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Executive Summary 

This report summarizes a detailed study of avalanche hazard and risk to the Stewart townsite 
for the purposes of updating avalanche hazard zone maps and providing recommendations 
for mitigation. The work has been conducted in accordance with our proposal dated May 18th, 
2018, and in response to Request for Bids for Tender No. 2018-401 issued by the District of 
Stewart on March 29th, 2018. The analysis was completed using modern methods in 
accordance with CAA (2016a) and methods outlined in Jamieson (2018). 

Avalanche terrain that affects the town includes large steep slopes that descend from alpine 
start zones on Mt. Rainey on the east side of the townsite and port, and several medium to 
large gullies and paths that descend through forested terrain on the west and northwest side 
of town. There are also a few small paths that affect the road that heads southwest to the town 
of Hyder across the United States border.  

A detailed analysis of runout extent, avalanche return period, and potential impact pressures 
was completed for each path, for the development of hazard zones for the townsite and port, 
according to impact-based terrain classification described in CAA (2016a). The three 
avalanche hazard zones are High Hazard (Red Zone), Moderate Hazard (Blue Zone), and Low 
Hazard (White Zone). A hazard zone map is included in Appendix C. Depending on the hazard 
zone, CAA (2016a) suggests land-use restrictions that limit occupation and permitted building 
types. 

Elements at risk that are potentially exposed to snow avalanche hazard in the Stewart townsite, 
including the hazard zone they are located in, are outlined in Table 1 below: 

Table 1: Elements at risk and corresponding hazard zones. 

Type of Element at 
Risk Red Zone (High Hazard) Blue Zone (Moderate Hazard) 

People outside (e.g. 
pedestrians and workers 
at outdoor worksites). 

Yes Yes 

Occupied structures 133 single-family residential lots 

494 single-family residential lots 
One multi-family residential lot 
One school 
One recreation centre 
152 commercial-use lots 

Transmission lines Approx. 2 km Approx. 900 m 

Occupied vehicles on 
roads 

Approx. 2 km of the Bypass Rd 
Approx.300 m of the Stewart-
Hyder Rd 

Approx. 900 m of the Bypass Rd 
Approx. 5 km of residential roads 

Port infrastructure 
Occupied vessels 
Vessels containing hazardous 
material 

Occupied vessels 
Vessels containing hazardous 
material 

Airport infrastructure 
including aircraft. Approx. 300 m of runway Aircraft and hazardous material 
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All other facilities in town are located in the White Zone. 

A risk assessment that takes into account estimates of exposure and vulnerability for several 
elements at risk has also been completed, and is summarized in the Table 2: 

Table 2: Summary risk statistics for the unmitigated case (from Table 6-8). 

 
Risk 

Total 
Scenarios Very 

Low Low Mod High Very 
High 

People outside 0 3 1 0 0 4 

Occupied 
structures* 

Single-family residence 0 1 0 2 0 3 
Multi-family residence 0 1 0 2 0 3 
Schools & public-use 0 1 0 2 0 3 

Commercial & industrial 0 1 0 2 0 3 
Occupied Vehicles 2 2 0 0 0 4 
Transmission Line 0 3 0 0 0 3 

Airport Infrastructure 0 2 1 0 0 3 
Port Infrastructure 0 1 2 0 0 3 

TOTAL 2 15 4 8 0  
*including occupants 

This report also includes a detailed snow climate study for the Stewart area and an analysis of 
the effect of climate change on avalanche hazard. Based on the analysis completed, there is 
no data supporting a trend to increasing or decreasing avalanche hazard to the town of 
Stewart, due to the effect of climate change. In addition, no obvious trends are expected to 
develop. 

Based on the findings of the study, Alpine Solutions Avalanche Services recommends the 
following: 

1. Continuation of the existing mitigation strategy described in Section 7.2 for the Bypass 
Road. This mitigation is already in place, and is assumed to have a low cost to the 
District of Stewart. In addition, it provides awareness of the potential avalanche risk to 
both locals and visitors. 

2. If possible, and in agreement with MoTI, expand the existing avalanche mitigation 
strategy (i.e. avalanche forecasting and temporary road closure) to include 
evacuation policy and procedures for affected areas as per MoTI (2001). This would 
include all roads, occupied residences, schools, recreation centre and public facilities 
within the Blue or Red Zones. A comprehensive public communication strategy (i.e. 
public education and awareness) and reliable public notification systems (e.g. mobile 
phone alert) would aid in successful implementation. 

3. Apply zoning bylaws for new development and renovations as per Canadian Avalanche 
Association recommendations (CAA 2016a) for occupied structures.  

4. Consider long term measures such as reinforcement of buildings or the construction 
of berms for individual structures or land parcels to protect vulnerable areas (e.g. 
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school, recreation centre, or anywhere high numbers of people may group together 
during avalanche season). Of note, the use of berms to protect from powder or 
pressurized air mass (air blast) avalanche components is less common, and is 
estimated to require large size berms (i.e. 40 m or higher). Normally costs for 
individual protection measures are borne by the owner. 

5. Avalanche explosive control may be a practical mitigation option for avalanche paths 
that are not expected to impact occupied structures. 
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1 Introduction 

1.1 General 

This report summarizes a detailed study of avalanche hazard and risk to the Stewart townsite 
for the purposes of updating avalanche hazard zone maps and providing recommendations 
for mitigation.   

This report includes the following: 

• A summary of snow climate for the area. 
• An analysis of the effect of climate change on avalanche hazard. 
• Avalanche hazard assessment using modern methods. 
• Avalanche path maps. 
• Detailed avalanche hazard zone maps including municipal cadastral information.  
• A semi-quantitative risk assessment. 
• A review of possible mitigation options. 

In addition, a detailed background on snow avalanches is provided in Appendix A. 

Alpine Solutions Avalanche Services (Alpine Solutions) understands that the results of this 
study will be used for land-use and emergency planning. The methods contained in this report 
have been reviewed by the WSL Institute for Snow and Avalanche Research (SLF) in 
Switzerland. 

1.2 Background 

The Stewart townsite is located in northwestern British Columbia (BC), approximately 900 km 
northwest of Vancouver, BC (Figure 1-1). Stewart has a population of approximately 500, with 
municipal infrastructure that includes a school, recreation centre, hospital, airport, roads, and 
industrial port facilities. 
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Figure 1-1: Map of western Canada showing Stewart, BC. 

During winter and spring, large destructive avalanches are known to descend slopes adjacent 
to the town. These slopes include the steep western slopes of Mount Rainey on the east side 
of town, as well as the slopes bordering the west side of town. The townsite has been impacted 
by avalanches from these slopes in the past.  

A study of avalanche hazard that included a hazard map was completed approximately 25 
years ago by P. Schaerer of Chris Stethem and Associates Ltd (CS&A, 1994). Subsequent to 
this, in 2001, the British Columbia Ministry of Transportation (currently the Ministry of 
Transportation and Infrastructure (MoTI)) Snow Avalanche Program recommended and 
initiated an operational avalanche risk management program for the Mount Rainey avalanche 
area (MoT, 2001), that includes forecasting and safety measure recommendations for the 
Bypass Road, located at the base on Mt. Rainey on the east side of Stewart.  

Other mitigation measures were recommended in MoTI (2001), including evacuation of the 
eastern portion of downtown Stewart during Extreme avalanche hazard for Mt. Rainey. 
However, Alpine Solutions is aware that the evacuation program is not currently in use. 

At the time of the 1994 study, avalanche dynamics modelling was limited to one-dimensional 
simulations (i.e. only estimated velocity along a centerline) and there were no Canadian 
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standards for avalanche hazard zone delineation and guidelines for land-use.  In addition, the 
study was limited to the paths on Mt. Rainey, and did not include avalanche paths that affect 
other areas in town (i.e. paths on the west side of town).  Based on recent efforts to update 
emergency response plans, the District of Stewart (DoS) has determined the need to update 
and expand avalanche hazard mapping for the entire townsite, based on modern methods. In 
addition, DoS requires information regarding the risks involved and the potential options for 
mitigation in order to direct current and future avalanche risk management for the town, and 
stakeholders. 

1.3 Scope of Work 

The primary objective of this study is to use modern techniques and up-to-date information to 
complete a detailed assessment of avalanche hazard and risk to the Stewart townsite, and 
provide options for mitigation. 

Avalanche terrain assessed in this study includes all avalanche paths that have the potential 
to affect the townsite of Stewart as shown on Map 2 in Appendix D. This includes: 

• Approximately nine separate avalanche paths that descend down slopes off Mt. Rainey 
to the east of town, potentially threatening the east side of Stewart, the Bypass Road, 
the port, and associated industrial facilities. Six of these paths have been identified in 
previous assessments (i.e. CS&A, 1994; MoT, 2001) as the Rainey, Leyto, Bonus, 
Silverado, Silver Chute and Arrow avalanche paths. 

• Approximately thirteen separate avalanche paths to the northwest of town potentially 
threatening a campground, public roads and residential buildings. 

• Five avalanche paths to the southwest of town affecting the Stewart-Hyder road, with 
one path also potentially affecting the Stewart Bulk Terminals. 

Alpine Solutions understands that the elements at risk potentially include: 

• People outside (e.g. pedestrians and workers at outdoor worksites). 
• Occupied structures including: 

• Single-family residences. 
• Multi-family residences. 
• Schools, hospitals and public-use. 
• Commercial and industrial. 

• Transmission lines. 
• Occupied vehicles on roads. 
• Port infrastructure including occupied vessels in the harbour. 
• Airport infrastructure including aircraft. 

The DoS has provided Alpine Solutions with the following reports and data: 

• “Stewart Cadestral and Zoning Data.zip” – a compressed folder containing shapefiles 
of Stewart townsite cadastral and zoning information. 
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• “Stewart_2017_DTM_Grid_5X5.xyz” – a 5 m resolution Digital Elevation Model (DEM) 
of the Stewart townsite and surrounding height-of-land. 

•  “Snow Avalanche Hazard Lines-Stewart.pdf” – 1994 avalanche hazard assessment 
conducted by P. Schaerer of Chris Stethem and Associates (CS&A, 1994). 

• “mtrainey_avalanche_safety_recomendations.pdf” – MoTI avalanche safety 
recommendations for the District of Stewart pertaining to the Mt Rainey avalanche 
paths. 

• “Mount Rainey Avalanche Program.pdf” and “Avalanche Hazard Rating & Analysis.pdf” 
– District of Stewart avalanche hazard ratings and risk management plan. 

Additional data provided by MoTI includes: 

• “Rainey Occurrence Obs.xlsx”, “SAWS Stew Hyder Occurrence Obs.xlsx”, and “SAWS 
BP Occurrence Obs.xlsx” – MoTI avalanche occurrence records for the Mt. Rainey, 
Stewart-Hyder Road, and Bear Pass highway avalanche paths respectively. 

• “SAWS Wx Records.xlsx” – MoTI weather observations for the Stewart area. 
The work has been conducted in accordance with our proposal dated May 18th, 2018, and in 
response to Request for Bids for Tender No. 2018-401 issued by the DoS on March 29th, 
2018. The analysis was completed in accordance with Canadian Avalanche Association 
guidelines (CAA, 2016a) and methods outlined in Jamieson (2018). 

 

2 Uncertainty and Limitations 
This document provides a detailed study of snow1 avalanche hazards that affect the townsite 
of Stewart, BC. Estimated impact pressures, frequencies, and areal extent of individual 
avalanche paths are based on a climate analysis, map and imagery interpretation, historical 
records and verbal accounts, helicopter- and ground-based field survey, and numerical 
avalanche modelling for specific elements at risk that are potentially affected by avalanches. 

The analysis completed for this report is based on modern methods. However, avalanches are 
an erratic phenomenon, and characteristics such as runout extent cannot be precisely 
determined, especially without detailed records of avalanche occurrences on slopes analyzed. 
Additional challenges for determining runout extent include: 

• A lack of vegetative indicators (i.e. trim lines) where avalanches runout into previously 
cleared or harvested forest. 

• Limited understanding of avalanche dynamics of the airborne component of plunging 
avalanches, including powder and pressurized air mass (air blasts), which can provide 
damaging impact pressures much further than dense flowing mass. 

• Poor understanding of avalanche dynamics over open water (i.e. Portland Canal).  

                                                
1 The qualifier “snow” will not be included from here on. It was added here to make it clear that there is no 
mention of “rock avalanches” or “debris avalanches” in this report. 
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Although calibration methods were used to increase the confidence of model results, there 
remains uncertainty of maximum runout extent and frequency estimates due to incomplete 
knowledge of input parameters (e.g. release area/depth and friction parameters) as well as 
entrainment characteristics. In addition, although there is a relatively long record of historical 
accounts for this area, we assume that there are numerous missing observations, especially 
before the mid-1990s, due to the lack of a dedicated avalanche monitoring program. 

There is also uncertainty associated with the estimated impact pressures due to the potential 
for broken trees and woody debris in the dense flowing mass as well as associated powder 
and pressurized air mass (air blast). This can cause localized areas of increased density and 
peak impact pressures of higher than typical impact pressures. 

To the extent possible, uncertainty has been reduced by combining and appropriately 
weighting results from the methods described in Section 5.1.4. Results provided by these 
methods were combined with experience and judgment to complete the assessment of 
avalanche extent and hazard zoning. 

Although other geohazards exist in the region, the scope of this assessment is limited 
exclusively to the direct impact of snow avalanches. Although, parameters are provided for the 
assessment of wave generation from avalanche impacts in the harbour, this report does not 
address the indirect impacts of avalanches such as the associated wave hazards or river 
blockage by avalanche deposits and associated flooding. In addition, any significant artificial 
or natural alteration of the landscape or terrain due to tree removal, earthworks, forest fire, 
landslides, or other geotechnical event may change the nature (e.g. magnitude, frequency, 
intensity, and extent) of avalanche hazard, necessitating a re-assessment for the area 
affected. 

 
3 Location and Terrain 
Stewart, BC is located in the Coast Mountain Range at the head of Portland Canal, a 150 km 
long narrow fiord extending north-northeast from the Pacific Ocean. The town is surrounded 
by rugged mountains, with several steep slopes, cliffs, winding channeled gullies, and wind-
exposed areas, extending up to 1900 m elevation. A large icefield known as the Cambria 
Icefield is located east-southeast of the town (Figure 3-1). 
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Figure 3-1: Overview map of the Stewart area. 

Avalanche terrain within the study area is divided into three, vegetation-specific, elevation 
bands that greatly influence potential avalanche characteristics: below treeline, treeline and 
alpine. A summary of approximate elevation bands in the townsite area is provided in 
Table 3-1. 

Table 3-1: Approximate elevation bands in the project area. 

Name Elevation Range 

Alpine Above 1200 m 

Treeline 700 m to 1200 m 

Below Treeline Below 700 m 

 

Avalanche paths threatening the Stewart townsite vary from large avalanche paths off Mt. 
Rainey (Figure 3.2) with alpine starting zones between 1400 – 1850 m to indistinct small paths 
with start zones between 200 – 450 m (Appendix D Map 2). The large paths off Mt. Rainey can 
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be classified as having either a vertical relief profile favorable for plunging snow and associated 
air blasts (i.e. Paths 2.3 to 2.5) or a more gradual transition (i.e. Paths 1.0 to 2.1). The paths 
on the west side of town (Figure 3.3), can be generally classified in to large avalanche paths 
with alpine starting zones (i.e. Paths 3.0, 3.5 and 3.8), medium-sized paths (i.e. Path 3.2, 3.4, 
3.5, 3.7 and 3.8) or short slopes with less than 500 m of relief as per Jones and Jamieson 
(2004) (i.e. Paths 3.1, 3.3, 3.6, 3.9 to 4.2 and 5.0 to 5.4). 

 
Figure 3-2: Mt. Rainey with avalanche paths affecting east side of townsite (R. Boyle - 

background photo).  
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Figure 3-3: Avalanche paths on the west side of town. 

 
4 Snow Climate 
Snow climate refers to the general character of climate factors that contribute to snowpack and 
avalanche formation. Meteorological records of average and maximum snowpack height (i.e. 
as measured vertically) provide information on how often thresholds for avalanche triggering 
are exceeded. BC Ministry of Environment snow survey records in the region provide baseline 
snowpack information and historical weather, snowpack and avalanche records are available 
through the nearby MoTI Bear Pass avalanche program. 

Stewart is located in a maritime climate zone with severe winter weather (Haegeli and 
McClung, 2007). This is due in part to the height of the mountains, which cause rapid 
orographic lifting of weather systems coming from the Pacific Ocean. The region sees some 
of the heaviest snowfall in North America, and settled annual maximum snowpack heights can 
range from 3 to 6 m at treeline elevation, although snow heights can be two to three times that 
in wind-loaded areas. During winter months, temperature increases associated with some 
storms can produce rain-on-snow conditions up to ridge top elevations. Based on the analysis 
of avalanche occurrence records and weather data, it is estimated that an average winter will 
include eight to 15 intense storms, most of which can result in widespread avalanche activity. 

Avalanche season is the time of year when avalanches may occur which is dependent on when 
the ground roughness in starting zones is covered by the threshold snow height. For the 
Stewart area, avalanche season for starting zones below 1000 m generally occurs between 
November and May. For alpine elevations above 1400 m, avalanche season can extend from 
October into June.  
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4.1 Snow Supply 

An analysis of local snowpack height data was performed with the objective of determining 
estimates for the potential snow supply amounts for the avalanche starting zones surrounding 
the Stewart. Seven weather station locations (details provided in Table 4-1) were chosen for 
the analysis in order to obtain a good summary of the snowpack height and distribution around 
Stewart. Height of snow records were used to determine the expected annual snowpack 
heights for each weather station. Gumbel (extreme value) distributions were then applied to 
estimate the 10-year, 30-year, 100-year and 300-year maximum snow heights. Snowpack 
height generally increase with elevation, therefore logarithmic regressions were fitted to these 
estimated maximums to extrapolate them to the elevations of the relevant avalanche starting 
zones. 

Table 4-2 shows the results of the snow supply analysis from eleven weather stations located 
in the Stewart area. Significant redistribution of these estimates due to strong winds occurs 
annually, especially in the alpine starting zones. 

 

Table 4-1: Weather stations used for the snow supply analysis. Source organizations were the 
MoTI Avalanche and Weather Programs and BC Snow Survey (BC SS). 

Station (ID) 
Source 

Organization Years of Record Elevation 
(m) 

Vegetation 
zone 

Coordinates  
(latº, longº) 

Granduc Mine 
(51009) 

MoTI 14 
(1971 to 1984) 

825 
Below 
treeline 

56.1259,       
-130.0428 

Cullen Creek 

(51101) 
MoTI 23 

(1987 to 1998) 
390 

Below 
treeline 

56.1175,       
-129.7292 

Little Entrance 
(51104) 

MoTI 19 
(1978 to 1996) 

410 
Below 
treeline 

56.1050,       
-129.5703 

Windy Point 
Lower (51123) 

MoTI 14 
(2004 to 2017) 

1035 Treeline 56.1102,       
-129.5152 

Kettle Hole 
(51128 

MoTI 23 
(1996 to 2018) 

440 
Below 
treeline 

56.1035,       
-129.6330 

Bear Pass 
(4B11 / 4B11A) 

BC SS 44 
(1974 to 2018) 

460 
Below 
treeline 

56.0600,       
-129.3700 

Granduc Mine 
(4B12) 

BC SS 25 
(1974 to 1998) 

790 Treeline 56.1400,       
-130.0300 
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Table 4-2: The expected annual, 10-year, 30-year, 100-year and 300-year maximum 
snowpack heights for the avalanche path starting zones near Stewart for 
the specified elevation zones. 

Return Period 
Maximum Snowpack Height (cm) 

Below treeline 
(500 m) 

Treeline 
(1000 m) 

Alpine 
(1800 m) 

Annual 220 340 440 

10-year 280 420 520 

30-year 340 460 580 

100-year 380 520 640 

300-year 420 570 690 

4.2 Climate Change 

The general effects of a warming climate on avalanche hazard are complex and clear trends 
are not easily identified. Therefore, to analyze the potential effects of climate change on 
avalanche hazard for Stewart we 

1. provide a review of current state of knowledge; and, 
2. performed a trend analysis on temperature, snowpack height and avalanche 

occurrence data. 

4.2.1 Previous Studies 

The longest and most reliable avalanche occurrence datasets are found in Europe where they 
have been analyzed for possible trends due to climate change (e.g. Eckert et al., 2010a, 2010b, 
2013; Castebrunet et al., 2012; Teich et al., 2012; Laternser and Schneebeli, 2002; and 
Schneebeli et al., 1997). Summarizing these European findings; 3-day maximum snowfalls, 
snowpack heights and avalanche activity are either decreasing or show no clear trends. 

Similar studies performed in Canada are limited due to the shorter timeframe where relevant 
data are available and the strong influence on avalanche activity due to explosives used to 
control avalanche hazard. Focusing on Rogers Pass, Bellaire et al. (2016) found evidence of 
increasing temperatures, decreasing snowfall, decreasing snowpack height at lower 
elevations, and a slight decrease in avalanche activity. Sinickas et al. (2016) used MoTI 
avalanche data from six highway passes, including Bear Pass, which showed no evidence of 
an increase in avalanching from 1981 to 2010. 

Jamieson et al. (2017) used climate projections based on Representative Concentration 
Pathway 4.5 and an ensemble of 15 Global Circulation Models (Wang et al., 2012) to project 
relevant climate data for the avalanche starting zone elevations of the seven major highway 
passes in BC. They showed that increases in temperature, decreases in precipitation as snow 
(i.e. more rain) for early winter and spring, and mixed trends for snowfall can be expected. 
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Uncertainties when coupling atmospheric models with avalanche formation models have 
dominated any climate induced trends in avalanche hazard, however these studies anticipate 
a shortening of the avalanche season and less avalanching at lower elevations (Castebrunet 
et al., 2014; Martin et al., 2001).  

4.2.2 Trend Analysis 

4.2.2.1 Air temperature 
A trend analysis of near surface air temperature was conducted for four automated weather 
stations: Windy Point Lower (1035 m), Kettle Hole (440 m), Stewart (15 m) and Snowbank Mid 
(1065 m). These four stations hold the longest records to date between 14 years (Stewart) and 
31 years (Windy Point Lower). For the statistical analysis a simple linear model between air 
temperature and time was formulated as well as a multi-linear regression to estimate seasonal 
patterns. Results of this analysis are shown in Figure 4-1.  
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Figure 4-1: Time series analysis of measured air temperature of four automated weather 

stations: Windy Point Lower (1035 m), Kettle Hole (440 m), Stewart (15 m) and Snowbank Mid 
(1065 m). Shown are the time series (grey solid line) between 1988 and 2018 (depending on 

station) as well as simple (dashed orange) and multi linear regression models (dashed blue). 
Summary statistics for the estimated trend over ten years and the coefficient of determination 

(R2) for each statistical model are provided. 
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The more complex model (MLR) provides a better fit to the data. Two out of the four stations 
(Snowbank Mid and Stewart) show a decrease in air temperature with time, whereas 
Snowbank Mid shows the strongest increase of 0.43 ºC over ten years compared to Stewart 
station with an increase of 0.16 ºC over ten years. On the other hand, Windy Point Lower and 
Kettle Hole show decreasing trends of -0.26 ºC and -0.16 ºC per decade, respectively. Note 
that all trends derived from the multi-linear regression are highly significant (p-value < 0.001). 
That means that the trends, either increasing or decreasing are evident.  

4.2.2.2 Snow cover 
In order to estimate the effect of climate change on the snow cover, general trends of the 
maximum snow height were analyzed for three stations located in the region around Stewart. 
The three stations Stewart, Bear Pass and Ningunsaw Pass are located between 15 m and 
647 m and show records between 29 years (Stewart) and 44 years (Bear Pass and Ningunsaw 
Pass). 

Results of a simple linear regression are shown alongside the observations in Figure 4-2. All 
three stations show decreasing trends in maximum snow height for the investigated period. 
The trends for the higher stations (Bear Pass and Ningunsaw Pass) are smaller compared to 
the lower station (Stewart), i.e. about 10 cm per decade compared to 5 cm per decade, 
respectively. However, trends were found to be not significant (p-value > 0.05). 

 
Figure 4-2: Maximum snow height for three stations: Stewart (solid black), Bear Pass (solid 
blue) and Ningunsaw Pass (solid orange) between 1974 and 2018. Dashed lines show the 

corresponding linear trends derived from a simple linear regression. 
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4.2.2.3 Avalanche Activity 
A trend analysis of the recorded avalanche occurrences for the large avalanche paths off of 
Mt. Rainey was conducted. An avalanche activity index (based on Schweizer et al., 2013) was 
used as a proxy for hazardous avalanches by weighting the larger sized avalanche events 
compared to small events. There is a clear decreasing trend in avalanche activity (p-value = 
0.03) for these paths as shown in Figure 4-3. However, from experience avalanche occurrence 
records in Canada are influenced by changes in practitioner recording practices and changes 
in avalanche risk management programs, thus it is not clear that climate change is the direct 
cause of this observed trend. 

 
Figure 4-3: Avalanche Activity Index for recorded avalanches from the large paths off Mt. 

Rainey. Dashed line shows the linear trend from a simple linear regression. 

4.2.3 Effect of Climate Change on Avalanche Hazard and Risk 

The observed trends in relevant snow climate data (temperatures and snowpack height) for 
the Stewart area show slight warming and decreasing snowpack heights. However, these are 
minor trends and they do not indicate obvious and significant influence on local avalanche 
hazard. The avalanche occurrence data for the large paths on Mt. Rainey show a decreasing 
trend in avalanche activity, although it is not clear that climate change is causing this.   

The more generalized snow climate and avalanche trends observed for BC also do not indicate 
that major changes to the avalanche hazard near Stewart should be expected. However, more 
generalized climate studies related to avalanching suggest a shortening of the avalanche 
season and that more rapid and significant changes should be expected at lower elevations. 
Much of the avalanche terrain surrounding Stewart would be considered low elevation. 
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Based on the analysis completed, there is no data supporting a trend to increasing or 
decreasing avalanche hazard to the town of Stewart, due to the effect of climate change. In 
addition, no obvious trends are expected to develop. 

 

5 Avalanche Hazard Assessment 
The avalanche hazard analysis methods and results are provided in Sections 5.1 and 5.2. 
Avalanche hazard zone definitions are provided in Section 5.3. 

5.1 Avalanche Runout Distance 

Avalanche paths were identified and runout distance for the dense flow, powder and air blast 
components (Appendix A) was estimated for each path using the following methods: 

• Occurrence records and historical accounts. 
• Photographic evidence 
• Field survey. 
• Numerical avalanche modelling. 

Each of these methods are described in further detail in the following three subsections, and 
the confidence-based weighted average method used to combine estimates from the different 
sources is described in Section 5.1.5. The avalanche path map provided in Appendix D (Map 
2) shows the estimated dense flow extent for the maximum (i.e. 300-year) event for each 
avalanche path. 

5.1.1 Occurrence Records and Historical Accounts 

Records and historical accounts used to estimate avalanche runout distance and frequency 
include: 

• MoTI avalanche occurrence observations with 26 years of records for the Mt Rainey 
avalanche paths dating back to 1993, and 44 years of records for the Stewart-Hyder 
Road avalanche paths dating back to 1975. These values were fitted to an extreme 
value (Gumbel) distribution, and a summary of extreme values of avalanche runout is 
provided in Table 5-1. 

• Historical records (newspaper articles) contained in the Stewart archives dating back 
to 1928.  Avalanche events discovered in the records are included in Table 5-2. 

• Interviews with current and previous MoTI avalanche technicians including R. Boyle on 
July 31st, 2018; M. Austin on November 20th, 2018; and, R. Anderson on November 
20th, 2018. Details on specific occurrences provided in Table 5-2. 

• Personal communication with P. Schaerer on September 21st, 2018, regarding 
modelling, historical records and photographic evidence summarized in CS&A (1994). 

The study also relied on historical accounts as summarized in CS&A (1994). 
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Table 5-1: Extreme values of maximum annual toe mass distance (m) observations measured 
from the Bypass Road. Negative values represent dense flow stopping before the 
road, while positive values represent dense flow overrunning the road.  

Return 
Period Path 1.9 Path 2.0 Path 2.1 Path 2.3 Path 2.4 

Annual -349 -329 -334 -255 -211 

3-year -259 -244 -262 -200 -169 

10-year -111 -106 -143 -109 -100 

30-year 33 28 -28 -21 -33 

100-year* 193 178 100 77 42 

300-year* 341 316 218 167 111 
* Note There is low confidence in the 100-year and 300-year estimations due to limited records and 
resulting high variability, particularly for Paths 1.9, 2.0 and 2.1. 

Table 5-2: Notable historical avalanche occurrences and accounts. 

Date Source Description 
Jan. 7-12, 
1928 

Portland Canal News, 
Jan. 20, 1928 

Avalanche released from the cliffs on the northwest side of 
town and ran between two cabins. 

Feb 21, 
1974 

The Sentinel, Vol. 23, 
No. 4, Feb. 27, 1974 

Avalanche off of Mt. Rainey triggered by temperature 
increase created strong air blast, which caused damage 
(broken windows, buildings hit by trees, and broken trees 
along river). Powder cloud deposited ½ inch of snow and 
ice crystals over Stewart. 

(Note: we were unable to determine the location of the 
broken windows from interviews, but assume it to be within 
the blue zone, as indicated on maps in Appendix D). 

Feb. 22, 
1991 

R. Boyle (MoTI 
Avalanche Technician) 

Avalanche ran into Portland Canal and pushed a freighter 
across the harbour. 

Jan. 5, 
2007 

MoTI occurrence 
records 

R. Anderson, M. Austin 
(past MoTI Avalanche 
Technicians) 

Avalanche release from Path 2.4 broke a 600 m wide stand 
of trees between the airport runway and the Bypass Road. 
A powder cloud mixed with light woody debris extended 
across the town to at least the provincial courthouse on 
Brightwell St. There was no damage to buildings, and 
estimated impact pressure <<1 kPa. 

Jan. 8, 
2012 

MoTI occurrence 
records. 

R. Boyle, (MoTI 
Avalanche Technician) 

Size 4 avalanche release from Path 2.4 broke a 775 m wide 
stand of trees between the airport runway and the Bypass 
Road. 
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5.1.2 Photographic Evidence 

Photographic evidence used to estimate avalanche runout distance and frequency include: 

• Historical photographs contained in the Stewart archives and provided by MoTI dating 
back to the early 1900’s. 

• Satellite imagery available through Google™ Earth and ESRI ArcGIS. 
• Aerial photos Listed in Table 5-3 dating back to 1968. 

 Table 5-3: Aerial photographs used in the analysis. 

Date Roll Frame(s) Colour Scale 
1968-07-01 BC5291 149 Black & White 1:15000 
1977-06-14 BC77022 254, 256 Black & White 1:12000 
1982-07-29 BC82019 219 Black & White 1:60000 
1983-07-17 BC83005 084 Black & White 1:20000 
1989-06-24 BC89036 029 Black & White 1:26000 
1989-07-25 BC89046 021 Black & White 1:8000 
1994-07-22 BCB94030 190 Black & White 1:15000 
2008-08-05 BCC08003 009 Colour 1:20000 

5.1.3 Field Survey 

Helicopter- and ground-based survey was completed by C. Campbell and B. Gould of Alpine 
Solutions on July 31st and August 1st, 2018. Where practical, and as per CAA (2016a), a high 
level of effort was used for field surveys including observations and measurements of terrain 
and vegetation indicating avalanche activity. Preliminary desktop-based analysis and mapping 
was used to assist and focus these field surveys. A summary of ground-based field survey 
observations is provided on Map 1 in Appendix D. 

5.1.4 Numerical Modelling 

The following topographical-statistical models were used to estimate extreme avalanche 
runout distance: 

• Alpha-Beta (Lied & Bakkehoi, 1980) and runout ratio models calibrated to the Coast 
Mountains of BC (Nixon & McClung, 1993). 

• Runout ratio model calibrated to Coastal Alaska (McClung & Mears, 1991). 
• Alpha regression model developed for short slopes (Jones & Jamieson, 2004). 
• Alpha-Beta models calibrated for the powder and air blast components (Schaerer 

2004). 
The following physical-dynamic models were used to estimate extreme avalanche runout 
distance: 

• PCM – Perla Chung McClung (Perla et al., 1980) physical-dynamic model calibrated to 
the Mt. Rainey avalanche paths (CS&A, 1994). 
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• RAMMS - Rapid Mass Movement Simulation (Christen et al., 2010) physical-dynamic 
model using a 5 m DEM and fitted to the extreme toe mass distance values listed in 
Table 5-1. 

• AVAL-1D (Christen et al., 2002) physical-dynamic model calibrated to steep avalanche 
paths in Juneau, Alaska (Schweizer & Margreth, 2011). 

Parameters used and assumptions made for the numerical avalanche modelling are listed in 
Appendix B. Avalanche path centerline profiles used as topographical inputs for the numerical 
models were defined through an iterative process that initially relied on occurrence records, 
photographic evidence and field survey results, before being refined by initial model results 
and then used for a second model run. All topographical-statistical models, except those used 
specifically for short slopes (i.e. < 500 m), were based on 10° beta points defined through 
analysis of a 5 m DEM. Topographical-statistical modelling for short slopes was based on 24° 
beta points defined with a parabola fitted to centerline profiles as per Jamieson & Jones (2004). 

5.1.5 Confidence-based Weighted Average 

Every estimate of avalanche runout distance resulting from the methods described above was 
adjusted for a common 300-year return period using conversion factors determined through 
analysis of RAMMS estimated runout extent for specified return periods. Then, each adjusted 
estimate was numerically weighted based on confidence in the estimate. Estimates with 
greater uncertainty were assigned a lower weight according to lower confidence in the 
estimate. The individual weighted estimates were averaged to estimate the impact extent for 
each of the avalanche components (i.e. dense flow, powder and air blast). The results of this 
weighted average analysis are presented in Appendix C. These results were verified against 
the avalanche hazard lines provided by CS&A (1994). 

No adjustments were made for avalanches running out on open water (i.e. Portland Canal), 
which, due to the increased retarding effect of open water on the dense flow, probably results 
in a conservative estimate. 

5.2 Avalanche Impact Pressure 

The 300-year return impact pressure and lateral extent of the dense flow component was 
estimated using the RAMMS physical-dynamic model fitted to the resulting 300-year dense 
flow runout estimate from the methods described in Section 5.1. The RAMMS model was fitted 
to these estimates by adjusting the size of the release area and release depth (i.e. as 
measured perpendicular to the slope) while maintaining default friction parameters for a 300-
year event and an avalanche flow density of 300kg/m3. Three-hundred-year return impact 
pressures for the powder and air-blast components was estimated using the AVAL-1D, 
physical-dynamic model with similar parameterization. 
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5.3 Canadian Avalanche Hazard Zones for Occupied Structures 

Avalanche hazard zone boundaries as shown on the maps in Appendix D (Maps 3 and 4) are 
based on the CAA’s recommended definitions for occupied structures (CAA, 2016a). This 
impact-based terrain classification system is used to define areas of Low (White), Moderate 
(Blue), and High (Red) hazard for residential, commercial or general occupied structures in 
Canada. It is similar to the avalanche hazard zone classification schemes used in other alpine 
countries such as Switzerland and Austria. Figure 5-1 illustrates hazard zones based on 
potential impact pressure and return period, and Table 5-1 provides definitions for each zone, 
as well as recommended activities.  

 

 
Figure 5-1: Hazard zones for occupied structures in Canada (CAA, 2016a). 
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Table 5-1: Definitions for the three zones used for occupied structures in Canada as shown 
Figure 6-1 (CAA, 2016a). 

Zone 
Colour Definition Recommended Activities 

White 
An area with an estimated avalanche return period of 
> 300 years, or impact pressures < 1 kPa with a 
return period of > 30 years. 

Construction of occupied 
structures is normally permitted. 

Blue 

An area which lies between the red and white zones 
where the impact pressure divided by the return 
period is < 0.1 kPa/year for return periods between 
30 and 300 years, and impact pressures ≥ 3 kPa. The 
Blue Zone also includes areas where impact 
pressures are between 1 and 3 kPa with return 
periods of > 30 years.  

Construction of occupied 
structures may be permitted with 
specified conditions (see below). 

Red 

An area where the return period is < 30 years and/or 
impact pressures are ≥ 30 kPa, or where the impact 
pressure divided by the return period is > 0.1 
kPa/year for return periods between 30 and 300 
years. 

Construction of occupied 
structures should not be 
permitted. 

 

Considerations for development of occupied structures in a Blue Zone include: 

• Number of occupants. For example, the level of risk associated with locating a structure 
designed for > 100 occupants is typically not tolerable, regardless of mitigation 
measures taken. Whereas a structure designed for < 10 occupants might be 
considered for development in a Blue Zone. 

• Timing of occupancy. For example, public structures such as residences, hotels, lodges 
and restaurants that could be occupied at all times with limited control over access, 
should not be considered for the Blue Zone. Whereas private structures, such as 
industrial plants, storage facilities, field offices and warehouses, that can be 
unoccupied for long periods (e.g. days to months) and access can be controlled, might 
be considered for development in a Blue Zone. 

• Whether the structure is a place of refuge during a storm. For example, backcountry 
huts or isolated occupied structures where precautionary evacuation and restricted 
access is unreasonable and/or requires additional exposure to avalanche hazard 
should not be considered for development in a Blue Zone. 

• Whether the occupants are aware of, and accept the risk associated with avalanches. 
For example, rented properties, in which the tenant may not be aware of or have 
accepted the risk, should not be considered for development in a Blue Zone. 

• Whether the structure is critical infrastructure for essential and/or emergency services. 
For example, hospitals, schools and community centers should not be considered for 
the Blue Zone. 

• Whether access can be effectively restricted to allow for occupancy only during periods 
deemed to be safe periods as determined by a qualified person. 
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• Whether an effective precautionary evacuation plan can be implemented that can 
quickly evacuate the entire structure during high hazard periods. Note that the planned 
frequency of precautionary evacuations should be less than annual (e.g. in Europe, 
evacuations are planned to occur no more than once every five to 10 years). If higher 
frequency evacuation is required to mitigate risk to an acceptable level, then the 
structure should not be considered for development in a Blue Zone. 

 

Conditions that may be specified for development of occupied structures in a Blue Zone 
include:  

• structures reinforced to withstand avalanche impact as verified by the building 
insurance company;  

• structures protected by long-term runout zone mitigation measures (e.g. diversion dikes 
or catchment basins);  

• Policy and Procedure (P&P)-based risk control (e.g. forecasting and evacuation).  
 

For pre-existing occupied structures found to be located in a Blue or Red Zone, specific 
conditions may be required by the land manager for continued use or occupancy. These may 
include conditions mentioned above, and typically includes policy for temporary evacuation 
and restricted access. Any renovations to a structure in the Blue or Red Zone should result in 
a net decrease in avalanche risk to the occupants. 

The acceptable risk levels associated with these recommendations are similar to, or more 
conservative than, those used in European alpine nations, where there is a long history of 
effective risk reduction for occupied structures and areas. 

 
6 Avalanche Risk Assessment 

6.1 General 

Risk is a measure of the probability and severity of an adverse effect to health, property or the 
environment, and is estimated by the product of hazard probability and consequences (AGS, 
2007).  The avalanche risk assessment completed for this study involved estimation of the 
likelihood that an avalanche event will occur, impact an element at risk, and cause some 
magnitude and type of damage or loss.  The principal steps in this risk assessment are:  

1. Identification of hazard scenarios.  These are defined as distinct outcomes that result 
in some direct consequence (e.g. fatality, damage to a building, environmental 
damage, etc.).  They can include different return periods, different avalanche impact 
pressures or different consequence chains. 

2. Estimation of the probability of a hazard scenario resulting in some undesirable 
outcome in the categories safety and environment. This is based on the estimated 
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likelihood that the avalanche will occur, reach the element at risk when it is present 
within the avalanche path, and cause the undesirable outcome. 

3. Estimate the safety and environmental consequences of the unwanted outcome.  

4. Combine the likelihood of unwanted outcome and consequences to arrive at a risk 
classification ranging from Very Low to Very High. 

Risk estimates consider an “unmitigated” case, which is a necessary assumption to estimate 
avalanche risk for the purpose of prioritizing mitigation measures.  It does not consider any 
existing or potential future avalanche mitigation measures (e.g. deflection berms, avalanche 
control, precautionary evacuation and restricted access, etc.) for the purpose of hazard 
protection. The risk estimates do not consider every possible consequence resulting from an 
avalanche occurrence.  Rather, the estimates consider a range of potential outcomes that 
guide the prioritization of hazard mitigation. 

Table 6-1 shows the risk evaluation matrix used to combine likelihood of unwanted outcome 
and consequence assessment to determine a risk rating.  The probability of the undesirable 
outcome and the severity of the consequence define an intersection point in the matrix that 
ranks the risk scenario from Very Low to Very High.  The risk ranking of all elements at risk 
can then be used to prioritize risks for potential further study or more detailed design of risk 
reduction measures. 

Table 6-2 guides possible responses by the District of Stewart to each risk level, but depends 
on the District’s risk tolerance criteria. 

The following sections describe the components of the risk assessment method. 
Hazard scenarios and their respective risks are tabulated in Appendix E. 

Table 6-1: Risk evaluation matrix. 

Likelihood Probability 
Range  

Very Likely > 0.9 M H H VH VH VH 

Likely 0.1 to 0.9 L M H H VH VH 

Moderate 0.01 to 0.1 L L M H H VH 

Unlikely 0.001 to 
0.01 VL L L M H H 

Very 
Unlikely 

0.0001 to 
0.001 VL VL L L M H 

Extremely 
Unlikely < 0.0001 VL VL VL L L M 

Consequences 
6 5 4 3 2 1 

Negligible Minor Moderate Major Severe Catastrophic 
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Table 6-2: Risk evaluation definitions and possible responses by the District of Stewart. 

VH Very High Risk is imminent and could happen at any time irrespective of 
particular triggers; risk reduction required immediately 

H High Risk is unacceptable; risk reduction must be implemented within a 
reasonable time frame. Planning should begin immediately. 

M Moderate Risk may be tolerable; reduce to as low as reasonably practicable. 

L Low Risk is tolerable; continue to monitor and reduce to as low as 
reasonably practicable 

VL Very Low Risk is broadly acceptable; no further review or risk reduction 
required. 

 

6.2 Element at Risk 

The following elements at risk are potentially exposed to avalanche hazard in the Stewart 
townsite: 

• People outside (e.g. pedestrians and workers at outdoor worksites). 
• Occupied structures including: 

o Single-family residences. 
o Multi-family residences. 
o Schools, hospitals and public-use. 
o Commercial and industrial. 

• Transmission lines. 
• Occupied vehicles on roads. 
• Port infrastructure including occupied vessels and vessels containing hazardous 

materials in the harbor. 
• Airport infrastructure including aircraft. 

The following subsections provide details of exposure and vulnerability for each element at 
risk. Vulnerability and exposure are considered in the context of extreme avalanche events 
with a return period of 100 to 300 years. 

6.2.1 People Outside 

People outside are potentially exposed to avalanche hazard in both Red and Blue avalanche 
hazard zones. Potentially exposed people outside in the Blue Zone includes pedestrians and 
workers at outdoor worksites in residential, commercial and industrial areas, public roads, 
airport and port facilities, and at schools, hospitals and other public-use areas (i.e. parks and 
recreation centre, and open fields). Potentially exposed people outside in the Red Zone 
includes pedestrians and workers at outdoor worksites on public roads (e.g. the Bypass Road); 
at a sand and gravel extraction industrial site on the east side of town along the Bear River; 
and at the airport and industrial port facilities, for example. Both temporal (i.e. time) and spatial 
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(i.e. space) exposure of people outside in the Red Zone is expected to be less than in the Blue 
Zone, due to the nature, location and extent of potential pedestrian areas and outdoor 
worksites. 

People outside have high vulnerability to the impacts of avalanches. The impact pressures 
associated with avalanches affecting the Red Zone are generally sufficient to result in one or 
more fatalities depending on numbers of individuals exposed. Impact pressures associated 
with avalanches in the Blue Zone are potentially sufficient to result in injuries or fatalities, 
especially near the red-zone boundary. 

6.2.2 Occupied Structures 

6.2.2.1 Single-family Residences 
There are approximately 133 lots zoned for single-family residential use in or partly in the Red 
Zone, primarily on the northwest end of town; however, to Alpine Solutions’ best knowledge, 
there are currently no occupied structures on these lots There are an additional 494 lots zoned 
for single-family residential use in or partly in the Blue Zone, both in the northwest and 
southeast sides of town. 

The impact pressures associated with avalanches affecting the Red Zone have the potential 
to destroy wood-framed structures, potentially killing occupants. The impact pressures 
associated with avalanches affecting the Blue Zone may push in doors, break windows, and 
potentially injure occupants. The number of people potentially exposed at any given time in a 
single-family residence is likely less than five. 

6.2.2.2 Multi-family Residences 
There are no lots zoned for multi-family residential use in or partly in the Red Zone; however, 
there is one lot zoned for multi-family residential use in the Blue Zone in the northeast end of 
town. The impact pressures associated with avalanches affecting the Blue Zone have the 
potential to push in doors and break windows, potentially injuring occupants. The number of 
people potentially exposed at any given time in a multi-family residence is likely greater than 
ten and could exceed 50 depending on the number of residential units. 

6.2.2.3 Schools and Public-use 
There are no schools or public-use areas in the Red Zone; however, there a school and a 
recreation centre in the Blue Zone. The impact pressures associated with avalanches affecting 
the Blue Zone have the potential to push in doors and break windows, potentially injuring 
occupants. The number of people potential exposed during the day in a school or recreation 
centre could exceed 100. Furthermore, the timing of high-occupancy could coincide with high 
avalanche hazard if these facilities are used a place of refuge (e.g. during or after natural 
disasters, including avalanches, that destroys a number of homes and displaces the residents). 

6.2.2.4 Commercial 
There are no lots zoned for commercial use in the Red Zone; however, there are approximately 
152 lots zoned for commercial use in the Blue Zone in the southeast end of town. The impact 
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pressures associated with extreme avalanches affecting the Blue Zone have the potential to 
push in doors and break windows, potentially injuring occupants. The number of people 
potential exposed at any given time in a commercial structure is likely less than ten. Any 
hazardous or environmentally sensitive materials stored outside commercial structures or in 
sheds have the potential to be spilled. 

6.2.3 Transmission Line 

Approximately 2 km of the transmission line that parallels the Bypass Road, including 
associated structures/poles, is in the Red Zone with an additional 900 m in the Blue Zone. 
Impact pressures associated with extreme avalanches affecting the Red Zone have the 
potential to destroy transmission line poles. While impact pressures associated with extreme 
avalanches affecting the Blue Zone also have the potential to damage transmission line 
structures/poles, particularly in areas near the Red Zone boundary. Even relatively low impact 
pressures that could occur more frequently (e.g. 30 to 100 years) may result in power outages, 
and require repairs to conductors. 

6.2.4 Occupied Vehicles on Roads 

Approximately 2 km of the Bypass Road is in the Red Zone, with an additional 900 m in the 
Blue Zone. There are also approximately 300 m of the Stewart-Hyder Road in the Red Zone 
and an additional 5 km of residential roads in the Blue Zone. Risk to occupied vehicles are 
highly dependent on traffic volumes. For this analysis traffic volume was considered to be very 
low (i.e. less than 100 vehicles per day passing through each avalanche path, on average). 
Impact pressures associated with avalanches affecting the Red Zone have the potential to 
push large vehicles off the road, potentially destroying and/or burying the vehicles, and injuring 
or killing the occupants. Furthermore, any hazardous or environmentally sensitive materials 
contained in the vehicles could spill. Impact pressures associated with avalanches affecting 
the Blue Zone have the potential to push small vehicles off the road, potentially injuring the 
occupants. 

6.2.5 Airport 

Some facilities and infrastructure associated with the Stewart airport including aircraft and 
hazardous materials (e.g. jet fuel) are in the Blue Zone, with approximately 300 m of runway 
in the Red Zone. Impact pressures associated with avalanches affecting the Blue Zone can 
severely damage to aircraft and possibly spill hazardous or environmentally sensitive 
materials. 

6.2.6 Industrial Port 

Some facilities and infrastructure associated with the Stewart industrial port including occupied 
vessels and vessels containing hazardous materials in the harbor, are in both red and Blue 
Zones. Impact pressures associated with avalanches affecting the Red Zone have the potential 
to damage infrastructure and vessels, potentially injuring occupants or spilling hazardous 
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materials, which could cause environmental damage. Avalanche impacts also have the 
potential to generate waves in Portland Canal. Avalanche impact parameters associated with 
wave generation were determined through physical-dynamic modelling as described in Section 
5.2, and are listed in Table 6-3. 

Table 6-3: Avalanche impact parameters associated with wave generation 
in Portland Canal. 

 Path 1.0 Path 1.1 

Avalanche velocity 50 m/s 45 m/s 

Avalanche flow density 300 kg/m3 300 kg/m3 

Angle of impact 35° 10° 

Duration of impact 60 s 45 s 

6.3 Hazard Scenarios 

Hazard scenarios are defined as distinct outcomes from a given hazard.  These are listed in 
the “Hazard Identification” columns on the left side of the table in Appendix E.  For each 
element at risk, the Maximum Expected Impact Pressure column identifies the range of impact 
pressures potentially affecting the element at risk.  The Potential Consequence column 
describes the type of consequence potentially resulting from the particular avalanche impact 
pressure, should it occur.  

6.4 Likelihood of Undesirable Outcome 

The likelihood of an undesirable outcome is a product of the:  

• probability of an avalanche occurring that has the potential to reach the element at risk; 
• temporal probability (PT:H) that the element at risk is present in the avalanche path when 

the avalanche occurs (considered certain for fixed facilities); 
• spatial probability (PS:H) that the avalanche, should it occur, impacts the element at risk; 

and 
• vulnerability of the element at risk to damage or loss (the likelihood of the undesirable 

outcome should the avalanche impact the facility). 
Table  6-4 defines categories used for likelihoods of an undesirable outcome, based on the 
product of the probabilities listed above. 
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Table 6-4: Definitions of likelihood of undesirable outcome. 

Likelihood of Undesirable 
Outcome Description Probability 

Range 

Very Likely Damaging event occurs at least once per year. > 0.9 

Likely Damaging event occurs every few years. 0.1 to 0.9 

Moderately Likely Damaging event possible over a 10- to 100-year 
time period. 0.01 to 0.1 

Unlikely Damaging event possible over a 100- to 1000-
year time period. 0.001 to 0.01 

Very Unlikely Damaging event possible over a 1000- to 
10,000-year time period. 0.0001 to 0.001 

Extremely Unlikely Damaging event extremely unlikely to occur. < 0.0001 

6.4.1 Estimates of Spatial Probability of Impact 

Spatial probability (PS:H) is defined as the chance that the hazard, should it occur, reaches the 
element at risk.  The ratings were applied as part of the process to estimate relative risk for the 
purpose of prioritizing mitigation.  They are based on judgment, considering factors such as 
avalanche extent relative to the size and location of the element at risk.  

Fixed infrastructure was assigned a probability of spatial impact of 0.5 to 1, based on the extent 
of the hazard runout zone relative to the infrastructure.  In the category of safety of people 
outside, the value depends on factors that are uncertain, such as the position of pedestrians 
or workers.  Assigned values depend on the estimated avalanche extent in relation to elements 
at risk.  Values typically range from 0.1 to 1.   

6.4.2 Estimates of Temporal Probability of Impact 

Temporal probability (PT:H) is the chance the element at risk is actually present within the 
avalanche path when the avalanche occurs.  This value is assigned as 1 (certain) for 
permanently occupied structures and fixed infrastructure. In the category of safety of people 
outside, estimates of the likelihood that a person is present are subject to greater uncertainty.  
The ratings were applied using judgment for the purpose of estimating relative risk, according 
to the criteria shown in Table 6-5. For the purposes of this study, residences were assumed to 
be occupied 60% of the time. 
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Table 6-5: Values of PT:H assigned for risk estimates in the category of safety. 

Element at Risk PT:H 
Permanently occupied structure (e.g. commercial or industrial structure occupied 24 
hours/day) and fixed infrastructure. 1 

Frequently occupied structure (e.g. residential structure occupied ~ 60% of the time). 0.6 

Occasionally occupied structure (e.g. industrial structure occupied ~1 day/week) or 
people outside. 0.1 

Very occasionally occupied structure (e.g. for maintenance), or occupied vehicle 
travelling on road (estimated < 100 vehicles per day on any given road). 0.01 

 

6.4.3 Estimates of Vulnerability 

Vulnerability is defined as the likelihood the element at risk will sustain damage or loss of 
function (the undesirable outcome) if impacted by an avalanche.  Vulnerability estimates 
consider an “unmitigated” case.  This is a base case assumption used to estimate avalanche 
risk for the purpose of prioritizing mitigation measures.  It assumes that no avalanche mitigation 
measures are considered (e.g. deflection berms, avalanche control, precautionary evacuation 
and restricted access, etc.). 

Definitions of vulnerability ratings described in this section are shown in Table 6-6, and the 
levels of vulnerability used in analysis are shown in Table 6-7.  The values in Table 6-7 should 
be considered as order of magnitude ranges. 

Table 6-6: Definitions of vulnerability categories. 

Vulnerability Category Vulnerability 
Very Low 0.01 

Low 0.1 
Moderate 0.5 

High 1 
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Table 6-7: Levels of vulnerability used in analysis based on the element at risk and avalanche 
impact pressure. 

Element at Risk 
Avalanche 

Impact 
Pressure (kPa) 

Vulnerability 

Human Safety Environmental Economic 

People Outside 1-100 High - - 

Occupied 
Structures 

10 Low - - 
30-100 Moderate to High - High 

Occupied Vehicles 
10 Low Low Low 

30-100 High High High 

Transmission Line 
10 - - Moderate 

30-100 - - High 

Airport 
Infrastructure 

10 - - Moderate 
30-100 - Moderate High 

Port Infrastructure 
10 Low Low Low 

30-100 Moderate to High High High 

6.5 Estimates of Consequences 

In Appendix E, each line describes a hazard scenario resulting in a particular type of 
consequence.  Consequences are defined as follows: 

1. Human Safety 
2. Environmental Impacts 
3. Economic Impacts 

Safety involves the potential for loss of life.  Loss of a single life is considered a major 
consequence in Table 6-1, with multiple fatalities considered as Severe (< 10 lives) or 
Catastrophic (> 10 lives).  Safety is treated separately from the other consequence types 
(e.g. for hazard scenarios involving loss of life, only the consequence estimate for safety is 
made).  

In the case of damage to facilities or infrastructure, consequence estimates are made in the 
categories of Environmental and Economic. Environmental consequences include the 
potential for the facility damage to result in delivery of contaminants (e.g. fuel or other 
hazardous materials) to streams.  Economic consequences consider repairs to facilities or 
infrastructure, loss of power (in the case of transmission lines), and production losses.  
Economic consequence estimates, particularly those associated with production loss, are 
sensitive to particular operations. Furthermore, estimates of environmental consequences are 
based on limited knowledge and experience. As such, these estimates should be reviewed by 
the District of Stewart. 
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6.6 Results 

A detailed risk assessment table is located in Appendix E, and Table 6-8 provides a summary 
of the results. 

Table 6-8: Summary risk statistics for the unmitigated case. 

 
Risk 

Total 
Scenarios Very 

Low Low Mod High Very 
High 

People outside 0 3 1 0 0 4 

Occupied 
structures 

Single-family residence 0 1 0 2 0 3 
Multi-family residence 0 1 0 2 0 3 
Schools & public-use 0 1 0 2 0 3 

Commercial & industrial 0 1 0 2 0 3 
Occupied Vehicles 2 2 0 0 0 4 
Transmission Line 0 3 0 0 0 3 

Airport Infrastructure 0 2 1 0 0 3 
Port Infrastructure 0 1 2 0 0 3 

TOTAL 2 15 4 8 0 - 
 

7 Options for Mitigation 

7.1 General 

This section provides potential strategies to mitigate avalanche risk to the townsite. Although 
consideration is given for various general methods to reduce hazard and risk, this section does 
not consider mitigation for specific paths, or individual risk scenarios. Mitigation for individual 
elements at risk, or specific risk scenarios could be prioritized based on the results of the risk 
assessment in Section 6.  

Avalanche mitigation measures for avalanche paths that affect establishments and residential 
areas normally include both short-term and long-term measures, and these may be ‘direct’ (i.e. 
acting on the hazard through operational or engineering solutions) or ‘indirect’ (i.e. managing 
the exposure and vulnerability of the element at risk). These terms are further defined in CAA 
(2016a).  

7.2 Existing Mitigation Measures 

Alpine Solutions understands that existing mitigation of avalanche risk to the Stewart townsite 
is limited to actions for managing risk for the Bypass Road, as indicated in MoTI (2001), and 
similar actions for the Stewart-Hyder Road since that road is part of the provincial highway 
system. Specifically, the Bypass road measures include: 

• Avalanche hazard forecasts that designate safety measures, and recommendations for 
road closures. 
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• Training and pre-winter meetings for road maintenance personnel working on the 
Bypass Road, including avalanche rescue training. 

• Avalanche area warning signs 
• Search and Rescue Plan 

The existing program is feasible due to the presence of the provincial MoTI Bear Pass highway 
avalanche program, which is based in Stewart. This program is currently managed by two to 
three professional avalanche technicians that are able to assess hazard, and provide 
avalanche hazard forecast bulletins on a regular basis during avalanche season. Hazard 
ratings provided within the bulletin direct safety measures (i.e. work restrictions and exposure 
reduction for moderate hazard; and closure and sweep for high and extreme hazard).  

The mitigation measures used are considered as short-term measures, as described in CAA 
(2016a). Although short-term implies a temporary solution, these measures may be 
successfully implemented year after year, assuming evacuations, delays, and other impacts 
are tolerable. 

7.3 Other Mitigation Measures 

Other mitigation measures are possible for residential, commercial and public facilities in the 
townsite. These include land-use zoning, restricted occupation, a forecasting and evacuation 
plan, avalanche explosive control, and long-term measures that include the use of engineered 
mitigation (e.g. infrastructure, earthworks, etc.). This section provides details regarding these 
measures, and the feasibility as to their use for managing avalanche risk to the town.  

7.3.1 Land-use Zoning 

Land-use zoning is a long-term indirect form of avalanche risk management. It provides 
guidance and bylaws for planning departments to restrict or control development (i.e. structure 
permitting), and implement public safety directives (e.g. seasonal occupation, or evacuation 
plans (see Section 7.3.2)), and can also include restrictions on anchorage locations in the 
harbour. It also may form the basis for government buyback programs for existing structures 
found to be high risk. This measure is made possible for areas that have accurate hazard zone 
maps, such as the maps provided in Appendix D, and a recommended baseline for land-use 
zoning provided in Section 5.3.  

Challenges associated with implementing land-use zoning policies include gaining acceptance 
from existing land owners who may have never witnessed a low frequency (e.g. 100 to 300-
year return period) avalanche event affect their property. Restricting access through seasonal 
occupation can present challenges such as determining when to restrict access and 
enforcement of the policy. Although providing fixed seasonal closure dates (e.g. November 15 
to April 30) can be a simple solution, a strategy that involves a snow depth/condition threshold, 
determined seasonally in conjunction with a professional avalanche technician, is expected to 
lead to greater compliance. This strategy would require further numerical modelling for 
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individual scenarios, and seasonal measurements of snow depth (manually or remotely) in 
starting zones and tracks to ensure a reasonable level of accuracy. 

7.3.2 Forecasting and Evacuation Plan 

Unless long-term steps have been taken to mitigate the risk in a hazard zone (e.g. restricting 
access during avalanche season), an operational avalanche hazard forecasting program can 
be implemented with a policy that provides a threshold hazard level for which evacuation of 
the area is required. The degree of avalanche hazard forecasting accuracy required to have 
an effective evacuation policy necessitates active weather, snowpack, and avalanche 
monitoring and ongoing analysis of remote weather stations, neighboring operations, and 
weather forecasts.  

Considering the existing forecasting measures currently in place for the Bypass Road, this 
measure is feasible. However, it relies on agreements with MoTI, and at some point, may 
require an alternate approach that incorporates an avalanche professional coordinated by the 
DoS.   

Of note, a forecasting and evacuation plan strategy is challenging and not without residual risk. 
The ensuing uncertainty tends to result in a more conservative approach (i.e. several 
evacuations with no avalanche occurring), and may result in evacuation policies becoming 
ineffective over the long term.  

Measures to increase the reliability of the avalanche forecasting program could be 
implemented, and these include: 

1. The incorporation of site-specific remote weather stations, including wind, temperature, 
and snowpack depth sensors in the starting zone(s). 

2. The use of forecasting models based on historical data. These models could assist with 
forecasting confidence, and potentially reduce the likelihood of forecasting errors. One 
example are nearest neighbor systems that use a data-mining algorithm to identify 
historic avalanche activity records on previous days similar to the day in question. They 
are implemented as computer applications where avalanche forecasters enter the 
weather conditions of the day in question, and the algorithm returns a ranked list with 
a predefined number of days that are most similar to the one at hand. Forecasters can 
then determine if the avalanche paths in question produced avalanches on similar 
days. Avalanche forecasters with the British Columbia Ministry of Transportation and 
Infrastructure applied the method to the highway avalanche safety programs at Bear 
Pass and Kootenay Pass, and found the application to a useful addition to their suite 
of tools (Cordy et al., 2009).  

Of note, for precautionary evacuation policies to be effective for residential areas, evacuation 
orders should be rare occurrences. For example, in Switzerland, evacuations of inhabited 
areas are not normally activated more frequently than once every five to ten years. Closure of 
traffic routes (e.g. Bypass Road) is common and a regular occurrence during avalanche 
season, and can be implemented easily by erecting barriers to traffic. 
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7.3.3 Avalanche Explosive Control and RACS 

Artificial triggering of avalanches is a commonly employed risk mitigation measure in Canada, 
including the Bear Pass highway which provides access to Stewart, and nearby mining and 
hydroelectric projects in the northwest. Avalanche paths are triggered either via helicopter 
explosive control, or with higher reliability by using Remote Avalanche Control Systems 
(RACS) that are installed in starting zones and triggered whenever desired, day or night. 
Examples of three separate RACS systems are provided in Figure 7-1.  

 

 
Figure 7-1: Three separate RACS systems for triggering avalanches – Gazex (top left), 

Avalanche Guard (top right), and Wyssen Tower (bottom) 

Although artificial triggering coupled with evacuation measures is used for ski areas, highways, 
and other areas where exposure can be simply controlled by closing the area or highway, it is 
not commonly considered for buildings, establishments, and residential areas. This is due to 
the several reasons including: 

• Artificial triggering does not allow for a change in the hazard zone map, and cannot be 
relied on to protect from a ‘maximum’ or ‘extreme’ event, resulting in almost certain 
damage to buildings at some point in time. 
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• Artificial triggering may initiate a large damaging avalanche that may not have occurred 
if the slope had been left to stabilize naturally. 

• It places a higher degree of responsibility on avalanche professionals to correctly 
forecast avalanche hazard and predict the likely time periods when artificial triggering 
may have the desired effect (e.g. a small controlled event rather than a large 
uncontrolled event). 

• During long periods with few avalanches, complacency may set in with those occupying 
hazard zones, assuming their property will never be impacted. This may further result 
in increased pressure on municipal planners to issue building permits, etc. 

Depending on the scenario, avalanche explosive control may be considered for some of the 
paths included in this study. However, implementing avalanche control for those paths that 
potentially affect existing buildings or infrastructure are not recommended.  

7.3.4 Long-term Measures 

Long-term measures are forms of mitigation that generally involve structural protection, either 
in avalanche starting zones, or runout zones. Specific measures may involve the following: 

• Supporting structures (avalanche fencing) in avalanche starting zones. 
• Runout zone measures including: 

o deflection walls and berms,  
o stopping walls and catchment berms, and 
o retarding mounds, breakers, or arrestors. 

• Site specific structural measures including: 
o reinforcement and design of walls of buildings to manage impact forces, and 
o splitting wedges (normally for single elements at risk). 

Although each of these measures can provide protection, there would be substantial costs 
associated with the implementation of these measures to protect all exposed areas in the town 
(i.e. all roads, residential areas, and industrial facilities) within the townsite. However, 
mitigation measures for certain high-risk scenarios, or specific sites could be considered. For 
example, consideration has been given in the past for the construction of a 10 m high berm on 
the east side of the school (P. Schaerer, pers. comm.).  

The following three subsections provide details as to their potential use and feasibility for the 
townsite.  

7.3.4.1 Supporting Structures 
Supporting structures involve the installation of structural ‘fence’ or snow net systems that 
retain and support the snow in the starting zone. They are installed in numerous locations in 
the European Alps to reduce or eliminate the risk to buildings and villages (Figure 7-2), but 
have not been utilized in Canada for this purpose. However, recent installations have occurred 
in Canada for the protection of highways (e.g. Figure 7-3). 

Although supporting structures can be effective for certain scenarios, there are several 
drawbacks that include: 
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• Visual impact. 
• Significant cost, especially for deep snow areas such as Stewart (e.g. costs for 

installing supporting structures for the all the paths on Mt. Rainey that affect the 
townsite could be in the order of $50M to $100M). 

• Costly annual maintenance. 

 

 
Figure 7-2: Supporting structures and protection forest above Andermatt, Switzerland. 
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Figure 7-3: Supporting structures above the Trans-Canada highway at Rogers Pass. 

7.3.4.2 Runout Zone Measures 
Runout zone measures mitigate avalanches by diverting, containing, channeling, or slowing 
down the flow in some way to reduce or eliminate the chance (or force) of avalanche impact. 
Examples of runout zone measures are provided in Figures 7-4, 7-5, and 7-6. 

 

 
Figure 7-4: Earthworks catchment berm, approximately 40 m high to stop small to medium size 

avalanches. 
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Figure 7-5: Avalanche stopping wall to stop small to medium size avalanches on Coquihalla 

highway, BC. 

 
Figure 7-6: Retarding mounds to slow avalanches above a highway near Lillooet, BC. 
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Although these measures can be useful for protection from the dense flowing mass, their ability 
to reduce the impact of powder and air blast avalanche components is limited. As suggested 
in Johannesson et. al (2009), for a catching berm to be effective it would have to be built to at 
least 40% of the height of the powder component (i.e. suspension layer), which is estimated 
to be 90 m to 120 m for large avalanches occurring from Mt. Rainey. Even with a 48 m berm 
(i.e. 40% of 120 m), the reduction in impact pressure of the powder component is only expected 
to be 20 % to 40 %. As a result, these long-term measures would only be recommended for 
specific situations such as: 

• Areas where primary hazard is from flowing mass (e.g. the west side of the townsite). 
• Specific sites where a large berm is feasible (i.e. at least 40 m in height in consideration 

of 100 m flow depth of powder). 

7.3.4.3 Site Specific Structural Measures 
These measures generally involve the use of building design features that include reinforced 
walls and roofs, door and window treatments and/or splitting wedges to protect structures, 
occupants, and other elements at risk (Figures 7-7 and 7-8). Since these measures are specific 
to the site, they are generally not mitigation measures borne by municipalities and government 
agencies. However, the requirements for site-specific structural measures may be included in 
land-use zone planning, which is administered by the municipality.  

 
Figure 7-7: Residential building reinforced for avalanche impact forces (photo: S. Margreth). 
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Figure 7-8: Splitting wedge used to protect a transmission line tower (photo: P. Schaerer). 

 

8 Summary and Recommendations 
A detailed study of avalanche hazard and risk to the town of Stewart has been completed. 
Hazard zone maps that reflect current best practices in Canada indicate that several parcels 
of land, including the port facility, are exposed to moderate hazard (Blue Zone), and several 
parcels on the northwest side of town are exposed to high hazard (Red Zone).   

The risk assessment completed indicates eight high risk scenarios and four moderate risk 
scenarios affect the town of Stewart as outlined in Table 6-7. The high-risk scenarios all involve 
buildings, which include occupants. The moderate risk scenarios involve people outside (e.g. 
pedestrians), as well as airport infrastructure and port facilities. Several low and very low risks 
are also determined, including the risk to the Bypass Road, which is primarily low due to the 
currently low traffic volumes. 

Based on the analysis completed for the effect of climate change on avalanche hazard, there 
is no data supporting a trend to increasing or decreasing avalanche hazard to the town of 
Stewart, due to the effect of climate change. In addition, no obvious trends are expected to 
develop. 

Considering the level of risk and existing resources available, Alpine Solutions recommends 
the following: 

1. Continuation of the existing mitigation strategy described in Section 7.2 for the Bypass 
Road. This mitigation is already in place, and is assumed to have a low cost to the 
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District of Stewart. In addition, it provides awareness of the potential avalanche risk to 
both locals and visitors. 

2. If possible, and in agreement with MoTI, expand the existing avalanche mitigation 
strategy (i.e. avalanche forecasting and temporary road closure) to include 
evacuation policy and procedures for affected areas as per MoTI (2001). This would 
include all roads, occupied residences, schools, recreation centre and public facilities 
within the Blue or Red Zones. A comprehensive public communication strategy (i.e. 
public education and awareness) and reliable public notification systems (e.g. mobile 
phone alert) would aid in successful implementation. 

3. Develop zoning bylaws for new development and renovations as per Canadian 
Avalanche Association recommendations (CAA 2016a) for occupied structures.  

4. Consider long term measures such as reinforcement of buildings or the construction 
of berms for individual structures or land parcels to protect vulnerable areas (e.g. 
school, recreation centre, or anywhere high numbers of people may group together 
during avalanche season). Of note, the use of berms to protect from powder or 
pressurized air mass (air blast) avalanche components is less common, and is 
estimated to require large size berms (i.e. 40 m or higher). Normally costs for 
individual protection measures are borne by the owner. 

5. Avalanche explosive control may be a practical mitigation option for avalanche paths 
that are not expected to impact occupied structures. 
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9 Closure 
This document was prepared by Alpine Solutions Avalanche Services (Alpine Solutions) for 
the account of the District of Stewart. The material in it reflects Alpine Solutions’ best judgment 
in light of the information available to Alpine Solutions at the time of preparation. Any use which 
a third party makes of this report, or any reliance on or decisions to be made based on it, is 
the responsibility of such third parties. Alpine Solutions accepts no responsibility for damages, 
if any, suffered by any third party as a result of decisions made or actions, based on this report. 

As a mutual protection to our client, the public, and ourselves, all documents and drawings are 
submitted for the confidential information of our client for a specific project.  Authorization for 
any use and/or publication of this document or any data, statements, conclusions or abstracts 
from or regarding our documents and drawings, through any form of print or electronic media, 
including without limitation, posting or reproduction of same on any website, is reserved 
pending Alpine Solutions’ written approval.  If this document is issued in an electronic format, 
an original paper copy is on file at Alpine Solutions and that copy is the primary reference with 
precedence over any electronic copy of the document, or any extracts from our documents 
published by others. 
 

We trust the above satisfies your requirements at this time.  Should you have any questions or 
comments, please do not hesitate to contact us. 

Yours sincerely, 

ALPINE SOLUTIONS AVALANCHE SERVICES 
per: 

(original copy signed) (original copy signed) 

Cam Campbell, M.Sc., Eng.L. Brian Gould, P. Eng. 
Avalanche Specialist Senior Avalanche Specialist
   

(original copy signed) 

Sascha Bellaire, PhD 
Climate Specialist (Section 4.2 – climate change) 



District of Stewart February 28, 2019 
V.190228 Townsite Avalanche Hazard and Risk Assessment Project no. 180518-001 

Page 42 

ALPINE SOLUTIONS AVALANCHE SERVICES 

10 References 
Australian Geomechanics Society (AGS), 2007. A national landslide risk management 

framework for Australia. Vol. 42 No. 1, March 2007. 

Bellaire, S., Jamieson, B., Thumlert, S., Goodrich, J. and Statham, G., 2016. Analysis of long-
term weather, snow and avalanche data at Glacier National Park, B.C., Canada, Cold 
Regions Science and Technology, 121: pp. 118-125. 

Canadian Avalanche Association (CAA). 2016a. Technical Aspects of Snow Avalanche Risk 
Management - Resources and Guidelines for Avalanche Practitioners in Canada (C. 
Campbell, S. Conger, B. Gould, P. Haegeli, B. Jamieson, & G. Statham Eds.). 
Revelstoke, BC, Canada.: Canadian Avalanche Association. 

Canadian Avalanche Association (CAA). 2016b. Observation Guidelines and Recording 
Standards for Weather Snowpack and Avalanches. Revelstoke, BC, Canada: 
Canadian Avalanche Association. 

Castebrunet, H., Eckert, N. and Giraud, G., 2012. Snow and weather climatic control on snow 
avalanche occurrence fluctuations over 50 yr in the French Alps. Climate of the Past, 
8: pp. 855-875. 

Castebrunet, H., Eckert, N., Giraud, G., Durand, Y., and Morin, S., 2014. Projected changes 
of snow conditions and avalanche activity in a warming climate: the French Alps over 
the 2020–2050 and 2070–2100 periods. The Cryosphere, 8: pp. 1673-1697. 

Chris Stethem and Associates Ltd (CS&A).1994. Snow Avalanche Hazard Line – District of 
Stewart. Report prepared for the British Columbia Ministry of Transportation and 
Infrastructure, dated November, 1994. 

Christen, M., Bartelt, P., & Gruber, U. 2002. AVAL-1D: An avalanche dynamics program for 
the practice. Paper presented at the Interpraevent 2002 in the Pacific Rim, Matsumoto, 
Japan. 

Christen, M., J. Kowalski & P. Bartelt. 2010. RAMMS: Numerical Simulation of Dense Snow 
Avalanches in Three-Dimensional Terrain. Cold Regions Science and Technology, 
63(1-2), 14. 

Cordy, P., McClung, D. M., Hawkins, C. J., Tweedy, J., & Weick, T. 2009. Computer assisted 
avalanche prediction using electronic weather sensor data. Cold Regions Science and 
Technology, 59(2-3), 7.  

Eckert, N., Parent, E., Kies, R. and Baya, H., 2010a. A spatiotemporal modeling framework for 
assessing the fluctuations of avalanche occurrence resulting from climate change: 
application to 60 years of data in the northern French Alps. Climatic Change, 101: pp. 
515–553. 



District of Stewart February 28, 2019 
V.190228 Townsite Avalanche Hazard and Risk Assessment Project no. 180518-001 

Page 43 

ALPINE SOLUTIONS AVALANCHE SERVICES 

Eckert, N., Baya, H. and Deschâtres, M., 2010b. Assessing the response of snow avalanche 
runout altitudes to climate fluctuations using hierarchical modeling: application to 61 
winters of data in France. Journal of Climate, 23: pp. 3157–3180. 

Eckert, N., Keylock, C.J., Castebrunet, H., Lavigne, A. and Naaim, M., 2013. Temporal trends 
in avalanche activity in the French Alps and subregions: from occurrences and runout 
altitudes to unsteady return periods. Journal of Glaciology, 59(213): pp. 93-114. 

Haegeli, P., McClung, D., 2007. Expanding the snow-climate classification with avalanche-
relevant information: Initial description of avalanche winter regimes for southwestern 
Canada. Journal of Glaciology, 53(181): pp. 266 – 276. 

Jamieson, B. (ed.), 2018. Planning Methods for Assessing and Mitigating Snow Avalanche 
Risk, (contributions by Jamieson, B., Jones, A.S.T., Argue, C., Buhler, R., Campbell, 
C., Conlan, M., Gauthier, D., Gould, B., Johnson, G., Johnston, K., Jonsson, A., 
Sinickas, A., Statham, G., Stethem, C., Thumlert, S., Wilbur, C.). Canadian Avalanche 
Association, Revelstoke, BC, Canada. 

Jamieson, B., Bellaire, S., Sinickas, A., 2017. Climate change and planning for snow 
avalanches in transportation corridors in western Canada. Proceedings from 
conference Geohazards Ottawa 2017.  

Johannesson, T., P. Gauer, P. Issler, and K. Lied. 2009. The design of avalanche protection 
dams - Recent practical and theoretical developments. European Commission, 
Brussels. 205 pp 

Jones, A. 2002. Avalanche Runout Prediction for Short Slopes. (M. Sc.), University of Calgary, 
Calgary, AB.    

Jones, A., & Jamieson, B. 2004. Statistical avalanche-runout estimation for short slopes in 
Canada. Annals of Glaciology, 38, 363-372.  

Laternser, M., Schneebeli M., 2002. Temporal trend and spatial distribution of avalanche 
activity during the last 50 years in Switzerland, Natural Hazards, 27: pp. 201–230. 

Lied, K., & Bakkehöi, S. 1980. Empirical calculations of snow avalanche runout distance based 
on topographical parameters. Journal of Glaciology, 26(94), 13.  

Martin, E., Giraud, G., Lejeune, Y. and Boudart, G., 2001. Impact of a climate change on 
avalanche hazard. Annals of Glaciology, 32: pp. 163–167. 

Marty, C., Blanchet, J., 2012. Long-term changes in annual maximum snow depth and snowfall 
in Switzerland based on extreme value statistics. Climatic Change, 111(3-4): pp. 705-
721. 

McClung, D. M., & Mears, A. I. 1991. Extreme value prediction of snow avalanche runout. Cold 
Regions Science and Technology, 19, 13.  

McClung, D. M., & Schaerer, P. A. 2006. The Avalanche Handbook (3 ed.). Seattle, WA, USA: 
The Mountaineers. 



District of Stewart February 28, 2019 
V.190228 Townsite Avalanche Hazard and Risk Assessment Project no. 180518-001 

Page 44 

ALPINE SOLUTIONS AVALANCHE SERVICES 

Ministry of Transportation Snow Avalanche Programs (MoT). 2001. District of Stewart Mount 
Rainey Avalanche Program – Avalanche Safety Recommendations. Report prepared 
for District of Stewatrt, dated December, 2001. 

Schaerer, P. (2004). Models for Runout of Powder. Peter Schaerer Archive: 
www.snowavalanchearchive.com/peter-schaerer 

Schneebeli, M., Laternser, M. and Ammann, W., 1997. Destructive snow avalanches and 
climate change in the Swiss Alps. Eclogae Geologicae Helvetiae, 90: pp. 457–461. 

Schweizer, J., Kronholm, K. and Wiesinger, T. 2003. Verification of regional snowpack stability 
and avalanche danger. Cold Regions Science and Technology, 37(3): pp. 277-288. 

Schweizer, J., & Margreth, S. 2011. Avalanche Mitigation Study: Behrends Avenue Avalanche 
Path and White Subdivision Avalanche Path, Juneau, Alaska. 

Sinickas, A., Jamieson, B. and Maes, M.A. 2016. Snow avalanches in western Canada: 
investigating change in occurrence rates and implications for risk assessment and 
mitigation. Structure and Infrastructure Engineering, 12(4): pp. 490–498. 

Teich, M., Marty, C., Gollut, C., Gret-Regamey, A. and Bebi, P., 2012. Snow and weather 
conditions associated with avalanche releases in forests: Rare situations with 
decreasing trends during the last 41 years. Cold Regions Science and Technology, 83-
84: pp. 77-88. 

Wang, T., Hamann, A., Spittlehouse, D., and Murdock, T., 2012. Climate WNA — high-
resolution spatial climate data for western North America. Journal of Applied 
Meteorology and Climatology, 51: pp. 16–29. 

 

  



District of Stewart February 28, 2019 
V.190228 Townsite Avalanche Hazard and Risk Assessment Project no. 180518-001 

Page 45 

ALPINE SOLUTIONS AVALANCHE SERVICES 

Appendix A - Background on Snow Avalanches 
Snow avalanches generally occur in areas where there are steep open slopes or gullies, and 
deep (e.g. deeper than 50 cm) mountain snow packs.  Risks associated with avalanches are 
due to exposure to the high impact forces that occur, as well as the effects of extended burial 
for any person caught in an avalanche.  Impact forces vary significantly depending on 
avalanche size.  Although the smallest avalanches can be insignificant to a human, larger 
avalanches may produce impact forces capable of destroying trucks, buildings, or several 
hectares of mature forest. 

 
Characteristics of Snow Avalanches 

Avalanches may initiate in either dry or wet snow.  Although an avalanche may start in dry 
snow, it could become moist or wet during its descent.  Wet snow avalanches can be deflected 
and often channeled by terrain features, including gullies.  Conversely, large, fast-flowing dry 
avalanches tend to flow in a straighter path and may overrun terrain features. 

Most large dry avalanches consist of a dense component that flows primarily along the ground, 
and a less dense powder component that travels above and sometimes ahead of the flowing 
component.  In some cases, these components can separate and move independently.  The 
dense-flowing component and powder component may reach speeds up to 60 m/s (200 km/h).  
Impact pressures from dense flows are much greater than the powder component due to higher 
density. In the case where an avalanche flows over a cliff, gains considerable speed and 
impacts the runout zone at an abrupt transition, a destructive “air-blast” can develop ahead of 
(and therefore extend further than) the dense flow and powder component. 

The primary terrain factors in avalanche formation are slope incline, slope orientation (aspect) 
with respect to wind and sun, slope configuration and size, and ground surface roughness.  
Avalanche terrain is usually associated with steep, open slopes in the mountains that allow an 
accumulation of snow before it releases in a destructive event.  In addition to the steep slopes 
that the snow accumulates on, any area exposed to this release of snow is also considered 
avalanche terrain.  Terrain is often subdivided into features that are connected, which generally 
contain or channel the volume of avalanche events into a common deposition area.  These 
features are called avalanche paths. 

 
Avalanche Path 

An avalanche path generally consists of a starting zone, a track and a runout zone.  
Avalanches start and accelerate in the starting zone, which typically has a slope incline greater 
than 30°.  Downslope of the starting zone, most large avalanche paths have a distinct track in 
which the slope angle is typically in the range of 15 to 30°.  Large avalanches decelerate and 
stop in the runout zone where incline is usually less than 15°.  Smaller avalanches may 
decelerate and even stop on steeper slopes (15 to 24°). The beta point of an avalanche path 
is defined as the point along the path where the slope incline decreases to 10°. For short 
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slopes, a beta point of 24° is sometimes used. These points are used in topographical-
statistical models to predict runout extent. 

Within forested terrain, larger avalanche paths are often discernible as vertically oriented 
swaths of open forest terrain, bordered by trim lines (mature forest on either side of the swath).  
Smaller avalanches, however, can occur in more subtle paths, and can occur on large cut 
banks above a road, and even within lower density forests where trees are spaced. 

Runout zones generally have vague trim lines, and analysis is required by an experienced 
avalanche specialist to determine estimates of maximum avalanche extent, which can often 
be into mature forest.  In terrain around cliffs, some avalanche paths can be much subtler to 
observe, and can be confused with rock fall and/or geotechnical events. 

 
Avalanche Frequency 

Avalanche frequency is the expected number of avalanches per unit of time reaching or 
exceeding a location. It is the reciprocal of the return period, and typically has units of 
avalanche(s) per year(s), which is expressed as a ratio approximating a constant order of 
magnitude increase of 0.5 (e.g. 1:1, 1:3, 1:10, 1:30, etc.). 

Avalanche frequency is dependent upon snow supply and terrain, and typically determined 
from, terrain and climate analysis, empirical evidence in the field and avalanche occurrence 
records.  Frequency decreases with distance downslope in the track and runout zone.  Snow 
supply is determined by: 

• the frequency of snowfalls and amount of snow; and 
• the wind transport of snow into the starting zone. 

Snow and weather conditions vary from year to year; therefore, the frequency of avalanches 
is not uniform. 

 
Avalanche Magnitude 

Avalanche magnitude relates to the destructive potential of an avalanche and is often defined 
according to the Canadian avalanche size classification system.  This classification system is 
summarized in Table A-1, which provides a general description of destructive potential, as well 
as typical values for mass, path length and impact pressures associated with each avalanche 
size class. Avalanche magnitude is also often defined in terms of impact pressure. 
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Table A-1: Canadian classification system for avalanche size (McClung and Schaerer, 2006). 
For each size class, the table lists: typical impact pressures in kilopascals (kPa); typical mass 
in tonnes (t); typical path length in metres (m); and a description of the destructive potential, 
including the approximate forest area in hectares (ha) that could be destroyed. 

Size Destructive Potential 
Typical 
Mass 

(t) 

Typical Path 
Length 

(m) 

Typical Impact 
Pressures 

(kPa) 

1 Relatively harmless to people. 
 <10 10 1 

2 Could bury, injure or kill a person. 
 102 100 10 

3 Could bury a car, destroy a small 
building, or break a few trees. 103 1000 100 

4 
Could destroy a large truck, several 
buildings, or a forest with an area up 
to 4 ha. 

104 2000 500 

5 
Largest snow avalanches known.  
Could destroy a village or a 40 ha 
forest. 

105 3000 1000 

 
Magnitude is often related to frequency.  In general, large destructive avalanches occur less 
frequently, while smaller ones occur on a more regular basis.  Magnitude and frequency are 
also co-related to a specific location in an avalanche path.  For example, a road location near 
the toe of an avalanche path will be affected by avalanches on a less frequent basis, but they 
will be larger avalanches.  Both low-frequency large avalanches and higher-frequency small 
avalanches may affect a road crossing that is higher up in the avalanche path.  
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Appendix B – Modelling Parameters and Assumptions 

Table B-1: Parameters and assumptions used for numerical models to estimate impact extent 
for each avalanche component. 

Component Model Parameters and Assumptions 

Dense flow Runout Ratio 
Nixon & McClung (1993) 
BC Coast Range 

P = 0.85 
u = 0.107 
b = 0.088 
T = 100 y 

Alpha-beta 
Nixon & McClung (1993) 
BC Coast Range 

α = (0.95β - 1.4) - zpSe 
Se = 1.7° 
zp = 1 
T = 100 y 

Runout Ratio 
McClung & Mears (1991) 
Coastal Alaska 

P = 0.85 
u = 0.185 
b = 0.108 
T = 100 y 

α-regression 
(Jones, 2002) 
Jones & Jamieson (2004) 
Short Slopes 

Se = 2.5° 
P = 0.85 
Cp = 13.9P2 - 7.8P + 6.7 
T = 100 y 

RAMMS 
Christen et al. (2010)  
Mt Rainey Paths 
(Path 1.0 – 2.5) 

Release areas generally > 30° and < 50° 
d0 = 1.0 m for T = 10 y 
d0 = 1.5 m for T = 30 y 
d0 = 2.5 m for T = 100 y* 
d0 = 3.5 m for T = 300 y* 
ρflow = 300 kg/m3 
Default friction parameters 
* Note: d0 values compensate for lack of entrainment 
included in RAMMS. 

PCM 
CS&A (1994) 
Mt Rainey Paths 
(Path 1.0 – 2.5) 

M/D = 700 
μ = 0.15 
ρflow = 300 kg/m3 
T = 200 y 

Powder Aval1D 
Schweizer & Margreth 
(2011) 
Juneau, Alaska 

d0 = 2.0 m  
Erodible snow height in track = 1.5 – 2.0 m 
ρslab = 180 kg/m3 

Suspension rate = 0.14 
Region = Nordalpen 
T = 300 y 

Alpha-beta 
Schaerer (2004) 
Smooth powder 

α = 0.85β 
T = 200 y 

Air blast Aval1D 
Schweizer & Margreth 
(2011) 
Juneau, Alaska 

d0 = 2.0 m  
Erodible snow height in track = 1.5 – 2.0 m 
ρslab = 180 kg/m3 

Suspension rate = 0.25 
Region = Nordalpen 
T = 300 y 

Alpha-beta 
Schaerer (2004) 
Plunging powder 

α = 0.75β 
T = 200 y 
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Appendix C – Runout Extent Estimation Results 
  







District of Stewart February 28, 2019 
V.190228 Townsite Avalanche Hazard and Risk Assessment Project no. 180518-001 

Page 52 

ALPINE SOLUTIONS AVALANCHE SERVICES 

Appendix D – Maps 
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Appendix E – Quantitative Risk Analysis 



UNMITIGATED

Max Impact 
Pressure (kPa) Potential Consequence PS:H PT:H V P Likelihood Safety Envir. Econ. Max Cons. Risk

1 Non-life-threatening injury 0.100 0.1 0.1 1 0.001 Very Unlikely 4 - - 4 LOW
10 Fatality 0.033 0.1 0.1 1 0.00033 Very Unlikely 3 - - 3 LOW
30 Multiple fatalities (< 10) 0.010 0.1 0.1 1 0.0001 Extremely Unlikely 2 - - 2 LOW
100 Multiple fatalities (> 10) 0.003 0.1 0.1 1 3.3E-05 Extremely Unlikely 1 - - 1 MODERATE
10 Break windows, push in doors, non-life-threatening injury 0.033 0.7 0.6 0.1 0.0014 Unlikely 4 - 5 4 LOW
30 Destroy wood frame house, multiple fatalities (< 10) 0.010 0.7 0.6 0.5 0.0021 Unlikely 2 - 4 2 HIGH
100 Destroy multiple houses, multiple fatalities (> 10) 0.003 0.7 0.6 1 0.0014 Unlikely 1 - 3 1 HIGH
10 Break windows, push in doors, non-life-threatening injury 0.033 0.6 0.6 0.1 0.0012 Unlikely 4 - 5 4 LOW
30 Damage concrete structure, multiple fatalities (< 10) 0.010 0.6 0.6 0.5 0.0018 Unlikely 2 - 4 2 HIGH
30 Destroy wood frame structure, multiple fatalities (> 10) 0.010 0.6 0.6 0.5 0.0018 Unlikely 1 - 3 1 HIGH
10 Break windows, push in doors, non-life-threatening injury 0.033 0.5 0.5 0.1 0.00083 Very Unlikely 4 - 5 4 LOW
30 Damage concrete structure, multiple fatalities (< 10) 0.010 0.5 0.5 0.5 0.00125 Unlikely 2 - 4 2 HIGH
30 Destroy wood frame structure, multiple fatalities (> 10) 0.010 0.5 0.5 0.5 0.00125 Unlikely 1 - 3 1 HIGH
10 Break windows, push in doors, non-life-threatening injury 0.033 0.6 0.4 0.1 0.0008 Very Unlikely 4 - 5 4 LOW
30 Damage concrete structure, Multiple fatalities (< 10), hazardous material spill 0.010 0.6 0.4 0.5 0.0012 Unlikely 2 - 4 2 HIGH
30 Destroy wood frame structure, multiple fatalities (> 10),hazardous material spill 0.010 0.6 0.4 0.5 0.0012 Unlikely 1 - 3 1 HIGH
10 Car pushed off road, non-life-threatening injury 0.033 0.2 0.01 0.1 6.7E-06 Extremely Unlikely 4 - 6 4 VERY LOW
30 Car destroyed, fatality 0.010 0.2 0.01 1 0.00002 Extremely Unlikely 3 - 5 3 LOW
30 Transport truck pushed off road, non-life-threatening injury, hazardous material spill 0.010 0.2 0.01 1 0.00002 Extremely Unlikely 4 4 5 4 VERY LOW
100 Transport truck destroyed, fatality, hazardous material spill 0.003 0.2 0.01 1 6.7E-06 Extremely Unlikely 3 4 4 3 LOW
10 Damage conductor, service interruption (< 1 day) 0.033 1 1 0.5 0.01667 Moderate - - 6 6 LOW
30 Damage poles and conductor, service interruption (< 1 week) 0.010 1 1 1 0.01 Unlikely - - 5 5 LOW
100 Destroy several poles and conductor, service interruption (> 1 week) 0.003 1 1 1 0.00333 Unlikely - - 4 4 LOW
10 Damage aircraft, break windows, push in doors, 0.033 0.4 0.8 0.5 0.00533 Unlikely - - 4 4 LOW
30 Destroy aircraft, destroy wood frame structure, hazardous material spill 0.010 0.4 0.8 1 0.0032 Unlikely - 5 3 3 MODERATE
100 Runway blocked and damaged, service interruption (several days). 0.003 0.4 0.8 1 0.00107 Unlikely - - 5 5 LOW
10 Break windows, push in doors, non-life-threatening injury, reduced visibility 0.033 0.3 0.8 0.1 0.0008 Very Unlikely 4 - 5 4 LOW
30 Vessel damaged, fatality, hazardous materials spill (minor) 0.010 0.3 0.8 0.5 0.0012 Unlikely 3 5 4 3 MODERATE
100 Vessel destroyed, multiple fatalities (< 10), hazardous materials spill (major) 0.003 0.3 0.8 1 0.0008 Very Unlikely 2 3 3 2 MODERATE
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Appendix F – WSL/SLF Letter of Review 



 

WSL-Institut für Schnee- und Lawinenforschung SLF 
Flüelastrasse 11, CH-7260 Davos Dorf, Telefon +41-81-417 01 11, Fax +41-81-417 01 10, www.slf.ch 

Eidg. Forschungsanstalt WSL 
Institut fédéral de recherches WSL 
Istituto federale di ricerca WSL 
Swiss Federal Research Institute WSL 

S WResearch Unit Snow Avalanches and Prevention 
Stefan Margreth 
Telefon +41-81-417 02 54, Fax +41-81-417 01 10, margreth@slf.ch 
 
Review of the report „Twonsite Avalanche Hazard and Risk Assessment, 
District of Stewart / BC“ dated 28 February 2019 (V.190228) 
 
Dear Mr. Gould 
 
The SLF was commissioned by Alpine Solutions Avalanche Services on 17 May 2018 
to accompany the elaboration of the hazard map for Stewart. Our review consisted of 
several Skype phone calls and comments on various drafts of the report and hazard 
map. We did not carry out any field inspections or our own research. This letter refers 
to the revised report of 28 February 2019 (V.190228). 
 
We can confirm that the work has been carried out carefully and that the methods used 
are state of the art. The comments made by the SLF were taken into account in the 
preparation of the report. The extent of the endangered areas in the hazard zone plan 
(Appendix D, map. no. 3) seems comprehensible and plausible to us. 
 
We were pleased to be able to carry out this review for Alpine Solutions Avalanche 
Services. 
 
Yours sincerely 

 
WSL Institute for Snow  
and Avalanche Research SLF 
 
 
 
 

Dr. J. Schweizer 
Head of Institute 

 
S. Margreth 
Senior Consultant 

 

Alpine Solutions Avalanche Services 
Suite #203 – 37738 – 3rd Ave 
P.O. Box 417 (post) 
Squamish, BC 
V8B 0A4 
 

Davos, 28 February 2019 
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