2, CH4
and N2O

.aerosol loadings.

Some of the results of the sensitivity calculations are
shown in Figures 1 through 9. Overall, the results show the

following:

.At near sea level conditions, major useful research is
possible only in the 500 to 1400 cm-1 region.

.Systematic errors in the measurement of water vapor,
temperature, and aerosols pose the greatest risk for
validation of the models to better than 5% in these

regions.

.Separation of the various continuum formulations re-
quires the specification of the vertical distribution of
temperature and water vapor in the lowest 4 km to within
about 1 K and 5%, respectively.

There are many other results that could not be shown in
this summary paper. However. we will be happy to provide
interested individuals with copies in GIF format which can
be displayed by most desktop computers.

Our approach to answering these questions is to

.test the accuracy of representative examples of various
model types for calculating the spectrally integrated
radiance over relatively broad intervals of the order of
20 cm-1 or greater

.use identical meteorological data in each model

.use identical numerical techniques, where possible, to
perform the various calculations. Homogeneous Cloud

Problems
The approach requires the simultaneous measurement of
the radiative properties of the atmosphere and the verti-
cally downward spectral radiance. The observational
requirements depend on the individual problems to be
studied, but the list is quite long.

Our research is directed at answering the question: How
well do existing, generic, bulk parameterizations of cloud

radiative properties allow the calculation of downwelling
radiance at the surface? The observations we require
include cloud base altitude, liquid water content, and the
radiative properties of the clear-column below the cloud
base. We are performing the required sensitivity calcula-
tions at this time, and hope to present results on this aspect
of the study at the next meeting of the Science Team.

Broken Cloud Study


