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Abstract 

Wildfire is a destructive and devastating phenomenon experienced all around the world, which is 

predicted to increase in frequency and geographical range as climate change continues throughout 

the 21st century and beyond. This paper used a GIS approach to analyse the expected change in 

wildfire geographical range by 2050 using a Global Climate Model of the worst case scenario. 

After new wildfire-prone regions were identified, an analysis of these regions was undertaken 

regarding human-risk to ignition, currently the largest cause of wildfire outbreaks. This was 

performed using a ranking system of variables known to increase the human-risk, namely rural 

exodus, density of agricultural machinery, prevalence of tobacco smoking, and camping tourism 

popularity. The results were in consensus with the scientific community regarding the effect of 

climate change on the geographical range of wildfire outbreaks, and identified Europe as a key 

area of future concern. Within Europe, Austria was seen as having the highest risk to human-

ignition. This could be of utmost importance to European, especially Austrian, management 

agencies as they look to restrict the future impact of climate change on their communities. This 

paper serves as an example of how spatiotemporal patterns of extreme weather events and climate 

change can be projected using GIS. 

Keywords: Wildfire; Climate change; GIS; Ranking system; Human risk 

Sammanfattning 

Skogsbrand är ett destruktivt och förödande fenomen över hela världen och förutspås att öka i 

frekvens och geografisk utbredning med förändrade klimatförutsättningar under det tjugoförsta 

århundradet och framöver. Den här studien har använt GIS som metod för att analysera den 

förväntade förändringen av skogsbränders geografiska utbredning år 2050, baserat på värsta 

scenariot framtaget i en global klimatmodellering. Efter att nya skogsbrandsbenägna regioner 

identifierats, gjordes en analys av regionerna avseende mänskliga faktorer som ökar risken för 

antändning, för närvarande den största orsaken till skogbrandssutbrott. Riskanalyserna utfördes 

med ett rankingsystem av variabler som är kända för att öka risken, nämligen avfolkning av 

landsbygden, densitet av jordbruksmaskiner, förekomsten av tobaksrökning, och 

campingturismens popularitet. Studiens resultat stämmer överens med vetenskapliga studier 

avseende klimatförändringens effekter på geografisk utbredning av skogbrandssutbrott. I studien 

identifierades Europa som ett nyckelområde för framtida risker. Inom Europa hade Österrike den 

högsta risken för mänsklig antändning. Resultatet kan vara av yttersta vikt för europeiska, särskilt 

österrikare, förvaltningsorgan som försöker att begränsa den framtida inverkan av 

klimatförändringar på deras samhällen. Den här studien är ett exempel på hur rumsliga 

fördelningsmönster av extrema väderförhållanden och klimatförändringar kan projiceras genom 

att använda GIS. 

Nyckelord: skogsbrand, klimatförändringar, GIS, rankingsystem, mänsklig risk  
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1 Introduction 

Wildfire is one of the most devastating natural phenomena experienced today and occurs 

worldwide. In 2014, over 3.5 million acres of land were destroyed in the U.S. alone, 

threatening ecosystems, food security, livelihoods, and most importantly life itself (NIFC, 

2015).  Wildfire occurs when the correct combination of climatic conditions and vegetation 

cover are combined with an ignition. Regions that are prone to drought are more susceptible 

than others, with low relative humidity, low rainfall, and high wind speeds all contributing to 

increased fire risk. As well as hot, dry climates naturally drying out vegetation quite rapidly, 

which fuels the fire, they can also be present near types of vegetation that are more 

chemically combustible than others, for example, the eucalypts of Australia (BOM, 2009). 

While the term ‘natural’ is often associated with wildfire due to lightning strikes or volcanic 

eruptions being valid causes, it is thought that up to 90 percent of wildfire events in the U.S. 

are caused by humans (NPS, 2015). Although this percentage may vary in other countries, it 

is in no doubt that humans play a large part in the cause, and often the management, of this 

phenomenon. Human ignitions include campfire, debris burning, smoking, railroad use, 

equipment use, and arson amongst others (USDA, 2013, p3-4).  

Another environmental challenge caused largely by anthropogenic activity is that of climate 

change. It has been well documented in recent years that climate change has had widespread 

impacts on both human and natural systems alike, including an increase in the occurrence of 

extreme weather events (IPCC, 2014). This trend is set to continue into the foreseeable 

future, with an increase in climatic conditions that would be an ideal prerequisite for wildfire 

occurrences. Flannigan and Van Wagner (1991) explored the potential effect of an increase in 

greenhouse gases, namely carbon dioxide, on the severity and area burned by wildfire in 

Canada. After they projected a doubling of present CO2 emissions, the results showed a 46% 

increase in severity rating, with similar findings for the area burned. Fried et al (2004) found 

comparable results for Northern California, USA, in terms of area burned, and also reported a 

potential increase in wildfire frequency of more than double the current level experienced in 

this region. The consensus resulting from these and other studies (Hessl, 2001; Westerling & 

Bryant, 2008; Marlon et al, 2009; Albertson et al, 2009; Liu et al, 2010; Yang et al, 2011; 

Westerling et al, 2011) is that wildfire events will increase in frequency, magnitude, and 

geographic range as the climate continues to change. 
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Droughts are thought to bring the perfect conditions required for wildfires (Gedalof et al, 

2005; Anderson, 2002; Westerling & Swetnam, 2003), not only because hot, dry weather can 

help ignite wildfires, but also because the climatic preconditioning (i.e. drying) of low 

moisture vegetation increases their combustibility (Littell et al, 2009). Consequently, levels 

of drought are a common input into fire danger indices, as well as relative humidity, 

temperature, and wind speed (Sharples et al, 2009). Furthermore, a publication by the US 

Forest Service also confirms that the combination of dry and windy weather systems with dry 

and heavy fuel loadings produces ideal burning conditions (Graham, 2003). 

This paper is concerned with the ideal conditions required to initiate a wildfire, however, it is 

worth mentioning that the intensity and duration of a wildfire may be dependent on specific 

weather conditions. According to Aldersley et al (2011) in the events they reviewed, the 

greatest wildfire burned areas occurred when temperatures were over 28 °C and intermediate 

annual rainfall was between 350–1100 mm. Additionally, the Australian Bureau of 

Meteorology (BOM, ibid) has stated that the relative humidity should be very low for 

wildfire to thrive, for example, under 20 percent.  

The Köppen Climate Classification, updated by Kottek et al (2006), indicates that arid and 

warm temperate climates, namely BS, BW, Cs and Cw, would be conducive to drought 

occurrences. The criteria for these climate types are shown in Table 1. 

Table 1. Criteria of the selected climate types B and S. Abbreviations: Pann = accumulated 

annual precipitation; Pth = dryness threshold calculated from annual mean temperature; 

Psmin, Psmax, Pwmin, Pwmax = lowest and highest monthly precipitation values for summer 

and winter; Tmin = mean temp. of coldest month. Source: Kottek el al (2006, Table 1, p.260)  

Type Description Criterion 

B Arid climates Pann < 10 Pth 

BS Steppe climate Pann > 5 Pth 

BW Desert climate Pann < 5 Pth 

   

C Warm temperate climates -3 °C < Tmin < +18 °C 

Cs Warm temperate climate with dry summer Psmin < Pwmin, Pwmax > 3 Psmin and 

Psmin < 40 mm 

Cw Warm temperate climate with dry winter Pwmin < Psmin and Psmax > 10 Pwmin 

Wildfires occur in parts of the world that differ greatly in the type of dominant vegetation 

present. What would appear to be more important is the concentration of built-up urban areas 
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or bodies of water in a region, as these areas may physically block the spread of wildfire and 

are incombustible. Furthermore, cultivated arable land may also restrict the movement of 

wildfire through the continual harvesting of potential fuel loads and irrigation. 

Although detailed research into the chemistry of plant composition in order to infer 

combustibility levels is beyond the scope of this paper, it is worth mentioning there are 

certain species of vegetation that are more fire-prone than others, such as the aforementioned 

eucalypts of Australia or the Fynbos shrublands of South Africa (Van Wilgen et al, 1990). 

To locate regions that have ideal climatic conditions and land use types for fire ignition is 

somewhat straight forward if the relevant data are available. A more difficult task is to 

understand the complexity of human-caused fire ignition. Research by Zhanga et al (2010) 

into grassland fires in Inner Mongolia pointed to smoking, vehicles, and burning stubble as 

the three main causes of human-ignited outbreaks. These causes, along with campfire, are 

well known in other regions of the world, such as the US. However, they also found negative 

correlations with distances to villages, dirt roads, railroads and isolated buildings. This 

combination of human activity analysis with spatial land use patterns can produce a much 

clearer picture of the causes behind human-ignited wildfire.  

Much of the recent research into human causes of wildfire has been done in the Iberian 

Peninsula, with both pastoral fires and population density being linked to wildfire outbreaks 

in Spain (Ruiz-Mirazoa et al, 2012; Serra et al, 2014). A more thorough study by Martínez et 

al (2009) examined several potential causes, such as socio-economic transformation in rural 

areas, persistence or transformation of tradition activities linked to fire in rural areas, and 

forest policy, to name but a few. They found thirteen significant variables regarding human 

risk. Amongst them were migration patterns, human behaviour, demographics, and 

infrastructure density, which further demonstrate the complexity of analysing human causes 

to wildfire. 

2 Objective 

Studies so far into the effects of climate change on wildfire events have largely been limited 

to regional examination, in particular regions in North America. This aim of this paper is to 

identify regions worldwide that are susceptible to wildfire due to their current climatic 

conditions and vegetation/land use. This means climates that are prone to drought conditions, 

and vegetation that is neither sparse nor interrupted with urban structures and/or bodies of 
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water. Climate will be given a worldwide perspective whilst vegetation is analysed 

regionally. The results will then be compared to the predicted conditions of 2050 to identify 

areas that may newly experience wildfire outbreaks. Finally, these new areas will be analysed 

to infer which countries may suffer most from human-ignited wildfire, the most common 

cause of outbreak. 

3 Method 

Due to their ability to combine spatial data with attribute data, Geographic Information 

Systems (GIS) have become commonplace within several branches of natural and social 

sciences and have even been termed a ‘universal toolkit’ (Wright et al, 1997). In recent years, 

researchers have used GIS to predict the impact of climate change on the environment using 

various GCMs (Aspinall & Matthews, 1994; Clark et al, 2001; Thumerer et al, 2000). 

Likewise, this paper will use GIS to map the potential growth of wildfire-susceptible territory 

due to climate change by the year 2050. 

3.1 GIS Model 1 – Risk of Wildfire with Current Conditions 

Firstly, a projection of the world was layered in ArcMap with current climate variables. The 

climate types identified earlier in this paper and their criteria were used to select areas that 

were climatically susceptible to wildfire, namely those with a minimum temperature during 

the coldest month of above -3 °C and precipitation below 40mm during the driest month. The 

lower boundary of -3°C was chosen as this is the criteria for a temperate climate. No upper 

boundary was used in the analysis. Similarly, 40mm was chosen as the limit for precipitation 

during the driest month to adhere to temperate climates with dry summers, the most probable 

season for wildfire outbreaks. The data were reclassified to identify these conditions visually 

and give each of them a positive integer of 1 with unfavourable conditions given a value of 0. 

Secondly, the same projection was layered with land use/vegetation types and the areas 

identified as most vulnerable to wildfire (Table 2) were labelled in the same way as the 

climatic conditions. 

A raster calculator was then used to add up the layers of favourable conditions: 

[Tmin 3°C] + [Pmax 40mm] + [Land use/vegetation types specified in Table 3] 

Therefore, the locations with a value of 3 were deemed the most susceptible to wildfire given 

the current climate. 
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3.1.1 Data for GIS Model 1 

Climate data were gathered from WorldClim (worldclim.org), which utilised the work 

completed by Hijmans et al (2005). The current climate data (~1950-2000) were downloaded 

in ESRI grids with 30 arc-seconds (~1km), the highest resolution available. The dataset 

included 19 variables bioclimatic variables, which recorded several temperature and 

precipitation measurements for each region. 

Vegetation data were gathered from the Global Land Cover 2000 database (2010), a 

European Commission initiative. The spatial resolution of the data was 1km at the equator. 

The data categorise land use into distinct classes using predominantly vegetation type as a 

guide (Table 2). The categories inferred to be suitable fuel for a wildfire are marked with an 

asterisk. These categories were chosen based on the absence of water i.e. flooding, irrigation, 

ice/snow, other water bodies, and the density of the vegetation cover. Burnt tree cover was 

included in the analysis as it indicates that the location has previously been prone to fire 

outbreaks, although the vegetation itself may no longer be conducive to wildfire. 

Table 2. Class types of land use/vegetation cover. Asterisks indicate vegetation that are 

inferred to be suitable fuel for wildfire. Source: GLC 2000 Database (2010) 

Artificial surfaces and associated areas  

Bare areas  

Cultivated and managed areas  

Herbaceous Cover, closed-open * 

Irrigated Agriculture  

Mosaic: Cropland / Shrub and/or grass cover * 

Mosaic: Cropland / Tree Cover / Other natural vegetation * 

Mosaic: Tree Cover / Other natural vegetation * 

Regularly flooded shrub and / or herbaceous cover  

Shrub Cover, closed-open, deciduous * 

Shrub Cover, closed-open, evergreen * 

Snow and Ice  

Sparse herbaceous or sparse shrub cover  

http://www.worldclim.org/
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Tree Cover, broadleaved, deciduous, closed * 

Tree Cover, broadleaved, deciduous, open * 

Tree Cover, broadleaved, evergreen * 

Tree Cover, burnt * 

Tree Cover, mixed leaf type * 

Tree Cover, needle-leaved, deciduous * 

Tree Cover, needle-leaved, evergreen * 

Tree Cover, regularly flooded, fresh water  

Tree Cover, regularly flooded, saline water  

Water Bodies  

  

3.2 GIS Model 2 – Risk of Wildfire with Future Conditions 

Using the same method as in GIS Model 1, the predicted future climatic conditions were 

layered onto the world projection. Future vegetation type data were unavailable so this part of 

the analysis is inferred from vegetation types in neighbouring regions of similar climate with 

the view that these types would increase their geographic range in the event of climate 

change; a process that has already been observed in Alpine plants (Grabherr et al, 1994). 

3.2.1 Data for GIS Model 2 

Data regarding the future climate were downloaded from the same location as the current 

climate data, and also contained 19 bioclimatic variables. 

There have been several Global Climate Models (GCMs) of future conditions produced at 

different institutions, geospatial resolution, and Representative Concentration Pathways 

(RCPs), i.e. greenhouse gas scenarios. The GCM selected for this study was produced by the 

Max Planck Institute for Meteorology in Hamburg, Germany. The data were downloaded at a 

30-seconds resolution (~900m at the equator) using the scenario RCP85, the worst case 

scenario, for the year 2050. Projections were based on the Fifth Assessment by the IPCC 

(ibid). 

As future vegetation data are unavailable, the current data employed in GIS Model 1 were 

also used in this model. 
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3.3 Human-Risk Analysis of New Susceptible Regions 

The differences in wildfire coverage between GIS Model 1 and GIS Model 2 indicate new 

regions of wildfire susceptibility. An analysis of these new regions and their potential risk of 

wildfire due to human cause was undertaken.  

There were various human causes of wildfire identified in the literature review ranging from 

individual action to long term trends. The variables that will be analysed in this study are: 

 Rural Exodus (Martínez et al, 2009) 

 Density of agricultural machinery (Martínez et al, 2009) 

 Prevalence of tobacco smoking 

 Total nights spent at camping grounds, recreational vehicle parks and trailer parks 

Data regarding each of these variables for each of the new regions were collected and 

examined. Each region was then ranked from highest risk to lowest risk for each of the 

variables. Finally, the rankings were added together and the country with the lowest total was 

deemed the most at risk to human-ignited wild fire, and therefore, wildfire outbreaks in 

general. 

3.3.1 Data for Human-Risk Analysis 

Data were collected on the first two significant variables of the Martínez et al (2009) study, 

namely rural populations in 2010 and 2050 (projected), and the density of agriculture 

machinery. Rural exodus data were captured from the European Environment Agency (EEA, 

2015), and density of agriculture machinery data were obtained from The World Bank 

(2015). Furthermore, data regarding smoking habits and camping tourism were collected 

from the World Health Organisation (WHO, 2009) and Eurostat (2015) respectively.  Please 

see Appendix A for more details. 

3.4 Data Sources 

Data were fundamental to the analysis undertaken in this study and various sources were 

employed. This cannot be avoided when comparing different variables in different regions of 

the world as no one-stop-shop for data exists, but it is likely that the quality of data does vary 

between sources. There was also the problem of missing data to contend with, which was a 

key limitation when gathering data on variables identified as affecting human-ignition risk. 
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The resulting outcome was that this study limited the human-risk analysis to only four 

variables.   

As is the case with any study that relies on secondary data, the data used must be assumed to 

be accurate and only sources regarded as reliable were chosen for use in this study. However, 

it is likely the method of data collection varied between sources, in particular, the GCM 

chosen for this study. Out of a multitude of sources available, it was decided to use a GCM 

created by the Max Planck Institute for Meteorology (MPI-M), a world renowned climate 

research centre. Although another source may have been perfectly valid, MPI-M has recently 

formulated a policy for good scientific practice, covering authorship and primary data; a sign 

that the source is more trustworthy than most. 

Similarly, the source for vegetation/land use was an initiative set up by the European 

Commission at the Joint Research Centre, and thus, is presumed to be a reliable source of 

data. Finally, the sources for the human-risk variables were also highly regarded European or 

Global research centres. 

4 Results 

4.1 GIS Models 1 and 2 

The total area susceptible to wildfire under current climatic conditions and vegetation cover 

was 37,347,854 km2 (Fig. 1). This projection correctly matched areas that frequently 

experience wildfire today, such as Australia, south-western USA, and countries in southern 

Africa. Figure 2 shows how this area will change by 2050 due to climate change using the 

worst case scenario RCP, which is predicted to cover 42,241,263 km2 (an increase of 13%). 

On the whole, regions that currently experience wildfire outbreaks will continue to do so in 

2050, with the geographical range in most regions also increasing. This can be seen in New 

South Wales, Australia, the north-western states of the U.S.A., and in the Amazon region of 

South America (Fig. 2). As there were no data on future vegetation, the yellow in Figure 2 

illustrates areas that will experience the ideal climatic conditions and could possibly inhabit 

fire-prone vegetation in 2050 should their ranges change. However, most of these areas are 

predominantly desert, for example, the Sahara in northern Africa, the Simpson and Great 

Sandy deserts of Australia, and various others in the Middle East, and therefore, are unlikely 

to change in terms of vegetation and land use. 
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As climate change is a continual phenomenon, the trend towards climatic conditions ideal for 

wildfire was also investigated, as shown in Figure 3. Areas in red indicate that the climate is 

heading towards ideal conditions for wildfire, and conversely, areas in blue are heading away 

from an ideal wildfire climate, i.e. wetter and/or cooler. The starkest revelation was that of 

Europe. Currently, Mediterranean countries frequently experience wildfire outbreaks and this 

looks set to continue in 2050. However, the climates of almost the whole of Europe, with the 

exception of countries at higher latitudes, have been projected as heading towards wildfire-

prone climates (Fig. 4). This movement is strongest around Serbia and neighbouring Eastern 

European countries. Consequently, the new regions analysis will primarily be concerned with 

European countries.     

4.2 Human-Risk Analysis of New Susceptible Regions 

Data on the four variables identified in the method section (rural exodus; density of 

agricultural machinery; smoking prevalence; and camping tourism) were collected for each of 

the 47 European countries and several smaller territories - see Appendix A for details.  

The ranks of each country or territory for each variable were added and ordered (Appendix 

B) and the top five at risk areas are presented in Table 3a. As this analysis included 11 

countries that are not seen as at risk to developing ideal climatic conditions (Fig. 4), Table 3b 

lists the top five countries at risk to human-ignited wildfire out of those that are. Please note 

that countries that already currently experience the ideal climatic conditions for wildfire (Fig. 

1) were not included in Table 3a and 3b. The range of ranking score was between 38 and 156, 

although scores above 115 contained at least one variable with missing data and were, 

therefore, awarded the highest score for that variable.  

Austria and Slovenia ranked 1 and 2, respectively, when all rankings were tallied together, 

indicating that out of the European countries examined they are the most at-risk of 

experiencing human-ignited wildfire in the future. It is evident from Figure 4 that both 

Austria and Slovenia are also at risk of developing the climatic conditions that are ideal for 

wildfire ignition; however, a greater proportion of Slovenia will be at risk. As both countries 

share a border there will also be the risk of wildfire spread across political boundaries.  
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Table 3a. List of top five European countries at risk of human-ignited wildfire. 

Rank Country/Territory Ranking Score 

1 Austria 38 

2 Slovenia 60 

3 Ireland 63 

4 Norway 64 

5 Hungary 64 

Table 3b. List of top five European countries at risk of human-ignited wildfire that may also 

develop ideal climatic conditions. 

Rank Country/Territory Total 

1 Austria 38 

2 Slovenia 60 

3 Norway 64 

4 Hungary 64 

5 France 67 

5 Discussion 

5.1 Findings 

In consensus with the current scientific literature, this paper found that current wildfire-prone 

areas will increase in size and new wildfire-prone areas will emerge as climate change 

continues. However, as 2050 is only thirty-five years away, this study also analysed the 

changing of climatic conditions towards wildfire susceptibility and concluded that much of 

Europe is heading towards the threat of wildfire outbreaks beyond this time frame, with only 

eleven countries identified as not being affected. This result is worth consideration by various 

environmental agencies within Europe so that emergency plans and management programmes 

can be put in place before the further onset of climate change has taken its toll. In particular, 

agencies within Austria, a country that this paper not only identified as heading towards ideal 

wildfire climatic conditions, but also as having a high risk to human-ignited wildfire.  

Besides these new areas of potential susceptibility, it should not be ignored that areas 

currently afflicted by wildfire outbreaks may also have to increase their current monitoring 

and management levels in order to deal with a potential increase in wildfire frequency, 
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severity, and geographical range. This is of paramount importance in the Amazon area of 

South America, a region renowned for its biodiversity and subsequent importance, and in 

regions that are densely populated, such as Sydney, Australia, and San Francisco, U.S.A. 

Still, this study analysed the potential change in climate to assess whether wildfire outbreaks 

would occur in regions not currently at threat to this phenomenon. Climate is an average 

calculated over a thirty year period, which cannot eliminate the possibility of an occasional 

extreme weather event in milder climates. Therefore, although regions in this analysis may be 

labelled as ‘unsusceptible’ to wildfire, it does not mean that a wildfire outbreak will never 

occur at these locations; simply it is unlikely given the climate. A recent example of this is 

the 2014 wildfire outbreak in Västmanland, Sweden. At a latitude of around 59-62° N, 

Sweden usually experiences mild, warm summers, and thus is not labelled on Figure 1 as 

currently prone to wildfire outbreaks. However, in late July 2014 the weather was 

unseasonably hot and dry, with temperatures reaching near-record levels for several days. 

Although it is unclear how the fire started, it resulted in the destruction of several thousand 

acres of land, the evacuation of thousands of residents, and one fatality.  

As humans are known to cause the vast majority of wildfire outbreaks globally, 

anthropogenic factors may indeed outweigh climatic drivers when it comes to the frequency, 

intensity, and location of outbreaks. The human-risk variables investigated in this paper were 

either identified in the literature or actual causes reported by fire safety organisations. It was 

possible for a country to obtain a ranking score as low as 4 if it ranked highest for each of the 

variables. However, the lowest score was 38 (Austria) and only four countries (Austria, Italy, 

Bosnia & Herzegovina, and Albania) ranked in the top 5 for more than one variable. This 

shows the variability of these four variables within European countries and the possible need 

for further variables to be investigated in order to create a more robust ranking system. In this 

analysis, none of the variables were weighted as the author deemed it impossible to rate and 

distinguish between the ignition success or influence of long-term trends and individual 

action. It may also be possible for variables to interact, for example, smoking may have a 

higher causal rate of wildfire if the ignition region has also experienced a high level of rural 

exodus, and so forth.  

Additionally, humans may also influence wildfire outbreaks in the future by changing land 

use or vegetation patterns, thus making areas more or less prone to outbreaks. It is extremely 

likely that humans will continue to modify the world to meet their needs and trends such as 
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urbanisation will continue into the foreseeable future. Thus, the yellow area in Figure 2 

denoting regions with an ideal wildfire climate but not compatible land use/vegetation may 

actually increase or decrease by 2050 depending on its modification by man. This area could 

also be changed without man’s influence. As the climate changes, it is possible for the habitat 

range of vegetation to spread naturally into different regions, although this process may be 

slow due to the sessile nature of flora, which could also potentially affect the area susceptible 

to wildfire in the future. 

Finally, changes in human lifestyle, such as smoking habits or partaking in outdoor leisure 

activities, could also influence future levels of wildfire. These factors are somewhat difficult 

to predict as the world continues to change at an exponential rate, and what is popular one 

year may not be popular the next. Therefore, the findings of this paper are subject to 

numerous changeable factors that could influence how much of the world will be susceptible 

to wildfire by 2050; nonetheless the overall trend identified in the analysis remains clear.  

To predict climate change, only one GCM and one RCP were chosen from one source. All 

GCMs are likely to vary depending on the expertise and assumptions of the programmers, 

and therefore, a different choice may have resulted in a different outcome to this study. A 

possible remedy would be to model several GCMs and compare the results, but naturally this 

is time-consuming. 

5.2 Further Study 

This study should serve as a demonstration of how extreme events in nature may be 

spatiotemporally examined using GIS, especially with the ever increasing emphasis on 

climate change within the scientific community. Within this study, climate, vegetation, and 

land use were used to determine the susceptibility of areas to wildfire; however, there are 

other factors that may influence if not the ignition, then the growth of wildfire outbreaks. 

According to Kalabokidis et al (2002), fire history, forest structure, fuel characteristics, and 

management systems may also play a big role in wildfire potential. Furthermore, land 

topography and prevailing wind direction are also thought to be key determinants. Thus the 

scope to produce a more detailed study on wildfire potential in the future seems to be vast, if 

and when the relevant data become available. 
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6 Conclusion 

Climate change will cause an increase in the geographical range of wildfire outbreaks, both in 

regions that already currently experience this phenomenon at frequent intervals and in new 

regions where wildfire is a rare occurrence. Although the change in climatic conditions may 

be instrumental in this increase, with roughly 90% of wildfires being caused by humans it is 

possible for these outbreaks to be restricted with the employment of appropriate surveillance 

and management practices.     
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Appendix: A – Data for New Regions Analysis 

1. Rural Exodus 

Percentage of total population that is rural for European countries in 2010 and 2050 (projected), ordered by 

magnitude of negative change. Rural Percentage = Rural Population / Total Population. Please note there 

were no data available for Gibraltar, Holy See, Cyprus, or Monaco. Source: EEA (2015)  

Major area, region, country or area Rural 2010 % Rural 2050 % % Change Ranking 

Albania 47.7% 22,9% -24,8% 1 

Moldova 53.1% 30,4% -22,6% 2 

Bosnia and Herzegovina 52.3% 31,1% -21,2% 3 

Portugal 39.5% 22,8% -16,7% 4 

Serbia 44.0% 28,3% -15,7% 5 

Croatia 42.5% 27,5% -15,0% 6 

Faroe Islands 59.1% 45,3% -13,7% 7 

Ireland 38.1% 24,6% -13,5% 8 

Greece 38.8% 25,4% -13,4% 9 

Hungary 31.0% 18,1% -12,9% 10 

Bulgaria 27.5% 14,8% -12,7% 11 

FYR Macedonia 40.8% 28,2% -12,6% 12 

Channel Islands 68.9% 56,6% -12,3% 13 

Slovenia 50.0% 37,9% -12,1% 14 

Romania 47.2% 35,3% -11,9% 15 

Montenegro 36.9% 25,7% -11,2% 16 

Slovakia 45.2% 34,3% -10,9% 17 

Austria 32.5% 21,8% -10,8% 18 

Belarus 25.4% 14,8% -10,5% 19 

Italy 31.8% 21,3% -10,4% 20 

Ukraine 31.3% 21,2% -10,1% 21 

Lithuania 33.0% 23,3% -9,7% 22 

Poland 39.1% 30,0% -9,1% 23 

Isle of Man 49.4% 40,7% -8,7% 24 

Estonia 30.5% 22,0% -8,5% 25 

Russian Federation 26.3% 18,1% -8,3% 26 

France 14.8% 6,7% -8,1% 27 

Latvia 32.3% 24,2% -8,1% 28 

Germany 26.2% 18,2% -8,0% 29 

Norway 20.9% 13,1% -7,8% 30 

Netherlands 17.3% 9,5% -7,8% 31 

Switzerland 26.4% 19,1% -7,3% 32 

Spain 22.7% 15,5% -7,2% 33 

Luxembourg 14.8% 8,3% -6,5% 34 

United Kingdom 20.5% 14,1% -6,4% 35 

Czech Republic 26.5% 20,5% -6,0% 36 

Liechtenstein 85.6% 79,7% -5,9% 37 

Finland 16.4% 11,3% -5,1% 38 

Sweden 14.9% 10,0% -4,9% 39 

Denmark 13.2% 8,9% -4,3% 40 

Iceland 6.4% 3,5% -2,9% 41 

Malta 5.3% 2,4% -2,9% 42 

San Marino 5.9% 3,9% -2,1% 43 

Belgium 2.5% 1,8% -0,8% 44 

Andorra 12.2% 15.8% 3.6% 48 

http://w3.unece.org/CountriesInFigures2013/Moldova.pdf


25 
 

2. Density of Agricultural Machinery 

Due to missing 2009 data for Bosnia & Herzegovina, 2000 data has been used. Please note 2000 and 

2009 data were not available for the following countries: San Marino, Montenegro, Faroe Islands, 

United Kingdom, Isle of Man, Channel Islands, Liechtenstein, Gibraltar, Holy See, Cyprus, and 

Monaco. Source: The World Bank (2015) 

Country 
Agricultural machinery 

Tractors, per 100 sq. km of arable land 
Rank 

Slovenia 5,895 1 

Switzerland 2,610 2 

Austria 2,390 3 

Italy 2,117 4 

Norway 1,539 5 

Andorra 1,535 6 

Ireland 1,476 7 

Portugal 1,380 8 

Netherlands 1,302 9 

Poland 1,258 10 

TFYR Macedonia 1,244 11 

Malta 1,213 12 

Belgium 1,127 13 

Luxembourg 1,040 14 

Greece 1,005 15 

Iceland 922 16 

Germany 838 17 

Spain 831 18 

Finland 784 19 

France 635 20 

Lithuania 632 21 

Estonia 605 22 

Sweden 592 23 

Latvia 501 24 

Denmark 486 25 

Bosnia and Herzegovina 322 26 

Czech Republic 262 27 

Hungary 262 28 

Romania 201 29 

Moldova 198 30 

Bulgaria 172 31 

Slovakia 155 32 

Albania 122 33 

Ukraine 103 34 
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3. Tobacco use in Europe 

Prevalence of smoking any tobacco product (age standardised rate) > 15 years, 2009 – both sexes. 

Please note there were no available data for the following countries: FYR Macedonia, San Marino, 

Sweden, Luxembourg, Ireland, Montenegro, Faroe Islands, Isle of Man, Channel Islands, 

Liechtenstein, Monaco, Holy See, Cyprus, and Gibraltar. Source: WHO (2009) 

Major area, region, country or area Prevalence % Ranking 

Greece 52 1 

Austria 46 2 

Russian Federation 42 3 

Bosnia and Herzegovina 41 4 

Albania 40 5 

Hungary 38 6 

Czech Republic 37 7 

Bulgaria 37 8 

Lithuania 36 9 

Latvia 36 10 

Romania 35 11 

Andorra 35 12 

Estonia 34 13 

Croatia 33 14 

Ukraine 32 15 

Spain 32 16 

Serbia 32 17 

Poland 31 18 

France 31 19 

Norway 30 20 

Slovakia 29 21 

Netherlands 29 22 

Germany 29 23 

Denmark 29 24 

Belarus 29 25 

Switzerland 26 26 

Slovenia 26 27 

Malta 26 28 

Italy 26 29 

Belgium 26 30 

Finland 25 31 

United Kingdom 24 32 

Republic of Moldova 24 33 

Portugal 24 34 

Iceland 24 35 
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4. Nights spent at tourism accommodation establishments  

The number of nights that residents spent at camping grounds, recreational vehicle parks and trailer 

parks in European countries between 2005 and 2011. The percentage change is between the 2005 and 

2011 totals. 2005 data for Switzerland and Liechtenstein were omitted. Please note there were no data 

for the following countries: Russia, Serbia, Montenegro, Malta, Bosnia and Herzegovina, Albania, 

Andorra, Ukraine, Belarus, Moldova, San Marino, Faroe Islands, Isle of Man, Channel Islands, 

Monaco, Holy See, and Gibraltar. Source: Eurostat (2015) 

Country 2005-2011 Total % Change Rank 

France 460,091,412 14% 1 

United Kingdom 378,786,160 -25% 2 

Italy 261,623,381 2% 3 

Germany 138,038,772 14% 4 

Spain 118,199,702 1% 5 

Netherlands 116,491,400 -16% 6 

Sweden 83,537,837 -15% 7 

Denmark 61,203,531 7% 8 

Norway 42,411,155 6% 9 

Portugal 35,675,331 -10% 10 

Czech Republic 14,619,774 -32% 11 

Ireland 13,240,000 14% 12 

Finland 12,734,135 2% 13 

Belgium 8,312,503 -12% 14 

Austria 6,945,814 8% 15 

Greece 5,490,352 63% 16 

Switzerland 5,397,944 n/a 17 

Slovenia 3,966,483 4% 18 

Poland 3,340,855 -11% 19 

Hungary 3,015,034 19% 20 

Croatia 2,643,986 13% 21 

Iceland 1,375,584 -78% 22 

Romania 1,359,570 -1% 23 

Estonia 1,191,926 34% 24 

Slovakia 1,041,315 -45% 25 

Latvia 657,594 -18% 26 

FYR Macedonia 464,336 0% 27 

Bulgaria 397,757 -75% 28 

Lithuania 305,489 -28% 29 

Luxembourg 266,445 -69% 30 

Cyprus 70,786 -1% 31 

Liechtenstein 995 n/a 32 
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Appendix: B – Ranking Results 

The combined ranking scores for European countries and territories. Lower scores indicate a higher 

risk of human-ignited wildfire. Where no data were supplied, the country received a maximum 

ranking score. This can be seen in the cases of Monaco, Holy See, and Gibraltar. 

Major area, region, 

country or area 
Exodus Machinery Smoking Camping Total 

Austria 18 3 2 15 38 

Greece 9 15 1 16 41 

Italy 20 4 29 3 56 

Portugal 4 8 34 10 56 

Slovenia 14 1 27 18 60 

Ireland 8 7 36 12 63 

Norway 30 5 20 9 64 

Hungary 10 28 6 20 64 

France 27 20 19 1 67 

Netherlands 31 9 22 6 68 

Bosnia and Herzegovina 3 26 4 36 69 

Poland 23 10 18 19 70 

Spain 33 18 16 5 72 

Germany 29 17 23 4 73 

Albania 1 33 5 36 75 

Switzerland 32 2 26 17 77 

Croatia 6 36 14 21 77 

Bulgaria 11 31 8 28 78 

Romania 15 29 11 23 78 

Lithuania 22 21 9 29 81 

Czech Republic 36 27 7 11 81 

Estonia 25 22 13 24 84 

FYR Macedonia 12 11 36 27 86 

Latvia 28 24 10 26 88 

Slovakia 17 32 21 25 95 

Serbia 5 38 17 35 95 

Denmark 40 25 24 8 97 

Belgium 44 13 30 14 101 

Finland 38 19 31 13 101 

Moldova 2 30 33 36 101 

Andorra 48 6 12 36 102 

Russia 26 37 3 36 102 

Sweden 39 23 36 7 105 

Ukraine 21 34 15 36 106 

United Kingdom 35 39 32 2 108 

Iceland 41 16 35 22 114 

Luxembourg 34 14 36 30 114 

Malta 42 12 28 33 115 

Belarus 19 35 25 36 115 

Faroe Islands 7 39 36 36 118 

Channel Islands 13 39 36 36 124 

Montenegro 16 39 36 34 125 

Isle of Man 24 39 36 36 135 

Liechtenstein 37 39 36 32 144 
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San Marino 43 39 36 36 154 

Cyprus 49 39 36 31 155 

Monaco 45 39 36 36 156 

Holy See 45 39 36 36 156 

Gibraltar 45 39 36 36 156 

 

 

 


