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Abstract- Forests provide plenty of fundamental tangible and 
intangible goods to our planet, from vital chemical substances 
(O2) to more economic issues (wood for economic activity and 
heating etc.). Hence, besides the ecological role of forest fires at 
our ecosystems, an efficient prevention strategy for confronting 
recurrent and destructive fires is considered of crucial 
importance. Primary objective of the paper is the estimation of 
fire hazard in Thasos island taken into consideration all the 
factors which are conducive to forest fires ignition and 
spreading. The pillar of the methodology lies in the fact that a 
unique fire risk map will be created based on the local 
characteristics, namely, topography (aspect and slope); fuels 
characteristics and the proximity from the road and urban 
network. Taking into account the individual contribution to the 
overall fire hazard of all these factors, we developed a model for 
estimating the fire hazard of any given area, overlapping all the 
essential thematic maps. We identified some critical areas which 
are characterized very susceptible and they situated in the 
interior and the western part of the study area, where mixed and 
very flammable fuels take place along with steep ground and 
south aspect. This project may be quite applicable to any 
territory, adjusted to the local differences and peculiarities. The 
importance of such a project is prominent, while it constitutes a 
project with great added value, least cost and if it may be 
combined with other supporting activities to maximize the forest 
fires prevention and safeguarding the cultural and ecological 
wealth. 
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I.  INTRODUCTION 

Forests provide plenty of fundamental tangible and 
intangible goods to our planet, from vital chemical 
substances (O2) to more economic issues (wood for 
economic activity etc.). Hence, besides the ecological role of 
forest fires at our ecosystems, an efficient prevention 
strategy for confronting recurrent and destructive fires is 
considered of crucial importance. Consequently, the 
effective forest fires prevention aims to the conservation of 
the ecological richness of any national territory (endemic 
flora and fauna; retention of carbon dioxide and oxygen 
release; anticorrosive properties and protection of adjacent 
urban areas from flooding;  
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Special places for leisure purposes etc.) and saves limited 
fiscal resources (for the restoration of damages etc.), while, 
at the same time, it enhances the socioeconomic cohesion 
and development of the local and regional population.   
        For this purpose, lately, it is attempted the detailed 
census of the local characteristics of any study area, 
exploiting the improvements and tools of the technological 
progress. Aim of this practice is the overall determination of 
the fire risk at the most vulnerable areas studying both the 
independent and collective contribution of the local factors 
to the fire ignition and evolution. The literature has focused 
on several methods for estimating the fire risk (Chen et al., 
2003; Chen et al., 2004; Dong et al., 2006; Iliadis et al., 
2002; Iliadis, 2005; Jaiswal et al., 2002; Kaloudis et al., 
2005; Lapucci et al., 2005; Power, 2006; Sharma et al., 
2012; Temiz and Tecim, 2009; Vadrevu et al., 2010), 
exploring at the same time not only the natural but also the 
anthropogenic causes of fire ignitions. It should be 
highlighted the fact that the estimated degree of contribution 
of both natural and anthropogenic factors to the fire ignition 
and propagation may be different relying on the local 
conditions (geomorphology, meteorological conditions, 
tourist burden etc.).    
         Hence, primary objective of the paper is the estimation 
of fire hazard in Thasos island taken into consideration all 
the factors which are conducive to forest fires ignition and 
spreading. After the fire risk determination analysis in the 
island, we provide some valuable suggestions for the 
adoption of preventative techniques and measures across the 
island and primarily at the most susceptible areas.    

II.  STUDY AREA 

The island of Thasos is situated in the northeastern part of 
Greece and administratively belongs to the region of Eastern 
Macedonia and Thrace.  
     The length of the shoreline amounts to 115 km, while the 
area of the island is 380 km2 (Wikipedia, 2015). Thasos 
constitutes an island of the Northern Aegean. The 
geomorphology of the study area is abnormal, as it seems 
from the huge mountainous areas. Despite the mountainous 
nature of the island, accessibility is considered quite 
satisfying due to the high density of forest roads. Figure 1 
depicts the geographical position of the Thasos island in the 
context of the country as well as the administrative division 
of the island. 
       Finally, Thasos Island is characterized by rich 
vegetation, as it is reflected from the great variety of trees, 
such as olives, plane, fir, linden, cedar etc (Wikipedia, 
2015).
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Figure 1. Geographical position and administrative division of the island of Thasos 
Source: Tampekis et al., 2015 

III.  MATERIALS AND METHODS 

The pillar of the methodology lies in the fact that the unique 
fire risk map will be created based on the local 
characteristics, namely, slope, aspect, fuel, distance from 
roads and distance from urban network (towns). The inputs 
used for our analysis include the following thematic maps: 
slope map; aspect map; fuels map; road network map and 
urban network map. All these maps resulted from pre-
analysis procedures like digitizing and creating new 
thematic and analytic maps with the aid of Arc GIS 10.2.1.  
   At the second stage, the contribution of every factor (both 
natural and anthropogenic) to the fire hazard is estimated 

through the development of the appropriate thematic maps 
(through reclassifying process and establishment of the 
necessary buffers). These maps are created based on some 
certain criteria as presented in the table 1 and are in line 
with the similar projects in the international literature (Dong 
et al., 2006; Ertena et al., no date; Jaiswal et al., 2002; 
Power, 2006; Temiz et al., 2009). Thus, the potential fire 
risk of each factor was defined in five levels (from very low 
to very high fire risk). Final objective is the overlay of the 
previously mentioned dimensions weighted according to 
their effect to fire ignition and evolution. 

Table 1. Local characteristics and estimation of their fire hazard 

Slope 
(degrees) 

Aspect 
Fuel – Possible fire 

behavior 

Width of 
buffers to roads 

(km) 

Width of 
buffers to 

urban network 
(km) 

Fire Hazard 

0 – 5 Zero level Very little or no fuels 0.5 - Very Low 

5 – 10 
North - 

Northeast 
Little fuels – Surface 

fire 
0.4 4 Low 

10 – 20 
East - 

Northwest 
Surface fire / torching 0.3 3 Moderate 

20 – 30 
West – 

Southwest - 
Southeast 

Surface fire and crown 
fire 

0.2 2 High 

> 30 South Full crown fire 0.1 1 Very high 

Source: Own processing 
Fire incidents tend to be more aggressive in steep slopes. So, 
when the slope level is increasing, the respective fire risk 
level is growing. In addition, steep slopes decrease the 
accessibility degree especially for the land fire brigade 
vehicles, a fact that will dramatically increase the financial 
and ecological cost. As regards aspect factor, generally, in 
Mediterranean basin, South aspect is considered to be more 
hazardous for starting a fire of very high intensity 
(GeoSTAC, 2014). Regarding the factor of fuels, which is 
considered the most influential to the overall fire risk, an 

alternative method has been used. Despite moisture content 
is a critical factor for fire evolution, we consider that this 
factor is quite variable and on the other hand, in the summer 
season, where the most destructive fires take place, this 
index could reach the lowest point. Therefore, having 
obtained the fuels inventory of the study area, we predicted 
the potential fire behavior based on the micro forest 
characteristics and dynamics. More specifically, the fire 
hazard is very low when there is very little or no fuels 
(urban areas etc.). On the contrary, in the case of dense and 
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mix forested areas which “allow” the fire to be extremely 
aggressive (full crown fire), we defined these areas of very 
high risk. The most frequent anthropogenic causes for fire 
ignition are happening on certain spatial zones, where the 
socioeconomic activity takes place. These zones are the road 
and the urban network. Roads are considered “fertile” 
ground for fires, due to the fact that many incidents could 
originate either from accidental purposes or from intention 
(Ager et al. 2014; Syphard et al. 2008). To this end, we 
developed scalable buffer zones by 0.1 km determining as 
the most dangerous zone the first one of 100 m. where most 
activities take place (traffic, infrastructures, touristic 
activities etc.). We applied the same method for the urban 
network. Now the spatial zones are of 1 km width including 
the active perimeter (walking distance; in proximity with 
agricultural activities etc.) of each village and town.           

IV.  RESULTS AND DISCUSSION 

After our analysis, we may observe the independent fire 
hazard of each natural and anthropogenic dimension. Maps 
1 to 5 depict this phenomenon. Before the creation of the 
unique fire risk map, we should weight all the involved 
factors which are conducive to the overall fire risk, while the 
influence of each and every factor is variable. Maps 1 to 5 
present the interrelation of fire hazard with the natural 
(topography: slope and aspect; fuels) and anthropogenic 
dimensions (proximity with the road and urban network). As 
described above, there are 5 classes of hazard, from very 
low to very high fire risk. As we may observe from these 
analytic maps, there are certain spatial patterns of fire 
hazard for each studied factor. The final objective of this 
analysis is the overlay of all these patterns, so we may 
develop an integrated fire hazard map, incorporating all the 
above information. Afterwards, we will be in position to 
locate the most susceptible areas and act with the most 
appropriate preventative measures.    
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Following, we used the weighted overlay tool of the spatial 
analyst toolbox in ArcGIS in order to create the final fire 
hazard map. So, after we have converted all the previous 
thematic maps (maps 1 to 5) to a common measurement 
scale (5 classes from very low to very high fire risk), we 
provided a different weight to each factor according to their 
importance to the fire ignition and propagation (Arc GIS 
Resources, 2015).  
  It is obvious that without fuels, a fire cannot break out. 
This is why, we evaluated the fuels dimension as the most 
critical concerning this phenomenon and we ranked the fuels 
with a weight of 45%. Considering the significance of 
topography of the study area to the fire evolution as 
described above, we ranked both factors (aspect and slope) 
with a weight of 15% each. Moreover, we ranked the 
influence of road network with a weight of 15%, since many 
incidents begin from this network and especially in the 
summer season, where the tourist burden is growing more 
and more. In addition, it should be emphasized the 
importance of the roads to fire ignition, while the degree of 
road density in the island is quite high. Finally, we assessed 
the contribution of towns’ proximity factor and ranked it 
with a weight of 10%, since many socioeconomic activities 
take place around these zones. This dimension received the 
lowest weight on the grounds that there is too much traffic 
inside and around these zones, so, a fire could be easily seen 
from the local people and the automobiles (Massada et al. 
2009).       
  The following map (Map 6) depicts the final unique fire 
risk map after the integration (overlapping) of the five 
distinct analytic-thematic maps, as described above. As we 
can conclude from this map, we should emphasize the fact 
that areas of low fire risk is about 15% of the total area; 
areas of moderate fire risk is about 42% of the total area, 
while areas of high and very high fire risk is about 43% of 
the total area. Hence, we observe that about half area of the 
island faces many possibilities of igniting a fire due to the 
interplay of natural and anthropogenic factors. That is, the 
most vulnerable areas are located on the south and west part 
of the island. Hence, we should intensify our preventative 
measures primarily on these areas, as resulted from the 
above analysis.  
 

Map 6. Fire hazard map for Thasos island, Greece 

 
Source: Own processing            
For calibration purposes, we examined the relative validity 
of our model. Unfortunately, due to a great shortage of fire 
statistics in this geographic level (island), we cannot form 
solid conclusions, but it is a first approach and indication 
about the reliability of our methodology. The table 2 
presents the fire statistics of the island with the estimated 
fire hazard of our map the burned area in absolute and 
relative terms. Map 7 depicts the overlay between the 
integrated fire hazard map and the past area burned. 

Map 7. Unique fire hazard map compared with fire 
history 

 
Source: Own processing 

Table 2. Fire statistics of the island of Thasos along with 
the estimated fire hazard and the burned area 

Fire 
Frequency 

Fire 
hazard 

Area 
burned 

(ha) 

Percentage of 
the total 

burned area 

1 

1 0.5 0.0% 
2 1,068.6 7.3% 
3 5,935.7 40.3% 
4 6,220.9 42.3% 
5 1,489.9 10.1% 

    

2 

1 0.0 0.0% 
2 86.5 9.2% 
3 231.1 24.6% 
4 524.5 55.8% 
5 97.3 10.4% 

Source: NOA, 2014; Own processing  
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According to table 2, we may conclude the high degree of 
validity of our model, since, the majority of the real area 
burned belongs to the area of high and very high hazard. 
More specifically, where the fire broke out only once, 7% of 
the area burned belongs to the estimated area of low hazard; 
40% of the area burned corresponds to the estimated area of 
moderate hazard; and 53% of the area burned belongs to the 
estimated area of high hazard. The validity of our model is 
strengthening even more, when we examine the areas where 
they face 2 fire incidents. In detail, 9% of the area burned 
belongs to the estimated area of low hazard; 25% of the area 
burned corresponds to the estimated area of moderate 
hazard; and 66% of the area burned belongs to the estimated 
area of high hazard. The results constitute a first positive 
indication that the majority of the areas that were burned are 
primarily areas of high and secondly of moderate fire 
hazard. Nevertheless, as we previously mentioned, the fire 
statistics data is quite limited, so we may not create certain 
conlusions. Definitely, there is fertile ground for future 
research on this field.    

V. CONCLUSIONS 

Main objective of the paper was the creation of a unique fire 
hazard map based on the most influential characteristics of 
the island, such as the topography (aspect and slope); the 
fuels characteristics and the proximity from the road and 
urban network. Taking into account the individual 
contribution to the overall fire hazard of all these factors, we 
developed a model for estimating the fire hazard of any 
given area, overlapping all the essential thematic maps.  
      According to the results, we identified some critical 
areas which are characterized very susceptible and they 
situated in the interior and the western part of the study area, 
where mixed and very flammable fuels take place along 
with steep ground and south aspect. As it seems reasonable, 
the perimetric areas of the island are characterized of lower 
hazard, since they are located near the coast except in the 
western part, where dense shrubs with south aspects and 
deep slopes can be found.  
     This practice is quite applicable to any territory, adjusted 
to the local differences and peculiarities. The importance of 
such a project is prominent, while constitutes a project with 
great added value and the least cost. This project could be 
the first preventative measure which may be combined with 
other supporting activities such as the efficient distribution 
of observatories especially at the most vulnerable areas; the 
optimal allocation of the firefighting forces; projects 
regarding fuels treatment where necessary; and limitations 
of accessibility in critical and sensitive areas in the peak of 
summer season. 

ACKNOWLEDGEMENT  

This research has been co-financed by the European Union 
(European Social Fund-ESF) and Greek national funds 
through the Operational Program "Education and Lifelong 
Learning" of the National Strategic Reference Framework 
(NSRF) - Research Funding Program: Thales. Investing in 
knowledge society through the European Social Fund. 
 

REFERENCES 

1. Ager, A.A., Preisler, H.K., Arca, B., Spano, D. and Salis, M. (2014). 
Wildfire risk estimation in the Mediterranean area. Environmetrics. 
2014, Special Issue: Wildland Fires, Vol. 25, No. 6, s. 384–396 

2. ArcGIS Resources, 2015. 
http://resources.arcgis.com/en/help/main/10.2/index.html#//009z0000
00rq000000 (ArcGIS Help 10.2, 10.2.1, and 10.2.2 - Weighted 
Overlay (Spatial Analyst) - accessible on 29/9/2015) 

3. Chen, K., Blong, R. and Jacobson, C. (2003). Towards an Integrated 
Approach to Natural Hazards Risk Assessment Using GIS: With 
Reference to Bushfires. Environmental Management. 2003, Vol. 31, 
No. 4, s. 546–560 

4. Chen, K., Jacobson, C. and Blong, R. (2004). Artificial neural 
networks for risk decision support in natural hazards: A case study of 
assessing the probability of house survival from bushfires. 
Environmental Modeling and Assessment. 2004. Vol. 9, s.189–199 

5. Dong, X.U., Shao, G., Dai, L., Hao, Z., Tang, L. and Wang, H. 
(2006). Mapping forest fire risk zones with spatial data and principal 
component analysis. Science in China: Series E Technological 
Sciences. 2006, Vol. 49, s.140-149 

6. Ertena, E., Kurgunb, V., Musaoglu N. (no date). Forest fire risk zone 
mapping from satellite imagery and GIS a case study. International 
Society for Photogrammetry and Remote Sensing: 
http://www.isprs.org/proceedings/XXXV/congress/yf/papers/927.pdf 
(accessible on 15/6/2014) 

7. GeoSTAC, 2014. 
http://geology.isu.edu/geostac/Field_Exercise/wildfire/topography.ht
m (Geospatial Training and Analysis Cooperative – Wildland Fires: 
Topography – accessible on 15/1/2014). 

8. Iliadis, L.S. (2005). A decision support system applying an integrated 
fuzzy model for long-term forest fire risk estimation. Environmental 
Modelling & Software. 2005, Vol. 20, s. 613-621 

9. Iliadis, L.S., Papastavrou, A.K., Lefakis, P.D. (2002). A computer-
system that classifies the prefectures of Greece in forest fire risk 
zones using fuzzy sets. Forest Policy and Economics. 2002. Vol. 4, s. 
43–54 

10. Jaiswal, R.K., Mukherjee, S., Raju, K.D., Saxena, R. (2002) Forest 
fire risk zone mapping from satellite imagery and GIS. International 
Journal of Applied Earth Observation and Geoinformation, Vol. 4, s. 
1–10 

11. Kaloudis, S., Tocatlidou, A., Lorentzos, N.A., Sideridis, A.B., 
Karteris, M. (2005). Assessing Wildfire Destruction Danger: a 
Decision Support System Incorporating Uncertainty. Ecological 
Modelling. 2005, Vol. 181, s. 25–38 

12. Lapucci, A., Lombardo, S., Petri, M., Santucci, A. (2005). A KDD 
based multicriteria decision making model for fire risk evaluation. In 
Conference Proceedings on 8th AGILE Conference on GIScience. 
Association Geographic Information Laboratories Europe. 26-28 May 
2005. Estoril, Portugal 

13. Massada, A.B., Radeloff, V.C., Stewart, S.I., Hawbaker, T.J. (2009). 
Wildfire risk in the wildland–urban interface: A simulation study in 
northwestern Wisconsin. Forest Ecology and Management. 2009, Vol. 
258, s. 1990–1999 

14. NOA, 2014. http://ocean.space.noa.gr/diachronic_bsm/index.php 
(National Observatory of Athens - Diachronic Inventory of Forest 
Fires - accessible on 15/9/2014). 

15. Power, C.J. (2006). A spatial decision support system for mapping 
bushfire hazard potential using remotely sensed data. In Proceedings 
of Bushfire Conference 2006 - Life in a Fire-Prone Environment: 
Translating Science Into Practice. Brisbane, 6–9 June 2006 

16. Sharma, L.K., Kanga, S., Nathawat, M.C., Sinha, S. and Pandey, P.C. 
(2012). Fuzzy AHP for forest fire risk modeling. DPM, 2012, Vol. 21, 
No. 2, s. 160-171 

17. Syphard, A.D., Radeloff, V.C., Keuler, N.S., Taylor, R.S., Hawbaker, 
T.J., Stewart, S.I. and Clayton, M.K. (2008). Predicting spatial 
patterns of fire on a southern California landscape. International 
Journal of Wildland Fire. 2008, Vol.  17, s. 602–613 

18. Tampekis, S., Samara, F., Sakellariou, S., Sfougaris, A. and 
Christopoulou, O. 2015. Mapping the Optimal Access to the Natural 
Resources based on Spatial Planning. The Case Study of Thassos 
Island, Greece.  International Journal of Innovative Technology and 
Exploring Engineering (IJITEE) ISSN: 2278-3075, Volume-5 Issue-3, 
August 2015 

19. Temiz, N. and Tecim, V. (2009). Spatial multi criteria decision 
making in forest fire fighting planning. 
[http://www.mmo.org.tr/resimler/dosya_ekler/340ab740e0e799b_ek.p
df?dergi=753] Turkish Chamber of Mechanical Engineers (accessed 
on 12 February, 2014).   



Targeting To an Efficient Prevention Strategy of Forest Fires, Estimating The Fire Hazard on Islands The Case 
Study of Thasos Island, Greece 

32 
Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication Pvt. Ltd. 

20. Vadrevu, K.P., Eaturu, A., Badarinath, K.V.S. (2010). Fire risk 
evaluation using multicriteria analysis - a case study. Environmental 
Monitoring and Assessment. 2010, Vol. 166, s. 223–239 

21. Wikipedia, 2015. 
http://el.wikipedia.org/wiki/%CE%98%CE%AC%CF%83%CE%BF
%CF%82 (accessible on 12/3/2015) 

Author Profile 

Stavros Sakellariou (Corresponding author) is a PhD candidate at the 
Department of Planning and Regional Development, University of 
Thessaly. He is an engineer of Planning and Regional Development and 
MSc holder at spatial planning and regional policy. He is research associate 
of the University of Thessaly and he’s published many scientific articles. 
Research interests: Sustainable development and Regional Policy, 
Prevention and confrontation of Natural Hazards, Geographic Information 
Systems, Spatial and Urban Planning. 
 
Fani Samara Ph.D. Candidate, in the University of Thessaly, School of 
Engineering, Master in the Environmental Protection and Sustainable 
Development in the Aristotle University of Thessaloniki, School of 
Engineering and basic studies in the Department of Planning and Regional 
Development in the University of Thessaly, School of Engineering. 
Researcher in the Research Funding Program Thales. 
 
Dr.  Stergios Tampekis is a Doctor of Philosophy degree holder from the 
Forestry and Natural Environment Department of the Aristotle University 
of Thessaloniki, Greece (2005-2008). He took his two year courses Master 
of Science degree (2002-2004) from the Forestry and Natural Environment 
Department of the Aristotle University of Thessaloniki, Greece. He studied 
Forestry and Natural Environment at the Aristotle University of 
Thessaloniki, Greece (1997-2002). Now, he is a Postdoctoral Researcher at 
the Department of Planning and Regional Development - School of 
Engineering – University of Thessaly, Greece, since September 2012. He 
has worked at many research projects (9) since 2004 and he has published 
more than 15 scientific articles. His research interests are: Forest 
Operations Engineering and Management, Harvesting and transportation 
planning and engineering, Forest Road networks and transportation 
planning, Operations systems analysis and modeling, Forest operations 
ecology, Forest operations in mountainous conditions, Environmental 
Impact Assessment, Sustainable development of mountainous regions, 
Spatial Planning, Spatial Variability, Multi-Objective Optimization, 
Decision Making Systems.  
 
Assoc. Prof. Athanasios Sfougaris is currently working as an Associate 
Professor in the Laboratory of Ecosystems Management and Biodiversity, 
Department of Agriculture Crop Production and Rural Environment at the 
University of Thessaly, Greece. He received his Bachelor and the Ph.D. 
Degree from the Department of Forestry and Natural Environment of 
Aristotle University, Thessaloniki, Greece. He has important publications 
in Greek and international conferences and magazines.  
 
Prof. Olga Christopoulou is Professor in Development and Protection of 
Rural and Mountainous Areas, Department of Planning and Regional 
Development, University of Thessaly, Greece. She’s published a significant 
number of scientific articles and participated in numerous research projects. 
Research interests: Sustainable development of rural areas, Agro 
environmental Policy, Development of mountainous areas, Mountain 
tourism, Sustainable tourism, Socioeconomic characteristics of rural areas, 
Protected Areas (Natura 2000 sites), Natural Resources and Ecosystems 
Management. 
 
 

 


