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ABSTRACT

orest fires are mainly caused by human activities. Therefore, the forest fire risk in an area is under the influence of hu-

man activities that may cause forest fires if the vegetation and topographic features are also suitable. While evaluating
the effect of slope on forest fire risk in our study, It has been analyzed with geographical information systems (GIS) the star-
ting points of forest fires have occurred in Turkey in the last 10 years. Thus, an objective assessment try to has been made
about the effect of slope on forest fire risk. According to the analysis results, 40.53% of forest fires occur in Turkey the range
of 0-10% slope. In addition, 87.16% of these fires occur at 0-30% slope. As a result, contrary to the general belief, it has been
determined that as the slope increases, the risk of forest fire decreases. The slope affects the fire inversely proportional, On
the other hand, it affects the forest fire danger in direct proportion.
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0z

rman yanginlarinin ana sebebi insan faaliyetleridir. Bu nedenle bir alanda orman yangini riski, eger bitki ortist ve
Otopoérafik ozellikler de uygunsa, orman yanginina sebep olabilecek insan faaliyetlerinin etkisindedir. Calismamizda
egimin orman yangini riskine etkisi degerlendirilirken, son 10 yilda Tlrkiye’de meydana gelmis orman yanginlarinin baslangi¢
noktalari cografi bilgi sistemleri (CBS) ile analiz edilmistir. Boylece egimin orman yangini riskine etkisi konusunda objektif bir
degerlendirme yapilmaya ¢alisiimistir. Analiz sonuglarina gére Tirkiye’de orman yanginlarinin %40,53’0 %0-10 egim araligin-
da meydana gelmektedir. Ayrica bu yanginlarin %87,16’s1 %0-30 egimde meydana gelmektedir. Sonug olarak, genel kaniya
21t bir sekilde, egim arttikga orman yangini riskinin azaldigi tespit edilmistir. E§im orman yangini riskini ters orantili olarak
etkilerken orman yangini tehlikesini ise dogru orantili olarak etkilemektedir.
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INTRODUCTION

The increasing direct and indirect impact of human acti-
vities on today’s fire regimes makes it difficult to predict
future fire regime changes [1]. The impact of fires as
an ecological factor may result in an ongoing recons-
truction process of ecosystems after fire [2], as well as
resulting in degradation of the ecosystem due to hu-
man causes or distancing from existing floristic compo-
sition and structural features [3]. In other words, both
climate change [4] and other anthropogenic changes [5]
significantly change regional fire regimes [6]. Therefore,
when human and human activities are involved, forest
fire can turn into a major disaster that needs to be eva-
luated outside the natural cycle.

Causes of 89% of forest fires in Turkey while human-in-
duced activities, only 11% are due to lightning [7]. Ba-
sed on this information, areas with high risk of forest
fire are places where fire can easily start and where
human activities get closer to the forest. For example,
most forest fires in Turkey start from agricultural areas,
residential areas, power lines, roads and railways, mi-
ning areas, dumps and picnic areas, in or near the fo-
rests [7]. All of these areas are places where people and
human activities are intense.

It is an obvious fact that the success of forest fire or-
ganizations that do not benefit from Decision Support
Systems such as GIS will be limited and expensive [8].
The most effective decision support systems to be used
in combating forest fires; are the forest fire risk and fo-
rest fire danger prediction systems that form the basis
of the resource organization [9,10]. A precise evaluation
of forest fire problems and decisions on solution met-
hods can only be satisfactorily made when a fire risk
zone map is available. [11].

Almost in all previous studies, slope has been conside-
red as a criterion that directly affects both forest fire
risk and forest fire danger. However, risk and danger are
different concepts. The fact that the slope criterion was
evaluated with the same criteria for both analyzes cau-
sed this study to be carried out.

Forest fire risk is the possibility of occur a forest fire due
to various human activities or due to a natural cause
such as lightning. Forest fire risk is high in places such
as roads, agricultural areas, picnic areas where human
activities are diverse and intense in the forest, but low

in places where human activities are not intense in the
same forest [12]. Forest fire danger is the danger po-
sed by the thick and lively flammable community, which
increases the severity of fire and creates extinguishing
difficulties with thin dry combustibles that can easily ig-
nite. Forest fire danger increases due to the amount of
fine dry combustibles, where fires first start, easily igni-
te and are consumed completely in the fire. Meteorolo-
gical and topographic parameters are directly effective
on fire danger [12].

If all of the forest fire risk factors, including lightning,
that can cause a fire can eliminate, forest fire danger is
also eliminated. In this case, fire danger cannot be men-
tioned [13]. So, the slope criterion; In the analysis of the
forest fire risk, it should be evaluated in terms of the im-
pact on the diversity and intensity of human activities in
or near the forest, while in the analysis of the forest fire
danger, it should be evaluated in terms of the effect on
the speed of spread, the type and amount of flammable
material, and the fire severity.

PREVIOUS STUDIES

In the analyzing of the forest fire risk, static indices
based on criteria such as topography, vegetation type
and distance to human activities are used. However,
dynamic indices with criteria such as temperature, wind
and humidity are also used in the analysis of forest fire
danger. Complex indices used for both risk and danger
analysis were also tried (Table 1).

It was stated that as the slope increases in all of the-
se studies, both the forest fire risk and the forest fire
danger increase. Tables and equations were prepared
in accordance with this rule, and risk and danger indices
were calculated accordingly (Table 2).
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Table 1. Criteria and indices used in previous studies.

Type of Analysis Criteria Index Reference
Risk Vegetatioh, altitude, slope, Static Chuvieco and Cor_lgalton
aspect, distance to road (1989) / Spain

Vegetation type (fuel

Risk moisture), slope, distance to Static Jaiswal et al. (2002) / India
settlement, distance to road

Temperature, humidity and ) Alonso- Betanzos et al. (2002)
Danger e Dynamic )
precipitation / Spain
Vegetation type (fuel
. moisture), slope, aspect, )
Risk distance to roads and distance Static Erten et al. (2002) / Turkey

to settlements

Forest type (species), slope,

Risk aspect, distance to road, Static Erten et al. (2005) / Turkey
distance to settlement

Species composition, crown
closure, development stage,
Risk aspect, slope, agricultural Static Saglam et al. (2008) / Turkey
area-forest distance, distance
to settlement

Species composition, crown
Danger closure, development stage, Static+Dynamic Saglam et al. (2008) / Turkey
aspect, slope
Vegetation (fuel moisture), )
) & ( ) ) ) Siachalou et al. (2009) /
Risk slope, aspect, distance to Static
Greece
roads and settlements

Fuel model, solar radiation,
Danger+Risk topographic humidity and Static+ Dynamic Lein and Stump (2009) /USA
population density

Risk Roads, buildings, land use,

Stati Cipriani et al. (2011) / Brasil
slope, altitude and view atic ipriani et al. ( )/ Brasi
NDMI (Normalized Difference
Moisture Ind | t
Risk oisture Index), slope, aspect, Static Adab et al. (2013) / Iran
altitude, distance to roads,

distance to settlements

Species combination, crown
closure, development stage,
Risk slope, aspect, distance to Static Sivrikaya et al. (2014) / Turkey
settlements and agricultural
areas, distance to roads
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Table 2. Use of slope criteria and calculation of risk / danger index in previous studies

Slope

0-3%
3-5%
5-10 %
10-15%

15-35%

>35%
<5%
10-5%
25-10%

35-25%

>35%

0-5%

5-15%
15-35%

>35%

<5%
10-5%
25-10%
35-25%

>35%

0-5%

5-15%

15-35%

>35%

0-5%

5-15%
15-35%

>35%

Value Assigned
2
3
4
5

10

w N=wu;

AW N

Risk/Danger

Low Risk
Moderate Risk
Moderate Risk

High Risk

Very High Risk

Very High Risk
No Risk
Low Risk

Moderate Risk

High Risk

Very High Risk
Low Risk
Moderate Risk
High Risk

Very High Risk

No Risk
Low Risk
Moderate Risk
High Risk

Very High Risk

Low Danger
Moderate Danger

High Danger

Very High Danger

Low Risk

Moderate Risk
High Risk

Very High Risk

Equation

FR=10F+2H+2R+3S
FR: Forest fire risk index
F: Vegetation type
H: Distance to
settlements
R: Distance to road
S: Slope

RC = 7FT+5(S+A)+
3(DR+DS)

RC: Forest fire risk index
FT: Vegetation type
S:Slope A:Aspect
DR:Distance to road

DS:Distance to
settlements

FRI=10SC+2AL+2SA+
35+2I1S
FRI: Forest fire risk
index
SC: Species composition
AL: Distance to
agricultural areas
SA: Distance to
settlements
S: Slope IS: Aspect

FRI = 7Vt+5(S+A)+
3(Dr+Ds)
FRI: Forest fire risk
index
Vt: Vegetation type
S:Slope A:Aspect
Dr: Distance to road
Ds: Distance to
settlements

FDI=SC2(CC+SD+S+1S)
FDI: Forest fire danger
index
SC: Species composition
CC: Crown closure
SD:Stage of
development
S:Slope IS: Aspect

FRI=10(SC+CC+DS)
+55+3IS+2SA+2R
FRI: Forest fire risk
index
SC: Species composition
CC: Crown closure
DS: Developement
stage
S: Slope IS: Aspect

Reference

Jaiswal et al.
(2002) / India

Erten et al.
(2002) / Turkey

Saglam et al.
(2008) / Turkey

Adab et al.
(2013) / Iran

Saglam et al.
(2008) / Turkey

Sivrikaya et al.
(2014) / Turkey



MATERIALS and METHODS

The likelihood of a forest fire largely depends on the
presence and intensity of human activities, and human
activities are mostly concentrated in low slope areas.
For example, 81% of villages in Turkey were established
in areas with a slope of 0-20% [14]. Therefore, the risk of
forest fire should be high in low slope areas. In order to
test this determination, in the last 10 years (2010-2019)
occurred forest fires in Turkey, were analyzed with GIS.

Data

The data stored on fire registry forms for many years
started to be gradually stored in the computer system
after 1998. With the “Fire Management System” that
started to be used after 2010, more and more healthy
information has been kept in the database. Today, as
soon as each forest fire is detected, is entered a web-
based management system, and a maximum of 64 dif-
ferent information about each fire can be stored in the
database based on GIS. However, not all fires have fire
starting data.

In the last 10 years (2010-2019) 24.773 forest fires have
occurred in Turkey. While 2,725 of these fires were ca-
used by lightning, 22,048 were caused by human ac-
tivities. There are starting coordinate data of 7,766 of
22,048 fires caused by human activities [15]. The slope
analysis was made on these fires, where starting data
are available.
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Method

7,766 forest fires with fire starting data were analyzed with
GIS using a digital topography map base. The slope per-
centages of the fire-starting coordinates were determined
and a ratio-based table was created, thus, it was tried to
reveal in which range the forest fires occurred the most
according to the slope.

To make the results more meaningful, firstly, distribution
of Turkey’s forests on the slope classes were analyzed.
Thus, the proportional distribution of forest fire risk on the
Turkey’s forest areas is also shown.

RESULTS and DISCUSSION

All studies on the forest fire risk have accepted that the
slope has a linear effect on fire risk [11,16-23]. However,
approximately 90% of forest fires are caused by people
and human activities. People also prefer low slope lands as
much as possible for settlement and work. Because as the
slope increases, both costs and labor increase [14]. In other
words, human and human activities, which are the biggest
cause of forest fire, are concentrated in low slope areas.

When the fire-starting points are analyzed with GIS, it is
seen that 40.53% of forest fires started in areas with a slo-
pe of 0-10%. Also 23,57% of fires occurred in areas with a
slope of 11-20% and 7,09% of the fires occurred in areas
with a slope of 21-30% (Figure 1). In other words, 87,16%
of fires started in areas with a slope of 0-30%. On slopes
above 50%, it is understood that forest fire rarely begins.
In contrast, only 46,12% of the forests in Turkey is located
on the slopes of 0-30%. (Table 3).

Table 3. Slope analysis of forest fires in the last 10 years (2010-2019) in Turkey.

Slope (%) Number of Fires
0-10 3147
11-20 2530
21-30 1092
31-40 551
41-50 247
51-60 124
61-70 48
71-80 17
81-90 7

>91 3

TOPLAM 7.766

Rates (%) Forest Area (%)
40,53 18,56
32,57 16,23
14,06 11,33
7,09 13,63
3,19 10,91
1,59 8,22

0,62 6,45
0,22 6,24
0,09 4,12
0,04 4,31
100,00 100,00
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Figure 1. Forest fires and Forests in Turkey on the slope ranges.

In previous studies, it was accepted that the forest fire
risk increases with slope, just like the forest fire danger.
Therefore, the slope is included in the equation as a cri-
terion that increases the risk when calculating the fo-
rest fire risk index (Table 2). As a result of this relatively
objective study, a new classification for slope-forest fire
risk has been revealed (Table 4).

CONCLUSION

Slope is one of the most important factors affecting
the forest fire danger. Assuming there is no wind, the
flames and heat increase depending on the slope. In a
study was conducted in 1997, Teie stated that the speed
of fire spread on a 50% slope land is equal to a wind
with a speed of 8 km per hour [24,25]. On the other
hand, Perry stated in his study in 1990 that every 20%

Table 3. Effect of slope criterion on forest fire risk and risk rating.
Slope (%)

0-10
11-20
21-30
31-50

>50

Value Assigned

PN W~ w;

increase in slope doubled the rate of fire spread [26].
The slope degree has almost the same effect as the
wind on the growth of fires. This effect; It can be explai-
ned as “fires progress faster on sloping terrain provided
that other features are the same” [24].

However, contrary to what is mentioned in previous
studies; while the forest fire danger increases with slo-
pe, the forest fire risk decreases as the slope increases.

Forest fire risk indicates the possibility of to occur forest
fire in an area. The main cause of forest fires is human
activities. People also prefer to settle, work and conti-
nue other activities on low slope lands where they are
advantageous in terms of energy and cost.

Risk

Very High Risk
High Risk
Moderate Risk
Low Risk

Very Low Risk



Geographic analysis of the starting coordinates of a lar-
ge number of forest fires suggests that the slope crite-
rion may have been misused in all studies on forest fire
risk so far.

As a result of our study, it is thought that the risk classifi-
cation that reveals the slope-forest fire risk relationship
can be used for more accurate evaluations in the analy-
sis of fire risk.
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