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We participate in the Atmospheric Radiation Measurement
(ARM) Program with two objectives: 1) to improve the
general circulation model (GCM) cloud/radiation treatment
with a focus on cloud overlapping and the cloud optical
properties and 2) to study the effects of cloud/radiation-
climate interaction on climate simulations. This paper
summarizes the project progress since the second ARM
Science Team meeting October 26-30, 1991, in Denver,
Colorado. Four graduate students participated in the
research.

GCM Radiation
Model Development

During this period, we completed the radiation model-
measurement comparison using the Albany site data. The
measurement data include

+ the total direct and diffuse solar radiation reaching the
surface (15-minute intervals) for the periods 10/86, (4,
5,7, 10) 10/87, and 10/91 through 10/92

» the longwave radiation reaching the surface for the
periods 10/91-6/92 (15-minute intervals)

» the meteorological data at the surface (hourly data) and
in the upper air (6 am and 6 pm) by the National Weather
Service. The meteorological data consist oftemperature,
humidity, wind, and cloud cover and ceiling height for
the same periods as the solar radiation.

Using these data as inputs, we evaluated the longwave
and solar radiative codes by comparing the calculated
radiative fluxes reaching the surface with measurements
for both clear and cloudy sky conditions. These codes

were used in the general circulation models CCM1 (Wang
et al. 1991 and 1992) and the Global ENvironmental and
Ecological Simulation of Interactive Systems (GENESIS)
for climate simulations. Both GCMs were developed at the
National Center for Atmospheric Research. The GENESIS
includes the diurnal cycle and much improved physics
(clouds, moisture transport, convection, etc.) and surface
models for soil and snowr/ice.

Figure 1 shows the comparison of longwave and solar
radiation for clear and cloudy sky. Note that the cases for
longwave radiation are restricted to the time of the day
when radiosonde data are available. Note also that the
cases of cloudy sky are limited to one layer of cloud either
at low level (< 3 km) or at the middle level (between 3 and
6 km), which is determined through examining the humidity
profile. For clear sky, the model calculations are in good
agreement with measurements for longwave radiation,
and the contribution of the observed trace gases of CH,,
N,O, CFC-11, and CFC-12is 2 to 3 Wm™2,

The GCM radiation parameterization calculates
systematically higher values for solar radiation. Our
sensitivity calculations indicate that the effects of column
ozone amount and surface albedo are on the order of 10
to 20 Wm-2, The likely cause for the larger values is related
to the omission of aerosols in the flux calculations, as well
as the measurement uncertainty.

Large differences are found in the comparison for the
cases of cloudy sky, and the differences are particularly
large for solar radiation. These differences can be attributed
to the radiation model's internally assigned cloud albedo
and emissivity and, thus, a lack of interactive cloud optical
properties. For the latter, work is already under way to use
observations such as the First ISCCP Regional Experiment
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