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. ABSTRACT

The effects of mesoscale forcing and diabatic heating on the development of convective systems have been
investigated using a simplified numerical model to simulate the squall line and the convective system preceding
it that occurred over Texas and Oklahoma on 10-11 April 1979. A simulation run without including latent
heat showed both systems to be initiated and maintained by convergence produced by larger-scale forcing. The
first cloud system formed downwind of the convergence zone that was produced by the confluence of airstreams
along a dryline. A cloud front approaching from the west then merged with this dryline, destroying its horizontal
gradients through diffusive effects and replacing it with a frontal convergence line that was aligned with the low-
level flow. This new configuration was then favorable for the formation of the squall line that developed in the
simulation. ’

When latent heat was included, the continuous cloud in the first convective system broke down into isolated
cells which moved downstream from the convergence zone. In the non-latent heat case, the primary mechanism
for providing moisture to this cloud was vertical diffusion from the moist surface layer. When latent heat was
added, vertical advection within cell updrafts provided a more efficient means to supply moisture to the convective
system.

In the simulated squall line, latent heat release produced a deeper cloud system while intensifying and main-
taining the low-level convergence. However, unlike the earlier system, the squall line did not break into convective
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cells when latent heat was included in the simulation.

1. Introduction

The issue of whether low-level convergence exists in
the prestorm environment prior to the development
of many mesoscale convective systems has importance
not only for our understanding of how these systems
first develop but also for the potential predictability of
such systems by meso-alpha-scale numerical models.
The Preliminary Program Design (UCAR, 1984) for
the proposed STORM-CENTRAL Experiment cites
the determination of whether such convergence pre-
cedes storm development as one of the primary re-
search objectives relating to the preconvective envi-
ronment. A number of observational' studies (Fank-
hauser, 1974; Ogura, 1975; Ogura and Chen, 1977;
Koch and McCarthy, 1982) have found evidence to
indicate mesoscale lifting to be present up to several
hours prior to the first development of convective ac-
tivity. For such cases in which convergence is an iden-
tifiable precursor, the prediction of the resulting con-
vection will be considerably easier. In fact, one can
expect deterministic forecasts of the timing and location
of convection to require that the triggering mechanism
initiating this convection either be resolvable by the
model or be able to be effectively represented by the
model’s subgrid-scale parameterizations.

The extent to which preexisting low-level conver-

gence is important to the development of a given system
will be highly case dependent. When it is present, how-
ever, one would expect it to play a major role in de-
termining the structure of'the convective system that
results. In particular, if the lifting zone has a predom-
inantly linear form such as occurs in a surface cold
front, one might expect that the resulting convective
system would take the form of a squall line. In the case
studied here, however, we will find that the direction,
relative to the convergence line, of winds in the middle
troposphere as well as near the surface may also play
arole in determining whether the resulting convection
forms an organized line structure or breaks down into
isolated cells.

The extent to which latent heat release influences
the subsequent development of the storm is also im-
portant in determining how much the external forcing
will affect further storm development once free con-
vection has occurred. If the atmosphere is conditionally
stable, as is the case for most winter storms, the only
way to produce and maintain precipitation is through
externally forced lifting, usually caused by baroclinic
instability. On the other hand, for conditionally un-
stable cases, such as those typical of the springtime
storm environment, the convective system will become
self-sustaining once free convection is achieved as long
as the moisture supply to the system can be maintained.






