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ABSTRACT

Observations from a wide variety of instruments and platforms are used to validate many different aspects of
a three-dimensional mesoscale simulation of the dynamics, cloud microphysics, and radiative transfer of a cirrus
cloud system observed on 26 November 1991 during the second cirrus field program of the First International
Satellite Cloud Climatology Program (ISCCP) Regional Experiment (FIRE-IT} located in southeastern Kansas.
The simulation was made with a mesoscale dynamical model utilizing a simplified bulk water cloud scheme and
a spectral model of radiative transfer. Expressions for cirrus optical properties for solar and infrared wavelength
intervals as functions of ice water content and effective particle radius are modified for the midlatitude cirrus
observed during FIRE-II and are shown to compare favorably with explicit size-resolving calculations of the
optical properties. Rawinsonde, Raman lidar, and satellite data are evaluated and combined to produce a time—
height cross section of humidity at the central FIRE-II site for model verification. Due to the wide spacing of
rawinsondes and their infrequent release, important moisture features go undetected and are absent in the con-
ventional analyses. The upper-tropospheric humidities used for the initial conditions were generally less than
50% of those inferred from satellite data, yet over the course of a 24-h simulation the model produced a
distribution that closely resembles the large-scale features of the satellite analysis. The simulated distribution
and concentration of ice compares favorably with data from radar, fidar, sateilite, and aircraft. Direct comparison
is made between the radiative transfer simulation and data from broadband and spectral sensors and inferred
quantities such as cloud albedo, optical depth, and top-of-the-atmosphere 11-pm brightness temperature, and the
6.7-pum brightness temperature. Comparison is also made with theoretical heating rates calculated using the
rawinsonde data and measured ice water size distributions near the central site. For this case study, and perhaps
for most other mesoscale applications, the differences between the observed and simulated radiative quantities
are due more to errors in the prediction of ice water content, than to errors in the optical properties or the radiative

transfer solution technique.

1. Intreduction

Much of the uncertainty in global climate prediction
is due to the use of inaccurate parameterizations of
clouds. To improve these models, the current research
trend is toward the use of explicit cloud parameteriza-
tions instead of diagnostic schemes (Fowler and Rand-
all 1994). Three approaches can be taken in the vali-
dation of these new and improved parameterizations.
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In the first, model diagnostics such as low cloud
amount or outgoing longwave radiation (e.g., Slingo et
al. 1989) are compared with observations. However,
an inaccurate model process is difficult to identify since
these second-order parameters depend on many pro-
cesses in the climate model. The validation is further
obscured when the parameter is longitudinally.or sea-
sonally averaged. As models and observation tech-
niques become more sophisticated, it is necessary to
validate them using quantities that are more fundamen-
tal and are averaged over smaller spatial and time
scales.

Recently, a second approach, called Single Column
Modeling, has been invoked wherein the cloud and ra-
diation parameterizations of a general circulation
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