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INTRODUCTION

The Avalanche Terrain Exposure Scale (ATES) was first 

introduced in 2004 to classify backcountry recreational trips 

in terms of overall exposure to avalanche terrain (Statham 

et al., 2006), and was immediately embraced by backcountry 

recreationists as a valuable avalanche safety tool. It was 

initially intended to serve as a text rating for an individual 

route or drainage; however, as stated in a concluding remark: 

“ultimately the visualization of ATES ratings on terrain maps is 

the next logical step” (Statham et al., 2006).

 In 2009, the ATES started to emerge as a classification 

system for zoning backcountry recreation areas (Campbell 

and Marshall, 2010). The success of ATES mapping as a public 

safety tool was immediately realized from the enthusiastic 

uptake by self-directed backcountry recreationists, recreation 

map and guidebook authors, and public land managers alike. 

Since then, over 5,000km2 have been zoned for recreational 

safety purposes in western Canada alone. Mapping projects 

have twice been nominated for BC Premier’s Awards, and 

have been credited with a noticeable reduction specifically in 

snowmobile-related avalanche fatalities, a previously difficult 

user group in terms of public safety communication. Canadian 

ATES zoning methodology has also caught the attention of 

alpine nations around the world, and has been used for public 

safety projects in Norway, Sweden, Spain, Switzerland and 

Andorra. In addition, it was the subject of a designated day-

long workshop held at the 2013 IKAR Conference in Croatia. 

 More recently, ATES zoning has started to show its utility in 

worker safety programs (Fig. 1). Although traditional avalanche 

mapping, such as locator and atlas mapping, is useful for 

project sites and access roads, its application for providing 

guidance to roving backcountry field workers is limited unless 

detailed field checking is completed (at potentially significant 

time and effort). ATES zone mapping is a simple and cost-

effective way of indicating the seriousness of avalanche terrain 

for roving field workers who are generally not limited to a 

fixed location or particular access route for their work, such 

as wildlife biologists, timber cruisers, and surveyors (Gould 

and Campbell, 2014). In addition, the ATES system is an easily 

understood terrain scale that can be incorporated into a rule-

based operational safety system.

 Until recently, ATES zoning has been based on the ATES 

Technical Model v.1/04 (Statham et al., 2006) using methods 

described by Campbell et al. (2012). With frequent use of 

terms like mostly, generally, large percentage, primarily, minimal 

and limited, this model has a high degree of subjectivity. There 

is also a certain amount of redundancy within and between 

the eleven parameters (e.g., forest density, start zone density, 

interaction with avalanche paths, and exposure time). For 

its purpose of guiding expert judgment in classifying a pre-

determined route into three different exposure categories, 

this subjectivity and redundancy works well. However, it 

poses challenges for the purpose of Geographical Information 

System (GIS) assisted ATES zoning.

 Despite widespread use, technical specifications for a 

practical ATES zoning model have only recently been proposed 

(Campbell and Gould, 2013). These specifications propose a 

model that aims to be:

• accessible (e.g., does not require specialized computer 

applications);

• comprehensive but not overcomplicated;

• compatible with the ATES Technical Model v.1/04 (Statham 

et al., 2006), while reducing the subjectivity of the 

parameters as much as possible;

• applicable at an appropriate scale for trip planning purposes; 

and

• based on the analysis of previously zoned terrain for the two 

primary avalanche terrain parameters: slope incline and 

forest density (Delparte, 2008).

ANALYSIS

Approximately 2,150km2 of zoned avalanche terrain spanning 

the four major mountain ranges in British Columbia (Coast, 

Cascade, Columbia and Rocky Mountains) was used in the 

analysis. All terrain was zoned according to the methods 

described by Campbell et al. (2012) at a scale of 100-1,000m. 

Several ATES parameters can be digitally modelled and 

analysed with GIS (e.g., slope incline, forest density, start 

zone density, avalanche runout, slope shape). However, this 

initial study focuses on two parameters that have the most 

influence on ATES classification: slope incline and forest 

density (Delparte, 2008). Fig. 2 shows histograms of slope 

incline by forest density for each ATES class. The average 

slope incline increases with forest density and ATES class for 

Class 1 and 2 terrain. For Class 3 terrain, the average slope 

incline remains relatively constant despite forest density, due 

primarily to the lack of maximum slope incline threshold for 

Class 3 and the limited amount of Class 3 zones in forested 

terrain. These results are incorporated into the slope incline 
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and forest density thresholds used in the ATES zoning model 

outlined in the next section.

ATES ZONING MODEL

The resulting model for delineating ATES zones is outlined 

in Table 1. The parameters are listed in the table generally in 

order of importance, with the intent of placing more emphasis 

on the top two or three parameters. The parameter thresholds 

intended to be used as general guidelines to inform expert 

judgement in zoning avalanche exposure to people. There 

may be exceptions where zones do not explicitly meet all 

parameter thresholds for the class at which they are zoned.

 Zoning with this model usually begins with GIS analysis 

followed by detailed field surveys. However, terrain can often 

be reliably zoned using a combination of these and other 

resources, such as topographic maps, air photos, and intimate 

knowledge of the terrain. Zones should be delineated in such 

a way that uses the lowest class possible (except Class 0, 

which is optional) at a scale of 100 – 1000 m. Detailed methods 

for preliminary zoning and field surveys are described in 

Campbell et al. (2012). 

 Since ATES zone mapping uses an exposure scale developed 

for travelling in avalanche terrain, it is not intended to provide 

an accurate extent of avalanche hazard. There are areas 

(islands of safety) in all four classes that are not exposed 

to avalanches, and are 100% safe. However, these islands of 

safety are smaller and more isolated in Class 3 than in  

Class 1 terrain. Class 0 is considered to be essentially 100% 

free of avalanche exposure.

 The level of accuracy required for ATES zones often depends 

on the intended application. For recreational trip planning 

purposes, a high level of accuracy is often not needed 

because trip planning exercises usually involve only general 

overviews of the nature of the avalanche terrain. However, for 

operational decision support, a high level of accuracy may be 

required to maximize efficiency. Depending on the scale at 

which the zoning is presented, it is common to overlap zones 

to indicate that zone boundaries are not precise.

 The highest accuracy can be achieved through GIS analysis 

and detailed field surveys. However, for straightforward 

terrain, high accuracy can often be achieved without field 

surveys, assuming high quality imagery and digital terrain 

models are available. For highly variable terrain, more detailed 

field surveys may be necessary to achieve reasonable accuracy.

DISCUSSION AND CONCLUSIONS

The ATES zoning model represents an evolution of a time-

tested public communication tool. This is the first attempt at 

FIG 1: EXAMPLE OF ATES ZONE MAPPING FOR AN ENERGY CORRIDOR (WHITE LINE). ATES CLASSES ARE INDICATED BY SHADING WITH LIGHT GREY AS CLASS 1, DARKER GREY AS CLASS 2, DARKEST GREY AS 
CLASS 3, AND NO SHADING WITHIN THE STUDY AREA (BLACK OUTLINE) AS CLASS 0. PLEASE NOTE: GREEN-BLUE-RED COLOURED ATES ZONES WERE CONVERTED TO GREYSCALE FOR THIS PUBLICATION.
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TABLE 1: PROPOSED MODEL FOR ZONING WITH THE AVALANCHE TERRAIN EXPOSURE SCALE.

Class 0 (optional) Class 1 Class 2 Class 3

Slope Incline1 
and Forest 
Density2

Open 99% ≤ 20˚
90% ≤ 20˚

99% ≤ 25˚

90% ≤ 30˚

99% ≤ 40˚

< 20% ≤ 25˚

45% > 35˚Mixed 99% ≤ 25˚
90% ≤ 25˚

99% ≤ 35˚

90% ≤ 35˚

99% ≤ 45˚

Forest 99% ≤ 30˚ 99% ≤ 35˚ 99% ≤ 45˚

Start Zone Density No start zones.

No start zones with       

≥ Size 2 potential. 

Isolated start 

zones with < Size 2 

potential. 

No start zones with  

> Size 3 potential.

Isolated start 

zones with ≤ Size 3 

potential, or 

several start zones 

with ≤ Size 2 

potential.

Numerous start zones 

of any size, containing 

several potential 

release zones.

Interaction with 

Avalanche Paths3

No exposure to 

avalanche paths.

Beyond 10-year 

runout extent for 

paths with ≥ Size 2 

potential.

Single path or paths 

with separation.

Beyond annual runout 

extent for paths with 

> Size 3 potential.

Numerous and 

overlapping paths of 

any size. Any position 

within path.

Terrain Traps4

No potential for 

partial burial or any 

injury.

No potential for 

complete burial or 

fatal injury.

Potential for 

complete burial but 

not fatal injury.

Potential for 

complete burial and 

fatal injury.

Slope Shape Uniform or concave Uniform Convex Convoluted

1Slope inclines are averaged over a fall-line distance of 20-30m.
2Open: < 100 stems/ha or > 10m tree spacing on average. Mixed: 100-1,000 stems/ha or 3.2-10m tree spacing on average.  
Forest: > 1,000 stems/ha or < 3.2m tree spacing on average.
3Position within paths based on the runout extent for avalanches with a specified return period.
4Terrain traps are features in tracks or runouts that increase the consequences of being caught in an avalanche. Thresholds are 
based on the potential increased consequences they would add to an otherwise harmless avalanche. For this purpose, terrain 
traps can be thought of as either trauma-type (e.g., cliffs, trees, boulders) or burial-type (e.g., depressions, abrupt transitions, 
open water, gullies, ravines). Degrees of burial used in this model are based on Canadian standard avalanche involvement 
definitions (Canadian Avalanche Association, 2009).

developing parameters and thresholds specifically for zoning 

with the ATES. This is also the first attempt at specifying 

thresholds for a non-avalanche terrain class.

 This model represents results from analysis of a large and 

representative sample of avalanche terrain in British Columbia 

zoned with methods described by Campbell et al. (2012). It also 

represents ideas developed during years of experience zoning 

with these methods.

 One of the main considerations in developing this model 

was accessibility. This means that if necessary, the model 

can be applied without the use of specialized computer 

application, or even computers, and helps to ensure that the 

model will become widely accepted and utilized.   

 Another consideration for increased utility of the model 

was agreement with the ATES Technical Model v.1/04 

(Statham et al., 2006) so that it would honour previously 

rated terrain. The scale also needs to be compatible with 

widely used decision support systems based on the ATES 

(e.g., Haegeli et al., 2006). Finally, widespread acceptance 

and utility requires that this model be applicable across all 

snow climates, and as such it needs to be almost entirely 

terrain-based.
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 In order for this model to be compatible with 

GIS applications, an attempt was made to use 

parameters that could be digitally modelled and 

thresholds that were deterministic as possible. 

However, in order to be comprehensive and include 

all the important characteristics of avalanche 

terrain, assumptions must still be made for fully 

automated modelling. Furthermore, like other 

forms of avalanche risk zoning, ATES zoning is 

based largely in expert judgement. Because of 

this, ATES zoning is not always exact; one person’s 

zone may look slightly different than another’s 

depending primarily on the resolution at which 

they were drawn, but also on the evaluation and 

weight given to each parameter.

 We do not propose that this model replace the 

ATES Technical Model v.1/04, as that model works 

well for its intended purpose of guiding expert 

judgment in classifying a pre-determined route. 

But as ATES zoning becomes more commonly 

utilized, a designated model and standards are 

necessary to establish common practice, consistent 

methodology and uniform criteria.

 Ideas for future research include GIS analysis 

of other parameters that have the potential to 

be digitally modelled, including slope shape, 

avalanche runout, start zone density and terrain 

traps. Further model development could include 

GIS algorithms for automating the preliminary 

zoning phase.
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FIG. 2: HISTOGRAMS OF SLOPE INCLINE (Ψ) IN DEGREES FOR OPEN (<100 STEMS/HA),  
MIXED (100 – 1 ,000 STEMS/HA), AND FOREST (>1 ,000 STEMS/HA) TERRAIN IN CLASS 1 , 2 AND 3 ATES ZONES.


