IMPROVED FOREST FIRE PREVENTION IN AN ALPINE CONTEXT
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ABSTRACT

In recent years, increasing fire frequency and severity have led to new initiatives to improve forest fire management in the European Alps.
The most relevant issue in this region is the maintenance of the protective functions for settlements and infrastructures of the widespread
mountain forests, and the threat at the Wildland-Urban-Interface due to the high fire vulnerability. Forest fire research in the Alpine countries
has considered those current and future challenges of forest and fire management planning in various initiatives to improve the effective-
ness and efficiency of prevention measures. In this contribution, we provide an overview about the current state of knowledge regarding

scientifically based forest fire prevention measures as well as an outlook on future activities in the Central European country of Austria.

INTRODUCTION

Increasing forest fire frequency and severity can be observed in several parts of the world due to changes in climate, vegetation and so-
cioeconomic effects. The European Alps also have faced some severe forest fire seasons in recent years which highlighted the need for
an integrated forest fire management in this densely populated region. Wastl et al. (2012) found for the whole Alpine region a significant
increase of yearly average fire danger in the Western Alps and an even stronger increase in the Southern Alps for the long-term period from
1950 to 2010. The highest numbers of forest fires and the largest burnt areas can be found in the southern parts of the Alps (Conedera et
al. 2018). Inner alpine dry valleys are generally at higher risk than slopes in the Northern Alps or areas which are wet during the whole
year. Conifer forests on southern slopes and on limestone bedrock were found to be at highest risk in the Northern Alps (Sass et al. 2012)
while in the Southern Alps, also beech and chestnut coppice are often affected by fires (Pezzatti et al. 2009). One main issue in the hetero-
geneous landscape of the Alpine environment are forests on steep slopes, which fulfil an important protective function for settlements and
infrastructures. The loss of these protective forests due to intense forest fires lead to natural hazards such as rockfall, mudflows, erosion or
new avalanche tracks, which endanger buildings, infrastructures, and human life. Another issue is the close interaction between settlement
areas and forests in many parts of the Alpine region, the so-called Wildland-Urban-Interface (WUD. At the WUI, ignition probability and
vulnerability are highest and can lead to great losses and the endangerment of people. Forest Fires are therefore becoming an emerging
issue in the Alpine region resulting in high costs up to millions of euros for fire suppression and required restoration measures for single
fire events (Miiller et al 2020a).

To address current and future challenges and to support the design and implementation of prevention measures to protect the mountain
forests against fires various research projects and initiatives have been launched in Austria. Forest fire research activities started fifteen
years ago with the establishment of a forest fire database at the Institute of Silviculture, University of Natural Resources and Life Sciences,
Vienna. Since then the amount of empirical data, the knowledge base and modelling capabilities were improved and a holistic approach
on integrated forest fire management with a focus on forest fire prevention has been co-developed with stakeholders, forest managers, fire

brigades, scientists and authorities.

CURRENT AND COMPLETED PROJECTS

As there has not been a central and comprehensive forest fire database in Austria so far, the documentation of forest fire events was initi-
ated in 2008 within the framework of the Austrian Forest Fire Research Initiative (AFFRI) at the Institute of Silviculture. To date, about 8000
wildfires have been recorded and described in an online web-GIS mainly with the help of operational reports from fire brigades (Vacik et
al. 2011). Since 2023, a mobile phone app allows the documentation of forest fire events and data on forest fuels. AFFRI also helped to es-
tablish a first database on fuel loads in Austrian forests using destructive fuel sampling, and to describe tree mortalities on burnt forest sites.
The causes of forest fires in Austria were investigated with logarithmic regressions for anthropogenic causes and with lightning detection
data for fires ignited by lightning strikes (Arndt et al 2013; Miller et al 2013). Fire danger assessments were conducted with meteorological
high-resolution data from GeoSphere Austria using the Canadian Fire Weather Index (FWI) and other fire indices, and post-fire monitoring
plots were established (Arpaci et al. 2013). First steps regarding a common definition of forest fire danger assessments and firefighting meas-
ures in the European Alps were made during the Interreg-project ALPFFIRS, involving scientists from all Alpine countries. In the Austrian fire
research project FIRIA, spatial high-resolution climate prediction data led to assumptions of future fire danger scenarios for the test region

of Tyrol using the self-learning model algorithms MaxEnt and randomForests (Arpaci et al. 2014). In 2018, the first version of an Integrated
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Fire Danger assessment System (IFDS) was compiled for Austrian conditions, including information on meteorology, vegetation, topography,

and ignition sources (Miiller et al 2020b).
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Figure 1: Fire research activities to support an integrated fire management in Austria.

I

n 2019, a survey and study conducted in the frame of the EU strategy for the Alpine region (EUSALP) was initiated by the Austrian Federal
Ministry of Agriculture, Forestry, Regions and Water Management (BML) to identify the state of knowledge, future challenges and best-prac-
tice-options for an integrated forest fire management in the Alpine region (Miller et al. 2020a). For the EUSALP survey, about 100 experts
from authorities, action forces and scientists answered to questions on the forest fire regime, current and future challenges (Hoang et al.
2024). In 2021, a first assessment of forest fire risk was conducted at district level for Austria, including information on forest fire distribu-
tion, burnt areas and endangered protective forests. In 2022, several new fire related projects started in the frame of the Austrian Forest
Fund with the aim to better understand fire ignition and behavior and to improve forest fire documentation. Methods range from aerial and
satellite supported assessments of tree species distribution and forest structure to ignition and burning experiments, the sampling of forest
fuels, measurements of fine fuel moisture, and forest fire archive researches. Additionally, a focus is set on vulnerability analysis to conduct
an integrated fire risk analysis for the whole of Austria. This is done by identifying the main issues regarding fire safety for buildings and
critical infrastructure in interaction with the surrounding vegetation on a small-scale test area (Figure 1). The StartClim project PhLoX first
assessed a physical vulnerability index for forest fires in Austria to adapt to climate change. In 2023, the project REVEAL was initiated within

the Austrian Forest Fund focusing on wildfire vulnerability assessments at the local scale.

Acronym Duration Main topics / outcomes

AFFRI 2008-2012  Establishing a fire database, evaluating meteorological fire danger, considering socioeconomic aspects for fire ignition
ALPFFIRS 2009-2012  Establishing an alpine forest fire warning system

FIRIA 2011-2014  Assessing fire risk and vulnerability of Austrian forests under the impact of climate change in the model region of Tyrol
AFFRI 2 2015-2024  Forest fire danger assessments, documentation of fire records, fuel data and case studies

DECIDE 2021-2024  Decision support tool for predisposition assessments including fires

IGNITE 2022-2025  Improving knowledge about forest fire ignition in Austria

EMERGE 2022-2025  Improving knowledge about forest fire behavior in Austria
FIREDATA 2022-2025 Improving forest fire documentation in Austria

AFF 2022-2025 Integrated wildfire hotspot mapping for future climate scenarios in Austria

PHLoX 2022-2023  Developing a physical vulnerability index for forest fires in Austria

APG 2023-2025 Identifying forest fire danger and prevention measures for the management of high voltage power line routes
BURN-IT 2023-2026  Improving communication tools in forest fire danger assessments and awareness raising

REVEAL 2023-2025  Vulnerability assessment of buildings at a local level in Austria

Table 1: Past and current wildfire projects in Austria with the participation of the University of Natural Resources and Life Sciences, Vienna

MAIN OUTCOMES OF THE PROJECTS

The Austrian forest fire database contains an almost complete documentation of forest fires since 2003 and of larger fires since 1993. For
the first time, this database allowed a description of the Austrian forest fire regime like fire frequency, burnt areas and fire causes (Figure 2).
However, before the 2000s there are probably several small fires missing in the database due to the missing documentation by authorities

and fire brigades.
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Number of forest fires and burnt areas for anthropogenic and lightning caused fires in Austria (1993-2023)
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Figure 2: Number of forest fires, burnt areas, and fire causes in Austria from 1993 to 2022.

One important result of the ongoing fuel data sampling in Austria is that Norway spruce stands (Picea abies) harbour more burnable biomass
than the currently most fire-affected pine stands (Pinus spp.) (Neumann et al 2022). As protective forests in the Alps often consist of spruce,
an accumulation of high-intensity fires that endanger settlements and infrastructures may occur if the climate continues to get warmer and
drier. Those findings together with the efforts in other forest fire related projects provided the empirical database for the Austrian IFDS in-
cluding static data layers with 100x100m spatial resolution on slope, aspect, tree species, crown cover, burnable biomass, and probability of
lightning and anthropogenic caused fires (Figure 3). A dynamic data layer was implemented for the meteorology component of the wildfire
environment which provides daily updates of the Fine Fuel Moisture Code (FFMC) derived from the Canadian FWI. This data layer is avail-
able at 1x1km?. The system currently allows the combination of different data layers via an expert driven weighting approach to support an
individual assessment of the fire danger prediction. An additional assessment based on a machine learning approach will be included in the
near future. First findings indicate that the combination of several data layers / factors within the IFDS could significantly improve the fire

prediction quality compared to the sole use of a meteorological forest fire index.
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Figure 3: Screenshot of the Integrated Fire Danger assessment System (IFDS) online available under https://www.waldbrand.at (Miiller et al 2020b).

CONCLUSIONS AND OUTLOOK

Most Central European countries have recognized the increasing danger of forest fires. Despite several initiatives there is still much to learn
about the conditions for ignition, the behaviour and suppression of forest fires in the European Alps. The EUSALP survey on forest fires in
the Alps identified the main current and future challenges in forest fire management and provided a roadmap for best-practice-options and
for an integrated forest fire management (Figure 4). The proposed prevention measures would come up with costs from at least 10 Mio.
Euro per year. However, direct costs for firefighting and post-fire management (excluding prevention measures) associated with forest fires
in the Alpine region are estimated to be much higher with over 75 Mio. Euro per year. The emerging topics in the future and the related

research needs are:
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e  Change of the forest fire regime with more days with high fire danger, an increased number of fires, larger burnt areas, and higher fire
intensities.

e New, previously unknown wildfire situations for fire fighters and authorities, for example several large fires occurring at the same time.

e Increasing endangerment of coniferous dominated protective forests which are common in the alpine areas of Austria, and higher vul-
nerability of people living in alpine valleys.

e An increased fire danger at the WUI and associated damages to critical infrastructure.

e  Possible cascading effects of climate change and other natural hazards, such as storm events or snow breakage, followed by bark bee-

tles infestations and wildfires.

Further efforts are therefore needed to minimize the risk of forest fire disasters in the future.

Drivers

Climate change Socioeconomic changes New policies

FOREST FIRES

Impacts
Destruction of protection forests | Natural hazards | Loss of natural resources | Soil erosion | High costs for
firefighting and post-fire measures | Endangered Wildland-Urban-Interface | Air pollution and carbon release

Elements of integrated fire management

Prevention measures
- Improve early warning systems
- Increase resistance and resilience of forests
- Anticipate effects of natural hazards

Suppression measures - Improve forest fire management planning Post-fire management
- Knowledge on forest infrastructure - Foster awareness-raising - Restore the forest cover
- Promote deployment of specialized action forces - Minimize risks of fire effects and natural hazards
- Adapted firefighting techniques - Continuous monitoring of burnt sites
- Quick and efficient air support - Investigate fire behavior
- Use of technical fires - Establish case studies
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Figure 4: Drivers, impacts and elements of an integrated forest fire management (Miiller et al. 2020a).
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