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Abstract. Forest fires have negative effects on human health, ecosystems and climate change. One way to
fight and prevent forest fires is formation of risk maps based on Geographical Information Systems (GIS).
This study created a GIS-based database that contains information on forest fires that took place in
Istanbul, Turkey in the period of 2013-2016 such as location, reason, burned area, etc. According to the
spatial analysis maps that were obtained based on the initial location of the fires in 2013-2016, a large
part of the fires took place in the zone in the south of the city between forests and settlement areas. It was
also aimed in this study to reveal the relationship between the initial locations of forest fires and their
distance to forest roads. For this purpose, spatial and temporal distribution maps were crated for the fires
that took place in 2013-2016 with buffer zones that were created in distances of 0-25 m, 25-50 m, 50-
75 m and 75-100 m from forest roads. According to the results of this analysis, among the total of 427
forest fires that took place within 0-100 m from forest roads, 186 (43%) took place within 0-25 m, 99
(23.19%) took place within 25-50 m, 90 (21.08%) took place within 50-75 m and 52 (12.18%) took place
within 75-100 m. As it may be understood from the analysis results, numbers of fires decrease when the
distance from forest roads increases.
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Introduction

Forest fires occur due to natural and anthropogenic effects (Adab et al., 2013; Demir
et al., 2009) and affect human health, ecosystems and climates negatively
(Sukitpaneenit and Oanh, 2014; Arganaraz et al., 2015). In a time less than the last 200
years, about six million square kilometers (600,000,000 ha) of the forests in the world
were damaged due to forest fires (Dimopoulou and Giannikos, 2004).

Reducing the severity of losses related to forest fires is largely dependent on
precautions such as fire prevention, detection and elimination (Kucuk et al., 2017). One
of the most important precautions in question is formation of fire risk maps. Fire risk
maps, which are created for determining areas with high fire risk, are a significant
prevention tool that will help plan firefighting and fire prevention work (Aricak et al.,
2014).

In forming fire risk maps, G1S-based spatial analysis results provide significant basis
in fighting fire (Jaiswal et al., 2002; Erten et al., 2004).

Based on their cause of occurrence, forest fires may be divided into six groups as
natural fires, fires with no known cause, accident fires, deliberate fires, voluntary fires
and rekindle fires (San-Miguel-Ayanz et al., 2012). The FAO report dated 1998 stated
that the vast majority of the fires in Turkey were anthropogenic. While the ratio of
anthropogenic fires in Turkey is 97%, only 3% occurred due to lightning. Among
anthropogenic fires, 23% occur due to arson and deliberation, 27% occur due to neglect
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and carelessness, and 50% occur without a known cause (Mol and Kucukosmanoglu,
1997; FAO, 1998).

As Mol and Kucukosmanoglu stated in 1997, people cause the majority of forest
fires in Turkey. Again, a significant part of these occurs due to fires that are lit during
picnics with recreational purposes. There are areas for building controlled fires in
recreational areas.

However, especially in large metropolitan cities where there is intense anthropogenic
pressure on forests such as Istanbul, recreational areas may be insufficient, and people
may build picnic fires in forests outside controlled picnic areas. The majority of the
places where these fires in question are built are near forest roads as they are easily
accessed. In addition to all forestry operations, forest roads are also used for recreational
needs (Akgul et al., 2016).

In the scope of the study, GIS-based spatial analyses were used to map the fires that
took place in the forest areas within the border of the province of Istanbul in the period
of 2013-2016 based on the causes of fires and the distances of the fires to forest roads,
and the initial locations and intensities of the fires were analyzed.

Material and methods
Study area

The research area was selected as Istanbul city which is located in the north-west
Marmara region of Turkey, in the coordinates of 28°10” and 29°40° East longitudes and
40°50” and 41°30” North latitudes (Fig. 1).
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Figure 1. Location map of the study area

About 46.6 (251,716 ha.) of Istanbul is covered with forests, and these areas are
distributed in the north of the city. Within the forest areas, there is a total of 4414-km-
long forest roads. There are also 36 recreational areas with different sizes within the
forest areas in Istanbul. These areas are popular among the citizens (Fig. 2).
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Figure 2. Location map of the study area

Methods

This study investigated the fires that took place in 2013-2016 in forests within the
provincial borders of Istanbul according to General Directorate of Forestry Turkey
(GDF, 2017). Where these fires mostly occurred and the distances of these fires were
determined. For this, a database was created using the ArcGIS 10.3 GIS software to
analyze the locations of these fires. In the database, the date of the forest fires, forest
fire occurrence locations (in the ITRF 96 coordinate system), total burnt areas (ha) were
defined.

Forest fire density analysis was conducted with the database that was create within
the scope of the study. In addition to the density analysis, spatial analysis of the fires
that took place in 2013-2016 was carried out using the Kernel Density method. Kernel
density method is commonly used in several engineering disciplines it provides to
calculates the density of features in a neighborhood around the features.

Within the main purpose of the study buffer zones were defined in distances of O-
25 m, 25-50 m, 50-75 m and 75-100 m from forest roads. This is how the zone where
the fires mostly occurred was determined. The buffer zones were overlapped with the
forest fire locations in the ArcGIS 10.3 software. The overlapping process was carried
out based on the years.

Results and discussion
Numerical and spatial distribution of forest fires according to main reason of fires

In the study, according to fire reasons, forest fires were investigated in five groups as
lightning, carelessness, sabotage, electrical fault and unknown cases. In order to
determine the relationship between the locations of fire and numbers of fire with fire
reasons, the number of fire over the years is also shown in Table 1 depending on the fire
reasons. According to spatial distribution analysis results for 2013 it was calculated that
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the minimum number of fire occurred by lightning as one while maximum number of
fire caused carelessness was calculated as one.
According to the distribution analysis of main reason of fires (Table 1);
Considering the total of 243 fires that took place in 2013;
e Most (87) of the fires occurred due to carelessness,
e Following this, 78 fires occurred without a known cause,
e The least of the fires (1) occurred due to lightning.

Considering the total of 100 fires that took place in 2014;
e Most (46) of the fires occurred due to carelessness,
e Following this, 28 fires occurred without a known cause,
e The least of the fires (2) occurred due to lightning.

Considering the total of 121 fires that took place in 2015;
e Most (53) of the fires occurred due to carelessness,
e Following this, 45 fires occurred without a known cause,
e The least of the fires (2) occurred due to electrical fault.

Considering the total of 196 fires that took place in 2016;
e Most (141) of the fires occurred due to unknown causes,
e Following this, 38 fires occurred due to carelessness,
e The least of the fires (17) occurred due sabotage.

As understood from the results of the spatial distribution analysis and seen in
Figure 4, a large part of the fires took place in the zone in the south of the city between
forests and settlement areas. It is also seen that the forest areas and northern parts where
forest fires took place the least frequently had high numbers of recreational areas

(Fig. 3).
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Figure 3. Fire locations by year
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Table 1. Distribution of fires according to main reason of fires

Senturk: Assessment of relationship between forest road and fire

Fire reason 2013 2014 2015 2016 Total
Lightning 1 2 0 0 3
Carelessness 87 46 53 38 224
Sabotage 72 24 21 17 134
Electrical fault etc. 5 0 2 0 7
Unknown cases 78 28 45 141 292
Total 243 100 121 196 660

According to the results of the spatial distribution analysis on the causes of fires;
Within the total of 50.46 ha of burnt areas in 2013;

e The smallest area (0.02 ha) was burnt due to lightning,

e The largest area (26.05 ha) was burnt due to sabotage.

Within the total of 14.13 ha of burnt areas in 2014;
e The smallest area (0.03 ha) was burnt due to lightning,
e The largest area (6.60 ha) was burnt due to carelessness.

Within the total of 24.20 ha of burnt areas in 2015;
e The smallest area (0.09 ha) was burnt due to electrical fault,
e The largest area (9.52 ha) was burnt due to sabotage.

Within the total of 33.78 ha of burnt areas in 2016;
e The smallest area (1.77 ha) was burnt due to sabotage,

e The largest area (28.83 ha) was burnt due to unknown reasons (Table 2,
Fig. 4).
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Figure 4. Spatial distribution of forest fires according to fire causes
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Table 2. Distribution of burning areas according to main causes of fires

Fire reason 2013 2014 2015 2016 Total
Lightning 0.02 0.03 0 0 0.05
Carelessness 8.15 6.60 9.6 3.18 27.53
Sabotage 26.05 4.46 9.52 1.77 41.80
Electrical fault etc. 1.33 0 0.09 0 142
Unknown cases 14.91 3.044 4.99 28.83 51.77
Total area (ha) 50.46 14.13 24.20 33.78 122.57

Spatial distribution of forest fires by distance to road

It was aimed to reveal the relationship between the initial locations of the fires and
their distance to forest roads. For this purpose, spatial and temporal distribution maps
were crated for the fires that took place in 2013-2016 with buffer zones that were
created in distances of 0-25 m, 25-50 m, 50-75 m and 75-100 m from forest roads

(Fig. 5).
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Figure 5. Spatial distribution of forest fires by distance to forest road
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According to the spatial and temporal distribution analysis results, within 100 m
from forest roads, there were
197 fires in 2013,
42 fires in 2014,
76 fires in 2015,
112 fires in 2016,

constituting a total of 427 fires. This number represents 64.6% of the total number of
fires that took place in Istanbul in 2013-2016 (Table 3, Fig. 6).

Additionally, considering the distances of the fires that occurred in 2013-2016, 186
(43%) took place within 0-25 m, 99 (23.19%) took place within 25-50 m, 90 (21.08%)
took place within 50-75 m and 52 (12.18%) took place within 75-100 m.

In the study by Eskandari (2017) that aimed to reveal forest fire risk using the fuzzy
Analytic Hierarchy Process (AHP) and GIS methods, it was found that the distance
from the road and the distance from settlements were the most important risk factors
among anthropogenic risk factors. Moreover, Narayanaraj and Wimberly (2012)
determined that reduction of closure near the roads, increase of wind and temperature
and forest management activities impact burning. It was also emphasized by several
authors that proximity to roads increases risk of fire (Pourtaghi et al. 2016; Vinod et al.,
2016; Ajin et al., 2016).

Table 3. Distribution of forest fires by distance to road

Buffer zone (m)
Years 0-25m 25-50 m 50-75m 75-100 m Total
Number % Number % Number % Number %

2013 81 41.12 48 24.37 43 21.83 25 12.69 | 197
2014 21 50.00 6 14.29 8 19.05 7 16.67 42
2015 39 51.32 18 23.68 11 14.47 8 10.53 76
2016 45 40.18 27 24.11 28 25.00 12 10.71 112
Total 186 43.56 99 23.19 90 21.08 52 12.18 | 427
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Figure 6. Forest fires by distance to forest road
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As it may be understood from the analysis results, numbers of fires decrease when
the distance from forest roads increases. Furthermore, when the ratios of the locations of
the fires are considered, it is seen that 97.13% of the fires in Istanbul occurred in the
southern parts of the city. It is understood that most of the fires were found near the
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settlement areas as can be seen from Figure 4.

This may be interpreted as the following. When the recreational purposes of the
citizens in large metropolitan cities like Istanbul and the distance of residential areas to
green spaces are considered, the numbers of forest fires are higher in the southern parts
of Istanbul where green spaces are lacking. The fire density analysis based on the initial
locations of forest fires that is shown in Figure 7a and the area size and fire density
analysis that is shown in Figure 7b which were carried out to test this hypothesis also

confirmed that the highest density of the forest fires was in the southern parts.
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Figure 7. Results of intensity and area fire intensity analysis according to fire exit points

L)
600000

L
625000

U
650000

T
675000

T
700000

T
725000

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(5):6195-6204.

http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1605_61956204
© 2018, ALOKI Kft., Budapest, Hungary



Senturk: Assessment of relationship between forest road and fire
- 6203 -

In agreement with this situation, Dong et al. (2005) stated that as the distance from
roads, residential areas and agricultural lands increases, risk of fire would decrease.
Moreover, other studies by Suryabgavan et al. (2016) and Matin et al. (2017) observed
that forest fires are more frequent in relation to anthropogenic factors in places that are
close to residential areas.

Furthermore, considering the distances of the fires from forest roads, in the southern
parts of Istanbul where there is a dearth of recreational spaces, it is seen that people park
their vehicles on the side of roads and take part in picnic activities with fire due to
lacking and/or uncontrolled picnic and recreational needs.

Additionally, the reason for reduced numbers of fires as one gets further away from
forest roads may be that people carry out picnic activities with fire at locations close to
their vehicles to keep a line of sight for security.

Conclusions

With this study, the relationship between the locations of fires and their distances to
roads and other areas (residential and agricultural land) was determined with the help of
GIS. Based on the analyses that were carried out within the scope of the study, it was
found that proximity to such locations increased the number of fire. Accordingly,
proximity to these places should be kept in mind and planning should involve
information on this within the scope of fighting and taking precautions against forest
fires. The results of the study are important especially in terms of reducing forest fires
that occur due to anthropogenic reasons as people access recreational areas with these
roads in large metropolitan cities.

Moreover, it is believed that this study will allow determination of priority and
importance of firefighting and precautions against fires, as well as detection and ranking
of risk zones. In addition to all these precautions, protective activities in forests and
zones between forests and settlements where anthropogenic pressure is high should be
carried out intensely, and green spaces (picnic areas and parks) that will reduce the
pressure of the citizens on the forest should be planned and built in suitable locations
and with suitable space.
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