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Abstract

Radiation measurements at the surface and simultaneous
ground-based measurements of the atmosphere during
the FIRE'91@ cirrus field experiment provided an
opportunity to identify essential measurements and
deficiencies in parameterizations of current cloud-radiation
models. Comparisons between measured and calculated
broadband surface fluxes demonstrate the need for
1) accurate humidity and temperature vertical profiles,
2) datathatcapture the 3-dimensional structure and vertical
extinction of clouds, and 3) additional airborne
measurements. In-situ cloud microphysical measurements
and radiation measurements near the tropopause (taken
simultaneously to those at the Surface, to define the
radiative properties of the troposphere) are vital toimprove
radiative model parameterizations (and also satellite
retrieval algorithms}), which are used in the absence of
available measurements.

Introduction

Tobenefitour understanding of radiative transfer processes
in the earth’s atmosphere, long-term continuous ground-
based measurements at a few selected locations all over
the world are ptanned and are already underway at the first
Atmospheric Radiation Measurement (ARM) site, in
Oklahoma. One of the major difficulties is the definition of

(a) First ISCCP (International Satellite Cloud Climatology Project)
Regional Experiment.

the atmospheric radiative properties with measurements
from the surface only. Using surface measurements of the
atmosphere from the FIRE'S1 field experiment and
comparing calculated to measured radiative surface fluxes,
we seek to identify the most important measurements.
This study also points out that many atmospheric properties
cannot be measured from the ground and have to rely
heavily on model parameterizations, which must be
validated and, if necessary, improved.

FIRE'91 measurements, used in this study, are addressed
first. Then, the testing procedure is outlined, including a
short description of the radiative transfer model. Next, a
few selected results are analyzed and, finally, suggestions
for future work are given.

Measurements

As a precursor to upcoming measurements at ARM sites,
data from the FIRE’91 cirrus field experiment provide a
unique opportunity to judge the ability of ground-based
measurements to describe the radiative properties of the
atmosphere.

This study relies only on a data subset, as most of the
measurements were not available at the time this study
was conducted (an updated study with more data is
underway). Vertical profiles of atmospheric variables (e.g.,
temperature, humidity) are defined by frequent radiosonde
launches by the National Oceanic and Atmospheric
Administration (NOAA). Model calculations for times
between launches are based on a linear time interpolation
of these vertical profiles. Cloud properties and cloud
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structural data are based on remote sensing data from the
ground, including the Pennsylvania State University
94-GHz radar and 10-channel sun-photometer, the latter
providing optical depth values for optically thin clouds.
Cloud microphysical properties are based on model
parameterizations, as in-situ measurements were not
processed at the time this work was done. Downward
hemispheric broadband solar and infrared fiuxes at the
ground are provided by Eppley radiometers of the
Pennsylvania State University.
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