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INTRODUCTION 

 

The problems and negative impacts of uncontrolled wildfires are increasing worldwide. In the 

Mediterranean Region the number, size and intensity of fires has been steadily growing in 

recent years.  

In the Mediterranean there are few landscapes which have not been altered by human 

activities such as grazing, cutting, terracing and burning. These traditional practices settled in 

the mid-Pleistocene, have been abandoned or changed in the recent years. Human activities 

of burning for pasture, cooking, hunting, heating and vegetative manipulation have 

decreased, consequently increasing fuel accumulation and high fire intensity, changing 

patterns evolved over hundreds of thousands of years. These changes have lead to variations 

in landscape disturbance regimes with the expansion of woodlands and shrub lands in many 

areas.  

 

The growing size of fire affected land and the amount of biomass burnt is greater than it has 

ever been in human history. It has recognized influence on global climatic patterns and vice 

versa, global climate changes through effects on vegetation and through expected increase of 

extreme droughts will have an important effect on wildland fire regimes. 

 

Fire has a powerful influence on ecosystem dynamics and function across a large variety of 

biomes (Kozlowski and Ahlgren 1974, Attiwill 1994). 

 

Fire induced changes in ecosystem functioning and in plant and animal species composition 

mostly occur as a consequence of biomass loss and alterations of soil properties. 

These changes imply increasing light arriving to the soil surface, loss of carbon and other 

nutrients from the overall ecosystem, together with a transitory fertilization effect on soils 

(Seastedt et al. 1991, Christensen 1993, Kasischke et al. 1995, Whelan 1995). 
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Vegetation composition and structure in mediterranean-type ecosystems are strongly shaped 

by fire regime. In some of these communities, fire has operated as a selective force increasing 

species diversity (Cowling et al. 1996), or as a filter favouring the dominance of some species 

(Lloret et al. 1999). 

Currently, there are very few types of land vegetation whose composition and structure have 

not been affected to some extent by fire. In many landscapes the continuous action of natural 

fires, closely associated with men activity, has consequently created phytocenosis adapted to 

fires.  

There can be great variations among communities in their response to fire. Concepts such as 

resistance and resilience have been used to describe this variation. Resistance is the amount of 

fire disturbance needed to result in a change (ability to resist to changes). Ecosystem resilience 

may be defined as the ability of an ecosystem or community to return to pre-disturbance 

conditions (Westman 1986), and it has been applied in a fire ecology context (Keeley 1986, 

Westman and O’Leary 1986, Malanson 1987, Malanson and Trabaud 1987). Adaptation and 

traits that enable fire tolerance will enhance resistance and resilience. 

 

Mediterranean-type ecosystems are generally recognized as resilient to fire, given that many 

species are able to survive or reestablish after fire (Trabaud and Lepart 1980, Keeley 1986, 

Malanson 1987). However, some studies suggest that a shift in species composition and 

structure may occur with changes in the fire regime (Zedler et al. 1983). 

Mediterranean ecosystems characterized by sclerophyllous evergreen species mainly result 

from secondary successions and are often linked to anthropic degradation, over a long time 

(Barbero et al., 1990; Aerts, 1995). 

Fires undergone by Mediterranean ecosystems constitute a major recurring disturbance and 

lead to the establishment of shrub communities, which are often nearly monospecific stands 

(Trabaud and Lepart, 1980). In these pioneer stands, most of the dominant species are 

present on the site before the fire. Their post-fire regeneration strategies lead to a fast re-

colonization of the site by an “auto-succession” process (Abril and Gracia, 1989; Trabaud, 1994; 
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Tárrega et al., 2001). Therefore, the shrub species play an essential role in the first stage of 

post-fire regeneration due to their high resilience (Ferran and Vallejo, 1998; Tárrega et al., 

2001). The main regeneration mechanisms of Mediterranean plants after fire are resprouting 

and seedling establishment (Lloret and Vilà, 1997). In the initial phases, recolonization is often 

controlled by sprouting species that early lose dominance in favour of obligate seeders 

(Carreira et al., 1992; Bellingham and Sparrow, 2000; Sparrow and Bellingham, 2001). In 

addition, many studies have shown that in pioneer stages of succession, dominant species 

modify their environment in the short or long-term, with effects on the vegetation dynamics 

(Aerts and Berendse, 1988; Berendse, 1998; Mitchell et al., 1999; Van Der Krift and Berendse, 

2001). 

 

Disturbance caused by wildfires is proportional to the fire front intensity that changes from 

one fire to the next, and varies considerably in terms of space and time even during the same 

event. The intensity, together with the residence time of the fire front, the period of the fire 

event, the phonological stage of each plant species and the structural characteristics of the 

forest biocenosis have greatly diversified consequences in the vegetation induced by fire, with 

evident disturbance which are sometimes irreversible in the short-mid term of all ecosystem 

components. For example, low intensity fires may have a positive effect on regeneration by 

increasing available soil nutrients (DeBano et al. 1977, Wright and Bailey 1982), and 

stimulating flowering (Whelan 1994, LeMaitre and Brown 1992), resprouting (Zedler et al. 

1983), and seed germination (Schimmel and Granstrom 1996; Bradstock and Auld 1995). In 

contrast, high intensity fires may be detrimental to regeneration by volatilizing of available 

nutrients (Wright and Bailey 1982), altering soil properties such as texture, cation-exchange 

capacity, and water holding capacity (DeBano et al. 1977), and killing seeds (Schimmel and 

Granstrom 1996), sprouts (Kennard et al. 2002), and potential seed trees (Dickinson and 

Johnson 2001).  

Incombustible forest stand do not exist, although experience leads us to believe that 

formations with dominance of certain species burn more easily than others. Indeed, the 

 

                  Rita Sousa⏐Naples 2006 
 
 



                                Fire distribution in the National Park of Cilento and Vallo of Diano connected to Land Cover classes  
                                                                                                    Naples Study University FEDERICO II⏐ Agrarian Faculty 
 

 
      

10

variability of dominance and diversity of tree and shrub species in a given area create forest 

formations characterised by fuel accumulation patterns (living and dead plant mass) that are 

different from each other, both in quantitative and qualitative terms. Thus, fires do not pass 

through the same woodland in the same manner; in fact they often leave groups of plants 

unburnt. With all conditions being equal (meterelogical, geomorphological, etc.), the 

difference of fire behaviour depends on the composition and structure of fuel elements, on 

their mass, compactness, continuity, both vertically and horizontally, and on their water 

content.   

 

The objective of this case study is to investigate if fires are selective regarding given land 

cover, and possibility of identifying land cover types where fire incidence is higher (preferred) 

or lower (avoided). If fire burns unselectively, the real number of fires should be similar to the 

number of fires generated by a casual model. The selectively for land cover by fire size was 

also analysed. 

The analysis done for National Park of Cilento and Vallo of Diano was performed using maps 

of CORINE Land Cover and maps of Fuel Models by Rothermel (1983). The maps analysis was 

made with ArcView GIS Version 3.1. from which was extracted the database used for the 

statistical analysis. 

Our analysis of fire selectivity regarding land cover type is based on a statistical method that 

compares the observed model (reality) with a casual model done with a random proceeding. 

This method allows us to define whether the number of fires or burnt area observed is 

statistical inferior, superior or similar to a casual model. 

It is also analysed in a descriptive way the number of fires and the burnt area for Land 

Systems made for Campania Region.     

The fire distribution pattern is also analysed, in ILWIS 3.3, this type of analysis allows us to 

define if fire spatial distribution is more probable to be clustered, randomized or regulated. 

The main objective of the proposed analysis in this case study is to previse and prevent fire 

events in the future. 
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1. Phenomenon Characterization – Fire as an ecological factor in forest 

ecosystems 

 

1.1 Forest Fires and Ecosystem Complexity 

 

The increase of woodlands and shrub lands due to changes in human activities caused new 

ecological conditions, that together with the sprawl of road network systems and housing 

settlements, as well as other socio-economic factors, has led to an increased number of 

widespread and destructive wildfires. 

A forest fire is a fire that tends to spread in woodlands and shrub lands, including possible 

man-made structures and infrastructures located within these areas, or to cultivated or 

untilled land and pastures adjacent to these areas.  

 

1.1.1 Nutrient Cycle 

 

Fire has three types of effect on nutrient cycle. Primary effects are directly related with fire 

and consist in the deposition of ashes and volatilization of nutrients. Abiotic secondary effects 

are runoff and soil erosion, ions dissolution, nutrients retention into colloids, ions lixiviation 

outside rhizosphere and nitrogen volatilization. Biotic third effects have influence in microbian 

activity, nutrients absorption by plants, quantity and composition on litter production in post 

fire period, and in the diverse nitrogen modifications (nitrification, desnitification and nitrogen 

fixation).  

In long term abiotic secondary effects and biotic third effects may be extremely significant.  
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1.1.2 Polluting Emission in Atmosphere  

 

The main consequences of fire are the emanation in atmosphere about 200 compounds 

(methane, hydrocarbon, carbon dioxide, azote oxide, etc) which are derived from incomplete 

combustion process of cellulose and lignin (complex polymer which combines with cellulose to 

form the woody cell walls of plants), combined with resin and oils contained in the vegetation 

and soil. 

The polluting multitude predominantly gaseous produced by unit of time is expressed by the 

emission factor that is the combustion efficiency, variable according to the prevalence of the 

conditions that promotes or reduces the combustion. 

The gases produced in main quantity are CO2 and CO, and its relation CO/CO2 indicates the 

combustion quality. In combustion favourable conditions we have only 1/10 of polluting 

respectively to non optimal conditions.  With slow forehead flame the combustion is complete. 

In large fires the emission increases more than proportionally to the increase of course surface. 

In fact at the zone where the forehead flame velocity is higher we have incomplete 

combustion conditions. Where the fire forehead has fast velocity the combustion is slow and 

the gas quantity which is produced is eight times higher than live combustion. 

The polluting mass depends therefore of fire behaviour and of the biomass fraction that 

comes effectively consumed. 

Some of the gases produced and released into the atmosphere in major quantity after fire 

(particularly CO2 and CO) are directly implied in the environmental transformation known as 

global changes, and contributes to greenhouse effect that causes the global warming. Fire can 

also change local climate through solar radiance diffusion or cloud formation. Intensive fire 

can change the albedo (ratio of the return of light by an object that is not self-illuminating) 

and remove vegetation resulting in a decreased evapotranspiration with effects in the 

energetic balance and thus, in the climate. 

Current hypothesis about climate changes stand for an increase of hydric deficit in the next 

century for all areas of Mediterranean Basin. This increase will lead to a rise of hydric stress in 
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plants, changes in the fuel characteristics and therefore fire system variations, the fire 

frequency and intensity are also increased after excessive land use by man. 

Atmosphere composition changes, for example an increase in CO2 concentration may have 

indirect effects in fire regime through direct effects in biomass production and in community 

composition species. Inflammability and fire frequency are increased by a larger biomass 

production which is in its turn, influenced by higher concentration of CO2, fire regime can be 

modified by changes in community composition. For example a change toward highest 

abundance and domination of species rich in inflammable volatile organic products can 

induce to an increase on fire frequency. 

 

1.1.3 Landscape Structure 

 

Fire is the main ecological factor able to modify Mediterranean environment and condition 

landscape aspect, shaped by a mosaic pattern of regeneration and degradation phases.  

In the last years in mostly Mediterranean european countries fires have become more 

extensive and more frequent with negative effects in ecology and economics. The changes in 

land use and vegetal cover have changed landscape structure originating favourable 

conditions for fire ignition, in fact fire effects promote shrub presence that develop into a 

dense spot in few years, distinguished by a high inflammable degree. 

Fire effects in landscape structure seem to be connected to a disturb identity understood as 

burnt dimension area, or to its propagation and development intensity and dynamics.  

Fire passage tends to transform landscape into a heterogeneous system where vegetation is 

sustained in dynamic equilibrium between several regeneration and degradation stages.  

Studies made in Mediterranean environment showed that, when fire acts in an area with 

continuous and dense cover, it promotes fragmentation and landscape heterogeneity. On the 

contrary, when fire acts more in a shrub layer than in woodlands, causes a fragmentation 

decrease and landscape homogeneity. When a fire indistinctly goes trough shrubs understories 

and woodlands, induces woodlands fragmentation and shrubs areas expansion, causing a 
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most fragmented landscape however less varied. The following effect is an increase of 

herbaceous layer causing a reduction in the diversity of vegetal cover. 

Landscape uniformity is also modelled by fire frequency, a frequent disturb leads to a 

monotonous landscape, dynamically constrained and incapable to change. Similarly, areas 

with few but big fires in the mean/long term evolve towards major homogeneity. On the 

contrary, landscape efficiently managed by men and affected by fires with moderated 

dimensions tends to be more fragmented and varied. 

Fire is able to increase landscape diversity, fragmenting wide dense and homogenous 

woodland areas inducing primary succession stage in environmental mosaic pattern. However 

very extensive fires with high intensity have opposite effects namely less heterogeneous 

landscape than before. 

 

 

1.2 Effects on Soil 

 

Fire can provoke a wide range of effects on soil. That’s due to the inherent variability of soil 

resources in the period before fire, to the characteristics that a fire assumes in its development, 

to the season in which occurs and to the environmental conditions before and after the fire. 

The changes induced by fire are connected with fire intensity that in prescribed and controlled 

fires are low or moderate, and that in spontaneous fires in estival season are high. 

Fire effects on soil resources are related to soil warming up, removal of protective cover due 

to vegetation and humus, and increase of vegetal substances in soil concentration. 

According to the Natural Resources Conservation Service of Agricultural Department in USA 

fires are classified by intensity (in a way to evaluate soil warming up), soil physical conditions 

and vegetation: 

• Low intensity fires: vegetal detritus are partly burnt; soils colours doesn’t change; 

hydrophobic layer is scarce or absent; presence of swarthy leafs or needles in trees; 

superficial roots or apex will return to grow; without changes in potential erosion.  
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• Moderate intensity fires: consume of organic layer (duff); presence of burnt humus 

residues; presence of dark ashes; low or moderate hydrophobic layer (profundity up 

to 2.5 cm); roots still alive up to a profundity of 2.5 cm; presence of fuel fragments 

even if carbonized; trees are blacken but not carbonized; the larger part of 

herbaceous perennial plants will regenerate vegetatively; vegetation will recover 

quickly (in 1 – 5 years); potential erosion increases due to lose of superficial cover. 

• High intensity fires: duff consumption, with white or grey ashes; there aren’t present 

fuel fragment material; moderate to high hydrophobic layer (profundity up to 5 cm); 

soil is physical conditioned (crystallization, crust formation, compaction); trees can be 

carbonized in profundity up to 0.5 – 2.5 cm; soil productivity significantly reduced; 

some profound roots and rhizomes will be able to grow; vegetation restoration will be 

slow (in 5 – 10 years); superficial erosion may increase significantly.    

 

1.2.1 Geomorphologic Processes 

 

The combustion of land cover induces varied direct effects in hydrological and 

geomorphologic processes; the principal one is the loss of organic layer that protects soil from 

erosion. After vegetal cover the organic layer is the first agent of anti-erosion because it 

reinforces soil particles and increases stability. In fact, the loss of this layer by quick combustion 

and removal not only increases the vulnerability of soil superficial layer to erosion, but also 

influences soil temperature due to the fact that organic layer is an efficient thermic insulating. 

Soil erosion results bigger with the increase of fire intensity, slope and precipitation. The water 

reaches soil without being kept by any vegetal layer and becomes superficial sliding water 

(runoff) that drags soil particles. Wind, defrost cycles and ice crystal formation also contribute 

to erosion processes. 

Another functional change induced by fire is the formation of hydrophobic layer. The 

presence of this hydrophobic layer is due to an efficient process of distillation, that consists in 

the volatilization of hydrophobic compounds present in litter, and in the successive 
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condensation above soil particles for some centimetres of depth; this process is particularly 

important in area of chaparral and mediterranean maquis and garrigue. The depth of this 

hydrophobic layer depends on fire intensity and soil local characteristics.  

The slim hydrophilic layer that stands above hydrophobic layer is prone to extraordinary 

erosion, especially in steep slopes.   

 

1.2.2 Physical and chemical properties 

 

Due to the heating there are some changes in some soil physical properties such as: loss or 

reduction of soil structure, porosity reduction and alteration in colour.  

Often after a fire there may be an erosion increase due to wind, water or gravity. The erosion 

intensity and duration depends on various factors such as soil texture, slope, time of 

reconstruction of protective cover, quantity of residual litter and precipitation quantity after 

fire. It is possible that soil erosion does not occur after fire because its stability is sustained by 

roots, even if burnt in apical portion. 

The direct chemical effects can be an increase in pH, formation of a hydrophobic soil layer 

and decrease of organic substances. 

The combustion process leaves the soil nutrients in the shape of elements or radicals. Azote 

and phosphor, critical elements to plants growth, become more available after fire, and there 

is a pH rise in acid soils. Therefore soil fertility can increase and this can be verified in cold, 

humid or acid areas. The major cases of pH increase occur in those soils which had initially 

acid pH, and where the fire had a remarkable combustion of organic material. The nutrients 

increase may be highly significant. Rarely it is verified a pH increase after fire in arid or semi-

arid soils, that are typically alkaline. For neutral soils it may occur a small pH increase, but 

after one or two years returns it to previous level; In this case effects on nutrients availability is 

reduced. 

Hydrophobicity is a natural phenomenon that occurs in the absence of fire, in woodland 

areas, scrublands, agricultural and grazing areas. In other words it has a beneficial effect that 
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controls evapotranspiration and drainage to areas connected between them. This process is 

due to the presence of hydrophobic compounds resultant of fungus decomposition activity, 

located in the duff base, forming a layer relatively permeably to water. During combustion 

these compounds are distilled and migrate in gas form into soil profile, forming this 

hydrorepellent layer. The degree of hydrorepellence changes with the quickness of thermic 

gradient; soil physical properties and soil hydric content. 

The decrease of organic substances present into soil is critical because represents a 

fundamental reserve of nutrients. The organic substance is important in the regularization of 

hydrological cycle and relation carbon/azote, preserves porosity in soil structure and capacity 

of cationic exchange. In fact most of soil properties such as aggregates stability, compaction, 

microorganism level and or microbial activity are connected to soil organic substance content. 

The quantity of burnt organic substance depends on soil humidity content, quantity and 

duration of heating and from organic substances available to combustion or distillation. 

 

1.2.3 Biological Component 

 

Soil microorganisms have a fundamental role in the circulation of energy through ecosystems 

and biogeochemical cycle of essential elements as carbon, azote and phosphor. The terrestrial 

ecosystems behaviour seems to depend on soil biodiversity. The interactions between plants 

occur underground, particularly in soils which are poor on nutrients. In this kind of soils 

dynamical interactions between roots, animals and microbian processes seem to determinate 

the type, the place and the growth of species. It has been valued that 80-90% of soil 

metabolism derives from microbian and protozoans activity, and 95% of soil respiration is not 

due to plants but to microbian activity.   

Fungus and bacteria are the principal groups of soil decomposers, together with 

Actinomycete and a large diversity of fauna (Protozoans, Nematodes, Lombric, Acarus, 

Molluscs). Commonly fungus and bacteria only represent 2% of soil organic substance and 

have an important role in nutrient immobilization and as an alimentary resource to fauna. 
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Generally the several groups of microorganisms that compose the soil microflora show diverse 

survival responses to fire, have different capacity to tolerate high temperatures, pH and 

humidity changes in soil due to fires. According to CABALLAS et al. (1993) the actinomycete 

are the most resistant to high temperatures and humidity variations, fungus shown to be the 

more sensible. Bacteria demonstrated to have a mean behaviour. 

The productivity in burnt ecosystems is reduced in the moment that nutrients aren’t retained 

in soil, and their mobility through aquatic systems promotes eutrophication.  

Fire influences fauna present on soil in different ways. After fire, herbivorous and carnivores 

suffer a drastic decline but temporary, in the case of intense fire both can be eliminated. 

Animals present in subsoil react in different ways according to the degree of heating, 

population dimension before fire and specificity of the affected organism. In systems adapted 

to fire direct effects in invertebrates associated with detritivors and microorganisms involved 

in nutrients cycle are rather slight. However in systems fullness of combustive material, fire has 

bigger intensity putting in danger organisms with low mobility. Direct effects on invertebrates 

are reduced in the presence of refuges in soil and woody fragments. In organisms present in 

soil the mortality can be connected to the humidity level in the moment of fire. Bacteria seem 

to expand with pH increase, which is frequently in burnt soils. Generally in the cause of disturb 

events is verified a shift of fungus dominance into bacteria dominance. In particular in 

woodlands the symbiotic relation between saprophyte, mycorrhizes and fungus is of extreme 

importance to maintain a favourable environmental to trees while bacteria dominance 

among soil decomposers foment herbaceous component.           

 

 

1.3 Effects on Vegetation 

 

Considering vegetation as in equilibrium before fire, and therefore characterised by a high 

degree of order (low entropy values), great disorder is created after the passage of fire and 

vegetation become in a state of high entropy. A long regenerative phase after the fire can be 
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interpreted as the result of an input of order in the system. However, not all types of 

vegetation have the same capacity of restablishing the conditions prior to a disturbance such 

as a wildfire. 

In woodlands where fire is frequent it had determined adaptation characters in individuals, 

population and communities.  

Some species called passive pyrophytes have particular anatomical characteristics, and are 

able to protect themselves from the action of fire 

The anatomic structures and biological processes in prevention to fire damage more 

frequently found in arboreous species are characterized by adaptation mechanisms which 

enables them to avoid reduce damages. These anatomic structures are:   

 

• Bark thickness - thick bark insulates and protects cambium from heat and damage 

(Quercus suber, Pinus pinea, Pinus pinaster, etc); 

• Height sudden growth in juvenile period – allow the plant in brief time to have the 

crown above dangerous zone for surface fires (various species of genre Pinus); 

• Growing characterized of a high crown insertion – some species that grown in dense 

woods prevent the crown from burning by surface fires (Pinus, Larix); 

• Low inflammability of leaves (Acacia, Nerium, Tamarix); 

• Quick decomposition of dead leaves reducing the combustible accumulation (more 

evident in broad leaved than in conifers); 

• Seed tegument thicken and ligneous adapt to reduce damages induced by high 

temperatures. 

 

Through millennium of evolution active pyrophytes developed survival mechanisms such as 

seed or propagation organs protection that are triggered by high temperatures, starting 

intense processes of regeneration.  
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Plants regeneration strategies for survival to fires are: 

• Vegetative reproduction - ability to vegetatively regenerate through above ground 

resprout from buds (sprouters species); 

•  Seed reproduction – seed germination already present in soil before fire or left after 

fire (seeder species). 

 

In general, vegetative reproduction species exhibit increases in land cover after the passage of 

fire much more rapidly than species reproducing through seeds. 

Some studies done in Californian chaparral evidenced that species with vegetative 

reproduction have developed roots that can reach profound layers to oppose to hydric deficit, 

but at the same time have a low control of stomas, interrupting CO2 fixation in a lower level 

of hydric stress than plants with seed reproduction. These have superficial roots with little 

development, but are able to tolerate better highest hydric deficit.  

Fire survival strategies are not only a peculiarity of higher plants, but also in bryophytes 

through vegetative reproduction or spore germination. Vegetative reproduction is carried out 

through specialised gemma or leaflet fragments capable of generating new gametophytes. 

 

1.3.1 Vegetative Reproduction 

 

Species with vegetative reproduction are characterized by mechanisms diversity that consent 

protection of gemmae from fire destruction and therefore have a quick growth. Gemmae are 

protected by thick bark, dense leaf cover or soil cover. Some arboreous species can survive to 

crown fires because the gemmae are protected by a thick bark in trunk and branches. Bark 

protection depends on its thickness, insulating quality (density), structure, hydric content and 

chemical composition. The tree age is also very important because an old tree has different 

composition (density and thickness) than a juvenile tree and this can increase or decrease 

vulnerability to fire. 
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Other very diffused survival mechanism is the protection of dormant subterranean gemmae, 

because soil is an excellent temperature insulating and, therefore, few centimetres of soil are 

enough to protect gemmae from fire. These organs are present in bracken (Pteridium) 

rhizomes and in roots or stem base for angiosperm plants. Similarly the regrowth is very strong 

mainly in sprouts as in Quercus coccifera and in rhizomes as Pteridium aquilinum. The ability 

of vegetative regeneration after disturbs changes with the community age.     

 

1.3.2 Growth and Flowering 

 

Fire can have a stimulant effect on growth and flowering in plants, especially at 

monocotyledons and particularly in grasses. The increased flowering and growth in grasses 

after fire is due to soil temperature rise in burnt areas, where the vernal growth is anticipated 

in comparison to areas without fires. 

 

1.3.3 Germination 

 

Areas recently burnt by fires are characterized by a massive germination of seeds conserved in 

soil or in the crown of some ligneous species. Fire favours germination because it removes the 

negative effects to germination namely, presence of ligneous cover, shadows, competition and 

presence of allelochemical substances.    

Seeds response to germination depends on seeds properties, fire characteristics, duration and 

temperature effects on soil and also the seed position on soil. 

 

1.3.4 Ecophysiological Response 

 

Fires can influence dynamics, structure and ecophysiology of vegetation in a different way for 

each ecosystem according to space and temporal characteristics of disturbance regime, 

nature of the physical environmental and plants response strategies. 
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During a fire, plants suffer a thermic trauma that means a reduction of growth, even if not 

directly reached by flames. 

Mediterranean shrub communities developed some mechanisms of fire adaptation and 

rendered mediterranean-type ecosystem resilient to fire.  

 

Due to their particular strategies of regeneration some sclerophyllous such as Quercus ilex, 

Pistacia lentiscus, Erica arborea and Phillyrea latifolia show a quick vegetative growth one 

year after the fire, reconstituting all pre-existent mediterranean shrub community just eight 

years after fire. Climate conditions especially precipitation, verified in Autumn and Spring 

after the fire are very important to vegetation recovery.  

In species with vegetative regeneration strategies soil recolonization process begins from down 

due to the presence of hypogeal gemmae, until initial condition is replaced. The tolerance 

degree to shadows rather low in sclerophyllous species command leaves production, therefore 

foliar biomass produced after fire comes distributed vertically in relation to light variation. In 

the first year it can be observed an increase of foliar surface in lower layers. After some years 

occurs an inversion with highest values for upper layers, in other words community tends to be 

heliophyte and exposes major photosynthetic surface to solar radiation.  

Fire does not provokes variations in photosynthesis system, the increase of productivity is due 

to a highest resource availability such as nutrients, water and luminous radiation all 

connected to a decrease of competition between plants in burnt areas.  Fire increases 

nutrients availability especially azote because it induces release from vegetation and from 

the superficial organic layer. Elevated nutrients level may conduct to a highest enzyme 

concentration, major transpiration and to improved photosynthetic performance. 

These kinds of strategies are much common in all species from mediterranean-type 

ecosystem. Several studies about ecophysiological response were made on species from 

Californian chaparral, however there is lack of information in European mediterranean 

ecosystems.   
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1.3.5 Vegetal Biodiversity  

 

The passage of fire produces immediate structural damage to the plant community in 

question as well as in the recovery stages following the fire. 

Reconstitution of origin community foresees that in the first year after fire there are few 

species present and are predominant those which have vegetative reproduction. The 

abundance of species reaches highest levels two or three years after the fire. 

Floristic richness successive to fire is superior to that in areas without disturbance, even if 

colonized by annual and biennial exogenous species. After three years vegetal biodiversity 

suffers a decline and a successive stabilization. However response to disturbance originated 

from fires is connected to the type and evolution story of each community. Also fire frequency 

and seasonality are important. When fire frequency is moderate, structural variations in 

woody vegetation tend to repeat themselves, through a series of stages after each fire and to 

reconstruct the vegetation structure before fire and increases floristic biodiversity. Instead 

when frequency is highest, fire can induce a reduction of species increasing pioneers species 

more tolerant, which can change fire regime increasing its frequency. This mechanism induces 

vegetation to quickly transform itself into mosaic pattern vegetation with a structure that 

differs from the original one. 

Post-fire evolution of mediterranean vegetation follows a model called initial floristic 

composition (Manes et al., cit in Blasi et al., 2005).         

 

1.3.6 Vegetal structure evolution 

 

After fire almost all vegetal species present before disturbance take part on a successive 

regeneration, tends to reconstitute a facsimile of the original community known as 

autosuccession. The nature of the sequence of dominant species depends on the 

environmental conditions before and after fire. 
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After the fire, vegetation will start to recover soil surface and will become more complex with 

a multiplicity of layers. This process occurs in three phases: 

 

• Space reoccupation; 

• Competition between species, to resettle pre-existent situation; 

• Stabilization, when reached metastable equilibrium comparable with beginning. 

 

In the recolonization of burnt areas take part perennial species able to renovate by seeds or 

vegetative reproduction, perennial species able to renovate only by seeds and annual or 

biennial specie able to renovate only by seeds.  

It seems that mediterranean species do not have any difficulty to reproduce because 

sprouters species are the most common and dominant, own generic and abundant sprouts 

and are not limited by the presence or seeds production. 

Most sclerophyllous shrubs and trees, as well as climbers, are obligatory root resprouters. Most 

chaemeaephytes, as well as perennial herbaceous plants are facultative root resprouters, 

regenerating also by fire simulated germination and growth. Mediterranean conifers do not 

resprout, but rely solely on proliferous seed germination from cones that burst open from the 

heat of the fire. They are obligatory seed regenerators and fire apparently provides the only 

opportunity for their natural regeneration under a dense maquis understory (Walter 1968 cit 

in Goldammer and Jenkins, 1990).  

In Mediterranean ecosystem frequent fires (ever 3-10 years) generally promote sprouters 

species, instead less fire frequency (>10 years) promote non-sprouting species.     

The recovery of plant community can be analysed by studying the percentage variations of 

life forms that exist within a community. The degree of resilience of a community which is the 

reproductive and competitive capacity of its species is strictly correlated to their life forms: 

• Therophytes – facilitated by soil denudation which encourages colonisation via 

dissemination; 
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• Geophytes – resistant since the heat produced by the fire does not penetrate into 

the soil more than a few centimetres; 

•  Hemicryptophytes – damaged; 

• Chamaephytes and phanerophytes – greatly damaged above ground; their 

survival is connected to the capacity to sprout, to the vulnerability of the 

rhytidome, and to seed production. 

 

In floristic terms, the most evident result of fire is the increase of therophytes. This is due to the 

fact that fire increases seeds germinability and the quantity of light on the ground reduces the 

quantity of clay and, consequently, the quantity of water available in the rhizosphere.    

 

1.3.7 Pathogenic organisms response to fire 

 

Fire can be positive for plants because can damage pathogenic organisms. A fire direct effect 

is the destruction of pathogenic fungus into litter. On the other hand some diseases can 

increase after fire because plants are more sensible, for example fire scars are vulnerable to 

infections provoked by pathogens and insects.  

These responses to fire depend on the stimulation or inhibition action caused by substances 

produced during combustion according to fire intensity, chemical nature of combustion and 

environmental conditions of deposition and retention of produced chemistry compounds. 

    

 

1.4 Effects on Fauna  

 

Faunal communities are dependent on vegetation because of food, shelter zones or 

reproduction.   

Direct effects from flames and temperature change according to the degree of mobility of 

each animal. Animals with mobility can run away before flames arrival, but immobile 
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animals that do not have shelter may disappear. Most invertebrates can run away to fire 

direct effect through soil protection. 

These different responses are connected to the kind of fire, fast and intense fires with high 

flames may cause mortality in lots of vertebrates and invertebrates. Besides, fires that occur in 

the reproduction season may change density of animal community.  

Indirect effects of fire are related to the alteration of the physical environment. Fire changes 

vegetation structure, composition and productivity, and these factors may result in changes in 

resource availability for fauna. This can lead to: 

• changes in food quantity and quality (e.g. an abundance of dead insects for birds to 

feed on, or more nutritious fresh new grass for herbivores) 

• cover and micro-site characteristics (e.g. soil moisture, ground temperature) 

These environmental changes then affect faunal populations. Another indirect effect of fire is 

that some species may utilize the burnt open areas to reduce predation risk since visibility is 

improved. Conversely, other species may become more vulnerable to predation because of 

loss of shelter. Some species of birds that use recently burnt areas for nesting have 

camouflaged eggs that blend in with the burnt ground and appear less obvious to predators. 

Dispersal is often an immediate reaction to fire, and it is an important cause of change in the 

composition of fauna at a site. 

 

 

2. Forest Fires Characterization 

 

In this chapter are described the more important characteristics of forest fires. A fire  is divided 

in diverse parts and it is characterized by an evolution phase in time. At a local scale a fire is 

characterised by diverse attributes and has a different behaviour according to predisposing 

factors. 
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Fire behaviour can be described in a general or local scale. In general scale is considered all 

fire and may be characterized as a temporal profile (fire phases) or as a spatial profile (fire 

parts). 

 

2.1 Fire phases 

 

The phases of fire temporal evolution are: 

• Ignition – represents the initial moment; 

• Quick spread – begins in few minutes after the arrive of air flow caused by the 

ascension of hot gas; propagation reaches maximum values of all fire development 

and frequently achieve crown; in this phase is coursed the main part of burnt total 

surface; 

• Interruption -  comes after quick spreading and the heading fire reach a propagation 

velocity that tends to be constant without acceleration; 

• Decline – verified when there is a decrease of propagation conditions, by low 

continuity of combustible or by a change in meteorological conditions; 

• Final extinction – when the fire is extinct by propagation negative conditions and 

may be connected to the arrival of intervention device. 

 

2.2 Fire parts 

 

In temporal phases of a fire, can be distinguished diverse parts spatially affected, indeed 

heading fire assumes different conformations according to propagation factors.  

At the beginning combustion spreads in all directions but due to the lack of homogeneity 

conditions that characterize forest environmental, a flames front is quickly formed advancing 

with high velocity and is called heading fire. It’s formed due to wind or slope, and 

sometimes on the combination of these two factors. The heading fire is normally 
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perpendicular to wind direction or maximum slope (namely the flames propagate in wind 

direction) and have the highest values of velocity and thermic emanation. 

Where the flames front is parallel to wind direction or to maximum slope is called flank and 

is less violent (namely the flames propagate perpendicular to wind direction). 

The zone behind where the flames propagate in wind direction is called backing fire and 

has very small intensity and velocity.  

The diagram below illustrates the different parts of a fire, ignited from a point source. 

 

 
Figure 1. Different parts of a fire. 

 

In each fire phase or part the heading fire can be of surface type, crown type or ground type. 

Surface fires burn fuels at the ground surface such as litter, shrubs, dead down woody and 

herbaceous material by smouldering combustion and with low intensity. 

Crown fires (occur in secondary or primary overstory) burn through tree crowns and are 

invariably ignited by surface fires. These have high flames and can move very fast. 

It can be distinguished two kinds of crown fires. It is defined dependent crown fire, if 

combustion involves at the same time lower layers from the litter to tree crowns. Such fires 
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may burn only by the thermic contribute offered by combustible present in lower layer. 

Independent crown fires happen when the crown burns without contribute of lower layer 

however the flames advance in both layers together. This kind of fires occurs in the presence 

of intense wind and do not have any relation with surface fire that can come more slowly and 

in a different part of the wood. Independent crown fires are more dangerous and difficult to 

extinguish.  

During a fire can also occur other kind of fire that is less frequent: ground fires occur in litter, 

duff, and subsurface organic material and burn subsurface organic fuels by smouldering 

combustion with few oxygen. Therefore this kind of fire is very damaging because is very slow 

having residence times very high.  

 

2.3 Attributes of fire 

 

After the fire global characterization it is important to look over characteristics at local scale. 

All described variables are connected between them, and a variation in one on their 

influences all one’s.    

 

Fire intensity represents the heat released per meter of fire front and time, and can be 

expressed by reaction intensity or linear intensity.  

Reaction intensity is the heat released by combustion per unit area in a defined time. Is 

considered all fire superficies for each second, this reaction intensity express total heat yield 

and is therefore effective intensity. 

Linear intensity is a function of heat yield of fuel of each unit area per the rate of forward 

spread of fire front. 

Flame height can also be a useful indicator of intensity. Flames tend to have a vertical 

advance proportional to combustion intensity.  
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Flame length by convection has a vertical development but in wind presence the gas mass 

combustion is no longer vertical. Also flame length is related with intensity. 

So flames are characterized by height and length, these are in function of equilibrium 

between vertical push of hot convective airs and wind horizontal component.   

Spread velocity expresses the time employed by flames front to pass of one position to 

another one. Spread velocity changes a lot according to fire parts: in the heading fire velocity 

is highest, while in backing fire it is minimal.  

Resident time is the flame permanence time in each surface unit. It is also the sum of all 

times from each fire evolution phase. 

 

 

2.4 Predisposing Factors  

 

Fire characteristics are influenced by a group of environmental conditions such as 

topography, weather variables and vegetation. 

 

2.4.1 Topography 

 

Topographic features can play an important role in influencing fire behaviour. Topographic 

factors include slope steepness, aspect and elevation.    

Slope steepness is the topographic factor that more influences fire behaviour. Fire moves 

more quickly upslope than downhill. This is because the flames are closer to fuels on the uphill 

side, which pre-heats them. In addition hot convective air from the fire moves upslope drying 

out fuels. In a slope, each 10° increase in steepness doubles the rate of fire spread respect to a 

flat surface and quadruple if slope is 25°. The reverse is the case down-slope. 
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Figure 2. Fire moving quickly upslope. 

 

Slope aspect influences the quantity of solar radiation received and therefore moisture 

content, soil and air temperature. Slopes exposed to sun have highest temperatures and a 

lower relative humidity. In particularly south and southwest aspect is much favourable to fire 

propagation.   

Elevation is the less important factor to fire behaviour and is connected to weather and kind 

of vegetation. 

2.4.2 Weather variables 

 

Fire weather data is important because it describes the prevailing weather conditions 

affecting fire behaviour. Weather influences vegetation kind and quantity, determines 

atmospheric humidity and consequently fuel moisture content. Ignition probability is directly 

connected to temperature and humidity. 

The most important weather variables are wind, atmospheric humidity, temperature, 

atmospheric precipitation and hillshade: 
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• Wind – is a major controlling factor that determines rate and direction of spread, and 

shape of fire. Also influences atmospheric humidity such as fuel moisture content. 

Essentially it has three functions: rapidly provides fuel increasing combustion; lengthen 

flame allows those to reach new vegetation; transports burning fragments causing 

new fires by spotting.  Spotting occurs when a fire produces sparks, embers or flaming 

material (such as loose bark) which are carried away by wind and start a fire ahead 

of the flaming front (outside the fire perimeter). 

A change in wind direction can cause that the flank fire becomes the new fire front — 

much larger and potentially, more difficult to control than the original narrow front. 

The following diagram illustrates the fire that can result from a change in wind 

direction.  

 
Figure 3. Change in wind direction. 

 

Wind can also have an inhibitory effect due to strong gust that can extinguish new 

spotting, cold winds can lower fuel temperature and can have also a contrary 

direction to steepness or be orientated to places without fuel.  

• Atmospheric humidity – Relative humidity (RH) measures the quantity of moisture 

which is present in the air. Expressed as a percentage, it describes the amount of 

water vapour in the air compared to the amount needed for the air to be saturated 

(i.e. 100% RH). Humidity is important because it affects fuel moisture content and 

therefore its flammability. For example, in dry conditions, moisture from fuels is 
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transferred to the atmosphere and the fuels become increasingly flammable. 

Humidity varies with temperature (as temperature increases humidity decreases and 

vice versa), wind, slope aspect, elevation and landscape conformation. 

• Temperature - affects fire behaviour indirectly through influence on fuel moisture 

content and local wind formation (e.g. sea-breezes). So, as air temperature increases, 

fuel moisture content tends to decrease, and vice versa. Also, the higher the 

temperature of the fuel, the more easily it will reach ignition temperature. 

• Atmospheric precipitation – rain has direct influence in fuel moisture content, 

whether it if is dead or alive; if it is live material only intense precipitation is relevant 

while if it is dead material all precipitation is important to fire extinction. It is also 

important to consider the temporal distributed precipitation in the risk season since 

decreases fire risk because it maintains the fuel moisture content at high levels.  

• Hillshade – this variable has influence in flammability because shadows presence or 

absence influences fuel moisture content. 

 

2.4.3 Vegetation  

 

Fuel type and quantity in an area can play an important role in determining the types of 

fires as well as fire intensity.  

A vegetal fuel is all vegetal material that can burn and may be dead or alive. Dead fuels are 

fallen branches, drought leaves and grasses; live fuels are shrubs, grasses and trees. This 

distinction is important because each kind of material has a different behaviour. Fire 

behaviour is influenced by fuel type, quantity and spatial arrangement. Similarly fuel models 

are extremely important to predict fire behaviour. 

Fuel models are standardized models of vegetation, biomass and necromass, and are 

available in literature which describes the physical-chemical parameters of vegetation that 

influence fire behaviour. In particular these models are used to describe ground fires and 

characterize the fuel layer that leads to fire. 
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Are described the 13 fuel models are presented and described on page 92 of Albini’s (1976) 

paper, “Estimating Wildfire Behaviour and Effects”, utilized by the United States Department 

of Agriculture - Forest Service (in Anderson, 1982).  

Fuels have been classified in four groups: grasses, brush, timber, and slash. The differences in 

fire behaviour among these groups are basically related to the fuel load and its distribution 

among the fuel particle size classes. 

 

Table 1. Description of Fuel Model (adapted from Rothermel, 1983) 

Fuel model Typical fuel complex 
Fuel quantity 

(t/ha) 

Grass and grass-dominated 

1 Short grass (30 cm) 1 – 2 

2 Timber (grass and understory) 5 – 10 

3 Tall grass (1 m) 4 – 6 

Chaparral and shrub fields 

4 Chaparral (2 m) 25 – 35 

5 Brush (60 cm) 5 – 8 

6 Dormant brush, hardwood slash 10 – 15 

7 Southern rough 10 – 15 

Timber litter 

8 Closed timber litter 10 – 12 

9 Hardwood litter 7 – 9 

10 Timber (litter and understory) 30 – 35 

Slash 

11 Light logging slash 30 – 35 

12 Medium logging slash 50 – 80 

13 Heavy logging slash 100 - 150 
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Fuel Model Description  

 

Grass Group 

Fire Behaviour Fuel Model 1 - Fire spread is oriented by the fine, very porous, and 

continuous herbaceous fuels that have cured or are nearly cured. These fires are surface fires 

that move rapidly through the cured grass and associated material. Very little shrub or 

timber is present, generally less than one third of the area. Horizontal continuity is uniform. 

Grasslands and savannah are presented along with stubble, grass-tundra, and grass-shrub 

combinations that met the above area constraint. Annual and perennial grasses are included 

in this fuel model.  

 

Fire Behaviour Fuel Model 2 - Fire spread is primarily through the fine herbaceous fuels, 

either curing or dead. These are surface fires where the herbaceous material, in addition to 

litter and dead-down stemwood from the open shrub or timber overstory, contributes to the 

fire intensity.  

Open shrub lands and pine stands or scrub oak stands that cover one-third to two-thirds of 

the area may generally fit this model; such stands may include clumps of fuels that generate 

higher intensities and that may produce firebrands.  

 

Fire Behaviour Fuel Model 3 - Fires in this fuel are the most intense of the grass group and 

display high rates of spread under the influence of wind. Wind may drive fire into the upper 

heights of the grass and across standing water. Grasses are tall, averaging about 1 m, but 

considerable variation may occur. Approximately one-third or more of the fuel is considered 

dead or cured and maintains the fire. Wild or cultivated grains that have not been harvested 

can be considered similar to tall prairie and marshland grasses. 
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Fires in the grass group fuel models exhibit some of the faster rates of spread under similar 

weather conditions. With a wind speed of 8 km/h and a moisture content of 8 percent, 

representative rates of spread (ROS) are as follows: 

 

Table 2. Description of Fuel Model (adapted from Anderson, 1982) 

Model 
Rate of spread  

Km/hour 

Flame length  

m 

1 1.56 1.2 

2 0.7 1.8 

3 2.1 3.6 

 

 

As wind speed increases, model 1 will develop faster rates of spread than model 3 due to 

fineness of the fuels, fuel load, and depth relations. 

 

Shrub Group 

Fire Behaviour Fuel Model 4 - Fires intensity and fast-spreading fires involve the foliage 

and live and dead fine woody material in the crowns of a nearly continuous secondary 

overstory. Stands of mature shrubs are 2 m tall.  Besides flammable foliage, dead woody 

material in the stands significantly contribute to the fire intensity. Fire propagates through 

shrubs foliage that forms a continuous layer consuming all material, dead or alive.  

Height of stands qualifying for this model depends on local conditions. A deep litter layer may 

also hamper suppression efforts. 

 

Fire Behaviour Fuel Model 5 - Fire is generally carried in the surface fuels that are made 

up of litter cast by the shrubs and the grasses or forbs in the understory. The fires are generally 

not very intense because surface fuel loads are light, the shrubs are young with little dead 
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material, and the foliage contains little volatile material. Usually shrubs are short and cover 

the majority of the area.  

Young green stands may be up to 2 m high but have poor burning properties because of live 

vegetation. 

 

Fire Behaviour Fuel Model 6 - Fires carry through the shrub layer where the foliage is 

more flammable than fuel model 5, but this requires moderate winds, greater than 13 km/h 

at midflame height. Fire will drop to the ground at low wind speeds or at openings in the 

stand. The shrubs are older, but not as tall as shrub types of model 4, nor do they contain as 

much fuel as model 4. A broad range of shrub conditions is covered by this model.  

 

Fire Behaviour Fuel Model 7 - Fires burn through the surface and shrub layer with equal 

ease and can occur at higher dead fuel moisture contents because of the high flammability of 

live foliage and other live material. Stands of shrubs are generally between 0.6 and 1.8 m 

high. This model represents coniferous understories.  

 

The shrub group of fuel models has a wide range of fire intensities and rates of spread. With 

winds of 8 km/h, fuel moisture content of 8 percent, and a live fuel moisture content of 100 

percent, the models have the values: 

 

Table 3. Description of Fuel Model (adapted from Anderson, 1982) 

Model 
Rate of spread  

Km/hour 

Flame length  

m 

4 1.5 5.7 

5 0.36 1.2 

6 0.64 1.8 

7 0.4 1.5 
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Timber Group 

Fire Behaviour Fuel Model 8 - Slow-burning ground fires with low flame lengths are 

generally the case, although fire may encounter an occasional heavy fuel concentration that 

can flare up. Only under severe weather conditions involving high temperatures, low 

humidity, and high winds do the fuels pose fire hazards. Closed canopy stands of short-needle 

conifers or hardwoods that have leafed out support fire in the compact litter layer. This layer 

is mainly needles, leaves, and occasionally twigs because little undergrowth is present in the 

stand. Are presented in this model conifers (pine and fir) and broad-leaved as beech and 

larch.   

 

Fire Behaviour Fuel Model 9 - Fires run through the surface litter faster than model 8 and 

have longer flame height. Both long-needle conifer stands and hardwood stands are typical. 

Fall fires in hardwoods are predictable, but high winds will actually cause higher rates of 

spread than predicted because of spotting caused by rolling and blowing leaves. 

Concentrations of dead-down woody material will contribute to possible torching out of trees, 

spotting, and crowning. Mediterranean pine forest and chestnuts are grouped in this model. 

 

Fire Behaviour Fuel Model 10 - The fires burn in the surface and ground fuels with 

greater fire intensity than the other timber litter models. Dead-down fuels include greater 

quantities resulting from over maturity or natural events that create a large load of dead 

material on the forest floor. Crowning out, spotting, and torching of individual trees are more 

frequent in this fuel situation, leading to potential fire control difficulties. Any forest type may 

be considered if heavy down material is present.  

 

The fire intensities and spread rates of these timber litter fuel models are indicated by the 

following values when the dead fuel moisture content is 8 percent, live fuel moisture is 100 

percent, and the effective wind speed at mid flame height is 8 km/h: 
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Table 4. Description of Fuel Model (adapted from Anderson, 1982) 

Model 
Rate of spread  

m/hour 

Flame length  

m 

8 32 0.3 

9 150 0.78 

10 158 1.44 

 

 

Fires such as above in model 10 are at the upper limit of control by direct attack. More wind 

or drier conditions could lead to an escaped fire. 

 

Logging Slash Group 

Fire Behaviour Fuel Model 11 - Fires are fairly active in the slash and herbaceous material 

intermixed with the slash. The spacing of the rather light fuel load, shading from overstory, or 

the aging of the fine fuels can contribute to limiting the fire potential. Light partial cuts or 

thinning operations in mixed conifer stands with broad-leaved forest are considered. Clear-

cut operations generally produce more slash than presented here. The less than 7.6-cm 

material load is 25 t/ha and for greater than 7.6-cm is presented by 10 pieces with 10 cm of 

diameter, along a 15 m transect. 

 

Fire Behaviour Fuel Model 12 - Rapidly spreading fires with high intensities capable of 

generating firebrands can occur. When fire starts, it is generally sustained until a fuel break or 

change in fuels is encountered. The visual impression is dominated by slash and much of it is 

less than 0.6 m highest and is well distributed. Heavily thinned conifer stands, clear-cut, and 

medium or heavy partial cuts are represented.  

 

Fire Behaviour Fuel Model 13 - Fire is generally carried across the area by a continuous 

layer of slash. Large quantities of material larger than 7.6 cm are present. The mean height is 
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about 1 m. Fires spread quickly through the fine fuels and intensity builds up more slowly as 

the large fuels start burning. Active flaming is sustained for long periods and a wide variety of 

firebrands can be generated. These contribute to spotting problems as the weather conditions 

become more severe. Clear-cuts and heavy partial-cuts in mature and overmature stands for 

larger surfaces are representative of this model. 

 

The comparative rates of spread and flame lengths for the slash models at 8 percent dead 

fuel moisture content and a 8 km/h midflame wind are: 

 

Table 5. Description of Fuel Model (adapted Anderson, 1982) 

Model 
Rate of spread  

m/hour 

Flame length  

m 

11 120 1.1 

12 260 2.4 

13 270 3.2 

 

 

3. Land Use  

 

Fuels are made up of the various components of vegetation, live and dead, that occur on a 

site. The type and quantity will depend upon the soil, climate, geographic features, and the 

fire history of the site. To a large extent, potential evapotranspiration and annual 

precipitation combinations with altitude and latitude changes can describe the expected 

vegetation and may be used for vegetation maps. An adequate description of the fuels on a 

site requires identifying the fuel components that may exist. These components include the 

litter and duff layers, the dead-down woody material, grasses, shrubs, regeneration and 

timber. Certain features of each fuel component or the lack of it contributes to the description 

of the fuels in terms suitable to define a fuel model. For each fuel component certain 
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characteristics must be quantified and evaluated to select a fuel model for estimating fire 

behaviour. The most important characteristics for each component are: 

 

• Fuel loading by size classes - is the fuel weight per area unit (kg/m2 or t/ha) and is a 

major factor in fire because has extreme importance in its intensity and duration. It 

changes a lot in vegetation physiognomy: sparse vegetation in pre-desert 

environmental 0 – 3 t/ha; grassland and pasture 2 – 12 t/ha; maquis and shrubs 20 – 

100 t/ha; sparse degraded woodlands till 70 t/ha; explored woodlands till 250 t/ha.  

• Mean size and shape of each size class – it is expressed by the relation between total 

surface and sample volume (m2/m3). This variable is important because it has 

influence in fuel capacity to change heat or humidity with the exterior. For example 

twigs have a relation of 308 m2/m3, pine needles 5600 m2/m3 and pasture 6600 

m2/m3.     

• Compactness – it is the percentage of non empty volume and as lower it is the fuel 

compaction the bigger the probability is of drying because it has highest internal air 

flux. 

• Vertical arrangement – it is the probability that a fire diffuses to crown foliage.  

• Horizontal continuity – it is the fuel distribution in the horizontal plan. It influences 

flames velocity and place until they can propagate. Uniform fuel continuity makes 

easier fire propagation and the presence of clear zones or with non inflammable 

material hinders or decreases flames propagation.  

• Timber density – is connected to the capacity to absorb heat without changing its 

own temperature, fuel with low density does not need high temperatures to increase 

its own temperature until ignition, and therefore they are more dangerous in the 

presence of sparks or secondary fires than materials with higher density. 

• Chemical content, ash, and volatiles – some fuels have volatile chemical substances 

connected to cellulose as oils, resins and waxes that allow material to burn even 
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without proper conditions. Pines for example have highly volatile resins and therefore 

influences fire intensity and propagation velocity.  

• Moisture content – humidity influences not only fire probability but also its behaviour. 

Moisture content is expressed by (humid weight - dry weight) / dry weight in percent.   

 

Each of the above characteristics contributes to one or more fire behaviour properties. Fuel 

loading, size class distribution of the load, and its arrangement (compactness or timber 

density) direct whether an ignition will result in a sustaining fire or not. Horizontal continuity 

influences whether a fire will spread or not and how steady the rate of spread will be. 

Loading and its vertical arrangement will influence flame size and the ability of a fire to 

“torch out” the overstory. With the proper horizontal continuity in the overstory, the fire may 

develop into a crown fire. Low fuel moisture content has a significant impact upon fire 

behaviour affecting ignition, spread, and intensity; with high winds it can lead to extreme fire 

behaviour. Certain elements of the fuel’s chemical content, such as volatile oils and waxes, aid 

fire spread, even when moisture contents are high. Others, like mineral content, may reduce 

intensity when moisture contents are low. High fuel loads in the fine fuel size classes with low 

fuel moisture contents and high volatile oil contents will contribute to rapid rates of spread 

and high fire line intensities, making initial attack and suppression difficult. 

 

 

4. Fire Determinant Causes 

 

Fire is a complex phenomenon and can be considered as the final act of interaction between 

predispose factors, in other words factors that favours fire beginning and propagation, and 

fire determinant causes which originate fire ignition.    

Ignition is the determinant factor and can be connected to diverse causes characterized by 

EUROSTAT, European Union (Corona et al., 2004): 
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• Natural causes – connected to natural events that are inevitable; may be provoked 

by lightnings, spontaneous combustion, volcanic eruptions, fallen meteoroids, etc. 

• Negligent or involuntary causes – arson fires caused by involuntary human behaviour 

due to negligence, imprudence or ignorance; may be connected to forestry and 

agricultural activities, agropastoralism, dead down woody material burning, 

recreative activities, dumps burning, electric lines, railroad lines, cigarette throw out, 

etc.      

• Malicious or voluntary causes – determinate by human desire to damage 

environment; grazing renovation, speculation, fire industry (for example to create 

new jobs), extortion, construction opportunity, pyromania, etc.  

• Unknown causes – it is not possible to attribute a cause to these fires.  

 

 

5. The Role of Prevention 

 

The most suitable approach against fire is to promote and encourage fire prediction and 

prevention activities, rather than focusing only on the emergency phase connected to 

extinction fires. 

Prevention includes a series of coordinated and planned actions and interventions with the 

objective of: 

 

• Removing or modifying the causes of fires, through information, awareness raising as 

regards to protection woodlands from the danger of fires, the propagation of 

procedures and norms of correcting practices and defending rural and suburban 

communities from the danger of fire; 

• Limiting the harmful effects, through suitable early fire warning detection services, 

providing the territory with the necessary forest fire defence resources and 

infrastructures, and creating the best possible conditions to suppress wildfires by 
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constraining predisposing factors, such as the biomass, type and distribution of 

vegetation most potentially capable of propagating fires; 

• Knowledge of syndynamic models (vegetation series) in order to favour species and 

phytocenosis which are coherent with the environmental conditions of the territory in 

question.   

 

Prevention requires knowledge of the distribution of the various vegetation types, their 

successional dynamics, and hence, those factors linked to hazard, severity and risk of wildfire. 

Forest fire hazard refers to the possibility of fire occurrence together with the difficulty of 

suppressing the fire itself; and hence is a parameter that expresses a series of factors regarding 

onset, spread and difficulty in containing forest fires.   

Potential severity refers to the consequences following the passage of the fire, in terms of 

variation produced in the forest habitats with which they interact. It expresses the conflict 

between the negative effects of the potential fire and the expected resilience of the 

environmental system in its structural and functional complexity. 

Fire risk is understood as the sum of variables that represent the proneness of different 

vegetation formations to burn.  In a general sense, the concept of fire risk implies two 

components: fire interception, influenced by the nature and incidence of certain causes, and 

fire propagation, linked to predisposing factors that influence fire behaviour. Risk can only 

change in the long turn, and must remain distinct from the concept of danger which is by 

definition variable in time, in relation to the occurrence of several predisposing factors. 

 

Direct prevention interventions are finalised at making fires less probable and more easy to 

be suppressed. With this objective, specific importance is given to the best possible knowledge 

of species autoecology and the dynamics of synphytosociology, as well as to elements of 

technical operation nature such as the optimal sizing and realisation of road network, 

firebreaks, water supply works, landing pads for helicopters, as well as fuel control in forests. 
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Fire prevention through silvicultural practices is a kind of direct prevention. Silvicultural 

practices to fire prevention can be classified into two categories: 

 

• To favour, or plant, tree species and forest vegetation capable of resisting to 

wildfires and which are coherent with the potential vegetation; 

• To reduce the quantity of potential vegetation fuels (biomass and necromass). 

 

Monitoring woodlands areas, through remote sensing and diachronic analyses, struck by 

wildfires has the primary aim of: 

• Identifying and perimetering such areas, with the principal objective of assessing their 

size, eventually by georeferencing  their perimeter with a GIS environment; 

• Assessing the level of damage of forest vegetation; 

• Describing the capacity and the speed of recovery of autochthonous vegetation 

following the passage of fire; 

• Verifying the dynamics of recovery in consideration of the potential natural 

vegetation and the possible presence of invasive exotic species. 
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Figure 4. Outline of the interaction between prevention, predisposing factors and determinant causes 

of forest fires (adapted from Blasi et al., 2005).  
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6. Characterization of National Park of Cilento and Vallo of Diano 

 

The Parco Nazionale del Cilento e Vallo di Diano is the second largest park in Italy and was 

established in 1991 - Law 394 of 06.12.1991. 

The Consulting Committee on the UNESCO MAB (Man and Biosphere) Biosphere Reserve 

Program, in the meeting that took place in Paris on June 9-10 1997, included by unanimously 

approval The National Park of Cilento and Vallo of Diano in the prestigious network of the 

Biosphere Reserve. The concept of Biosphere Reserve, first introduced in 1974 by the UNESCO 

"Work Group of the MAB Program of Man and Biosphere", was actuated in 1976 with the 

activation of the Biosphere Reserve World Wide Network, considered the chief component to 

realize MAB aim: to preserve a balance, durable in time, between Man and his environment 

through the conservation of the biological diversities, the promotion of economic 

development and the protection of the linked cultural values. Biosphere Reserves are then 

"specified areas in Ecosystems, or in combinations of land and coastal/marine ecosystems, 

internationally recognized in the MAB (Statute frame of the World Network of Biosphere 

Reserves). In accordance to modern concepts of dynamic protection and conservation, 

Biosphere Reserves (Convention of Seville - Resolution 28 C/2.4 - UNESCO General 

Conference) have been playing an important role since 1995 which is perfectly integrated to 

the founding functions of National Parks and to the principles established by the Law 6 

December 1991, n° 394 (Frame LAW on Protected Natural Areas). With the creation of the 

National Park of Cilento and Vallo of Diano Reserve of Biosphere, for the first time in Italy 

the concept of localized conservation is introduced to protect specific areas (so called "spots of 

leopard") within the perimeter of a large extension area. The Park, then, in application of the 

UNESCO MAB PROGRAMME directions, will have to perform, beside his founding functions, a 

specific social economic function which takes into account the interrelations between cultural 

real estates and natural estates. All the land acquires a transboundary and worldly value 

having drawn a priority "pact" to ensure those links among similar and connected ecosystems 

which marks the concept itself of "Network" (The MAB World Network included 329 reserves 
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in 82 counties in 1996) and to make information circulate freely among all the interested 

countries. One of the most important objectives of the Biosphere Reserves is also an 

investment in the future realized through programs, scientifically correct, of formation, 

popularization and information on the relationships between Humanity and Environment 

with long term perspectives and on inter-generation basis. In conclusion the Biosphere 

Reserves have to preserve and to produce scientifically natural and cultural values through a 

culturally creative and operationally sustainable correct management.  

 

The Park of the Cilento and Vallo of Diano, result of the combined work of Nature and man, 

is part of the category of the evolutionary landscapes (Mixed Goods), being the result of 

historical, social, economic, artistic and spiritual events, and reaching its actual “form" in 

association and answer to its natural environment. It is today a living landscape that, also 

maintaining an active role in the contemporary society, preserves the traditional characters 

that have produced it in the territorial organization, in the plot of the paths, in the structure 

of the cultivations and in the system of the settlements. As natural species in geographical 

environments, so different people have found in these places the point of contact, the 

intersections and the fusions, the enrichment of the genetic patrimony. 

 

The Park stretches from the Tyrrheanian coast up to the foot of the Apennines in the regions 

of Campania and Basilicata, and it includes the Alburni Mountains, the peaks of Mount 

Cervati and Mount Gelbison, the coastal buttresses of Mount Bulgheria and Mount Stella. Its 

peculiarity is given by the width and the heterogeneity of the territory it covers. 

Consequently, the ecological features of the territory are extremely heterogeneous too: 

environments which have remained almost unchanged alternate with areas which on the 

contrary have been strongly modified by the presence of urban centers and densely inhabited 

valleys.  
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6.1 Morphology 

 

Mount Cervati, with its 1.898 meters is the highest peak in Campania and one of the most 

interesting natural features of the Cilento Park. Thanks to its geographical "record" and to its 

naturalistic aspects, landscape, and forests, Mount Cervati, together with the area of Mount 

Gelbison overlooking Vallo della Lucania and the regions of the Alburni Mountains, of Mount 

Stella, and of Mount Bulgheria, represents a unique morphological system. 

The fields of lavender are characteristic of the Cervati area: their colored flowers cover the 

non-forested areas and even the borders of the beechwoods, while their perfume attracts a 

rich entomofauna. 

The Alburni Mountains, whose name derives from the word albus indicating the presence of 

white limestone of the Cretaceous period, form the northern part of Cilento and stretch out 

for approximately one hundred square miles. Their calcareous nature has led to the creation 

of a number of beautiful caves: those in Castelcivita, inhabited since the Neolithic Age; those 

in Petrosa, which are interwoven for about 2000 meters and where, near Polla, the remains 

of wild goats, wild boars and an extinct bovid, the aurochs (Bos primigenius) have been 

found. The landscape you can enjoy from the peak of the massif is incredible: the Alburni 

Mountains are a natural balcony from which it is possible to see the whole plain of the Sele, 

the Tanagro, the Calore, the internal buttresses of Cilento, and far away the sea. 

The coastal area is characterized by two Sea Parks - Infreschi and Santa Maria of 

Castellabate - and a series of inlets, little sandy beaches, steep rock faces and promontories 

dominated by old watch towers built for the defence of the urban nuclei, give it, its typical 

Mediterranean aspect.  

 

6.2 Geology 

 

The Cilento, land of the delicate hilly morphologies, covered by rows of ash green olive-groves 

which are reflected in the blue of the Tirreno Sea and at the same time, land of the very sour 
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morphologies deeply engraved by vivacious streams, rows of lunar aspect, woods of chestnut 

trees and ilexes, villages rooted to the rocks or laid on the shores. Few people imagine that to 

determine this fresco, made up of forms and suggestive colours apparently in strong contrast, 

it is the double geologic nature of the rocks which constitute the Cilento: that of the "Flysch of 

the Cilento", that has its maximum diffusion in correspondence of the hydro geographic basin 

of the River Alento and of the main mountains of the western Cilento, as the Centaurino 

Mount (1433 ms), and that of the calcareous " rocks " that constitute the inside mountainous 

complexes (Alburno-Cervati) and southern (Mount Bulgheria, Mount Cocuzzo) of the 

National Park of the Cilento and Vallo of Diano. On the higher coast, the Flysch is 

characterized for the dense stratification of the rocks, which sometimes assume forms and 

particular colours, as that at Ripe Rosse or in the sea balcony of Punta Licosa. The deriving 

landscapes are often recognized for the delicate morphologies and for the larger arboreal 

presence of the Mediterranean bush. Leaving the north-western coast, territory of the Flysch, 

and going towards the inland part of the National Park of the Cilento and Vallo of Diano, 

the landscape changes: we are in the kingdom of the calcareous rocks at the presence of the 

carbonate massif of the Alburni and the Cervati. The landscape, modeled with carsick forms, 

the sourness of some slopes marked by an intense tectonics, the big gorges dug by streams 

perpetually in flood, presents with a lunar aspect made bare by the poverty of the grounds, 

even if, where the conditions of the soil and the waters allow, it becomes rich of 

Mediterranean woods and beech woods or of lavender lawns. The characteristic of the 

geology of these rocks is the carsick form, due to the dissolution of the kick carbonate that 

produces "erosion" and deposition with formations, among others, of stalactites and 

stalagmites. The forms that derive can be superficial (epigee) as the furrows of the fields 

made by carts, or deep (ipogee) as caves, galleries and hollows, present in the territory of the 

Park, a lot of which still unexplored. The carsick phenomenon is almost particularly present in 

the Alburni Mountains with the magnificent evidences of the Castelcivita Cave 5 kilometers 

long; the Pertosa cave accessible for a long line by platforms; and the Auso cave near S. 

Angelo a Fasanella. Carsick Forms of particular interest are then those that the river Bussento 
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has produced in the line Caselle in Pittari -Morigerati, with its long underground course and 

the deep gorges produced by the river Mingardo in the line of crossing of the Mount 

Bulgheria. Deep cuts, that engrave the soft white limestone, are those produced by the 

stream Sammaro, by the river Calore and by the Bussentino; their impetuous waters are 

often responsible of falls and rapid of seldom natural show. 

 

6.3 Climate 

 

The climate is strongly mediterranean next to the coast and more internal typically mountain 

or sub-mountain. Along the shore mitigate by the presence of the sea precipitation is 

concentrated in Spring and Autumn (average rainfall 980 mm/year). Mean temperature is 

around 18° C, with estival season characterized by a long period of aridity.  

Inside areas and mountains have normally abundant precipitation (average rainfall 1200 - 

1900 mm/year) with maxima precipitation in Winter-Spring and lowest values in the months 

of June and July. Temperatures mainly at high altitudes are low in cold months (lower than 

0° C), in the peaks annual temperature average around 4.4° C.  The duration and intensity 

of cold period is very variable, with average temperatures lower than 10° C for four moths, 

and snowy precipitation. These facts are very important. 

In Mount Cervati the first snowfall can be in November, and in its peak the snow only melts in 

June. In particular conditions that can remain all year just like in some profound dolina 

present at the internal of beech woodlands.  

 

The Cilento’s Park is divided in three Climatic Regions as is possible to observe in the map 

“Climatic Regions and Isohyets in the National Park of the Cilento and Vallo Diano” present 

in appendices. These climatic regions are: 

• Mediterranean Region; 

• Transition Region; 

• Temperate Region. 
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Are also presented the isohyets for Cilento’s Park. An isohyete is the line that connects points 

where the precipitation height is equal (generally is considered an entire value) in a certain 

period of time. 

 

6.4 Fauna 

 

The fauna of the National Park of the Cilento and Vallo of Diano is very diversified according 

to the large variety of environments present on the territory. Coastal and mountain areas, 

impetuous rivers and brooks, cliffs and forests, determine many fauna communities in which 

the presence of species of high naturalistic value often emerges. On the peaks, on the altitude 

grasslands and on the cliffs there are the bald eagle (Aquila chrysaetos) and its favorite preys: 

the Coturnix (Alectoris graeca) and the Appennini Hare (Lepus corsicanus). The presence of 

these two last species is biologically important because they represent Apennine 

autochthonous populations, extinct in most of the territory. The eagle shares this environment 

with other predatory birds as the wandering Hawk (Falco peregrinus), the Lanario (Falco 

biarmicus), the imperial Crow (Corvus corax) and the coral grackle (Pyrrhocorax 

pyrrhocorax). Among the pastures it is easy to observe the field mouse of the Savi (Microtus 

savii), a small herbivorous rodent plundered by the Fox (Vulpes vulpes), by the Marten 

(Martes martes) and also by the Wolf (Canis lupus) species this last whose population seems to 

be in light increase. Among the same lawns, kingdom of numerous species of butterflies, the 

Wall Lizard (Podarcis muralis) and the Luscengola (Chalcides chalcides) live peculiar for its 

resemblance with a small snake but from which it differs for the presence of small arts. 

Among the rich avifauna of the forests of beech tree the most typical species are the black 

Woodpecker (Drycopus martius), the Mason Woodpecker (Sitta europaea) and the Bullfinch 

(Pyrrhula pyrrhula), while of high interest is the presence of the Astor (Accipiter gentilis) 

rapacious bird whose distribution is in decline. On the tall trees mammalians also live as the 

Dormouse (Myoxus glis) or Quercino (Eliomys quercinus), while others small rodents attend 
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dens dug between the roots, as in the case of the reddish field-mouse (Clethrionomys 

glareolus), or among the small clearings in the forest as the wild Mouse ( Apodemus sylvaticus 

) and the Mouse with the yellow neck (Apodemus flavicolis). These small rodents are among 

the favorite preys of the wild Cat (Felis silvestris), whose presence represents another 

naturalistic element of high interest. On the bark of the trees a rare bug lives: the alpine 

coleopteron Rosalia, species of European importance. Very rich it is also the fauna of 

watercourses where no doubt the population of otters (Lutra lutra), perhaps the richest in 

Italy, dominates. In the areas closest to water sources, where water is colder, more constant 

and the thick woods provide abundant shade, there live the rare Salamander with the glasses 

(Salamandrina terdigitata), Italian endemism of high naturalistic interest and the most 

common Salamander (Salamander salamander). In sites with clearer water rich of oxygen 

there abound the Trout (Salmo macrostigma) and the water Blackbird (Cinclus cinclus), 

along the banks there are frequent small stilt-birds as well the small Messenger (Charadrius 

dubius) while in the small puddles the italic Frog , the Adamantine Frog , the Ululone from 

the yellow abdomen (Bombina pachypu) and the Toad (Bufo bufo); among the rocky gorges 

the rare Harrier Eagle (Circaetus gallicus) rapacious of big dimensions primarily of some 

reptiles that frequent the Park. Among these last there are the rural Lizard (Podarcis sicula), 

the Green Lizard (Lacerta viridis), the Cervone (Elaphe quatuorlineata) the Columber ( 

Coluber viridjflavus), the Viper (Viper aspis) and the Natrice (Natrix natrix).  

 

6.5 Flora 

 

The flora population of the Park is constituted probably by about 1800 different species of 

spontaneous autochthonous plants. Among them about 10% have notable phyto-geographic 

importance being endemic and/or rare. The most well known of these species, and the most 

important is perhaps the Primula of Palinuro (Primula palinuri), symbol of the Park, 

palaeoendemic species with extremely located diffusion. In the territory of the Park, for its 

central position in the basin of the Mediterranean, typically present are southern entities of 

 

                  Rita Sousa⏐Naples 2006 
 
 



                                Fire distribution in the National Park of Cilento and Vallo of Diano connected to Land Cover classes  
                                                                                                    Naples Study University FEDERICO II⏐ Agrarian Faculty 
 

 
      

54

arid environments to their superior limit of expansion together with species, with purely 

northern distribution, that here reach the southern limit of their area as well as those to 

oriental or western areas. During the territorial evolutionary dynamics the plants have 

occupied all the available ecological niches, including those gradually created by the man 

enriching the already ample mosaic of the biodiversities. They have, slowly and gradually, 

evolved and associated in community of highly specialized plants and in balance with the 

environment constituting the actual vegetable landscape of the Cilento. On the beaches, 

among the communities of the sands, it is still present the more and more rare Sea Lily ( 

Pancratium maritimum); on the bluffs at direct contact with the spray of the sea phytocenosis 

live with extremely specialized halophyte and dominated by the endemic Statice salernitana 

(Limonium remotispiculum) while on the frequent coastal cliffs the Mediterranean rocky 

groups are studded of precious endemic species as the Primula of Palinuro, the Carnation of 

the cliffs (Dianthus rupicola) the Centaurea (Centaurea cineraria) , the florid Iberis (Iberis 

semperflorens), the Neapolitan Campanula (Campanula fragilis), and others which 

characterize, with their flowerings, a coastal landscape of rare beauty. In the Mediterranean-

arid band, kingdom of the multiform and multicolor Mediterranean bush, here enriched, in 

only two coastal places, by the Broom of the Cilento (Genista cilentina) species individualized 

in 1993, by carob-tree (Ceratonia siliqua), red Juniper or " fenicio " (Juniperus phoenicea), ilex 

groves, groves of Aleppo Pines (Pinus halepensis). In the coastal area, particularly, the fabric 

of the evergreen woods and the Mediterranean bush are permeated by olive-groves, almost 

natural gardens that are confused and integrated in the warm nature of the Cilento coasts. 

At higher altitude and in the internal part the Oaks, at times old and solitary to watch of the 

ancient fields, now in compact formations together to Maples, lime-trees, Elms, Ashes and 

Chestnut trees. And higher the stately beech trees that cover and protect the mountains; here, 

the perfumes of the mountain are perceived where the rare Maple of the Lobel is often met 

(Acer lobelii). Even higher, in the dense kingdom of silence of the tall cliffs and the peaks of 

the Alburni Mountains, of the Cervati, of the Motola, of the Bulgheria there live the very rare 

"Crespino" of the Etna (Berberis aetnensis) endemic Saxifrage of the center-southern 
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Apennine (as Saxifrage paniculata subsp. stabiana, Saxifrage ampullacea and the rare 

Saxifrage porophilla) the Aubrieta columnae subsp. columnae, the Centaurees of mountain 

and others rare species.  

 

The Alnus cordata (Ontano napoletano) is a broad leafed, limited in the Apennines, 

Campano and Calabro-Lucano. It lives between 800 and 1300 meters of altitude, often 

together with the Fagus sp. (beech) on the highest mountains of the Park, along the edges of 

the rivers. It has semi-round leaves with the upper side a shiny green, while the underneath is 

grey. The trunk is straight a grey- brown bark and the foliage is a long pyramid shape. 

The most beautiful beeches of Cilento are found on the Alburni and Cervali mountains. These 

shady forests flourish in the Park about 1000 meters in altitude. 

 

Figure 5. Alnus cordata. Figure 6. Castanea sativa. 

 

But there is also the presence of some more common plants, also diffused elsewhere and well-

known, which here acquires a remarkable phyto-geographic importance: the small 

spontaneous groves of Birch trees (Betula pendula), the white fir (Abies alba) and the 

Boxwood (Buxus sempervirens) and Eastern Plane tree autochthonous of the outskirts of 

Velia.  
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6.6 Landscape Units in National Park of Cilento and Vallo of Diano 

 

The map of landscape units has been made to provide the geographic analysis of landscape 

changes in Campania Region. 

This map of landscape units represents environmental and agro-forestry resources, made with 

a physiographic and integrated approach, based in homogenous units for what concerns 

environmental factors that may influence the potential use and possible prejudicial dynamics 

in earth (Gennaro & Innamorato, 2005). The map illustrates environmental structures more 

or less permanent, connected to the action of climate, substrate, morphology, biotic 

communities and permanent anthropic changes. In the table below are described the great 

land systems and the land systems present in National Park of Cilento and Vallo of Diano, 

and in appendices is the map “Land systems in National Park of Cilento and Vallo of Diano”. 

 

Table 6. Great land systems and the land systems in National Park of Cilento and Vallo of Diano. 

Great Land Systems Land Systems  

A High Mountain 
A2 Calcareous high mountain with pyroclastic cover (fall deposit 

of ashes and pumice) 

B Calcareous Mountain  B5 Longshore calcareous mountains of Mountain Bulgheria  

C Marl-Arenaceous and Marl-

Calcareous Mountain 
C1 Marl-arenaceous and marl-calcareous mountain 

E Longshore Hill  E2 Cilento’s longshore hill 

G Foothill Plain G1 Calcareous foothill plain 

H Alluvial Terrace 
H1 Alluvial terrace of high and average stream of River Volturno 

and Apennine’s rivers 

I Alluvial Plain 
I4 Area morphological depressed of alluvial plains, in the low 

stream of River Volturno and smaller streams 

L Longshore Plain 

L1 Retrodune depression 

L2 Old dunes and marine terraces 

L3 Dunes and beaches  
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A High Mountain 

 

The great system of high mountain (A) includes the summit areas and calcareous, marl-

arenaceous and marl-calcareous high mountainsides, with strong climate influence. This 

system is characterized by the presence of pedological cover with high lateral variability, 

above pyroclastic cover, with a complex mosaic of thin soils of erosion above rock substrate, 

and profound soils with thick horizons into morphologic depressions. The prevailing uses are 

forest, zootechnical-grazing, naturalistic-recreative with beech woods, top grasslands, 

meadow-grazing in karstic fields and crops.    

The A2 system includes the areas of high mountains with pyroclastic cover above fall deposit 

of ashes and pumice. The morphology is characterized by sharpen crests with steep slopes. 

 

B Calcareous Mountain 

 

It includes the area of average and low calcareous mountain, with strong to moderate 

climate influence. It is characterized by the presence of pedological cover with high lateral 

and vertical variability, has soil sequences with andic properties (high aluminium and iron 

content, low apparent density, high capacity of absorbing phosphor, presence of volcanic 

glass, variable characteristics according to the presence of coarse volcanic material) strongly 

expressed above pyroclastic deposits covering the calcareous substrate, variable break off 

erosion processes on slopes. The meridional slopes are affected by cover removal processes, 

with thin Andosoils, rocky above calcareous substrate. 
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Figure 7. Meridional slope of Mountain Bulgheria. 

 

The area B5 - Longshore calcareous mountains of Mountain Bulgheria has an area of 62 Km2 

and is located between 250 – 1.100 m a.s.l of altitude. Its morphology is characterized by 

sharpen crests with steep slopes, with regular profile, locally precipitate, with rough profile, 

and low slopes above old slope deposits. The land use in highest areas is forest-grazing, with 

mixed broad leafed mesophillous and holm oak woods; coniferous woods, grasslands, garrigue 

and maquis. Into low and average slopes are present terraces where the land use is prevailing 

agrarian with olives and forages.  

 

C Marl-Arenaceous and Marl-Calcareous Mountain 

 

This great system includes the average and low marl-arenaceous and marl-calcareous 

mountain with strong to moderate climate influence. The soils above regoliths, with moderate 

profile differentiated by the formation of thick superficial horizons darken from organic 

substance presence, decarbonisation of superficial and profound horizons, formation of 

profound horizons with clay accumulation; soils above pyroclastic hem covering carbonates or 

marl substrates.  
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The morphology of C1 system is 

characterized by sharpen crests with steep 

slopes with regular profile. The land use is 

forest-zootechnical in highest areas with 

chestnut trees, mixed broad leafed woods, 

grazing and meadow-grazing. In the lowest 

slopes with terraces there is an agrarian use 

with olives and forages. 

 

 

 

Figure 8. Slopes of Mountain Gelbison. 

E Longshore Hill 

 

This great system includes the longshore hills and has low climate interference, with high risk 

of hydric deficit in Summer. These surfaces of high stability have soils with moderate 

differentiated profile, sometimes strongly differentiated for internal distribution of carbonates 

or profile decarbonisation, formation of profound horizons with accumulation of eluvial clay. 

In slopes with more intense erosion dynamics are present soils with profile few differentiated 

and coarse mineral soils. 

 

The land use of system E2 - Cilento’s longshore hill is 

mainly agrarian and forest with olives, cereal and 

forages. The area with natural vegetation is 42% of 

the system surface, with mixed woods with broad-

leaved, maquis, garrigue and xerophytes grasslands.   

 

 

 

Figure 9. Cilento’s longshore hill 
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G Foothill Plain 

 

This great system includes the areas of foothill plain distinguished of alluvial plains, with 

absent or low climate interference, with moderate to high risk of estival hydric deficit. It has 

soils above fall deposits of ashes and pumice and pyroclastic flux, locally elaborated and 

sedimented from the runoff waters.  In areas with old aged pyroclastics deposits the dominant 

soils have moderate differentiated profiles, with andic properties modestly or weakly 

expressed, connected to the activity of primary vitreous volcanic material. In the surfaces for 

longer time stable, with prehistoric deposits posterior to 35.000 years Andosoils are present 

above ashes deposits covering in profundity campano grey tuff, with strongly differentiated 

profile and with formation of surface horizons very thick darken by the organic substance, 

and profound horizons with accumulation of eluvial clays. 

In the system G1 - Calcareous foothill plain, the land use is constituted by permanent ligneous 

cultures, fruit trees, olives, vineyards, nut trees forages and forages cultures.  

 

 

H Alluvial Terrace 

 

This great system includes the alluvial terraces and alluvial conoids with absent or light 

climate interference and moderate to high estival hydric deficit. The soils above old alluvial 

sediments with highly differentiated profile for the formation of profound horizons darken by 

the organic substance, decarbonisation of superficial horizons, and formation of profound 

horizons by accumulation of eluvial clay; are also present Andosoils above ashes deposits 

covering in profundity campano grey tuff, old travertine or alluvial deposits; above eroded 

surfaces soils weakly differentiated profile, skeletic.  

The system H1 - Alluvial terrace of high and average stream of River Volturno and Apennine’s 

rivers has a morphology characterized by flat surface smoothly inclined, or locally from very 

inclined to steep slopes corresponding these areas to those slopes due to water effect. The land 
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use is prevailing agrarian with cereal and forages. Fruit trees, olives, vineyards and nut trees 

are also present.  

 

I Alluvial Plain 

 

This great system includes the alluvial plains with absent or light climate interference and 

moderate to high estival hydric deficit. The soils above recent and actual fluvial sediments or 

above anthropic filling locally intercalated with deposits of ashes, pumice and lapillus fall or 

pyroclastic flux. Profound hydromorphic soils are present with weakly to modestly 

differentiated profile due to soil organization and carbonates internal distribution. Into the 

morphologically depressed areas surface hydromorphic soils are present with weakly to 

modestly differentiated profile due to soil organization, carbonates internal distribution and 

horizons homogenisation connected to clay contraction/swelling.  

In the system I4 - Area morphological depressed of alluvial plains, in the low stream of River 

Volturno and smaller streams the land use is prevailing agrarian with cereal and forages, are 

also present fruit trees. 

 

L Longshore Plain 

 

This great system includes the longshore plains with absent or light climate interference and 

high estival hydric deficit. The soils are above eolic dune sediments, fine lagoon sediments, 

organic sediments and anthropic filling deposits. Soils are calcareous, with physical-chemical 

properties influenced by sandy texture or superficial hydromorphy connected to the presence 

of superficial water level with high salinity. Are also present soils above old dune deposits and 

marine terraces, with moderate or high differentiated profile by decarbonisation, and 

formation of profound horizons due to the clay eluvial accumulation.  

The land use is recreative and agrarian, with anthropic pine forest, maquis, cereal and 

forages cultures and uncultivated. 
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The systems present are L1 - Retrodune depression, L2 - Old dunes and marine terraces and 

L3 - Dunes and beaches. 

 

 
Figure 10. Marine terraces in Cilento’s coast. 

 

 

 

7. Problem Definition and Research Objectives 

 

The objective of this study is to investigate to what extent fires are selective regarding land 

cover, and possibly identification of land cover types where fire incidence is higher (preferred) 

or lower (avoided). If fire burns unselectively, the real number of fires should be similar to the 

number of fires generated by a casual model. The selectively for land cover by fire size was 

also analysed. 

The burnt land cover can be used to analyse the fire preference in diverse vegetal formations 

present in an area (Mazzoleni et al., 2001).  

The analysis done for National Park of Cilento and Vallo of Diano was performed using maps 

of CORINE Land Cover and maps of Fuel Models. The maps analysis was made with ArcView 

GIS Version 3.1. from which was extracted the database used for the statistical analysis. 
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Our analysis of fire selectivity regarding land cover type is based on a statistical method that 

compares the observed model (reality) with a casual model done with a random proceeding. 

The random proceeding is repeated 100 times, with a confidence level p = 0.05.   

This method allows us to define whether the number of fires or burnt area observed is 

statistical inferior, superior or similar to a casual model. 

The advantage of the casual method (used in this case study) in relation to Index Resource 

Selection Function method is that the analysis is divided in two parts: number of fires analysis 

and burnt area analysis, which allows us to make conclusions about the dimension of the 

burnt area (whether if is small or large) and number of fires (low or high) separately. The 

Index Resource Selection Function considers these two analysis together, which may not be 

relevant statistically in the case of a small area with high number of fires or a large area with 

few fires. Then is possible that through the analysis of the two factors together, the land use 

may result not selected by fire, instead if it is analysed separately could result selected by fire.  

It is also analysed in a descriptive way the number of fires and the burnt area for Land 

Systems (Campania Region).     

The fire distribution pattern is also analysed, this allows us to define if fire spatial distribution is 

more probable to be clustered, randomized or regulated. 

 

 

8. Pattern Analysis 

 

The fire distribution model is important to understand the role of fire into ecological processes 

in a landscape scale. The pattern analysis allows us to define fire spatial distribution 

determining if it is more probable that fires are clustered, randomized or regulated.  

Data in a point map represent spatial occurrence of a particular phenomenon, such as fires. 

To acquire knowledge about the occurrence of this phenomenon, the spatial distribution of 

the points in the map can be examined. Point pattern analysis is a technique that is used to 

 

                  Rita Sousa⏐Naples 2006 
 
 



                                Fire distribution in the National Park of Cilento and Vallo of Diano connected to Land Cover classes  
                                                                                                    Naples Study University FEDERICO II⏐ Agrarian Faculty 
 

 
      
64

obtain information about the arrangement of point data in space to be able to make a 

statement about the occurrence of certain patterns (Boots & Getis, 1988). 

 

Three types of patterns can be distinguished:  

• In a situation of complete spatial randomness (CSR), no correlation exists between 

locations of points.  

• In a clustered pattern, subgroups of points tend to be significantly closer to each other 

than to other subgroups of points.  

• In a regular pattern, distances between adjacent points tend to be further apart than 

for CSR. The pattern under consideration is compared to the situation of CSR. If point 

items tend to attract each other, and there is environmental heterogeneity, one can 

call the pattern 'grouped'. On the other hand, if individual point items tend to repel 

each other and points are more spread out than in CSR, one may call the pattern 

'regular'.  

There are basically two different techniques; the location of points can be studied: 

• with reference to the area, i.e. measures of dispersion;  

• with respect to each other, i.e. measures of arrangement.  

 

The three fundamental pattern types are: 

  

Random point samples 

 

Clustered point samples 

 

Regular point samples 
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Methodology 

 

Measures of dispersion: 

The mean distance between reflexive nearest neighbours (RNNs) are tested against the 

expected distances in a CSR.  

First a number of different distance figures are defined. Then from distance 0 to the upper 

limit of each distance figure, the probability of finding one or more other points is calculated 

for output columns Prob1Pnt, Prob2Pnt, ..., Prob6Pnt where: 

Column Distance lists distances. These distances should be considered as the distance from any 

point in the input point map, i.e. a kind of search radius;  

Column Prob1Pnt lists the probability that within a certain distance (column Distance) of any 

point, at least one other point will be found, i.e. the distance at which any point's nearest 

neighbour can be found;  

Column Prob2Pnt lists the probability that from any point, at least two other points will be 

found;  

The same goes for columns Prob3Pnt, Prob4Pnt, Prob5Pnt and Prob6Pnt;  

For a dataset of n points, Probability of all Points (ProbAllPnt) is the summation of Prob1Pnt 

+ Prob2Pnt + ... + Probn-1Pnt, divided by (n - 1).  

The formula to calculate probabilities within certain distances reads:  

 

Measures of arrangement: 

For every order the expected number of reflexive neighbours is calculated. Multiplying the 

probability that a point in a CSR pattern is a reflexive neighbour by the number of points 

gives you the expected number. Note that a reflexive point must be a member of a pair, so 

the observed value will always be an even number. 

To calculate the mean distance to nearest neighbour, the nearest neighbour distance (d) for 

each of the points is summed and divided by the number of points. The formula reads: 
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Where:  

di - is the nearest neighbour distance for a point in the map 

n - is the number of points. 

 

Note that the mean distance to nearest neighbour is not corrected for boundary effects. 

 

Output tables and graphics of Pattern analysis 

 

For each input point map, an output table is obtained from Pattern analysis. From each 

output table, some graphics are presented:  

• firstly, graphics were made of the Distance column against the Prob1Pnt column;  

• secondly, graphics were made of the Distance column against the ProbAllPnt column.  

 

Probability and distance of finding at least 1 point neighbour:  

The three graphics below show the probability and the distance at which at least 1 point 

neighbour will be found (Distance column against Prob1Pnt column) for each of the input 

maps.  

 

 

                      Random point 

 

             Clustered point 

 

          Regular point 
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From the graphics you can find the distance at which the probability of finding at least 1 

neighbour (for any point) becomes 1 (Prob1Pnt = 1). 

 

Probability and distance of finding neighbours: 

The next three graphics represent the Distance column against the ProbAllPnt column.  

It is shown the cumulative number of neighbours (on a scale from 0 to 1) that can be found at 

a certain distance. The graphics also show the probability that a randomly selected point pair 

will have on separation less than a certain distance in an input map.  

 

                      Random point 
 

             Clustered point 

 

          Regular point 

 

From these graphics it can be seen the distance at which the probability of finding neighbours 

becomes 1 (ProbAllPnt = 1). 

 

The geographical coordinates regarding the fires trigger were utilized for the analysis of fires 

spatial distribution. This analysis was made with ILWIS 3.3 (ITC The Netherland).  
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Chart 1. Probability and distance of finding at least 1 point neighbour. 

 

From this graph it is possible to find the distance at which the probability of finding at least 1 

neighbour (for any point) becomes 1 (Prob1Pnt = 1). For the input map used, this occurs at the 

distance around 2000 m. 

As it is possible to observe this map has a typical distribution of clustered points.  This means 

that fires in National Park of Cilento and Vallo of Diano have a clustered distribution. 
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Chart 2. Probability and distance of finding neighbours. 

 

The probability of finding neighbours approaches 1 at distances greater than 60.000 m. As it 

is possible to observe, this map has a typical distribution of random points.   

 

From the analysis of the two graphics it is possible to conclude that fire spatial distribution is 

clustered but tends to be random if a small scale is considered. In other words, with the 

increasing of the observation scale also increases cluster degree. Instead with a small scale 

increases the random degree.  

 

 

9. Fire Regime and Causes Analysis in National Park of Cilento and Vallo of 

Diano 

 

In the period between 1995 – 2005 there were a total of 4191 fires, but for this work there 

were considered just 3639 fires because only for those all data were available. The burnt area 
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is 18974 hectares. The map “Fire distribution in the National Park of the Cilento and Vallo 

Diano” is present in the appendices.  

The time distribution of 3639 fires verified in the considered period is presented in chart 3. 
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Chart 3. Number of fires and total burnt area along the years. 

 

In the considered period it is observed a tendency to decrease in numbers of fires and also in 

burnt area. This is due to the fact that prevention and extinguish methods were improved in 

the area of the park with the Prevision, Prevention and Active Fight against Forest Fires in 

National Park of Cilento and Vallo of Diano.  

Comparing the total burnt area with number of fires, it is possible to observe an absence of 

connection, so it is possible that there were some years with few fires but with high burnt area, 

instead there were other years with high number of fires but with little burnt area.  
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Chart 4. Number of fires and total burnt area along the months. 

 

The monthly distribution in the considered period evidences fire seasonal character and a fire 

concentration during estival months is observed. The beginning of fire season is in June, and 

the months with more fires are July, August and September, fire season ends in October.  

 

The table below has the code number and fire causes description proposed by Corpo 

Forestale del Stato (Italy) divided in four big categories: 

 

• Dubious causes; 

• Natural causes; 

• Negligent or involuntary causes; 

• Malicious or voluntary causes.  

 

Ii is also presented the number of fires for each cause in the period considered for National 

Park of Cilento and Vallo of Diano. 
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Table 7. Fire determinant causes in National Park of Cilento and Vallo of Diano. 

Code Description  Number of Fires 

1001 Fires caused by lightning 3 

2002 Accidental fires without attribution 11 

3001 Fires caused by butts cigarettes or  matches originated along roads 75 

3002 Fires caused by butts cigarettes or  matches originated in countryside 4 

3003 Fires caused by butts cigarettes or  matches originated in woodlands 5 

3004 Fires caused by butts cigarettes or  matches originated along railroads 2 

3101 Fires caused by agricultural and forestry activities to uncultivated cleaning 11 

3102 
Fires caused by agriculture and forestry activities to eliminate vegetal remainders 

(agriculture and forestry working) 
113 

3103 Fires caused by agriculture and forestry activities to grazing renovation 34 

3104 Fires caused by agriculture and forestry activities to stubble burning 7 

3105 
Fires caused by agriculture and forestry activities to clean road or railroad 

escarpment 
1 

3201 Fires caused by recreative and touristy activity 5 

3202 
Fires caused by pyrotechnic lights, petard or rockets fling, mines or explosives 

shinning 
3 

3203 Fires caused by mechanics, electrics or flames equipments 1 

3205 Fires caused by refuse burning in abusive dumps 2 

3207 Fires due to negligent or involuntary causes non defined 33 

4001 Fires caused by grazing opening or renovation 339 

4003 
Fires caused with the intention of vegetation disappearance to agriculture 

cultivation 
22 

4004 
Fires caused with the intention of vegetation disappearance to building industry  

speculation 
6 

4005 Fires caused with the intention to win or be advantageous with fires ignition 5 

4006 Fires caused by occupational matters 21 

4009 Fires caused by factors connected with hunting 17 

4010 Fires caused by factors connected with the collect of products resulting from fire 17 

4101 Fires caused by revenge or retaliation in confrontation with public administration 2 

4102 Fires cased by personal revenge or conflict 11 

4103 
Fires caused by protests against the activation of protected areas and its 

management 
2 

4104 Fires caused by games or amusement 3 

4108 Fires caused by psychological perturbations or pyromania 3 

4201 Fires due to malicious or voluntary causes not defined 2085 

5001 Unknown causes 796 
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Chart 5. Fire determinant causes in National Park of Cilento and Vallo of Diano. 
 

In chart 5 are presented the fire causes in Cilento’s Park. As we can see the cause more 

common is 4201 - Fires due to malicious or voluntary causes not defined; this cause defines 

that the fire is due to a malicious or voluntary cause but does not determinate which was the 

reason. There are also 796 fires for which the cause is not known. 

There were 339 fires due to grazing opening or renovation (code 4001), that from the known 

causes is that one more important. Connected to agriculture and forestry activities are 113 fires 

due to the elimination of vegetal remainders (3102). These practices are very common in 

Cilento’s Park.  

 

10. RESULTS AND DISCUSSION 

 

10.1 Fires and CORINE Land Cover  

 

Through the land use map made for CORINE Land Cover Project it is possible to analyse fires 

distribution related with several soil land covers, which is considered a predisposal factor to 

fires. It is also possible to identify land cover types where fire incidence is higher (preferred) or 

lower (avoided) than that would be expected, given their abundance.  
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The utilized cartography is CORINE Land Cover 2003 that foresees a land cover map in scale 

1:100.000 with a key with 3 hierarchic levels (in the case of woodlands with 4 hierarchic 

levels).  

There are 35 land use typologies for National Park of Cilento and Vallo of Diano and these 

were grouped in 11 classes considered important to represent in a functional way the relation 

fires/land cover types. All land cover typologies and classes are presented in table 8. The 

CORINE Land Cover classes are presented in the map “CORINE Land Cover Classes in the 

National Park of Cilento and Vallo of Diano” (in appendices). 

 

Table 8. Typologies of CORINE Land Cover Classes and Subclasses. 

CORINE Land Cover Classes CORINE Land Cover Subclasses 

111 - Continuous urban fabric 

112 - Discontinuous urban fabric 

121 – Industrial installations 

131 - Construction material (sandpits, quarries) extraction sites 

1 – Artificial surfaces – urban 

environmental 

142 – Recreative and sportive areas  

211 - Crops - Non-irrigated arable land 
21 - Crops 

212 - Crops - Permanently irrigated land 

221 - Vineyards 

222 - Fruit trees and berry plantations 22 – Permanent crops 

223 - Olive groves 

241 - Annual crops associated with permanent crops 

242 - Complex cultivation patterns 
24 – Heterogeneous 

agriculture areas 

 
243 - Land principally occupied by agriculture, with significant 

areas of natural vegetation 

331 - Beaches, dunes, sands - Sparse vegetation 

332 - Scree, cliffs, rocks outcrops vegetation types 
33 – Open areas with few or 

absent vegetation 
333 – Areas with scarce vegetation 

3111 - Broad-leaved forest dominated by holm oak 

3112 - Broad-leaved forest dominated by deciduous oak 

3113 - Broad-leaved forest dominated by mesophillous species 

3115 - Broad-leaved forest dominated by beech trees 

311 – Broad –leaved forest 

3116 - Riverbank vegetation and riparian woodlands 
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3121 - Coniferous forest dominated by Pinus halepensis 

3122 - Coniferous plantations dominated by Pinus nigra 312 – Coniferous Forest 

3131 - Mixed woods with broadleaved and coniferous species 

231 - Pastures - Dense grass cover not under a rotation system 

3211 - Continuous natural grassland 

3212 - Discontinuous natural grassland 321 – Natural grasslands 

3213 - Discontinuous natural grassland with rock outcrops and 

sparse trees 

322 - Bushes and shrubs - Briars, broom, gorse dominated 

324 - Transitional woodland/shrub - Bushy or herbaceous 

vegetation with scattered tree 

3231 - Sclerophyllous vegetation - High maquis 

323 – Sclerophyllous 

vegetation 

3232 - Sclerophyllous vegetation - Low maquis and garrigue 

3114 – Broad-leaved forest 

dominated by chestnut trees  

3114 - Broad-leaved forest dominated by chestnut trees 

511 – Water courses, channel and water ways 
51 – Continental waters 

512 – Water basins 

 

 

The number of fires, area and burnt area for each CORINE Land Cover class are shown in 

table 9. 

 

Table 9. Data for CORINE Land Cover Classes. 

CORINE Land 
Cover Classes 

Number of 
Fires 

CORINE Land Cover 
Class Real Area (ha) 

Burnt Area 
(ha) 

Classes Real 
Area (%) 

1 99 5489 391 1,7 
21 121 38684 497 12,1 
22 697 37643 3081 11,8 
24 600 43122 2429 13,5 
33 15 1440 58 0,5 
311 636 106267 4428 33,3 
312 129 7402 526 2,3 
321 535 32996 3169 10,3 
323 695 37925 3768 11,9 
3114 112 8299 627 2,6 
51 Without fires 261 Without fires 0,1 
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Chart 6. Real area for each CORINE Land Cover class. 

 

 

The most representative CORINE land cover classes in National Park of Cilento and Vallo of 

Diano are class 311 - Broad –leaved forest that represents 33,3 % of Park total area. Class 24 – 

Heterogeneous agriculture areas (13,5 %), 21 – Crops (12,1 %), 323 – Sclerophyllous vegetation 

(11,9 %) and 22 – Permanent crops (11,8 %). It is possible to observe the percentage of real 

area for each class in the chart 6. 
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Chart 7. Number of fires in each CORINE Land Cover class. 
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The classes with more fires are 22 – Permanent crops with 697 fires, 323 – Sclerophyllous 

vegetation with 695 fires, 311 – Broad –leaved forest (636 fires) and 24 – Heterogeneous 

agriculture areas (600 fires), as we can see in chart 7. Class 33 - Open areas with few or 

absent vegetation is the class with fewer number of fires (15 fires). 
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Chart 8. Burnt area for each CORINE Land Cover classes. 

 

Classes which were most affected by fires are 311 – Broad –leaved forest with 4428 hectares 

burnt, 323 – Sclerophyllous vegetation (3768 ha), 321 – Natural grasslands (3169 ha), 22 – 

Permanent crops (3081 ha) and 24 – Heterogeneous agriculture areas (2429 ha), as it is 

possible to observe in chart 8. Class 33 - Open areas with few or absent vegetation is the class 

with lower burnt area (58 ha). 
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10.2 Fires and Fuel Models 

 

Through the analysis of available Fuel Models (described in chapter 2) the 35 land cover 

typologies were grouped in 12 Fuel Models according to their similarity to Rothermel’s Fuel 

Models.  

Because there is no fuel model available for the class “artificial surfaces” it was considered a 

Model called No Data. Also for the classes “continental waters” and “open areas with few or 

absent vegetation” there were considered two diverse fuel models: fuel model 98 and fuel 

model 99 respectively. All land cover typologies and fuel models are presented in table 10. 

The map that represents these fuel models is present in appendices “Fuel Models in the 

National Park of Cilento and Vallo of Diano”. 

Table 10. Fuel Models and corresponding CORINE Subclasses. 

Fuel models CORINE Subclasses 

111 

112 

121 

131 

No data – Artificial Surfaces 

142 

211 

212 

221 

222 

241 

242 

Fuel Model 1 - Short grass 

3212 

Fuel Model 2 - Timber (grass and understory) 3213 

231 
Fuel Model 3 - Tall grass 

3211 

3231 
Fuel Model 4 - Chaparral 

3232 

243 
Fuel Model 6 - Dormant brush, hardwood slash 

324 

Fuel Model 7 - Southern rough 322 

 

                  Rita Sousa⏐Naples 2006 
 
 



                                Fire distribution in the National Park of Cilento and Vallo of Diano connected to Land Cover classes  
                                                                                                    Naples Study University FEDERICO II⏐ Agrarian Faculty 
 

 
      

79

223 

3115 Fuel Model 8 - Closed timber litter 

3114 

3112 

3116 

3121 

3122 

Fuel Model 9 - Hardwood litter 

 

3131 

3111 Fuel Model 10 - Timber (litter and understory) 

 3113 

511 Fuel Model 98 - Continental waters 

 512 

331 

332 

Fuel Model 99 - Open areas with few or absent 

vegetation 

 333 

 

The number of fires, area and burnt area for each Fuel Model are presented in table 11.  

 
 
 
 
Table 11. Data for Fuel Models. 

 

Fuel Models Number of 
Fires 

Fuel Models Real Area 
(ha) 

Burnt Area (ha) Fuel Models Real 
Area (%) 

1 497 73057 2056 22,9 
2 30 2415 135 0,8 
3 429 20851 2562 6,5 
4 396 19740 1938 6,2 
6 347 23140 2087 7,2 
7 256 14841 1103 4,6 
8 824 64860 3989 20,3 
9 421 46599 2595 14,6 
10 325 46835 2061 14,7 
98 Without fires 261 Without fires 0,1 
99 15 1440 58 0,5 

No data 99 5489 391 1,7 
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Chart 9. Real area for each fuel model. 

 
 

The most representative Fuel Models in National Park of Cilento and Vallo of Diano are the 

fuel model 1 - Short grass (22,9 %), fuel model 8 - Closed timber litter (20,3 %), fuel model 10 - 

Timber (14,7 %) and fuel model 9 - Hardwood litter (14,6 %). It is possible to observe the 

percentage of real area for each class in the chart 9. 
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Chart 10. Number of fires in each fuel model. 
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The fuel models with more fires as we can see in chart 10 are fuel model 8 with 824 fires, fuel 

model 1 with 497 fires, fuel model 3 (429 fires) and fuel model 9 (421 fires). The fuel models 

with lower number of fires are fuel model 99 - Open areas with few or absent vegetation 

with 15 fires and fuel model 2 - Timber (grass and understory) with 30 fires. 
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Chart 11. Burnt area for each Fuel Model. 

 

The most affected fuel models for the burnt are fuel model 8 – Closed timber litter (3989 ha), 

fuel model 9 - Hardwood litter (2595 ha) and fuel model 3 - Tall grass (2562 ha), as it is 

possible to observe in chart 11. Fuel model 99 - Open areas with few or absent vegetation (58 

ha) and fuel model 2 - Timber grass and understory (135 ha) are the fuel models with lower 

burnt area.  

 

All data described before do not allow us to understand fire selectivity for given land cover. 

Our analysis of fire selectivity regarding land cover type is based on a statistical method that 

compares the observed model (reality) with casual model done with a random proceeding.  

This method allows the definition whether if the number of fires or burnt area observed is 

statistical inferior, superior or similar to a casual model. 
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In this method the number of fires is a constant for each CORINE Land Cover class or Fuel 

Model, while the burnt area for each fire is casually reassign by a randomization procedure 

that is repeated hundred times.  

Two different indexes of central tendency of real distribution were analysed: the mean and 

median burnt surface for each CORINE land cove class and Fuel model. These values will be 

confronted with results obtained with casual model analysis.  

 

 10.3 CORINE Land Cover Analysis 

 

In table 12 the values for the mean burnt surface observed in 10 years for each CORINE land 

cover class are indicated. The results were obtained with the casual method. 

 

Table 12. Mean burnt surface, inferior and superior limit for each CORINE Land Cover class. 

CLC Mean burnt surface Inferior limit Superior limit 
1 4 2 13 

21 4 3 13 
22 4 4 7 
24 4 4 7 
33 4 1 31 
311 7 4 7 
312 4 3 13 
321 6 4 7 
323 5 4 7 

3114 6 3 11 
51 without fires - - 

 

For class 311 – Broad - leaved forests the mean burnt surface of 636 fires is statistically superior 

to that observed in the casual model.  

This means that this class is affected by fires with larger area than the area in a casual model. 

A different behaviour is observed in classes 22 – Permanent crops and 24 – Heterogeneous 

agriculture areas, for those the mean burnt surface in ten years is statistically inferior from 

that observed in the casual model.  

We can conclude that this class is affected by fires that have a mean surface inferior to the 

casual model, therefore are affected by fires of small dimensions. 
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For classes 1 - Artificial surfaces, 21 - Crops , 33 - Open areas with few or absent vegetation, 312 

- Coniferous Forest,  321 – Natural grasslands, 323 – Sclerophyllous vegetation and 3114 - 

Broad-leaved forest dominated by chestnut trees, the mean burnt surfaces statistically do not  

have significance because the real burnt areas are not superior, inferior or similar to a casual 

model. To obtain significant results would be important to make a statistical analysis with 

more random procedures, for example one thousand times, which would increase the 

confidence level (p = 0.01).  

Thus for these classes is not possible to conclude if fire has a burnt area smaller or larger than 

what expected with the casual model. 

 

Due to the pronounced asymmetries in the distribution of fire dimension frequency, is 

important to determine other index of central tendency, such as the median, which better 

represents the fire distribution and does not result induced by the presence of abnormal 

values. The median represents the series central value, that is subdivides distribution in two 

equal parts, and does not reflects the presence of extreme values. 

In table 13 are indicated the values for the median burnt surface observed in 10 years for each 

CORINE land cover class and the results obtain with the casual method. 

 

Table 13. Median burnt surface, inferior and superior limit for each CORINE Land Cover class. 

CLC Median burnt surface Inferior limit Superior limit 
1 1 1 2 

21 2 1 2 
22 2 2 - 
24 1 2 - 
33 3 1 5 
311 2 2 - 
312 1 1 2 
321 2 2 - 
323 2 2 - 

3114 2 1 2 
51 without fires - - 
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It is obvious the differences between mean and median results for each class, that allows 

considering the higher significance of median has a describer of the distribution type 

characteristics observed.     

For classes 1 – Artificial surfaces – urban environmental, 24 – Heterogeneous agriculture areas 

and 312 – Coniferous Forest, the median burnt surface in ten years is statistically inferior from 

that obtained with a casual model.  

We can conclude that this class is affected by fires that have a median surface inferior to the 

casual model, therefore are affected by fires of small dimensions. 

 

A different behaviour is observed in classes 21 – Crops and 3114 – Broad-leaved forest 

dominated by chestnut trees, for those the median burnt surface is statistically superior to 

that observed in the casual model.  

This means that these classes are affected by fires with larger dimensions than the casual 

model. 

 

For classes 22 - Permanent crops, 311 - – Broad –leaved forest, 321 – Natural grasslands and 

323 – Sclerophyllous vegetation, the median burnt surfaces are equal to the median obtained 

with the casual model. Statistically this may means that for these classes the burnt area in 

reality is that one expected in a casual model.  

However these results may do not have significance, and would be important to make a 

statistical analysis with more random procedures, for example one thousand times and like 

this would be increased the confidence level. The same occurs in class 33 – Open areas with 

few or absent vegetation. 

Thus for these classes is not possible to conclude if fire has a burnt area smaller or larger than 

what expected with the casual model. 

 

The second statistical analysis regards to the number of fires and determinates if the number 

of fires in each class is significant in relation with class real area. If fire distribution is casual, 
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which is if each class of land cover is equally exposed to fire hazard it will be expected that 

the number of fires occurred in each class will be proportional to the real area of the class. 

However it is observed that some land cover types have bigger fire hazard than others 

(Mazzoleni et al., 2001), these land cover types are defined as a selective resource to fire. 

In table 9 it is shown the percentage of area occupied for each class, these values are the base 

to the statistical analysis. This method utilizes an associative function between number of fires 

and land cover for each class, where the association probability is proportional to the area of 

the class itself.  

The number of fires that are verified in each class in a causal model that is related to the class 

area are calculated on the base of this fundament. In other words, it represents the number of 

fires which are foreseen in function of the available resources. 

 

Table 14. Number of fires, inferior and superior limit for each CORINE Land Cover class. 

CLC Number of fires Inferior limit Superior limit 
1 99 44 86 

21 121 396 486 
22 697 383 470 
24 600 434 543 
33 15 6 26 
311 636 1138 1280 
312 129 70 112 
321 535 332 410 
323 695 381 482 

3114 112 75 116 
51 without fires - - 

 

The number of fires for each CORINE Land Cover class and the results corresponding to the 

inferior and superior limit obtained with the casual model are shown in table 14.  

The analysis of the results allows the verification the fire selectively action in the different land 

cover classes. 

The CORINE land cover classes that have bigger number of fires than the casual model are 

preferred by fire and are coursed by substantially bigger number of fires in relation to its 

area. These classes are: class 1 - Artificial surfaces, class 22 - Permanent crops, class 24 - 
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Heterogeneous agriculture areas, class 312 - Coniferous Forest, class 321 - Natural grasslands 

and class 323 - Sclerophyllous vegetation. All these classes are positively selected by fire.  

A different behaviour is demonstrated by class 21 – Crops and class 311 – Broad-leaved forest, 

in these classes the number of observed fires is inferior to the number of fires expected in the 

casual model, so these classes are avoided by fire.  

For the class 33 - Open areas with few or absent vegetation and class 3114 - Broad-leaved 

forest dominated by chestnut trees the number of fires observed is equal to the number of 

fires expected in the casual model. 

 

10.4 Fuel Model Analysis 

 

Are indicated the values for the mean burnt surface observed in 10 years for each Fuel Model 

in table 15. The results were obtained with the casual method. 

 

Table 15. Mean burnt surface, inferior and superior limit for each Fuel Model. 

Fuel Model Mean burnt surface Inferior limit Superior limit 
1 4 3 7 
2 4 1 20 
3 6 4 9 
4 5 3 7 
6 6 3 8 
7 4 3 8 
8 5 4 7 
9 6 4 8 

10 6 3 8 
98 without fires - - 
99 4 1 24 

No data 4 3 11 
 

As mentioned before for the CORINE land cover classes, the mean burnt surfaces for fuel 

models do not have statistically significance, because the real burnt areas are not superior, 

inferior or similar to a casual model. To obtain significant results would be important to make 

a statistical analysis with more random procedures, for example one thousand times, which 

would increase the confidence level. 

                  Rita Sousa⏐Naples 2006 
 
 



                                Fire distribution in the National Park of Cilento and Vallo of Diano connected to Land Cover classes  
                                                                                                    Naples Study University FEDERICO II⏐ Agrarian Faculty 
 

 
      

87

 

Table 16. Median burnt surface, inferior and superior limit for each Fuel Model. 

Fuel Model Median burnt surface Inferior limit Superior limit 
1 2 1 2 
2 2 1 3 
3 2 2 - 
4 2 1 2 
6 1 2 - 
7 2 1 2 
8 2 2 - 
9 2 1 2 

10 2 2 - 
98 without fires - - 
99 3 1 4 

No data 1 1 2 
 

In fuel models 1 - Short grass, 4 - Chaparral , 7 - Southern rough, and 9 - Hardwood litter the 

median burnt surface is statistically superior to that observed in the casual model.  

This means that these classes are affected by fires with larger dimensions than the casual 

model. 

 

A different behaviour is observed for fuel models 6 – Dormant brush (hardwood slash) and 

No data - Artificial Surfaces. For those the median burnt surface is statistically inferior from 

that obtained with a casual model.  

We can conclude that this class is affected by fires that have a median surface inferior to the 

casual model, therefore are affected by fires of small dimensions. 

 

For the remaining fuel models, the median burnt surfaces do not have statistically significance 

because the real burnt areas are not superior, inferior or similar to a casual model. As 

mentioned before, to obtain significant results would be important to make a statistical 

analysis with more random procedures.  

Thus for these classes is not possible to conclude if fire has a burnt area smaller or larger than 

what expected with the casual model. 
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Table 17. Number of fires, inferior and superior limit for each Fuel Model. 

Fuel Model Number of fires Inferior limit Superior limit 
1 497 783 895 
2 30 14 39 
3 429 196 285 
4 396 189 276 
6 347 234 316 
7 256 140 194 
8 824 670 798 
9 421 467 597 

10 325 490 592 
98 without fires - - 
99 15 8 31 

No data 99 47 80 
 

 

The number of fires for each Fuel Model and the results corresponding to the inferior and 

superior limit obtained with the casual model are shown in table 17.  

The analysis of the results allows to verify the fire selectively action in the different fuel model 

classes. 

The Fuel models which have bigger number of fires than the casual model are preferred by 

fire and are coursed by a number of fires substantially bigger in relation to its area. These fuel 

models are: fuel model 3 - Tall grass, fuel model 4 – Chaparral, fuel model 6 - Dormant 

brush, hardwood slash, fuel model 7 - Southern rough, fuel model 8 - Closed timber litter and 

fuel model No data - Artificial Surfaces. All these fuel models are positively selected by fire.  

 

A different behaviour is demonstrated by fuel model 1 - Short grass, fuel model 9 - Hardwood 

litter and fuel model 10 - Timber (litter and understory), in these fuel models the number of 

fire observed is inferior to the number of fires expected in the casual model, so these fuel 

models are avoided by fire.  

For model 2 - Timber (grass and understory) and model 99 - Open areas with few or absent 

vegetation the observed number of fires is similar to the number of fires expected in the 

casual model. 
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Through the integration of the obtain results for burnt area and number of fires it is possible 

to analyse fire behaviour connected to soil land cover. It is obvious that fire is selective in 

relation to land cover types, and can be analysed in two parallel fronts, number of fires and 

its extension. Indeed fire can select positively a land cover to what concerns the real number 

of fires occurred, and simultaneously select negatively the burnt surface respecting its 

available area.  

This behaviour is showed by CORINE land cover classes 1 (artificial surfaces), 22 (permanent 

crops), 24 (heterogeneous agriculture areas) and 312 (coniferous forest), that have a number 

of fires superior to those expected from a casual model. However these fires have burnt 

surfaces smaller than a casual model. This is due, especially for classes 1, 22 and 24, to men 

presence and actions, that triggers numerously fires but where the land cover characteristics 

do not allow the increasing of fire dimension, having then small burnt areas.  

On the contrary, classes 21 (Crops) and 311 (Broad –leaved forest) have a number of fires 

inferior to those obtained with the casual model, but have a high burnt area. This occurs 

because these land cover types are not preferred by fire, but due to the presence of great 

quantity of fuel, when a fire triggers has a fast expansion. The same occurs in class 3114 

(Broad-leaved forest dominated by chestnut trees), however in this land cover type the 

number of fires is the same expected from a casual model. 

In the case of land cover classes 321 (Natural grasslands) and 323 (Sclerophyllous vegetation), 

these classes are positively selected by fire, because have a high number of fires comparing 

with the casual model, however in relation to the burnt surface the obtained results are not 

statistically significant.  

 

In relation to Fuel models the most important conclusion is that this type of methodology does 

not allows us to obtain significant results. This is due to the fact that the fuel models present in 

literature were done with the purpose of analyse fire behaviour, indeed the fuel model are 

not connected to fire trigger, but to fire propagation. However the knowledge of fuel models 
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is extremely important to active fight against fires, through the planning of fire extinction 

measures in fire case. 

 

10.5 Fires and Landscape Units in National Park of Cilento and Vallo of Diano 

 

The analysis made for the land systems present in Cilento’s Park is based in the number of 

fires in each land system and the number of fires in each CORINE Land Cover class in relation 

with the land system. This analysis is important to understand which of the land systems are 

more affected by fire, and therefore the environmental and agro-forestry resources more 

consumed by fire.  

In the tables below, the land systems present in National Park of Cilento and Vallo of Diano 

and the number of fires in each land system, as well as the corresponding chart are indicated. 

 

Table 18. Land systems in National Park of Cilento and Vallo of Diano. 

Land Systems  

A2 Calcareous high mountain with pyroclastic cover (fall deposit of ashes and 

pumice) 

B5 Longshore calcareous mountains of Mountain Bulgheria  

C1 Marl-arenaceous and marl-calcareous mountain 

E2 Cilento’s longshore hill 

G1 Calcareous foothill plain 

H1 Alluvial terrace of high and average stream of River Volturno and Apennine’s 

rivers 

I4 Area morphological depressed of alluvial plains, in the low stream of River 

Volturno and smaller streams 

L1 Retrodune depression 

L2 Old dunes and marine terraces 

L3 Dunes and beaches  
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Table 19. Number of fires and area for each land system. 

Land Systems Number of Fires Land System Area (ha) 
A2 400 82446 
B5 306 9559 
C1 288 35169 
E2 2399 147641 
G1 26 19260 
H1 5 5787 
I4 158 13309 
L1 without fires 945 
L2 39 4142 
L3 18 1319 

 

 

Land System Areas

25,8%

3,0%

11,0%
46,2%

6,0%
4,2%1,8%

1,3%

0,4%
0,3%

A2 B5 C1 E2 G1 H1 I4 L1 L2 L3 
 

Chart 12. Area and respectively percentage for each land system. 

 

As we can see the prevailing land system is E2 - Cilento’s longshore hill with an area of 147.641 

ha (46.2 %), A2 - Calcareous high mountain with pyroclastic cover with an area of 82.446 ha 

(25.8 %) and C1 - Marl-arenaceous and marl-calcareous mountain with an area of 35.169 ha 

(11 %). The land systems with lower area are L1 – Retrodune depression with an area of 945 

ha (0.3 %) and L3 – Dunes and beaches with an area of 1.319 ha (0.4 %).  
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Chart 13. Number of fires in each land system. 

 

The land system with the highest number of fires is E2 - Cilento’s longshore hill that has 2399 

fires. This is due to the fact that this area occupies 46.2% of the total area, is a very populated 

area and almost 50% of the roads in Cilento’s pass through this land system.  

The system A2 - Calcareous high mountain with pyroclastic cover has 400 fires and B5 – 

Longshore calcareous mountains of Mountain Bulgheria has 306 fires. This is because also 

those land systems have bigger area and so highest number of fires. It is also possible to 

observe that land system L2 - Retrodune depression does not have fires.  The land system H1 - 

Alluvial terrace of high and average stream of River Volturno and Apennine’s rivers has only 

5 fires. 

 

As this analysis does not allows us to understand if fire is selective in relation to the burnt 

areas, was made a analysis that includes the burnt area (mean and median) in relation with 

the number of fires (table 20).  
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Table 20. Number of fires, mean burnt area and median burnt area for each land system. 

Land Systems Number of Fires Mean Burnt Area Median Burnt Area 
A2 400 5,21 2,00 
B5 306 5,26 2,00 
C1 288 9,15 2,00 
E2 2399 4,73 1,50 
G1 26 2,56 1,50 
H1 5 3,14 0,50 
I4 158 6,04 1,00 
L1 without fires   
L2 39 3,20 1,00 
L3 18 7,42 2,25 

Total  5,21 1,60 
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Chart 14. Mean and median burnt area for each land system. 

 

For all 3639 fires the mean burnt surface is 5.21 ha and the median burnt surface is 1.60 ha.  

 

In the case of the land system L3 is possible to observe that the mean and median burnt area 

(7,42 ha and 2,25 ha respectively) are superior to the mean and median burnt area for all 

fires (5,21 ha and 1,6 ha respectively). This land system has 18 fires and occupies an area of 1319 

ha, that is 0.4% of the total area, so we can conclude that this land system has few fires, in 
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small areas, but is very selected by fire because has an mean and median burnt area superior 

to the mean and median burnt area for all fires. 

In the case of C1 is possible to observe that the mean and median burnt area (9,15 ha and 2 

ha respectively) are superior to the mean and median burnt area for all fires (5,21 ha and 1,6 

ha respectively). This land system has 288 fires and occupies an area of 35169 ha, that is 11% of 

the total area, so we can conclude that this land system has few fires, in small areas, but is 

very selected by fire. The land system B5 has a similar behaviour because all data is identical.  

These land systems are important to protect because are smaller, but have highest burnt 

surface and may tend to disappear or remain very degraded.  

 

Comparing the mean and median burnt surface for all fires (5,21 ha and 1,6 ha respectively) 

with the mean and median burnt area for the land system E2 (4,73 ha and 1,5 ha 

respectively) we can observe that this land system has a mean and media value inferior to 

that for all fires. This land system has 2399 (around 65% of all fires) and occupies an area of 

147641 ha, that is 46,2% of the total area. We can say that this land system is very large, has 

high number of fires and may seem very selected by fire, but however is not very selected by 

fire because the mean and median burnt surface is inferior to the mean and median burnt 

area for all fires. This highest number of fire may be the result of agricultural and forestry 

activities or butts cigarettes or matches, as said before this land system has a high number of 

roads and habitations. 

 

In the case of the land systems G1 (2,56 ha and 1,5 ha) and L2 (3,20 ha and 1,0 ha) both 

means and medians areas are inferior to that for all fires. These two land systems have few 

fires 26 and 39 respectively and small areas 19260 ha and 4142 ha, that is 6% and 1,3% of the 

total area respectively. This means that those land systems are not selected by fire. The land 

system H1 has a similar behaviour because all data is identical. 
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In land system A2 it is possible to observe that the mean and median burnt area (5,21 ha and 

2,0 ha respectively) are equal for the mean and superior to the median burnt area for all 

fires(5,21 ha and 1,6 ha respectively). This land system has 400 fires (around 10% of all fires) 

and occupies an area of 82446 ha, that is 25% of the total area, so we can conclude that this 

land system is not selected by fire. 

 

For the land system I4 the mean burnt area (6,04 ha) is superior to the mean burnt area for 

all fires(5,21 ha), instead in the case of the median the burnt area (1,0 ha) is inferior to the 

median burnt area for all fires (1,6 ha). The number of fires is small (158 fires) and the area is 

also small, that is 4,2% of all area. This means that land system I4 may be very selected by fire 

but is difficult to conclude because mean and median burnt are have discordant values.    

 

The fire analysis in Land Systems is important because gives us information about the 

selectivity of fire by a certain land system. However the available land systems, made for 

Campania Region do not provide us enough and detailed information about soils that would 

be important to protect and preserve. With this purpose would be essential to make a 

detailed analyse about soil properties.      

 

 

11. CONCLUSIONS 

 

For the analysis of fire behaviour made for the National Park of Cilento and Vallo of Diano, 

in the period between 1995 – 2005 is fundamental the study of spatial-temporal distribution 

of fires events. 

In the temporal distribution analysis is observed a tendency to decrease in numbers of fires 

and also in burnt area in the considered period. 

The monthly distribution in the considered period evidences fire seasonal character and is 

observed a fire concentration during estival months, reaching the highest values for the 
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month of August. This shows that one of the first control factors in fire is shown by the 

bioclimatic characteristics. 

  

The spatial distribution analysis allows us to understand that fire passing does not obey to a 

casual model. From the results obtained with ILWIS 3.3 is possible to conclude that fire spatial 

distribution is clustered but tends to be random if considered a small scale (considering all 

Park area). 

 

For the fire analysis was utilised ArcView GIS Version 3.1.. This program is fundamental for the 

elaboration of maps, from which were extracted the databases used for the statistical 

analysis. 

 

The fire distribution in relation to land cover classes allows us to identify land cover types 

where fire incidence is higher (preferred) or lower (avoided). 

The fire selectivity for a land cover was analysed in two parallel fronts, number of fires and 

burnt surface for each land cover class. Indeed it is evident that fire can have a diverse 

behaviour in relation to these two factors; there is not a direct proportionality between 

number of fires and burnt surface, the classes with larger burnt surfaces are not necessarily 

those which have highest number of fires, this fact is connected to classes inherent 

characteristics and anthropization degree.  

It is fundamental to underline the importance of doing the random procedures more than 

100 times, which would increase the confidence level. 

 

For the fuel models this methodology of casual model does not allows us to obtain significant 

results. This is due to the fact that the fuel models present in literature were done with the 

purpose of analyse fire behaviour, indeed the fuel models are not connected to fire trigger, 

but to fire propagation. However the knowledge of fuel models is extremely important to 

active fight against fires, through the planning of fire extinction measures in fire case. 
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The descriptive fire analysis in Land Systems is important because gives us some information 

about the selectivity of fire by a certain land system. However the available land systems, 

made for Campania Region do not provide us enough and detailed information about soils 

that would be important to protect and preserve. With this purpose would be essential to 

make a detailed analyse about soil properties.   

 

The resources selectivity by fire is important to understand, because allows us to understand 

the fire risk, and is fundamental in the elaboration of fire risk maps. Thus is important to have 

detailed CORINE Land Cover maps at least with 4 hierarchic levels; this map can be 

connected to fire causes. The fuel model analysis is fundamental to the fight against fires, by 

the prevision of fire propagation behaviour. These two analysis together are extremely 

important to prevision, prevention and active fight against fires. 

 

It is also very important to refer that the restoration of fire stricken areas should be included 

in environmental planning by workteams composed of experts with diverse disciplinary 

competences, in order to actually frame the interventions in respect of the environmental 

potential of the territory.  
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