
DIGITAL TRANSFORMATION OF SKI RESORTS AND COMMUNITY
AVALANCHE SERVICES - OPERATIONAL EXAMPLES FROM SWITZERLANDD15

ABSTRACT
In this paper we present examples from avalanche control operations and discuss learnings in the digital transformation from often hand 

or spreadsheet-based notes to a digital workflow. The requirements for a software solution vary greatly among user groups, but in all cases, 

good and regular documentation is mandatory. Already the process of digitizing their workflows and procedures often supported to rethink 

and improve the day-to-day tasks of an operation, beyond that the used platform simplified the internal and external communication as well 

as the documentation. Standardized terminology and workflows increase transparency within the team, allow for more efficient knowledge 

transfer and to streamline communication between the involved stakeholders. With an increasing availability of digital tools and data the 

challenge for operators will be to assess and evaluate the quality of the data for their decision making and to establish a streamlined way 

to access and interpret it.

INTRODUCTION
Avalanche professionals, such as safety officers for ski resorts or transport infrastructure, have to compile and interpret large amounts of 

data from a variety of sources and often make operational decisions and work tasks within a short time. Optimized workflows and tools 

are necessary to perform their daily work in an efficient and professional way. Increased mobile network coverage and user friendliness of 

smartphones made web-based apps a standard tool in the repertoire of professionals also in the alpine environment. The challenge lies in 

identifying the relevant information needed by the operators and where documentation of decisions is needed. This varies, amongst other 

things, on the operational scale, team-size and risk acceptance of a ski resort or community avalanche service. Therefore we show exam-

ples from large (> 8 team members, > 150 piste kilometers) and small ski resort (1-2 team members, 15-80 piste kilometers), forecasting 

operations for infrastructure (1-3 team members, 5-50 main avalanche paths, main and side valleys) and larger organizations such as road 

authorities.

The transformation from traditional means of documentation and communication to more streamlined and digitized workflows has been a 

relevant topic for most industries in recent years – also in the snow and avalanche world. Avalanche professionals must continuously collect 

and interpret large amounts of data from a variety of sources. Often operational decisions and work tasks must be performed within a short 

time. We assume that the use of an integrated digital platform can facilitate and optimize the daily tasks of avalanche professionals, as has 

been successfully proven in various other fields.

METHODS
Meier et al. (2018) described that already in the design phase of such platforms it is essential to keep the end-user and their interact with 

the system in mind. Combining the most important tasks and creating a central tool for practitioners to work with is essential to facilitate the 

digital transformation within their operations. A variety of models and approaches exist to assess the digital maturity of an organization, de-

partment or even individual process. Westermann et al. (2012) as well as Forrester (2016) describe a similar model with 4 phases (Figure 1).

Figure 1: Digital Maturity Model by Westermann et al. (2012)
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When applying this approach to avalanche forecasting operations it becomes clear that the digital maturity can significantly vary. It depends 

on size and needs of the operation but also on existing procedures, which have often been in place for decades. In many cases management 

as well as the individual team members do not fully know the advantages and benefits that a digital transformation process can offer. Good 

consultation from project managers and developers can assist in bridging this gap. At the same time valuable information from the operator 

can be applied to optimize the digitized processes and create a user-friendly platform. As mentioned by Meier et al. (2018), an efficient and 

easy-to-use platform is key to ensure a successful digital transformation, especially for avalanche operations. Experience shows that pro-ac-

tive communication on the level of all stakeholders, i.e. from management to supervisors and to the individual user, is very important to 

support the transformation. The PDCA circle described by Demming (1982) can also be applied for digital transformation and furthermore 

ensures a continuous improvement process is in place. 

Although digital transformation has been happening in many sectors of ski resorts (e.g. snow making, ticket management, booking system, 

etc.) and of public authorities (e.g. snow removal optimization, traffic control, etc.), the level of implementation of digital tools and work-

flows for snow and avalanche related tasks still strongly varies.

RESULTS
Ski resorts

Independent of the size of ski resorts and patrol teams, documentation is being done mainly by reporting via radio back to a central ski 

patrol office and/or by note taking on paper by the individual patroller. We replicated this procedure when digitizing the workflow, yet 

now individual patrollers who are moving outside can directly enter data into the platform via smartphone as well as access the information 

entered by others. The safe and fast documentation of day-to-day operations in the patrol and rescue service meets the internal and legal 

documentation obligations of the company. 

Figure 2: Safe and fast documentation of day-to-day operations by the ski patrol and rescue service meets the internal and legal documentation obligations of a ski resort.

Even large ski resorts often operate with a rather small team (approximately 8 team members covering 150 piste kilometers). Efficient solu-

tions allow them to optimize their available resources, especially when many tasks have to be completed in a short time, e.g. avalanche 

control work, documentation and communication during an avalanche cycle.

For smaller ski resorts (1-2 team members, 15–80 piste kilometers) it is more important to ensure that the minimum (legal) needs are cov-

ered with basic tools.

An example of simplification during control missions was the direct coupling of digital radio devices to the platform. This allows ski patrol-

lers to easily record blasting missions or the piste safety state when moving in the terrain simply using a pre-programmed button on their 

radios. The devices transmit the GPS coordinates, timestamp, and status via a locally installed receiver to the platform. Additionally, the 

receipt, storage, and exit of explosives can be tracked in accordance with legal regulations.

Infrastructure and road authorities

Forecasting operations for infrastructure (1-3 team members, 5-20 main avalanche paths, main and side valleys) and larger organizations 

such as road authorities often face the challenge that they need to assess a large area. Combining all relevant information as a base for 

the hazard assessment is a key element in their daily routine. An easy-to-access platform can facilitate the process by integrating the safety 

concept, detection systems, avalanche control systems and more. Overview of the systems, digital mapping of the logs, a monitoring and 
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decision-making platform, and compliance with documentation requirements is a large time safer for these teams.

The platform enables local avalanche services to see live information such as snow and weather data, weather forecasts, webcams, and 

regional avalanche warning products at a glance. In addition, the avalanche detection systems of a district are integrated into a clear visual 

structure. The platform guides through the complex workflow from snow cover assessment via situation appraisal and to making and com-

municating decisions on potential measures in a much leaner and more user-friendly manner (Figure 3). The automatic documentation of 

decisions, their justification and the underlying data storage ensures strict compliance with the duty of care, which is essential for the work 

of an avalanche warning service.

Figure 3: Digitized workflow that guides through the hazard assessment and mitigation measure recommendation.

DISCUSSION
For Switzerland very heterogeneous workflows were observed, both for ski resorts and larger operations. We saw that most ski resorts use 

less complex safety concepts and need to combine less external data, e.g. from automatic weather stations and webcams, than road opera-

tors. This is partly related to the fact that ski resort operators usually have team members on the mountain every day, thus directly observing 

the current situation at an elevation band prone to avalanche releases. Road forecasters are more dependent on information from the upper 

mountain areas by remote data and need to draw conclusions for very large areas. 

We found that long-established work routines using either excel spreadsheets or handwritten notebooks were the most commonly used tool.

Some ski resort operators in the Swiss Alps even lacked legally binding baseline documentation of their decisions and processes. Those 

teams relied on very practically oriented procedures, some of which were established decades ago as best practice and do not meet today’s 

legal standards. The digital transformation of such operations is an excellent opportunity to also update these outdated protocols. 

We observed different motivations for the digital transition of forecasting operations:

•	 Interest in new technologies: ambitious teams want to transform their procedures and profit from digital workflows.

•	 Periodic revision of existing safety concepts: Authorities initialize the digital transformation in parallel to and coordinated with concep-

tual updates.

•	 Need for data integration platform: new hardware (monitoring networks etc.) requires a tool to assess data in a smart and comprehen-

sive way.

•	 Change of personnel: recruits of the next generation want to work digitally and/or revise existing concepts.

•	 Reappraisal of avalanche accidents: urge to revise existing concepts.
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An advantage of the digital workflow was that all team members can make their assessment individually in an unbiased way compared to 

an analog process where a physical meeting or phone conference call was needed for the final decision.

CONCLUSIONS
Digital transformation seems to be a needed and wanted next step for most avalanche forecasting teams – yet, the motivation to initiate this 

often drastic change in the daily operations can have different reasons. 

The extent and complexity of digitalization is depending on the operational needs of the users. As a general conclusion it can be said that 

the daily work of avalanche professionals became safer, they saved time and it freed up resources for other tasks.

The advantages of software-based workflows (besides automatic documentation) will also develop further in the near future: smart interac-

tion of different modules for further automation of processes and added value through the integration and linkage of various data sources 

will provide additional benefits for operations.
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