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ABSTRACT: Forecasters in many public avalanche forecast operations rely on field observations and 
danger (or stability) assessments by experienced and well-trained observers. However, available field 
observations are often sparse, represent local conditions and may even be contradictory. We addressed 
these issues by comparing the local danger level estimates between different observers within the same 
forecast region (approx. 225 km

2
). 1120 local danger assessment pairs within the same region were 

compared. The agreement between the danger estimates of different observers in the same forecast re-
gion was 79%. Differences were likely due to local variations in avalanche conditions, but also observer-
specific biases existed. Despite challenges in data interpretation due to locally variable avalanche condi-
tions, poor spatial coverage and observer-specific characteristics, danger assessments based on field 
observations are key information for avalanche forecasting. However, such danger level estimates should 
always be considered in combination with other information related to the avalanche situation. 
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1. INTRODUCTION 

The day-to-day review of the avalanche forecast of 
the previous day is the starting point of the fore-
casting process on the current day – at least this is 
the approach followed by the Swiss avalanche 
forecasting service at SLF. However, as ava-
lanche danger cannot be measured, a true verifi-
cation of the forecasted avalanche danger level is 
not possible (Föhn and Schweizer, 1995). Infor-
mation related to snow instability – such as recent 
avalanches, signs of instability or stability tests – 
provide the most direct information on the ava-
lanche conditions (e.g. McClung and Schaerer, 
2006). However, in an operational setting this kind 
of information is often not readily available, par-
ticularly at lower danger levels (no or minor ava-
lanche activity and no direct signs of instability) or 
in poor weather conditions (no or only limited ob-
servations). Thus, the day-to-day operational re-
view of the regional avalanche forecast has to 
make use of numerous other information sources, 
such as weather and snowpack observations less 
directly related to the danger level. In addition, as 
is the case in Switzerland, specifically trained ob-
servers provide local danger level estimates for 
the current day. 

Although local avalanche danger assessments are 
subjective interpretations based on field observa-
tions, they are considered fairly accurate esti-
mates of the avalanche danger (Schweizer, 2010). 
While SLF forecasters consider the quality of local 
danger level estimates from experienced observ-
ers to be high, uncertainties in data interpretation 
may be caused by spatially variable avalanche 
conditions (e.g. Schweizer et al., 2003), but there 
is also the chance that observational biases exist. 

As is the case with any relevant information 
source used in the process of avalanche forecast-
ing, it is also important to know the limitations of a 
parameter such as the estimated local avalanche 
danger level. This estimated parameter probably 
incorporates even more previous local knowledge 
and experience than most other routinely reported 
snow and avalanche observations.  

Therefore, our main aim was to explore the accu-
racy and limitations of local avalanche danger es-
timates. We compared individual estimates by 
different observers in the same small forecast re-
gion to assess if significant observer-specific bias-
es exist. 

2. DATA 

Observers of the Swiss avalanche forecasting ser-
vice with sufficient experience and view into ava-
lanche terrain provide an estimate of the 
avalanche danger level together with their obser-
vations (SLF, 2013). The danger level estimate is 
based on the 5-level European avalanche danger 
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scale (EAWS, 2006). In addition, at danger level 3 
(Considerable), observers may indicate whether or 
not they expect natural avalanches. The local es-
timate of the danger level (DLN) should integrate all 
available information, including not just the obser-
vations from the day of observation, but also prior 
knowledge concerning the development of the 
snowpack during the winter or information from 
third parties. To ensure consistent and high quality 
feedback, all observers are regularly trained. 

The observers locally assess the avalanche dan-
ger; the area considered is the area of observation 
during the day in the field or in the ski area, or the 
area that can be seen from the observation point 
in the valley floor. For a typical ski touring day (in 
Canada), Jamieson et al. (2008) estimated this 
area to be approximately 10 km

2
. While estimating 

the danger level, the type of avalanche (dry- or  
wet-snow) is a main criterion to be considered. 
The estimated danger level for dry-snow ava-
lanches should reflect the current situation and is 
therefore a local nowcast, while for wet-snow ava-
lanches the highest expected danger level during 
the day is reported. Furthermore, the observers 
also indicate the most critical slope aspects and 
elevation bands (danger rose). 

Measurements and field observations are trans-
mitted by observers predominantly using two 
channels: the IFKIS web-platform (established in 
2001, Bründl et al., 2004), which might be com-
pared to the InfoEX in Canada (CAA, 2016; 
Haegeli et al., 2014), and the mAvalanche mobile 
App, introduced in 2008 (Suter et al., 2010).  

We analyzed avalanche danger assessments re-
ported between 11 am and 10 pm through either 
the IFKIS or the mAvalanche network in the win-
ters between 2008-2009 and 2015-2016. We con-
sidered all local danger assessments related to 
dry-snow avalanches in the Swiss Alps for days 
when an avalanche forecast was issued in the 
morning. We were primarily interested in danger 
level estimates related to a day of backcountry 
touring or off-piste skiing. Therefore, we excluded 
danger assessments based on observations made 
in ski areas or from the valley floor. Furthermore, 
at least two estimates for a given forecast region 
had to be reported. In total, we explored danger 
assessments on 456 different days from 62 differ-
ent forecast regions resulting in 1120 pairs of es-
timates. 

The mAvalanche network was the primary data 
source used (76% of danger assessments vs. 

24% from IFKIS). Many of the observers consid-
ered in this analysis were professional mountain 
guides, but also include SLF avalanche forecast-
ers and other SLF staff members. 

3. METHODS 

We were interested mainly in the variations of the 
local danger level estimate DLN between observers 
within the same region. The same region we de-
fined by using the smallest spatial unit used in the 
Swiss avalanche bulletin. These spatial units, the 
forecast regions, divide the Alpine forecast area 
(26’400 km

2
)
 
into 117 regions with a mean size of 

225 km
2
. While a danger level is given for the 

whole forecast area, i.e. each of the 117 forecast 
regions, the forecast regions are not explicitly 
used in the avalanche bulletin, since they are ag-
gregated to larger regions with similar avalanche 
conditions (Pielmeier and Winkler, 2012; Ruesch 
et al., 2013). 

We calculated the difference between DLN be-
tween observers using the integer values assigned 
to the five danger levels. If the difference was 
equal to zero, we called it an agreement, else it 
was a disagreement. The rate of disagreement 
(Rd) was therefore the ratio of disagreements to all 
comparisons. The mean DLN variation (Varmean) 
was calculated for each observer as follows: 

𝑉𝑉𝑉𝑉𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑁𝑁ℎ𝑖𝑖𝑖𝑖ℎ − 𝑁𝑁𝑙𝑙𝑙𝑙𝑙𝑙

𝑁𝑁ℎ𝑖𝑖𝑖𝑖ℎ + 𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑁𝑁𝑙𝑙𝑙𝑙𝑙𝑙
 

where Nhigh, Nequal and Nlow are the number of 
higher, equal or lower DLN, respectively, reported 
by others in the same region.  

Furthermore, we explored whether the disagree-
ments were randomly distributed or a significant 
bias towards lower or higher disagreements exist-
ed. To this end, we calculated the proportion of 
equally distributed disagreements (Nhigh = Nlow), 
and the unbalanced disagreements (equivalent to 
Varmean). While the first, the equally distributed 
disagreements may be interpreted as random, a 
significant proportion of unbalanced disagree-
ments Varmean may indicate an observer-specific 
bias. As an example, observers A to D in Table 1 
have unbalanced disagreements to others, while 
observer E’s disagreements were equally often 
higher and lower. We tested whether Nhigh and Nlow 
were significantly different than an equal distribu-
tion of Nhigh and Nlow using the chi-square based 
non-parametric proportion test (R Core Team, 
2016). The calculation of the p-value is sensitive to 
both the absolute number of disagreements as 
well as the absolute number of higher or lower 
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values. Again, some examples, shown in Table 1, 
may highlight this: While A and C have the same 
mean variation Varmean (+0.2), this is only signifi-
cant for C, where the sample is based on a greater 
number of disagreements (40 for C vs. 20 for A). 

In contrast, A and B have the same absolute disa-
greement rate Rd, but differ in Varmean (+0.2 for A 
vs. +0.32 for B). The bias would be considered 
significant for B only. 

 

Table 1: Examples (A to E) highlighting the role of the absolute number of higher and lower 
disagreements (Nhigh and Nlow) when testing whether a bias was significant or not. N is the total 
number of comparisons, Nequal the number of same danger level estimates, Rd the proportion of 
disagreements, Varmean the mean difference in danger level estimate, and p denotes the level of 
significance. 

 
 

      

Observer N Nhigh Nequal Nlow Rd Varmean p 

A 50 15 30 5 0.4 +0.2 0.19 

B 50 18 35 2 0.4 +0.32 0.02 

C 100 30 60 10 0.4 +0.2 0.04 

D 100 20 70 10 0.3 +0.1 0.29 

E 100 15 70 15 0.3 0 1 

 

 

4. RESULTS 

1120 local danger rating pairs were analyzed. In 
90% of the cases, where the exact location was 
known, the location of the observers was 12 km or 
less from each other (mean distance 5.5 km). In 
79% the local danger level estimate DLN agreed, 
10% were balanced disagreements (Nhigh = Nlow) 
and 11% were unbalanced disagreements. 

The DLN agreement rate was 77% if the assess-
ment was reported via different networks (mAva-
lanche and IFKIS) or via IFKIS. In these cases, 
observers were unable to see the DLN others had 
reported previously. This compares to a slightly 
higher agreement rate in DLN in the mAvalanche 
network (81%, p>0.05), a network which was es-
tablished with the intention to also allow a conven-
ient information exchange between users. 

Exploring observer-specific biases, considerable 
variations became obvious (Fig. 1). Some observ-

ers estimated DLN more often lower or higher 
compared to others in the same region. Of the 32 
observers with more than 20 DLN comparisons to 
others, this observer-specific bias was significant 
for 6 of 32.  

Two examples are highlighted in Figure 1:  

• Observer A: 39 out of 149 (25%) estimates 
disagreed (x-axis). However, the difference 
was almost as frequently higher (Nhigh = 21) 
or lower (Nlow = 16) resulting in an almost bal-
anced value of Varmean = -3% (y-axis). 

• Observer B: 34 out of 132 (26%) estimates  
disagreed. Out of these 34 cases, 25 were 
lower and 9 were higher resulting in Varmean of 
-12%. This variation was significantly different 
(p < 0.01) compared to an equal distribution 
of Nhigh and Nlow. 
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Figure 1: Comparison between local danger estimates by different observers within the same small fore-
cast region. The size of the circles corresponds to the number of comparisons, the color to whether the 
bias was significant or not. The x-axis shows the absolute proportion of disagreements Rd, and the y-axis 
the mean difference in danger level estimates, or in other words, the unequally balanced proportion of 
higher and lower DLN disagreements. Two examples A and B are explained in the text.  

 

5. DISCUSSION 

5.1 Variations in local danger level estimates 

21% of the local danger level estimates disagreed 
within the same region, and about half of these 
disagreements were, considering observers indi-
vidually, unbalanced towards either higher or low-
er danger level estimates. This highlights that at 
least some observers had a significant tendency 
towards consistently lower or higher DLN than oth-
ers in the same area. However, only some of 
these variations can be explained by such observ-
er-specific characteristics. Further explanations 
may be related to spatially differing avalanche 
conditions. It is possible that some observations 
were made in relatively frequently tracked terrain 
(for instance close to ski areas) and others from 
backcountry touring regions, but also that snow-

pack characteristics varied within a relatively small 
region (e.g., Schweizer et al., 2003). And finally, 
there may be situations when the avalanche dan-
ger is somewhere between two danger levels, but 
observers have to decide on one level in their re-
porting form. 

5.2 Interpretation of several corresponding local 
danger estimates 

Local danger level estimates by experienced pro-
fessionals are considered fairly accurate and an 
important source of information for forecasters at 
SLF. Two, or several, corresponding danger level 
estimates by experienced professionals from the 
same forecast region may thus be seen as a rela-
tively reliable estimate of the regional danger level. 
However, a detailed analysis in hindsight may 
sometimes show that even on days when several 
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observers agree the avalanche danger level was 
in fact different. We illustrate this observation with 
one example (31 December 2014), when the ava-
lanche situation was likely more critical than antic-
ipated by the observers in the field, but as well as 
by the avalanche warning service. On that day the 
visibility was poor until late in the afternoon in the 
region of Davos. Field observations and danger 
level estimates were reported by two mountain 
guides and two SLF forecasters. All four described 
frequent danger signs such as whumpfs or shoot-
ing cracks at elevations above tree line, and three 
of them remotely triggered small slab avalanches. 
Based on their observations, all four estimated the 
danger level as 3 – in agreement with the forecast. 
Two of the observers expected natural ava-
lanches, the other two did not. These observations 
are typically associated with a danger level 3, but 
may also correspond to a danger level 4 
(Schweizer, 2010). The next day, when visibility 
was good, numerous small, medium and even 
some large natural avalanches, but also human-
triggered and explosive controlled avalanches 
were observed. The re-analysis of the situation 
showed that the last days before New Year had 
been one of the periods with the highest ava-
lanche activity during the last years. Considering 
all information, in hindsight the avalanche warning 
service verified the danger level as 4, and thus 
higher than all four field assessments. 

5.3 Practical implications for avalanche 
forecasting services 

Timely and accurate field observations and danger 
level estimates by trained professionals are an 
important source to check the accuracy of the 
forecasted avalanche danger level. However, 
these local, and to a certain extent subjective, es-
timates must be interpreted in the context of an 
often much larger regional scale. This can be a 
challenging task, particularly if field observations 
are spatially sparse, and sometimes even contra-
dictory.  

The observed differences in local danger esti-
mates highlight some important points. 

There is a need to reduce observer-specific bias’. 
This can only be achieved by regularly training 
(even experienced) observers, not just in how to 
carry out observations and estimates in the field, 
but also in correctly using the standardized snow 
and avalanche terminology. 
 

Observation networks and information exchange 
platforms provide the means to report standard-
ized snow, weather and avalanche information. 
However, they also serve as a valuable infor-
mation source providing current and relevant in-
formation on snow and avalanche conditions for 
observers and avalanche professionals. Yet, par-
ticularly in a setting like in Switzerland, where ob-
servation density may be higher than in many 
other regions, it is debatable whether individual 
stability assessments or danger level estimates, 
should be made accessible to others, or if access 
should be limited to more general weather, snow 
and avalanche observations to avoid mutual influ-
ence. 
 
In our study, in one out of five cases, there was a 
disagreement between danger level estimates. 
This also means that there is a limit on how relia-
bly forecasters can verify the regionally forecasted 
danger level using single local danger level esti-
mates, even at relatively small scales of 200 km

2
. 

In particular for large and data-sparse regions, an 
operational verification using field observations 
therefore seems almost impossible.  

CONCLUSIONS AND OUTLOOK 

We have analyzed estimates of local avalanche 
danger reported by trained observers for the same 
forecast region. While the agreement between 
individual estimates was relatively high (79%), we 
sometimes noted an observer-specific reporting 
bias highlighting the importance that even experi-
enced observers and professionals should regular-
ly attend observer training courses and be trained 
in the use of  common standards. The disagree-
ment rate of 21% also shows the difficulty of as-
sessing the avalanche situation, even in the field, 
and describing it with a single danger level. 

Local danger level estimates by experienced pro-
fessionals and observers are a very valuable 
source for the operational verification of the ava-
lanche forecast. However, they should always be 
complemented with other field observations allow-
ing the forecaster to obtain a more comprehensive 
picture on the local avalanche situation. Also, giv-
en the agreement rate between individual observ-
ers, it seems questionable whether the accuracy 
of the avalanche forecast can be higher than the 
agreement rate. 

Future work will explore whether different field ob-
servations may provide an explanation why dan-
ger level estimates differed, and whether local 
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danger level estimates correspond with the fore-
casted danger level. 
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