
 
 

Delft University of Technology

Smartphone applications for communicating avalanche risk information
a study on how they are developed and evaluated by their providers
Charriere, Marie; Bogaard, Thom

DOI
10.5194/nhess-16-1175-2016
Publication date
2016
Document Version
Final published version
Published in
Natural Hazards and Earth System Sciences

Citation (APA)
Charriere, M., & Bogaard, T. (2016). Smartphone applications for communicating avalanche risk
information: a study on how they are developed and evaluated by their providers. Natural Hazards and
Earth System Sciences, 16(5), 1175-1188. https://doi.org/10.5194/nhess-16-1175-2016

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.5194/nhess-16-1175-2016
https://doi.org/10.5194/nhess-16-1175-2016


Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016
www.nat-hazards-earth-syst-sci.net/16/1175/2016/
doi:10.5194/nhess-16-1175-2016
© Author(s) 2016. CC Attribution 3.0 License.

Smartphone applications for communicating avalanche risk
information – a study on how they are developed and
evaluated by their providers
Marie K. M. Charrière and Thom A. Bogaard
Water Resources Section, Delft University of Technology, Stevinweg 1, 2628CN Delft, the Netherlands

Correspondence to: Marie K. M. Charrière (m.k.m.charriere@tudelft.nl)

Received: 21 October 2015 – Published in Nat. Hazards Earth Syst. Sci. Discuss.: 13 November 2015
Revised: 7 March 2016 – Accepted: 2 May 2016 – Published: 23 May 2016

Abstract. Every year, people are victims of avalanches. It is
commonly assumed that one way to decrease those losses is
to inform about danger levels. This paper presents a study
on current practices in the development and evaluation of
smartphones applications that are dedicated to avalanche risk
communication. The analysis based on semi-structured in-
terviews with developers of six smartphone apps highlights
the context of their development, how choices of content
and visualization were made and how their effectiveness is
evaluated by the developers themselves. It appears that all
these communicators agree on the message to disseminate
and the general representation concepts (i.e., use of the in-
ternational avalanche danger scale and of a tiered approach).
However, the specific ways this message is presented (e.g.,
maps, icons) is not uniform. Moreover, only simple evalua-
tion processes (e.g., usage monitoring) are conducted by the
developers. However, they are well aware that further efforts
need to be made in order to thoroughly analyze the effec-
tiveness of the smartphone apps in terms of their real im-
pact (e.g., increase in awareness or change in behavior). This
work also highlighted that the smartphone applications are
in transition from being one-way communication tools to be-
coming two-way communication platforms, with the possi-
bility for non-experts users to report on snow and avalanche
conditions. This paper indicates challenges that avalanche
risk communication is facing, although it is indisputably the
most advanced and standardized practice compared to com-
munication tools for other natural hazards. In addition to be-
ing relevant for the avalanche risk communication commu-
nity, this research is therefore of interest for scientists and
practitioners working on risk communication related to nat-
ural hazards.

1 Introduction

The practice of recreational mountaineering activities, such
as backcountry and off-piste skiing, has increased signifi-
cantly (Jamieson and Stethem, 2002; Tase, 2004; Harvey and
Zweifel, 2008; Burkelijca, 2013). Unfortunately, every year
people die in avalanches practicing these sports. The appro-
priate way to reduce the number of fatalities lies in forecast-
ing and education (Harvey et al., 2013). However, the best
forecast is worthless if it is not communicated and fully un-
derstood by the users (Burkelijca, 2013). Consequently, the
question arises whether the current ways of informing recre-
ationists about the dangers levels and the mitigation behav-
iors are effective. A literature review highlights that numer-
ous papers presented in the proceedings of the regular In-
ternational Snow Science Workshops deal with this topic in
terms of form, content, use, suitability of avalanches bulletins
and tools to disseminate them (Dennis and Moore, 1996;
Conger, 2004; Tremper and Conway, 2006; Statham et al.,
2010; Burkelijca, 2013; Johnsen, 2013; Klassen et al., 2013;
Landrø et al., 2013; Valt and Berbenni, 2013). It shows that
the avalanche experts’ community is highly concerned with
providing effective avalanche risk communication and that
discussions of the best practices to adopt are still ongoing.

In the last years, several smartphone applications were de-
veloped to communicate avalanche risk. This is not surpris-
ing as the smartphone market is growing (IDC, 2015), and
accessibility to the wireless mobile technology is increas-
ing around the world. This makes smartphones interesting
for disaster risk reduction communication.

Doubts are sometimes cast upon the effectiveness of
avalanche education because changes in behavior are
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not achieved by providing information only (McCam-
mon, 2004a). This argument can also be made concerning
avalanche risk communication. Accidents continue to hap-
pen although major communication efforts have been under-
taken by the European and North American avalanche cen-
ters. However, the appearance of these smartphone apps in
the last years shows that the development of communication
is considered useful and valuable.

Developing risk communication campaigns is resource-
consuming and risk communicators want to make their com-
munication efforts effective. Proceeding to a systematic eval-
uation of the effectiveness is therefore necessary. In the
case of avalanche risk communication, and in particular us-
ing smartphone applications, no scientific research has been
published. Before conducting an evaluation research of the
smartphone applications dedicated to avalanche risk com-
munication, it is important to assess how current practices
are developed, what and how choices were made, what ques-
tions and challenges avalanche risk communicators face and
how the apps’ effectiveness is currently evaluated. This first
step is needed for future research that would evaluate the
effectiveness of the avalanche risk communication effort by
smartphone apps. Therefore, this study aims to analyze how
these apps are developed and evaluated by the persons and
organizations providing them, based on semi-structured in-
terviews with the developers of the smartphone applications
for avalanche risk communication.

The interest of this work reaches beyond avalanche risk
communication. It is interesting to focus on communication
related to this particular hazard, as it is more advanced than
communication related to other hazards. Avalanches are the
only natural hazard for which, after long debates, an inter-
national standard for the dissemination of risk information
was developed, i.e., the public avalanche danger scale. Con-
sequently, the findings, lessons learnt limitations and rec-
ommendations derived from this work could be taken into
account in future practices of risk communication covering
other natural hazards.

2 Methodology

In order to describe the way smartphone applications dissem-
inating avalanche danger information are developed and con-
secutively evaluated, semi-structured interviews were con-
ducted via Skype during fall 2014 with the developers of
six of the seven available smartphone apps which focus on
avalanche risk (Table 1, Fig. 1). All these apps are free to
download and use. Those are the apps that provide avalanche
forecasts and warning but that are not specifically developed
for searching for victims or as an aid to risk assessment.

Interviewees were identified through the web pages of the
smartphone applications. Snowball effect facilitated the pro-
cess of access to the interviewees. The qualitative analysis
presented here is based on the interviews’ reports whose con-

Table 1. Smartphone applications analyzed.

ID Smartphone Developer
number application

1 Avalanche Canada Avalanche Canada
2 Utah Avalanche Center Utah Avalanche Center
3 Avalanche Forecasts Independent developer
4 White Risk WSL – Institute for Snow and

Avalanche Research SLF
5 Varsom Norwegian Avalanche Center
6 SnowSafe Independent developer

tent was checked by the interviewees. No discourse analysis
was undertaken because it is beyond the focus of our work.
Observations derived from the use of the apps by the authors
complete the interviews.

To address the way the smartphone apps were developed
and evaluated, several parameters were taken into account in
the analysis. They were chosen according to the pillars of risk
communication (Höppner et al., 2010): (1) actors, (2) pur-
poses, (3) modes, channels and tools that we combine into
means and (4) message, as well as to risk communication
evaluation research (e.g., Rohrmann, 1998). Consequently,
we produced descriptions of

– the apps in terms of developers, content and mean;

– their development in terms of purpose, target audience,
choices of content, visualization approach and tools as
well as the place of the apps in a larger communication
plan;

– the evaluation strategies implemented by the develop-
ers, i.e., users’ feedback, usage, understanding, effec-
tiveness.

Additional information about the apps were retrieved from
the interviews and can be found in Table S1 in the Supple-
ment.

3 The smartphone applications

This chapter describes the six studied smartphone applica-
tions in terms of who developed them, what their content is
and how it is presented in maps, icons and drawing, texts
and terminology. Note that this description corresponds to
the apps as they could be accessed during the winter season
2014–2015, unless specified otherwise.

3.1 Description of the communicators

Apps 1 and 2 were commissioned by warnings services of
North America and apps 4 and 5 by European ones. All the
corresponding interviewees are avalanche experts. Apps 3

Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016 www.nat-hazards-earth-syst-sci.net/16/1175/2016/
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Figure 1.
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Figure 1. Screenshots of four pages of app 1 (Avalanche Canada), app 2 (Utah Avalanche Center), app 3 (Avalanche Forecast), app 4
(White Risk), app 5 (Varsom) and app 6 (SnowSafe). They were made on 26 January and 2 March 2016 on the versions of the apps that are
compatible with IOS 7.1.

Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016 www.nat-hazards-earth-syst-sci.net/16/1175/2016/
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Table 2. Content available in smartphone applications: danger level and related information.
√

indicates that the information is present in
the given smartphone application.

Content Avalanche Utah Avalanche Avalanche Risk Varsom SnowSafe
Canada Center Forecasts White

Danger level By defined forecast regions
√ √

By forecast regions and √ √

by elevation zone

By forecast regions, by elevation √

zone, by aspect

By homogenous zones
√

Danger description
√ √ √ √ √

Validity period of the bulletin
√ √ √

Current day bulletin
√ √ √ √ √ √

Two-day forecast
√ √ √

Confidence level of the forecast
√

Table 3. Content available in smartphone applications: avalanche related information.
√

indicates that the information is present in the given
smartphone application.

Content Avalanche Utah Avalanche Avalanche Risk Varsom SnowSafe
Canada Center Forecasts White

Avalanche-prone locations √ √

(aspects/elevations)

Current avalanche problems
√ √ √ √

Terrain and travel advice
√ √ √ √ √

Avalanche summary
√ √

and 6 were created by smartphone apps developers by pro-
fession. They are not avalanche experts but are familiar with
the topic as they are both recreational mountaineers and work
for or in collaboration with the avalanche centers that are pro-
ducing the data used in the apps they developed.

3.2 Description of the content of the apps

The smartphone apps contain several types of information
(Tables 2–5) but the main content is the avalanche bulletin
with the avalanche danger level. The international standard
danger scale with five levels (low, moderate, considerable,
high, extreme) is used and displayed. Apps 3, 4 and 5 pro-
vide an explanation of the danger scale. While app 3 provide
links towards the websites of each considered forecast re-
gions in order to get further information, the latter is included
directly in the other apps. Apps 1, 2, 4 and 5 give more de-
tailed information using the avalanche problems “concept”,
i.e., the types that can occur given a set of conditions (Lan-
drø et al., 2013) (Table 3). For apps 1 and 5, even though

the danger level is the first information to be presented, the
current avalanche problems get a central position in the bul-
letin as their characteristics are systematically reported next
to icons (see Fig. 2h for app 1 and Fig. 1 for app 5). In apps 2
and 4, the avalanche problems are described in the text of the
bulletin. In White Risk, their typology can also be accessed
in the “about the bulletin” explanation tab. Moreover, in this
last app, current danger patterns (avalanche-prone location in
terms of slope aspects and elevation) are described similarly
in app 6.

Additional information such as weather condition and
snowpack information are standard in all apps. In one case
(app 2), it is completed with information on road conditions,
the emergency contacts, the users’ observations as well as the
terms of use.

3.3 Ways of presenting the information

Maps are often used to present hazard and risk information
(Dransch et al., 2010) and much research has been conducted

www.nat-hazards-earth-syst-sci.net/16/1175/2016/ Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016
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Figure 2. Icons used in the smartphone applications during the 2015–2016 winter season. (a) Avalanche danger scale used in apps 1, 3 and
6. (a) One icon to display danger levels according to elevation and slope aspects in app 2. (c) Slopes prone to avalanche in app 5. (d) The
two icons used to inform on slope and elevation prone to avalanche in app 4. (e) Slope prone to avalanche icon in app 6. (f) Danger levels
according to elevation in app 6. (g) Danger levels according to elevation in app 1. (h) Drawings used to characterize avalanche problems in
app. 1.

on maps’ design for risk communication (e.g., Fuchs et al.,
2009; Meyer et al., 2012). In relation to avalanche risk com-
munication, online GIS and maps are used extensively (Con-
ger, 2004). However, in the case of the six apps, the use of
maps is not standardized. App 2 does not use this type of
visual mean. App 1 uses maps for localization purposes and
access to the regional bulletins. Apps 3, 4 and 5 display dan-
ger levels with colored polygons on a base map, while app 6
shows the icons of the international danger scale rather than
the color on the polygons. In addition, to represent danger
levels or to help for localization, additional use of maps is
present in app 4. They are used to display snow related ob-
servation.

Several icons appear in the apps (Fig. 2). The symbols of
the avalanche danger scale (A) are used as a legend ban-
ner (app 3) to display the highest danger rating on the map
(app 6) or in the bulletin (app 1, while icon G is used here on
the map). A single icon (B) is used in app 2 to represent the
danger ratings according to elevation and slope aspects. In
app 5, icon C indicates the slopes prone to avalanches, while
prone elevations are indicated next to it by mean of text (in
the 2014–2015 version of the app, the icon also integrated
elevation). Two separate icons (D) display this information
in app 4. E and F icons are combined in app 6 to provide
avalanche-prone slopes and danger level according to eleva-
tion. Finally, app 1 uses one icon (G) to show this latter
information on the main page and various drawings (H) to

display the characteristics of the current avalanche problems,
i.e., the elevation, the aspects, the chances and the expected
size.

Even though the smartphone applications have a major vi-
sual component, text is used quite extensively. Typically text
is used as followed: (1) one sentence, placed at the top of the
main page, describes the danger situation; (2) a few words are
used in support of icons for the danger level (e.g., “moder-
ate”), elevation/aspects repartition (e.g., “in all aspects above
approximately 1800 m”) or avalanche problem (e.g., “natu-
rally released”); and (3) extensive and elaborated text is used
to explain detailed information on the current danger situa-
tion, the recent activity, the avalanche problems, the snow-
pack stability, the weather and/or the forecast tendency.

The term “danger” is used, whereas no occurrence of “haz-
ard” was noticed. Reference to the “risk” term was only
found in app 6, in the expression “risky expositions”. Note
that in the app 1, there is no mention of any of those words.
The bulletin and forecast are expressed only with the words
linked to the different levels of the danger scale, e.g “consid-
erable” or “moderate”. The likelihood of avalanche problems
is expressed as “chances” with the terms “unlikely”, “possi-
ble”, “likely”, “very likely” or “certain” in app 1. In app 5,
terms related to probability are used, for example “probable”
or “low probability”.

Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016 www.nat-hazards-earth-syst-sci.net/16/1175/2016/
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Table 4. Content available in smartphone applications: snowpack and weather information.
√

indicates that the information is present in the
given smartphone application.

Content Avalanche Utah Avalanche Avalanche Risk Varsom SnowSafe
Canada Center Forecasts White

Snowpack summary
√ √ √ √

New snow (1 day/3 days)
√

Snow depth (total, at 2000 m, at 2500 m)
√

Snowpack stability
√

Measured data at stations for the last 3 days √

(wind, temperature, snow)

Current weather conditions
√ √ √ √ √

Weather forecast
√ √ √ √

Table 5. Content available in smartphone applications: Additional information.
√

indicates that the information is present in the given
smartphone application.

Content Avalanche Utah Avalanche Avalanche Risk Varsom SnowSafe
Canada Center Forecasts White

Road conditions/traffic cams
√

Inclinometer
√ √

Analyzer tool
√

Risk reduction tool
√

Tour planning tool
√

Explanation danger level/scale
√ √ √

Other explanations∗
√

Gear information
√ √

Emergency contacts
√

Users’ observations
√ √ √

“Tutorial” use of the app
√

Terms and conditions/disclaimer
√ √ √ √ √

∗ Avalanche patterns, core zone publication time/validity, avalanche size, interpretation guide slab avalanche, safer six, slope angle, group
composition, weather, warning signs, new snow, behavior.

4 Development of the apps

This chapter highlights the underlying processes and ele-
ments that determined the development of the apps: the pur-
pose, the audience, the choices of content, visualization ap-
proach and tools as well as the place of the apps in a larger
communication plan.

4.1 Purpose of developing the apps

The general purpose of developing those apps is to inform
about avalanche risk by making use of the smartphone tech-

nology. In the opinion of the interviewees, its main advantage
is the ease of access of information in terms of timing and
location (e.g., when people do not carry their computer or
when people are on recreational sites). This general purpose
is common to all apps, but more specific purposes were men-
tioned as well by the developers that were interviewed, such
as increase awareness and reduce the loss of lives (app 5),
help users plan their trips (app 1) and retrieve users’ obser-
vation (app 2). Moreover, in the case of the two apps de-
veloped by avalanches non-experts, the more specific rea-
son for their development was that the developers wanted to

www.nat-hazards-earth-syst-sci.net/16/1175/2016/ Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016
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fulfill their own needs. Being themselves recreational moun-
taineers, they wanted quick access to avalanche risk informa-
tion using their smartphone.

4.2 Targeted and actual users

From the interviews, it appeared that the Swiss app (app 4)
targets the general public in its totality, while the other apps
were developed for recreational mountaineers (snowmobil-
ers, off-track skiers, backcountry skiers) independent of their
knowledge and skills. An additional user group was targeted
by the app 5, i.e., road managers. App 6 was primarily de-
veloped for a young audience as they were the main users
of smartphones at the time of development. The developer
therefore chose a cartoonish look for the app, i.e., colorful
with a little animal-like mascot. However, it is stated on the
website that some parts of the apps were designed for “ad-
vanced users”.

The actual users of the considered smartphone applica-
tions are not well known. None of the developers has a di-
rect way to find out. One reason that was given is the lack of
resources and expertise to carry out such a survey. However,
it was sometimes mentioned that the actual users are proba-
bly the targeted ones. Moreover, some developers have clues
about who are using their products. For example, the devel-
oper of app 6 knows that mountain guides are using it. A
survey on the avalanche bulletin, which is displayed in app 4
but also on their website, showed that people accessing the
bulletin are active backcountry tourers or free-riders (Win-
kler and Techel, 2014). Interest in gathering users’ statistics
was expressed by most interviewees. One action that was
proposed is to analyze where the users come from and corre-
late this information with forecasting regions in order to get
insights in the differences (e.g., of use, of opinion) between
people living in those and the persons that do not.

4.3 Basis for choice

When asked how the content of the apps was chosen, it was
most of the time implicitly answered that the information dis-
played is “useful” for the users. Common sense was stated as
one basis for the choices. In addition, requirements from the
smartphones’ operating systems were mentioned to have an
influence (apps 2 and 4) as well as the opinions of the warn-
ing services (app 6).

Except for app 3, which only provides the danger level
with links to avalanche warnings services’ web pages, all the
other applications were constructed around a pyramidal ap-
proach. When this was explicitly stated by the interviewees,
the reason behind using this approach is that the most impor-
tant information, i.e., the danger level, has to be presented
first. The rest of the information is presented by going more
and more into detail as tabs are accessed or as users scroll
down. The term “tiered approach” was used by the intervie-
wee of app 1. The associated reason is the need to address all

potential users (with potentially a wide range of abilities and
knowledge) rather than the importance of the information.
This logic was also expressed by the app 5 interviewee. A
perfect bulletin should address non-expert users with head-
lines, dangers levels, exposed area and avalanche problems
only, while trained users need more detailed information in
order to take decision about the “trip” they will take.

One given reason to display the danger level on a map is
the fact that people do not want to read text and therefore
using a visual is the best way to present the most important
information. Moreover, it is believed that in this way a quick
overview of the situation on a whole area is possible and can
help for the planning of a trip. This perspective is not shared
by all interviewees. In app 1, the map is only used for lo-
calization purposes and access to the regional bulletins. The
reason given for not displaying the danger level by coloring
the full forecast regions is that it would be a too serious sim-
plification to make. Nonetheless, the danger levels appear on
the map by the display of an elevation icon (G, see Fig. 2).
App 6 makes use of a map in a similar way: it is used to de-
marcate the forecast regions and display the overall danger
with one of the icons of the avalanche danger scale, in order
for users to get an overview and choose a region for their trip.
Similar concerns linked to the difficulty and the danger asso-
ciated to the aggregation of local information in a larger area
resulted in the fact that app 2 does not present any maps.

4.4 Place in a larger communication plan

The apps created by avalanche warning centers were not
the only communication tools they used. They all have a
website to communicate the bulletins, which was sometimes
viewed as the most important communication tool that exists,
the smartphone application only coming to support it. Other
means of communication are social media, blogs, telephone
and newspapers.

It is interesting to note that the Norwegian application
(app 5) was built in a multi-hazard framework of risk com-
munication. In addition to present avalanche bulletins, it
shows the bulletins related to floods and landslides.

5 Evaluation of the apps

After concentrating on the ways the apps were developed,
the interviews focused on how the developers proceeded to
evaluate their apps. It appears that several types of evalua-
tion were conducted and other ones were discussed with the
interviewees.

5.1 Users’ feedback

Possibilities for users to send a general feedback through the
app are limited. App 6 has a form included in the app, which
is said to be mostly used to report on technical problems or
to ask whether the app is available for other regions. App 2

Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016 www.nat-hazards-earth-syst-sci.net/16/1175/2016/
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provides a direct link to send an email. However, other feed-
back possibilities exist. On the associated web page of app 5,
it is possible to report when the bulletin was useful using a
like/dislike button. In addition, it appears that the Avalanche
Canada receives feedback by emails or phone.

Although opportunities for general feedback are not very
extensive, the importance of another type of feedback, i.e.,
giving the users the possibility to share their observations
on snow and avalanches conditions, is put in practice or ac-
knowledged by most of the apps. The best example is in
app 1. In addition to date, time, location and the possibil-
ity to attach a picture, people can report on skiing, snow,
avalanches and weather conditions and they can add com-
ments (details in the Supplement). Currently, the observa-
tions are not moderated as no inappropriate content has been
posted so far. In future updates, incident reports will be
possible as well as more detailed observations concerning
avalanches, snowpack and weather.

Although the reporting of observation from the users is
stated as one of the goals to develop the app, app 2 does
not propose a similar form but provides a link to send ob-
servations by emails. There is also the possibility to take a
picture with the app and to report it. However, the possibility
to send more structured reports will be given in the future.
At the time of the interviews (winter 2014–2015) observa-
tion forms were not available in apps 4 and 6, but they were
planned. During the 2015/2016 season, they were introduced
in app 4. There is no direct way to provide feedback using
the Varsom application. However, observation feedback can
be given using its twin app, regObs.

5.2 Usage monitoring

Almost all applications have a technical monitoring of the
usage. The metrics used, varying from app to app, are for ex-
ample the number of downloads, number of people using the
app and number of times specific features of the app were
accessed. One interviewee stated that the latter is useful, for
example, to assess whether there is a need to move or re-
move some features. At the time of the interview, the usage of
app 5 was not yet monitored because it was launched for the
first time that winter but its future inclusion was mentioned.
Monitoring of the usage of both the apps and the website,
which also provides avalanche warning information, will be
compared to see whether the use of each of the tools is in-
fluenced by variables such as a given danger level or some
specific weather conditions.

5.3 Understanding of content and visuals

Two of the six apps had been evaluated for content and pre-
sentation. App 1 had been evaluated during the design phase.
Basis surveys had been conducted to assess what people un-
derstand/think when they see the information. It appeared
that participants understood the different icons that were used

and the representation of variation of danger level depending
on the elevation. Moreover, risk communication experts were
consulted on the ways to display the forecasts as well as on
the use of icons and text.

The SLF (app 4) had performed a quality and usability
evaluation by an internet survey in 2008 (Winkler and Techel,
2014). Note that this evaluation did not focus on the app
in particular but on the bulletin that was displayed in both
the website and app. Nevertheless, it induced a revision of
the bulletin for both tools in 2012. This evaluation resulted
mainly in the modification of the display of the bulletins ac-
cording to the pyramidal approach favored by the European
Avalanche Warning Services (EAWS, 2009). Danger pattern
information (avalanche-prone location in terms of slope as-
pects and elevation) was therefore removed from the danger
level information and placed in a separate “tab”. Moreover,
the interviewee reported that the way regions were described
in the text of the bulletin was not always understood. There-
fore, they were removed. Currently, the extent of the differ-
ent danger levels is shown independently of any definition
of regions. In 2014, a second survey allowed to assess the
results of these modifications. Interesting results, in light of
this work, are that the new way to inform about danger pat-
terns is an improvement and that the large majority of the
participants find the bulletin very important.

App 2 interviewee declared that a process that would allow
to test the effectiveness of different ways to present the same
information has started. Tests are planned to be conducted in
collaboration with experts in people surveying. The use of a
game environment in which people could choose, between
different formats (3-D vs. 2-D, separate icons vs. combined
icons), the ones they prefer or understand the best is consid-
ered.

App 5 had not been evaluated as such but previous users’
surveys conducted for the website had an impact on the way
information is displayed in the app. It appeared that users
did not understand the complex drawings that were used to
illustrate avalanche problems. Consequently, it has been de-
cided that visuals would only be used for elevation and as-
pect information. At first, on the website, two distinct icons
were used in order to ensure that users, mainly the Norwe-
gians, would understand. The combination in one single icon
(2014–2015 version of the app) was introduced because it is
the way that most warning centers present such information
and non-Norwegians are already used to this “standard” vi-
sual.

5.4 Effectiveness

Generally, the need to evaluate the effectiveness of the apps
was acknowledged. Several goals for an evaluation, which
was sometimes in the process of development, were pro-
posed: satisfaction of the users, understanding of the infor-
mation provided, remembering of the information, change in
risk and danger perception, increase of awareness as well as

www.nat-hazards-earth-syst-sci.net/16/1175/2016/ Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016



1184 M. K. M. Charrière and T. A. Bogaard: Smartphone applications for communicating avalanche risk information

change in behaviors. An indirect evaluation using the users’
comments that can be written on the downloading websites
(Apple Store, Android Store) was also mentioned.

Resources-related and methodological reasons were given
to explain why such evaluations were not yet performed.
Lack of expertise, funds and time constitutes the first type of
reasons. Related to the second type, the increasing difficulty
of truly evaluating the effectiveness from a satisfaction sur-
vey to an analysis of the change in behavior was mentioned.
In this line of thought, one interviewee mentioned the need
to conduct longitudinal surveys during several years in order
to assess the changes in behavior.

6 Discussion

The combination of elements and results presented in the pre-
ceding three chapters is discussed here to provide consider-
ations of the information chain that is taking place through
the apps, of the appropriateness of the chosen content, of the
fact that visuals are not used uniformly, of the reasons why
the apps were developed, of the target audience and the as-
sociated representation approach as well as of the way the
developers assess the effectiveness of their product.

6.1 The information chain

The communication chain of the considered smartphone ap-
plications takes place either between warning services and
users (apps 1, 2, 4 and 5), i.e., via direct information flow,
or between application developers, who use the information
from the warning services to feed their app (apps 3 and 6),
and the users, i.e., via indirect information flow. In the first
case, the apps were created to use the intrinsic benefits of this
technology and thus as an extension of the existing websites.
Concerns about the way avalanche information is best com-
municated did not start with the development of this mean of
communication nor did they disappear with its use. The in-
terviews did not reveal that the development of these apps is
part of a clearly defined communication strategy. However,
being multi-hazards (avalanches, floods and landslides), the
Varsom app is taking part in a larger communication plan that
aims at informing the public on all the major natural hazards
occurring in Norway.

The indirect flow of information (apps 3 and 6) is due to
the need to fulfill personal needs as well as having expertise
in smartphone technology. The fact that the developers are
not the creator of the information could theoretically be seen
as a threat to correctness of information and an open door
to the dissemination of false messages. However, this is pre-
vented by the use of information directly from the source,
i.e., the warning services that collaborate with the develop-
ers. Added to the fact that the information provided by the
apps is relatively basic, this type of communication chain,
with involvement of external parties, is thus reliable. This in-

direct information flow is possible because the data are open-
access (in one case under signed agreement) and because no
legal constraints exist on the way avalanche danger informa-
tion should be communicated (see Supplement). Neverthe-
less, most developers protect themselves from any legal ac-
tion from users by adding a disclaimer at the start page of
their app.

The willingness of the warning center to share their data
as well as the unconstrained legal context are favorable con-
ditions for the involvement of external parties with risk com-
munication expertise. Even though the latter were sometimes
consulted, the interviews did not reveal that communication
experts were directly involved in the development or evalua-
tion of the apps. However, following the opinions of some of
the interviewees, we believe that a systematic involvement of
risk communication specialists could increase the effective-
ness of such communication tools.

6.2 Appropriateness of content

The central content of all described apps is the avalanche
danger level. For all apps, this information is disseminated
using the avalanche danger scale. This instrument, the pur-
pose of which is risk communication (Statham et al., 2010),
is now, after years of debates and development (Dennis and
Moore, 1996), the standard to communicate avalanche con-
ditions and forecasts. This shows that the development of the
smartphone apps is basically a logical continuation of the
existing avalanche risk communication framework. The use
of smartphone technology did not trigger a major change in
the information that was already communicated using other
communication tools. This means that the information at
stake is easily transferrable from one platform to another and
that the apps are not seen as a really different communication
tool. It seems to be perceived as another type of “computer
screen” on which the same danger information can be dis-
played. However, differences can exist in the effectiveness of
each type of communication tools. For example, in relation to
the accessibility, the use of a mobile website compared to an
app is more inclusive and therefore maybe more suitable to
target as many people as possible, as there is no issue related
to the operating system or type of device. Therefore, eval-
uation and comparison studies are a must to verify whether
smartphone applications are as effective to communicate in-
formation as other communication tools and, if not so, what
content adjustments should be made.

The fact that the use of smartphone app is the logical con-
tinuation of how the avalanche centers communicate about
avalanche risk – mostly using websites – can explain why
answers to the question of how the choice of content was
made were hard to obtain. The interviewees seemed puzzled
by this question. It seems therefore that the reasoning behind
this choice is somehow implicit or following common sense,
as said by one of the interviewees. This, as well as the fact
that the content of the apps is largely similar to what is pre-
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sented in the websites, suggests that there is no debate about
what is the most important information to disseminate in ef-
fective avalanche prevention communication. It is interesting
to note that the avalanche communicators’ community has a
very strong opinion on what the most important information
to disseminate is for prevention while it is not always clear
what is the most effective information to disseminate in or-
der to achieve disaster risk reduction of other natural hazards.
However, avalanche communicators should not forget that
the message they provide might be new to some users and
that some explanation is required. Indeed, only three appli-
cations provide a description of the avalanche danger scale.
However, whether the absence of explanation has an impact
on the understanding of the bulletin by various users is still
unexplored.

As a matter of fact, previous knowledge, ability to under-
stand and needs of potential users are elements that must
be considered to ensure effective risk communication. This
is especially the case when the information is ample. In
addition to the avalanche danger scale, two-thirds of the
apps present “avalanche problems” (see Sect. 3.2). Those
are considered to assist in decision-making (Atkins, 2004
from Klassen et al., 2013; Landrø et al., 2013) as they can
help recreationists choose the area to go to and techniques to
avoid danger (Klassen et al., 2013). Avalanche problems can
help understand local conditions while danger levels give in-
formation on the extent of the issue (Landrø et al., 2103).
In other words, danger levels help raise awareness while
avalanche problems are risk mitigation information (Klassen
et al., 2013). Even though risk mitigation was not specifi-
cally stated as one of the purposes of the apps which do in-
clude avalanche problems, it is implicit that they were de-
signed in this line of thought. Note that risk mitigation can
be addressed using means other than avalanche problems.
App 4 proposes a wide range of tools (e.g., situation ana-
lyzer, risk reduction method) to help decision-making. Con-
sequently, there is a need to pursue the effort started by Lan-
drø et al. (2103) of evaluating the use of avalanche problems
as a risk mitigation tool for different types of audiences (e.g.,
experts and lay persons).

6.3 Non-uniformity in the use of visualization tools

While the use of the avalanche danger scale is not under dis-
cussion, not all its components are uniformly used. Its icons
(Fig. 2a) are only used in 3 of the 6 apps (ID 1, 3 and 6).
App 4 uses a different color scheme for level 5 (black/red
checked pattern instead of black). In addition, travel advices,
which are one of the components of the avalanche danger
scale, can be found in the textual explanation of the danger
situation in all apps (except app 3). They are only system-
atically presented in avalanche problem sections in apps 1
and 5. Finally, non-uniformity in the use of maps or as-
pect/elevation icons is an illustration that the current debate
among avalanche experts focusses on the representation of

the forecast and related information rather than on the con-
tent to disseminate or the terminology to use.

Uniformity in terminology is taking place. The term “dan-
ger” is used in all apps, while “risk” and “hazard” terms are
not used. Similarly, the level terms of the avalanche scale
(e.g., considerable) are the same in all apps. As explained
by Dennis and Moore (1996), the debate about which termi-
nology to use took place in the 1990s and the observed uni-
formity of terminology used in the smartphone applications
shows that avalanche experts have reached an agreement on
that point.

6.4 Reasons to develop an app

The primary purpose of creating these apps is to take advan-
tages of the smartphone technology, e.g., popularity and mo-
bile network spatial coverage. These are good reasons as us-
ing a support that is popular can favor access to information.
Moreover, the portability of smartphones tackles the issue of
overlooking some details or forgetting the bulletin that was
checked in the morning while being out in the field, a prob-
lem that even seems to happen to the most educated profes-
sional (Tremper, 2006). However, this purpose is not one on
which a communication effort can be assessed to be effective
or not in terms of disaster risk reduction. The effectiveness
of a given risk communication effort, similarly as for an edu-
cational program, depends on the goal for which it has been
developed (Covello et al., 1991; McCammon, 2004a). Such
types of goal, like raising awareness or helping users to plan
trips, were mentioned by interviewees, although generally af-
ter reference to the technical goal of using the smartphone
technology. Note that only once was the decrease of loss of
lives stated as the goal for creating such apps. It is startling as
this goal can be expected to be the ultimate one for avalanche
risk communication. One reason that could explain why this
purpose is not mentioned by all communicators might be in
that it is now known that the reason for being caught in an
avalanche is most of the time not lack of awareness, knowl-
edge or expertise but rather heuristics (McCammon, 2004b).

6.5 Target audience and tiered approach

This analysis shows that the smartphone applications are tar-
geting a more or less defined audience, from general public to
a more precise group, i.e., backcountry mountaineers. There
is clearly a need to target the latter as most accidents involve
them or off-track skiers (Harvey et al., 2013). However, the
targeted audience is perceived to be heterogeneous in terms
of several variables, e.g., level of skills and knowledge or de-
mographical characteristics such as age. Differences between
experienced/trained and unexperienced/untrained users are
acknowledged and taken into account by the way the in-
formation is presented, i.e., pyramidal or tiered approach.
Using this approach allows to avoid simplifying the mes-
sage/content too much and meet the needs of such a broad
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audience, i.e., provide the most important information first
for lay users and at the same time give useful details for more
advanced users. Demographical characteristics are taken into
account in one of the app by using an intuitively appro-
priate design, i.e., cartoon type in order to target a young
audience. All these considerations about the audience seem
sound. However, there is no verification, as the risk commu-
nication agencies, other than the SLF, do not have data on
who the actual users of the smartphone apps are.

The pyramidal approach as well as the use of some icons is
recommended by the European Avalanche Warning Services
(EAWS, 2009). None of the interviewees stated that they cre-
ated their apps according to this specific advice except for
the SLF, which acknowledged it in a publication (Winkler
and Techel, 2014). Therefore, the detailed process of how
the avalanche risk communication community reached the
agreement of using the tiered approach for their avalanche
bulletins is not known in detail.

6.6 Evaluation types

Evaluations of the apps that were performed fall in the
three goal-related types of evaluation of the effectiveness of
risk communication described by Rohrmann (1998): content,
process and outcome.

The degree of information distribution is (will be) partially
performed by all developers. Monitoring the usage of their
apps falls within the outcome type of evaluation. Conducting
this is an obvious precondition as the apps can in fact only
be effective if they are used. However, although the usage is
monitored, the characteristics of the users are basically un-
known. Therefore, no validation of the choice of target audi-
ence and display approach is available to the communicators.
The need to obtain information on the users, essential for ef-
fective risk communication, is shared by the interviewees. In
addition, they are very conscious that deeper outcome eval-
uations are needed to assess the effectiveness of smartphone
apps in terms of understanding change in risk perception and
behavior. The fact that it is not done appears to be due to a
lack of resources and expertise and not to a lack of interest
or willingness.

However, other types of evaluation of the apps are per-
formed. First, the evaluation of the comprehensibility of the
icons (app 1) and message (app 4), which is essential for ef-
fective risk communication, relates to a content evaluation.
These evaluations were useful as they confirmed the ade-
quate use of icons in the first case and resulted in an effective
modification of how the message is displayed in the second
case. This type of evaluation is the most cited by the intervie-
wees when asked what evaluation are needed or will be im-
plemented. This shows that the communicators acknowledge
that efforts are needed to make the representation of the infor-
mation understandable, as suggested by Burkelijca (2013).
Second, requests for feedback are implemented. Those relate
to a process evaluation. Although not conducted directly in

the concerned app but in a linked website, satisfaction with
the bulletin is monitored using a like/dislike button. It might
be useful to allow this feedback directly in the apps in order
to increase the amount of data collected for this evaluation
criterion.

Another kind of process evaluation is the (future) possibil-
ity for users to send observations of the current situation to
the providers via the apps. Therefore, there is an exchange of
information between the risk communication agencies and
the information receiver. The potential of this feedback is
important. It goes towards citizen science, volunteered ge-
ographic information or community-based monitoring (e.g.,
Buytaert et al., 2014; Haklay, 2013; Stone et al., 2014), ap-
proaches that are increasingly used for disaster risk reduc-
tion (Maskey, 2011). In the context of important local hetero-
geneity of the processes, or in case of data scarcity (Storm,
2012), the collection of observation by the users can help to
improve the forecast. Moreover, observations and incidents’
feedback bring a social media component to the smartphone
apps where users can exchange information not only with
warning services but also among themselves. If these feed-
back features develop further, moderation will be needed by
the warning services in order to avoid the dissemination of
erroneous information. Moreover, it will require to decide
whether feedback becomes a real dialogue-oriented two-way
risk communication practice, which has been proven to be ef-
fective in terms of awareness raising and willingness to learn
risk mitigation (Kuhlicke et al., 2011).

7 Concluding remarks

Based on semi-structured interviews with developers of
smartphone applications disseminating avalanche informa-
tion for risk prevention, this work analyzed the context, the
reasons and the ways the apps were developed. Moreover,
we investigated how those developers evaluate their prod-
ucts in terms of effectiveness. We were able to highlight how
choices were made and what are the remaining challenges
that avalanche risk communication faces. Two main results
came forward. First, it appears that the debate is currently
focusing on the way information is presented rather than on
what is the most important content, a debate that seems to
be over. Second, the effectiveness of the apps, including the
choices of information display, is unknown and urgently need
to be evaluated.

The avalanche experts’ community is a tight one. This was
shown by several observations. The way a snowball effect fa-
cilitated the access to the interviewees is a clear example of
this. Moreover, it was mentioned, most of the time implicitly
but explicitly as well in some cases, that each app developer
knows about the other apps, gets inspiration and adopts per-
ceived good practices from each other. This is not only true
for the development of the apps. There were long debates
among the avalanche forecasters on the ways to disseminate
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danger information. A result of these discussions was the de-
velopment of the standard avalanche scale. The fact that this
tool is used in all apps shows that avalanche risk communica-
tion has reached a high level of uniformity and a consistency
that is beneficial to users that are traveling worldwide to en-
joy mountaineering. This uniformity is also seen in the fact
that the content is presented using a tiered approach and that
information helping for decision-making and thus risk miti-
gation is existent in the apps. However, the specific ways this
type of information is presented is not standard. Therefore,
the developers are facing an exploration phase in terms of
how to display, visualize and explain the message that they
want to bring to their users.

The need to evaluate the quality and the effectiveness of
the apps is widely acknowledged. Efforts in this sense have
been made and further evaluation processes are envisaged.
However, several issues are hindering them. Practically, lack
of resources and expertise prevents evaluation. Moreover,
there is a need to define more precisely the purposes of
the apps. The effectiveness of a communication tool should
mainly be assessed by an output evaluation that can only be
performed if the goal is specified accurately. Many valid pur-
poses are attributed to the apps, from raising awareness to
help for decision-making and planning. Ultimately, it is le-
gitimate to ask whether these smartphone applications con-
tribute to the change in behavior and therefore to a reduc-
tion of losses, which is the ultimate goal of any prevention
campaign. A sound, scientific, assessment is demanding as
it requires longitudinal studies that are complex to opera-
tionalize. Note that information is not the sole contributing
to decision-making (McCammon, 2004b) and as such could
be considered of limited use. However, not enough knowl-
edge is currently available to confirm or deny this position.
Therefore, risk communicators should pursue their intention
to assess whether the message they disseminate with the apps
is appropriate, understandable and useful. This need for fur-
ther evaluations can and should be supported by the contribu-
tion of experts in risk communication as well as researchers.
Moreover, the impacts of technical issues such as network
coverage, on/offline mode, extreme weather conditions and
usability on the use of those smartphone applications directly
in the field should be addressed to complete an exhaustive
evaluation of their effectiveness.

No matter how, the potential of those smartphone applica-
tions is important. In particular, in relation to the tendency of
these tools to be medium for a two-way risk communication
process. The planned upgrade to develop further the possi-
bility for users to report observations and incidents opens the
door to adapt these applications for community-based mon-
itoring that can help forecasters or/and sharing information
platforms between users.

This study presented the way risk communication tools
for avalanche prevention was developed, evaluated and mod-
ified. The wealth of expertise and experience available in
snow avalanche risk communication should be analyzed and

used to build and improve risk communication tools related
to other types of natural hazards. An increasing number of
disaster risk reduction agencies are developing smartphone
apps that are dedicated to informing about danger such as the
Disaster Alert App of the Pacific Disaster Center, the Hurri-
cane Flood or Earthquake by American Red Cross Apps or
the Wetter-Alarm developed by the Swiss public and private
insurance companies. However, there is an evident need to
evaluate such products in order to ensure their effectiveness
in terms of damage reduction.

The Supplement related to this article is available online
at doi:10.5194/nhess-16-1175-2016-supplement.

Acknowledgements. This research was developed within the
Marie Curie Initial Training Network “Changes: Changing Hydro-
meteorological Risks as Analyzed by a New Generation of
European Scientists”, funded by the European Community’s
Seventh Framework Programme. FP7/2007-2013 under grant
agreement no. 263953. The authors would like to thank the
interviewees from Avalanche Canada, Utah Avalanche Center,
Avalanche Forecasts, WSL-Institute for Snow and Avalanche
Research SLF, Norwegian Avalanche Center and SnowSafe for
their participation to this study. We are grateful for the constructive
comments provided by Dr. Sven Fuchs and an anonymous reviewer.

Edited by: T. Glade
Reviewed by: S. Fuchs and one anonymous referee

References

Atkins, R.: An avalanche characterization checklist for backcountry
travel decisions, in: Proceedings of the International Snow Sci-
ence Workshop, Jackson Hole, Wyoming, USA, 1–10, 2004.

Burkeljca, J.: Shifting audience and the visual language of
avalanche risk communication, in: Proceedings of the Interna-
tional Snow Science Workshop, Grenoble, France, 415–422,
2013.

Buytaert, W., Zulkafli, Z., Grainger, S., Acosta, L., Tilash-
work C, A., Bastiaensen, J., De Bievre, B., Bhusal, J.,
Clark, J., Dewulf, A., Foggin, M., Hannah, D. M., Her-
garten, C., Isaeva, A., Karpouzoglou, T., Pandeya, B., Paudel, D.,
Sharma, K., Steenhuis, T., Tilahun, S., van Hecken, G., and Zhu-
manova, M.: Citizen science in hydrology and water resources:
opportunities for knowledge generation, ecosystem service man-
agement, and sustainable development, Front. Earth Sci., 2, 1–
21, doi:10.3389/feart.2014.00026, 2014.

Conger, S.: A review of colour cartography in avalanche danger vi-
sualization, in: Proceedings of the International Snow Science
Workshop, Jackson Hole, Wyoming, USA, 477–482, 2004.

Covello, V., Fisher, A., and Bratic Arkin, E.: Evaluation and ef-
fective risk communication: introduction, in: Evaluation and Ef-
fective Risk Communications Workshop Proceedings, xi-xvii,

www.nat-hazards-earth-syst-sci.net/16/1175/2016/ Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016

http://dx.doi.org/10.5194/nhess-16-1175-2016-supplement
http://dx.doi.org/10.3389/feart.2014.00026


1188 M. K. M. Charrière and T. A. Bogaard: Smartphone applications for communicating avalanche risk information

edited by: Fisher, A., Pavlova, M., and Covello, V., Cincinnati,
Ohio, USA, 1991.

Dennis, A. and Moore, M.: Evolution of public avalanche infor-
mation: the North American experience with avalanche danger
rating levels, in: Proceedings of the International Snow Science
Workshop, Banff, Alberta, Canada, 60–72, 1996.

Dransch, D., Rotzoll, H., and Poser, K.: The contribution of maps to
the challenges of risk communication to the public, Int. J. Digit.
Earth, 3, 292–311, doi:10.1080/17538941003774668, 2010.

EAWS: Reports of Results, 15th European Avalanche Warning Ser-
vices Conference, Innsbruck, 16–17 June 2009.

Fuchs, S., Spachinger, K., Dorner, W., Rochman, J., and Serrhini,
K.: Evaluating cartographic design in flood risk mapping, Env.
Hazards, 8, 52–70, 2009.

Haklay, M.: Citizen science and volunteered geographic informa-
tion: overview and typology of participation, in: Crowdsourc-
ing Geographic Knowledge, edited by: Sui, D., Elwood, S.,
and Goodchild, M., Springer Netherlands, Dordrecht, 105–122,
2013.

Harvey, S. and Zweifel, B.: New trends of recreational avalanche ac-
cidents in Switzerland, in: Proceedings of the International Snow
Science Workshop, Whistler, British Columbia, Canada, 900–
906, 2008.

Harvey, S., Aegerter, S., and Landolt, D.: White Risk 2.0 – a new
web-based platform for avalanche education, in: Proceedings of
the International Snow Science Workshop, Grenoble, France,
507–510, 2013.

Höppner, C., Buchecker, M., and Bründl, M.: Risk communica-
tion and Natural Hazards, in: CapHaz-Net – Social Capacity
Building for Natural Hazards – Toward More Resilient Societies,
WP5 report, CapHaz-Net Consortium, Birmensdorf, Switzer-
land, 169 pp., 2010.

IDC – International Data Corporation, Smartphone
OS Market Share, 2015 Q2, www.idc.com/prodserv/
smartphone-os-market-share.jsp, last access: 19 October 2015.

Jamieson, B. and Stethem, C.: Snow avalanche hazards and man-
agement in Canada: challenges and progress, Nat. Hazards, 26,
35–53, 2002.

Johnsen, E.: Modern forms of communicating avalanche danger – A
Norwegian case, in: Proceedings of the International Snow Sci-
ence Workshop, Grenoble, France, 7–11, 2013.

Klassen, K., Haegeli, P., and Statham, G.: The role of avalanche
character in public avalanche safety products, in: Proceedings
of the International Snow Science Workshop, Grenoble, France,
493–499, 2013.

Kuhlicke, C., Steinführer, A., Begg, C., Bianchizza, C., Bründl, M.,
Buchecker, M., De Marchi, B., Di Masso Tarditti, M., Höppner,
C., Komac, B., Lemkow, L., Luther, J., McCarthy, S., Pelliz-
zoni, L., Renn, O., Scolobig, A., Supramaniam, M., Tapsell, S.,
Wachinger, G., Walker, G., Whittle, R., Zorn, M., and Faulkner,
H.: Perspectives on social capacity building for Natural Hazards:
outlining an emerging field of research and practice in Europe,
Environ. Sci. Policy, 14, 804–814, 2011.

Landrø, M., Kosberg, S., and Müller, K.: Avalanche problems; an
important part of the Norwegian forecast, and a useful tool for the
users, in: Proceedings of the International Snow Science Work-
shop, Grenoble, France, 215–218, 2013.

Maskrey, A.: Revisiting community-based disaster risk manage-
ment, Environ. Hazards, 10, 42–52, 2011.

McCammon, I.: Sex, drugs and the white death: lessons for
avalanche educators from health and safety campaigns, in: Pro-
ceedings of the International Snow Science Workshop, Jackson
Hole, Wyoming, USA, 492–501, 2004a.

McCammon, I.: Heuristic traps in recreational avalanche accidents:
evidence and implications, Aval. News, 68, 42–50, 2004b.

Meyer, V., Kuhlicke, C., Luther, J., Fuchs, S., Priest, S., Dorner,
W., Serrhini, K., Pardoe, J., McCarthy, S., Seidel, J., Palka,
G., Unnerstall, H., Viavattene, C., and Scheuer, S.: Recommen-
dations for the user-specific enhancement of flood maps, Nat.
Hazards Earth Syst. Sci., 12, 1701–1716, doi:10.5194/nhess-12-
1701-2012, 2012.

Rohrmann, B.: Assessing hazard information/communication
programs, Austr. Psychol., 33, 105–112,
doi:10.1080/00050069808257390, 1998.

Statham, G., Haegeli, P., Birkeland, K. W., Greene, E., Israelson, C.,
Tremper, B., Stethem, C., McMahon, B., White, B., and Kelly, J.:
The North American public avalanche danger scale, in: Proceed-
ings of the International Snow Science Workshop, Squaw Valley,
California, USA, 117–123, 2010.

Stone, J., Barclay, J., Simmons, P., Cole, P. D., Loughlin, S. C.,
Ramón, P., and Mothes, P.: Risk reduction through community-
based monitoring: the vigías of Tungurahua, Ecuador, J. Appl.
Volcanol., 3, 1–14, 2014.

Storm, I.: Public avalanche forecast challenges: Canada’s large
data-sparse regions, in: Proceedings of the International Snow
Science Workshop, Anchorage, Alaska, USA, 908–912, 2012.

Tase, J. E.: Influences on backcountry recreationists’ risk of expo-
sure to snow avalanche hazards, Unpublished Master of Arts,
University of Montana, Montana, 2004.

Tremper, B.: Avalanche Advisories in the new media age, The
Avalanche Review, 24, 9–14, 2006.

Tremper, B. and Conway, J.: Graphic avalanche information for the
new media, in: Proceedings of the International Snow Science
Workshop, Telluride, Colorado, USA, 505–509, 2006.

Valt, M. and Berbenni, F.: Avalanche danger variability in level 2 –
moderate and – considerable of the European danger scale fol-
lowing the EAWS bavarian matrix: experimental use of icons
representing different weight within one degree and scenarios
frequency in the last few winter seasons, in: Proceedings of the
International Snow Science Workshop, Grenoble, France, 203–
208, 2013.

Winkler, K. and Techel, F.: Users’ rating of the Swiss avalanche
forecast, in: Proceedings of the International Snow Science
Workshop, Banff, Alberta, Canada, 437–444, 2014.

Nat. Hazards Earth Syst. Sci., 16, 1175–1188, 2016 www.nat-hazards-earth-syst-sci.net/16/1175/2016/

http://dx.doi.org/10.1080/17538941003774668
www.idc.com/prodserv/smartphone-os-market-share.jsp
www.idc.com/prodserv/smartphone-os-market-share.jsp
http://dx.doi.org/10.5194/nhess-12-1701-2012
http://dx.doi.org/10.5194/nhess-12-1701-2012
http://dx.doi.org/10.1080/00050069808257390

	Abstract
	Introduction
	Methodology
	The smartphone applications
	Description of the communicators
	Description of the content of the apps
	Ways of presenting the information

	Development of the apps
	Purpose of developing the apps
	Targeted and actual users
	Basis for choice
	Place in a larger communication plan

	Evaluation of the apps
	Users' feedback
	Usage monitoring
	Understanding of content and visuals
	Effectiveness

	Discussion
	The information chain
	Appropriateness of content
	Non-uniformity in the use of visualization tools
	Reasons to develop an app
	Target audience and tiered approach
	Evaluation types

	Concluding remarks
	Acknowledgements
	References

