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Abstract

Observations have been made in a major, eastern canyon of the Sierra Nevada,
and are the first documentation of the mountain and valley wind system in this
range. The topography of the “Eastside” of the Sierra Nevada is unique, pro-
ducing some interesting flow patterns. Surface and upper-air data have been col-
lected during summer and winter from 1994 through 1997. The mountain wind
and similarly the valley wind have been observed as regular features of Lee
Vining Canyon. However, results have shown a complex wind regime where the
normal up-canyon valley wind is often replaced with a down-canyon flow by
mid-afternoon. This wind, which depends on a number of mechanisms, is more
common during summer than winter which suggests that it may be thermally
driven. During winter, katabatic flows have been observed in the upper reaches
of the canyon proper, while a distinct valley wind dominated the lower regions

of the canyon.

Introduction

Local mountain and valley wind systems have been studied
for many years, leading to a basic understanding of the dynamics
involved. The parameters of these thermally driven wind regimes
are documented for many mountainous regions throughout the
world, but for the Sierra Nevada, these winds and their quanti-
tative and qualitative aspects are unknown. This paper examines
the wind system of a single, eastern Sierra Nevada canyon in
order to develop a more complete image of Sierra Nevada wind
flow. The additional familiarity of this wind regime will not only
create a more detailed description of mountain and valley wind
systems, but is the first study of its kind in the Sierra Nevada.
This study will be useful in the understanding of Mono Basin’s
winter pogonip phenomenon (a super-cooled fog that plagues the
region many times throughout the winter season) and will be
important to air pollution studies of the Sierra Nevada and the
Great Basin. The purpose of this paper is to discuss observations
made in Lee Vining Canyon of the mountain-valley wind regime
during the winter 1995-1996 and June 1996.

There are two basic components of the valley wind system
as summarized by Whiteman (1990): the slope winds and the
valley winds, which are both thermally driven. The slope winds
blow parallel to the incline of the valley sidewalls, while the
valley winds blow along the axis of the valley. Slope winds are
driven by buoyancy forces produced by temperature differences
between the air adjacent to the slope and the ambient air at the
same altitude. The valley winds are a result of horizontal pres-
sure gradients that are driven by temperature differences that
form along the valley axis as well as between the valley proper
and the adjacent plain. Typically, slope winds blow up-slope
during the day and down-slope at night; the valley winds blow
up-valley during the day and down-valley during the night. Their
onset can vary depending on valley geometry and influence from
external or regional wind systems (Whiteman, 1990). In this pa-
per the nomenclature valley wind is often used to describe the
up-canyon flow, while mountain or drainage wind is used to
describe the nocturnal down-canyon flow.
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The first reported observation of the mountain wind in the
Sierra Nevada was most likely made by John Muir when he
described the mountain night wind during his ascent of Mount
Ritter in 1872 (Muir, 1894). Some simple observations were also
made in Yosemite Valley by E E Matthes during an expedition
for the U.S. Geological Survey (Matthes, 1911). He found the
valley wind to be a regular feature of Yosemite Valley, and on
one occasion this wind brought smoke from a nearby wild fire
up into the valley proper, hindering his surveying. A pilot study
was conducted during the summer of 1977 that examined up-
slope winds in the southern High Sierra. Results were limited,
but Morgan and Slusser (1978) noted that a complex wind sys-
tem exists for that region of the Sierra Nevada.

The wind system of Lee Vining Canyon is quite unique.
This is due in part to the canyon having a “‘nontypical” valley
geography, which is found throughout the eastern Sierra. Topo-
graphically, the canyons of the eastern Sierra Nevada differ from
the idealized valleys studied elsewhere. Eastern Sierra canyons
have two components: the upper canyon and the lower canyon.
The upper part of the canyon is characterized as that within the
“mountain front proper,” which is where the vertical relief of
the side walls is greater than the valley floor area. The lower
canyon is distinguished from the latter by its symmetric lateral
moraine walls, which have low vertical relief and extend into
the Mono Basin. As a consequence of these differing topogra-
phies, the wind characteristics of the upper and lower canyon
may differ dramatically leading to a unique wind regime.

Experiment Site

Lee Vining Canyon (37°55'N, 119°09'W) is located east of
the Sierra Nevada crest, east of Yosemite National Park and
southwest of Mono Lake (Fig. 1). It is one of the main canyons
or valleys that lead from the Sierra crest and drain to the Mono
Basin. This canyon was chosen because of its location and size,
and represents a fine example of eastern Sierra canyons that are
characterized by their U-shaped geometry and their symmetric
lateral moraines extending into the basins to the east.
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The valley length is 13.9 km and is aligned west to east.
The canyon opens from the mountain front proper (Mono Dome)
and the canyon moraines extend into the Mono Basin (Fig. 2).
The horizontal area of the canyon at ridge height is approxi-
mately 18.7 km’. The opening width at the mountain front
boundary is 2.8 km. The valley floor slope at the Aspen camp-
ground (ACG) is 2.3 and 1.2° at the meteorological station
(MET) (Fig. 2). Slope of the valley side-walls are as follows: at
ACG the north slope measures 35 and the south slope at 28.7°,

at the MET site both the north-facing slope and the south-facing
slope have a measurement of 21.8°.

The canyon crest height on the north side of the canyon is
2987 m, which gives a relief of 700 m from the canyon floor,
and at Mono Dome (3238 m) the relief is 945 m above ground
level (AGL). On the south side of canyon the crest height mea-
sured 3535 m at the Dana Plateau. This gives a relief of 1250
m from the canyon floor. For the canyon proper, I will use 700
m AGL for average crest height. At the MET site, the crest
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FIGURE 2. Topographic map showing Lee Vining Canyon proper and site locations. ACG = Aspen

Campground, GBAPD = Great Basin Air Pollution Control District tower.
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