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Introduction 

Explosive development in the mountains of the western United States has given rise to a natural hazard of increasing importance -- snow 
avalanches. When compared on a national level with such hazards as hurricane, earthquake or flood, the threat of avalanche disaster appears to be 
secondary but it cannot be ignored. Recent statistics compiled by the U.S. Forest Service substantiate the upward trend in avalanche fatalities 
(Williams, 1975). Moreover, avalanche disasters impose economic losses as well as the loss of life. For example, in California, avalanches at the 
Echo Lakes resort area have destroyed no fewer than 15 cabins over the years; numerous other cabins have been damaged. One of the worst ava-
lanche cycles in the United States in modern times occurred near Stevens Pass, Washington in January 1971. A massive avalanche swept away 
several cabins at a private mountainside land development; four persons perished and others were buried for 12 hours. In all, 251 avalanches 
occurred, destroying eight buildings, one ski lift, a communications tower and an interstate highway bridge. Property loss was estimated at $400,000. 

This trend toward an increase in avalanche disasters can be attributed to several factors: the influx of people into mountainous areas for 
wintertime recreation, the expansion of energy and communication lifelines, construction of transportation corridors and the development of second-
home, resort and retirement communities. Compounding the problem of increased exposure of people to potential avalanche hazards is the general 
lack of a systematic approach toward land use management in hazardous areas (Baker and McPhee, 1975). For a variety of aesthetic and economic 
reasons, intensive use of hazardous mountain lands continues even after repeated demonstrations that certain mountain plats are unsafe (Armstrong, 
1976). The lack of private and public awareness of the hazard is largely responsible for the increasing damage caused by snow 'avalanches. 

Measures to mitigate avalanche hazards range from active control programs (e.g., the use of explosives for initiating snowslides) to 
prohibition of access to certain areas during periods of danger. Traditionally, the zoning of land in hazardous areas has been the preferred regulatory 
approach wherever a definite hazard could be identified. In principal, the potential benefits of hazard zone management include reductions in (1) the 
population and economic investment exposed to risk; (2) the evacuation, relief and rehabilitation measures needed; and (3) the reliance on protective 
measures against avalanche damage. To achieve these benefits, a zoning plan must provide an inventory (or cadaster) of present land use, identify 
existing incompatible land uses, delimit the destructive potential of the hazard and develop a means for subdividing an area or community into zones 
of varying degrees of safety. However, establishing a comprehensive zoning plan that restricts the use of certain lands raises complex social, 
economic, legal, political and technical issues. Largely because of the difficulties in resolving these issues at the local level, avalanche zoning in the 
United States (with a few important exceptions) remains in its infancy. 

The Current Status of Avalanche Zoning in the United States  

Although the need for restrictions on land use in areas subject to avalanches was identified in the United States as early as 1887 
(Armstrong, 1976), adoption and enforcement of formal avalanche zoning ordinances has occurred only recently. Examples of mountain 
communities where avalanche zoning regulations have been adopted or are currently being contemplated are summarized below. Although the scope  
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of this paper does not permit a comprehensive summary of all avalanche zoning activities (current and planned) in the United States, the examples 
cited below are believed to represent the most important zoning efforts in this country to date. 

The State of Colorado. The most significant step toward avalanche zoning in the United States was the passage in 1974 of Colorado State 
House Bill (HB) 1041, which requires each county to prepare maps detailing land subject to a variety of natural hazards, including snow avalanches. 
Implementation of avalanche zoning in Colorado was further reinforced by the development of a guidelines document (Special Publication No. 6)  
by the Colorado Geological Survey (CGS) presenting hazard identification criteria and definitions (Rogers et. al., 1974). The intent of the CGS 
guidelines is to provide local governments with basic information concerning geologic hazards, identification procedures and the necessary 
qualifications of investigators and consultants retained by the community. Last year, a manual (CGS Bulletin 38) of procedures for detailed 
evaluation of known avalanche hazard areas and methods of quantifying risks, design parameters and mitigation measures for various kinds of 
avalanche hazards was prepared under CGS sponsorship (Mears, 1976). Finally, the CGS has prepared a model land use code for geologic hazard 
zoning. Collectively, the mandate under HB 1041, the above guidelines documents and the model zoning code provide a sound basis for Colorado 
communities to develop avalanche zoning ordinances that reflect local needs and values. The CGS has prepared avalanche zoning maps for            
approximately 20 critical areas in Colorado, two of which are discussed briefly below. 

Vail (Gore County, Colorado. The Vail area is an excellent example of avalanche hazard: runout zones of 14 major and 51 smaller 
avalanches are located within the town's boundaries. Roughly 60 residential lots, 20 of which are developed, lay in known avalanche runout zones. 
The Vail zoning ordinance recognized two types of hazard zones--high and moderate--like the Swiss zoning plan (Perla and Martinelli, 1976). 
Development is prohibited in high hazard zones, but agriculture, open space and summer recreational uses are permitted. In moderate hazard zones, 
development is permitted if it can be demonstrated to the Town Council's satisfaction that the structures are adequately protected against avalanche 
impacts. Existing nonconforming uses are permitted at Vail but restrictions are placed on their enlargement, alteration, restoration and replacement. 

San Juan County, Colorado. Avalanche damage in San Juan County is an integral part of its history. From 1875 through 1975, 95 
avalanche fatalities were reported (Armstrong, 1976). Roughly 100 structures were damaged by avalanches during that period, 89 of which were hit 
between one and three times; the remainder were hit four times or more. Frequently, structures were rebuilt on their previous sites, only to be hit 
again in later years thus lending testimony to man's proclivity for ignoring the threat posed by infrequent, destructive natural hazards. The first 
avalanche zoning law in the United States was enacted in San Juan County in 1973 (Armstrong, 1976), and it was the first county in Colorado to 
develop systematic, county-wide mapping of avalanche areas (Mears, 1976). The zoning law controls land use and building construction in 
hazardous areas by creating a three-person Avalanche Board to review all building permit applications for sites in areas of suspected avalanche 
danger. 

Alta, Utah. Salt Lake County, Utah also has a colorful and tragic history of avalanche disasters dating back to the gold rush mining days 
around the turn of the century (Perla, 1971). The mining camps in the Big and Little Cottonwood Canyons in the early 1900's and the winter ski 
resorts in recent years have led man into areas in which extreme intermittent avalanche hazard exists. As a result, one of the first instances of 
avalanche hazard zoning in the United States occurred in the Little Cottonwood Canyon. In 1973, the Alta/Little Cottonwood Canyon General Plan 
was prepared (Eckbo et. al., 1973) as a public policy document concerning the use, development and conservation of land resources in the Little 
Cottonwood Canyon. Subsequent to its adoption, a succinct avalanche zoning ordinance was established prohibiting development in areas of known 
avalanche hazard. The zoning plan is administered by the Salt Lake County Planning Commission, which reviews building permit applications. 
Largely because avalanche paths in the Little Cottonwood Canyon present such an obvious and imminent danger, the ordinance has not been 
challenged. 

Juneau, Alaska. Local attempts to implement avalanche zoning in the Juneau area have largely focused on the recommendations of the 
geophysical hazards study carried out by Daniel et. al. (1972) for the Juneau Borough Assembly. For a variety of social and political reasons (some 
of which are discussed later), the recommendations of Daniel et al. were never formally adopted in their entirety by Borough Assembly. 
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However, the subdivision ordinances have been amended to include certain of the recommendations of the geophysical hazards report which is 
also used informally as a basis for issuing building permits; for notifying contractors, lending institutions and prospective home buyers of 
avalanche or other hazard potential in certain areas; and for evaluating proposed public works projects in hazardous areas. It appears that at some 
point Juneau will officially adopt the recommendations of Daniel et. al. or some variant of that plan (Tesche, 1977). 

Ketchum, Idaho. Avalanche zoning ordinances have been in effect in Ketchum, Idaho since 1974. The city identifies two hazard zones: 
high hazard and low hazard. Within high hazard zones, buildings are limited to single-family occupancy. Rentals during the period of 1 
November to 30 April are forbidden, presumably to spare unsuspecting tenants from exposure to potential risk. New and existing structures are 
permitted within the high hazard zone, but they must be designed to withstand "appreciable" damage by avalanche. Utilities must be underground. 
Since the ordinances were enacted, no new structures have been built in the high hazard zone. Restrictions on land use in low hazard zones are 
less severe. Ketchum's zoning ordinances are administered by the local zoning commission, which issues conditional land use permits for 
construction in both hazard zones. There is some indication of negative public sentiment toward the avalanche zoning ordinance in Ketchum, 
except for those areas where a clear and persistent hazard is known to exist. 

Impediments to Avalanche Zoning in the United States  

Mountain regions share several common characteristics. For example, mountainous terrain forces population centers and transportation 
corridors to locate along valley floors, where they are prone to a variety of natural hazards, such as landslides, debris flows and mountain floods, as 
well as snow avalanches. However, a community's response to the avalanche hazard is often unique because, in part, the problems of avalanche 
zoning are not limited solely to the scientific difficulties of quantifying the magnitude of the risk; they also include a range of social constraints, 
legal implications, environmental impacts and economic costs and benefits. Therefore, a community's adjustment to avalanche hazard is often 
decidedly local, reflecting personal and community attitudes, internal and exogenous development pressures, legal and political community 
structure, the economic base of the community, and the extent (size and frequency of occurrence) of the hazard itself. Perla (1971) addressed one 
aspect of the problem's complexity in Utah. 

"Among the serious avalanche problems of the Wasatch Range is the present entanglement of public and private lands, criss-crossed 
rights-of-way, and concessions which operate under permit. Under such conditions it is difficult to establish responsibility for avalanche 
control, preparation of zoning maps, supervision of construction in marginal avalanche areas, dispatch of information to the public, etc." 

Socioeconomic Considerations. Socioeconomic considerations represent probably the greatest barrier to the implementation of land use 
policies in avalanche hazard areas. The private ownership of land and the rights of the individual landowner are powerful institutions in the United 
States. However, because the individual property owner frequently fails to manage his land in a manner compatible with avalanche hazard zoning 
considerations, the burden of the real costs of his use of the land is shifted to the community, state, region and perhaps the nation. An added 
complication is that the same phenomena that create the hazard (e.g., steep slopes, abundant snowfall, and scenic mountain vistas following a storm) 
are the ones that attract people to those areas. 

In the past, land has been generally regarded as a commodity, but in recent years public awareness of a new "land ethic" has become 
manifest in several important ways (Baker and McPhee, 1975), that bear directly on avalanche zoning: consumer protection, environmental impact 
awareness, increased recreational demand, concern over property rights and the preservation of agricultural lands. As a result, the right of the 
individual landowner to utilize his land as he sees fit sometimes conflicts with the right of the community to prescribe land use in promoting the 
overall community well-being. To withstand legal challenge, zoning regulations (which purport to control land use in the public interest) must be 
based on defensible estimates of various costs and benefits associated with such regulations. Economic analysis of the costs of development in 
hazard areas requires consideration of direct costs imposed by avalanche damage and ancillary costs to others for rescue, clean up and 
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rehabilitation, etc. As discussed later, the capabilities of current avalanche technologies to establish clearly the likelihood and extent of economic 
loss due to avalanche disaster are, in many respects, deficient. 

Finally, the nature of landownership in mountainous areas influences the extent of local support given to avalanche zoning attempts. 
Ferrill (1976) categorized mountain landowners as year-round residents, seasonal residents, absentee owners and speculators. The year-round 
resident is typically concerned with health, safety and aesthetics, and he is more inclined than other mountain landowners to support avalanche 
zoning efforts because of his availability, continual awareness and desire to improve living conditions. The seasonal resident typically uses the site 
because it makes recreational facilities, such as skiing, readily accessible. Because of limited occupancy, often for a predetermined reason, this 
owner is normally not inclined to invest time or money in health, safety, aesthetics or zoning activities. The absentee owner, assuming that he 
occasionally visits the property, may have some aesthetic motivation but generally has little concern for health and safety. Consequently, even if he 
could be contacted, he normally would be reluctant to invest time and money to improve conditions on his property. The speculator has little desire 
to invest any additional money in his property to improve site conditions. In many cases, such an owner rarely even visits the land. 

Assuming that Ferrill's characterization of mountain landownership is accurate, the likelihood that a given area will institute zoning 
regulations probably depends on the relative percentage of property owners in each category, their political and economic influence, and the severity 
of the hazard. Owing to the high cost of developing detailed avalanche hazard maps and of performing site-specific studies, it is unlikely that a 
mountain community polarized on the issue of hazard zoning could implement such ordinances without substantial funding from state or federal 
sources. 

Legal Considerations. Complex legal issues arise with the restriction of land use in hazardous areas. For example, the viability of 
avalanche zoning regulations depends largely on the adequacy and accuracy of the avalanche zone map upon which the regulations are based, the 
authority of the municipality to restrict land uses in a given area and the manner in which this authority is exercised. Technical accuracy in the 
zoning map is paramount. Because land prices of highly desirable mountain plats may run as high as $70,000 per acre (Ives et. al., 1976), precise 
delimitation of hazard zone boundaries is essential. Without a defensible hazard map, avalanche zoning regulations are vulnerable to legal challenge. 
The authority of the public sector (i.e., the governmental body) to regulate land use is commonly accepted, but for a zoning regulation to be upheld 
in the courts, substantive due process must be evident. That is, the regulation must not unduly restrict life, liberty or property, or the exercise of these 
rights by the individual in the attempt to promote the public health, safety and welfare (Baker and McPhee, 1976). The courts, in evaluating due 
process, consider whether the purpose of the regulation is to promote the public good and whether the proposed means are appropriate ways for 
achieving it. At present, insufficient legal experience in avalanche zoning exists to establish a precedent in this area. Finally, if a local governmental 
entity fails to adhere faithfully to the requirements set forth in the enabling legislation (e.g., by providing inadequate or no notice of public hearings), 
the courts have consistently ruled that the resultant ordinances are invalid. 

Other legal questions have been raised that illustrate the complexities involved. Might the building of an avalanche defense structure on 
one person's land lead to avalanche damage on land owned by another and hence, to a lawsuit? What liability implications are raised by the zoning 
(or lack thereof) of hazardous terrain? Recent decisions of the Alaska Supreme Court have held municipalities increasingly liable for their failure 
both to enforce local ordinances and to rectify hazardous situations once they become known. In Alaska, the liability issue may have been one reason 
why the recommendations of Daniel et. al. for land use zoning in Juneau were never formally adopted (Tesche, 1977). 

Political Considerations. Several political barriers impede the adoption of avalanche zoning. Because opposition to governmental 
restrictions on land use stems primarily from property owners and business interests within the community, politicians may be reluctant to support 
regulatory measures because of the political power wielded by these groups. Also, politicians may be wary of the local economic implications that 
might arise as a result of a community's reliance on property taxes or income from services catering to tourism or recreational (ski) industry.
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For example, imposition of severe land use restrictions on a ski resort "boom town" could well end the community's economic growth and 
viability. 

Vested interests also present barriers. In many small mountain communities, elected officials often face conflicting pressures from their 
official responsibilities and their personal financial interests in what land use regulations are adopted by the local government. For example, in the 
case of Juneau, Alaska, a former mayor who was instrumental in defeating proposals for the adoption of the hazard zone recommendations of 
Daniel et. al. owned a motel in the runout zone of the Behrends Avalanche Path, a proven high hazard area. Even when local politicians do not have 
a direct financial interest at stake, they are vulnerable to pressure from local citizens who do. 

An additional political consideration is the extent to which the populace of a given mountain community is willing to accept land use 
restrictions. In an established mountain community where development pressures have subsided and citizen familiarity with local avalanche hazard 
is keen, political acceptance of avalanche zoning regulations may not pose a major problem. In a developing mountain community where land 
speculation, perceptions of self-independence and anti-regulatory sentiment may be strong, the chances of the local government's success in 
implementing land use controls may be small indeed. This appears to be the case with certain small Alaskan communities; because the local govern-
ments are so "visible," their vulnerability to political pressure can be overwhelming (Tesche, 1977). 

Technical Considerations. The fundamental thesis of avalanche zoning is that destructive avalanches occur in mountainous areas 
populated by man and land use adjustments must therefore be made in response to this hazard. But the hazard must be quantified to substantiate 
the necessary socioeconomic adjustments. Several techniques, discussed next, are available for delimiting the avalanche hazard. 

In essence, the land use planner must know where and how frequently destructive avalanches are likely to occur and what can be done to 
mitigate their adverse effects. To acquire such an understanding and to formalize it in an avalanche hazard zone map he must utilize several 
avalanche technologies. In the preparation of a soundly based avalanche zone map that can withstand political and legal challenges, the following 
technical information must be obtained: 

(1) The areal extent of the avalanche runout zone. 
(2) The type of avalanche (wet, loose snow, slab, powder) reaching various parts of the runout zone. 
(3) The frequency of occurrence of destructive avalanches. 
(4) The avalanche discharge and flow depth. 
(5) The impact pressure distribution within the runout zone. 

The accuracy of this information is an important factor in identifying hazardous locations in or around a mountain community. 

Several methods are currently used for identifying the boundaries of existing avalanche paths: remote sensing, geoecological studies and 
historical analyses. None are completely adequate. In particular, it is difficult to rely exclusively on remote sensing--whether obtained by satellite 
platforms or high altitude photo-reconnaissance--to define avalanche hazard zones. With the potential restriction of high priced mountain real estate 
at stake, the limited spatial resolution of these remote sensing techniques is a matter of great importance. Geoecological analyses, such as 
dendrochronology (tree ring dating), the study of plant succession in avalanche paths, and investigation of avalanche debris (e.g., boulder tongues, 
downed timber stands) are very helpful in defining the characteristics of a given avalanche path. However, these techniques are limited in that the 
rare or extreme event, such as a 100-year avalanche, frequently cannot be discerned from physical evidence remaining at the site. Moreover, 
evidence of the occurrence of small or moderately large avalanches that run on a given slope more often may be confounded in the geoecological 
analysis by the damage characteristics left behind by a recently occurring large avalanche. Historical accounts of avalanche activity from persons 
familiar with an area help to corroborate conclusions drawn from remote sensing and geoecological studies. But, because recollections are  
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imperfect (the size of a given avalanche may tend to increase in memory over time) and because many avalanches are unobserved or unreported, 
particularly in areas where little or no development presently exists, one cannot rely exclusively on historical records for defining the location of 
avalanche paths and the size of the avalanches that occur on them. Finally, under certain circumstances, avalanches may occur on slopes previously 
thought to be quite safe. For example, an avalanche may run through a mature coniferous forest, clearing swaths where none existed before. Despite 
these difficulties in delimiting the location and extent of an avalanche path, the technical problem is less troublesome than attempting to predict how 
often large, destructive avalanches might occur. 

The term "encounter probability" refers to the statistical likelihood that over a given period of time, an avalanche of a specified size will 
occur. Knowledge of the encounter probability for, say, the 100-year avalanche is extremely useful because it allows the developer and regulator to 
estimate the probability that a structure with a known useful lifetime (based on factors such as economics and obsolescence) will experience ava-
lanche damage. With this information a judgment can be made as to whether the risk should be taken. Several factors make the estimation of 
encounter probabilities difficult. To begin with, the length of the historical record of avalanches in many areas is insufficient to permit 
determination of encounter probabilities for avalanches whose return periods (i.e., the average length of time between events of a given size) are 
longer than 20 to 30 years. Furthermore, even though records have been kept in certain areas, extrapolation of a short historical avalanche record to 
the long term cannot be justified unless it can be shown that the magnitude-frequency distributions observed over the two time periods are similar. 
Dendrochronological studies of trees in the vicinity of avalanche paths may help provide a clue as to the frequency of occurrence of large 
avalanches. These studies focus on datable scars on trees, changes in growth ring patterns from concentric to eccentric due to tilting, changes in 
growth rate due to decreased competition from removed vegetation, and ages of trees in a given reforested track. However, it is often difficult to 
distinguish the confounded effects in this information of recent large avalanches and other geological events (i.e., mountain windstorms, rock slides, 
debris flows). In addition, it is rare if not impossible to find trees of insufficient age within an avalanche path to permit reliable assessment of the 
return period of an extremely large avalanche (i.e., the 50- or 100-year avalanche). Thus, determination of the avalanche frequency distribution for a 
given slide path remains a critical problem in avalanche technology. 

Estimation of the magnitude of potential economic losses is imperative if restrictive zoning regulations are to be sustained. Two questions 
arise when considering avalanche destructive potential: what is the runout distance that would be achieved by a large avalanche, and what impact 
forces might it exert on structures? In the past, runout distances and impact forces have been based on rather simple hydraulic models of snow 
motion. Recently, other techniques have been investigated: photogrammetric methods, in situ pressure-sensing instrumentation, potential-flow 
calculations and statistical analysis of avalanche path characteristics such as the size of the starting zone area and the terrain slopes. Mathematical 
modeling studies of ocean turbidity flows have raised the possibility of calculating impact forces and runout distances using numerical fluid 
dynamic models. But despite considerable research in the United States, Europe and Russia in the last two decades, the dynamics of snow 
avalanches and hence their destructive potential have still not been described satisfactorily. 

Of all the technologies used in preparing an avalanche zone map, the design of protective structures is the most advanced. The current 
sophistication in the design of retaining structures, diversion dams, snowsheds, avalanche galleries, and the like stems largely from the extensive 
experience of the Swiss in defending against avalanches in the Alps. Although much of the Swiss experience in avalanche protection can be directly 
applied to the problems in this country, unique climatological and economic factors in a given mountain region in the U.S. may necessitate the use 
of alternative, non-traditional means of avalanche control and protection. Research in this area is currently underway in the state of Washington. 

The Future of Avalanche Zoning in the United States  

At a national level, land use policies relating to natural hazards are in a state of flux (Baker and McPhee, 1975). At the state and local 
levels, recent efforts to incorporate avalanche hazard zoning considerations in overall land use management decisions are becoming more apparent.
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The state of Colorado, in particular, has taken the lead in this area. As a result, numerous Colorado counties and communities either have or are in 
the process of preparing avalanche hazard maps and zoning plans. It seems safe to assume that this trend will spread to other western mountain areas 
as public awareness of the needs aid virtues of avalanche zoning grows. However, in order to overcome the apparent trend toward increasing 
avalanche disasters in the U.S., additional work is required in several areas. Most important are these: 

(1) Avalanche education. A vigorous program of public education is needed for public policy makers, dwellers of hazardous 
mountain areas and visitors to these areas in order to increase the overall awareness of the potential hazard. 

(2) Avalanche disaster preparedness. Avalanche rescue plans, equipment and training are needed in many mountain communities 
which are currently unprepared to respond quickly and effectively in the event of an avalanche accident. 

(3) Avalanche observations. Concentrated, continuing efforts by local residents and governmental officials in the observation and 
documentation of avalanche events are needed. 

(4) Avalanche path delimitation. Increased accuracy in defining the extent of avalanche hazard areas is needed before land use 
regulations will gain widespread public acceptance. 

(5) Analysis of recent regulatory experience. Communities that have adopted land use controls related to avalanche hazard offer a 
unique opportunity to explore the effectiveness of this type of regulation and the ways in which current zoning procedures might be 
modified to enhance their public acceptance. 

(6) Avalanche mechanics and dynamics. Basic research is needed to improve the understanding of avalanche phenomena, including 
the mechanics of failure, the dynamics of avalanche motion and the impact characteristics of avalanching snow. 

Most importantly, further study is needed to clarify the scope of the avalanche problem at the state and federal levels. Recent studies have broadly 
summarized certain aspects of the avalanche problem in the U.S. (see White and Haas, 1975) but it is not clear to what extent avalanche disasters 
are merely a local problem or whether they currently are or may become an important problem at the national level. If the social and economic 
effects of avalanche disasters are found to have national significance, additional resources should be committed for the study of avalanche hazard 
zoning. 
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