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ABSTRACT

Radar images and numerical simulations of three shallow convective precipitation events over the Coastal
Range in western Oregon are presented. In one of these events, unusually well-defined quasi-stationary
banded formations produced large precipitation enhancements in favored locations, while varying degrees
of band organization and lighter precipitation accumulations occurred in the other two cases. The difference
between the more banded and cellular cases appeared to depend on the vertical shear within the orographic
cap cloud and the susceptibility of the flow to convection upstream of the mountain. Numerical simulations
showed that the rainbands, which appeared to be shear-parallel convective roll circulations that formed
within the unstable orographic cap cloud, developed even over smooth mountains. However, these banded
structures were better organized, more stationary, and produced greater precipitation enhancement over
mountains with small-scale topographic obstacles. Low-amplitude random topographic roughness elements
were found to be just as effective as more prominent subrange-scale peaks at organizing and fixing the
location of the orographic rainbands.

1. Introduction

Banded convection is a striking feature of the atmo-
sphere that occurs in various different settings, includ-
ing cloud “streets” in convective boundary layers, as
well as squall lines and narrow frontal rainbands in mid-
latitude cyclones. Recent studies have demonstrated
that rainbands may also develop in shallow potentially
unstable orographic clouds. Through detailed analysis
of two orographic rain events in the Cévennes region of
France, Miniscloux et al. (2001) showed that after re-
moving the portion of the total precipitation associated
with propagating mesoscale disturbances, a smaller
“static” component remained that appeared to be
linked to the underlying topography. Subsequent nu-
merical studies by Cosma et al. (2002) and Anquetin et
al. (2003) suggest that these bands are formed by lee-
side convergence around isolated peaks and ridges. The
strength of the topographic relief required to form such
bands was not explicitly investigated, but the idealized
numerical simulations presented in Cosma et al. (2002),
in which bands developed in the lee of a 1.2-km-high
peak, suggest that those topographic features capable
of generating bands may need to be rather large.

In contrast, Yoshizaki et al. (2000) presented two sets
of radar observations of orographically generated rain-

bands downstream of hills over western Kyushu, Japan,
in which the bands themselves dominated the total rain-
fall signature. Numerical simulations of one of these
events demonstrated that at least one of the bands was
forced by relatively modest peaks between 300 and 400
m high. Additional numerical simulations suggested
that band development is favored when the topography
is located in a region of mesoscale convergence within
the larger-scale flow and when there is strong low-level
vertical wind shear.

A somewhat different perspective on the generation
of rainbands is suggested by the numerical simulations
of Kirshbaum and Durran (2004, hereafter KD04), who
found that convective bands could develop parallel to
vertically sheared flow over a smooth ridge when the
moist Brunt–Väisälä frequency within the cap cloud is
negative. The individual bands of that study were trig-
gered by small random temperature perturbations
rather than isolated topographic features, and the over-
all character of the flow was reminiscent of boundary
layer rolls (e.g., Fig. 3a of Weckwerth et al. 1997). In
particular, the bands appeared to be the response to a
fluid dynamical instability that developed throughout
the orographic cap cloud. It is unclear whether the
bands simulated by KD04 are related to the previous
observations of Miniscloux et al. (2001) and Yoshizaki
et al. (2000). The precipitating systems observed in
Cévennes, in which the stationary component repre-
sented only a small portion of the total rainfall, were
clearly more complex than simple convective roll vor-
tices. Those in Kyushu seem closer to the type of roll
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