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ABSTRACT

Recent wildfire events have shown that wildfire is an emerging risk globally but also in European countries, including those with limited

experience in managing wildfires. Therefore, apart from conducting research on the behaviour of the wildfire itself, it is important to an-
alyse the vulnerability of settlements, buildings, and infrastructure in the Wildland Urban Interface (WUI). Here we focus on the physical
vulnerability of buildings located in the Austrian WUI to wildfire. By involving Austrian stakeholders and international experts, the study
aims to identify and weigh the characteristics of buildings and their surroundings that influence their vulnerability to wildfires (vulnerability
indicators). The resulting Physical Vulnerability Index (PVD for wildfire combines these indicators in a single index for each building and

represents a valuable tool to support decision-making, risk reduction, and climate change adaptation strategies.

INTRODUCTION

It is clear that climate change and growing wildfire risk are related (OECD, 2023). In Austria, an increase in temperature and a decrease in
precipitation is expected which may impact the risk of wildfire. Recent projections have shown an increase in the number of days with a
higher fire hazard in Austria that could increase by more than 40 days by the year 2100 (Arpaci et al., 2013), also in regions without signifi-
cant past wildfire events (Portner et al., 2022; Sass, 2014). Moreover, some recent events (e.g., Rax 2021, Hallstatt 2018, Lurnfeld 2015, Absam
2014) initiated a discussion among authorities, scientists, and other stakeholders on how to reduce the emerging risk of wildfires. Although
there are plenty of studies focusing on the hazard of wildfires as a natural process (Miiller et al., 2020b), research on their impact and the
vulnerability of elements at risk (e.g., buildings in the WUD are limited (Muller et al., 2020a; San-Miguel-Ayanz et al., 2018). Consequently,
current strategies for disaster risk reduction are mostly focused on the reduction of the wildfire hazard and wildfire suppression, but not on
the reduction of the vulnerability of elements at risk or their exposure (Papathoma-Kohle et al., 2022). Following recent events in Austria, the
motivation has grown to develop methodologies for the assessment of the physical vulnerability of buildings in connection with wildfires.
Nevertheless, there are studies that focus on factors that are related to the physical vulnerability of buildings to wildfires. Most of them are
studies from the Mediterranean region (Laranjeira & Cruz, 2014; Xanthopoulos, 2004), Australia (Gibbons et al., 2018; Opie et al., 2014;
Penman et al., 2015) , and the USA (Alexandre et al., 2016a,b; Syphard & Keeley, 2019).

The aim of the study presented herein is to develop a physical vulnerability index at building level for the Austrian context. This considers
all relevant characteristics of buildings and their surroundings that make them susceptible to wildfire. Similar tools have been developed for
other geographical areas using damage data (Papathoma-Kohle et al., 2022).

The resulting knowledge can be used by decision-makers in the authorities, emergency services and other stakeholders to assess vulnera-
bility and accordingly plan measures that will lead to a reduction of negative effects from a wildfire and avoid any fatalities. The resulting

assessments and maps may also be used to raise awareness among the population about the risk of forest fires.

METHODS

The methodological steps include a thorough literature review of scientific articles related to the vulnerability of buildings to wildfire, the
identification and mapping of relevant stakeholders in Austria and beyond, the development of a questionnaire where the identified indica-
tors were compared in a pairwise manner by the stakeholders and experts identified, and finally, the application of the Analytic Hierarchy
Process (AHP) method to weight these indicators to finally develop the wildfire vulnerability index. In more detail:

Literature review: More than 30 mainly peer-reviewed scientific articles that were published the last 20 years (in German and English) were
reviewed. The articles focused on buildings in Europe, the US and Australia and their interaction with wildfire in the WUI. Vulnerability was
not directly addressed, nevertheless, the articles focused on parts of the buildings and their surroundings and how they contribute to the
vulnerability of the building to wildfire.

Stakeholder mapping (national): Twelve Austrian stakeholders were chosen based on their involvement in research, decision-making or
response to wildfires. Most of them were related to the fire brigade (43%) or universities (29%). Some stakeholders (21%) came from the
authorities (ministries, municipalities etc.) and only 7% from the insurance industry.

Stakeholder mapping (International): Based on the scientific publications of the last 20 years, 54 international experts were chosen to perform
expert judgement regarding the choice the weighting of vulnerability indicators. They all had university and research backgrounds and a
wide geographical distribution, in an effort to profit from the experience and knowledge from countries that often suffer catastrophic wild-

fires, inter alia Australia, Greece, and Portugal.
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Questionnaires and AHP: AHP is a structured technique for quantifying the weights of decision criteria. A questionnaire focusing on the im-

portance of the characteristics of buildings and their surroundings forms the basis for the AHP. Participants were asked to assess the relative

importance of these characteristics across a comprehensive set of pairwise comparisons for several topics. The questionnaire was distributed

to national and international experts. The responses were analysed in R (R Core team, 2023) following the AHP methodology initially pro-

posed by Saaty (1987) to obtain a weighting of factors contributing to the flammability of buildings.

Surrounding
environment and
nearby forest

Exterior of the
building

Building features

Indicators

Building density

Distance to neighbouring buildings
Water sources

Vegetation density

Forest type

Protective strips or fire breaks in adjacent forest
Combustible materials

Ground covering

Property boundary

Terrain slope

Type of vegetation on the property
Distance of tree crowns/vegetation of the building
Distance to forest edge

Number of floors

Building material

Facade/cladding

Roof material

Roof shape (complexity)

Roof overhang

Shutters (external roller blinds)
Doors/window material

Table 1. The indicators considered for the Physical Vulnerability Index (PVI) and resulting weights.

Weight (%)
2.1
4.7
3.2

5
4.3
11.5
3.6
1.6
1.4
2.3
4.1
11.5
10.5
1.6
4.5
8.1
8.8
2.1
3.8
2.5
2.8

The Physical Vulnerability Index: After the completion of the AHP, the weighting of the indicators is possible. Each indicator is multiplied by

their weight and the weighted indicators are aggregated in a Physical Vulnerability Index (PVI) according to the following equation (1):

where w1, ..., wn expresses the weights of each indicator (I1, ..., In), which receives its assessment against vulnerability from a score

(s1, ..., sn, with s€[1,5]NN).

n
PVI = ZWn * [, Sy
1

1 2 3 4
Number of floors 1 floor 2 floors
Building material Brick, Metal
concrete
Facade/Cladding Sone, brick,  Metal
concrete
Roof material Concrete Metal, Wooden with
ceramics ceramic
bricks
Roof shape Platform Gable roof,
(complexity) roof, shed hipped roof,
roof mansard roof
Roof overhang No overhang Minor
overhang
(<0.5m)
Shutters (external None Aluminium Plastics
roller blinds)
Doors/window material Aluminium Plastics

Table 2. Example of scoring of the indicators selected for the features of a building.

5
>2 floors
Wood,
container
(timber
beam, prefab
house)
Wood,
insulation
Wood

Complex
construction:
gable roof
extended,
saddle
hipped roof,
Sched roof,
butterfly
roof, parallel
roof

Major
overhang
(>0.5 m)
Wood

Wood
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RESULTS AND DISCUSSION

Following the literature review, a large number of indicators could be identified as potentially relevant to the vulnerability of a building to
wildfire. Based on stakeholder consultation, these were reduced, and the resulting number were divided into three categories: surrounding
environment and nearby forest, exterior of the building, and building features. Following the AHP, the weights of the indicators were de-
termined as shown in Table (1). The weights were assigned to the indicators that can be assigned to each building. The specific approach
requires a large and detailed amount of data regarding buildings and their surroundings. Some of these data may be available by the mu-
nicipalities but mostly they have to be collected during fieldwork or by using technologies such as Google Street View to collect the data
remotely. For studies including a large amount of buildings questionnaires given to the household owners can be used.

The overall resulting index is exemplified in Table (2). Please note that the scoring of the index may change in case of other case studies
with different building characteristics will be chosen. The resulting index is also dependent on the results of the AHP. The resulting index
can be assigned to each building in a study area. Nevertheless, the index cannot be “translated” in a damage degree or specific monetary
loss. The index expresses the relative vulnerability of a building, enabling decision makers to set priorities and to monitor activities aiming
at the reduction of vulnerability. In more detail, possible end users such as local authorities and engineers may identify clusters of vulnerable
buildings that need to be protected for future wildfires. This knowledge may guide certain activities such as trimming of trees. Emergency
services may use the spatial distribution of the index to base emergency plans. Finally, household owners may decide to make changes in

their property to reduce the vulnerability index of the building.

CONCLUSIONS

Indicators for buildings located in the Austrian WUI and susceptible to wildfire were presented, resulting in an index for wildfire vulnerabil-
ity. Vulnerability indices are directly related to the building and its characteristics that may change, reducing in this way the vulnerability of
a structure in a cost-effective way. Indices do not make direct use of empirical data (once they have been developed) and can be applied
in areas without any historical record of events. Finally, following a future catastrophic event in Austria the index could be validated. This
validation would show if the buildings with high PVI have experienced high degree of damage. A similar study has been done using data
from Greece and has shown a good correlation between the index and the degree of damage (Papathoma-Kohle et al. 2022).

During the development of an index, we have a closer look at the interaction between buildings and the hazardous process (in this case
wildfire) which is beneficial knowledge for building back better and designing building codes or local adaptation measures in the WUI.
Future development of the present study could include more research targeting additional indicators and the inclusion of indicators related
to the wildfire itself as well as some climatic conditions around the building (e.g., wind). Future research should also focus on the scoring
of these indicators according to the building characteristics of specific areas and regions. For example, as far as the indicator “building ma-
terial” is concerned, different scores have to be given to different materials according to how these affect the vulnerability of the building
(e.g., wood: 1, brick: 0.5 and metal 0.1).
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