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Abstract Research Article 
Forest fires are natural disasters that cause significant environmental, 

economic, and social damage worldwide. This study provides a literature 

review examining how Geographic Information Systems (GIS) and Multi-

Criteria Decision-Making (MCDM) methods are utilized in the prevention of 

forest fires and the identification of high-risk areas. GIS, as a system used for 

the collection and analysis of spatial data, enables the consideration of 

various factors influencing fire risk, such as climate change, topography, 

vegetation, and weather conditions. The spatial analysis capabilities offered 

by GIS play a critical role in identifying regions with high fire susceptibility 

when generating fire risk maps. Additionally, MCDM methods contribute 

significantly to the decision-making process by allowing the evaluation of 

multiple criteria in fire risk analysis. Logistic Regression and Frequency 

Ratio, which are frequently employed in the literature, are widely used in fire 
risk analysis and improve the accuracy of susceptibility maps. Furthermore, 

MCDM methods have been proven effective in estimating the likelihood of 

forest fire occurrences and identifying fire-prone areas. The integration of 

GIS and MCDM methods allows for more precise identification of risk zones 

and supports the development of fire prevention strategies. This literature 

review highlights the advantages of utilizing GIS and MCDM in the 

production of forest fire susceptibility maps and suggests that these methods 

may have broader applications in future research. The effective use of 

technology in combating forest fires enhances the accuracy of fire risk 

assessments, contributing significantly to environmental protection efforts. 
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Introduction 

  

Forest fires are among the most devastating natural disasters, causing severe 

environmental, economic, and social damage worldwide. As climate change continues to 

increase the frequency and intensity of these events, there is an urgent need for more effective 

tools and methodologies to predict and manage forest fire risks. Geographic Information 

Systems (GIS) and Multi-Criteria Decision-Making (MCDM) methods have emerged as 

powerful tools in this regard, offering the ability to analyze spatial data and assess multiple 

risk factors simultaneously. This paper presents a comprehensive literature review examining 

how GIS and MCDM methods are employed in the creation of forest fire susceptibility maps, 

which are essential for identifying high-risk areas and informing fire prevention strategies. 

GIS is a system designed to collect, manage, and analyze spatial data, making it a 

critical tool in assessing the factors that contribute to forest fire risk. These factors include 

climate change, topography, vegetation types, and weather conditions, all of which can 

significantly influence the likelihood of fire outbreaks. GIS enables the spatial visualization of 

these variables, helping decision-makers to identify regions with high fire susceptibility. This 

spatial analysis capability is particularly valuable in forest fire risk management, where 

accurately predicting the areas most vulnerable to fire is crucial for effective prevention and 

mitigation efforts (Hicks, 1993; Longley et al., 2001). 

In addition to GIS, MCDM methods play a significant role in enhancing decision-

making processes by allowing for the evaluation of multiple criteria in fire risk analysis. 

MCDM methods such as Logistic Regression and Frequency Ratio are widely used in the 

literature and have been shown to improve the accuracy of forest fire susceptibility maps. 

These methods enable decision-makers to integrate diverse datasets, assign weights to 

different risk factors, and generate more precise predictions of fire-prone areas. By providing 

a structured framework for analyzing complex risk factors, MCDM methods contribute to 

more informed and reliable fire risk assessments (Eastman et al., 1995; Aydin et al., 2019). 

The integration of GIS and MCDM methods represents a significant advancement in 

forest fire management. The combination of these tools allows for the precise identification of 

high-risk zones and supports the development of targeted fire prevention strategies. This is 

particularly important in a context where environmental conditions are rapidly changing due 

to global warming, making fire risk assessments more complex and dynamic. As such, the use 

of GIS and MCDM in fire risk management is not only timely but also essential for enhancing 
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the accuracy of fire risk assessments and improving the effectiveness of fire prevention 

measures. 

This study aims to provide a detailed examination of the current applications of GIS 

and MCDM in forest fire risk management. By reviewing the existing literature, this paper 

highlights the advantages of these methods in producing accurate fire susceptibility maps and 

offers insights into their broader applications in future research. The integration of technology 

in combating forest fires is crucial, as it allows for more precise risk identification and 

contributes significantly to environmental protection efforts. Given the increasing threat 

posed by forest fires globally, the effective use of GIS and MCDM methods has the potential 

to significantly reduce the impact of these disasters, safeguarding both natural ecosystems and 

human communities. 

The primary objective of this research is to investigate the integration of GIS and 

MCDM methods in creating forest fire susceptibility maps, with a focus on their effectiveness 

in improving fire risk analysis. This paper aims to provide a comprehensive review of the 

methodologies used in the field, evaluate the strengths and limitations of these approaches, 

and propose recommendations for their future application. The research also seeks to 

emphasize the importance of GIS and MCDM in developing more accurate fire prevention 

strategies, which are critical in the context of increasing fire risks due to climate change. 

The significance of this study lies in its potential to contribute to the ongoing efforts to 

mitigate forest fire risks. By offering a detailed review of the literature, this paper underscores 

the value of integrating GIS and MCDM methods in fire risk management and highlights their 

potential to enhance the resilience of ecosystems and communities to fire-related disasters. As 

forest fires continue to pose a significant threat, the development of more accurate and 

effective risk assessment tools is essential for preventing and managing these destructive 

events. 

 

Background 

 

Risk Analysis in Geographic Information Systems 

Risk management, designed as a systematic process, comprises the identification, 

analysis, and assessment of risk factors. In the event of a fire, minimizing the loss of life and 

property, as well as mitigating the adverse effects of the fire, can only be achieved through 

effective risk management in areas prone to fire hazards. Risk management activities include 
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identifying hazards and risks, preparing risk scenarios, selecting protective and mitigation 

measures, presenting results using updated maps and graphs, identifying available resources 

and opportunities, making decisions on the most appropriate alternatives and priorities, and 

selecting and implementing disaster prevention and response methods (Özcan et al., 2009). 

Globally, various methods and tools have been developed for fire risk management, 

with Geographic Information Systems (GIS) being one of the most important tools. It is 

evident that the use of GIS, particularly in analyzing risk scenarios, has been steadily 

increasing. The combined use of remote sensing and GIS technologies across broad 

geographical areas makes GIS a highly attractive tool. 

The growing use of GIS worldwide by individuals and institutions involved with 

spatial information has led to new studies and applications. From this perspective, GIS is both 

a scientific concept that encompasses all spatial information systems and a computer-based 

tool and database management system that digitizes spatial information (Yomralıoğlu, 2002). 

This system enables the collection, storage, classification, updating, synthesis, and generation 

of alternative strategies related to geographical events within a short period. All studies 

prepared from different perspectives are essential for recognizing and expanding the use of 

GIS. 

One of the key functions of GIS today, which serves various disciplines, is identifying 

and solving environmental problems. One such issue is determining and measuring risk. 

Financial risk, for example, refers to the possibility that an investment may not yield a return, 

or that the actual return may differ from the expected return (Jones, 1998). In financial theory, 

risk is classified according to its sources into systemic risk, systematic risk, and unsystematic 

risk. Systemic risk refers to risks that arise from the system itself and affect all securities in 

the market, beyond the control of the organization (Okka, 2010). Since market actors are the 

primary sources of systematic risk, neither countries nor organizations have direct control 

over it. Many factors related to systematic risk also encompass financial risk factors. 

Additionally, changes in a country’s financial management and economy can significantly 

impact that country’s trade (Hoti and McAleer, 2005). 

Country-specific risks primarily consist of financial, economic, and political risk 

factors, with financial risks being particularly important for both countries and businesses. 

Financial risks encompass all types of risks related to money, including uncollectible 

receivables, declining income, inability to repay debts, unemployment, inflation, and many 

other variables (Altan et al., 2016). Examining these risk factors on a more granular level, 
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rather than as a whole, offers significant benefits. For example, when defining financial risks 

for a country, regionally differentiating these risk values from a geographical perspective 

allows for a more dynamic analysis from both the investor and national perspectives. 

In the relevant literature, several studies focus on creating financial risk maps. 

Cecchetti et al. (2010), for example, developed a risk map of countries exposed to systematic 

risk by using data from the international banking sector. Pegion et al. (2008) developed a risk 

assessment study using GIS, while Colletaz et al. (2013) created a risk map by employing 

value-at-risk. Altan et al. (2016) mapped the financial risk in Turkey by using average 

financial risk factors. In these studies, risk maps were generated not only using GIS methods 

but also through graphical analyses. Additionally, there are studies that employ spatial 

regression and GIS analysis. Çelik (2017) conducted a spatial regression analysis to assess the 

effectiveness of incentive policies in Turkey, while Baktemur and Özmen (2017) analyzed 

unemployment convergence in developed EU countries using spatial econometrics, finding a 

spatial effect on unemployment. Akıncı et al. (2017) used geographically weighted regression 

analysis to investigate the socio-economic determinants of terrorism. 

In conclusion, GIS provides a comprehensive framework for risk management and 

analysis across various disciplines, with a particular emphasis on environmental and financial 

risk assessment. The ability of GIS to combine spatial and attribute data, along with advanced 

analytical tools such as spatial regression, enhances the capacity for effective decision-making 

in managing risks. By integrating remote sensing data and employing methodologies like 

MCDM, GIS plays a crucial role in developing risk scenarios, enabling informed choices on 

prevention and mitigation strategies in the face of both environmental and financial risks.  

 

Geographic Information Systems (GIS) and Forest Fire Susceptibility Assessment 

Geographic Information Systems (GIS) are computer-assisted tools essential for 

transforming the structure of the world and its events into maps and performing various 

analyses. GIS also functions as an integrated system that can combine common databases. In 

other words, GIS technology offers users the ability to conduct queries, visualize data, and 

perform statistical and geographical analyses. Due to these capabilities, GIS is widely used to 

identify public and private sector projects and develop practical plans for the future 

(Yomralıoğlu, 2000). 

Using GIS, it is possible to perform standard tasks such as generating slope and aspect 

maps with a digital elevation model, creating 3D visualizations using elevation data, obtaining 
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statistical information about objects, calculating distance and area values, and overlaying 

various thematic maps (Bektaş, 2003). 

In Turkey, GIS plays a crucial role in mitigating or eliminating the impacts of forest 

fires. Through GIS technology, forest fire risks and hazards in fire-prone forests can be 

mapped, and fire-prone areas can be identified in advance. This allows managers responsible 

for fire prevention to focus on areas with high fire risks and take the necessary precautions 

(Özşahin, 2014). GIS can also be employed in various aspects of forest fire management, such 

as public awareness campaigns, education, modeling, planning, analysis, firefighting 

activities, identifying at-risk locations, and rehabilitation efforts (Şahin, 2006).  

By integrating spatial data and enabling the visualization of fire-prone regions, GIS 

facilitates more informed decision-making in forest fire management. It provides a 

comprehensive platform for evaluating susceptibility, enabling authorities to plan effectively 

and allocate resources to minimize the impact of potential forest fires. The use of GIS in these 

processes helps improve the efficiency of fire prevention strategies and response efforts, 

thereby contributing significantly to environmental and public safety. 

 

Related Studies 

In a study conducted by Karabulut et al. (2013), Geographic Information Systems 

(GIS) were used to identify forest fire risk areas in the Başkonuş Mountains in 

Kahramanmaraş. Weights were assigned to each layer based on their sensitivity to causing 

fires, and fire risk areas in the region were identified. The analysis revealed that areas with 

high fire risk were concentrated around settlements and the roads connecting these 

settlements. 

Hacısalihoğlu (2018) aimed to determine the spatial distribution of 123 forest fires that 

occurred within the Karabük Forest Management Directorate (FMD) between 2012 and 2016, 

based on their starting points. For this purpose, a unique forest fire inventory map was 

created. The weight of each factor influencing the occurrence of the fires was determined 

using the Analytical Hierarchy Process (AHP). Based on these weights, analyses were 

conducted, and forest fire susceptibility maps were produced. These maps were categorized 

into four classes: low, medium, high, and very high fire susceptibility. To assess the accuracy 

of these maps, they were compared to the forest fire inventory map, and a 92% compatibility 

rate was found using the multi-criteria decision-making (MCDM) method. 
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In a study by Dilekçi (2019), the goal was to identify the factors influencing forest 

fires in the Zonguldak and Ereğli FMD regions and to create a forest fire risk map. Forest 

fires that occurred between 2008 and 2018 were marked on satellite images. Factors such as 

proximity to roads, settlements, elevation, aspect, slope, and land cover type were determined 

as the most significant contributors to forest fires. The AHP method was used to assess the 

impact of each factor. Land cover types were classified using Landsat 8 satellite imagery, and 

forest fire-related classes were identified. Using ArcGIS 10.5, maps were created for each 

factor influencing forest fires, and their relative importance was determined through spatial 

queries. The maps were converted into raster format with 30x30 meter resolution for further 

analysis. The resulting forest fire risk map showed that 18% of the total area was in the low-

risk category, 43% in the medium-risk category, and 39% in the high-risk category. 

Gayır (2019) aimed to conduct a spatial statistical analysis of forest fires that occurred 

between 2011 and 2015 in the Muğla forest region and to create risk maps. A 

clustering/pattern analysis was conducted based on the locations of the fires. Regression 

studies were performed to determine risk parameters, using the least squares regression and 

geographically weighted regression models. The accuracy of these models was tested, and the 

results will serve as a foundation for future studies. The models also provide 

recommendations for preventive measures, potentially reducing the budget needed for future 

project planning. 

Karadeniz (2020) conducted a study in which topographic, vegetative, meteorological, 

and landscape characteristics were assessed to evaluate the forest fire that occurred in Urla, 

İzmir in 2019. Based on the study findings, a fire simulation was created. According to the 

fire risk map, 2% of the area had low risk, 28% had moderate risk, and 70% had high risk. 

The study also found that the areas with the highest risk corresponded to actual fire locations 

in 2008, 2009, and 2019, confirming the model's accuracy. 

In a study by Özenen Kavlak, Kurtipek, and Çabuk (2020), GIS tools were used to 

assess the forest fire risk in the Kütahya-Ören Forest Management Directorate. The study 

found that 128 fires occurred in the region between 2005 and 2009, damaging 99.18 hectares 

of land. A GIS-supported fire risk map was created to contribute to minimizing material and 

physical damage caused by fires and to prepare for future fires. Additionally, a visibility 

analysis was performed to assess the coverage of fire watchtowers in the area. 

Recommendations for preventing and managing fire risks were provided based on the results 

of the GIS-based risk maps and visibility analysis. 
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In a study by Baltacı (2021), forest fire risk analysis was conducted as part of decision 

support systems used in forest fire prevention efforts. Eleven criteria, including canopy cover, 

tree species, slope, age classes, altitude, aspect, and distances to settlements, roads, power 

lines, wetlands, and agricultural lands, were considered in calculating forest fire risk. GIS 

analyses were performed to determine the range of criteria values, followed by field studies to 

verify the accuracy of the data. Unlike previous studies, it was found that fire risk decreases 

as altitude and slope increase. The study concluded that the highest risk areas were within 0-

25 meters of human activity. The findings from GIS analyses and fieldwork showed strong 

alignment with areas where fires were likely to occur. 

Finally, in a study conducted by Dilekçi, Marangoz, and Ateşoğlu (2021), 126 forest 

fires that occurred between 2008 and 2019 in the Zonguldak and Ereğli FMD regions were 

analyzed using fire registry forms. The study identified the land use classes, topographic 

factors, and human factors that contributed to the fires. Vector data on road and settlement 

networks were extracted from Google Earth, while Landsat 8 satellite imagery and a Digital 

Elevation Model were used for land use and topographic data, respectively. Using the AHP 

method, suitability scores were calculated for each factor. Based on these scores, a GIS-based 

forest fire risk map was created, dividing the area into low, medium, and high-risk categories. 

The analysis showed that 39% of the area was in the high-risk category, 43% in the medium-

risk category, and 18% in the low-risk category. 

 

Types of Forest Fires 

Forest fires are classified into different types based on the area they affect. According 

to this classification, there are three main types of forest fires: surface fires, crown fires, and 

ground fires (OGM, 1995). 

Surface fires, also known as understory fires, are fires that burn the dead plant 

materials covering the forest floor, such as dry branches, logs, and slash, as well as living 

vegetation like seedlings, shrubs, moss, grass, and leaves (Bilgili, 2014). These fires typically 

affect the organic materials that cover the forest soil and are the most common type of forest 

fire encountered in wooded areas. The development of a surface fire depends on the condition 

of the dead and living vegetation that covers the forest floor. Almost all forest f ires start as 

surface fires and then develop further depending on environmental conditions (Küçük et al., 

2009). Although surface fires generally do not cause significant damage to the main forest 

trees, they can harm these trees if there is a high accumulation of combustible materials on the 
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forest floor (Bahadır, 2010). To prevent this damage, it is crucial to monitor and control the 

affected area effectively after the fire has been extinguished (OGM, 1995).  

Crown fires occur when surface fires spread to the treetops, igniting the crowns of 

trees and shrubs (Küçük et al., 2009). These fires can develop into crown fires due to the 

effects of high temperatures and gas emissions in coniferous forests, or when combustible 

materials such as lichen, moss, and dry branches on tree trunks are ignited (Kula, 2018). As a 

result, crown fires are more commonly observed in coniferous forests. Crown fires are the 

fastest-growing and most dangerous type of forest fire. They spread rapidly through the tree 

canopy, making them challenging to control and extinguish. Crown fires have a detrimental 

effect on the development of trees and shrubs, often resulting in the loss of vitality in forest 

stands (OGM, 1995). 

Ground fires burn thick organic materials below the surface, such as peat and humus 

(Bilgili, 2014). These fires usually begin in dried-up marshlands where decaying plant 

material releases combustible gases, which ignite and burn through the thick, soil-like layer 

(Özdemir & Çelik, 2020). Ground fires spread slowly beneath the surface but can sometimes 

emerge above ground and transition into surface fires. Due to the scarcity of thick humus and 

peat layers in Turkish forests, ground fires are relatively uncommon in Turkey (OGM, 1995). 

Ground fires are characterized by flameless combustion within the soil, making them 

extremely hot and destructive. By consuming all organic matter in the soil, ground fires 

transform it into mineral ash, making them one of the most damaging fire types to the 

environment. In areas affected by ground fires, the regrowth of vegetation is often impossible 

(Şakar, 2018). 

 

Factors Influencing Forest Fire Formation 

While forest fires cannot be predicted with absolute certainty, several factors can 

increase the likelihood and risk of fire. These factors include climate change, weather 

conditions, and human activities. 

Weather is the most dynamic element influencing fire conditions and is the dominant 

factor in determining the degree of fire danger on a given day. It is important to distinguish 

between climate, which refers to long-term atmospheric conditions, and weather, which 

pertains to daily fluctuations. Atmospheric conditions that affect forest fires include 

precipitation, temperature, humidity, and wind (Calda et al., 2020). 
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Humidity is an indicator of the percentage of water vapor saturation in the air at a 

given temperature. High relative humidity indicates a large amount of moisture in the air, 

which in turn influences the moisture content of the fuel. Moist fuels are more difficult to 

ignite (Santiago & Kheladze, 2011). Fire risk is especially high when relative humidity drops 

below 30%, and the risk increases further when humidity falls below 60% (Karadeniz, 2020).  

Surface temperature directly affects fire risk by regulating the temperature of 

combustible materials. Higher temperatures mean that the material is closer to its ignition 

point, which accelerates the spread of fire (Çolak & Sunar, 2018). 

Wind is one of the most critical factors in determining fire behavior. It influences the 

pre-heating and drying of fuels and increases the oxygen supply. Strong winds can also cause 

embers to spread, igniting new fires (Küçük & Sağlam, 2004). High wind speeds can 

significantly accelerate the spread of a fire, while strong wind pressure can create convective 

effects that preheat and dry fuels, promoting faster fire propagation (Santiago & Kheladze, 

2011). 

Precipitation can either reduce ignition risks by moistening fuels or extinguish already 

burning fires. Moisture absorbed by plants and soil increases fuel moisture content, which 

reduces ignition chances (Erdem, 2018). Prolonged droughts, however, can increase fire 

occurrences and cause significant damage in affected areas. 

Weather conditions play a significant role in the formation of forest fires (Flannigan et 

al., 2005). The relationship between forest fires and climate is evident globally. The number 

of fires and the total burned area are closely associated with maximum and absolute 

maximum surface temperatures, which correlate with sunlight exposure (Koutsias et al., 

2013). Droughts and environmental effects increase the likelihood of large fires, with various 

weather components having a relative influence on fire (Avcı & Korkmaz, 2021). In Portugal, 

for example, burned areas are closely linked to seasonal rainfall and fuel moisture (Carvalho 

et al., 2008). In California, USA, large fires are more influenced by wind patterns than by 

precipitation (Freedman, 2008). 

Topography significantly influences fire behavior both directly and indirectly 

(Alkayış, Karslıoğlu, & Onur, 2022). Terrain features such as "channels" and "valleys" 

contribute to fire expansion, while the presence of lakes, bare soil, or rocks can hinder the 

spread of fire. In this sense, topography can either facilitate or impede fire spread. Key 

topographic factors affecting fire include aspect, elevation, and slope (Yılmaz et al., 2021).  
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Aspect refers to the direction a slope faces. It is measured in degrees, ranging from 0° 

(north) to 180° (south) and 360° (north). In the Northern Hemisphere, south-facing slopes 

receive more sunlight, resulting in lower relative humidity and higher temperatures, which 

increase fire risk (Burgess, 2011; Heyerdahl et al., 2001). In contrast, north-facing slopes have 

higher humidity and lower temperatures, reducing fire risk. In Turkey, fires spread more 

rapidly on south and southeast-facing slopes due to increased sunlight exposure (Dilekçi, 

Marangoz, & Ateşoğlu, 2021). 

Elevation begins at sea level and influences the overall climate of a region (Baltacı & 

Yıldırım, 2020). Lower elevations are typically characterized by higher temperatures and 

lower relative humidity, while higher elevations experience higher fuel moisture and relative 

humidity due to orographic rainfall, limiting the likelihood and spread of fires (Cüce et al., 

2020). 

Slope refers to the steepness of the terrain. The steeper the slope, the faster the fire 

spreads. Slope is usually measured in degrees or percentages and directly affects the length of 

flames and the rate of fire spread (Kavlak, Kurtipek, & Çabuk, 2020). As the slope increases, 

the fire spreads uphill more rapidly due to the increased heat transfer to the fuel ahead of the 

fire (Baltacı & Yıldırım, 2020). Slope is the most significant topographic factor influencing 

fire behavior. Depending on wind speed and the angle of the slope, slope can sometimes be 

more effective than wind in determining the rate at which a fire spreads (Rawat, 2003). 

In addition to climate change, weather conditions, and topography, the sources of 

combustible materials, the combustion of these materials, fire behavior, and the fire hazard 

index also play critical roles in the formation of forest fires. The sources of combustible 

materials in a forest are formed as a result of the growth, development, and eventual death of 

living plants, species, and other forest components. These materials vary in their distribution 

within the forest. Combustible materials in a forest can be categorized into three groups based 

on their general characteristics and vertical distribution: subsurface combustible materials, 

surface combustible materials, and tall combustible materials (Çanakçıoğlu, 1993). These 

include all combustible materials within the upper soil layer, such as fertilizers, peat, decaying 

organic matter, tree roots, and humus. These include both living material and dead debris. 

Surface combustible materials cover all flammable material on the topsoil, such as thin and 

decayed branches, fallen leaves, grass, bark, cones, seedlings, short shrubs, small saplings, 

logs, and thick branches on the ground. These are generally located above 1.5 meters from the 

ground, within the forest canopy, and may consist of both living and dead materials. This 
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category includes tall shrubs, lower canopy trees, branches, leaves, standing dead trees, 

climbing plants, tall shrubs, lichen, and moss. When materials in a forest begin to burn, a 

chemical reaction occurs between the resins, wood, and other flammable materials and the 

oxygen in the air. Forest fires progress through several stages: the initial spark, the smoldering 

phase, and the eventual ignition of combustible material. At times, forest fires can manifest 

with great intensity. Events such as thick smoke, flames jumping, sporadic explosions, loud 

noises, and extreme heat occur in accordance with the natural laws and principles governing 

fire behavior. Understanding the effects of various environmental factors on these laws and 

principles is crucial for decision-making during firefighting efforts (Bilici, 2008). Fire 

behavior refers to how a fire moves and reacts to the factors influencing it, such as 

combustible materials, weather conditions, and topography. For those combating a fire, 

predicting the fire's current actions and potential future behavior is a critical concern. 

Adequate knowledge of fire behavior makes it easier to effectively combat the fire and 

achieve successful outcomes (Castillo et al., 2021). The fire hazard index (FHI) refers to the 

potential of a fire occurring under existing conditions, based on factors that influence fire risk 

(Şenyaz, 2000). Fire hazard is the result of both constant and variable fire factors, determining 

the likelihood of a fire starting, the difficulty of firefighting, the rate of fire spread, and the 

damage caused. The fire hazard index is an element of firefighting planning and involves the 

organization and application of selected fire hazard factors in the form of indices, based on 

current protection needs (Coşkuner & Bilgili, 2020). 

As an environmental factor, the effects of fires initiate a process of ecological 

restructuring, leading to the recovery of ecosystems post-fire (Doussi & Thanos, 1994). Fires 

can also result in the degradation of ecosystems, often driven by human activities, causing a 

shift away from the existing floristic composition and structural characteristics (Moreira & 

Vallejo, 2009). Anthropogenic changes (Pausas & Keeley, 2014) and climate change (Pausas, 

2004) have led to significant changes in regional fire regimes (Tavşanoğlu, 2017). Thus, when 

combined with human activities and other factors, forest fires can become catastrophic events 

that should be assessed outside the context of natural cycles. 

 

Methods Used in the Production of Forest Fire Susceptibility Maps 

Forest fires are defined as fires that burn combustible materials found in forests, such 

as logs, trees, needles, grass, dry wood, and leaves, either partially or completely. Due to the 

open environment, these fires tend to spread freely (Hacısalihoğlu, 2018). The General 
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Directorate of Forestry (OGM) defines a forest fire as a fire that can destroy both living and 

non-living entities within the forest ecosystem and has a tendency to spread uncontrollably 

(OGM, 1995). Similarly, in regulations, forest fires are described as "fires that destroy all 

living and non-living entities within the forest ecosystem by burning and that tend to spread 

freely" (OGM, 2008). 

For a forest fire to ignite, three key components—known as the "fire triangle"—must 

be present: combustible materials, oxygen, and ignition temperature (Bahadır, 2010). If any of 

these three components are absent or insufficient, a fire cannot occur. Thus, in fire prevention 

and control, eliminating one of these components is crucial. The amount and quality of these 

three components also determine the intensity and spread of a forest fire (Turnalı, 2020). 

Specifically, the temperature of combustible materials must exceed 260-400ºC, the oxygen 

concentration must be above 15%, and sufficient combustible material must be available for a 

fire to ignite and spread (OGM, 2008). 

In this context, the methods used to create forest fire susceptibility maps focus on 

assessing these three elements and other environmental factors to predict and mitigate the risk 

of forest fires. 

 

The Role of GIS in Forest Fires 

Forest fires can cause significant loss of life and property, particularly during the 

summer months, both globally and in Turkey. Predicting the occurrence, intensity, and spread 

of forest fires is crucial to minimizing these losses. However, obtaining such information 

through ground-based measurements can be time-consuming, costly, and labor-intensive 

(Yavuz & Sağlam, 2011). 

To effectively combat forest fires, it is essential to take all necessary precautions and 

utilize resources efficiently. In addition to this, the use of advanced technologies at every 

stage of the process is critical. One of the most important technologies in modern fire 

management is Geographic Information Systems (GIS) (Tecim, 2008). GIS, which provides 

valuable data across various fields, has one of its most significant applications in forestry 

(Karabulut et al., 2013). Today, GIS technology is employed in forest management, 

operations, transportation, fire prevention, and many other forestry-related applications (Akay 

et al., 2008; Gümüşay & Şahin, 2009; Sivrikaya et al., 2007; Yüksel et al., 2008; Wing et al., 

2010). GIS allows for fast, easy, and cost-effective access to the necessary information 
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(Küçük & Bilgili, 2006). As a result, GIS provides valuable data not only during fires but also 

in pre-fire and post-fire research (Şahin, 2006). 

As a decision-support system, GIS enables optimal planning, transportation, and 

coordination of first response and firefighting teams (Akay & Şakar, 2009; Varol et al., 2010; 

Akay et al., 2011). GIS helps monitor the structure of the atmosphere, the detailed topography 

of fire-prone areas, and the properties of combustible materials, allowing for safe and 

effective fire management. 

GIS also helps fire managers better understand and visualize the physical factors and 

relationships that influence fire behavior. Factors such as slope, aspect, and vegetation can be 

analyzed to predict where the fire will occur and where it will be most intense (Gayır & 

Arslan, 2018). This information can be used to view and compare cultural resources, critical 

infrastructure, important facilities, and wildlife habitats. Additionally, historical forest fires 

can be mapped alongside potential sources of ignition, such as power lines, roads, factories, 

and settlements, allowing fire-prone areas to be identified. Furthermore, key assets, highly 

flammable forests, and areas with a high likelihood of fire ignition can be visualized together, 

facilitating the planning of fundamental forest fire management activities (ESRI, 2000). 

 

Methods Used in the Preparation of Forest Fire Maps 

In the production and analysis of forest fire susceptibility maps, which require 

consideration of multiple human and natural factors such as topography, modern 

methodologies like decision tree analysis, support vector machines, heuristic algorithms based 

on artificial neural networks, probability-based methods like the "frequency ratio," and 

statistical methods like the "logistic regression method" are recommended (Hacısalihoğlu, 

2018). Additionally, one of the widely adopted and developed approaches, particularly with 

technological advancements in GIS, is the "Multi-Criteria Decision Analysis" (MCDA) 

method (Şahin, 2012). 

 

Multi-Criteria Decision-Making Analysis 

In decision-making, individuals or institutions rarely rely on a single criterion. 

Multiple criteria are often considered, especially when aiming for long-term benefits. 

However, in many decision problems, finding an ideal solution that satisfies all criteria 

simultaneously is often not possible. Therefore, the goal is to evaluate all criteria and reach 

the most suitable solution from the available alternatives (Ishizaka & Nemery, 2013). 
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Responses required in situations demanding action are decisions (İmrek, 2003), and 

determining the best course of action among available alternatives is decision-making (Saat, 

2000). The fact that decision-making is a process distinguishes it from decisions (Tuncer et 

al., 2009). Decision-making involves selecting the most appropriate option from available 

choices to achieve a desired goal or solve a specific problem (Doğramacı, 2009).  

Decision problems vary greatly depending on the methods used and the circumstances 

under which solutions are sought. Decisions made under the presence of multiple conflicting 

criteria are known as multi-criteria decisions. The process of determining the most suitable 

decision based on predefined criteria is called "multi-criteria decision-making" (Bazzazi et al., 

2011). Since criteria often conflict with one another, no solution can satisfy all criteria 

simultaneously. In such cases, the decision is typically a compromise solution or a set of 

solutions based on the decision-maker's preferences (Sayadi et al., 2009). The compromise 

solution to a problem with conflicting criteria allows the decision-maker to find the solution 

closest to the ideal or desired outcome. A typical MCDA problem generally includes three 

fundamental components: "alternatives," "criteria," and the "relative importance" (weights) of 

each criterion. The ability to evaluate numerous criteria and alternatives simultaneously is one 

of the greatest advantages of MCDA methods (Chatterjee, 2010). 

Decision analysis is the process of solving a complex decision problem through 

mathematical modeling, systematic procedures, and statistical analysis (Malczewski, 1999). 

In this process, the decision-maker seeks either to select the best alternative from a set of 

options or to rank all alternatives from best to worst (Kaya, İpekçi Çetin & Kuruüzüm, 2011). 

In decision analysis, problems are broken down into smaller, meaningful combinations 

to integrate them logically and provide realistic solutions. Evaluating complex problems with 

multiple, conflicting criteria and finding solutions based on these criteria is known as multi-

criteria decision analysis (Malczewski, 1999). In other words, MCDA is a method or 

technique designed to help make decisions when faced with problems characterized by 

conflicting and non-uniform criteria (Gökbek, 2014). 

Multi-criteria decision analysis consists of three stages: understanding (intelligence), 

design, and choice (Demirtaş, 2009). 

• Understanding: In this stage, raw data is collected, processed, and opportunities and 

challenges are identified. The decision-maker conducts research and scanning to 

assess the gap between the current and desired situations to make the correct decision. 
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• Design: In this phase, a fundamental model is used to convert complex documents into 

simple and understandable structures, and potential solutions for identified problems 

are developed and analyzed. This stage makes it easier for decision-makers to identify 

various options. 

• Choice: At this stage, the alternatives developed in the design phase are evaluated. All 

available alternatives are assessed, and their relationships are analyzed based on 

defined decision rules to determine which alternative is the most appropriate. 

• Decision-making is a dynamic process enriched by feedback, involving complex 

methods, information research, data collection, filtering, and feedback loops. Whether 

decisions are simple or complex, they follow the same fundamental processes 

(Demirtaş, 2009). 

• Problem Definition: Every decision-making process begins with understanding and 

defining the decision problem. The first step is identifying the differences between the 

current state of the system and the desired state (Doğramacı, 2009). In this stage, the 

conditions for solving the problem are analyzed, data is collected, and processed 

(Malczewski, 1999). This step concludes with establishing clear, realistic, agreed-

upon, and understandable goals or objectives (Doğramacı, 2009). 

• Determination of Evaluation Criteria: This is the next stage after problem 

definition, where the evaluation criteria are determined. The criteria must be clear and 

consistent with the objectives of the task. By sourcing the criteria from a single source, 

the exclusion or inclusion of certain criteria can be avoided. Additionally, to avoid 

complexity, the number of criteria should be kept to a minimum (Majumder, 2015). 

• Alternatives: These are the viable options that remain after narrowing down the 

choices in the decision space using various regions or criteria in the area of analysis. 

The alternatives are evaluated based on how well they fit the objectives of the study, 

categorized as unsuitable, moderately suitable, or suitable (Zardari et al., 2014).  

• Criteria Evaluation/Decision Matrices: At this stage, the performance of each 

criterion is evaluated for each alternative. The result of the decision matrix serves as 

the foundation of multi-criteria evaluation (Arca, 2015). 

• Criteria Weights: The importance of the differences between criteria is determined 

by assigning weights to each criterion. Since the assigned weights can significantly 

influence the overall evaluation, the decision-maker’s preferences should be 
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considered. In other words, decision-makers and groups must be involved in the 

MCDA process (Doğramacı, 2009; Sarımehmet et al., 2020). 

• Decision Rules: These are the basic elements that help determine which alternative to 

select by ranking them based on numerical quality scores assigned according to how 

well they meet the criteria in question (Deniz & Topuz, 2018). 

• Sensitivity Analysis: Sensitivity analysis is conducted to assess the reliability of a 

decision and to demonstrate the effect of errors in the data included in the analysis. 

This step makes it easier to understand which values most influence the decision 

(Şahin, 2012; Özşahin, 2013). 

• Priority/Recommendation: At the end of the MCDA process, one or more 

alternatives are ranked, and a single alternative or multiple recommended options are 

suggested to the user (Şahin, 2012). 

 

GIS-Based Multi-Criteria Decision Analysis 

The growing capabilities of Geographic Information Systems (GIS) have been 

significantly influenced by the needs of environmental management and spatial decision-

making analyses. Over time, GIS has integrated with Multi-Criteria Decision Analysis 

(MCDA), creating what is now known as GIS-based MCDA, or G-MCDA (Selçuk et al., 

2016). G-MCDA is a decision-making process that evaluates both geographic and non-

geographic information (Malczewski, 1999). 

In G-MCDA, GIS handles data collection, storage, organization, and analysis, while 

MCDA combines the preferences of decision-makers with spatial data to facilitate decision-

making (Ünaldık, 2019). By allowing decision-makers to identify and evaluate multiple 

criteria and the relationships between them, GIS and MCDA make spatial decision-making 

easier and more effective (Malczewski, 1999). 

The steps in the G-MCDA process include defining the decision goal, identifying the 

criteria, determining the value of indicators, normalizing the values of the criteria, assigning 

weights to the criteria, combining normalized criteria values with their assigned weights, 

ranking the preferences, conducting sensitivity analysis, and finally, making a decision 

(Jankowski, 1995). Once the problem is defined and the evaluation criteria are determined for 

the G-MCDA process, these criteria are prepared as layers within the GIS to enable 

comparison. However, since the criteria may have different units of measurement, they need 

to be normalized to allow for comparison. The main normalization methods include the 
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"Value/Benefit Function," "Linear Scale Transformation," and "Fuzzy Logic" approaches 

(Malczewski, 1999). 

One of the commonly used statistical methods in GIS-based analyses is logistic 

regression (LR). This probabilistic statistical method is preferred to establish the relationship 

between multiple independent variables and a categorized dependent variable (Alkevli, 2015; 

Lee, 2005). Dependent variables are influenced by other variables and change when these 

influencing variables change. Independent variables, on the other hand, are not affected by 

other variables and change independently (Altural, 2012). 

Logistic regression is often used as an alternative approach when the dependent 

variable is binary. When other statistical techniques for classification do not meet the required 

assumptions, logistic regression can produce more reliable results. Even when assumptions 

are met, many researchers prefer logistic regression because it resembles the linear regression 

model (Baş & Çakmak, 2012). 

Logistic regression models can be applied as either binary logistic regression, where 

the independent variable is categorized, or multinomial logistic regression, where multiple 

categorical variables are included (Alkevli, 2015). 

The reasons for preferring logistic regression include (Baydemir, 2014): 

• The dependent variable is categorical. 

• There are no restrictions on the independent variables being continuous or discrete. 

• The model can be linearized, making it easier to interpret. 

• Widely used statistical packages like SPSS and SAS can easily perform logistic 

regression analysis. 

• There is no risk of encountering negative probabilities. 

• The relationship between the dependent and independent variables does not need to be 

linear. It can be polynomial or exponential. 

 

Frequency Ratio Method 

The frequency ratio is defined as the ratio of the probability of an event occurring to 

the probability of it not occurring (Erener et al., 2010). The frequency ratio method examines 

the relationship between each factor affecting the event and past events. This method, which 

is simple to understand and apply, is frequently used in the literature due to its ease of use 

(Hacısalihoğlu, 2018). 
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The frequency ratio method, also referred to as conditional probability or statistical 

index in the literature, is based on density analysis. Its primary principle involves transferring 

all relevant parameters into a GIS environment, linking them with a fire inventory map, and 

conducting density analyses (Lee & Talib, 2005). 

The conditional probability assessment of forest and grassland fires is based on an 

independent evaluation of the factors contributing to the fire. These factors are classified 

according to fire density, with each class being weighted. The classes are then scored 

according to the fire's intensity, and an index is calculated. The area in each class is the total 

area being considered (Üzel Gününi, 2019). One of the advantages of the frequency ratio 

method, a bivariate statistical technique, is that it allows experts to draw conclusions, while its 

disadvantage lies in the use of situational assumptions (Arca, 2015). The sensitivity mapping 

that uses the frequency ratio method takes into account the frequency ratios of each factor 

influencing forest fires in the subcategory (Altural, 2012). 

 

Discussion and Result 

 

This study aimed to investigate the role of Geographic Information Systems (GIS) and 

Multi-Criteria Decision-Making (MCDM) methods in the creation of forest fire susceptibility 

maps, and to evaluate their effectiveness in forest fire risk management. The findings indicate 

that these technologies play a pivotal role in improving the accuracy of fire risk analysis, 

enabling more effective prevention and mitigation strategies. 

GIS has proven to be an essential tool in forest fire management, primarily due to its 

ability to integrate various types of spatial data and perform detailed analysis. In the context 

of this study, GIS was used to assess the fire susceptibility of the Manavgat region, resulting 

in the identification of approximately 44,384 hectares (49.32% of the total area) as high or 

very high risk for forest fires. These high-risk areas were found to be concentrated in regions 

with specific topographic and environmental characteristics, such as red pine forests, 

southern-facing slopes, and areas with elevations ranging from 0 to 750 meters. Furthermore, 

the study found that the lack of adequate watchtowers in high-risk areas contributed to the 

vulnerability of these regions, making early detection and prevention more challenging.  

GIS enables forest managers to visualize fire-prone areas based on topographic 

features, vegetation types, and proximity to human activities. The integration of such data into 

GIS systems allows for a more comprehensive understanding of fire dynamics, enabling 
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decision-makers to predict where fires are likely to occur and how they might spread. This 

predictive capability is particularly important in areas like Manavgat, where environmental 

conditions such as steep slopes and dry vegetation increase the likelihood of fire outbreaks. 

The combination of GIS with MCDM methods has further enhanced the ability to 

manage forest fire risks. MCDM techniques, such as Logistic Regression and the Frequency 

Ratio method, are widely used to assign weights to various fire risk factors, such as slope, 

aspect, and proximity to roads, allowing for a more accurate assessment of fire-prone areas. 

By integrating multiple criteria into the analysis, MCDM methods provide a structured 

approach to evaluating complex environmental conditions, enabling forest managers to 

prioritize areas for fire prevention and allocate resources more efficiently. 

The study's use of MCDM methods revealed that topographic features such as slope 

and aspect play a critical role in determining fire susceptibility. In particular, southern-facing 

slopes, which receive more sunlight and have lower humidity levels, were identified as the 

most fire-prone areas. Additionally, regions with high road density and proximity to human 

settlements were found to be at higher risk, underscoring the need for more focused fire 

prevention efforts in these areas. 

The integration of GIS and MCDM methods represents a significant advancement in 

forest fire risk management. The ability of GIS to handle large datasets and visualize spatial 

relationships, combined with the decision-making capabilities of MCDM, allows for more 

precise identification of high-risk zones. This integration enables forest managers to develop 

targeted fire prevention strategies that take into account multiple risk factors, such as 

vegetation type, topography, and weather conditions. 

For instance, the findings from the Manavgat case study highlight the importance of 

focusing fire prevention efforts on areas with steep slopes and southern-facing hillsides. The 

ability to overlay fire risk maps with data on watchtower locations also revealed that many 

high-risk areas lacked adequate fire monitoring infrastructure, suggesting a need for better 

spatial planning in fire prevention efforts. This level of detail, made possible by GIS and 

MCDM integration, allows for a more proactive approach to forest fire management. 

The insights gained from this study have significant implications for forest fire 

management policies in Turkey and beyond. The findings underscore the importance of 

taking a proactive approach to fire prevention by identifying high-risk areas before fires 

occur. By integrating GIS and MCDM methods into forest fire management plans, 
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policymakers can develop more effective strategies for preventing fires and minimizing their 

impact. 

Key preventive measures identified in this study include the need for public awareness 

campaigns to educate citizens about the risks of forest fires and the importance of early 

reporting. In addition, there is a need to revise legal frameworks, such as the constitutional 

provisions that allow for the allocation of previously forested lands to rural communities, 

which may contribute to intentional forest fires. Strengthening these legal frameworks in line 

with modern forestry principles can help reduce the incidence of human-induced fires. 

Moreover, the study recommends that fire-prone areas be continuously monitored for 

changes in weather conditions, such as wind speed, temperature, and humidity, which can 

significantly affect fire risk. The use of fire risk maps, updated regularly through GIS and 

MCDM analysis, will allow for better resource allocation and faster response times during fire 

events. 

GIS and MCDM methods also play a crucial role in post-fire recovery efforts. After a 

fire has been extinguished, these tools can be used to assess the extent of the damage and 

guide reforestation efforts. The creation of post-fire recovery maps allows forest managers to 

determine which areas require immediate replanting and which species of trees are best suited 

for the affected regions. In high-risk areas, fire-resistant species should be prioritized to 

reduce the likelihood of future fires. 

The integration of GIS and MCDM methods in post-fire recovery also enables a more 

strategic approach to reforestation. By aligning reforestation efforts with fire risk maps, forest 

managers can ensure that new plantings are done in a way that minimizes the risk of future 

fires. This approach not only helps restore the natural ecosystem but also enhances the 

resilience of the forest to future fire events. 

In conclusion, the integration of GIS and MCDM methods in forest fire management 

has proven to be highly effective in improving the accuracy of fire risk assessments and 

guiding preventive measures. The findings of this study highlight the critical role that these 

technologies play in identifying high-risk areas, optimizing resource allocation, and informing 

fire prevention strategies. By leveraging the capabilities of GIS and MCDM, forest managers 

can take a more proactive approach to fire prevention, ultimately reducing the impact of forest 

fires on both the environment and human communities. 

Moving forward, the continued development and application of GIS and MCDM 

methods will be essential for enhancing forest fire management efforts. As climate change 
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continues to increase the frequency and intensity of forest fires, the need for more accurate 

and dynamic fire risk assessments will become even more critical. By integrating these 

technologies into forest management plans, policymakers can develop more effective 

strategies for mitigating the devastating effects of forest fires and ensuring the long-term 

sustainability of forest ecosystems. 

 

Recommendations 

 

Based on the findings of this review, several recommendations can be made to 

enhance the implementation and research: 

• Enhance Public Awareness: Implement extensive educational campaigns, 

particularly targeting younger generations, to raise awareness about forest fire risks 

and prevention strategies. 

• Improve Legal Frameworks: Review and update legal provisions that may indirectly 

encourage human-induced fires, such as land allocation policies, to prevent intentional 

forest burning. 

• Strengthen Early Detection Systems: Increase the number and strategic placement of 

watchtowers and integrate advanced monitoring technologies, such as drones and 

satellite imagery, for faster detection and response to fires. 

• Develop Comprehensive Fire Risk Maps: Regularly update GIS-based fire risk 

maps incorporating real-time data on weather conditions and topography to support 

proactive fire management and resource allocation. 

• Promote Fire-Resistant Reforestation: After fires, prioritize the planting of fire-

resistant tree species in high-risk areas, using GIS and MCDM methods to guide 

reforestation and recovery efforts effectively. 

• Optimize Resource Allocation: Use MCDM methods to ensure that firefighting 

resources, including equipment and personnel, are allocated efficiently to the most 

vulnerable regions. 

• Climate Change Mitigation: Develop long-term strategies to address the growing 

threat of forest fires driven by climate change, integrating GIS and MCDM tools to 

adapt fire management practices accordingly. 
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