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ABSTRACT 

The snow avalanche climate of the western United States has long been suspected to consist of three main climate 
zones that relate with different avalanche characteristics: coastal, intermountain, and continental. The coastal zone of 
the Pacific mountain ranges is characterized by abundant snowfall, higher snow densities, and higher temperatures. The 
continental zone of the Colorado Rockies is characterized by lower temperatures, lower snowfall, lower snow densities, 
higher snow temperature gradients, and a more persistently unstable snowpack resulting from depth hoar. The inter-
mountain zone of Utah, Montana, and Idaho is intermediate between the other two zones. A quantitative analysis of 
snow avalanche climate of the region was conducted based on Westwide Avalanche Network data from 1969 to 1995. 
A binary avalanche climate classification, based on well-known thresholds and ranges of snowpack and climatic vari-
ables, illustrates the broadscale climatology of the three major zones, some spatially heterogeneous patterns, and varia-
tions with elevation. Widespread spatial shifts toward more coastal conditions occurred during 1985/86 and 1991/92, 
and shifts toward more continental conditions occurred during 1976/77 and 1987/88. Height anomalies at 500 mb ex-
plain many of these shifts, but daily plots of climate and avalanche variables during seasonal extremes for sites in north-
ern Utah also illustrate the importance of understanding snowpack and weather variations that occur at daily to weekly 
timescales. Data from several central Rocky Mountain sites indicate some relationships with the Pacific-North Ameri-
can teleconnection pattern and the Pacific decadal oscillation, illustrating the importance of applying long-term records 
in an avalanche hazard assessment. 

1 . Introduction 

Snow avalanches are a severe natural hazard in the 
mountainous regions of western North America, de-
stroying property, disrupting transportation networks 
and recreational facilities, and occasionally causing 
deaths (Voight et al. 1990; Armstrong and Williams 
1992; Smith 1996). Annual numbers of avalanche acci-
dents and fatalities in the United States have increased 
steadily, with the average national annual fatality rate 
around 25 by the late 1990s being more than five times 
greater than the average rate in the early 1950s (Fig. 1). 
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Economic losses from avalanches are difficult to as-
sess, but conservative estimates indicate that they 
amount to millions of dollars each year when account-
ing for property damage, snow removal from high-
ways, and avalanche rescues (Voight et al. 1990). The 
avalanche hazard is greatest in the Rocky Mountain states 
in recent decades due to the increased popularity of ski-
ing and snowmobiling (Fig. 1). Numerous heavily popu-
lated ski areas have significant avalanche hazards that 
must be monitored and controlled by highly trained ski 
patrols. For example, Utah's Wasatch Mountains pro-
vide backcountry skiing, snowshoeing, snowboarding, 
and snowmobiling to a major population center in the 
Salt Lake Valley, with potentially hundreds of thou-
sands of people traveling into avalanche terrain in a 
given winter. The mountains of southwest Montana 
are also prime avalanche terrain, where over 300 000 
snowmobile visits per year typically occur. 

Abnormally widespread severe avalanche winters 
for some areas have been documented, such as the 
winter of 1978/79 in Glacier National Park, Montana, 
and Rogers Pass, British Columbia (Butler 1986; 
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