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Abstract 

Forest landscapes provide a wide variety of ecosystem services, part of which is their regulating function, expressed by 

prevention of natural hazard and climate changes regulation. In arid regions, where a large part of Simitli Municipality is 

located, major threat for the forest ecosystems and landscapes are wildfires. In the present study, the fire hazard zones in the 

forest landscapes in Simitli Municipality were determined and assessed. An elaborate landscape map on different hierarchical 

levels was created. Each level was assigned a weight coefficient, defining its significance for increase in landscape 

vulnerability to wildfires. The vegetation condition by applying vegetation indices was also taken into account. 
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1. Introduction 

Forest landscapes provide a wide variety of ecosystem 

services. They are habitats for different species and thereby 

favor the biodiversity conservation. With great importance is 

also their regulating role, expressed by prevention of natural 

hazard and regulation of climate changes. Last but not least, 

the forest landscapes provide resources for human wellbeing 

such as food, fresh water, wood, fiber, genetic resources and 

herbs. The significance of forests is huge and their 

preservation is a priority all over the world. In the arid 

regions, where a large part of Simitli Municipality is located, 

major threats for the forest ecosystems and for the 

preservation of the landscapes are wildfires. The 

determination and the assessment of fire hazard zones 

provide valuable information for environmental management.  

The aim of the present study is to be determined and assessed 

the fire hazard zones in the forest landscapes in Simitli 

Municipality. In order to achieve this goal, a detailed 

landscape map of the contemporary landscapes on different 

hierarchical levels was created. It is distinguished with 

sufficient spatial resolution, which contributes to the 

delineation of horizontal and vertical landscape structure at 

lowest hierarchical level. There are various advantages of the 

application of so a detailed landscape map. One of them is 

localization of the adjacent to the most vulnerable to wildfire 

lands communities. Nevertheless, the main benefit is the 

appreciating of specific landscape distinctions which could 

be a key moment for the fire hazard zones assessment. 

Typical example is the determination of the heat – moisture 

ratio. It is significant for landscapes vulnerability to 

wildfires, and cannot always be determined by localization of 

the relevant landscape and its altitude. In karst landscapes for 

instance, most important is the rock type. In such landscapes, 

specific processes that hardly could be detected without 

considering the vertical landscape structure take place. In the 

determination of landscapes vulnerability to wildfire we also 

take into account relief characteristics, land use, vegetation 

type, and the typical for the relevant landscapes species. 

In order to achieve still more precise assessment, it was 

implemented further evaluation considering vegetation 

condition. Widely recognized vegetation indices were 
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calculated: NDVI (Normalized Difference Vegetation Index), 

VCI (Vegetation Condition Index), NDWI (Normalized 

Difference Water Index), and NMDI (Normalized Multi – 

band Drought Index). 

NDVI measures the amount of green vegetation. The NDVI 

ratio is calculated by dividing the difference in NIR and red 

color bands by the sum of the NIR and red colors bands for 

each pixel in the image. [8] Healthy vegetation absorbs most 

of the visible light that hits it, and reflects a large portion of 

the near-infrared light. Unhealthy or sparse vegetation 

reflects more visible light and less near-infrared light. The 

formula can be expressed as [7] 
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where ρNIR and ρRED indicate the reflectance of the near 

infrared and red bands, respectively. 

The precise determination of the forest vegetation species by 

applying a landscape map in combination with the ability of 

NDVI to separate the healthy from the unhealthy vegetation, 

contributes to an accurate assessment of forest vegetation 

condition and an adequate determination of its vulnerability 

to wildfires. Furthermore, it is crucial, possible drought 

processes which might take place in the territory to be 

considered. In these cases, it is highly recommended, the 

severity of these processes to be determined. We used VCI, 

NDWI and NMDI for this purpose.  

VCI is a vegetation index that provides an accurate 

quantitative estimation of weather impact on vegetation and 

also measures vegetation conditions. The VCI makes 

available drought studying not only in areas with well-

defined, prolonged, widespread, and very strong droughts, 

but also in such areas, characterized by very localized, short-

term, and ill-defined droughts. VCI can be expressed as: [9] 

��� =
����
�������

�������
�������
                        (2) 

where NDVI is the current value and NDVImin and NDVImax 

are the maximal and minimal values of NDVI.  

Water is one of the most common limitations that cause 

drought. The Normalized Difference Water Index (NDWI) is 

a satellite-derived index from the Near-Infrared (NIR) and 

Short Wave Infrared (SWIR) channels and it is proposed for 

remote sensing of vegetation liquid water from space. The 

SWIR reflectance detects changes in the vegetation water 

content and also in the spongy mesophyll structure in 

vegetation canopies, while the NIR reflectance is affected by 

leaf internal structure and leaf dry matter content. The 

combination of the NIR with the SWIR removes variations 

induced by leaf internal structure and leaf dry matter content, 

improving the accuracy in retrieving the vegetation water 

content. NDWI can be expressed as: [6, 13] 
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where NIR and SWIR are the spectral reflectance 

measurement in the Near Infra-Red and Short Wave Infra-

Red regions of the electromagnetic spectrum. 

Normalized Multi-band Drought Index (NMDI) is widely 

used for monitoring of soil and vegetation moisture from 

space. NMDI is defined as:  
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where & is the apparent reflectance observed by a satellite 

sensor in the 0.865 or 0.84 12, 1.61 or 1.65 12, and 2.2 or 

2.22 12 respectively (depends on the sensor). 

Similar to NDWI, NMDI uses the channel, which is 

insensitive to leaf water content changes as the reference, 

instead of using a single liquid water absorption channel. 

However, it uses the difference between two liquid water 

absorption channels as the soil and vegetation moisture 

sensitive bands. Strong differences between two water 

absorption bands in response to soil and leaf water content 

give this combination potential to estimate water content for 

both soil and vegetation. NMDI is a function of soil and leaf 

moisture content: an increase of moisture is connected with a 

reduction of NMDI and a decrease of moisture with high 

NMDI values. Higher values of NMDI indicate an increasing 

severity of soil and vegetation drought. [14] 

Combined application of abovementioned vegetation indices 

and landscape data enables the evaluation of landscape 

vulnerability to wildfire and the determination of fire hazard 

zones. 

2. Study Area 

Simitli Municipality is located in Southwestern Bulgaria, 

adjacent to Republic of Macedonia and occupies 529 km
2
. 

The prevailing terrain is mountainous and semi – 

mountainous. The lowest elevation point of the region is 194 

m.a.s.l. and the highest is 2590 m.a.s.l. The average elevation 

is 956 m.a.s.l. (Fig. 1) 

The territory is characterized with transitional - continental 

climate in northern parts, Mediterranean – continental in 

southern parts, and mountainous climate in the areas above 

1000m.a.s.l. The average air temperature in January, for the 

territories with transitional - continental climate, is from -

1.5°C to +1°C. In July it varies between 22°C and 24°C, with 
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maximal temperatures reaching 40°C. Winters in the 

territories distinguished by Mediterranean – continental 

climate are mild, with average air temperatures around 1-

2°C, springs come earlier and summers are hot with an 

average temperature in July 24-25°C. The average annual 

precipitation sum ranges between 550 mm and 750 mm. In 

the mountainous territories the average air temperature in 

January is under -3.00°C, the average temperature in July is 

around 10°C, and the precipitation sum is around 1000 mm. 

[12] 

 

Figure 1. Location of Simitli Municipality. 

The forest vegetation in the region is represented by various 

species. Edificators in the coniferous forests are Picea abies, 

Pinus peuce, Abies alba, Pinus sylvestris, and Pinus nigra. In 

the deciduous forests, depending on the altitude of the 

particular forest, edificators are Fagus sylvatica, Carpinus 

betulus, Quercus petraea, Q. cerris, Q. pubescens, Ostrya 

carpinifolia, Carpinus orientalis, and along the rivers where 

the hydromorphic vegetation is representative, typical species 

are Alnus sp. and Salix sp. [2] 

3. Methodology 

 

Figure 2. Methodology Scheme. 

For the purpose of the recent study, topographic maps (1:50 

000); vector layers of drainage system, geology, soils, 

vegetation cover, Corine Land Cover (CLC 2006); and also 

raster layer of Digital Elevation Model were used. The 

vegetation indices were calculated on the basis of Landsat 

8satellite images, acquired in October 2014.  

In order to fulfill the aim of the present study, we developed 

an appropriate methodology. It includes several steps, which 

are represented on (Fig. 2). 

Several groups of methods were applied for the creation of 

the landscape map. They include: 

� Field investigation of key sites; 

� Analysis of the factors supporting landscapes formation; 

� Remote sensing; 

� Cartographic methods and GIS. 

The landscape map was created in several steps: 

First of all, different thematic maps (geology, soils, 

vegetation, and land cover), topographic maps, aerial and 

space imagery, as well as publications were analyzed. This 

contributed to general representation of the landscape 

structure of the territory, determination of the landscape 

forming factors, identification of the objects of mapping, and 

selection of key sites which to be investigated in field. 

The next step includes creation of appropriate database in 

GIS. Different vector and raster layers containing specific 

attributive data were generated. The data acquired was 

synthesized so the individual landscapes to be identified and 

classified on the basis of their structural and genetic features. 

Thereby, the landscapes were integrated into typological 

units of different hierarchical levels [11, 13]. 

The first hierarchical level shows the macro - morphological 

features of the territory.  

The next level encompasses territories with similar hydro – 

climatic conditions. It includes 5 classes: warm sub-humid, 

temperate humid, cool humid, and cold humid landscapes 

which were differentiated on the basis of the zonal abiotic 

factors. [12] There is one more class, representing 

hydromorphic and sub-hydromorphic landscapes, which was 

differentiated on the basis of azonal factors 

The third hierarchical level was separated according to the 

heat – moisture ratio differences within the territory and their 

impact on the altitudinal vegetation belts formation. This 

level includes 6 classes. 

Main diagnostic feature for the differentiation of the fourth 

level is the prevailing relief type and the character of the 

morphodynamic processes. The karst landscapes were 

assigned to this level because of the specific conditions 
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which they create. This level includes 3 classes.  

The parent material is represented in the next two levels 

showing the rock type and soil cover. There are 5 main rock 

types in the area and respectively 5 classes in the relevant 

hierarchical level. The soil types are 6 and the classes in this 

level are also 6. 

The lowest hierarchical level depicts the land cover type. 

This level is divided into 30 classes. (Fig. 3) 

 

Figure 3. Landscape map of Simitly Municipality. 

Development of a so detailed landscape map contributes to 

more accurately differentiation of the most vulnerable to 

wildfire forest landscapes. 

After the landscape map of the contemporary landscapes was 

created, it was proceeded to determination of these elements 

of the natural components which in the greatest extent 

contribute to wildfire development. The determination of the 

elements and their weight coefficients was on the basis of 

empirical investigations. As most decisive for the wildfire 

occurrence and development, the type of vegetation, slope 

steepness, altitude, and heat-moisture ratio in the landscapes 

were differentiated. For their assessment the hierarchical 

levels of landscape map were used. The state of vegetation 

and if any drought processes take place in the landscapes was 

also determined as risk element and it was also taken into 

account. For that purpose, the vegetation indices – NDVI, 

VCI, NDWI, and NMDI was calculated. All abovementioned 

risk elements were reclassified and they were assigned an 

appropriate weight coefficient. [1] (Tab. 1) 

As most decisive for wildfire occurrence and development in 

III hierarchical level of the landscape map, the lowest 

territories were determined. That dues to the fact that in Oak 

forest belt the heat – moisture ratio shows higher values than 

that ones, distinctive for the other altitudinal vegetation belts. 

In Oak forest belt, drought processes (especially in summer) 

are most pronounced, and the drought is the main factor 

favoring wildfires. Thus, the principal for assignment of 

weight coefficients in this hierarchical level follows that 

distinction. The landscapes, located in Oak forest belt were 

assigned the highest weight coefficients while these 

landscapes, located in Alpine grassland belt, were assigned 

the lowest ones. 

The IV
th 

hierarchical level, as already it was mentioned, is a 

bit notably. This is because it includes the karst landscapes. 

They are distinguished with more specific conditions of 

processes formation and flowing. In summer, these 

landscapes suffer from prolonged shortages of moisture and 

for that reason they were assigned the highest for that 

hierarchical level weight. The erosional – denudative 

landscapes were determined as second in importance 

landscape risk element. The rationale behind this decision is 

the higher velocity of wildfire distribution in such landscapes 

and the scale of the damages these wildfires cause. Lowest 

weight coefficients in this level have the erosional – 

accumulative landscapes. 

Coniferous forests are most vulnerable during wildfires. This 

is due to the high content of resinous substances in their 
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barks. For that reason, with higher weight coefficients in 

VII
th 

hierarchical level the coniferous and mixed forest are 

distinguished. The differentiations between the various 

deciduous species were referred to the features of the 

relevant landscapes and to the specifics of the species 

themselves. The drier habitats were assigned higher weight 

coefficient. [3, 4] 

On table 2 the weigh coefficients assigned to the different 

values of the vegetation indices are shown. 

Table 1. Weight coefficients of the landscape risk elements. 

LANDSCAPE RISK ELEMENTS 

 

III Hyerarchical 

Level (20%) 

IV Hyerarchical 

Level (10%) 

VII Hyerarchical Level 

Coniferous 

forests (15%) 

Mixed Forests 

(15%) 

Decideus 

Forests (10%) 

Antropogenic 

Landscape (5%) 

Alpine grassland belt 1 
     

Subalpine grassland-shrub belt 2 
     

Coniferous forest belt 3 
     

Beech forest belt 4 
     

Hornbeam-Durmast forest belt 5 
     

Oak forest belt 6 
     

Erosional-acumulative 
 

2 
    

Erosional-denudative 
 

1 
    

Karst 
 

3 
    

Picea abies and Pinus mugo forests 
  

9 
   

Pinus peuce and Pinus mugo forests 
  

9 
   

Abies alba forests 
  

8 
   

Pinus sylvestis forests 
  

8 
   

Pinus nigra forests 
  

8 
   

Fagus sylvatica and Pinus sylvestris 

forests    
4 

  

Pinus sylvestis and Quercus petraea 

forests    
5 

  

Pinus nigra and Fagus sylvatica forests 
   

5 
  

Pinus nigra and Quercus petraea 

forests    
6 

  

Pinus nigra, Carpinus betulus and 

Quercus petraea forests    
6 

  

Pinus nigra, Quercus frainetto and 

Carpinus orientalis forests    
7 

  

Pinus nigra, Quercus cerris and Q. 

frainetto forests    
7 

  

P. nigra, Q. cerris, Quercus pubescens 

and Quercus virgiliane forests    
7 

  

P. nigra, Q. pubescens, Q. virgiliane 

and C. orientalis forests    
7 

  

F. sylvatica f orests 
    

2 
 

C. betulus and Q. petraea forests 
    

3 
 

Q. petraea forests 
    

3 
 

Q. cerris and Q. frainetto forests 
    

4 
 

Q. pubescens, Q. virgiliane and C. 

orientallis forests     
4 

 

Robinia pseudoacacia forests 
    

4 
 

Ostryacarpinifolia forests 
    

4 
 

C. orientalis forests 
    

4 
 

Hydromorphic vegetation (Alnus sp, 

Salixsp, etc.)     
2 

 

Transitional woodlands-shrubs 
     

4 

Grasslands 
     

2 

Land principally occupied by 

agriculture with significant areas of 

natural vegetation 
     

3 

Perrenials 
     

3 

Arable lands 
     

1 

Settlements 
     

1 

Mineral extraction sites 
     

1 



230 Daniela Avetisyan and Roumen Nedkov:  Assessment of Fire Hazard Zones in the Forest Landscapes   

in Simitli Municipality (Bulgaria) 

Table 2. Weight coefficients of the vegetation indices. 

VEGETATION INDICES 

NDVI VCI NDWI NMDI 

Value Weight Coefficient Value Weight Coefficient Value Weight Coefficient Value Weight Coefficient 

≤2 9 0-0.2 5 (-0.11)-(-0.05) 9 0.55-0.6 1 

0.2-0.25 8 0.2-0.4 4 (-0.05)-0 8 0.6-0.65 2 

0.25-0.3 7 0.4-0.6 3 0-0.05 7 0.65-0.7 3 

0.3-0.35 6 0.6-0.8 2 0.05-0.10 6 0.7-0.75 4 

0.35-0.4 5 0.8-1 1 0.10-0.15 5 0.75-0.8 5 

0.4-0.45 4 
  

0.15-0.20 4 0.8-0.85 6 

0.45-0.5 3 
  

0.20-0.25 3 0.85-0.9 7 

0.5-0.55 2 
  

0.25-0.30 2 
  

0.55-0.59 1 
  

0.30-0.33 1 
  

 

The landscapes with worst condition of vegetation, according 

to the NDVI values, were assigned higher weight 

coefficients. The rationale behind the determination of 

weight coefficients of the other indices is similar. NDWI and 

NMDI show the moisture content. Thus, the drier landscapes 

were assigned higher weights. For the determination of VCI 

values weights, a classification suggested by Dillon et al [5] 

was applied.  

On the basis of the weight coefficients assigned to the risk 

elements, it was generated a fire hazard zones thematic map 

and their final assessment was made. 

4. Results 

The assessment of the landscape vulnerability to wildfire 

shows that under the greatest threat are the landscapes with 

coniferous forests in Pirin mountain and the mixed forests 

(Pinus nigra and Quercus petraea) landscapes in the lower 

territories. The last ones are located nearby the settlements and 

are characterized with artificial afforestation with Pinus nigra. 

On Fig. 4, a map representing the fire hazard zones on the 

basis of the landscape risk elements determination is shown. 

 

Figure 4. Fire hazard zones on the base of the landscapes. 

The analysis of the vegetation condition indicates that the 

most vulnerable to wildfire territories are located in the 

highest eastern parts of the study area and along the Struma 

valley. This is an integrated result, obtained by calculating of 

the vegetation indices. (Fig. 5) 

 

Figure 5. Fire hazard zones on the base of the indices. 

According to the obtained NDVI values, the landscapes 

with the highest degree of risk are located in the central 

and eastern part of the study area. Amongst the forest 

landscapes, the lowest NDVI values have again these ones 

with Pinus nigra forests. The NDVI values for these 

forests are under 0.20. These values are representative for 

shrubs and grasslands but not in any way for forest 

vegetation. With much lower values than the 

representative for forest vegetation (0.40) are also the 

mixed with Pinus nigra forests. They are located in the 

eastern part of the area. In the western mountains, with 

similar values are the landscapes with Quercus petraea; 

Q. cerris and Q.frainetto; Carpinus betulus and Q. 

petraea; Q. pubescens, Q. virgilianae and Carpinus 

orientalis. (Fig. 6) 
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Figure 6. Fire hazard zones on the base of NDVI. 

On the basis of the VCI values, the territories determined as 

the riskiest are located in the southeastern part of the study 

area and along the Struma river valley. These landscapes are 

with very poor vegetation condition. The vegetation is 

mainly represented by transitional woodlands – shrubs and 

by grasslands. Amongst the forest vegetation, the Pinus nigra 

sp. stands out again. (Fig. 7) 

 

Figure 7. Fire hazard zones on the base of VCI. 

The NDWI values are relatively low for the whole territory. 

This index shows the liquid water content and ranges 

between -1 and 1. In the recent study, the NDWI values are 

between -0.11 and 0.33. The landscapes with transitional 

woodlands – shrubs; grasslands; and lands principally 

occupied by agriculture with significant areas of natural 

vegetation are characterized with negative values that show 

significantly low soil moisture content. The vegetation 

condition of these landscapes affects directly the adjacent 

landscapes, which show NDWI values close to zero. Some of 

the forest landscapes with: Pinus nigra; P. sylvestris; P.nigra 

and Quercus petraea; P. nigra, and Q. cerris and Q. frainetto 

whereas in the western are: Carpinus betulus and Q. petraea; 

Q. petraea; Q.cerris and Q. frainetto; and Q. pubescens, Q. 

virgilianae and Carpinus orientalis, located in the eastern 

part of the territory are amongst these landscapes. (Fig. 8) 

 

Figure 8. Fire hazard zones on the base of NDWI. 

For defining the moisture content in the forest canopy, a 

quantitative assessment on the basis of NMDI values was 

introduced. It can be presented as: 

(1 – NMDI)100 = moisture content (in %)      (6) 

Drying processes are observed when the forest canopy 

moisture is below 80%. For grasslands the threshold is 25%. 

 

Figure 9. Fire hazard zones on the base of NMDI. 

The results show that with lower moisture content in the 

eastern part of the territory, the coniferous landscapes, as 

well as the landscapes with Pinus nigra and Fagus sylvatica, 
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and P.nigra and Quercus petraea are distinguished, whereas 

in the western part, those are the landscapes with Pinus nigra 

and some of the landscapes with P.nigra, Carpinus betulus 

and Q. petraea; Q. petraea; and Carpinus betulus and Q. 

petraea. (Fig. 9) 

On fig.10, a final map, obtained by integrating of all the 

weight coefficients is represented. It shows the fire hazard 

zones in Simitli municipality, according to the landscapes 

vulnerability to wildfire.  

 

Figure 10. Total assessments of the fire hazard zones. 

The final assessment shows that the most vulnerable to 

wildfires forest landscapes are: these, located down the 

Sokolovska and Obrenska rivers; on the left bank of the 

Gradevska river after the inflow of Elovitsa river; the 

afforested with Pinus nigra landscapes nearby the 

settlements; the highest parts of Rila mountain; and the 

landscapes down the river Stara reka and the river Potoka. 

The forest landscapes with highest degree of risk are: 

*Cr5 – on carbonate rocks (marbles), Rendzic Leptosols, 

with Pinus nigra forests;  

Ic5 - on igneous rocks, Cambisols, with Pinus nigra forests; 

Imc2 - on igneous rocks, Mollic Cambisols, with Pinus peuce 

and Pinus mugo forests; 

Imc4 – on igneous rocks, Mollic Cambisols, with Pinus 

sylvestris forests; 

Imc5 - on igneous rocks, Mollic Cambisols, with Pinus nigra 

forests;  

Mcc5 – on metamorphic rocks, Chromic Cambisols, with 

Pinus nigra forests;  

Rcc4 - on unconsolidated sediments, Chromic Cambisols, 

with Pinus sylvestris forests; 

Rcc5 – on unconsolidated sediments, Chromic Cambisols, 

with Pinus nigra forests. 

* Alphanumeric code, representing the last three hierarchical 

levels of the landscape map classification. 

On the second place stand out the landscapes with mixed 

with Pinus nigra forests and these with oak forests in the 

western mountains. The landscapes with Quercus cerris and 

Quercus frainetto are mthe most vulnerable amongst them. 

Largest areas occupy the territories with fourth degree of 

risk, followed by these with fifth and third. The lands with 

the highest degree of risk are 13 % of the Simitly 

Municipality territory (Fig. 11). 

 

Figure 11. Area of the fire hazard zones. 

5. Conclusions 

The most vulnerable to wildfire landscapes in Simitly 

Municipality are these with coniferous forests. Amongst 

them the landscapes with Pinus nigra forests stand out. In the 

most cases, those are artificial afforested lands, located 

nearby the settlements and terrains, used for logging in the 

past. Namely for those forests, the values of NDVI, VCI, and 

NDWI are the lowest and the values of NMDI are 

respectively the highest. These landscapes occupy mainly the 

slopes of Pirin Mountain. 

The conducted assessment of fire hazard zones in the forest 

landscapes in Simitly Municipality shows that the studied 

territory can be divided roughly into four parts: 

1. The most vulnerable to wildfires territories are located in 

the southeastern part of the area – Pirin Mountain. This is 

due to the landscapes’ lithological basis - carbonate rocks 

and the type of the vegetation – mainly coniferous forests; 

2. Less vulnerable are the lower mountains in the western 

part of the study area. The most landscapes there are in the 

Oak forest belt, where the heat – moisture ratio is with 

higher values and the habitats formed are amongst the 

driest in Simitly Municipality. Furtermore, there are large 
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areas artificially afforested with Pinus nigra; 

3. Rila Mountain, located in the northeastern part of the area 

is on third position. The landscapes in this part of the 

mountain are mainly with transitional woodlands and 

shrubs, and with grasslands; 

4. The least vulnerable to wildfires lands are these located in 

Struma River valley. This is because the erosional – 

accumulative landscapes which are prevailing there and 

the slower spreading of wildfires in these landscapes. 

The results obtained in this study can be applied in 

environmental management and territorial planning – related 

decision making and the suggested approach and 

methodology in conducting of future surveys on fire hazard 

zones in different territories. 
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