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ABSTRACT: This paper presents work completed to quantify and visualize snow avalanche hazard for the 
entire provincial highway network as managed by the British Columbia Ministry of Transportation and Infra- 
structure (the Ministry) in Canada. The project used the Avalanche Hazard Index (Schaerer, 1989) to de- 
scribe highway avalanche hazard numerically and developed a geospatial tool that can be used for 
decision-making. The tool allows the identification of avalanche program areas, highway corridors, and 
specific paths where improved risk mitigation measures would be most beneficial and can support prioritiz- 
ing avalanche risk mitigation investments. The 62 avalanche hazard forecast areas affecting provincial 
highways are well known to the Ministry, however changes to avalanche path characteristics, implementa- 
tion of new avalanche mitigation technologies, changes to traffic volumes, and changing environmental 
conditions over the past few decades has provided motivation for this new assessment. In order to complete 
the AHI analysis, Ministry data for relevant highway corridors and avalanche paths were collected from a 
variety of sources. These included: 

• Historical avalanche occurrence records as maintained by the Ministry - 173,869 avalanches.

• British Columbia digital road atlas – data for 196 highway corridor sections (e.g. speed limits,
number of lanes).

• Ministry Traffic Data Program database – traffic volumes.

• Ministry digital avalanche path mapping – widths and locations for 1546 paths.

• Ministry avalanche path atlases – general data for the paths.

• Historical aerial photographs – analysis of hundreds of aerial photographs dating back to 1937
was used to refine avalanche path dimensions.

These data were then adjusted based on interviews with key Ministry personnel combined with expert judg- 
ment. The resulting dataset was stored in a geodatabase and analyzed with an automated algorithm to 
calculate AHI values following the commonly accepted methodology outlined in Schaerer (1989). Data- 
driven methods were employed for the AHI input parameters wherever reasonable. The calculated AHI 
values are hosted on a web-based Geographical Information System (GIS) dashboard that promotes user- 
friendly interaction and scenario testing with the data. The interactive dashboards allow testing of various 
mitigation scenarios (e.g. how does the addition of an avalanche deflection berm to an identified path affect 
the AHI value for an avalanche area or highway corridor?). Relative differences in AHI values and subse- 
quent amount and type of mitigation can be compared between different highway corridors. 
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1. INTRODUCTION

The British Columbia (BC) Ministry of Transporta- 
tion and Infrastructure (the Ministry) operates one 
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of the largest highway avalanche risk management 
programs in the world. After a notable tragedy in the 
early 1970s, the BC government implemented an 
Avalanche Task Force to better understand the 
hazard and develop mitigation strategies to man- 
age risk to the travelling public. The work included 
developing an Avalanche Hazard Index (AHI) to 
better quantify the risk to highway users (Avalanche 
Task Force, 1974; Schaerer, 1989). Avalanche 
control programs were implemented in various 
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regions throughout BC and have been in operation 
for several decades. 

The avalanche control programs have largely been 
successful and have adapted to various changes 
over the years (e.g. highway upgrades, evolving 
traffic patterns). Since 1991, there has not been a 
comprehensive province-wide study to assess the 
avalanche hazard and evaluate the avalanche miti- 
gation strategies in place. In addition, most histori- 
cal avalanche path maps had not been updated to 
reflect evolving roadway alignments and updated 
avalanche characteristics (i.e. extent, magnitude, 
and frequency). 

Based on findings and recommendations from an 
internal audit completed in 2021 the Ministry com- 
missioned a project to update mapping and calcu- 
late the AHI for the entire provincial highway 
network. In addition, the Ministry requested that the 
AHI results be presented within an interactive GIS- 
based platform that allows for both data visualiza- 
tion and scenario testing. All work was to be com- 
pleted as a desktop project, with no field surveys. 

This paper summarizes the work completed to cal- 
culate AHI for the Ministry highway corridors and 
develop the GIS platform and interactive dash- 
boards. 

 
2. AVALANCHE HAZARD INDEX BACKGROUND 

AHI is defined as “a numerical expression of dam- 
age and loss as the result of the interaction be- 
tween snow avalanches and vehicles on a road.” 
(Schaerer, 1989). Although it is technically not con- 
sidered a Quantitative Risk Analysis, it is intended 
to provide a measurement of risk to the traveling 
public along a highway segment that can be evalu- 
ated and compared to other highway segments. It 
has utility in the ability to determine which ava- 
lanche paths contribute most to the hazard, and to 
analyze the effect of various mitigation strategies, 
which can be useful for communicating business 
cases for infrastructure funding. 

Numerous AHI studies have been completed for 
highways in several locations in North America (e.g. 
Parks Canada, 1993; Colorado Department of 
Transportation, 1995; Hamre et al., 2023), as well 
as New Zealand (e.g. Owens and Fitzharris, 1985; 
Hendrikx, 2005). In addition, AHI studies have also 
been completed for railway corridors (Hamre, 
2009), hiking trails, and snowmobile trails. 

 
3. DATASETS 

The datasets used for the project were developed 
from highway traffic and avalanche path databases 

maintained by the Ministry. Specifically, the BC dig- 
ital road atlas (GeoBC, 2022) provided detailed in- 
formation about all highway road corridors in BC, 
including core resource roads. 196 total distinct cor- 
ridors were created. The Ministry traffic database 
provided traffic volumes from both short and perma- 
nent core counters. Ministry digital avalanche path 
polygons, avalanche occurrence records (173,869 
recorded avalanches), and avalanche atlases da- 
ting back to the late 1970s provided the primary 
data describing over 1,546 avalanche paths. One 
hundred and seventy-seven historic aerial photos 
were analyzed dating back to 1937. 

 
4. METHODS 

A detailed description of specific data-driven meth- 
ods can be found in a concurrent ISSW paper 
(Thumlert et al., in prep). Overall, residual AHI 
(AHIR) values were calculated for the entire Provin- 
cial highway as managed by the Ministry. The AHIR 
describes the risk situation after considering all cur- 
rent mitigation measures (e.g. hazard forecasting 
and road closures, explosives control, catchment 
ditches), whereas the unmitigated AHI reflects the 
risk situation assuming no mitigation measures. 

Given the project scope and budget constraints 
(e.g. no field work, large datasets, objective to test 
mitigation scenarios), we developed an automated 
algorithm in the R programming language (R Core 
Team, 2022) to run the entire provincial AHI calcu- 
lations. The algorithm enables rapid recalculation of 
AHI values as the quality of the input data improves 
(e.g. with more avalanche observations), and for 
the interactive dashboard scenario testing. The al- 
gorithm also allows the capability to analyze large 
amounts of data quickly, however data input and 
outputs still must be checked for quality. Ministry 
Avalanche Technicians from each program area 
were interviewed to refine return period estima- 
tions, traffic characteristic data, and to describe the 
existing avalanche mitigations. These interviews 
were deemed critical for this project and are recom- 
mended whenever data-driven automated calcula- 
tions are used. 

 
5. RESULTS 

AHIR values representing avalanche risk for the 
Ministry avalanche hazard forecast areas are 
shown in Table 1. These AHIR represent the risk sit- 
uation after considering all existing mitigation 
measures (e.g. hazard forecasting and road clo- 
sures, explosives control, catchment ditches). Once 
calculated, AHIR values were classified into index 
levels according to Table 2 for interpretation by the 
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Ministry. In relative terms, the higher the AHIR, the 
more hazardous the area is. AHI values are 

correlated with winter average daily traffic volumes 
which are also shown in Table 1. 

 

Table 1: Summed residual AHI (AHIR) values for each Ministry avalanche hazard forecast area with the 
corresponding estimated winter average daily traffic and AHIR classification (Table 2). Note that 
avalanche areas with "Very Low" AHIR classification are not listed as these were deemed insignifi- 
cant. 

 

Avalanche Area AHIR Total WADT AHIR Class 
TCH West of Revelstoke 150.6 5877 VERY HIGH 
Bear Pass 109.4 210 HIGH 
Kootenay Pass 108.9 1109 HIGH 
Exstew to Rainbow Summit 85.9 945 HIGH 
Fraser Canyon 48.6 1676 HIGH 
TCH East of Revelstoke 45.9 4823 HIGH 
Blueberry Paulson 41.9 2496 HIGH 
Bridge River 31.4 250 MODERATE 
Lardeau 31.0 597 MODERATE 
Red Pass 24.6 2260 MODERATE 
New Denver - Kaslo 21.7 685 MODERATE 
Duffey Lake 20.5 1124 MODERATE 
Golden East 20.4 4973 MODERATE 
Grand Forks North 18.5 590 MODERATE 
HWY 23 North 18.0 719 MODERATE 
Coquihalla 13.7 8444 MODERATE 
Cape Horn Bluffs 11.5 626 MODERATE 
Whitewater 11.2 1800 MODERATE 
Coffee Creek 9.3 1354 LOW 
Alison Pass 7.1 2090 LOW 
Toby Creek 5.5 500 LOW 
Bella Coola 5.3 160 LOW 
Telegraph Creek 5.2 45 LOW 
Sea to Sky 4.3 7690 LOW 
Big Slide 4.1 975 LOW 
Fernie 3.4 4218 LOW 
Highline 2.4 75 LOW 
Castlegar Bluffs 2.1 1425 LOW 
Highway 5a 1.9 803 LOW 
Chase 1.8 6265 LOW 
Galena Pass 1.7 50 LOW 
Mt.Cheams Floods 1.6 10937 LOW 
Barrière 1.5 2278 LOW 
Marble Canyon 1.1 581 LOW 
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Table 2: Avalanche Hazard Index Levels (Stethem 

et al., 1993). 
 

Rating Avalanche Hazard Index 
Very Low <1 

Low 1 - 10 
Moderate 10 - 40 

High 40 - 150 
Very High >150 

 
6. INTERACTIVE DASHBOARDS 

GIS dashboards are interactive map-based plat- 
forms designed to display, analyze, and visualize 
spatial data in a user-friendly manner. They com- 
bine the ability of GIS to capture, store, manipulate, 
analyze, manage, and present spatial data with the 
interactivity and visual clarity of a responsive infor- 
mation dashboard. 

A collaborative design approach for the Ministry 
project led to two modules built on the ArcGIS 
Online platform and supported by FME (Feature 
Manipulation Engine) Cloud's data transformation 
engine: 1) an Authoritative module, and 2) a Sand- 
box module. Both modules featured dashboards of- 
fering location-based analytics and visualizations 
across multiple spatial scales – province wide, 

program areas, forecast areas, highway corridors, 
a single path or group of paths (Figures 1 and 2). 

The Authoritative module functions as the primary 
repository for validated, official data records provid- 
ing a reliable reference for stakeholders. In con- 
trast, the Sandbox module serves as a dynamic 
workspace for hypothesis testing and scenario 
modeling. It provides users with the freedom to 
modify input parameters and evaluate potential out- 
comes without altering official records. Although 
feature geometries are locked, attributes such as 
return period, length of road affected, traffic volume, 
and response times can be edited via a web map- 
ping interface and then associated AHI values can 
be recalculated immediately. This functionality ena- 
bles the decision makers to evaluate the effect of 
potential mitigation options (e.g. diversion berm, av- 
alanche shed, re-alignment of the highway, catch- 
ment ditches) or the potential effects of changing 
traffic patterns (e.g. highway closure with traffic re- 
routed through different corridor, added traffic lane). 
Resulting scenarios can either be exported or reset 
to reflect the authoritative dataset. 

Together, these GIS dashboards offer a holistic so- 
lution for data management, interaction, and plan- 
ning. They provide a valuable tool for decision- 
makers and are easily scalable to a variety of sce- 
narios. 
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Figure 1: Map showing AHI totals for highway corridors managed by the Ministry across British 
Columbia. Labels show approximate locations of the main Ministry avalanche programs. 
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Figure 2: The sandbox dashboard displaying AHI values and avalanche path parameters for the 
“North Fork 0” path located along Highway 3 in Kootenay Pass located in the Ministry’s Kootenay 
Pass program. The “Total AHI” field shows the summed AHI values for all paths in the map viewer. 
The “Selected AHI” field shows the AHI value for the single selected “North Fork 0” path. The AHI 
by Program Area and Avalanche Area graphs show AHI values for these Ministry-specific groupings 
and they can be clicked on to zoom the map scale to these areas. 

 

7. DISCUSSION 
 
7.1 Interpreting Avalanche Hazard Indices 
The relative differences in AHI values between dif- 
ferent highway corridors allow the comparison of 
the amount and type of risk mitigation. For example, 
how do avalanche mitigation measures for high- 
ways with similar AHI values in different jurisdic- 
tions compare? The AHI indices presented in this 
paper show values for the individual avalanche 
paths, however it is important to understand that the 
total AHI value for a specific path includes the con- 
tribution from avalanches in adjacent paths impact- 
ing traffic backed-up due to a blocked highway. 
That is, mitigation measures may be best applied to 
the adjacent path if that scenario contributes the 
most to the AHI score. 

AHI values are often used to identify avalanche 
paths and corridors where increased control or mit- 
igation would be most effective. However, other fac- 
tors contribute to prioritizing avalanche risk 
mitigation investments. Notably, potential risk miti- 
gation investments often do not eliminate ava- 
lanche hazard for entire highway corridors, 
therefore existing avalanche forecasting and con- 
trol programs will typically continue to be relied on. 

Integration of potential mitigation measures with ex- 
isting programs must be considered. Increasing ef- 
ficiency and safety for existing control programs are 
important factors not readily assessed by solely 
considering AHI values. A good example of this is 
the TransCanada Highway #1 west of Revelstoke 
where recent mitigation investments (installed re- 
mote avalanche control systems) has dramatically 
improved efficiency and safety for the avalanche 
control program, even though the AHIR remains el- 
evated. 

 
7.2 Further Analysis 
Unmitigated (natural state) AHI values are often 
compared with AHIR values to evaluate the effec- 
tiveness of existing avalanche risk mitigation 
measures. However, natural avalanche magnitude 
and frequency – assuming no mitigation measures 
– are often challenging to estimate and require ex- 
pert judgement. 

Forecasting future AHI values for highway corridors 
based on expected increases in traffic volume can 
provide insights to where future avalanche hazard 
for highway users is likely to exist. Standard regres- 
sion analysis on historical traffic volume data is typ- 
ically used and provides estimates for percentage 
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increase in traffic by corridor. The AHI values pre- 
sented here assume uniform daily traffic volumes, 
where in reality, traffic volumes often intensify at 
distinct times of the day (e.g. ski resort traffic peaks 
to the resort in the morning and away from the re- 
sort in the afternoon). Calculating separate AHI es- 
timations for these higher traffic intensity times may 
provide more realistic understanding of avalanche 
hazard. 

A comparative analysis of Ministry AHI studies (e.g. 
the 1974 Avalanche Task Force, the 1991 15-Year 
Review, 2022 Coquihalla Mitigation Analysis) over 
time could be undertaken. The increase or de- 
crease of AHI values for Ministry Avalanche areas 
and Program areas could be analyzed and ex- 
plained by major changes to traffic patterns, im- 
proved mitigation measures, or other significant 
changes. This analysis would provide insights into 
the key drivers of avalanche hazard for highway us- 
ers and further aid in planning decisions. 

Substantial quality control of the AHI source data 
was completed during the analysis, however there 
was a limit to the extent of data checking that could 
be completed within the project budget and scope. 
Field studies that investigate return period esti- 
mates, length of road affected, and probabilities of 
subsequent releases would be expected to in- 
crease the robustness of the results. In addition, 
specific traffic studies that focus on actual traffic 
volumes through avalanche areas, as well as the 
nature of traffic flow would aid in understanding the 
relevance of AHI for a specific avalanche area (e.g. 
a ski area access road where ‘rush hours’ occur). 

 
7.3 Future development 
Given the rapidly advancing landscape of GIS tech- 
nology and the increasing emphasis on data-driven 
decisions, future developments for Dashboards 
could include: 

• Flexible Feature Geometry: A significant en- 
hancement to the scenario modeling function- 
ality would be to support the backend 
processing of geometry, allowing users to mod- 
ify the interaction of path and road features. 
This would permit more intricate scenario test- 
ing and offer insights into spatial adjustments 
and their implications. 

• Batch Editing: By batching changes to multiple 
features, it becomes easier to correlate differ- 
ent parameters. Large-scale, simultaneous 
modifications to features could be especially 
useful to model and visualize areas at in- 
creased risk due to changing climatic factors. 

• Real-time Data Feeds: Integrations with Inter- 
net of Things (IoT) sensors such as the Road 
Weather Information System (RWIS) placed in 
risk-prone areas could provide real-time up- 
dates on conditions, allowing for a time series 
analysis of AHI. 

• Public Access: A controlled public access layer 
could allow stakeholders to access basic risk 
assessments, fostering transparency and com- 
munity engagement. 

 
8. SUMMARY 

This paper presents work done to quantify and vis- 
ualize snow avalanche hazard for the entire BC pro- 
vincial highway network as managed by the 
Ministry. The AHI – a numerical expression of ava- 
lanche hazard – was used to create a valuable ge- 
ospatial tool for decision-making. The tool allows 
the identification of avalanche program areas, high- 
way corridors, and specific paths where improved 
risk mitigation measures would be most beneficial 
and can support prioritizing avalanche risk mitiga- 
tion investments. 

Input data were mined, analyzed, and then adjusted 
based on interviews with key Ministry personnel 
and combined with expert judgment. The resulting 
dataset was stored in a geodatabase and analyzed 
with an automated algorithm to calculate AHI val- 
ues. Data-driven methods were employed for the 
AHI input parameters wherever reasonable. The 
calculated AHI values are hosted on a web-based 
GIS dashboard that promotes user-friendly interac- 
tion and scenario testing with the data. The interac- 
tive dashboards allow testing of various mitigation 
scenarios (e.g. how does the addition of an ava- 
lanche deflection berm to an identified path affect 
the AHI value for an avalanche area or highway cor- 
ridor?). Relative differences in AHI values and sub- 
sequent amount and type of mitigation can be 
compared between different highway corridors. 

 
9. ACKNOWLEDGEMENTS 

The authors would like to acknowledge the contri- 
butions to the project by the Ministry Avalanche 
Technicians for each program area that were inter- 
viewed and provided their valuable knowledge and 
expertise: 

• Bear Pass: Ryan Boyle and Bree Stefanson. 

• Kootenay Pass: Mark Talbot and Orry Grant. 

• Kootenay Regional: Kevin Maloney and Andre 
Laporte. 

Proceedings, International Snow Science Workshop, Bend, Oregon, 2023

875



• Northwest: Steve Brushey and Scott Garvin. 

• Central: Steve Portman. 

• Coast Chilcotin: Michael Blancher. 

• Columbias: Chad Hemphill and Greg Paltinger. 

• Cascades: Paul Harwood and Johann Slam. 

The Senior Ministry Avalanche Officers – Robb An- 
dersen, John Buffery, and Paul Harwood – provided 
critical input for developing the methods presented. 

Lastly, we would be remiss to not acknowledge Pe- 
ter Schaerer and others involved in developing the 
Avalanche Hazard Index which is a simple, yet thor- 
ough way to describe avalanche risk to highway 
corridors. 

 
REFERENCES 
Avalanche Task Force, 1974. Report on findings and recom- 

mendations. Appendix II, Victoria BC, British Columbia De- 
partment of Highways. 

British Columbia Traffic Data Program, 2022. Traffic Data Pro- 
gram. Database accessed May 2022: 
https://www.th.gov.bc.ca/TrafficData/index.html 

Colorado Department of Transportation, 1995. Avalanche Haz- 
ard Index for Colorado Highways. Report No CDOT-DTD-R- 
95-17 prepared in cooperation with the US Department of 
Transportation Federal Highway Administration. 

Geo BC, 2022. Digital Road Atlas. Database accessed May 
2022, from https://www2.gov.bc.ca/gov/content/data/geo- 
graphic-data-services/topographic-data/roads. 

Hamre, D., 2009. Evolution of Avalanche Risk Reduction on the 
Alaska Railroad. Proceedings of the International Snow Sci- 
ence Workshop 2009, Davos, Switzerland: pp 533 - 537. 

David Hamre and Associates, Dynamic Avalanche Consulting, 
Wilbur Engineering Inc., 2023. Avalanche Hazard Index & 
Mitigation Options Assessment Statewide. Report prepared 
for the State of Alaska Department of Transportation and 
Public Facilities. May 2023. 

Hendrikx, J., Owens, I., Carran, W., Carran, A., 2006. Avalanche 
risk evaluation with practical suggestions for risk minimiza- 
tion: a case study of the Milford road, New Zealand. Pro- 
ceedings of the International Snow Science Workshop 2006, 
Colorado: pp 757-767. 

Owens, I., Fitzharris, B., 1985. Avalanche atlas of the Milford 
Track and assessment of the hazard to walkers. New Zea- 
land Mountain Safety Council Avalanche Committee, Report 
No. 8, 77. 

R Core Team, 2022. R: A language and environment for statis- 
tical computing. R Foundation for Statistical Computing, Vi- 
enna, Austria. URL https://www.R-project.org/. 

Schaerer, P., 1989. The Avalanche Hazard index. Annals of 
Glaciology 13, pp: 241-247. IRC Paper No. 1627. 

Stethem, C., Schaerer, P., Jamieson, B., and Edworthy, J., 
1995. Five mountain parks highway avalanche study. Pro- 
ceedings of the International Snow Science Workshop 1995, 
Utah, USA: pp 72-79. 

Proceedings, International Snow Science Workshop, Bend, Oregon, 2023

876

https://www.th.gov.bc.ca/TrafficData/index.html
https://www2.gov.bc.ca/gov/content/data/geographic-data-services/topographic-data/roads
https://www2.gov.bc.ca/gov/content/data/geographic-data-services/topographic-data/roads
https://www.r-project.org/



