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EFFECT OF GLOBAL SOLAR RADIATION

THREATS TO FOREST FIREIN THE AREA OF

NATURE PARK ,,GOLIJA* SERBIA

STANIMIR ZIVANOVIC!
MARINA VUKIN?

Abstract: Solar energy has a strong impact on the vegetation and on creating conditions
suitable for the occurrence of fire. This study presents a model which allows determination
of the intensity of the global solar radiation at the specified location in the certain period
of time. The aim of the study was the evaluation of the forests fire risk factors, depending
on the topographic elements. The object of the research was the protected natural area of
the Nature Park “Golija”, in southwestern Serbia. Since 2001, Golija mountain has been
under state protection as the Golija Nature Park, which was placed in category I as a natural
resource of great importance for Serbia. Because of the exceptionally well-preserved natural
environment, but also because of its cultural resources, the committee of the MAB/UNESCO
Man and the Biosphere Reserve Programme set up the Golija - Studenica Biosphere
Reserve within the Golija Nature Park. Changes in global radiation were determined using
the method PVGIS-CMSAF considering variability dependant on the side of the world and
angle of the surface. The analysis was based on the average monthly and annual values of
global solar radiation in the study area. The calculations obtained by PVGIS program showed
that in the Golija mountain area there is a significant radiation intensity dependant on the
orientation and inclination of the surface. For an area with an inclination of 10°, maximum
measured radiation was in July, when the surface was oriented towards the south. Annual
values of solar radiation on a surface oriented towards the south, are approximately 60,7%
higher than the inflow of energy on the surface oriented toward the north. Some practical
information and arguments presented in this study can be used by the competent services in
the assessment of forests fire risk factors.

Keywords: global solar radiation, Protected natural area of the Nature Park “Golija’,
orography, forest fire

EDEKAT ITIOBAJTHOT CYHYEBOT 3PAYEILA HA YTPOXKEHOCT IIYMA O
I[TOXAPA HA TTIOZIPYYJY ITAPKA ITPMPOJE “TOJINJA” Y CPBUU

MsBom: CyHueBa eHeprmja 1MMa BeIMKM YTHIAj Ha CTalbe BereTalyuje M CTBaparmbe
yc/IoBa IOTOJHNUX 3a HACTAHAK IIOKapa. Y pajy je IpefcTaBbeH MOfen Koju oMmoryhasa
U3padyHaBamke MHTEH3UTETa ITI00ATHOr CYHUeBOr 3padera, Ha ofpeheHoj mokauuju u y
ozmpeherom BpemeHcKoM mepuopny. b paga duo je BpenHoBame (BaKkTopa yrpOXKEHOCTI
IyMa oOf IIOXKapa 3aBUCHO Of oporpadckux enemeHara. OdjekaT MCTpaXuBama
pepcTasbaio je 3amTuheno npuponHo noapydje Ilapk npupoge “Tonuja’, y jyrosamagHoj
Cpduju. Op 2001. ropune moppydyje mianyHe [0nuje CTaB/beHO je MO 3ALITUTY Jp>KaBe
kao ITapk mpupope ,lonmja“, koju je cBpcran y I KaTeropujy 3aluTure Kao HPMPOSHO
1odpo o M3y3eTHOr 3Havaja. 300r OUYBAaHOCTM M3BOPHMX NPUPOSHUX BPEJHOCTI, A/l U
kynTypuux spegaoctu, MAB/UNESCO xomuteT y OKBUpY OBOT ITapKa IPUPOJie TPOTIacuo
je Pesepar Omocdepe Tommja - Crypenuna. ITpomene rmodamHor spauema onpebhene
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cy npumenoMm Mmetofia PVGIS-CMSAE ca carrefaBambeM IIPOME/BMBOCTU 3padema y
3aBUCHOCTH Of] CTpaHe cBeTa U yra (Haruda) mospiuyHe. AHaIM3a je BpLIEHA Ha OCHOBY
Cpeftbe MecedHe I TONUIIbe BPEFHOCTHU ITI00ATHOT CYHUEBOT 3padelba Ha MCTPKIUBAHOM
nozipyyjy. [Tpopauynu nodujenu on crpane PVGIS mporpama mokasasi cy Aa 3a Mofpydje
Tonuje mocroju n3pakeHa pasnayuKa MHTEH3UTETA 3paderba, y 3aBUCHOCTU Off OpMjeHTaLje
u Haruda MoBpIIMHe. 3a MOBPIINMHY ca HarndoM off 10°, MaKCHMMaTHO M3MepPEeHO 3paderbe je
Y jy/y YKONMKO je TIOBPILIMHA Ca OpMjeHTalMjoM ITpeMa jyry. lopniimmbe BpelHOCTY eHepruje
CYHYEBOT 3payera Ha HMOBPIINHY KOja je OpMjeHTICaHa IpeMa jyry cy 3a oko 60,7% Behe
oJl IpU/IMBA €HepIUje Ha MOBPIIMHY OPUjeHTUCAHY IpeMa ceBepy. IIpakTuunu nopanyu n
apryMeHTV IIPMKA3aHU y OBOM pajly MOTY Jia Ce KOPUCTe Off CTpaHe HaJUIeXKHNX CITyXOu y
TIPOIIEHY YTPOSKEHOCTH IITyMa Off TIoXKapa.

Kibyune peum: rmodamHo cyHueBo 3pademse, [Ipmpomno samruheno moppydje ITapk
npupoze “Tonuja”, oporpaduja, MyMCKI IToXap

1. INTRODUCTION

The duration of sunshine has a great influence on vegetation. Schedule, type
and weight gain, as well as the condition of vegetation depends on the amount
of solar radiation received. The total potential energy radiation that reaches the
surface, changes considerably during the day and those changes depend on the
time of the year and the position of the illumination in the area (Markvart,
T. et al., 2003; Zivanovié, S., 2011). All this shows the great variability of
the radiation power. Continuity changes can be predicted with greater or lesser
accuracy, because the rhythm of phenomenon is known (sunrise and sunset).

The largest quantity of solar radiation in the northern hemisphere is recorded
during the period from April to September, which coincides with the vegetation
period (Gburcik, P. et al., 2004). In Serbia, it is an average of 3.5 kWhm™ per day
(Dragicevi¢, M. S. et al,2007; Gburcik, P. et al., 2006; Radicevi¢, B. et al.,
2009). The energy potential of solar radiation in Serbia is about 30% higher than
in Central Europe (Radicevi¢, B. et al., 2009; Stameni¢, Lj., 2009). Due to the
geometry, the inclination and the rotation of the Earth, which therefore comes
in different positions relative to the Sun, solar radiation is unevenly distributed
on the surface of the Earth (Milankovi¢, M., 1997). In the areas with different
exposures and different slopes, duration and intensity of solar radiation is different,
as well as the conditions for drying of combustible materials. The intensity of
direct solar radiation increases with increasing altitude (Koli¢, B., 1988) which
is caused by the reduction of air density and the reduction of air adjoins (water
vapor, dust particles, etc.). As the sun rays pass the shorter path through the
thinner and cleaner air to the mountain peaks than to the plains on small altitudes,
their intensity is stronger in the mountains than in the plains. The slope of the
terrain affects on the formation of the local climate, soil and plant covers, as well
as on the amount of solar radiation received (Xavier, P. et al., 2008) believes
that calculating the value of solar radiation on the Earth’s surface, considering
the relief, is of the great importance for the environment study. Data about the
intensity of solar radiation can be calculated based on satellite measurements of
extraterrestrial radiation at the edge of the Earth’s atmosphere. The intensity of
radiation on the earth’s surface can be determined by different models. PVGIS
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(Photovoltaic Geographical Information System) is a model that is widely used for
various calculating of the solar radiation intensity (Ramachandra, T.V., 2007,
Lalit, K. et al., 1997).

The aim of this study is to analyze the impact of solar radiation on the fire
vulnerability of forests dependant on the exposure time and the inclination of the
vegetation surface.

2. MATERIALS AND METHODS

“Golija” Nature Park is located in the southwestern part of Serbia between 18°
06 ‘and 23° 01’ east longitude and 41° 52° and 46° 11’ North longitude. It is 751,83
km? wide and covers the territory of the municipalities Ivanjica, Kraljevo, Raska,
Novi Pazar and Sjenica. The highest peaks are Jankov Kamen (1.833 m a.s.l.),
Radulovac (1.785 m a.s.l.), Bojovo mountain (1.748 m a.s.l.) and Black top (1.725
m a.s.l.). The lowest point in the area is located at the mouth of the river Ibar in
Studenica (329 m a.s.l.). Relief has a mountainous character, because over 90% of
the territory is on 500 m above the sea level.

Golija belongs to the inner zone of Dinara mountain system. It stretches in
the direction west-east in a distance of about 32 km. In the western part, it is
curved toward the south and in the eastern part, it is curved to the north. The
characteristics of the climate are long and harsh winters, rich in precipitation and
short, cool summers. The forest coverage is about 48% of the territory, dominated
by broadleaf and mixed forests with sylvan character at some parts. The most
widespread are beech forests (63,3% of the total volume), spruce forests (19,5% of
total volume) and the forest with mountain maple (Acer heldreichii). The area is
dominated by pure stands in 60,5% and by mixed stands on 39,5% of the territory.
Since 2001, Golija mountain has been under state protection as the ,,Golija“ Nature
Park, which was placed in category I as a natural resource of great importance
for Serbia. Because of the exceptionally well-preserved natural environment, but
also because of its cultural resources, the committee of the MAB/UNESCO Man
and the Biosphere Reserve Programme set up the Golija - Studenica Biosphere
Reserve within the Golija Nature Park.

For the analysis of climatic and meteorological parameters, data from the
meteorological station Sjenica (¢ 43° 17N 20° 00E X altitude 1.038 m a.s.l.) had
been used. Series of solar radiation data from the area of Nature Park “Golija”
(Serbia) had been used for analyze of forests fire risk factors, dependant on the
topographic elements. Determination of the intensity of solar radiation was
analyzed for the areas with a different slope and deferent orientation towards
different parts of the world. The intensity of this radiation was determined by
applying the model PVGIS (Photovoltaic Geographical Information System).
After processing the data of solar radiation, it is possible to define the forest fires
risk dependant on topographic conditions.
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3. RESULTS AND DISCUSSION

3.1 Location and climate

“Golija” Nature Park is located in the southwestern part of Serbia. The
geographical location is determined with 18° 06’ and 23° 01’ east longitude and
41° 52’ and 46° 11’ North longitude. Its altitude and position in relation to the
neighboring mountains and valleys have influence on the specific climate of the
area (http: /www.hidmet.gov.rs /) with the average annual air temperature of
6,7°C and precipitation of 749,5 mm (period 1981-2010.). In the Golija area there
are three main climatic regions:

- Valley with mountain, covers areas up to 700-750 m above the sea level
(a.s.l.) and it is characterized by a moderate continental climate modified by the
influence of the surrounding mountains;

- Transitional-continental, includes the areas of 700-750 to 1300 m a.s.l., with
short and fresh summers, warm days, cool nights and long, cold winters with
plenty of snowfall;

- Mountainous, covers an area of more than 1.300 m above sea level, and
it is characterized by sharp, cold winters and short chilly summer (Ypegéa o
yiiephusary Ilpocitioprol tinana uogpyuja tiocedHe Hamere Ilapka upupoge
Tonuja, 2009).

Zivanovié, S. et al. (2013) indicates that this area has the characteristics of
humid climate with Bioclimatic area of high forest. The area of this park, where
the forests are positioned, was predominately composed by ultramafic, acidic
silica and limestone rocks. Plots are preserved, the most common type of brown,
rarely rankers, except where the limestone, due to the erosion process, created
barren land. Due to the impermeable geological substrate and the abundance of
rainfall, Nature Park Golija is rich in water. Golija is a mountain with a well-
preserved forests of beech, spruce and maple.

Warmest month on Golija is July on the average daily temperature of 16,5 °C,
while the coldest month is January with an average daily temperature of -3,6 °C.
Summers are fresh and winters are cold with a with lots of snow that retains for a
long time. Annual maximum average precipitation on Golija is in June (79,1 mm)
and minimum (46,3 mm) is in January. Based on RHMZ Serbia data, in the period
from 1981 to 2010, the average duration of insolation on Golija was 1936,8 hours
with a maximum in July of 264,4 hours or with an average insolation of 8,5 hours
a day. The minimum duration of sunshine is in December with 72,6 hours or with
an average of 2,3 hours a day.

Average values of meteorological data, for Meteorological station Sjenica, in
the period 1981 to 2010 are shown in Table 1.
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Table1  Average values of the meteorological data of Sjenica in the period
from 1981 to 2010 (Source: http: /www.hidmet.gov.rs/)

Ta6ema 1. Cpentbe BpeJHOCTY METEOPOIOLIKNX [IOfIaTaka 3a noppyyje CjeHure
3a mepuox 1981-2010. rogune (u3Bop: http: /www.hidmet.gov.rs/)

Month Average airo Precipitation Monthly Sunshine
temperature (°C) (mm) duration (hour)

January -3.6 46.3 87.0
February -2.7 474 101.3
March 1.8 46.4 145.6
April 6.5 55.7 162.3
May 11.5 71.5 206.2
June 14.7 79.1 2295
July 16.5 66.9 264.4
August 16.2 62.0 246.1
September 11.9 75.6 179.6
October 7.8 62.4 145.7
November 2.2 74.1 96.6
December -2.1 62.2 72.6

3.2 Geomorphologic characteristics of “Golija” Nature Park

Exposure relief modifies the effect of light and heat in a series of inter-related
phenomena and processes (temperature, air and soil and the state of combustible
material). The speed of surface water runoff, soil moisture saturation and intensity
of geomorphologic processes depends on, inter alia, from the slope of the ground.
GIS analysis shows that the aspect of relief on northeast (15,9%), Western (14,4%)
and Eastern (14,3%) aspects occupy the largest part of the park (Table 2).

Table 2  Orientation with respect to the compass of “Golija” Nature Park

Ta6ena 2. OpujenTamyja ¢ 003upoM Ha ctpane cBeta y llapky mpuposme

“I'onuja”
@2 @ b7 7
Sideoftheworld | E | 5 | 2 | B P P E E
ide of the wor = =
v z| &2 | = | 5| 5 E E E
Z 1] Z. 19}
Share in total area (%) | 8.6 9.0 143 | 144 15.9 12.3 12.6 12.9

The analysis of inclination angles of the “Golija” Nature Park relief, show that
the angles of inclination between 20-30% distributed to 31.6%, on the largest part
of the territory (Zivanovi¢, S., 2015). It is very important data that only 1.9% of
the territory of the park is on the slope greater than 40° (Figure 1,Table 3).
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Figure 1 Slope of the terrain “Golija” Nature Park
(Source: CEP 2004)
Cauka 1. Haru6 tepena y Ilapky npupone “T'onuja”
(usop: CEP 2004)

The values of the angles of inclination of relief “Golija” Nature Park

Table 3
Tabesa 3. Bpennoctu yrnosa naru6a pesbeda y [lapky npupone “I'onuja”
Typ:ffgﬁldaﬁzrl):%(}i?n% ﬁg;t}il(e):rfize Slope (°) Share in total area (%)
Flat and very gently sloping terrain 0-3 3.6
Gently sloping terrain 3-5 5.1
Pretty sloping terrain 5-8 5.4
Skew field 8-12 8.2
Highly skewed field 12-16 13.4
Moderately steep terrain 16-20 22.9
Moderate steep terrain 20-30 31.6
Very steep terrain 30-40 7.8
above 40 1.9

Regarding the altitude zone (CEP 2004), this analysis shows that predominantly,
the park areas are located at altitudes above 500 m above the sea level (Figure 2).
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Figure 2 Altitude zone “Golija” Nature Park
(Source: CEP 2004)
Cuimka 2. Bucuncke 3oue y [Tapky npupone “T'onnja”

(usBop: CEP 2004)

3.3 The energy of solar radiation

A. extraterrestrial radiation

The radiation spectrum of the sun, without the influence of the atmosphere
(extraterrestrial radiation, irradiance), is changing during the year proportionally
with the distance between the Earth and the Sun, with a value from 1321 Wm?
to the largest 1412 Wm™. It should be noted that the optimal slope surface for
receiving solar energy changes from month to month. The optimum slope of
surface is being reduced from the beginning of the year till June, and it increases
again towards the end of the year. The lowest values of the optimal relief slope
(Figure 3) for the influx of solar radiation on Golija (Location: 43° 19°59” North,
20° 16°54” East, Elevation: 1766 m a.s.l.) are in June (8°) and the highest values are
in December and January (61°).

Calculations shows that the optimal angle for the influx of solar energy
throughout the year is 33° to the horizontal surface.
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Figure 3 Optimal slope surface inflow of solar radiation on “Golija” Nature Park (°)
Adapted for Serbia from PVGIS © European Communities, 2001-2012
Cimuka 3. OnTuMmasnaH Haru6 MOBpIINMHE 3a IIPUINB eHeprije CyH4eBOr 3paderba
y Hapky npupoze “Tonuja” (°)
Ipunazoheno 3a nodpyuje Cpbuje nomohy PVGIS © European Communities, 2001-2012.

Changes in the intensity of solar radiation at the Golija surface, depending on

the exposure time and the inclination of the surface, are shown in the Figure 4,

on which shows that the largest influx of solar radiation that comes to the surface

is oriented toward the south if the surface is inclined 33°. The lowest values of

the radiation are on the north side of the vertical surface. The difference in the

intensity of radiation exposure is greatest between the north and south sides, about

60,7% for the surface inclined at an optimal angle for the influx of solar radiation.

The figure shows that the intensity of annual radiation is approximately identical

on the surface oriented toward the southwest and southeast, the east and the west,
and northeast and northwest.
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Figure 4 Average annual sum of global solar radiation energy to Nature Park “Golija” the
surface oriented toward opposite sides of the world at different angles (kWh/m*/day)
Adapted for Serbia from PVGIS © European Communities, 2001-2012
Cnnxka 4. Cpefiibe TOUIIIIbE CyMe eHeprije [TT00aTHOr CYHUIeBOT 3paverba
Ha nozipyyjy Ilapka npupope “Tonuja” Ha HOBPIIMHAMA OPHjEHTHCAHUM IIpeMa
pa3IMYUTHM CTpaHama cBeta 1o paznuuntiM yriiom (KWh/m?/ nan)
IIpunazohero 3a nodpyuje Cpbuje nomohy PVGIS © European Communities, 2001-2012.

According to the geomorphologic characteristics of the Nature Park “Golija”,
it is necessary to determine the flow of energy according the inclination of the
surface and its orientation towards different sides of the world.

For the practical determination of the influx of solar energy per month,
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the analyze of surfaces with the slope up to 45° and with the orientation to the
different sides of the world is being done. Table 3 shows that the percentage of
relief inclination above 40° does not exceed 2%.

Statistical analysis of solar radiation for the reference station Golija, is
prepared by methods PVGIS Figure 5 to Figure 12 (http:/re.jrc.ec.europa.eu/
pvgis/apps3/pvest.php).

Figures 5 to Figure 12 show that the greatest potential values of solar radiation
are in the summer on the surface of the lower slope. The largest influx of
solar radiation is on the surface which is oriented towards the south, where the
conditions for the emergence of fire are suitable. The minimum flow of energy is
in area oriented toward the north, where the probability of fire occurrence and the
uncontrolled spread of fire is lower. Maximum radiation measured on a monthly
basis is on the surfaces oriented towards the south during the period of July to the
slope from 10° to 15°, when the fire risk is the highest .
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Figure 5 The intensity of solar radiation on Nature Park “Golija” that comes to the sur-
face with different inclination and orientation to the south (kWh/m?*/day)
Adapted for Serbia from PVGIS © European Communities, 2001-2012
Camka 5. VaTensurer cynuesor 3pauema y [lapky npupone “Tonmja” xoju nonasu Ha
MOBPIIIAHY Ca Pa3IndTHM HaruboM U opujeHTanujoM mpema jyry (kWh/m?/mam)
IIpunaeoheno 3a noopyuje Cpouje nomohy PVGIS © European Communities, 2001-2012.
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Figure 6 The intensity of solar radiation on Nature Park “Golija”that comes to the sur-
face with different inclination and orientation to the southeast (kWh/m?/day)
Adapted for Serbia from PVGIS © European Communities, 2001-2012
Caunka 6. IHTeH3UTET CyHUEBOT 3padera y HapKy npupone “T'onuja” Koju J101a31 Ha
MOBPIINHY ca Pa3IndTHM HaruboM U opHjeHTanujoM npema jyrouctoky (kWh/m?/ nan)
IIpunazohero 3a noopyuje Cpouje nomohy PVGIS © European Communities, 2001-2012.
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Figure 7 The intensity of solar radiation on Nature Park “Golija” that comes
to the surface with different inclination and orientation to the east (kWh/m?/day)
Adapted for Serbia from PVGIS © European Communities, 2001-2012
Camka 7. UnTensurer cynueBor 3pauewa y [lapky npupone “Tonnja” xoju nosasu Ha
MOBPIIMHY Ca PA3INYTHM HAruOOM M opHjeHTanujoM npema uctoky (kWh/m?/ nan)
IIpunazohero 3a noopyuje Cpouje nomohy PVGIS © European Communities, 2001-2012.
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Figure 8 The intensity of solar radiation on Nature Park “Golija” that comes to the surface
with different inclination and orientation to the northeast (kWh/m?*day)
Adapted for Serbia from PVGIS © European Communities, 2001-2012
Camxka 8. nTensuter cyHueBor 3pauema y [Tapky npupone “Tonuja” koju gonasu Ha
TIOBPIIMHY Ca Pa3IHnITHM HATHOOM M OpHjEHTAITHjoM TipeMa ceBeporcToky (KWh/m?/mamn)
IIpunazoheno 3a nodpyuje Cpbuje nomohy PVGIS © European Communities, 2001-2012.
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Figure 9 The intensity of solar radiation on Nature Park “Golija” that comes to the sur-
face with different inclination and orientation to the north (kWh/m*/day)
Adapted for Serbia from PVGIS © European Communities, 2001-2012
Cauxa 9. UnTtensuret cynueBor 3padema y [lapky npuponae “Tonumja” xoju qomasu Ha
MOBPIIMHY Ca Pa3IMyTHM HaruOoM U opujenTanujom nmpema cesepy (KWh/m?/ namn)
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Figure 10 The intensity of solar radiation on Nature Park “Golija” that comes to the sur-
face with different inclination and orientation to the southwest (kWh/m?day)
Cauxa 10. MaTen3uTeT cyn4eBor 3padema y [lapky npupoze “T'onuja” koju gomaszu Ha
HOBPIIUHY Ca PA3IHYTAM HArMOOM M OpHjeHTaIjoM mpema jyrosamnany (kWh/m?/ nan)
Ipunazoheno 3a nodpyuje Cpéuje nomohy PVGIS © European Communities, 2001-2012.
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Figure 11 The intensity of solar radiation on Nature Park “Golija” that comes to the sur-
face with different inclination and orientation to the west (kWh/m?/day)
Camnka 11. Matensurer cyHueBor 3padewa y [lapky npupoze “Tonunja” koju nosnasu Ha
MOBPIINHY Ca Pa3InyTHM HAruOoM U opHjeHTanujoM npema 3amnany (kWh/m?/ nan)
Ipunazohero 3a nodpyuje Cpouje nomohy PVGIS © European Communities, 2001-2012.
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Figure 12 The intensity of solar radiation on Nature Park “Golija” that comes to the surface
with different inclination and orientation toward the northwest (kWh/m?/day)
Cuamka 12. nTensurer cyHueBor 3paueta y [lapky npupoze “T'onuja” koju gonasu Ha
MOBPIINHY Ca Pa3IndTHM HArkOOM U OpHjeHTaIrjoM mpema ceseposanany (KWh/m?/ nan)
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The dynamics of fire

The fire occurrence on Golija varies from period to period. Figure 13 shows
the number of fires in the open air by months (Tabakovi¢-Tosi¢, M., 2009).
The figure shows that the largest number of fires occurred in an open area in July,
when the largest influx of solar radiation occurs. It is important to notice that
numerous fires occur during the spring, what can be related with increased human
activities (agricultural work) and inadequate training of inhabitants about the fire
protection in rural areas.

14
12 NG
10 A
s 4 o0 I/ Ne
: / \ )\
4
"/ 3
2
0 © /G © 0

\ ] 1
6

7 8 9 10 1" 12

= &
N ¢
w
£

5

Figure 13 Number of fires in “Golija” Nature Park per month in the period
from 2003 to 2007 year
Cuamka 13. Bpoj noxapa y Ilapky npupoze “Tonuja” no mecenuma
y nepuoxy 2003-2007. ronune

The largest number of fires was initiated in the period from 10 to 18h (Table
4), during the daily sun’s radiation.

Table4  The dynamics of fire during the day in the period from 2003 to 2007

year
Ta6ena 4. JlmHaMuka mojaBe moxapa TOKoM JaHa y nepuoxay 2003-2007.
TOINHE
Time of Day 10-18h 18-04h 04-06h 06-10h unknown time
Number of fires 33 2 0 0 18

Selection criteria and methods for evaluating the impact of orography on the
forest fires risk

After identifying aspects of orography is done, it is necessary to define
the criteria for evaluating the significance of their impact on the risk of forest
fires. Assessment of orography significance is the process of determining the
significance of aspects of orography based on the probability of fire occurrence
and expected speed of development and uncontrolled fire expansion. For
orography criteria levels (values) of significance have been defined. In this case,
the method of ranking significance in calculation of the risk of forest fires, was
applied (Table 5).
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Table5  Factor incidence of fire
Ta6ena 5. ®axTop ydecraaocTy IojaBe moxapa

Elements of orography Assessment of the incidence of fire Rating

South expected to be extremely high rate of fire 5
ggﬂ:ﬁgf;’ expected high rate of fire 4
Exposure West, East expected mean frequency of fire 3
1111182{1133:; low expected frequency of occurrence of fire 2
North expected frequency of occurrence of fire negligible 1
>45 expected to be extremely high rate of fire 5
30 expected high rate of fire 4

The slope
(inclination) 15 expected mean frequency of fire 3
° 10 low expected frequency of occurrence of fire 2
to5 expected frequency of occurrence of fire negligible 1
1500 expected to be extremely high rate of fire 5
1000 expected high rate of fire 4
Elevation (m) 500 expected mean frequency of fire 3
250 low expected frequency of occurrence of fire 2
100 expected frequency of occurrence of fire negligible 1

From the orographic point of view, the overall risk factor is being evaluated
on the basis of the elements such as the altitude, elevation, slope and the exposure,
ranking from the smallest to the biggest impact. The risk of forest fires from the
aspect of orography is calculated as the sum of the significance probabilities of
terrain exposure (ZE), the slope of the relief (UN) and altitude (ZN'V), as follows:

R=ZE+7ZN+ZNV.

Based on this classification of risk (R) can be determined from negligible over
the small and medium-sized to large and very large, as follows:

R=3 negligible
4 <R<6 small
7<R<9 middle

10<R<12 large

13<R<15 extremely large.

According to this model, the risk of forest fires in terms of orography is the
smallest on surfaces oriented toward the north side. The greatest fire risk and rapid
uncontrolled fire expansion should be expected on the southern exposures and
at higher altitudes and greater inclination of relief. The same results have been
achieved in their works by Hutchison, B.A., Matt, D.R., 1976, 1977.
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4. CONCLUSION

In the areas with different exposures and slope, duration and intensity of solar
radiation is different, as well as the drying conditions for combustible materials.
The trend of solar radiation on surfaces under plant cover is a very important factor
in the development of vegetation and creating conditions conducive for the fire
occurrence. If the effects of solar radiation on plant vegetation are implemented in
the forest fires risk assessment, adverse effects can be minimized.

Forest fire risk factors as well as tactics of fighting forest fires has to be
evaluated on the basis of this impact. The data obtained about the intensity of solar
radiation on different surfaces, can be used for defining areas with an increased
risk of forest fires. In the analyzed site, the characteristics of the solar energy
inflow indicate that the highest annual inflow comes on energy surfaces oriented
to the south at an inclination of 33 degrees. The greatest amount of solar radiation
energy are available for the period from April to September, during the vegetation
period.

The data obtained from the PVGIS models indicate that there is a
correspondence between periods of maximum radiation measured with a period
of forest fires. On analyzed area, by application of this method, the monthly sums
of radiation were measured - the highest in June-July which coincides with the
period when the fire season is indicated. The lowest values measured are during
the period from December to January, which coincides with the period when there
is no forest fires. During the fire season, fire incidence may be expected in areas
oriented towards the south, southwest and the southeast.

By applying different models, the possibility for quantitative analysis of the
fire risk in given area is created. This type of analysis provides a good basis for a
complex analysis of space. The analysis results have broad utility value and they
are unavoidable in determining the fire risk and the basis for the space mapping.
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ED®EKAT I'JIOBAJIHOT CYHYEBOT 3PAYEILA HA YITPOXKEHOCT HIYMA O[] IIOKAPA
HA TIOAPYYJY ITAPKA ITPMPOJE “TOJIMJA” YV CPBUU

Cmanumup JKusanosuh
Mapuna Bykun

Pesume

Tpajame cujama CyHIla MMa BeVKM 3HAYaj M YTUIAj Ha BereTanujy. Pacmopepn, BpcTa u
TIPMPACT, K0 1 CTare BeTeTalyje 3aBUCK Off KOmIIHe npuM/beHor CyHUeBOT 3padera. YKYITHI
eHepreTCKN MOTEHIIjall 3paderba Koju fohe Ha MOBPILINHY, 3HATHO Ce MeHa TOKOM [IaHa, a IeToBe
IIpOMeHe 3aBUCe Off TOAMIIEr J0oba 1 MoIoXkKaja obacjaHe moppuHe. CBe OBO IIOKasyje BEIUKY
IIPOMEH/BUBOCT CHare 3padera. KOHTMHYNTET ITpoMeHa Moxke ce ¢ BehoM 1w MawoM TayHoihy
IIpeBUAETH, jep je HO3HAT puTaM IojaBa (n3nasax u 3anasak CyHua). Ha Tepennma ca pasmmantom
€KCIIO3VIIMjOM Y Hari6oM TepeHa Pas/IMINTO je Tpajarbe M MHTEH3UTET CyHUeBa 3padera, a CaMUM
THM U YCTIOBY CyILIeHa TOPMBOT MaTepujana. YKOIMKO Ce YTUIIAji CYHIeBOT 3padera Ha OM/bHY
BereTalMjy UMIIZIEMEHTHPAjy y IPOLleHe YTPOXKEHOCTH IIyMa Off OXKapa, MITeTHE MOCeuIie MOTY
Ta ce MUHMMM3KPajy. PakTOpy pusyKa Iryma off Hokapa Kao U TaKTHKa rallerha MyMCKIX IToXKapa
MOPajy Jia ce carjefiajy Ha OCHOBY yTuIlaja oporpadckux eneMeHara. JJo6ujeHn ofaly MHTEeH3UTeTa
CYHUeBOT 3paderba Ha Pa3TNIMTIM IIOBPIIMHAMA MOTY Ce MICKOPUCTUTH 3a AeduHMCambe 30Ha ca
noBehaHMM pusyuKoM IryMa off IoXkapa. Y pajly Cy CIpoBefieHa UCTpaKuBama yruijaja CyHueBor
3paduerba Ha yYecTaoCT UTYMCKUX MOXKapa, y 3aBUCHOCTHU Off oporpadckux (akTopa, Ha IOAPYjy
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ITapka npupope “Tonuja” y jyrosamaguoj Cp6uju. Kapakrepucruke npumsa CyHueBe eHepruje
yKasyjy fia ¢y HajBehy ropguiImy IpUXofy eHepruje Ha MOBpIIMHAMA OPMjeHTICAHNM IIpeMa jyTy
Ha Haru6y ox 33 cremenn. Hajsehe komrunne enepruje CyHueBOr 3paderba Cy Ha PacIo/Iaramy y
IIepUOJY Off allpy/Ia IO CenTeMOpa, OfHOCHO TOKOM BeTeTAIMOHOT Nepuofa. JlobujeHn pesynraTn
UCTpakBuama, mpumeHom PVGIS mozena, mokasyjy fia HOCTOj1 TOAYAAPHOCT Mepyofa MaKCMyMa
M3MEPEHOT 3paderba ca IepUofoM HIYMCKMX Moxkapa. Ha ucrpaxusaHoM mozipyyjy, MecedHe cyme
3pauerba Hajsehe cy y mepmopy jyHnm-jymi, Kajia je uspakeHa 11 ce3oHa o>kapa. Hajmame BpefHOCTH CY
y nepuony fierieMbap-janyap, IITO ce MOAYAApa U ca IepMOAOM Kajla HeMa ITyMCKIX HoXapa. Y TOKy
Ce30He IT0XKapa, MOKe Ce OUeKMBATH y4eCTa/IoCT I10jaBe ITo)Kapa Ha MOBPIIMHAMA OPMjEeHTICAaHUM Ka
jyry, jyrosamapny u jyroucToky. PesynraTy MCTpasKuBarba yKasamy Cy Ha MOTyNHOCT KBaHTUTAaTMBHE
aHanM3e PU3MKA Off T0XKapa Ha ofpeheHOM IOApPYdjy MpuUMEeHOM pasmuuuTUX Mopmena. OBakpa
BpPCTa aHa/IM3a Aaje foOpy OCHOBY 3a KOMIIIEKCHA UCTPaXKIBaba KOHKPETHOT IpocTopa. Pesynrarn
aHajM3e MMajy IIMPOKY YIIOTPeOHY BPEHOCT 1 He3a00MIa3HY CY y yTBphuBamy pusyka off Hoxxapa
Te IPeJCTaB/bajy OCHOBY 3a U3Pajly Mama IpOCTopa.
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