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IMPOCTOPHA 1 BPEMEHCKA TUCTPUBYLIUJA IIOKAPA OTBOPEHOTI
ITPOCTOPA HA TEPUTOPHUJU I'PAJIA BAIbA JIYKA

Mapxko UBanumeBuh'', Tatjana ITonos!, F'opan Tpouh', Ciiooonan I'maro' u Caina Jby6ojesuh’

'Vuusepsuret y Bawoj JIyun, [Ipupoaro-maremarnuku dakynret, bama Jlyka, Permyonuka Cprcka, buX
2Jagno npemysehe nrymapcersa ,,[llyme Pemyomuke Cprkce* a.n. Cokomarr, Cokomnart, Pery6imka Cpricka, buX

Caskerak: [loxapu Ha OTBOPEHOM TPOCTOPY HACTajy Kao pe3yiTaT KOMIUICKCHE WHTEpakimje m3Melhy aOnoTHIKuX U
OuoTHUKNX (haKTopa, JOK Ce aHTPOIOreHU (PaKkTop MOXKEe MoCMarpaTH Kao HUXOB INaBHH y3pouHuK. OBaj paa uma 3a
Wb J1a WACHTH(UKYje U aHAJIM3Upa NPOCTOPHE U BpEMEHCKe o0paciie 10jaBJbHBamba 1oXkapa OTBOPEHOI IIPOCTOpa Ha
teputopuju I pana bama Jlyka y mepuomy 2017-2021. rogune. la 6u ce mobnia jacHHja CIIMKa O HaBEICHIM 00pacIiima,
HOJIAIM O IOKapUMa OTBOPEHOT MIPOCTOpa NPUKYIUUBEHH Cy U3 JiBa pa3inuuTa u3Bopa. [IpBu cer nmomaraka oJJHOCH ce Ha
ciyx0Gene esunenuyje Ilpodecronante TepuTopyjaHe BATPOracHO-CIIACHIIAYKe JEUHNULE, 0K je APYTU CeT [ojaraka
200MjeH MHTEPIPETALIN]OM CATEITUTCKUX CHUMAKa BUCOKE BDEMEHCKE 1 IPOCTOPHE pesoiyurje. Ca BpeMEHCKOT acTieTa,
YTBpheHO je na nokapHa ce30Ha Tpaje 01 MapTa A0 OKTOOpa u Aa Cy moxapy Hajuemhy y npBoM IOXKapHOM NEPUOAY
KOjU Ce OJHOCH Ha MapT ¥ ampuil, T APYIOM IIOKapHOM IIEPUOY KOjH C€ OJHOCH Ha jyJl M aBryCT. Y IOCMaTrpaHoM
TIepPHUOLyY, HA OCHOBY NPOAYyKaTa NaJbMHCKE NETeKIHje, HACHTU(PUKOBAHO je YKymHO 1036 omokapeHWX MOBPIIHHA, KOje
Cy y mpocjeky ouie oko 1.5 xekrapa y Mapty u anpuity ogHocHo 0.3 xekrapa y ocranuMm mjecennma. Hacesbena Mjecta
ca HajsehuM Opojem noxkapa cy Koina, Buitycn, Pexasurie n JIoOpma y jyrosanaanom Jiujeiy, OJHOCHO HaceJbeHa MjecTa
[otko3apje u IInckaBuma y cjeBepo3amnagHoM AMjely IIOCMaTpPaHoT moapydja. PesyaraTti nuctpaxkuBama MOTY OUTH OIT
KOPUCTHU MPUJIMKOM HM3pajie TUIAHOBA KOJU TPETHPajy MPOOIeMaTHKy 3alliTHUTE O IoXKapa M 3allTUTE JKUBOTHE CPEIUHE,
a Mory OMTH U TI0JIa3HAa OCHOBA 3a Jjajba JeTa/bHUja HCTPAKUBAbA IIOXKapa OTBOPEHOT ITPOCTOpa.

Kibyune pujeun: noxapu oTBOPEHOT IIPOCTOPA, TaJbUHCKA AeTeknuja, [ pag bama Jlyka.
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Abstract: Fires in open space occur as a result of complex interactions between abiotic and biotic factors, while anthropoge-
nic factors can be seen as their main cause. The aim of this paper is to identify and analyze spatial and temporal patterns of
fires in open space occurrences within the territory of the City of Banja Luka during the period 2017-2021. To gain a clearer
understanding of these patterns, data on fires were collected from two different sources. The first dataset pertains to official
records of the Professional Territorial Fire and Rescue Unit, while the second dataset was obtained through the interpretation
of satellite imagery with high temporal and spatial resolution. From a temporal perspective, it was determined that the fire
season lasts from March to October, with fires being most frequent in the first fire period encompassing March and April, as
well as the second fire period covering July and August. During the observed period, a total of 1036 burned areas were iden-
tified based on remote sensing products, averaging around 1.5 hectares in March and April, and 0.3 hectares in other months.
Settlements with the highest number of fires include Kola, Vilusi, Rekavice, and Dobrnja in the southwest, and settlements
Potkozarje and Piskavica in the northwest of the study area. The research findings can be useful in the development of plans
addressing the fire protection and environmental preservation, and also can serve as a foundation for further in-depth research
into fires in open space.
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YBOA

[okapu MOry OMTH YECTO OIAaCHHU MO YKHBOT,
37paBJbe€ U UIMOBHHY JbY/IU, aJTH U TIO0 0€30jeHOCT
JIOKaJTHE 3aje/THHIIE, Kao U ipxkase. [lopen Tora, mo-
’Kapy Ha OTBOPEHOM TPOCTOPY Cy KIJby4aH Jerpa-
mupajyhu dakrop ekocuctema (Barcic et al., 2020).
Taxohe, noxkapu Cy jean of1 NIaBHUX H3BOpA eMH-
CHja YIJbeHHKa W3 KOITHEHOT jaujena ouocdepe y
armocdepy (Ward et al., 2018). C 063upom Ha TO
Jla TIOXKApH Y CaBPEMEHOM CBH]ETY IPECTaBIbajy
JemHy Off 3HAYajHUjUX OMAacHOCTH, Hamehe ce mo-
Tpeba 3a KOMIUIEKCHUM, CBEOOYXBAaTHHM M MYII-
THIUCIMTUTMHAPHAM TIPUCTYTIOM HCTPAKUBAHA
HaBeJICHE T0jaBe.

[Ton TepMUHOM TOKapy Ha OTBOPEHOM TIPOC-
TOpY, Y OBOM pay, OIpa3yMHjeBajy ce CBU MOXKa-
pH KOjU 3axBaTajy LIyMe, Makuje, >KOyme, HUCKO
pacTHmbe, TpaBy, TPECETHUIIITA U JACTIOHH]E YBPCTOT
ornanga. Ahn et al. (2014) HaBome na moxapu Ha
OTBOPEHOM TIPOCTOPY HACTAjJy KAao Pe3ysiTaT KOM-
TUIEKCHUX MHTepakuuja n3mehy Omotnukux (ak-
Topa (TUTT BEereTalyje, CTapoCcT U cacTaB CacTOjH-
He) 1 abnoTHYKHX (hakTopa (Bjerap u aeduimT 3a-
crheHOCTH Ba3yXa BJIaroM) Ha HEKOM IPOCTOPY.
Ca npyre crpane, Flannigan et al. (2005) uctuay
BOKHOCT aHTPOIOTeHOT (haKTOpa Kao Y3pOYHHKA
IIyMCKHX moxkapa. [Ipema HaBogmma BHIIE ayTo-
pa, MoXkapy Ha OTBOPEHOM IPOCTOpPY Hajuerthe cy
VMHULMPAHU aHTPONOreHnM (axropoM (Asexcuh
& Janumh, 2011; JIparmhesuh & @wumumnosuh,
2009; Keller & DeVecchio, 2019; Flanningan et
al., 2005). ITocroju BemmKu OpOj aHTPOMOTEHUX
y3pOKa Mo)kapa, a HeKH Of] BUX Cy: IIyMCKH TO-
»Kapy M3a3BaHU yCJbe]l KBapa Ha EICKTPUYHUM BO-
JIOBMMa, TIOKapy M3a3BaHM MCKpama ca KOYHHIA
BO30Ba WJIM TIAJIOM €JIEKTPHYHUX BOJIOBA, TIOXKApH
W3a3BaHM HCIYIITakeM YXKapeHHX YecTHIa Ofi-
HOCHO MICKpH Ca BO3WJIa Y JAPYMCKOM caoOpahajy,
NOKapy M3a3BaHM MCKpama ca MOTopa M MalluHa
y IIyMapCTBY U MOJLONPUBPEIIH, TIOXKAPH N3a3BAHU
yrotpeOoM Opy’kKja M TMPOTEXHUYKUX CPEICTABa,
MOKapu M3a3BaHU CIaJbHBAKEM KOpPOBA W pac-
THIbA HA TIOJHOTIPUBPETHUM TTOBPIIUHAMA, TT0Ka-
PH Y3POKOBaHH TIaJbCHEM OTIa/Ia Ha CITy)KOCHUM
WM TUBJBUM JICTIOHUjaMa, HEHAMjepHO M3a3BaHU
MOKapU yXKapeHHM IPeIMETUMa Kao IITO Cy Ha
npuMjep Iurapere win Bpyhu nemneo u3 gomahus-
CTBA.
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INTRODUCTION

Fires can often pose a significant threat
to human life, health, property, as well as the
safety of local communities and even entire na-
tions. Moreover, fires in open space are crucial
factor in ecosystem degradation (Barci¢ et al.,
2020). Additionally, fires constitute one of the
main sources of carbon emissions from the ter-
restrial biosphere into the atmosphere (Ward et
al., 2018). Given that fires in the contemporary
world pose significant hazards, there is a press-
ing requirement for a comprehensive and multi-
disciplinary approach to studying this phenom-
enon.

Under the term fires in open space, in this
paper, we encompass all fires that involve for-
ests, shrublands, grasslands, peatlands, and
solid waste disposal sites. Ahn et al. (2014)
state that fires in open space arise as a result
of complex interactions between biotic fac-
tors (vegetation type, age and composition of
the stands) and abiotic factors (wind and air
moisture deficit) within a certain area. On the
other hand, Flannigan et al. (2005) emphasiz-
es the significance of anthropogenic factors as
the cause of forest fires. According to several
authors, fires in open space are most frequent-
ly initiated by anthropogenic factors (Anexcuh
& Januuh, 2011; [dparuheBuh & Punumnosuh,
2009; Keller & DeVecchio, 2019; Flanningan et
al., 2005). A multitude of anthropogenic causes
for fires exist, and some of them include: forest
fires caused by faults in electrical power lines,
fires caused by sparks from train brakes or the
fall of electrical wires, fires caused by the emis-
sion of hot particles or sparks from vehicles in
road traffic, fires caused by sparks from engines
and machinery in forestry and agriculture, fires
caused by the use of firearms and pyrotechnic
devices, fires caused by burning weeds and
vegetation on agricultural land, fires caused by
the burning of waste at official or unauthorized
waste disposal sites, unintentionally ignited
fires by hot objects such as cigarettes or hot
ashes from households.
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be3 003upa Ha y3poK moXkapa Ha OTBOPEHOM
MIPOCTOPY, MOXKe ce pehu 1a ce oHM JemaBajy Ha
CKOpO CBHMM Teorpad)cKuM mpocropuma y oxapele-
HUM Tiepuoanma roauHe. llocibenmux JeneHuja
OCHM IIITO je €BUJCHTaH mopacT Opoja mokapa
Ha OTBOPEHOM IPOCTOPY, yodaBa ce W ToBehame
JIECTPYKTUBHOCTH TUX moxkapa (Abatzoglou et al.,
2019; Jolly et al., 2015; Cvetkovi¢ & Dragicevic,
2014). Ilpema OpojHMM HCTpa’KMBambUMa, TPEH]L
noBehama Opoja 1 jaunHe nokapa HacTaBuhe 1a ce
nosehasa 110 kpaja Bujeka (Amatulli et al., 2013;
Bedia et al., 2014; Dupuy et al., 2020; Flannigan et
al., 2009, 2013).

VY nepuosy HarameHe KIIMMaTrcKe BaprjaOui-
HOCTH, Pa3yMHjeBame MPOIUIMX U Tpensuhame
Oynyhux moxkapa je 13a30B 3a HayKy Koja TpeOa aa
pa3BUje U UMIUIEMEHTHpa pjeliema koja he Ouru
OJIP)KHIBA KaJIa j€ y TIUTamy YIPaBIbakhe MOXKapH-
Ma U Kpeupame peleBaHTHHUX IMOJIUTHKA Koje he
yTUIATH Ha B-UX0BO cMameme (Lukié et al., 2017).
MelyTtumMm, kako HaBoze Girardin et al. (2013), 6uhe
BeOMa TEIIKO mpenBuajetu Oymayhe moxkape 300r
KOMILJIEKCHOCTH (PaKTOpa KOJU Ha BHUX YTUUY, ajll
1 300T HEMOCTOJaHOCTH MPOCTOPHO-BPEMEHCKUX
o0pazalia Koju Cy MOCJbEeHIAa HEMpPEeIBUATbUBIX
KJIMMaTCKUX KoeOama.

Heka cnpoBeneHa HCTpaXuBama W ayTOPH
yKa3yjy Ha MoayIapHOCT Hajeher Opoja moxapa
Ha OTBOPEHOM IIPOCTOPY ca MepHoauMa Koje Ofi-
JIMKY]y BHCOKE TEMITEpaType Ba3lyxa H CMambCHH
caap)kaj BIIare y 3eMJBHUINTY, Ba3ayXy U TOPUBOM
Marepujany (Hymmh et al., 2007; Kusanoswuh,
2015; YKusanosuh et al., 2015; Zivanovié, 2017;
Panosanosuh & I'omec, 2008; Tosi¢ et al., 2019;
Curi¢ & Zivanovi¢, 2013).

[TocToju Bumie umHMIANA Koju moBehaBajy
OCJeTJBUBOCT ofipel)eHOr mpocTopa Ha MoXKape.
Kako je HaBeneHO y W3BjemITajy 3ajeTHIYKOT UC-
Tpaxkusaukor nenrpa Esporicke xomucuje (JRC,
2008) HEeKM o YMHWJIALA Cy CTAJIHO IPUCYTHH,
JIOK C€ JIPYTH jaBJbajy MOBPEMEHO WM MEePUOANY-
HO, KaJla CTBapajy YCJIOBE 32 BEJIMKY OCjeT/HHBOCT
Ha TIOjaBy TOKapa, Yvja je TMoCJbearIia Hajuernihe
noxap Behux pasmjepa. Y 3aBUCHOCTH O BpPCTE
CTHjeHa Koje rpeomal)yjy Ha opel)eHoM moapyd;jy,
MOXKE CE OTPaHHYHUTH M CTETICH YTPOKEHOCTH TO-
xapoM. Taxo je reonomika nomora GpakTop Koju
YCJIOBJbABA BOITHU PEXHM, TEPMHUYKE OCOOWHE H

Regardless of the cause of fires in open
space, it can be said that they occur in almost all
geographical areas during certain periods of the
year. In the past few decades, in addition to the
evident increase in the number of fires in open
space, there has been an observed rise in the de-
structiveness of these fires (Abatzoglou et al.,
2019; Jolly et al., 2015; Cvetkovi¢ & Dragicevic,
2014). According to numerous studies, the trend
of increasing number and intensity of fires is ex-
pected to continue until the end of the century
(Amatulli et al., 2013; Bedia et al., 2014; Dupuy
et al., 2020; Flannigan et al., 2009, 2013).

In a period of pronounced climate variabili-
ty, understanding past and predicting future fires
poses a challenge for science, which needs to de-
velop and implement solutions that will be sus-
tainable when it comes to fire management and
the creation of relevant policies to mitigate their
impact (Luki¢ et al., 2017). However, as noted
by Girardin et al. (2013) predicting future fires
will be very difficult due to the complexity of
influencing factors and the uncertainty of spa-
tial-temporal patterns, which are a consequence
of unpredictable climate fluctuations.

Certain studies and authors point to the co-
incidence of the highest number of fires in open
space with periods characterized by high air tem-
peratures and reduced moisture content in the
soil, air, and fuel material (dymuh et al., 2007;
JKusanosuh, 2015; XXusanosuh et al., 2015;
Zivanovié, 2017; Pagosanosuh & Tomec, 2008;
Tosi¢ et al., 2019; Curi¢ & Zivanovié, 2013).

There are multiple factors that increase the
susceptibility of specific areas to fires. As stat-
ed in the report by the Joint Research Centre of
the European Commission (JRC, 2008), some of
these factors are constantly present, while others
occur periodically, creating conditions for a high
sensitivity to fire occurrence, often resulting in
larger-scale fires. Depending on the predomi-
nant rock type in a specific area, the degree of
fire vulnerability can be limited. The geological
substrate is a factor that determines the water
regime, thermal characteristics, and vegetation
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T Bererarmje onpehenor mpoctopa (Spanjol et
al., 2008). Ha mpumjep, BenrKa OMacHOCT Of Ha-
CTaHKa IOkKapa jaBJba Ce Ha KPEUhadKUM TepPEHH-
Ma, 300r Op30r MoHUpama Boje U HeMoryhHOCTH
3a/IpyKaBarba Biare y MOBPIIMHCKAM JIHjeIOBUMA
semsbumra (Aleksi¢ et al., 2009). Ilemomomku
ycioBu y HajBehoj Mjepu yTHUUy MOCPEIHO Ha Ha-
CTaHAK ¥ IIHPEH-E MOKapa, ¥ TO MPEKO BereTaluje.
[Tnutka 3emspHITa OOraTa IIYMCKOM CTEJBOM,
CyBa CTaHMINTA, KA0 M IIJECKOBUTA 3EMJHHIITA
OpsKe ce W BHIIIE 3arpyjaBajy, Ila ce TpaBHa BereTa-
1I1ja 3a BpHjeMe U HajMambUX Cyla Op30 OCyIld U
TMI0CTAje jako 3arapbiBa. BIaKHOCT 3eMIbHINTA JTU-
PEKTHO yTHUe Ha BJIXHOCT TOPHBOT MarepHjaa.
[TOBpIIMHCKH CIIOj 3EMJBUILTA CE TOKOM JHETHUX
Mjecen, Kaga je Beha KOIMYMHA BOIE Koja HC-
mapaBa Ofl MPUMJbCHE KOJIMYHMHE IMaJaBUHA, JIAKO
3arpujaBa. YrpoyKeHOCT TepeHa MOKapOoM 3aBHUCH U
o7 ocobrHa pesbeda: XUICOMETPH]jE, BEPTUKATIHE
Y XOPHU30HTAITHE PalWIalkeHOCTH, Harnoa TepeHa
u excniozunyje. Ca noBehameM HaIMOPCKE BUCHHE
MH]EeHa C€ CacTaB MOAJIOre U CMamyje ce Mpocjed-
Ha Temmeparypa Basayxa. Ha mpomjeHy Bpcre
Bereranyje yTuie u jeHO U JPYro, Kao M BpCTE
3aCTyIUbEHOCTH TopuBOr marepujana. Mnyhu xa
BUILIMM BETETAIN]CKUM T0jaceBUMa npumjehyje ce
CBE CHPOMAIIIHUjH OWJbHU CBUJET, HIDKET pacTa
Mambe npoaykTuBHOCTH. [1Iymcke mojacee smrha-
pa ¥ 4eTHHapa MOCTENEHO 3aMjerbyje CyBJba IUla-
HHUHCKA BETeTaIH]ja, YMje CE PACTUIbE OpiKe Maiu.
Haru6 tomorpadcke moppimae Takohe ytuue Ha
nmpeme noxapa (Aleksic et al., 2009; Zhong et al.,
2000; Keller & DeVecchio, 2019; Pichler, 2008).
T'opuBH MaTepujat Ha OTBOPEHOM IIPOCTOPY YMHU
TpaBHaTa, >KOyHAacTa W JpBeHAcTa Bereraiuja.
lymy, kao Kareropujy 3eMJBHIIHOT ITOKpHBaYa
ca HajBUIIMM IOTEHIIM]aJIOM TOpeHbha, CAYNbaBajy
pa3nM4MTe BpCTE IIyMCKOT JpBeha koje ce Mory
CBpCTard y JBWje TVIABHE Tpyme: JMIhapcke H
yeTnHapcke 1myme. V3mely oBe nBuje rpyme mo-
CTOjH BEJIMKA Pa3JIMKa y Oy OCjeTJbMBOCTH Ha
NAJBEHHE ¥ TOPEIbE, AJTU Pa3NInKa MOCTOjU U u3Mely
Pa3IMUUTHX BpcTa y UcTOj Tpynu apseha. [ene-
PaJHO MOCMATPaHO, YETHHAPCKO ApBehe je 3HaTHO
OCjeTJ/bUBH]E HA MAJbEHHE U TOPEHE O] JTMCTOMA/-
HOT, TIOIITO Y CeOM Ca/ipyKu BHUIIIE JTaKO3aMaJbUBUX
1 Op30caropuBUX MarepHja, Kao IITO Cy CMOJIC U
eTepuuHa yJba (Aleksi¢ et al., 2009; Pichler, 2008).
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type of a given area (Spanjol et al., 2008). For
instance, a significant fire hazard occurs on lime-
stone terrains due to rapid water infiltration and
the inability to retain moisture in the surface
layers of the soil (Aleksi¢ et al., 2009). Pedo-
logical conditions significantly influence the oc-
currence and spread of fires, primarily through
vegetation. Shallow soils rich in forest litter, dry
habitats, and sandy soils heat up more quickly
and intensely, causing grass vegetation to dry
out rapidly and become highly flammable even
during minor droughts. Soil moisture directly af-
fects the moisture content of fuel material. The
surface layer of soil easily heats up during sum-
mer months when more water evaporates from
the received precipitation. The fire susceptibility
of an area also depends on the characteristics of
the terrain: hypsometry, vertical and horizontal
fragmentation, terrain slope, and exposure. With
increasing elevation, the composition of the sub-
strate changes, and the average air temperature
decreases. Both of these factors lead to chang-
es in vegetation types and fuel material. As one
moves towards higher vegetation zones, the plant
world becomes increasingly impoverished, with
shorter growth and lower productivity. Forest
zones dominated by deciduous and coniferous
trees gradually give way to dry mountain vegeta-
tion, which ignites more readily. The slope of the
topographic surface also influences the spread
of fires (Aleksic¢ et al., 2009; Zhong et al., 2000;
Keller & DeVecchio, 2019; Pichler, 2008). Fuel
material in open spaces consists of grassy, shrub-
by, and woody vegetation. Forest, as a land cover
category with the highest burning potential, com-
prises various types of trees that can be grouped
into two main categories: deciduous and conif-
erous forests. There is a substantial difference in
terms of ignitability and combustibility between
these two groups, as well as between different
species within the same group of trees. Gener-
ally, coniferous trees are considerably more sus-
ceptible to ignition and burning than deciduous
trees, as they contain more easily ignitable and
fast-burning materials such as resins and essen-
tial oils (Aleksi¢ et al., 2009; Pichler, 2008).
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ITojaBa moxkapa Ha OTBOPEHOM IIPOCTOPY 3aBHU-
CH TIpHje CBera OJf BPEMEHCKHX TPHIJIMKA U CTarba
BJIYKHOCTH TOPUBOI Marepujaia (OUbHOT CBUje-
ta). [Ipema Vasi¢ (1983), moxxapu ce MOTy jaBUTH
TOKOM II1jeJie TOIMHE, ajli Ce U3/1Bajajy TpU KpH-
THYHA nieproaa. [IpBu nepro moYnmbe OYeTKOM
npoJbeha (Tepuon MapT—cpenuHa amnpuia, Maja
Ce MOXKE JIECUTH JIa y TOJIMHU Ca MaJIO TaJJaBUHa
OBaj TIEpUOJ] TIOUHE W paHHje). Tama je mpucyTHa
BEJIMKa KOJIIMYMHA CYBOT OMJFHOT Marepujaia, a
BPIIM C€ M CE30HCKO YHIINEHE MOJHOIIPUBPETHIX
napiena y OJM3uHU IIyMe TTaJbeHeM KOPOBa, TIPH
YyeMy BaTpa HOIIEHA BjeTPOM MOXKE JIaKo Jia rpehe
y 1yMy. Jlpyru nepuosa ofHOCH ce€ Ha JbeTo (07
CpeaMHe jyiia ma 10 Kpaja aBrycra, ajii Taj Iepruos
MOYKE TTOYETH 3HATHO paHHMje, JOIII TIOYETKOM JyHa).
VY toMm meprony noBehaHa je OmacHOCT O TIPUCY-
CTBa JbYIIM KOju Tocjehyjy mryme (TypUCTH, H3JIeT-
HUIIM U CI1.) ¥ OTBOpeHe mpoctope. Tpehu nepuon
TIOYHMHHE Y jeCeH (y cenTeMOpy, 10 CpearHE OKTO-
Opa). Taga je Benvka KOIMWYMHA Marepujaia Moj-
JIOYKHA JIAKOM TIAJbeEbY YCIbE/I MPETXOAHO CYIITHOT
nepuoza. TpebGa HarIaCUTH Jja MHOTO BHUIIIE MT0Xa-
pa u3duja gamy Hero Hohy, U To y mepuomy ox 10
1o 18 gacoBa, mITO ce Be3yje 3a THEBHY aKTHUBHOCT
yosjeka (Aleksi¢ et al., 2009; [paruhesnh & ®Ou-
murouh, 2009).

HWako cy moxxapu Ha OTBOPEHOM IPOCTOPY Yec-
Ta nojasa Ha teputopuju ['pana bamwa Jlyka, koja
y3pOKyje onmpeheHe marepujaiHe M JIpyre INTeTe,
MOXe ce pehu J1a cy HeJJOBOJbHO M3y4YeHU M JI0-
KyMEHTOBaHH. [JIaBHU 1MJb OBOT pajia je MICHTH-
(ukanyja ¥ aHamM3a MPOCTOPHUX M BPEMEHCKHUX
o0Opazaria moxapa 0OTBOPEHOT IPOCTOpa Ha TEPUTO-
puju I'pana bama Jlyka y neprony on 2017-2021.
roguHe. [Tomarm o nokapriMa U3 3BAaHUYHHX CBHU-
JICHIIM]ja KOju He 00yXBaTajy CBE Mokape Ha ocMa-
TPaHOM TOZIPYY]y, JOMYEEHH Cy ca ToaliMa KOjH
Cy 100MjeHH! BU3YEeJTHOM HHTEpIPETAlljoM care-
JIMTCKUX CHUMaKa BHCOKe pe3oiyimje. Jla Ou aHa-
nu3a Ouita KOMIUIETHHja, TIOJIaly O IOKaprMa YK-
PILITEHH Cy ca MojjioramMa O 3eMJBHIITHOM MOKPH-
Bady, a CBE Y CBpPXY J100Hjama JIeTaJbHU]€ CIIUKE O
JIOKaIrjamMa Ha KojuMa ce rmoxapu uenhe gorahajy.
Takohe, naeHTH(PHUKOBaHA Cy HAcEJheHA MjecTa y
KOjUMa Cce TIOJKapy OTBOPEHOT MPOCTOpa Hajuerihe
norahajy. Pesynrarn ucrpakuBama Mory aa Oymy
nojla3Ha Tadka OymyhuMm HCTpaXuBamuMa OBE

The occurrence of fires in open space pri-
marily depends on weather conditions and the
moisture state of fuel material (vegetation).
According to Vasi¢ (1983), fires can occur
throughout the year, but three critical periods
are distinguished. The first period starts in ear-
ly spring (from March to mid-April, although in
years with low precipitation, this period can start
earlier). During this time, a significant amount
of dry plant material is present, and seasonal
cleaning of agricultural plots near forests often
involves burning weeds. Wind-carried fire can
easily spread into the forest during this period.
The second period corresponds to summer (from
mid-July to the end of August, but it can start
much earlier, even in early June). During this pe-
riod, there’s an increased risk due to the presence
of people visiting forests (tourists, hikers, etc.)
and open spaces. The third period begins in au-
tumn (September to mid-October). In this peri-
od, a significant amount of easily ignitable mate-
rial accumulates after a preceding dry period. It’s
important to note that far more fires occur during
the daytime than at night, particularly between
10 AM and 6 PM, which is linked to human dai-
ly activity (Aleksi¢ et al., 2009; JIparuhesuh &
Oununosuh, 2009).

Although fires in open space are a common
hazard within the territory of Banja Luka, lead-
ing to specific material and other damages, it can
be said that they are insufficiently studied and
documented. The main goal of this study is the
identification and analysis of spatial and tempo-
ral patterns of fires in open space within the terri-
tory of Banja Luka during the period 2017-2021.
Data on fires from official records, which do not
encompass all fires in the observed area, have
been supplemented with data obtained through
visual interpretation of high-resolution satellite
images. To make the analysis more comprehen-
sive, fire data have been cross-referenced with
land cover datasets, all in the effort to obtain a
more detailed picture of the locations where fires
more frequently occur. Additionally, settlements
where fires in open space are most commonly
occur have been identified. The research results

89



MAPKO MBAHUIIIEBUR, TATJAHA TIOIIOB, TOPAH TPBIR, CJIOBOJIAH I'hATO 1 CALIA JbYBOJEBUR
MARKO IVANISEVIC, TATJANA POPOV, GORAN TRBIC, SLOBODAN GNJATO AND SASA LIUBOJEVIC

npoOIeMaTHKe, ajy 1 J1a OCITyXKe IPUITUKOM TIPO-
1ieca U3pajie IUlaHa 3alliTUTe Of MoXkKapa U JPYrux
CIIMYHUX JIOKyMEHara.

I[TOAPYUJE NCTPA’KNBAIHA

I'pan bawa Jlyka Hama3u ce y cjeBepo3a-
nagHoMm aujeny Pemybmuke Cprcke (boche u
XepueroBune). Ca mpOCTOPHOT aCMeKTa, rpaj
bama Jlyka mpoctupe ce Ha 1239 km? (Pemy-
OMMYKM 3aBOJ 3a CTAaTUCTHKY PemyOmuke Cpri-
cke, 2021) u TepuropujanHo je HajBeha jemm-
HUIIa JIOKajiHe camoynpase y PemyOmuuu Cpn-
ckoj, omHocHO bocuu u Xepuerosunu (Ci. 1).
JenuHuIly JOKajHE CcaMOynpaBe CayumbaBajy
54 nacespeHa mjecta. [lmanumerpujcku 0OIUK
MMOCMAaTpPaHOT TPOCTOpa MpPEACTaBIba MPaBOyTa-
OHHUK W3IY)KEH Yy TIPaBIy CjeBEp-jyT, MPU YEeMy
j€ MakCHMaJlHa yIaJbeHOCT IPaHUYHUX Tauyaka y
IpaBlly CjeBep-jyr 55 KuioMerapa, a Ha IpaBILy
uctok-3amnaj 40 kuiaomerapa. Y reoMopdosioni-
KOM CMUCITY, TOCMaTpaHH MPOCTOP HaIa3H Ce Ha
npenasy o] AMHAapCKe IMJIaHUHCKE 00IacTH Ka na-
HOHCKO-PaBHUYAPCKOj 00JacTH, OTHOCHO TE€PEH
ce CTEeIeHacTo cIyliTa Ka cjeBepy. Ha kpajmwem
JyTy Haja3u ce 30Ha IJIaHWHA KOoja Tpema cje-
Bepy Mpenas3u y 30Hy nodpha a 6u Ha KpajmbeM
CjeBEpOMCTOYHOM JIUjelly Tpelia y paBHUYapC-
Ky 30HY. Hagmopcka BICHHA TOCMAaTpaHOT M-
py4ja Bapupa oz 170 mo 1314 meTapa HagMOpcKe
BUCHHE. XUAPOJIOUIKA MpeXa je pa3BHjeHHja y
CjE€BEPHOM JIHjeITy TOCMaTpaHoT MOApyYja, a Haj-
Ba)XHUJU CTAJHHU BOJJOTOK HA IIOCMATPAHOM MO/~
py4jy je pujeka Bpbac. Behu auo mocmarpanor
nojipyyja MMa yMjepEeHOKOHTHHEHTAJIHY KIIH-
My ca mnpeoBnal)yjyhum yTurajumMa maHOHCKOT
npocTopa. Y CTPYKTYpH 3eMJBUIITHOT TIOKPHBAYa
JOMUHHUPA]y IIyME W IIYMCKO 3€MJBHUINTE KOje
3ay3uma 47 % tepuropuje, 10K Ha MOJHONPUB-
penHo 3emspuimiTe otmnana 38 % NOBpLIMHE
(ITpojext a.n. & UnctutyT 32 rpalheBUHApCTBO
LA, 2014). Ypbano mompydje rpaaa 3ay3uma
nepudepHy MO3UIH]Y Y CjeBEPOUCTOUHOM Hje-
Jy jeIUHHIIE JIOKAJIIHE CaMOyNpaBe M TpejcTa-
BJLEHO je TpaHHWIlaMa HaceJbeHOT Mjecta bama
Jlyka. 300r crneuupuyHoCcTH (PeHOMEHA TOXKA-
pa Ha OTBOPEHOM IIPOCTOPY, U3 aHAJIN3E j€ HC-
KJbYUYE€H MPOCTOp ypOaHOT NoApyYja rpaja, Koju
oOyxBara moBpiiuHy o 102.7 km?,
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can serve as a starting point for future researches
and contribute to the process of creating fire pro-

tection plans and similar documents.
STUDY AREA

The City of Banja Luka is located in the
northwestern part of the Republic of Srpska
(Bosnia and Herzegovina). From a spatial per-
spective, the City of Banja Luka covers an area
of 1239 km? (PenyOmuuku 3aBOJ] 32 CTATUCTHKY
Peny6muke Cprcke, 2021) and is territorially the
largest unit of local self-government in the Re-
public of Srpska and Bosnia and Herzegovina
(Fig. 1). This unit of local self-government com-
prises 54 settlements. The planimetric shape of
the observed area is rectangular, elongated in the
north-south direction, with a maximum distance
between the boundary points of 55 kilometers in
the north-south direction and 40 kilometers in
the east-west direction. Geomorphologically, the
observed area is situated at the transition from
the Dinaric mountain region to the Pannonian
flatland region, with the terrain sloping gradual-
ly towards the north. In the far south, there is a
mountainous zone that transitions to the foothill
zone towards the north and further to the north-
eastern part, it transforms into a flatland zone.
The elevation of the observed area varies from
170 to 1314 meters above sea level. The hydro-
logical network is more developed in the north-
ern part of the observed area, and the most sig-
nificant permanent watercourse in the observed
area is the Vrbas River. The majority of the ob-
served area has a moderate continental climate
with predominant influences from the Pannonian
region. In terms of land cover structure, forests
and forest land dominate, covering 47 % of the
territory, while agricultural land accounts for
38 % of the area (Ilpojekr a.n. & UHcTUTYT 32
rpaheBunapcto ,, ™, 2014). The urban area
of the city occupies a peripheral position in the
northeastern part of the unit of local self-gov-
ernment and is delineated by the boundaries of
the settlement of Banja Luka. Due to the specific
nature of open-space fire phenomena, the anal-
ysis excluded the urban area of the city, which
encompasses an area of 102.7 km?.
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Cn. 1. Tepuropuja I'paga bama Jlyka
Fig. 1. Territory of the City of Banja Luka
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MATEPUJAJIA U METO/IE

[Tomanu 0 3eMJBUITHOM IOKPHUBAYY U
JUTUTAJITHOM MOJIEITy TepeHa

300r HemocTaTka IMOAJIOra ca ajeKBaTHOM
pasmjepoM, 3a MoTpede OBOr paja MPUCTYITHIIO
Ce U3paju KapTe 3eMJBUILIHOI MOKpHBaya 3a Te-
purtopujy I'paga bama Jlyka. Kao 6a3uu ciojeBu
KOopUheH! Cy AWTUTATHU OPTO(POTO CHUMIHU Y
pasmjepu 1:5000. Mnentudukammja v aeIuMu-
TallMja Kjaca 3eMJBHIIHOT TIOKpUBaya BpILICHA je
METOJIOM BHU3YyEJIHE HHTEpIIpeTaIje. YKyIHO je
aurutanu3oBaHo 12170 nmonuroHa koju cy passp-
cranu y cibenehe kmace: msrpaljeHe moBpIvHE,
MOJbONPUBPEIHE MOBPILIMHE, HOBPIIMHE O] IIy-
Mama, BOJICHE MOBPIIMHE U MOBPILINHE HAa KOjuMa
ce BpILM MOBPIIMHCKA E€KCIUIOATallfja CHPOBHHA.
Jlururanu3zaigja mojMroHa BpiieHa je y copTrep-
ckom naketry QGIS (Bepsuja 3.16.3). Jururannu
Moziel TepeHa ypaleH je Ha OCHOBY Tororpad-
ckux kapara pasmjepe 1:25000. Ha 18 nucrosa To-
norpa)CKUxX Kapara JUrUTaIM30BaHe Cy U30XHIICE
Ha OCHOBY KOJUX ce KacHuje ypaano 20 MeTapcku
JMTUTAITHA MOJIET TepEeHa y pacTepckoM (opMary.
W3pana aururanHor Moziena TepeHa Takohe je Bp-
uieHa y corBepckoM makery QGIS.

[Tomaru o moxxapuma u3
3BaHUYHUX EBUJICHIN]a

[Toganm o moxkapuMa OTBOPEHOT TPOCTO-
pa MPUKYIJBEHH Cy W3 3BAaHMYHUX EBUICHIIM]a
koje Boau Ilpodecnonanna teputopujaaHa Ba-
TporacHO-cnacuiadka jenuauna bama Jlyka
(ITTBJ). 3BaHNYHM TOJAIM TPEHYTHO HUCY Y -
TUTAIHOM (opMary ma ce 3a morpede oBOT paaa
MIPUCTYTIHIIO FbUXOBO] TUTUTATIU3AIM]U U YIUTa-
Baky y ['UC okpyxeme. Y 1moceOHO KpeupaHy
I'MC 6a3y monmaraka, yuyuTaHe Cy yKyImHO 792
JIOKaIMje Ha KojuMa ce jaecuo moxkap. [lomamm
cy obpahenu 3a ce mjecerne y nepuony 2017—
2021. ronune. [Ipuirkom n3nacka Ha UHTEPBEH-
1IMjy BaTporaciiy HE MPUKYIUbA]y KOOpIAUHATE
JIOKallMje TaKo Jia TO MpPEeCTaBJba OTexaBajyhy
OKOJTHOCT TPHJIMKOM TauHOT JIOUMpPama MmoXkapa
Ha KapTu. Taj HegoOCTaTaK AjETMMHUYHO j€ pHje-
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DATA AND METHODS

Data on Land Cover and Digital
Terrain Model

Due to the lack of suitable basemaps, the
production of a land cover map for the territory
of the City of Banja Luka was undertaken for
the purposes of this study. Digital orthophoto
images at a scale of 1:5000 were utilized as the
base layers. The identification and delineation
of land cover classes were performed using
visual interpretation. In total, 12170 polygons
were digitized and categorized into the fol-
lowing classes: built-up areas, agricultural ar-
eas, forested areas, water bodies, surface min-
ig sites, and areas of special purpose. Polygon
digitization was carried out using the QGIS
software package (version 3.16.3). The digital
terrain model was created based on topograph-
ic maps at a scale of 1:25000. Isohypses were
digitized from 18 sheets of topographic maps,
which were later used to generate a 20-meter
digital terrain model in raster format. The de-
velopment of the digital terrain model was also
performed using the QGIS software package.

Data on Fires from
Official Records

Data on fires in open space were collected
from official records maintained by the Profes-
sional Territorial Fire and Rescue Unit (PTF-
RU) of Banja Luka. Currently, the official data
is not in digital format, so for the purposes of
this study, they were digitized and loaded into
a GIS environment. A total of 792 fire locations
were loaded into a specially created GIS data-
base. The data was processed for all months in
the period 2017-2021. Firefighters do not col-
lect location coordinates when responding to
interventions, which poses a challenge for ac-
curately locating fires on the map. This issue
was partially addressed by cross-referencing
additional location descriptions found in inter-
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LICH MPOBjePOM NONATHHX OIHCA JIOKALHMja Y
KibHIraMa HHTCPBCHIIM]a 38 CBAKH T10jCMHAYHH
noxap. OcuM mozaraka o JoKanyjama noxapa,
NPUKYIUBCHH Cy IOJAlM O AAaTyMy M3llacka Ha
MHTCPBCHIIH]Y, BPECMCHY IIPOBEICHOM Ha HHTE-
BCHLMJH, YKYIIHO] OI0XapCHO] MOBPIINHH TE
Opojy BO3WJIa M BaTporacaia Koju cy Owid Ha
MHTEPBEHIMjU. AHAIN30M CTPYKType Iojaraka
yTBpheHo je na y 43 % cinyuajeBa He MOCTOjH
MoJIaTak O OMOYKAapEHUM IOBPILIMHAMA TaKO Ja
he ce oBaj mapamerap pasMarpard Ha OCHOBY
nofaraka koju Oymy nobujeHn oOpagom Ipo-
IyKaTa JnajbUHCKe neteknuje. Takobe, yBumom
y BPEMEHCKHM pacIiopes Mmokapa Ha OTBOPEHOM
IPOCTOPY, OMIYUEHO je J1a ce U3 aHaJu3e H30-
CTaBHU 3UMCKa Ce30Ha 300T H3y3eTHO MaJIoT Opoj
noXkapa Ha OTBOPEHOM IPOCTOPY.

W31Bajarme onoykapeHHX MOBPIIMHA HA OCHOBY
CaTCIIMTCKUX CHUMaKa BUCOKC ITPOCTOPHEC U
BPEMEHCKE PE30ITyIIHje

Kao nmonyHa 3BaHMYHMM TIOIAlMa O TMOXKa-
pvMa Ha OTBOPEHOM IIPOCTOPY Y OBOM paiy Ko-
pumtheHn Cy CareUTCKH CHUMILM Iuiaropme
PlanetScope. Koncrenanuja carenura PlanetScope
uMa MOryhHOCT TpHKyIUbamka CHUMAakKa BHCOKE
poCTOpHE pe3onynuje (3—5 merapa) ca Bpeme-
HOM O00MITacKa MCTOT MO/IpyYja Ha THEBHOM HUBOY.
3a morpebe oBOr paja KOPUIINEHU Cy aHAIUTHY-
ku npoaykTH (PlanetScope Analytic Ortho Scene
Products) xoju ce omHOCE HAa ONTUYKE CATEIIUTCKE
CHHUMKE, KOJU Cy CHUMJbEHH y yclioBUMa 0e3 00-
JlaKa, OTHOCHO y YCJIOBUMA Kajia jé TOKPHUBEHOCT
o0naka Ha cleHH Mama o 25 %. AHaIUTHYKU
npoxyktu PlanetScope miardopme cy oprope-
KTH()MKOBaHH U cacToje ce of ciuke ca 4 OaHma
(m1aBH, 3eNeHH, HPBEHU U OJIMCKO-UH(paLpBEHN)
Ha KOjuMa Cy U3BPILCHE PAINOMETPH)CKE U aTMOC-
tdepcke kopekimje (Frazier & Hemingway, 2021).
OmoxapeHe TOBPIIUHE Cy HICHTU(HKOBAHE Me-
TOJIOM BU3YyEJIHE MHTEpIpeTaiyje nopehemem ca-
TEJIMTCKUX CJIMKA KOje CE OJHOCE Ha Pa3IMUHTe
naryme. YKYIHO je je oopaheHo 729 carenuTckux
ciika 3a 57 naryma y nepuony 2017-2021. ronu-
He (Ta6. 1). HakoH u3BpiiieHe BU3yeITHEe HHTEPIIpe-
Taruje, UICHTU(UKOBAHO U M3IBOJCHO j€ YKYITHO
1032 onoxapene mnospriuHe. [Ipunnkom uaeH-
TUQUKaIMje MoXapa, 300 KBaIUTETa MPOCTOPHE
pEe30NyIHje CaTeIMTCKUX CHUMaKa, YCI[EIIHO Cy
W3JIBOjEHE Mambe OTIOXKAPEHE TIOBPIIINHE.

vention logs for each individual fire. In addition
to fire location data, information was gathered
about the date of intervention, time spent on in-
tervention, total burnt area, as well as the num-
ber of vehicles and firefighters involved in each
intervention. Upon analyzing the data structure,
it was found that in 43 % of cases, information
about burnt areas was missing. Therefore, this
parameter will be considered based on data ob-
tained from remote sensing analysis. Further-
more, after reviewing the temporal distribution
of fires in open space, it was decided to exclude
the winter season due to the extremely low
number of fires during that period.

Delimitation of Burned Areas Using High
Spatial and Temporal Resolution Satellite
Imagery

As a supplement to official fire data, this
study utilized satellite imagery from the Plan-
etScope platform. The PlanetScope satellite
constellation has the capability to collect high
spatial resolution (3—5 meters) imagery with
daily revisit frequency. Analytic Ortho Scene
Products from PlanetScope, specifically opti-
cal satellite images captured under cloud-free
conditions or with cloud coverage less than 25
%, were employed for this study. These analytic
products are orthorectified and consist of imag-
ery in four bands (blue, green, red, and near-in-
frared) with radiometric and atmospheric cor-
rections applied (Frazier & Hemingway, 2021).
Burnt areas were identified using visual inter-
pretation by comparing satellite images from
different dates. A total of 729 satellite images
were processed for 57 dates in the period 2017—
2021 (Tab. 1). Following the visual interpreta-
tion process, a total of 1032 burnt areas were
identified and delineated. Due to the spatial res-
olution quality of the satellite imagery, smaller
burnt areas were successfully identified during
the fire detection process.
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Tab6. 1. Cymapuu nperiies; oOpal)eHUX caTeIMTCKUX CHUMAaKa Mo roJuHaMa
Tab. 1. Summary overview of processed satellite images by years

Tonuna / Year 2017 2018 2019 2020 2021
Bpoj obpaljenux maryma /
Processed dates (number) 14 7 9 18 9
Bpoj caumaxa /
The number of images 116 86 121 262 144
PE3VJITATU 1 JUCKYCUJA RESULTS AND DISCUSSION

YoueHa je u3BjecHa pasznuka usmely Opoja
€BUJICHTHPAHUX MOXapa U3 3BAHUYHHUX H3BO-
pa u Opoja MIeHTU(UKOBAHUX IOXKapa ca ca-
TEJIMTCKUX CHUMaka. HaBeneHa pasimka Moxe
ce 00jaCHUTH YUECHULIOM JIa CY Y 3BAaHUYHHUM
nogauuMa Ilpodecuonanne tepuropujaiHe Ba-
TPOTacHO-CIACUJIAYKE jeIMHUIIE eBHICHTHPAHU
caMO OHH MOKapH Ha KOjUMa Cy UHTEPBEHUCAIH
BaTporacuy. Barporacuu Ha noxape OTBOPEHOT
IIPOCTOPA KOJU Cy C€ jaBJjbalu y nepudepHuM
U HENpUCTYNaYHUM JMjeJIOBUMa TEPUTOpHUjE Y
onpehenom Opojy ciayyajeBa HUCY UHTEPBEHHCA-
mu. Takole, 3a mokape OTBOPEHOT MPOCTOpa KOjU
Cy YCJIOBHO PeYeHO OWIM MOJ KOHTPOJIOM IpH-
JUKOM 4HIIhema MOJbONPUBPEAHUX MOBPIIMHA,
BaTPOracly HUCY W3JIa3WIM Ha TEPEH TaKO J1a HU
OBH I0OXKapu HUCY YBEJCHU y 3BaHUYHE €BUJICH-
uuje. bpoj moxapa koju cy ce AOTOnWiH y Te-
puony 2017-2021. roguna Bapupa (Ci. 2).

There is a certain discrepancy between the
number of fires documented in official sources
and the number of fires identified from satellite
imagery. This difference can be attributed to the
fact that official data from the Professional Ter-
ritorial Fire and Rescue Unit only includes fires
where firefighting interventions were carried out.
Firefighters might not have intervened in fires
in peripheral and inaccessible areas of the ter-
ritory in some cases. Additionally, fires in open
spaces that were essentially under control, oc-
curring during the clearing of agricultural areas,
may not have been attended by firefighters and
therefore not included in official records. The
number of fires that occurred during the period
2017-2021varies (Fig. 2).

Cn. 2. bpoj moxapa y nepuoay 2017-2021. roqune Ha ocHoBy moparaka [ITBJ u mogaraka
N0OHMjeHNX HAa OCHOBY MHTEPIIPETALIM]E CATEIMTCKUX CHIMAaKa
Fig. 2. Number of fires during the period 2017-2021 based on data from PTFRU and data obtained
from satellite image interpretation
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Hajsehu Opoj mokapa oTBOpEHOT MpOCTOpa
3a0MJBEKEH j€ Y MjecelluMa MapTy | anpuiry, Ha
caMoOM MOYETKY IOKapHe ce30He. Mjecenu Maj u
JYH Y TIpOCjeKy uMajy MarbH Opoj rmokapa, Iro je
pe3yaTar y4ecTalujux W MHTEH3UBHMJUX Iaja-
BHHA y TOM JIUjelly ToauHe. J[pyru nmepuoa y Kkom
ce jaBsba Behu Opoj moxkapa cy Mjeceru jyi U aB-
ryct (Ca. 3). Cauyau BpeMeHCKH o0paciiy 1moja-
BE I10’Kapa OTBOPEHOT POCTOPA TOKOM MOXKapHE
ce3oHe 3abusbexenu cy u'y Cpouju (Aleksi¢ et
al., 2009; dymwuh et al., 2007; )KuBanosuh, 2015)
u XpBarckoj (Baksi¢ et al., 2015). V 3aBucnoc-
TH O]l METEOPOJIOIIKMX YCJIOBa, OKAapHA Ce30Ha
MOXKE C€ TTPOYKUTHU U JI0 Kpaja cenreMOpa, JI0K
ce y OKTOOpy M HOBeMOpY IOKapu OTBOPEHOT
MPOCTOpA JeIIaBajy BeoMa PHjeTKo.

The highest number of fires in open space is
observed in the months of March and April, at the
beginning of the fire season. The months of May
and June typically have a lower number of fires,
which can be attributed to more frequent and in-
tense rainfall during that time of the year. Anoth-
er period with a higher occurrence of fires is July
and August (Fig. 3). Similar temporal patterns
of fires in open space occurrence during the fire
season have been observed in Serbia (Aleksi¢ et
al., 2009; Iyuuh et al., 2007; XKuanosuh, 2015)
and Croatia (Baksi¢ et al., 2015). Depending on
meteorological conditions, the fire season can
extend until the end of September, while fires in
open space are very rare in October and Novem-
ber.

Ca. 3. bpoj noxapa no mjecenuma y nepuony 2017-2021. ronune Ha ocHoBy eBuaeHuuja [ITBJ
Fig. 3. Number of fires by months during the period 2017-2021 based on PTFRU records

[Ipema Tumy moXapa, Haj3aCTYIJbCHHUJH
Cy moXapu TpaBe M HUcKor pacTtuma (Tab. 2).
HaBenenn mnoxapu Hajuemthe ce jaBibajy Kao
MOCJbE/IHIIA TTaJbeha KOPOBa HA MOJHOIPUBPE/I-
HUM TOBPIIMHAMA HIMPOM TOCMATPaHOr IO/~
pydja Ha MOYETKY MOKapHE ce30He. AHamu3ama
je yrBpheHo nma cy oOpaciy NOHaBJbamkba OBOT
TUMA TOXKapa Ha WCTUM JIOKalMjaMa eBHUJICH-
THUPAaHU y jyro3amaJHoM JWjely TOCMaTpaHor

In terms of fire types, grass and low vegeta-
tion fires are the most frequent (Tab. 2). These
fires are commonly the result of weed burning
on agricultural fields throughout the study area,
especially at the beginning of the fire season.
Analyses have revealed that patterns of re-
curring fires of this type at the same locations
are identified in the southwestern part of the
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nojipyyja, TauHUje Ha IJIaToy IIaHnHe Mambaye.
[Toxapu TpaBe U HUCKOT pacTHba HA OBOM IO/~
PYYjy Y3pOKY]jy CTOYapH KOjU Ha Taj HAUWH YUCTE
Hanrmbake ol CyBe TpaBe U pacTuma. MelhyTum,
HHCY PUJjETKH CIy4ajeBH Jia C€ HaBEICHU MOXKa-
PH CTHXH]jCKH TIpoIIMpe Ha Behe moBpimHe u 1a
3axBare HrymMcky Bererauujy. Lllymcku noxxapu
MPUCYTHU Cy HA TOCMAaTpaHOM MOAPYYjY, alH
300T CaCTOJUHCKE CTPYKTYpE, HUCY 3aCTYIJbEHH
Kao MPETXOJHH THIT TToKapa. [Ipema kapakrepy,
IIyMCKH TIOKapHu ¢y y BehuHu ciydajeBa mpu-
3eMHHU, a pjehe mpenase y ¢a3y BUCOKOT ToXkapa,
OZJHOCHO TIOXKapa KOjU 3aXBaTajy KpOLIHkE JIp-
Beha. Ilepuon Behe ydecranoctu myMcKux Imo-
’Kapa je y IpyroM moxxapHOM MEepUOAY Y TOIUHH
¥ Hajuemhe ce OJTHOCH Ha Mjecelle jyil U aBrycCT.
3a moxkape JAENoHWja HUje yOoueHa BpPEMEHCKa
MPaBIITHOCT, aJIM Ca MPOCTOPHOT acIeKTa MOXKe
ce 3aKJbYUMTH J1a ce y BehnHU ciydajeBa jiera-
Bajy y HNPUTPAACKUM HACEJbEHUM MjeCTHUMA Y
KOjUMa je T'YCTHHA HaceJbeHOCTH Beha.

observed area, specifically on the plateau of
Manjaca Mountain. Grass and low vegetation
fires in this area are caused by livestock owners
who use fire to clear dry grass and vegetation
from pastures. However, cases where these fires
spontaneously spread to larger areas and en-
compass forest vegetation are not uncommon.
Forest fires are present in the observed area
but are less prevalent compared to the previous
type of fire, largely due to the forest structure.
Forest fires are predominantly surface fires and
less frequently transition to crown fires, which
involve tree canopy ignition. The period with
a higher frequency of forest fires occurs in the
second fire period of the year, mainly in the
months of July and August. For landfill fires,
no consistent temporal pattern is observed, but
from a spatial perspective, they tend to occur
in suburban settlements with higher population
density.

Tab. 2. Kperame Opoja moxkapa OTBOPSHOT MPOCTOPA MpeMa TUITY Y TIEPUOLY
2017-2021. ronune (eBunenuuja [1TBJ)
Tab. 2. Number of fires in open space by type in the period 2017-2021 (PTFRU records)

Tun / Type 2017 2018 2019 2020 2021
TpaBa u HUCKO pacTurbe / 103 4 50 93 90
Grass and low vegetation
[yma u HUCKO pacTume / 3 1 2 17 18
Forest and low vegetation
Hlymeku noxap / 10 3 12 18 20
Forest fires
[oxap nenonwuje /
Landfill fires 6 ! 0 4 10
Yieymio / 152 9 84 132 138
Total

[Ipema nonanuma koju cy A100MjeHH UHTEp-
MPEeTalujoM CaTeIMTCKUX CHUMAaKa, y Mepuo-
ny 2017-2021. roguHe OMOXKapeHO je YKYITHO
2031.27 xexrapa (Tab. 3.). Y mpocjeky, HajBehe
OTIO)KapeHe MOBPIIMHE 3a0UJbEXKEHE CY Y Mjece-
uuma anpui (2.06 xexkrapa) u maprt (1.13 xexra-
pa). Mjecenu maj, jyH, JyJ U aBTyCT UMajy 3HaT-
HO Mame MPOCjeyHe OIoXapeHe MOBPIINHE KOoje
ce kpehy y pacriony ox 0.24 1o 0.33 xekrapa.
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According to data obtained from the inter-
pretation of satellite images, a total of 2031.27
hectares were burned during the period 2017—
2021 (Tab. 3). On average, the largest burned
areas were recorded in the months of April (2.06
hectares) and March (1.13 hectares). The months
of May, June, July, and August have significantly
smaller average burned areas ranging from 0.24
to 0.33 hectares.
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Ta6. 3. YkymHe u pocjedHe ornokapeHe noBpimnae y nepuomy ox 2017-2021. rogune (y Xekrapuma)
Tab. 3. Total and average burned areas during the period 2017-2021 (in hectares)

2017 2018 2019 2020 2021
VKyIHO OmOXKapeHo / 502.17 | 36.48 | 254.09 | 691.24 | 457.29
Total burned areas
ITpocjeute onokapeHe MOBPIIMHE / 073 0.15 0.4 0.45 L13
Average burned areas

Ha ocHOBy aHanm3umpaHux mojaTaka MOe
ce 3aKJbyuyuTH Ja Ha Teputopuju I'paga bama
Jlyka noMuHUpajy MambH MOXKapH, HAPOUUTO Y
MIPBOM JIHjeITy TokapHe ce3oHe. Mako omoxape-
HE TOBpIIMHE y MPOCjeKy UMajy HUXKE BpHje.l-
HocTH, y iepuoay 2017-2021. ronuHe 10roauiao
Ce HEKOJIMKO TIO)Kapa OTBOPEHOI MPOCTOpa ca
BEJIMKMM OIOXapeHUM NoBpiinHama. Hajsehu
Mokap mocMmarpajyhu omokapeHy MOBPIIHHY
3abusbexeH je y anpury 2020. roquHe, Ha TepH-
TOPHjU HaceJbeHOT MjecTa PekaBuile (JlokamuTer
TpemmeBo 6p10) U 00yXBaTHO j€ TIOBPIIUHY O]
69.42 xekrapa TpaBHATe 1 )KOyHACTE BEereTaiuje.
Jlpyru Mo BENTUYHMHU MOXKAP OTBOPEHOT MPOCTO-
pa 6mo je Ha nmoBprmuHU o1 50.79 xekrapa, a 3a-
OmbeskeH je y anpury mjecerry 2017. ronuae Ha
TEPUTOPUJU HAceJbeHOT MjecTa Burycu (6am3y
3aceoka Cranuhu). Tpehu nmo BenmuuHU moXxap
OTBOPEHOT MPOCTOpa Aoroauo ce y mapry 2017.
rO/IMHE Ha TEPUTOPHU]JU HaceJbeHOoT MjecTa Peka-
Bulle (06nmu3y 3aceoka Ahumosuhu u Jlamjano-
BuhHM), a MOBPIIMHA KOjy je 00yxBaTHO Ouia je
43.55 xekrapa.

Ca acrmexkra BHCHHCKE IUCTpHOyLHje IIO-
’Kapa Ha OTBOPEHOM TMpPOCTOpy, Hajehu Opoj
noxkapa (480 noxapa ogHocHo 46.3 % on yky-
mHOT Opoja) eBUICHTUPAH j€ Y BUCHHCKO] 30HH
uzmely 200 u 400 merapa HaJIMOpPCKE BHUCHHE
(Cn.4.). HaBenena 30Ha MOBPIIMHCKY je HajBeha
Ha TIocMarpaHoM Moapy4jy u oOyxsara 46.3 %
071 YKyIHE TMOBpILIMHE MOCMATPaHOI MOApYYja.
Jpyra no peay 30Ha 1O 3aCTYIJbEHOCTH MOXKa-
pa OTBOPEHOT MPOCTOpPA je 30Ha Koja ce Halla3H
mmehy 400 u 600 meTapa HaIMOpPCKE BHUCHHE.
YV HaBe/IeHO] 30HH €BUACHTUPAHO je yKyIHo 403
noxapa uin 38.9 % oxn ykynHor Opoja moxapa
oTBOpeHor npoctopa. [loxkapu y ocranum BH-
CHUHCKUM 30HaMa 3HATHO Cy pjehu.

Based on the analyzed data, it can be con-
cluded that smaller fires dominate the territory
of the City of Banja Luka, especially in the ear-
ly part of the fire season. Although the average
burned areas have lower values, there were sev-
eral instances of fires in open space with large
burned areas during the period 2017-2021. The
largest fire, considering the burned area, was re-
corded in April 2020, in the territory of the set-
tlement of Rekavice (locality Tresnjevo Brdo),
covering an area of 69.42 hectares of grass and
shrub vegetation. The second-largest fire in
open space occurred in April 2017, covering an
area of 50.79 hectares, in the territory of the set-
tlement of Vilusi (near the hamlet of Stani¢i).
The third-largest fire in open space happened
in March 2017, in the territory of the settlement
of Rekavice (near the hamlets of A¢imovic¢i and
Damjanoviéi), covering an area of 43.55 hect-
ares.

In terms of the altitude distribution of fires
in open space, the highest number of fires (480
fires, or 46.3 % of the total) was recorded in
the altitude zone between 200 and 400 meters
above sea level (Fig. 4). This zone is the larg-
est in terms of area on the observed territory,
covering 46.3 % of the total observed area. The
second most frequent zone for fires in open
space is the one located between 400 and 600
meters above sea level. In this zone, a total of
403 fires were recorded, accounting for 38.9 %
of the total number of fires in open space. Fires
in other altitude zones are considerably rarer.
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Cx. 4. Iloxxapu OTBOpPEHOT POCTOpa IpemMa BUCUHCKUM 30Hama (nepuox 2017-2021.)
Fig. 4. Fires in open space according to altitude zones (period 2017-2021)

[Tocmarpajyhu cymapHe nojpaTtke o moxapu-
Ma Ha OTBOPEHOM IPOCTOPY youasa ce Jia Cy Mo-
Kapu MPUCYTHU y CBUM HACEJLEHHUM MjeCTUMa
Ha nocMarpanoM noapy4jy (Cau. 5). Ha tepuro-
puju HacesbeHoT Mjecta Kona, koje ce Hana3u Ha
ITaHUHA Mamadu, eBUCHTHPAHO j€ YKYITHO 96
nokapa OTBOpEHOr mpocTtopa y nepuoay 2017—
2021. romuHe, WITO CBpCTaBa OBO HAacCEJbEHO
MjeCcTO Kao MjeCTO ca HajBHIIE IMokapa. Y cjeBe-
pO3ara HoOM JHjey TOCMaTpaHor Moapyyja, Ha-
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When examining the summarized data on
fires in open space, it can be observed that fires
are present in all inhabited places in the observed
area (Fig. 5). In the territory of the settlement
of Kola, located on Manjaca Mountain, a total
of 96 fires in open space were recorded during
the period 2017-2021, making this settlement
the one with the highest number of fires. In the
northwestern part of the study area, the settle-
ments with the most fires in open space are Pot-
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CeJheHa MjecTa ca HajBHILE MOXKapa OTBOPEHOT
npoctopa cy IloTkozapje (ykymuao 79) u [lucka-
Buna (ykynHo 77). HaBenena HacesbeHa Mjecta
Kapakrepuiie Beha ryctuHa HaceJbeHOCTH U UH-
TEH3UBHH]E TOJHONPUBPEIHE aKTUBHOCTU YKO-
JIMKO C€ TIOpEJe ca OCTAJIMM HACEJbCHUM Mjec-
TUMa TMocMaTpaHor noxapydja. On HacesbeHuX
MjecTa ca Behum Opojem moxapa H3/Bajajy ce
jomr HacesbeHa Mjecta Buycu (67), PexaBuie
(59) u lo6pma (45) koja ce Hanmasze Ha moOphy u
IJ1aToy IiaHuHe Mamade.

kozarje (total of 79) and Piskavica (total of 77).
These mentioned settlements are characterized
by higher population density and more intensive
agricultural activities when compared to other
inhabited places in the study area. Among the
settlements with a higher number of fires, Vilusi
(67), Rekavice (59), and Dobrnja (45) also stand
out. These settlements are located on the slopes
and plateau of Manja¢a Mountain.

Cn. 5. bpoj mokapa no HacesbeHUM Mjectuma y niepuoay 2017-2021. ronune
Fig. 5. Number of fires by settlements during the period 2017-2021
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Ca npyre crpaHe, HaceJbeHa MjecTa ca Haj-
MambuM OpojeM TMoXkapa OTBOPEHOT IPOCTOpa
YIVIaBHOM c€ Hayase y npurpazckoj 3ouu (IIpuje-
yanu, Kysbanu, 3amyxanu, lpaxynuh, [1aBnosar,
[aprosair). HaBenena HacesbeHa MjecTa HMajy
Behu cremen ypOanu3alyje, a IMOJHONPUBPEIHE
AKTUBHOCTH Cy cJa0Hjer MHTEH3UTEeTa ILTO j€ yTH-
1IaJI0 HAa Mamy BjepoBaTHONY I0jaBe MoXapa OTBO-
peHor npocropa. Y HOCMarpaHoOM IMEpHOAY HUCY
3a0MJbEKEHN O30MJBbHH]U TIOKApH Y BehnM KoM-
IUIEKCHMA IIyMa y jYTOMCTOYHOM JHjelly MocMa-
TpaHOT TMozpyYja Koje oOyxBara IuianuHe Yemep-
nuy, Tucosan u Ocmady. Takohe, Ha 0OpoHIIMa
anuae Kozape koju ce Hamase Ha MoCcMarpaHoM
HIOZIPY4]y, @ KOJU Cy NPEKPUBEHU LTyMCKHM ITOKPHU-
BaYEM, HUCY 3a0MIJbEIKCHHU TIOXKapH Behux pa3mMjepa,
13y3€B BEJIMKOI [IIyMCKOT' ITOKapa KOjH Ce JIECHO Yy
asrycry 2021. romune y Mummsaom Xasy.

3AKJbYHAK

VY mepuomy on meT roguHa (2017 2021), Ha
TNOCMATPaHOM TOZPYHjy YKYIHO j€ OIOXKapeHO
2031.27 xekrapa Ha Kojuma ce y Behunu cirydaje-
Ba HaJla3Wia TpaBa U HUCKO pacTumse. [loxkapu Ha
MIOCMaTPaHOM MOJPYY]jy 00MYHO 00yXBarTajy Mambe
MOBPIIMHE TaKO Ja y MjecelrMa MapT H arpui
IbHMXO0BA MPOCjeYHa OMoXKapeHa MOBPIINHA U3HO-
cu oKo 1.5 xekTapa, 10K ce y OCTaJIuM Mjeceluma
ona kpehe uzmehy 0.1 1o 0.33 xekrapa. [loxapua
CE30Ha MMOYMELE Y MapTy Mjecelly U Tpaje /10 OK-
TOOpa, a YCIIOBHO C€ MOXKE MOIM]EIUTH Y JIBa T1e-
puona. [IpBu neprox ogHOCH Ce Ha Mjecerie MapT
U anpuil Kaja je 3abusberxkeH Hajehu Opoj moxa-
pa, a KOju ce BEXe 3a MOYETAK MMOJbOPHUBPETHUX
aKTHBHOCH. J[pyTH Iepro OTHOCH ce Ha Mjecerie
JyA M aBTyCT, y KOjUMa ce T0jaBe MoXkapa OCHM
ca TMOJHONIPUBPEIHUM AKTUBHOCTHMA IOBE3Y]y U
ca MOBOJFHUM METEOPOJIONIKMM YCJIOBUMA 32 Ha-
CTaHaK U HIMPEHE NOXKapa OTBOPEHOT MIPOCTOpa.
VY CcBUM HaceJheHUM MjecTHMa Ha IOCMAaTPaHOM
oZipy4jy 3a0MJbe)KeHe Cy TojaBe mokapa. Ha-
cesbeHa MjecTa ca HajsehuM Opojem mokapa oT-
BOPEHOT ITPOCTOpa Hajlase ce Ha mooOphy U miaroy
miaHnHe Mamaue u y \mux cnaaajy Koma, Peka-
BUIIE, BHJIyCH u JloOpma, 10K ce Yy CJeBep03a-
MaTHOM JTHjeJTy TOCMAaTPaHoT MoJpyYja I/ISI[BaJaJy
[Totko3apje u IuckaBuia kao HacesbeHa MjecTa
ca BEJIMKUM OpOjeM €BUACHTUPAHUX TT0XKapa.

Henocrarak anekBaTHMX TPEBEHTHBHUX Mje-
pa 3amTuTe Of ToXKapa, HEMOCTOjake CHCTEeMa 3a
paHo y30yHHBamkE O TIOXKapa, HEOBOJBAH Opoj 1
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On the other hand, the settlements with the
lowest number of fires in open space are mostly
located in the suburban zone (Prijec¢ani, Kuljani,
Zaluzani, Drakuli¢, Pavlovac, Sargovac). These
mentioned settlements have a higher degree of
urbanization and less intensive agricultural ac-
tivities, which has led to a lower likelihood of
fires in open space. During the observed peri-
od, there were no significant fires in the larger
forest complexes in the southeastern part of the
observed area, which includes the mountains
of Cemernica, Tisovac, and Osmaca. Addition-
ally, on the slopes of Kozara Mountin within
the study area, which are covered by forest, no
larger fires were recorded except for a signifi-
cant forest fire that occurred in August 2021 in
Misin Han.

CONCLUSION

Over a five-year period (2017-2021), a to-
tal of 2031.27 hectares were burned in the study
area, predominantly with grass and low vege-
tation. The fires in the study area usually cover
smaller areas, with average burned areas of about
1.5 hectares in March and April, and ranging
from 0.1 to 0.33 hectares in other months. The
fire season starts in March and lasts until Octo-
ber, and it can be conditionally divided into two
periods. The first period relates to the months
of March and April when the highest number of
fires is recorded, linked to the beginning of agri-
cultural activities. The second period pertains to
the months of July and August, where fire occur-
rences are associated not only with agricultural
activities but also with favorable meteorological
conditions for the ignition and spread of fires in
open space. Fire occurrences have been noted in
all settlements in the study area. The settlements
with the highest number of fires in open spaces
are situated on the slopes and plateau of Man-
ja¢a Mountain, including Kola, Rekavice, Vilu-
si, and Dobrnja. In the northwestern part of the
observed area, Potkozarje and Piskavica stand
out as settlements with a significant number of
recorded fires.

The lack of adequate preventive fire pro-
tection measures, the absence of an early fire
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HEa/IeKBaTHA Pa3MjeLITeHOCT BaTPOraCHUX jeIMHU-
113, Te 00pacIy TOHAIIamka CTAHOBHHIITBA TIpeMa
MAJLEBUHH YCIIOBUJIM CY OBAKO BEJIUKHU OpOj MoxKapa
KOj¥ Cy HaHH]eJIM HE CaMO MaTepHjaJIHy IITETy HEro
1 EKOJIONIKY IITETY KOja ce He MOJKe KBaHTH()HUKO-
BaTW. JeqHa o7 MONa3HMX Tayaka y AepHHHCAY
MPEBEHTHBHUX Mjepa 3alliTUTe O TIoXKapa OTBOpe-
HOT TMPOCTOPa CBAKAKO j€ IMOCTOjarhe aIeKBaTHe 0a3e
rojiaTaka Koja ce OIHOCH Ha JIOKAllMje U KapakTe-
PHCTHKE TIOKapa. Y OBOM pajly TpUKa3aHe Cy MO-
ryhHOCTH TIpUKYyIUbamka Mojataka o nokapuma 3
MPOIyKaTa JaJbHHCKE JICTEKIH]je KOjU ce ePUKACHO
MOIy KOPUCTHTH 3a YTBphUBam€ JIOKaIUTeTa Ha
KOjUMa Cy ce JISCHITH Nokapy. HapaBHO, HEOITXOTHO
j€ HACTaBHTH Ca JAJbUM HCTPKUBABAMA Y IIHIBY
ne(rHICaka ONITUMAITHE METOIONIOTH] e 32 WICHTH-
¢buKanmjy ornokapeHUX MOBPIIMHA Ha MPOIYKTAMA
JaJbUHCKE JCTEKIMje Yrju O rmojary O cyTuie-
MEHT 3BaHUYHUM eBHeHIjama. HaBenenu nonarm
O OM 071 KOPHCTH HE CaMO 3a CEKTOP KOjU ce OaBU
3aIlITUTOM O TIO’Kapa Hero | 3a JPYre CEKTOpe Kao
IITO je 3aIlITHTA YKUBOTHE CPEIUHE, IIIyMapCTBO H
MPOCTOPHO TUIAHUPATHE.

alert system, insufficient and inadequately po-
sitioned firefighting units, and patterns of be-
havior towards burning have led to this large
number of fires, causing not only material but
also ecological damage that cannot be quan-
tified. One of the starting points in defining
preventive measures for fires in open space
protection is undoubtedly the existence of an
adequate database related to fire locations and
characteristics. This paper has demonstrated
the possibilities of collecting fire data from
remote sensing products that can effective-
ly be used to determine the locations where
fires have occurred. Of course, it is necessary
to continue with further research in order to
define an optimal methodology for identify-
ing burned areas on remote sensing products,
whose data would supplement official records.
These data would be useful not only for the
fire protection sector but also for other sectors
such as environmental protection, forestry,
and spatial planning.
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