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Abstract. Every year the Republic of Croatia, especially in its south part in Dal-
matia, faces forest fire risks. The weather is exceptionally conducive to fires, so
the main period of fire occurrences is between June and October, characterized
by long lasting dry and warm weather with temperatures over 30°C. Research
carried out by the authors in 1997 and 2012 have pointed to the fact that human
impact is the main cause of ignition. This paper presents an overview of the total
number of fires in the period from 1998 to 2012, with the emphasis on forest and
woodland fires in the Croatian region of Dalmatia. Data on the situation in Dal-
matia refer to the situation in the areas of responsibility of four Dalmatian Police
Administrations. Analysis is based on official data of the Croatian Ministry of the
Interior and the report of the National councillor for managing and controlling
forest fires. The authors have analysed the frequency of forest fires in Dalmatia
in a period of fourteen years (1998-2012) comparing it with the previous period,
1989-1996. The results that the authors have obtained reveal how forest fires most
commonly (2/3) break out during the warm part of a day, from 09.00 until 18.00
hours in the warm period of the year. Particularly vulnerable are the forests of
Aleppo pines and maquis being mostly thermal forests, whilst in the south of the
country the forests of Holm oak (Quercus ilex) and English oak (Quercus robur)
are at the highest risk. Reforesting of burned areas is very slow and Croatia has
been far behind in reforesting in the continental part of the country.
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1. Introduction

Wildfires have been an integral part of the Earths
ecosystem in the last 350 million years. We obtain
data about wildfires from numerous sources like
geochemical processes, layers of charcoal, growth
rings on stumps, and archaeological sites (Iglesias
et al., 2015). Deposits of charcoal present a valu-
able source of information due to the mechanism
of their formation during incomplete combustion
of fuel in reduced conditions. Pieces of charcoal
are dispersed in wildfires and deposited in lakes,
where they form sediments which are preserved
until the present day (Iglesias et al., 2015). Natu-
ral causes (lightning, volcanic eruptions) of wildfires
are common in many parts of the world and are an
integral part of many ecosystems, but 0.6 - 4% of
all burned areas in the Mediterranean were caused
by lightning, making it the primary cause (Naveh,
1975). Wildfires today are in 95% of all cases due
to anthropogenic activities. Having started to use
fire in the Palaeolithic, the Neolithic man turns it
into a tool for transforming the natural landscape
of the Mediterranean (Naveh, 1975). Even though
Mediterranean vegetation dates from the Pliocene,
only a small number of species survived the glacial
era. The Mediterranean has more than 25 thousand
plant species, while the rest of Europe has a mere
6 thousand. The reason for this state is that the
Mediterranean was devoid of ice in the glacial and
the interglacial eras (Quézel, 2000; Harriet, 2009;
Teki¢, 2013).

Around 11 thousand BC, the climate in the Med-
iterranean becomes drier, and species more adapt-
ed to this climate appear; this is when the holm
oak (Quercus ilex) becomes dominant. In the ear-
ly Holocene more fire activities were recorded in
the Mediterranean, in the Pyrenees around 10,000
BC, and in Italy around 9,500 BC. The Holocene
temperature maximum dominates in the northern
hemisphere in the period from 8,000 to 5,000 BC
(Vanniere et al., 2011). The analyses of charcoal de-
posits in Lake Malo on the island of Mljet (southern
Dalmatia) indicates an expansion of forest of Q. ilex
in the 7* millennium BC (6,400-6,200 BC), while to
the north around Lake Vransko (central Dalmatia)
the expansion began much later (5,200 BC) and is
linked to climate change, i.e. to frequent occurrenc-

es of dry summers and increased anthropogenic ac-
tivities (Colombaroli et al., 2009).

As the summer temperatures decreased and the
precipitation, i.e. the moisture of the soil, increased,
the fire activities became less common, reaching the
lowest level of occurrence in the period from 4,700
- 3,300 BC (Feuerdean et al., 2013). The Croatian
coast experienced the transition from deciduous to
evergreen forests of Q. ilex around 6,400 BC, while
for three millennia (until 3,500 BC) the fires played
a significant role in the changing of the vegetation
cover (Colombaroli et al., 2009)

2. Material and research methods

Human activities on agricultural land are the most
common causes of fires (Aleksandrian et al., 1998).
The traditional rural socio-economic system has
drastically changed in the past 50 years. Key chang-
es in economy and the landscape of the Mediter-
ranean countries start in the 1950s, particularly in
Dalmatia. Traditional activities are abandoned and
the rural areas are affected by population migrations
towards coastal cities. Vineyards and olive trees are
grown on plots of land where dry stone walls are
used for terracing; the numbers of sheep and goats
otherwise common in Dalmatia are reduced as ter-
races and pastures are abandoned (Rego, 1992; Ari-
anoutson, 2001).

When the intensive industrialization of the
country began towards the end of the 1960s, vine-
yards and olive groves were common in the lime-
stone area of Dalmatia, yet by the end of the 1990s
agriculture in these areas was gradually abandoned.
This process is not characteristic only for Dalmatia,
but for the whole Mediterranean area (Arianout-
sou, 2001). At the same time, the number of fires
and the size of burned areas increase in this period
(Pausas, Vallejo, 1999).

The changes that occurred in the traditional use
of land showed that much agricultural land was
abandoned and uncontrolled growth of secondary
vegetation became apparent, all of which brought
about an increase in accumulated fuel material
(Rego, 1992).

Mass tourism, erection of hotels, apartments and
summer houses demanded more free land surfaces.
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Fires have been the means by which previously ag-
ricultural, and nowadays abandoned land is trans-
formed into terrain for the construction of tourist
and residential facilities. Woodfires in plots near
forests often cause fires in the lowland part of Dal-
matia.

In summer, tourism brings Dalmatia numerous
tourists from various ecological systems quite differ-
ent from those that are characteristic for the Medi-
terranean area. Carelessness and lack of knowledge
and awareness about the area where they are on
holiday causes activities that lead to wildfires. Ille-
gal rubbish dumps, sometimes located near forests
and containing combustible materials, are also po-
tential causes of forest fires.

The Mediterranean eco-climatic zone is classi-
fied as the most risky area with more than 10 fires
per 1,000 km® surface. The Mediterranean with
its 50,000 fires per year and 700,000 to 1 million
burned areas is considered one of the world’s re-
gions with the highest risk of fires (Vannier et al,,
2011). Most of the fire-affected area is left to natural
succession. However, planned restoration of burned
areas is based on indigenous plant species (Pausas,
Vallejo, 1999).

Mediterranean pine — Aleppo pine - has been
used in reforestation since the 19" century (Pau-
sas et al., 2004), together with increasing numbers
of deciduous forests of holm oak, kermes oak and
downy oak (Quercus ilex, Quercus coccifera, Quercus
pubescens, Riera, Mogus, 2004 ). The authors have
analysed the frequency of wildfires in the region
of Dalmatia in the decade from 1998 to 2012 and
compared it to an earlier period from 1989 to 1996.

The analyses included a number of components:
1. Natural factors which influence the occurrence

and spread of wildfires (climatic elements, com-

bustible material), geological characteristics of
the terrain, type of vegetation

2. Burnt areas according to dominant econom-
ic activities: agricultural land - vineyards, olive
groves, forests, abandoned and uncultivated land

3. Burned forest vegetation was analysed

4. Causes of wildfires were established

5. Damage to the landscape and the economy was
assessed

6. Ultimately, the authors have dedicated a part
of the research to the process of reforestation
which they determined to be mostly by natural

self-regeneration, while intentional reforestation

is poorly represented.

Apart from analysing statistical data, the meth-
odology in this research included field work in ar-
eas affected by wildfires, as well as interviews with
local residents. The authors used the data supplied
by the police departments in Dalmatia, by Croatian
Forests, and the Canadian system of risk assessment
(FWI) in this paper.

Dalmatia is a part of the Croatian Adriatic coast
(from Istria to Konavle), from the island of Pag in
the north to the border with Montenegro to the
south (Fig. 1), looking from east to west. It is di-
vided into three regional centres: the islands, the
coastal belt and the interior (Dalmatian hinterland
and Bukovica). The climate is Csa (hot summers —
Mediterranean climate) and Csb (warm summers
— Mediterranean climate), whose characteristics are
hot dry summers and mild wet winters.

The Mediterranean coastal area has forests of
Aleppo pines and holm oak, and forests of Orien-
tal Hornbeam (carpus orientalis) and downy oak,
while in the Mediterranean mountain belt the most
common forest stands are Ostry (hop-hornbeam)
and downy oak, together with forests of Pinus nig-
ra subsp. dalmatica and forests of holm oak and
hop-hornbeam (Trinajsti¢, 1998).

Analysis of fire activity in the area of Dalmatia
is based on data from Police Administrations of the
four counties that form this area. The study deals
with the period from 1998 to 2012 compared to the
previous period from 1993 to 1996.

The authors used data from police administra-
tions as they are institutions that have the most ac-
curate information on all wildfires in the Republic
of Croatia, and the data are processed by regional
police administrations that correspond to the polit-
ical structure of the counties. Apart from the Police
Administrations, data are collected by the State Di-
rectorate for Protection and Rescue and in the Cen-
tral Bureau of Statistics. Given that the data vary in
these institutions, the authors have opted for data
provided by the Interior Ministry.

In the period from 1998 to 2012, Croatia registered
125,150 wildfires, with 31.7% (38,907) being in the re-
gion of Dalmatia. Most of the wildfires were recorded
in PA Split - Dalmatia, while PA Dubrovnik-Neretva
(Mamut, 2011) in the period from 1998 to 2008 nev-
er had more than 400 wildfires (Fig. 2).
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Fig. 1. Geographical location of Dalmatia

Source: Authors’ own work based on Croatian Ministry of the Interior data, 2014
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Fig. 2. Fires registered by the Police Administrations in Dalmatia in the period 2007 - 2012 (own
calculations based on data of the Croatian Ministry of the Interior)

Source: Croatian Ministry of the Interior, 2014



Zeljka Siljkovi¢, Marica Mamut / Bulletin of Geography. Socio-economic Series / 32 (2016): 117-130

121

Earlier studies from 1993 to 1996, show that the
highest concentration of fires with the largest burnt
areas were in the PA region of Zadar and Sibenik
— Knin. Part of the territory of these two PA (inte-
rior — Bukovica and the Dalmatian hinterland) was
occupied during the Homeland War (1991-1995)

- Number of fires
l:l Burned areas (ha)

]
0 100 km

Fig. 3. Fires in Dalmatia (2007 — 2012)

and numerous fires were intentionally caused by
the occupation forces. Large areas in the hinterland
were mined in the war preventing fire fighters from
working from on land. Data on burned open space
show a disparity in the number of fires and the size
of burned areas (Fig. 3).
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Source: Authors’ own work based on Croatian Ministry of the Interior data 2014.

In the past fifteen years PA Sibenik-Knin had
the largest fire-affected zone (84,193 ha), followed
by PA Split-Dalmatia (76,119 ha), PA Zadar (70,808
ha), and PA Dubrovnik-Neretva (48,871 ha). The
size of the burned areas in Dalmatia changed over
the years, depending on climatic conditions. Long-
term drought, high temperatures and lack of rain-
fall in the summer months were all factors that
enabled the spread of wildfires. The size of burned
areas in the Dalmatian territory ranged from 4,311
ha (2005) when 103 ha of open space was burned in
the zone of PA Dubrovnik-Neretva up to 73,676 ha

(2000) when a staggering 24,959 ha of open space
got burned in the region of PA Sibenik -Knin. In
the same period, fires caught 766,365 ha of open
space, out of which 280,078 ha (36.55%) of open
space in Dalmatia.

According to its dominant vegetation communi-
ty, open space is categorized as the following: forest
area, forests, pastures and natural meadows, agricul-
tural land and landfills. The Republic of Croatia is
rich in forest areas; as much as 24,900 km?, or 44%,
of the national territory land is covered by forests.
Most of it (59%) is high forest — seed plants; 24% is



122

Zeljka Siljkovi¢, Marica Mamut / Bulletin of Geography. Socio-economic Series / 32 (2016): 117-130

low forests — stump or coppice forests; 16% is ma-
quis, garrigue and shrub; and an insignificant 1% is
plantations (Siljkovi¢, 1997).

Forests are natural habitats for numerous com-
munities of plants and animals and are one of the
main sources of Earth’s oxygen. Forests prevent ero-
sion and floods; they protect against landslides and
accumulate floodwaters. Their role as places for rec-
reation and relaxation for people is also important
as they protect against strong solar radiation at the
same time increasing air moisture and cooling the
earth. Mediterranean forests are hugely exposed to
the risk of wildfire, which results in the degradation
of biological and landscape diversity changing the
physiological and chemical characteristics of soils.
Fires disrupt their stability destroying, in a very
short time, the entire forest ecosystem. According
to their resistance to wildfire, plants are divided
into three basic categories: Fire susceptible plants,
which are highly inflammable and completely de-
stroyed by wildfire; Fire tolerant plants able to with-
stand some types of wildfire and grow despite the
damage since the energy for their future reconstruc-
tion is stored in the roots; and Fire-resistant plants
have only small amounts of oils and resins in their
leaves, smooth barks and a high moisture content
in the leaves. Among the former stand out the ev-
ergreen plants Pinus nigra and Cupresuss, while the
most resilient fire species are Nerium oleander and
Acacia cyanophylle (Nayisci, 2014.). Since wildfires
cause vegetation loss and damage to the forest floor,
water retention is reduced and the risk of erosion
increased. Fires destroy the soil structure and its ag-
gregate stability affecting the chemical and physical
characteristics of the soil and making it vulnerable
to wind and rain. Therefore, post-fire erosion is fre-
quent in Dalmatia. A wildfire that swept through
the forest and agricultural land on PeljeSac penin-
sula in July 2015 destroyed 3,028 hectares of for-
est and agricultural land, including 200 hectares of
maritime pine, 80 hectares of Aleppo pine, 10 hect-
ares of Pinus nigra and 236 hectares of maquis. A
summer downpour that followed caused floods and
erosion from the fire-affected areas destroying pop-
ulated settlements by the sea, downhill of the area
of the wildfire.

Soil erosion in fire areas makes restoring vegeta-
tion difficult long-term since it washes away and de-
stroys the soil whose rehabilitation takes dozens of

years. Wildfires cause transformation of the social,
environmental and economic functions of forests,
particularly the loss of wood mass (Mikli¢, 2013).
After the fire, the burnt areas usually give rise to pi-
oneering and most often less valuable tree species.

How many areas will be affected by the fires de-
pends on many factors, from forest vegetation and
combustible materials to climate and relief elements.

An important factor in the type of forest veg-
etation is the age of forest stands, i.e. combustible
materials. Forest fuel is considered to be the entire
quantity of the plant material, dead and alive, which
is located above the part of the mineral soil (Spanjol
et al., 2008). Apart from by vegetation types and
quantities of combustible materials, the flammabil-
ity of fuel and spread are affected by air tempera-
ture, soil and air moisture and the amount of solar
radiation, wind speed and direction and the vertical
structure of the atmosphere (Vuceti¢ et al., 2007).

In situations of high temperatures, low rain-
fall or prolonged drought periods when the soil is
dry, there is a higher risk of wildfire, as well as its
rapid expansion. Briicher (2014) believes that the
increase in fire activity is primarily related to tem-
perature variations, and only secondarily to vari-
ations in rainfall. The driest years are associated
with heat waves and intense fire activity. A good
example of this is the year 2007, when wildfires de-
stroyed more than 226,000 ha of forest, olive trees
and maquis in Greece (Vannier et al., 2011). The
warm season from June to October marks the pe-
riod when coastal Croatia, especially its southern
part (Dalmatia), is exposed to wildfires of for-
ests and agricultural lands. It is a long-term sea-
son of dry and hot weather with temperatures
above 30°C.

Previous studies (Siljkovi¢, 1997) show that the
warmest time of the day, from 12.00 to 18.00 is the
period when wildfires most often occur (40.8 %).

The wind continually blowing spreads combusti-
ble particles influencing the expansion of the wild-
fire and spreading the wildfire’s burning front. Fires
can result from natural factors (lightning, volcanic
eruptions), but are most commonly the result of
anthropogenic activities (carelessness, arson, clear-
ing agricultural land, attempts at re-assigning areas
for civil construction purposes, activities related to
tourism and recreation, cast-away cigarette butts,
fireworks, demining fields).
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Over the decade of 1998-2008, on the territory
of Croatia, 189,985 hectares of forests and wood-
lands were burnt, out of which the majority was
in the zones of Dalmatian Police Administrations,
as much as 64.3% or 122,241 ha (Mamut, 2011).
Similar trends were detected in previous research
(Siljkovi¢, 1997) revealing that in the period from
1989-1996, out of 101,680 ha of Croatia’s burned
woodlands, 80,350 ha (79.02%) were in the coastal
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zone and on the islands. Especially large woodlands
were burned in 1998 (21,531 ha), in 2000 (32,661
ha), in 2003 (15,694 ha) and in 2007 (20,341 ha).
The PA Sibenik-Knin registered the highest rate of
burned woodlands. With regard to the ratio of tem-
perature and the amount of precipitation, the high-
est number of fires, as well as the largest burned
areas, were recorded in the dry years of 2000, 2003,
2007 (Fig. 4.).

B No of fires

Burned areas (ha)

» o)

Fig. 4. Fires and consequences in the period 1998 - 2012 in Croatia per year

Source: Croatian Ministry of the Interior, 2014

In the period from 2009-2011, 66,843 hect-
ares of forests and woodland were affected by fire
on the Croatian territory, especially during the ex-
tremely dry summer of 2011, when the major part
of woodland, scrub and maquis left a charred land-
scape. Coastal forest communities are more flam-
mable than continental woods because of the dry
climate and their xenomorphic composition of
vegetation. Since the Mediterranean vegetation
is abundant in resin (conifers) and essential oils,
it is obvious that coastal forests are more subject
to fires than deciduous forests of the continental
part of Croatia, which are less flammable and do
not support fires. The Mediterranean forest ecosys-
tem of conifers and deciduous forests is also called
a ‘Pyrophytic eco-system’ due to its effect on fires.
This group includes the species from the families
of Pinus, Quercus, Cistus, Calicotome and from the

families of Ericacea (Spanjol et al., 2008). The for-
ests of Aleppo pine (Pinus halepensis) and numer-
ous types of maquis (Juniper) are mostly subject to
fires. Except for autochthonous plants in the karst
Dalmatian area, artificially cultivated allophonic
sorts can be found, planted for the needs of refor-
esting and melioration of degraded areas. Increased
flow of people (tourists) influences the frequency
of forest fires in the Mediterranean area, especially
during summers when forests are mostly exposed
to fire risk (Fig. 5). Very often uncultivated and ne-
glected allophonic and autochthonous pine forests
can be found in tourist destinations, increasing the
possibility of fires due to carelessness. Sometimes
even constructed anti-fire corridors may present
a possible threat because their poor maintenance
may cause overgrowth of easily combustible plant
species.
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Fig. 5. Burned areas in the Adriatic region in the period from 2002 - 2011

Source: Croatian Ministry of the Interior, 2014

Apart from the type of vegetation that endangers
the Mediterranean forests more than the continental
ones, it is necessary to stress the climate and geo-
logical elements of the Mediterranean area (Mamut,
2011). The most important climate elements refer-
ring to the flammability of open spaces are certainly
humidity and water, i.e. precipitation. Thus, dryness
conditions play a vital role in fire protection and
also in the rehabilitation of burned space. Wind
should be added to these climate factors, being a
strong trigger for causing and especially for spread-
ing forest fires. Wind acts mechanically, spreading
flames and sparks and destroying exceptionally large
forested lands in wildfires and fires in the conifers’
crowns when the blaze spreads from one treetop to
another causing what has been dubbed a ‘flying fire.
In Dalmatia, along the coast, in the hinterland and
on the islands, the wind regimes change very often,
especially in summertime, explaining a high rate of
burned spaces under the Dalmatian Police Admin-
istrations’ responsibility. A serious threat is Bora, a
strong and dry wind that aggravates fires and pre-
vents their successful extinguishing, often making
it impossible. Wildfires particularly break out at
the time of a strong Bora. More than 30 years ago,
an American scientist Richard Rothermel made a
semi-empirical mathematical model of the spread-
ing of fire which was dominant in all analyses of fire

behaviour. He claimed that the speed of the wild-
fire’s burning front depended on the type of vege-
tation, angle of terrain and the speed and direction
of the wind (Rothermel, 1972). On the other hand,
Stipanicev (2008) thinks the situation in the field is
more complex. The speed of the spreading of the
burning front at the foot of the hill is greater than
the speed with which the wildfire had started up
the hill. The wildfire does not move at a continu-
ous speed up a hill but speeds up. In the equation to
calculate the spread of the wildfire Stipanicev (2008)
thinks it is necessary to add another component -
time. According to him, the speed of the spreading
of the burning front depends on the terrain, vege-
tation, meteorology and time.

The size of burned space depends on the terrain
topography, especially on the steepness of the ter-
rain and the exposition of slopes. Spreading of fires
is faster on up-hill than on down-hill slopes and
also the elevation increases the fire speed. On an el-
evation of 30 - 40°, fire expansion could be 20 times
faster than in lowlands (Bodrozi¢ et al., 2005). Geo-
logical features and the lithological and pedological
composition are other essential factors in causing
fires and their spreading.

The orientation of the slope has an impact on
the occurrence of wildfires since northern slopes are
shady and less exposed to sunlight, as opposed to
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southern slopes that receive greater amounts of ra-
diation and longer exposures. Therefore, most wild-
fires occur on southern slopes.

Pedological conditions refer to the forest floor
being the main part of the combustive material.
As a rule, craggy and rocky areas are convenient
for fires. Forest fires adversely influence not only the
natural landscape but also the composition of the
soil since over 10-13 years the proportion of humus
has downsized by 11-30% and nitrogen by 7-25%
(Spanjol et al., 2008). Depending on the soil type
and the elevation of terrain, the composition of clay
in the soil also changes in burned areas.

3. Results

According to their occurrences, wildfires of open
spaces including all forest fires could be analysed
as natural or caused fires, or according to their fuel
type as ground fires (sub-terrain fires), surface fires
(low-lying fires), canopy or crown fires and fires
of isolated trees and bushes (Spanjol et al., 2008).
Ground fires destroy humus and peat layers of the
land. They cause a great deal of damage when they
destroy the roots of trees. They dry out the soil and
destroy vegetation on the land where they occur.
Ground fires commonly occur in all types of for-
ests. Crawling or surface fires are the most com-
mon types of forest fires; they destroy the young
trees, ground shrubs and the deciduous vegetation.

However, crown fires destroy the largest forest-
ed areas particularly if supported by wind when
flying flames spread from one treetop to the next.
Crown fires annihilate high-quality and econom-
ically valuable forest stands; they destroy the soil,
water, and the ecosystem. Various types of fire of-
ten occur at the same fire site. Before fire destruc-
tion occurred, the majority of woodland space of
85,690 ha or 50.2% used to be covered with stump
forests, maquis, garrigue, scrub and brushwood. Ac-
cording to its purpose, open space can also be di-
vided by type as forests and woodlands, agricultural
land, waste dumps and various other open spaces.
The rate of these categories varies in the total rate
of burned spaces in the Republic of Croatia from
those in Dalmatia. In the territory of Croatia, the
highest rate of burned open space refers to agri-

cultural land, even 302,172 ha or 51.4%, (Mamut,
2011), whilst in Dalmatia burned forests and wood-
lands prevail. Perceiving the structure of burned
open spaces under the Dalmatian PA-s responsibil-
ity, the proportion of forests and woodlands is as
high as 53.5% (or 122,241 ha), agricultural lands
constitute 11.1% (or 25,334 ha), waste dumps up
to 1.8% (4,106 ha) and other burned open spaces
33.6% (Mamut, 2011).

Out of 91,705 fires registered in Croatia from
1998 to 2008, the greatest number (55,804) of fires
was registered on the land of unknown ownership
(Mamut, 2011). If the number of fires on private
land (27,227 fires) is added to that number, it is evi-
dent how a majority of fires (83,031 or 90.5%) occur
in the areas that are not under state management.
Such a figure is the result of inadequate care and
the lack of implementing preventive measures in-
cluding clearing as well as building anti-fire corri-
dors and the implementation of planting measures
in forests. Changing the purpose of non-construc-
tion to construction land could often be heard as
a possible reason for such a ratio of the fires on
state and private ground. The law prescribes that
the purpose of land may be changed five years after
being burned. Data on the size of burned opened
space as per ownership matches the number of
fires. The majority of state estates burned was in the
zones of Dalmatian PA-s, almost 70.2% or 54,890 ha
out of totally burned state estates in Croatia (78,171
ha). The share of burned private open spaces in the
zones of Dalmatian PA-s is slightly smaller but still
with a high rate of 62.9% or 49,892 ha. It is import-
ant to stress that the ownership of the largest part
of burned open space is usually unknown: in Croa-
tia it is 73.2% or 430,829 ha and in Dalmatia 53.7%
or 122,717 ha (Mamut, 2011). The first problem is
when the owners of the land cannot be determined.
The second problem is outdated land registers, i.e.
the lack of harmonization between the cadastre and
the actual field situation. There are many cadastre
parcels of land with recently appearing forests but
they are still registered as farmland and thus they
do not fall under the fire protection programme.
These forests are being cut and replaced with ille-
gally constructed settlements especially in the vicin-
ity of tourist destinations. Many opposite examples
could be found, when a parcel of land had been reg-
istered as forest land in the cadastre, but the for-
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ests disappeared many years ago. Apart from these,
a considerable problem is keeping different data in
the cadastre and the land registry for the same par-
cel of land.

The problem with analysis of fire causes, apart
from open space fires, is that fires on facilities (con-
structed facilities and means of transport) are also
often registered. From the geological point of view,
that category is less interesting, yet from the so-
cio-geographic and economic point of view it has
been a significant indicator. Since the majority of
fires are caused by people (deliberately, by negli-
gence or in childish games), this analysis has mainly
a socio-geographic character, so the fires on facil-
ities are also included. It has been found that the
majority of fires were caused by negligence, almost
75% (68,745 fires) presenting a distressing number.
As per the place of fire, 30,470 fires occurred on
facilities while 38,275 (55.7%) fires started in open
spaces. Unsurprisingly, the majority of fires caused
by negligence occurred on agricultural land (15,752
fires or 23%). Deliberately caused fires are a prob-
lem requiring the involvement of a range of dif-
ferent professions for their prevention (from the
medical profession up to legislative authorities).

Forest fires destroy native communities of Holm
oak (Quercus ilex) and Downy oak (Quercus pubes-
cens) (Dubravec et al., 2006). If not rehabilitated,
these areas become rocky lands. Forest fires harm
olive and vineyards that need to be revitalized in
one of the three systems: on stool, in the crown or
by stronger cutting (Strikic et al., 2005). The rehabil-
itation is implemented by reforesting with black and
Aleppo pine but also with native species. However,
due to fast growth and abundant seed production,
Aleppo pine is used for the reforesting of degraded
karst areas on the majority of burned spaces (Mati¢
et al., 2011).

Aleppo pine (Pinus halepensis) is one of the most
important species in the Mediterranean area, where
it covers an area of more than 25,000 km?. It domi-
nates in forest ecosystems in semi-arid and arid ar-
eas (Quezel, 2000). Spread over a wide area of the
Mediterranean, it can be found from North Africa
through Southeast Europe to Israel and Jordan at its
eastern border (Spanjol, 1996).

Aleppo pine was planted extensively in the west-
ern Mediterranean during the last century; as a pi-
oneer species it was resistant to drought and could

survive in a wide range of conditions (Quezel,
2000). Although this pine is a pyrophyte, it does
not need fires for its reproduction. Proof of this are
the firebreaks, clearings and abandoned and cleared
agricultural fields that it covers (Spanjol, 1997).
The spontaneous expansion of pine on wide areas
represents a potential for the spread of wildfire to
large regions (Rosavec et al., 2013).

Afforestation of the Karst region is a tradition
which is more than a century old, dating from 1852,
when it was mandated by the Forest law in the for-
mer Croatian Military Frontier. The first afforesta-
tion was conducted in Senjska Draga valley in 1860
(Tikvi¢, Seletkovi¢, 2003), on an area of 1,317 ha,
with Black Pine (Pinus nigra) saplings. Dalmatia is
significantly subject to wildfires, so rehabilitation
and reforesting of burned spaces are important here
because of preventing erosion and renewing the
ecosystem. Native species (Holm oak and Downy
oak) are planted on burned areas. The rehabilitation
is carried out by planting of container conifers and
broadleat and consists of several phases: prepara-
tion works (clearing of burned areas), planting, har-
vesting and caring. Over the past eleven years, the
preparation works were carried out on 2,817.35 ha
of burned forest spaces. The reforesting was imple-
mented only on 44.89 ha mainly by Aleppo pines,
pine-trees and cypress. Despite the dire field sit-
uation, i.e. a high rate of woodland loss, reforest-
ing activities in Dalmatian Counties are in progress
only in Split-Dalmatia County. However, these ac-
tivities are very poor compared to the reforesting
activities in other parts of Croatia, especially in its
continental area. From the tourist point of view, the
forest is seen as an important landscape element,
a place in which leisure time or recreation can be
enjoyed (Vuleti¢ et al., 2007). Research on the is-
land of Kor¢ula (Vuleti¢ et al., 2007) and in Cata-
lonia (Riera, Mogas, 2004) has shown that tourists
are even willing to pay additional fees for conser-
vation and fire protection.

4. Conclusion

Dalmatia, the southern part of Croatia, is an area
with the highest fire risk. On average, 2,645 fires
break out annually, mostly during the summer sea-
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son, destroying thousands of hectares of forests,
maquis as well as agricultural land (vineyards and
olive groves). In the period from 1989 to 1996, some
10,044 ha of forests and agricultural land were de-
stroyed on average while in the period from 1998 to
2012, that rate was five times higher reaching 51,091
ha annually. Apart from weather conditions (longer
dry periods, high temperatures) the causes of wild-
fires are primarily anthropogenic in character (an
ever increasing number of tourists at the seaside,
irresponsible behaviour, arson, and intentional fires
aimed at shifting the purpose of landuse). With the
aim of more precise assessment of the fire risk and
better protection from forest fires the Canadian sys-
tem of assessment of forest fire hazards (FWI-For-
est fire weather index) is being applied to fire risk
susceptibility including the analysis of several pa-
rameters: combustible material, weather conditions
(wind), topography of terrain, altitude, longitude
and latitude, season. According to FWI, Dalmatian
forests are classified into four categories depending
on the fire risk: I-exceptionally high risk, II-high
risk, III-medium risk and IV-low risk. The results
achieved by the authors show that wildfires occur
most often (2/3) in the warmest part of the day,
from 9-18, in the hottest season.

The most susceptible to fires are the Aleppo pine
forests with the maquis making it a forest commu-
nity which is extremely thermal, while at the very
south of the country the most threatened are oak
forests, particularly those of the holm oak. Research
has shown that most wildfires are caused by unin-
tentional activities, i.e. human carelessness
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