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FIG. 14. Four stages in the evolution of an idealized bow echo.
(a) An initial updraft leans downshear in response to the ambient
vertical wind shear, which is shown on the right. (b) The circulation
generated by the storm-induced cold pool balances the ambient shear,
and the system becomes upright. (¢) The cold pool circulation over-
whelms the ambient shear, and the system tilts upshear, producing
a rear-inflow jet. (d) A new steady state is achieved whereby the
circulation of the cold pool is balanced by both the ambient vertical
wind shear and the elevated rear-inflow jet. The updraft current is
denoted by the thick double-lined flow vector, with the rear-inflow
current in<{(c)and (d) denoted by the thick dashed vector. The shading
denotes the surface cold pool. The thin, circular arrows depict the
most significant sources of horizontal vorticity, which are either as-
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inent feature of the midlevel flow through thé remain-
der of the simulation.

As the system expands, however, a stronger vertical
circulation develops in a broad zone between the
bookend vortices, associated with the development of
a quasi-two- dimensional updraft and elevated rear-in-
flow jet. As is demonstrated in the pressure analysis,
the horizontal pressure gradient accelerating this rear
inflow is primarily associated with a quasi-two-dimen-
sional buoyancy-produced mesolow that extends above
and behind the spreading cold pool. It is the develop-
ment of this elevated rear inflow, which reaches inten-
sities of greater than 20 m s™' along the symmetry axis,
that appears to be the dominant factor promoting the
new steady-state structure by 180 min.

In light of this, we will proceed first with an analysis
of the two-dimensional processes important to the de-
velopment of this elevated rear-inflow jet and will ex-
plain how it contributes to producing an intense, steady
uplift along the leading edge of the system. We will
then discuss in more detail the processes promoting
the development of the bookend vortices and will at-
tempt to clarify their role in initiating and strengthening
this rear-inflow circulation.

4, The development and role of the rear-inflow jet

A detailed analysis of the physical mechanisms re-
sponsible for the development of the rear-inflow _)CT.
within this simulation has recently been presented in
acompanion study by Weisman (1992). In this study,
which extends the recent work of RKW and Lafore
and Moncneﬂ"( 1989), the generation of the rear inflow
is, analyzed via the two-dimensional horizontal vorticity
equation for inviscid Boussinesq flow; for example,

;=.——,, ' (8)“

where 5 = 8u/dz — 0w/9ox and where B represents the .
buoyancy, defined by (2). Within this framework, the

only source of horizontal vorticity is horizontal gra-

dients of buoyancy. Thus, the analysis of the devel-

opment of circulation is simplified to understanding °
the evolution of the buoyancy field.

This perspective allows for a simple mterpretanon
of the evolution of quasi-two-dimensional convective
systems; based on the interactions between the buoyant
updraft, the storm-induced cold pool, and tlie ambient
vertical wind shear. This evolution is presented sche-
matically in Fig. 14 for an isolated cell evolving in a
vertically sheared environmental flow. Initially, the
convective cell leans downshear in response to the am-.

sociated with the ambient shear or are generated within the convective
system, as described in the text. Regions of lighter or heavier rainfall
are indicated by the more sparsely or densely packed vertical lines,
respectively. The scalloped line denotes the outline of the cloud

(adapted from Weisman 1992).
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