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ABSTRACT: This paper presents a methodology and a new dataset used by the Canadian Avalanche 
Center’s Yukon Field Team in the winters of 2013 and 2014 to validate their forecasts of avalanche dan-
ger and primary avalanche problem.  Using established techniques 77 local nowcasts were compared to 
operational and public regional forecasts over a variety of lead times.  Preliminary results indicate that 
these forecasts accurately predicated observed conditions for 69% to 85% of cases.   There was little dif-
ference in accuracy found between the forecasts of danger and avalanche problem and the length of 
forecasts lead times did not have a significant affect. Several sources of bias are identified that should be 
filtered in future studies and suggestions for new research are presented. 
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1. INTRODUCTION 

“A forecast is like an experiment - given a set of 
conditions, you make a hypothesis that a certain 
outcome will occur. You wouldn't consider an ex-
periment to be complete until you determined its 
outcome. In the same way, you shouldn't consider 
a forecast experiment to be complete until you find 
out whether the forecast was successful.” – D.S. 
Wilks 

In the winter of 2012 the Canadian Avalanche 
Center in collaboration with the Yukon Avalanche 
Association unveiled a new public avalanche fore-
cast for the Yukon and Northern BC.   The Yukon 
forecast region is characterized by an absence of 
the data streams that traditionally form the founda-
tion of regional public avalanche forecasting in 
Canada.  A pilot field program was tasked with 
developing systems to gather, synthesize and 
communicate field data from the region. This pro-
gram faced a variety of operational challenges but 
also presented an exciting opportunity for experi-
mentation and innovation.  This paper details the 
methodology used by the CAC’s Yukon field team 
over the winters of 2013 and 2014 to verify their 
forecasts. 

As a pilot public safety program operating in a re-
mote data-sparse area there were three primary 

motivations to attempt a forecast verification study: 
1) To monitor forecast quality by assessing both 
the degree of accuracy of the forecasts and how 
they may be improving over time. 
2) To improve forecast quality by identifying areas 
of weakness. 
3) To compare the quality of different forecast 
types by determining to what extent one forecast 
system gives better forecasts than another, and in 
what ways is that system better.  In this case the 
file team wished to compare their ability to forecast 
avalanche danger with their ability to forecast ava-
lanche character. 

The Yukon forecast region is of medium size (over 
2500km2) and field program consists of a team of 
two technicians gathering observations from the 
field between 3 to 6 days a week depending on 
weather and travel conditions. The Canadian Ava-
lanche Center produces bi weekly public ava-
lanche forecasts for the Yukon. In addition to 
these the Yukon field team produces daily opera-
tional forecasts.  Both these forecasts are com-
piled in the Aval-X system and follow the same 
format.  They both include a 3-day assessment of 
danger ratings for three elevation bands, a 1-day 
forecast of the three primary avalanche problems 
that are driving avalanche danger, and several 
short paragraphs of text. 

Forecasts validations aim to assess the quality of 
a forecast or the degree to which the forecast cor-
responds to what actually happened.  Murphy 
(1993) identified that the key attributes of a quality 
forecast are accuracy and skill.  Accuracy is the 
correspondence between the forecast and the 
truth (as represented by observations). Skill is a 
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measure of the relative accuracy of the forecast 
against some reference forecast such as random 
chance. 

An established way of assessing a regional ava-
lanche forecast is to compare the forecast condi-
tions level with local observations.  Elder and 
Armstrong (1987) suggested that avalanche ob-
servations are the best indicator of snowpack in-
stability.  Meister (1995) identified that avalanche 
observations alone are not an applicable for verifi-
cation at lower danger levels where natural ava-
lanche may be infrequent.  Under these conditions 
other avalanche observations must be applied to 
assess snowpack stability.   Föhn and Schweizer, 
(1995) proposed that snowpack stability tests, 
combined with other observations, are best suited 
to verify the lower levels of avalanche danger. Ja-
mieson et al.(2007) compared local drainage scale 
nowcasts to verify regional avalanche danger 
forecast ratings for a number of public forecast in 
Canada.  These nowcasts were based on a syn-
thesis of avalanche observations, formal snow 
pack tests and informal widespread observations 
of snow stability made by roaming field teams. 
This study adopted the same technique to verify 
forecasts of regional avalanche character and 
danger  

2. METHOD 

2.1 Field Methods 

The size and data sparsity of the Yukon forecast 
region requires field workers to travel extensively 
by snowmobile and helicopter as well as on skis in 
order to access field sites. The field team collects 
daily avalanche, snowpack and weather observa-
tions from both field sites, study plots and auto-
mated weather stations distributed around the 
region.  The team tries to cover as much terrain as 
possible in a field day and to balance high resolu-
tions point observations such as snow pits with a 
wide spread low resolution observations that helps 
capture spatial variability. Observations taken in-
cluded but were not be limited to: avalanche ob-
servations, snow profiles and formal and informal 
stability tests, widespread probing for snowpack 
structure and depth, observations of surface signs 
of instability, evolving snow conditions and weath-
er.  

At the end of each field day the team produced a 
local nowcast of avalanche conditions for the area 
they visited.  The nowcast based on the synthesis 
of the teams observations from the day and con-
sisted of an assessment of the above tree-line av-

alanche danger (low, moderate, considerable, 
high, or extreme) and an assessment of the ava-
lanche problem (loose dry, storm slab, wind slab, 
persistent slab, deep slab, loose wet, wet slab, or 
cornice) that posed the greatest contribution to 
avalanche danger.   This process was highly sub-
jective, and the team was encouraged to evaluate 
and balance the strength and weight of the each 
observation rather than use a threshold sum ap-
proach in their evaluation. Each field team mem-
ber was asked to arrive at a personal evaluation of 
the local conditions observed before meeting and 
deciding on the final nowcast rating through con-
sensus. The team also recorded their confidence 
in their assessment. 

Once the day’s local nowcast had been finalized 
the team produced an operational and or public 
forecasts for the next 3 days. The above tree line 
avalanche danger and primary avalanche problem 
for each of the three days was recorded along with 
an assessment of the team’s confidence in their 
forecast. 

2.2 Analytical Methods 

Only data records with a complete forecast-
nowcast paisr were selected for analysis.    The 
distribution of values of the selected records was 
compared to total dataset by calculating the 
Spearman Ranked Correlation coefficient 𝜌.   

Avalanche danger is a ranked value.  For each 
danger forecast-nowcast pair the difference ∆𝐷 
can be calculated by subtracting the ranked now-
cast value from the forecast value. 

  ∆𝐷 = 𝐷!" − 𝐷!" (1) 

The difference indicates weather the forecast of 
avalanche danger is overly cautious or incautious. 

Methods for verifying multi-category forecasts start 
with building a contingency table (Table 1) show-
ing the frequency of forecasts and nowcasts.  Val-
ues along the diagonal where the forecast 
matches the nowcast and ∆𝐷 = 0 are referred to 
as hits (Wiks, 1995).  
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 Forecast 
N

ow
ca

st
 

 Low Mod … Ex Total 

Low 𝑛 𝑂!,𝐹!  𝑛 𝑂!,𝐹!  … 𝑛 𝑂!,𝐹!  𝑁 𝑂!  

Mod 𝑛 𝑂!,𝐹!  𝑛 𝑂!,𝐹!  … 𝑛 𝑂!,𝐹!  𝑁 𝑂!  

… … … … … … 

Ex 𝑛 𝑂!,𝐹!  𝑛 𝑂!,𝐹!  … 𝑛 𝑂!,𝐹!  𝑁 𝑂!  

Total 𝑁 𝐹!  𝑁 𝐹!  … 𝑁 𝐹!  𝑁 

Table 1: Contingency table of avalanche danger 

Forecast accuracy or hit rate is given by the ratio 
of number of forecasts that matches their associ-
ated nowcast to the number of total forecasts. 

 ℎ = !
!

𝑛 𝑂! ,𝐹!!
!!!  (2) 

Forecast skill is assessed by comparing the fore-
cast to random chance known using the Hanssen-
Kuiper’s Discriminant (Wilks, 1995). 

 𝐻𝐾 =
!
! ! !!,!!

!
!!! ! !

!!
! !! ! !!

!
!!!

!! !
!!

! !! !!
!!!

 (3) 

Avalanche problem categories cannot ranked in 
the same way as danger and so a calculation of 
∆𝐷 is not appropriate.  However, avalanche prob-
lem forecast verification also requires a contingen-
cy table (Table 2). 

 Forecast 

N
ow

ca
st

 

 Loose 
dry Wind … Cornice Total 

Low 𝑛 𝑂!,𝐹!  𝑛 𝑂!,𝐹!  … 𝑛 𝑂!,𝐹!  𝑁 𝑂!  

Mod 𝑛 𝑂!,𝐹!  𝑛 𝑂!,𝐹!  … 𝑛 𝑂!,𝐹!  𝑁 𝑂!  

… … … … … … 

Ex 𝑛 𝑂!,𝐹!  𝑛 𝑂!,𝐹!  … 𝑛 𝑂!,𝐹!  𝑁 𝑂!  

Total 𝑁 𝐹!  𝑁 𝐹!  … 𝑁 𝐹!  𝑁 

Table 2: Contingency table of avalanche problems 

The categorical hit rate gives the accuracy of fore-
casting a particular category. This allows for the 
categories, which are most difficult to forecast to 
be identified. 

 ℎ! =
!
!!
𝑛 𝑂! ,𝐹!  (4) 

Forecast accuracy and skill are calculated as be-
fore. 

3. RESULTS 

Field technicians collected data for 77 days over 
the course of the 2013 and 2104 winter seasons. 
The distribution of danger ratings is plotted in Fig 
1.  A total of 53-1 day lead, 39-2 day lead and 32-
3 day lead forecasts were compared with their as-
sociated nowcasts. Although these datasets are 
small they were found to show a significant 
enough correlation to the overall distribution of 
data to be valuable (Table 1). The relative fre-
quency of the forecast nowcast pairs for over the 
different time scales forecasts is plotted in Figures 
1 and 2.   

Forecast 
scale 1 Day  2 Day  3  

D
an

ge
r 

S
am

pl
e 

S
iz

e 
77

 
Size 53 39 32 

𝜌 
Obs Fx Obs Fx Obs Fx 

0.99 0.95 1.0 0.98 0.99 0.90 

C
ha

ra
ct

er
| 

S
am

pl
e 

S
iz

e 
49

 

Size 29 22 25 

𝜌 
Obs Fx Obs Fx Obs Fx 

0.99 0.99 1.0 1.0 0.99 0.94 

Table 3: Correlation of between the selected fore-
cast nowcast pairs for different time scales 
and the total data set. 

 
Figure1: Relative frequency of forecasts and now-

casts of danger ratings 
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Figure 2: Relative frequency of forecasts and 

nowcast of avalanche problem 

The accuracy and skill scores of the forecasts are 
listed in Table 4.  Skill score values greater than 0 
indicated that the forecast performed better than 
random chance with 1 being perfect prediction. 

Forecast 
Scale 

Danger Problem 

1 
Day 

2 
Day 

3 
Day 

1 
Day 

2 
Day 

3 
Day 

h 81% 85% 69% 83% 73% 80% 

HK 0.49 0.57 0.32 0.61 0.46 0.57 

Table 4: summary of verification results for fore-
cast of avalanche danger and avalanche 
problem over different time scales. 

The error rate for the different time series of fore-
casts shows that forecasts of moderate or consid-
erable avalanche danger were the most vulnerable 
to error (Figure 3).  The sample size was too small 
to identify a clear distribution of errors for forecasts 
of avalanche problem (Figure 4). 

 
Figure 3: relative error frequency of forecast ava-

lanche danger over different time scales. 

 
Figure 4: relative error frequency of forecast ava-

lanche problem over different time scales. 

The distribution of differences in avalanche danger 
forecast (Figure 5) indicates a tendency to over 
forecast avalanche danger.  The relative distribu-
tion of categorical hit rates plotted in Fig 6 sug-
gests a tendency to over forecast the influence of 
persistent weak layers especially on longer fore-
cast periods (the high error associated with loose 
snow avalanches is likely due to there being only 
being one case in the data set). 

 
Figure 5: relative frequency of over or under fore-

cast danger ratings over different time 
scales 

4. DISCUSSION 

4.1 Results 

Although the sample size of this initial study is too 
small for to draw statistically significant conclu-
sions, preliminary analyses offers some insight 
into the performance of the Yukon regional fore-
cast. The results show that both avalanche danger 
and problem were forecast with similar levels of 
accuracy. The hit rate of both forecasts is high 
compared to other medium size forecast regions in 
Canada (Jamieson, 2007). This is very likely relat-
ed to the distribution of data used in the analysis.  
The winters of 2013 and 2014 were characterized 
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by prolonged periods of stable weather and stag-
nant avalanche conditions.  74% of the forecasts 
predicted no change in avalanche danger and 
80% predicted no change in avalanche problem 
over a given 3-day period.  Avalanche danger was 
assessed to be either moderate or considerable in 
92% of the nowcasts and wind slabs were ob-
served to be the primary avalanche problem in 
45% of the nowcasts.   The tendency to over fore-
cast avalanche danger is consistent with what has 
been observed in other regions. 

For distributions of forecasts heavily weighted 
around a particular category or categories HK skill 
scores can often give a better indication of fore-
cast quality than the hit rate.  The HK skill scores 
for the Yukon’s regional forecast are similar to 
those previously observed for other Canadian re-
gional forecasts. 

The initial results also suggest that time scales 
have little effect on the quality of the forecasts for 
the Yukon region.  These results correspond with 
those for other regions of similar size. (Jamieson, 
2007).  However the lack of time scale effect may 
also be influenced by the consistency of ava-
lanche conditions experienced over the course of 
the study.  

4.2 Biases 

Several significant sources of bias were identified 
in this study.  Efforts were made to reduce the in-
fluence of these biases but further work is required 
to analyze their effects. 

The subjective nature of producing avalanche 
forecasts and nowcasts makes confirmation bias 
inevitable when forecasters endeavors to verify 
their own forecasts. 

A tendency was identified for nowcast to be an-
chored on the forecast. The issue of anchoring 
bias has been encountered by previous studies. It 
is highly likely that prior knowledge of the forecast 
affects the nowcasts.  However, Jamieson (2007) 
found that involvement in the production of the 
forecast did not have a significant effect on the 
forecast-nowcast hit rate when generating now-
casts based on roving observations. 

Selection bias was also identified to have had a 
potential influence the results.  Field sites were not 
randomly selected but where chosen to meet op-
erational objectives. An effort to minimize the ef-
fect of selection bias was made by encourage field 
teams to cover as much terrain as possible each 
day and by basing nowcasts on a wide variety of 

observations. The effectiveness of this strategy 
has not yet been evaluated. 

5. SUMMARY 

The Yukon field team found that a forecast verifi-
cation process was a useful and practical project.  
It gave the team confidence in their public ava-
lanche forecasts and helped to identify and correct 
forecast weaknesses and repeating errors in a 
new and developing avalanche program.  The pre-
liminary results suggest that the CAC’s Yukon re-
gional forecast is of comparable quality to those 
produced for other regions in Canada. 

Forecast verification results are more trustworthy 
when the quantity and quality of the verification 
data is high. Continuing to developed this dataset 
for the region over coming seasons will undoubt-
edly improve this verification.  A larger dataset 
would also allow for further quantitative analysis of 
the biases implicit in this study. 

6. FURTHER STUDY 

Any verification score must be regarded as a 
sample estimate of the "true" value for an infinitely 
large verification dataset.  Uncertainty is associat-
ed with the score's value, especially in studies 
such as this where the sample size is small and 
the data is not independent. As this date set grows 
future studies should construct estimates of confi-
dence intervals by using block-bootstrapping 
methods. 

For the sake of simplicity this study focused on the 
verification of forecasts of only the primary ava-
lanche problem.  In reality the CAC’s public ava-
lanche forecasts often identify several different 
avalanche problems that contribute to avalanche 
danger in a bulletin.   Methods that allow the anal-
ysis of forecasts with multiple avalanche problems 
would improve the verification. 

Although the relationship between forecast quality 
and forecast confidence has yet to be analyzed 
anecdotal results suggest forecasters had greater 
confidence in their forecasts of avalanche problem 
than they did in their forecast of avalanche danger.  
This was not reflected by any significant difference 
in accuracy between the two types of forecast. 
Further analysis comparing forecast accuracy with 
forecaster confidence would be useful. 
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