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Abstract

The average of 21902 hectares area has been burned in 1198 fires annually from 1937 to 2009 in Turkey. Fires constitute
the biggest risk for the forests in Turkey. Despite the all kinds of technological opportunities and equipment, under the effect
of climate changes and various social factors, large fires burning large areas still happen. In short-term, it is predicted that,
under the effect of global climate change, forest fires problem will grow. This study compares the number of fires and the
land burned in fires larger than 300 ha between 1973 and 2009. In addition, estimations are made by using Markov method
in order to predict the possibility and size of large fires in the next years. The results indicate that, especially in the fire-
sensitive forests in the southern and western regions of Turkey, there is a big risk in terms of forest fire.
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1. Introduction

In recent years, large fires are frequently seen in other Mediterranean countries, as well as in Turkey. Despite that the
number of large fires is low, they are responsible for the most part of burned areas (Stocks et al., 2002; Gillett et al., 2004). In
year 2003, 5 large fires in France constituting 93% of total area burned and 450000 ha forest fire in Portugal in year 2003,
and the forest fires in Greece (2007) and Guadalajara — Spain (2005) are the examples of those forest fires (Pereira et al.,
2005; Rigolot and Alexandrian, 2006; Xanthopoulos, 2010; Viegas and Caballero, 2009; San-Miguel-Ayanz et al., 2013).
Large fires, reasons of which vary between the regions, are the complex natural events shaped with cooperation of physical,
climatic, and social conditions (Canton-Thompson et al., 2008). Rural area population density, urbanization, changes in land
use, recreational use, flammable material, socioeconomic conditions, and intentional fires can be examples of those reasons
(Pausas and Ferndndez-Mufioz, 2012; Lloret et al., 2002; Velez, 2001; Basaran and Saribasak, 2008; Vayda, 1999;
Ganakgioglu, 1993). A study on large fires in Canada carried out between 1959 and 1997, the reasons have been found to
be the seasonality, the fire size and the frequency (Stocks et al., 2002). But another important reason of the worldwide
proliferation of the large fires in recent years is the weather conditions and climate change (Flannigan et al., 2006; Westerling
et al., 2006; Westerling, 2008).

While the prevalence of the large fires in Turkey was 7-15 years, large fires occurrence interval in alpine regions in Australia
is 50-100 years and 4 years in Alaska (GDF-1, 2010; Williams et al., 2008; Kasischke et al., 2002). Being a natural element
for Mediterranean region with evolutional and paleoecological data, the fires have shown significant increase in 20t century

in terms of number and area burned (Pausas et al., 2008; Pausas and Vallejo, 1999). In the fire that has burned 20.217,6 ha
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(largest forest fire of Turkey) of area in Antalya-Tasagil region in 2008, the presence of block forests, the redundancy of
young stands, and the increase in temperature in recent years have led that fire to reach at that size (Kantarci, 2009;
Basaran and Saribagak, 2008).

In this study, we examined the importance and the regional and numeric distribution of the large fires in Turkey and aimed to
estimate the trend in last 40 years and the situation in future.

2. Material and Method

In this study, the large fires larger than 300 ha in Turkey between 1973 and 2009 have been examined, and the projections
about the prevalence and date of this kind of forests have been made by using Markov chains method under the light of

previous data. The year 1973 has been selected as beginning because the previous large fire data are not clear.

Fig. 1 Conceptual representation of Markov Chain model of large fires.

Markov chains state a class of probabilistic process at broad-spectrum applications. In addition, Markov chains allow the
modeling of transition probabilities by matrices (Spedicato and Signorelli, 2014). Markov chain is a method that is widely
used in estimating natural events such as precipitation and drought trend (Bahadir and Ozdemir, 2011; Kogak and Sen,
1997) or earthquakes (Yiicemen and Akkaya, 1995; Can et al., 2013; Ozel and Solmaz, 2012). Markov chains have been
utilized also in estimating the forest fires (Silva et al., 2011) and examining the large fires (Mendes et al., 2010).

Figure 1 presents a conceptual representation of a first-order Markov chain model of large fires. To simplify the presentation,
only five states are used here (0: no-large fire, 1: between the range of 300-500 ha, 2: between the range of 500-1000 ha, 3:
between the range of 1000-2000 ha and 4 : >2000 ha). In this model, at each time step, large fire probabilistically evolves.
For example, Pos corresponds to the probability of transitioning from no-large fire level to a fire in the between the range of

300-500 ha, and so forth.
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Fig.2. Percent of the area burned and number in large fires between 1973- 2009 by regional directorates and Turkey-wide

3. Results and Discussion

3.1 Evaluation of Large Fires

When the large fires are examined, it is seen that, in 37 years between 1973- 2009, there have been 174 large fires on 300
ha of land. In those 176 fires, a total area of 172.2 thousand ha has been burned. When the area that large fires have burned
is examined, Mugla ranks by far the first region in terms of the area burned and is followed by Balikesir, Antalya, izmir and
Adana, respectively (Fig. 2). In distribution of fires in Turkey between the years 2000 and 2009, first 5 ranks in terms of
annual area burned belong to Antalya (2633 ha), Mugla (1232 ha), izmir (1125 ha), Balikesir (822 ha), and Canakkale
Regional Forest Directorates (716 ha). In 10-year averages calculated before the year 2008 Mugla region has the highest
value of area burned, while the large fire in Antalya, where 20.217,6 ha of area has been burned in year 2008, has conveyed
Antalya to first rank.

In Figure 2 the percent of the annual average area burned is shown on a map. Also, the distribution of large fires by class is
shown in the graphic. Here the breakdown of large fires in each regional directorate that occurred between the years 1973-
2009 is given in numbers according to 6 classes. Accordingly, it is found that, in Antalya, Mugla and Mersin regional
directorates, 4t, 5t and 6t class fires are seen, while 1st, 2nd and 3r class large fires occur in other regions, where the area

burned annually is lower.
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Fig.3. The area burned and large fires between 1973 and 2009

Examining the entire Turkey, it has been determined that 55.24% of all the large fires have occurred in Antalya, izmir and
Mugla regions (Ertugrul and Varol, 2015). Large fires in Turkey occur mostly in August, and it is followed by July. During 37
years examined within the scope of this study, it has been seen that no area larger than 300 ha has been burned in Turkey in
January and November months. July, August and September are the most risky months in terms of large fires. Among the
regions, where the highest number of fire is observed, it has been determined that 97% in number and 96% in area of fires in
Mediterranean region and 84% in number and 94% in area of fires in Aegean region are seen in July, August and September
(Varol and Ertugrul, 2015).

Since spring months are mostly rainy, these months do not allow the occurrence of large fires and thus, although there are
less large fires in May compared to winter months, it is interesting that in April, which is also a spring month, 9 large fires
have been seen. That 6 of these 9 fires have occurred in 2000s. Another interesting thing is that 20 of these 176 fires
occurred in 2007, 2008 and 2009 and 55 of them occurred in the 2000s. These values indicate that the rate of occurrence of
large fires have increased gradually since 2000. Regarding the total area burned, although there are some peak points
(1977, 1979, 1985, 1994, 2000, 2008), 2008 has been the worst year in terms of the total area that fires have burned (Fig. 3).
It can be thought that both of various socio-economic factors and the climate changes in Turkey could have an effect on this
situation.

3.2 Markov chain probabilities

Markov chain transition matrix belonging to the data between the years 1973-2009 are as follows:

0.023 0.522 0.204 0.182 0.068

0.000 0.509 0.396 0.057 0.038
0.000 0.280 0.439 0.160 0.120

0.000 0.634 0.182 0.182 0.000

[0.005 0.493 0.493 0.005 0.005]
P=
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When 2, 3, 4 and 5 shift series for Markov chain model are calculated, it is seen that very small differences (0.3%) occur for
each series. Even the result has the values very similar to state matrix, and the likelihood of occurrence of size classes are
as follows: P+=[0.017 0.470 0.284 0.152 0.078]

According to the model solution, Possibility of large fire after another large fire is 47% for the size of 300-500 ha; 28.4% for

the size of 500-1000 ha, 15.2% for the size of 1000-2000 ha, and 7.8% for the larger than 2000 ha.
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Fig. 4. Large fire locates between 1973 and 2009 by regional directorates in Turkey.

In addition, the highest number of large fires in Turkey occurred in 1994 (18 fires), 2000 (16 fires) and 1985 (14 fires),
respectively. When Markov chain model has been used for those three years, it has provided the best result for the
estimation of fire group that could give a rise after 2"d and 31 group fire. The model was not successful in estimating the
possibility of the break out of 2n, 3rd and 4t group fires after a 1t group fire; and a 4t group fire after a 4t group fire.

4. Conclusions

In large fires in Turkey, the area burned per fire has increased from 550 ha in 1970s to 1006 ha in 1985, 850 ha in 1990s,
and then reached at 960 ha in 2009. But in Portugal, while the area burned per fire has been 430 ha in early 1980s, this
value has increased to 454 ha in further years, and reached 635 ha in early 21st century (Tedim et al., 2014).

The years 1977, 1994, 2008, 2000, and 1985 are the years, in which the largest lands have been burned within 37 years
examined within the scope of this research. Therefore, there is a 7-8 year cycle between the largest areas burned. In a study
on large fires in Portugal, although there was not an obvious trend between the size of burned areas every year and the risk
of large fires, a cyclic period of three years has been found about the extreme fires (Mendes et al., 2010). We found 6-9
years cycle period between large fires in Turkey (Fig. 3). Forest fire data in Portugal was analyzed using Markov chain and at
the end of the study, it was found that between the years 1980-2006 there was an increasing trend in the area burned (Silva
and Dias, 2013). 1994 was the worst year in Turkey, and the highest number of large fires between 1974 and 2009 occurred
in period of 1991-2000 (Fig.4). Except the year 1994, the worst fire seasons are 2007, 2001, 1993, 2000, 2006, 2003, 2008,

1992 and 1999. When the large fires are examined, it is seen that there has been 176 large fires and 172.2 thousand ha of
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land has been burned. One thing that stands out about large fires is that, during the years in which large fires occurred and
burned large areas, there is an increase in the area burned in proportion to other years. Not only socio-economic factors but
also warming and decreasing trend in spring-summer rainfalls could have an effect on this increase (Pausas-and Fernandez-
Mufioz, 2012; Lloret et al., 2002; Velez, 2001). Increase in extreme weather conditions all around the world will cause to an
increase in large fires (Flannigan et al., 2006; Westerling, 2008). Therefore, it will be right to make a change in the system
which extinguish and eliminate all small fires and thus, cause to accumulation of inflammable materials (Arno and Allison
Bunnell, 2002; Chandler et al., 1991; Omi, 2005). Especially in forests with high risk of fire in the western and south of
Turkey, using controlled burning actively and widely can be an effective method in fighting against large fires (Neyisgi, 1989).
Another thing that should be considered here is to monitor the fire regime and climate changes in Turkey. Thus, that will give
us an idea about whether there will be a need for renewing the forest fire struggling policies in Turkey or not and in such a
case, and what kind of changes will be made.
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