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ABSTRACT: Wildfires are an important factor of landscape dynamics in fire-
prone environments of the world. In the Mediterranean, one of the most fire-
susceptible environments globally, between 45,000 and 50,000 wildfires are
recorded every year, causing disturbances in forest and grassland ecosystems. As
a Mediterranean country, Croatia faces these problems, averaging over 1000
registered wildfires annually, with the coastal areas dominated by forest fires and
continental Croatia by fires on agricultural lands. This research combines various
landscape and socioeconomic factors in the analysis of fire occurrence in
Croatia’s southernmost region of Dalmatia. Around 275 of the largest fires
(encompassing 98% of the total burnt area) registered in 2013 were investigated
using OLS, and different spatial indices were employed to analyse regional
variability of fire distribution. The results revealed that areas more prone to fires
are the northern inland areas of Dalmatia and its entire coastal zone. Altitude and
vegetation type demonstrated a correlation with fire occurrence, but an increase
in population in the study area was also correlated with wildfire occurrence.
Regarding vegetation, the grasslands and Mediterranean shrubland (maquis) were
found to be the most fire-prone vegetation types in the study region, the
distribution of which can be linked to different socio-economic and demographic

processes occurring in the Eastern Adriatic.
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1. Introduction

Wildfires are a global occurrence and are becoming an ever-growing issue due
to their effect on people, soil and vegetation degradation, and material damage
(Flannigan, Krawchuk, De Groot, Wotton, & Gowman, 2009; Moody & Martin, 2001,
Thompson & Calkin, 2011). They are one of the most important factors responsible for
disturbances in terrestrial ecosystems on a global scale, the impact of which is
especially visible in forest and grassland ecosystems (Radeloff et al., 2005; van der
Werf et al., 2010). The global annual area burned between 1997 and 2011 varied from
301 to 377 million hectares, with an average of 348 million hectares. Savannah fires
comprised the largest proportion (71%) of area burned at the global scale, primarily in
Africa, Australia, South Asia and South America. Grassland fires were the most
prevalent in Central Asia, while forest fires accounted for the largest proportion of area
burned in equatorial and boreal regions (Giglio, Randerson, & van der Werf, 2013).
Seeing as forests are home to diverse plant and animal species, the preservation of
forests is necessary to ensure the stability of the world’s ecosystems. Moreover, forests
are important for protection from erosion, flooding and torrential floods; in processes
relating to water regimes and systems; for their impact on agriculture and climate; and
for the development of activities such as tourism, hunting and defence (Costa,
Thonicke, Poulter, & Badeck, 2011; Jurjevi¢, Vuleti¢, Gracan, & Seletkovi¢, 2009;
Martinez, Vega-Garcia, & Chuvieco, 2009). Apart from forests, agricultural areas are
also at risk of large wildfires, affecting the part of the population whose lives depend
solely on agriculture. In addition to their impact on the natural environment, wildfires
can also have societal and economic consequences (Brenkert-Smith, Dickinson, Champ,
& Flores, 2013; Jones, Ribbe, Cunningham, Weddle, & Langley, 2002; Shakesby, 2011;
Syphard, Keeley, Massada, Brennan, & Radeloff, 2012). However, the ecological

benefits of wildland fires sometimes outweigh their negative effects. A regular



occurrence of fires can reduce the amount of fuel build-up thereby lowering the
likelihood of a potentially large wildland fire. Furthermore, fires work to eliminate
dense foliage which allows sunlight to reach the forest floor, supporting the growth of
young plants. The ashes that remain after a fire are rich in nutrients and minerals that

make the soil more fertile (Keane & Karau, 2010).

Natural fires occur mostly due to lightning strikes and, sometimes, volcanic
eruptions. However, fires more often occur due to human influence: anthropogenic fires
make up between 95% and 99% of all recorded wildfires in the world (Costa et al.,
2011; Oliveira, Ohler, San-Miguel-Ayanz, Camia, & Pereira, 2012). Globally, the areas
which are most vulnerable to wildfires are the North American pine forests, the African
savannas, and the Mediterranean (Konstantinidis, Tsiourlis, & Galatsidas, 2005; San-
Miguel-Ayanz et al., 2009). The warm and arid summers, flammable resin-rich
vegetation, the ageing population, depopulation, and consequent agricultural
abandonment are some of the factors affecting the occurrence of wildfires and the size
of burnt areas in the Mediterranean (Costa et al., 2011; Ganteaume & Jappiot, 2013;

Sarris et al., 2014).

According to WWF data (2003) around 50,000 wildfires occur annually around
the Mediterranean, burning between 600,000 and 800,000 ha of forest and totalling a
1.3% to 1.7% loss of Mediterranean forest cover. A study by Oliveira et al. (2012)
estimates that the number of wildfires in Mediterranean Europe averages around 45,000
per year. According to Turco et al. (2016), the total annual burnt area and annual
number of fires showed a general decreasing trend through the last 20 years, with the
exception of Portugal. The negative trends can be explained, at least in part, by an
increased effort in regards to fire management and prevention. However, other studies

emphasize that fire seasons will become longer and more severe in the 21% century due



to global warming, which will increase fire risk and vulnerability (Flannigan et al.,

2013; Lindner et al., 2010).

Changes occurring in areas affected by wildfires include, among others, forest
and landscape degradation (Mouillot, Ratte, Joffre, Moreno, & Rambal, 2003; Sarris et
al.,, 2014) which negatively influences tourism, an extremely important industry
throughout the entire Mediterranean. Moreover, the lack of natural protection on slopes
results in increased erosion and loss of arable land. In addition to the material damages,
fires present a danger to human lives. On the other hand, the sudden growth of tourism
coupled with processes of littoralization which are prevalent on the Croatian coast, as
well as the coasts of other eastern Adriatic countries, (especially after the fall of
communist and socialist systems at the beginning of 1990s) have initiated other changes
such as agricultural abandonment and the abandonment of cattle herding, resulting in
changes in vegetation cover connected to increased fire occurrence (Fernandes et al.,
2014; Moreno, Conedera, Chuvieco, & Pezzatti, 2014; Pausas & Fernandez Mufioz,
2011). Despite all those problems, very little research has tackled the effect of socio-
economic change on fire occurrence in this part of the Mediterranean. Previous research
has mostly dealt with certain aspects of fires selectively, more often than not in
(relatively) smaller areas, and with an emphasis on climatic or other bio-physical
variables. One of the reasons for this noted lack of research could also be the scarcity of
available data on both environmental and socio-geographical processes in this part of
Europe. This has left important questions on how such changes have affected wildfire
occurrence in these countries unanswered. It is therefore the aim of this paper to
evaluate and analyse the different factors of fire occurrence in the southernmost
province of Croatia — Dalmatia. To address this aim, we georeferenced 275 wildfires

recorded in the study region in 2013 and tested several regression models. These models



included a number of socio-geographical and bio-physical variables we hypothesised to
influence the fire occurrence in the region. The following research questions are raised
and will be studied in this paper:

a) Do fires typically occur under different conditions and with different causes in
different parts of Dalmatia?

b) What is the connection between littoralization and fire occurrence in Dalmatia?

c) Have socio-economic changes such as de-agrarisation, de-ruralisation and the
development of tourism affected fire occurrence in Dalmatia?

d) Are areas undergoing depopulation and population ageing more fire susceptible?

e) What is the connection between physical-geographical elements and fire occurrence

in Dalmatia?

2. Study area

This research covers the region of Dalmatia in Croatia (Figure 1). Dalmatia is a
karst area in the Eastern Mediterranean, encompassing part of the eastern coast of the
Adriatic with 416 islands and the central part of the Dinaric Alps with altitudes up to
1800 m above sea level. It is characterized by a typical Mediterranean climate, as well
as a warm continental climate with hot summers in the northern parts. The majority of
region is covered by grassland and shrubland (45%), while forests occupy one third of
the territory. The interior is dominated by deciduous forests of Pubescent oak (Quercus
pubescens Willd.) and Oriental hornbeam (Carpinus orientalis Mill.) while the coast is
covered by coniferous forests of Aleppo pine (Pinus halepensis Mill.) and forests and
maquis shrubland of Evergreen oak (Quercus ilex L.). Most of the region is less than

500 m above sea level, and is where the majority of the population is located.



Our study area is comprised of two administrative units — Sibenik-Knin County
and Split-Dalmatia County — covering a total area of 7534 km? and with a population of
around 565,000. The population increases to almost one million during the summer
months, due to the influx of tourists to the coastal areas. The macro-regional centre is
Split, the second largest city in Croatia. The hinterland is a mostly agricultural area
which is sparsely populated, and economically underdeveloped. De-agrarisation and de-
ruralisation are characteristic for the entire hinterland area, while the coast is highly
urbanized and more economically developed, with tourism as an important branch of

the economy. The islands are sparsely populated due to a long history of emigration.

Dalmatia, as part of Croatia and the Mediterranean, faces problems similar to
those of other Mediterranean regions. In the 1998-2008 period, 91,705 fires occurred in
Croatia, 31.7% of which occurred in Dalmatia with 38.9% of total burnt area recorded
in the region. Although agricultural land holds the highest proportion in total burnt area
on the national level, coastal Croatia is dominated by forest fires. Around 76% of forest
fires and 93% of burnt forest areas are found in coastal parts of Croatia. There are two
critical periods, during which most of the forest fires in Croatia occur. Between 1992
and 2007, the majority of fires occurred during the summer (July — August) in Croatian
coastal areas, accounting for 30.8% of the total number of fires. The other critical period
is early spring (February, March, April), when the majority of fires occurred in

continental Croatia (Jurjevi¢ et al., 2009).
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Figure 1. The study area encompasses two administrative regions in Dalmatia, Croatia.

3. Data and methods

3.1. Data

This paper analyses the fires which occurred in two Dalmatian counties in 2013.
Compared to long-term averages from 1981 to 2010, fire season of 2013 on the Adriatic
coast was average or slightly above average which makes it suitable for this research
(Tomasevi¢ & Vuceti¢, 2014). Of the 771 fires recorded in that year, the 275 fires larger
than 0.3 ha were taken for analysis. Those 275 fires accounted for over 98% of the total
burnt area. The data on the date of the start of the fires, their location and the area
they burnt as well as the type of burnt vegetation were taken from the Croatian
National protection and Rescue Directorate (DUZS). The type of burn vegetation (from
the DUZS database) was attributed to each fire-location by local fire-fighters in the

field; therefore this category has been additionally checked using the Habitat map of



Croatia during georeferencing. In cases where a fire burnt different types of vegetation,
we selected the type which was burnt the most, thus only one vegetation type has been
attributed to each recorded fire. The vegetation types in the studied area were divided
into seven categories: 1. coniferous forest; 2. deciduous forest; 3. mixed forest; 4.
shrublands (maquis); 5. grasslands; 6. olive groves; and 7. other agricultural land.

The altitude variable in this research was calculated by using digital elevation
data from the Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER GDEM). Altitude was divided into 0-200 m, 200-500 m, 500-1000 m and
>1000 m categories representing the main landscape features of the region.

The socio-economic data in this paper are based on the 1961, 1991 and 2011
population censuses as well as the 2003 Agricultural census and the 2013 Statistical
Yearbook. They encompass data on general population change and population ageing,
agricultural population change, tourism arrivals and land use. It should be emphasized
that some of these processes must be observed over a longer period in order to show the
changes in the landscape, such as land abandonment or urban sprawl which are proven
to be linked with fire occurrence (Catry, Rego, Bacdo, & Moreira, 2009; Lampin-
Maillet et al., 2010; Nunes, 2012; Sluiter & de Jong, 2007). Therefore we selected the
period of 1961-2011 to represent the trend of overall demographic change in the study.
For changes in agricultural population we have chosen the 1991-2011 period because of
inconsistencies in Census methodology prior to the 1991 Census.

All data in this research were standardized to account for surface area variability
of the units of study (municipalities) and their population sizes. Municipalities were
selected for this research as they are the smallest administrative units for which our

socio-economic data exist.



3.2. Methods

All of the analysed 275 fires were georeferenced by using the Habitat Map of
the State Institute for the Protection of Nature and the digital topographic map of the
area (1:25,000) available from the Croatian State Geodetic Administration Database
(DGU). This way we were able to calculate fire density (number of fires per 100 km?)
for each municipality in the studied area. With the aid of auxiliary data (the Habitat
Map) we calculated the proportion of burnt areas for various types of vegetation as well
as fire occurrence per surface area for each vegetation type.

The spatial distribution of fires and their spatial clustering were analysed with
the Global Moran's Index and Anselin Local Moran's Index. The spatial units of the
analysis were municipalities, but due to their different shapes and sizes we compared
them to a 10x10 km fishnet overlay.

The analysis of factors which influence the fire occurrence in the region was
analysed through multiple linear regression analysis (OLS). Regression modelling
techniques are empirical approaches used in exploring the relationship between a
dependent variable and a set of explanatory variables. Linear regression is frequently
applied in modelling the drivers of fire occurrence or determining probability of fire
occurrence on local, regional as well as continental scales (Koutsias, Martinez-
Ferndndez, & Allgéwer, 2010; Martinez-Fernandez, Chuvieco, & Koutsias, 2013;
Oliveira et al., 2012). In this research, fire density (number of fires per 100 km?) was
used as the dependent variable, and the selection of independent variables was based on
expert knowledge and literature (Martinez-Fernandez et al., 2013; Oliveira et al., 2012).
In line with our research question and available data, the independent variables were
selected to represent the main processes we hypothesised could have an impact on fire
occurrence. Variables representing population and population change (Koutisas et al.,

2010; Martinez-Fernandez et al., 2013), percentage of rural/agricultural population,



agricultural land and its changes (Martinez et al., 2009; Nunes, 2012;), tourism
activities (Ganteaume & Jappiot, 2013) as well as different physical-geographical
characteristics (Oliveira et al., 2012; Sebastidn-Lopez, Salvador-Civil, Gonzalo-
Jiménez, & San-Miguel-Ayanz, 2008) have previously been established as drivers of
fire occurrence in different studies in Southern Europe. The aforementioned variables
were adapted to available data sources in Croatia and subsequently used in regression
modelling.

Before including the variables in multiple regression analysis, multicollinearity
of independent variables was checked by excluding variables if its pair-wise correlation
with another variable exceeded 0.8. Subsequently, the variables were plotted to a scatter
diagram to investigate the linearity of the relationship between the dependent and the
independent variables.

The remaining variables considered in the modelling were:

e POP_CHANG1 (population change 1961-2011)
e USED_LAND (percentage of all types of agricultural land in total surface area

in 2011);

e ABAND_ARABLE (percentage of abandoned agricultural land in 2011)
e AGRI_POP11 (number of people employed in the agricultural sector in 2011)
e CHAN_AGRI_POP (changes in number of people employed in the agricultural

sector 1991-2011)

e AGRI_DENSITY (agricultural population density?);

e TOURIST_ARRIV (number of tourist arrivals in 2013)

Not the same category as ,,population employed in agriculture“ because it includes subsistence

farmers as well.



e ALTIT<200 (percentage of territory below 200 m altitude)

e ALTIT200-500 (percentage of territory between 200 and 500 m altitude)
e GRASS (percentage of territory covered by grasslands)

e MAQUIS (percentage of territory covered by Mediterranean shrubland)

e FOREST (percentage of territory covered by forests)

Various models were fitted and evaluated by including and excluding different
independent variables in the model and analysing the subsequent changes in the overall
model performance (regression diagnostics) as well as changes in the independent
variables’ coefficients. Afterwards the spatial autocollinearity of the residuals was
checked via Global Moran’s I. The final model consisted of four out of thirteen initially
included variables. Taking into consideration that the data on vegetation type of burnt
area was recorded for each fire, additional analyses were conducted on that variable. All

analyses were done by SPSS 20 and ArcMap 10.3 software (Figure 2).

Socio-economic and
demographic variables on a
municipal level Bio-physical
variables on a
municipal level

Not a predictor of
fire occurence

OLS model

Spatial analysis of
statistically significant
variables

Figure 2. Data, methodology and structure of research



4. Results

4.1. Spatial distribution of fires

The results have demonstrated that the Dalmatian littoral is the area in our study
that is most affected by fires. Almost 1/5 of the total number of fires in the region have
been recorded in the coastal municipalities of Sibenik and Omi$ (Figure 3). Generally, a
large number of fires occur in the northern hinterland and other coastal municipalities,
with the exception of most islands (low number of fires). Almost 3000 ha of burnt area
are recorded in total, which is around 0.4% of the total surface area of the studied
region. The average size of a fire is 2 ha (median) or 10.8 ha (mean), demonstrating the
prevalence of smaller fires in the region — three quarters of all studied fires were under 5

ha. Only 9 fires were larger than 100 ha, with the largest fire burning 440 ha.
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Figure 3. Distribution of fires in the studied region during 2013.



Spatial autocorrelation analysis showed that there is a statistically significant
spatial clustering of fires in the studied region (Global Moran's Index=0.2, z=3.06,
p<0.01). The Anselin Local Moran’s Index analysed on both the municipal scale and on
the 10 x 10 km fishnet demonstrated a statistically significant level of fires clustered in
coastal areas around the cities of Sibenik and Omi$ and the northern hinterland areas,
with the analysis using the fishnet expanding further inland in the north and

encompassing larger areas on the coastline (Figure 4).
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Figure 4. Spatial clustering of fires (Anselin Local Moran’s 1) using the 10x10 km

fishnet (left) and on the municipal level (right).

In terms of fires in areas of different vegetation types, around 1614.8 ha (54.2%)
of burned area was recorded in grassland and shrubland vegetation, 1249.9 ha (41.9%)
in forests, and the remainder on agricultural land. In absolute values, most fires (147)
and the second largest total burnt area (1021.4 ha) were recorded in areas with the
vegetation type of grassland. Coniferous forest has a low number of fires (23), but the
largest total burnt area (1150 ha). The largest analysed fires in the region occurred in the
coniferous forest category (5 of the 10 largest fires; average size 50 ha). Apart from the
grasslands, shrublands stand out with a large number of fires (75), and the third largest

total burnt area (593.4 ha). Fires recorded in grassland and shrubland are generally



small, with the mean fire size around 7 ha. The deciduous forest category

characterized by a relatively low number of fires and a low total burnt area (Figure 5).
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Figure 5. Number of fires and size of burnt area for the main vegetation categories

Regarding relative values, shrubland stands out as having the highest fire
occurrence per surface area (1.32 fires/1000 ha) and the second highest percentage of
burnt area (1.1%). Apart from shrubland, a high percentage of burnt area is recorded in
the coniferous forest category (1.92%). In relative shares of fire occurrence and burnt
area the lowest values were recorded in the deciduous forest category. Regarding the

fire susceptibility of agricultural land, olive groves show relatively higher values for

both fire density and burned area than other agricultural categories (Figure 6).
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Figure 6. Number of fires/ha and percentage of burned vegetation for the main

vegetation categories

4.2. Regression modelling results

The global OLS model explained 41% of the variance of the dependent variable.
Out of 13 original explanatory variables, three were significant at the 99% confidence
level and one at the 95% confidence level (Table 1). They were

a) Population change 1961-2011

b) Percentage of territory < 200 m a.s.l.

c) Percentage of territory between 200 m and 500 m a.s.l.

d) Percentage of territory covered by grasslands



Table 1. Summary of OLS regression results

-0.0351 0.01414 -2.48 0.002*
0.00018 0.00003 5.30 0.000* 1.1
0.00048 0.00015 3.16 0.000* 1.8

ALTIT200-500 geRvole}0) 0.00019 2.57 0.005* 1.7

GRASS 0.00047 0.00020 2.27 0.028* 11

5. Discussion and conclusion

Our results have demonstrated that several factors play a role in fire occurrence
in our study region. They include bio-physical factors such as altitude and vegetation,

but socio-geographic and demographic factors cannot be discounted either.

5.1. Vegetation

Regarding vegetation, the results show that grassland and shrubland are the most
fire-prone land cover types in absolute terms. These two vegetation categories account
for 54.2 % of total burnt area and 80.7% of total number of fires. Grassland was also a
statistically significant variable in OLS model, positively related to fire occurrence. The
Mediterranean shrubland, despite having the highest fire occurrence in relative terms,
(1.32 fires/1000 ha) was not a significant predictor of fire occurrence in the model. This
can be considered unusual compared to other studies in the Mediterranean, where
shrubland is the most fire-prone vegetation type and an important variable in the models
of fire danger (Ganteaume & Jappiot, 2013; Mouillot et al., 2003; Nunes et al., 2005;

Oliveira et al., 2012). The role of shrublands in fire occurrence was confirmed in earlier



studies of fire susceptibility of different vegetation types in Dalmatia as well (Durbesi¢,
2012).

To understand this, we have to analyse the spatial distribution of grasslands and
shrublands in the region. The category of Mediterranean shrubland is almost exclusively
confined to islands and Northern Dalmatian littoral (Figure 7). At the same time, the
very fire-prone area of the Northern Dalmatian littoral is characterized by a very high
percentage of grasslands (Figure 8). Through a more detailed analysis of the vegetation
category, it appears that in these municipalities with high percentage of grasslands, it
was often the shrubland rather than the grassland that was burning. This was despite the
shrublands’ relatively lower share in area surface. Therefore, by generalizing data on a
municipal level, a certain level of data loss has evidently occurred, emphasising the

need for a more detailed study of vegetation outside the OLS model.
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Figure 7. Percentage of shrubland in total area surface of Dalmatian municipalities
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Figure 8. Percentage of grasslands in total area surface of Dalmatian municipalities

Additional problems could have arisen from the definition of the
grassland/shrubland category itself. These types of vegetation are naturally highly
intermingled and there is no strict border separating grasslands and low shrublands from
the Mediterranean maquis. Grasslands and shrublands can be seen as different stages of
the process of secondary succession of vegetation on abandoned pastures or arable land
(Bonet, 2004; Casado et al., 1986) which makes their precise mapping and
categorization a difficult task, but also points to the importance of agricultural
abandonment and cessation of pasturing in the analysis of fire occurrence.

In other parts of the Mediterranean most studies have also concluded that
shrubland is the cover type most likely to burn (Ganteaume & Jappiot, 2013; Moreira,
Vaz, Catry, & Silva, 2009; Nunes et al., 2005), but grassland also appears as an

important variable in the models of fire danger (Martinez-Fernandez et al., 2013,;



Oliveira et al., 2012). Research in Corsica showed that low shrublands (5.7%), mixed
shrub-grasslands (6.3%), and grasslands (5.8%) are the vegetation types that were most
affected by fires, indicating that fires occurred more frequently in the middle and early
stages of succession (Mouillot et al., 2003). Research in Portugal showed that different
fire types characterize different types of land cover; shrubland cover is known for fires
in the small and middle size category, whereas maritime pine is where the larger fires
tend to take place (Nunes et al., 2005). In other parts of the world, e.g. sub-Saharan
Africa, the herbaceous vegetation proportion is an important factor in relation to fire
occurrence (Mbow, Sambou, Ba, & Goudiaby, 2003; Sa et al., 2011). Similar results
have been gathered by this research as well.

The connection between fire occurrence and shrubland is usually explained by
the process of land abandonment in rural areas which has been evident in most parts of
the Mediterranean for the last one hundred years. The rapid expansion of first
grasslands and later shrubland onto abandoned fields results in fuel accumulation and
thereby an increased fire risk (Moreira, Rego, & Ferreira, 2001; Mouillot, Ratte, Joffre,
Mouillot, & Rambal, 2005). This process is driven by many factors including
environmental, socio-economic, and political constraints such as a high proportion of
wildland vegetation, distant location, low mechanization level, high unemployment and
a low or ageing population (Moreira et al., 2001; Mouillot et al., 2005; Viedma, Moity,
& Moreno, 2015). Agricultural activities have been decreasing in Croatia since the
beginning of 20th century, and the most significant decline took place after World War
I, during the socialist era. In the period 1948-1991 the share of the agricultural
population in Dalmatia decreased from 72.1% to 3.4%, leading to massive land
abandonment. At the same time, there was growth in the secondary and tertiary sectors,

particularly in tourism which has become the most important economic activity in the



study area — especially since 1970s (Glamuzina & Glamuzina, 1996; NejaSmi¢ &
Toski¢, 2013). Similar trends have been recorded during post-socialism: in the 1991-
2011 period, 54 out of 74 municipalities in our study recorded a significant decrease in
the number of employees in agriculture, and, at the same time, a 7% increase of the 323-
Mediterranean sclerophylle vegetation category occurred in the study area® during the
1980 — 2010 period, with the strongest rate of increase happening from 1990 to 2000.
Similar research in the area of Dalmatia which included analyses on a centennial basis
has also established a strong connection between agricultural abandonment and the
process of shrubland expansion (Fuerst-Bjelis, Cvitanovi¢, & Durbesic, 2015).

As well as shrublands, coniferous forests have demonstrated high fire
susceptibility and have the highest average burnt area per fire in our study region.
Coastal coniferous forests in Dalmatia are dominated by the widely distributed Aleppo
pine (Pinus halepensis Mill). This species has had an important role in planned
reforestation interventions of degraded karst vegetation in Dalmatia, especially after
World War 1l. To date it shows continuous and intensive expansion in Dalmatia due to
not only reforestation but also its natural proliferation ability and its ability to regenerate
on burnt areas (Prgin, 2005; Teki¢, Fuerst-Bjelis, & Durbesi¢, 2014). The Aleppo pine
is a pyrophite species, meaning that fire helps its reproduction but also eliminates
competition which aids young plants. Natural restoration of the Aleppo pine is so
successful and abundant that it prevents the growth of other species like the Evergreen
oak (Quercus ilex L.). The studies showed that the lack of native vegetation in areas
affected by fire makes the expansion of Aleppo pine in Dalmatia invasive (Dubravac,
Vrbek, & Lali¢, 2006). Aleppo pine forests are extremely flammable and represent

approximately 1/3 of the total annual burnt area in the Mediterranean (Quezel, 2000).

8 according to Corine Land Cover database



In this analysis, coniferous forests are characterized by large burnt areas but a
relatively lower fire occurrence/ha. The development of severe and large fires is made
more likely by the large amount of fuel in the canopy and on the forest floor (Nunes et
al., 2005). Lack of forest cultivation in the studied area (i.e. reducing the number of
plants per area and clearing the lower branches and underbrush) and the accumulation
of wood mass greatly increases the risk of severe fires in the forests of Aleppo pine
(Mitsopoulos & Dimitrakopoulos, 2007; Rosavec, Sikié, Spanjol, Bar¢i¢, & Vudetié,

2013).

5.2. Altitude

In terms of altitude and fire occurrence, a negative correlation was established.
Taking into consideration that the majority of fires are anthropogenic in origin, and that
higher altitudes are more sparsely populated with weak traffic networks, this correlation
Is not surprising. Additionally, due to the orographic effect on precipitating clouds,
higher altitudes have more precipitation (Gonzélez, Palahi, Trasobares, & Pukkala,
2006). Furthermore, the average density and height of vegetation usually decreases as
altitude increases. Forests turn into shrublands and grassland, and at the highest
altitudes vegetation can disappear completely, preventing the possibility of
accumulation of fuel for burning (Martinez-Fernandez et al., 2013; Schoenberg, Peng,
Huang, & Rundel, 2003; Sebastian-Lépez et al., 2008). Similar results have been
recorded in Catalonia, where most forest fires occur at elevations ranging from 0 to 700
m, while fire occurrence declines sharply above 700 m (Gonzalez et al., 2006). In the
model for Southern Europe elevation was also negatively correlated with fire

occurrence (Sebastian-Lopez et al., 2008).



5.3. Changes in population

Regarding socio-economic and demographic factors, the only remaining
statistically significant factor in our OLS analysis is the population increase in the 1961-
2011 period which is positively correlated with fire occurrence. The results are in
accordance with previous research which has demonstrated a correlation between an
increase in population and an increase in fire occurrence (Catry et al., 2009; Ganteaume
& Jappiot, 2013; Zumbrunnen et al., 2012). The research conducted by Costa et al.
(2011) also suggests that areas with medium or high population density are
comparatively more fire prone, but the total burnt surface area is smaller due to better

and quicker fire-fighter intervention.
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Figure 9. Population change index in Dalmatian counties 1961-2011

An increase in fire occurrence in the studied area has been recorded in

municipalities with an increase in population (or a relatively small decrease) in the



1961-2011 period. They are mostly littoral municipalities with, on average, a higher
population density, a higher percentage of urban population and higher economic
activity, suggesting that there is a connection between population increase,
littoralization and fire occurrence (Figure 9). The correlation between fires and areas
with a population increase (in this case the littoral) has been confirmed by the spatial
clustering analysis as well. The coastal area of Dalmatia combines several
characteristics connected to fire occurrence — lower altitudes, favourable climatic
characteristics, widespread Aleppo pine and maquis shrubland, strong socio-economic
restructuring which favours agricultural abandonment and an overall increase in (urban)
population.

Other, more stochastic factors which are hard to include into a model, could
have also played a role in fire occurrence in the region. According to Badia, Sauri,
Cerdan and Llurdés (2002), human causes of fire include smokers, assorted negligence,
intentional fire-setting, waste dumps as well as other causes. Intentional fires can be
consequences of land use conflicts that generally occur among sectors in rural areas,
such as multiple forest uses or urbanization pressure. Consequently, fire risk increases
closer to human settlements, especially in the wildland-urban interface, due to urban
growth and the spread of recreational activities and tourism into forest areas (Gallardo,
Gomez, Vilar, Martinez-Vega, & Martin, 2016; Lampin-Maillet et al., 2010; Romero-
Calcerrada, Barrio-Parra, Millington, & Novillo, 2010). Darques (2015) also
emphasizes that the highest fire risk exists in cities that have completely abandoned
their agricultural activities while developing buildable land reserves (subject to land
speculation and an increasing reliance on globally-supplied markets).

Some studies emphasized that areas facing land abandonment are frequently

facing an ageing of the (agricultural) population, a factor that is positively correlated to



fire occurrence (Koutsias et al., 2010; Martinez-Fernandez et al., 2013; Nunes, 2012).
The older population is more accustomed to traditional methods in agriculture,
including the use of fire for eliminating stubble, weeds and shrubs (Mamut, 2011;
Velez, 2009). In this research, it is important to notice that an ageing population was
evident in all study units although that variable was not indicated as statistically
significant in any of the fitted OLS models. The complexity of human factors causing
wildland fires is indicated by some contradictory results such as a concomitant
correlation between fire occurrence and land abandonment but also relatively higher
agricultural population (Martinez et al., 2009; Martinez-Fernandez et al., 2013). One of
the reasons why the ageing of population did not appear to be statistically significant in
our research could be the relatively short period of our analysis due to which changes in
demographic and socio-economic structures still had not manifested themselves in
landscape change. Similar conclusions can be made about the changes in agricultural
population and the percentage of people employed in agriculture.

To sum up, wildfires in the study area of the eastern Adriatic are a result of a
combination of physical-geographical factors which in a way “encourage” the
occurrence of fire. However, socio-economic changes also play a role in creating a fire-
prone environment. These socio-economic changes manifest themselves in the
landscape, particularly in connection to the abandonment of land and traditional
agricultural activities on one hand and littoralization and urbanization on the other.
These processes are two faces of the same trend, generally affecting all industrialized
countries (Martinez et al., 2009).

In addition to the studied variables, temperature and precipitation (which were
not included in this study) have also been noted as important. In the last decades in the

Mediterranean region, temperatures have risen faster than the global average and model



projections agree on its future warming and drying, with a likely increase in heat waves
and dry spells (Giorgi & Lionello, 2008; Lionello et al., 2014). The increase in summer
temperatures and the decrease in rainfall will modify the water budget and prolong the
drought periods, which will eventually lead to increased fire frequency and fire risk
throughout the Mediterranean (Moriondo et al., 2006; Mouillot, Rambal, & Joffre,
2002; Sarris et al, 2013). The continuation of other trends recorded in this research, such
as accelerated littoralization, and continual land abandonment in certain areas (which is
beneficial to shrubland expansion) also tend toward an increase of fire occurrence,
especially in the coastal, densely populated areas of Dalmatia where tourism is the most

important economic activity.

This paper has been supported by the Croatian Science Foundation under the project number
4513. Any opinions, findings, and conclusions or recommendations expressed in this material
are those of the authors and do not necessarily reflect the views of Croatian Science Foundation.
The authors would like to thank Christopher Grey Kaufmann for his English translation and

language editing.



REFERENCES

Badia, A., Sauri, D., Cerdan, R., & Llurdés, J. C. (2002). Causality and management of
forest fires in Mediterranean environments: an example from Catalonia. Global
Environmental Change, Part B: Environmental Hazards, 4, 23-32.
doi:10.1016/S1464-2867(02)00014-1

Bonet, A. (2004). Secondary succession of semi-arid Mediterranean old-fields in south-
eastern Spain: insights for conservation and restoration of degraded lands.
Journal of Arid Environments, 56, 213-233. doi:10.1016/S0140-1963(03)00048-
X

Brenkert-Smith, H., Dickinson, K. L., Champ, P. A., & Flores, N. (2013). Social
Amplification of Wildfire Risk: The Role of Social Interactions and Information
Sources. Risk Analysis, 33, 800-817. doi:10.1111/j.1539-6924.2012.01917.x

Casado, M. A., de Miguel, J. M., Sterling, A., Peco, B., Galiano, E. F., & Pineda, F. D.
(1986). Production and Spatial Structure of Mediterranean Pastures in Different
Stages of Ecological Succession. Vegetatio, 64, 75-86.

Catry, F. X., Rego, F. C., Bagdo, F. L., & Moreira, F. (2009). Modeling and mapping
wildfire ignition risk in Portugal. International Journal of Wildland Fire, 18,
921-931. d0i:10.1071/WF07123

Costa, L., Thonicke, K., Poulter, B., & Badeck, F.-W. (2011). Sensitivity of Portuguese
forest fires to climatic, human, and landscape variables: subnational differences
between fire drivers in extreme fire years and decadal averages. Regional
Environmental Change, 11, 543-551. d0i:10.1007/s10113-010-0169-6

Darques, R. (2015). Mediterranean cities under fire. A critical approach to the
wildland-urban interface. Applied Geography, 59, 10-21.
doi:10.1016/j.apge0q.2015.02.008

Dubravac, T., Vrbek, B., & Lali¢, Z. (2006). Prirodna obnova u sastojinama alepskog
bora (pinus halepensis Mill.) nakon poZara [Natural regeneration of Aleppo pine
(pinus halepensis Mill.) forests after forest fires]. Rad. Sumar. Inst. Izvanredno
izdanje, 9, 37-51.

Durbesié, A. (2012). Promjene pejzaza juzne padine Svilaje — GIS pristup [Landscape
change of southern slopes of Svilaja Mountain - GIS approach]. Phd Thesis,

University of Zagreb.


http://dx.doi.org/10.1111/j.1539-6924.2012.01917.x

Fernandes, P. M., Loureiro, C., Guiomar, N., Pezzatti, G. B., Manso, F. T., & Lopes, L.
(2014). The dynamics and drivers of fuel and fire in the Portuguese public
forest. Journal of Environmental Management, 146, 373-382.
doi:10.1016/j.jenvman.2014.07.049

Flannigan, M., Cantin, A. S., De Groot, W. J., Wotton, M., Newbery, A., & Gowman,
L. M. (2013). Global wildland fire season severity in the 21st century. Forest
Ecology and Management, The Mega-fire reality, 294, 54-61.
doi:10.1016/j.foreco.2012.10.022

Flannigan, M. D., Krawchuk, M. A., De Groot, W. J., Wotton, B. M., & Gowman, L.
M. (2009). Implications of changing climate for global wildland fire.
International Journal of Wildland Fire, 18, 483-507. doi:10.1071/WF08187

Fuerst-Bjelis, B., Cvitanovi¢, M., & Durbesi¢, A. (2015). Fire risk incidence over the
last 200 years: Case study in the Mediterranean Croatia. Conference paper
presented at the 10" International Seminar: Overarching Issues of the European
Area, At Universidade do Porto; Faculdade de Letras, Porto.
d0i:10.13140/RG.2.1.2373.1362

Gallardo, M., Gémez, 1., Vilar, L., Martinez-Vega, J., & Martin, M. P. (2016). Impacts
of future land use/land cover on wildfire occurrence in the Madrid region
(Spain). Regional Environmental Change, 16, 1047-1061. doi:10.1007/s10113-
015-0819-9

Ganteaume, A., & Jappiot, M. (2013). What causes large fires in Southern France.
Forest Ecology and Management, 294, 76-85. doi:10.1016/j.forec0.2012.06.055

Giglio, L., Randerson, J. T., & van der Werf, G. R. (2013). Analysis of daily, monthly,
and annual burned area using the fourth-generation global fire emissions
database (GFED4). Journal of Geophysical Research: Biogeosciences, 118,
317-328. d0i:10.1002/jgrg.20042

Giorgi, F., & Lionello, P. (2008). Climate change projections for the Mediterranean
region. Global and Planetary Change, 63, 90-104.
doi:10.1016/j.gloplacha.2007.09.005

Glamuzina, M., & Glamuzina, N. (1996). Promjene u bioloskoj i ekonomskoj strukturi
stanovnistva juzne Hrvatske (Dalmacije) od 1948. do 1991. godine [Changes in
Biological and Economic Structure of the Population in Southern Croatia
(Dalmatia) from 1948 to 1991]. Geoadria, 1, 17-34.



Gonzélez, J. R., Palahi, M., Trasobares, A., & Pukkala, T. (2006). A fire probability
model for forest stands in Catalonia (north-east Spain). Annals of Forest
Science, 63, 169-176. doi:10.1051/forest:2005109

Jurjevi¢, P., Vuleti¢, D., Gracan, J., & Seletkovi¢, G. (2009). Sumski pozari u Republici
Hrvatskoj (1992-2007) [Forest fires in the Republic of Croatia (1992-2007)].
Sumarski list, 133, 63-72.

Jones, R. T., Ribbe, D. P., Cunningham, P. B., Weddle, J. D., & Langley, A. K. (2002).
Psychological impact of fire disaster on children and their parents. Behavior
Modification, 26, 163-186. doi:10.1177/0145445502026002003

Keane, R. E., & Karau, E. (2010). Evaluating the ecological benefits of wildfire by
integrating fire and ecosystem simulation models. Ecological Modelling, 221,
1162-1172. doi:10.1016/j.ecolmodel.2010.01.008

Konstantinidis, P., Tsiourlis, G., & Galatsidas, S. (2005). Effects of wildfire season on
the resprouting of kermes oak (Quercus coccifera L.). Forest Ecology and
Management, 208, 15-27. doi:10.1016/j.foreco.2004.09.021

Koutsias, N., Martinez-Fernandez, J., & Allgéwer, B. (2010). Do Factors Causing
Wildfires Vary in Space? Evidence from Geographically Weighted Regression.
GIScience & Remote Sensing, 47, 221-240. doi:10.2747/1548-1603.47.2.221

Lampin-Maillet, C., Jappiot, M., Long, M., Bouillon, C., Morge, D., & Ferrier, J.-P.
(2010). Mapping wildland-urban interfaces at large scales integrating housing
density and vegetation aggregation for fire prevention in the South of France.
Journal of Environmental Management, 91, 732-741.
doi:10.1016/j.jenvman.2009.10.001

Lindner, M., Maroschek, M., Netherer, S., Kremer, A., Barbati, A., Garcia-Gonzalo, J.,
... Marchetti, M. (2010). Climate change impacts, adaptive capacity, and
vulnerability of European forest ecosystems. Forest Ecology and Management,
259, 698-709. doi:10.1016/j.foreco.2009.09.023

Lionello, P., Abrantes, F., Gacic, M., Planton, S., Trigo, R., & Ulbrich, U. (2014). The
climate of the Mediterranean region: research progress and climate change
impacts. Regional Environmental Change, 14, 1679-1684. doi:10.1007/s10113-
014-0666-0

Mamut, M. (2011). Veza prirodnogeografske i sociogeografske osnove Dalmacije s

ugrozenos$cu otvorenog prostora pozarom [Ties between the geographical and



social geographical features of Dalmatia with the endangerment of forest fires].
Sumarski list, 135, 37-49.

Martinez, J., Vega-Garcia, C., & Chuvieco, E. (2009). Human-caused wildfire risk
rating for prevention planning in Spain. Journal of Environmental Management,
90, 1241-1252. doi:10.1016/j.jenvman.2008.07.005

Martinez-Fernandez, J., Chuvieco, E., & Koutsias, N. (2013). Modelling long-term fire
occurrence factors in Spain by accounting for local variations with
geographically weighted regression. Nat. Hazards Earth Syst. Sci., 13, 311-327.
do0i:10.5194/nhess-13-311-2013

Mbow, C., Sambou, B., Ba, A. T., & Goudiaby, A. (2003). Vegetation and fire
readiness in main morphological units of Niokolo Koba National Park
(Southeast Senegal). Geografisk Tidsskrift-Danish Journal of Geography, 103,
55-62. doi:10.1080/00167223.2003.10649479

Mitsopoulos, I. D., & Dimitrakopoulos, A. P. (2007). Canopy fuel characteristics and
potential crown fire behavior in Aleppo pine (Pinus halepensis Mill.) forests.
Annals of Forest Science, 64, 287-299. doi:10.1051/forest:2007006

Moody, J. A., & Martin, D. A. (2001). Initial hydrologic and geomorphic response
following a wildfire in the Colorado Front Range. Earth Surface Processes and
Landforms, 26, 1049-1070. doi:10.1002/esp.253

Moreira, F., Rego, F. C., & Ferreira, P. G. (2001). Temporal (1958-1995) pattern of
change in a cultural landscape of northwestern Portugal: implications for fire
occurrence. Landscape Ecology, 16, 557-567. doi:10.1023/A:1013130528470

Moreira, F., Vaz, P., Catry, F., & Silva, J. S. (2009). Regional variations in wildfire
susceptibility of land-cover types in Portugal: implications for landscape
management to minimize fire hazard. International Journal of Wildland Fire,
18, 563-574. doi:10.1071/WF07098

Moreno, M. V., Conedera, M., Chuvieco, E., & Pezzatti, G. B. (2014). Fire regime
changes and major driving forces in Spain from 1968 to 2010. Environmental
Science & Policy, 37, 11-22. doi:10.1016/j.envsci.2013.08.005

Moriondo, M., Good, P., Durao, R., Bindi, M., Giannakopoulos, C., & Corte-Real, J.
(2006). Potential impact of climate change on fire risk in the Mediterranean
area. Climate Research, 31, 85-95. doi:10.3354/cr031085



Mouillot, F., Rambal, S., & Joffre, R. (2002). Simulating climate change impacts on fire
frequency and vegetation dynamics in a Mediterranean-type ecosystem. Global
Change Biology, 8, 423-437. d0i:10.1046/j.1365-2486.2002.00494.x

Mouillot, F., Ratte, J.-P., Joffre, R., Moreno, J. M., & Rambal, S. (2003). Some
determinants of the spatio-temporal fire cycle in a Mediterranean landscape
(Corsica, France). Landscape Ecology, 18, 665-674.
d0i:10.1023/B:LAND.0000004182.22525.a9

Mouillot, F., Ratte, J.-P., Joffre, R., Mouillot, D., & Rambal, S. (2005). Long-term
forest dynamic after land abandonment in a fire prone Mediterranean landscape
(central Corsica, France). Landscape Ecology, 20, 101-112.
d0i:10.1007/s10980-004-1297-5

Nejasmic¢, 1., & Toski¢, A. (2013). Starenje stanovnistva u Hrvatskoj—sadasnje stanje i
perspective [Ageing of the Population in Croatia—the Current Situation and
Perspectives]. Hrvatski geografski glasnik, 75(1), 89-110.

Nunes, A. N. (2012). Regional variability and driving forces behind forest fires in
Portugal an overview of the last three decades (1980-2009). Applied Geography,
34, 576-586. doi:10.1016/j.apge0q.2012.03.002

Nunes, M. C. S., Vasconcelos, M. J., Pereira, J. M. C., Dasgupta, N., Alldredge, R. J., &
Rego, F. C. (2005). Land Cover Type and Fire in Portugal: Do Fires Burn Land
Cover Selectively? Landscape Ecology, 20, 661-673. doi:10.1007/s10980-005-
0070-8

Oliveira, S., Oehler, F., San-Miguel-Ayanz, J., Camia, A., & Pereira, J. M. C. (2012).
Modeling spatial patterns of fire occurrence in Mediterranean Europe using
Multiple Regression and Random Forest. Forest Ecology and Management, 275,
117-129. doi:10.1016/j.foreco.2012.03.003

Pausas, J. G., & Ferndndez-Mufioz, S. (2011). Fire regime changes in the Western
Mediterranean Basin: from fuel-limited to drought-driven fire regime. Climatic
Change, 110, 215-226. d0i:10.1007/s10584-011-0060-6

Prgin, D. (2005). Alepski bor (Pinus halepensis Mill.) prvorazredna vrsta za podizanje
Suma na mediteranskom krsu. [Aleppo pine (Pinus halepensis Mill.) first-class
species to create forests on the Mediterranean karst]. Sumarski list, 1-2, 71-80.

Quezel P. (2000). Taxonomy and biogeography of Mediterranean pine species (Pinus
halepensis and P. Brutia). In G. Ne’eman & L. Trabaud (Eds.), Ecology,



biogeography and management of Pinus halepensis and Pinus brutia forest
ecosystems in the Mediterranean Basin (pp. 1-12). Leiden: Backhuys Publishers.

Radeloff, V. C., Hammer, R. B., Stewart, S. I., Fried, J. S., Holcomb, S. S., &
McKeefry, J. F. (2005). The wildland-urban interface in the United States.
Ecological Applications, 15, 799-805.

Romero-Calcerrada, R., Barrio-Parra, F., Millington, J. D. A., & Novillo, C. J. (2010).
Spatial modelling of socioeconomic data to understand patterns of human-
caused wildfire ignition risk in the SW of Madrid (central Spain). Ecological
Modelling, 221, 34-45. doi:10.1016/j.ecolmodel.2009.08.008

Rosavec, R., Siki¢, Z., gpanjol, 7., Bar¢i¢, D., & Vudeti¢, M., (2013). Ugrozenost
sastojina alepskog bora (Pinus halepensis Mill) poZarima u staniSnim uvjetima
jadranskog podrucja krsa [Wildfire threats within the habitat conditions in
Aleppo pine stands (Pinus halepensis Mill.) of Adriatic karst area]. Sumarski
list, 137, 461-471.

Sa, A. C. L., Pereira, J. M. C., Charlton, M. E., Mota, B., Barbosa, P. M., & Stewart
Fotheringham, A. (2011). The pyrogeography of sub-Saharan Africa: a study of
the spatial non-stationarity of fire—environment relationships using GWR.
Journal of Geographical Systems, 13, 227-248. doi:10.1007/s10109-010-0123-7

San-Miguel-Ayanz, J., Pereira, J. M. C., Boca, R., Strobl, P., Kucera, J., & Pekkarinen,
A. (2009). Forest Fires in the European Mediterranean Region: Mapping and
Analysis of Burned Areas. In: E. Chuvieco (Ed.), Earth Observation of Wildland
Fires in Mediterranean Ecosystems (pp. 189-203). Berlin Heidelberg: Springer.
Retrieved from http://link.springer.com/chapter/10.1007/978-3-642-01754-4 13

Sarris, D., Christopoulou, A., Angelonidi, E., Koutsias, N., Fulé, P. Z., & Arianoutsou,
M. (2014). Increasing extremes of heat and drought associated with recent
severe wildfires in southern Greece. Regional Environmental Change, 14, 1257—
1268. d0i:10.1007/s10113-013-0568-6

Schoenberg, F. P., Peng, R., Huang, Z., & Rundel, P. (2003). Detection of non-
linearities in the dependence of burn area on fuel age and climatic variables.
International Journal of Wildland Fire, 12, 1-6. d0i:10.1071/WF02053

Sebastian-Lopez, A., Salvador-Civil, R., Gonzalo-Jiménez, J., & San-Miguel-Ayanz, J.
(2008). Integration of socio-economic and environmental variables for
modelling long-term fire danger in Southern Europe. European Journal of
Forest Research, 127, 149-163. doi:10.1007/s10342-007-0191-5



Shakesby, R. A. (2011). Post-wildfire soil erosion in the Mediterranean: Review and
future research directions. Earth-Science Reviews,105, 71-100.
doi:10.1016/j.earscirev.2011.01.001

Sluiter, R., & de Jong, S. M. (2007). Spatial pattern of Mediterranean land abandonment
and related land cover transitions. Landscape Ecology, 22, 559-576.
d0i:10.1007/s10980-006-9049-3

Syphard, A. D., Keeley, J. E., Massada, A. B., Brennan, T. J., & Radeloff, V. C. (2012).
Housing arrangement and location determine the likelihood of housing loss due
to wildfire. PLoS ONE, 7(3): €33954. doi:10.1371/journal.pone.0033954

Teki¢, 1., Fuerst-Bjeli$, B., & Durbesi¢, A. (2014). Rasprostranjenost alepskog bora
(Pinus halepensis Mill.) i njegov utjecaj na vegetaciju i strukturu pejzaza Sireg
Sibenskog podrucja [Distribution of Aleppo pine (pinus halepensis, Mill) and its
effect on vegetation and landscape structure of wider area of Sibenik]. Sumarski
list, 11-12, 593-600.

Thompson, M. P., & Calkin, D. E. (2011). Uncertainty and risk in wildland fire
management: A review. Journal of Environmental Management, 92, 1895-1909.
doi:10.1016/j.jenvman.2011.03.015

Turco, M., Bedia, J., Di Liberto, F., Fiorucci, P., Von Hardenberg, J., Koutsias, N., ...
Provenzale, A. (2016). Decreasing Fires in Mediterranean Europe. PLoS ONE,
11(3): e0150663. doi:10.1371/journal.pone.0150663

Tomasevic, 1., & Vucetié, V. (2014). Ocjena pozarne sezone 2013. godine i usporedba s
pozarnom sezonom 2012. godine [Rating the 2013 fire season and comparison
with the 2012 fire season]. Vatrogastvo i upravljanje pozarima, 4(1), 19-35.

van der Werf, G. R., Randerson, J. T., Giglio, L., Collatz, G. J., Mu, M., Kasibhatla, P.
S., ... van Leeuwen, T. T. (2010). Global fire emissions and the contribution of
deforestation, savanna, forest, agricultural, and peat fires (1997-2009).Atmos.
Chem. Phys.,10, 11707-11735. doi:10.5194/acp-10-11707-2010

Velez, R. (2009): La Defensa Contra Incendios Forestales. Fundamentos y
Experiencias [The wildland fire management. Fundamentals and experiences].
Madrid: McGraw-Hill.

Viedma, O., Moity, N., & Moreno, J. M. (2015). Changes in landscape fire-hazard
during the second half of the 20th century: Agriculture abandonment and the
changing role of driving factors. Agriculture, Ecosystems & Environment, 207,
126-140. doi:10.1016/j.agee.2015.04.011



WWE, (2003). Forest fires in the Mediterranean: a burning issue [WWW Document].
Retrieved from http://mediterranean.panda.org/?8022/Forest-fires-in-the-
Mediterranean-a-burning-issue

Zumbrunnen, T., Menéndez, P., Bugmann, H., Conedera, M., Gimmi, U., & Burgi, M.
(2012). Human impacts on fire occurrence: a case study of hundred years of
forest fires in a dry alpine valley in Switzerland. Regional Environmental
Change, 12, 935-949. doi:10.1007/s10113-012-0307-4

Figure 1. The study area encompasses two administrative regions in Dalmatia, Croatia.
Figure 2. Data, methodology and structure of research
Figure 3. Distribution of fires in the studied region during 2013.

Figure 4. Spatial clustering of fires (Anselin Local Moran’s I) using the 10x10 km
fishnet (left) and on the municipal level (right).

Figure 5. Number of fires and size of burnt area for the main vegetation categories

Figure 6. Number of fires/ha and percentage of burned vegetation for the main

vegetation categories

Figure 7. Percentage of shrubland in total area surface of Dalmatian municipalities

Figure 8. Percentage of grasslands in total area surface of Dalmatian municipalities

Figure 9. Population change index in Dalmatian counties 1961-2011
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