








Figure 6, In this conceptual diagram, avalanche 
students can understand the tradeoff between the 
danger of the snowpack and the danger of the ter-
rain.  Colors in the box are conceptual and not 
based on data. 

5. RISK AS A FUNCTION OF HAZARD, EX-
POSURE AND VULNERABILITY

The standard approach in risk analysis applications 
is to separate risk into its components of hazard, 
exposure and vulnerability (Statham 2008, Statham 
and Gould 2016) and this approach works well for 
avalanche education, which I have incorporated into 
the 3rd Edition of Staying Alive in Avalanche Terrain 
(2018) as well as Avalanche Essentials (2013).   

Hazard refers to the danger of the snowpack based 
on the probability and size of the expected ava-
lanche.  Exposure addresses the addition of people 
or property that could be harmed by the hazard.  In 
the case of backcountry recreation, it means the 
route finding choices, the number of people ex-
posed to the hazard and the low-risk travel tech-
niques practiced by those exposed (such as one-at-
a-time, belay ropes, slope cuts, etc.).  Vulnerability 
is what happens to someone if they are caught in an 
avalanche, so it addresses factors such as ava-
lanche rescue equipment and techniques, choice of 
terrain consequences, and medical, logistical and 
organized rescue circumstances.  Risk can be re-
duced to zero by zeroing out any one of the three 
risk components: hazard, exposure or vulnerability. 
For backcountry travelers, we reduce risk by reduc-
ing a combination of the three components, for in-
stance, our choice of snowpack can reduce hazard, 
our terrain choices can reduce exposure and our 
rescue equipment and techniques can reduce vul-
nerability.  

6. COMBINE PROBABILITY AND CONSE-
QUENCE FROM ALL SOURCES

Jim Conway, a longtime, helicopter skiing guide and 
risk manager, has adapted a standard risk matrix 
used by the US Marine Corps to analyze the risk in 
helicopter skiing operations (Conway, 2018).  In this 
application, all the sources of probability and all the 
sources of consequence are incorporated into one 
diagram (see figure 7).  

Depending on the application, you can specify dif-
ferent parts of the risk matrix to indicate areas of 
acceptable risk, mitigation of risk and unacceptable 
risk.  For instance, if you are leading a school 
group, the acceptable risk area would be in the low-
er left hand corner, a backcountry skiing or snow-
mobiling group might expand the area of acceptable 
risk into a wider area in the lower left hand corner, 
finally, if you are an extreme athlete doing a video 
shoot, your area of acceptable risk my be even wid-
er.  

Figure 7, A probability-consequence diagram from 
the US Marine Corp adapted to the risks in helicop-
ter skiing by Jim Conway (2018).  In this way, you 
can combine all the sources of probability of a mis-
hap with all the sources of the consequence of that 
mishap.  Some examples of consequence are dis-
played on the horizontal axis but other factors can 
be considered as well.  Depending on the applica-
tion, you can define the areas of acceptable risk, 
mitigation of the risk and unacceptable risk. 

7. CONCLUSION
As stated in Statham et al (2018), “This Conceptual 
Model of Avalanche Hazard identifies the key com-
ponents of avalanche hazard and structures them 
into a systematic, consistent workflow for hazard 
and risk assessments.”  Building upon the CMAH 
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framework, others and myself have created addi-
tional, useful, graphical tools for avalanche educa-
tion, avalanche communication and avalanche risk 
management.  

These include conceptual, graphical diagrams to: 

1. Plot various types of avalanche problems on a
probability - consequence diagram to help com-
municate difficult concepts for students and the 
public such as low probability (or low frequency) – 
high consequence avalanches. 

2. Use the same diagram to plot hazard from a
snow profile with the results of stability tests on the 
vertical axis and the mass of the snow above the 
weak layer on the horizontal axis. 

3. Plot the relative risk of terrain and snowpack var-
iables (Avaluator v2.0, 2010). 

4. Use a similar 2-d plot to visualize the choices and
tradeoff between the danger of the snowpack based 
on danger rating versus the danger of the terrain. 

5. Plot specific terrain features on a conceptual,
probability-consequence diagram to visualize the 
effects of steepness, consequences and anchors. 

6. Understand the components of avalanche risk
from the perspective of hazard, exposure and vul-
nerability 

7. Visualize overall risk by plotting the probability
and consequence of various kinds of mishaps on 
the same diagram.  
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