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ABSTRACT

The evolution of synoptic-scale dynamics associated with a middle and upper tropospheric cloud event that
occurred on 26 November 1991 is examined. The case under consideration occurred during the FIRE Cirrus-1I
Intensive Field Observing Period held in Coffeyville, Kansas, during November—December 1991. Using data
from the wind profiler demonstration network and a temporally and spatially augmented radiosonde array,
emphasis is given to explaining the evolution of the kinematically derived ageostrophic vertical circulations and
correlating the circulation with the forcing of an extensively sampled cloud field. This is facilitated by decom-
posing the horizontal divergence into its component parts through a natural coordinate representation of the
flow. Ageostrophic vertical circulations are inferred and compared to the circulation forcing arising from geo-
strophic confluence and shearing deformation derived from the Sawyer—Eliassen equation. It is found that a
thermodynamically indirect vertical circulation existed in association with a jet streak exit region. The circulation
was displaced to the cyclonic side of the jet axis due to the orientation of the jet exit between a deepening
diffluent trough and a building ridge. The cloud line formed in the ascending branch of the vertical circulation,
with the most concentrated cloud development occurring in conjunction with the maximum large-scale vertical
motion. The relationship between the large-scale dynamics and the parameterization of middle and upper tro-
pospheric clouds in large-scale models is discussed, and an example of ice water contents derived from a
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parameterization forced by the diagnosed vertical motions and observed water vapor contents is presented.

1. Introduction

In his review article, Liou (1986) states that cirrus
clouds are one of the most important yet least un-
derstood components of the climate system. Cover-
ing as much as one-third of the earth’s surface and
having unique microphysical and radiative charac-
teristics, cirrus undoubtedly has a profound influence
on climate. The ability to characterize accurately
these upper-tropospheric ice phase clouds in general
circulation models has long been recognized as a se-
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rious shortcoming of present-day simulations of fu-
ture and past climate. Cirrus clouds present a multi-
faceted challenge that spans the entire range of the
cloud parameterization problem. At the smallest
scales, the optical characteristics of cirrus that stem,
in large part, from complicated crystal characteristics
are not well-known and, therefore, are difficult to ac-
curately represent in a GCM parameterization. At
smaller scales, cirrus clouds owe their existence pri-
marily to turbulent motions. However, as shown in
the modeling studies of Starr and Cox (1985a,b), the
meso- to synoptic-scale ascent is quite important to
the evolution of the macroscopic cloud properties.
Macroscopic characteristics such as cloud thickness,
aerial coverage, and optical depth have been shown
to be quite sensitive to the large-scale vertical mo-
tion. This sensitivity to the large-scale ascent con-






