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ABSTRACT

Evidence is presented for a process of ice crystal generation in supercooled orographic clouds in contact with
snow-covered mountain surfaces. Comparisons of the crystal concentrations at the surface with aircraft sampling
indicate that the “anomalous” crystals originate at the interface of the cloud with the surface. Crystal concentrations
at the surface, over the temperature range —5° to —23°C, were found to be roughly 100 times higher than in
the main body of the clouds. Occasionally, the effect extends to altitudes as much as 1 km above the ground in
the clouds studied, and indications are that even greater depths of clouds might be influenced over extended
mountain ranges. The mechanism of ice crystal generation involved has not yet been firmly established; several
possibilities are discussed in the paper. The phenomenon can be expected to have significant implications for
the characteristics of low-altitude orographic clouds with respect to their propensity to produce precipitation;
radiative, chemical and electric properties; and their suitability for cloud seeding,

1. Introduction

Mountain peaks enveloped by clouds have been uti-
lized many times for systematic studies of cloud char-
acteristics and cloud processes [for example: Kohler
(1925) in Norway; Langmuir (1948) at Mt. Washing-
ton; Kuettner (1950) at Zugspitze; Rittberger (1959)
at Mt. Feldberg; Diem (1962) at Jungfraujoch; Hobbs
(1969) in the Olympic mountains; Blyth et al. (1980)
at the Great Dun Fell; Borys et al. (1983) in the Col-
orado Rocky Mountains]. The main advantage of such
sites, in comparison to aircraft observations, is that it
is relatively easy to gather detailed observations in the
clouds’ interiors over long periods of time, limited only
by the lifetime of the clouds or by the time of their
passage over the mountain. Observations at mountain
peaks have contributed greatly to the development of
cloud physics even before the availability of aircraft
capable of penetrating clouds, and mountaintop cloud
observations continue to usefully complement aircraft
observations. Because of the volume of the mountain,
and the large interface area with the cloud, there is, of
course, the hazard that the mountain introduces un-
expected artifacts into the observations, undermining
the representativeness of the data for the cloud aloft.

In the process of studying the origins and evolution
of ice crystals in a mountain cap cloud, we discovered
that the ice content of the cloud was being influenced
by “anomalous” ice crystals which appeared to be gen-
erated at the surface of the mountain. In this paper we
present these findings and discuss their implications.
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2. Observational setting and procedures

The studies to be presented were conducted over the
past 12 yr in the cap clouds which envelope the upper
parts of Elk Mountain, Wyoming (41°37'50"N,
106°31'40"W) in the winter. Elk Mountain is an iso-
lated peak; the summit elevation is at 3.4 km MSL.
Other mountains of comparable height are ~ 100 km
away. The broad upwind valley as at ~2.1 km eleva-
tion. The mountain is covered with thin coniferous
forest from its base to just below the summit. Most
snowfall on the mountain is from traveling cyclones,
which occur at about weekly intervals in winter. Snow-
pack is typically 1 m deep by midwinter. Trees and
rocks at the upper elevations are covered by wind-
packed snow and rime, which can exceed one-half me-
ter in thickness. Wind speeds near mountain top exceed
10 m s™' more than 50% of the time during winter.

Supercooled clouds envelope the mountain on about
one-third of the winter days. About half of those clouds -
can be described as “cap” clouds, i.e., isolated, shallow,
wave-like clouds, the other half consisting of clouds of
greater depth, and of larger horizontal extent than the
mountain. During cap cloud episodes, the cloud top
is usually defined by an inversion, equivalent potential
temperature is nearly constant from the valley surface
to the inversion, snowfall is absent or very light, and
rime accumulates on rocks, trees and snowcover. Major
characteristics of the cap clouds have been summarized
by Rogers and Politovich (1981). The attributes which
make the clouds especially suitable for cloud physics
studies are smooth, steady and relatively simple flow;
stationarity over the mountain; quasi-steady conditions
of cloud temperature and horizontal and vertical di-






