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Abstract— Every year thousands of hectares of forest fires occur 

in Mediterranean countries and there are major damages. The 

effects of forest fires are quite extensive when considered from the 

organism to landscape level in the short term and long term. 

Forest fires show different behaviours depending on where they 

come from and the factors that affect it with the flammable 

materials. Forest fire triangles provide important framework to 

study the forest fires.  Flammable materials can be changed and 

controlled by time and space. Therefore, they are separated from 

meteorological and topographic factors that cannot be controlled. 

The main types of forest fire are ground, surface and crown fire. 

These types of fire reveal differences in terms of the danger and 

its fighting. In this study, the main topics of forest fire behaviour 

and fuel model researches and their importance will be present. 

The research of forest fire requires the need to study in very 

different areas. The studies required for the development of fire 

propagation and fuel models in fire management systems is 

gradually increasing. Estimations of typical forest fire features 

such as fire propagation ratio, fuel consumption, fire intensity, 

and flame size utilize fuel loading values, as well as spatial 

heterogeneity, which affects these factors. A significant feature of 

forest fire risk analyses is the fact that cause-based ignition, fire 

behaviour, and fire management have multivariate uncertainty 

factors. All of these research needs are basic components of the 

fire decision support system, which is a essential prerequisite of an 

effective fire management system. 
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I. INTRODUCTION 

A forest fire is a fire that tends to spread freely due to its 

openness and burning flammable materials in the forest such as 

grass, shrub, thin and thick dry plant branches, foliars, logs, 

According to this definition, forest fires are characterized by 

their openness and spread ability. Every year thousands of 

hectares of forest fires occur in Mediterranean countries and 

there are major damages. The effects of forest fires are quite 

extensive when considered from the organism to landscape 

level in the short term and long term. The main ones are listed 

as stimulating soil microbial processes, soil heating, tree 

mortality, fuel consumption, smoke production, and damage to 

air quality and atmospheric chemistry as a result of smoke 

dispersion, erosion, and vegetation succession [1][2]. In order 

for an effective fire management, it is necessary to accurately 

estimate the fire behaviour which occurred in the past or will 

be possibly in the future. It is important that the level of 

effectiveness of fighting with forest fires is continually 

improved depending on tactics and strategies so that the 

damage caused by forest fires is minimized. Therefore, accurate 

prediction of fire behaviour and pre-determination of the effects 

of fire are very important [3]. Forest fires show different 

behaviours depending on where they come from and the factors 

that affect it with the fuel materials. Forest fire triangles provide 

important framework to study the forest fire behaviour (Fig. 1).   

 
Fig. 1  The fire triangle (a), forest fire triangle (b) 

 

Turkey's Marmara, Aegean and Mediterranean regions are 

covered with 1st degree fire sensitive forest areas (Fig. 2). In 

these regions, especially forests covered tourism, settlement 

and agricultural areas are at risk of forest fire. 

 

 
Fig. 2  Sensitive areas of the forest fires in Turkey (www.ogm.gov.tr) 

II. FIRE BEHAVIOUR 

The definition of fire behaviour is: The manner in which fuel 

ignites, flame develops, and fire spreads and exhibits other 

related phenomena as determined by the interaction of fuels, 

weather, and topography [4]. The forest fires, the place where 

it takes place and the flammable substance they show different 
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behaviours depending on the influencing factors. Knowing 

these differences in fire behaviour is important to determine the 

tactics and strategies in respect to suppression of forest fires. 

The ability to successfully and effectively overcome with forest 

fires depends on reliable estimation of the fire hazard and fire 

behaviour. First of all, it is necessary to know the properties of 

fuel together with the meteorological and topographic factors 

controlling and determining the fire behaviour [3].  

The fire behaviour parameters (Fig. 3) which are measured 

during fires (controlled or in the field), the forward and lateral 

rates of spread, flame length, height and form, fire intensity, 

head fire width, spotting distance, fuel consumption, and fuel 

layers [5] [6]. 

 

 
Fig. 3  Flame characteristics to predict fire behaviour 

 

Forest fire growth modelling can help to develop the optimal 

plan for suppression of forest fire according to fire management. 

Therefore, fire-growth models have begun to evolve into the 

centre of forest fire behaviour research. The fire propagation 

models can be classified as statistical and empirical, semi 

empirical and physical models [5].  The reporting temporal and 

spatial measurements of past fires in detail provides significant 

convenience in fire-growth models (Fig. 4).  

 

 
Fig. 4  Spatial measurement of forest fire  

 

Temporal and spatial variations of forest fire spread and 

behaviour can be predicted using fire simulator software which 

are based the semi-physical or empirical fire propagation 

models [7] [8]. The spatial growth of fire is usually simulated 

as elliptical wave propagation by applying the Huygens’ 

principle. The fire simulators require specific input layers 

(elevation, slope, aspect, fuels, percent canopy cover, etc.) 

consisting of georeferenced digital map data to support fire 

growth modelling capabilities [8] (Fig. 5). 

 

 
Fig. 5  Examples of fire growth simulation model output from different 

simulators compared to observed fire perimeter (red line) [9] 
 

There are complexities surrounding a complete quantitative 

description of fire propagation [10]. Numerous experiments are 

needed to estimate the fire behaviour variables in laboratory 

environments at high levels. Large fires occur in environmental 

conditions that are located in different spatial variability. 

Therefore, the fire does not develop in uniform (Fig. 6). But, 

the fires that are controlled in laboratory or prescribed in the 

forest are spatially uniform. However, fire growth simulations 

can generate detailed maps for fire behaviour by 

accommodating many types of spatial and temporal 

heterogeneous scales [11]. 

 

 
Fig. 6  Spatially not uniform burning in large fires 

 

The fire characteristics chart (Fig. 7) allows firefighters to 

relate fire behaviour predictions and observations to the 

difficulty of suppressing fires. For example, Fires A and B (Fig. 

2) have the same flame length and fireline intensity, but 

dramatically different spread rates and heat per unit area [12].  
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Fig. 7  The fire characteristics chart to predict fire behaviour [13]  

 

The comprehensive study of extreme fire behaviour is more 

complex and needed more research. Particularly, crown fires 

and spot fires indicate erratic or severe burning conditions that 

dramatically change the face and effects of a fire but can also 

create spectacular threats to firefighters [12]. It is almost 

impossible to recognize extreme fires in the laboratory or 

prescribed fire environment (Fig. 8 and 9). 

 

 
Fig. 8  Experimenting the fire spread rate in laboratory environment with 

inclined fuelbed   

 

 
Fig. 9  Prescribed fire to estimate fire behaviour parameters 

 

 

III. FUEL MODELLING 

Fuels of forest fire are live and dead organic matter called 

forest biomass. The forest fuelbed is vertically stratified into 

three fuel layers—ground, surface, and canopy fuels (Fig. 10). 

Surface fuels are all biomass within 2 m above the ground 

surface. Ground fuels are all organic matter below the litter and 

above the mineral soil, which is called duff in most upland 

forests. Canopy fuels are the biomass above the surface fuel 

layer. Fuelbed layers are composed of finer-scale elements 

called fuel components, which are fuel types that are defined 

for specific purposes, mostly for fire behaviour and effects 

prediction [14]. 

An important prerequisite for successful fire management is 

the accurate estimation of the fuel load [15]. Equations for 

estimating fuel load are an important basis for determining fire 

behaviour, fire hazard risks, fire management plans, and 

decision-supporting system for fire management [16]. 

Predicting tree biomass based on fuel inventories provide an 

important modeling data for fire managers and researchers to 

determine aboveground primary production and so to estimate 

the fuel load characteristics [15]. 

Flammable fuel materials in the forest can change over time 

and be controllable [3][14]. The prediction of a reliable fire 

behaviour depends largely on the properties of the flammable 

fuel material [3][8]. Therefore, it is very important to get a good 

estimate of fuel quantity, structure, composition, continuity, 

height and moisture in order to fire management treatments. For 

this reason, fuel models have been established by intensive 

researches on identification of fuel types and integration into 

fire behaviour models [3]. The actual physical characteristics 

of fuel (fuel load, fuel moisture, moisture of extinction, heat 

content, etc.) are used as set of standard fuel models or specific 

customized fuel models in estimating fire behaviour [8]. 

The changing fuel mosaic should be use in fire and fuel 

management to develop management plans that effectively 

integrate wildfires, controlled wildfires, prescribed fires, and 

fuel treatments to minimize firefighting costs [14]. 

The fuels that provide the energy flux that enables a fire to 

spread have generally been assumed to be those that are 

consumed in the continuous flaming zone of a fire front [6].  

 
 
Fig. 10 Illustration of a wildland forest fuelbed showing the three major 

strata: ground, surface, and canopy fuel [17]. 
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III. DISCUSSION AND CONCLUSIONS 

 The development of fire management policies in the forestry 

are required in order to reduce the fire risk by applying methods 

and models for planning the operational phases of fire 

management. The use of a simulator as component of a 

decision-support system for planning the fire management 

practices involves the assessment of the simulation accuracy 

under different environmental and vegetational conditions [8]. 

In order to strengthen this, the reporting of historical fires is 

important for the updating of fire behavior predicting modelling. 

These fires are also important in terms of observing mistakes or 

invalid applications made during firefighting in fire 

management. 

Although fuel characterization and classification are a 

mathematical modelling [16], the differences in these models is 

generally due to the distinguishing features of individuals in 

nature, and the complex compositions that stem from structural 

and spatial distributions [18] [19]. For this reason, there is a 

need to constantly renew and develop fuel classification 

approaches. Especially in large administrative areas, fuel loads 

will not be unique due to the reasons mentioned above, and 

there is consequently a need for different fuel load standards 

rather than a single fuel load standard [16] [20]. 
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