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ABSTRACT

The thermodynamic and cloud structure of a relatively weak wintertime frontal rainband are derived from
dual-Doppler radar measurements, soundings and high resolution surface observations, and with a cloud model.
These derivations are simplified by the high degree of two-dimensionality and steadiness of the rainband. Water
vapor, cloud water, cloud ice, rain, and snow are parameterized in the cloud model, subject to a temperature
distribution that is constrained to a dynamical balance. Air temperature is derived from buoyancy, which is
retrieved from the airflow assuming momentum and heat balance. The results of the thermodynamic and cloud
microphysical retrieval are compared with airborne measurements in the rainband.

The analysis indicates that the rainband was driven by a weak cold front aloft (CFA), which made the
prefrontal air conditionally symmetrically unstable. The CFA appeared as a midlevel intrusion of cold, dry air
on the mesoy scale. The CFA interacted dynamically with the planetary boundary layer, not only through
cooling produced by evaporating hydrometeors but also by a shallow downdraft immediately to the rear of the
rainshaft associated with the rainband.

This study shows that the combined thermodynamic and cloud microphysical retrieval technique is a useful
tool in analyzing force balances and assessing water and energy budgets, even in quite weak mesoscale precipitation

systems.

1. Introduction

In the first part of this series (Locatelli et al. 1989,
hereafter referred to as Part 1) we described the evo-
lution of the large-scale frontal structure of a cyclone
as it moved eastward across the United States from 4
to 7 March 1986. The further development of the cy-
clone along the east coast of the United States and
Canada from 7 to 8 March 1986 has been described
by Yau and Jean (1989). The evolution of this system
over the Mid-Atlantic States was well documented as
part of the Genesis of Atlantic Lows Experiment
(GALE 1985). In Part I, the formation of two rain-
bands ahead of a cold front aloft (CFA ) was explained
in a synoptic context. These rainbands, in particular
the second one, were examined in more detail by Sien-
kiewicz et al. hereafter referred to as Part II, (1989).
In the present paper, the dynamical structure of the
second rainband, referred to as R2, is examined with
the aid of a 3 h sequence of dual-Doppler radar data,
as well as surface and airborne measurements. The air
motion field is related to the dynamics of the rainband
using a model, which we will call “combined ther-
modynamic and microphysical retrieval” (combined
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TMR). This model relates thermodynamic and cloud
microphysical variables to an input airflow field, and
to each other, in a self-consistent way.

The term *“‘thermodynamic retrieval” is used to in-
dicate the diagnostic derivation of pressure and buoy-
ancy fields that are in equilibrium with an input airflow
field and specified or floating boundary conditions (e.g.,
Gal-Chen 1978; Hane and Scott 1978). The method
has been applied previously to storms with strong up-
drafts, including squall lines (Roux et al. 1984; Lin et
al. 1986), tornado-spawning storms (Brandes 1984;
Hane and Ray 1985), a strong cold-frontal rainband
(Parsons et al. 1987), as well as to a planetary boundary
layer (PBL) inversion (Gal-Chen and Kropfli 1984).
Two approaches have been used: a purely dynamic
approach, which employs only momentum conserva-
tion constraints (e.g., Gal-Chen 1978; Brandes 1984;
Matejka 1989), and a thermodynamic approach, which
also uses the first law of thermodynamics (e.g., Roux
1988). The inclusion of the first law requires an ac-
curate estimate of the distribution of heating.

“Microphysical retrieval” refers to the diagnostic
derivation of the distribution of clouds, hydrometeors
and temperature in equilibrium with a given airflow
field, using a cloud microphysical model. Momentum
conservation constraints are ignored. Either a param-
eterized or an explicit cloud model may be used (e.g.,
Lin et al. 1983; Rutledge and Hobbs 1983; Ziegler 1985;






