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Figure 2: Warning regions of Tirol, South Tyrol and Trentino before (left) and after (right) the revision
of their shape, extent and size. Revision was based on expert’s opinion and a cluster analysis on
winter precipitation. Especially along the Main Divide the number and size of the warning regions

were adopted.

three warning services. Techel et al. (2018)
could show that the larger a warning region, the
higher the variability within these regions and
suggested to introduce smaller warning regions.
On the other side, effective avalanche forecast-
ing is always subject to time constraints. Conse-
quently, a high degree of spatial granulation
comes with high costs in terms of time, since the
forecaster has to address all levels of the infor-
mation pyramid for the chosen degree of granu-
lation. Therefore, newly introduced spatial ex-
tents and sizes of warning regions must follow a
best-value approach. Until now, extent and
shape of warning regions were chosen based on
the forecasters experience. Here, we decided to
include also a more objective way and per-
formed a cluster analysis based on spatially
distributed data of modeled daily 24-h new snow
sums. We used the winter seasons 2011-2012
until 2016-2017 into the analysis. Modeled daily
24-h new snow sums were derived from the
forecasting model SNOWGRID (Olefs et al.,
2013). The cluster analysis was based on the
concepts of misclassification errors versus the
cost of increasing number of classes. We chose
the number of classes, which had the lowest
overall misclassification value and the lowest
number of classes. For exact details of the clus-
ter analysis, see Laternser (2002). The results of
the cluster analyses were then discussed in
several workshops with the forecaster, com-
pared to the expert’s opinion and finally resulted
in an increased number of smaller warning re-
gions for Tirol and South Tyrol (Figure 2). In
Trentino, forecaster worked already with a set of

smaller warning regions and thus a more de-
tailed subdivision was not necessary according
to our best-value requirements. In Tirol the for-
mally 12 regions were subdivided in 29 new
warning regions (median area 345 km2), in
South Tyrol the used 11 regions were subdivid-
ed in 20 new warning regions (median area 292
km2). Together with the 21 existing warning re-
gions of Trentino, the entire area of the Euregio
is now represented with 70 warning regions.
Hence, regions became much smaller. For and
effective forecasting regions may be interactively
grouped and within one chosen set of merged
regions, the forecasters may assess avalanche
conditions consistent to all necessary levels of
the information pyramid (Lanzanasto et al.,
2018).

4.2 Timing and validity

A consistent workflow presumes a consistent
timing of publication and validity. Issuing time,
temporal validity and publication frequency of
the forecasts varied between all three forecast
centers: Tirol issued daily at 07:30 a now-cast
which was valid for the next hours (until the af-
ternoon), South Tyrol issued a forecast at 16:00
for the next day, however, forecasts where as-
sessed only every second day, except for the
weekend. Trentino published on three days a
week a mixture of now cast and forecast. Pub-
lishing time varied between 11:00h and 13:00h
and lead-time was up to 72 hours. All of the
forecast centers had the possibility to update
their forecast product when conditions changed
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Figure 3: Overview of the software application allowing the forecasters to assess and communicate
the forecast avalanche danger. The software is aligned an effective workflow for assessing avalanche

danger across borders of forecasting centers.

significantly. We unified timing of publication and
validity. Now all three avalanche warning ser-
vices publish at 17:00h a forecast which is valid
for the next day (0-24h). In addition, an optional,
but announced update at 08:00h for the day as
now cast is possible. Again, if conditions change
dramatically, every warning service may adjust
the forecast without any announcement. Howev-
er, neighboring avalanche warning services will
arrange shortly before a special update is pub-
lished.

4.3 The forecasters’ workflow

During several workshops we discussed best-
practices and standards by the EAWS. Especial-
ly the definitions of the EADS and the use of the
EAWS-Matrix (EAWS, 2017b) were compared in
detail to other ideas and approaches (Mdller et
al., 2016). The group of forecasters finally
agreed on a common workflow that is fully based
on EAWS standards. The core tool of the work-
flow is the EAWS-Matrix and the workflow itself
follows the inverse direction of the information
pyramid (EAWS, 2017a). The web-based appli-
cation to communicate the avalanche danger
was streamlined according to this workflow
(Lanzanasto et al., 2018). Figure 3 gives an

overview on the streamline of the workflow start-
ing with assessing avalanche danger level, fol-
lowed by avalanche problems with spatial char-
acteristics, avalanche danger description and
snowpack evaluation. The workflow is applied to
warning regions, which experience equal ava-
lanche situations. Warning regions may dynami-
cally be grouped to larger regions representing
the avalanche situation — an approach very simi-
lar to the concept used in Switzerland.

5. CONSISTENCY AND VALUE IN COM-
MUNICATION TO USER

Before the age of Internet, avalanche forecasts
were communicated in written format or broad-
casted via radio stations. With the use of the
Internet, avalanche warning services started to
communicate their avalanche forecasts in a
mixed way with graphs, maps and text explana-
tion (Russi et al., 1998). Communicating in a
mixed content form is still valid and also the
products within the ALBINA project combine text
with graphics and maps. Figure 4 gives an over-
view of the website avalanche.report, which is
one of the main results of the project. The user
may explore the different avalanche conditions
with an interactive map on danger levels for the
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entire area of Tirol, South Tyrol and Trentino
(Figure 4 left). By selecting a region of interest,
the user is provided with more detailed infor-
mation on prevailing avalanche conditions. Since
detailed information is too complex for visual
communication only, it is described with a mix of
text, graphs and maps (Figure 4 right).

5.1 Text-based communication

The official languages in the participating ava-
lanche warning services Tirol, South Tyrol and
Trentino are German and lItalian. Therefore, we
must communicate the avalanche forecast at
least in these two languages. In a first step, we
explored the possibilities of using fixed text
blocks, which automatically describe the ava-
lanche danger based on the chosen field within
the EAWS-Matrix. However, end user demand
for more detailed information, also within the
more standardised format of the avalanche fore-
cast (Pielmeier and Winkler, 2012). This is not
applicable with fixed explanations. Therefore, we
decided to use the Swiss-made catalogue of
phrases for avalanche danger forecasting
(Winkler et al., 2013). Because this catalogue of
phrases is limited to a small sublanguage, the
system is able to automatically translate sen-
tences from German into the target languages
French, Italian and English without subsequent
proofreading or correction. In order to fulfil our
needs, we added ltalian as source language and
expanded the catalogue by six new sentences.
In this way, our forecaster can describe the ava-
lanche situation and the snowpack structure still
in a very variable and detailed way, though with-
out the need for any translation service or proof-
reading in non-native languages. Our textual
communication follows the requirements by the
user and concurrently offers the highest degree

of consistency when expressing avalanche dan-
ger and describing the prevailing structure of the
snhowpack.

5.2 Map-based communication

By incorporating spatio-temporal information and
cartographic expertise into the overall conceptu-
al framework, relevant facts can be depicted in
an even more effective and visually understand-
able form. The focus of the map-based commu-
nication approach within the scope of the project
lies towards the development of a multidimen-
sional, spatio-temporal information system. In-
formation channels to the user include a web-
based, interactive online portal as well as de-
mand-driven analog products, mainly in the form
of static maps for various purposes. The online
portal will allow the analysis and presentation of
avalanche relevant information from multiple
sources in a unified and contemporary visualiza-
tion and representations format. Furthermore,
methods and concepts for the visualization and
communication processes have been examined
with regard to topics like cartographic infor-
mation access, usability and effective visual
information retrieval.

As example on the methods and applied con-
cepts for visualization we report on the evolution
of he graphical representation of elevation based
danger levels, which was a critical conceptual
issue. There is no clear EAWS guideline saying
wether the graphical representation of the ava-
lanche danger level allows for an elevation de-
pendency. In fact, members of EAWS use main-
ly two approaches, i.e. with and without the pos-
sibility to assign to different elevations with a
danger level (Techel et al.,, 2018). To satisfy
both approaches, we implemented the graphical
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Figure 5: Case study for assessing avalanche danger (2-Moderate and 3-Considerable) for two eleva-
tion bands with different thresholds: 1500m (left), forest border/tree line (center) and individual eleva-
tion threshold based on the single warning region (right).

representation by means of two elevation bands. region delimited them individually (Figure 5
In a first step, two overall threshold approaches, right).

using the 1500m contour line and the tree line

were used as the basis of the evaluation of the 5.3 User-group specific products

delimitation — regardless of the reported thresh-
old for elevation dependence within the text
(Figure 5 left and middle). However, this led to
confusing representation of the elevation thresh-
old, especially for days with high and low laying
elevation breaks. Therefore we analyzed histori-
cal elevation (minimum, median and mean ele-
vation) breaks for avalanche danger for each

As discussed above, user facing different deci-
sion-making problems may find the same set of
forecasts of quite different value. In the case of
avalanche danger forecasting, this is confined by
two very different user groups: local authorities
(so-called avalanche commissions) and back-
country recreationists.

Avalanche Forecast HOME

Snow & Weather inwerreg | o
Education & Prevention DE IT EN Ralia-Osterreich L

Blog
More

Avalanche.report [

Blog
Blog posts

Province Avalanche Problem Year Month Search posts

La

Patrick Nairz 12/29/2017, 23:53 Tyrol DE
Einige Lawinenabgange mit Personenbeteiligung - gebietsweiser
Anstieg der Gefahr mit Warmfront

Patrick Nairz 12/27/2017,18:54 Tyrol DE

Wahrend der kommenden Tage bildet frischer, zum Teil sehr
atAranfAllinar TrinlhanhinAan Aia anmntAanfalhel Craitan AAar DO 19D

Figure 6: Example of blog posts on avalanche.report. Blogs may be filtered according to Province /
State, year, language and Typical Avalanche Problem.
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In addition, when following EAWS best-practices
and standards, avalanche forecasts become very
standardized and often forecasters do not have the
possibility to address the needs of the various end
users by e.g. describing in high detail the occur-
rence of a persistent weak layer or the raising of a
catastrophic situation. To address exactly those
different needs of the diverse user groups, we will
accompany the avalanche forecast with two addi-
tional products: a forecasters blog and the possibil-
ity of special, detailed alerts for local authorities.
The forecasters blog is already implemented, while
the special alerts for local authorities are still in de-
velopment. Within the blog post, avalanche fore-
casters may address especially backcountry recrea-
tionists with an unstandardized way of communica-
tion. Forecasters may use different language,
graphs, pictures, videos, etc. to better explain the
current and future avalanche situation (Figure 6).

6. CONCLUSION

We presented our way towards a conceptual ap-
proach in harmonizing the assessment and com-
munication of avalanche danger for three neighbor-
ing avalanche warning services in Europe, namely
Tirol in Austria and South Tyrol and Trentino in Italy.
Within the project ALBINA, we had the opportunity
to address objects notoriously known to be potential
sources of inconsistency when assessing and
communicating avalanche danger across forecast-
ing borders: e.g. (1) avalanche danger assessment
and forecasting production, (2) timing and validity of
publication and (3) effective geo-communication.
We built our conceptual framework around the sug-
gestions on goodness of forecasts by Murphy
(1993). In order to assure a high degree of con-
sistency we implemented a common and stream-
lined workflow in assessing avalanche danger, a
new set of smaller warning regions, which may be
grouped dynamically according to the prevailing
avalanche and snowpack situation. We harmonized
timing and validity of avalanche forecasting prod-
ucts and offer a new, consistent set of products,
which accompany the classical avalanche forecast
on a regular basis. Starting with the winter season
2018-2019 Tirol, South Tyrol and Trentino will oper-
ationally use the presented framework accessible
under avalanche.report and hence increase the
consistency of forecasting products and the value
for the users.
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