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Recently, increasing forest fires have contributed to deforestation and desertification in the
Hyrcanian forests in northern Iran. It is crucial to consider the complex interactions of forest
fires with particularities of the environment and the social and economic factors. This study
introduces a conceptual approach to developing a comprehensive forest fire vulnerability
index using both quantitative and qualitative methods. The indicators can be grouped into the
three components of vulnerability (exposure, sensitivity, and adaptive capacity) based on
three categories (social, economic, and environmental), resulting in three indexes: Forest Fire
Exposure Index (FEI), Forest Fire Sensitivity Index (FSI) and Forest Fire Adaptive Capacity
Index (FACI). Finally, we can create an integrated Forest Fire Vulnerability Index (FVI). The
most vulnerable areas to forest fires can be mapped using remote sensing data, geographic
information systems (GIS), the statistical data available at the Forests, Range & Watershed
Management Organization (FRWO), and machine learning models. By localizing the input data
and socio-economic indicators, the methodology is transferrable to other regions and helps

forest fire management and prevention planning.

1. Introduction

Forest fires are a natural hazard that can begin and
spread immediately and uncontrollably, causing
significant losses and damages (Piralilou et al., 2022) In
general, natural reasons such as lightning cause just
around 4% of forest fires worldwide. In all other cases,
forest fires result from human action, whether it is
intentional or unintentional (Peter Hirschberger, 2016)
Forest fires are not only an environmental problem but
also have significant economic and social impacts, affect
the quantity and quality of the forest's goods and
services, and create a considerable problem related to
both private owners for revenue damage and public
owners for ecosystem service damage (Fagarazzi et al,,
2021; Gonzalez-Caban, 2007) The forest fire also affects

urban areas, infrastructure networks, power lines,
agricultural regions, and civic society. People can lose
theirlives or become ill, and communities can suffer from
decreased well-being and economic decline due to forest
fires (Mavsar et al, 2010) Moreover, both residential
neighborhoods and the tourism industry are negatively
impacted by forest fires. In the Western Region United
States, the primary fire season intercepts the peak
summer tourist season and becomes a significant
problem for the demand and supply of tourism sectors
(Brown et al., 2008; Thapa et al, 2013) For instance,
wildfires are an annual concern in Florida, affecting
residents and visitors. In addition to Colorado, a tourism-
dependent city, Mesa Verde National Park, a popular
tourist destination, was closed because of the forest fire.
Similar impacts have been seen in California, Arizona,
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Nevada, New Mexico, Texas, Washington, and Utah
(Thapa etal,, 2013).

Also, In Europe, the economic losses of forest fires in
the 2000-2017 period are over EUR 54 billion, around
EUR 3 billion. For example, the Tuscan Region (Central
Italy) spends around 12 million euros on forest fire
prevention and control every year (Viccaro & Caniani,
2019) The economic effect on Greece, Spain, France,
Italy, and Portugal may increase to over EUR 5 billion per
year by 2070-2100 due to rapid economic growth and
increased greenhouse gas emissions (Rego et al., 2018).

Therefore, the socio-economic impacts of forest fires
should be evaluated as an essential part of the fire risk
assessment, forest fire policy development, and
management practices planning and implementation
(Morton et al., 2003) And the climate, environmental,
and ecological factors aren't the only factors to consider
for prevention and mitigation efforts in wildfire-prone
areas (de Diego et al,, 2019) Despite the importance of
socio-economic factors on forest fire vulnerability for
budget optimization and decision-making, few studies
explicitly examined socio-economic factors mixed with
environmental factors.

Furthermore, a lot of research has been conducted to
determine socio-economic vulnerability. The IPCC 's
concept and framework of vulnerability were often used
as the basis for their evaluations, where vulnerability is
defined by exposure, sensitivity to perturbations or
external pressures, and the capacity to adjust or adapt
(Adger, 2006; Sharma & Ravindranath, 2019) (see Figure
1).
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Figure 1. The concept of vulnerability

Where, exposure is the nature and the degree to
which a system is pressured by environmental or
sociopolitical factors. Sensitivity is how a system is
modified or impacted by perturbations. Adaptive
capacity is the ability of a system to evolve in order to
accept environmental threats or policy changes, as well
as to increase the range of variability with which it can
adapt(Adger, 2006) This vulnerability concept has been
used in the vulnerability to heat-related phenomena
(Grigorescu et al.,, 2021)In contrast, this framework of
vulnerability in forest fire vulnerability is less addressed.

The novelty of our study is developing a comprehensive
Forest Fire Vulnerability Index (FVI) based on three main
components of vulnerability and creating the Forest Fire
Exposure Index (FEI), Forest Fire Sensitivity Index (FSI),
and Forest Fire Adaptive Capacity Index (FACI)
considering three categories; social, economic, and
environmental factors, as well as producing the final
forest fire vulnerability map.

2. Method

2.1. Study area

The Hyrcanian Forests World Heritage property
stretch 850 km along the southern coast of the Caspian
Sea and covers around 7% of remnant Hyrcanian forests
in Iran (Figure 2). These ancient forests are important
refugia and the world's only remaining temperate
deciduous broadleaved forests Ramezani et al., 2008).

In the northern part of Iran, most forest fires happen
on the ground surface and mainly damage young trees
(Jahdi et al,, 2014) As a result, regeneration is seriously
impacted, and forest fires are among the most common
causes of deforestation and desertification in Iran
(Ghorbanzadeh et al, 2019) Although forest fires
frequently happen in the Hyrcanian forests of Iran
(Ghorbanzadeh et al., 2019) and have caused enormous
economic and ecological losses (Adab et al., 2021) There
is not a comprehensive study about fire forest
vulnerability =~ considering  socio-economic  and
environmental factors. It is appropriate and necessary to
analyze the forest fire vulnerability of the Hyrcanian
forest.

2.2.Research methods

Using an empirical approach, the current study
assesses socio-economic and environmental forest fire
vulnerability. The indicators are chosen and ranked
based on their relevance to forest fires, expert judgment,
and database availability and accuracy. We consider the
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various characteristics of vulnerability components to
index construction. For instance, wildfires are caused by
a combination of social and economic factors with
natural factors(de Diego et al,, 2021). Accordingly, these
factors must be considered in indexing forest fire
exposure. Furthermore, economic and environmental
factors increase the vulnerability to the impacts of
hazards (de Diego et al., 2019) Therefore, sensitivity and
adaptive capacity, two other vulnerability components,
are the characteristic determined by these factors (see
Figure 3).

+ Environmental (Biophysical) such as  temperature,
precipitation, topographical features, wind speed, number of hot | _
days, and forest area.

+ Socio-Economic such as migration, regional and ethnic
conflicts, road networks, and tourist.

Y,

+ Environmental such as plant and animal biodiversity

+ Social such as livelihood dependency on forest, family size and
population.

+ Economic such as timber and non-timber forest products, animal
husbandry activities, and recreational value of tourism.

Factors that enhance forest fire
vulnerability

J

+ Environmental such as protected areas, infrastructure, forest
restoration, the social forestry projects, and afforestation.

+ Social such as medical and pharmaceutical services, education, »
the unemployment rate, and non-forest activities.

+ Economic such as protectionist policies, insurance investment.
/

Forest Fire Vulnerability ;

Figure 3. Framework for assessing the forest fire
vulnerability

Factors that diminish forest fire
vulnerabality

The current methodology may be applied to any
region damaged by forest fires. The statistical data used
in the current research, remote sensing data, geographic
information systems (GIS), and the statistical data
available at the Forests, Range & Watershed
Management Organization (FRWO). The FVI was
developed over a multi-stage sequential process that
involved:

2.2.1. Selection of indicators

The indicators have been considered to investigate
the various components of forest fire vulnerability. For
the current study, the selected indicators are based on
the previous studies approaching the general issues of
natural hazards vulnerability (Grigorescu et al.,, 2021;)
orfire forest vulnerability studies (Sadowska et al,
2021)in particular. The validation of indicators can be
made using the expert judgment approach.

2.2.2. Data normalization

Because the variables of the statistical indicators are
generated using various measuring units, this is an
essential process.

2.2.3. Integrating the indexes into a single index

Develop a comprehensive forest fire vulnerability
index by combining the Forest Fire Exposure Index (FEI),

Forest Fire Sensitivity Index (FSI), and Forest Fire
Adaptive Capacity Index (FACI).

FVI = f (FEI, FSI,FACI)
2.2.4. Forest fire vulnerability mapping

Machine learning (ML) approaches can use for
mapping the forest fire vulnerability of the Hyrcanian
forest. Machine learning approaches have been applied
to analyze natural disasters during the last two decades
(Ghorbanzadeh et al.,, 2019).

3. Results

The spatial prediction of forest fire vulnerability for
Heyrcanian can be made using state of the art ML
approaches by applying the relevant conditioning
factors, and the fire inventory data set. The resulting
forest fire vulnerability maps measure the probability of
a wildfire occurrence. Also, considering economic
analysis as an integral part of proactive fire forests
management leads to better-informed decisions and
selecting the most effective options in a particular
circumstance. Moreover, forest fire risk mapping is used
for identifying locations in which a probability of loss is
determined from assessments of socio-economic forest
fire vulnerability.

4. Discussion

The development of an integral vulnerability index is
defective without considering economic factors. We
introduce a novel framework for fire forest vulnerability
based on three groups of factors (socio-economic and
environmental) by considering exposure, sensitivity, and
adaptive capacity as vulnerability components. The
results of our study by assessments of socio-economic
forest fire vulnerability can help policymakers with
forest fire management and lead to making better-
informed decisions and selecting the most effective
options in a particular circumstance. Additionally, the
final forest fire vulnerability map can be used to identify
areas with a high probability of loss and require
prevention planning.

5. Conclusion

The current methodology for developing the FVI
based on three main components of vulnerability and
considering social, economic, and environmental factors
is transferrable to other regions where localizing the
input data may be applied to any region damaged by
wildfire.
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