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ABSTRACT

On 19 May 1977, a severe squall line formed and moved through the National Severe Storms Laboratory
observing network in Oklahoma, producing heavy rain, hail, strong winds, and tornadoes. The squall line is
examined at two times: 1434 and 1502 CST. Doppler analysis of part of the squall line reveals four convective
cells in the line, developing cells ahead of the line, a trailing precipitation region, and a convective rainband at
the western edge of the system. The updrafts within the convective cells on the leading edge tilt westward in
the lower levels and eastward near the tropopause. Convective updrafts and downdrafts are fed by low-level air
entering the squali line from the front. Surface network analysis and gust front penetration by an instrumented
aircraft indicated strong convergence along the leading edge of one of the stronger cells in the line. Horizontal,
line-relative flow perpendicular to the squall line and within the trailing precipitation area is from east to west
(front to back) at all levels, weakening with height. An exception to this is an area of weak (<3 m s™') rear
inflow into the stratiform precipitation region in the midlevels. Flow parallel to the squall line is stronger, in
general, than the perpendicular flow. A composite rawinsonde analysis shows ascending motion within the
troposphere over most of the squall line region. A conceptual model is developed for 19 May 1977 and is
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compared to conceptual models of tropical squall lines and of the 22 May 1976 Oklahoma squall line,

1. Introduction

a. General structure of midlatitude and tropical squall
lines

Conceptual models of midlatitude squall lines
- (Newton, 1950) suggest they form in a convectively
unstable environment characterized by strong vertical
shear of the horizontal wind. Vertical transport of
stronger, upper-level momentum towards the surface
and weaker, lower-level momentum upwards results
in convergence near the surface and divergence aloft
on the propagation side of the line. This configuration
continuously reinforces the low-level updraft and al-
lows squall lines to persist for hours. Evaporative cool-
ing of dry, midlevel air entrained into the system and
water loading serve to support convective downdrafts.
A miadlatitude squall line has intense convection along
the leading edge of the system that may or may not be
followed by an area of mesoscale, light precipitation.
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In some cases, convective cells ahead of the line may
merge with the line itself, aiding in system maintenance
and propagation. '

Observations (Houze, 1977) show tropical squall
lines are composed of three regions: convective up-
drafts, convective downdrafts, and a trailing, mesoscale
area of precipitation characterized by mesoscale, un-
saturated downdrafts in the low levels (Zipser, 1969).
Zipser (1977) proposed that the mesoscale downdraft
is forced by negative buoyancy created by evaporation
of water and ice from the upper levels of the trailing
precipitation ' region. Numerical results of Brown
(1979), using a time-dependent, hydrostatic model,
support this explanation. Frequently, a radar bright
band is a prominent feature of the trailing precipitation
region. Leary and Houze (1979) suggest that mesoscale
ascent above the bright band is the probable forcing
mechanism for the production of precipitation within
the trailing precipitation region. Srivastava et al. (1986)
used an extended VAD (velocity-azimuth display)
technique and Doppler analysis to show that the strat-
iform region of an Iliinois squall line has weak as-

‘cending motion (<10 cm s™') below 1 km, descent (25

cm s~' maximum) between 1 and 5 km, and ascent
(35 cm s™! maximum) from 6 km to cloud top. The
vertical motions above 1 km substantiate previous hy-






