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ABSTRACT

Article type: Forest fires, whether triggered by natural causes or human activities, are
Research Article regarded as one of the most serious environmental disasters. Accordingly,
understanding the dynamic behavior of forest fires and delineating fire
hazard zones are essential components of fire management aimed at
reducing fire incidence and minimizing forest degradation. This study
seeks to identify and map potential forest fire hazard zones in the Lordegan
region using the Fuzzy Weighted Linear Combination (FWLC) method in
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conjunction with the Analytic Network Process (ANP). To achieve this
objective, a set of influential factors—including topographic, vegetation,
anthropogenic, and climatic variables—for the years 2000 and 2014 were
incorporated into the analysis. These variables served as input layers for
the modeling process. In the fuzzification phase, the input maps were
weighted using the ANP method, and the forest fire hazard map was
subsequently generated through the FWLC technique. Additionally, to
assess temporal variations in the contributing factors, change detection
maps were produced for the 14-year study period. The findings indicated
that proximity to residential areas and roads, maximum daily temperature,
and the GVMI (Global Vegetation Moisture Index) were the most
influential variables according to the ANP weighting results. The
predictive models exhibited strong performance, as indicated by an ROC
(Receiver Operating Characteristic) value exceeding 0.7. Therefore, the
proposed integrated model provides a robust decision-support tool for
future forest fire management strategies. The final output—a predictive fire
hazard map—offers critical support for the management and conservation
of the Zagros forest ecosystems. This map facilitates the identification of
high-risk zones, enabling proactive fire prevention, timely firefighting
responses, and optimized resource allocation.
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Extended Abstract

Introduction

Wildfires are among the most significant
natural disturbances in forest ecosystems,
profoundly impacting their structure, function,
and regenerative processes. In various regions
around the world, fire plays a dual role—as
both a destructive force and a natural
ecological regulator. In Iran, the threat of
wildfires has become increasingly pronounced
in recent decades, especially in the ecologically
sensitive and socioeconomically vital Zagros
forests. According to official records, over
20,000 hectares of forested land in Iran were
impacted by wildfires in 2021 (1400 in the
Iranian calendar), the majority of which
occurred in the Zagros region. Historically, the
primary ignition sources were natural,
including lightning, high surface temperatures,
coal-rich soils, and hot, dry winds. These
natural factors occasionally triggered fires in
localized areas. However, the increasing
influence of human activities on fire incidence
has become more evident in recent years.
Activities such as slash-and-burn agriculture,
uncontrolled campfires, and infrastructure
development by farmers, herders, and tourists
have significantly elevated the likelihood of
forest ignition, both intentional and
unintentional. Moreover, climate change has
exacerbated both the frequency and intensity of
wildfires in the region. Rising temperatures,
prolonged dry seasons, decreasing humidity,
and intensified hot winds have collectively
heightened fire susceptibility in the Zagros
mountain range. These changes have altered
the fire regime by creating drier fuel beds and
increasing the flammability —of forest
vegetation. The consequences of forest fires in
the Zagros region are severe and multifaceted.
Beyond the immediate destruction of
vegetation and biomass, wildfires contribute to
long-term ecological degradation by
accelerating soil erosion, disrupting
hydrological cycles, and reducing biodiversity.
In some areas, recurrent wildfires have led to
the replacement of native tree species with less
valuable or invasive vegetation types, thereby
weakening the ecological integrity of the
landscape. Given these threats, there is an
urgent need to adopt proactive management
strategies that focus not only on suppressing
wildfires but also on anticipating and reducing
their occurrence. Predictive modeling is one of
the most effective approaches in this context,
enabling the spatial identification of fire-prone
zones and aiding in the prioritization of

preventive measures. In response to this, the
present study was conducted to model fire risk
in the Lordegan region of the Zagros forests
using the Fuzzy Weighted Linear Combination
(FWLC) approach. This  methodology
integrates expert knowledge with spatial data
and fuzzy logic to generate a comprehensive
fire susceptibility map.

Methodology

To develop the fire risk model, various data
sources were integrated, including
meteorological records, topographic features,
vegetation characteristics, and anthropogenic
factors. Climate-related variables, including
temperature and humidity, were sourced from
regional meteorological stations. Spatial data
layers, including slope, aspect, distance from
roads and settlements, and vegetation indices,
were derived from existing Geographic
Information System (GIS) databases.The
Analytical Network Process (ANP) was
employed to determine the relative importance
of each factor influencing fire risk. ANP is a
multi-criteria decision-making method that
accounts for interdependencies between criteria
and sub-criteria. Using Super Decisions
software, experts in forestry and natural
resource management conducted pairwise
comparisons of the criteria based on their
perceived influence on fire occurrence. Each
criterion was scored on a scale from 1 to 9,
reflecting its relative significance. The resulting
supermatrix was normalized and raised to its
limiting powers to produce the final weights,
capturing the long-term influence of each factor
within the network. Due to the inherent
uncertainty and fuzziness of environmental
data, fuzzy logic was incorporated into the
modeling  process. Various membership
functions, including triangular, trapezoidal,
Gaussian, bell-shaped, and sigmoidal, were
employed to fuzzify the input variables. Each
membership function was defined using control
points (a, b, ¢, d), which delineated the degree
of membership of each pixel within the data
layer. These functions enabled the gradual and
continuous  classification of data, more
accurately reflecting the complex nature of
forest fire susceptibility.

Fuzzification of spatial layers was performed
using Idrisi Selva software. Subsequently, the
weighted overlay was performed using the
Weighted Linear Combination (WLC) method.
WLC is widely used in spatial decision-making
due to its ability to integrate multiple criteria
while accounting for their relative weights. In
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this process, each fuzzy data layer was
multiplied by its corresponding ANP-derived
weight, and the layers were summed to
generate a composite fire risk index. The final
output was a continuous surface representing
fire susceptibility across the study area.

Results and Discussion

The fire risk maps generated for 2000 and 2014
revealed  spatial  patterns  consistently
identifying high-risk zones, particularly in the
western and southern aspects of the landscape.
These areas were characterized by steeper
slopes, greater sun exposure, and lower
humidity levels—all factors that increase the
likelihood of fire ignition and spread. Among
the factors considered, proximity to roads and
residential areas, maximum daily temperature,
and the Global Vegetation Moisture Index
(GVMI) were assigned the highest weights.
These results highlight the critical role of both
climatic and anthropogenic factors in shaping
fire  susceptibility. The influence of
infrastructure and human presence underscores
the importance of incorporating land-use
planning and public awareness into fire
management strategies. To validate the model,
a set of actual fire occurrence points, collected
via GPS over the past 15 years, was used. The
Area Under the Curve (AUC) of the Receiver
Operating Characteristic (ROC) curve was
calculated to assess the model's accuracy. The
model achieved a success rate of 0.83 using the
training dataset and a prediction rate of 0.79
with the validation dataset, indicating a high
degree of reliability. These values confirm the
effectiveness of the FWLC approach in
capturing the spatial variability and complexity
of fire risk in the Zagros region. The
integration of fuzzy logic and ANP provides a
flexible and robust framework for modeling
environmental risks. Unlike binary or
deterministic models, this approach
accommodates uncertainty and facilitates
gradual transitions between risk levels. As

such, it is particularly well-suited to
heterogeneous landscapes, such as the Zagros
forests, where fire dynamics are influenced by
a combination of natural and human factors.

Conclusion

The findings of this study highlight the
effectiveness of the FWLC model in predicting
forest fire risk with considerable accuracy and
spatial precision. This approach effectively
integrates expert knowledge, fuzzy
classification, and multi-criteria analysis to
generate a nuanced risk map. The resulting
output can serve as a decision-support tool for
forest managers, aiding in the prioritization of
fire prevention efforts, the allocation of
firefighting resources, and the planning of risk-
sensitive infrastructure. By identifying high-
risk zones in advance, managers can implement
preventive measures, including controlled
burns, community education, fuel load
reduction, and the establishment of early
warning systems. Given the increasing threat
posed by climate change and human expansion,
such tools are indispensable for maintaining the
ecological integrity and resilience of fire-prone
regions like the Zagros forests.
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