Trends and Patterns in Avalanche Accidents
From Avalanche Accidents in Canada Volume 4: 1984 - 1996. Supplemented September 2003 with data from the Canadian Avalanche Association. 

Introduction
Throughout Canadian history, people, trains, automobiles, buildings and various other living and non-living things have been involved in avalanches. Trends and patterns in these avalanche accidents can be found in various forms and formats. For the purposes of this chapter we will start by looking at overall trends; then take a closer look at both recreational and industrial accidents; and finish off with an investigation into the survival factors of people caught in avalanches.
The statistics presented here draw on a data-base of all reported avalanche accidents between October 1, 1984 and September 30, 2003. During this period, 1645 people were involved in 1120 separate avalanches.
Accident Trends - Fatalities
The annual number of avalanche fatalities constitutes an important trend. During the time period covered in this book, 230 people lost their lives to avalanches. Looking at a longer period, 336 people in Canada have been killed by avalanches since 1970 (Fig. 2.1). Over this 33-year period there has been an average of 11 avalanche fatalities per year in Canada. During the past five years this average has increased to 16 fatalities per year. Today many more people are venturing into the mountains for recreation and therefore a corresponding increase in the number of fatalities could be expected. However, while the number of yearly fatalities has increased, on a per capita basis, the number of fatalities is actually going down. This lower proportion can hopefully be attributed to better avalanche information and public awareness.
	
	Fig. 2.1 Number of avalanche fatalities per avalanche year in Canada (columns) and the five year running average (dashed line). 
Total number of fatalities for the period is 336.


Age and Gender
Over the past 19 years, 82% of avalanche fatalities that reported sex have been male. If we combine this statistic with the data from Fig. 2.2, we find that the typical avalanche victim is a man in his twenties.
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	Fig. 2.2 Percentage of avalanche fatalities by age for 77 fatalities (that reported age) between October 1984 and September 2003.


Activities 
In the first half of this century avalanche accidents happened primarily to people working in, or driving through, avalanche terrain. Today avalanche accidents happen primarily to people during recreational pursuits. This change has come about through a number of factors. Better land zoning, workplace safety guidelines and highway control measures have dramatically decreased residential, industrial and transportation avalanche accidents. At the same time, many more people are travelling in avalanche terrain for recreation. As we can see in Table 2.1 and Fig. 2.3, most of those killed by avalanches are backcountry skiers, followed by snowmobilers, whose numbers have increased significantly in recent years.
Recreational Accidents
Recreationists choose when to go into avalanche terrain. In doing so they have the potential to pick terrain appropriate to the weather and snowpack conditions. This section presents common factors in recreational avalanche accidents in hopes that this information will help recreationalists select terrain that minimizes the risk.
Both fatal and non-fatal accidents are used for most graphs in this section.
	Year
	Skiers
	Climbers
	Snowmobilers
	Other
Recreation
	Industrial/
Residential
	Total
Fatalities

	1978
	NIL
	5
	NIL
	1
	NIL
	6

	1979
	12
	1
	1
	NIL
	NIL
	14

	1980
	1
	2
	NIL
	NIL
	NIL
	3

	1981
	8
	2
	NIL
	NIL
	NIL
	10

	1982
	3
	7
	NIL
	NIL
	1
	11

	1983
	2
	3
	NIL
	NIL
	1
	6

	1984
	NIL
	NIL
	4
	NIL
	NIL
	4

	1985
	6
	NIL
	2
	NIL
	NIL
	8

	1986
	4
	NIL
	4
	1
	NIL
	9

	1987
	8
	4
	NIL
	NIL
	NIL
	12

	1988
	4
	2
	NIL
	1
	NIL
	7

	1989
	3
	1
	1
	NIL
	1
	6

	1990
	8
	NIL
	NIL
	1
	NIL
	9

	1991
	11
	NIL
	NIL
	1
	NIL
	12

	1992
	NIL
	4
	2
	NIL
	NIL
	6

	1993
	3
	5
	3
	1
	NIL
	12

	1994
	3
	1
	4
	NIL
	NIL
	8

	1995
	4
	2
	5
	2
	2
	15

	1996
	5
	4
	1
	NIL
	NIL
	10

	1997
	12
	2
	2
	NIL
	NIL
	16

	1998
	11
	NIL
	6
	1
	1
	19

	1999
	3
	NIL
	NIL
	2
	11
	16

	2000
	7
	1
	1
	1
	NIL
	10

	2001
	5
	NIL
	7
	NIL
	NIL
	12

	2002
	10
	NIL
	2
	NIL
	1
	13

	2003
	18
	NIL
	9
	2
	NIL
	29
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	Fig. 2.3 Canadian avalanche fatalities by activity for 230 fatalities between October 1984 and September 2003.


Month of Year
Between October 1984 and September 2003, 73% of recreational avalanche accidents occurred during the months of January, February and March (Fig. 2.4). An additional 23% occur during November, December and April bringing the total for the months of winter recreation to 96%. Four percent of recreational avalanche accidents occur between May and October, indicating that avalanche danger can be a concern during the warmer months.
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	Fig. 2.4 Percentage of accidents by month for 850 recreational accidents between October 1984 and September 2003. 


Time of Day 
Most recreational accidents occur during the daylight hours (Fig. 2.5). Between October 1984 and September 2003, 45% of accidents occurred between 12:00 and 14:00. Two factors may contribute to the peak in early afternoon:
The number of recreationists in avalanche terrain (potential triggers and potential victims) probably reaches a maximum at this time.
The air temperature usually reaches a maximum between 12:00 and 1:00 pm.
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	Fig. 2.5 Percentage of accidents by time of day for 1058 recreational accidents between October 1984 and September 2003. 


Trigger 
Avalanches that catch recreationists are usually triggered by members of the same party, whether they are on foot, on skis or on snowmobiles. In Fig. 2.6, only fatal accidents are considered because, in the period 1984-2003, few snowmobilers reported non-fatal accidents. Persons on foot or skis triggered 55% of the 106 fatal avalanches (with reported triggers) while those on snowmobiles triggered 32%. Cornices triggered 5% while 8% occurred naturally without cornice fall. This strongly indicates that the avalanches that catch, injure or kill recreationists are triggered by people. In fact, some of the avalanches reported as natural may have been triggered by people well below the fracture line who were uncertain if they had triggered it or not. This would have increased the percentage of human-triggered fatal avalanches to 95%.
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	Fig. 2.6 Percentage of fatal accidents by trigger for 106 recreational accidents (that reported the trigger) between October 1984 and September 2003.


Mountain Range 
Between October 1984 and September 2003, 16% of the recreational accidents occurred in the Coast Mountains of BC, 47% occurred in the Interior Ranges of BC and 34% occurred in the Rocky Mountains (Fig. 2.7). Since winter recreation is more intense in the Interior Ranges than in the Rockies, more avalanche accidents are expected in the Interior Ranges. However, the frequently shallow and unstable snowpack of the Rocky Mountains probably counters the effect of the less intense winter recreation.
Between 1984 and 1996 72% of fatal accidents occurred in the triangle between Vancouver Island, Pincher Creek and Hinton, Alberta. Although this triangle represents a relatively small part of the mountainous areas in western Canada, the recreation in this area is intense.
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	Fig. 2.7 Percentage of accidents by mountain range for 839 recreational accidents between October 1984 and September 2003.


The "other" category includes accidents in eastern Canada, mainly Quebec and Newfoundland. The accident involving residences at Blanc Sablon, Quebec on 10 March 1995 is an example. As a further indication of the seriousness of the avalanche problem in eastern Canada, 27 people in Newfoundland were killed in avalanches between 1863 and 1994 (Liverman, 1996).
Treeline 
The start zones of avalanches are classified as either alpine (above treeline), treeline or below treeline. The treeline is defined as the elevation band above the dense forests and below the area with very few or no trees. An important difference between these zones is wind exposure. Alpine areas are most exposed to the effect of wind on snowpack distribution. Treeline areas generally show less wind effect on snowpack distribution but the distribution is complicated by bands of trees that may act as snow fences. The effect of the wind on the snowpack is further reduced in dense forests below treeline.
Of the 1445 recreational accidents between October 1984 and September 2003, only 109 reported whether the start zone was above, at, or below treeline. As shown in Fig. 2.8, 46% of these avalanches started in the alpine, 44% started at treeline and 10% started below treeline. At least three factors contribute to so many accidents occurring above the forests: 
· Recreationists generally prefer areas without dense timber. 

· The snowpack is generally more stable in dense forests than in areas with larger spacing between the trees. 

· Wind action at and above treeline builds slabs in lee and cross-loaded areas. The resulting slabs are often less stable than the surrounding snowpack and can be difficult to recognize. 
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	Fig. 2.8 Percentage of accidents in relation to treeline for 109 recreational accidents between October 1984 and September 2003.


Although only 10% of recreational accidents occurred below treeline, winter recreationalists should look for avalanche terrain and be prepared to assess snow stability when they are below treeline. In fact, one particular type of weak layer-buried surface hoar-is often more developed (larger crystals) and weaker in sheltered areas and logging cut blocks than in areas above treeline that are more exposed to the wind.
Fifty-five of the alpine and treeline start zones were classified as either windward (facing the wind), lee (facing down-wind) or cross-loaded (facing parallel to the wind direction and allowing slabs to build in lee of the terrain features.) Of these, 67% were lee slopes and 31% were cross-loaded (Fig. 2.9), highlighting the important interaction between terrain and wind in avalanche formation. Also, many recreationists seek the generally softer, deeper snow found on lee slopes. However, when travelling from one place to another through avalanche terrain, recreationists can improve their margin of safety by selecting windward slopes.
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	Fig. 2.9 Percentage of accidents by wind exposure for 55 recreational accidents between October 1984 and September 2003.


Aspect 
Avalanche accidents are not evenly distributed across the various slopes of mountains as shown in Fig. 2.10. This is likely a consequence of wind loading. The wind in western Canada often blows from the west, southwest or south depositing additional snow on east, northeast and north aspects. The resulting wind slabs tend to be unstable and recreationists are attracted to the often deeper snow on these aspects. Although these slopes are more often lee slopes than other aspects, wind deposits can be found on any aspect.
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	Fig. 2.10 Percentage of accidents by aspect for 589 recreational accidents between October 1984 and September 2003. 


Slope Angle
Dry slab avalanches rarely start on slopes of less than 25° and most recreational accidents involve dry slabs. The slope angle of the start zone was between 25° and 40° for 84% of the 393 recreational accidents that reported the slope angle (Fig. 2.11). Part of the reason many accidents occur between 25° and 40° is because many skiers, snowmobilers and snowboarders prefer to ski or ride slopes in this range. However, when the object is to get through avalanche terrain safely, recreationists can improve their margin of safety by not traveling on or in the run out of slopes of 25° or steeper.
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	Fig. 2.11 Percentage of accidents by slope angle for 393 recreational accidents between October 1984 and September 2003.


Terrain in Start Zone
The avalanches that cause accidents start more often at certain recognizable terrain features than at others. Terrain in the start zone may have more than one of the features shown in Fig. 2.12. For example, an avalanche that started at a convexity in a gully could be classified as either a convex slope or a gully, depending on which feature the reporter considered more important.
Fig. 2.12 shows the percentage of start zone features for 139 recreational accidents. Thirty-eight percent of the start zones were classified as convex slopes, 14% as gullies and 14% as planar slopes. Twenty-two percent of the avalanches started at or near ridges and 12% started at rocks. Some avalanches are triggered at particularly weak snow that develops near large buried or exposed rocks.
It is usually not possible to avoid planar slopes, convex slopes and ridges without avoiding the avalanche terrain that many recreationists enjoy. Although route selection in avalanche terrain is a craft learned over many years, all recreationists can look for and consider these features when selecting routes. Certainly, convex slopes warrant extra caution when stability is in doubt.
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	Fig. 2.12 Percentage of accidents by terrain feature in start zone for 139 recreational accidents between October 1984 and September 2003.


Ground Cover in Start Zone
The ground cover in the start zone plays a role in the stability of the overlying snowpack. For example, a deeper snowpack is required for avalanching over rough irregular ground than over relatively smooth ground involving rock, grass or small bushes.
As shown in Fig. 2.13, 48% of 124 accident avalanches started where the ground cover was rocky. Some of these may have been triggered from the particularly weak snow that can develop near large buried or exposed rocks. Fourteen percent started in open forest but none started in dense forest. This may be partly due to the stabilizing effect of dense forest and partly due to the fact that many recreationists prefer open slopes to dense forests.
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	Fig. 2.13 Percentage of accidents by ground cover in start zone for 124 recreational accidents between October 1984 and September 2003.


Weather on Day of Accident 
Weather has an effect on snow stability and on people. While stormy weather including precipitation, wind-loading and warming tends to decrease stability, recreationists more often seek out avalanche terrain under clear, cool conditions when winds are light.
Between October 1984 and September 2003, the sky conditions were reported for 148 recreational accidents. Fig. 2.14 shows the percentage of accidents for various sky conditions. Approximately half of the accidents (54%) occurred when the sky was overcast (100% cloud cover) or obscured (clouds not visible because of fog or snowfall). Alternatively, 46% of the accidents occurred when there was at least some blue sky, and 32% occurred when at least half of the sky was cloudless (scattered or clear).
	[image: image13.png]Overcast
4





	Fig. 2.14 Percentage of accidents by cloud cover for 148 recreational accidents between October 1984 and September 2003.


The precipitation at the time of 181 recreational accidents is shown in Fig. 2.15. None occurred during moderate or heavy rain probably since most mountain recreationists cancel their outings under such conditions. Only 2% occurred under very light or light rain. An additional 14% occurred when snow was falling at 1 or more cm per hour. During snowfall of less than 1 cm per hour, 30% of the accidents happened. Over 50% of the accidents occurred when it was neither snowing nor raining. A total of 84% of the accidents happened when it was either snowing lightly or not precipitating. Obviously, it is under such conditions that recreationists (potential triggers and potential victims) often venture into avalanche terrain. 
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	Fig. 2.15 Percentage of accidents by precipitation for 181 recreational accidents between October 1984 and September 2003.


The wind speed at the time of 197 recreational accidents is shown in Fig. 2.16. In 70% of the accidents, the wind speed was either calm or light (< 26 km/h). The wind was only strong enough to cause drifting (moderate, strong or extreme) in 30% of the accidents. Again, this shows that recreational accidents frequently happen under pleasant weather conditions. 
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	Fig. 2.16 Percentage of accidents by wind speed for 197 recreational accidents between October 1984 and September 2003. 


Warming is generally believed to contribute to snow instability. However, when the percentage of recreational accidents is plotted against the temperature changes since the previous day, this effect is not apparent (Fig. 2.17). Temperatures had cooled since the previous day in 10% of the accidents and warmed in 4% of the accidents. The slight increase in accidents with cooling may be due to recreationists selecting avalanche terrain more often during the clearing and cooling that frequently follows a snowfall. Eighty-six percent of the accidents happened when the temperature had increased or decreased by less than 2.5ºC 
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	Fig. 2.17 Percentage of accidents by temperature changes since previous day for 65 recreational accidents between October 1984 and September 2003. 


Snowpack Factors
Recent snowfall generally contributes to instability by putting additional load on the weak layers in the snowpack. During the period of 1984 to 2003, the term new snow referred to snow that had fallen in the previous 12 or 24 hours. Fig. 2.18 shows that most recreational accidents happened when there had been less than 10 cm of new snow. This is not surprising since commonly less than 10 cm of snow falls per day. Although the new snow was only reported for 65 accidents, it is worth noting that the number of recreational accidents did not increase as the amount of new snow increased. Again, recreational accidents are associated with generally fair weather.
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	Fig. 2.18 Percentage of accidents by amount of new snow for 65 recreational accidents between October 1984 and September 2003. 


Storm snow is the height of snow that has accumulated and settled since the start of the last storm. Fig. 2.19, which is based on 56 accidents, shows no relationship between the height of storm snow and the percentage of avalanche accidents. 
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	Fig. 2.19 Percentage of accidents by the amount of storm snow for 56 recreational accidents between October 1984 and September 2003. 


Type of Avalanche
Avalanches start in one of two ways: either cohesive snow releases as a slab avalanche or relatively cohesionless snow releases as a loose avalanche (also called a point release avalanche). Both types of avalanches can be either dry, moist or wet. Fig. 2.20 shows the percentage of recreational accidents (from a total of 339) for the various types of avalanches. Slab avalanches accounted for 96% of all recreational accidents and most of these were dry slab avalanches. This is not surprising since most skiers, snowmobilers and snowboarders seek out dry snow conditions.
Data from 1984-1996 showed that sixty percent of the slab avalanches started as soft slabs and the remaining 40% started as hard slabs.
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	Fig. 2.20 Percentage of accidents by type of avalanche for 339 recreational accidents between October 1984 and September 2003. Moist avalanches are included with wet avalanches. 


Slab Thickness 
The average slab thickness in the start zone was reported for 518 slab avalanches. Sixty percent of the slabs were less than 60 cm in thickness and 87% were less than 100 cm in thickness (Fig. 2.21). This corresponds to the range for which skiers, persons on foot and snowmobiles are efficient triggers. However, once triggered, thicker slabs tend to propagate further, resulting in larger and more destructive avalanches.
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	Fig. 2.21 Percentage of accidents by slab thickness for 518 recreational accidents between October 1984 and September 2003. 


Grain Structure of Failure Plane 
Slab avalanches cause most recreational accidents and failures within weak layers at the base of the slabs (failure planes) are widely believed to initiate slab release. The grain structure of failure planes varies considerably. Some consist of crystals little changed from the time they fell (new snow forms or precipitation particles), while others consist of faceted crystals, depth hoar or surface hoar (frost) which do not fall from clouds but rather form on the surface or within the snowpack. These latter types can remain weak for a month or more and are called persistent weak layers.
In a study of fatal avalanches in Canada between 1972 and 1991, Jamieson and Johnston (1992) found that the failure planes for 68% of fatal slab avalanches consisted of persistent grain types (facets, depth hoar and surface hoar). There are several reasons for this: 
· Since the persistent weak layers remain weak longer, they remain sensitive to human triggers longer. 
· Since they remain weak longer, they accumulate thicker slabs which, when they release, result in larger, more destructive avalanches. 
· Layers of facets, depth hoar and surface hoar undergo brittle fracture over a wider range of conditions than non-persistent weak layers, making them more sensitive to human triggering. 

The percentage of fatal avalanches for the various types of weak layers is summarized in the Fig. 2.22. In 7% of the accidents the weak layer was identified as "old" but the grain type was not reported. 
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	Fig. 2.22 Percentage of fatal accidents by grain type of failure plane for 88 fatal accidents between 1984 and 2003.


 

	 Summary of Factors Common to Recreational Accidents


Many recreational accidents occur when the weather is pleasant: generally clear skies, little or no snowfall and light or calm winds.
Most of the avalanches are dry slab avalanches, with an average thickness of less than 100 cm, and most are triggered by victims or members of the victim's party. The weak layer often consists of surface hoar, facets or depth hoar.
The majority of accident avalanches start above or near tree-line on lee or cross-loaded slopes. The ground cover is often rocky. Most start on 30-40° slopes, often at a convex part of the slope.
Awareness of these factors and others described in this chapter may help recreationists select terrain appropriate to the snowpack and weather conditions. Since the interaction between snowpack and terrain can be subtle, route selection and stability assessment remain crafts learned over many years.
Residential, Industrial and Transportation Accidents
As mentioned earlier, residential, industrial and transportation accidents have decreased during this century, but they still constitute a significant burden on our society. The few fatalities that have occurred in this category of accidents are of course the main concern. However, a notable aspect to many of the accidents is the financial loss associated with them. This can take the form of lost or damaged property, manpower costs of repairing damage and, less obviously, the loss of revenue due to delays caused by avalanches. Avalanches that affect highways account for the majority of residential, industrial and transportation accidents. However, highways often have the most active control programs to deal with the problem.
Fatalities
Over the past 19 years there have only been four reported cases in which avalanches have hit residential areas and where people were killed. There were 13 fatalities in total. No fatalities have occurred on roads or in any industrial facility in Canada for the past 19 years.
Monetary Costs
To come up with a dollar figure for the total property loss due to avalanches is very difficult. At best we can estimate. Even then we probably fall short due to the number of accidents that go unreported each year. Some vehicles or structures that are damaged are very expensive to replace or repair and constitute the majority of the cost figure. For example, repairing or replacing a damaged power line tower may run as high as $1 000 000. In addition there are the smaller items such as damaged automobiles, damaged snowmobiles and lost skis.
Based on reports between 1979 and 1985 Schaerer (1987, p. 6) estimates the average cost of property damaged by avalanches to approximately $350 000 per year in Canada. This does not include lost revenue. For example, up to $50 000/day could be attributed to lost revenue while a powerline is being repaired.
Avalanches on Highways
Road closures present another cause for lost revenue. Delays for shipping companies, for example, not only cost the retailer time and money but ultimately this cost is carried forward to the consumer. Morrall and Abdelwahab (1992) estimate that a two-hour closure at Rogers Pass costs between $50 000 and $90 000. Consequently, the cost of avalanche delays on highways throughout western Canada exceeds the cost of damage to structures and equipment each winter.
Most avalanches that reach the highways are initiated by control programs and do not pose a threat to the public because the roads are closed at these times. Although these control measures are in place to minimize the threat, occasionally natural avalanches do cross open roads. On average about 10 automobiles become involved with avalanches each year. Most of the involvement's are cases in which automobiles run into avalanche debris that has been deposited on the road. Fewer cases exist where a moving automobile has been hit by a moving avalanche. In 244 cases in which an avalanche did reach a road, the median length of road totally or partially covered by an avalanche deposit was 31 m. Seventy percent of these started as slab avalanches and most of them involved dry snow.
Survival Factors
When we travel in avalanche country we accept the risk of possibly being caught and perhaps buried in an avalanche. What are our chances of surviving an avalanche? About 86%. This number depends on a number of factors. Luck is one of them, as is our ability to stay near the surface by getting rid of anything that could anchor us down and by struggling to stay on the surface. The terrain, the size of the avalanche and the depth of burial determine where and in what condition a victim might end up. That leaves the most important factor: the time before a buried person is uncovered. This depends on the rescuers (the group members) and the rescue equipment and their training.
Terrain and Cause of Death
Certain terrain features increase the consequences of being caught in an avalanche. Cliffs and trees in the path increase the odds of traumatic injuries. In 66 cases in which the cause of death is known, 32% were due to trauma. The other 68% died of asphyxiation due to burial. At least half of the trauma victims were the result of being carried over cliffs or through trees.
Avalanche Size
The mass, speed and density of the moving snow combined with the distance it travels and what type of terrain it travels through will determine the destructive potential of the avalanche (for a detailed description of the size, see Appendix B). Fig. 2.24 shows that the chance of surviving an avalanche decreases as the size of the avalanche increases. The graph includes those involved even in a minor way with the avalanche.
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	Fig. 2.24 Chance of survival by avalanche size for 1231 people caught or buried in avalanches between October 1984 and September 2003.


Depth and Duration of Burial 
Increased depth and duration of burial reduce a victim's chances of survival (Figs. 2.25 and 2.26). However, the graphs exaggerate the consequences since a higher proportion of fatal accidents are reported than non-fatal accidents.
The depth of burial depends on the size of the avalanche, the terrain in the run-out zone and the victim's ability to stay near the snow surface. The deeper a victim is buried the longer it will take to dig them out once they are located. Deeper burials also constrict breathing more due to the weight of the overlying snow.
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	Fig. 2.25 Chance of survival by depth of burial for 252 burials (that reported burial depth) between October 1984 and September 2003.


The longer the burial, the smaller are the chances of survival. Little air permeates through the dense snow in an avalanche deposit and asphyxiation soon occurs. Making an air pocket in front of one's mouth will increase the amount of air available and may provide those extra few minutes needed for the group to uncover the victim. The duration of burial depends heavily on the ability of the group to locate and uncover the victim. This, in turn, depends strongly on the equipment and training they have. 
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	Fig. 2.26 Chance of survival by duration of burial for 191 burials (that reported burial duration and either survived or died from asphyxia) between October 1984 and September 2003.


Search and Rescue 
The best, if not only, chance a buried person has for survival is for rescue by the other members of the group. A buried victim is unlikely to survive if the others in their group has to seek the assistance of a rescue agency. This means that the group has to be prepared to carry out their own search and rescue. Fig. 2.27 shows the most common methods by which buried persons have been located.  The use of avalanche dogs is effective as a search method, however, because of the considerable time it takes for the dog and master to be notified and then brought to the accident site live recoveries are rare.
Avalanche transceivers are the most effective method of locating a buried victim and recreationists must make a habit of wearing them when traveling in the backcountry. 
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	Fig. 2.27 Percentage of completely buried persons found alive by method of location for 67 complete burials (that reported the location method) between October 1984 and September 2003.


