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The overall objectives of the Atmospheric Radiation Meas-
-urement (ARM) program research at the Goddard Institute
for Space Studies (GISS) are to refine and validate the
GISS General Circulation Model (GCM) radiation code
through mode! intercomparisons and comparison with
ARM observations, to refine and restructure the GISS
GCM diagnostics to facilitate more informative compari-
sons with global radiation/cloud data sets, and to use ARM
data to develop improved parameterizations of the radia-
tive impact of clouds and to study the interaction of
dynamics and radiation.

Task 1: Improvement of GISS
GCM Radiative Codes

Subtask 1a: Improvement of Solar
Radiative Code

The key component of this subtask is the development of
a particle-size-dependent multiple scattering algorithm.
Our proposed approach for development of this multiple
scattering parameterization anticipated using
van de Hulst's similarity relations, which are quite accu-
rate for representing solar zenith angle integrated (spheri-
cal) albedos for different optical thicknesses and for
different particle size distributions.

We found, however, that the simple scaling with similarity
relations that is applicable with good accuracy for spherical
albedos, is not readily transferrable to plane albedos
without introducing complex compensating param-
eterizations. Accordingly, we adopted a more direct
approach using a 4-dimensional interpolation of cloud
radiative properties, i.e., the interpolation of cloud albedo

and diffuse transmission as a function of solar zenith
angle, optical depth, cloud particle size, and single scatter-
ing albedo. These results will replace the current approach
which uses the “Single Gauss Point” doubling algorithm to
obtain cloud radiative properties. However, the stack of
homogeneous layers that make up the atmospheric col-
umn will be “added” using the Single Gauss Point adding
algorithm with the “extra angle” formulation used to model
the solar zenith angie dependence. The interpolation
tables are being constructed to reproduce the Mie scatter-
ing results for liquid water cloud properties, with the
asymmetry parameter serving as the index for interpolat-
ing the extinction cross-section dependence on wave-
length and on particie size.

In addition to providing the capability to model the radiative
effects of changing cloud particle size, this new approach
for modeling multiple scattering should also improve the
accuracy of the radiative transfer modeling as well as
improve the computational speed of the GCM solar radia-
tion code. This improvement to the solar radiation code is
a critical component in our effort to evaluate our improved
cloud prediction scheme properly (Task 3). Once the liquid
cloud particle parameterization is in place, we will extend
the treatment to include ice clouds.

Subtask 1b: Improvement of
Longwave Radiative Code

A key element of this subtask is the improvement of the
water vapor continuum formulation in the GCM longwave
radiative code. Based on an intercomparison of GCM
radiative cooling rates (GISS, NCAR, GFDL) against line-
by-line results (Fels et al. 1991), we find that the GISS
GCM cooling rates are in generally good agreement with
the line-by-line calculations. However, there are some
unexplained differences.
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One source of error that we have identified can be attrib-
uted to our use of the Roberts et al. (1976) water vapor
continuum formulation. Recent measurements suggest
thatthe Roberts et al. (1976) continuum may overestimate
the continuum opacity by 25%.

To evaluate the climatic significance of the different con-
tinuum absorption formulations, we are proceeding to
replace the Roberts et al. (1976) continuum with newer
formulations. Additional GCM and line-by-line compari-
sons are also being initiated to more clearly identify other
sources of error. Toward this end, future measurements
obtained during Cloud and Radiation Testbed (CART) and
First ISCCP Regional Experiment will be invaluable. Until
these data become available, we will use High Resolution
Interferometer Sounder (HIS) aircraft measurements for
our line-by-line data versus model comparisons. The ef-
fects of multiple scattering on thermal radiation are gener-
ally small, and thus usually ignored. As a by-product of
parameterizations developed in Subtask 1a, we will have
a multiple scattering model that can also be applied for
iongwave calculations. We will use these results to exam-
ine the accuracy of the parameterized correction for mul-
tiple scattering effects that is currently being used in the
GISS GCM longwave calculations.



