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ABSTRACT

A series of mesoscale numerical simulations of the AVE-SESAME 1 case (10 April 1979) were performed in
order to analyze the dynamical processes that result in the production of an environment favorable for the
development of severe local convective storms. The investigation focused on the relative contributions of quasi-
adiabatic inertial and isallobaric adjustments attributable to the geometry of the tropospheric flow and the fluxes
of heat, moisture and momentum from the surface of the earth. .

The model simulations support many of the conclusions deduced by Kocin et al. in their analyses of the
observations taken during the field experiment. The quasi-adiabatic simulations support the existence of a
coupled upper-tropospheric and lower-tropospheric jet streak system. However, the dynamical coupling is more
complex than the straight line jet streak model utilized by Uccellini and Johnson. The departures are attributable
to two sources. First, there is a time-varying curvature in the exit region due to the propagation of a meso-a-
scale trough through the area while a longer wave trough remains relatively stationary. Second, the exit region
experiences significant changes in the mass field due to the presence of differential horizontal thermal advection.
These two effects produce significant alterations to the classical exit region patterns of vertical motion and mass
divergence. In addition, these processes phase with a pattern of significant horizontal variations in the fluxes of
heat, moisture and momentum in the planetary boundary layer. The combination of these processes result in
the amplification of the low-level pressure tendencies and an increase in the strength of the low-level jet streak.

The combination of mass-momentum adjustments associated with the jet streak system and low-level flux
gradients results in the creation of significant amounts of buoyant energy and the vertical motion necessary for
its release. The simulation experiments suggest that the 6 h increase in buoyant energy over the areas that
subsequently experience convection is approximately half the result of the quasi-adiabatic processes and half
the result of the surface fluxes of heat and moisture.

This study has three major contributions. First, it indicates the possible importance of the phasing of deep
tropospheric mass-momentum adjustments with differential surface fluxes of heat and momentum. Second, it
extends the understanding of jet-streak exit region dynamics to the case of cyclonically curved flow in the
presence of differential horizontal thermal advection. Third, it reveals the rapidity with which circulation patterns
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associated with a jet streak exit region can change.

1. Introduction

Diagnostic studies have confirmed the notion that
many of the most severe meteorological events are or-
ganized by circulation systems that are smaller than
the synoptic scale features which are routinely analyzed
and forecasted by operational weather centers (Orlan-
ski, 1975; Fujita, 1981). However, the understanding
of the evolution of these meso-a-scale to meso-S-scale
(Orlanski, 1975) circulation features and their inter-
action with the larger scale circulations in which they
are embedded is far from complete. Investigators have
taken two approaches in an attempt to quantify the
understanding of these mesoscale circulation systems,

The first approach has utilized special nonstandard
datasets compiled from field experiments to examine
the role of adiabatic and diabatic processes in estab-
lishing mesoscale circulations and in the subsequent
interaction of these circulations with features in the
longer and shorter wavelength region of the atmo-
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spheric spectrum. These studies have included inves-
tigations of the coupling of upper-level and lower-level
jet streaks (Kocin et al., 1982, 1986), the effects of con-
vective scale feedback on larger scale circulations (Wil-
son, 1977; Robertson, 1982; Kuo and Anthes, 1984b),
and the role of differential heating of the planetary
boundary layer (Ogura et al., 1982; Ogura and Chen,
1977). While the datasets available for these studies
represent a significant improvement to the standard
12-h synoptic-scale datasets, these investigations are
still limited by the temporal and spatial resolution of
the data as well as its accuracy and representativeness.
In addition, it is difficult to isolate the contribution of
a single component of the physics since atmospheric
processes are usually coupled in a complex nonlinear
manner.

A second approach employs a numerical model to
simulate these circulations and their interactions with
other scales of motion. Mesoscale models (i.e., models
with grid lengths between 20 and 100 km) have dem-






