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IMPOJEKIIUJE KNIMMATCKHUX ITPOMJEHA Y CJIUBY PUJEKE BPBAC

Topan Tpouh'', Baagumup BypheBuh?, Tatjana ITonos!, CreBan CaBuh® u /Iparan Bypuh*

"Vuugepsutet y bawoj Jlyim, [IpuponHo-maremarnyku Gakyntet, bama Jlyka, Pemy6muka Cpricka
2Vuusepsurer y beorpany, ®usnuku ¢pakynret, beorpan, Cpbuja
3Vuusepsurer y Hosom Cany, [Tpupomno-maremaruuku ¢axynret, Hosu Can, Cpbuja
*Vuusepsurer Lpue Tope, @unozodeku daxynrer, Hukumh, Lpaa [opa

Caxkerak: Y pajy cy npuKasaHe IpOjeKTOBaHE NPOMjeHE TeMIIepaTypa Ba3jlyXa U KOJIWYMHE NaJaBHHA y CIUBY pHje-
ke Bpbac mpema ximmarckom cueHapujy RCP8.5. Ha ocHOByY carenuTckux mojgaraka uspaleHe Cy mare 3a MmpocjeuHe
MjecedHe, CEe30HCKE U TOAUIILE BPHjEAHOCTH TEMIIepaType BaslyXa, CyMe [aJaBiHa U BUCHHE CH-E)KHOT IIOKpHBaya 3a
Tpu niepuoxaa: 2011-2040, 2041-2071. u 2071-2100. y ogaocy Ha 6a3uu nepuoxa 1971-2000. Pesynararn uctpaxxnBarma
MOKa3yjy Jia ce Ha IPOCTOpY CIIMBa pHjeke Bpdac Morke OueKHBATH ITOPACT TEMIIEPATYPe U CMabHBAbE CyMa MaIaBHHA 1
CHEXHOT 1okpuBaya 10 kpaja XXI Bujeka. IToehame Temneparypa Bazayxa MoXe ce OYEKHBATH Y CBUM MjecerrMa To-
KOM TOJIMHE, aJIM je Haju3paKeHHuje y jaHyapy, aBr'ycTy, HOBeMOpy M jaeneMoOpy, kaaa nosehame moxe noctrhu u 10 5 °C
110 Kpaja oBor Bujeka. OuekuBaHo KojieOame rnagaBuna he ouru Buie uspaxeno. JJo 2040. moske ce ouekuBaTu mosehame
najiaBuHa 3a nepuox nposbehe 3a 10 % y ognocy Ha nepuon 1971-2000. Jlo kpaja BUjeka KIMMAaTCKU CLEHAPU)U yKa3yjy
Ha KOHCTaHTHO CMambHBambe MajaBuHa 1 10 20 % Ha TOAWIIKHEM HUBOY, allM Ha BEJMKY HEPABHOM]EPHOCT y PacIOfjen
TOKOM CE30Ha, IITO MOXKE YCIIOBUTH MPOOJIeMe ca CYIIOM U MOIIaBama.

Kibyune pujeun: ximmarcke npojexnuje, kiumarcku cueHaprj RCP8.S, temneparypa Basyxa, magaBuHe, CEEXHH 110-
KpHUBa4, KIIMMATCKe MTPOM]jCHE, CIIUB pHjeke Bpoac.

Original scientific paper
PROJECTIONS OF CLIMATE CHANGES IN THE VRBAS RIVER BASIN

Goran Trbi¢'", Vladimir Purdevi¢?, Tatjana Popov', Stevan Savi¢® and Dragan Buric¢*

"University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of Srpska
2University of Belgrade, Faculty of Physics, Belgrade, Serbia
3University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia
“‘University of Montenegro, Faculty of Philosophy, Niksi¢, Montenegro

Abstract: The paper presents projected changes in air temperature and precipitation in the Vrbas River basin according to
the RCP8.5 climate scenario. Based on satellite data, maps were created for average monthly, seasonal and annual values
of air temperature, total precipitation and snow cover height for three periods: 2011-2040, 2041-2071. and 2071-2100.
compared to the base period 1971-2000. The results of the research show that in the area of the Vrbas river basin, an
increase in temperature and a decrease in precipitation and snow cover can be expected until the end of the 21st century.
An increase in air temperatures can be expected in all months throughout the year, but it is most pronounced in Janu-
ary, August, November and December, when the increase can reach up to 5 °C by the end of this century. The expected
fluctuation of precipitation will be more pronounced. By 2040, an increase in precipitation for the spring period can be
expected by 10 % compared to the period 1971-2000. By the end of the century, climate scenarios indicate a constant
decrease in precipitation of up to 20 % on an annual basis, but a large uneven distribution during the seasons, which can
cause problems with both drought and floods.

Key words: climate projections, RCP8.5 climate scenario, air temperature, precipitation, snow cover, climate change,
Vrbas river basin.
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YBOA

Jocanamma ucTpaxuBama IMOTBPAMIA
cy nma je mpocrop PemyOnuke Cpricke u boche
u XeplueroBuHe BeOMa HU3JIO0XKEH YTHUIA]y
KJIMMAaTCKUX npomjeHa. Taj yTuiaj ce Mmanugecryje
Kpo3 noBehame Temreparypa Ba3iyxa, CMambemhe
naJjaBUHa, ajd M T0jauyarme WHTEH3UTEeTa H
(bpekBeHIMja eKCTPEMHUX KIMMaTCKuX norahaja
O/l KOjUX Cy HajBOKHHMjU: NHTEH3UBHE I1aJaBUHE,
norviaBe, cyuie, IojaBa OJIyJHHMX BjeTPOBa,
IYTOTpajHU TOIUIOTHM Tajacu, demrha mojaBa
rpajgoHocHuX obnaka u ap. (Dejanovic et al., 2019;
Djurdjevic et al., 2019; Oprasic¢ et al., 2016; Popov
et al., 2018a, 2018b, 2019a, 2019b, 2019c; Trbic
et al., 2018; Trbi¢ et al., 2017). UcTpaxuBame
KJIMMaTCKUX yTUIaja MoXe ce Hahu U y pajioBumMa
Baji¢ u Trbi¢ (2016), Gnjato et al. (2019) u Tpouh
(2011). Mo cana nuje 6mito myOIMKOBaHUX HAYYHHUX
pazoBa KOju Cy C€ OJHOCHIIM Ha KJIMMAaTCKO
MOJIEJIOBALE U TIPOjEKIIHje y CIUBY pujeke Bpbac.

VY mpotekie aBuje aeueHuje nosehaH je u
PH3HK 01 TI0jaBe pUjeYHUX 1 OYjUUHUX MOTIJIaBa y
ciuBy pHjeke BpOac kxoje cy Beh ycioBuiie Besrke
TIOCJBEMIIE 32 JbYIIE M BbUXOBA MaTrepHjaiHa 100pa
u uHppacTpykTypy. [locmarpano ca Tor acrnekra,
yIpaBJbamkhe BOAHUM PECypCHMa U Ha aJeKBaTaH
Ha4YMH CIIpeuaBambe epo3uje MpecTaBiba jelaH Of
OWUTHMX 33/1aTaKa MPHUIMKOM IUTaHUparha O10paHe
on morutaBa (Topalovi¢ et al., 2018; Lovri¢ &
Tosi¢, 2018; Tosi¢ et al., 2018; Tosi¢ et al., 2022).

ToxoM mocibeAme JAClEeHUje EKCTPEMHH
KJIUMaTCKu Jorahaju cy jako H3pakeHH, a
MOTUIABHE W CYIITHE TOJMHE CE TOTOBO CMjCHY]Y
(Djurdjevic et al., 2019; Trbic et al., 2021).
[Toehame BapujaOMIHOCTH KIUMATCKHX
eKcTpeMa 3a0MJbEKEHUX Yy CBUM TOIUIIBUM
nobuma, ¢ 6p3uM mpomjeHama Koje ce jporahajy
TOKOM KpaTKux mnepuoja (meT A0 JeceT JaHa)
— eKCTPEMHO XJIAJHO y TOIUIO BpHjeME€ WIH
U3 Tepuoja eKCTPEMHO BHCOKHMX IajJaBUHA Y
n3pasuto cymse nepuone. Ox 2000. roaune,
nmocMaTrpaHo nojpydje ouio je 3axBaheHo ca
HEKOJIMKO 3HA4YajHUX EKCTPEMHHUX KIMMATCKUX M
BPEMEHCKHX €MU30/a KOje Cy yCIOBHUIIC 3Ha4YajHEe
MaTepujaiHe U (UHAHCHjCKE, Ka0 M TYOHUTKe
JbY/ICKUX JKUBOTA. /[Ba Haj3HauajHUja eKCTpeMHa

2

INTRODUCTION

Previous research has confirmed that
the area of Republic of Srpska and Bosnia
and Herzegovina is very exposed to the
influence of climate change. This influence
is manifested through an increase in air
temperatures, a decrease in precipitation, but
also an increase in the intensity and frequency
of extreme climatic events, the most important
of which are: intense precipitation, floods,
droughts, the appearance of stormy winds,
long-lasting heat waves, more frequent
occurrence of hail clouds, etc. (Dejanovic et
al., 2019; Djurdjevic et al., 2019; Oprasic¢ et
al., 2016; Popov et al., 2018a, 2018b, 2019a,
2019b, 2019c; Trbic et al., 2018; Trbic et
al., 2017). Research on climate impacts
can also be found in the works of Baji¢ and
Trbi¢ (2016), Gnjato et al. (2019) and TpOuh
(2011). So far, there have been no published
scientific works related to climate modeling
and projections in the Vrbas river basin.

In the past two decades, the risk of river
and torrential floods in the Vrbas river basin
has increased, which have already caused
major consequences for people and their
material goods and infrastructure. Seen from
that aspect, managing water resources in an
adequate way and preventing erosion is one
of the important tasks when planning flood
defense (Topalovi¢ et al., 2018; Lovri¢ &
Tosi¢, 2018; Tosi¢ et al., 2018; Tosi¢ et al.,
2022).

During the last decade, extreme climatic
events are very pronounced, and flood and
drought years almost alternate (Djurdjevic
et al., 2019; Trbic et al., 2021). Increasing
variability of climate extremes recorded in all
seasons, with rapid changes occurring over
short periods (five to ten days) — extreme cold
to warm weather or from periods of extremely
high precipitation to extremely dry periods.
Since the year 2000, the observed area has
been affected by several significant extreme
climate and weather episodes that caused
significant material and financial losses,
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norabaja cy cyma tokom 2012. rofuHe 1 oriaBe
TokoM 2014. romune. Cyme y 2011. u 2012. ronuan
Ouse cy eKCTpEeMHO jake, TOAMIIa KOJTMYMHA
najsaBuHa Oma je Mama 1 10 50 %. OBo cMambeme
je Behe 071 cBUX MPOjeKTOBAaHUX CMambCHa MpeMa
MPETXOJHUM KIMMAaTCKUM cleHapujuma. Cymia
j€ JONpHHHUjeNna CMambehy MPUHOCA T0jeINHUX
kyatypa 10 50 % (kykypy3) (Trbi¢ et al., 2013).
[MomnmaBe y 2014. rogunu oGopwuiie cy CBe
HCTOPH]jCKE PEKOPJIE Y MHCTPYMEHTAIHOM IIEPHO/TY.
Makcumanan Bonoctaj Bpbaca y Jlenubammaom
ceny (bama Jlyka) 16. maja 2014. uznocuo je 8§16
cm u OMO je TOTOBO 2 m BHIIMU O AOTAJAIIHET
MakcuMaJHor BozpocTaja (Oprasic et al., 2016).
Knumarcke npomjene Hajehu ytunaj Bpuie Ha
cibeziehe cexTope: MoJbONPHUBPEA, BOAOTIPUBPEAA
U yNpaBJbamkbe BOIHUM PECypCUMa, CTAHOBAIbE,
LIyMapcTBO U TypU3aM, a CBE UHTEH3UBHUJH je U
yTHUIIa] Ha JBYJCKO 31paBibe. [0TOBO CBU yTHLIAjH
MMajy HEraTHBaH KapaKTep, OCUM Yy Ciyd4ajy
MIOJHOTIPUBPE/IC TIIj€ CY €BUACHTHU U MO3UTUBHU
yTHULAju KIuMarckux npomjeHa (Ostoji¢ et al.,
2019; Trbic et al., 2021; Zurovec et al., 2017). Jerma
o1 Moryhux rnocsbeiuna KIMMaTcKUX MpoMjeHa cy
U TIOIUIaBe M MpoMjeHa pexkuma naaasuna (Klein
et al., 2014). Kiimmarcko MOJIe/IOBa-€ KIIMMATCKUX
eJieMeHara, a TOMHUHAHTHO TEMIIEpaType Ba3ayxa
U KOJIMYMHE MaJaBHHA, MOXXE MPYKUTH BEOMa
o6utHe uHpopmanuje o Moryhum npomjeHama y
Oynyhaoctu. 360r cBera Hampujel HaBEICHOT,
CTpareryje v INIaHUparse aanTalyje Ha KITMMaTcKe
npoMjeHe y ciauBy pujeke Bpbac Tpebarne 6u ce
TEMEJbUTH TpeMa MOryhum mpomjeHama KiIume
Koje he ce oBHjaT mpemMa KIIMMaTCKOM CLIEHapHjy
RCP8.5.

[maBHM 1IMJb UCTpaAKMBama j€ J1a Ce YTBPAC
MPOMjEHE MjECEYHHX, CE30HCKHX M TONUIIHUX
CpelmUX TeMIleparypa, MajaBHHAa U BHCHHE
CIbE)KHOI' TOKpUBa4Ya y CIMBY pujeke BpOac
1o kpaja XXI Bujeka mpema HajeKCTPEMHH]eM
RCP8.5 cuenapujy KIUMaTCKUX IPOMjEHA.
JloOujeHn pe3ynTaT Mory UMatH (pyH1aMeHTaIHH
U TPAaKTHUYHH 3HA4a] KOJ M3pajie CTPATEIIKUX U
IUTAHCKUX JOKyMeHarta, Te Ae(uHucama Mjepa
y 60pOH TPOTHB KIMMATCKUX NPOMjEHA Y CIIMBY
pujexe Bpbac.

as well as human life losses. The two most
significant extreme events are the drought in
2012 and the floods in 2014. Droughts in 2011
and 2012 were extremely severe, the annual
amount of precipitation was less by up to 50
%. This reduction is greater than all projected
reductions under previous climate scenarios.
The drought contributed to the reduction of the
yield of certain crops by up to 50 % (maize)
(Trbi¢ et al., 2013). The floods in 2014 broke
all historical records in the instrumental
period. The maximum water level of the Vrbas
River in DelibaSina village (Banja Luka) on
May 16, 2014 was 816 cm and was almost 2 m
higher than the previous maximum water level
(Oprasi¢ et al., 2016). Climate change has
the greatest impact on the following sectors:
agriculture, water management and water
resources management, housing, forestry and
tourism, and the impact on human health is
becoming more and more intense. Almost all
impacts have a negative character, except in
the case of agriculture where positive impacts
of climate change are also evident (Ostoji¢
et al., 2019; Trbic et al., 2021; Zurovec et
al., 2017). One of the possible consequences
of climate change are floods and changes in
precipitation regimes (Klein et al., 2014).
Climatic modeling of climate elements, mainly
air temperature and precipitation, can provide
very important information about possible
changes in the future. Due to all of the above,
strategies and planning for adaptation to
climate change in the Vrbas river basin should
be based on possible climate changes that will
take place according to the RCP8.5 climate
scenario.

The main goal of the research is to
determine the changes in monthly, seasonal
and annual mean temperatures, precipitation
and the height of the snow cover in the Vrbas
river basin until the end of the XXI century
according to the most extreme RCP8.5 climate
change scenario. The obtained results can
be of fundamental and practical importance
in the preparation of strategic and planning
documents and the definition of measures in
the fight against climate change in the Vrbas
river basin.
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MATEPUJAJIA U METO/JIE

CnuB pujeke BpOac cmjemren je y
cjeBepo3amnagHom aujeny Pemy6nuke Cpricke u
bocue n Xepuerosune. I eHepanHo, ropmbu U0
clmBa je cMjemiteH Ha Teputopuju denepanmje
Bocue u XepueroBune, a cpeby U IOHHU IHO Y
Perry6muim Cprickoj. YKyIHa Ty>KHHA TOKa pHjeKe
Bpbac ox u3Bopa a0 ymrha usnocu 235 km, mok
yKyIlHa MOBpLIMHA cliuBa M3HOCH 6386 km?.
[Ipocjeuan Haru6 raBHor ToKa je 6 m/km. ['opmu
TOK pHjeKe UMa IUIAHMHCKH, a IOHU PAaBHIYAPCKH
KapakTep.

3a pernoHanu3anyjy pesyarara rio0arTHux
knumarckux mozena (Global Climate Models
— GCMs) u mpoljeHy IpoMjeHa PEerHOHATHUX
KJIMMAaTCKUX ycjoBa y Oynyhnoctu Hajuemrhe
KopuIIheHH ajaTu Cy PEerHOHAIHM KIUMAaTCKH
monenu (Regional Climate Models — RCMs)
(Giorgi et al., 2001; Giorgi & Lionello, 2008).
Merton pernonanuzanyje omoryhasa noOujame
peneBanTHUX MH(popManuja o Oynyhoj kmumu
Ha oAroBapajyhum mpoCTOPHUM M BPEMEHCKHM
pasMjepaMa HEONXOJHHUM 3a CIHpoBoheme
CTy/lWja yTHUIIaja U PAUBOCTH, MOCEOHO Kajia Cy
(dhoKycupaHe Ha pPEeTHOHAIIHE W CyOpernoHaIHe
nomene (Jacob et al., 2007). 3a moTpebe oBor
HCTpaXXUBamka KOpHIIheHH Cy pe3yiTaTH
peruoHanm3anuje Knumarckor ciuenapuja RCPS8.5
3a TepuTopujy cimBa pujexe BpOac. Cxanupame
j€ M3BelEeHO HEeXHJPOCTATUYKUM PErHOHATHUM
(Nonhydrostatic Multi-scale Model — NMMB)
MojaenoM. Permonamnu momen NMMB je
HEXHUJIPOCTATUYKH MOJeN arMocdepe Koju ce,
IopeJl oneparuBHE ymoTrpede 3a BPEMEHCKY
nporHo3y y HarmoHnanHoj MeTeoposIomKoj Ciry 0ou
CAJl (Janjic, 2003; Janjic & Gall, 2012), kopuctu
U y MHOTHUM HCTPaKMBAUKMM HHCTUTYIHMjaMa
y EBporu (Pérez et al., 2011). Yumenumna na je
NMMB wmonen HexuapocTaTHuaH omoryhasa
ETOBY NPUMjEHY y MHTETpalfjama ca U3y3eTHO
BEJIMKUM XOPH30HTAIHUM NPOIIMPEHUMA HCIION
10 km (nuMeH3HMje TUIIUYHE 32 KOHBEKTHBHE
nporece). HMHTerpammje OBakKO BHCOKHUX
XOPHU30HTAJIHUX JIEKOMIIO3HIIMja omMoryhasajy
60spy cuMynanujy oarorapajyhux armochepckux
HEXUAPOCTATCKUX MPOLEeca U3Y3eTHO BAKHUX Y

4

MATERIALS AND METHODS

The Vrbas river basin is located in the
northwestern part of the Republic of Srpska
and Bosnia and Herzegovina. In general,
the upper part of the basin is located in the
territory of the Federation of Bosnia and
Herzegovina, and the middle and lower part
in the Republic of Srpska. The total length of
the river Vrbas from the source to the mouth
is 235 km, while the total area of the basin
is 6386 km?. The average slope of the main
stream is 6 m/km. The upper course of the
river has a mountainous character, while the
lower course has a plain character.

For the regionalization of the results
of global climate models (GCMs) and the
assessment of changes in regional climate
conditions in the future, the most commonly
used tools are regional climate models
(RCMs) (Giorgi et al., 2001; Giorgi &
Lionello, 2008). The regionalization method
enables obtaining relevant information about
the future climate at the appropriate spatial
and temporal scales necessary for conducting
impact and vulnerability studies, especially
when focused on regional and subregional
domains (Jacob et al., 2007). For the purposes
of this research, the regionalization results
of the RCP8.5 climate scenario for the
territory of the Vrbas river basin were used.
Scaling is performed by the non-hydrostatic
regional (Nonhydrostatic Multi-scale Model
— NMMB) model. The NMMB regional
model is a non-hydrostatic atmospheric
model that, in addition to operational use
for weather forecasting in the US National
Weather Service (Janjic, 2003; Janjic &
Gall, 2012), is also used in many research
institutions in Europe (Pérez et al., 2011). The
fact that the NMMB model is non-hydrostatic
enables its application in integrations with
extremely large horizontal extensions below
10 km (dimensions typical for convective
processes). Integrations of such high
horizontal decompositions enable a better
simulation of corresponding atmospheric non-
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Pa3Bojy KOHBEKTMBHHX CHCTEMa KOjU Cy Hajuenthu
y3pOK €KCTpEMHHUX aKyMmylaldja TajaBUHA Yy
KpaTKUM BPEMEHCKHUM HHTEpBAIMMa, TOCEOHO
TOKOM TOoIUIHjer nujena roxuue (Djurdjevic &
Krzic, 2013; Trbic et al., 2021). Y oBom mozaemny
(NMMB) Beptukanna pesonynuja je Ouna 64
HHUBOA 071 MoBpIIKHE 3emibe 10 BucuHe 10 mb, a
pacrojame u3Mel)y BEepTUKaITHUX HUBOA 3aBHCUIIO
je on BucuHEe. biu3y MOBpIIMHE je HEKOJIUKO
JeCeTUHa MeTapa, a y CpeIuHH arMmocdepe
HEKOJIMKO CTOTMHa Mertapa. HMHTerpamuje
NMMB wmonena cy ypahene y okBupy mpojeKra
ORIENTGATE (moctynno Ha http://www.
orientgateproject.org) (Djurdjevic & Krzic, 2013).
NMMB Mopnen je pernoHaau30Ba0 KIMMATCKU
cuenapuo RCP8.5 nedpunucan y Ilerom
u3Bjemrajy MehyBiaaauHor naHena o KIIMMaTCKUM
npoMjenama (IPCC-ARS) (Moss et al., 2008).
XopuzonTanHa pezonyija NMMB monena 6una
je 8 km. Kao pedepentnu nepuon nzadpas je
nepuoy 1971-2000. roguHe, TOK Cy MHTErparmje
oynyhe ximume nokpusaie nepuon 2011-2100.
I'mobanuu knumarcku mogen CMCC-CM je
KopHUIINEH 3a TPaHUYHE YCIIOBE Yy MHTErpaIHjH
cruenapuja RCP8.5 (Djurdjevic & Rajkovic, 2008;
Djurdjevic et al., 2014; Scoccimarro et al., 2011).

[Ipema kimmarckom cueHapujy RCPS8.5
aHAITM3HUPAHE Cy OYEKUBAHE IPOMjEHE TEMIIEpaType
Ba3lyxa M nagaBuHa 3a nepuoze ox 2011. no 2100.
rouHe y ofHocy Ha 6a3uu nepuoxa 1971-2000.
Amnanuse cy U3BpILICHE 32 HUBOE Mjecela, Ce30Ha
U TOJMHA 3a BpeMeHcke XxopuzoHte: 2011-2040,
2041-2071. 1 2071-2100.

Hajexctpemunju cuienapuo RCP8.5 uzabpan je
y ogHocy Ha octaine (RCP2.6, RCP4.5 u RCP6.0)
U3 TPAKTUYHOT pasjiora IITO C€ KIMMAaTCKe
MpOMjeHe U KIIMMAaTCKH eKCTpeMu Beh jernaBajy
npema HajekcTpemHHjeM cueHapujy RCPS8.5.
[IpoMjeHe KIMMaTCKUX eKCTpeMa Cy cBe uenihe u
W3pAKEHHU]€ U MOTY 3HATHO YTULIATH Ha OYEKUBAHH
neduIuT Boje, MOCeOHO Y JheTHoj ce30Hu. OBe
nmpomjeHe cy ce Beh ocTBapwiie y MOjeIHHUM
roguHama (Oprasi¢ et al., 2016). 36or Tora,
CMaTpaHo je JOTMYHHUM Jia C€ TPOjeKIIrje MpaBe
[0 HaJeKCTPEMHM]EM OYEKHBAHOM CLEHApH]jy
(RCP8.5). OBa outyka nMa 1 IpakTHU4YaH KapakTep,
Jjep Moke OUTH KoprcHa MH(OpMaIHja 3a Kpeatope

hydrostatic processes extremely important in the
development of convective systems, which are
the most common cause of extreme precipitation
accumulations in short time intervals, especially
during the warmer part of the year (Djurdjevic
& Krzic, 2013; Trbic et al., 2021). In this model
(NMMB) the vertical resolution was 64 levels
from the surface of the Earth to a height of
10 mb, and the distance between the vertical
levels depended on the height. It is several
tens of meters near the surface, and several
hundred meters in the middle of the atmosphere.
Integrations of the NMMB model were done
within the ORIENTGATE project (available at
http://www.orientgateproject.org) (Djurdjevic &
Krzic, 2013). The NMMB model regionalized
the RCP8.5 climate scenario defined in the
Fifth Report of the Intergovernmental Panel on
Climate Change (IPCC-ARS) (Moss et al., 2008).
The horizontal resolution of the NMMB model
was 8 km. The period 1971-2000 was chosen as
the reference period. year, while future climate
integrations covered the period 2011-2100. The
global climate model CMCC-CM was used for
boundary conditions in the integration of the
RCP8.5 scenario (Djurdjevic & Rajkovic, 2008;
Djurdjevic et al., 2014; Scoccimarro et al., 2011).

According to the climate scenario RCP8.5,
expected changes in air temperature and
precipitation for the period from 2011 to 2100
year were analyzed in relation to the base period
1971-2000. Analyzes were performed for the
month, season and year levels for the time
horizons: 2011-2040, 2041-2071. and 2071—
2100.

The most extreme scenario RCP8.5 was
chosen over the others (RCP2.6, RCP4.5 and
RCP6.0) for the practical reason that climate
change and climate extremes are already
occurring under the most extreme scenario
RCP8.5. Changes in climatic extremes are
becoming more frequent and pronounced and
can significantly affect the expected water
deficit, especially in the summer season. These
changes have already been achieved in certain
years (Oprasi¢ et al., 2016). Therefore, it was
considered logical to make the projections
according to the most extreme expected scenario
(RCP8.5). This decision also has a practical
character, because it can be useful information

5
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MOMUTHKA U JIOHOCHOIE OJJIyKa MPHUINKOM
JIOHOIICHa CTPATEIIKUX JOKyMEHATa U yCBajamba
Mjepa 3a mpuiiarohaBame Ha KIIMMaTcKe IPOMjeHe
y cnuBy pujeke BpOac u Ha HHBOy PemyOnuke
Cpricke.

PE3VIITATU 1 AMCKYCUJA

[IpojekToBaHe MpoMjeHe TeMIieparypa
Ba3Iyxa

[IpojexkToBaHe TpOMjeHE TeMIepaTypa
Ba3/Iyxa y CIMBY prjeke Bpbac nmpema KiimmMarckoM
cuenapujy RCP8.5 mpukazane cy na Cin. 1-6.
OdekuBaHE TPOMjEHE CPEIBHUX TOJUIIHUX
TeMIleparypa y CIuBy pujeke Bpbac Ouhe y
untepBany o 1.8 °C (2011-2040), 3 °C (2041—
2070) no 5.4 °C (2071-2100). Hajehe npomjeHe
TI0 Ce30HaMa 3a CBa TPH MIEpUOJIa Cy 3a CE30HY 3UMa
(DJF), 3a kojy je anomanuja y mpocjexy Beha on
aHoManije roxuimber npocjeka ox 0.5 °C mo 0.8
°C, ok je ce3ona nposbehe (MAM) ca HajMamOoM
AHOMAJTH]OM TeMITEpaType, IpeMa OBOM CIICHAPH]Y.
INojeauHaunn Mjecern ca HajBehoM aHOMAaJIMjOM Cy
jaHyap, HoBeMOap | JierieMoap, 0K 3a OCIhEImha
nBa nepuona 2041-2070. u 2071-2100. najsehy
AQHOMAJIH]y TOKOM JHETIHHX MjECEI Ma aBryCT.

O\|

for policy makers and decision makers when
adopting strategic documents and adopting
measures for adaptation to climate change in the
Vrbas river basin and at the level of Republic of
Srpska.

RESULTS AND DISCUSSION

Projected changes in air
temperatures

Projected changes in air temperatures in
the Vrbas river basin according to the RCP8.5
climate scenario are shown in Fig. 1-6. Expected
changes in mean annual temperatures in the
Vrbas river basin will be in the range of 1.8
°C (2011-2040), 3 °C (2041-2070) to 5.4 °C
(2071-2100). The biggest changes by season for
all three periods are for the winter season (DJF),
for which the anomaly is on average greater than
the anomaly of the annual average from 0.5 °C
to 0.8 °C, while the spring season (MAM) has
the smallest temperature anomaly, according to
this scenario. Individual months with the largest
anomaly are January, November and December,
while for the last two periods 2041-2070. and
2071-2100. August has the biggest anomaly
during the summer months.
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Cn. 1. Ilpomjena cpenmux Mjeceunux temneparypa (TG) npema cuenapujy RCP8.5 3a nepuon
2011-2040. rogune y onHocy Ha nepuona 1971-2000. (y °C)
Fig. 1. Change in mean monthly temperatures (TG) according to the RCP8.5 scenario for the
2011-2040 periods compared to the 1971-2000 periods (in °C)

Cn. 2. IIpoMjena cpenmux ce30HCKHX U roguinmux temmeparypa (TG) nmpema cuienapujy RCP8.5 3a
nepuoj 2011-2040. ronune y ognocy Ha niepuon 1971-2000. (y °C)
Fig. 2. Change in mean seasonal and annual temperatures (TG) according to the RCP8.5 scenario
for the 2011-2040 periods compared to the 1971-2000 periods (in °C)
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Cn. 3. Ilpomjena cpenmux Mjeceunux temmneparypa (TG) npema cuenapujy RCPS8.5 3a nepuon
2041-2070. ronune y ogHocy Ha niepuoj 1971-2000. (y °C)
Fig. 3. Change in mean monthly temperatures (TG) according to the RCP8.5 scenario for the 2041—
2070 periods compared to the 1971-2000 periods (in °C)
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Cx. 4. IlpomjeHa cpenmbux Ce30HCKUX U roauiimux temneparypa (TG) npema cuenapujy RCPS8.5 3a
nepuoj 2041-2070. roqune y ognocy Ha nepuog 1971-2000. (y °C)
Fig. 4. Change in mean seasonal and annual temperatures (TG) according to the RCP8.5 scenario
for the 2041-2070 periods compared to the 1971-2000 periods (in °C)
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Cn. 5. Ilpomjena cpenmux Mjeceunux temneparypa (TG) npema cuenapujy RCP8.5 3a nepuon
2071-2100. ronune y ogHocy Ha niepuos 1971-2000. (y °C)
Fig. 5. Change in mean monthly temperatures (TG) according to the RCP8.5 scenario for the 2071—
2100 periods compared to the 1971-2000 periods (in °C)

Cn. 6. IIpoMjena cpenmux ce30HCKHX U roguimux temmeparypa (TG) npema cuienapujy RCP8.5 3a
nepuoj 2071-2100. roqune y ognocy Ha nepuog 1971-2000. (y °C)
Fig. 6. Change in mean seasonal and annual temperatures (TG) according to the RCP8.5 scenario
for the 2071-2100 periods compared to the 1971-2000 periods (in °C)
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[IpojekToBaHe poMjeHe MagaBuHa

[TpojexToBaHe MPOMjeHE KOIIMIHUHE MaJaBUHA
y ciuBy pujeke Bpbac mpema KiuMarckom
cueHapujy RCP8.5 mpukasane cy na Cin. 7-12.
Toxom mpBor pasmarpanHor nepuoxa 2011-
2040. roguHe, rOAMIIKHA TPOMjEHA MaJaBUHA Y
CJIMBY MMa IMO3UTHBAH 3HaK o +5 % y omHoCy
Ha nepuon 1971-2000. Ce3ona ca HajBehom
MO3UTUBHOM aHOMaijoM je mposbehe (MAM),
MoceOHO y MomeM aujeny ciua, ox +10 %, a
ce3oHa ca HajBehoM HeraTMBHOM aHOMAJIHjOM
je jecen (SON) ox -10 %. Mjecenu ca HajeehoM
MO3UTHBHOM aHOMAJMjOM Cy aBrycT, ¢edpyap
u anpui ca anomanujama ox +10 % u Behum, a
Mjecer ca HajsehoM HEraTMBHOM aHOMAJIMjOM
cy jyn u geuem6Oap. Toxom nepuona 2041-2071.
rOJIMHE, TOIUILHA MPOMjeHa MAJaBUHA Y CIUBY
rMa HEeraTuBaH 3HaK 1 u3Hocu oko -10 %. Ce3one
ca HeraTHBHOM aHOMAJTHjoM ¢y JbeTo (JJA) u jecen
(SON), moce6Ho JJA ca anomanujom Behom of -20
%, nok ce3one 3uma (DJF) u npossehe (MAM)
MMajy POMjEHJbUBY aHOMAJIH]Y Y 3aBUCHOCTH OJ1
nujena ciauBa. Mjecer ca HajBehoM Mo3UTUBHOM
aHomasgjoM cy (ebpyap, MapT U HoBemOap, a
Mjeceny ca HajsehoM M 3Ha4ajHOM HETaTMBHOM
aHOMAJIMjOM Cy JyYH M jyJl, ca aHOMalujama
Behum ox -20 %. Toxom mepumoma 2071-2100.
rOJIMHE, TOIUILHA MPOMjeHa MAJAaBUHA Y CIUBY
je y medurnuty u uzHocu go -20 %. Cesone
ca HeraTMBHOM aHomanujom cy MAM, JJA u
SON, nocedno JJA ca anomanujom BehoMm of
-20 % y Hexum aujenoBuMa, A0k cezoHa DJF
¥Ma MPOM]jCHIJbUBY aHOMAJIH]y Y 3aBHCHOCTHU OJf
nujena ciauBa. Mjecer ca HajeehoM MO3UTHBHOM
aHomaiujoM je pebpyap, a Mjeceru ca Hajsehom
Y 3Ha4YajHOM HETaTHBHOM aHOMAJHjOM Cy Maj,
JYH, jyl, aBTYCT U cenTeMmOap ca aHoMajujama
1o u sehum ox -20 %. Ilpema oBuM pesynraruma
jacHo je nma ce ce3oHa JJA ucTuue Kao cezoHa
TOKOM Koje he ce MHTEH3UBHpATH MOTCHLIUjaTHH
mpo0JeM HeraTUBHUX TajiaBuHa, 1OK ce30He DJF
1 MAM 1noTeH1HjaTHO MOTY UMaTH U MIO3UTHBHE
aHoMalije MOCceOHO y MPBOj MOJIOBUHU BHjEKa,
JOK y JIPyroj MOJOBUHH NePUIUT TaJaBUHA
KapakTepucTuyaH 3a ce3oHy JJA moxe OuTH
IIPOIIMPEH U Ha ce30Hy MAM.

Projected changes in precipitation

Projected changes in the amount of
precipitation in the Vrbas river basin according
to the RCP8.5 climate scenario are shown in Fig.
7-12. During the first considered period 2011—
2040. year, the annual change in precipitation in
the basin has a positive sign of +5 % compared to
the period 1971-2000. The season with the largest
positive anomaly is spring (MAM), especially
in the lower part of the basin, of +10 %, and
the season with the largest negative anomaly is
autumn (SON) of -10 %. The months with the
largest positive anomaly are August, February
and April with anomalies of +10 % and higher,
and the months with the largest negative anomaly
are July and December. During the period 204 1—
2071. year, the annual change in precipitation
in the basin has a negative sign and amounts
to about -10 %. The seasons with a negative
anomaly are summer (JJA) and autumn (SON),
especially JJA with an anomaly greater than -20
%, while the winter (DJF) and spring (MAM)
seasons have variable anomalies depending on
the part of the basin. The months with the largest
positive anomaly are February, March and
November, and the months with the largest and
significant negative anomaly are June and July,
with anomalies greater than -20 %. During the
period 2071-2100. year, the annual change in
precipitation in the basin has a negative sign and
amounts to -20 %. The seasons with a negative
anomaly are MAM, JJA and SON, especially JJA
with an anomaly greater than -20 % in some parts,
while the DJF season has a variable anomaly
depending on the part of the basin. The month
with the largest positive anomaly is February, and
the months with the largest and most significant
negative anomaly are May, June, July, August
and September with anomalies up to and greater
than -20 %. According to these results, it is
clear that the JJA season stands out as a season
during which the potential problem of negative
precipitation will intensify, while the DJF and
MAM seasons can potentially have positive
anomalies, especially in the first half of the
century, while in the second half the precipitation
deficit characteristic of the JJA season can be
extended to the MAM season as well.
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Cn. 7. Tlpomjena Mjeceunnx akymyrnupanux najgasuaa (RR) mpema cuenapujy RCP8.5 3a mepuon
2011-2040. rogune y onnocy Ha nepuoa 1971-2000. (y %)
Fig. 7. Change in monthly accumulated precipitation (RR) according to the RCP8.5 scenario for the
2011-2040 periods compared to the 1971-2000 periods (in %)
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Cn. 8. [IpomjeHa ce30HCKHUX U TOAMIIBLUX akymyaupanux nagasuna (RR) npema cuenapujy RCP8.5
3a nepuon 2011-2040. roqune y onnocy Ha nepuoa 1971-2000. (y %)
Fig. 8. Change in seasonal and annual accumulated precipitation (RR) according to the RCP8.5
scenario for the 2011-2040 periods compared to the 1971-2000 periods (in %)
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Cn. 9. Ilpomjena mjeceuynux akymynupanux naaasuna (RR) mpema cuenapujy RCP8.5 3a nepuon
2041-2070. roqune y ogrocy Ha niepuona 1971-2000. (y %)
Fig. 9. Change in monthly accumulated precipitation (RR) according to the RCP8.5 scenario for the
2041-2070 periods compared to the 1971-2000 periods (in %)

Ca. 10. ITpomjeHa ce30HCKUX U FOAMIIBLUX aKyMylnupanux naaasuna (RR) mpema cuenapujy
RCP8.5 3a nepuog 2041-2070. rogune y onnocy Ha nepuoa 1971-2000. (y %)
Fig. 10. Change in seasonal and annual accumulated precipitation (RR) according to the RCP8.5
scenario for the 2041-2070 periods compared to the 1971-2000 periods (in %)
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Cn. 11. IIpomjena mjeceunux akymynupanux nagaBuna (RR) npema cuenapujy RCP8.5 3a nepuon
2071-2100. rogune y ognocy Ha niepuoa 1971-2000. (y %)
Fig. 11. Change in monthly accumulated precipitation (RR) according to the RCP8.5 scenario for
the 2071-2100 periods compared to the 1971-2000 periods (in %)
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Cun. 12. IlpomjeHa CEe30HCKHUX M TOAMIIBUX akyMynupaHux nagasuHa (RR) mpema ciienapujy
RCPS8.5 3a mepuon 2071-2100. rogune y ogrocy Ha niepuon 1971-2000. (y %)
Fig. 12. Change in seasonal and annual accumulated precipitation (RR) according to the RCP8.5
scenario for the 2071-2100 periods compared to the 1971-2000 periods (in %)

[IpojexToBaHe MPOMjeHE BUCHHE CHEIKHOT
MOKpYBaya

Ha Cn. 13 u Cn. 14 npukasane cy npomMjeHe
Cpebe BUCHHE aKyMYJIMPaHOT CHHjera 3a Ce30HY
DJF, 3arum nepuoj HoBeMOap—anpui (N—-A) u
MIPOMjeHE Ha TOAMIIILEM HUBOY, U3paxkeHe y %
y onmHocy Ha pedepentHu nepuon 1970-2000.
rozuHe, 3a Oynyhe neproze 2011-2040, 2041-2070.
n 2071-2100. romure, mpema cuieHapujy RCP8.5. 3a
niepuon 2011-2040. romuHe, IPOMjeHE Y CPEIH0j
BUCHHH CH-€XKHOT ITOKpUBaya 3a nepuos N—A kpehy
ce of1 -40 % y uentpanHOM aujeny ciausa 110 -80
% Ha KpajieM jyTy, Y OJHOCY Ha BPHU]SIHOCTH U3
pedepentHor nepuona 1971-2000. Y cezonu DJF
nipomjene ¢y ox1 -60 % Ha cjeepy 1o Buiire o1 -90 %
y TOjeIMHAM 00JIacTiMa Ha jyry. 3a iepuoze 2041—
2070. u 2071-2100. mpomjeHe cy joI U3pakeHuje,
tako Aa 3a nepuon 2071-2100. roqune, O4eKuBaHe
NPOMjeHe y Cpe/ih0j BUCHHU CH-EKHOT TIOKpHBaya
3a mepuon N—A kpehy ce on -70 % y neHTpamTHuM
JIMjeJIOBMMA CITBA JI0 BPUJEIHOCTH Koje cy Behe o
-90 % Ha Jy>KHO] TPaHHUIIH CIIHBA.

16

Projected changes in the height of the snow
cover

On Fig. 13 and Fig. 14 shows the changes in
the average height of the accumulated snow for the
DIJF season, then the period November—April (N-A)
and the changes at the annual level, expressed in %
compared to the reference period 1970-2000. year,
for the future periods 2011-2040, 2041-2070. and
2071-2100. according to the RCP8.5 scenario. For
the period 2011-2040. year, changes in the average
height of the snow cover for the period N—A range
from -40 % in the central part of the basin to -80 % in
the extreme south, compared to the values from the
reference period 1971-2000. In the DJF season, the
changes range from -60 % in the north to more than
-90 % in certain areas in the south. For the periods
2041-2070. and 2071-2100. the changes are even
more pronounced, so that for the period 2071-2100.
year, the expected changes in the average height of
the snow cover for the period N-A range from -70
% in the central parts of the basin to values that are
greater than -90 % at the southern border of the basin.
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[Ipomjena Opoja nmaHa ca CHBEXKHHM
nokpuBaueM 3a npsu nepuon 2011-2040. je
HEeraTuBHA M 32 LUjEJIH CIUB y MPOCjEeKY U3HOCH
oko -40 %, oK ce 3a TIOCIbEAHY TIEPUOJ TIPOMjEHA
kpehe y untepsaiy ox -70 % 10 -90 %. Y cBa tpu
aHaJTM3UpaHa Meprosia CMamemke Opoja aHa ca
CEb@)KHUM MOKPHBAYEM j& U3PAKEHH]E Y JOHEM
nujeny civBa Bpbaca.

Change in the number of days with snow
cover for the first period 2011-2040. is negative
and for the entire basin is on average about -40 %,
while for the last period the change ranges from
-70 % to -90 %. In all three analyzed periods,
the decrease in the number of days with snow
cover is more pronounced in the lower part of
the Vrbas basin.

oBcnja Luka oEunja Luka

oEunja Luka

=30
—40
—50
—60
=70
-80
-90

Cn. 13. IIpomjena cpeame Bucune akymynupaHor camrjera (SNO) mpema cuienapujy RCPS8.5 3a
nepuoje 2011-2040, 2041-2070. u 2071-2100. y ogrocy Ha niepuog 1971-2000. (y %)
Fig. 13. Change in the mean height of accumulated snow (SNO) according to the RCP8.5 scenario
for the 2011-2040, 2041-2070 and 2071-2100 periods compared to the 1971-2000 periods (in %)
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Cn. 14. IIpomjena 6poja nana ca cwexxauM nokpusadeM (SNOD) npema cuenapujy RCPS8.5 3a
nepuoje 2011-2040, 2041-2070. u 2071-2100. y ogrocy Ha niepuog 1971-2000. (y %)
Fig. 14. Change in the number of days with snow cover (SNOD) according to the RCP8.5 scenario
for the 2011-2040, 2041-2070 and 2071-2100 periods compared to the 1971-2000 periods (in %)

HewussjecHoct y pesynraruma
u orcer Moryhux mpomjeHa

HeusBjecHocT y pesyiaTraTuma MpOMjEeHE
TeMIeparype M MaJlaBuHa MpeMa KIUMaTCKOM
cuenapujy RCP8.5 3a ciauB pujexke BpOac
MIPOIHje-EHA j€ aHAIM30M pe3yiTara TI00aTHUX

18

Uncertainty in results and range of
possible changes

Uncertainty in the results of changes in
temperature and precipitation according to the
climate scenario RCP8.5 for the Vrbas river basin
was assessed by analyzing the results of global



[TTACHUK — HERALD 26

KJIMMATCKUX MOJIelIa Koju ¢y yuaectBoBas y CMIPS
npojekry (Taylor et al., 2012), a xoju cy kopuntheHu
u y Iletom u3Bjemrajy MelyBnagunor naxena 3a
kiumarcke npomjene (IPCC, 2013). Ha ocHoBy
pe3yntara Mojena MpolvjemheH je Moryhu orcer
MIPOMjEHE CPEAbe BPUjeTHOCTH TEMIIEpaType H
naJlaBuHa. Y aHaJM3U Cy KOpUIINEHU pe3yaTaTH
39 paznuuutux mozaena 3a nepuog 2011-2100.
Pesynratu cy noctynuu kpo3 cepBuc Climate
Explorer (http://climexp.knmi.nl/start.cgi).

Ha Cn. 15. u Cn. 16 mpukasaH je ormcer
Moryhe aHoMamnuje cpelme TeMIeparype u
najJaBUHA 332 TEPUTOPHjy ciuBa pHjeke Bpbac
3a nepuon 2011-2100. y ogHocy Ha mepuon
1971-2000. mpema cuenapujy RCP8.5. Cpenma
aHOMaJIMja TeMIIepaType H MaJaBuHa U3padyHara
j€ 3a CYKLIECUBHE TPHU/IECETOTOIUIIHE epUOe
noueBmn on nepuoga 2011-2040. Omcer je
MIPOIHjEEH-CH Ha OCHOBY pe3ynTara 39 pa3nuauTux
MoJienia Koju cy yuectBoBaiu y npojexty CIMIPS,
Cpelba BpUjeJHOCT OBUX pe3y/TaTa pHKa3aHa je
nebenoM 1jpHOM JIMHUjoM. bpaoH 30Ha je orcer
neduHMCcaH ca 66 %, TOK je chBa 30HA OTCET ca
95 % ananusupanux pesynrara. Llpena munuja je
pe3yirar peruoHanHor moaena NMMB.

climate models that participated in the CMIP5
project (Taylor et al., 2012), which were also used
in the Fifth Report of the Intergovernmental Panel
on Climate Change climate change (IPCC, 2013).
Based on the results of the model, the possible range
of changes in the mean values of temperature and
precipitation was estimated. The analysis used the
results of 39 different models for the period 2011—
2100. The results are available through the Climate
Explorer service (http://climexp.knmi.nl/start.cgi).

On Fig. 15 and Fig. 16 shows the range of
possible anomalies in mean temperature and
precipitation for the territory of the Vrbas river
basin for the period 2011-2100. in relation to
the period 1971-2000. according to the RCP8.5
scenario. The mean anomaly of temperature and
precipitation was calculated for successive thirty-
year periods starting from the period 2011-2040.
The range was estimated based on the results of 39
different models that participated in the CIMIP5
project, the mean value of these results is shown
as a thick black line. The brown zone is the range
defined by 66 %, while the gray zone is the range
with 95 % of the analyzed results. The red line is
the result of the NMMB regional model.
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Cn. 15. Oncer moryhe aHomanuje cpeme TeMIeparype Ba3ayxa 3a CliuB pujexe Bpbac 3a nepuon
2011-2100. y ogrocy Ha niepuon 1971-2000. roqune npema cuenapujy RCP8.5
Fig. 15. Range of possible anomaly of mean air temperature for the Vrbas River basin for the 2011—
2100 periods in relation to the 1971-2000 periods according to the RCP8.5 scenario
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IIpema npuxazanum pesyiaratuma (Cn. 15)
cpenma BpujenHoctT 39 monena 3a IMPOMjeHY
temneparype y nepuoay 2071-2100. mpema
cuenapujy RCP8.5 y omgHocy Ha mnepuon
1971-2000. je memTo Mamu ox 5 °C. Omcer
BjepoOBaTHE BPH]EIHOCTH (ca BjepoBaTHONOM O]
66 %) npomjene 3a uctu nepuon je ox 3.2 °C
1o 6 °C, nok ce y omcery ox 2.9 °C no 6.9 °C
Hanasu 95 % ananusupaHux pesyirara. Pesynrar
pernonangHor monena NMMB ce y uwmjenom
NepUOJy Halla3u y BjepoBaTHOM oricery (66 %)
MIPOMjEHE TeMITepaType u rnociuje nepuoaa 2041—
2070. HEWTO je BUILU O CPEIe BPUjEAHOCTH
39 monena. 3a MOCIBEAHUX TPUIECET TOJUHA
BPHJE€AHOCT pernoHaiaHor moznena je 5.5 °C u Beha
je 3a mpubmxHO 0.8 °C y 0HOCY Ha MOJEIICKH
cpenmax. 3a nepuoe mpuje nepuona 2041-2070.
TOJIMHE, pe3y/ITaT PErHOHAIHOT MOJIENA j& BeoMa
01M3aK CpeNib0j BPUjeTHOCTH.

[Tpema npukazanum pesyntaruma (Cia. 16)
cpeama BpujeqHOCT 39 Mojena 3a IpoMjeHy
aKyMyJHMpaHUX najgaBuHa y nepuoxy 2071-2100.
npema cueHapujy RCP8.5 y ogHOCcy Ha mepuon
1971-2000 je oxo -6 %. Ormcer BjepoBaTHE
BpujeaHoCcTH (ca BjepoBaTHohoM o 66 %)
mpomjeHe 3a uctu nepuon je ox +1 % mo -12 %,
JoK ce y oncery o +5 % 1o -22 % nanazu 95 %
aHaNM3upaHuXx pesynrara. Pesyarar peruoHaiHor
Mozena NMMB ce TokoM 11jesior aHaJIn3upaHor
nepuojia Haja3Mu y BjepoBaTHOM orcery (66 %)
NpoOMjeHe TNaJaBuHa, a nociauje nepuoga 2031—
2060. HeratuBHa aHOMalnuja je Beha of cpenmbe
BPHUjEIHOCTH OCTaJNX aHAIM3UPAHUX MOJENa.
[Ipen kpaj aHanu3upaHOT TEPHOJA BPUjEITHOCT
NMMB wmogena je 3a Koju IpOILEHAT Mamba Of
JIOE-E TPaHUIIe pacrioHa o1 66 %, 3a MOCIbEABUX
TpUJEeCeT TroJMHA BPHUJEAHOCT PETHMOHATHOT
MojieJa je BeoMma OJIMCKa J0WO] TPaHULHU
oor omcera. Ilociuje nmepuoga 2031-2050.
TO/IMHE, MOJEJICKH CPEIhaK MMa HCKIbYYHUBO
HeraTuBHE BpujenHOCTU. Takolhe, jacHo je ma
TOKOM IIjeJIOKYITHOT TOCMAaTpaHor Iepuojaa
(2011-2100) 1 MomeNicKu cpefmak U pe3yyTar
pEroHAIHOT MoJIena, Kao 1 66 % u 95 % orice3n
MMajy HeTaTUBaH TPEH/, LITO YKazyje Jia y CIy4dajy
cuenapuja RCP8.5, u masper mopacra rimobanxe
TeMIiepaType, MpocjedyHe BPHUJEAHOCTH KIHUME
ciuBa pujeke Bpbac Ou mompumarne apujHuje
KapaKTEepPUCTHKE.

20

According to the results shown (Fig. 15),
the mean value of 39 models for temperature
change in the period 2071-2100. according to
the RCP8.5 scenario in relation to the period
1971-2000. is slightly lower than 5 °C. The
range of probable value (with a probability of
66 %) of change for the same period is from 3.2
°C to 6 °C, while 95 % of the analyzed results
are in the range from 2.9 °C to 6.9 °C. The result
of the NMMB regional model is in the probable
range (66 %) of the temperature change after
the period 2041-2070. it is slightly higher than
the mean value of 39 models. For the last thirty
years, the value of the regional model is 5.5 °C
and is higher by approximately 0.8 °C compared
to the model mean. For the periods before the
period 2041-2070. year, the result of the regional
model is very close to the mean value.

According to the results shown (Fig. 16),
the mean value of 39 models for changes
in accumulated precipitation in the period
2071-2100. according to the RCP8.5 scenario,
compared to the period 1971-2000, it is about
-6 %. The range of the probable value (with
a probability of 66 %) of the change for the
same period is from +1 % to -12 %, while
95 % of the analyzed results are in the range
from +5 % to -22 %. The result of the NMMB
regional model is within the probable range
(66 %) of the change in precipitation during
the entire analyzed period, and after the period
2031-2060. the negative anomaly is higher
than the mean value of the other analyzed
models. Towards the end of the analyzed
period, the value of the NMMB model is by
what percentage less than the lower limit of
the range of 66 %, for the last thirty years the
value of the regional model is very close to the
lower limit of this range. After the period 2031—
2050. year, the model median has exclusively
negative values. Also, it is clear that during
the entire observed period (2011-2100) both
the model mean and the result of the regional
model, as well as the 66 % and 95 % ranges
have a negative trend, which indicates that in
the case of the RCP8.5 scenario, and a further
rise in global temperature, the average value of
the climate of the Vrbas river basin would take
on more arid characteristics.
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Cx. 16. Oncer moryhe anoManuje cpeamUX MajaBuHa 3a cIUB pujeke Bpbac 3a nepuon 2011-2100.
y onHocy Ha nepuoz 1971-2000. npema cuenapujy RCP8.5
Fig. 16. The range of possible mean precipitation anomaly for the Vrbas River basin for the
2011-2100 periods in relation to the 1971-2000 periods according to the RCP8.5 scenario

[Ipema npukazaHuMm pesyinraruma Moryhux
oricera IpoMjeHe TeMIieparype 1 naJjaBiuHa rnpeMa
cuenapujy RCP8.5 BuasbHBO je a ce pesyararu
pernonamnor NMMB wmogena 3a mpomjeHe
CpellUX TeMIepaTypa M NaJaBUHA Hauase y
BjepoBaTHOM oricery Moryhux mpomjena (66 %).
Toxom apyre mosioBuHe XXI BHjeka CiIieHaApHO
pPErHoHANHOT MOJiea j€ HEeLITO ,,TOTUIHjU* |
,»,CYBJBH'* O] MOJICJICKOT Cpe/iibaka, C 003UpOM Ha
TO J1a Cy pa3jMKe Y OTHOCY Ha MOZAEJICKH CPEIHaK
pENaTUBHO MaJle, pe3yaTaT PErMOHAIHOT MOJEa
ce MOXE CMaTpaTH JOOpUM PErpe3eHTOM OBOT
CIieHapuja.

3AKJbYHAK

VY paay cy npukasaHe O4eKHBaHE IPOMjeHE
TEeMIIepaType Bas3ayxa, KOJIHMYWHE MaJaBUHA U
CHE)KHOT TOKpHBaua y CIUBY pujeke BpOac
no kpaja XXI Bujeka, mpema KIUMaTCKOM
cuenapujy RCP8.5. ITIpojekiuje KIMMaTCKuX
IpoMjeHa YKa3zyjy Ja ce Ha TEpUTOPHUjH
ciuBa pujeke Bpbac Mory ouyekmBaTH mopact
TEMIIepaType U CMambUBAbE CyMa MaJaBUHE U
cmexHOT mokpuBava. Orcer Moryhux mpomjeHa

According to the presented results of the
possible ranges of changes in temperature and
precipitation according to the RCP8.5 scenario,
it is visible that the results of the regional NMMB
model for changes in mean temperatures and
precipitation are in the probable range of possible
changes (66 %). During the second half of the
21st century, the scenario of the regional model
1s somewhat “warmer” and “drier” than the model
mean, considering that the differences compared
to the model mean are relatively small, the result
of the regional model can be considered a good
representation of this scenario.

CONCLUSION

The paper presents the expected changes in
air temperature, precipitation and snow cover
in the Vrbas river basin until the end of the 21st
century, according to the RCP8.5 climate scenario.
Projections of climate change indicate that in the
territory of the Vrbas river basin, an increase in
temperature and a decrease in precipitation and
snow cover can be expected. The range of possible
changes in air temperatures (with a probability of
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TeMIeparypa Ba3yxa (ca BjepoBarHohoM oz 66 %)
kpehe ce y uarepsany oz 3.2 °C o 6 °C, 1ok je y
orncery oz 2.9 °C 10 6.9 °C 95 % ananusupaHux
pesynrata. IlpemMa mpuKazaHuM pesyiaTaTHMa
cpelma BPHjeIHOCT aKyMYJIUpPaHUX Ia/JaBUHA
y mepuoxy 2071-2100. je oxo -6 %. Omcer
BjepoBaTHE BpHUjeIHOCTH (ca BjepoBaTHOhOM 07
66 %) mpomMjeHe 3a uctu nepuon je ox +1 % mo
-12 %, nok ce y oncery ox +5 % 10 -22 % Hanazu
95 % ananu3upaHuX pe3yJiTara.

HeormxoqHa cy aonaTHa UCTpaKUBamba Koja
O6u yTBpauia Moryhe npomjeHe KIMMaTCKUX
MHJIEKCa KOje Ce OIHOCE HAa MHTCH3UBHE TaJJaBUHE
U eKkcTpeMHe Temneparype. OBo je ToceOHO OUTHO
u3 pasnora mro ce 3a nepuon 2011-2040. ouekyje
noBehawme magaBuHa. JlomaTHa HCTpakuBama
YHOTHYHWIA OU CIIMKY KJIMMAaTCKUX IPOMjEeHa
y cnuBy pujeke Bpbac u cTBOpuia 060Jby
(byHIaMEHTaJIHy OCHOBY 3a IUTAaHUpAmE Mjepa U
AKTHBHOCTH KOj€ C€ OTHOCE Ha MpujIarohaBame Ha
KITUMATCKE MPOMjeHE.

3axBajgHuma: AyTopH ce€ 3axBaJbyjy
MuHHCTapCTBY 32 HAyYHO-TEXHOJIOUIKH Pa3Boj,
BHUCOKO 00pa3oBame U MHPOPMAITUOHO APYIITBO
y Brmamu PenyGmnuke Cpricke Ha momohm y
UCTpakuBamwy. Pykomuc je pesyirar HaydHO-
MCTPaXUBAYKOT MPOjeKTa MoJl Ha3uBoM JlnHAMUKa
KJIMMaTCKHUX IpoMjeHa 1 MOryhHOCT afanrarje y
PenyGmuim Cprickoj (Bpoj: 19.0321/961-741/19).

66 %) ranges from 3.2 °C to 6 °C, while 95 % of
the analyzed results are in the range from 2.9 °C
to 6.9 °C. According to the presented results, the
average value of accumulated precipitation in
the period 2071-2100. is about -6 %. The range
of the probable value (with a probability of 66
%) of the change for the same period is from +1
% to -12 %, while 95 % of the analyzed results
are in the range from +5 % to -22 %.

Additional research is necessary to determine
possible changes in climate indices related to
intense precipitation and extreme temperatures.
This is particularly important for the reason that
for the period 2011-2040. expects an increase in
precipitation. Additional research would complete
the picture of climate change in the Vrbas river
basin and create a better fundamental basis for
planning measures and activities related to
adaptation to climate change.
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Caxerak: M3paja kapre HaunHa kopuihema 3eMJbUIITa ca POKYCOM Ha IMOJHONPUBPEIHO 3EMIBHIITE M 03UME KYIType
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CHMMaKa n3Be/IeHe Cy Bapujallie HEONXOHE 3a IOKpeTame Ha/[3upaHe nukces Oasupane kinacudukanuje. Ilokperamem
aJIropuTaMa MalIMHCKOT yuerha KJIACHM(UKOBAHU Cy CaTEIMTCKH CHMMIM ca yKynmHoMm TadHomhy ox 0.96 u Kama
rxoedunujeaTom 0.95. M3paljeHa je kapra 03uMHUX ycjeBa 3a Mpou3BoaHy ce3oHy 2019/2020 3a monpydje HCTpaKUBamba
KOje ce HaJla3u Y OKBUpUMa ITpHupoHo-reorpadceke mjenuue Jnjesua nospa. MerpaxnBame je Mokasao a ¢y Ko 03UMHX
KyJITypa y0jeubrBO HajBehe MOBPIIMHE 110 03UMOM MineHHIoM. KoMOMHaIja ONTHYKUX M PaJapCKUX CaTEIUTCKUX
CHHMMakKa Jiaja je 0oJbe pe3yaTare HEero I0jeIMHaYHO ONTHYKU WM panapcku. Kopuntheme mynTu-BpeMeHCKe cepuje
CaTeJIMTCKUX CHUMaKa JIONpHUHH]jeNo je Behoj TaUHOCTH M TI0y3/1aHOCTH Kilacudukanuje. Mjepeme CreKTpaiHe JUCTaHIe
I0Ka3aJI0 ce KOPHUCHO Yy Tpoliecy AedrHIcamka ONTHMAIHOT BpeMeHa arperanyje. Untas npoiec npunpeMe caTeIuTCKIX
CHMMakKa U caM mpoliec kiacupukanuje n3sesneH je y Google okpyxkemy mox HazusoMm Google Earth Engine ynorpe6om
ETOBUX pecypca KojH Cy AOCTYIHH, OeCIIaTHN 1 3axXBabyjyhu KojuMa je mporec MyJITH-BPEMEHCKE i MYJITH-CEH30pPCKe
KJacuuKalyje noapyyja NCTpasKUBamba OMO N3BO/JBUB.
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Abstract: Creating a land use map with a focus on agricultural land and winter crops was identified as the primary
goal of this research. Applying remote sensing methods, selecting, processing and analyzing a multi-temporal series of
radar Sentinel-1 and optical Sentinel-2 satellite images, the variables necessary for starting the supervised pixel-base
classification were performed. Running machine learning algorithms, the satellite images were classified with an overall
accuracy of 0.96 and a Kappa coefficient of 0.95. A map of winter crops for the 2019/2020 production season was created
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either optical or radar imagery alone. The use of multi-temporal series of satellite images contributed to greater accuracy
and reliability of the classification. The measurement of the spectral distance proved to be useful in the process of defining
the optimal aggregation time. The entire process of preparing satellite images and the classification process itself was
carried out in the Google environment called Google Earth Engine using its resources that are available, free of charge and
thanks to which the process of multi-temporal and multi-sensor classification of the research area was feasible.

Key words: classification, remote sensing, vegetation indices, accuracy, Lijevce field.

Aytop 3a kxopecnonzaeHuujy: dasopun Bajuh, Yuusepsurer y bawoj Jlyuu, IlpuponHo-maremaruuku ¢axyiareT, MiageHa
Crojanosuha 2, 78000 bama Jlyka, Perryonuka Cpricka, bocHa u Xepuerosuna, E-mail: davorin.bajic@pmf.unibl.org
Corresponding author: Davorin Baji¢, University of Banja Luka, Faculty of Natural Sciences and Mathematics, Mladena Stojanovica
2, 78000 Banja Luka, Republic of Srpska, Bosnia and Herzegovina, E-mail: davorin.bajic@pmf.unibl.org



JIABOPVH BAJUR, JIPATYTUH ALIMR U JIYKA CABJbTR
DAVORIN BAJIC, DRAGUTIN ADZIC AND LUKA SABLJIC

YBOA

Nudopmannje o HauyuHy Kopumhema
3eMJBHUIIITA ¥ 3¢MJBUIIHOM TIOKPUBAYy YHUHE Oa3HY
OCHOBY Y MHOTHM arlTUKaljaMa HaMHjeHheHIM
NIpHje CBera IIaHuPamby, yIIPaBJbaby PECypcrMa,
UACHTH()UKOBaKY TPOMjEHa Y )KUBOTHO] Cpelu-
HH, UICHTH()UKOBAY KPUCH-a IIIyMa 1 €KOJIOIIKOM
npensubhamwy (Khan et al., 2012). [Ipuctyn naspun-
CKe JeTeKIfje IpeacTaBiba HajBehu n3Bop mpu-
KyIbaha HH(pOpMalrja 0 3eMJbUHOM OKPHBaUy
1 HaunHy Kopuirhema 3emsbuinra (Pu & Gong,
1998). 3a npukymbame 0BUX HHpOpPMAIH]ja, /-
HOCHO IOJ[aTaka MOTY C€ KOPUCTUTH PA3TUUNTE
MeToJe TaJbUHCKE JeTeKIuje. Meroaa carenur-
CKOT OCMaTpama 3eMJbUHE TMOBPIIMHE HYH O/Ir0-
Bapajyhu nmpuctyn ¢ 003upoM Ha TOKPUBEHOCT U
BPCTY TOJIaTaka Kojy mpyka.

Knacuduxanuja cnuke 6a3upana Ha JaJbUH-
CKOj JIeTEKIMjH TPEJICTaBIba MPHUKIIAIAH IPUCTYTI
3a M3pajy Mara o HauuHy KopHIThema 3eMIJbUILTa
Y 3eMJBUIITHOM TTOKpHBaYYy, IpHje CBera 300r mpei-
HOCTH Y TIOIJIEly TPOILKOBA M3pajie, Te MPOCTOPHE
u BpemeHcke pesonyimje (Foody, 2004). Pa3Boj
JaJbUHCKE JIeTEKLIUje U MPHUCTYNaYHOCTH MPOU3-
BOJ[a CAaTEIIMTCKE TEXHOJIOTH]E, JOBEIH Cy JI0 Tora
Jla je TaJbMHCKA JeTeKIMja JOCTHUIIA BUCOK HUBO
npuMjeHe y obmactu nossonpuspene. Knacudu-
Kalfja 1 Manupame ycjeBa BaKHO je ca acreKkTa
npoljeHe o01Ma CjeTBe Ha HEKOj TEPUTOPH]jH, Ko
U 32 YTIPaBJbasE MOJHONIPUBPEIHIM MTOBPIIMHAMA,
TE TpyXKa HEONXOAHE MH(pOpPMaLMje HAlMOHAI-
HUM areHiijama Koje JOHOCE U CIIPOBOJIE Mjepe
MOJHOTIPUBPEAHE TIONUTHKE. Mare BpcTa ycjeBa
Mof[pa3yMHjeBajy OCHOBY 3a npaheme pacta u pas-
BOja yCjeBa, Te MPECTaBIbajy HEOMXOAHE UHITYTe
3a U3paay Mojelsia MPUHOCA, HApOUUTO 3a Oa3He
paTtapcke KyaType Kao IITO Cy MIIEHHULA U KyKypy3
(Wu, 2014).

TpaguiioHanHa 1ajbUHCKA ETEKIMja U ’heHa
MPUMjeHa Y MOJHOIIPUBPEIN YITIABHOM C€ OCIIama-
J1a Ha MOAATKe U3BEJICHE U3 ONTUYKUX CHUMAaKa 1
TO Y BUJJBMBOM U ONHCKO-MH(pALpBEeHOM Juje-
a1y enekrpomarHeTHor crekrpa (Orynbaikyzy
et al., 2019). 3nauajHo Behu Opoj ucTpakuBama
3aCHMBAO Ce Ha onTHYkuM noxanuma (Belgiu &
Csillik, 2018; Vuolo et al., 2018; Conrad et al.,
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INTRODUCTION

Information about land use and land
cover form the basis of many applications
aimed primarily at planning, resource man-
agement, identifying environmental changes,
identifying deforestation and environmental
forecasting (Khan et al., 2012). The remote
sensing approach represents the largest source
of information collection on land cover and
land use (Pu & Gong, 1998). Various remote
sensing methods can be used to collect this
information, or data. The method of satellite
observation of the Earth’s surface offers an
appropriate approach considering the cover-
age and the type of data it provides.

Image classification based on remote
sensing represents a suitable approach for cre-
ating land use and land cover maps, primarily
due to advantages in terms of production costs
and spatial and temporal resolution (Foody,
2004). The development of remote sensing
and the accessibility of satellite technology
products have led to the fact that remote sens-
ing has reached a high level of application
in the field of agriculture. Classification and
mapping of crops is important from the as-
pect of assessing the extent of sowing in a
territory, as well as for the management of
agricultural areas, and provides the necessary
information to national agencies that adopt
and implement agricultural policy measures.
Maps of crop types provide a basis for moni-
toring crop growth and development, and rep-
resent necessary inputs for producing yield
models, especially for basic field crops such
as wheat and corn (Wu, 2014).

Traditional remote sensing and its appli-
cation in agriculture mainly relied on data
derived from optical images in the visible
and near-infrared part of the electromagnet-
ic spectrum (Orynbaikyzy et al., 2019). A
significantly larger number of studies were
based on optical data (Belgiu & Csillik,
2018; Vuolo et al., 2018; Conrad et al., 2010;
Dimitrov et al., 2019; Inglada et al., 2015).
Spatial, temporal and spectral resolution has
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2010; Dimitrov et al., 2019; Inglada et al., 2015).
[IpocTopHa, BpeMeHCKa U CIEKTpaliHa Pe30ITyLrja
BpeMeHOM ce yBehasia, KOHCTaHTHO MOOOJbIIA-
Bajyhu pesynrare kinacudukanuje (Tricht et al.,
2018). Ocum knacu¢ukaimja Ha OCHOBY OINTHY-
KHX CHUMaKa, jeriaH Opoj NCTpakuBamba yCIjel-
HO je MpoBeJIeH Kopuctehn caMmo pagapcKe CHUM-
Ke 1 nHpopMmaruje o peronoruju ycjena (Bargiel,
2017; Clauss et al., 2018; Kenduiywo et al., 2018;
Nasrallah, 2019). OnTruky nmoxay KOPUCTE BU-
JUbUBHU, OMTUCKO-UH(PAPBEHH U KPATKOTAIACHH
UHOPALPBEHU U0 €IEKTPOMATHETHOT CIIEKTpa
npyxajyhu nparonjene unndopmanuje o 6oju
nurha, caapikajy BoJie M YKYITHOM 3/IpaBjby Onsba-
Ka, JIOK paJiapCcKy TMOJAIM 3aBUCHO 0] (hpEeKBEH-
1IUje ¥ ToJjlapu3aluje, Mpyxkajy CIOXKEH MpHUKa3
CTPYKype M XparaBOCTH MOBPIINHE, BIAXHOCTH
3emspuinTa u tonorpaguje (McNairn & Brisco,
2004). bpojue cTynuje mokasaie ¢y KOMIUIEMEH-
TApPHOCT ONTHUYKHUX M PAJapCKuX MojaTaka yuja
KOMOMHAIMja MOXe MoBehaTn Ta4HOCT mporieca
knacudukanuje (McNairn et al., 2009; Qiao et al.,
2014; Park & Im, 2016; Mansaray et al., 2017;
Kussul et al., 2018).

[Toxperamwem mucuje Cenrunen-1 (2014
A/2016 B) u Centunen-2 (2015 A/2017 B) xoju-
Ma ympasiba EBpoIicka cBeMHUpPCKa areHuuja
(European Space Agency — ESA), mosehaiio ce
MHTEPECOBakE U OpOj UCTPAKUBAA HA TEMY Ma-
nupama ycjeBa 6a3upaHiM Ha CHHEPTHjU OBa JBa
u3Bopa noaaraka (Sonobe et al., 2017; Tricht et
al., 2018; Denize et al., 2019; Sun et al., 2019;
Campos-Taberner et al., 2019; Orynbaikyzy et al.,
2020; Abubakar et al., 2020).

BureBpeMeHCKH CaTeTUTCKH CHUMITH YTH-
4y Ha MPEeUU3HOCT KJIacH(UKaluje, au Taxkohe
Mpe/ICTaBibajy crenuduyuan n3a30B ca acreKkTa
MpeTpakMBama, Npey3uMama, CKIAAUIITCHA U
KOMIUIEKCHOCTH 00pajie CaTeIMTCKUX CHUMAKA.
[IperpaxkuBame U Mpey3nUMame Mojaraka 3ax-
THJEBHO j€ Ca acleKTa BpeMeHa MOTpeOHOr 3a
u3Bohewme oBux paamu. [lorpedHa je agekBaTHa
MEMopHja 3a CKJIAJULITCHE BEIUKE KOJIWYHHE
rojiaTaka, 3aTUM TPOLIECOPH U pajiHa MEMOpPH]ja
ca BUCOKHMM TiepopMaHcama Koju Cy HEOITXOTHH
3a M3padyHaBambe U MMOKPETAE 3aXTHjEBHUX all-
roputama. OBU NPOOJIEMHU Y BEJIHUKO] MjepH MOTY

increased over time, constantly improving
classification results (Tricht et al., 2018).
Apart from classifications based on optical
images, a number of studies have been suc-
cessfully conducted using only radar imag-
es and crop phenology information (Bargiel,
2017; Clauss et al., 2018; Kenduiywo et al.,
2018; Nasrallah, 2019). Optical data use the
visible, near-infrared and short-wave infrared
part of the electromagnetic spectrum, provid-
ing valuable information about leaf colour,
water content and overall plant health, while
radar data, depending on frequency and polar-
ization, provide a complex representation of
surface structure and roughness, soil moisture
and topography (McNairn & Brisco, 2004).
Numerous studies have proven the comple-
mentarity of optical and radar data, the com-
bination of which can increase the accuracy
of the classification process (McNairn et al.,
2009; Qiao et al., 2014; Park & Im, 2016;
Mansaray et al., 2017; Kussul et al., 2018).
With the launch of the Sentinel-1 (2014
A/2016 B) and Sentinel-2 (2015 A/2017 B)
missions operated by European Space Agency
(ESA), the interest and number of research
on the topic of crop mapping based on the
synergy of these two data sources has in-
creased (Sonobe et al., 2017; Tricht et al.,
2018; Denize et al., 2019; Sun et al., 2019;
Campos-Taberner et al., 2019; Orynbaikyzy
et al., 2020; Abubakar et al., 2020).
Multi-temporal satellite images affect
the accuracy of the classification, but they
also represent a specific challenge in terms of
searching, downloading, storing and process-
ing complexity of satellite images. Searching
and downloading data is demanding in terms
of the time required to perform these actions.
Adequate memory is needed to store a large
amount of data, then high-performance pro-
cessors and working memory are necessary
to calculate and run demanding algorithms.
These problems can largely be overcome by
using platforms such as Google Earth Engine
(GEE), which is based on cloud technolo-
gy. GEE is a platform for processing a large
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ce npeBazuhu kopunhemeM mwIaTGopMu Kao LITO
je Google Earth Engine (GEE), a koja je 6azupana
Ha kiayn texnonoruju. GEE je mnardgopma 3a 06-
pajy BEITMKE KOJIMUYMHE TeorioiaTaka U pa3BHjeHa je
3a M3BOleHhE TEMPOCTOPHUX aHAJIM3a Ha TUIaHeTap-
HOj ckaiu (Gorelick, 2017). Jlak, 6p3 u Gecruiaran
MPUCTYI CKYIIOBMMA I0JIaTaKa, OTBOPHO j& BpaTa
KOHTUHYHPAHOM HaJIITIeamky 3eMIbUHE TIOBPIIIMHE
KpO3 pa3syMHE U Cca acrieKTa Ha/IIvieiara PUXBATIbU-
BE MPOCTOPHE W BPEMEHCKE pe3oiynmje (Zurgani
et al., 2018). Pauynamwa y GEE u3Bozne ce momohy
Google nadpactpykrype, Tje Cy aHaJTu3e ayTomMar-
CKH TIapaJieIn3MpaHe TaKo Jia MapajielTHo MOy OUTH
YKJbYYEHH MHOTH KOMIT)yTEPCKU TIPOIIECOPH TIPH-
JKoM ozipelyeHor pauyHama. OBO je 011 U3y3eTHOr
3Ha4aja HAPOUMTO 32 OOMMHE U 3aXTHjEeBHE T€OMpPO-
cropHe aHanuse. [lonaim u3 apyrux u3Bopa ce Mory
kopuctutu Y GEE, Te ce Mory pernpojekroBari ako
je To meorxomHo (Bajic et al., 2017). Y mocisenmmux
2-3 ronvHe HACTajy MHOTE aIUIMKAaIHje U CTYIH]je
3acaoBare Ha GEE mmargopmu y aujem Qokycy je
WCTPaXKUBAhEC HAYMHA KOPHUIINEHha 3eMJBHIIITA, TE
MOCeOHO MHTEPECAHTHO 33 OBO MCTPAKUBAGE CTY-
nuje o knacudukarmju Tumosa ycjepa (Teluguntla et
al., 2018; Poortinga et al., 2019; Paludo et al., 2020;
Tassi & Vizzari, 2020; Xinkai et al., 2020; Marszalek
et al., 2020; Amani et al., 2020).

Taxole, TpaaUIMOHATHI TPUCTYT KIIacH(HUKa-
LM ycjeBa ca MojalyMa U3BEICHUM U3 JJaJbUHCKE
JIETeKIIMje, 3aCHOBAH je TPBEHCTBEHO HA TEXHU-
KamMa HaJ3upaHe W HEHaJ3UpaHe KIach(HKaIje
(Palchowdhuri et al., 2018). Aytopu y oBoM pamy
W3BOJIE HAJIBUPHY MUKCEN O0a3upaHy Kiach(pukaimjy,
Koja Imojipa3yMHjeBa KJIacHu(PUKaIIjy CBaKOT TIMKCeTa
Ha BUILIEBPEMEHCKOM CKYITy Tofiaraka. Yuras mpo-
ec knacudukarje ouhe Haa3MpaH, MOYEB Of MPU-
KyIUbakha TPEHUHT IoflaTaka Koju he ce KOpUCTHTH
y y4emy ajaroputMa Kiacupukaiyje, ma 10 u3pase
KapTe HauMHa KOpUIIThera 3eMIJBHIIITA Ca TeXKUILITEM
Ha TIOJHOIPUBPETHOM 3eMJBHIIITY, OTHOCHO YCjeBUMA
O3WMeE TIIECHHIIE, YJbaHe PETTHLie, 3001 1 jeuMa.

MNOAPYUJE NCTPAXKUBAKBA U TIOJALIU
[Moapyuje uctpaxuBama
[Toapyyje uctpaxkusama (Cn. 1) Hanma3u ce Ha

cjeBepy Pemmybmuke Cpricke / BocHe u XeprieroBu-
He (buX) y o6yxBary reonpocropa JIujerya mnosba,
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amount of geodata and was developed to per-
form geospatial analyses on a planetary scale
(Gorelick, 2017). Easy, fast and free access
to data sets has opened the door to continu-
ous monitoring of the Earth’s surface through
reasonable and from the point of view of
monitoring acceptable spatial and temporal
resolution (Zurqani et al., 2018). Calculation
in GEE are performed using the Google infra-
structure, where analyses are automatically
parallelized so that many computer processors
can be involved in parallel during a particu-
lar calculation. This is of exceptional impor-
tance, especially for extensive and demanding
geospatial analyses. Data from other sources
can be used in GEE, and can be reprojected if
necessary (Baji¢ et al., 2017). In the last 2-3
years, many applications and studies based on
the GEE platform have been created, the focus
of which is research on land use, and especial-
ly interesting for this research is the study on
the classification of crop types (Teluguntla
et al., 2018; Poortinga et al., 2019; Paludo
et al., 2020; Tassi & Vizzari, 2020; Xinkai et
al., 2020; Marszalek et al., 2020; Amani et
al., 2020).

Also, the traditional approach to crop
classification with outputs derived from re-
mote sensing is based primarily on supervised
and unsupervised classification techniques
(Palchowdhuri et al., 2018). In this paper, the
authors perform supervised pixel-based clas-
sification, which includes the classification
of each pixel on a multi-temporal data set.
The entire classification process will be mon-
itored, started with the collection of training
data that will be used in learning the classifi-
cation algorithm, and ending with the creation
of a land use map with a focus on agricultural
land, i.e. crops of winter wheat, rapeseed, oats
and barley.

AREA OF RESEARCH AND DATA
Area of research
The research area (Fig. 1) is located in

the north of Republic of Srpska / Bosnia and
Herzegovina (B&H) within the geospace of
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Koj€ je 1o (pr3MOHOMCKOM MPUHIIMITY BEOMA JaCHO
m3audepenuupana Gpusnyko-reorpadcka CTpykK-
TypHA jeIUHUILIA.

Lijevce field, which according to the physi-
ogonomic principle is a very clearly differen-
tiated physical-geographical structural unit.
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Cn. 1. [loapyudje uctpaxxuBama
Fig. 1. Study Area

VY ¢usnuko-reorpadckom cmuciy Jlujerue
M0JbE j€ paBHHUIIA, OJIaro HarHyTa Ka CjeBepy, Of-
HOCHO CjeBEPOHCTOKY y OTHOCY Ha AMHAPCKH I1a-
HUHCKHU CUCTEM U TIPEJICTaBIba jeiaH MopdoreHeT-
cku Onok. JInjeBue mosbe nma OOJIMK HETIPaBHIIHOT,
OOpHYTOT TPOYIVIa, YHjy OCHOBHILY NPEICTABIbA
nonmuHa CaBe (CjeBepHa TpaHMIIA Ty)KUHE O OKO
24 km), a kpake pujexa BpOac (ucrouna rpanuia
nyxuHe o oko 34 km) u MopdocTpykTypa u30-
xurca ox oko 120 m H.B. (3amajiHa rpaHuIa JIy-
xuHa o1 oko 34 km). [ToBpmmaa JIujeBua mospa
usHocu oko 500 km? (Tpouh, 2004).

[Toxpydje ucTpakuBama UMa yMjepeHO-KOH-
THHEHTAJHY KJIMMY KOjy OJJIMKYj€ BIIaKHA U TO-
IUIa JbETa U XJIaJHEe 3UME Ca MambOM KOJMYUHOM
nagaBuHa. IIpocjedna roauimima TemmepaTrypa
Ba3/lyXa M MPOCjeyHa TOAMIIHA KOTUYMHA TIajia-
BuHa n3Hocu 11.2 °C u 1040 mm, pecrieKTUBHO.
[Ipocjeuna temmeparypa HajTOIUIMjEr Mjecera
(jym) m3HOCH 24 °C, 10K IpocjeuHa TeMIieparypa
HajxJaaHujer Mjecena (janyapa) uzaocu 0.3 °C.
HctpaxxuBaHu MPOCTOP OJIMKYj€ KOHTHHEHTATHH
TUTYBUOMETPH]CKU PEKUM ca HajBehoM KOJINYH-
HOM TIa/IaBHHA Y CE30HM JbeTo (284 mm) u Haj-
MamOM y ce30HH 3uMa (227 mm). Hajkumosutuju

In the physical-geographical sense, the Li-
jevce field is a plain, slightly inclined to the
north, that is, to the northeast in relation to the
Dinaric mountain system, and represents one
morphogenetic block. The Lijevce field has the
shape of an irregular, inverted triangle, the base
of which is the Sava valley (northern border of
about 24 km long), and the branches of the Vrbas
River (eastern border of about 34 km long) and
the isohypse morphostructure of about 120 m
above sea level (western border length of about
34 km). The area of Lijevce field is about 500
km? (Tp6uh, 2004).

The research area has a moderate-continen-
tal climate characterized by wet and hot sum-
mers and cold winters with less precipitation.
The average annual air temperature and average
annual precipitation amount to 11.2 °C and 1040
mm, respectively. The average temperature of
the hottest month (July) is 24 °C, while the aver-
age temperature of the coldest month (January)
is 0.3 °C. The investigated area is characterized
by a continental pluviometric regime with the
highest amount of precipitation in the summer
season (284 mm) and the lowest in the winter
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Mjecel] je jyH y KojeM ce mpocjeqno uznyqn 109
mm, JIOK je Mjecell ca HajMambOM KOJTMYMHOM Ta-
naBuHa pedpyap 65 mm (Munocassbeuh, 1973).
[Ipema pacroaokKuBOM NPUPOIHOM MTOTEHIIUjaTY
(mosponpHUBpeIHE TIOBPIIMHE, YIIOTPeOHA BpHjeI-
HOCT 3€MJBHIIITA, IOBOJBAH TIOJIOXKA] Y OTHOCY Ha
caobpahajuurie) reonpocrop Jlujepua nmospa uma
W3HAJl IPOCjeuHe MPUPOAHE (TUIOTHO 3€MIBHUIIITE,
o0nuk pesbeda, KIMMa) U eKOHOMCKE YCIIOBE 3a
pa3Boj (Tpouh, 2004).

VY Ta6. 1. mpukazat je KaJeHaap CjeTBe U JKe-
TBE 32 paTapcke KyaType Ha noapy4djy buX.

season (227 mm). The rainiest month is June,
with an average precipitation of 109 mm, while
the month with the least amount of precipitation
is February, 65mm (MunocasieeBuh, 1973). Ac-
cording to the available natural potential (agri-
cultural areas, usable value of the land, favorable
position in relation to roads), the geospace of
Lijevce field has above average natural (fertile
soil, landform, climate) and economic condi-
tions for development (Tpouh, 2004).

Tab. 1 shows the sowing and harvesting
calendar for field crops in B&H.

Tab. 1. Kanennap cjeTBe u ’KeTBE TIIABHUX paTapCKUX KyITypa Ha mpoctopy buX
Tab. 1. Crop calendar for main crops in the B&H

VYejesu / Crops

CjerBa (Mjecer) / Sowing

KerBa (Mjecen) / Harvest

(month) (month)
IMmenunna o3uma / Winter wheat X, XI VI, VII
[MTmenvma japa / Spring wheat I Vil
Pax / Rye IX, X VI, VII
Jedam o3mmu / Winter barley X VI, VII
Jeuam japu / Spring barley I Vil
300 o3uma / Winter oats 1X, X VI, VII
300 japa / Spring oats I VII, VIII
Kyxypy3 / Maize v, v IX, X
IIpoco obuuno / Millet v, v Vi
Cupax / Sorghum vulgare v, v VIIL, IX
Pmxa / Rice v, v VI
Cynmoxkper / Sunflower v VIIL, IX
Coja / Soybean v VI, IX
VYpana permmma / Rapeseed IX VI, VII

[Ipema nporjemeHnM nogarma MuH#CTap-
CTBa MOJHONIPHUBPE/IE, IIIyMapCTBa U BOJOIPUBPEIE
Pernry6muke Cpricke moa 03uMUM KyliTypama y ce-
30uu 2019/2020 y JInjeBdy 1oy 3aCHjaHO j€ OKO
15000 ha. Ox 3acujaHe MOBpIIMHE HA MIICHUIY
ornazna oko 70 %, 3atum Ha jedam 15 %, yspany
penuity 8.5 %, o3umy 300 6 % u Tputukane 0.5 %.

Pedepentan momarm
3a ucTpakMBame MPUKYIUBCHHU Cy pedepeHT-

HU TTOJTAIM 32 ipon3BoaHY ce30Hy 2019/2020, u To
3a 03UMeE KyATYype: MIICHUILY, jedam, yJbaHy penu-
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According to the estimated data of the Min-
istry of Agriculture, Forestry and Water Manage-
ment of the Republic of Srpska, about 15000 ha
were sown under winter crops in the 2019/2020
season in Lijevce field. About 70 % of the sown
area is wheat, followed by barley 15 %, oilseed
rape 8.5 %, winter oats 6 % and triticale 0.5 %.

Reference data
Reference data for the 2019/2020 produc-

tion season were collected for the research,
for winter crops: wheat, barley, oilseed rape,
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11y, 300, 3aTUM 32 OPAHUIIEC U TPABHATE MOBPIIIHHE,
TE 3a BOJCHE MOBPIIHHE (je3epa U pUjeKe), IryMe
u usrpahene nospimHe (ypOane nospiinHe). 3a
03MME KyJType, TpaBHATe TOBPILIMHE U OpPaHUIIC
MO/IAIH Cy NPUKYIIJbEHU JUPEKTHO HA TEPEHY Y3
nomoh GPS-a u aururanne kamepe u To Ha 150
JIOKalyja, 0K Cy 3a BOAEHE MOBPIINHE, IIIyME U
nsrpahene nospunnae xkopumthenn Google care-
JIMTCKH CHUMIIM BUCOKe pe3onynuje. Ha moapyyjy
UCTPaKUBAKHA Y JeTHOM HE3HATHOM YJjely Y YKy-
ITHOj IPOW3BOIGY JKUTAPHILIA 3aCTYTIJLEHU CY TPHU-
THKaJIe U jape KyAType (japa NIIEHUIA, japy jedam
U japa 300), Me)yTuM Ha TepeHy HHje IPUKYTIJbEH
JIOBOJbaH OpOj penpe3eHTaTUBHUX Y30paKa TakKo
Jla Cy CBJE€CHO UTHOpHCaHH y Kiacuuranuju. C
003MpOM Ha H-MXOB HE3HATAH YO Y YKYITHO] IIPO-
W3BOJIBbU JKUTApHLIA HA oapyyjy JIujeBua mosba
(mo mporjenu aytopa pazaa He Buiie o 2-3 %),
oHe Hehe 3HauajHO YTHLIATH Ha pe3yTaTr HaJ3upa-
He knacudukanuje. Ha Ci. 2. npuka3zaHo je mect
MOBPILUHA TOJ] Pa3IMYUTHM KYJITypama, TPaBoM
Y OPAHMILIOM Ca MPEUU3HO Je(PUHUCAHUM I'€0TPO-
CTOPHHM TIOJIOKajeM (X, Y KOOpAWHATaMa).

oats, then for arable land and grassy areas,
and for water areas (lakes and rivers), forests
and built-up areas (urban areas). For winter
crops, grasslands and arable land, data was
collected directly on the ground with the help
of GPS and digital cameras at 150 locations,
while for water bodies, forests and built-up
areas, high-resolution Google satellite images
were used. In the research area, triticale and
spring crops (spring wheat, spring barley and
spring oats) are represented in an insignificant
share of the total grain production, however,
a sufficient number of representative samples
were not collected in the field, so they were
deliberately ignored in the classification.
Considering their insignificant share in the
total grain production in the area of Lijevce
field (according to the author’s estimation, no
more than 2-3 %), they will not significantly
affect the result of the supervised classifica-
tion. Fig. 2. shows six areas under different
crops, grass and arable land with a precisely
defined geospatial position (x, y coordinates).

Cn. 2. O3ume xyatype: | — o3uma nmenuna, I — o3umu jeyam, 111 — yspana penuna, [V — o3uma 300,
V — tpaBHara noBpuiuHa, VI — opanuia
Fig. 2. Winter crops: | — winter wheat, Il — winter barley, III — rapeseed, IV — winter oats, V —
grassland, VI — ploughland

Y QQGIS (https://www.qgis.org/en/site/) arnm-
KalMjy W3BpILICHA j€ pyYHa JelrHallja TPEHUHT
napuena Ha ocHOBY CeHTHHEN-2 caTeIUuTCKOT
cHuMKa, Google caTelnTCKUX CHHMaka BHUCOKE

In the QGIS (https://www.qgis.org/en/site/)
application, manual delineation of the training
plots was performed based on the Sentinel-2
satellite image, high-resolution Google Satellite
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pesonynuje u y3 momoh dororpaduja u GPS noxa-
Taka (X, y KOOpIMHaTa) NpUKYIIJbEHUX Ha TEPEHY.

images and with the help of photos and GPS data
(x, y coordinates) collected in the field.

Tab. 2. bpoj TpeHUHT ¥ BaIMIAIIMOHUX TTUKCENa 0 Kiiacama
Tab. 2. Number of training and validation pixels per class

Kunaca / Class Kod/Code Tpenunr/Training Baaupanuja/ Validation

300 / Oats 1 67 71

Vibana permna / Rapeseed 2 120 100
Tpasa / Grassland 3 257 245
[yma / Forest 4 165 116
Bona / Water 5 137 119
ITirennma / Wheat 6 208 285
Wsrpahene nospumne / Built-up 7 101 139
Opanuna / Ploughland 8 208 333
Jeuam / Barley 9 130 89

Bbpoj TpeHUHT 1 BaTMIAMOHUX THKCENa MpH-
kazaH je y Ta6. 2. CBakoj on 9 kaca fojjesbeH je
0poj KJace, Te Cy MOJIMIOHHU CITy4ajHUM 01a0UpOM
MOJINjeJbeHU Y OJJHOCY TpeHUHT (48 %) / Banuna-
uja (52 %). 3a y3opkoBame CiIyyajHUM 0Ja0HpoM
W3/IBOjeHO je MakcumaiHo 20 Tayaka (IMKcena) o
MIOJIMTOHY, MUHUMAJIHOT Mel)ycoOHOr pactojama
on 20 m. OBakaB NPHUCTYI C€ y BEIUKO] Mjepu
kopuctu y mureparypu (Tassi & Vizzari, 2020).
OBMM HaYMHOM M3/IBOjEHO je YKyIHO 2890 Tauaka/
nukcena, 1393 3a tpenupame u 1497 ragaka 3a
BaJIUALIHA]Y.

CarenuTcKu moaamnu

Y pany cy xopumrhene KOMOMHAIIM]je BUIIIE-
BpeMmeHckux panapckux Cenrunen-1 (C—1) u on-
Tnukux Centunen-2 (C—2) careIMTCKUX CHUMaKa
3a2019. n 2020. roguny. Tauan nonoxaj nozxpyyja
HCTpaKuBamwa y ogHocy Ha 3axBare C-1 n C-2
CHMMaka npukasat je Ha Ci1. 3, Ha K0joj je JaT u
6poj C—1 u C-2 cHuMaka oj] Kojux cy uspaheHu
KOMIIO3UTHHU CKYTIOBH IO/IaTaKa Kao U MPOIeHaT
obnauHoctu (C—2) 3a CBaku MEPHUOI.
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The number of training and validation pix-
els is shown in Tab. 2. Each of the 9 classes
was assigned a class number, and the polygons
were randomly selected in the ratio of training
(48 %) / validation (52 %). A maximum of 20
points (pixels) per polygon, with a minimum
distance of 20 m, were selected for random
sampling. This approach is widely used in the
literature (Tassi & Vizzari, 2020). In this way, a
total of 2890 points/pixels were extracted, 1393
for training and 1497 points for validation.

Satellite data

Combinations of multi-temporal radar
Sentinel-1 (S—1) and optical Sentinel-2 (S—
2) satellite images for 2019 and 2020 were
used in the paper. The exact location of the
research area in relation to the captures of
S—1 and S-2 images is shown in Fig. 3, which
also shows the number of S—1 and S-2 imag-
es from which the composite data sets were
made, as well as the percentage of cloudiness
(S-2) for each period.
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Cn. 3. Tlonoxaj mompydvja HCTpakuBama y OAHOCY Ha 3axBar (turouniie) Centunen-2 u Cenrunen-1
carenuTa ca OpojeM CHMMaKa 3a CBaKu IMEPHO]] U TIPOLICHTOM 00JIa4HOCTH
Fig. 3. Position of the study area in relation to the coverage (tiles) of Sentinel-2 and Sentinel-1
satellites with the number of images for each period and the percentage of cloud cover

On cnekTpaTHuX KaHajia y 1pBoj ¢a3u ucTpa-
KMBama KOpUIIheH! ¢y CBU KaHAJIM CeM KaHaja
B1 (ob6amne aepoconu), B9 (Bogena mapa) u B10
(mupycu). Kacauje he ce y nassem HCTpaKuBamy
W3BPILIUTH CEJIEKIMja HajOITUMAIHHU]X CIIEKTpaJl-
HUX KaHaja 3a CBaKH BpeMeHCKH nepuona. Ocum
TOra, 3a MoTpede KiIacu(uKalyje U3BEeACHU Cy U
BEreTallioHN WH/IEKCH U3 CIEKTPAJIHUX KaHaja.
CeHTuHEN-2 CHUMAK OKPUBA BUAJBUBU JIUO CIIEK-
Tpa (kanan B2, B3 u B4), uBnuHo 1ipBeHu (kaHai
BS5, B6, B7, B8A), 6iucko nHbpa-1ipBeHn (KaHaT
B8) u kparkoranmacHu uMH(pa-LIPBEHH CIIEKTap
(xanan B11 u B12). 3a uzpany 3 xommnosura oj
ontnuknx C—2 cHUMaka HuBoa 2A, 00Ia4HOCTH <
10 % u < 20 %, xopurthene cy QyHKIHMje MacKH-
pama o0J1aka ¥ CjeHKH Koje Cy TeHepucane y Java
Script mporpaMcKoM je3uKy U Koje Cy M3pajuiin
nporpamepu GEE 3ajennurie. 3a morpebe uctpa-
xuBama Kopuihena je Cenrunen-1 GRD cHum-
ka (Ground Range Detected) xoja je 3ampkaHa y
muneapHoj ckaimu (S1_GRD_FLOAT), nomrto cBu
KOpaly MpUIIpeMe 3aXTHjeBajy Ja Mmojamu Oyny y
nuHeapHoj ckanu. Hakon npunpeme C—1 cHumaka

In the first phase of the research, all chan-
nels were used except channels B1 (coastal
aerosols), B9 (water vapor) and B10 (cirrus).
Later, in further research, the selection of the
most optimal spectral channels for each time
period will be carried out. In addition, veg-
etation indices from spectral channels were
derived for classification purposes. The Sen-
tinel-2 image covers the visible part of the
spectrum (channels B2, B3 and B4), edge-red
(channels B5, B6, B7, B8A), near-infrared
(channel B8) and short-wave infrared (chan-
nels B11 and B12). Cloud and shadow mask-
ing functions generated in the Java Script pro-
gramming language and developed by GEE
community developers were used to create 3
composites of level 2A optical S-2 imagery,
with cloud cover between < 10 % and < 20
%. For the purposes of the research, Senti-
nel-1 GRD (Ground Range Detected) footage
was used, which was kept in a linear scale
(SI_GRD_FLOAT), since all preparation steps
require the data to be in a linear scale. After
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OBAj CeT I0/1aTaKa je KaTMOpucaH Ha KOSPUIH]eHT
MOBPATHOT pacIpllickha U3PaXKEH y aerudenuma
(dB). YkynHO TpH KOpaka o0pajie 3a 0Baj CET I10-
naraka u3BezneHu cy ox crpaie GEE nporpamepa n
TH KOpally OIPa3yMHjEBajy: YKIAmhAe TOIUIOTHE
OyKe, paJOMEeTPHjCKy KaJTHOpaIjy U KOPEKIUjy
TepeHa.

METOJIE

Jla 61 M3pa iy HEKH CKYTI IToiaTaka moTpeo-
HO j€ YYMHUTH HEKOJIMKO OCHOBHHUX KOpaKa, TI0ueB
OJ1 IPUKYIJbaba peepeHTHUX MoJaTaKa, pyqHe
JeTTMHAIM]je Tapiiena, 1epHUHUCAmbe BPEMEHCKUX
OKBHpa OCMaTpama, (GuITpupame 1 ONTUMHU3ALIN]a
KOJIMYMHE MH(OpMaLFja HEOITXOAHHUX 3a U3BOlee
Ha/3UpaHe Kiacudukayje, Te u300p Kiacupu-
KaTropa 1 TIOKpeTame aJlrOpuTMa Kilacu(uKanuje.
OBuM KOpanuma, Kpo3 HEKOJIHMKO (a3a, TeKao je
npouec Haa3upHe kinacudukanuje (Ci. 4).

preparation of S—1 recordings, this data set
was calibrated to the backscatter coefficient
expressed in decibels (dB). A total of three
processing steps for this data set were per-
formed by GEE programmers and these steps
include: removal of thermal noise, radiometric
calibration and terrain correction.

METHODS

In order to create a data set, it is necessary to
do several basic steps, starting with the collection
of reference data, manual delineation of parcels,
definition of time frames of observation, filtering
and optimization of the amount of information
necessary to perform a supervised classification,
as well as the selection of a classifier and the start
of the classification algorithm. With these steps,
through several stages, the supervisory classifica-
tion process is underway (Fig. 4).

Cn. 4. Pangnau nporiec knacudukauje
Fig. 4. Workflow of classification
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HeonxomHOCT KOHCTAHTHOT Mjeperha TaqHo-
CTU KJIacu(]UKalMje 3aXTHjeBa U3Boheme y3acTor-
HUX UTepalyja Ha KCTOM WM PAa3ITHUYUTOM CKYITY
nofaraka. [lujenu mporiec 3axTijeBa orpoMHe UH-
(dbpacTpyKTypHE pecypce, Te U3 TOT pasjiora Huje
MIOTOJIaH 32 M3BONEHE HA JIOKAIHUM MalliHaMa.
Kao ajiekBaTHO M KBAJIMTETHO aJITEPHATHUBHO pje-
1ieme y oBoM ciaydajy Hamehe ce GEE okpykeme.
OBO OKpykeme 1aje MOTYNHOCT JIakoT H3Bohema
W3Yy3€THO 3aXTHjeBHUX Mporieca. OcuM MocTu3ama
BHUCOKE MPEIU3HOCTU U MOY3JaHOCTH pe3yaTara
KiacuuKaImje, TeKUIO C€ M ONTUMATHO] TIOTPO-
kU pecypca u Behoj Op3uHN u3Bohema ornepa-
1Mja. 3aTo Cy y Ty CBPXY HAaKOH MITO Cy u3paheHu
CKYTIOBH IIOJIaTaKa M0 NEPHOMMa, UCTH U3BEKEHH
y GEE cxnagumre (Google Earth Engine Assets),
Te Cy KacHHUje mo3uBaHu y paauu mnpoctop GEE.
Jlasbe, arperaiijom 3 KOMIIO3UTA Y je/IaH CIIOKEHH
ckyn nofaraka (eHri. Stack) uszBeneH je puHaIHA
CKYTI ITOJ[aTaKa.

CenekIyja ONTUMAITHOT BPEMEHCKOT
OKBHpa MjepermheM
Jeffries-Matusita qucragie

Bpwujeme arperamnmje mogaraka y MyJaTHBpe-
MEHCKHM Kiacu(ukaujama, y 3Ha4ajHOj MjepH
onpehyje ucxon knacudukamuje. Kako 6u ce me-
pHO 0 MEepHOa U3Mjepuia cenapaunuja umehy
kiaca, y okBupy GEE u3padyHare cy ciekTpaiHe
muctanie Jeffries-Matusita (JM) u Bhattacharyya
(BH). Ocum nobujama nHpOpMaImja o OTUMaI-
HUM BPEMEHCKHM TIePHOINMa, KOPUCHA je HHPOP-
MalMja U y KOjeM je CIEKTPAaTHOM KaHally WM
BereTaliMoHoM HHJeKcy Beha cemapanuja mmel)y
knaca. Y cBoM paay Hao et al. (2014) mpumjemyjy
Mjeperwa JM 1 BH nucrannie qa 6u pasymjernn Kako
ce cernapalyja pa3IMuiTiX ycjeBa MUjeHha TOKOM
CE30HE, ca LIUJbeM n300pa ONTUMAIHUX BPEMEH-
CKHX MEpUOa Y KOjMa Ce U3BOJIC U pauyHajy Ba-
pujabiie HEOIXOIHE 3a KIACH(HKAIIH]Y.

Huctanma JM je Mjepa mpocjedHe yaabe-
HocTH n3Mel)y nBuje kinace u geuHUCaHa je Kao:

Jij =2(1—e™?Y) (1)

raje je Bij BH ynamenocr:

The necessity of constant measurement of
classification accuracy requires the performance
of successive iterations on the same or different
data set. The entire process requires huge infra-
structure resources, and for this reason it is not
suitable for execution on local machines. As an
adequate and high-quality alternative solution
in this case, the GEE environment is imposed.
This environment gives the possibility of easily
performing extremely demanding processes. In
addition to achieving high precision and reliabil-
ity of the classification results, the aim was also
to optimize the consumption of resources and
speed up the execution of operations. Therefore,
for this purpose, after the data sets by period
were created, they were exported to the GEE
storage-asset (Google Earth Engine Assets),
and were later called into the GEE workspace.
Further, by aggregating 3 composited into one
complex data set (Stack), the final data set was
derived.

Selection of the optimal time
frame by measuring the
Jeffries-Matusita distance

The time of data aggregation in multi-tempo-
ral classifications largely determines the outcome
of the classification. To achieve this, the spectral
distance was calculated within the Jeffries-Ma-
tusita (JM) and Bhattacharyya (BH) GEEs, in
order to measure the separation between classes
period by period. In addition to obtaining infor-
mation about optimal time periods, information
1s also useful in which spectral channel or vegeta-
tion index has a greater separation between class-
es. In their paper, Hao et al. (2014) apply JM and
BH distance measurements to understand how to
separation of different crops changes during the
season, with the aim of choosing the optimal time
periods in which the variables necessary for the
classification are derived and calculated.

The JM distance is a measure of the average
distance between two classes and is defined as:

Jij = 2(1 —e~8Y) (1)

where is Bij Bhattacharyya is the distance:
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Bij = (i~ (*52) (i — p)+2 In ('(j%j/.f')
(2)
a T7je Cy (i M yj Cpearbu BEKTOpH JBE pa3marpa-
HE KJlace, Y1 ¥ Y j cy oaroapajyhe marpuie Ko-
Bapujanie. JM nucranma ce kpehe y BpujeaHo-
cru ox 0 o 2 mosehasajyhu cenapanujy usmehy
KJaca, 1ok Beha BpujenHocT Bij ogroBapa Behem
MPOCjeYHOM pacTojamy u3Mehy kimaca. Y ciayyajy
HOpMAaJIHO JUCTpUOyHpaHuX Kiaca, Jij mocraje
Bij (Richards & Jia, 2006). Bpujennoct 0 3naun
HUKAKBY, JIOK BPHjEIHOCT 2 3HAYH MOTITYHY CeTia-
pammjy usMelyy mapoa kiaca (Sousa et al., 2003).
Pesynrar mjepema JM crnekrpanHe AUCTaHIE CY
3 BpeMEHCKa Ieprojia Yrje Cy BPEMEHCKE CepHje
M0/IaTaKa MPeToYeHe y 3 KOMIIO3UTHA CKYTIA.

W3pana ckymosa nogaraxa
JTAJBHHCKE JICTCKITH]e

3a notpede Kacu(puKaImje OCUM CIIEKTPaTHUX
KaHaJla ONTHYKUX CHUMakKa, u3pal)eHo je HEeKOJIMKO
BEreTaIMOHNX WHJIEKCA KOJU Cy KOpHUIINEHU Yy U3-
pamu yKymHO 3 komrioszuta. CreKTpaiHu MHAEKCH
W3BE/ICHU U3 CaTEIUTCKUX CHUMaKa JTaJbUHCKE Jie-
TEKIMje HAIMPOKO Cy KOpUIIheHu 3a Kiachpuka-
ujy ycjesa (Orynbaikyzy et al., 2020). M3 C-2 3a
notpede UCTpaknBama n3paheHa cy 4 crieKTpaHa
WHJIEKCA U TO: BETETAIMOHH MHCKC HOPMAaJIN30Ba-
He pazmuke (Normalised Diference Vegetation Index
— NDVI), BoieH! MHIEKC HOPMAJIM30BaHE PA3IIHKE
(Normalised Diference Water Index — NDWI), 3a-
THM BETeTAllMOHU MHJIEKC npuaroheH peduekcuju
semsbmita (Soil Adjust Vegetation Index — SAVI) u
unzaeke mrpahenoctu (Index-Based Built-up Index
— IBI). NDVI nipBu je y CBOM UCTpaXXHBamby IPeI-
noxuo Poys ca rpynom aytopa (Rouse et al., 1973).
Ogaj BereTaroHy UHICKC Hajuerihe je kopuiheH u
€KCIUIOATHCAH O CTPAHE 3ajeTHHUIIE NCTPAKUBAYA y
JAJBMHCKO] JeTeKIrju. MHoTra ucTpaXrBama 0as3u-
paHa Ha OBOM BEreTAIMOHOM MHJIEKCY TOKa3asa Cy
W3y3€THE pe3yiTare, m3Mel)y OCTaINX U BEJIUKH Opoj
KIacuQuKalija ycjea u3BesieH je 3axsasbyjyhu NDVI
unznekcy (Qiao et al., 2014; Palchowdhuri et al., 2018;
Amani et al., 2020). NDWI canpxu ungopmarmje
0 KOJIMYMHU BOJIE Y OMJbKaMa M y BEJIMKO] MjepH ce
KoprcTH 3a knacupukammjy (Gao, 1996; Sun et al.,
2020). M3060p BererarmoHor WHIEKca 0a3upao ce Ha
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1, SivE\ . N1 Si+2j)/2
Bij = (i~ (*22) (ui — wi)+2 In ('( — ')
(2)

and where ui and yyj are the mean vectors of the
two considered classes, Y1 and )j are the corre-
sponding covariance matrices. The JM distance
ranges from 0 to 2, increasing the separation be-
tween classes, while a larger value of Bij corre-
sponds to a larger average distance between class-
es. In the case of normally distributed classes, Jij
becomes Bij (Richards & Jia, 2006). A value of 0
means none, while a value of 2 means complete
separation between paris of classes (Sousa et al.,
2003). The result of the JM spectral distance mea-
surement in 3 time periods whose time series of
data have been transformed into 3 composite sets.

Creation of remote sensing
datasets

For the purposes of classification, in addi-
tion to the spectral channels of the optical im-
ages, several vegetation indices were created
that were used in the creation of 3 composites.
Spectral indices derived from remote sensing
satellite imagery have been widely used for
crop classification (Orynbaikyzy et al., 2020).
From S-2, 4 spectral indices were created
for the purposes of research, namely: Nor-
malised Difference Vegetation Index (NDVI),
Normalised Difference Water Index (NDWI),
the Soil Adjust Vegetation Index (SAVI) and
Index-Based Built-up Index (IBI). NDVI
was first proposed in research by Rouse with
group of authors (Rouse et al., 1973). This
vegetation index is most often used and ex-
ploited by the remote sensing research com-
munity. Many studies based on this vegetation
index have shown exceptional results, among
others, a large number of crop classifications
have been performed thanks to the NDVI in-
dex (Qiao et al., 2014; Palchowdhuri et al.,
2018; Amani et al., 2020). NDWI contains
information about the amount of water in
plants and is widely used for classification
(Gao, 1996; Sun et al., 2020). The selection of
the vegetation index was based on the spectral
response of different crops, so eg. SAVI veg-
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CTICKTPAITHOM OJITOBOPY Pa3TMUUTHX YCjEBa, T j& TAKO
Hip. SAVI Bererairiony MHICKC MPUIIarol)eH yTUIajy
pedriercHje 3eMIBUILITA Ha OCHOBY KOj€ CE PeJIaTHBHO
JIaKO MOTY OZIBOJUTH MpoJbehHe 01 3MMCKHX KYITypa
(Palchowdhuri et al., 2018). IBI je u3Benen u3 apy-
TMX MHJIEKCA M KOPUCTaH je 3a U3Bajarbe N3rpal)eHux
MOBPIIMHA K0 U roJior 3emsbriTa (Xu, 2008).
Ocum 3 xopaka xopekije CentuHen-1 criene
msBeneHe of crpane GEE nporpamepa, n3Bpiiena je
Kopekija Oyke Ha MBULIM — I'paHuIH (eHr1. Additional
Border Noise Correction), parioMeTpHjcKa KOpeKIrja
tepena (eHr1. Radiometric terrain normalization), 3a-
TUM TIpuMjerseH je ['ama mar-¢rorrep (enmt. Speckle
filtering) mpema ymyTCTBHMa Kako je JAETaJbHO
o0janmbeHo U 'y komy uspaheno y pagy Mymuca u
npyrux (Mullissa et al., 2021). 3a norpebe knacudu-
kapje, o C—1 xopuinheH je MHTE3UTET TTOBPATHOT
curHana (dB) BeprukamHo-BepTukaine (VV) u Bep-
TrkaiHO-xopu3oHTaHe (VH) nonapuzanmje. Hakon
onabrpa BpeMEeHCKUX Tieproa 3a koje he ce ypaauru
arperanpja rnojaraka y KOMIIO3HTe, n3abpaHe cy Ba-
pujabne o kojux he ce u3paauTy 3 KOMIIO3UTA.

Krnacudukarujcku anropuram U Mjepere
TAYHOCTH

3a morpebe n3paje Haa3upaHe MuKcen 0a3u-
pane knacudukanyje, kopumhena je “ciryuajHa
ryma’”, aJiropuTaM MamuHcKor yuewma (Random
Forest — RF). Knacuguxarop RF xopuctu Butec-
TPYKO CcTabJI0 OMITyKe Kako OW J10Jjesno Kiacu-
¢uKanyjcke 03HaKe, Te Kako OM CMamHO MpeHa-
yaeHocT mozena (enni. Overfitting). U3 cBakor
TPEHHHT N0/IaTKa HACYMUYHO C€ y3UMajy y30pIIH,
Te U3 100MjEHNX HACYMHYHUX Y30paKa aJlrOpuTam
usrpalyje ,,irymy crabama®. Y pany je 3a morpe-
6e knacugukanuje odyuen knacudukarop RF ca
napameTpoM of 50 crabaia Koju je MpuMjerheH Ha
CKYTI IT0J[aTaKa 3a TPEHUHT U BaJIUIAIIH]y.

Taunoct u3BeneHe KiIacuuKaIyje IMPEKTHO
je mjepena y GEE, kopucrehu Tauke (mukcene) 3a
Banuaayjy. Mjepena je ykymaa traunoct (Overall
Accuracy — OA), xopucHnuka TauHocT (User
Accuracy — UA), npousBoana tauHocT (Producer
Accuracy — PA), Kana xoedurijent u @1 pe3syn-
tar (F—1 score). 3a mpoBjepy TaUHOCTH KOPHUILITEHA
je marpuua kongysuje (Confusion Matrix), yHyTap

etation index adopted to the influence of soil
reflection, on the basis of which spring crops
can be separated from winter crops relatively
easily (Palchowdhuri et al., 2018). The IBI
built-up index is derived from other indices
and is useful for distinguishing built-up areas
as well as bare land (Xu, 2008).

In addition to the 3-step correction of
the Sentinel-1 scene performed by the GEE
programmers, additional border noise correc-
tion, radiometric terrain normalization, then
Speckle filtering was applied according to
instructions as explained in detail and coded
in the work of Mullisa and other other au-
thors (Mullissa et al., 2021). For purposes of
classification, from S—1, the return signal in-
tensity (dB) of vertical-vertical (VV) and ver-
tical-horizontal (VH) polarization was used.
After selecting the time periods for which
data aggregation will be done into compos-
ites, the variables from which 3 composites
will be created were selected.

Classification algorithm and fluid
measurement

For the purposes of creating a supervised
pixel-based classification, a Random Forest
(RF) machine learning algorithm was used.
RF classifier uses a multiple decision tree
to assign classification labels and to reduce
overfitting of the model. Samples are taken
randomly from each training data, and the al-
gorithm builds a “forest” of trees from the
obtained random samples. In this work, a RF
classifier with a parameter of 50 trees was
trained for the purposes of classification and
applied to the data set for training and vali-
dation.

The accuracy of the derived classification
was directly measured in GEE, using points
(pixels) for validation. Overall Accuracy (OA),
User Accuracy (UA), Producer Accuracy (PA),
Kappa coefficient and F—1 score were measured.
To check the accuracy, a Confusion Matrix was
used, in which the data on the diagonals repre-
sent correctly classified pixels, while the pixels
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Koje MOoJIally Ha JrjaroHajiama MmpecTaBibajy Uc-
MPaBHO KJIaCU()UKOBaHE MUKCETE, TOK Cy MHKCe-
JIM U3BaH JIMjaroHaje MOrpenrHo KI1acu(pUKOBaHH
y apyry kiacy. OA knacudukanuje neduHucaHa
j€ Kao oMjep UCIPAaBHO KIACH(PUKOBAHUX MHKCE-
J1a HacyIpoT yKynHor Opoja nukcena. UA noOuja
ce jesbebeM Opoja CTIPaBHO KITacH(UKOBAHIX
MUKCeJa KOjU MPHIaJajy HEKOj KJIacH ca CyMOM
BPHjEHOCTH Yy PEJOBUMA T€ MCTE Kilace, 0K ce
BpujenHocT PA nobuja qujessemem 6poja ucrpas-
HO KJIACU()MKOBAHUX MUKCETIa KOjH MPHIIAIAjy He-
KOj KJIaCH ca CyMOM BPHjETHOCTH Y KOJIOHH T€ UCTE
knace (Dobrini¢ et al., 2019). Pauynamem Kama
Koe(UIMjeHTa MOXe Ce JOJaTHO MPOBjEpPHUTH pe-
3ynrar knacuguxaije. berosa Bpujentoct kpehe
ce o 0 mo 1. Bpujennoct Kana xoedunujenta 0
3HAYM Ja ce KiIacu(UKAIHMjOM HHje TOILIO IO
00JBHX pe3yiTara Koju OM ce OCTBApWIIU CITyyaj-
HOM KJIACU(PHMKALIM)jOM, JIOK BpUjeAHOCT | 3HA4YM
na je kinacudukanyja 6e3 rpemike (Landis & Koch,
1977). ®-1 Mjepa 03HauaBa Mjepy TAUHOCTU MOJIE-
na. Kopucrs ce kaia Mjepe Nper3HOCTH U O/131UBa
HE J1ajy T0OBOJBHO jacHE pe3yiTare. 3aBHCHA j€ Off
MPELM3HOCTH U OJ13MBA U BPHjEAHOCTU Bapupajy
on 0 no 1, raje 0 o3HawyaBa jomn pe3yarar A0k 1
3Ha4M HajOoJBy Moryhy TauHOCT Moziena (Zerrouki
& Bouchaftra, 2014).

PE3VIITATU 1 AUCKYCUJA

Pesynrar mjepera JM criekTpasiHe cenapanuje
u3Mel)y 03uMHX KyATypa

VY Mjepewy JM nucranie kopuiiheHe cy Ba-
pujabie nzBeneHe n3 C—2 ONTHYKOT CaTeIUTCKOT
CHMMKA (CHEKTPAJIHN KaHAJIH U BeTreTallOHH WH-
nexcu). Ocum Tora, GoKyc je Ha O3UMHUM KYJITY-
pama, TOUITO je JTUCTAHLA Yy OJHOCY Ha OcTale
KJace (TpaBa, LIyma, BoJa, usrpal)eHo, opanuie)
n3Hax 1.4 v peraTuBHO T00PO ce 0Bajajy 01 03U-
MUX KynTypa. PaziBajame kiaca y OKBUPY 03UMUX
KyJITypa MpeCTaBIballo je U3a30B 3a ayTOpe paja.
VY Tab. 3 npukasas je pe3yirar Mjepema JM criek-
TpaJiHe JAUCTAHIIC Ha OCHOBY KOJUX Cy W3/IBOjeHA
3 BpeMeHCKa Mepro/ia 4rje Cy BpeMEHCKE CcepHje
M0/IaTaKa MpeToYeHe y 3 KOMIIO3UTHA CKYTIa U TO
3a nepuoze: 1) og 01.11.2019. 5o 31.01.2020., 2)
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outside the diagonal are incorrectly classified
into another class. OA of the classification is
defined as the ratio of correctly classified pix-
els against the total number of pixels. UA value
is obtained by dividing the number of correct-
ly classified pixels belonging to a class by the
sum of the values in the rows of the same class,
while the PA is obtained by dividing the num-
ber of correctly classified pixels belonging to a
class by the sum of the values in the column and
of the same class (Dobrini¢ et al., 2019). The
classification result can be additionally checked
by calculating the Kappa coefficient. Its value
ranges from 0 to 1. The value of the Kappa co-
efficient 0 means that the classification did not
lead to better results than would be achivied by
random classification, while the value 1 means
that the classification is error-free (Landis &
Koch, 1977). F—1 result is a measure of mod-
el accuracy. The F—1 measure is a measure of
model accuracy. It is used when the precision
and responsiveness measures do not give suffi-
cinetly clear results. It depends on the accuracy
and response and the values vary from 0 to 1,
where 0 indicates a poor result while 1 means
the best possible accuracy of the model (Zerrou-
ki & Bouchaffra, 2014).

RESULTS AND DISCUSSION

The result of measuring the JM spectral
separation between winter crops

Variables derived from the S—2 optical satel-
lite image (spectral channels and vegetation in-
dices) were used to measure the JM distance. In
addition, the focus is on winter crops, since the
distance in relation to the other classes (grass,
forest, water, built-up, arable land) is above 1.4
and they are relatively well separated from win-
ter crops. The separation of classes within winter
crops was a challenge for the authors of the paper.
Tab. 3 shows the result of the JM spectral dis-
tance measurement, on the basis of which 3 time
periods were selected, the time series of which
were converted into 3 composite sets for the
periods: 1) from 01.11.2019. until 31.03.2020,
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oz 01.06.2020. no 30.06.2020., 3) ox 01.07.2020.
10 31.07.2020.

2) from 01.06.2020. until 30.06.2020, 3) from
01.07.2020. until 31.07.2020.

Tab. 3. JM CnekrpanHa qucranna u3Mel)y kiaca 03UMUX KyJITypa
Tab. 3. JM Spectral distance between classes of winter crops

Vibana Permiia /  [Mirenwra /
01.11.2019.-31.01.2020. 3006 / Oats Rapeseed Wheat Jeuam / Barley
3006 / Oats 1.2619 1.0334 1.174
c2 Vibana Penuna / Rapeseed 1.2619 1.2416 1.2168
5-2 TMmenmia / Wheat 1.033 1.1375 1.0095
Jeuam / Barley 1.1745 1.17089 1.0095
Vibana Permiia/  [Tirenwra /
01.06.2020.-30.06.2020. 3006 / Oats Rapeseed Wheat Jeuam / Barley
3006 / Oats 1.3779 1.348 1.4063
Cc2 Vibana Penmma / Rapeseed 1.3779 1.2859 1.3862
5-2 TMmenmia / Wheat 1.348 1.2859 1.3764
Jeuam / Barley 1.4063 1.3862 1.3764
Vibana Perimia /  [Tirenwra /
01.07.2020.-31.07.2020. 300 / Oats Rapeseed Wheat Jeuam / Barley
3006 / Oats 1.3502 1.4006 1.335
o) Vpana Perma / Rapeseed 1.3502 1.2796 1.3027
§-2 TMmenmia / Wheat 1.335 1.2796 1.3556
Jeuam / Barley 1.3672 1.3027 1.3556

Ca acniekra CrieKTpajHe cerapalyje Hapouu-
TO j& 3aHUMJBUB JIPYTH TIEPUOJ, @ KOJU CE€ OHOCH
Ha Mjecell jyH. Y TIpBOj TIOJIOBHHM Mjecelia jyHa
jedyam yriaBHOM caspujeBa. [Iporec ca3zpujeBama
ce oIpakaBa Ha pe3yJTar cenaparmje jeama. OBo
j€ M3Y3€THO TIOBOJbAH MEPHOJ 3a OJIBAjarbe TIPH]je
CBera jeuma o MIIECHUIIE, aJTd | 300M.

Pesynrar cenekiuje Bapujadiu
1 KIacu(uKaImje

Haxon mro je pesynrar mjepema JM nucranie
n3Mel)y kiaca oapenuo 3 onTHUMaiaHa BpeMeHCKa
Tepro/ia, MPUCTYTIMIIO Ce Oadupy U CENeKIHj1 Ba-
pujadmu o kojux he ce m3rpaauTy 3 KOMITO3UTHA
cKkyma nonaraka. [Ipouec u3bopa ce ofBHjao Tako
IITO CY je/IaH 110 je/iaH MPUIPYKUBAHHU CIIEKTPaTHU
KaHaJH (M3y3€eB ClieKTpaiHuX kaHana B1 — obanne
aepocosn, B9 — Bonena napa u B10 — nupycw),

From the aspect of spectral separation,
the second period, which refers to the month
of June, is particularly interesting. In the first
half of June, barley mostly ripens. The ripening
process is reflected in the result of barley sep-
aration. This is an extremely favorable period
for separating barley from wheat, but also oats.

Result of variable selection
and classification

After the result of measuring the JM distance
between classes determined 3 optimal time pe-
riods, the selection of variables was made from
which 3 composite data sets that will be built. The
selection process took place by joining spectral
channels one by one (except for spectral chan-
nels B1 — coastal aerosols, B9 — water vapor and
B10 — cirrus), vegetation indices and the intensity
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BEreTAlMOHU MHAEKCH U WHTE3UTET MOBPATHOT
curHana VV u VH nonapuszanuje. KomOunaja
Bapujaliu Koja aje HajOOJbU pe3yaTar Mjepermha
(OA u Kamna koedurmjenr) je y3era kao pedepeHt-
Ha 3a epHo Mjeperka. Tako J1a 3a MPBU MEPUOJ
KOMIIO3UTHU CKYTI TIO/IaTaKka YiHEe Bapujadie Koje
cy npukazane y Ta0. 4. [Ipuka3as je pe3ynrar mje-
pema MojeJMHAYHO 3a CIIEKTpaliHe KaHajle, 3aTUM
3a MpUApY>KEHE BEreTallMOHe UHJICKCE U MHTE3HU-
TeT noBparHor curHana VV u VH nonapuzanyje.

of the return signal of VV and VH polarization.
The combination of variables that gives the best
measurement result (OA and Kappa Coefficient)
was taken as reference for the measurement peri-
od. So, for the first period, the composite data set
consists of the variables shown in Tab. 4. The re-
sult of the measurement is presented individually
for the spectral channels, then for the associated
vegetation indices and the intensity of the return
signal of VV and VH polarization.

Ta6. 4. C—1 u C-2 Bapujabie Koje UnHEe KOMITO3UT IIPBOT BPEMEHCKOT ITepHo/ia
U pe3yiITaTH Mjepera TaYHOCTH
Tab. 4. S—1 and S-2 variables that make up the composite of the first time period
and accuracy measurement results

Cnexcrpamm wanam /Spectral | | gy gy | ps | g1y | B12 | NDVI [ NDWI [savi| 81 | v | vH
channels
VYkymHa Tagroct / Overall 0.80 0.82 0.83
accuracy
Kamna KOC(i)I/IL[I/I.].CHT / Kappa 0.77 0.79 0.80
Coefficient

3a npBU nepuoja Hajseha TayHOCT 3a CIEK-
TpaJHE KaHaJle U3MjepeHa je y KoOMOMHAIUjU Ka-
HaJla BUJJbUBOT CIIEKTPa ca KaHAIMMa HBUYHO-LIP-
BEHOI' U KPaTKOTaJIaCHOT OJIMCKO-UH(PALPBEHOT
kanauna (Ta0. 4).

For the first period, the highest accura-
cy for spectral channels was measured in the
combination of visible spectrum channels
with edge-red and short-wave near-infrared
channels (Tab. 4).

Ta6. 5. C—1 u C-2 Bapujaliie Koje UnHE KOMIIO3UT JPYror BPEMEHCKOT Meproa
U pe3yiITaTH Mjepera TaYHOCTH
Tab. 5. S—1 and S-2 variables that make up the composite of the second time period
and the results of accuracy measurements

Cnexrpamm kasam /| py | gy | ps | e | Bs | Bl | NDVI|NDWI| W | VH
Spectral channels
VYkymHa Tagnoct / Overall 0.80 0.85 001
accuracy
Kana xoedunujent /
Kappa Coefficient 0.77 0.32 0.90

VY KOMIIO3UTY APYror BPEMEHCKOT Mepuoja
(Tab. 5) 3a pa3nuky om HIPBOT BPEMEHCKOT IIe-
pHo/a, SIMMUHKCAH j€ IPBEHU KaHAJ U3 BUJIJbU-
Bor criekTpa (B4), 3atum kparkotanacHu uHdpa-
upBenu kanai (B12), Bererarmonu unaekcu SAVI
u IBI, unte3uteT noBparHor curxaia VYV nomnapu-
3ammje. To je pesyntupano nopacrtom OA u Karma
KoeHUIIMjeHTa y OJHOCY Ha MPBU MEPUO/I.
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In the composite of the second time peri-
od (Tab. 5), unlike the first time period, the red
channel from the visible spectrum (B4), then the
short-wave infrared channel (B12), the vegeta-
tion indices SAVI and IBI, the intensity of the
return signal of VV polarization were eliminat-
ed. This resulted in an increase in OA and Kappa
Coefficient compared to the first period.
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Ta6. 6. C—1 u C-2 Bapujaliie Koje UnHEe KOMITO3UT 3a Tpehu BpeMEHCKH Nepro]
U pe3yNTaTH Mjepera TaYHOCTH
Tab. 6. S—1 and S—2 variables that make up the composite for the third time period and the results
of accuracy measurements

Cnewrpanmm karamn /| gy | gy | gs | g | B12 | NDVI|[NDWI| BI | W | VH
Spectral channels
VYkymHa TagHoCcT / Overall 0.81 0.85 0.5
accuracy
Kana xoedunujenr /
Kappa Coefficient 0.78 0.82 0.87

Y tpehem Bpemenckom mepuony (Tab. 6)
€JIMMUHKICAH j€ UBUYHO-LIPBEHU CIEKTPAIHU Ka-
Han (B6) xoju je 3acTymsbeH y IPBOM U JIPYTrOM
BpEMEHCKOM Tieproy, au je Bpahen IBI nnaexc
n3rpal)eHoCTH KOju HUje YUHUO KOMITO3UT JIPYTOT
BpeMeHckor nepuoaa. [Taxg OA u Kana craructrike
y TpeheM BpeMEeHCKOM NepuoA Yy OJHOCY Ha Jpy-
T je ouekuBaH. Hanme, y oBoM nepuony (Mjecerr
Jy) CBE 03UME KYITYpe JOCTUXKY IMyHY 3pPEIOCT
1 MH]jeajy 00]y O] 3eJICHE Y BereTaTuBHO] (hazu
10 asze 3pema Koja ce OUIUKY]e 3JITaTHOM 0O0jOM.
3at0 je y OBOM IepuoAy KJIacU(PHUKATOPy 3HATHO
TEXE J1a Pa3/IBOjU Kilace 03UMUX Kyatypa. Hakon
ITO Cy u3pal)eHa Tpu cKyma rnojgaraka npuapyxKe-
Ha Cy Y je[laH 3ajeAHUYKU MYATUBPEMEHCKH CKYTI
nonataka (enri. Stack). Hapennu xopak je moj-
pa3ymujeBao Kiacu(pHKaIrjy OBOT CKyTIa Iojaraka
npuMjeryjyhu knacudukarop RF ca mapamerpom
on 50 crabama. OA knacudukammje je 0.96, nok
Kama xoedunmjent usnocu 0.95. Pesynrar kia-
cudukaiyje peduiekTyje ce Ha MPWINYaH MopacT
TAYHOCTHU Y OJTHOCY HA IMOjeIMHaYHE KOMIIO3HUTE.
Pesynrar koHauHe kiacu(UKalMje MpeacTaBbeH
jey Tab. 7.

In the third time period (Tab. 6), the edge-
red spectral channel (B6), which is represented
in the first and second time periods, was elimi-
nated, but the IBI built-up index was returned,
which did not make up the composite of the
second time period. The drop in OA and Kappa
statistics in the third time period compared to
the second is expected. Namely, in this period
(the month of July) all winter crops reach full
maturity and change color from green in the
vegetative phase to the ripening phase, which
is characterized by a golden color. That is why
in this period it is much more difficult for the
classifier to separate the classes of winter crops.
After the three data sets were created, they were
joined into one common multi-temporal data
set (Stack). The next step included the classi-
fication of this data set using the RF classifier
with a parameter of 50 trees. The OA of the
classification is 0.96, while the Kappa Coeffi-
cient is 0.95. The result of the classification is
reflected in a considerable increase in accuracy
compared to individual composites. The result
of the final classification is presented in Tab. 7.

Tab. 7. Peaynraru Mjepera TaqyHOCTH KiacupuKaiyje (PUHATHOT CKyTIa rojiaTaka, kimace: 300 — 1, yibaHa
penva — 2, Tpasa — 3, mryma — 4, Boga — 5, mienuna — 6, uarpaheno — 7, opanuna — 8, jeqam — 9
Tab. 7. Results measuring the accuracy of classification for the final data, classes: oats —1, rapeseed — 2,
grassland — 3, forest — 4, water — 5, wheat —6, built-up — 7, ploughland — 8, barley — 9

Kg;?;/ 2 3 4 5 6 7 8 9 Cyma/Sum UA (%)
] 70 0 0 0 0 0 0 0 47 1
2 0 100 0 0 0 0 0 0 i 101 0.99
3 2 0 225 0 0 ] 4 4 2 268 0.91
4 0 0 0 15 0 0 0 0 0 1s I
5 0 0 0 0 19 0 0 0 0 119 I
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6 21 0 0 0 0 284 0 0 7 312 0.91
7 0 0 0 0 0 0 131 0 0 131 1
8 0 0 0 1 0 0 2 329 0 332 0.99
9 1 0 0 0 0 0 2 0 69 72 0.96

Csyll;dr?l/ 71 100 245 116 119 285 139 333 89

PA (%) 0.66 1 1 0.99 1 0.99 0.94 0.99 0.77

F-1(%)  0.80 0.99 0.95 0.99 1 0.95 0.97 0.99 0.86

[Ipema pe3ynraTuma MpUKa3aHUM Y MaTpULH
KoH(y3uje (rperaka), Kiacuukarop je nukcesne
yJbaHe penule Y MOTIYHOCTH Pa3IBOjUO OJ OC-
Tayux kiaca. [limenuna je ca u3y3eTHO BUCOKOM
TayHOIlIy M3/1BOjE€Ha, IOK j€ jeyaM y rpaHuLama
arncosyTHO npuxsarjbuBe TaqyHocTH (0.86 F—1).
Hajseha xondysuja je uzmel)y kiace 3001 u miie-
HUIlE, IITO ce pedieKTyje Ha Kpajibu pe3yaTar
TAYHOCTHU Kiacudukaruje 3001 koju u3nocu 0.66
(PA) 1 0.80 (F-1).

Kapra xnacu¢ukanuje noapyyja uCTpaxu-
Bamba npe/crasibena je Ha Ci1. 5. Ha 10j je BubU-
Ba U3Mely ocranux Kiaca, IpOCTOpHA AUCTPUOY-
1I1ja 03UMUX KYJTypa Ha MOAPYYjy UCTPAKUBAMA.
JacHo ce BuM 1a y YKYITHOj CJ€TBEHO] MOBPIINHU
y ce3ouu 2019/2020 noMuHMpa 03UMa MIICHUIIA.

According to the results shown in the con-
fusion (error) matrix, the classifier completely
separated the rapeseed pixels from the other
classes. Wheat was separated with extremely
high accuracy, while barley was within the
limits of absolutely acceptable accuracy (0.86
F-1). The biggest confusion is between the
oat and wheat class, which is reflected in the
final result of the oat classification accuracy,
which is 0.66 (PA) and 0.80 (F-1).

The classification map of the research
area is presented in Fig. 5. It shows, among
other classes, the spatial distribution of win-
ter crops in the research area. It is clear that
winter wheat dominates the total sown area in
the 2019/2020 season.

Cn. 5. Kapra knacuduxkanuje: 300 — 1, yjpana pernuia — 2, Tpasa — 3, mryma — 4, Bojia — 5, TIIeHHUIIA
— 6, m3rpahero — 7, opanurie — 8, jedam — 9
Fig. 5. Classification map: oats — 1, rapeseed — 2, grassland — 3, forest — 4, water — 5, wheat — 6,
built-up — 7, ploughland — 8, barley — 9
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YreuarspuBe Cy BEJIUKE M0jeJMHAYHE TOBPIIH-
HE TO0J1 MMIISHUIIOM (BHIIIE IecTHHA ha rma u cToTu-
Hy ha), anu ¥ noBpIIKMHE MO YJHAHOM PEMHUIIOM
KOje ce MPOCTUPY Ha MameM Opojy JIOKaIuTeTa
aJli yIJIaBHOM Ha BehuMm noBpirHaMa (01 HEeKOJIU-
KO JIeceTHHa XeKTapa). Jedam je Takohe 3acTyrbeH
Ha YUTABOM IOJPYYjy UCTPAXXKUBamba HAa 3HATHO
MambeM Opojy JIOKaJIUTeTa y OJHOCY Ha MIICHUILY
Y YIJIABHOM Ha MOBPILIHAMa O] HEKOJIUKO ha.

JIICKYCHJA

OrpomHa KoNM4YMHa MofIaTaKa, U3y3eTHHU MpHje
CBera MEMOPH]CKU KalalluTeTH U Pa3IUuUTH ajl-
TOPUTMHU MAIIMHCKOT y4ewa JocTynHu Ha GEE
1aT(hOPMH KIbYUHH CYy 3@ OBO HCTPAKUBAHE. AKO
ce y3Me y 003Hp UMI-CHHUIIA JIa C€ Y TPATUIINO-
HAJIHUM TIpoLeCHMa Kiacu(uKalyja CaTeIUTCKH
CHMMIIM TIPBO MOpAjy Mpey3eTH, 3aTUM 00paaTu
Kako OM ce YOIIITe CHUMIM MOIJIH yIOTPeOUTH
JlaJbe, JacHO je J1a OU Ha JIOKAJTHMM MalllMHaMa OBaj
npoiiec knacuukaiuje Ouo TEIKo U3BOIJHUB HITH
3HATHO OTEXAaH U YCHOpPEH. Y UCTPAKUBAIGY 32 U3-
paxy 3 KOMIO3UTHA CKyTIa MojaTaKa KOPUILTEHO
je 30 C-2 canmaka HuBoa 2A u 99 canmaka C—1
GRD nuBoa. M3paljeHr KOMIO3UTH U3BE3EHH CY Y
GEE cknanuinTe 1iTo je Tpajajio HEUITO BUIIIE Off
jenHor cara (68 MuHyTa), 10K je mokperame RF
KJIacu(HKaTopa u Mjeperhe TAUHOCTH TPajajio OKO
40 cexynnu. Ocum Tora npeanoct GEE y onHo-
Cy Ha TPaJAUIHOHATIHE KIaCU(HKALU]e JeCTe IITO
npy’ka MOoryhHOCT u3Bolhera pa3IMYuTuX IemMa
KJacuuKalyja y HEKOM pa3yMHOM BpEMEHY Koje
nojipa3yMujeBajy BEJIHKH Opoj uTepaiuja, a ce
ca MJpeM JoOujama Hajoosber Moryher pesynrara
ontumanaHoM norpourmoM GEE pecypca.

Pesynraruma Mjepema JM aucTanie ycmjemn-
HO cy onpehena 3 onTumanHa BpeMeHCKa eproaa
3a arperaryjy Bapujadiu y KOMIIO3HT. YCIIJeIIHO je
MOBE3aHO BpujeMe HajBehe cenaparyje MieHume
U jeuma ca (a3oM 3pHjera jeuma Koja je KIbyuHa
3a cemapauujy oBe JBHUje KynType. Jlooujenu pe-
3yJITaTd y UCTPAXXKUBamWY IMOKa3yjy Ja ce KoMOu-
Harjom C—2 u C—1 carenuTCcKuX CHUMaka MOTy
W3BECTH TayHHje, NMPELn3Huje Kiacupukanuje y
OZIHOCY Ha KJIacU(HKallMje U3BEACHE Ha OCHOBY
caMo jeTHOT U3BOpa rnojaraka. Ykibyunsame C—1

Impressive are the large individual areas
under wheat (more than a hundred hectares),
but also the areas under oilseed rape, which
are spread over a smaller number of locations,
but mostly over larger areas (of several tens
of hectares). Barley is also represented in the
entire research area in a significantly smaller
number of localities compared to wheat and
mostly on areas of several ha.

DISCUSSION

The huge amount of data, exceptional above
all memory capacities and various machine learn-
ing algorithms available on the GEE platform are
key to this research. If taken into account the fact
that in traditional classification process satellite
images must first be downloaded, then process, in
order to be able to use the images further, it is clear
that on local machines this classification process
would be difficult or significantly more difficult
and slowed down. 30 S-2 satellite images of lev-
el 2A and 99 satellite images of S—1 GRD level
were used in the research to create 3 composite
data sets. The created composites were exported to
the GEE assets which took a little more than one
hour (68 minutes), while starting the RF classifier
and measuring the accuracy took about 40 seconds.
In addition, the advantage of GEE compared to
traditional classifications is that GEE provides the
possibility of performing different classification
schemes in a reasonable amount of time, which
involve a large number of iterations, all with the
aim of obtaining the best possible result with the
optimal consumption of GEE resources.

The results of the JM distance measurement
successfully determined 3 optimal time periods for
the aggregation of variables into a composite. The
time of the greatest separation of wheat and barley
was successfully linked with the ripening phase of
barley, which is crucial for the separation of these
cultures. The results obtained in the research show
that with the combination of S-2 and S—1 satellite
images, more accurate and precise classifications
can be performed compared to classifications based
on only one data source. The inclusion of the S—1
variable did not significantly increase the accuracy,
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Bapujaliu HUje y 3HaTHO] Mjepu mosehano Tau-
HOCT, aJli je Yy MOMEHTY JOCTH3amha MakCHMyMa
C-2 Bapujabnu, yTunaia Ha nosehame nporeHra
Ta4HOCTH (HOp. y TpeheM mepromy MakCHUMaiHO
nosehame OA ca 0.85 na 0.88, Kana nmosehame
ca 0.83 na 0.87). Haunnom cenexmuje 1 n360pom
BapHjadlii TOCTUTHYT j€ BUCOK HUBO TAaYHOCTH.
ArperarjomM 3 KOMITO3UTA Y jelaH CKyI TIojiaTa-
Ka U kacudukaiyjom GUHATHOT CKyTIa MojaTaka,
JOCTHTHYT j€ 3HAaTHO BUIIIM HUBO TaYHOCTH y OJI-
HOCY Ha pe3ynrar KjlacupuKaluje 1nojeAnHaqYHuX
KOMITO31UTa. MyITHBpPEMEHCKA CepHja MmojaTaka y
3HATHOj MjepH yTHIIaJa je Ha moBehame TAYHOCTH
ki1acupuxampje (ox Hajgehe OA Tpeher kommnosura
0.87, Kama 0.85 mo OA 0.96 u Kama 0.95).

3AKJbYHAK

VY ucrpaxkupamwy je kopumrteH GEE 3a rene-
prcame 3 KOMIIO3UTa KOjH Cy TIPHIPYKEHH Yy je1aH
CKyN ToJaTaka M KIAaCU(UKOBAHH aJITOPUTMOM
RF. Ommtu 3akibydak je ia ce Kiacu(puKaIyjoM
BumeBpeMeHcknx C—1 u C-2 cHumaka ca anro-
putmoMm RF mory npernusHo kiacupukoBaT 03u-
Me KynType Ha jjokaiaHoM HuBoy. GEE okpyxeme
omoryhasa peZJoBHO TOAMIIIHE UITH CE30HCKO aXKy-
pupame KapTe ycjeBa u3y3eTHO Op30, €PUKACHO 1
npeuusHo. Ocum tora, GEE 3axBasbyjyhu croxe-
HUM ¢yHKIHjama koje cy paspuiu GEE nporpa-
MepH 3a 00paly CaTeIMTCKUX CHAMAaKa, JOITyIITa
UCTpaXMBaYMMa J1a BUIIE €HEPruje U BpeMeHa
yTpOIIIe 32 yCaBpIIaBame alropurMa Kiacupu-
Kallije, a Mambe Ha Tporiec o0pajie caTeTuTCKUX
CHHUMaKa.

Pesynrar uctpaxkuBama MOTBPAMO j& TPET-
XOJTHO M3HECEHE MPOI[jeHe Ja je 03UMa MIIEeHUIIa
JIOMUHAHTHA O3MMa KyJITypa Koja ce y3raja Ha Imo/i-
pyy4jy JlujeBua mospa. AyTopu pajsa cMarpajy aa
j€ pe3ynTar UCTpakuBarmba MPUMjCHHUB Y U3PAIH
MHBEHTapa 03UMHX yCjeBa WITM HEKUM HaMjE€HCKUM
aryIMKalMjaMa y Kojuma je IpoljjeHa 3acHjaHux
MOBPIIMHA TIOJT O3UMHUM KyJITypama jako OUTaH
M3BOp UH(OpMAIIHja.

Henocrarak y uctpaxuBamwy YUHU pellaTHUB-
HO OrpaHM4eH Opoj TPEHUHT MoJlaTaka Koju je y
onpehenoj mjepu HeypaBHOTexkeH. OBO ce Ha-
POYHTO OHOCH HA O3UME KYJATYpe, TaKko Ja je y
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but at the moment of reaching the maximum of
the S—2 variable, it influenced the increase in the
percentage of accuracy (e.g. in the third period, the
maximum increase in OA from 0.85 to 0.88, Kappa
increase from 0.83 to 0.87). A high level of accu-
racy was achieved by the method of selection and
the choice of variables. By aggregating 3 compos-
ites into one data set and classifying the final data
set, a significantly higher level of accuracy was
achieved compared to the result of the classifica-
tion of individual composites. The multi-temporal
series of data significantly influenced the increase
in classification accuracy (from the highest OA of
the third composite 0.87, Kappa 0.85 to the OA
0.96 and Kappa 0.95.

CONCLUSION

In the research, GEE was used to gen-
erate 3 composites that were joined in one
data set and classified by the RF algorithm.
The general conclusion is that by classifying
multi-temporal S—1 and S-2 recordings with
the RF algorithm, it is possible to accurately
classify winter crops at the local level. The
GEE environment enables regular annual or
seasonal crop map updates extremely quickly,
efficiently and accurately. In addition, GEE,
thanks to the complex features developed by
GEE programmers for processing satellite im-
ages, allows researchers to spend more energy
and time on refining the classification algo-
rithm, and less on the processing of satellite
images.

The result of the research confirmed the
previously stated estimates that winter wheat
is the dominant winter crop grown in the
area of LijevCe field. The authors of the pa-
per believe that the results of the research are
applicable in the creation of an inventory of
winter crops or some dedicated applications
in which the assessment of areas sown under
winter crops is a very important source of in-
formation.

A shortcoming in the research is the rela-
tively limited number of traning data, which
is somewhat unbalanced. This especially ap-
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HEKOM HapeIHOM HCTPaXHBaBY 32 MOY3JaHH]H
pe3yaTar kiacuukaimje HeomxXoJHO MPUKYTUTH
nanexo Behu 6poj TpEHHUHT Mojaraka mTo Ou npy-
*uo MoryhHoct Beher u kBamuTeTHHjer n300pa
aJIeKBaTHUX TPEHUHT I10JIaTaKa, Kao U MOJaTaKa
Banmuaanuje. Ocum Tora, Kiacudukanuja je us-
Bol)eHa Ha MOBPIIMHCKH MambeM (0ko 350 km?) u
XOMOTE€HOM TOZIPYY]y KOje ce O/UIMKYje MHTE3UB-
HOM TOJHOIIPUBPEIHOM MPOU3BOABOM. AYyTOpH
cMaTpajy Jia je TO jellaH OJl pasjiora Koju je yTHIIA0
Ha MPUIMYHO BUCOKE PE3y/TaTe TAYHOCTH KIlacu-
¢buxanyje.

plies to winter crops, so in some future re-
search, for a more reliable classification re-
sult, it is necessary to collect a much larger
number of training data, which would provide
the possibility of a larger and better selection
of adequate training data, as well as valida-
tion data. In addition, the classification was
performed on a smaller (about 350 km?) and
homogeneous area characterized by intensive
agricultural production. The authors believe
that this is one of the reasons that influenced
the rather high classification accuracy results.
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THUIIOBHU U ITPOMJEHE ITIOBPIIMHCKE BJIA’KHOCTHU Y PEIIYBJIMIUA CPIICKOJ
ITPEMA WATER AND WETNESS BA3U IIOJATAKA

Bpaunucaas Apamkosuh’”

"Vuusepauter y Ucrounom Capajesy, [losbonpuspennu dakynrert, Microuno CapajeBo, Peny6nuka Cpricka

Caxerak: Y pajy cy IpHKa3aHe IpomjeHe y BnakHocTH mia 'y Permyomuiu Cprickoj (PC), koje cy ce moropwmiie y nepuoay
2015-2018. Taxohe, nar je pacrope] BIOXHUX MOJApYyYja MO MPUPOIHHUM IjjeJMHAMa U BUCUHCKUM 30Hama. Kopuire-
Ha je Copernicus Water and Wetness (WaW) 6a3a nonaraka, 6asupana Ha )OTOMHTEPIIPETALMjU CAaTCIIUTCKUX CHUMAaKa
Sentinel-1 u Sentinel-2, pezonynuje 10 m u 20 m. Bnaxna nozapydja cy noaujesbeHa y UeTHPH KaTeropyje, Ha OCHOBY
PErUCTPOBAHOT MPOLEHTYAJIHOT IIPUCYCTBA BOJE M BJIare y TOKY T'OJMHE M TOAMIIBUX J100a: CTajHa BOJA, OBPEMEHA
BOJIa, CTAJHO BJIAYKHO TOJPYyYje ¥ NPUBPEMEHO BIAXHO Mojpydje. PesyaraTn nucrpaxkuparma 1okasyjy J1a IpuBpeMeHe 1
cranHe Boje 3ay3umajy 0.48 % teputopuje PC, cranno Biaxna nozapydja 0.03 %, nok Hajsehy Tepuropujy oOyxsarajy
MIPUBPEMEHO BJIaXKHA MOApYYja Koja 3ay3umajy 1.81 % (Bnaxnoct ox 25 % no 75 %). /IBa Hajeeha nmoapydyja Ha Kojuma
ce BIXHOCT II0jaBJbyje, a Koja ce Pa3jIMKyjy M IO reorpad)ckoMm Mosoxkajy ¥ 1o IOpHjeKITy BIaXHOCTH, cy: [locaBuHa u
CemOepuja Ha cjeBepy U Cpeibe BUCOKa M BUCOKa Kpalllka 110Jba Ha jyTy, y peruju XepuerosuHa. [IpoMjene y BinaxHocTi
TJIa Koje cy peructpoBane y neprony 2015-2018. mpeBacxoHO ¢y aHTPOIIOTEHOT MTOPHjeKiIa H OJHOCE CE Ha HCYIINBAbE
MOYBapHUX Mofipyyja u pudmaka. Hajro3naruju ciryyaj je pezepsar bapnava rije je Behuna o Hekagammux 11 pubmaka
IIPETBOPEHA TOKOM IT0CJBE/IbE JICLICHH]E Y ITOJbONIPUBPEAHO 3eMibuinTe. Jl0 cana Huje OnIno ay>KUX ocMarpama BIaKHOC-
TH 3eMJbHIITA YHYTap Teputopuje PC, na ce niaBHM JONPHHOC Paja OBJIje MOXKE TPAKUTH.

Kibyune pujeun: Tunosu, npomjene, BIaxHoCT, 110, Perryonuka Cpricka, Copernicus, Water and Wetness.

Original scientific paper

TYPES AND CHANGES OF SURFACE WETNESS IN THE REPUBLIC OF SRPSKA
ACCORDING TO COPERNICUS WATER AND WETNES DATABASE

Branislav Draskovi¢”
"University of East Sarajevo, Faculty of Agriculture, East Sarajevo, Republic of Srpska

Abstract: The paper presents the changes in soil moisture in the Republic of Srpska (RS), which occurred in the period
2015-2018. Also, the distribution of wetlands by natural units and altitude zones is given. The Copernicus Water and
Wetness (WaW) database has been used, based on the photointerpretation of satellite images Sentinel-1 and Sentinel-2,
in resolutions 10 m and 20 m. Wetlands are divided into four categories, based on the registered percentage of water
and moisture during the year and seasons: permanent water, intermittent water, permanent wetland and temporary
wetland. The results of the research show that temporary and permanent waters occupy 0.48 % of the territory of the RS,
permanently wet areas 0.03 %, while the largest territory includes temporarily wet areas which occupy 1.81 % (areas with
wetness from 25 % to 75 %). The two largest areas where humidity occurs, and which differ in geographical position and
origin of humidity, are: Posavina and Semberija in the north and medium and high karst fields in the south, in the region
of Herzegovina. Changes in soil moisture registered in the period 20152018 are primarily of anthropogenic origin and
relate to the drainage of wetlands and ponds. The most famous case is the Bardaca reserve, where most of the former 11
fishponds have been turned into agricultural land over the last decade. There has not been any long-term monitoring of soil
moisture at the entire territory of the RS, so the main contribution of this paper can be seen in that aspect.
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YBOA

BnakxHOCT 3eMJpHUINTA UTPA KIbYUHY YJIOTY
y AMHAMHIM BereTaluje, ¢ 003MpoM Ha TO Ja je
JOCTYITHOCT BOJE y 3€MJBHILTY OTrpaHny4aBajyhu
¢axTop 3a portocunresy o6mibaka (Proietti et al.,
2019). C Tum y Be3M, KapTe BIAKHOCTH 36MJBUIITA
NpY>kajy HEMPOLjEHHB pecype 3a KBAHTU(DUKALH]Y
edekara HeJJOCTaTKa MalaBUHA HA 3eMJBHILTE T10-
kpuBeHo BereranjoM (Cammalleri et al., 2015).
WHrepakuyja BIaXHOCTH 3eMJBUILTA U aTMOc(epe
Cy KJbYYHHU €JIEMEHTH PErHOHATHOT KJIMMATCKOT
cucrema (Leutwyler et al., 2021). Bnaxxna nog-
pydja ¥ MOUYBape Cy MOCeOHO KOPHCHE Y YCIOBUMA
EKCTPEeMHHX CyIla 300T BUXOBE CIIOCOOHOCTH
7a 3a/ip>ke BOIY, CMame OTULAme, PUITpupajy
ceauMeHTe u 06e30jene npouunnrhaBame Boja.
Hajsehu ytumaj Ha MmouBape uMajy npomjeHe Xu-
JPpOJOMIKKUX pekuma. OTuname je uiIeHTU(HUKO-
BaHO Ka0 KJbYYHM XUIPOJIOLIKU Mapamerap Koju
yTuue Ha (yHkimjy mousapa (Hartig et al., 1997).
[pocjeuan koeduimjeHT otrama y bocuu u Xep-
nieropunu (buX) m3nocu 0.57 (Avdic et al., 2013).
[Tpema WaW 2018 6a3u nonaraka, noapydja
YHyTap KaTeropuje crajHa U MOBpEeMeHa Boja,
obyxsBarajy 33257 ha (0.64 %) u 1464 ha (0.03 %),
o je ykyrHo 0.67 % tepuropuje buX (nomynapa
ce ca CORINE Land Cover 2018 noganuma).
[TpuBpeMeHo BiaXkHE 30He TOKpHBajy 128680
ha (1286.8 km?) wiu 2.5 %, a cTamHO BIa)XHE
nokpuBajy 5222 ha (52.22 km?) wiu 0.1 % Tepu-
topuje apxkaBe. CORINE Land Cover (CLC) 6a3a
rojlaTaka Mokasyje Ja YHyTpallbhe MouBape Io-
KpHBajy 5242 ha, a rpeceruiura 697 ha, na npema
TOMe, BlIakHa nozpyyja y buX nokpusajy ykymHo
5939 ha (59.39 km?) (Draskovi¢ et al., 2021).
Hajsehe 30He BnaxxHux noBpmmuHa y buX
HaJla3e ce y KpallkuM Mojbuma 3anajaHe bocHe u
Ha JyTy y peruony Xepierosuse. /[pa cy pasnora
3a TO: BUCOKa KOJIMYMHA NaiaBuHa (Buiie o1 1500
mm TOAWIIE) M TEOJOMIKH CI0jeBU KO/ KOJUX
JOMUHHPAjJy Kpeumauke CTHjeHE, KOjU HEe MOTyY
MIPUMHTH CBY BOJY Y MO/3EMHE IMyKOTHHE TOKOM
kunHor nepuona. On ocranux peruja ca sehum
MPUBPEMEHO BIKHUM 30HaMa UCTUYE CE CjeBEPHH
o, peruje [TocaBuna u Cembepuja. Y oBoMm ciy-
Yajy OCHOBHHU Pa3JIor I0jaBe BIAYKHOCTHU BE3aH je
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INTRODUCTION

Soil moisture plays a pivotal role in veg-
etation dynamics, considering that soil water
availability is a crucial limiting factor for plant
photosynthesis (Proietti et al., 2019). Conse-
quently, soil moisture maps provide an invalu-
able resource to quantify the effects of rainfall
deficits on vegetated lands (Cammalleri et al.,
2015). Soil moisture-atmosphere interactions
are key elements of the regional climate system
(Leutwyler et al., 2021). Wetlands are especially
beneficial under extreme drought or flood con-
ditions for their ability to retain water, reduce
runoff, filter sediments, and provide water pu-
rification. The greatest impact to wetlands are
from changes to hydrologic regimes. Runoff
is identified as a key hydrological parameter
affecting wetland function (Hartig et al., 1997).
The average runoff coefficient in Bosnia and
Herzegovina (B&H) is 0.57 (Avdi¢ et al., 2013).

According to the WaW 2018 database, the
areas under the category of permanent and tem-
porary water occupy 33257 ha (0.64 %) and
1464 ha (0.03 %), which is a total of 0.67 %
of the territory of B&H (matches the CORINE
Land Cover 2018 data).

The temporary wet areas cover 128680 ha
(1286.8 km?) or 2.5 % and permanent wet cover
5222 ha (52.22 km?) or 0.1 % of the country’s
territory. The CORINE Land Cover (CLC) da-
tabase shows that inland marshes cover 5242 ha
and peatbogs 697 ha. On the basis of that, it can
be said that the area of wetland in B&H covers
5939 ha (59.39 km?) (Draskovic et al., 2021).

The largest temporary wet zones within
B&H are karst fields on the west Bosnia, and
on the south in the region of Herzegovina. There
are two main reasons: a large amount of pre-
cipitation (more than 1500 mm annually) and
geological layers in which limestone rocks pre-
dominate that cannot accept all the water during
rainy period. Of the other regions with larger
temporarily wet zones, the northern part stands
out, the regions of Posavina and Semberija. In
this case, the main reason for the appearance
of humidity is related to the relatively frequent
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3a PeNaTUBHO YecTa U3JIMBamba BEJIUKUX PHjeKa U
HbUXOBUX MIPUTOKA M3 KOPUTA Y AITyBHUjAJTHE PAaBHH
(Draskovi¢ & Gutalj, 2021).

[TpoMjeHe y BIaXHOCTH 3eMJBHILTA Y OTHOCY
Ha BUIIECTOIUIIHE MPOCjeKe MOTY OUTH y3POKO-
BaHE aHTPONOT€HUM aKTMBHOCTUMA (HCYILIHBAHE
MOYBapa, U3rpajiba BjeIITAaYKUX aKyMyJaluja,
UT/.) WIA TPUPOJHUM MPOLIECHMA Kao IITO CY
KJIMMaTcke npomjene. [lopen oBUX 3Ha4ajHUjHX,
CTaJIHE POMjEHE BIIAKHOCTH TJ1a KOje Ce JCIIaBajy
OKO PHjEYHUX TOKOBa Cy yoOU4ajeHe 1 He CIIaiajy
y KpyITHE NPOMjeHe Koje OMTHO HapyIIaBajy eKo-
cucreM. C nipyre cTpaHe, BapHjalyje y KOJTUUNHHA
aJIaBUHA, OJJHOCHO TUTYBUOMETPH]CKOM PEXUMY
U TeMIieparypaMa Ba3tyxa, MOry OUTHO yTHIIATH
Ha TUIOBE U ITPOMjEHE BIAYKHOCTHU 3eMJBHUILTA.

3a cTeneH BIAXHOCTH Tja BeOMa je BaxkaH
OJIHOC TMajaBuHe/ucnapasame. [Ipema nogarm-
Ma PenyOnuykor XuIpoMeTeoposIoIKOT 3aBOA Y
neproxy 2000-2018. HekonMKo roanHa je 3a0usbe-
XKeH neuIuT Biare y JbeTmeM nepuoay (2000,
2003, 2012, 2013, 2015. u 2017.). Ha npumjep,
TokoM JbeTa 2003. ronuHe 3a01ibesxeHa je Hajpeha
pasznuka: 525 mm ucnapasame, 135 mm nasaBuHe.

PazymujeBame MHTEpakiyje u3mely Brax-
HOCTH 3e€MJBUIITA W MaJaBUHA JUMHTHPAHO je
MambKOM JUPEKTHUX OcMarpama y pasmjepama
Ha KOjUMa Ce jaBJbajy MoBpaTHe MH(popmanuje
(Taylor & Ellis, 2006). Mako cy cyiie y 0OCHOBA
y3pOKOBaHE HEIOBOJbHUM KOJIMYMHAMA [1a/IaBHHA,
eBoITyIIHja eHUIMTa BOJIE OJf MTaIaBHHA 10 BIIAre y
3eMJBUIIITY U BOJIOTOLIMMA HUje TPEHYTHA U O/IBUja
ce y CIIOKeHUM (PU3MIKMM MexaHn3muMma (Maity et
al., 2013). V jyroucrounoj EBporu BogHu pecypcu
CY Y IMPEKTHO] 3aBUCHOCTH OJ KITMMATCKOT PeXKH-
Mma (Nistor, 2019). [Ipema pe3ynraruma npojexta
CC-WARE ouexkyje ce na he 1o 2050. romuse Tem-
neparypa Ba3ayxa y PerHoHy MOpacTH, a mro he
npema Cheval et al. (2017) yTumaru Ha apuaHOCT
TEpUTOpH]E.

VY nepuomy 2003—-2013. 3a0usbekeHO je meT
TOJIMHA Ka/1a je JOILIO J0 MOjaBe jJaKUX HJIH eKC-
TpeMHux cyma (2003, 2007, 2008, 2011. u 2012.)
(Trbic¢ et al., 2014). Hajseha noBehama Temmepary-
pa Ba3ryxa 3a0UJBEIKEHA Cy Y CjeBEpO3aaJHOM U
cjeBepoucrounoM aujeny PC, rije cy BpujeaHocTH
Behe u 10 2 °C Ha roquimeM HUBOY. Ha moapydjy

overflows of large rivers and their tributaries
from their beds into the alluvial plains (DraSkov-
i¢ & Gutalj, 2021).

The changes in soil moisture, if compared
to multi-year averages, can be caused by anthro-
pogenic activities (wetland drainage, construc-
tion of artificial reservoirs, etc.) or by natural
processes such as climate change. In addition to
these significant ones, the constant changes in soil
moisture that occur around rivers are common
and do not disrupt the ecosystem significantly.
On the other hand, the variations in the amount
of precipitation or pluviometric regime and air
temperatures can significantly affect the types and
changes of surface wetness.

The precipitation/evaporation ratio is very
important for the degree of soil moisture. Accord-
ing to the Republic Hydrometeorological Institute
data in the period 2000-2018, the moisture deficit
in the summer period was being recorded for
several years (2000, 2003, 2012, 2013, 2015 and
2017). For example, during the summer of 2003,
the largest difference was recorded: 525 mm of
evaporation, 135 mm of precipitation.

Understanding of interactions between soil
moisture and precipitation is limited by a lack
of direct observations at spatial scales on which
feedbacks occur (Taylor & Ellis, 2006). Though
droughts are fundamentally triggered by insuffi-
cient precipitation, the evolution of water defi-
cits from precipitation to soil moisture and to
streamflows is not instantaneous and is controlled
by complex physical mechanisms (Maity et al.,
2013). In the South East Europe, the water re-
sources are directly depending to climate regime
(Nistor, 2019). According to the results of the
CC-WARE project, it is expected that by 2050
the air temperature in the region will rise, which
according to Cheval et al. (2017) affect the aridity
of the territory.

Over the period 20032013, there were five
years characterized with extreme droughts (2003,
2007, 2008, 2011 and 2012) (Trbi¢ et al., 2014).
The greatest increase in temperature was mea-
sured in the northwest and northeast part of RS,
where values were up to 2 °C higher per year.
In the area of lowland Herzegovina there was a
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HHCKe XepleroBuHe MpUcyTHO je Oi1aro nosehame
temmneparypa a0 1 °C Ha roquimem HuBoy (Bajic
& Trbi¢, 2011). Y Cembepuju TemriepaTypa Ba3my-
Xa MMa TeHCHIM]Y pacTa TOKOM IiWjelie TOHHE,
JIOK CY TPEHIIOBH I13/IaBIHA CE30HCKH TIPOM]jCHIbH-
BU (HAQjU3paKEHU)U Cy HETAaTUBAH TPEH] y CE30HU
JHETO M MO3UTHBAH Y jeceH). HeratuBuu TpeHI0BH
XUIPOTEPMHUYKOT KOe(DHIIMjeHTa U MHJIEKCA CYIIIe
y CE30HM JbETO yKa3yjy Ha moBehame apHuaHO-
ctu kiume (Popov & Deli¢, 2019). ITosehame
Y4ECTaJOCTH T10jaBe €KCTPEMHO TOIUIUX Mjece-
II1 U CMabEHhE YUECTAIOCTH M0jaBe eKCTPEMHO
XJIQIHUX MjeCeIH yKa3yjy Ha TCH/ICHIIU]Y 3arpHja-
Bama Ha TEPUTOPHjH MCTOYHE XeprieroBuHe. Ha
CBUM cTaHuLama y nepuoay 1991-2016. roqune
CMameH je Op0oj eKCTPEMHO BIOKHUX MjECell, a
Ha TIOJIOBHHM CTaHHIIA MOBehaH Opoj eKCTPEMHO
cymaux Mjeceru (Popov et al., 2019).

Taxkole, Beoma cy 4ecTe ToniHe ca BEITMKHAM JI0
karacTpodarauM nortaama (2001, 2002, 2009,
2010, 2014.). Y anputy u Majy 2014. 3a0usbexeHe
Cy pekopaHe KuiHe cepuje (mpeko 420 mm) y
CjeBepHOM Jjely 3eMJbe, KOje Cy YCIOBHIIE KaTa-
crpocaiHe ToIIaBe y CIIMBHOM Nopy4jy BpOaca
u bocue, Te Ha moapyyjy Cembepuje (Oprasic et
al., 2016). 3paxeHa mpoMjeHa TOMIIHET PacIio-
pena magaBuHa y3 moBehame TeMrieparype jesiaH je
OJ1 KJbYYHHX (haKTOpa 3a MojaBy CyIlla U MOTUIaBa
Ha teputopuju buX (Avdi¢ et al., 2013).

Toxom nepuoaa 1961-2015. yuraBy tepuro-
pujy buX kapaxrepuiie u3paxeHo u 3Ha4ajHO (P
<0.01) rogumime 3arpujaBame. [ onuimyu nopact
Temmneparype 6uo je y pacnony ox 0.2-0.5 °C
no neunenuju (Trbi¢ et al., 2017). Houwto je mo
nosehama CyIIHUX U BIQKHHUX T'OJMHA, OJHOCHO
noBehama exctpemuoctu. Y nepuoay 1961-2010.
jacHo ce m3nBajajy aekazae 1981-1990. ca najpehrm
6pojem cymraux 1 2001-2010. ca najsehum 6pojem
BiakHuX roguna (Duci€ et al., 2014).

Hajyrpoxkenuje moapydje je JT0aMHa pUjeKe
BocHe ca cpenbe BUCOKUM YKYITHUM BOIIHUM PH-
3UKOM (YKYyIHH BOJAHHM PU3MK MjepU CBE PHU3U-
K€ Be3aHe 3a BOAY, CKyIUbAaeM CBHUX O1a0paHuX
MHJMKATOpa U3 Kareropuja: (pu3nyka KoJIMYKHa,
KBAJIUTET, PETYJIATOPHU M PEIyTAllMOHH PH3UK)
(Hofste et al., 2019).

C 003upoM Ha HelOCTaTaK MPETXOAHUX HC-
TpakuBama y 0BOj 00JIacTH, pax MOXKE UMaTH
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slight increase in temperature up to 1 °C per year
(Baji¢ & Trbi¢, 2011). Semberija region record-
ed increasing temperature tendency throughout
the year, whereas the precipitation trends were
seasonally variable (the most prominent were
a negative trend in summer season and a pos-
itive trend in autumn). Negative trends in the
hydrothermal coefficient and drought index in
the summer season indicate an increase in climate
aridity (Popov & Deli¢, 2019). Increase in the
annual occurrence of extremely warm months and
decrease in frequency of extremely cold ones in-
dicate that a warming tendency is present over the
east Herzegovina region. In the period 1991-2016
at all stations number of extremely wet months
was reduced and at half of the stations number
of extremely dry months increased (Popov et al.,
2019).

In addition, years with large to disastrous
floods are very common (2001, 2002, 2009, 2010,
2014). April and May 2014 saw the record of rain
series (over 420 mm) in the northern part of the
country, which caused disastrous flooding in the
catchment area of the Vrbas and Bosna rivers,
as well as in the area of Semberija (Oprasic et
al., 2016). Pronounced variability in the annual
rainfall regime and temperature increases are
key factor in the occurrence of more frequent
and intense drought in B&H (Avdi¢ et al., 2013).

During the observed 1961-2015 periods, the
entire territory of B&H is characterized by prom-
inent and significant (p < 0.01) annual warming.
The annual temperature increase was in the range
of 0.2-0.5 °C per decade (Trbi¢ et al., 2017).
There was an increase in dry and wet years, i.e.
an increase in extremes. During the period 1961—
2010 the 1981-1990 decade had most dry and
2001-2010 decade had most humid years (Duci¢
etal., 2014).

The most endangered area is the valley of the
river Bosna with a medium-high overall water
risk (overall water risk measures all water-related
risks, by aggregating all selected indicators from
the Physical Quantity, Quality and Regulatory &
Reputational Risk categories) (Hofste et al., 2019).

Given the lack of previous research in this
area, the paper may have a significant role in
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3HaYyajHy YJIOTY Y MHBEHTapU3alllju, MOHUTOPHUH-
Ty U ynpaBibamy Biraxxkuux noapydja PC. To ce
oceOHO OJJTHOCH Ha U3a30BE KOjU Cy Tpel Hama y
TIOTVIE/Ty Mjepa 3aIlITHTE O KIIMMATCKUX ITPOMjeHa
Koje ce mpeMa OpOjHUM CLICHapHUjuMa HajaBJbY]y.

[{nb ucTpakuBama je Mpelu3Ho yTBphHBame
MOBPILKHE KOj€ 3ay3UMajy pa3InYUTH THIIOBH
BIIQXXHOCTH Ha Teputopuju PC, kao u nepunucame
30Ha WJIK Pervja y KOjuMa je BIaKHOCT 3eMJbHUILTA
HajupucyTHHja. Takolhe, aHaTM30M JIOKaJIUTETA
HajBehuX mpoMjeHa BIayKHOCTHU 1O PUHIIUITY CTY-
nuje ciaydaja 6uhe yrBphenu Moryhu paznosu 300r
KOJUX je JOILIO 0 MPOMjeHa.

[Moapyyje uctpaxuBarma

PemryGnuka Cpricka je IpyKaBHU EHTUTET YHY-
tap bocHe 1 Xepiierosune, Koju rpema nojganuma
PenyOnmukor 3aBona 3a cratuctuky PC n3 2012.
rofiMHe, MMa NOBpIIKMHY o 24641 km? u nomy:a-
1ujy ox oko 1.14 munmuona craHoBHUKA. Hamasu
ce Ha KOHTAKTy TPHU BEJIMKE MPUPOJIHE peruje:
[TanoHcke HU3Mje Ha cjeBepy, JuHapckux mia-
HUHA Yy IICHTPAJIHOM JMjelTy U JaJpaHCKOT Mopa
Ha jyry. C TUM y Be3H ce U KJIMMa MOXe IOJIHje-
JUTH Ha TPH THUIIA: YMjEepEHO-KOHTHHEHTAIHY Ha
cjeBepy, IIAHUHCKO-KOTIUHCKY Y IEHTPATHOM
JMjelTy U U3MjEeHy MEIUTepaHcKy Ha jyry. Haj-
Mamba KOJIMYHMHA Ma/IaBUHA U3JTY4H C€ Ha KPajiheM
cjeBepouctoky buX (oko 750 mm), 10K mozxpy4je
UCTOYHE XepLIErOBUHE MPHMA HajBUIIIE I1aaBUHA
TokoM romure (10 2000 mm). Hag octamim, Behim
nwjerioM 3embe, u3imyun ce 850 1o 1500 mm (Baji¢
& Trbi¢, 2016). Pesbed je yrmaBHOM OpaoBUT U
ruianuHCKU. HagMopcke Bucune mmely 500—1500
m 3ay3umajy 51.9 % tepuropuje.

I'enepanno, BnaxkHocT 3emspuiita 'y PC 3a-
BUCH O] TUTA KJIMME, IIPUje CBEra Of1 NaJJaBHUHA 1
TeMIIepaTypa Ba3ayXa, ajli U O BJeTPa, BIAKHOCTH
Ba3JyXa, TUIA 3eMJBUILTA, T€OJIOIKE MOIOTe UT/.
KnmMarcku rojaceBu ce OTIPUITHKE MOAyAapajy ca
reoMop¢oiomkuM nojacesuma: cjesepuum (Ilo-
CaBHHA), HEHTPAIHUM (TJIAHUHCKO-KOTIIMHCKHM )
U Jy’)KHUM (30Ha BHCOKOT Kapcra). Takohe, xere-
POTEHOCT BEreTalMjCKuX MojaceBa MOCIhEeIHIIA je
yIpaBO KOMIUIEKCA YTHIIaja HaBEJCHUX aOUOTHY-
KuX (haKTopa.

the inventory, monitoring and management of
wetlands in the RS. This is especially true of the
challenges we face in terms of climate change
protection measures that are being announced
under a number of scenarios.

The aim of the research is to precisely de-
termine the areas occupied by different types of
humidity in the territory of the RS, as well as to
define the zones or regions where soil moisture
is most present. Also, the analysis of the loca-
tion of the largest changes in humidity using the
case studies will determine the reasons for the
changes.

Study area

The Republic of Srpska is a state entity with-
in Bosnia and Herzegovina, which, according to
the data of the Republic Institute for Statistics of
the RS from 2012, has an area of 24641 km? and
a population of about 1.14 million inhabitants.
It is in contact with three major natural regions:
the Pannonian Plain in the north, the Dinaric
Mountains in the central part and the Adriatic
Sea in the south. Regarding relation to this, the
climate can be divided into three types: temper-
ate-continental in the north, mountain-valley
in the central part and altered Mediterranean in
the south. The lowest amount of precipitation
occurs in the extreme northeast of B&H (about
750 mm), while the area of eastern Herzegovina
receives the most precipitation during the year
(up to 2000 mm). Above the rest of the country,
precipitation ranges from 850 to 1500 mm (Baji¢
& Trbi¢, 2016). The relief is mostly hilly and
mountainous. Altitudes between 500—-1500 m
occupy 51.9 % of the territory.

In general, soil humidity in the RS changes
depending on the type of climate, primarily on
precipitation and air temperature, but also on
wind, air humidity, soil type, geological base,
etc. The climatic zones roughly coincide with the
geomorphological zones: northern (Posavina),
central (mountain-valley) and southern (zone
of high karst terrain). Also, the heterogeneity
of vegetation is a consequence of the complex
influence of the mentioned abiotic factors.
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Tpu Ouoreorpadceka peruona y PC, mpema
aKTyesHoM npoctopHoM Iutany PC, cy: 1. koHTH-
HEHTaJIHU OMoreorpad)cku peruoH — MpoCcTHpe ce
y CJEeBEpPHOM JIHjey, ca HU3MjaMa 1 Opexysbliuma
U ca BUCOKMM yTuiiajeM [laHoHCKe HU3Mje; 2. ant-
CKH Ororeorpad)cku peruoH — HOKpUBA LEHTPATHH
o buX u PC ca Bucokum mianunama JluHapc-
KOT' TIOZIpy4ja; 3. MEITUTEPaHCKU Ororeorpadcku
PETHOH — MPOCTUPE CE Y JYKHOM AMjery, TAje ce
ocjeha 3Ha4yajaH yTUIA] MEAUTEPAHCKE KIHME.
Kontunenranuu 6noreorpadcku peruon oOyxsara
noBpuuay ox 11211.3 km? teputopuje PC (45.5
%), anrcku (mianuackn) 10100.2 km? (40.1 %), a
memutepancku 3329.8 km? (13.5 %). OBa mofjena
he OuTH KopuCHa 3a aHaJIM3y BIAXHOCTHU TJIA IO
M0jeIMHUM PETHOHHMMA, C IIUJbeM YTBphHBama
yTullaja MojeAuHux (pakropa Ha 1ojaBy Biare Ha
MOBPILINHH.

[Tpema CLC 2018 6a3u nogaraka BogHa THjea
y PC nmokpusajy 167.10 km?, a Bnaxkxna mozapyudja
16.67 km?. V nepuoay 2000-2018. oBe kiace cy
nosehase nmpocropau 00yxaar 3a 26.04 %, onHoc-
HO 5.57 % (Draskovi¢ et al., 2020).

MATEPUJAJIA U METO/IE

MeTtoze Mjepera BIaKHOCTH 3eMJBHIITA MOTY
ce MOJUjeIUTU Y ABHjE TpyIe: JUPEKTHE U UH-
IUpeKTHE. JIMPEeKTHOM METOIOM C€ HEMOCPEIHO
MjepH KOJIMYHMHA BOJIC Y 3eMJBHIITY, 3 UHUPEKTHE
MeTojie o/ipel)yjy BIaKHOCT 3eMJBHUINTA Ha OC-
HOBY mpoMjeHe oapehennx pu3mukux ocobuHa
3eMJBHILTA KOj€ 3aBHCE O]l FEerOBE BIAKHOCTH
(Otorepec, 1991).

JIMpeKTHE MeToJie BIaKHOCTH 3eMJBUIITA Y
PC o cana cy yraBHOM Ouite 6a3upane Ha in situ
UCTpaKMBambUMa ME10JI0Ta, arpoHOMa, XUIPO-
Jora, Xuaporeosora u cil. TakBa UCTpakuBamba
OZTHOCWJIA Cy C€ Ha MOjeJMHAYHE JIOKAIUTETE U
Ha OrpaHUYEHe BpEeMEHCKe Meproie, pHje CBera
300T 3aXTjeBHOCTH pecypca KOju Cy MOTpeOHH.
HcroBpeMeHOo, MHIMPEKTHA UCTPAKUBAHA BIIAXK-
HOCTH T1a Ha Teputopuju PC MetonoM nasbHHCKe
JeTeKIHje cy 110 caa Omna pujerka. MehyTtum, ca
110jaBOM HEKOMEPILMjATHUX CaTeIUTa PasInuuTH
MOAIM Cy TMOCTaNN JOCTYIHU 0€3 OrpaHnyerba.
Taxko je EBporicka cBemupcka arennyja (European
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The three biogeographical regions in RS,
according to the current spatial plan of RS, are:
1. continental biogeographical region — it covers
the northern part, with lowlands and hills and
with a high influence of the Pannonian lowlands;
2. Alpine biogeographical region — covers the
central part of B&H and the RS with the high
mountains of the Dinaric area; 3. Mediterrancan
biogeographical region — covers the southern part,
with the significant influence of the Mediterra-
nean climate. The continental biogeographical
region covers the area of 11211.3 km? of the ter-
ritory of the RS (45.5 %), alpine (mountainous)
10100.2 km? (40.1 %), and Mediterranean 3329.8
km? (13.5 %). This division will be useful for the
analysis of soil moisture by individual regions, in
order to determine the influence of individual fac-
tors on the occurrence of moisture on the surface.

According to CLC 2018, water bodies cover
167.10 km? and wetlands 16.67 km? in the RS.
In the period 2000-2018 these classes increased
their areas with 26.04 % and 5.57 % respectively
(Draskovi¢ et al., 2020).

MATERIALS AND METHODS

Soil moisture measurement methods can
be divided into two groups: direct and indi-
rect. The direct method measures the amount
of water directly in the soil and indirect meth-
ods determine the soil moisture on the basis of
changes in certain physical properties of the
soil that depend on its humidity (Otorepec,
1991).

So far, direct soil moisture methods in
the RS have been mainly based on in situ
research by pedologists, agronomists, hydrol-
ogists, hydrogeologists, etc. Such research
was related to individual sites and limited
time periods, primarily due to the complexity
of the required resources. At the same time,
indirect studies of soil moisture in the terri-
tory of RS by remote sensing have been rare
by now. However, due to the launching of
non-commercial satellites, various data have
become available without restriction. Thus,
the European Space Agency (ESA) launched
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Space Agency — ESA) nancupana Sentinel-1 u
Sentinel-2 carenute, Koju omoryhaBajy cHUMKE
BHCOKE PE30JyLHje, MyTeM KOjuX ce MOry Ipa-
TUTU OpOjHU reoU3NuKy napameTpu. EBporncku
nporpam Copernicus Land Monitoring System
(CLMS) omoryhaBa undopmarnuje u3 10MeHa
npahema cTama 1 MpoMjeHa y )KUBOTHO] CpeIMHH
Y Bb€HUM KOMITIOHEHTaMa.

Ha oCHOBY caTeIMTCKHUX CHHMAakKa BHCO-
ke pesonyuuje (High Resolution — HR) no Be-
oma Bucoke pezonyuuje (Very High Resolution
— VHR), yxmyuyjyhu ESA carenure, ypaheno
j€ axypHpame 1 KapTHpame IpoMjeHa Ha BUCO-
kopezonynujckuM ciojesuma (High Resolution
Layers — HRL) “Imperviousness” u “Forest”, kao
U KapTupame ciojena, “Grassland and Grassland
Changes” u “Water and Wetness” 3a 39 npxaBa
wianuna EBporicke areHnuje 3a )UBOTHY cpe-
muny (European Environment Agency, EEA-39)
(Copernicus Land Monitoring Service, 2020).

HRL WaW ca pedepentnom rogunom 2018.
Jje MOTIyHO Mpou3Be/eH y npojekuujama ETRS89
(European Terrestrial Reference System 1989) u
LAEA (Lambert Azimuthal Equal Area) ox ctpane
KOH30PIIHMjyMa eTabIpaHnX eBPOIICKHX IPOBajIe-
pa ycayra. Cacroju ce ox nmpousona WaW 2018
y IyHO]j MPOCTOPHOj pe3omyruju o 10 m x 10 m
(ymjecro opurnnanse pesonynuje 20 m x 20 m
npoaykuuje WaW 2015). ['maBau nmpousBof je
KJIacU(UKOBAHU CJI0j, KOJH CalpH AeduHICcaHe
KJIace CTaJIHUX BOJA, IPUBPEMEHHX BOJA, CTAITHO
BIIQKHHX, IPUBPEMEHO BIQKHHUX U CYBHX ITOBPIIIH-
Ha, 100MjeHUX MpeMa IM0jaBu MPUCYTHOCTU BOJE
U BIaxHocTu y nepuony 2012-2018. JlomymeH je
MHJIEKCOM BjepoBaTHOhe BOJIE U BIIAKHOCTH, IIPO-
M3BOJIOM KOJH j€ yITIaBHOM HAMH]EH-EH EKCIIepTHMa
(Copernicus Land Monitoring Service, 2020).

Wunexke BjepoBaTHOhe BO/E M BIAXKHOCTH
(Water and Wetness Probability Index — WWPI)
CJI0j je TOJaTHU MPOU3BOJ 32 EKCIIEPTE U YKazyje
Ha T10jaBy BOJIE W/WJIM BIIQYKHUX MOBPIIMHA (ca 3a-
cuheHnM casipkajeM Biare y 3eMJbHIITY) y Behem
JMjeny TOlMHE, TOKOM Hu3a rofauHa. MHuekc je
W3BEJIEH U3 CJI0jeBa MOAPIIKE JOOUjeHUX U3 Ce-
30HCKHX KOMITO3UTA y KOjUMa je CBAKU MUKCEN Yy
JIaTOM CJI0jy KJIacH(PUKOBaH Kao ,,CyBO*, ,,BIaKHO
W1 ,,(oTBOpeHa) Boga“. Ha oCHOBY UCTHX C€30H-

Sentinel-1 and Sentinel-2 satellites, which
enable high-resolution images, through which
various geophysical parameters can be mon-
itored. The European program Copernicus
Land Monitoring System (CLMS) provides
information in the field of monitoring the
state and changes in the environment and its
components.

Based on High-Resolution (HR) to Very
High Resolution (VHR) satellite imagery,
including ESA’s satellites an update and
change mapping of the High Resolution Lay-
ers (HRL) “Imperviousness” and “Forest”, as
well as a mapping of “Grassland and Grass-
land Change”, and “Water and Wetness” for
the EEA—-39 countries has been be done (Co-
pernicus Land Monitoring Service, 2020).

The HRL WaW with reference year 2018
has been fully produced in the ETRS89 (Euro-
pean Terrestrial Reference System 1989) and
in LAEA (Lambert Azimuthal Equal Area)
projection by a consortium of well-established
European service providers. It comprises the
WAW product for 2018 in full spatial resolu-
tion of 10 m x 10 m (instead of the original 20
m x 20 m resolution of the WAW 2015 produc-
tion). The main product is a classified layer,
which contains defined classes of permanent
water, temporary water, permanent wet, tem-
porary wet, and dry areas, derived from water
and wetness occurrences in the period 2012—
2018. It is complemented by the Water and
Wetness Probability Index (WWPI), a product
mainly dedicated to expert users (Copernicus
Land Monitoring Service, 2020).

The Water and Wetness Probability Index
(WWPI) layer is an additional product for
expert users and indicates the occurrence of
water and/or wet areas (with saturated soil
moisture content) during a prolonged part of
the year over a number of years. The index is
derived from support layers calculated from
seasonal composites in which each pixel in
a given layer is classified as “dry”, “wet” or
“(open) water”. Based on the same seasonal
composites as applied for the classification
of water and wetness, the WWPI is derived
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CKUX KOMIIO3UTa KOJU C€ NPUM]jerYjy 3a KJIacH-

¢uxauujy Boae u BnaxkHoct, WWPI je usBenen

3a CBaKy ,,KoJ0HY" nukcena y Huzy. WWPI ce
m3pauyHaa rpema 6pojy BOJA u BJIAXXHOCT

TojaBa, TOCJBEHH Ca TEKUHCKAM (PaKTOPOM O

0.75 (oBa BpHjeqHOCT je TOTBp)eHa HAKOH aHAIIN3E

pe3yInrara parpioHalIu3aImje), MoAujeJbeH ca yKy-

THUM OpojeM BaJIMIHUX 3anaxarma (30up BOJIA,

BJIA’KHO u CYBO mnojage). [lo6ujenu mpou3Bos

Craja 1MojaBy BOJE M BIAKHOCTH KaO MHJAEKC Ha

ckaim m3mehy 0 (camo cyBo) mo 100 (camo Boza)

(Langanke, 2016). Ha taj Haunn moryhe je nooutu

nperiea U JMHAMUKY BapHjaOMITHOCTH T10jaBe BOJa

Y BJIQXKHUX MOBPIIMHA YHYTAp jeJHE TOAWHE UIH

TOAUIIEBHX 100a. KOMITO3UTHY CHUMIIM TOUIITEBUX

no06a cy n3Be/IeHH U3 CHUMaKa Koje IOKpUBajy Bpe-

MEHCKH MEepHOJL OJ] TPH Mjecela, JOK CY FOUIIH

KOMITO3UTHU CHMMIIM M3BEJEHU U3 CHUMaKa 3a

CBaKoO TONUIIIHE 100a yHyTap oapehene roguune.

[Tpema YmytcTBy 3a kopuniheme WaW 6aze
nonaraka (Copernicus Land Monitoring Service,

2020) nedununyje NOjeIUHUX KJlaca BIaKHOCTH

cy:

— Cysa noBpumHa (yBHjeK CyBO WM YIIIABHOM
CYBO Ca MaJIUM CaJp’kajeM BIaXXKHOCTU WIH
BoJIe, HIp. < 25 % Bnare): nujecak, OETOH U
acaur, ctujeHe, UTi.;

— Cranna Boja (Hajehu omHOC BOJA/YKYITHH
canpxaj > 85 % Boxe, KI1acu(pUKOBAHO KaO
CTaJiHa BOJHA MOBPIIKHA): PUPOIHA je3epa,
BjelITauKe akymylnamuje (pubmarm, pe3epBo-
apu), IpUpoOHE aKyMmyJaluje (cTajaHe BOIHE
HNOBPIIMHE YHYTpALIbUX WIM NPUOOATHUX
BJIQ)KHUX 3€MJBUIIITA), pUjEKE, KAHAIIH, UT/.;

— IlpuBpemena Bona (omHoc usmehy 25-85 %
BOJIC, Ca BapupajyhnM CTENeHOM BIIaYKHOCTH):
MoZIpydja ca MPUBPEMEHOM BOJIOM Koja Cy Y Be-
31 ca CTaJHUM BOJHUM THjeTMMa, IPUBpEMEHa
NPUPOJHA U BjelITa4yKa je3epa, NepuogudHe
pujeke, IIaBHa Mmoapyyja, UTi.;

— Cranno BnaxHa nospmwuHa (> 75% Bnare):
TPCTHUIIM, TPECETHUILTA, YHYTPALIHE MOUBape,
uTIL.;

— IlpuBpemeno BnaxxHa nospuuHa (25-75 %
BJIare): 3eMJBbUIITA KOja MH]EHa]y BIIAXKHOCT,
MIOBPEMEHE MOYBape, UT/.

for each “column” of pixels in the stack. The
WWPI is calculated according to the number
of WATER and WET occurrences, the latter
with a weighting factor of 0.75 (this value was
confirmed after the analysis of the stream-
lining results), divided by the total number
of valid observations (sum of WATER, WET
and DRY occurrences). The resulting product
assembles the water and wet occurrence as
an index on a scale between 0 (only dry ob-
servations) to 100 (only water observations)
(Langanke, 2016). In this way, it is possible
to get an overview and dynamics or variabil-
ity of the occurrence of water and wetlands
within one year or seasons. Composite images
of the seasons are derived from images that
cover a period of three months, while annual
composite images are derived from images for
each season within a given year.

According to WaW User Manual (Coper-
nicus Land Monitoring Service, 2020) defini-
tion of water and wetness classes are:

— Dry (always dry or mostly dry with minor
instances of wet or water, i.e. < 25 %):
sand, bedrock, sealed surfaces, etc.;

— Always water (the highest ratio of the wa-
ter/total instance, > 85 %, are classified
as permanent water surfaces): permanent
inland lakes (natural), artificial ponds (per-
manent fishponds, reservoir), natural ponds
(permanent open water surfaces of inland
or coastal wetlands), rivers, channels, etc.;

— Temporary water surfaces (ratio between
25 % to 85 %, water/total instances, with
varying degrees of wetness): temporary
water surfaces associated to permanent
water bodies, temporary natural lakes and
temporary artificial lakes, intermittent riv-
ers, flood areas, etc.;

— Always wet surfaces (areas with > 75 %
wet/total instances): reeds, peat land, in-
land wetlands, etc.;

— Temporary wet surfaces (areas with 25 % to
75 % wet/total instances and minor instanc-
es of water): including areas of changing
soil moisture, Intermittent wetlands, etc.
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[TaH-eBpOIICKM CIIOjEBU BHCOKE PE30ITyILHje
omoryhasajy uHpopmarje o CrielipuIHIM Kapax-
TepUCTHKaMa THIIOBA MOBPIIUHCKE MOKPOBHOCTH
Y KOMIUIEMEHTAPHU Cy ca KapTHpameM IOKPOB-
HOCTH M HaMjeHOM moBpurHa kao mto je CLC
6a3a moxaraka (D’amico & Corsini, 2019). OnTuy-
Ka KJIacu(uKaiyja je mpuMHjemheHa Ha KOMIIO3H-
Te 3a cBaku EEA muo xopumrhemeM JUHAMAYKOT
Ha Tpary 3acHoBaHOr' kiacudukaropa. Crora je
HEKOJIMKO CIIEKTPAIIHUX WHAEKCA W3pavyyHaTo U
y0aueHo 3a cBakM KOMIIO3HT. 3a JETEKIIH]y BOJIE
KOpuIINeH! Cy CIEKTPaIHM UHAEKCH Kao IITO CY
NDWI (Normalized Difference Water Index) u
werora MoaudukoBana Bepsrja mNDWI (Modified
Normalized Difference Water Index), kao u NDVI
(Normalized Difference Vegetation Index). 3a u3-
JIBajarbe M0jaBe BIAKHOCTH N3a0paHu Cy TMHAMUY-
KU TI0jeAMHAYH MHJIEKCH U TIParoBU U3 KiacuQu-
Karopa 3a cBaKy Jiokaryjy. CBU TEMaTCcKH CJIOjeBH
3a 2018. noOujeHn cy U3 MyITUTEMIIOPATHUX MO~
naraka Sentinel-2 careauTckux cHumaka oxg ESA
U TIpy’Kajy HaMjeHCKe MH(pOpMaLFje O aKTyeITHUM
YCJIOBMMa KHUBOTHE CPEIMHE U TPEHI0BUMA TIPOM)e-
Ha, y IPOCTOpHO] pe3onytuju ox 10 m, 20 m u 100
m (Copernicus Land Monitoring Service, 2020).

WAWCSL (WaW Consistency Support Layer)
J€ pacTepCcKu CI0j MOAPIIIKE KOH3UCTEHTHOCTH KOjH
MIPUKA3yje BPHjEIHOCTHU pa3imke umely pedepeHt-
Hux crojeBa u3 2015. u 2018. roguHe y poCTOPHO]
pesomymuju ox 10 m (Ci. 1). OBaj cioj omoryhummi
Cy IPOBAjIepH yCiIyra Kao JONATHH CJI0j MOApII-
Ke 3a nH(popMHUCame KOPUCHUKA O Pa3IuKaMa u3-
Mmely nBa crarycHa cnoja u3 2015. u 2018. roqune
T0/1 YTHIIajeM TIoBehaHOT KBaMTETa M PE30IYIH]je
yna3Hux nozjaraka. Ctora je pa3BHjeHa HaMjeHCKa
NpoLIe/Typa Koja paszaBaja ,,TEXHHMUKE pa3imke* (300r
npoMjeHe mpocTopHe pezonyuje ca 20 m Ha 10
m) usmehy npumapuux HRL npoussona Water
and Wetness 2015. u 2018. u cTBapHHMX MpoMjeHa
y KJ1acama Bofa M BIaxHOCT. CI10j MofpIIKe KOH-
3MCTEHTHOCTH j€ 3aCHOBaH Ha MyHO] Sentinel-2
BpeMeHcKkoj cepuju. Crora je u3BpIlIeHa JTMHEapHa
perpecuja Ha komnozutuma 2018. 1 2015. mNDWI
WHJIEKCA KOjJU HA HUBOY TIMKCEJIa TOKa3yjy J1a JIU Cy
(eHono1ke KpuBe Ha oapel)eHo]j ToKaluju CTabuI-
HE WK UMIUTILMPA]jy OUITo KaKaB TpeH, Aajyhu Ha
Taj HAYMH UHIMKAIM]y (TIpar) je JIM youeHa pazinkKa

Pan-European high-resolution layers pro-
vide information on specific land cover char-
acteristics and are complementary to land
cover/land use mapping such as in the CLC
datasets (D’amico & Corsini, 2019). The op-
tical classification was applied on the com-
posites for each EEA tile using a dynamical
threshold-based classifier. Therefore, several
spectral indices were computed and stacked
for each composite. For water detection, spec-
tral indices such as the Normalised Difference
Water Index (NDWTI) and its modified version
Modified Normalized Difference Water Index
(mNDWTI), as well as the Normalised Differ-
ence Vegetation Index (NDVI) were used. For
wetness extraction, individual indices and
thresholds were chosen dynamically from the
classifier for each site. All thematic layers for
2018 are derived from multi-temporal Senti-
nel-2 satellite data from the ESA and provide
dedicated information on current environmen-
tal conditions and change trends in 10 m, 20
m and 100 m spatial resolution (Copernicus
Land Monitoring Service, 2020).

The WAWCSL (WaW Consistency Sup-
port Layer) is a raster displaying a measure
of difference between the 2015 and 2018 ref-
erence layers in 10 m spatial resolution (Fig.
1). This layer was provided by the Service
Providers as an additional support layer to in-
form users where the differences between the
two status layers of 2015 and 2018 are influ-
enced by the increased quality and resolution
of input data. Thus, a dedicated workflow has
been developed that separates “technical dif-
ferences” (due to the shift in spatial resolution
from 20 m to 10 m) between the primary HRL
Water and Wetness products 2015 and 2018
and actual changes in class of water and wet-
ness. The Consistency Support Layer is based
on the full Sentinel-2 time series. Therefore, a
linear regression was performed on the mND-
WI composites 2018 and 2015, which indicate
on pixel-level whether the phenology curves
at a particular location are stable or imply
any trend, thereby providing an indication
(threshold) if an observed difference is like-
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CTBapHa WJIH je HacTaJia 300T POMjeHE PEe30ITyIIHje
(Copernicus Land Monitoring Service, 2020).

ly to be real or due to the resolution change
(Copernicus Land Monitoring Service, 2020).

Cn. 1. T'ope mujeBo — WaW 2015, rope necao — WaW 2018, nomne — cj10j moapIike KOH3UCTEHTHOCTH
(Copernicus Land Monitoring Service, 2020)
Fig. 1. Upper left — WaW 2015, upper right — WaW 2018, down — consistency support layer
(Copernicus Land Monitoring Service, 2020)

Jla 6u ce aHanM3MUpao yTHIA] HAAMOPCKE BHU-
CHHE Ha pacrope]] BIaKHUX MOApyYja KOPUIITEH
je eBporicku qurutaiau mozaen Bucuaa (EU DEM
v1.1.) pe3onynuje 25 m. Moxen je mpeyser ca
3BannyHe crpanuie Copernicus Land Monitoring
Service (moctymHo Ha https://land.copernicus.eu/).
Teputopuja PC je monujesbeHa Ha 4 BUCHHCKE 30-
nge: 0-500 m, 500-1000 m, 1000-1500 m u u3Hay
1500 m, 3aTuM cy n3padyHare BilaKHE TOBPLIMHE
YHYyTap CBaKe OJf bHX.

[Topen Tora, o6pahenu cy momarm u3 CLC 6a-
3€ Mo/IaTaKa, Koja iMa HElITO CIa0H]jy pe30TyIHjy
(25 ha) 1 He py>ka Tako npenu3He nHpopmanuje,
anu uMma Tyxku Hu3 ocMarpama. CLC nedunu-
me xkonmHeHe mouBape (mudpa 4.1) (European
Environment Agency, 2019) kao noapydja nor-
JaBJbEHA WITH MOJJIOKHA TTOTIIIaBaMa TOKOM Beher
Jjeria TOOUHE CIIaTKOM, 004aToM mim crajahom
BOJIOM Ca CTeM()UIHOM BETETAIN]OM KOja Ce cac-
TOJU Ol HUCKUX >KOYHOBA, TIOIYAPBEHACTHX HIIH
3eJbaCTHX BpCTa. YKIbydyje O0OIHY BEreTanujy
jesepa, pujeka, eyTpoHIX MOYBapa, BEreTaIldjy
TPaH3ULMOHUX Kajbyra U Tpecehux Omatuiira u
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Digital elevation model (EU-DEM v1.1.)
with a spatial resolution of 25 m has been used
for distribution of wetness areas by altitude
zones. The model was downloaded from the
official Copernicus Land Monitoring Service
web site (available at https://land.copernicus.
eu/). The territory of the RS is divided into
four altitude zones: 0-500 m, 500-1000 m,
1000-1500 m and over 1500 m, and then the
wet areas inside each of them were calculated.

In addition, a CLC database will be pro-
cessed, which has a slightly lower resolution
(25 ha) and does not provide such accurate in-
formation, but has a longer time series of ob-
servations. CLC defines inland wetlands (code
4.1) (European Environment Agency, 2019)
as areas flooded or liable to flooding during
the great part of the year by fresh, brackish
or standing water with specific vegetation
coverage made of low shrub, semi-ligneous
or herbaceous species. Includes water-fringe
vegetation of lakes, rivers, and brooks and
of fens and eutrophic marshes, vegetation of
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M3BOpPA, BUCOKO OJIUTOTPOQHE U JaKO KUCEIE 3aje/I-
HUIIE KOj€ C€ YITIaBHOM cacToje ofl charuyma Koju
pacrte Ha TpeceTy M J00uja Biary u3 TpaBHATHUX
WM TIOKPUBEHUX OJIaTHINTA.

I'maBHu (hakTOpU KOjU yTHUY Ha Kiacu(uKa-
[I1je 3eMJBHIITHOT TOKPHBa4ya Ha HUBOY MUKCEa
Cy IPEIM3HOCT U KaumoOpaluja ceH3opa, TaYHOCT
reoJiokaiyje, armocgepcku nopemehaju, CIMIHA
CIEKTPAJIHU NPUKa3H pa3InuuTHX 00jeKara, KBa-
AUTET pedepeHTHUX MoaaTaka u neppopmance
anroputMa yommTe. CBaku MPOU3BOJL 3€MIBHIII-
HOT MOKpUBa4a MOIpa3yMHujeBa MOCIbEUILY OBUX
HEMPEIM3HOCTH ¥ HAYMHA Ha KOjU C€ OHE IIMpe
IyX JlaHia obpaje, MTo KOHAYHO YTHYEe Ha T0-
y3naHocT pesyatupajyhe kinacudukanuje. Heus-
BJECHOCTH KOje MPOU3MIIa3e U3 yIa3HUX MoJaTaKa
U Kako OBE HEMPEIM3HOCTH YTUUY Ha pe3yaTar
Kiacudukaiyje oOMYHO je TEIIKO U CKYIO Mpo-
LUJEHUTH, TOITO OM TO 3axTjeBano mpaheme
IpeIIKe JETEKTOpa Kpo3 CBE MpOIEaype Koje ce
npumjeryjy Ha nonarke. Crora ce 3aHeMapyjy y
JlaJboj MPOIjeHn HeusBjecHOCTH. CII0j MoBjeperma
KOJU C€ MCIOpyYyje ca MPOU3BOIOM KOMOMHYje
BUIIIE NTapaMeTapa KBaJIUTETa U 00pajie v CaapKu
uH(popmarmje Koje nokasyjy HHICKC MOBjeperba 1o
nUKcely npu pezonyuurju ox 10 m. 3a npopauyH,
CII0j TIOBjepema KOpUcTH BjepoBarHohy Boze (1)
Y BIQXKHOCTH (MUHUMAITHO 3) o neremOpa 2015.
no nenem6pa 2018. rogune (Copernicus Land
Monitoring System, 2020).

PE3VIITATU

[Tpema WaW 2018 6a3u noparaka 30He Koje
NpUIaJajy KaTeropuju cTajHa U MoBpeMeHa BoJa
oOyxBarajy 11295 ha (0.46 %) u 534 ha (0.02 %),
mrro je ykymHo 0.48 % tepuropuje PC. [TpuBpeme-
HO BIIaJKHA NozIpy4ja 3ay3umajy 44546 ha (445.46
km?) nnm 1.81 % 10K cTajHO BiaKHA MOAPYYja
oOyxBarajy 768 ha (7.68 km?) wiu 0.03 % Tepu-
topuje PC (Tab. 1, Ca. 2).

transition mires and quaking bogs and springs,
highly oligotrophic and strongly acidic commu-
nities composed mainly of sphagnum growing
on peat and deriving moistures of raised bogs
and blanket bogs.

The main influencing factors to impact land
cover classifications on a pixel level are the sen-
sor precision and calibration, geolocation accu-
racy, atmospheric disturbances, similar spectral
signatures of different objects, quality of the
reference data and the algorithm performance in
general. Any land cover product is a function of
these imprecisions and how they are propagated
along the processing chain finally impacting the
reliability of the resulting classification. The un-
certainties arising from the input data and how
these imprecisions affect the classification result
is usually difficult and costly to assess, since this
would require tracing the detector error through
all procedures applied to the data. We there-
fore neglect these from the further estimation
of uncertainties. The confidence layer provid-
ed with the product combines multiple quality
and processing-based parameters and contain
information showing the per-pixel confidence
index at 10 m pixel resolution. For the calcu-
lation, the confidence layer uses the water (1)
and wetness (minimum of 3) probabilities from
December 2015 to December 2018. (Copernicus
Land Monitoring System, 2020).

RESULTS

According to the Water and Wetness 2018
(WaW 2018) database, the zones of permanent
and temporary water cover 11295 ha (0.46 %)
and 534 ha (0.02 %), which is a total of 0.48 %
of the RS territory. Temporary wetlands cover
44546 ha (445.46 km?) or 1.81 %, while perma-
nent wetlands cover 768 ha (7.68 km?) or 0.03%
of the RS territory (Tab. 1, Fig. 2).



BPAHUCJIAB JIPAILIKOBUR
BRANISLAV DRASKOVIC

Cn. 2. TIpocTopHa muctpuOyiyja BiaxHux noapydjay PC
Fig. 2. Spatial distribution of wetlands in the RS

Mano mame npenusHa 6a3a nogaraka WaW
2015 npukasyje 1a MpuBpEeMEHO BIIAXKHA MTOIPYYja
3ay3uMajy 3.32 %, a cranHo Brnaxksa 0.02 % tepu-
topuje PC. CrayiHe 1 moBpeMeHe Bojie 00yxBarajy
0.42 % u 0.13 % wnm ykynso 0.55 % teputopuje
PC (Tab6. 1). Pagu nmoBehama nmpocTopHe pe3oiry-
nuje ca 20 m Ha 10 m U cMamemha MUHHUMAJTHE
kaptorpadcke jenunuiie ca 1 ha y 2015. na 0.03
ha y 2018. oBe nBuje 6a3e mojaraka HUCY IOT-
IIyHO YNOpPEAMBE M MOAALM MOTY 3HauajHO Jia ce
Pa3IuKYyjy.
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A little bit less accurate WaW 2015 data-
base shows that temporarily wet areas occupy
3.32 % and permanent wet 0.02 % of the RS
territory. Permanent and temporarily water
cover 0.42 % and 0.13 % or a total of 0.55
% of the RS territory (Tab. 1). In order to in-
crease the spatial resolution from 20 m to 10
m and reduce the minimum cartographic unit
from 1 hain 2015 to 0.03 ha in 2018 these two
databases are not completely comparable, and
the data may differ significantly.
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Ta6. 1. TunmoBu WaW knaca y PC 3a 2015. u 2018. roquny
Tab. 1. Types of WaW classes in the RS for 2015 and 2018

Cranna Boga/ | [lpuBpemena Bona | CtaiaHO BiaaxHO / Hpuepene-
Cyso / Dry HO BJI&XHO /
Permanent water |/ Temporary water | Permanent wet
Temporary wet
2018 P (km?) 24042.63 123.81 5.57 8.31 451.66
P (%) 97.61 0.50 0.02 0.03 1.83
5015 P (km?) 23689.81 103.18 31.68 5.27 818.41
P (%) 96.11 0.42 0.13 0.02 3.32

Paznuke y pe3onyuuju msmehy WaW 2015 u
WaW 2018 noBose 110 1BUje BPCTE pErMCTPOBAHUX
MPOMjeHa: TEXHHYKUX U peasHuX. TeXHUUKe ce
OJTHOCE Ha ITPOMjeHe 300T MpeJiacka ca pe3oiTyImje
on 20 m Ha pe3onyuunjy on 10 m, 1ok cy peaiHe
MPOMjEHE OHE KOje Cy C€ CTBApHO JOTOAUIIE, OfI-
HOCHO KOj€ HUCY HacTajie Kao pe3yJaTaT TEeXHHUIKe
oOpajie mojaraka.

Peanne npomMjeHe BIaXXHOCTH Ha TEPUTOPUJU
PC usnoce 37.9 km?, a rexauuke 745.3 km?. Ha
Teputopuju nujene buX peanne nmpomjeHe U3HO-
ce 58.9 km?, a texumnuke 1087.9 km?. IIpomjene
KOje Cy ce JOToAMIIe Ha KOHKPETHUM JIOKaIhjama
3a0nbexeHe cy yraBHoM y [locaBuHu: MouBapa
bapnaga, nonpydja pubmaka Cannuanu, Cuje-
KoBarl, puOmak kox [IpmaBopa, MoJbOIPUBpETHE
MOBPIIUHE jy>KHO 071 ['pamuiike M HUCKA TEpEeHH
OKO pHjeyHuX TokoBa. Of BIaKHUX 30Ha y Xep-
[IETOBUHHU, TIPOMjeHa CKOPO Aa Huje omino. Bpio
Majie IpoMjeHe Cy 3a0uJbeKeHe Ha TEPUTOPUJU
l'aTaukor moJka WJIM OKO BOJAHHX aKyMyJalyja,
IITO C€ MOJKE CMaTpaTh HOPMATHOM (ITyKTyalijoM
BIT&YKHOCTH 3€MJBHINTA Y 3aBHCHOCTH O] BapHja-
1Mja MIyBUOMETpHjCKOT pexnma. Takohe, manux
MIPOMjeHa y BIa)KHOCTH OUJIO je Ha ['BO3HOM Mosby
kon KannnoBuka, [TTacHHAuKOM KpallkoM MOJbY
ko1 Cokoria Kao 1 Iy 1 OKO TOKa pujeke JpuHe.
Oxo 71 % cBUX pealHuX MpOMjeHa JTOTOHJIE CY Ce
y cjeBepHOM Onoreorpad)cKoM peruony.

I[Ipema WWPI 6a3u momaraka oko 67 %
10jaBJbHBaba BIAKHOCTH MPHUIIATA MAmkO] Bje-
poBaruohu oz 11-30 %, mrTo 3Haun ga he ce y 10
ronuHa 6ap 1-3 ronuHe MojaBUTH BOAA UITH BIIaXK-
Ha nospinHa (Tao. 2). To cy 30He KpalIKux nosba
ucroune Xepuerosune, Cem0epuja, [locaBuna
oxo bapnaue u ymtha bocue o rpanuie ca bpuko

Differences in resolution between WaW 2015
and WaW 2018 lead to two types of registered
changes: technical and real. Technical changes refer
to changes registered due to the transition from there
solution of 20 m to the resolution of 10 m, while real
changes are those that actually occurred, i.e. which
did not occur as a result of technical data processing.

Real changes in surface wetness on the ter-
ritory of the RS are 37.9 km?, and technical ones
are 745.3 km?. On the territory of the entire B&H,
real changes amount to 58.9 km?, and technical
changes to 1087.9 km?. Changes that have occurred
at specific locations have been recorded mainly in
the region of Posavina: the Bardaca swamp, the
areas of the SaniCani pond, Sijekovac, the pond
near Prnjavor, agricultural areas south of Gradiska
and low lands around the river courses. Among the
wetlands in Herzegovina, there has been almost no
change. Very small changes have been recorded
at the territory of Gatacko field or around water
accumulations, which can be considered a normal
fluctuation of soil moisture depending on variations
in the pluviometric regime. Also, there have been
minor changes in humidity on Gvozno field near
Kalinovik, Glasinac karst field near Sokolac, as well
as along and around the Drina River. Around 71 %
of all real changes have occurred in the northern
biogeographical region.

According to the WWPI database, about 67 %
of the occurrence of wetness belongs to a lower
probability of 11-30 % which means that in 10
years at least 1-3 years, water or a wet surface
will appear (Tab. 2). These are the zones of the
karst fields of Eastern Herzegovina, Semberija,
Posavina around Bardaca and the mouth of Bos-
nia to the border with the Br¢ko District, Podrasko
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Huctpuxtom, Ilogpamko nmosbe kox Mpromuh
I'pana, mro Kymnpernixor nospa (onmtuHa PHOHKK),
I'macunauko moJbe, UTxH.

polje near the municipality of Mrkonji¢ Grad,
part of Kupresko field (municipality of Ribnik),
Glasinacko field, etc.

Ta6. 2. BjepoBaraoha nojase Bnaxuocta y PC
Tab. 2. Wetness probability in the RS

WWPL% | 1-10 | 1120 | 21-30 | 31-40 | 4150 | 51-60 | 61-70 | 71-80 | 81-90 | 91-100 SZI‘TY(E{’
Pkm?) | 087 |217.67 | 17735 | 42.65 | 1274 | 999 | 1071 | 12.08 | 147 | 9031 | 589.07
P%) | 015 | 3695 | 3011 | 724 | 216 1.7 182 | 205 | 249 | 1533 | 100.00

Kana je pujed 0 BepTHKaIHO] 30HAIHOCTH,
WaW 2018 noka3syje 1a ce IpUBPEMEHO BIIayKHA
TNOJIpyYja HajBUILIE 110jaBIbyjy yYHyTap 30He 0-500 m
(61.6 %) kojoj npunanajy amysujaiHe paBuu Case 1
Hpune, 3atuMm yHyTap 30He 500-1000 m (33.8 %),
1ok ce ox 1000—1500 m nojaBsbyjy maio (3.8 %), a
m3Haz 1500 m ckopo Hukako (0.8 %). C npyre ctpa-
He, CTaJIHO BIIaYKHA [O/IpyYja Ce HajBHILIE TI0jaBIbY]y
y 30U 500-1000 m, npuje cera 3axBajbyjyhu
Cpelh¢ BUCOKMM U BUCOKHUM KPAILIKHM IOJbUMA:
I'arauko, HeBecumcko u ap. (Tao. 3).

When it comes to vertical zoning, WaW
2018 shows that temporarily wetlands occur
mostly within the zone 0-500 m (61.6 %)
along to alluvial plains of the Sava and Drina,
then within the zone 500-1000 m (33.8 %),
while from 1000—-1500 m appear little (3.8 %)
and above 1500 m almost none (0.8 %). On
the other hand, permanent wet areas mostly
appear in the zone of 500—-1000 m, primarily
due to medium-high and high karst fields:
Gatacko, Nevesinjsko and others (Tab. 3).

Ta6. 3. Beprukanna 30HaIHOCT BlIaxHUX nojapyydjay PC
Tab. 3. Vertical zonation of wet classes in the RS

0-500 m 500-1000 m 1000-1500 m > 1500 m
Brnaxna monpydja / Wet areas
P P P P P P P (k) P
km?) [ (%) [ Gm?) | (%) [ (km?) | (%) (%)
[Tpuspemeno Bnakna / Temporary wet | 274.8 61.6 150.5 33.8 17.1 3.8 3.7 0.8
CramHo BrakHa / Permanent wet 3.6 46.8 3.7 48.6 0.3 4.4 0.0 0.0

AHanmza BIaXHOCTH 110 Ouoreorpadckum pe-
ruonnMa (Tab. 4) mokasyje 1a HajMambe BIAKHUX
nojpyYja UMa IEHTPAJHUA AJINCKA PETHUOH TIje
[IpUBpPEMEHA BIIaKHA moapyyja 3ay3umajy 0.7 %,
CIIMjE€IN CJeBEPHU KOHTUHEHTAJIHH KOjU 3ay3UMa
2.09 % Tepuropuje, 10K HajBHILIE BIaXKHOCTU UMa
JYKHU MEIUTEPAHCKH PETHOH TJje TPUBPEMEHO
BJI)KHA Hozpyyja 3ay3umajy 4.2 % teputopuje.
Tome HajBHIIIE JONPUHOCE Kpalllka MoJba Koja y
KHIITHOM TIEPUOTY TOAWHE HE MOTY MPHUMHUTH CBY
BOJIy Y MOAI3EMHE KaHaJIe Ma J0JIa3u J0 N3JIHBakbha
Bojie Ha MoBpIIMHU. CjeBepHH KOHTHHEHTAIHH pe-
THOH MMa HeIlTo Behy BIaKHOCT OKO aTyBHjaJTHUX
paBHH pujeka, mocebHo y [Tocauau u Cembepuju.
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Analysis of wetness by biogeographical
regions (Tab. 4) shows that there is the least
amount of wetlands in the central alpine region,
where temporarily wet areas occupy 0.7 % of the
territory, followed by the northern continental
with 2.09 %, while the southern Mediterranean
region is the most humid one, with 4.2 %. The
karst fields contribute the most to this, as they
cannot receive all the water in the underground
channels during the rainy period of the year,
so water spills on the surface. The northern
continental region has slightly higher humidity
around the alluvial plains of rivers, especially
in Posavina and Semberija. In the central alpine
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Y LIeHTpaJTHOM AJITICKOM PETHOHY, KOjH j€ U ,,Haj3e-
JeHUjU" ¥ KOju MMa HajBehe Harube TepeHa, Biara
ce BPJIO MaJIo I0jaBJbyje Ha MOBPIIMHU. 3HAYajaH
MIPOIIEHAT BJIare c€ yTPOIIM HA TPAHCIHPALHU]y.
[Tpema Otoropec (1991), y mrymu ce oxo jenHa
4YeTBpTUHA BOAE (MIaZlaBUHA) 3aApKHU Y KPYHHU U
Ha rpaHaMa JO0K TPH YETBPTUHE JIOCIH]eBajy Yy
3eMJBHIUTE. Y 3aBUCHOCTHU O] BPCTE IIyMe 3aJp-
»KaBame (MHTEPIIEIIIN]a) TIaJJaBUHA U3HOCH: JeIOBE
uryme 32 %, mujemnane 27 %, mmpoxomnucte 20 %,
6opoge myme 15 %.

region, which is also the “greenest” and has the
highest slopes, very little moisture appears and
retains on the surface. Significant percentage of
the moisture is used for transpiration. According
to Otorepec (1991), about one quarter of the
water (precipitation) in a forest is retained in the
crown and on the branches while three quarters
reach the soil. Depending on the type of forest,
the interception of precipitation is: fir forest 32
%, mixed forest 27 %, deciduous forest 20 %,
pine forest 15 %.

Ta6. 4. WaW knace npema 6uoreorpagdckum pernonnma PC
Tab. 4. WaW classes by biogeographical regions in the RS

Peruos / Regions S Contmenat | A | Medemanean
Hasug knace / Class name P (km?) P (%) P (km?) P (%) P (km?) P (%)
Cyso / Dry 10793.09 97.38 9885.26 99.07 3124.87 95.12
CramHa Boma / Permanent water 52.97 0.48 20.41 0.20 19.11 0.58
[TpuBpemena Boxa / Temporary water 4.03 0.04 0.25 0.00 0.68 0.02
CramHo BrakHo / Permanent wet 241 0.02 2.52 0.03 2.68 0.08
[puspemeno Braxuo / Temporary wet | 231.15 2.09 69.44 0.70 137.96 4.20

[Ipema CLC 6a3u monaraka o mpoMjeHama,
y nepuoay ox 2000. no 2018. ronune, BIaxkHa
nozpyyja (4.1) cy cmamuina nospuuHy 3a 395 ha
(3.95 km?). Mehy wuma, yHyTpallmbhe/KOTHEHE
MouBape (4.1.1) Oune cy HajyrpoKeHH]€ o1 IPYTUX
THITOBA 3eMJBHMITHOT TTOKPHBAYa, MPHje CBEra OfI
BoaHUX THjena (5.1.2) ca 208 ha, HeHaBOIH-aBaHUX
opanuua (2.1.1) ca 156 ha u Tpan3unujcke uryme/
mmkape (3.2.4) ca 17 ha. Ha nogpyyjuma ca Behom
KOJIMYMHOM TaJIABIHA BOJIE Cy CE M3ITUBAJIE TIPEKO
MOYBApHUX Ipefjena, 0K je 110 MouBapa IpeT-
BOPEH y TIOJONIPUBPEIHO 3EMIBHIIITE.

WNuTtepnperanujom oBUX MpOMjeHa, KOje Cy
kaprorpadcku norsphene nmyrem WaW 0Gase mo-
JaTaKa U JPyruX CaTeTUTCKAX CHUMaka U CIIeK-
TPaJHUX UHJIEKCA, MOXKE CE 3aKJbYUUTH JIa j€ IO
MOYBapa MPETBOPEH y pUdH-aKe, a Mo y 00painuBo
3emubHINTe. Pa3zno3um 3a mpeHaMmjeHy mpocTopa
JeKe y TeKEbH 32 BehoM MpOoIyKTUBHOIIINY U eKO-
HOMCKHM TPO(QUTOM.

According to the CLC Change database,
in the period from 2000 to 2018 the area of
wetlands (4.1) was reduced for 395 ha (3.95
km?). Among them, inland marshes (4.1.1)
were most endangered by other land cover
types, primarily with water bodies (5.1.2) with
208 ha, non-irrigated arable land (2.1.1) with
156 ha and transitional woodland/shrub (3.2.4)
with 17 ha. In areas with higher rainfall, water
spilled over wetlands, while part of the wet-
land was converted to agricultural land.

By interpreting these conversions, which
are cartographically confirmed through the
WaW database and other satellite images and
spectral indices, it can be concluded that a
part of the wetland has been turned into fish-
ponds and another part into arable land. The
reasons for the new purpose of this areas lie
in the pursuit of higher productivity and eco-
nomic profit.
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[Tpumjep mpomjeHa BIaXKHOCTH:
Crynuje cimyvaja bapnaua
n Cannvanu

Kao nmoapyuje raje cy 3abusbexeHe HajBehe
MIPOMjEHE OJHOCHO T'YOWIM BIQXHUX MOBPIIUHA
y PC, y3er je npumjep 3amtuhenor noapydja bap-
naga. ,, To je cnernuguyan akBaIHA KOMIUIEKC KOJH
KapakTepHIle IUTUTKA U3aH, Koja je y TUPEKTHO]
3aBHCHOCTH O] KOJIMUMHE TaJlaBUHA U BOIOCTaja
Cage, Bpbaca 1 lbUXOBHX IIPUTOKA, TE MH]jCHha aK-
BAJIHE KapaKTEPUCTUKE U YTHYE Ha YKYITHY IpOC-
TopHO-(QYyHKIIMOHAIHY opranuzanujy* (Mandic,
2011, ctp. 73).

MouBapuu komrieke bapmaga je 2007. ro-
JTUHE mpomiameH Pamcapckum noapydjem Opoj
1658. Cacroju ce ox 11 jesepa cMjemITeHUX HU3-
Mmehy pujexa Case u BpOac, cjeBeponucTodHo o
bamanyke y 6nusunu mjecra Cpban. bapnaua
MpeicTaBJba jeIMHCTBEHO MPUPOAHO OOraTcTBO 3a
PC. YkynnHa noBpmuHa pesepBara bapnada je 670
ha 1 3HauajHa je NPBEHCTBEHO KA0 CTaHMIITE 3a
npexo 170 pa3nuyuTux BpCcTa NTHLIA, O KOJUX CY
HeKe eHyieMcku npumjepuu (JaBHa ycranosa Bone
Cpricke, 2017). IIpema akTyeaTHOM IPOCTOPHOM
wiany PC nonpydje bapaade obyxsara 3500 ha.

CLC 6a3a nonaraka o ImpoMjeHama Mokasyje
Ja Cy TyOuIy moceOHO 3a0UIbEKEHN TOKOM Tie-
puona 2006—-2012. roauHe Kaja je oko pe3eppara
bapnaua u3BpieHna KoHBep3uja JAujena BOJHUX
NoZIpydja y HEHaBOEhaBaHy 00paIMBy MOBPIIHHY
(2.1.1) y m3HOCy 071 418 ha.

Ha tepurtopuju pezepsara bapnaua 6a3a mona-
taka o mpomjeHama (WAWCSL) perucrposaina je
y nepuony 2015-2018. rogunHe peaaHe mpomjeHe
y m3Hocy o7 321 ha u texamuke 237 ha (Ci. 3 u
Cn. 4). IlpomjeHe cy y Be3H ca CMambEeHEM BIIaXK-
HUX MOApYyYja KOHBEP3UJOM Y MOJHONPUBPEIHO
3eMJbUIITE. Y HCTOM NEepUOIy Ha IIUPOj TepH-
TOpHUjU OKO pruOmaka CaHW4YaHW 3a0MIBEIKEHO j€
494 ha peannux npomjeHa u 230 ha TeXHUIKUX
npoMjeHa.

Example of wetness changes:
Case Studies Bardaca
and Sanicani

The example of the Bardaca protected
area was taken as the area where the greatest
changes or losses of wetlands were recorded
in the RS. “It is a specific water complex
characterized by a shallow outlet, which is
directly dependent on the amount of precipi-
tation and the water level of the Sava, Vrbas
and their tributaries, and it changes the char-
acteristics of the water and affects the over-
all spatial-functional organization” (Mandi¢,
2011, pp. 73).

The Bardaca wetland complex was de-
clared Ramsar site number 1658 in 2007. It
consists of 11 lakes located between the Sava
and Vrbas rivers, northeast of Banja Luka
near Srbac. Bardaca is a unique natural re-
source for RS. The total area of the Bardaca
reserve is 670 ha and is important primarily as
a habitat for over 170 different bird species,
some of which are endemic (JaBHa Ycranona
Bone Cprcke, 2017). According to the current
spatial plan of the the RS the Bardaca area
covers 3500 ha.

The CLC Change database shows that
losses were particularly recorded during the
period 2006-2012. when a part of water areas
around the Bardaca reserve was converted
into non-irrigated arable land (2.1.1) in the
amount of 418 ha.

At the territory of the Bardaca protected
area, the database on changes (WAWCSL)
registered real changes in the period of 2015—
2018 in the amount of 321 ha and technical
changes in the amount of 237 ha (Fig. 3 and
Fig. 4). The changes are related to the reduc-
tion of wetlands that have been converted into
agricultural land. In the same period, 494 ha
of real changes and 230 ha of technical chang-
es were recorded in the wider area around the
Sanicani fishpond.
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Ci. 3. 3ona oko bapnadye npema WaW 2015.
Fig. 3. Bardaca area according to WaW 2015.

Ci. 4. 3ona oko bapnadye npema WaW 2018.
Fig. 4. Bardaca area according to WaW 2018.

,,O03UpOM 11a je merpajarrja OBOT MpoCTopa
Op>ka of peann3alyje TUITAHUPAHUX aKTUBHOCTH
3aIITUTE U Pa3Boja, HEOMXOHO j€ cariie/laBambe
MOTEHIMjalla, OTpaHuYeha, akTepa U MOTyhux
KOpaKa y IUJbY TIOCTH3amka Pa3BOjHE PaBHOTEKE
y3 aKTHUBHO YKJbYUHMBAHE JIOKAITHE 3ajeaHUIE"
(Mandi¢, 2011, ctp. 89).

Oxo 60 km jyrozanamno on bapmaue Hanmazu
ce pubmak Cannyany, ca 35 jezepa 1 MOBPIIMHOM
ox 1300 ha jenan je on HajBehux M HajcTapHjUX
pubmaka y PC ca npexo 100 roguHa mocTojama.

,,Considering that the degradation of the area is
faster than the implementation of planned activities
of protection and development, it is necessary to
view the potentials, constraints, active participants
and possible steps in order to achieve the develop-
ment balance along with the active involvement of
local communities” (Mandi¢, 2011, pp. 89).

About 60 km southwest of Bardaca, there is a
fishpond Sanicani. With its 35 lakes, it covers about
1300 hectares and is one of the largest fishponds
in RS, and also one of the oldest, because it is
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3a paznuky on bapnaue, orje ce npomjeHe oqaoce  over 100 years old. Unlike Bardaca, these are the
Ha IpeJia3ak U3 jeJHOT TUIA BIaXKHOCTH y ctanHo  changes from one type of humidity to a permanent
BOJIHO TH]€JIO. water surface.

Cx. 5. Pubmwak Cannvanu npema NDVI nmpomjenama
Fig. 5. Fishpond Sani¢ani by NDVI changes

Cn. 6. Pubmak Cannvanu npema WaWCSL npomjenama
Fig. 6. Fishpond Sani¢ani by WaWCSL changes

Ha Cx. 5 npukasan je NDVI cniektpannu us- Fig. 5 shows the NDVI spectral index
JIeKC T00MjeH ca CaTeIMTCKOT CHHMKa u3 Maja  obtained from the satellite image from May
2016. ronune (moctymHo Ha https://earthexplorer. 2016 (available at https://earthexplorer.usgs.
usgs.gov/), nok cy Ha Cn. 6 mpukazane texunuke  gov/), while Fig. 6 shows the technical and
U CTBapHE NpoMjeHe Ha pubmaxky Canmuanu 3a  real changes at fishpond Sanicani for the peri-
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nepuoa 2015-2018. ronqune. 13 cnuka ce Buau aa
Cy MPOMjeHE HacTaje Kao pe3yirar IpOoLIHpeHha
Karamurera puomaka.

JIICKYCHJA

Kao mTo pesynraru ucTpakuBama 1oKasyjy,
MIPUBPEMEHO BJIaYKHA TIOZIpyYja 3ay31UMajy 3HaTHO
Behy TepuUTOpHjy Y OAHOCY Ha CTAJTHO BIIAXKHA.
Oxo 4 % Ttepuropuje y MEIUTEPAHCKOM OHOTeo-
rpa()ckoM pPErHoHy 3ay3uMajy BIIaKHa MOAPYyYja,
y KOHTUHEHTAJHOM OKO 2 %, a y aJllICKOM PEru-
ony 0.7 %. Imajyhu y BUIYy y3pOKe MOjaBHOCTH
BIIYKHOCTH, MOXKE C€ 3aKJbYUHUTH JIa C€ Y UCTOYHO]
XepIreroBUHH BIAXHO TIIO, TOPE BUCOKE KOJTUYH-
HE TaJaBHHAa, YIJIABHOM T0jaBibyje 3axBajbyjyhu
T'€OJIOIIKO] MOJIO3H U pebedy KpallKuX MoJba
KOja TIPEJICTaBIbajy Aenpecuje 6e3 MoryhHOCTH
Beher MoBpIIMHCKOT oTHIaka. Ha paBHIUapckoM
cjeBepy Haj3HauajHUjU (PaKTOPH T10jaBe BIAKHOCTH
cy OnM3MHA BEJTMKHX PUjeKa U HU3aK HUBO M3JaHH.
LleHTpanHu MIAHUHCKO-KOTIMHCKH PETMOH MMa
Mame BIKHHUX HOzpydja 300r pesbeda, BUCOKOT
Koe(uIMjeHTa OTHLIamha U OyjHE BereTalmje.

[Tpomjene y BraxuHocTu uznoce 8.4 % y on-
Hocy Ha BiaxHa noxpydja PC. Mehytum, unre-
PECaHTHO je aHaJIM3UpaTu reorpadCKu MoJIoXkKaj
IpoOMjeHa U C TUM Yy Be3W HauyuMHe Kopuihema
pocTOpa Kao y3pouyHUKe npomjeHa. Jlakie,
HajBehe mpoMjeHe TOTO/IIIe Cy Ce Ha CjeBepy, Y pe-
ruony [locasune (71 %), raje cy y3pouu npomjeHa
BJI&KHOCTHU TJa OMJIE aHTPONOTeHE aKTMBHOCTH
Kao IITO Cy MCYIIMBAEh¢ MOUYBApa Pajiy CTBaparbha
o0pauBOr 3eMJbHUINTA, (popMUpame pudHaka u
IpoMjeHe TOoKa paBHHUYapckux pujeka. C apyre
CTpaHe, BPJIO MaJIo IPOMjeHa BIaKHOCTH OMJIO je
YHyTap KpalIKuX M0Jba UCTOUHE XEepLErOBUHE.
To HaBoAM Ha 3aKJbydak Jia 3a MPOMjEHE KOje Cy
HacTaje Kao MOCJbeAMIIa KIMMATCKUX IpoMje-
Ha He MOCToje jacHu Jaokasu. Mako je moapyudje
XepueroBuse y 1ujesnoj buX Hajuiie u3noxeHo
KJIMMAaTCKUM IpoMjeHama (roBeharse Temiieparypa
10 20 % u cmameme nanaBuHa 10 20 %) (Oprasi¢
et al., 2016) To ce HUje OaPA3UIIO HA EBEHTYAIIHO
CMabEHE BIAKHUX MOAPYY)ja.

HNaxo je nmpeHamjeHOM ynoTpeOe MOYBApHUX
noapydja mopehana mpuBpenHa aKTUBHOCT, Ha

od 2015-2018. It can be seen from the figures
that the changes are the result of expanding
the capacity of the pond.

DISCUSSION

As it is shown by the results of the research,
temporarily wet areas occupy a much larger ter-
ritory compared to permanently wet ones. About
4 % of the territory in the Mediterranean biogeo-
graphic region is occupied by wetlands, in the
continental region about 2 %, and in the Alpine
region 0.7 %. Having in mind the causes of sur-
face wetness, it can be concluded that, in eastern
Herzegovina, moist soil, in addition to high rain-
fall, occurs mostly due to the geological layers
and relief of karst fields that are depressions with-
out the possibility of high runoff value. In the flat
northern region, the most significant factors in the
occurrence of humidity are the proximity of large
rivers and the low level of groundwater. The cen-
tral mountain-valley region has less humid areas
due to the relief and high coefficient of runoft and
lush vegetation.

The changes in humidity is 8.4 % of the total
wet areas of RS. However, it is interesting to anal-
yse the geographical location of change and relat-
ed land use as a cause of change. Thus, the largest
changes occurred in the north, in the Posavina
region (71 %), where these moisture changes
were caused by anthropogenic activities such as
draining wetlands to create arable land, forming
ponds and changing the course of lowland rivers.
On the other hand, very few changes in humidity
occurred within the karst fields of eastern Her-
zegovina. This leads to the conclusion that there
is no clear evidence that this kind of changes is
the result of climate change. Although the area of
Herzegovina is the region of B&H which is most
exposed to climate change (increasing tempera-
tures by up to 20 % and reducing precipitation
by up to 20 %) (Oprasic¢ et al., 2016), this did not
affect the possible reduction of wet areas.

Although the conversion of wetlands has
increased economic activity, thus endangering
the biodiversity of wetlands and pond vegetation
(reeds, rushes, water nuts, water lilies) is endan-
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Taj HAYMH j€ YTPOXKCH OMOAMBEP3UTET MOUBApHE
u OGapcke Bereranuje (Tpcka, poros, BOIECHH Opa-
IaK, J0ToY, JIOKBam). Takole, yrpoxanajy ce
OPHHUTOJIOIIKA CTAHMIITA 332 OPOjHE BPCTE MTHULIA.
Bonnu exocrcTeMu NoCTajy pambUBHU U OCjeTIHUBH
Ha pa3IUuUTe TUIIOBE 3aral)ema, jep Cy u3ryounsim
Bereraiujcku ouogpuntep. Bona nocraje nenoron-
Ha 3a muhe, moBehasa ce mporec eyTpodusarmje
U TI0jaBa ,,l(BjeTama Boae” 300T MPHUCYCTBA aJrH.
Tu mporecu HEMMHOBHO JIOTIPUHOCE CMAbECHY
€KOJIOILIKOT KararyTeTa BIakHUX rnoapydja. C Tum
y BE3H YIporkaBa ce KOHLIETIT OJIpKHUBOT pa3Boja jep
ce 10 IMjeHy JAerpajanuje 3amrruhene npupoaHe
CpenuHe TIOKyIIaBa OCTBAPUTH JOAATHU MPOQHUT.

3AKJbYYHAK

[Tpema WaW 6azu nmongaraka 3a 2018. ronuny,
yayTtap PC 3abussexeno je 0.46 % Ttepuropuje
KaTeropusoBaHe kao cranHa Boaa u 0.02 % xao
npuBpemMeHa Boja. [IpuBpemMeHo Bia)kHa MOJ-
pydja obyxsarajy 1.81 % tepuropuje PC, a ctanno
Braxkna 0.03 %. Y ognocy Ha 2015. roguny ocum
CTaJIHUX BOJIa, CBE OCTaJle Kareropuje 3abusbe-
KHJIE Cy CMambehe, OCEOHO MPUBPEMEHO BIIaXK-
Ha MozpyyYja Koja o0yxBarajy CKOpO JBOCTPYKO
Mamy TeputopHjy (ca 3.32 % na 1.83 % PC). Oge
MIPOMjeHe MOTy OUTH TEXHHYKe, 300T MpoMjeHe
pesonynuje auje 0ase moxaraka (mpenasak ca 20
m Ha 10 m) u peagHe IpoMjeHe KOje Cy YIIIaBHOM
aHTpOIOreHor nopujexia. Ja ce paau o mpomje-
HaMa Koje Cy y3pOKOBaHe JbYJICKUM aKTUBHOCTUMA
TOBOpPE U HUXOBHU JIOKAJIUTETH U HaMjeHa: pe3ep-
Bar bapnaua kon Cpmua, pubmanu CaHn4anw,
Cujexoari, pubmak ko [Ipujenopa u ap. Ocrane
MPOMjEHE OJTHOCE CE Ha Marba MOZIPYYja OKO JOHUX
tokoBa Case, /pune, Bpbaca, bocue u apyrux
pHjeka 300r MOBPEMEHOT U3JIMBaba U MHUjCHAbha
IpaBIa TOKa.

Kana je pujeu o 6buoreorpad)ckum pernoHnmMa
OZIHOCHO JOMHUHAHTHHUM MPUPOJAHUM U PETHOHATI-
HUM LIjelIMHaMa, HajBUILE BIAKHUX MOAPYYja 3a-
OMJBbEKEHO je Y peruju XepleroBiaa, moceOHo Ha
MOZIPYY]jy CPEAbe BUCOKHX U BHCOKHX KpAIIKUX
10Jba. Y KUIIIHOM MEPUOY T'€OJIOIIKH CJIOjEBH HE
MOT'Y IPUMHTH CBY BOJIy T1a C€ OHa I10jaBJbyje Ha
NOBpIIMHU. [Ipyru pernoH Oorar BIaKHUM TOJI-
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gered. Ornithological habitats for many bird spe-
cies are endangered as well. In this way, aquatic
ecosystems become vulnerable and sensitive to
different types of pollution, because they have lost
their vegetation biofilter. Water becomes unfit for
drinking, the process of eutrophication increases
and the appearance of “water blooms” due to
the presence of algae. These processes inevita-
bly contribute to the reduction of the ecological
capacity of wet areas. In this regard, the concept
of sustainable development is being jeopardized
because at the cost of degrading the protected
natural environment, attempts are being made to
make additional profits.

CONCLUSION

According to the WaW for 2018, within
the RS, 0.46 % of the territory categorized
as permanent water and 0.02 % as temporary
water was recorded. Temporarily wet areas
cover 1.81 % of the RS territory, and perma-
nent wet ones 0.03 %. Compared to 2015,
except for permanent water, a decrease was
recorded in all other categories, especially the
temporarily wet areas that cover almost twice
the size of the territory (from 3.32 % to 1.83
% RS). These changes can be technical, due
to changes in the resolution of two databases
(transition from 20 m to 10 m) and real ones
that are mostly of anthropogenic origin. The
fact that these changes were caused by human
activities is also indicated by their localities
and purpose: the Bardaca reserve near Srbac,
the Sanicani fishponds, Sijekovac, the fish-
pond near Prijedor and others. Other changes
are related to smaller areas around the lower
reaches of the Sava, Drina, Vrbas, Bosna and
other rivers due to occasional overflows and
changes in flow direction.

When it comes to biogeographical regions
or dominant natural and regional units, the
most wetlands were recorded in the region
of Herzegovina, especially in the area of me-
dium-high and high karst fields. During the
rainy season, the geological layers cannot
receive all the water, so it appears on the sur-
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py4juma je cjeBepHH, U ogHOCH ce Ha [locaBuny u
CembOepujy. Y 0BOM ciydajy pam ce 0 alxyBHjaj-
HHUM paBHUMA pHjeKa U HUCKO] W3/1aHU, 14 CE BIIAXK-
Ha TI0ZIpyYja M0jaBJbyjy Ha PaBHUYAPCKOM TEPEHY
Ha BHIIe Mjecta. HajMame BlIaXHUX MOZIpyYja uMa
LEHTPATHU TUITAHUHCKO-KOTJIMHCKU OTHOCHO aJIl-
CKu Omoreorpad)cku peruoH, MpeBacXoaHo 300T
CTpMHX Haruba TepeHa, BUCOKOT Koe(duIiujeHTa
oTHLamka U OyjHe Bereraryje. Biaxna noapyyja ce
TI0jaBJbYjy CaMo CHOPAIMYHO, HA PABHOM TEPEHY,
YHyTap KOTJIMHA M JIeTPecrja MambUX KPaLIKUX
10Jba.

face. Another region rich in wetlands is the
north, and refers to the regions of Posavina
and Semberija. In this case, it is the alluvial
plains of rivers and low level of groundwater,
so wetlands appear on the plains in several
places. The central mountain-valley region
i.e. Alpine biogeographical region has the
least wetlands, primarily due to the steep
slopes of the terrain, high coefficient of run-
off and lush vegetation. Wetlands appear only
sporadically, on flat terrain, within valleys
and depressions of small karst fields.
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MJIABEH TPUOYHOBUR
MLADEN TRIFUNOVIC

KAHTOBA CJEHA HA/]I TEOT'PA®NIOM U1
3ABJIVE [IO3UTUBUCTUYKOI
PACBJET/bABAIHA

[IpenucraBajyhu XpoHUKe Koje OUIBEKE €BO-
JyLWjy HaydHe MHCITH U TIpate MojeJMHYaHu pa3Boj
Hay4YHHKA, JIAKO CE YBJEPHUTH J1a CY TEOPHjCKHU Ipe-
OKpETH M HOBU METOJIOJIOIIKH TPaBIIM, 3aIPaBo,
MHOT0 Yerthu 071 OHOTa ITo OM e MOIJIO Ha3BaTH
KOH3UCTEHIIMJOM Hay4HOT MyTa. To je MOTMyHO Yy
CKJIay ca MPHUHIMIIOM JbYJICKOT UCKYCTBA, KOj€
kako rpuMjehyje Kepjy (Carew, 2019) nozusajyhu
ce Ha Xerea, M0YrMBa Ha HEYMUTHO] 3a0JTy/iu UITH,
MOXa 60Jb€ PeUeHO, HHXEPEHTHO] HEZIOBOJbHOCTH
U MAPTUKYJAPHOCTH JbY/ICKOTa MUILbEeka. OHO
LITO y HAaBEJICHUM XPOHHUKaMa U XpecToMaTHjama
HeheMO eKCIUIMIIUTHO MPOYMUTATH jecTe TO Aa y
CBHM THUM ITyTE€BUMA M CTPAHITyTUI[AMa HayYHHUKA
UTEKaKO MOCTOjU KOH3MCTEHIINja U TO KOH3HUC-
TEHLIMja Hay4YHOT CTpeMJberha kKa ucThHU. OBO je
cTpeMJbeHbe, 6e3 003upa Ha 3a0ITy/Ie U MOTHBE KOjU
ce IpU TOM Hajla3e, jecCTe OCHOBA HAay4HOT JyXa.
Morio Ou ce, cTora, TBpIAUTH Ja Cy Hay4He (aJii 1
CBe Apyre) 3a0iy/e Ty TeK pajiy HCTHHE.

Jenna on Haj3HAYAJHUJUX U HAJTBPAOKOPHH]UX
3a0myna y reorpadckoj HayIM Koja je IpOouCTeKIa
13 UMIIepaTuBa UCTUHE, Y YeMy U Tpeba Tpaku-
TH pasJiore kbeHe NyOOKe YKOPHU)eHEHOCTH, jec-
TE€ MO3UTUBUCTHYKA OHTOJIOTHja 00jeKTHBH3MA.
Tpaxehu Haunne ociobahama o1 HeMoy31aHOCTH
YyJiHe MepLeniyje Koja CyIITHHCKA HHUje MOIJIa
JIOBECTH JI0 OTIIITET BaXKEHa, OTHOCHO (hOPMYIIHU-
cama 3aKOHUTOCTH, MOJIEpHA HayKa BPIIH jEIHO
M30KpeTame cTBApHOCTH, ymehyhu maremMaTniku
uzeann3oBane GopMe Ha MjecTo UyITHHUX o0jeKaTa
(Softer, 1990). Ha Taj HaunH ce OHO LITO je POu3-
BOJI aliCTPaKIIMje KOHKPETHOT (T€OMETPUJCKU 00-
JIMITH, KpEeTare, UT/1.) IOCTaBJba, y3 oAroBapajyhy,
Ha 06231 MjepJbUBOCTH (POPMUPAHY METOOIOTH]Y
UCTPaKMBAa, 32 OCHOBHU NPEAMET UCTPAKU-
Bamba, JIOK CE MPEKO KOHKPETHUX 00jeKara HaBJIauH
MpeHa ,,CTBapH 1o ceou.

[ToTenmujanHa eMuCTEMOIOIIKO-METO 0O
Ka UJieann3alyja ¥ TeoMeTpHU3allja y OKBUPY Te-
orpafcke Hayke 3aycTaBjbeHa je KaHTtoBom mo-
CTaBKOM Jla reorpaduja 3ampaBo HE MOXKe OUTH
HayKa, jep je Ipupojaa reorpad)cke crio3Haje Takpa
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KANT’S SHADOW OVER GEOGRAPHY
AND THE MISTAKES OF ITS
POSITIVISTIC ILLUMINATION

Flipping through the chronicles that record
the evolution of scientific thought and follow the
individual development of scientists, it is easy
to see that theoretical reversals and new meth-
odological directions are, in fact, much more
common than the consistency of the scientific
path. This is completely in accordance with the
principle of human experience, which, as Carew
(2019), with reference to Hegel, notes, rests on
the inexorable fallacy or, perhaps better said, the
inherent insufficiency and particularity of human
thinking. What we will not explicitly read in the
mentioned chronicles is that in all those paths
and detours of scientists there is definitely con-
sistency, and that is the consistency of the scien-
tific pursuit of truth. This striving, regardless of
the misconceptions and motives involved, is the
basis of the scientific spirit. It could therefore be
argued that scientific (as well as all other) falla-
cies are only there for the sake of truth.

One of the most significant and stubborn
misconceptions in geographical science that
arose from the imperative of truth, and in that
imperative we should look for the reasons for
its deep rootedness, is the positivist ontology
of objectivism. Searching for ways to get rid of
the unreliability of sensory perception, which
essentially could not lead to general validity,
that is, the formulation of scientific laws, mod-
ern science makes a twist of reality, inserting
mathematically idealized forms in the place of
sensory objects (Soffer, 1990). In this way, what
is the product of the abstraction of the concrete
(geometric shapes, movement, etc.) is placed,
with an appropriate research methodology based
on measurability, as the basic object of research,
while the veil of “things in themselves” is drawn
over concrete objects.

Potential epistemological-methodological
idealization and geometrization within geo-
graphical science was stopped by Kant’s posi-
tion that geography cannot actually be a science
because the nature of geographical knowledge is
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Jla YBHjEK OCTaje JIOKaJIHA, OTHOCHO OrpaHruYeHa
camo Ha oruc o0jekara. FbeHa cuHTe3a, Kako TO Ha-
3uBa KaHr, Huje noruuka Hero ¢pusmnuka (Schaefer,
1953; Tpudynosuu & I'asito, 2018). Apyrum puje-
YrMa, MO3UIIHja eKCIEMIMOHAIN3MA JeCTe Ja IIPH
npoy4aBamy reorpadckux peHomena, 300r BUXO-
BE MPOCTOpPHE jeTUHCTBEHOCTH, HUje Moryhe u3-
BPILLIUTHU BaJHIaH ,,lIPEHOC" 3aKJbyYaKa ca jeTHOT
MIPOy4aBaHOT MjecTa Ha HeKo apyro. Ounu, Oyayhu
Jla UMajy MPOCTOPHO-JIOKAIMOHU j€IMHCTBEHH
UJCHTUTET, HE HyJEe OCHOBY 3a CHHTE3Y Y HEKH
yHUBep3aaHu npuHIwmil. Kantoscka reorpaduja je,
npema ToMe, ocyheHa Ha OnHc JIOKAIUTETa, OHa je
uarorpadcka mo cBojoj MPUPOIH U 32 Y, JaKie,
Ba)KU MPHUHIMI €KCLEIIMOHAIN3MA.

dacuuHaTHa je YMIBCHUIA JIa je CjeHa KOjy
Ha reorpa¢ujy Oara KaHTOBCKA €MUCTEMOJIOTHja
Y OHTOJIOTHja IIPOCTOpA jOII YBHjEK TOBOJBHO Y-
O0Ka M cefTaMJIeCeTUX rO/IMHa JIBa/IECETOT BUjEKa,
JlaKJie TOTOBO JIBa BUjeKa KacHUje, kana JlejBua
Xapsu nuine Explanation in Geography (1969)
(y maswem Tekcry Explanation). Ilpema meroBum
pujeanma (Harvey, 2001) ocHOBHH MOTHUB ITHCamkba
TOT JIjesia jecTe MOoKyIaj 1a ce Hale oaroBop Ha, 3a
IEra, TaJla [IEHTPAIHO MUTambe reorpag)cke HayKe
— TEOPH]jCKO MPEBA3HIIAKEHE EKCLETIIMOHATI3MA.
3a XapBuja je To Ta1a 3HAUUIIO OC/Iamharbe Ha, KAaKO
Kaxe, ,,OU1030(CcKy Tpaaulujy TO3UTHBU3MA U
MOKYyIIa] Aa ce (GOpMyJIHIIEe TEOPHjCKO-METOH0-
JIOLIKa OCHOBA Koja Ou reorpaduju ocurypana
MjecTO y KBaHTUTATHBHO] peBoiyuju’ (Harvey,
2001, ctp. 4).

W3na3ak u3 JIaBUPUHTA EKCIETIMOHAIN3MA,
13 XeTEPOTreHOCTH MjeCcTa, U3 PEJIaTUBHO HEUCIIp-
ITHE TIPOCTOpHE ArdepeHIrjaIyje u 00mba Mpu-
ponHux (peHoMeHa, MO3UTHUBUCTHYKA reorpaduja,
Kao WITO je MO3HATO, HAIllIA je Y HaeaTu3aluju 1
XOMOT€HHU3AIIMj1 IIPOCTOpA IO y30py Ha (prsnkal-
HE HayKe.

Wneanu3anujom npoctopHux Gopmu o6aBibe-
HO je, TeK, NoJa rnocia. YKOJIMUKO ce, MaK, ¥ J103-
BOJIM TPETIIOCTABKA J1a Ce MaTepujaiHu 00jeKTH
MOTY CBECTH Ha JEKapTOBCKY (popMyiy Koja UM
3a CYIITUHY TIpUaje eKCTeH3U]y (res etensa), Kao
BUXOBY ommty Gopmy koja o6e30jehyje objek-
TUBHOCT EHHXOBOT IIPOyYaBama, OTBapa ce Iu-
Tamke KOHLEIUHUje APYIITBA, OJHOCHO YOBjeKa.

such that it always remains local, that is, limited
only to the description of objects. The type of
its synthesis, as Kant calls it, is not logical but
physical in nature (Schaefer, 1953; Tpudynosuu
& I'nsito, 2018). In other words, the position of
exceptionalism is when studying geographical
phenomena, due to their spatial uniqueness, it
is not possible to make a valid “transfer” of
conclusions from one studied place to another.
They, since they have a unique spatial-locational
identity, do not offer a basis for synthesis into
some universal principle. Kant’s geography is,
therefore, condemned to the description of local-
ities, it is idiographic by its nature and, therefore,
the principle of exceptionalism applies to it.

It is a fascinating fact that the shadow cast
on geography by Kantian epistemology and
ontology of space is still deep enough even in
the 1970s, that is, almost two centuries later,
when David Harvey writes Explanation in
Geography (1969) (hereinafter Explanation).
According to his words (Harvey, 2001), his
main motive for writing that work was an at-
tempt to find an answer to what was, for him,
the central question of geographical science
at the time — theoretical overcoming of ex-
ceptionalism. For Harvey, this meant relying
on, as he says, “The philosophical tradition
of positivism and an attempt to formulate a
theoretical-methodological basis that would
ensure geography a place in the quantitative
revolution” (Harvey, 2001, pp. 4).

The exit from the labyrinth of exceptional-
ism, from the heterogeneity of places, from the
relatively inexhaustible spatial differentiation
and abundance of natural phenomena, positivist
geography, as it is known, found in the idealiza-
tion and homogenization of space following the
example of the physical sciences.

The idealization of spatial forms is only
half the work done. If, on the other hand, the
assumption that material objects can be re-
duced to a Cartesian formula that gives them
extension (res etensa) as their essence, as
their general form that ensures the objectivity
of their study, is allowed, than the question of
the conception of society, i.e. man, opens up.
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HaBeneHn METOIONOIIKY MOCTYIAK peayKLHje y
OKBHPY NPUPOJHUX HayKa, TIOTPEOHO j€ aHATIOTHO
MPUMHJEHUTH U Y JIOMEHY JIPYIITBEHHX MpOyda-
Bamba, OJHOCHO y OOJIaCTH JIPYLITBEHE IpakKce,
JBYJICKOT JIjeJIOBarba Y CBUM H-ETOBUM OOJIHIIMA
Y OJHOCHMA, T€ 3Ha4YCHUMa KOoja Ce TUM Jjelio-
BameM Kpenpajy. [Ipema Soffer (1990) npupon-
HO-Hay4YHa pallMOHATHOCT arcTpaxyje of cyojekTa
KaKO BpHjEIHOCTH, MOTHBE, HHTEpECEe JIUYHE U
JPYLITBEHE MpaKce, Tako M 3Ha4YeHa Koja mocpe-
nyjyhu 00jeKTH, OJHOCHO MPEAMETH U IPYILITBEHH
O/IHOCH HEN30jeXXHO JJ00Hjajy Y OKBUPY Te€ TMpaKce.
OgakaB pacuujemn, koju je no Harvey (1973) y
CYIITHHH paciyjen Gpuiao3oduje o1 MEeTo0I0THje
HayKe JOBOJI JIO TOTa JIa C€ YUEEHUIIE TOCMATPajy
O/IBOjEHO O] BPHjeTHOCTH, 00jeKTH 0] cy0jeKara.
Ha taj HaunH MeTo0I0THja, Koja ce OTPrHYJA Off
¢unozoduje, mocrapiba KJbYuHy T€3y Ja PeIMETH
MOTY [I0Cj€I0BaTH HICHTUTET HE3aBUCHO O JbY/I-
CKe TepIeNIHje U JjelI0Bamba. YCIOCTaBIbalkheM
OBE€ HOBE MO3UTHUBUCTUYKE OHTOJIOTH)E MPUPOLE,
HayKa ce, 3alpaBo, CBOIM Ha METOJOJIOTH]Y KOja
npey3uma ynory ¢unosoduje, a cBa octana Qu-
71030()CKa MUTamka (CMUCIIA, BPUjETHOCTH, TIPABIE)
OuBajy om0aveHa Kao UpeJICBaHTHA.

OJ1 ,JTIVXA” EKCHEIMIIMOHAJIN3MA
KA IIPEYMJbEY U KPUTUYKOJ
T'EOTPA®UIN

Kako ce ucnocrasmio, reorpaduja ce 3aucra
YKJbYy4WIJIa Y KBAHTHUTATUBHY pEBONIYLIHjYy Oazupa-
HY Ha NO3UTHBUCTHYKO] HJICaTU3alllj1 IpOyvaBa-
HUX 00jeKaTa U KUXOBO] OHTOJOIIKHA Oa3HupaHoj
METOJIOJIONIKO] PeAYKINjU Ha MjepIbUBOCT. [eo-
rpaduja je 1o0ua HOBU 3aMax, a lbeHa HAyYHOCT
Y alTMKaTUBHOCT HUCY JoBoheHe y muTame. Cy-
nehu o Tome Moryo Ou ce CacBUM jaCHO TBPAUTH
na je XapBHjeB Ipojexar y okBupy Explanation
JOKMBUO YCITjeX, T€ JIa jeé OH UMao CBE pasJiore
na Oyzie 3a/I0BOJbaH OHHUM IITO je ypaauo. U cBe
61 To OMIIO YIIPaBO TAKO J1a, TOMAJIO Mapa oKca-
HO, PYIITBEHA CTBAPHOCT TOKOM CeJaMIeCEeThX
TOJMHA MPOLLIOT BHjeKa HUje TOTOBO CBAaKU JaH
XapBHjy ynopHO MoOKa3uBaja Jia je TaKkBa KOH-
nenuuja reorpaduje HenoBosbHa. U ynpaso y uc-
TOj TOOWHM Kaja je XapBu npenao Explanation
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The aforementioned methodological procedure
of reduction within the natural sciences should
be applied analogously in the domain of social
studies, that is, in the field of social practice, hu-
man action in all its forms and relationships, and
the meanings that are created by that action. Ac-
cording to Soffer (1990), natural-scientific ratio-
nality abstracts from the subject both the values,
motives, interests of personal and social practice,
as well as the meanings that mediating objects,
that is, things and social relations inevitably
acquire within that practice. Such a split, which
according to Harvey (1973) is essentially a split
of philosophy from the methodology of science,
leads to the fact that facts are viewed separately
from values, and objects from subjects. In this
way, the methodology, which broke away from
philosophy, puts forward the key thesis that ob-
jects can have an identity independent of human
perception and action. By establishing this new
positivist ontology of nature, science is actually
reduced to a mere methodology that assumes the
role of philosophy, and all other philosophical
questions (meaning, values, justice, etc.) are
dismissed as irrelevant.

FROM THE “SPIRIT” OF EXCEPTIONALISM
TOWARDS CONVERSION AND CRITICAL
GEOGRAPHY

As it turned out, geography really joined
the quantitative revolution based on the positiv-
ist idealization of the studied objects and their
ontologically based methodological reduction
to measurability. Geography gained new mo-
mentum, and its scientificity and applicability
were not questioned. Judging by this, it could
be clearly argued that Harvey’s Explanation
project was a success, and that he had every
reason to be satisfied with what he had done.
And all of this would be exactly so if, some-
what paradoxically, the social reality during the
1970s did not persistently show Harvey almost
every day that such a conception of geography
is insufficient. And in the very same year that
Harvey submitted the Explanation to the pub-
lisher for printing, tectonic changes occurred
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W3aBady Ha INTaMIame, aorahajy ce TeKTOHCKe
MIPOMjeHe Koje Cy mokasaine aa Explanation oHa-
KO KaKo MX je OH 3aMHUCIIMO, Y CTBApU MOTY Ma-
1o tora na objacHe (Harvey, 2001). IIpecememe
y bantumop (na yHusep3utet [lonc XonkuHc)
1969. ronune, nakie caMo TOMUHY JaHa TOCIH]je
KyJIMUHAllMje HACITHUX HEMHUpA KOjH Cy Tpajaju
TOKOM III€3/IECETUX T'OIMHA TPOLLIOT BHUjeKa, O1o
j€ KJbyYHH MOTHUB, OZIHOCHO TTO3UB CTBaPHOCTH Ha
Koju XapBU HHjE OCTao UMYH. Taj je mo3uB Ono
U TI03MB MPOQeCcHOHANHE CaBjeCTH, jep ce MoKa-
3aJI0 J1a je jemaH oJ] IIABHUX Y3pOKa HaBEIACHUX
Hemupa Ouo, 3ampaBo, Jerpaaupajyhu comuja-
HO-TIPOCTOPHH OKBHP JKHBOTA U pajia MPETeKHO
appoamepukanana (ANON, 1967). A ynpaso je
OIITHMAJIHU TMIPOCTOPHU Pa3Boj MPOKJIAMOBAH Kao
IJIaBHU IIWJb IPOCTOPHUX HAyKa, TIOCEOHO y OKBU-
PY PErMOHAITHOT MPUCTYTIA U IPOCTOPHOT TJIaHHU-
pama rpagoBa. Ymjecto 60poe mpoTus ,,cabnactu
EKCIIETIIIMOHAIIM3MA, T HACTOjarba J1a C€ TEOPH)CKU
3acHyje KBaHTHTaTUBHA Mapajnurma y reorpaduju,
bantumop ce XapBujy mnokasyje kao jenHa BpcTa
KHMBE U CTBapHE reorpadcke adoparopuje mpes
KOjOM KaTeropuje KBaHTHTaTHBHE reorpaduje HUCy
HUIITA JPYTO JI0 Tpa3He ,,0eCKpBHE™ aliCTpaKIyje.

HeMoryhHOCT KBaHTUTAaTUBHOT NPUCTYTIA,
y3€eTor caMor 3a cebe, 1a 00jacHH pazjore 6anTu-
MOPCKOT ,,CHHIpOMa‘“ ¥ yKaxe Ha Moryha pjeriesma
HaBeJso je XapBHja Ha HYKHOCT IIPOMjeHE Teo-
rpadcke napagurme. MehyTuMm, y HBeroBom ciy-
Yajy Ta MpoMjeHa, ayTop ce ycylyje TBpauTy, Huje
OuIa camo IyKa mpomjeHa y ,,HayqHOM ' IPUCTYILY.
Xapsu y bantumopy, 3anpaBo, 10KUBJbaBa HEKY
BPCTY Hay4He, JaKjie MeToaooIKe, punozodcke
Qv ¥ TMYHE ¥ ipodecroHanHe Tpancopmarimje.
Ty Bpcty npomjeHe, ayTop ce ycyhyje TBpAUTH U
apryMEeHTOBaTH, Haj0OOJbE OMHCYje MaTPUCTUUKH
TepMHUH Memanoja (LETOVOLL), OJHOCHO npey-
Mmerve (Y TaTbeM TEKCTY, y IyXy CPIICKOT je3uKa,
aytop he xopuctutu nspas npeymsseme). Oaj
ce (eHOMEH JeUHHILIE HA PA3INIUTE HAYMHE,
anu BehuHa neduHMIMja yKasyje a ce Koi mpe-
YMJBEHA Pajiil O MIPOMjEHH KOja je Pe3yiTaT Heke
BpcTe pedrieKCHBHOT npounihermna, a Koje y ce-
6u o0yxBaTa HEraTUBHO-PE(ICKCUBHH U TIO3H-
TuBHO-peduiekcuBHn MoMmeHaT (Berkhof, 1939;
Lampe, 1961; Sremac, 2008). I1pBu pedrekcuBHHA

that showed that the Explanation, as he con-
ceived it, could in fact explain little (Harvey,
2001). Moving to Baltimore (to Johns Hopkins
University) in 1969, just one year after the
culmination of the brutal and violent riots that
lasted throughout the 1960s, was a key event,
that is, a call from reality that Harvey could
not remain immune to. That call was also a
call to one’s own professional conscience, be-
cause it turned out that one of the main causes
of the aforementioned unrest was, in fact, the
degrading social-spatial living and working
conditions of predominantly African Ameri-
cans (ANON, 1967). And precisely the optimal
spatial development has been proclaimed as the
main goal of spatial sciences, especially within
the regional approach and spatial planning of
cities. Instead of the cabinet’s fight against the
“specter” of exceptionalism, and the effort to
theoretically base a quantitative paradigm in
geography, Baltimore appears to Harvey as a
kind of living and real geographical laboratory
in front of which the categories of quantitative
geography are nothing but empty “bloodless”
abstractions.

The impossibility of a quantitative approach,
taken by itself, to explain the causes of the Balti-
more “syndrome” and indicate possible solutions,
led Harvey to the necessity of changing the geo-
graphical paradigm. However, in his case, that
change, author dare to claim, was not just a mere
change in the “scientific” approach. In Baltimore,
Harvey, in fact, experienced a kind of scientific,
therefore methodological, philosophical, but also
personal and professional transformation. That
kind of change, author dare to claim and argue,
is best described by the patristic term metanoia
(uetavowa). In the following text, author will use
the term conversion. In its cognitive and spiri-
tual-experiential meaning. This phenomenon is
defined in different ways, but most definitions
indicate that in the case of conversion, it is a
change that is the result of some kind of reflexive
purification, which includes a negative-reflexive
and a positive-reflexive moment (Berkhof, 1939;
Lampe, 1961; Sremac, 2008). The first reflective
moment is negation, i.e. self-critical assessment
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MOMEHAT jecTe Heraluja, OJHOCHO CAMOKPUTHYKA
OLjeHa MPETXOJHOT UCYCTBA U MPAKCE KAO HEMO0-
BOJbHE U Hejopacie, a Jpyru, NO3UTHBHU, O3HA-
YyaBa KBaJMTAaTUBHY MPOM]jEHY, IIpeJIa3aK Ha jeaH
BUIIM HUBO MHUILBEHA, ocjehama U ajenoBama
KOju je Oa3upaH Ha YBPCTOM YBjeperbY U BOJBH Ja
ce cTBapu nompase. Tako ce npeymibere, n3Mehy
OCTaJIOT, MOJKE CXBaTUTH M Kao MPEKUJ] ca MpeT-
XOJIHUM MOJTyCOM CXBaTara CTBAPHOCTHU Kao TaK-
BE, ICHOT JI0KMBJhaBama U JjeJIoBamba y 10j. Kako
HanoMume Sremac (2008, ctp. 287) npeymibemne
ce manudecryje kao ,,dugorocna i sveobuhvatna
promena pojedinca na bolje... Ono nije pobozna
ideja, ve¢ se dokazuje kao realni duhovni preporod
u stvarnosti ljudskog zivota®. [Ipeymsbeme, mpe-
Ma ToMe, He Tpeba CXBaTUTH caMo Kao ozapeheny
BPCTY MHTEJIEKTYAJIHOT MPEOKPETa KOju BOAU Ka
HEKOM WH/IMBHUIyTMTHYKOM U KOHTEMIUIaTUBHOM
HavuHY >krBoTa. CyITHHA IPEyMIbEHha HAJla3! Ce,
3ampaBo, y U3J1aCKy U3 aliCTPAKTHOT Pa3yMUjeBamba
1, 00JbE PEUCHO, U3 YBPHjEXKEHUX Mpeapacy/ia 1
KaTeropmja Koje ctoje uzmely Hac u cBujera, Te y
IIPEAacKy y KOHKPETHY ,,)KUBY* CTBAPHOCT Halller
JYXOBHOT U cOLMjaJHOT Ouha Ha KOjy HE MOXKEMO
OCTaTu UMYHHU M KOjy HAaCTOjUMO IMOTPABIbATH.
300r Tora Berkhof (1939) narnamasa na npey-
MJBEH-E, OCUM MHTEJIEKTYaJIHOT eJIEMEHTA, Ca/IPKH
Y EMOTHBHH, aJI1 U BOJbHU. be3 BoJbHOT efleMeHTa
norahaj npeymsbemha Ou 0CTao camo jeIHa eMmu30-
7a, a He KUBOTHU nporec. [locmarpano u3 xopu-
30HTA HAay4HE er3MUCTEHIMje, OBO OM 3HAUMIIO Ja
j€ Hay4HO JIjeJI0Bambe MPEBACXOTHO YCMjepEeHO Ha
JPYTo JbYACKO Ouhe Wim JpymTBO y 1jeNIUHU, Te
71a je YKYITHH HayYHHU MOCTYIAaK, O/l METOJI0JIOTHje
UCTPAXUBAHA IO KOHKPETHUX 3aKJby4aKa, 3aIpaBo
Tpeba OUTH yCMjepeH Ha OTKpUBaby MEXaHW3aMa
U Tmporeca nomohy kojux onpehene npymTBeHe
rpyIe HacToje 1a 3aAp>ke U yBehasajy cBoje mo3u-
uuje mohu Ha pauyH Behune. [Ipeymibemem uneja
WCTHHE 3aTO HY>XHO 00yXBaTa W WJejy MpaB.e, O
yemy he Butie 6utH prjeun y Tpehem nujeny pana.

Jla ce, y XapBujeBoM cily4ajy, 3arpaBo, He
paau TeK O MPOMjEHHU METOMOOUIKOT TOJIA3UILITa
JacHO yKa3zyjy HEeroBa CBjeI04€Ha O TOM MEPUOTY
KOja ce Hajla3e y pasIMuyuTUM IyOJIMKaiujama
MUCAaHUM Y PACIIOHY OJ] BHILIE O] 10JIa BHjEKa.
Hajyneuat/puBuje cBjeodeHe 0 JOKUBIHEHOM
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of the previous experience and practice as insuffi-
cient and immature, and the second, positive, sig-
nifies a qualitative change, a transition to a higher
level of thinking, feeling and action, which is
based on firm conviction and the will to improve
things. Thus, conversion, among other things, can
be understood as a break with the previous mode
of understanding, experiencing, therefore living
reality as such. As Sremac (2008, pp. 287) notes,
conversion manifests itself as “a long-term and
comprehensive change of an individual for the
better... It is not a pious idea, but proves itself as a
real spiritual rebirth in the reality of human life”.
Conversion, therefore, should not be understood
only as a certain kind of intellectual turn that
leads to some individualistic and contemplative
way of life. The essence of conversion is, in fact,
in getting out of the abstract understanding or,
rather, from the established prejudices and cate-
gories that stand between us and the world, and
in the transition to the concrete “living” reality of
our spiritual and social being, which we cannot
remain immune and which we strive to improve.
That’s why Berkhof (1939) emphasizes that, apart
from the intellectual element, conversion also
contains an emotional as well as a voluntary one.
Without the voluntary element of the event, con-
version would have remained only an episode, not
a life long process. Observed from the horizon of
scientific existence, this would mean that scien-
tific activity is primarily aimed at another human
being and society as a whole, and that the entire
scientific procedure, from research methodology
to concrete conclusions, should actually be aimed
at discovering mechanisms and processes using
which certain social groups strive to maintain and
increase their positions of power at the expense
of the majority. Through conversion, the idea of
truth therefore necessarily includes the idea of
justice, which will be discussed more in the third
part of the paper.

That, in Harvey’s case, it is not just a matter
of changing the methodological starting point
is clearly indicated by his testimonies about
that period, which are found in various publi-
cations written over a span of more than half a
century. The most impressive detail about the
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1 )KUBJHEHOM NPEYMIBCHY (aKO CE€ M3y3ME HEroB
YKYIIHM Hay4YHH aHTa)XKMaH) HaJlas3u ce y ayTo-
O6uorpadckoM OCBPTY Ha BJIACTUTY aKaJEMCKY
kapujepy (Harvey, 2022) raje, uzmely ocraior,
OIKCYje KAKO je TaJa JIMYHO yUeCTBOBAO, 3aIIPaBO
CcraBao Ipex Bparuma cjeauiira L{paux nanrepa
y bantumopy kojuma je mpujeTuia JIMKBUIALH]a
ox ctpa”e nonuiyje. Takohe, Beoma cy pjednTu
nacaxxu u3 Xapsujese kmwure Social Justice and
the City (1973) xoja ipeqicTaBIba jeTHy BPCTY CBje-
JI0UEH-a O BIACTUTOM NPEyMJbEEbY KOje je AaTo y
(hopMU HAYYHO-METOIOJIONIKE UCTIOBH]ECTH, Ha-
PaBHO MCIOBHjECTH KOja ce HE 3aJI0BOJbaBA CAMO
Jla TIpU3Ha 3a0Iysie, HEero UX TauyHO JIOLHpa, J1aje
bUXOBE pasiiore U Hyu KOPEKTHBE, OTHOCHO HOBE
yBuze. Opaje he 6uTh U31BOjeHE caMO HEKE O
X KOJHU CY, ayTOp CMaTpa, JOBOJHHH J1a IOTBP/E
Te3y 0 XapBHjeBOM IIPEYMIBCHY U YKaXKy Ha BaXK-
HOCT IIpeyMJbeHha y HaydyHOM JjenoBamy. Kako
je BUhEHO y MPETXOAHOM CETMEHTY, MPEyMJbCH-C
10 1e(PMHULIU]H O3HAYaBa MPEOKPETahe KOje nMa
HEeraTuBHO-pe(IeKCUBHE MOMEHAT KOjU je Moryh
caMo Kao eBallyalllja MPETXOAHOT U3 XOPH30HTA
HOBOJIOCTHTHYTOT BHIIIET CTeNeHa cro3Haje. Kox
XapBuja je Ta KpUTHYKa CBUjECT, KaKo IIpemMa Mo-
HOIOJTy KBAaHTHTaTUTBHE MApaurMe, Tako U ImpemMa
CBOjOj Y1034 Yy H0j BeOMa MPHUCYTHA U jacHA. Y
JeIHOM o1 MHTEpB]ya, onucyjyhu nepuon pajga Ha
ku3u Explanation, u3jaBibyje na je ,, ...ouo cam
TOJIMKO 3a0KYIIJbCH PaJIOM Ha KEHbH3H J1a YOIILTEe
HHUCaM NpuMjehrBa0 KOJIMKO Ce 3ampaBo CBHU)ET
OKO MeHe pymno... CXBaTHO caM Jja HalpoCTO
MOpaM MOHOBO PAa3MHCIUTH O MHOTUM CTBapuMa
KOj€ caM y3MMao 3/IpaBo 3a TOTOBO TOKOM III€3/1e-
cetux ronuHa“ (Harvey, 2001, ctp. 5). 13 nurara
j€ OUHMIVIEZHO 1A je ,,Ipe0anTUMOpPCKu XapBu
CMaTpao J1a HayuyHO MCTpaXMBame Tpeda 1a uie
OJ1 arICTPAKTHOT (TIPETXOHO pa3pal)eHe KBaHTHUTA-
TUBHE METOJIONIOTH]€, TEOpHU]e HAyKe U OHTOJIOTH]e
KOja je TeXWIa Ka yHUBEp3aJiHoj ,,00]€KTHBHOCTH,
6e3 0031pa 0 KojeM ce Mpolecy, HCTOPHjCKOM
NEepUOJy M JIPYLITBEHO] CTBAPHOCTH PajaM) Ka
KOHKPETHOM, OJJHOCHO CTBApHOM IIpH 4eMy Ou
C€ CTBapHOCT IOKOpaBajia U ,,yKaaylbuBaja
YHHUBEP3aJIHUM Kareropujama. OuurienHo je aa
OBaKaB BH/J] UCTPAaXXMBamba 00e3/IM4aBa CTBAPHOCT,
BUIIIE CKpHBajyhu mporiece, HETo MTO UX Pa3oT-

experienced and lived conversion (if his entire
overall scientific engagement is excluded) is
found in the autobiographical review of his
own academic career (Harvey, 2022) where,
among other things, he describes how he per-
sonally participated in the Baltimore events
at the time, actually sleeping in front of the
door of the Black Panthers headquarters in
Baltimore, who were threatened with liquida-
tion by the police at that time. Also, passages
from Harvey’s book Social Justice and the City
(1973), which represents a kind of testimony
about one’s own conversion given in the form
of a scientific-methodological confession, of
course a confession that is not content only to
admit errors, but precisely locates them, gives
their reasons and offers correctives, i.e. new in-
sights. Here it will be singled out only some of
them, which, the author believes, are sufficient
to confirm thesis about Harvey’s conversion
and indicate the importance of conversion to
scientific activity. As seen in the previous seg-
ment, conversion by definition means a reversal
that has a negative-reflexive moment that is
possible only as an evaluation of the previous
one from the horizon of a newly reached higher
level of cognition. In Harvey’s case, this critical
awareness, both towards the monopoly of the
quantitative paradigm, and towards his role in
it, is very present and more than clear. In one of
the interviews, describing the period of work on
the book Explanation, he declares that “... I was
so engrossed in the work on the book that I did
not even notice how much the world around me
was collapsing... I realized that I simply had to
rethink many things that I had taken for granted
during the sixties” (Harvey, 2001, pp. 5). It is
obvious from the quote that the “pre-Baltimore”
Harvey believed that scientific research should
proceed from the abstract (previously elaborated
quantitative methodology, theory of science and
ontology that tended towards universal “ob-
jectivity”, regardless of the process, historical
period and social reality works) towards the con-
crete, whereby reality would obey and be “mold-
ed” by universal categories. It is obvious that this
type of research actually depersonalizes reality
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KpHUBa. JEMHO KPUTHUYKA CAMOCBH]ECT Hay4HH-
Ka, OJJHOCHO pe(IIeKCUBHH OJIMaK MOXe, cMaTpa
Harvey (1973, ctp. 149) ,,noBectu 10 aganraruje
TEOPH]jCKO-METOOJIOMKNX yOjehema, lbuxoBe
MpoMjeHe U IMpujiarohaBama MporecuMa Koju ce
UCTPaXyjy, 1a OU ce MOIJIO AUPEKTHO CYCPEeTH
ca cTBapHHM TpoOnemuma““. Camopedrekcuja u
pedrexkcrBHA ITpakca HUCY YECT CIIy4aj y HayYHUM
UCTpaKUBAabUMa IPBEHCTBEHO 300T HHEPIH]E /10
KOj€ JIOBO/IM YXOJaHOCT U (DYHKIIHOHAITHOCT pa3-
pal)eHOr METOIOJIOIIKOT TOCTYIIKA KOJU C€ IPH TOM
U U3y4aBa Kao jeJlaH Ol TeMEJbHHX acrekara 00-
pazoBama. OHa 1ocTaje caMopa3yMJbHuBa HaBHKa,
KOjy HHj€ HUMAJIO jeJHOCTABHO IOBECTH Y TIMTAE.
[Ipeymibere y HaylM 3axTujeBa Oair To ja ce Ta
CaMOpa3yMJBMBOCT MPEUCIINTA, a TO 3HAYH Ja ce
MIPEUCIIUTA U Hallla MO3ULUja Y UCTPAKUBAYKOM
MPOIIECy KOjU C€, YIIIaBHOM, CAcTOjU y TOME Ja
MEXaHHYKH CIIPOBOIMMO yTBplEeHy UCTPAKUBAUKY
npoueaypy. YUMHUTH TaKBY NPOMjeHyY 3Ha4X Mhu
poTuB ofpeleHe HaydHe TpaJuIHje y KOjoj ce
METOJI0JI0OTH]ja YCIIOCTaBJba, MPOTUB CaMUX cede
KOJU TPAKTUKYjeMO Ty METOOJIOTH]Yy U MPOTHUB
akaJieMCKe 3aje[HuIle yuja ce mocturuyha 6a-
3upajy Ha Toj MeTononoruju. 3a Harvey (1973,
cTp. 146) je mpBU KOpak HA TOM IyTY ,,M3a3aK U3
Hallle 30He CUT'YPHOCTH KOjU JIOBOIH JI0 TOTa Ja
Halll IPETXOIHN HAay4YHU aHTaKMaH U3Iesa mpe-
CHUMIUTM(HKOBAHO U HEJIOPACIIO, YEMY CE€ HajBHUIIIE
MIPOTUBH HAIll HHTEJIEKTYaIHU ITOHOC.

Kiby4yHu crio3HajHu (MHTEJIEKTYaJIHH) eje-
MEHAT MPEyMJbEHa CacT0jao Ce y CHaXXHOM HH-
cUCTHpamy Ha pasznunu usmely ¢unozodpuje u
MeTO/I0JIoTHje Hayke. 3a XapBHja je yinora Kojy
METOJ0JI0THja Tpeba Ja uMa, 3ampaBo, HeHa U3-
BOpHA yJIOTa y Hay4YHOM UCTPAKUBAmY, a TO je Ja
OCHUTYpa KJbYyYHE HCTpaKUBauke nocrtymnke. OHa
Tpeba J1a aleKBaTHO CITY>KH OHOME IIITO OH HAa3WBa
¢$r1030(hcKOM MEPCTIEKTUBHOM CMHCIIA JTj€JI0BAHA
KOja YKJbydyje APYLITBEHY OJTOBOPHOCT M IOT-
pary 3a CMUCJIOM U JIDYIITBEHOM HCTHHOM. | J1aB-
Ha Wjeja, JaKie, jeCTe HACTOjame Jla Ce YapyKe
€TUYKH aCTIeKTH JPYIITBEHE NpaB/e 1 reorpadcka
metononoruja (Harvey, 2022).

CapnalhjuBame MHTENEKTyalHOT MMOHOCA, Ha-
YUYHHYKOT HapIM3Ma U PU3MK OCTaBJbaha CUTYP-
HE UCTPaKUBAuKe MO3UIUje, T€ yaa3aK y HOBY
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by hiding processes rather than exposing them.
According to Harvey (1973, pp. 149), only the
critical self-awareness of the scientist, i.e. the
reflective attitude, “can lead to the change of
theoretical-methodological convictions, their
modification to the processes being researched,
in order to be able to face real problems di-
rectly”. Self-reflection and reflective practice
are not a common case in scientific research,
primarily due to the inertia that leads to the
routine and functionality of an elaborate meth-
odological procedure, which is also studied as
one of the fundamental aspects of education.
It becomes a self-evident habit, which is not
at all easy to question. Conversion in science
requires precisely that this self-understanding
needs to be reexamined, and this means that our
position in the research process, which mainly
consists of mechanically carrying out the es-
tablished research procedure, must also be re-
examined. To make such a change means to go
against a certain scientific tradition in which the
methodology is established, against ourselves
who practice that methodology and against the
academic community whose achievements are
based on that methodology. For Harvey (1973,
pp. 146), the first step on that path is to “get
out of our safety zone, which makes our previ-
ous scientific engagement seem oversimplified
and immature, which is most opposed by our
intellectual pride”.

The key cognitive (intellectual) element
of conversion consisted in a strong insistence
on the difference between philosophy and the
methodology of science. For Harvey, the role
that methodology should play is, in fact, its
original role in scientific research, which is
to provide key research procedures. It should
adequately serve what he calls a philosophical
perspective on the meaning of action, which
includes social responsibility and the search
for meaning and social truth. The main idea,
therefore, is an effort to combine ethical aspects
of social justice with geographical methodology
(Harvey, 2022).

Overcoming intellectual pride, scientific
narcissism and the risk of leaving a secure re-
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o0nact, Ka0 MHUILIMjAJTHU €JIEMEHTH HaBeIECHOT
peyMJbeba, 3aXTHjeBajy U BEIUKH aHTaXMaH
Koju je Hemoryh 0e3 BOJbHOT MOMEHTa KOju ce
6a3upa Ha yBjepewy y CMUCA0 TOT HOBOT ITyTa.
MoOTHBaLIMOHM aCTIEKT OMJIO KOje TPOMjEeHE MO-
pa OuTH mpucyrtaH, a XapBHjeBO 0AITHUMOPCKO
npeyMibee Tpeba OUTH OCMaTpaHO YHpaBoO M3
BH3ypE MPOMjeHEe MOTHUBAIMje HETOBUX HCTpa-
KMBama. Y Nepuoay mnpuje nonacka y banrumop
¢doxyc XapBujeBOr HayuyHOI aHTa)XMaHa OUo je
Ha 00jalllkemby CTBAPHOCTH Kao IVIABHOM 3ajart-
Ky Hay4HOT JjeJIoBama, IITO jé BUIJbUBO U U3
HACJIOBA H-ETOBE KJbYUHE KIbUTE U3 TOT MEPUoAa
(Explanation). Mehytum, o0janimemhe CTBAPHOCTH
caja 3a XapBHja ocTaje camo MO IyTa, OTHOCHO
jenHa erarna koja je y pyHKIuju rm1aBHoT Iuska. [la
6u uinyctposao Ty npomjeny Harvey (1973, ctp.
148) ce mo3uBa Ha jeiHy APYTY, a1 CIIMYHY BEOMa
MHCTPYKTHUBHY €MU30/1y U3 UCTOpH]je reorpadcke
Hayke nozicjehajyhu na cy ¢pynnamenTante u npu-
JUYHO PEBONYLIMOHApHE (opMmynaiyje Ayrycra
Jlema y 001acTH JIOKAIMOHUX TEOpHja MPOH3aLILIe
u3 ,,lberoBOT Ocjehaja cTBapHE MyKHOCTH... HE
Ja 00jacHH Hallly OTY>KHY CTBapHOCT, HETO Jia je
HorpaBu.

BPCTE IIPEYMJbBEIHLA 11 HALIPT HOBE
I'EOI'PA®UIJE

VY oBOM cermMeHTy paza 6uhe u3BpIIeHa cuc-
TeMaTu3alyja eleMeHara XapByjeBOT HayYHO-HC-
TpaXMBAYKOT TIpEyMJbeiba, U ypalena kpaha ana-
JH3a KUXOBOT KOHKPETHOT 3HAa4YeHa 3a TEOpHjy
u npakcy reorpaguje. [lorpebHO je HamoMeHyTH
Jla Cy OBH €JIEMEHTH U3/IBOJEHHU y CBPXY jeIHOC-
TaBHMjET NpUKa3a XapBHjeBOT yuema, 0K Ce, Y
CYILTHHH, OHHM HaJIa3¢ CUCTEMATCKH IIOBE3aHU U HE
MOTY CTajaTu camu 3a cede, Hero TeK y MelycoOHO]
MIOBPATHO] CITPE3H.

— Ilpeymsbeme y Be3u oHOCA METOIOIOTH]A —
dunozoduja.

M30110BaHOCT, HEAOAUPIHUBOCT M CAMOJIOBOJb-
HOCT KBAaHTUTATUBHO 3aCHOBAaHE METOJIOJIOTH]E j&
MOTPEOHO BPATUTH, KaKoO je peyeHo, y OKBUp (u-
no3o¢uje, onHocHO ¢unozodekor crasa. Harvey
(2022) ¢unozodeka nepcnekTuBa moapazyMuje-
Ba METOJIOJIOTH]Y Kao JAMO IIMPEr KOMILJIeKca

search position, as well as entering a new field,
as the initial elements of the aforementioned
conversion, also require a great commitment
that is impossible without a voluntary moment
based on the belief in the meaning of that new
path. The motivational aspect of any change
must be present, and Harvey’s change of mind
in Baltimore should be viewed precisely from
the perspective of a change in the motivation
of his research. In the pre-Baltimore period of
Harvey’s scientific involvement, the focus was
on the explanation of reality as the main task
of scientific activity, which is evident from the
title of his key book from that period (Explana-
tion). However, the explanation of reality now
becomes for Harvey only a part of the road,
that is, a stage that serves the main goal. To
illustrate this change, Harvey (1973, pp. 148)
refers to another, but similar, very instructive
episode in the history of geographical science,
reminding that August Lesch’s fundamental and
quite revolutionary formulations in the field of
locational theory arose out of “his sense of the
real duties ... not to explain our sad reality, but
to fix it”.

TYPES OF CONVERSION AND DRAFT
OF THE NEW GEOGRAPHY

In this part of the paper, the elements of
Harvey’s conversion will be systematized, and
the brief analysis of their concrete meaning for
geographic theory and practice will be made. It
should be noted that these elements were singled
out for the purpose of a simpler presentation of
Harvey’s teachings, while in essence, they are
systematically connected and cannot stand on
their own, but only in mutual feedback.

— Conversion regarding the relationship be-
tween methodology — philosophy

As seen, the isolation, untouchability and
self-sufficiency of the quantitatively based
methodology must be returned to the frame-
work of philosophy, that is, a philosophical
attitude. Harvey (2022) philosophical perspec-
tive implies methodology as part of a broader
complex of the idea of research, which also
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u/ieje UCTPAKUBAA, a KOja YKIbYUyje U IHUTamba
BPHjEIHOCTH, CMHUCJIA U OATOBOPHOCTH HAYYHOT
uctpaxuBama. Habermas (1972) pjearnxom pe-
YEHO, JbYJICKM MHTEpEC HE MOIPa3yMHje€Ba CaMO
MHCTPYMEHTAJIN3AI1jy HAYYHOT UCTPAXKUBAHbA.
Omn, Takohe, Tpeba aa caapKu XepPMEHEYTHUKH,
aJi IPBEHCTBEHO M €MAaHLUMIAIN]CKH €JIEMEHT.
Jlo pa3Boja Hay4He MHCJIH J0JIa3u, HE 10 WHEp-
LI1j1, HETO CIajarheM KOHIIeNaTa ueja, Kareropuja
u penanuja. Kako je moryhe 3Hatu na je Takas
HOBHM Hay4YHH CHUCTEM HAIPETHHUjH OX MPETXO.-
Hor? Kputepujym je HapaBHO cTBapHOCT. [Ipema
Harvey (1973) noy3nan kpuTepuj je OUHIIeaHA
HEZI0PACIIOCT MPETXOJHOL, OTHOCHO CYTIEPHOPHOCT
HOBOHACTAJIOT MOJIEJIa IIPU CYCPETy ca CTBAPHUM
npoOremMuMma.
—  EnmcremMononiko-aucKkyp3uBHO MPEyMIBEHE

OBaj cerMeHT je KJby4aH 3a pa3yMH]jeBambe
XapBujeBe HOBe KpuTHuke reorpaduje. Karero-
pHjaiHM anapar Tpeba mocMarpaTH U3 Meperek-
THBE UCTOPUYHOCTH H JIPYIITBEHE YCIOBJHEHOCTH
H-ETOBOT HACTAaHKa U MPOMjEHE.

3Hauemha TEOPHjCKUX KOHIICTIIN]a U HAYYHUX
KaTeropuja He MOTy OMTH IocMaTpaHa Kao anpu-
OpHa, YHUBEP3aJHA U CaMOPa3yMJbUBA, TAKJIE O/-
BOj€Ha OJ1 IPYIITBEHHUX yCJIOBA. 3HAE CE MU]jCHha
CXOJIHO YHYTpAIIHUM NPUHLIUIINMA KOJU BIIa/1ajy
y CTpYKTypama MojeTHIX HayKa, ajli T€ IpOMjeHe
HE MOTy OMTH TOCMaTpaHe HE3aBHCHO O] Ipo-
1[eca ¥ OJHOCa YHYTap APYIITBA Y IjeTUHH YHjH
je Hayka HeozBojuBH auo. 3a Harvey (2001) Te
MIPOMjeHe Cy 3ampaBo peduieKkcuje IpyIITBEHUX
KpeTama, HHTepeca U MoTiBa. OHe ce 1akiie npo-
U3BOJIE U ,,lTyHE"* 3HaUCHUMa CXOAHO Bianajyhoj
JPYIITBEHO-EKOHOMCKO] TIPaKcH. Y CKJIOIy OBOTa,
3a reorpa)cKy HayKy je BeoMa OMTHO CXBATUTH
BpCTE M HAYMHE NTPOMjeHE Y 00JIaCTH OHTOJIOTHje
pocTopa.

Haxne, rmaBuo nutame (Harvey, 1973) Huje
y TOME J1a JU HEeKHU I0jaM O3HayaBa ,,ACTUHY
WIH ,,JJaX" (y CMUCILy HIP. CUJIOTMCTUYKOT ara-
para, Jakie IocMaTpaHo ariCTPaKHO Of IjjesIuHe
HEKOT IpoIleca WK CTPYKTYpE), HETO je KIbY4IHO
NUTamkbe Ha KOjU HAUMH OHM OMBajy Mpou3Bere-
HU (KOjU IPYLITBEHH YCIIOBU MX MPOU3BOJE) U
KOju e(peKaT OHU MPOU3BOJIE Y IPAKCH (YEMY OHH
IIPAKTUYHO CITYKE).
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includes issues of value, meaning and respon-
sibility of scientific research. In Habermas
(1972) vocabulary, human interest does not
imply only the instrumentalization of scien-
tific research. It should also contain a herme-
neutic, but primarily an emancipatory element.
The development of scientific thought occurs,
not by inertia, but by combining the concepts
of ideas, categories and relations. How is it
possible to know that such a new scientific
system is more advanced than the previous
one? The criterion is of course reality. Accord-
ing to Harvey (1973), a reliable criterion is the
obvious inadequacy of the previous one, that
is, the superiority of the newly created model
when dealing with real problems.

— Epistemological-discursive conversion

This segment is crucial to understanding Har-
vey’s new critical geography. The categorical
apparatus should be viewed from the perspective
of historicity and social conditioning of its origin
and change.

The meanings of theoretical concepts and
scientific categories cannot be viewed as a priori,
universal and self-evident, thus separated from
social conditions. Knowledge changes according
to the internal principles that govern the structures
of individual sciences, but these changes cannot
be observed independently of the processes and
relationships within society as a whole, of which
science is an inseparable part. According to Har-
vey (2001), these changes are actually reflections
of social movements, interests and motives. They
are therefore produced and “filled” with meanings
according to the prevailing socio-economic prac-
tice. For geographic science, within this segment
of its transformation, it is very important to under-
stand the types and ways of changing the meaning
of categories in the field of ontology of space.

Therefore, (Harvey, 1973), the main question
is not whether a term denotes “truth” or “false” (in
the sense of, for example, a syllogistic apparatus,
therefore viewed abstractly from the whole of a
process or structure), but it is crucial the question
of how they are produced (what social conditions
produce them) and what effect they produce in
practice (what they practically serve).
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XapBH, HA OCHOBY YIPaBO T€ peialuje u3-
Mel)y ApyIITBEHOT KpeTama U HaydHEe I10jMOBHE
arapatype U BpILH IOjeTy TEOpHja Ha OHE Koje
Cy KpUTHYKE U KOj€ JIOBOJIE JI0 TpOMjeHe (peBo-
JTyLIMOHAPHE), OHE YMja je aKTUBHOCT yCMjepeHa
Ha oApiKaBame Statusa quo U OHE KOHTPapeBO-
JTyLMOHApHE, KOje MMajy 3a IIUJb J1a Ce Y OKBUPY
JPYIITBEHE HAayKe U CTBAPHOCTHU YHECE CTAHE KOH-
dy3uje, 1e30pujeHTAal]e 1 OMIITE PETAaTUBHOCTH.
— IIpeymibeme y Be3u KOHLIETIIH]€ UCTHHUTOCTH

XapBujeBa KOHIENINja UCTUHE oapelheHor
Moziena o0jalmbaBamba CTBAPHOCTH HUje OazupaHa
Ha UTAamY J1a JI1 Taj MOZIEN OJICITUKAaBA CTBAPHOCT.
Ona He nojpa3yMujeBa, OJHOCHO He TIOJIpa3yMuje-
Ba caMo KOHLIENIH]y adaequatio rei et intellectus,
HETO je MPBEHCTBEHO Oa3upaHa Ha HJIeju APYILTBE-
He npap/e. VIcThHA MO3UTUBUCTUYKE TEOPH]E JECTe
TEeK MoueTHa (haza jeHe 3aKucTa peleBaHTHE Ieo-
rpadcke Teopuje U mpakce. Pesynraru 10 Kojux
ce J10J1a31 Ha OCHOBY TIO3UTHBUCTUYKOT TIOCTYTIKA
(Harvey, 1973) npencraBibajy moueTHy UIEHTH(U-
Karjy npodnema. TaMo rjje ce eMIUpH)jCKH MO3HU-
THBH3aM 3aBpIlIaBa, Ty Teorpaduja Kao CpeacTBo y
(yHKLM]H JPYIITBEHE MPABJIE U TPOMjESHE 3aIIpaBo
noune. tbeHa vctuHa je apyradnje mpupoae o
uctuHe mo3utuBm3Ma. Jlok ymorpeda Hip. GoH
TunenoBe Teopuje nmokasyje HauMH (HOpMHpaba
yp6anor rera, Harvey (1973, ctp. 138) cmarpa
na uusb reorpaduje (Hayke) Tpeba O6utu ,,1a ce
YKJIOHE Y3pOIM (popMHparsa IeTa U CBe HeraTuBHE
MOCJbETUIIE, KOje IIPOUCTUYY M3 TeTOU3aIIH]je Map-
IMHAJIM30BAHUX JPYIITBEHUX rpymna‘‘. HoBom KoH-
LIETIIIMjOM HCTHUHE y reorpaduju, IpeTXoaHa, TaKie
MO3UTHUBUCTHYKA UCTUHA, OMBAa MHKOPIIOpPHpaHa
Kao JIMO INjaJIeKTUYKOT KpeTama Ka UCTHHU 0a3u-
paHoj Ha KOHIICTIIIMjU APYILTBEHE MPABIIE.

Jla 61 ce MpaKTUYHO MOKAa3aJo IITa, Y CTBapH,
3HaYM OBO XapBHjEBO MpPEyMIbEE Y reorpaduju
6uhe ypahena xpaha ananmza jeqHOT HEroBOT
CTaBa y Be3W ofHOca m3Mel)y IpyIITBEHUX MpO-
11eca U BbUXOBUX MPOCTOPHUX (POPMHU KOjH, ayTOp
cMartpa, IpeICTaBIba CPXK U ITIABHU U3a30B KOJU CE
MocTaBsba Ipesl reorpadcKy HayKy YOIIITE.

[TpocTopHe ¢opme je morpemHo nocMarpa-
TH Ka0 MPTBE 00jeKTe YHYTap KOjUX CE€ OJIBU]ajy
JpYIITBEHH Tporiecu. tbux tpeda ananu3uparu Ha
Ha4uH J1a Te popme “cagprke’” qpyIITBEHE ITpoLece

Harvey, based on this very relationship be-
tween the social movement and the scientific con-
ceptual apparatus, divides theories into those that
are critical and lead to change (revolutionary),
those whose activity is aimed at maintaining the
status quo, and those that are counter-revolution-
ary, which aim to a state of confusion, disorienta-
tion and general relativity is introduced into social
sciences and reality.

— Conversion regarding the conception of truth

Harvey’s conception of the truth of a cer-
tain model of explaining reality is not based
on the question of whether that model reflects
reality. It does not imply only the concept of
adaequatio rei et intellectus, but is primarily
based on the idea of social justice. The truth of
the positivist theory is only the initial phase of a
truly relevant geographical theory and practice.
According to, the results arrived at on the basis
of the positivist procedure (Harvey, 1973) rep-
resent the initial identification of the problem.
Where empirical positivism ends, geography,
as a tool in the function of social justice and
change, actually begins. Its truth is of a differ-
ent nature than the truth of positivism. While
the use of e.g. von Thiinen’s theory shows the
way of urban ghetto formation, Harvey (1973,
pp. 138) believes that the goal of geography
(science) should be “to remove the causes of
ghetto formation and all negative consequences
resulting from the ghettoization of marginal-
ized social groups”. With the new conception
of truth in geography, the previous, therefore
positivist truth, is incorporated as part of the
dialectical movement towards truth based on
the conception of social justice.

In order to demonstrate what, in fact, this
Harvey’s conversion means practically in geo-
graphical research, a short analysis of one of his
statements regarding the relationship between
social processes and their spatial forms will be
done, which, it is argued, represents the core and
the main challenge that is posed to geographical
science in general.

Spatial forms are there seen not as inanimate
objects within which the Introduction social pro-
cess unfolds, but as things which “contain” social
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Ha UCTU HA4YMH HAa KOJU Cy JIPYIITBEHHU IPOILECH,
y cTBapu, npoctopuu. [Ipobrem HajOoBeT Ha-
YyiHa yckiahuBama Mel)ycoOHOT MpoXUMama H
JjenoBama JIPYITBEHUX MPOIeca U MPOCTOPHUX
(dopMH Koje ce M0jaBIbyjy YCIbe JbYACKE TpaKce
JjecTe 3arpaso ,,ipodyieM came JbY/ACKE IPaKce, a He
npo0JieM HeKakBe CTBapHOCTH 1o cedbu™ (Harvey,
1973, ctp. 11).

Wutepriperanyjy HaBeACHOT TEKCTa MOTPEO-
HO je 3aloueTH aHaJIM30M 3Hauema HajayOJbuXx,
OZTHOCHO TEMEJbHUX KaTeropuja Koje, y CTBapH,
ycMjepaBajy WM AETePMHUHUIIY CMUCAO IH]jeJIoT
nacaxa. Kibyuny kareropujy moryhe je npernossa-
TH TI0 TOME IITO OHA HOCH TEeMEJbHY OHTOJIOIIKY
BAaXXHOCT, 0e3 Koje HHUje Moryhe 3aMUCINUTH T10-
CTOjame OMIIO KakBe penaiyje. Y oBoM (Kao U y
CBUM OCTaJIMM CIy4YajeBHMa) Ta je KaTeropuja
npoctopHOCT. IIpBU KOpak jecTe, qakiie, HOKyIaj
J1a ce pa30TKpHjy HeHa pa3IniynTa 3Ha4dema. Ha Taj
HayuH he, cmaTpa XapBH, MHOTH MTPOOIEMH KOjH
ce T0jaBJbyjy y pa3Marparmy OJHOCA POCTOPHUX
¢dopmu u npymTBeHux npoueca Hecraru (Harvey,
1973). Takole, oBakaB MpHUCTYI MOAPA3yMHjeBa
U YKJbYUYHBaHbE OCTAIUX €JIeMEHaTa HaBEICHOT
MIPEyMJbEHa, MOIMYT EMHUCTEMOIOIIKO-UCYP3U-
BHOT, JId U METOJOJIOIIKOT U BepU(PHKALMOHOT.
OHTOJIOIIKA aHATN3a KOHIIEIIH]je TPOCTOPHOCTH
HapaBHO J1a MO/Ipa3yMHjeBa U KaTeropHjaiHy, a
pe3yaTaTH Te aHaJIM3e Heu30jexxHo ynyhyjy u Ha
oabup aJIeKBaTHE METOJOJIOTH]e U, Kako he ce
BUJIj€TH, KpUTEPHjyMa BepH(pUKaImje.

OBnje HUje MjecTo J1a ce /1ajy pa3iuyuTe KOH-
LETIHje IPOCTOPHOCTHU MPUCYTHE KPO3 UCTOPH]Y
BUXOBOT (QHII030()CKOT pa3marpama, aiu he, y
nap pedeHuIa, OUTH MOKA3aHO KaKo pa3inyuTa
TyMauema yCMjepaBajy KOMIUIETHO HCTPAKUBAE
y OUjaMeTpaliHO pa3IMyuTUM npaBuuma. To he
OUTH YUMEHEHO MPEKO aHaIN3€E M0jMa Ca/IpyKaBarba
(omHOCHO OMBama/y) Koje je ¥ MHa4e, a Uy CaMOM
LIUTaTy, O3HaY€HO Kao KJby4Ha (yHKIHja Mpoc-
TOPHOCTH. Y OKBHpY (DPM3MKaIHE KOHIICIIMje arl-
COJIyTHE MIPOCTOPHOCTH (KOja KOpECHOHIMpa ca
HAIIIUM CBAaKOJTHEBHUM ITOUMAHEM TI0jMa IIPOCTOP)
caJp)KaBame Ce Pa3yMHjeBa aHAJIOTHO HAUYMHY Ha
KOJU HEKaKBa MOCY/a CapKH MPeaAMET — IOIyT
HIIp. jaOyka y mocyau. TemesbHa KapakTephCTKa OBE
OHTOJIOTH]j€ jecTe Ja je MPOCTOp, 3arpaBo, MpazaH
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processes in the same manner that social process-
es are spatial processes in the same manner that
social processes are spatial. How best to portray
the interpenetration between social process and
spatial form that arises out of human practice is
“itself a problem for human practice to overcome
rather than a problem which attaches to the prop-
erties of reality itself” (Harvey, 1973, pp. 11).

The interpretation of the mentioned text
must be started by analyzing the meaning of
the deepest, which is, fundamental categories
that, in fact, direct or determine the meaning
of the entire passage. The key category can
be recognized by the fact that it carries funda-
mental ontological importance, without which
it is impossible to imagine the existence of
any relationship. In this (as in all other cases)
that category is spatiality. The first step is,
therefore, to try to unravel its various mean-
ings. In this way, according to Harvey, many
problems that appear in considering the rela-
tionship between spatial forms and social pro-
cesses will disappear (Harvey, 1973). Also,
this approach implies the inclusion of other
elements of the aforementioned conversion,
such as epistemological-discursive, but also
methodological and verification. The ontolog-
ical analysis of the conception of spatiality
naturally also implies a categorical one, and
the results of that analysis inevitably point to
the selection of an adequate methodology and,
as it will seen, verification criteria.

This is not the place to give different con-
ceptions of spatiality present throughout the
history of philosophy, but it will be shown in
a few sentences how different interpretations
direct the complete research in diametrically
different directions. This will be done through
the analysis of the concept of containing (that
is, being/in), which is otherwise, and in the
quote itself, marked as a key function of spa-
tiality. Within the physical conception of ab-
solute spatiality (which corresponds to our
everyday understanding of the concept of
space), content is understood analogously to
the way a container holds an object — like, for
example, an apple in a crate. The fundamental
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O/IHOCHO XOMOT'€H U aricoiyTaH. Jpyrum pujeunma,
OH Ce€ TocMarpa Kao OIpHjelleH Of penamuja ca
OHHM IIITa ce y BheMy Hanas3u. [IpoctopHa anammsa
y OKBUPY OBE KOHILIETILIH]j€ YIIIaBHOM MOpa3yMHuje-
Ba JoIHpame onpeheHor reorpadcekor ,,00jexkra’
WM TIPOLIECa, PA3IMuUTa Mjepera y OKBUPY EyK-
JHMIOBCKE TeOMeTpHje BezaHa 3a ¢opme o0jeKTa
(IumeH3uje, yaaJjbeHOCTH, MoBpIIuHe...). [Ipema
Harvey (1973) eykiunoBcka reoMeTpuja jecTe Beo-
Ma OMTHA M peJieBaHTHA IIPUITMKOM PETpe3eHTalH]e
pasmjeriraja objexara y pU3MKaIHOM HPOCTOPY.
OmHa je ,,pupojIHa TeOMETpHja caoOpa3Ha HAYMHU-
Ma Ha KOj! ()yHKLIMOHHMIITY HHXUE-EPCTBO U rpal)e-
BuHa” (Harvey, 1973, ctp. 29). Mehytum, BaxHO je
HAIOMEHYTH Jia ce IpH ToMe HU opma o0jekTa, a
HHTH H-ET0Ba JIOKAIWja He CTaBJbajy Y (PyHKIHMOHAII-
HY 3aBHUCHOCT Ca JIPyTHM €JIEMEHTHMAa OKPYXKeHmha
(Tpudynoswuh, 2020). OBakBa OHTOJIOTHja TIPOCTOPA
MPWIMKOM HHTEpIIpETaIyje IpyIITBeHUX Mpolieca,
y CTBapH, CKpHBA COLMjaJHy MPUPOIY MPOCTOP-
Hoctu. OHa je Hau3IIe HeyTpasHa, Tj. ,,MpTBa‘
M03aJHA JIPYIITBEHUX KpeTama, IPUKpUBajyhu
H-ETOBY JIPYIITBEHY MPOU3BEICHOCT U yTHIIAjE KOje
»CaJiprkaBame™ y oapeh)eHoM MmpocTopy MMa Ha
JPYIITBEHE TpoIIece.

Hacynpot ¢u3ukaiHoj napaaurmu, y Kojoj je
MPOCTOP HEKa BPCTa TPAHCTIAPEHTHOT Me/IHja Mpei-
cTaBJbamba 00jekara, rmojam cajpkaBarba MOXe OUTH
cxBaheH W Tako J1a ce MPOCTOp UHTEPIpPETHpa y
Kay3aJHO-CUCTEMCKOj BE3H Ca OHHMM IIITO CaJipiKa-
Ba. AHTUYKU U3BOPU POCTOPHE MHUCIIH, Ha KOj€ Ce
notpeOHo Bpahary, ynyhyjy 1 Ha Ipyro TymMadermne
O/IHOCA MPOCTOPHUX (POPMH U APYIITBEHUX IPO-
reca uyBajyhu OutHy pasnuky usmely ¢uznkan-
HO-JIOKAIIMOHOT aCMEeKTa IPOCTOPHOCTHU (100) U
OHTOJIOMIKO-penanroHor (16mog) (TpudyHnosuh,
2020). OBo Apyro 3HaYECHE OTHOCA CATPHKABAOLA U
caJp KaBaHOT (TOMOC) U3PAKEHO je MPEeKo ApHCTO-
teoBor TepmuHa nepiEyew (Trifunovié, 2020), mro
01 y TpeBOy O3HA4YaBajO CBOjCTBO CaJipKaBaolia
Jla CBOJUM JjjerioBameM omoryhasa cazipkaBaHOM
HETOBY (DYHKIIMOHAJIHY aKTUBHOCT, OTHOCHO OMO-
ryhaBa EBeroBo MoCTojame, OIBUjarbe U MaHu(ecTa-
yjy. CangprkaBare Ha HAUMH TOIOCA, AAaKJIe HUje
OIPaHUYECHO CaMO Ha HEKaKBO MPOCTO (PU3UKAIHO
caJp)KaBambe, HETro je MUIJBEHO OHTONIOMIKH. OHO
Ce OTHOCH Ha CBE OHO IITO MOCTOjarbe Ca/ipyKaBa-

characteristic of this ontology is that space is,
in fact, empty, homogeneous and absolute.
In other words, space is seen as freed from
relations with what is in it. Spatial analysis
within this concept mainly involves locating
a specific geographical “object” or process,
various measurements within Euclidean ge-
ometry related to object forms (dimensions,
distances, surfaces...). According to Harvey
(1973) Euclidean geometry is very import-
ant and relevant when representing the ar-
rangement of objects in physical space. It
is a “natural geometry consistent with the
ways in which engineering and construction
work” (Harvey, 1973, pp. 29). However, it
is important to note that neither the form
of the object nor its location are placed in
functional dependence with other elements of
the environment (Tpudynosuh, 2020). Such
an ontology of space when interpreting so-
cial processes, in fact, hides the social nature
of spatiality. It is apparently neutral, i.e. a
“dead” background of social movements, con-
cealing its social production and the effects
that its “containment” in a certain space has
on social processes.

Contrary to the physical paradigm, in
which space is a kind of transparent medium
for the representation of objects, the concept
of containing can also be understood so that
space is interpreted in a causal-systemic con-
nection with what it contains. Ancient sources
of spatial thought, which need to be returned
to, point to another interpretation of the re-
lationship between spatial forms and social
processes, preserving the essential differ-
ence between the physical-locational aspect
of spatiality (mov) and the ontological-re-
lational (t6moc) (Tpudynosuh, 2020). This
second meaning of the relationship between
the container and the contained (topos) is
expressed through Aristotle’s term mepi€yewv
(Trifunovi¢, 2020), which in translation would
mean the characteristic of the container that
through its action enables the contained its
functional activity, i.e. enables its existence,
unfolding and manifestation. Topological
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HOT 3axTHjeBa Win JoHocu ca cobom (Tpudyno-
Buh, 2020). [Ipema Tome, 1a Ou ce OITOBOPUIIO
Ha mHUTame oapehene npocropue popme HEKOT
JPYLITBEHOT TIpoLieca, Hy>KHO je pa3MarpaTH Taj
JPYIITBEHH Tpoliec y 1jenuHu. CBaka JjenaTHoCT
KOja je MPOCTOpHA MUMa HEKONMMKO acrekara. OHa,
u3mely ocranor, ykipydyje y cebe 3axTjeB 1a ce
U3BpILHM ofipel)eHa KOHCTPYKIIMja T3B. MaTepHjaTHIX
o0jekara, TUIaHUpa U HAIMPaBU HHXOB IMPOCTOPHH
pacriopeq;, T€ 3a TO CIy)KH HaBe/eHa (pU3UKaTHA
KOHIIeNIKja npoctopHocTH. Mehytum, mTa je ca
Pa3IMYUTHM JPYIITBEHHM OJHOCHUMA, 3HAUCHUMA,
cmuciom? Koja BpcTa mpoCTOPHOCTH HUX CapiKa-
Ba? Kako ce oHa nokasyje? XapBujeB OAroBOp Ha
OBa [MUTarba BOJIM ITPEKO aHAIN3e YpOAHUX I]jeJIHa,
O/IHOCHO apXUTEKTYPHHX €JIEMEHATa, IIPU YeMy ce
pazuKyje PU3NKATHO-MATEPHjATHH ACTIEKT O CHIM-
OOJIMYKOT MJTM 3HAYEH-CKOT aCTEKTa MMPOCTOPHOCTH
(Harvey, 1973).

CBaku apXUTEKTOHCKU HIJIM TPOCTOPHO-YP-
OaHUCTUYKH 3aXBaT HOCH ca coboMm u oapehe-
HU KOHIIeNT, oapeleny uiejy, OJHOCHO MOPYKY
KOja JI0J1a3u ca BU3YEITHUM HJICHTUTETOM 00jeKTa,
HAYMHOM KOH(UTrypaiuje, pacnopeaom, 6ojama,
Marepujanuma. [IpyruM pujedrmMa, IpoCTOPHOCT
cxBaheHa Ha HAYMH TOMOCA, TIOPE OCTAJIOT, CaAP-
’aBa M cCMMOOJINYKE, OTHOCHO 3HAUCH-CKE €IIEMEH-
TE Ha KOJUMa, 3aIlpaBo, MOYMBA KYITYpa.

Pazymjetu npoctopHy opmy, 1aTH H-eHY eBa-
Tyauujy, 3a XapBuja, 3Ha4d pa3yMjeTu KpeaTus-
Ha 3HaYeHa Koja Cy joj MHXEPEHTHA, a MOCEOHO
EHY KapaKTEePUCTHKY MEIHjaTHOCTH, OJHOCHO
CMOCOOHOCT J1a MPEHOCH Pa3IUuUTa CUMOOINYKA
3HauYea KojuMa je Moryhe MaHuIynucara. 300r
TOTa JPYLITBEHA NMPOCTOPHOCT ,,caAprkaBa“ Ha
cacBUM Jipyrauuju HauynH. OHa je ,,KOMIUIEKCHa,
XeTeporeHa MOXJIa YaK M JAUKOHTHUHYyaJlHA U 3a-
CUTYPHO JIpyraddja oj (pU3UKaJIHOT MPOCTOpa Yy
KOjeM ITaHepH U HHKUEbEPU yoOrUajeHo Jjeryjy*
(Harvey, 1973, ctp. 34).

OBakaB NPHUCTYII, HAPABHO, MTOAPa3yMHjeBa U
jJeIHy APYTY BPCTY METOIOIOIIKO-UCTPAKUBAYKOT
amapara, Hero IITO je TO Cly4aj KaJ ce paau O
UCTPaKUBAKY y OKBHUPY CapKaBarma M3 BU3YPE
(u3MKaTHE KOHIIETIIIH]E IPOCTOPHOCTH.

I'eorpaduja, nakie, MOpa HOCTaTH HEKa BPCTa
MHTEPIIPETAllMOHE TEOpHje, OJJHOCHO XEpMEHe-
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containing, therefore, is not limited only by
the physical aspect, but is meant essential-
ly. It refers to everything that the existence
of the contained requires or brings with it
(Tpudynosuh, 2020). Therefore, in order to
answer the question of a specific spatial form
of a social process, it is necessary to consider
that social process as a whole. Every activity
that is spatial has several aspects, i.e. includes
the requirement to carry out a specific con-
struction of so-called material objects, plan
and make their spatial layout, etc. and that
is what the mentioned physical conception
of spatiality serves us. However, what about
different social relations and meanings? What
kind of spatiality does it contain? How does
it show? Harvey’s answer to these questions
leads through the analysis of urban units, that
is, architectural elements, whereby the physi-
cal-material aspect differs from the symbolic
meaning aspect of spatiality (Harvey, 1973).

Every architectural or spatial-urban inter-
vention carries with it a certain concept, a cer-
tain idea, that is, a message that comes with the
visual identity of the object, the type of configu-
ration, layout, colors, materials. In other words,
spatiality, understood in the manner of a topos,
also contains symbolic, that is, the meaningful
elements on which, in fact, culture rests.

To understand the spatial form, to give its
evaluation, for Harvey, means to understand
the creative meanings that are inherent in
it, and especially its characteristic of medi-
ality, that is, the ability to convey different
symbolic meanings that can be manipulated.
Therefore, social spatiality “contains” in a
completely different way. It is “complex, het-
erogeneous, perhaps even discontinuous, and
certainly different from the physical space in
which planners and engineers usually operate”
(Harvey, 1973, pp. 34).

This approach, of course, implies a differ-
ent type of methodological-research apparatus
than research with the view of the physical
conception of spatiality.

Therefore, geography must become a kind
of interpretative theory, that is, hermeneutics
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yTuke mnpoctopa. OHa Tpeba UCTpaKuBaTu CHUM-
O0NIMYKY CTpaHy MPOCTOPHHUX (POPMHU, HAJIA3UTH
o0pactie pearoBama 10jeJMHUX JPYIITBEHUX TPY-
na Ha ofpeheHa 3Ha4Yema Koje MpocTopHe Gopme
WHXEepeHTHO Tocjenyjy. Ilog yrunajem Xapsuja
JIOIILIIO j€ JI0 pa3Boja METOOJIOTH]E UCTPAKUBAHA
yTHI[aja IPOCTOPHOT CUMOOIN3MA Ha JbY/ICKH KU~
BoT U pazx (Castree, 2007).

MelyTuM, yKOJIHMKO Ce U3BPIIM MOBPATaK Ha
KOHIICTIIIN]Y Cajp KaBarba YMjU j& OHTOJIOLIKH Ka-
paxkTep 03Ha4E€H TEPMUHOM TOIMOC U YKOJIHMKO CE
HampaBy CHHTE3a ca XapBHjeBUM TyMaucmhUMa
JPYLITBEHE MPOCTOPHOCTH, OHJA C€ JIETUTHMHO
MOK€ 3aKJbYUUTH Jla APYIITBEHA aKTUBHOCT (Xe-
TeporeHa npuposa (akropa u ynaora mojeaAMHUX
JPYIITBEHUX TPYIa) MOXKE PA3IUYUTO yTULATH
Ha KapaKTEepUCTUKE TOT cajpkaBama. To oTBapa
MUTake KpUTEpHjyMa BepuHKallje M0jeIMHUX
BPCTa MPOCTOPHOT CaJpKaBarba, Te HAYMHA Ha KOjH
ce MOXKe yIpaBJbaTH MpolecuMa Koju oapelyjy
KapakTep cajapxaBama. [Ipeymibeme y Be3u mu-
Tara UICTHHUTOCTH XapBHjy oMoryhasa J1a yTBpau
Taj KPUTEPHjyM TPEKO MOjMa JPYIITBEHE TPaB/e
(Harvey, 1973), a nocpenHo na nohe u 10 Kpure-
pHjyMa KBaJIMTaTUBHOT PAa3IMKOBamka TEOPH]ja KOje
ce 0aBe OTHOCOM IMPOCTOPHUX (hOPMHU U JPYIIITBE-
HUX IIpoIieca Ha OHE KOje Cy PEBOIYLIMOHAPHE, KOje
OZIpIKaBajy status quo N Ha KOHTPAPEBOIYIIMOHpa-
HE TeopHje.

3AKJbYYHAK

bantumopcko npeymibeme Jlejsuna Xapauja
U BEroB 3Ha4yaj y Haylnu Moryhe je carnenaTtu
U TpeMa BEeJIMYMHH ,,exa‘’ KOju ce CTBOPHO Kao
peakiMja Ha HeroBe pajaoBe (1 00MMOM HayudHE
MPOIYKIMje KOja je TIOTOM HacTaia), moceOHO Ha
kwury Social Justice and the City (1973). XapBu
j€ OBOM KEbUTOM reorpadujy yBeo y pell KIby4HUX
JPYIITBEHUX HayKa 0e3 KOje T3B. IPOCTOPHHU OKPET
(eHm. spatial turn) ocamaeceTux roarHa MpoILIOT
BHUjeKa, Kao jOII YBHjEeK JOMUHAHTHA Mapajurma
JPYIITBEHUX U XyMaHUCTHUYKUX HayKa, He 01 610
Mmoryh. IToce6HO je OuTHA KpUTHYKA AUMEH3HUja
TOT IIPeoKpeTa MoMohy Kojer ce, n3a Bejia HaBOIHE
BPHjEAHOCHE HEYTPATHOCTH KBAaHTUTHBHO-TIO3HU-
THUBHUCTUYKOT TPUCTYTIA, TIOKa3aja U TaMHA CTpaHa

of space. It should explore the symbolic side
of spatial forms, find patterns of reaction of
certain social groups to specific meanings that
spatial forms inherently possess. Under the
influence of Harvey, there was a development
of the research methodology of the influence
of spatial symbolism on human life and work
(Castree, 2007).

If a return is made to conception of con-
taining, whose ontological character is denot-
ed by the term topos, and if a synthesis with
Harvey’s interpretations of social spatiality
has been done, then it can be legitimately
concluded that social activity (heterogeneous
nature of factors and the role of certain social
groups) can differently affect the characteris-
tics of that containing. This raises the question
of criteria for verification of certain types
of spatial containing, and the way in which
the processes that determine the character of
containing can be managed. Verificational
conversion allows Harvey to determine that
criterion through the concept of social justice
(Harvey, 1973) and indirectly to arrive at a cri-
terion for qualitatively distinguishing theories
that deal with the relationship between spatial
forms and social processes into: those that are
revolutionary, those that maintain the status
quo and those that are counter-revolutionary.

CONCLUSION

David Harvey’s Baltimore conversion and
his importance in science can be seen by the
size of the “echo” that was created as a reac-
tion to his works (and the volume of scientific
production that followed), especially to his
book Social Justice and the City (1973). With
this book, Harvey introduced geography to the
ranks of key social sciences, without which
the so-called the spatial turn of the 1980s, as
the still dominant paradigm of social sciences
and humanities, would not have been possible.
Especially important is the critical dimension
of that reversal, through which, behind the
veil of the supposed value neutrality of the
quantitative-positivist approach, the dark side
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MJIABEH TPUOYHOBUR
MLADEN TRIFUNOVIC

MIOBE3aHOCTH MPOCTOPHOCTH, MONH U eKcIIIoara-
1je. Ma koimko XapBujeBa MpoMjeHa rapajurme
O1s1a KOMIUIEKCHA, Ma KOJIMKO je OHA JIyTaJla, IeH
j€ U3BOp BEOMa JeZTHOCTaBaH M MOJKE CE CBECTH Ha
MUTakE CMUCIIA HAYYHOT aHrakmana. OHO peBo-
JTyLHOHApHO KoJ XapBHja jecTe yrnpaBo TO IITO
j€ MUTame JAPYIITBEHE MpaBJe MOCTAI0 KIbYYHO
MUTambe, KAKO TEOPHU)CKO-METOIOOLIKOT, TAaKO H
MPaKTHYHOT JjenoBama. M3 Tor neHTpa pasBuia
ce 1 OH/a U ofpeheHa enucTeMonoruja Kojy ouc-
MO MOTJIM Ha3BaTU €MHCTEMOJIOTH]OM OpIKHOC-
TH 0a3upaHe Ha EMaHLMIALN]CKOM HHTEpecy 3a
IpymTBo y mjenuHu. Ha oBaj HaumH reorpadcka
HayKa, 3aIrpaBo, JI0)KHUBJbaBa CBOje TEOPH)CKO U
MIPAaKTHYHO (HE U METOIOJIOIIKO) 3a0KpYyKEHe Ou-
Bajyhu M3ByuYeHa, KaKo U3 BPHjeTHOCHOT BaKyyMa
y KOjH je 3amajia, Tako U U3 JJABUPUHTA PA3INIUTHX
TEOPUjCKUX cablacTH Koje Cy HEeHY Hay4yHOCT H
JPYLITBEHY PEICBAHTHOCT JOBOAMIIEC Y TIUTAHE.

To je 3ampaBo TeMeJbHH pe3yaTaT ,,0ainTH-
MOPCKOT* TIpeyMJbeHha U KPUTHUYKE Treorpaduje
HejBuna Xapsuja.

of the connection between spatiality, power
and exploitation was revealed. No matter how
complex Harvey’s paradigm shift was, no mat-
ter how wandering it was, its source is very
simple and can be reduced to the question of
the meaning of scientific engagement. What is
revolutionary about Harvey is precisely that
the issue of social justice has become a key
issue, both theoretical and methodological, as
well as practical. From that center, a certain
epistemology developed, which we could call
the epistemology of care based on the eman-
cipatory interest in society as a whole. In this
way, geographical science actually experiences
its theoretical and practical (not methodologi-
cal) integrity, being pulled out both from the
value vacuum into which it fell, and from the
labyrinth of various theoretical specters that
questioned its scientificity and social relevance.

It is actually a fundamental result of the
“Baltimore” conversion and critical geogra-
phy of David Harvey.
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INPUMEHA I'NC-A Y IIPOHEHHU IOTEHIIUJAJIA COJTAPHE EHEPI'UJE Y
OIIIITUHHA KYPITYMJIMJA

Hajana Temmh®

"Vuusepauter y HoBom Cany, [lpuponno-maremarnuku daxynret, Hopu Cazn, Cpouja

Caskerak: 3araljerbe JKHBOTHE CPEIMHE U INIOOATHO 3arpeBamke akTyellHe Cy TeMe MOCIEIbUX HEKOIUKO aeteHnja. ConapHa
SHepruja je HajpaclpoCcTpameHUji 0OHOBJEMBH M3BOP €HEpPIHje M HUje OTPaHIYeH Y BpeMeHy u mpoctopy. Ctora, TIoCTojH Be-
JIFKa MoTpeda 3a HHCTATMPARkeM MPOM3BOIHUX MOTOHA KOjU KOPHCTE 0OHOBJBHBE U3BOPE CHEPTH]E, & HAPOIUTO CONIAPHY CHEp-
rujy. Omabup HajIIoroHMje JIOKAIIK]e 32 HHCTAJIAIN]Y COJIAPHUX MOCTPOjeHba je OCHOBHH IPEIYCIIOB 3a CKOHOMCKH OIPaBIaHy
nnBectuijy. Y CpOuju je HajBehu moTeHnmjan conapHe eHepruje y HICTOYHOM, jY>)KHOM U JyTOMCTOYHOM JIEITy 3eMJbe, T€ je 3
HCTpa)KMBaHO ToApy4je n3abpana ommurrHa Kypurymnmja. Y oBoM pay NpUMEHOM reorpa)ckiux HHGOPMAIMOHUX CHCTEMa
(TUC), n3BpiieHa je npeHTH(UKALM]A TOTOIHNX JIOKALH]ja 33 TIPUMEHY coylapHe eHepruje y onmrinu Kypurymnmja. 3a aHa-
TI3y TIOTEHIjaia CoJlapHe eHepruje y onmruan Kyprrymmija n3zadpaso je 5 ¢gakrtopa: conapHa paamjanyja, Harnd TepeHa,
Ha4YMH KopuInherma 3eMJBHINTA, eKCIO3HINja TepeHa U YAaJbeHOCT Of MyTeBa. Y aHamms3| ¢aktopa je xopumrheHa Analytic
Hiearchy Process (AHP) meTona kako 61 ce ofpeania BayKHOCT CBakor (pakropa. HakoH Tora je u3BpIieHo mpeKiamname ciioje-
Ba omohy anara Weighted Overlay Method (WOM) y ArcGIS Pro codytepy. Pe3ynraru oBe aHami3e ykasyjy Ha TO Ja je YKy-
mHO 19 % mcTpaXkKHBaHOT MOZIpyYja U3y3€THO ITOTOIHO 33 M3rPaJiiby COJIAPHUX elieKTpaHa, 46 % MOBpIIMHE Criajia y yMEpeHo
TIOTOJTHA TIOZIpYYja 3a U3rpamy, 10K je 20.4 % nonpydja Maprunanso noroaHo. Ipeocramnx 14.6 % noapyyja cy 3amruhena
noJpyvja Koja cy UCKJby4eHa U3 aHanm3e. PesysraTi oBor pajja MOry KOPUCTHTH CONTApHIM KOMYHAJIHHM Ipey3ehnma, eHep-
TeTCKUM KOMITaHMjaMa ¥ KpeaTopuMa ITOIUTHKE Ja ogabepy MOTeHIMjajlHa MeCTa 3a U3IPajiiby CONApHUX EJICKTPaHa.
Ksbyune peun: comapua enepruja, [ UC, o6HOBIEMBHY m3BOpH eHepruje, AHP ananmsza, Kypurymmmja.

Original scientific paper

APPLICATION OF GIS IN SOLAR ENERGY POTENTIAL ASSESSMENT IN
KURSUMLIJA MUNICIPALITY

Dajana Tesi¢!”
"University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia

Abstract: Environmental pollution and global warming have been ongoing topics for the last few decades. Solar energy is
the most widespread renewable energy source and is not limited in time and space. Therefore, there is a great need to install
generating plants that use renewable energy sources, especially solar energy. Choosing the most suitable location for the
installation of solar plants is a basic precondition for an economically justified investment. In Serbia, the greatest potential of
solar energy is in the eastern, southern and southeastern part of the country, therefore the municipality of KurSumlija was chosen
for the study area. In this paper, the identification of suitable locations for the application of solar energy in the municipality of
KurSumlija was performed using geographic information systems (GIS). For the analysis of the potential of solar energy in the
municipality of Kursumlija, 5 factors were selected: solar radiation, terrain slope, land use, aspect and distance from roads. The
Analytic Hierarchy Process (AHP) method was used to determine the importance of each factor. The layers were then overlaid
using the Weighted Overlay Method (WOM) tool in the ArcGIS Pro software. The results of this analysis indicate that a total
of 19 % of the investigated area is extremely suitable for the construction of solar power plants, 46 % of the area belongs to
moderately suitable areas for construction, while 20.4 % of the area is marginally suitable. The remaining 14.6 % of the areas
are protected areas that were excluded from the analysis. The results of this work can be used by solar utility companies, energy
companies and policy makers to select potential sites for the construction of solar power plants.

Key words: solar energy, GIS, renewable energy sources, AHP analysis, KurSumlija.
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YBOA

OOGHOBJBHBY U3BOPH CHEPIHje Ka0 HEUCLIPITHU
M3BOPU CHEpruje CBe BHUILE J00M]jajy Ha 3HAYAjy y
CBETY, C 0031poM Ha cBe Behe miobanHe norpede
3a eHeprujoM. CyHueBa eHepruja npeacTaBiba je-
JIaH OJ1 KOPUIITNEHUjUX BUI0BA OOHOBJEUBUX M3BO-
pa eHepruje. MehyHaponHa areHuuja 3a eHeprujy
(International Energy Agency —IEA) npornosupana
je a 6u conapHa eHepruja Moria ga Oyne u3Bop
YETBPTUHE EHEPIHj€ Y CBETCKO] €IEKTPO MPEKH JI0
2050. romune (International Energy Agency, 2020).
Ipema u3Berurajy SolarPower Europe (2020), cBer
je Ha noOpom myTy. EHepruja cyHiia npeacraBiba
JeIaH of EHEepreTCKUX MoTeHuujana Pemyomuke
Cpbuje, Koju ce MOXKE KOPHCTHUTH 3a MIPOU3BOALY
TOIJIOTHE WJIM EJIEKTPUYHE eHepruje. IHTeH3urer
cynuese panujaipje y Cpouju je mel)y Hajpehuma
y EBporn 1 u3nocu usmehy 1500 u 2200 yacoBa
roguise. [locMarpano Ha roUIIE-EM HUBOY, TIPO-
Ce4yaH MHTEH3UTET CYHUEBOT 3payerba U3HOCH OKO
1200 kWh/m?/romuiiise, y HEHTPATHOM JeITy U3HO-
cu oko 1400 kWh/m?/roquiise y ceBepo3amnaaHom
neny CpOuje, TOK je Ta BPEAHOCT Y JyTOUCTOYHO]
Cp6uju oxo 1550 kWh/m?/ronuime (Ctpareruja
pa3Boja eneprerrke Penmyomuke Cpouje o 2025.
roguHe ca npojekiujama 10 2030. romune, 2015).
Bynyhu na nmoros 3a mpou3Bozmy (OTOHAIIOHCKE
EJIEKTPUYHE SHEPrHje pay TOKOM YETUPH TOAUILIEHA
n00a, ozIpyyje UCTpaKUBamba oJadpaHo je Ha oc-
HOBY TOMIIIIHET KyMYJIaTHBHOT CyHYEBOT 3padyetha
(Choi et al., 2013). Hajoosp1 yciioBU 3a KOPUILITEHE
COJIapHE EHEprHje Cy y JY’KHOM JIeTy 3eMJbe, Hapo-
YUTO y TpazioBUMa Kao 1Ito cy Bpame, Kyprrymmmja
u Hum. Ha Ca1. 1 je npuka3zaHo mpoceyHo COapHO
3paueme y pa3muuTuM aenosuma Cpouje.

INTRODUCTION

Renewable energy sources as inexhaust-
ible energy sources are becoming increasingly
important in the world, given the growing
global energy needs. Solar energy is one of the
most used types of renewable energy sourc-
es. The International Energy Agency (IEA)
has predicted that solar energy could be the
source of a quarter of the world’s electricity
grid by 2050 (International Energy Agency,
2020). According to a report by SolarPower
Europe (2020), the world is on the right track.
Solar energy is one of the energy potentials
of the Republic of Serbia, which can be used
for the production of heat or electricity. The
intensity of solar radiation in Serbia is among
the highest in Europe and amounts to be-
tween 1500 and 2200 hours a year. Observed
annually, the average intensity of solar ra-
diation is about 1200 kWh/m?/year, in the
central part it is about 1400 kWh/m?/ year
in the northwestern part of Serbia, while in
Southeast Serbia it is about 1550 kWh/m?/year
(Crpareruja pa3Boja eHepreruke PemyOnuke
Cpbuje no 2025. rogune ca mpojeKiujama o
2030. rogune, 2015). Since the plant for the
production of photovoltaic electricity operates
during four seasons, the research area was
selected on the basis of annual cumulative
solar radiation (Choi et al., 2013). The best
conditions for the use of solar energy are in
the southern part of the country, especially in
cities such as Vranje, KurSumlija and Ni$. In
Fig. 1 is shown the average solar radiation in
different parts of Serbia.
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Ca. 1. IIpoceuno conapHo 3pauewme y Penyonunu Cpouju
Fig. 1. Average solar radiation in the Republic of Serbia

I'NC anatu cy n3y3eTHO NOTOJIHH 32 ITPOLIEHY
MOTEHIIMjajla COJapHUX CHUCTEMa 3a MPOU3BOIBY
enexkrpuuHe eHepruje (Choi et al., 2013). Carrion
et al. (2008) mpemIoKUIU Cy CUCTEM 3a JOHO-
iemhe OIyKa 3a opehuBame onTUManHoOr Mo-
JI0Kaja coJjlapHe eeKTpaHe ¢ 003MpOM Ha YTHIIA]
Ha XUBOTHY cpenuny npuMmenoMm ['MC-a u AHP
metozie. Charabi u Gastli (2010) ananuzupanu cy
MoryhHoctu conapse enepruje kpo3 I'IC nporre-
HY MOTEHIMjaJ1a U3rPabe COIAPHOT EHEPreTCKOr
cucrema y Omany. Janke (2010) je unentuduxoBao
MecTa ca BEIMKUM MOTEHIINM]JaIoM 3a KopHuIlllheme
00OHOBJHHMBHX U3BOpa eHepruje y Komopaay kopuc-
tehu Buiekputepujymcko moaenupame y ['C-y.
Takohe, y MHOrUM pazioBUMa Cy KOpHUIIheHU re-
OMH(OPMAIIMOHN CUCTEMHU 32 KOMOMHOBAHE CO-
JIAPHOT MOTEHIMjajla ca HIIP. pacloioKUBoIIhy
3eMJBUIIITA YTBP)EHUM Ha OCHOBY YCJIOBa Haruoa,
HauMHOM KopuIThema 3eMJBUIITA U YIaJbeHOIINY

GIS tools are extremely suitable for as-
sessing the potential of solar systems for elec-
tricity generation (Choi et al., 2013). Carrion
et al. (2008) proposed a decision-making
system for determining the optimal position
of a solar power plant with respect to envi-
ronmental impact using GIS and AHP meth-
ods. Charabi and Gastli (2010) analyzed the
possibilities of solar energy through a GIS
assessment of the potential of building a solar
energy system in Oman. Janke (2010) iden-
tified sites with great potential for the use of
renewable energy sources in Colorado using
multicriteria modeling in GIS. Also, in many
works, geoinformation systems were used
to combine the solar potential with e.g. the
availability of land determined on the basis of
slope conditions, the manner of land use and

4

the distance from roads. Curi¢ and Durlevié
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ox cao6pahajunia. Curié u Durlevi¢ (2019) y cBom
uctpaxusamwy cy xkopuctunu ['MIC texnonoruje
3a M3padyHaBame MOTEHIMjajla COJIapHE EHepruje
y oniutiHU Bpame kopuctehu Temarcke ciojese
Haruba TepeHa, eKCIo3MIMje pesbeda, HaUMHA
kopuirhema 3eMJbUIITA, 3alITHNEHA TOAPYY)a,
O6mmu3uHy caoOpahajauia u 6mu3uHy Hacesba. Ko-
pumheme 'MIC-a 3a BpegHOBame MOTEHLIU]aI-
HUX JIOKAaIMja COJIApHHUX MOCTPOjerba, OJ] BEJINKE
j€ B&KHOCTH NIPH JOHOLICHY OIIyKa Ha PErHo-
HAJHOM M JIOKQJTHOM HHBOY, a IOpPE]] CyHUYEBOT
3pauema Off BEJIMKOT 3Hauaja je y3eTH y 003up
€KOHOMCKE, EKOJIOIIKE, TEXHUYKE, COLMjalTHE U
¢axrope uzrpanme (Choi et al., 2019).

VY Peny6nuuum CpOuju je cuTyaruja ca UCKo-
pHIITaBA-EM COJIApHE EHEPTHje Marbe MOBOJbHA. C
003MpPOM Ha HEIOBOJHHO PA3BHjEHO TPXKHUILITE U yC-
JIOBE 32 pa3B0j OOHOBJBHBUX U3BOpa eHepruje y Cp-
OWjH OJ1 BENHKE j& BAYKHOCTH UCTPAXKHUTH OIILIH]E 32
KopuItheme 00HOBJBUBHX H3BOPA EHEpruje. Y OBOM
pamy he OuTH HCTpaKEHH MOTEHLIMjAITN KopUIthersa
comapHe enepruje y ormutuay Kyprrymnmja. [taBan
LIJb OBOT pajia je 1a ce, momohy reorpa)ckux MH-
(opMalMOHKX CHCTEMA M IOCAIAIIEbUX UCKYCTaBa
koputthema 00HOBJBUBUX U3BOpA EHEPTH]E, OIPEIIH
TIOTEHLIMjaJT COJIApHE EHEPIHje Ha MOPYYjy OIIITH-
He Kypurymnyja, Te Aa ce mojcrakHe mpumnpema
KOHKPETHHX TIJIAHOBA KOPHIITEHA PACTIONOKHBUX
SHEPreTCKUX MOTEHIINjala, KaKo y OIIITHHH, TAKO
1 Ha nipocTopy unrtase Pemyomuke Cpouje.

NCTPAKMBAHO TIOAPYYJE

Ommruna Kyprrymnuja ce Hanasu y jy)KHOM
nemy Cpouje u npunana Torummakom okpyry (Co.
2). IMoBpimHa omntiHE u3HOCH 952 km?, ot yera
uryme 3ay3umajy 57.1 % teputopuje. Cmernrena je
Ha 06omy Kypurymijcke KOTarHe, Ha jyrOMCcTod-
HUM naguHaMa KomaoHuka u ceBepHO3anaHIM
naauHama Panan nnanune. Teputopuja onmru-
He Kypurymnuja cmemtena je y UeHTpajaHOM H
TOpHEM TOKy peke Tormie, kKao Uy CIIMBOBUMA
weHux nputoka Kocanune n bamcke. ['pannun
ce ca onmruHama brnane, bpyc, Menseha, Jle-
nocasuh u [lomyjeBo, rie ce Hanase aBa MpeBoja
— Ipenonar u Mepnape. Ha Teputopuju unrase
OILITHHE, IpeMa nojanuma nonuca us 2011. ro-
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(2019) in their research used GIS technologies
to calculate the potential of solar energy in the
municipality of Vranje using thematic layers
of terrain slope, aspect, land use, protected
areas, proximity to roads and proximity to set-
tlements. The use of GIS to evaluate potential
locations of solar plants is of great importance
in decision-making at the regional and local
level, and in addition to solar radiation it
is important to take into account economic,
environmental, technical, social and construc-
tion factors (Choi et al., 2019).

In the Republic of Serbia, the situation
with the use of solar energy is less favorable.
Given the underdeveloped market and condi-
tions for the development of renewable energy
sources in Serbia, it is of great importance
to explore options for the use of renewable
energy sources. This paper will explore the
potentials of using solar energy in the munic-
ipality of KurSumlija. The main goal of this
paper is to determine the potential of solar
energy in the municipality of KurSumlija,
using geographic information systems and
previous experiences of using renewable en-
ergy sources, and to encourage the preparation
of specific plans for the use of available en-
ergy potentials, both in the municipality and
throughout Republic of Serbia.

STUDY AREA

The municipality of KurSumlija is located
in the southern part of Serbia and belongs to the
Toplica district (Fig. 2). The area of the munic-
ipality is 952 km?, of which forests occupy 57.1
% of the territory. It is located on the edge of the
KurSumlija valley, on the southeastern slopes of
Kopaonik and the northwestern slopes of Radan
mountain. The territory of the municipality of
KurSumlija is located in the central and upper
course of the river Toplica, as well as in the
basins of its tributaries Kosanica and Banjs-
ka. It borders the municipalities of Blace, Brus,
Medveda, Leposavi¢ and Podujevo, where there
are two passes — Prepolac and Merdare. On the
territory of the entire municipality, according to
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nuHe, )kuBu 19213 cTaHOBHUKA, CMEIITEHUX Y
jemHoM TpajckoM U 89 ceockux Hacesba. UuTaBa
TEPUTOPHja OMNIITHHE MMa jaKO TIOBOJHHE YCIIOBE
3a MPOU3BObY COJIApHE €HEpruje, jep je mpo-
CEYHO TOJUIILE CONApPHO 3padyewe Behe Hero y
octanuM aenoBuma Cpbuje. [lo usrpanme mnpse
conapue enekrpane 2012. ronuHe, oBaj orpoMaH
noteHuyjan onmtrHe Kypirymnuja yomnre Huje
01O UCKOPHILTEH.

the data from the 2011 census, there are 19213
inhabitants, located in one urban and 89 rural set-
tlements. The entire territory of the municipality
has very favorable conditions for the production
of solar energy, because the average annual solar
radiation is higher than in other parts of Serbia.
Until the construction of the first solar power
plant in 2012, this huge potential of the munici-
pality of KurSumlija was not used at all.

Cu. 2. ITonoxaj uCTpakuBaHOT TOAPYYja
Fig. 2. Location of the study area
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TTIOJIALIY Y METOJIE

VY 0BOM pajy Cy 3a aHalIM3y NOTEHIHjaTHUX
JIOKaIMja 3a U3rpajiiby COJAPHUX eNIeKTpaHa Ko-
puithenn reonHdopmanmonu cuctemu. Kako 6u ce
n3abpalie HajIoroJHUjE JIOKALMje 3a KOpUIIheme
coJlapHe eHepruje, MOTpeOHO je yTBPAUTH (hakTope
KOJU YyTHYY Ha OAP>KUBOCT COJIAPHUX EJIEKTpaHa
Ha UCTpaKuBaHOM noApy4jy. Tpenytao y CpOuju
HE MOCTOje MPOIUCH KOjU PEIU3UPajy YCIIOBE Te-
PEHa 3a U3rpajiby COJApHUX EJIEKTpaHa, CTora cy
onabpanu (pakTOpu OBOT HCTPAKHUBAHA H3a0paHH
Ha OCHOBY MHIIUBbEHA CTPYUHAaKa U MPETXOIHUX
UCTPAKUBAYKUX CTyAHja. Y OBOM HMCTPAXKUBAY,
3a Kpeupame KapTe IMOroJHOCTH 33 MHCTAJalujy
COJIApHMX eNieKTpaHa y ommtuHu Kypurymiuja,
nzabpanu cy cinenehu npenucnonupajyhu gax-
TOpHU: Haruo, eKCIOo3UIINja, HAaYuH KopHIIhema
3eMJBHINITA, YAaJbEHOCT O] mocrojehe mHppa-
CTPYKTYpE, Ka0 U TOUIIHA KOJTMYMHA CyHYEBOT
3paver-a UCTpaXuBaHOT nozpydja. Mako je cBako
MoJpydje Pa3InYUTO MO KapaKTepUCTUKaMa, 3a
yrpaamwy GoronanoHckux (PV) mocrpojema mory
ce a”Haimm3uparu HaBezeHu (akropu (Merouni et
al., 2018).

[Toganm o0 WHCONAIM]H MOAPYYja UCTPAKH-
Bama cy m3Bezenn 3 ASTER rmoGanHor qururai-
Hor mozena enesanuje (DEM, pesomymumja 30 m)
kopuirhemeM anara Area Solar Radiation. Haru6
TepeHa MPeACTaB/ba BEOMa BaykaH (haKkTop KaJja ce
aHaJIM3Upa IMOroIHA JIOKALM]a 32 MHCTATMPAHE CO-
JapHUX eNeKTpana. HajnpukinaaHuju cy TepeHu ca
M3y3eTHO O1aruM HaruOoM, pajay JaKIie MPUCTY-
MAYHOCTH TOKOM U3TPAJIEHE €IEKTPaHa ¥ CMAHEHOT
pusuka o1 Mmoryhux Hecpeha umje mance pacty ca
naru6om tepena (Curi¢ & Durlevi¢, 2019). Kap-
Ta EKCIO3UIIMje TepeHa MpHUKa3yje OpHjeHTaLn]y
TepeHa y oHocy Ha cyHie. Penmybnuka CpOuja ce
HaJla3¥ Ha CEeBEPHO] XxeMucdepu, rae je Ha jy>KHUM
€KCIO3UIMjaMa M3JI0KEHOCT TepeHa CYHYEBOM
MHTEH3UTETY HajBeha, ma je jy)KHU TpaBall eKc-
MO3MIIMj€ HAJIIOTOAHU]U 32 U3TPaby CONAPHUX
enexrpana (Curi¢ & Durlevi¢, 2019). Baza mo-
naraka Corine Land Cover kopumihena je 3a mo-
Tpebe nobujama KapTe KopUInhemba 3eMIBHILTA.
[oapyyja momyT mryma, 3amTuheHux moapyyja,
MoOYBapa, peKka u je3epa Cy HeNpHUKIagHa 33 U3-
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DATA AND METHODS

In this paper, geoinformation systems
were used for the analysis of potential lo-
cations for the construction of solar power
plants. In order to select the most suitable
locations for the use of solar energy, it is
necessary to determine the factors that affect
the sustainability of solar power plants in the
study area. Currently in Serbia there are no
regulations that specify the terrain conditions
for the construction of solar power plants,
so the selected factors of this research were
chosen based on the opinion of experts and
previous research studies. In this study, the
following predisposing factors were selected
to create a map of suitability for the installa-
tion of solar power plants in the municipality
of KurSumlija: slope, aspect, land use, dis-
tance from existing infrastructure, and annual
amount of solar radiation in the study area.
Although each area is different in character-
istics, the above factors can be analyzed for
the installation of Photovoltaic (PV) plants
(Merouni et al., 2018).

The insolation data of the study area were
derived from the ASTER global digital elevation
model (DEM, 30 m resolution) using the Area
Solar Radiation tool. The slope of the terrain is a
very important factor when analyzing a suitable
location for the installation of solar power plants.
The most suitable terrains are with an extremely
slight slope, for easier accessibility during the
construction of power plants and reduced risk
of possible accidents whose chances increase
with the slope of the terrain (Curi¢ & Durlevi¢,
2019). The aspect map shows the orientation of
the terrain in relation to the sun. The Republic
of Serbia is located in the northern hemisphere,
where the exposure of the terrain to solar intensity
is greatest at the southern exposures, so the south-
ern direction of the aspect is the most suitable for
the construction of solar power plants (Curi¢ &
Durlevi¢, 2019). The Corine Land Cover database
was used to obtain a land use map. Areas such
as forests, protected areas, wetlands, rivers and
lakes are unsuitable for the construction of solar



[TTACHUK — HERALD 26

rpamy conapHux enekrpana (Yousefi et al., 2018).
Taxole, BpJio je BaKHO Ja coJlapHe eNeKTpaHe Oyry
JOCTYIHE 32 U3TPaiby, Ta j€ HEOMXOIHO Y3ETH Yy
003up ynasseHnoct 1o mytHe mpexe (Choi et al.,
2019). HeorexxaH mpuCTyN TPaHCIIOPTHO] MPEXKH
CMambyje OllepaTuBHE TPOIIKOBE U3rpamhe (Zoghi
et al., 2017). ITomohy anara Euclidean Distance y
coptBepy ArcGIS Pro je uspauynara ynaseHOCT
OJ1 MyTHE MPEXe Y UCTPaKUBaHOM nozipyyjy. [To-
Jlaly O 3aTHhEeHNM MOJpyYjuMa Ha TEPUTOPHjH
ommruHe Kyprrymnuja cy npeyseru u3 CBercke
6a3e noxaraka o 3amruheHumM noapyyjuma. Pazmu-
YUTUM KJIacama TEMaTCKHX CJI0jeBa J0JeJbEHE Cy
BPEIHOCTH OLICHUBAMha KOje 0/IroBapajy lHUXOBOM
pEIaTUBHOM JOIPHHOCY JIAKIIEM MOCTaBJbaby
COJIapHUX eJIeKTpaHa. ¥ OBOM HCTPAKUBAWY,
3HAYajHOCT KPUTEpHjyMa je 3aCHOBaHA Ha MHIL-
JbEEbY CTPYUHbaKa, JINTEPATypH U JOKalujama Ko-
pumhema conapue enepruje y Cpouju. Bpenmnoctu
olieHa cy nu3sezieHe kpo3 AHP npucrym.

AHP npuctyn koju je ycranouo Saaty (1980),
je Hajuenthe xopunrheHa MeTosa 3a KBaHTH(UKO-
Bamh€ TEXKUHE IIPEMA MUIIJbEIbY CTPyUHhaka. YKy-
ITHE TeXHMHE M BA)KHOCT CBAKOT YJIa3HOT IapaMeTpa
nobujajy ce momohy marpure ynopehusama y
napy (Choi et al., 2019). Ha mouetky AHP mpo-
reca aeuHuIIe ce 1usb U Oupajy anTepHaTHBE U
kpurepujymu. Ilocne Tora ce remepuiie Marpuma
ynopehuBama y napy (A). PenatuBHa BaXXHOCT /1Ba
KpPUTEpHjyMa MEPH ce IpeMa HyMEPUIKOj CKaJIX OJ1
1 1o 9 (Saaty, 1980).

1 a b
A=1/a 1 ¢
1/b 1/c 1

(D

[TorpebHO je HOpManm3oBaTH Marpuily (A)
JIeJbehEeM eJIeMeHaTa CBaKe KOJIOHE 30MpoM erre-
MEHaTa UCTEe KOJIOHE KaKko OM ce m3padyHajia 3Ha-
YajHOCT CBAaKOT Kputepujyma. [Ipocek perosa HOBe
MaTpHIIe /1aje TPaKEHE peJlaTHBHE TEKUHE KpUTe-
pujyma (Merrouni et al., 2018). [Ipukymbenu no-
naiy cy 3atum oopahenu y codprepy ArcGISPro
npexo anara WOM.

power plants (Yousefi et al., 2018). Also, it is very
important that solar power plants are available
for construction, so it is necessary to take into
account the distance to the road network (Choi et
al., 2019). Easy access to the transport network
reduces the operating costs of construction (Zoghi
et al., 2017). Using the Euclidean Distance tool
in the ArcGIS Pro software, the distance from the
road network in the study area was calculated.
Data on protected areas in the municipality of
KurSumlija were obtained from the World Da-
tabase on Protected Areas. Different classes of
thematic layers have been assigned evaluation
values that correspond to their relative contribu-
tion to easier installation of solar power plants. In
this study, the weight of the criteria is based on
the expert’s opinion, literature and solar utiliza-
tion sites in Serbia. Rating values were derived
through the AHP approach.

The AHP approach established by Saaty
(1980) is the most commonly used method for
quantifying weight according to experts. The
total weights and importance of each input pa-
rameter are obtained using a pairwise compari-
son matrix (Choi et al., 2019). At the beginning
of the AHP process, the goal is defined and al-
ternatives and criteria are chosen. After that, a
pairwise comparison matrix (A) is generated.
The relative importance of the two criteria is
measured according to a numerical scale from 1
to 9 (Saaty, 1980).

1 a b
A=1/a 1 c
1/b 1/c 1

)

It is necessary to normalize the matrix (A)
by dividing the elements of each column by the
sum of the elements of the same column in order
to calculate the significance of each criterion. The
average rows of the new matrix give the required
relative weights of the criteria (Merrouni et al.,
2018). The collected data were then processed
in ArcGIS Pro software through the WOM tool.
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PE3VIITATU
Conapna paaujanmja

Conapna paaujaiyja ce MOXXe U3padyyHaTu
nomohy anara Area Solar Radiation y codTBepy
ArcGIS Pro. Pesynraru cy uckazanu y kWh/m? y
OMJI0 KOjOj TAUYKU WM TTOAPYY]jy 3a oxpeheHo Bpe-
Mme. OBaj anat kopuctu DEM kao ocHOBY 3a u3pa-
YyHaBa-€ COJIAPHE PaIHjallije Ha UCTPAKUBAHOM
noapy4jy. Ha uctpaxusanom noapyuyjy Hajsehu
HHUBO conapHe paaujanuje (1275-1465 kWh/m?)
MMajy 3amaJHu ¥ JyTOMCTOYHH JIEJIOBU OIIITHHE
Kypurymnmja (Ca. 3).

RESULTS
Solar Radiation

Solar radiation can be calculated using
the Area Solar Radiation tool in ArcGIS Pro
software. Results are expressed in kWh/m? at
any point or area for a given time. This tool
uses a DEM as a basis for calculating solar
radiation in the study area. In the investigated
area, the western and southeastern parts of the
municipality of Kur§umlija have the highest
level of solar radiation (1275-1465 kWh/m?)

(Fig. 3).

Ca. 3. ConapHa paaujanuja
Fig. 3. Solar radiation map

Haru6 tepena

Aly et al. (2017) uctudy aa y Iareparypu He
MOCTOjH KOHCEH3YC y Be3H ca IpuxBaheHuM mpo-
nienToM Haruba 3a PV nmocrpojema. Harub y oBom
HCTpaXuBamwy je reHepucan momohy DEM u anara
Slope y codprBepy ArcGIS Pro. 36or Henpuctymay-
HOCTU TOKOM M3TPaJhe U OTEKAHOT OJlp>KaBarbha
eJleKTpaHa, Tpeda n3oerapary BUCOKe Haruoe. Cto-
raje JoJIrHama U CTPMOM 3€MJBHILTY ca Haruoom
BehuM of1 5 mpolieHara A0/1e/beHa HajMamba OlleHa.
Ha tepuropuju ommrune Kypurymnuja, morogan
Haru6 TepeHa ce Hajla3u y 1ojarHaMa peka. Hajro-
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Slope

Aly et al. (2017) point out that there is no
consensus in the literature regarding the accepted
percentage of slope for PV plants. The slope in this
study was generated using DEM and Slope tools in
ArcGIS Pro software. Due to inaccessibility during
construction and difficult maintenance of power
plants, high slopes should be avoided. Therefore,
valleys and steep land with a slope greater than 5
percent were given the lowest grade. On the terri-
tory of the municipality of KurSumlija, a suitable
slope of the terrain is located in the river valleys.
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BOJbHU]U Harub tepena je 0.5-3°, koju je HajOoIbE
OlLIeH-EH 300T CTAOMITHOCTH COJIAPHUX €JIeKTpaHa,
a KOjU ce Haias3u y ceBepHoM ey onmtuHe (Co.
4). Ha paBHuM TepeHuma ca Haruoom ucron 0.5°,
BOJIa CE€ YECTO 3aJprKaBa HAKOH 3HAYajHUX Iaja-
BHHA, Kako 300T Haruba, Tako u 300T creruduaHe
reonouke nomiore (Curi¢ & Durlevi¢, 2019). ¥V
MHOTHM HCTpaXXHBambUMa Cce Mpernopyyyje Aa 3a
U3TPaJIiby CONapHE eNieKTpaHe Haruo TepeHa Tpeda
na oyne 10° umm mame (Choi et al., 2019; Al Garni
& Awasthi, 2017; Yousefi et al., 2018).

The most favorable slope of the terrain is 0.5-3°,
which are best rated due to the stability of solar
power plants located in the northern part of the
municipality (Fig. 4). On flat terrains with a slope
below 0.5°, water is often retained after significant
precipitation, both due to the slope and due to the
specific geological base (Curi¢ & Durlevié, 2019).
Many studies recommend that for the construction
of a solar power plant, the slope of the terrain
should be 10° or less (Choi et al., 2019; Al Garni
& Awasthi, 2017; Yousefi et al., 2018).

Cn. 4. Haru6 tepena
Fig. 4. Slope map

Hauun kopuirhemwa 3emspuiiTa

Haunn kopumrhema 3eMibuIITa 3aBUCH O]
Mel)ycoOHMX yTHIIaja TPUPOAHUX U AHTPOTIOTEHUX
(haxTopa. Y 0BOM HCTpaskuBamy HH(GOPMAIIH]E O KO-
puithewy 3emspuinta goodujene cy u3 Corine Land
Cover 6aze nmogaraka. Hajnpuknaaauja nogapydja 3a
W3TPaJIEby COJIAPHUX eJIEKTPaHa Cy HeHABO/EhaBaHA
00pa/iMBa 3eMJBHILITA KOja Cy YIJIABHOM 3aCTyTIJbeHa
y ceBepHoM jeny ommutuae (Ci. 5). OBoj Kiacw,
Kao U MOJIpy4juMa ca OCKYIHOM BEreTalljoM Cy
JIo7IeJheHE HajBUIIIE O1leHe. Benmvku 1eo onmTuHe je
TIO/1 IUCTOMAHUM 1iryMama (65 %), Te je HEOIXOaHO
3aIITHTUTH EKOCUCTEME Ol aHTPOTIOTEHOT yTHUIIAja
(Curi¢ & Durlevi¢, 2019). U3 HaBenenux pasmnora
MOZIpyYjUMa ca IIIyMCKOM BETETALI]OM j€ I0/IeJbeHa
HHCKa OIIEHA 3HAYaJHOCTH.

Land use

The way of land use depends on the mu-
tual influences of natural and anthropogenic
factors. In this study, land use information
was obtained from the Corine Land Cover
database. The most suitable areas for the con-
struction of solar power plants are non-irrigat-
ed arable land, which is mainly present in the
northern part of the municipality (Fig. 5). This
class, as well as areas with sparse vegetation,
were awarded the highest marks. A large part
of the municipality is under deciduous forests
(65 %), so it is necessary to protect ecosys-
tems from anthropogenic impact (Curié¢ &
Durlevi¢, 2019). For these reasons, areas with
forest vegetation were assigned a low weight.
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Cn. 5. Haunn xopunihema 3eMIbHIITA
Fig. 5. Land use map

Excriozuimja TepeHa

Excno3unuja Tepena je rakohe Outan ¢ak-
TOp MPH TUIAHUPAY U3TPATHE CONAPHUX EIIeK-
TpaHa. Ha jy>)xHuM excnosuigjama paj conap-
HUX TaHela je MHOTO eukacHUju y opehemy
ca ocTajnuM mpaBuuma. Paznor Tome jecte TO
IITO jy)KHE IMaJMHE Ha CEBEPHOj XeMHCchepH
MMajy BHILE CYHYaHUX CaTH Y OJHOCY Ha JIpyre
npasie. Ctora cy majguHe y jy>KHUM IpaBIMa
OIIeHCHE BHCOKOM OIIeHOM 5. JyXHH, jyrosa-
MAJHH U JYTOUCTOYHH MIPABIH 3aCTYIJBEHH CY Y
Behum nenopuma onmrune (Co. 6).

Aspect

The aspect is also an important factor in plan-
ning the construction of solar power plants. Solar
panels are much more efficient at the southern
exposures compared to other directions. The rea-
son for that is that the southern slopes in the
northern hemisphere have more hours of sun-
shine compared to other directions. Therefore, the
slopes in the southern directions were rated high
5. The southern, southwestern and southeastern
directions are represented in larger parts of the
municipality (Fig. 6).

Cn. 6. Kapra ekcrio3uiije TepeHa
Fig. 6. Aspect map
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VYnasmseHoCT o7 ImyTeBa

[TyTeBu urpajy jeaHy on MpecynHux ynora y
01abupy TOTOAHUX MOAPYYja 3a U3rpaamy PV mo-
CTpojema. brm3uHa myTeBa je moke/baH eKOHOM-
cKH (haKTop jep ce n3berapajy TOJaTHH TPOIITKOBH,
Kao ITO je HIP. U3rpajiiha HOBE HHPPACTPYKTYPE
(Khemiri et al., 2018). Takohe, moxxespHO je 1a ce
PV nocrpojema Hanaze y OMU3UHM ITyTeBa BUIIIET
paHra pajau Behe MpUCcTyna4HOCTH. Y UCTPaKUBa-
HOM TOZIPYyY]jy, HallpaBJbEHE CY 30HE YaJbeHOCTH
oKo myTeBa Ha cBakux, 300, 600, 1200 u 1500 m
ynasbenoct (Cn. 7). Ha teputopuju ommTHHe
Kypirymimuja nporiemyje ce aa je Behuna moapydja
W3y3€THO MOBOJHHO, Tj. HA YAaJbHOCTH Mamb0j OJT
600 m. MehyTum, oBe 30He TpeOa KOMOMHOBATH
ca JIOKaIfjama OICHCHUM Ca BHCOKHM OlLleHama
U3 Ipyrux Kapara Kako OM ce cBeoOyXBaTHH]eE
MIOCMaTpao MpoCTop 3a NPHUMEHY CyHUEBE EHEpIHje
(Curi¢ & Durlevié, 2019).

Distance from roads

Roads play one of the crucial roles in se-
lecting suitable areas for the construction of PV
plants. Proximity to roads is a desirable eco-
nomic factor because additional costs are avoid-
ed, such as e.g. construction of new infrastruc-
ture (Khemiri et al., 2018). Also, it is desirable
that PV plants are located near higher-ranking
roads for greater accessibility. In the study area,
distance zones were created around the roads
at each, 300, 600, 1200 and 1500 m distances
(Fig. 7). On the territory of the municipality of
KurSumlija, it is estimated that most of the areas
are extremely favorable, ie. at a distance of less
than 600 m. However, these zones should be
combined with locations rated with high scores
from other maps in order to observe the space
for the application of solar energy more compre-
hensively (Curi¢ & Durlevié, 2019).

Ca. 7. YaameHocT of] myTeBa
Fig. 7. Road distance map

3amrtuhena nozgpydja

Ha 3amrruhena moapydja Mory Jiome yTu-
[aTH JbYJICKE aKTUBHOCTH, IOIYT U3TPaibe MO-
CTpOjema 3a MPOU3BOIbY cosapHe eHepruje. Opa
nojipyyja je moTpedHO MoceOHO pa3MOTPUTH TIPe
MOCTaBJbar-a HOBHUX MPOjeKaTa y lbMX0BOj OMM3UHU
U CBE JIOK onpeheHa ynaeHOCT OKo BHX He Oyrie
HCKJbYYEHA Ca Mara MOroJHOCTH. 300T CBOjUX

Protected areas

Protected areas can be adversely affected
by human activities, such as the construction
of solar power plants. These areas need to be
considered separately before setting up new
projects in their vicinity and until a certain
distance around them is excluded from the
benefit map. Due to their ecological values,
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EKOJIOIIKUX BPEIHOCTH, 3amTiheHa moapyyja ce
CMaTpajy HETPUKIIAIHUM 32 U3rPaliby COTAPHUX
enektpana (Zoghi et al., 2017). 3amrruhena nox-
pydja y OBOM UCTpaxkuBamy he ce cmarparu He-
TIOTOJTHUM 3a U3TrPaJiiby CONApHUX elekrpana. Ha
TepuTopuju onmTHHe Kyprrymimja moctoje nsa
THIIA 3alITHhEeHNX NofIpyYja: IiaHuHa Payan xkoja
je 3amruheHa Kao MPUPOIHO JOOPO O U3Yy3ETHOT
3Ha4yaja 1 ‘DBasosba Bapomr koja je crenujaiHu
pesepaar npupoze (Ci. 8).

protected areas are considered unsuitable for
the construction of solar power plants (Zo-
ghi et al., 2017). The protected areas in this
study will be considered unsuitable for the
construction of solar power plants. There are
two types of protected areas on the territory of
the municipality of Kur§umlija: Mount Radan,
which is protected as a natural asset of excep-
tional importance, and Davolja Varos§, which
is a special nature reserve (Fig. 8).

Cn. 8. 3amrruhena noapyyja
Fig. 8. Protected areas

Cunte3Ha kapTa

Kopumthewem ['MC TexHonoruje, HaBeaeHe
TEMaTCKe KapTe cy MCcKopuurheHe 3a u3pany
KapTe MOTOJHOCTH 3a MpuMeHy PV enekrpana
y onutuHu Kyprmrymunuja. [lperxonne cryauje
Cy mpyxuie BaxkHe uHpopmaiuje 3a ynopehu-
Bambe¢ 3HAYajHOCTU U OLCHUBAIE TMapaMeTrapa
Of1 CTpaHe cTpyumaka. Pesynraru ynopehusama
yKa3yjy Ha TO Ja KpUTEPHUJyM COJIapHEe pajiuja-
uuje noduja Hajsehy 3nauajuoct ox 0.39, a cie-
1 KpUTEPHUjyM Haruba ca TEKUHOM jeTHAKOM
0.28 (Tab. 1). 30up cBUX 3HAYAJHOCTHU U3HOCH 1
(Khemiri et al., 2018).
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Synthesis map

Using GIS technology, the thematic maps
were used to create a map of suitability for
the application of PV power plants in the
municipality of KurSumlija. Previous studies
provided important information for weighting
and rating the parameters by experts. The
results of the comparison indicate that the
criterion of solar radiation gained the highest
significance of 0.39, followed by the criterion
of slope with a weight equal to 0.28 (Tab. 1).
The sum of all significance is 1 (Khemiri et
al., 2018).
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Tab. 1. 3nauajHoct pakTopa
Tab. 1. Significance of factors

dakropu / Factors 3nauajaoct / Weight
Conapna panujanuja / Area Solar Radiation (C1) 0.39
Haru6 / Slope (C2) 0.28
Haunn xopumhema 3emsbninTa / Land use (C3) 0.21
Excmiosummja / Aspect (C4) 0.07
VYmamenoct ox myteBa / Distance to roads (C5) 0.06

JloOujeHe BpeHOCTH Cy TpyNHUCaHE y HeT
KJ1aca: HEeroro/IHe, MaprUHAIHO TIOTO/THE, YMEPEHO
MIOTO/THE, jaKO MOroiHe U u3y3eTHO norojaHe (Ci.
9).

The obtained values are grouped into five
classes: unsuitable, marginally suitable, mod-
erately suitable, very suitable and extremely
suitable (Fig. 9).

Cn. 9. CunresHa kapra
Fig. 9. Synthesis map

JloOujeHa cuHTE3HA KapTa yKasyje Ha TO Jia ce
HAjTIOTO/IHH]a TIOAPYYja HaJla3e y CEBEPHUM U CEBe-
po3amnaJHuM JIeJIOBUMA UCTPaKUBAHOT MOJpyYja,
Kao M JIeJIOBUMa OMINTHHE y3 JoiuHe peka. Ha
OCHOBY ToBpItiHa n100ujennx u3 ' MC-a yrBpheHo
je ma je 181.1 km? uicTpaxkuBaHOT TOApPYYja jaKo
MOTO/THO U M3Y3€THO MOTOAHO 32 U3TPaJliby eleK-
TpaHa. [loapydja BUCOKe MOTOJHOCTH 33 U3TPA/IHY
enexTpana yuHe 19 % monpyyja, 10K ymepeHo
MOTO/IHA Toapy4Yja 3ay3umMajy 436.2 km? (46 %)
HCTPaXHWBAHOT TMoapyyYja. 3amrTuheHa moapydja
Cy O3Ha4eHa Kao HEMoroaHa u 3ay3umajy 139 km?
(14.6 %) ommutune Kypurymmmja.

The obtained synthesis map indicates that the
most suitable areas are located in the northern and
northwestern parts of study area, as well as parts
of the municipality along the river valleys. Based
on the areas obtained from GIS, it was determined
that 181.1 km? of the investigated area is very
suitable and extremely suitable for the construc-
tion of power plants. Areas of high suitability for
the construction of power plants make up 19 % of
the area, while moderately suitable areas occupy
436.2 km? (46 %) of the study area. Protected
areas are marked as unsuitable and occupy 139
km? (14.6 %) of the municipality of KurSumlija.
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Hajseha HecurypHoOCT npH MpoOIEHN MHCTa-
Jalyje coapHOr CUCTeMa J0J1a3u U3 MO/aTaka o
CyHUEeBOM 3pademy. [lobosbliaBameM moaaTaka o
CYHUEBOM 3payeiby U CTAaBJbakbeM HCTHX Ha YBUJL
JaBHOCTH MOXKe ce MoMohu MHBECTHTOpHUMA J1a
noHecy edukacHe U curypHe omryke. CTBapame
CHHTE3HE KapTe COJIApPHOT MOTEHIIN]jajia OIIIITHHE
Kyprrymiija Moske TOpHUHETH pa3Bojy CTpaTeruja
3a uckopuihaBame COJapHOT MOTEHIMjana U Ha
Taj HAYMH MoMohu pa3Bojy OOHOBJBMBHX H3BOpA
enepruje. Y CpOuju cy ce y mporexnux 40 rogauna
M3y3€THO PEeTKO (pMHaHCHpasia UCTPAKHUBAKHA Y
o0nacTu NpoLeHe MPUPOIHUX Pecypca coJapHOT
3pauemsa (['Oypuuk et al., 2004). Harmonamau mieH-
Tap 3a CyHUEBO 3pauewme YKUHYT je 1988. roqune,
a 1991. cy npecrana u cBa Mepema CyHYEBOI 3pa-
yema. [logaiu cy Temko T0CTYIHY jep He MOCTOoje
6a3e nmonaraka (I'0ypuuk et al., 2004).

[pouemeno cyH4eBo 3padere y Cpouju u3Ho-
cu oko 1500-2200 kWh/m? mrro je oxo 30 % Buie
Hero y Cpeamwoj EBponu. Konnuuna nobujene
€Hepruje CyHla y TOKY BEreTalMoHOr MepHojaa
kpehe ce on 4.9 kWh/m? na 3anany, no 5.7 kWh/
m’ Ha jyrouctoky Cpouje. HajHrnke BpeqHOCTH y
CpOuju noxynapajy ce ca Hajehum BpeaHOCTUMA
y Ayctpuju u Hemaukoj, koje mpenmade y Ko-
pumhewy cynuese enepruje (Gburcik et al., 2006).
Hema TauHux moparaka KOJMKO C€ €Hepruje y
CpOuju 1o6uja U3 OOHOBJLUBUX M3BOPA EHEPIH]E.
Ha nomunanTHO Kopuiihewme KOHBEHIIMOHATHUX
M3BOpa CHEPrHje MMajy yTHIlaj 3HaUajHE pe3epBe
aurHuTa 1 Mpkor yriba (Petrovié et al., 2014).
3HauajaH HampeakK je OCTBAPEH Y MOy XHIPO
U BETPONOTEHIHjana, 0K Cy Apyrd oOnuiu o0-
HOBJBUBHX U3BOPA EHEPTHj€ jOIII YBEK HEOBOJHHO
uckopunthenn. Jlo cana y CpOuju je usrpaheno
oko 21 MW conapuux enekrpana. HaBenene co-
JapHE eJeKTpaHe Cy KamaluTeTH MaJuX CHara.
3a uHBECTUTOpE U IIaHEepe je HajBehn u3a30B 1a
ofipe/ie orojiHa reorpad)cka moapydvja 3a cojJapHe
eJIEKTpaHe U WHCTAJIMpajy UX Ha ofrosapajyhem
MecTy. MIHOBalyje y Manupamy COIapHOT 3paderha
MOTY JIOTIPUHETH OP30M PACTy TPXKHIITA COJIapHE
enepruje. [Ipenu3ne kapTe MOrOAHUX MOAPYYja
3a MHCTAJIMPambe CONIApHUX elieKTpaHa Ouhe cBe
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DISCUSSION

The greatest uncertainty in estimating the
installation of a solar system comes from solar
radiation data. Improving solar radiation data
and making it available to the public can help
investors make efficient and secure decisions.
Creating a synthesis map of the solar potential
of the municipality of Kur§umlija can con-
tribute to the development of strategies for
the use of solar potential and thus help the
development of renewable energy sources. In
the past 40 years, research in the field of as-
sessment of natural solar radiation resources
has been extremely rarely funded in Serbia
(C6ypumnk et al., 2004). The National Solar
Radiation Center was abolished in 1988 and
in 1991, all measurements of solar radiation
stopped. Data are difficult to access because
there are no databases (I'Oypuuxk et al., 2004).

The estimated solar radiation in Serbia is
about 1500-2200 kWh/m?, which is about 30
% more than in Central Europe. The amount
of solar energy obtained during the vegetation
period ranges from 4.9 kWh/m? in the west to
5.7 kWh/m? in southeastern Serbia. The lowest
values in Serbia coincide with the highest values
in Austria and Germany, which lead in the use
of solar energy (Gburcik et al., 2006). There is
no exact data on how much energy is obtained
in Serbia from renewable energy sources. The
dominant use of conventional energy sources is
influenced by significant reserves of lignite and
brown coal (Petrovi¢ et al., 2014). Significant
progress has been made in terms of hydro and
wind potential, while other forms of renewable
energy are still underutilized. About 21 MW of
solar power plants have been built in Serbia so
far. These solar power plants are low power ca-
pacities. The biggest challenge for investors and
planners is to determine suitable geographical
areas for solar power plants and install them
in the appropriate place. Innovations in solar
radiation mapping can contribute to the rapid
growth of the solar energy market. Accurate
maps of suitable areas for installing solar power
plants will be increasingly important as investors
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Ba)XHU]€ jep MHBECTUTOPH Tpake yBepeme aa he
MocJIoBU OuTH 3aucta npoduraduiau. 360r Tora
j€ MpoHaJIaXKehe MPAaBOT MECTA 32 MHCTAINPAHE
crcTeMa cosiapHe eHepruje Beoma BaykHo (Charabi
& Gastli, 2010). Pa3Boj 00HOBJBMBHX U3BOPA EHEP-
ruje 6u Tpebasio na JorpuHece OpKeM pas3Bojy
nocTtojehux mMpUBpPEIHUX T'paHa U JEIaTHOCTH.
3HauajHa MHBECTUIIMOHA cpecTBa he mocayXuTu
Ka0 OCHOBA 32 EKOHOMCKH IIPOTPEC YUTABE 3eMJbE,
a 'MC texnonoruje he omoryhuTu 3Hauajuo epu-
KaCHMJU TPOLIEC OTyUHMBarba U IJIAaHUPAha KOjH
Ha JTy>KH pok 00e30elyje ycnose 3a Behy 3anocie-
HOCT, [OpacT cTaHaap/a U 00Jbe YKyITHE yCIoBe
xuBoTa (Crpareruja pasBoja enepreruke Permy-
omuke CpOuje o 2025. ronuHe ca mpojexuyjama
1o 2030. ronune, 2015).

JlobujeHn mopany ykasyjy Aa Cy CEBEpPHHU H
CeBEpO3aIaHU JIEIOBU UCTPAXKUBAHOT MOAPYYja
HajITOTOTHH]Y 33 MHCTAJIAIN]Y COJIApHUX €JIEKTpPa-
Ha. 3armaiHu IeJIOBH HUCY ITOTOIHU, HajBHIIIE 300T
CTPMHX Harn6a TepeHa 1 IMIyMCKOT 3eMJBHIIITA KOje
ce cMarpa HeMOTOIHUM 3a MHCTAJIAlNjy COTapHUX
enekrpana. Pesynraru mokasyjy aa je 19 % mnosp-
IIMHE OMIITUHE jaKO M U3Y3ETHO MOTOJHO, a YaK
46 % NOBPILIMHE YMEPEHO MOTOAHO 33 U3rPalthy
COJIApHUX eJIeKTpaHa. 300T BeoMa BUCOKOT IPO-
LIeHTa ToroiHe Tepuropuje (65 %), Ha TepeHy ou
Tpebaso u3MepuTH JoAaTHe (pakTope Kako Ou ce
nonatHo nosehana moy3maHocT pesynTara. HMako
ce ynora ['IC-a y nocneameM neproy CBE BUILIE
KOPHCTH 32 TIPOLIEHY COJIApHE €HEpruje, U Iajbe
MOCTOjU ja3 u3Mel)y Kapara MoBe3aHHX ca coJap-
HOM €HEPrHjOM KOj€ Cy TeHepUCaTl HCTPAKUBAYH
U BUXOBE MPAKTUYHE YIOTpeOe y MPOjeKTOBAbY
U ynpaBJbalby CUCTEMHMA COJIapHE €HEPrHje O
CTpaHe MHKEHEepa, IUaHepa U au3ajuepa. CxomHo
TOME, IOTpeOHM cy Behn Haropu Kako Ou ce 0Baj
ja3 cmamuo nosehameM NPUMEHIBUBOCTH U TIPaK-
tuuHocTH Oynyhux pesynrara (Choi et al., 2019).
OBO HCTpaXXUBaKkE MOXKE TIOCITY>KUTH Ka0 OCHOBA
3a najbe yHampelheme metomomnoruje. Y upean-
HOM Cly4ajy, GUHAHCHjepH BEIUKUX EHEPreTCKUX
IpojeKara Ha MoJApyYjy ONIITHHE, Y3UMaIU O Yy
003up 30HE MOTOHOCTH 3a U3rPaJby COJAPHUX
eJIEKTpaHa Kao BaykaH M3BOD 3a Oyxayhe mpojexte
y PETHOHAJIHOM IUIAaHUPARbY U Pa3BOjy.

seek reassurance that the business will be truly
profitable. That is why finding the right place to
install a solar energy system is very important
(Charabi & Gastli, 2010). The development of
renewable energy sources should contribute to
the faster development of existing industries
and activities. Significant investment funds will
serve as the basis for economic progress of the
entire country, and GIS technologies will enable
a significantly more efficient decision-making
and planning process that provides conditions
for higher employment, higher standards and
better overall living conditions (Ctpateruja
pa3Boja enepretuke PenyOnuke Cpbuje mo
2025. roqune ca npojekiujama 10 2030. rogune,
2015).

The obtained data indicate that the northern
and northwestern parts of the investigated area
are the most suitable for the installation of solar
power plants. The western parts are not suitable,
mostly due to the steep slopes of the terrain and
forest land, which is considered unsuitable for
the installation of solar power plants. The results
show that 19 % of the area of the municipality
is very and extremely suitable, and as much as
46 % of the area is moderately suitable for the
construction of solar power plants. Due to the
very high percentage of suitable territory (65
%), additional factors should be measured in
the field to further increase the reliability of
the results. Although the role of GIS has been
increasingly used to estimate solar energy, there
is still a gap between solar-generated maps gen-
erated by researchers and their practical uses
in the design and management of solar energy
systems by engineers, planners and designers.
Consequently, greater efforts are needed to re-
duce this gap by increasing the applicability
and practicality of future results (Choi et al.,
2019). This research can provide as a basis for
further improvement of the methodology. Ide-
ally, financiers of large energy projects in the
municipality would consider convenience zones
for the construction of solar power plants as an
important source for future projects in regional
planning and development.
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Conapna enepruja je enepruja OyayhHocTH.
OcuMm mTo je oBaj OOJNMK €HEepruje MpPUCyTaH y
HEOrpaHUYEHUM KOJIMYMHAMA, BEJIHKA j€ MPETHOCT
TO IITO €HEepruja CyHIa He 3araljyje okonuHy. Y
TIoTIIe Ty PUMarka CyHUEBOT 3pauerma, Cpouja nma
JAKO BEJTMKH ITOTEHIIMjall 32 MHCTAJIAIN]y BETUKUX
COJIAPHUX €JIEKTpaHa, HApOYUTO UCTOYHU U JyTO-
WCTOYHH JICJIOBH 3€MJbE.

VY 0oBOM pajny je aHalIM3UpaH COJAPHU MO-
teHnujan onmruHe Kypmrymnuja. [Tomohy reo-
rpadckux UHPOPMAIIMOHUX CHCTEMA J00MjeHe
Cy TIOTOJIHE JIOKaluje 3a u3rpaamwy PV comapunx
enexTpana. JlobujeHe BpeJHOCTH JaKo U U3y3€THO
noroziHor 3emsbuITa (19 %) cy n0oBoJbHE 1a IMpa
IIpUMEHa coJapHe eHepruje y omutuHu Kyprrym-
nuja Oyle eKOJIOIIKU OIpaBAaHa U €eKOHOMCKH
npuxBatibuBa. Takole, MOTpeOHO je U3BPLINTH
MPOIIEHY YTHIIaja HA KUBOTHY CPEAMHY Kako OH
CE MCITyHUJIM CBU €KOJOMIKU Kpurepujymu. C 00-
3UpoM Ha pactyhu 3Hauaj OOHOBJBUBUX H3BOpA
€HEepruje, MPUMEHEHE METOJIE HCTPAKUBAHA MOTY
noMoh# y uJby MCKOpPHILTaBamka COJIAPHOT T10-
TEeHLUjaJia, Kako y omutuHu Kypirymnuja, Tako u
Ha 1enoj reputopuju Penyonuke Cpouje. [Tocre-
TIeH Tpelia3ak ca HeOOHOBJBMBHUX Ha OOHOBJHUBE
u3Bope eHeruje y onmtuHu Kypmymnnja uma
BUIIECTPYKE MPEIHOCTH, Ka0 IITO Cy JOMPUHOC
€KOHOMCKOM PAaCTY, CMamhCHe EMHUCH]€ YTIHEH JTU-
OKCH/[Ia, TOOOJBIIAE 3/[paBiba rpaljana u 3amrTuTa
KMBOTHE CpeJIHE. Y MUTAY Cy YACTH U EeKOHOM-
CKU OTIPaBJaHU M3BOPH €HEPrHje KOju JOHOCE
€HEePreTCcKy HE3aBUCHOCT U MOOOJBIIAKE KBAJIH-
TeTa Ba3ayXa.

CONCLUSION

Solar energy is the energy of the future. Apart
from the fact that this form of energy is present in
unlimited quantities, the great advantage is that
the energy of the sun does not pollute the environ-
ment. In terms of receiving solar radiation, Serbia
has a very large potential for the installation of
large solar power plants, especially the eastern
and southeastern parts of the country.

In this paper, the solar potential of the mu-
nicipality of KurSumlija is analyzed. With the
help of geographic information systems, suitable
locations for the construction of PV solar power
plants have been obtained. The obtained values
of highly and extremely suitable land (19 %) are
sufficient for the wider use of solar energy in the
municipality of KurSumlija to be environmentally
justified and economically acceptable. Also, it is
necessary to perform an environmental impact
assessment in order to meet all environmental
criteria. Given the growing importance of re-
newable energy sources, the applied research
methods can help in order to exploit the solar
potential, both in the municipality of Kur§um-
lija and in the entire territory of the Republic
of Serbia. The gradual transition from non-re-
newable to renewable energy sources in the
municipality of KurSumlija has multiple ad-
vantages, such as contributing to economic
growth, reducing carbon dioxide emissions,
improving the health of citizens and protecting
the environment. These are clean and econom-
ically justified energy sources that bring energy
independence and improved air quality.
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MOI'YRHOCTHU U OI'PAHUYEIBA PEBUTAJIM3ALMUJE PYPAJTHUX IIOAPYYJA —
ITPUMJEP ITPOCTOPA 3MHUJAIBA

Mupa Mauauh®’, Iparuua Jesuh' u Bojan Fapuh'

"Vuusepsuret y bawoj Jlyuu, [Ipupoagno-maremaruuku dakynret, bawa Jlyka, Penyonuka Cpricka

Caxerak: Y pypaiHom rnpoctopy bocue n Xepuerosune (buX) / Perryonuke Cpricke (PC) mmpe ce moapydja npodiemckor
KapakTepa. lbuxoBa renesa je qyra u ycioBibeHa IPBEHCTBEHO (haKTOpHMa JIpyIITBEHO-reorpad)cKkor kapakrepa. Bumiesne-
LICHHjCKa MepIEeIIHja PypaTHAX MOAPYYja Ka0 HCKIbYYHBO MPOCTOPA IOJHOIIPUBPEIE, TE MaIbE 3HAUajHUX 32 CABPEMEHU
pa3Boj, Hy’)KHO CE MOpa MHUjeHaTh y MPaBIly HHTETPAIHOT IPUCTya BbUXOBO] BAJIOPU3ALUjH, THME U TUBEP3UPUKALI]H
wuxoBe npusperne. [lorpede caBpeMeHOT IpymITBa MHUjeH:ajy MOMIE] Ha PYPajHU MPOCTOP, HETOBY BAJIIOPH3ALUjy U
YKYIHY IPOCTOPHO-(DYHKIIMOHAIHY OpraHu3alyjy y 4eMy je M IIaHca NOTCeHIMjajHe peBuTanu3aunuje. Jla ou pypanan
IIPOCTOp pa3BHO HOBE (PYHKIHje NOTpeOHa cy HH]paACTPyKTypHA yilarama U O4yBaH JIeMOTrpa)CKH MOTCHIHjal. Y aKTy-
SJIHMM TIpHJIMKaMa oBa JiBa (hakTopa IpecTaBibajy HajBehe pa3BojHO orpaHuueme. Y pany Cy aHalIU3UpaHu reorpadcku
(axropu npocropa aujena 3anaane buX / PC, renesa mpobiiema n 3aocrajama 3a IMPOCjeUHHM HAllMOHATHUM Pa3BOjeM.
VY doxycy paza je ucropujcko-reorpadcka odnact 3Mujama IocMaTpana Kao 110 npodiaeMckor noxpyydja. Ipemnaxy ce
TIOTEHIM]aJIHA TIPUCTYIH BAJIOPU3ALUjH U TPOCTOPHO-PYHKIMOHAIHO] OpraHU3aliji MOCMaTpaHor MpoCcTopa y LUJbY
ErOBe peBUTANIM3aIM]je. Pajl MMa TeOpHjCKH, aHAIUTHUYKU M alUIMKaTUBHU KapakTep.

Kibyune pujeun: pypannu npoctop, npodiaeMcKa 1mojpydja, pypaiHu pa3Boj, PeBUTAIM3ALM]a, 3MUjambe.
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POSSIBILITIES AND LIMITATIONS TO REVITALIZATION OF RURAL AREAS —
THE STUDY CASE OF ZMIJANJE
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Abstract: Problem areas have become a growing issue in the rural regions of Bosnia and Herzegovina (B&H) / the
Republic of Srpska (RS). The long-lasting genesis of these areas has been determined by different social-geographical
factors. Rural areas have been perceived as agricultural soil for decades but it has become crucial to adopt an integral
approach to valorization and diversification of the rural economy. Revitalization has become attainable as the needs of
modern society have caused a shift in the perception of rural areas, their valorization and spatial-functional organization.
It takes infrastructure investments and preserved demographic potential in order to develop rural areas. Currently, these
two factors represent greatest limitations to growth. The paper analyzes geographical factors of parts of west B&H / RS
and the genesis of the problem of falling behind the average national growth. The focus is on the historical-geographical
region of Zmijanje observed as a part of a problem area. Approaches to valorization and spatial-functional organization
are proposed with an aim to revitalize the target area. The nature of the paper is theoretical, analytical and applicative.
Key words: rural area, problem area, rural development, revitalization, Zmijanje.
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YBOA

[Toumame pypaitHOCTH, TONIOKa] U (DYHKIIH]E
PYpaTHUX TOZpyYja y IeplerrjaMa Hal[uOHATHOT
Pa3Boja XOPOJIOIIKH U XPOHOJIOIIKH CY TIPOM]CH-UBH.
W3 Tor paziora npownsamnuie Cy ¥ pa3InauTe TOJH-
THKE pypaJTHOT pa3Boja. Jo 70-ux romuHa mpomnuior
BUjeKa, OCHOBHA (D)YHKIMja PYpaJHOT MPOCTOPa
Owna je mosporpuBpena. [Ipyru acrekTy BaopH-
3allyje YCIOBJbEHU Cy TE€ONPOCTOPHUM pecypcuma
3a KOjuUMa CaBpEMEHH Pa3BOj HCKazyje MOTpeoy.
[Ipouiecu MonepHu3anmje (MHIyCTpHjaIH3aImja,
ypOaHu3alyja, TEXHOIOMIKA U KyITYpHH Pa3Boj)
nudepeHnrpajy pypaiHa mojapydja Ha Mame U
BUIIIC MHTETPUCAHA y CaBPEMEHE pa3BOjHE TOKOBE,
O/IHOCHO y Mam0j WK Behoj HHTEpakKIMju ca yp-
0aHUM TIOCTOPOM. YpOAHOLIEHTPUYHH TOINIEN Ha
CBH]jET TOCTaB/ba ypOaHO Kao peepeHTHY TauKy
(Luki¢, 2010) y omHOCY Ha KOjy C€ MPOCTOPHO,
€KOHOMCKH, (DyHKLIMOHAITHO, KYJATYpHO U HH(]pa-
CTPYKTYPHO TO3UIMOHHPA]y pypajiHa TOAPYYja
XeTeporeHa 1Mo pa3HUM eJIeMEHTHMa IreocucTeMa
U BUXOBUX CTpYyKTypa. Pypanna moapydja mame
MHTErpHCaHa y CaBpeMEHE Pa3BOjHE IMpOIece H
ypOaHe cucTemMe KacHe 3a IPOCjeKOM HallMOHATHOT
pa3Boja U JAepUHUIITY ce Kao Moapydja M3pakeHe
pypanHOocTH. TakBHX Mojpydja UMa Uy pasBuje-
HUM 3eMJbama. [Ipupoana GorarctBa morpeGHa
CaBPEMEHOM TEXHOJIOIIKOM Pa3BOjy U MH(PpacTpyK-
TYpHU CHUCTEMH OUTydyjyhu cy (akTopu pa3BojHe
udepeHimjamnumje pypaitHor npocropa. Hapacrajyhe
noTpeode 3a pecypcruma pypaiTHUX Toapy4ja (XpaHa,
BOJIA, py/e, APyre CUPOBUHE, €HEPIeHTH, TIPOCTOP
3a OIMOD, UT/L.), IFI00aJTHA JOCTYITHOCT U YMpEKe-
HOCT MHjEHha]y MEPIETIIN]Y PYPATHUX MOAPYYja Kao
MPOCTOpa MCKJbYYUBO MOJHOIIPUBPEIHE HaMjeHe
MOTEeHIMpPajyhu MHTErpaIHi TPUCTYN BaJlOpH3a-
LIUjH ¥ pypaiHOM pa3Bojy. EBporicka yauja (EVY) je
OpOJHHUM CTpATEILIKKM IOKYMEHTHMA U IIPOrpamMuMa
pa3Boja ieuHucana JyropouHe HUJbEBE KOjuMa Ce
TPETIIOCTABIbA OCTU3AEHE ONIPYKUBOT PYPATTHOT pas3-
BOja ¥ Behu CTerneH UHTerparuje ypoaHo-pypaaHor
npoctopa. LlnsseBn, mpuopuTeTy U Mjepe pypaTHOT
pa3Boja nedunucanu cy Ha MehyHapoaHoj koHpe-
perimju y [orcmamy 2000. rommae RURAL 21 y
TIpaBITy OIPKUBOT pa3Boja. [loreHImpa ce mommiieH-
TPUYHU Pa3BOj U CMAHBAE PA3IKA Y CTCIICHY
pazBujerHocTH. OBaj KOHIIETIT MPEICTABIba OCHOBY
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INTRODUCTION

The idea of rurality and the position and
functions of rural areas tend to be horolog-
ically and chronologically variable in terms
of national development. Therefore, different
policies of rural development have emerged.
Agriculture had been the primary function of
rural areas up until the 1970s. Other aspects
of valorization have been conditioned by
geospatial resources necessary for modern
development. Processes of modernization
(industrialization, urbanization, technolog-
ical and cultural development) differentiate
rural areas into those more or less integrated
in modern development, i.e. more or less
interactive ones in terms of urban areas. Ur-
ban-centric perception of the world regards
urban areas as referential points (Luki¢, 2010)
for spatial, economic, functional, cultural
and infrastructural positioning of rural areas
which are heterogeneous in terms of geosys-
tems and their structure. Rural areas which
are less integrated in modern development
processes and urban systems fall behind the
average national growth and are defined as
extremely rural areas. Such areas exist even
in developed countries. It is the natural re-
sources essential for modern technological
development and infrastructure systems that
determine differentiation of rural areas. The
growing needs for rural area resources (food,
water, ores, raw materials, energy sources,
leisure-time areas, etc.), global availability
and networking change the perception of
rural areas as primarily agricultural soil and
impose an integral approach to valorization
and rural development. The European Union
(EU) has designed many strategic documents
and programs which define long term goals
targeting sustainable rural development and
better integration of urban-rural areas. Goals,
priorities and measures of rural development
were defined at the RURALZ21 international
conference held in Potsdam in 2000. The
focus was on the polycentric development
and mitigation of development disparity. This
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3a TepuTopujaiHy areHmy, KpOBHU JOKYMEHT CTpa-
Tekor pazsoja EY koju nmoreHmpa opuBu KOH-
LENT KPO3 MPOCTOPHY KOXE3H]y, HHPPACTPYKTYPHH
Pa3Boj, jadarse JTOKATHUX KaraluTeTa, TOBE3UBAILE
U JIjeNIOBabe JIOKAJTHUX aKIMOHHUX TpyTia, OpeH -
pame MPUPOTHHUX U JIOKATHHUX CICIU(PUIHOCTH,
OJITOBOPHUjU OJTHOC TIPEMa PECYpPCHMa, KyJITYPHOM
Hacsbeh)y u xuBoTHO] cpenund (Teritorijalna agenda,
2011). Pypannu mpoctop mocMarpa ce Kao mpocTop
TMBEP3U(HKOBaHE MPUBPEE KOja jEIUHO MOXKe
OMOTYhHTH COIMO-EKOHOMCKY OZIPYKHBOCT, THME H
CTaOMITHOCT MUTPALIMOHKX KPeTamba 1 AeMOrpadcKy
o1pHUBOCT. HaBenieHn MibeBH MOIpKaH| Cy pas-
HUM nporpamuma 1 horoBumMa paszsoja: Council of
Rural Area 2000, INTERREG, ESPON, ECOVAST,
LEADER, PHARE, SAPARD, CARDS, Smart
village. Pypaine nmonutuke y EY 3acHuBajy ce Ha
1000JbIIAY MOJBOIPUBPEIHE KOHKYPEHTHOCTH
KpO3 PECTPYKTYHpamE MOPOANIHUX (DapMu 1 Mjepe
HAIMOHAJTHUX TIOJIUTHKA, KPESUTHPake, CyOBCH-
1Hje, IpaBHE, EKOHOMCKE, EKOJIOIIKE U Jpyre Mjepe
,»33JCTHIYKE arpapHe MOJIMTHKE , T€ yHanpujehema
KBaJIMTETA KUBOTA U TUBEp3U(UKaIIMje EKOHOMU]E
y pypaiHuM nonpydjuma. HajHoBuju npuctynu
YKIBY4Y]y HHPOPMATHYKE TEXHOIOTH]E M CaBPEMEHE
AIUTMKAIHje Y TIPYXKamy YCIyra CTAaHOBHHIITBY W
MPOMOIIMjH TIOTEHIIHjaJIa PypaJIHUX TOAPYYja Kpo3
npojekar “Smart village” (IlamerHa cena).

Kommko ce pypaiHe cpenuHe MOry npuiiaro-
JITH CaBPEMEHO] €KOHOMUJH M JUBEP3UpHKAIIN]H
AKTMBHOCTH y PYPATHUM TOPYYjUMa NIUTAE j€ Ha
KOj€ OZITOBOP MOTY JIaTH CaMO KOMILJIEKCHE aHAJIH-
3¢ YKyIHHX NOTeHIMjalia pypaIHux noxpydvja. M3
TIpaKce je BUIJBHBO J1a HEKH MPOCTOPH MOTY U3Bp-
LIWTH peNTaTUBHO Op3y TpaHC(OpMAaIHjy CTPYKType
€KOHOMH]€, a IPyTH TO HE MOTY. YHYTpalmi (ax-
TOpH (MaTrepujaiHy, IPOCTOPHU U HEMATEpHjaTHH
— MHCTUTYLIMOHAJIHH, KYJITYypPHH), T€ €KCTEPHH (IT10-
Oanmuzaryja, WHAYCTpUjaTu3aImja, ypoaHusaiuja,
KJIMMATCKe MPOMjeHe, MPUPOTHU Xa3apiu, UTIL.),
yTHYY Ha IIPOCTOPHO PECTPYKTyHpare, 1eMorpadc-
Ky MOOWJTHOCT, IPOM]jEHY CTHJIA )KUBOTA, TpaHChop-
Malyjy HaulHa MPOU3BO/EHE U MOTY C€ OJIBHjaTH Yy
JIBa pa3fIM4YMTa MpaBLa: pacrta u craruupama (Lu
et al.,, 2019). ¥ caBpemeHuM yciaoBuMa pa3Boja
eKcTepHH (HPaKTOpH Cy IOMUHAHTHH T€ Pa3BOJHO JIU-
(hepeHIwpajy MpoCTOPHO-Teorpad)CKu BPIIO CIIMIHA
nozipydja. KymynaTtueHO ca yHyTpallmbiM Hema-

concept represents the basis for the Territorial
Agenda, a crucial document for the strate-
gic development of EU, which underlines
the concept of sustainability through spa-
tial cohesion, development of infrastructure,
improvement of local capacities, network-
ing of local action groups, branding natural
and local specificities, a more responsible
treatment of resources, national heritage and
environment (Teritorijalna agenda, 2011).
Rural areas are regarded as areas of diverse
economy, which might provide socio-econom-
ic sustainability and stabilize migration and
demographic sustainability. All these goals
have been supported by different programs
and funds as follows: Council of Rural Ar-
ea 2000, INTERREG, ESPON, ECOVAST,
LEADER, PHARE, SAPARD, CARDS, Smart
village. EU rural policies are based on the
enhancement of agricultural competition via
reconstruction of family farms, measures of
national policies, loans, subventions, and le-
gal, economic and ecological measures of the
“Joint agrarian policy”, improvement of life
quality and diversification of rural economy.
More recent approaches include information
technologies and modern applications for
providing services and promotion of rural
potential via the “Smart village” project.

To what extent can rural areas adjust to
the modern economy and diversification of
activities is a question which might be an-
swered only through complex analyses of ru-
ral potentials. There has been practical knowl-
edge that some areas may easily transform the
structure of their economy and some cannot.
Internal factors (material, spatial and intangi-
ble — institutions, culture) as well as external
ones (globalization, industrialization, urban-
ization, climate changes, natural hazards, etc.)
have a great impact on spatial restructuring,
demographic mobility, lifestyle change and
production transformation, and there are only
two final results: growth and stagnation (Lu
et al., 2019). In terms of modern develop-
ment, external factors are crucial and they
differentiate areas which share spatial and
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TepujaTHuUM (pakTopuma JeuHHITy MOryhHOCTH
ajlanTaiyje Ha CaBpeMEHE APYIITBEHE MPOMjEHE.
CrernieH pa3BHjEHOCTH U YKJBYYECHOCTH Y CaBpe-
MEHE pa3BOjHE MPOLECe HAjBUILE CE HUCIOJbaBa
Kpo3 jemMorpadcke ¥ (yHKIIMOHATHE KararTeTe
Hacesba Kao CPEIMINTAa HACCIHEHOCTH, JBbYIICKE aK-
THBHOCTH W JIPYLUTBEHE OpraHHU3aldje Kpo3 YHjy
ce e(pUKaCHOCT M CTPYKTYpYy HMCIOJbaBajy U Ha-
BefieHn (akTtopu. Jlakie, y 1uiby Hperno3HaBamba
pa3BOjHHUX TOTEHIMjalla U Ofadupa aJeKBaTHUX
MOZICTUIIAJHUX Mjepa HyXHa je (pusndxo-reorpad-
CKa M HaceoOMHCKa audepeHnujaimja pypaaTHux
nonpyyja. JlepuHncame KpuTepujyma 3a U3Bajame
Hacesba ofipel)eHIX THITOJIIONIKUX KapaKTePUCTHKA,
MPEe/ICTaB/ba OCHOBY 3a aHAJM3Yy JAEMOIPadCKUX,
(YHKIMOHATTHAX W MPOCTOPHUX KapaKTEPUCTHKA
HAceOOMHCKE CTBAPHOCTH M3 KOje TIPOM3JIa3e Ccado-
CTU ¥ MOTYhHOCTH Y MPOCTOPHO-(DYHKLIOHATHOM
PEOpraHn30Bamy pypaTHUX Noapydja. Tumonoruja
HaceJba, Ka0 MjecTa KOHIICHTPAIINje CTAHOBHHIIITBA
Y aKTMBHOCTH, y CaBPEMEHHM YCIIOBUMA j€/IaH je
OJ1 KOPHCHHX MHCTPYMEHara 3a CHpoBoleme Co-
[IM0-€KOHOMCKMX Pa3BOJHUX IMPOrpama, OJHOCHO
pedepeHTHI OKBUD 32 KpeHpame HAIMOHATHUX U
perroHanHux pa3ojHux noiutuka (Fertner, 2012).
W13 tor pasiora cBaka THIIOJIOTHja Hacesba MO-
pa MMaTh CBOjy CBPXY, T€ CE CXOIHO TOME BPIIU
onabup mapamerapa U KpUTepHjyMa aJIeKBaTHUX
3a onpeheny Tumnornorujy. /luHamuka pazBojHUX
npoleca UMIDTUIMPA HOBE TPHUCTYTIE TUTIONOTH]a-
Ma. Pa3mmumnto mcmosbaBame pa3BOjHUX IpoIeca
y mpocTopy audepeHipa pypaiiHa moapydja Ha
Behe 1 Mame MPOCTOPHE IjeIMHE CIIMYHUX Pa3BOj-
HUX KapakTepucTHKa. Y pernoHamuzauuju EY u
EUROSTAT-a pypanna nozapyyja cy oOyxBaheHa
HAJHIKUM HUBOMMA TEPUTOPH]JAITHOT OPTaHU30BAHa
LAU 1 u LAU 2, omnocuo NUTS 4 u NUTS 5.
To cy mompydja Koja Majy T'yCTHHY HaCEJLeHOCTH
Mamy ox 150 cr./km? u 50000 cranoBHHKA. 300T
HACEOOMHCKHX MpuITHKa y brX oBu mapamerpu cy
MHOTO HWJKHX BPH]JeJHOCTH (TYCTHHA HACEJbEHOCTH
buX 2013. roqune 47 cr./km?). Ioapyudja ucron
MpocjevHe IyCTHHE HaceJheHOCTH, Behe mpocjeune
CTapOCTH, M3JIOKEHA EMHTPAIMOHNM KpETambMa,
ciabe nHPPACTPYKTYpPHE ONPEMIBECHOCTH U JIPYTUX
HETIOBOJBHUX JIEMOTPA)CKUX U COIMO-EKOHOMCKHX
TNoKazaresba 00yxBarajy nonoBUHy Teputopuje buX
T€ Y CMHUCIY COIIMO-€KOHOMCKE IudepeHIujammje
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geographical properties. Along with internal
intangible factors, external factors define the
possibility to adapt to modern social changes.
The degree of development and integration in
modern development processes is most evi-
dent in demographic and functional capacities
of settlements, which are centers of human ac-
tivity and social organization where all these
factors emerge. Hence, it is crucial to design
the physical-geographical differentiation of
rural areas in order to recognize the devel-
opment potentials and select adequate incen-
tives. Clearly defined criteria for typological
differentiation of settlements are the basis for
the analyses of demographic, functional, and
spatial properties of settlements crucial for
the assessment of options and limitations to
the spatial-functional reorganization of rural
areas. The typology of settlements, which
represent points where the population and
activities concentrate, is a functional tool
for socio-economic development programs
and a referential framework for the design of
national and regional development policies
(Fertner, 2012). Therefore, each settlement
typology must have its purpose and adequate
parameters and criteria. Dynamics of devel-
opment implies new approaches to typology.
It is the variation of development processes
in a space that differentiates rural areas into
smaller and larger spatial units with similar
development properties. The regionalization
of the EU and EUROSTAT classifies rural
areas as LAU 1 and LAU 2, i.e. NUTS 4
and NUTS 5. In other words, those are areas
with the population density less than 150
people/km? and the total population fewer
than 50000. Due to the current state of affairs,
these parameters in B&H are much lower
(In 2013, population density was 47 people/
km?). Half of B&H territory includes areas
affected with poor population density, aging
population, emigrations, inadequate infra-
structure, and other unfavorable demographic
and socio-economic indicators, which is why
these areas may be regarded as problem areas
in terms of socio-economic differentiation of
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MPOCTOpa U Pa3BOJHUX MPOIECa MOTY C€ CMaTpaTH
npooneMckuM mioapy4juma. Ilompydja HaBeneHNX
KapakTepucTUKa y XpBaTckoj (MOOPIACKU Mpoc-
Top 3amanne Cnasonuje, KopayH, banuja, Jluka u
Cjesepna [lammarumja) CIMYHUX Cy (DPUBHIKO-TEO-
rpadCKUX KapaKTepUCTHKA U aHTPOIOTreorpa)cKux
Tporieca mpodIeMCKUM TofipydjuMa 3anaaHe buX
ca kojuma ce rpannde. OBa mojpydja y XpBarckoj
Cy y CTaTycy T3B. MOApYyYja MO MOCEOHOM CKpOU
JprkaBe ca Je(huHNCaHNM MTOCeOHUM TMONUTHKaMa
dbynkiponamae opraauzarmje (Lukic¢, 2010). Cnabo
HaceJbeHa JIETIONYaloHa MOApyYja KOja KacHe
3a TMPOCjeKOM HAIMOHAIHOT COIIMO-EKOHOMCKOT
pa3Boja KapakTepuiry uctok u jyr Cpouje Te amo
[oppuma. INocwenmux roquna CpOuja pasBuja
MporpaM IMoBpaTka MIIAJMX Ha Cello. Y3 momoh
JprKaBe MPOBOAM ce 0OHOBAa MH(MPACTPYKTYpe U
HAIyIITEHUX CEOCKHUX AoMahMHCTaBa y LUJbY Je-
Morpadcke U npuBpeHe peBuTanuzanuje. Mucru-
TYIIMOHAITHU CHCTEM MOJprKaBa OAPYKUBOCT MAJIX
pypaiHuX oMahiHCTaBa Koja ce 0aBe HeMOJbOIPHB-
pensom exonomujoM (Bogdanov, 2007). Tennen-
1[1ja KOHCTAHTHOT IIMPerba MOoIpyYja MpoOIeMCKOr
KapakTepa y pypajHOM IIPOCTOpY 3eMajba OWBILE
COP JyrocnaBwuje, 030MsbaH je pa3BOjHU MPOOIEM
KOjeM HOBOHACTAJIC 3¢MJBC Pa3IMIUTO MIPUCTYTIA]Y.
INojenuna nonpydja ce rpanuye opmupajyhu mpo-
OJIeMCKe pervoHe, YMja je peBUTAIM3alNja [TjeITi-
MHYHO YCJIOB/b€HAa MH(PACTPYKTYPHUM Pa3BOjeM
U aKTUBHOCTHMA y MPEKOIPAaHUYHOM TPOCTOPY,
YUMe je Hy)XKHO MOTCHIMpPAamke TPAHCTPAaHUYHE Ca-
pamme (Manauh et al., 2018). buX nma npobnemcka
nojipydja Ha ucrouHoj rparuim (CpOuja), 3amaaHoj
(Xpmarcka) u jyxnoj (XpBarcka u LlpHa ['opa).

3a nokperame pa3Boja MPOOIEMCKHX MOpyYja
NOTpeOaH je THCTUTYLIMOHAITHHU TIPUCTYTI X TIOCEOHE
Mjepe pa3BOjHUX MOJIMTHKA YCIIOCTABJHEHUX Ha Ha-
LIMOHATHOM HHUBOY. Criel(pUIHOCT MOTUTUYKO-a/1-
MHUHHUCTpaTuBHOT ypehewa buX ,.crymira“ Mjepe Ha
SHTUTETCKE MHCTYTYIHje, HaKo Ce TIOjeJMHH acre-
KTH (TIPUCTYTI €BPOIICKUM Pa3BOjHIM (DOHIOBHMA,
YBO3HO-M3BO3HE MOJIUTUKE, UT/. ) 300T HAJUIEKHOCTH
MOpajy MOCMarpaTy Ha HAIIMOHATHOM HUBOY. Trme
Ce He UCKJbyuyje HUTU MapruHalm3yje 3Hauaj Jio-
KaJIHMX MHHI]aTUBA, TIOKPEHYTUX Ha HI)KEM HHBOY
aIMUHHCTPAaTHBHO-TEPUTOPHjAITHE OpraHHU3allje
KOje Ce 3aCHMBAjy Ha JIOKAIHUM IOTSHIMjaIuMa U
aKLOHMM JIPYIITBEHUM IpyIiaMa Koje HEIOCPETHO

space and development processes. In Croatia,
such areas (hilly terrain of West Slavonia,
Kordun, Banija, Lika, and North Dalmatia)
share similar physical-geographical proper-
ties and anthropogenic processes with the
bordering problem areas in west B&H. Still,
the Croatian government gave them the status
of areas of special state concern with clearly
defined policies of functional organization
(Luki¢, 2010). In Serbia, poorly populated
areas which are behind the average national
socio-economic growth are located in east
and south Serbia and parts of Podrinje. Re-
cently, a program has been initiated to bring
the young population back to the country.
There are government funds to refurbish the
infrastructure and abandoned farms with an
aim to revitalize population and economy.
Institutions support sustainability of small
rural households involved in the non-agri-
cultural economy (Bogdanov, 2007). The
tendency of constant spreading of problem
rural areas in former SFR Yugoslavia is a se-
rious development issue treated from different
perspectives, depending on the newly-formed
country. Some areas are located along the
borderline and they form problem regions, the
revitalization of which is partly conditioned
by infrastructure and cross-boundary activi-
ties, which is why it is pertinent to focus on
cross-boundary cooperation (Manauh et al.,
2018). In B&H, problem areas are located in
the east (bordering with Serbia), west (border-
ing with Croatia) and south (bordering with
Croatia and Montenegro).

In order to initiate the development of
problem areas, it takes the institutional ap-
proach and specific development policies at
national level. A very specific political and
administrative organization of B&H “relo-
cates” the measures to the entity levels de-
spite the fact that some aspects (access to EU
funds, export-import, etc.) must be addressed
at national level. It would not minimize the
relevance of local initiatives started at lower
levels of administrative-territorial organiza-
tion, which are based on local potentials and
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Tjenyjy Ha yHarpujehermy MpoCcTOpHE OpraHu3aIyje
Y KBAJIUTETA KMBOTA, TUME U OZIP>)KUBOCTHU PYPATHHX
3ajeTHUIIA.

MATEPUJAJIN 1 METOIE

VY pany cy xopuiiheHe pelieBaHTHE METOIE
reorpadcke Hayke. JleCKpHIITUBHO-aHATUTHYKOM
U KOMIIApaTUBHOM METOJIOM IpEJCTaBJbEHA je
nepueniyja pypanaux noapydja (Harrington &
O’Donoghue, 1998; Cloke, 2006; Luki¢, 2010).
Kapakrep pypaiiHUX MOJIMTHKA IOCMATpPaH je Kpo3
CTpaTelIKe JOKyMEHTE, TOJIUTHKE U IPOrpaMe py-
panHor pasBoja 3emMasba EY: INERREG; ESPON
2002; TeputopujanHa areHza, 3ajelHI4Ke arpapHe
nonutuke, [lameTHa cena u apyre, Te MoryhHocTH
wuxose npumjeHe y PC (Gnjato et al., 2012). Kom-
MapaTMBHOM aHAJIM30M CTyAMja Cily4yaja TpeTHpa-
HHX Y Teorpad)ckoj HayI TOOWjeH je YBH Y CTabe
pypanHux nozapydja buX u okpyxkema — npoodieme
pa3BojHe audepeHnrjanmje pypaiHux Moapydja
u opranmoBama (Bogdanov, 2007; Luki¢, 2010;
Manuwh et al., 2018; Mandi¢ & Zivkovi¢, 2014;
Mandi¢ & Deli¢, 2021). Teopujcku norean Ha
pedepeHTHE MONMUTUKE U MOTYhHOCTH HHXOBE
NpUMjeHe aHAIM3UPAHU Cy U3 Hay4yHe JUTepaype
(Fertner, 2012; Lu et al., 2019). I'eHeTnuka wim
pa3BojHa MeTona KopuitheHa je npu yTBphuBamy
KapakTepa ¥ IpaBala pa3BOjHHUX Ipoleca U -
XOBHX TPOCTOPHHUX MOCJBEIUIA HA KOje YKazyjy
pe3ynTaTti KOMIapaTUBHO-CTAaTUCTUUKUX aHAIIN3a
neMorpa)CKux M JpyTrux ToKas3arejba U3 Tomuca
CTaHOBHMIITBA U cTyauja pas3Boja: [lomumcu cra-
HoBHMIITBA U3 1961, 1991. u 2013. ronune, Crpa-
TErHja pa3Boja jeIMHHULIA JIOKATHUX camoynpasa PC
u3 2017. romune, Crynuja ,,Pypannu uHTerpainu
pa3Boj moapydvja kamoHa Bpbaca u miaroa Mama-
ye* u3 2009. ronune, [Ipocropuu mian ['pana bama
Jlyka ox 2011. ronune u M3Bjemiraj 0 XyMaHOM
pa3Bojy 3a bocuy u Xeprierosuny 3a 2013. roquny.
[IpomjeHe y mpoCTOPHO] AUCTIEP3UjH CTAHOBHHIIIT-
Ba M BEJIMYMHH Hacesba Te (popMupame mpodiem-
cxux noapydja y PC (Mandié¢ & Zivkovié, 2014;
Mandi¢ & Deli¢, 2021), HaceoOuHCKIM Tporiecuma
y TpocTopy 3MHjama 1 MOTSHIMjaIMMa IPOCTopa
(Gatari¢, 2012; I'arapuh & MBanumieBuh, 2016;
Iarapuh, 2018; I'apuh, 2018) npahene cy Ha OCHOBY
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action groups which directly improve spatial
organization, life quality and sustainability
of rural communities.

MATERIALS AND METHODS

Relevant geographical methods were used
in the paper. The descriptive-analytical and
comparative methods were used to represent
the perception of rural areas (Harrington
& O’Donoghue, 1998; Cloke, 2006; Luki¢,
2010). Properties of rural policies were an-
alyzed via strategic documents, and policies
and programs of rural development of EU:
INTERREG, ESPON 2002, Territorial agenda,
Joint agrarian policy, Smart village, etc. and
their potential application in RS was consid-
ered (Gnjato et al., 2012). The comparative
analysis of geographical case studies provided
an insight into the current condition of B&H
rural areas — problems of differentiation and
organization of rural areas (Bogdanov, 2007;
Luki¢, 2010; Mauguh et al., 2018; Mandi¢
& Zivkovi¢, 2014; Mandi¢ & Deli¢, 2021).
Theoretical perspective on referential policies
and their potential application were analyzed
from the relevant body of work (Fertner,
2012; Lu et al., 2019). Genetic or develop-
ment method was used to estimate the nature
and directions of development processes and
their spatial consequences as suggested by
comparative-statistical analysis of demo-
graphic and other indicators from population
census and development studies: 1961, 1991
and 2013 population census, 2017 Strategy of
development of local self-government units in
RS, 2009 study “Rural integral development
of the Vrbas canyon and Manjaca plateau”,
2011 Banja Luka City spatial plan and 2013
Report on human growth for Bosnia and Her-
zegovina. Changes in the spatial dispersion
of population and the size of settlements and
formation of problem areas in RS (Mandi¢
& Zivkovi¢, 2014; Mandi¢ & Deli¢, 2021),
settlement processes in Zmijanje and potential
of the target area (Gatari¢, 2012; I'atapuh &
NBanumesuh, 2016; I'atapuh, 2018; apuh,
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3BaHMYHE CTATUCTHKE U HAaBEJICHE Hay4He JINTepary-
pe. Pe3ynraru ananmse cy CHHTEHTU30BaHH, CTaTHC-
THYKU oOpal)eHn 1 TabenapHo U KapTorpad)cKu pu-
ka3anu. [Ipeamer aHanu3e pypaiHor MOTEHIHjaa,
Pa3BOJHUX TpoIleca W MEpPCIEKTUBE MPE/ICTaBIba
poCTOp reorpadcKo-UCcToOpHjcKe 00IacTi 3MHjame
rocMarpaH Kpo3 HACEOOMHCKH cHCTeM. Pa3BojHH
MPOLIECH, aKTYEITHO CTah¢ HACCOOMHCKUX TMPUITUKA,
COIIMO-€KOHOMCKOT Pa3B0ja U MMPOCTOPHO-(PYHKIINO-
HaJlHe OpraHu3allyje aHAJIU3UPHU Cy Ha OCHOBY
CTATUCTUYKUX [OKA3aTesba U Pe3ylTara TePeHCKOT
paja, a MOTEHIIMjajlHa BaJOpU3allija KoMIIapaTyB-
HOM aHaJIM30M MPOCTOPHO-TUIAHCKE U CTpaTeIlKe
JOKyMEHTAIMje, Te HayuHHX uctpaxupama (I'a-
tapuh, 2018). KomnaparuBHOM aHaiIn30M Homnuca
CTAaHOBHUINTBA, 3a nepuoxn 1961-2013. roaune,
yTBpheHa je KOHCTaHTHA JeTIONyJIalja ca mocsbe-
auiaMa y (pyHKIIMOHAIHOM KarlalluTeTy Hacelba,
MPUBPEIHUM aKTUBHOCTUMA M CIa0JbEry Mpoc-
TOPHO-(YHKIIMOHATHUX Be3a i onHoca. C 063upom
na 3Mujamke HUje caMoCTalHa aJMUHHUCTPATHBHA
JjenuHuIia, aemorpagcke mpoMjeHe mocMarpaHe cy
Ha HMBOY Hacesba, a JPYTH IMOKa3aTesbUu pa3Boja
W3IBajaHy U3 jeJMHMIIA JJoKanHe camoynpase (JJIC)
KOjHMa TPUIaaajy. AHAIN30M I'eOMpPOCTOPHHX MO~
TEHIIMjas1a IpeIIoKeHa je KOMIUICKCHH]a BaJIopH3a-
11ja TIOCMAaTpaHOT MPOCTOpa, OOIMIH JPYIITBEHOT
OpraHu30Bama, ACPUHUCAHE Mjepe U aKTEepH Y
LIJbY roBehama akKTUBHOCTH Y IPOCTOPY 3MUjarba
U Berose feMorpadcke u QpyHKIHMOHAIHE PEBUTA-
nu3aiyje. 3MHjamke je OCMaTPaHo Kao er3eMIuiap
y mmpeM npocropy PC cnuunux reorpadckux
KapaKTEepUCTHKA M JPYIITBEHUX MPOIIEca.

PE3VIITATU U ANCKYCUJA

[Tpocrop buX mo Buie kputepujyma je ao-
MHUHaHTHO pypayiHu (oko 85 % Tteputopuje). Ca-
BpPEMEHH pa3BOjHH MPOLIECH HHIYCTPH]jaIH3aliuje
u ypOanuzauje y apyroj nonosunu 20. BHjeka,
np:kaBHE pedopMe M MHUIIMjaTUBe (arpapHa pe-
(dopma, KOJIIOHU3AIH]ja, TEXHUYKE HHTEPBEHLIU]E Y
MIPOCTOPY, HH(PPACTPYKTYPHA U3TPaIEha), Opa3U-
JIM Cy Ce Ha COLIMO-€KOHOMCKH Pa3Boj, KapakTep U
JMHAMHKY Murpauuja. Passojnom mudepenimja-
LI1jOM TIOCTETIEHO Cy (hOpMHpaHa MPOCIIEPUTET-
HHUja U Mambe MPOCHEPUTETHA pypaliHa TOIpyYja.

2018) were monitored based on official sta-
tistics and cited scientific literature. Results
of the analysis were synthesized, statistically
processed and displayed in tables and graphs.
The subject of the analysis of rural potential is
the geographical-historic area of Zmijanje and
its settlement system. Development processes,
current state of settlement system, socio-eco-
nomic development and spatial-functional
organization were analyzed on the basis of
statistical indicators and results of field work,
whereas potential valorization was consid-
ered through comparative analysis of spatial
plans and strategic documents and scientific
research (I'atapuh, 2018). The comparative
analysis of population census (1961-2013)
found a constant depopulation affecting the
functional capacities of settlements, economic
activities, and spatial-functional relations.
Given that Zmijanje is not an independent
administrative unit, demographic changes
were observed at the level of settlements.
Other indicators of development were singled
out from their units of local self-government
(LGU). The analysis of geospatial potentials
suggested a more complex valorization of the
target area, new forms of social organization,
measures and participants, all in order to
increase activities in the Zmijanje area and
achieve demographic and functional revital-
ization. Zmijanje was observed as an example
of phenomena of similar geographical proper-
ties and social processes in a wider RS space.

RESULTS AND DISCUSSION

Several criteria suggest that B&H is a
predominantly rural area (around 85 % of
territory). Socio-economic development and
migration dynamics were affected by the
modern development processes of industrial-
ization and urbanization in the second half of
20th century, and state reforms and initiatives
(agrarian reform, colonization, technical in-
terventions, infrastructure construction). Dif-
ferentiation eventually resulted in more and
less prosperous rural areas. The 1992—1995
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Parna necrpykuuja y nepuony 1992—-1995. ronune
uHTeH3uBHpaa je Beh 3amouery arpodujy nujena
PYpaHUX NOZIpYYja ¥ KIbYUHH je (pakTop pypaiiHe
Jerornynaiyje. TpaH3uIujoM APYIITBEHOT CUCTe-
Ma y COLMjaTMCTHYKUM 3eMJbama, Tako u'y buX,
MIPOMUjeHEHA j€ BIACHUYKA CTPYKTYpa, OpraHu-
3alfja MPOU3BOAIGE U JIaHYaHE Be3€ y CHUCTEMY
npuBpehuBama nonpuHocehn KpHu3H COLjaHe
u nemorpagceke oapxxkuBoctu (Mandi¢ & Deli¢,
2021).

Pypanna noapyuja buX 2013. rogune Ha-
cramyje npeko 50 % craHoBHuKa y oko 640000
nomahuacTaBa. JIOMMHAHTHOCT MallUX MOCje-
Jla, HU3aK CTENEeH MOJAEpPHH3AIMje U TPIKHIIHE
OpHjeHTAaIlH]e, BUCOKA CTApOCT paJlHE CHAre, cla-
06a pa3BHjEHOCT NpexpaMOCHUX HUHAYCTpHja U
nubepann3anmja yBo3a, HEMOBOJHHO YTHUUY Ha
COIMO-EKOHOMCKY OJIP’KUBOCT PypaSTHUX MOZPYYja
n Hu3aK yauo noseonpuspene y bBAII-y buX (oxo
8 %). [Ipema noganmma HanmonanHor n3Bjenraja
0 xymMaHoM pa3Bojy y buX u3 2013. ronune, buX
yBO3H 0K0 50 % moTpeOHe XpaHe, HaKO j& EKOKIIU-
MAaTCKH MOTO/IHA 32 CTPYKTYHPaHy TOJbOIPUBPEI-
HY IIpou3BobY. OBO MOTBphyje HU3aK HUBO UCKO-
PHIITEHOCTH 3eMJBUIIIHOT MOTeHIMjana. HaBenenu
TMOKa3aTeJbH jJaCHO MOTBPhY]y J1a pypaHH IPOCTOP
HE HUCITyHaBa OCHOBHY (DYHKIIH]y — TOTPEOHHU HIBO
MIOJHOTIPUBPETHE MTPOU3BOJIELE.

Ananuza nemMorpaCKux M COIHO-EKOHOM-
CKHX IOKazaresba pazBoja Ha HuBoy JJIC PC, a
npeMa kpurepujymuma Crpareruje paspoja Jo-
KajHe camoynpase y Pemy6mumm Cprickoj, mo-
TBplyje pa3BojHE pa3iuKe y OpOjHUM MHIUKATO-
puma Ha ocHOBY kojux ce JJIC mudepenumpajy
Ha pa3BHUjeHE, CPEAE Pa3BHjeHE, HEpPa3BUjCHE
u u3pasuto HepassujeHe. Ox ykynHo 64 JJIC
KapaKTepUCTUKE HEpa3BUjeHOCTH umajy 33, ox
yera 19 Hema Hacespa ypOaHor kapaxrepa. Hbu-
XOBa aMHHHUCTPATUBHA CPEIUILTA U3Y3E€THO CY
MaJior (PyHKIIMOHAJIHOT KaralyTeTa 3a IOKPEeTamke
pas3Boja U He MOT'Y 33JI0BOJbUTH OCHOBHE MOTpede
CTAHOBHMILTBA (paj, 00pa3oBame, 3APaBCTBO,
cHabzjeBame). Ha mpocropy Hepa3BHjeHHUX U U3pa-
3uTo HepasBujeHux JJIC Huje ce pa3BUIIO HU jeTHO
HaceJbe Aemorpadcekor kanmamurera a0 10000
CTaHOBHUKA, PETHOHAIHOT WJIH CyOperuoHalIaHoT
3Hayaja. YKymnHo 3ay3uMajy 34 % nospimne PC,
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war destruction only intensified the earlier
atrophy of some rural areas and it was the
key factor of rural depopulation. Transition of
social systems in Socialist countries, includ-
ing B&H, changed the ownership structure,
organization of production and commercial
chains, leading to the crisis of social and
demographic sustainability (Mandi¢ & Deli¢,
2021).

More than 50 % of the population lived
in 640000 households in B&H in 2013. Small
farms, poor modernization, lack of market ori-
entation, aging labor force, insufficient food
industry, and liberal import have a negative
effect on the socio-economic sustainability
of rural areas and low ration of agriculture
in B&H GDP (around 8 %). According to the
data of the National Report on Human De-
velopment in B&H from 2013, B&H imports
about 50 % of the necessary food, although
it is eco-climatically suitable for structured
agricultural production. This confirms the low
level of utilization of land potential. All those
indicators clearly suggest that rural areas do
not perform their primary role — agricultural
production.

The analysis of demographic and so-
cio-economic indicators of development at
the RS LGU level conducted in line with
criteria from the Strategy of development
of local self-government in the Republic of
Srpska corroborated growth disparities in ma-
ny indicators resulting in differentiation into
developed, medium developed, undeveloped
and extremely undeveloped of LGU. Out of 64
LGU, 33 are undeveloped and 19 completely
lack urban settlements. Their administrative
centers share small functional capacities for
growth initiatives and cannot meet the basic
needs of the population (work, education,
health care, supplies). In the territory of un-
developed and extremely undeveloped LGU,
there are no settlements with the population
up to 10000 that might be regionally or sub
regionally relevant. These LGUs cover 34
% of RS territory, with 16 % of the total
population, around 22 people/km? population
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ca 16 % cTaHOBHHUINTBA, HACCJLEHOCTH OKO 22
cr./km? ca ymjenom ox 25 % Hacesba y ramemy
(mame on 10 craHOBHUKA), BUCOKOM CTOIIOM He-
TaTUBHOT MPUPOJHOT mpupamraja, 50 % ymjena
caMaykux W JBOowIaHMX JoMahuHcTaBa (Mandié¢
& Deli¢, 2021) u apyrum COIMO-eKOHOMCKUM
MoKa3aTesbiMa KOju Cy HEMOBOJBHU]U OJ] IPOCjeKa
PC. HepasBujena (rmpoOnemcka) moapydja koja 3a-
0CTajy 3a IPOCjEeKOM HAIIHOHATHOT Pa3B0ja, UMajy
u Heke pazujene JJIC. To cy nmoapyyja ynasbeHa
OJl OMIITHHCKOT ypOAaHOT CpenuIlTa U HEHHTeE-
rpUcaHa y pa3BHjeHH]je OKpykemwe. Kapakrepuiie
UX jeIHOCTaBHA MPUBPEIHA CTPYKTYpa, BHCOKA
HE3aIroCJIeHOCT, JIoMa HHPPACTPyKTypa, Majia
I'yCTUHA HAaCEJHEHOCTHU, KOHCTAHTHA EMHTpalrja 1
JeTIONyauja. 3MHUjake je mpuMjep mpoOieMcKor
MoZIpy4ja Mako je HajBehuM I1jesioM CMjEeITeHO
Ha aJIMUHHCTpaTUBHO] Teputopuju I'pamga bama
Jlyka, Haj3HauajHMjer pazBojHOr cpexuira PC.
[Monpyyja mpobIEeMCKOT KapakTepa YWHE BHIIE
o 60 % tepuropuje PC u HacerpaBa ux Tpehuna
CTaHOBHUINTBA. TpeH YKyNMHHUX JeMorpadckux
KpeTama JyropovyHO IOCMaTapHO YrpoKaBa HU-
XOBY OJIP’)KUBOCT. XOpOJIOIIIKA aHAINM3a CUCTEMa
Hacesba PC nmocmarpanor kpo3 6 HUBOA LIEHTpa-
JIUTETa, 3aCHOBAHOT Ha (PyHKIIMOHAIHOM Kamalu-
TETy, yKa3yje Ha BEJMKE HAaCEOOMHCKE pas3uKe.
VY npobneMckuM NozpyyjuMa HemMa Hacesba TpBa
JIBa paHra IeHTpanuTera Beh camo jeaHo ypbaHo
cpenuiute Tpeher panra. ¥ xujepapxuju Hacesba
npobnemckux noxapydyja 30 cpequra JJIC je mec-
TOT paHra LEHTpaJUTeTa, O/l KOjuxX je BehnHa Ha
rpaHyIy ypOaHOCTH WM HEMa ypOaHU KapakTep
(Mandi¢ & Zivkovié, 2014). TIpocrop oux JJIC
npezcTaBiba pa3BojHy nepudepujy. [Ipocropna
aucnepsrja ypOaHuX cpenuinTa nepudepuje nma
Maiy ryctuny, 1 ypbano Hacesbe Ha 1157 km?,
JIOK j€ Y IPOCTOpPY MpHjeTa3HuX KapaKTepUCTUKA
1 pazBojHe ocoBuHe PC (mepunanoHCKH POCTOP)
1 ypbano cpenumre Ha 827.6 km? npocropa. Kom-
aparyjoM COLMO0-EKOHOMCKE Pa3BHj€HOCTH IPOC-
TOpa U pa3Boja HACEOOWHCKOT CHCTEMa yOUJbHBA
je muxoBa MehycoOHa ycnoBibeHOCT. He Mapruna-
mu3yjyhu yTunaj npupoaHo-reorpadckux gakropa
U unmeHuIlly aa ce Behuna nepazsujenux JJIC
HaJla3u y IUIAHMHCKO-KOTJIMHCKOM U CyOMenuTe-
PAHCKOM IIPOCTOPY, MOXKE CE 3aKJbYUUTH J1a pa3Boj

density, 25 % of settlements almost empty
(fewer than 10 people), extremely negative
birth rates, and 50 % of single or two-mem-
ber households (Mandi¢ & Deli¢, 2021) and
other socio-economic indicators which are
worse than RS average. Undeveloped (prob-
lem) areas left behind the national average
still have some developed LGUs. These are
areas distant from the urban municipal cen-
ter and not integrated into a more developed
environment. Their basic properties are sim-
ple economic structure, unemployment, poor
infrastructure, small population density, con-
stant emigration and depopulation. Zmijanje
is an example of a problem area despite the
fact that most of its territory is located in
the city of Banja Luka territory, which is the
most significant development center of RS.
Problem areas make more than 60 % of RS
territory and are populated by one third of the
total population. Long-term demographic mi-
grations are threatening the sustainability of
problem areas. Horological analysis of the RS
settlement system, observed through 6 levels
of centrality based on functional capacities,
indicated large settlement differences. There
are no first or second ranked settlements and
only one urban center is ranked third among
all the problem areas. The hierarchy of set-
tlements in problem areas suggests that 30
centers of LGUs are ranked 6 and most of
them are on the verge of urbanity or are not
urban at all (Mandi¢ & Zivkovi¢, 2014). The
area of these LGUs represents development
periphery. The spatial dispersion of peripheral
urban centers is poor (1 urban settlement per
1157 km?). On the other hand, in the area of
transitional properties and development ax-
is of RS (peri-Pannonian area) there is one
urban center per 827.6 km?. Comparison of
socio-economic development of some space
and the development of the system of set-
tlements implies that these two are mutually
conditional. Without an intent to minimize
the relevance of natural-geographical factors
and the fact that most undeveloped LGUs are
located in highland and sub-Mediterranean
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PYPATHUX TOApYYja BHUILE 3aBUCH Of] OIU3MHE U
(DYHKIIOHAJTHUX KaranuTeTa ypOaHOT CpeauInTa
1 MOTYhHOCTH FBHUXOBE HHTEPAKIIM]E HETO OJf Te0-
MPOCTOPHUX TOTEHIHjajla CEOCKUX Hacesba U FbFMa
npunanajyhux repuropuja. C tora je y uzabpanom
npuMjepy mpocTopa 3MHjamka, aKIeHaT CTaBJbEH
Ha aHaJIM3y MPoIeca y HACEOOMHCKOM CHCTEMY.

ITpoctopau o0OyxBart
U KapaKTepUCTUKE
HCTPaKUBAHOT TIPOCTOPA

[Tpocropuu 00yxBar 3MHUjamkba IME BUIIIE TY-
Mauema o] CTpaHe pa3anuuTux aytopa: [1laba-
HoBuh, X., Cxapuh, B., Kouuh, I1., Kapanosuh,
M., Humikanosuh, M., Bacuh, M., Muxkuh, b.,
Bynun, M., mITO je mocJbenIIa CI0KEHOT UCTO-
pujcko-reorpadCKor pa3Boja, KyaType, aqMHuHH-
CTPaTHBHHX I'PAHUIIA U CTATycCa KOjH je 3MHjame
UMaJIo y paHHjUM UCTOPHUjCKUM Neproanma. Y
CpeIbEeM BHjEKY je Kyra 3eMIbaHUK (3eMyHHK),
y TypCKOM TIEpHOAY oA cpenuue 16. Bujeka Omna
Haxuja 3Mujame, Ha pena3y 19.y 20. Bujex je
0] ayCTPO-yrapckoM ympaBoM U OOpH ce na
cadyBa paHHje cTeueHy ayToHOMHjy. Mako cy
TPaHMIIE CPEAHOBjEKOBHE XyMe 3eMJbaHHUK H
Haxuje 3MHjamke CIUYHE, HUCY TOaylapHe, Te
ce y UCTOPH]jCKHM HU3BOpUMA PA3IUIUTO HABOJIE.

KomnnekcHocT reorpadckor moioxkaja:
CMjelITaj y mpurpaHudHoM npoctopy Typckor
HapcTBa, ¢usnyko-reorpadcka CIOKEHOCT H
3aTBOPEHOCT MPOCTOPA KOjUM BOJIU Tpaca pUM-
ckor myTta o Jaapana xa IlaHoHCKO] HU3UjH,
JTOMUHAHTHOCT XpHUIThaHCKOT MpaBOCIaBHOT
CTAaHOBHUINTBA, yTHUIAJa je Ha Jo0OHjame
onpehenor obnrka ayTOHOMHUjE YKIJbYyUHUBaHEM
CTaHOBHUIITBA Yy pej MapTojora (XxpumhaHu
y BOJHO] CIIY)KOHW OJIp)KaBama peja y morpa-
HUYHOM TpocTopy) (Vasi¢, 1962) u ykymnHy
npocTopHy opranuzanujy. CATHO CTOYapCcTBO
U OTPaHUYEHHU YCJIOBH 3eMJbOPAIHE YTHIAIH
Cy Ha PETHOHAITHY MOOMIIHOCT CTAHOBHUINITBA
pUMapHO 0OIMKOBAIN HACEOOMHCKE IPUITHKE Y
dbopmu pa3OujeHNX, YIIIaBHOM MTaTPOHUMUYHHIX
HaceJba MPOUCTEKINX U3 TOPOJUYHHX 3aApyTa
(Iarapuh, 2018). CnenupuaHOCT APYIITBEHOT
MoJIOXKaja yTUIlalia je Ha (OpMHUpakEe U 09yBa-
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areas, we may infer that development of rural
areas is more dependent on the vicinity and
functional capacities of urban centers than on
the geospatial potentials of rural settlements
and their territories. Hence, in our case study
of Zmijanje, the focus is on the analysis of
processes within the system of settlements.

Spatial coverage
and properties
of the target area

The spatial coverage of Zmijanje have been
accounted for by many authors: Sabanovi¢,
H., Skarié¢, V., Koéié, P., Karanovi¢, M.,
Niskanovi¢, M., Vasi¢, M., Miki¢, ., and
Vulin, M., and the reason for different percep-
tions has been a complex historical-geograph-
ical situation, culture, administrative bound-
aries and the status of Zmijanje throughout
the course of history. Back in the Middle
Ages, the area was known as Zemljanik parish
(Zemunik), during the Ottoman period from
middle 16th century it was Zmijanje nahija,
in the turn of 19th century it was under the
Austro-Hungarian rule fighting for its pre-
viously won autonomy. Despite the fact that
boundaries of Zemljanik parish and Zmijanje
nahija were similar, they did not match com-
pletely which caused different interpretations
in different historical sources.

Complexity of geographical position: lo-
cation in the sub-bordering areas of the Otto-
man Empire, complex physical-geographical
properties and enclosed space, the Roman
road connecting the Adriatic Sea and Panno-
nia, and the dominance of Orthodox Chris-
tian population enabled a specific form of
autonomy and the population were included
among martolozi (military Christians main-
taining order in the bordering areas) (Vasi¢,
1962) and affected the spatial organization.
Extensive cattle breeding and limited agrar-
ian conditions affected the regional mobility
of the population and primarily shaped the
dispersed patronymic settlements originating
from family farms (I'arapuh, 2018). Specific
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HOCT KYJITYpHOT HJICHTHTETa, all U MPOMje-
He rpaHuna 3mujama. CaBpeMEHO MOUMambe
3Mujama y mupeM CMHUCIY, Kako ra fAe(uHuIIe
[Terap Kouuh, oGyxBara mpoctop uzmel)y pujexe
Cane u nnanu"e JImutop Ha 3amany, Bpbaca
Ha HUCTOKY, bame Jlyke n jy')xHHX oOpoHaka
nnanuHe Ko3ape Ha cjeBepy u Mpromuh ['pama
¢ muiannHoM JlucuHoM u LlpHOM pHjexkoM Ha
Jjyry. AIMUHUCTpaTHBHA TpaHULa 3MHjama y
TYpPCKOM IEPHOJy TOBPEMEHO C€ MUjemana, ma
ce kpahu mepuojn y 3mujame yOpaja: Hacelbe
[oppamnuna, npocrop 10 MaunumTa u yurha
[Tnuse y Bpbac Ha jyry; Hacespa ca gecHe odaie
Bpb6aca: Kpmune, bouar u Aruno ceno, Ha cje-
Bepy 2o Jakynosana u obona manuHe Kozape,
IITO TIPE/ICTaBJba HAjIINPE MONMakhe 3MUjamba.
Ve mouMame 3MHjamba Kako ra jaeduHHIIe
MupocnaB Humkanosuh unne cena: CuTHHIIA,
lopwe ParkoBo, lowme ParkoBo, Crpaxuie,
CoxonoBo, Myjakosuu, Jlycuhu, JlokBapu u
Crpuunhu (Humkanosuh, 1978), ykynHe mosp-
mHe 219.87 km?.

Uctopujcko-reorpadcka obract 3mujama
MocTaja je MpeAMeT WHTepecoBama M H3yda-
Bama BHIIE UCTpakuBada moyeTkom 20. Bujeka
nociuje KounheBor rosopa y Bocanckom ca-
00py O arpapHOM MHTaky U MpaBy CeJbAIITBA.
Criermu(puIHOCT IpyIITBEHE OpraHu3allije 1 ay-
TEHTHYHE KYJIType 3aUHTEepECcoBaa je Mo3HaTor
reorpada Joana [[Bujuha xoju moacTude apyre
UCTpaXKMBaye y aHTPOIIOJONIKAM M €THOJOII-
KUM HCTpaXUBambUMa 3MHjama. Jenan BUjEK
KacHUje 3MUjame Ce MPETNo3Haje U Pa3BOjHO
pedepuiie Ha OCHOBY €THOJOMIKUX CIIeHPUY-
HOCTH, HAKO HE MPecTajy caBpeMeHa CTyAHO03Ha
ucropujcka (Mukuh, 2005) u antponoreorpad-
cka uctpaxusamwa (I'atapuh, 2018).

3a motpebe paga, 3MUjame je ToCMaTPaHO
y TpaHUIlaMa CpEeIHOBjeKOBHE Xyme 3emJba-
HUK, HajTUIIHYHUJUX ETHOKYJITYPHHX OJJIUKA
3mujama, He YKIbydyjyhu necHy obany BpoOa-
ca M MEepUIIaHOHCKU MPOCTOpP Ha CjeBepy, Te Yy
¢u3nuKo-reorpa)cCkOM CMHCITY TMpeaCcTaBIba
KOMITaKTaH MPOCTOp. Y aJIMUHUCTPATUBHOM
cMucity 1o rpalanckor para npunanaaino je JJIC
bama Jlyka, Mpkowuh I'pax, Cancku Mocrt
u Kmpyu. JlejroHckum criopazymom 1995. ro-

social rank had an impact on formation and
preservation of cultural identity but also on
the changes in Zmijanje boundaries. The
modern idea of Zmijanje, as defined by Pe-
tar KocCi¢, covers the area between the Sana
River and the Dmitor Mountain in the west,
the Vrbas River in the east, Banja Luka and
southern Kozara slopes in the north, and
Mrkonji¢ Grad, the Lisina Mountain and Crna
Rijeka in the south. During the Ottoman rule,
the borderline changed and Zmijanje includ-
ed the following: Podrasnica, MlinisSte, the
mouth of the Pliva into the Vrbas in the south;
settlements on the right Vrbas bank: Krmine,
Bocac and Agino selo, in the north all the way
to Jakupoveci and the Kozara Mountain, which
still is the extended perception of Zmijanje.
A more narrow perception of Zmijanje was
given by Miroslav NiSkanovi¢ and it cover the
following villages: Sitnica, Gornje Ratkovo,
Donje Ratkovo, Strazice, Sokolovo, Dujakov-
ci, Lusi¢i, Lokvari and Stri¢i¢i (HumkanoBuh,
1978), covering the surface of 219.87 km?.
The historic-geographical region of Zmi-
janje became of great interest for scientists in
the early 20th century after Koci¢ gave speech
on agrarian issues and rights of peasants at
Bosanski sabor. Specific social organization
and authentic culture caught the attention
of Jovan Cviji¢, a famous geographer, who
initiated other researchers to investigate Zmi-
janje. A century later, Zmijanje was recog-
nized based on ethnological specificities,
even though there are pending modern studies
from historic (Mukuh, 2005) and anthropo-
geographic points of view (I'atapuh, 2018).
For the purpose of the paper, Zmijanje
is regarded within the boundaries of me-
dieval Zemljanik parish, and most typical
ethnic and cultural properties, as a compact
physical-geographical unit, without the right
Vrbas bank and peri-Pannonian space in the
north. From the administrative point of view,
up until the civil war Zmijanje was a part of
LGUs of Banja Luka, Mrkonji¢ Grad, Sanski
Most and Klju¢. The 1995 Dayton Agreement
divided Zmijanje by the entity borderline.
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JUHE je TOANjeJbEHO SHTHUTETCKOM JIMHU]OM.
o npujeparne ommruHe Kibyd, ca rpagom
Kibydewm, ymao je y cacraB ®enepanuje buX un
npuIana cy My Hacesba 3mujama: Jlome PatkoBo
u Jlowe CoxonoBo. Octasia Hacesba MPUIIOjeHA
cy HOBOoGopMHUpaHOj ommITHHU PubHuk (8 Ha-
cespa). HoBodopmupanoj onmtiuau Omrrpa Jlyka
npumnana cy Hacesba Jloma Kosumna m Xasuhu,
u3nBojena u3 onmruae Cancku Moct. Behuna
Hacespa octana je y okBupy JJIC Bama Jlyka
u Mpkomuh I'pan. ¥V mupem cmucny 3mujame
oOyxBata 47 Hacesba ykynHe nospiuHe 1092.72
km? (mpoctop y PC) Te je y paxy mocmarpano
Kao jeIMHCTBEHA IUIAHCKAa peruja, pypaaHor
npobnemckor kapakrepa (Cin. 1 u Tab. 1).

VY nojenqunum cermentuma JJIC kojuma
3MHjame Mpumaza nocMarpaHe cy y IjeMHH
Jjep pa3Boj MPOCTOpa OBUCH O]l YKYIHHUX IIO-
TEHLMjaJla U Pa3BOjHUX MHUIMjaTUBa MpHIIa-
najyhux JJIC. Uctopujcko-reorpagcka obnact
3Mmujama 3ay3uma cjeBeposanaanHu auo PC.
Juo je mmper npoctopa 3ananHe bocue (bo-
CaHCKa KpajuHa) Koju y GU3HUKO-reorpackoM
CMUCIIY KapaKTepulle ciioxkeHa Mopdodusuo-
HOMHMja Kpamkux oOnuka pespeda, cnernupuy-
HO KpeTame BOJE U XUIPOJOUWIKU (HEHOMEHH,
CTPYKTypa OMOCHCTEMa U PeNlaTUBHA OCKYIHOCT
00panMBOT 3eMJBUIITA MPOU3ANLIIUX U3 T€O-
nomke rpahe ¥ HaAMOPCKE BUCHUHE MPOCTOPA.
[Ipuponnu ycnoBu aeduHucaln Cy CTPYKTYpY
MOJFONIPUBPENIHE MPOU3BOAE Ca TEKUIITEM
Ha CTOYApCTBY, YIJIIABHOM CUTHOM, T€ MambeM
O0pojy moJpornpuBpeaHuX Kynarypa. IIpupon-
HO-reorpadcka yClIOBBEHOCT M CI0XEHOCT
HUCTOPHUjCKO-TeoTrpadcKor pa3Boja, Koju je y
POCTOPY MOTBphEeH OpojHUM ocTalma Mate-
pHjaliHe KyAType U3 CBUX UCTOPH]CKUX MEPHO/IA,
nepuHury 3MHjambe TPOCTOPOM CTICHU(PHUUHOT
reorpadckor uaeHTUTeTa. Y (U3nIKo-reorpad-
CKOM CMHCITY, 3MHjame je 00JacT Koja ce mpoc-
TUpE Ha INIAaHWHU U 1u1aToy Mamaua u Ilepu-
naHoHcKoM o0ony. Ca jyra U HCTOKa OKpyXKeHa
j€ TUIaHWHaMa JIMHAPCKOT CHCTEMa BHILIUM OJ
Mamaue Koja MnpeacTaBba CPEeIUIIBH TPOCTOP
3mujama. [Inannna Mamaya npyska ce y npasity
cjeBep — jyr ayxkuHoM 18 km u HajumMmo3aHT-
HUja je MPOCTOPHA IjjeIHa 3MHjamba.
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Parts of the earlier pre-war Klju¢ munici-
pality, including Klju¢ town now belonged
to the B&H Federation with the following
settlements of Zmijanje: Donje Ratkovo and
Donje Sokolovo. Other settlements belonged
to the newly-formed municipality of Ribnik
(8 settlements). The newly-formed munici-
pality of Ostra Luka covered the settlements
of Donja Kozica and Hazi¢i, former parts of
Sanski Most municipality. Most settlements
remained parts of Banja Luka and Mrkonji¢
Grad LGUs. In a broader sense, Zmijanje
covers 47 settlements and 1092.72 km? (ter-
ritory in RS) and the paper observed it as a
unique planning region and a rural problem
area. (Fig. 1 and Tab. 1).

Some segments of LGUs of which Zmi-
janje is a part, were observed as a whole
because the development of the area depends
on the total potentials and development initia-
tives of their LGUs. The historic-geographi-
cal area of Zmijanje covers north-west parts
of RS. It is a part of a wider region of west
Bosnia (Bosanska krajina), which is physical-
ly-geographically characterized by complex
morpho physiognomy of karst relief, specific
water flows, hydrological phenomena, biosys-
tem structure and relatively poor arable soil
resulting from the geological background and
altitude. It was the natural conditions that de-
fined the structure of agricultural production
focusing on cattle breeding and few types of
crops. Zmijanje is defined as an area of spe-
cific geographical identity due to natural and
geographical conditions and complex historic
and geographical development, the traces of
which might be found in different remains
of intangible heritage from all historic peri-
ods. In physical and geographical points of
view, Zmijanje is an area covering Manjaca
mountain and plateau and peri-Pannonian
rim. In the south and east, it is surrounded
by Dinaric Mountains higher than Manjaca,
which represents the central Zmijanje space.
The Manjaca Mountain stretches in north-
south direction 18 km long and is the largest
spatial unit of Zmijanje.
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Cn 1. ATMUHHCTPAaTUBHO-TEPUTOPH]ATHA U MPOCTOPHO-PYHKITMOHAIHA OpTaHu3aIija 3Mujama
Fig. 1. Administrative-territorial and spatial-functional organization of Zmijanje
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Pemed 3mwujama je Opacku u OpAcKo-TuIa-
HUHCKU M W3rpal)eH je o1 T0JIOMHUTCKO-KpeUhad-
KHX cTHjeHa. 300r reojoke rpahe u epo3uBHUX
niporieca GopMUPAHU Cy Kpariku oonuim pesbeda
(mkpane, Bprade, jame, nehuHe, Kpaika 1osba).
Tna cy nnuTka, 1yOMHE HEKOJIMKO HEHTHUMETa-
pa. HajHika Tauka y mpoy4yaBaHOM IIPOCTOpY je
y3 pujexy bamuna (335 m), a Hajpuma je BpX
Benuka Mamaua (1239 m). Kiiuma uma npenas-
HE KapaKTEepPHCTUKE yM]jEpPEHO-KOHTUHEHTAIHE U
IUIAHUHCKE KIIMME, Cca JIOBOJBHO aTMOC(EpPCKUX
TNaJiaBUHA PEJIATUBHO PAaBHOM]EPHO pacriopel)eHux
y TOKY TOJIMHE U JIOCTa CHUjera 3MMH YHja BUCHHA
MMOBPEMEHO Y3pOKyje MpeKkun y caodbpahajaom
KoMyHHLMpamy. [ eonorika rpala ycnosspasa cia-
00 pa3BUjEHY TOBPIIUHCKY MPEXKY BOIOTOKOBA
U 4yecTy Hecrammiy Boae. HaBenenu ¢akxtopu
(buznuko-reorpad)cke CpeIUHE YTHUIATH CYy Ha
HaceOOMHCKY OpraHHM3alujy, CTPYKTYpy U OOMM
MOJHONPUBPETHE TPOU3BO/IHE.

Cwmjemrtaj m3mely Janpanckor mopa u Ila-
HOHCKE HU3M]j€ YTHUIIA0 j€ Ha KOHTUHYHUTET TpPaH-
3UTHOCTH 3MHjama jOII O PUMCKOT TEepHoa.
[Nocmarpanu mpocTop je KaCHO YKJbYUEH Y MPEXY
caBpeMeHHx caoOpahajuuia, Tek kpajem 20. Buje-
Ka, a HeKa ceocka Hacesba cy MelycoOHO cao-
OpahajHo mose3aHa Tek y 21. BHjeKy IITO je jenaH
o1 (hakTopa mMpoCTOpHE JUCTIEP3H]jE U NCEJbaBambha
CTaHOBHHUIIITBA.

Jemorpadcke u HaceoOMHCKE
KapaKTePUCKUKE UCTPAKHBAHOT
pocTopa

O03upoM Ha MPUPOTHE YCIOBE U KOHCTAHTAH
nemorpadcku pact, mpocTop 3MHujamka U BErOBOT
OKpYXema OHO je arpapHO MPEHACEIHEH MOYETKOM
20. Bujexa. Kontnnynpanu ryouTak CTaHOBHHIIIT-
Ba MOYUme y J[pyrom CBjeTCKOM pary U HaCTaBJbha
ce TociIMje para KoJIoHu3anujoM y BojBomuny,
KaCHUjHUM IJTAHCKUM HCEJhaBambEeM, PATHIM MUT-
parjama peMa Behum ypOaHUM CpeuITHMa 1
UHOCTpaHCTBY. Y nepuony 1945-1948. ronune, y
OKBUPY arpapse pedopme u kooHu3zaiuje Bojso-
IMHE, ca mpocropa 3mujama 1 bocancke Kpaju-
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The hilly and mountain relief of Zmijanje
is composed of dolomite and limestone rocks.
The geological forms and erosion resulted in
the karst relief (funnel-shaped holes, cracks,
cavities, caves, karst fields). The soil is shal-
low, only a few centimeters deep. The lowest
point within the target area is next to the Ban-
jica River (335 m), and the highest point is
the Velika Manjaca peak (1239 m). Climate is
transitional and it varies from moderate-con-
tinental to mountain climate. Precipitation
is sufficient and relatively well-distributed
all year long, and large amounts of snow
may cause traffic interruptions in the winter.
Geological forms caused poorly elaborate
surface water stream networks and frequent
disturbance of water supplies. All these phys-
ical-geographical factors affected the organi-
zation of settlements, and the structure and
quantity of agricultural production.

The location between the Adriatic Sea
and Pannonia has had a large impact on the
transit communication at Zmijanje ever since
the Roman period. It was only in the late 20th
century that the observed area was included
in the traffic network, with some villages
waiting until the 21st century, which is one
of the factors of spatial dispersion and pop-
ulation emigration.

Demographic
and settlement properties
of the target area

Given the natural conditions and constant
demographic growth, Zmijanje and its neigh-
boring areas were overcrowded in the early
20 century from the agrarian point of view. A
continuous population decline started in WWII
and continued after the war when most of the
population left to Vojvodina as a part of a
planned labor emigration to larger urban centers
and foreign countries. During the 1945-1948
periods, 8259 households from Zmijanje and
Bosanska Krajina were displaced due to the
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He ucesbeHo je 8259 momahmucraBa. [Imanckum
rcesbaBambeM 300T (opMupama BOjHOT TTOJTUTOHA
Mamava (1957-1975) ucemeno je roroso 5000
CTAaHOBHHMKA M yraIlleHa cy Hacesba Pagmannhu u
HIpuBHO, 1 11jenoBu Hacesba JloOpma u Bumycu
(I"arapuh, 2018). Y nporecy nuHaMUYHE HHITYC-
Tpujanm3anmje 1 ypoanuzamuje buX 60-ux u 70-
MX TOAMHA MIPOIILIOT BHjeKa, Ha IPOCTOpY 3MUjamba
HUje ce pa3BWIIO HUjeqHO ypOaHO Hacesbe. 300r
MIPOCTOPHE YIaJbeHOCTH | ci1abe caoOpahajue rmo-
BE3aHOCTH Ca HajOMMKUM ypOaHUM CpeaUIITHMA
(bama Jlyka, Mprowuh I'pan, Kibya u Cancku
MocT) H30CTaN! Cy BbUXOBU IMO3UTUBHU Pa3BOjHU
yrunaju (Ci. 1). AIMUHICTpaTUBHO-TEPUTOPH]al-
Ha peopranuzainuja buX kpajem 60-ux roguna 20.
BHjEKa JToBeNa je 10 ykpynmasama JJIC. Hacespa
3mujama (Kpyna Ha Bpbacy) u HenocpenHor ox-
pyxema (bponzann Majnan, bapahu) nsryouna
Cy aJIMUHHUCTPATUBHY (QYHKIIH]Y T€ Cy CMAbEHA U
yJarama y BHX0B pa3Boj. buxoBo (hyHKIMOHATHO
crabJberhe MOCPEIHO je YTULIAJIO Ha T10je/IMHA Ha-
cesba 3MHjama. Y HeIOCTAaTKy pa3BOJHOT CPEIUIITa
COIIMO-€KOHOMCKO NPECTYKTYHPAHHE CTAHOBHUIIIT-
Ba OJIBHjaJIO ce HMcesbaBameM. /lnHaMuyHa gear-
papu3anyja u aepypanusanuja Mmaaudecryjy ce y
CEHWJTU3AIIN]jU, CMaFkheHO] PUBPEIHO] AKTUBHOCTH
U TI0jaBU COIMJATHOT yrapa, T€ 3a0CTajalbeM Y
YKyIHOM pa3Bojy. [locmarpanu mpoctop, y oxn-
Hocy Ha mpocjek buX, penarnBHO KacHO je WH-
TETPUCAaH y CaBPEMEHE pa3BOjHE IpOLECe, IITO
MOTBphyje ycrnopeHa quHaMUKa eNeKTpuduKanuje
KOja je y TIOjeIMHIM HaceJbuMa 3aBpIlieHa KpajeM
80-ux roguna. Caobpahajuy mHppacTpykTypy
YIIaBHOM Cy YMHWINM MakaJaMcku 1myTeBH. Ca-
oOpahajHa octymHoCT O6mna je 3HayajaH (hakTop
COIIMO-€KOHOMCKOT Pa3BOja 1 IpaBalia 1 Kapakrepa
MUTpalfja CTAHOBHUILTBA KOje Cy JOMHHAHTHO
nuBeprentHe ([latapuh & MBanumesuh, 2016).
TeputopujanHo paspjehuBame y MpeXH Hacesba
HMMAJIO j€ HETaTUBHE MTOCJHETUIIE TI0 IeMOTpadCKH,
COIIO-EKOHOMCKH M IPOCTOpHHU pa3Boj (Gataric,
2012).

agrarian reform and Vojvodina colonization.
During the construction of the Manjaca military
training grounds (1957-1975), almost 5000
people were displaced, ending in complete
shutdown of Radmani¢i and Sljivno and partial
shutdown of Dobrnja and Vilusi settlements
(I"'arapuh, 2018). Not a single urban settlement
was founded in Zmijanje during the dynamic
processes of industrialization and urbanization
of B&H in the 1960s and 1970s. The spatial
distance and poor traffic connections with the
nearest urban centers (Banja Luka, Mrkonji¢
Grad, Klju¢, Sanski Most) stopped the positive
development effects of those processes (Fig. 1).
The administrative-territorial reorganization of
B&H in the late 1960s resulted in the merging
of LGUs. Settlements of Zmijanje (Krupa na
Vrbasu) and the direct vicinity (Bronzani Maj-
dan, Barac¢i) lost their administrative functions
and the investments declined. The deterioration
of functions indirectly affected some settle-
ments. Given that there was no development
center, the socio-economic restructuralization
inferred the population displacement. The dy-
namic deagrarization and deruralization were
manifested through population aging, decreased
commercial activities, and occurrence of social
fallow and stagnation of development. When
compared to the B&H average, the target area
was relatively late in terms of integration in
modern development processes, which was
evident from the slow dynamics of electrical
installation that did not end until late 1980s in
some villages. The road infrastructure mostly
consisted of macadam roads. Traffic commu-
nications were a pertinent factor of socio-eco-
nomic development and population migrations
which were predominantly divergent (I"'atapuh
& WBanmmesuh, 2016). Territorial dilution
of the network of settlements has a negative
impact on demographic, socio-economic and
spatial development (Gatari¢, 2012).
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Tal. 1. AAMHHHCTPATUBHO-TEPUTOPHjaTTHA OpPraHU3alMja U HACEJHEHOCT MpocTopa 3mujama 2013. romume
Tab. 1. Administrative-territorial organization and population of Zmijanje area in 2013

. Bpoj cranoBHu-
Bpoj nacesba u
Kka u ynno (%) y )
Jennnuna yano (%) y yky- ] IIpocjeuna
. YKYIHOM 0pojy
JIOKaJIHEe MHOM Opojy Ha- BEJIMYMHA
CTAHOBHHMKA
caMoynpaBe cesba / Number Hace/ba /
Hacespe / Settlement / Number of
/ Local self- of settlements . . Average
. inhabitants and .
government and share (%) in . size of the
. share (%) in the
unit the total number settlement
total number of
of settlements . .
inhabitants
Buctpuma, bopkosuhu, Burycn, Tonerm,
Hobpma, Jlyjakosim, 3enenim, Kmehanu,
Kona, Kona Jloma, Kpymna Ha Bp0acy,
JloxBapwm, JIycuhn, Menmmaa, O6posari,
[TaBuhwu, ITepsan [opwu, [lepsan Homu,
Pekasurie, Ctpuuntin, Cyooruia, Yo-
bama Jlyxa / xopw, [1ibuBHO, Pammannhu / Bistrica 24 10434 434.7
Banja Luka P, LLUBHBHO, FamManHt ried, 51% 66.2 % :
Borkovi¢i, Vilusi, Golesi, Dobrnja,
Dujakovci, Zelenci, Kmecani, Kola, Kola
Donja, Krupa na Vrbasu, Lokvari, Lusi¢i,
Melina, Obrovac, Paviéi, Pervan Gornji,
Pervan Donji, Rekavice, Stri¢i¢i, Subotica,
Cokori, gljivno, Radmani¢i
Topwu I'pann, I'yctoBapa, Jlabparn, Jomu
I'parm, y6wma, Korop, OpaxoBiranu
Mprorih [onopno, [oapammnnma, Crynapu, Cypjas,
Ipan/ Tpujedoro, Illexosuu / Gornji Graci 13 3954 304.1
Mrkonji¢ PHJE0OBo, t ot bract, 27.6 % 25.1 % '
Grad Gustovara, Dabrac, Donji Graci, Dubica,
Kotor, Orahovljani Podbrdo, Podrasnica,
Stupari, Surjan, Trijebovo, Sehovci
T'opwe ParkoBo, ['opwe Cokonoso,
Home PatkoBo, Jbyoune, CutHuIa,
PubHuK / Crpaxune, Yahasuna, Jlome Cokorno- 8 1102 137.5
Ribnik Bo / Gornje Ratkovo, Gornje Sokolovo, 17.2 % 7.0 % '
Donje Ratkovo, Ljubine, Sitnica, StraZice,
Cadavica, Donje Sokolovo
Omrpa Jlyka Jomwa Kozuma, Xazuhiu / 2 265 132.5
/ Ostra Luka Donja Kozica, Hazi¢i 42 % 1.7 % ’
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I'pabhancku par 1992—1995. ronune octaBuo
j€ BEJIMKE MOCJhbeAIe Y PUBHYKO] TeCTPYKITU]H
u geMorpadckoM er3onycy nmpocropa 3Mujama.
Hacema Jlome PatkoBo u ['opmwe u Jomwe Co-
KOJIOBO MMaja cy HajBehu oOuM HcesbaBama
CTaHOBHUUITBA, MOJAMjEJbeHA CYy €HTHUTETCKOM
JTUHUjoM Tipu uemy je Jlome COKOIOBO OCTao
6e3 craHoBHUILITBA. CIIMYHU MPOIIECU KapaKTe-
pUILY M MO HAaceJba HEMOCPETHOT OKpPYKEeHba,
Kao ¥ MHOTO LIHUPU MPOCTOp 3anaane buX, ma
3ajeIHO ca 3MHUjambeM YnHe MPOOIEeMCKY perujy
Koja ce 003upoM Ha reorpadcky CTPYKTYpy U
reHe3y pa3BOJHHMX MpoOieMa MOXe TpeTHpaTH
CIIMYHUM Mjepama u uarerpaiso. Crymauja ,,Py-
paJHU MHTETPAIHU MPHUCTYN pa3Boja Moapydja
kamoHa Bpbaca u minatoa Mamaue™ o0jenumyje
JJIC Bawy Jlyky, Mpkowuh I'pag u Pubnuk y
KOMIUICKCHHU]EM PHUCTYITy PEBUTAIU3AIN]U, AJTH
ce CIopO UMILIEMEHTHUpA.

KomnaparuBHa aHanu3a Mpexe Hacesba
yKasyje 1a Hajuie Hacesba punana JJIC bama
Jlyka. OBa Hacesba cy Behe ImpocjedHe BEITMUIUHE
ol Apyrux Hacesba (oko mpocjeka PC). Ox yky-
nHo 40 TunuyHo pypanuux Hacespa JJIC bamwa
Jlyka 24 Hacesba mpunazajy npoctopy 3Mujama.
VYkynHo oOyxBarajy 571.74 km? unu 52.3 %
noBpirHe 3Mujama U 66.2 % CTaHOBHUINTBA.
Ocrane tpu JJIC ca 47.7 % nospiuiuHe, uMajy
Behu ynno y 6pojy Hacesba 3MHjarba Hero y cTa-
HOBHUIITBY (Tab. 1). UMajy ycUTHEHY MpPExy
Hacesba M3 KOje MPOU3JIa3H OTpaHUYeH (yHK-
uroHai Hu Kamauurtet. [lo nedunucanum kpu-
tepujymuma pazsujenoctu JJIC PC, bama Jlyka
u Mprowmuh I'pan cnanajy y pazsujene. Puonuk
je Hepas3BujeHa, a Omrtpa Jlyka u3pasuTto He-
pa3BHjeHa JIOKaJIHA 3ajeqHuna. Hemajy Hacespa
ypOaHor KapakTepa IITOo MpeAcTaB/ba OrpaHNya-
Bajyhu dakrop muxosor passoja. [IpunagHoct
ucrtopujcko-reorpadcke obnactu 3mujama JJIC
Pa3IMUUTOT CTEMEHA Pa3BH]EHOCTH TU(PEPECHITH-
pa moryhHoctu peBuranusanmje. [pymrBeHu
MPOLIECU MOKPEHYTH YHYTPAIIBLUM U BakbCKUM
(akTopuMa KyMYJIaTUBHO CYy HCIIOJbEHU KOH-
CTAHTHOM JICTIONYJIAII]OM U CITabJhEHEM MPEKE
Hacespa (Tab. 2).

The 1992-1995 Civil war left huge con-
sequences through physical devastation and
demographic exodus from the Zmijanje area.
Settlements of Donje Ratkovo and Gornje and
Donje Sokolovo suffered the largest decrease in
population as the entity borderline completely
left Donje Sokolovo without its inhabitants.
Similar processes occurred in other settlements,
as well as in a wider area of west B&H, which
makes the region, along with Zmijanje, a prob-
lem area in terms of geographical issues and
development problems that must be treated by
joint measures. The “Rural integral approach to
development of the Vrbas canyon and Manjaca
plateau” study covers LGUs of Banja Luka,
Mrkonji¢ Grad and Ribnik and represents a
complex integral approach to revitalization. Yet,
the implementation of the study is very slow.

A comparative analysis of the network of
settlements suggests that most settlements be-
long to the Banja Luka LGU. These settlements
are on average larger than other settlements
(around the RS average). Out of 40 typically
rural settlements in the Banja Luka LGU, 24
belong to the Zmijanje area. These settlements
cover the surface of 571.74 km? or 52.3 % of
Zmijanje surface and include 66.2 % of total
Zmijanje population. Other three LGUs cover
47.7 % of the territory and share a larger ratio
in the number of settlements in comparison with
the population (Tab. 1). The network of settle-
ments is dispersed, which further narrows the
functional capacities. In line with the defined
criteria of development of LGUs in RS, Banja
Luka and Mrkonji¢ Grad are considered well-de-
veloped. Ribnik is undeveloped, and Ostra Luka
is an extremely undeveloped LGU. There are no
urban settlements, which complicates the devel-
opment. The fact that the historic-geographical
area of Zmijanje shares different levels of de-
velopment complicates any options for revital-
ization. Social processes triggered by internal
and external factors are cumulatively evident in
constant depopulation and deterioration of the
network of settlements (Tab. 2).
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Ta0. 2. [IpomMjene y pocjedHoj BEIMYMHN Haceba U Opojy cTaHOBHHKA 3MHUjama y nepuoay 1961-2013.
Tab. 2. Changes in the average size of the settlement and the number of inhabitants in the Zmijanje
area in the period 19612013
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1961. 0 0 0 1 8 16 22 52233 1111
1991. 2 0 10 13 13 8 29167 620
2013. 3 4 5 16 10 5 4 15755 335

Jlemorpadcky MaKCUMyM HpOCTOp 3MHjamba
je umao 1961. ronune (45 Hacespa), a camo JBa
Hacesba 1991. ronune (Hacesba Korop m Yaha-
Buna). Ha mommcy 2013. ronuHe cBa Hacesba Cy
y JAemnomynanuju koja je usHocuna 54 % nemo-
rpadcekor kamamuteta 1991. romguHe, 0ogHOCHO
69.9 % mame CTaHOBHMIUTBA y OfHOCY Ha 1961.
roauHy. Jlenomynamuja ce ofpasuiia Ha IpoMjeHe
y BenuuuHH Hacesba. [Ipeko 1000 crtaHOBHUKaA
umana cy 1961. ronune 22 Hacespa (46.8 %), a
2013. rogune camo 4 Hacespa (8.5 %). Y ogHOCy
Ha mnpocjek PC 3mujame MMa Mame yrameHux
U MaTyJbacTUX HAcesba, ajlh Cy Hacesba Mambe
npocjeure BenuuuHe (Ci. 2). Mpexa TOMUHaHTHO
IIPUMapHUX Cella HUje Ce pa3BWila y CHCTEM ca
JIOBOJBHO CEOCKHUX IIEHTapa U LIEHTapa 3ajeHULE
cena. JlomuHupa pa3dujeHH THIT HUCKO-TIAaHWUH-
CKHX U Cpe[he-IUNITaHMHCKHUX Cella IITO OTeXaBa
yCIOCTaBJbamkbe WHPPACTPYKTYpEe U ePHUKACHU]E
IPOCTOpHO-(DYHKIIMOHATHE opranusanuje. Jlo-
MUHAHTHOCT MaJMX Hacejba BeauuuHe 10 250
CTaHOBHHKa, Majia 'yCTUHA HaceJbeHOoCTH (14.4 cT./
km?), Te BeNMKH yIMO cTape MOIyalHje, OrpaHu-
yaBajyhu cy aktopu nemorpadcke oapKUBOCTH
U peBuTanM3anyje npocropa. Ha npocropy yxer
3Mujama ynuo miaje nomnyiauuje y 2013. ronuau
je 11.3 %, a crape 34 %. Beanunnom npexo 1000
CTaHOBHUKa M3/IBajajy ce Hacesba buctpura, Kona,
Kpyna, na Bp6acy u PekaButie y ueMy BeJuKy yio-
Ty UMa BHX0B cao0pahajHo-reorpad)CKu MOI0XKaj.
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Zmijanje reached its demographic maximum
in 1961 (45 settlements), and had only two settle-
ments in 1991 (Kotor and Cadavica). The 2013
population census showed that all the settlements
were suffering from depopulation (54 % of de-
mographic capacities in 1991 or 69.9 % fewer
inhabitants when compared to 1961). Depopula-
tion also affected the settlement size. In 1961, 22
settlements covered more than 1000 people (46.8
%) and in 2013 it was only 4 settlements (8.5
%). In comparison with the RS average values,
Zmijanje has less tiny and deserted settlements,
but these settlements are under the average size
(Fig. 2). The network of dominantly primary vil-
lages did not grow into a system that might have
enough central villages and country communities.
The dispersed low-highland and mean-highland
village types are predominant, which disables the
construction of infrastructure and the design of
a more efficient spatial-functional organization.
Other limiting factors to demographic sustain-
ability and revitalization are small settlements
up to 250 inhabitants, poor population density
(14.4 people/km?), and a large ratio of the aging
people. The narrow Zmijanje area had the young
population ratio of 11.3 % in 2013, and the ratio
of the old population was 34 %. Settlements of
Bistrica, Kola, Krupa na Vrbasu and Rekavice
had a population larger than 1000 due to their
favorable transitional position.



[TTACHUK — HERALD 26

Ca. 2. IIpocTopuu o0yxBat 3MHjama U BETMYMHA HACEIba
Fig. 2. Spatial coverage of Zmijanje and the size of the settlement

3Mujame nocmarpato y yxxkem cmuciy (10 Ha- The core area of Zmijanje (10 settlements)
ceJba) WM HBEroBO MPOCTOPHO je3rpo nMa Hajeehy  suffered the largest depopulation: 9825 peo-
nenomynauyjy: 9825 cranoBHuka 1961. romune, a  ple in 1961 and 1177 people in 2013, caused
1177 cranosumka 2013. romune, y 4mjoj OCHOBM  primarily by socio-economic circumstances.
Cy NPUMapHU COLMO-€KOHOMCKHU pasniosu. ['yctu-  Population density is only 5.3 people/km?.
Ha HACEJLEHOCTH M3HOCH camo 5.3 ct./km’. Husak  Poor infrastructure and inadequate invest-
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cTerneH MHPPACTPYKTYPHHUX M JPYTUX ylarama y
MOCMAaTpaHy MPOCTOP J0BEO je 10 (Gopmupama
npoOIeMcKe peruje y aujeny 3amagHe Kpajune
KOja je MHOTO IIHMpa OJf TOCMaTPaHOT TPOCTOpa
JJIC xojuma mpunaga. C 003upoM Ha TO J1a 3Ha-
YajHUjUX UH(PPACTPYKTYpHUX ylarama HHje OHUIo
y TIOCTIIONMCHOM TIEPHOAY, MPOIEC eMHIpanyje
CTQHOBHHINITBA j€ HACTABJbEH, ITO JeMorpadcke
MPUINKE ¥ OP>KUBOCT YMHE JOII HEMIOBOJHHU]UM.

CrouapcTBO (3Ha4ajaH YIMO TPAHCXyMaHCE)
j€ IOMHUHATHA TpaHa MPUBpPE/E Koja je Y KOHTHHY-
npaHoM onazaamy. COIMo-eKOHOMCKO] OJP>KUBOCTH
3Mujama HY>)KHO Cy TIOTpeOHM HOBU W3BOPU IPHU-
xomna. /luBep3udukarja ceocke (pypaiHe) IpUB-
perne y mpakcu ce HajeduKacHU]e OIBHja Pa3BOjeM
typuctuuke nonyze (Teritorijalna agenda, 2011) xax
MI0CTOj€ MPUPOAHO-Teorpadcke U KyITypHO-UCTO-
PHjCKE MPETIIOCTABKE KOje 3MUjarbe MocjeTyje, allu
TEK y TIOYETHUM OOJHMIIMMa Bajopuzaije. Mana
HACEJHEHOCT, HaIIallIeHa CTApOCT CTAHOBHMINITBA
Y HETIOBOJbHA 00pa30BHA CTPYKTYpa YMHE OCHOBHE
TIpeTIpeKe OCaBpeMEmaBatby CTPYKTYpE TIPUBPEIE.
[TorennmjanHa peBuTanu3amnuja Moryha je Kpo3s
Behu cTeneH caMoopraHi30Baba JTIOKATHE 3a)j€THHU-
1€ Ko IITO Cy 3a/ipyre pa3IMuuTor THIa (CTodap-
cke ¥ BohapcKe MPOM3BOAILE, ITYEIAPCTBA, TIPOH3-
Bohaua mihjeka, UT/.). YKIbyUHBamke HHTEPECHUX
rpymia JOKaJHE CPeIWHE: 3aBHYajHA YApYXKema,
TUIAHWHAPH, CIEJEO0JI03H, YAPYKeHha 3a 3allTUTY
’KUBOTHE CPEIMHE, CIIOPTCKHU KITyOOBH, (OIKIIOP-
Ha, JIOBaYKa | JIpyra JPYIITBA, MOTY JIONPHHH]ETH
TYPUCTHYKO] TIPOMOIMJU U Pa3BOjy Typu3mMa. 300r
BUILIECIIEHN]CKOT O/IJTacKa Ha paJl y THOCTPAHCTBO,
MHOT0 j€ TIOBpaTHUKA CTapHje 00U ca pa3IMIUTHM
’KMBOTHUM HaBHKaMa, HCKYCTBHUMA, 3HAYajHUM
CpeACTBUMAa W KOHTAKTUMa KOJH TIPE/ICTaBIbAjy
3Ha4ajHy OCHOBY 32 TIOKPETAhE TYpU3Ma U Pa3iu-
YUTHX OOJNMKA TIPUBATHOT Npe/y3eTHUIITBA. Mako
j€ eTHOKyNTypa (0014aju, 3MUjar-CKH BE3, HAPOITHU
cabopy) OCHOBHA KYATypHA OJIpEIHHIIA 3MHjamba,
YIIaBHOM C€ MPAKTHKYje KPO3 KyITypHY MaHHU]e-
craijy ,,KounheBu 1aHu‘ v He JOMPUHOCH 3HAYA]-
HHj€ TIOKPETabY KYJITYPHOT, €yKaTUBHOT, CEOCKOT
U ipyrux oomnuka TypusMa. [lojenuaaanu npumjepu
OZIp’KaBama U IMPE3eHTOBama eTHOKYNType (,,Ko-
yuheBo ormumre” y Crpuunhuma, ,,3MHujamcKa
kyha* y CUTHHIIN) UMajy €THOMY3€jCKH KapakTep.
KomriekcHIjoM BaIopU3aIijoM U TPOMOIIH]OM
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ments made the area a problem region locat-
ed in west Krajina, which is a wider space
than our target area and LGUs mentioned.
Given the lack of large investments in the
post-census period, the process of population
emigration continued and demography and
sustainability became even more threatened.

Stock breeding (a large ratio of transhu-
mance) is a dominant branch of the economy
which keeps declining. New income sources
are vital for the socio-economic sustainability
of Zmijanje. Diversification of rural economy
is practically most efficient when the tourist
offers increases (Teritorijalna agenda, 2011)
and when there are natural-geographical and
cultural-historic foundations. These actually
exist in the Zmijanje area but valorization is
still at the starting point. Small population
density, aging and poor education are primary
backsets to modernization of the economy.
Potential revitalization is attainable through a
larger degree of self-organization of the local
community (different types of cooperatives:
stock-breeders, bee-keepers, fruit-growing,
milk farms, etc.). Tourist promotion devel-
opment might be encouraged through the
engagement of local interest groups: hikers,
cavers, environmentalists, sport clubs, folk-
lore clubs, hunters, etc. Decades of diaspora
emigration resulted in many old inhabitants
returning to Zmijanje, who share different
habits, experiences, funds and contacts and
who may be initiators for different types
of small businesses and tourist activities.
Even though ethnocultural (customs, Zmijanje
embroidery, folk gatherings) is the primary
cultural determinant of Zmijanje it is mostly
capitalized on through the “Kocic¢evi dani”
local even and does not trigger cultural, ed-
ucational, country, or any other type of tour-
ism. Individual examples of presentation of
“Zmijanjska kuc¢a” in Sitnica) are more of
museum exhibitions. A more complex valori-
zation and promotion of cultural and historic
heritage: Zmijanje embroidery (intangible
UNESCO heritage), traditional crafts, monu-
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KYJITYpHO-UCTOPH)CKOT Hacsbeha, 3MUjarCKOT Be3a
(nemarepujanna OamruHa Ha et UNESCO-a),
TPaJULIMOHAIHUX 3aHaTa, CIOMEHMKA, je3UKa U
JUYHOCTH Moryhe je opraHn3oBaTH pazIniuTe Te-
Marcke paJMoHHIIe, MaHU(ECTAIM]e, TAKMUYCHA,
mkone y npupoau (I'apuh, 2019). PazHomukoct
TIPUPOTHE OCHOBE MOTOJTYj€ M3JIETHUUKOM TypPH3MY,
OCHHUBamy KaMIIOBa, BOXIbM OHWIMKIIA, jaXamy,
3UMCKOM TYpU3MY M Pa3IMYUTUM CHOPTCKO-pe-
KpeaTUBHUM aKTUBHOCTHMA. KoMIiiekcHuja TypHc-
TUYKa TTOHY/A YKJbyUHJia OM ceocka ToMahnHCTBa
o0jenumaajyhu ospONpUBpELY, TPAAULMOHATHE
3aHaTe M KyhHy paJlHOCT ca YTOCTHTEIHCTBOM H
CMjeIITajeM TYPUCTa M TUME TIOIPrKaJia COIMO-CKO-
HOMCKY H AeMOrpad)cKy OJp>KUBOCT IpocTopa. Je-
JIMHY aKTUBHU OOJTHIIN TYPUCTHYKE BaJIOpH3aIHje,
OCHM aKTHBHOCTHU NMOCBEhEHUX KIIKEBHHUKY U
HapoaHoM TpuOyHny Ilerpy Kounhy, je n3netnnuku
Typu3am (kamrt Benuka ['pena y Jlycuhuma, jesepo
Mamaua, Maukuha kameH u nehuna y Jlomem Par-
KOBY, PexaBuiie 1 pekpearuBHU LieHTap Ha Yokop-
ckuM nosprMa). Kpyna na Bpbacy Typuctuuku je
HAjTIEPCTIIEKTUBHU]E HAaceJhe 3MHjamba (CPEIHOB)e-
KOBHHM MaHACTHp, BOJICHUIIE, EKCKITy3UBHO BUKEH/]T
Hacesbe). [lodyeTHa TypucTHYKa Bayiopu3almja je
NaplyjaaHa ¥ yIJIaBHOM pe3yiTaT HHANBUTyaTHUX
VMHUIIM]aTHBA.

Typuctnuka opranuzaija ['paga bama Jlyka
HE YKJbyuyje 3MHjambe y TYPUCTUUKY MOoHyy. W3-
y3erak je manudecranmja ,,Kounher 300p* kojy
nocjerun 40000-50000 mocjerunana, yriaBHOM
MopHjeKyIioM ca 3Mujama. TypucTudka Bajopu-
3alMja PUMCKUX CIIOMEHHUKA, CPEHOB]jEKOBHUX
rpaJyHa U HEeKpornoia, jpkasa, nehuHa u odysa-
HUX TI€jcaka y TOTIYHOCTH je u3ocTaia. Mako
PETHCTPOBAHO, KYATYpHO Hacibehe 3mujama Huje
JIOBOJBHO 3amTuheHo M mpomoBucaHo. Pa3zBojHa
arernyja ['paga bama Jlyka BpemHyje camo 1uo
Mamaukor 1jIaToa ¢ BjEIITAYKUM J€3€POM Kao
TYPUCTUYKO-PEKPEATUBHUM KOMIUIEKCOM, alli Ia
HE MHTETPHIIE Ca JIOKATHOM 3aj€HHUILIOM y IHJbY
OIP>KMBOCTH PypATHOT nofpy4dja. Orpannvasajyhu
(akTop TypHCTHUKE BaJOpH3auje M OUyBarha JKHU-
BOTHE CPE/IMHE MPE/ICTaBIbajy aKTUBHOCTH Ha BOj-
HOM TIOJIMIOHY ,,Mamaya““.

Cnaba caoOpahajHa MOBE3aHOCT M OTEKAHO
BOJIOCHA0/IjeBambe HAacesha U MOTEHINjATHUX TY-
PUCTUYKHUX JIOKATUTETa OTEeXaBajy MOTYhHOCT

ments, language and important people, might
be organized in thematic workshops, manifes-
tations, competitions and schools in nature
('apuh, 2019). The diversity of natural back-
ground is favorable for excursion tourism,
different camps, cycling, back-riding, winter
tourism, and other recreational activities. An
elaborate tourist offer might include country
households, which could join agriculture,
traditional crafts, board and lodging in order
to improve socio-economic and demographic
sustainability of the area. Apart from activi-
ties dedicated to a famous author Petar Koci¢,
there is only excursion tourism (Velika Greda
camp in Lusiéi, the Manjaca Lake, Mackica
kamen, Donje Ratkovo cave, Rekavice and
Cokorska polja recreation center). Krupa
na Vrbasu is the most promising settlement
of Zmijanje from the tourism point of view
(medieval monastery, mills, a deluxe weekend
settlement). The initial tourist valorization
has been partial and was initiated mostly by
enthusiastic individuals.

The tourist organization of the Banja Luka
city does not include Zmijanje in its tourist
offer. An exception is “Koci¢ev zbor”, an
event visited by 40000-50000 people, mostly
from Zmijanje. The tourist valorization of
Roman monuments, medieval buildings and
necropolis, churches, caves and preserved
scenery is completely neglected. Despite the
fact that it is registered, the cultural heritage
of Zmijanje is not adequately protected and
promoted. The Development Agency of the
city of Banja Luka only registered a part of
Manjaca plateau and an artificial lake as a
tourist and recreational complex but they did
not integrate it with the local community in
order to achieve sustainability of the rural
area. Activities at the “Manjaca” military
training ground are yet another limiting fac-
tor to tourist valorization and environment
protection.

Poor roads and difficult water supply in-
frastructure further complicate any tourist val-
orization and functional integration with the
surrounding areas. The 411 Cadavica — Banja
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TYPUCTHYKE BaJIOpHU3aIMje, MOKPETAHE IPUBPEI-
HUX aKTUBHOCTH M (DYHKIIMOHAITHO MHTETPHCAIHE
¢ okpyxemeM. Pernonannu myt 411 Yahasuma
— bama Jlyka ca onBajamuma 3a Mpxomwuh [pajg
u Kiby4 071 BUTAITHOT je 3Ha4yaja 3a MHTErPHCAbE
npocropa 3MHjamba U HEroBy TPaH3UTHOCT. OBa
Tpaca craja [laHOHCKY HU3HWjJy M IpUMOpje, Te
3Mujambe UMa MOTYhHOCT yKJby4MBama y TpaH-
3uTHU TypuzaM. Camo Hacesba y3 pEerHOHAJHE
caobpahajuurie xoje nosesyjy bamwy Jlyky, [u-
noBo, Pubnuk, bocancku Ilerposan u JlpBap
MMajy PeloBaH jaBHU NPeB03. Mpeka IpylITBeHe
uH(pacTpyKType (OCHOBHE IIKOJIE U aMOyJIaHTe)
je y arpoduju 300r nemomynanuje ¥ yKyImHUX
COLIMO-EKOHOMCKHX MPUJIMKA IITO C€ J0IaTHO
HETaTUBHO OfIpa)kaBa Ha IeMOTPaCKy OPKHUBOCT.
VY Mpexxu Hacesba JOMUHHPAjy cela MpUMapHOT
Kapakrepa. Manu Opoj je Hacesba Koja Ou Mo-
1a outu MHUKpopasBojHu Hykieycu (I'atapuh,
2018). 360r caobpahajHor monoxaja u mocrojehe
apymTBeHe uHdpacTpykrype buctpuna, Kona,
Kpyna na Bp0Gacy, Cutauna, Crpuunhu, [opme
ParkoBo u Iloppamnunna y GpyHKIHjH Cy CEOCKUX
IIEHTapa W IeHTapa 3ajeqauie cena. Jla Ou yc-
IjeIIHO OCTBAPUBAIH (DYHKIIM]Y MUKPOPA3BOJHUX
HYKJIEyca HEOITXO/Ha j€ TOPIIKA pa3HUM Mjepama
Ha JIOKAJIHOM, PETHOHAJIHOM M €HTHTETCKOM HU-
BOY (EKOHOMCKE, COLIMjaJIHe, MIPaBHE, KaJpPOBCKE,
uHppacTpykTypHE), Te caoOpahajHO MHTErpUCabE
ca rpaBuTHpajyhum HacesbuMa.

C acnekra mianupama, I'pan bamwa Jlyka, 3a
paznuky ox apyrux JJIC kojuma 3mujame npura-
71a, ©UMa HajKOMILJICKCHHU]Y TIPOCTOPHO-TIJIAHCKY
JOKYMEHTAIMjy U CTpaTeruje pas3Boja, Mpero-
3Haje IMojeIMHE MOoTeHIujaje 3Mujama, ajlu He
KOHKPETH3Yje HHXOBO CTaBJbamke Y (QYHKIH]Y
pasBoja u moTpedHe mpeTrnocraske, Beh cy uH-
TepBeHIMje napuujanHe. [lpumapna ¢ynkuuja
IpOCTOpa, NOJHOIPUBPEIA, HUjE MOApKAHA KOM-
MJIEKCHUM MjepaMa Koje OW IMOAMINIE MPOu3-
BO/IIbY Ha BUIIIM HUBO U oMoryhuiie cHa01jeBambe
yp6anor tpxkumra bame Jlyke Ha obocTpaHy
kopucrt. [lojeqnna Hacesba MMajy 3Ha4ajaH arpo-
MOTEHLIMjaJl, MeXaHU3alKjy U OOJIMKE APYIITBE-
HOT opranuzoBama (Jomu u I'opwu I'pany, [ox-
pamHuna). Y HajTexeM IOJIOKajy Cy Hacesba
JHomwa Kosuna u Xaguhu, jep aiMUHUCTPATHBHO
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Luka regional road with an exit to Mrkonji¢
Grad and Kljuc is vital for the integration and
transit role of Zmijanje. This road connects
the Pannonia and the Adriatic coast, which
makes it an opportunity for Zmijanje to be
a part of transit tourism. Only settlements
located along regional roads to Banja Lu-
ka, gipovo, Ribnik, Bosanski Petrovac and
Drvar have regular public transportation.
The social infrastructure network (primary
schools, dispensary) is atrophic due to depop-
ulation and socio-economic circumstances,
all of which negatively affects demographic
sustainability. Primary type of villages domi-
nates the settlements network. There are only
few settlements which might be classified as
development micro-nuclei (I'atapuh, 2018).
Due to their road position and the existing
social infrastructure, Bistrica, Kola, Krupa
and Podrasnica function as central villages
and central communities. In order to success-
fully perform the function of development
micro-nuclei, it is vital for these settlements
to get support via different local, regional
and entity measures (economic, social, legal,
human resources, infrastructure) and to be
integrated with their central settlements via
roads.

From the spatial planning point of view,
the city of Banja Luka, unlike other LGUs
to which Zmijanje belongs, has the most
complex spatial-planning documentation and
development strategies. The city does recog-
nize the potential of Zmijanje but it does not
do anything to capitalize on the resources
and use them for the area’s growth. There
are only partial activities. Agriculture, a pri-
mary function of the area, is not supported
by adequate measures that might boost the
production and enable supplies for the urban
Banja Luka market to mutual satisfaction.
There are settlements with large agro po-
tentials, machines and tools and forms of
social organization (Donji and Gornji Graci,
Podrasnica). Donja Kozica and Hadzi¢i are at
the most difficult position because they are
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npurnanajy uspasuto Hepassujenoj JJIC Omrpa
Jlyka, (hyHKIIMOHAITHO ¥ MHPPACTPYKTYPHO He-
MHTETpUCaHa ca MPOCTOPOM MOCMATPAHUM Y
pany. OKpyXyjy UX HaceJba CIMYHUX PA3BOJHUX
KapaKTepUCTHUKA.

3AKJbYYHAK

[pucTynu cormo-eKOHOMCKOM, ITOJTUTHIKOM H
KYJITYpHOM TIOMMatby 3Hayaja pypaHUX MoApyYja
y npoctopy 6uBiie COPJ nocibenmux ceaam jae-
LIeHH]a MaHU(ECTOBAIIH Cy CE y pa3BOjy U OpraHu-
3alUju PypaHOT MPOCTOPA U APYILTBA U3 Yera je
MPOU3aIIa0 M KapakTep YKyIHE TpaHCopMaryje.
[IpumjemyBaHu Cy pa3IU4YUTA MOJAEIU OPTraHU30-
Barba PYPAIHOT JPYILTBA O PYCKOT COLMjaIUCTHY-
kor cpenuHoM 20. BHjeKa J0 3araJHOEBPOIICKUX
Moiena 6e3 aHATUTUYKOT PUCTyTa MoryhHocTMa
ajlanTalyje U OYeKMBAHUX Pa3BOJHHX edekara
NpUMjeEHhEeHIX Mjepa (PopMHUpare CEOCKUX 3apy-
ra, HaIMOHAJIM3allMja, KOJIEKTHUBU3aIMja, arpapHa
pedopma, KomoHHM3aIM]a, 3EMIBHITHA MaKCUMYM,
TP KUIIIHA OpjeHTaluja, TUBep3uduKaIja pypa-
He npuBpene). Kpo3 HaBenene ¢aze tpancdop-
Mallgje, yIIaBHOM C HEraTUBHHUM MOCIhEeHIaMa,
NpOIIA0 je ¥ MPOCTop 3MHujama. Y KOJEKTUBHO]
CBMJECTH pypajiHa MojpyYja Cy yIIaBHOM IOCMa-
TpaHa Kao MPOCTOP apXauyHOI HAYMHA >KUBOTA U
npuBpehuBama, aHTPOIOIOIIKNA U €THOKYATYPO-
JIOIIKY COIUjaJTHUA TIPOCTOP HY’KHE MOACPHU3ALIH]E,
OpjeHTHcaHe Ka ypOaHOM Kao pedepeHTHO] TauKH,
Ha OCHOBY Koje ce onpel)yje CTereH MO3UTHBHE
TpaHchopMmarje 1 pa3Boja. Y ToM CMHCITY 3MUjabe
ce TpeTupa Kao TPAAMLIMOHAIHHU M HEPa3BHjCH
npocTop. ,, [ lurame KaKko ce pypalHO KOHCTPYHILE
MOCTAJIO je BOKHH]jE Off MUTaa IITa j& PypaTHo™
(Harrington & O, Donoghue, 1998, ctp. 180), ma
y TIPAaKCH UMa Pa3IMYUTE COLMO-EKOHOMCKE, HH-
(bpacTpyKTypHE, (PyHKIIOHAITHE, OpPraHU3aI[MOHE U
JpyTe KapaKTePUCTHUKE OfT 3eMJBE JI0 3¢MJbE OBUCHO
0 cTereHy pasBoja. Jlakiie, pypaiHOCT je COLUjaTHH
koHCTpYKT (Cloke, 2006). Y caBpeMeHHM yCI0BUMA
TepIIeNIFja pypaHor, Kao pocTopa cinodoze, of-
MOpa U 3paBor HAYMHA )KHUBOTA, ToBehaBa HEroBy
MPUBIAYHOCT U TYPUCTUUKY BaJIOPHU3ALIH]y OMO-
ryhasajyhu nusep3udukanyjy npusperne. [ IpomjeHa
COIMJATHOT KOHCTPYKTA Y TIEPIIEMIINj€ IIOTOTHOCTH

administrative parts of an extremely unde-
veloped Ostra Luka LGU, which is spatially
and functionally disintegrated from our target
area. These two settlements are surrounded by
villages of similar development issues.

CONCLUSION

Studies of socio-economic, political and
cultural perception of rural areas in former
SFR Yugoslavia over the last seven decades
resulted in development and organization
of rural space and society and ended in the
complete transformation. Different models
of organization of rural society have been
applied, ranging from the Russian Socialist
model in mid—-20th century to west Europe-
an models with no analytical approach to
adaptation and no expected growth effects
resulting from the applied measures (village
cooperatives, nationalization, collectivization,
agrarian reforms, colonization, soil maximum
ownership, market orientation, and diversi-
fication of rural economy). Zmijanje went
through all these phases of transformation,
suffering from mostly negative consequences.
The collective idea of rural areas is an archaic
space, anthropologically and ethno-cultur-
ally social space urgent to be modernized
and urban-oriented, upon which the level
of positive transformation and development
is determined. In this regard, Zmijanje is
treated as a traditional and undeveloped area.
»The question of how to construct rural has
become more important than the question
of what is rural at first place” (Harrington
& O, Donoghue, 1998, pp. 180), so there
are practically different socio-economic, in-
frastructural, functional, organizational and
other properties depending on the country and
the level of development. Rurality is a social
construct (Cloke, 2006). In the modern age,
the perception of rural space as a space of
freedom, leisure, and healthy lifestyle makes
it more appealing and results in tourist valo-
rization, which enables the diversification of
the economy. Shifts in social construct and
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KHUBOTA y PYPaIHUM MOAPYYjUMa MOCITbEHLA CY
MPOKMUBJHEHUX BambCKUX (pakTopa (MHIyCTpH]jaIn-
3ampje, ypoaHusauuje, modanu3aiuje, KOHTpose
ypOaHor apy1Tsa, ekoiomkux puzuka, COVID-a,
norpede 3a MUPOM, WTII.) U HA/IBJIAaBajy HEroBe
Henocrarke. CaBpeMeHe TEXHOJIOTH]e CBE BHIIE
OpjEHTHIITY MojeIuHe Mpodecje Ha pajl Ha TaJbHHY
IITO PypajHUM MOApYyYjuMa OTBapa HOBE Moryh-
HOCTH. MoOJKe ce 3aKJbY4uTH Ja je Teplerniuja
PYPaTTHUX MOZPYYja TOCIbEIUIIA APYIITBEHUX IPO-
1ieca ¥ OHOCa MpeMa >KUBOTHUM BPHUjeJHOCTHMA.
C rtora ce Ha onpeheHOM CTerneHy eKOHOMCKOT,
COLMJAJTHOT U KYJITYPHOT pa3Boja MHjeHa OIHOC
npeMa 3Hauajy pypajiHOT IIPOCTOpa U Berosa rmpoc-
TOpHA U JIPYIITBEHA OpraHU3alHja.

VY npomujemeHoj Nepueniyji pypasHor U
O/ITOBOPHUjEM OJJHOCY TpeMa I'eONOTeHIHjaInMa
PYpaJIHOT MPOCTOPA U CTAHOBHUILTBY KOj€ r'a Ha-
CTamYyje je U NepCHeKTHBA NOTEHIIM]aJHe PEeBHUTA-
nu3anyje npoonemckux noapydja PC ykspyayjyhu
u 3mujame. EQexktu pazBoja oBuce O MPUCTYITY
BaJIOpH3AlMjH, BPEAHOBaY I'E€ONOTEHIUjana
MOKpETamy aKTUBHOCTH, T€ OJIPpakaBajy MpoCTop-
HO-(DyHKIIMOHAJIHY ¥ COLMjaJIHY OpTaHu3alujy, y
KOHauHOM MoryhHOCT oapkuBocTH. Mjepe peBu-
TaJM3aLHje MOpajy OMTH KOMIUIEKCHE, CHCTEMCKE,
WHCTUTYIMOHATHO TMOAp)KaHe u Op3e 300r auHa-
MHKE JCTIONyJIalije U MOTCHIMjATHUX PU3HKA T10
BpPHjEIHOCT nocTojehnx reocucremMa Ha Kojuma
ce 3acHuBa MoryhHoct pas3Boja. Onm m3y3eTHE je
BO)XHOCTH J1a MOKPEHYTE aKTMBHOCTH JOPUHOCE
CBUM aCIEKTUMa OJPKHBOCTH PYpPAJIHOI IPOC-
TOpa U JpywmTBa. Y CYHPOTHOM pypajiHH Mpoc-
Top Ou camo n06uo QyHKIHM)y omMopa o1 ypOaHe
npe3acuheHocty. JleMorpadcke KapakTepUCTHKE
U TporecH, HeusrpaheHocT HHGPaCTPyKType H
MapruHajn3alyja 3Hayaja u3ydyaBaHOI MPOCTO-
pa mpencraBibajy HajBeha pa3BojHAa OrpaHUYCH:A.
OO0jeKkTUBHO carviefjaBame MPeTHOCTH (OdUyBaHa
’KMBOTHA CPEIMHA U EKOCHCTEMH, KYJITypa U Tpa-
JMIHja, Maju Opoj Hacesba 6e3 CTaHOBHUKA, pea-
THBHa OM3MHa HajBeher pa3BojHor cpexumTa PC,
KOMILJICKCHOCT MOTEHITU]aTHE BaJIOpU3aIlHje MpoC-
TOpa, Pa3IMYnTa YIpYyKeHha, OpojHa Anjacropa Koja
j€ Y CTaJHOM KOHTAakTy ca IPOCTOPOM 3MHjarba)
YHUHE COJNMJIHY OCHOBY 32 TOKpPETamhe Pa3HHUX aK-
THUBHOCTH M TUBEP3U(DUKALM]Y TIPUBPEAC Y LIHIbY
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perception of commodities in rural areas are
consequences of external factors (industri-
alization, urbanization, globalization, urban
society control, ecological risks, COVID,
time for leisure, etc.) and they overcome the
shortcomings of space. Modern technologies
are more and more oriented towards distant
working, which open new possibilities for
rural areas. We may infer that the perception
of rural areas is a consequence of social
processes and treatment of some life values.
Therefore, the perception of rural space, its
relevance and spatial and social organization
change as humanity achieves a specific level
of economic, social and cultural development.

The options for potential revitalization
of problem areas in RS, including Zmijanje,
lies in the altered perception of the rural and
a more responsible treatment of geopotentials
and population of rural areas. Development
effects depend on the approach to valorization
of geopotential and the initiative of different
activities, and they reflect the spatial-func-
tional and social organization, and, finally,
the sustainability. Measures of revitalization
must be complex, systemic, supported by
institutions, and fast due to dynamics of
depopulation and potential risks in terms
of the existing geosystems upon which the
future development is based. It is extremely
important that activities make a contribution
to all aspects of sustainability of rural space
and society. Otherwise, rural space would
only become leisure time and a break from
urban overcrowding. Demographic charac-
teristics and processes, poor infrastructure
and marginalization of the target area are
the greatest limitations to development. A
solid foundation for different activities and
diversification of economy with an aim to
achieve socio-economic and demographic
sustainability lies in the objective perception
of advantages (preserved environment and
ecosystems, culture and tradition, few com-
pletely deserted settlements, relative vicinity
of the largest center of RS, complex potential
valorization of the area, different associations
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COIIO-EKOHOMCKE U JIeMOTpad)cKke OAP>KUBOCTH.
WuctuTynmonanHa nojpiika ynyheHa miaanma
Ha cely, MaJIOM TOAY3eTHHUIITBY y MOJHONPUB-
peu, 3aHaTCKO] MPOU3BOIBH U TypH3MY, 3a KOje
MOCTOje peasTHe MPETIIOCTaBKe, MOCTaBba Ce Kao
HYKHOCT. YJ1arama y caoopahajay uHQpacTpykTypy
JIOTIPUHOCE THEBHO] MOOMITHOCTH CTAHOBHUIIITBA U
3aJI0BOJhaBaFby OCHOBHUX YKUBOTHHX MOTPeda Te Cy
MIPUOPUTETHOT 3Havaja. M31Bajame u ctumynmcame
JIOKaJIHUX IIEHTapa, Kao Hocuiiana (pyHKIMOHAIHE
OpraHu3alyje U yciayra y IocMarpaHoM IPOCTOpY,
HyXaH je Kopak y pa3Bojy JJIC u 3aycraBibamy
npolieca JAernolIynanyje noapydja 3mujama. Y pauy
W3/IBOJEHU JIOKAJTHU LIEHTPH HEMajy MOTpeOHH Mo-
TEHIIMjaJI 32 BIIACTUTY JyTOPOYHY OZIPYKUBOCT T€ HU
MOKpeTama pa3Boja HaceJba KOja UM TPaBUTHUPA]Y.
C Tora je moTpeObHO Op30 JjeNoBamke ,,lIPeIa3sHIM
MjepaMa‘“ 10 yCIOCTaBJbakha HUXOBE CHAXKHU]E
(yHKIMOHANTHE U MH(pACTPYKTypHE OCHOBE. Y
ycioBUMa citabe HaCeJbeHOCTH, HEIOCTATKA PATHHIX
MjecTa M Hepa3BUjeHe MH(PACTPYKType HYKHH
Cy HOBH OONHILM (PyHKIIMOHATHOT OPraHW30Bamba
(MoOMIIHE cimy>x0e ycliyra y 3IpaBCTBY, KyJITYpH,
cHa0jeBamy, paJ Ha JaJbHHY, MIOKPETamhe MaJor
Npe/y3eTHUILITBA, HHTETPUCAHE 3aMHTEPECOBAHIX
JPYIITBEHHUX IPYTIa, jABHOT U IIPUBATHOT CEKTOPA)
IITO Cc€ MOCTaBJba Kao 3a7aTak MHCTHTYIMjaMa
JJIC. HaBenene acriekte Tpebano O6u y3etu y o0-
3Up TPUIMKOM JIOHOIIEHa Pa3BOJHUX CTpareruja
peBuTaNIM3aImje 3MUjama U IPyrux MpoOJIeMCKIX

nozapyyja.

and diaspora who keep constant contact with
Zmijanje). Institutional support for the young
people in the country, as well as for the small
entrepreneurs, crafts and tourism is a necessi-
ty. Investments in road infrastructure contrib-
ute to daily population mobility and meet the
basic needs, which is why they are a priority.
Loans and incentives for local centers, which
are carriers of functional organization and
services in the target area, are crucial for the
development of LGUs and the blockage of
the process of depopulation in Zmijanje. The
paper singles out local centers which have no
potential for long term self-sustainability and
development of settlements to which they are
central points. Therefore, it is pertinent to act
quickly with some “transitional measures”
until a stronger functional and infrastructural
foundations are set. Under the conditions of
poor population density, lack of job vacancies
and inadequate infrastructure, new forms of
functional organization are necessary (mobile
services in the fields of health care, culture,
supplies, distance working, small entrepre-
neurship, integration of social groups, public
and private sectors), which is a task set before
the institutions of LGUs. All these aspects
should be taken into account while adopting
development strategies for the revitalization
of Zmijanje and other problem areas.

JIMTEPATYPA / REFERENCES

Bogdanov, N. (2007). Mala ruralna domacinstva
u Srbiji i ruralna nepoljoprivredna ekonomi-
Jja. Ministarstvo poljoprivrede, Sumarstva i
vodoprivrede Republike Srbije. UNDP.

Cloke, P. (2006). Conceptualizing rurality. In
P. Cloke, T. Mardsen, & P. Mooney (Eds.),
Handbook of Rural Studies (pp. 18—28).
London, United Kingdom: SAGE. https://
dx.doi.org/10.4135/9781848608016.n2

Fertner, C. (2012). Downscaling European ur-
ban-rural typologies. Geografisk Tidss-
krift-Danish Journal of Geography, 112(1),
77-83. https://doi.org/10.1080/00167223.20
12.707805

lapuh, b. (2019). Enementu KyntypHOr Hacibeha
3mujama y GyHKLIMjH pa3Boja Typusma. Y J1. JIy-
kuh (¥Yp.), Zbornik radova 12. Naucno-strucne
konferencija Studenti u susret nauci — StES
2019 (ctp. 25—44). Univerzitet u Banjoj Luci;
Studentski parlament Univerziteta u Banjoj Luci.
https://doi.org/10.7251/STESPN1219025G

Gatari¢, D. (2012). Spatial and demographic
changes in the settlement network of Zmi-
janje. Bulletin Of The Serbian Geograph-
ical Society, 92(2), 153—162. https://doi.
org/10.2298/GSGD1202153G

[atapuh, /1. (2018). Hacewa 3mujarea — Anmpo-
noeeocpagcka npoyuasara. I'eorpadcku da-
KyJTET. YHUBEp3UTET y beorpany.

133



MUWPA MAHJIWR, JPATHLIA JIEJIUWR U BOJAH TAPUR
MIRA MANDIC, DRAGICA DELIC AND BOJAN GARIC

latapuh, /1., & MBanumesuh, M. (2016). Kon-
BEHICPTHE U JMBEPIEHTHE THEBHE MUTPALIH]C
CTaHOBHHIITBA 3MUjama. /[Jemocpaguja, 13,
139-144.

Gnjato, R., Popovi¢, S., Popovié, G., & Trbi¢, G.
(2012). Sustainable Rural Development and
Environment of Republika Srpska. Iiacnux/
Herald, 15, 53—79. https://doi.org/10.7251/
HERI1115053G

Harrington, V., & O’Donoghue, D. (1998). Rural-
ity in England and Wales 1991: a replication
and extension of the 1981 rurality index. So-
ciologia Ruralis, 38(2), 178—203. https://doi.
org/10.1111/1467-9523.00071

Li, Y., Westlund, H., & Liu, Y. (2019). Why some
rural areas decline while some others not: An
overview of rural evolution in the world. Jour-
nal of Rural Studies, 68, 135—143. https://doi.
org/10.1016/j.jrurstud.2019.03.003

Luki¢, A. (2010). O teorijskim pristupima ru-
ralnom prostoru. Hrvatski geografski glas-
nik, 72(2), 49-75. https://doi.org/10.21861/
hgg.2010.72.02.03

Mandi¢, M., & Deli¢, D. (2021). Development
problems and differentiation of rural areas
of the Republic of Srpska. Geopolitics and
Ecogeodynamics of regions, 7(3), 228—238.
https://doi.org/10.37279/2309-7663

134

Mandi¢, M., & Zivkovié, M. (2014). Problematic
areas of the Republic of Srpska within the con-
text of demographic changes. Zbornik Matice
srpske za drustvene nauke, 148, T767-776.
https://doi.org/10.2298/ZMSDN1448767M

Manauh, M., XXuskosuh, M., & [Tanuh, 1. (2018).
Hudepenujauja pypaiaHor npoctopa bocHe
1 XepIleroBUHE Yy KOHTEKCTY OJP>KUBOCTH
PYpaJIHUX T€OCHCTEMA Y yCIOBHUMA KIMMart-
ckux npomjena. Ckyn, 9(1), 38—54. https://
doi.org/10.7251/SKP180901039M

Muxuh, B. (2005). Haxuja 3mujarwe. cTopujcku
UHCTUTYT.

Humikanosuh, M. (1978). Ilpunor mpoydaBamy
CTaHOBHHMINTBa 3MHjama, O mOpekiIy cra-
HoBHUIITBA [opmwer u Jlomer ParkoBa u
Crpaxuua. [racunux 3emamckoe myseja y
bochu u Xepyeeosunu, Hosea cepuja — Emno-
noeuja, 33, 15-16.

Teritorijalna agenda Evropske unije do 2020.
godine. (2011). Inzenjerska komora Srbije,
Mati¢na sekcija planera.

Vasi¢, M. (1962). Etnicka kretanja u Bosanskoj
Krajini u XVI vijeku. Godisnjak Drustva
istoricara Bosne i Hercegovine, XIII, 233—
249.



[Iperniennu HayyHu paj UDC 912.43(084.3-1):766
DOI 10.7251/HER2226135S

COBISS.RS-ID 137073921
I'PAONYKO JU3AJHUPAIBE BOJHE TOIIOI'PA®CKE KAPTE PASMEPA 1:25000

Mapuja Crojanouh’, Mapko Cumuh! u JIparossyo Cexyaosuh?

'"BojHoreorpadcku uHCTUTYT ,,[eHepan CteBan bomkosuh®, beorpax, Cpouja
2YHuBep3uTeT ,, YHHOH — Hukona Tecna®, @akynrer 3a mocioBHe ctyauje u npaso, beorpan, Cpouja

Caxerak: /Iu3ajHupame 1 KapTHpambe IIPEACTaBIbajy BeOMa BaKaH JIeo pajia y odnactu pa3soja kaprorpaduje. Tonorpad-
cka kapra (TK) je rpaduukn npukas y pasmepu, KOju MpHKa3yje XOpPU30HTAJIHE M BEPTHKAJIHE Tororpacke Kapakre-
PHCTHKE HEKOT JieNa 3eMJbHHE MOBPIINHE, CUCTEMATCKH YI[PTaHa Ha paBHY NMoBpiinHY. KopucTu ce 3a npencrasibame
KapaKTepHCTHKA 3eMJBUINTA y TIoTIey pesbeda, Xuaporpaduje, Bereraryje, HaCEJbeHUX MecTa M KOMyHHUKalKja i UMajy
Hajpa3lInunTHjy NPUMEHy oA MHQopMHcamba U OpHjeHTalHje 0 MHOTHX IPYrux cdepa JbyAcKor aenoBama. Hajmmpy
npumeny y Cpbuju nma BojHa Tororpadceka kapra pazmepa 1:25000 (TK25). Kapry unHe yeTnpu Kareropuje ejieMeHara:
MaTeMaTH4KH, Teorpadcku, IOMYHCKH U elleMEHTH 0(hopMIberha KapTe. Y paiy cy oOpal)eHr OBH CETMEHTH, @ HAPOYHUTO
¢u3nuKo-reorpa)CKu U APYIITBEHO-Teorpad)CKH eIeMEHTH KapTe: Kaja ce /1ajy, y KOjoj MepH, Ha KOjU HAYMH M BU3YEITHO
TIprKa3aHy kako m3nienajy Ha TK HaBenene pasmepe.

Kibyune peun: nusajaupame, Tonorpadcka kapra, cajipixaj Kapre, rpaduko IpecTaBbambe.
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GRAPHIC DESIGN OF MILITARY TOPOGRAPHIC MAPS SCALE 1:25000
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Abstract: Designing and mapping represent a very important part of work in the field of cartography development. A
topographic map (TM) is a scaled graphic representation that shows the horizontal and vertical topographic features
of a part of the Earth’s surface, systematically drawn on a flat surface. It is used to represent the features of the land
in terms of contour, hydrography, vegetation, settlements, and communications and has a wide variety of applications
from information and orientation to many other spheres of human activity. The military topographic map with a scale of
1:25000 (TM25) is the most widely used in Serbia. The map is made up of four categories of elements: mathematical,
geographical, supplementary, and map design elements. These segments, especially the physical-geographical and social-
geographical elements of the map, are processed in the paper: when they are given, to what extent, in what way, and
visually shown how they look on the TM of the specified scale.
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MAPUJA CTOJAHOBUR, MAPKO CUMUR U JIPATOJbYB CEKYJIOBUR
MARIJA STOJANOVIC, MARKO SIMIC AND DRAGOLJUB SEKULOVIC

YBOA

VY caBpeMEHOM JpPYIITBY CYIITHHA KapTo-
rpaduje ce npomenmia. M3 Hayke o cTBapamy U
KopuIhemwy Kapara ocTerneHo ce TpaHC(HOpMHUILIE
y TeMeJbHY HayKy O METO/IaMa IPe/ICTaBIbaba, MO-
JIeTIOBambha, UCTPAKUBabA M CIIO3HABAA OKOJTHOT
npocropa. 300r YMIEHHLIE 12 C€ HayKa O KapTo-
rpaduju MpOMEHMIA, POMEHHO CE€ U MPEIMET
Kaprorpaduje, ykipydyjyhu o1k nHTEpakKuuje ¢
kopucHukoM. Kaprorpaduja ce ycpeacpehyje Ha
MIPUKA3UBAE U BU3YEIHY HEPIEIIH]y OKOIHOT
pOCTOpa Kpo3 KapTorpadcko Aeno y OOIHKY
(bUryparuBHO-CUMOOIMYKOT METPUUKOT MOJENa.
Metpuuku Moaen (purypaTHMBHOT 3HaKa je Kap-
Ta Koja je MH(pOPMATUBHH NMPOU3BOA M MMa HH3
KOpUCHUX cBojcTaBa u ¢yHkuuja (Bankovi¢ et
al., 2021). /lu3ajHupame U KapTHpame BeoMma je
Ba)kaH J1eo0 paja y o0nactu pazBoja kaprorpaduje.
Tonorpadcka kaprorpaduja passuja cucrem TK
YHjU je MpeaMeT MoJeloBame Xuaporpaduje,
MIPUPOTHOT M3riiena — pesbeda, HTOKPUBEHOCTH —
BEreTaINjCKOI MOKpHBa4a, KOMYHUKATHBHOCTH,
HACeJbEHOCTH, MPUBPETHE aKTMBHOCTH (IIPHUKa3
NPUBPEIHUX 0OjeKara), kKao 1 MelycoOHOr ofHOCa
eJIeMeHara caJipkaja Tornorpagckor mpocropa.

Kapre ce kopucte Ha pa3IHylTe HAYMHE Y 3a-
BHUCHOCTH OJI CBPX€ U 3aJlaTaka KOju ce peansyjy
BUXOBUM KopHithemeM. TakBu 3amanm ce Mory
peanr30BaTé Ha Pa3IMYUTHM HMBOMMA MepIierl-
uuje xkapre. KopucHuK mpumemyje pasindyuTe
MEHTaJHEe omepanuje, no0ujajyhu undopmanuje
KOje ce OIHOCE Ha JIOKalHWjy o0jekara, HmHXOBE
arpubyTe U NpocTopHy cuTyanujy (Zyszkowska,
2017). Hajumpy npumeny umajy TK25, koje npu-
Ka3yjy XOpU30HTAJIHE ¥ BEPTUKAIIHE TOMOrpagcke
KapaKTepUCTUKE HEKOT Jiefla 3eMJbUHE MOBPIIHU-
HE, CUCTEMATCKH YI[PTaHE Ha PaBHY IMOBPILHUHY.
Kopucte ce 3a npukazuBame TPUPOIHUX U KYII-
TYPHUX KapaKTepUCTHKa onpeheHor monpydja,
Kao WTO cy pesbed, xunporpaduja, Bererauja,
KOMYHHKallije, HaceJbeHa MecTa. Mory ce Kopu-
CTUTH y Pa3HE CBpXE, Kao IITO Cy IUIAHUPAkE U
yIpaBibambe HHPPaCTpyKTypoM, rpaheme pecypcea,
eKCIuIoaraiuja, nemorpad)cka aHanmsa, pekpe-
aTWBHE aKTUBHOCTH W BOjHO maHupame (Kent
& Hopfstock, 2018). Kapry unne yetupu rpyme

136

INTRODUCTION

In modern society, the essence of cartogra-
phy has changed. From the science of creating
and using maps, it gradually transforms into a
fundamental science of methods of represen-
tation, modeling, research, and knowledge of
the surrounding space. Because the science of
cartography has changed, the subject of cartog-
raphy, including the form of interaction with
the user, has also changed. Cartography focuses
on the presentation and visual perception of the
surrounding space through a cartographic work
in the form of a figurative-symbolic metric
model. The metric model of a figurative sign is
a map that is an informational product and has
several useful properties and functions (Ban-
kovi¢ et al., 2021). Designing and mapping is
a very important part of the work in the field
of cartography development. Topographic car-
tography develops a TM system, the subject of
which is the modeling of hydrography, natural
appearance — contour, coverage — vegetation
cover, communication, population, economic
activity (display of economic objects), as well
as the mutual relationship of the elements of
the content of the topographic space.

Maps are used in different ways depending
on the purpose and tasks that are realized by
using them. Such tasks can be realized at differ-
ent levels of map perception. The user applies
various mental operations, obtaining informa-
tion related to the location of objects, their attri-
butes, and their spatial situation (Zyszkowska,
2017). The most widely used is TM25, which
shows horizontal and vertical topographic fea-
tures of a part of the Earth’s surface, systemat-
ically drawn on a flat surface. They are used to
show the natural and cultural characteristics of
a certain area, such as contours, hydrography,
vegetation, communications, and settlements.
They can be used for a variety of purposes, such
as infrastructure planning and management,
resource monitoring, exploitation, demographic
analysis, recreational activities, and military
planning (Kent & Hopfstock, 2018). The map
consists of four groups of elements: mathe-
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eJleMeHaTa: MaTeMaTH4KH, Teorpad)CKu, TOMyHCKA
u enemeHTH odopmibera kapre. Huje moryhe
MIPE/ICTABUTH CBE €JIEMEHTE CTBApPHOCTH KOJU Ce
HaJla3e Ha ofpel)eHOM mozpydjy Koje ce KapTupa,
TE je TPHINKOM KOHCTpyHCama KapTe HEeOImXo.l-
HO Je(duHHCaTH KPUTEpUjyMe Ha OCHOBY KOJUX
he ce BpumTH omabup enemeHara koju he outu
MIPE/ICTaBJbEHU Ha KapTH, OJJHOCHO HEOIIXOTHO je
MIPUMEHUTH KapTorpadcko rerepanucame. Kap-
Torpa)cko reHepaucame je CTBapaIauyKy MpoLEeC
YOINIIITaBamka, KOjU Ce€ MPUMEHYje MPH MPOjeK-
TOBamy M cacTaBibamy caapxkaja TK. Obyxsara
npoyyaBame reorpa)cke cperHe, CHCTeMaTn3a-
1)y reorpad)CKUX MojaTaka, mpoueHy ¢ 003upom
Ha THUII, HAMEHY M pa3Mep KapTe, 01adupame Uin
o0jennmaBame U BHUXOBO I'padUyIKO MPUKA3H-
Bame, y3 Beh mim Mamu cTerneH ynpoihaBama
(Sekulovi¢ & Drobnjak, 2013). ITpunrkom renepa-
JM3alHje KOPUCTE ce KIIaCHYHA CPeCTBA FeHepa-
JIMCarka Kao IITO Cy CEIEKIN]a, I0jeTHOCTaBIbCHLE,
arperauyja wiv IoMepame, U lbHMa ce JUPEKTHO
MaHMITyJIMILIE eleMeHTHMa Ha KapTh (Bereuter &
Weibel, 2017).

JloOpo nu3ajHupaHa KapTa 0Be3aHa je C me-
HOM criocoOHouthy J1a MpuKake OAHOCE KOjU YHHE
CeMaHTHYKa CBOjCTBA (METpPHYKa, TOIOJIOIIKA U
ecTeTcka) npukazaHor noxpyyja (Blana & Tsoulos,
2022). TK je crmoxeH mpuka3, a HbEH OCHOBHH
cazpxaj cy reorpacku eJIeMEeHTH KapTe KOjH ce
y 3aBUCHOCTH OJI HAMEHE KapTe U pazMmepe Ipu-
Kazyjy y oapehenoj mepu. Pagom cy oGpahenu
¢uznuKo-reorpad)cku M IpyIITBEHO-TeOrpadCcKu
enement TK 1:25000: xana ce najy, y K0joj Me-
pH, Ha KOJU HaYMH U BU3YEJHO NMPHUKA3aHU KaKoO
U3ITIEAajy.

MATEMATHUYKU EJIEMEHTHU
KAPTE

MaremaTuuky eJeMeHTH KapTe o0yxBarajy
Kaprorpadcky Mmpojekuujy y Kojoj je uzpahena
KapTa, pa3Mep KapTe 1 IeoieTCKy ocHoBy. Kapro-
rpadcka mpojexiyja je MareMaruuka MoryhHocCT
na ce cpepHa MoBpIIMHA 3eMIbe MPUKAKE Ha PaB-
HOJ MOBPILIMHHU, OTHOCHO KapTH, Y AaT0j pa3Mepu
(Markoski, 2018). Ona oapehyje npenas ox moBp-
IIMHE EUIICON/IA HA paBaH, J1ajyhu HCTOBpEeMEHO

matical, geographical, supplementary, and map
design elements. It is not possible to present
all the elements of reality that are located in
a certain area that is being mapped, so when
constructing the map it is necessary to define
the criteria based on which the elements that
will be presented on the map will be selected,
it is necessary to apply cartographic generaliza-
tion. Cartographic generalization is a creative
process, which is applied when designing and
compiling the contents of TM. It includes
the study of the geographic environment, the
systematization of geographic data, the assess-
ment concerning the type, purpose, and scale
of the map, selection or unification, and their
graphic display, with a greater or lesser de-
gree of simplification (Sekulovi¢ & Drobnjak,
2013). When generalizing, classic means of
generalization such as selection, simplification,
aggregation, or displacement are being used,
and they directly manipulate the elements on
the map (Bereuter & Weibel, 2017).

A well-designed map is related to its abil-
ity to show the relationships that make up
the semantic properties (metric, topological,
and aesthetic) of the displayed area (Blana &
Tsoulos, 2022). TM is a complex representa-
tion, and its basic content are the geographical
elements of the map, which, depending on the
purpose of the map and scale, are displayed to
a certain extent. The physical-geographical and
social-geographical elements of TM 1:25000
are processed in the paper: when they are giv-
en, to what extent, in what way, and visually
shown how they look.

MATHEMATICAL ELEMENTS OF THE
MAP

The mathematical elements of the map include
the cartographic projection in which the map was
created, the scale of the map, and the geodetic
base. Cartographic projection is the mathematical
possibility to show the spherical surface of the
Earth on a flat surface, i.e. a map, on a given scale
(Markoski, 2018). It determines the transition from
the surface of the ellipsoid to the plane surface, giv-
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3aKOH pacropezia Mpy TOM HaCTAJIUX JAeopMariyja.
W3pakaBa aHAIMTUYUKY 3aBHCHOCT U3Mel)y Koopu-
Hara Tayaka Ha 3eMJBHHOM EJIMIICOUIY U PaBHU U
THME JICTEpMHHUILE 00aBe3aH PEAO0CIIe paoBa y
padyHamy U KOHCTPYKIMjU MaTeMaTHYKe OCHOBE
KapTe, U3pakeHe oArorapajyhum cucteMom Ko-
OpIMHATHUX JIMHM]A. TakBa KOOpJMHATHA Mpexka
je obaBesHa ocHoBa cBake kapte (Peterca et al.,
1974). Pa3mep npencrassba OIHOC Ty KUHE Ha Kap-
TH 1 ojpel)eHe XOpU30HTAIIHE JTyKUHE Y TIPOCTOPY,
n3paxkaBa ce HyMEpUYKH Kao penanuja Opoja 1 u
Opoja Koju 03HauaBa KOJIHMKO ITyTa Cy €JIEMEHTH U3
NIpUpPOJIE YMamEHH, J1a OM ce IpUKa3ail Ha KapTH
(Ivanov, 2018). ['maBHu pa3mep odyBaH je camo
y Taukd, JIUHUjU WIKA JHHUjaMa HyNTHX aedop-
Manyja. [To meMy ce KOHCTpyHIlle pa3MEepHUK U
03HauaBa Ce y PEaKIMjCKUM eJIeMEHTHMA KapTe.

TK um3nama BojHoreorpadckor HHCTUTYTa
(BI'M) y beorpany uzpal)yjy ce y KOHPOPMHO]
VYuusep3anunoj Tpaucdepzannoj MepxkaTtopo-
Boj (UTM) npojexuuju MEpUIUjaHCKUX 30HA.
OBa mpojekiyja ce CTaHAapJHO KOPUCTH 3a cac-
taBibatbe TK mmupom csera. [IpencraBiba moau-
¢buxanujy nperxoaHo passujeHe I'ayc-Kpurepose
npojexiyje, ¢ pukcHoM pazmepom ox 0.9996 Ha
CpelbUM MEpHHMjaHHMa y IIECTOCTEIICHUM 30-
Hama npojekuuje (Pedzich, 2015).

Koopaunathu cucteMm je neuHUCaH HMEHOM,
JeAMHUIIaMa KOj€ KOPUCTH, CMEPOM H PEIOCIIEIOM
0Ca, @ YMHU CKYIl YCIIOBJbEHHX (DUKCHUX JIMHH]jA
KOje CITy’Ke 3a jeZIHO3HAYHO ofipehuBambe mosoxkaja
Ta4yKe Ha HEKOj paBHU, MaTEMAaTU4KH 3a/1aT0j KpH-
BOj MOBPILHU WM y MpocTopy yommire. OCHOBHE
kapakrepuctuke UTM kooparHaTHOT cucTema cy
IIIECTOCTETIEHCKE JY>)KUHCKE 30HE; CyCEelHE 30HE
ce npekiamnajy y nojacy og 400000 m; kao MmepHa
JeIMHHLIA KOPHCTH C€ MEeTap; YCJIOBHA BPEIHOCT
arcuuce (exBaropa) je 3a ceBepHy xemmuchepy 0
m, a 3a jykay 10000000 m, Tako aa cBe ancuuce
MMajy TIO3UTUBHY BPETHOCT; YCJIOBHA BPEIHOCT
opaunata je 500000 m, Tako Ja cBE OpaWHATE
MMajy IO3UTUBHY BPEJHOCT; IIPABOYIJIE KOOP/ANHA-
TE Ce jeAMHCTBEHO oapelyyjy 3a cBe 30He. Dopmyrie
3a TpaHc(opMalrjy KoOpAnHaTa U3 jeHE 30HE y
JpYTy Cy JEAMHCTBEHE M KOHBEpPIeHIMja Mepu-
mujana He npenasu 5° (Sekulovi€ et al., 2010).
[ub cucrema obenekaBarba MOBPIIMHA U Tayaka
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ing at the same time the law of distribution of the
resulting deformations. It expresses the analytical
dependence between the coordinates of the points
on the Earth’s ellipsoid and the plane surface and
there by determines the mandatory sequence of
works in the calculation and construction of the
mathematical basis of the map, expressed by the
appropriate system of coordinate lines. Such a
coordinate network is the mandatory basis of every
map (Peterca et al., 1974). The scale represents the
ratio of the length on the map and certain horizontal
lengths in space, it is expressed numerically as the
ratio of the number 1 and the number that indicates
how many times elements from nature are reduced
to be displayed on the map (Ivanov, 2018). The
main scale is preserved only in the point, line, or
lines of zero deformations. According to it, the
scale is constructed and marked in the editorial
elements of the map.

TM published by the Military Geograph-
ical Institute (MGI) in Belgrade are made in
conformal Universal Transfer Mercator (UTM)
projection of meridian zones. This projection is
used as a standard for the compilation of TM all
over the world. It represents a modification of the
previously developed Gauss-Krieger projection,
with a fixed scale of 0.9996 on the intermediate
meridians in the six-degree projection zones
(Pgdzich, 2015).

The coordinate system is defined by the name,
the units it uses, the direction and order of the axis,
and it forms a set of conditioned fixed lines that
serve to unambiguously determine the position of
a point on a plane, mathematically defined curved
surface, or in space in general. The basic character-
istics of the UTM coordinate system are six-degree
longitude zones; neighboring zones overlap in a
zone of 400000 m; the meter is used as a unit of
measurement; the conditional value of the abscissa
(equator) is 0 m for the northern hemisphere, and
10000000 m for the southern hemisphere, so that
all abscissas have a positive value; the conditional
value of the ordinate is 500000 m so that all ordi-
nates have a positive value; rectangular coordinates
are determined uniquely for all zones. Formulas
for transforming coordinates from one zone to
another are unique and the meridian convergence
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jecte ma omoryhu jemHO3HAYHO OOENeKaBaHkE
Ma KOje MOBPIIMHE WM TauyKe Ha LeJI0] 3eMJbH,
UCKJbYUyjyhu cBako ommcHO 0O0jalImbaBame IIe
ce Ta Tauka Haja3u. OBaj cuCTeM UAECHTH(UKA-
1I1je MpEKe MPEACTaBIba CTaHAap KOjU ce Mpu-
MemYje Ha CBUM BOjHIM KapTama wianuna NATO
(North Atlantic Treaty Organisation) (Talhofer
et al., 2021). Cucrem caapu Tpu cTeneHa ode-
nexxaBama. [IpBU U Ipyru creneH O3Ha4YaBajy
MOBPILIUHE, a Tpehu MonoXaj Tayaka yHyTap TUX
MIOBPILIUHA.

['eoneTcKky OCHOBY UMHE TadyKe JAp>KaBHE TPH-
aHTyJaIyje CBUX PEeIoBa, MOJIUTOHOMETPHU]jCKE
Ta4yKe, periepy TeOMETPH]CKOT HUBEIIMAHA U TauKe
onpehene rmodamsHUM MO3UIIMOHUM CHUCTEMOM
(I'TIC). AnconyTHe BUCHHE CE€ OJJHOCE Ha CPENbU
HUBO JagpaHckor Mopa, oapeheH mpema mapeo-

rpady y Tpery.

I[TPUKA3 TTEOT'PAO®CKUX EJIEMEHATA
HA TK25

Kaprorpadcku nusajn Moxe ce cmarparu
HAauMHOM KoMyHHuKanuje. Kapre mpencraBsbajy
CPEICTBO 3a JOKYMEHTOBAHkE U 00jallmhaBame
HaIIUX MCKYCTaBa, Kao U 3a MPEACTaBIbABE U
IpeHoIIeke ofipel)eHor moriena Ha CBET Ha KO-
pucHuka kapte (Roth, 2021). Taxohe, npencrasspa
HajKOMIUIEKCHU]U acMeKT KapTorpaduje 1 3a b
MMa J1a CBE eJIEMEHTE KapTe MpeJICTaBu KOPUCHUKY
kao nenuny (Ahnlén, 2017). Ha xoHCcTpyHcame u
OOJTMKOBAHE KapTe yTUUY OAHOCH HAYYHO-TEXHO-
JIOIIKUX, TEXHUYKUX U JIMKOBHUX KapaKTePHCTHUKA.
Kaprorpadcku nu3ajH 10prHOCH €CTETCKOM KBa-
JUTETy KapTe M OOrarcTBy y MOIVIEAY caapikaja,
OIHOCHO KOJTMYMHU HH(POpMAIIHja Koje ce MpeHoce
KapTOM M FBbUXOBOM Ta4qHOIINY.

OCHOBHHU cajip>kaj KapTe YiHE BbeHH reorpad-
CKM YMHUOLM. 3acTyIUbeHU Cy y LenuHu Ha TK
Y 3aBUCHO OJ1 pa3Mepe U HaMeHE KapTe 3aBHCH Y
K0joj Mepu he 6utu npukaszanu. Y reorpadcke yu-
HOLIE CTIa/1ajy MaTeMaTH4Ko, (PU3UIKO U JIPYyIITBE-
Ho-Treorpadcku eneMeHTd. Y (pusudko-reorpadcke
CBpCTaBajy ce xuaporpaduja, pejbed u Berera-
11ja, a y ApylTBeHO-reorpadcke KOMyHHUKaIuje,
HaceJbeHa MECTa, 00jeKTH U reorpa)CKu Ha3UBH.
Ipukas reorpa)cKux moaaraka 3aBUcH O] pa3Mepe

does not exceed 5° (Sekulovi¢ et al., 2010). The
goal of the surface and point marking system is
to enable unambiguous marking of any surface or
point on the entire Earth, excluding any descriptive
explanation of where that point is located. This
grid identification system is the standard used on
all military maps of NATO (North Atlantic Treaty
Organisation) members (Talhofer et al., 2021). The
system contains three marking levels. The first and
second degrees indicate surfaces, and the third is
the position of points within those surfaces.

The geodetic basis consists of state trian-
gulation points of all orders, polygonometric
points, geometric leveling rapiers and points
determined by the global positioning system
(GPS). Absolute heights refer to the mean level
of the Adriatic Sea, determined according to the
tide gauge in Trieste.

DISPLAY OF GEOGRAPHIC ELEMENTS
AT TM25

Cartographic design can be considered as
a way of communication. Maps are a means of
documenting and explaining our experiences,
as well as representing and conveying a certain
worldview to the user of the map (Roth, 2021).
Also, it represents the most complex aspect of
cartography and aims to present all map elements
to the user as a whole (Ahnlén, 2017). The con-
struction and design of the map are influenced by
the relations of scientific-technological, technical,
and artistic characteristics. Cartographic design
contributes to the aesthetic quality of the map, and
richness in terms of content, i.e. the amount of in-
formation conveyed by the map and its accuracy.

The basic content of the map consists of its
geographical factors. They are represented in their
entirety on TM and depending on the scale and
purpose of the map, it depends on the extent to
which they will be displayed. Geographic factors
include mathematical, physical, and social-geo-
graphical elements. Hydrography, contour and
vegetation are classified as physical-geographical,
and communications, settlements, objects, and
geographical names are classified as social-geo-
graphical elements. The display of geographic
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Kapre. Ajanraiyja JeTaJbHOT CKyIla Imojaraka 3a
NIPE/ICTaBIbAE Y MABUM pa3Mepama HazuBa ce
reHepaym3aimja kapre. [ eHepanucame je HyKHO,
Jep 3a pa3nuKy ox1 aTpuOyTCKUX Mojaraka Koju cy
MIPUCYTHHU caMo y 0a3u mojaTaka, ciMOOoJIorHja 1
BU3YEJTHO MPUCYTHHU €JIEMEHTH JJUPEKTHO MPEy3eTH
¢ pa3zmepe 1:25000 mory 110 Te Mepe J1a orTepere
kapty 1:50000 ma moctaHe MpakTUYHO HEYIO-
TpeOJpHBa C aCIIeKTa ITaMIIaHOT TPOU3BOAA. 3aTo,
HEOITXO/THA j€ PEMYKITH]ja U IOJATHO YOOIMUaBakhe
cazpkaja Kako OM OIITaMIIaHU JIUCT KapTe Kao
U BU3yaJIHU TNIPHKa3 MMM OAroBapajyhy ymo-
TpebHy BpenHocT (Markovic et al., 2014). Cpxa
reHepaimsaiyje je aa ce Hampasu noopa TK, y
K0joj ce OanaHcupajy 3aXTEeBH 3a TAYHOCT, CA/IPKa]
uH(pOpMaIrja U YUTIbUBOCT.

Xwunporpaduja

Xuaporpadcka Mpexka je BakaH €JIEMEHT
MIPUPOTHOT Tiej3aXka U 3Ha4YajaH je eIEMEHT cajp-
xaja cake TK. [Tpuka3 xungporpadcekux odjexara
3aCHMBA C€ Ha JIMHEAPHOM 3HaKy, KOju omoryhasa
Jla ce Ha KapTH MpUKaKe JIOKAIMja, BEJIUMYMHA U
o0muk oBux objekara. Ilon xugporpadujom mnos-
pasymeBajy ce CBH 00jJE€KTH KOjU CaapiKe BOAY WU
uMajy 3a b KopHiheme u CHabIeBambe BOJOM.
Ty cmanajy: Mopa, jesepa, peke, KaHamu, Oape,
puOmaIy, JIOKBE, MOYBape, IOTOIH, U3BOPH, OyHa-
pH, TPIIKE, BOIOBOMIU, YECME U JIp., K0 B 00jEKTH
Koju cy u3rpahenu 3a rmioBuaOEHE, EKOHOMCKE U
apyre cBpxe. 300r Tora je MpeAcTaBbalkbe OBUX
o0jexaTta BeoMa 3Ha4ajHo.

Jla ©u ce makie m3yyaBasia xujaporpaduja
U BEeH NpUKa3 y Kaprorpaduju, Xuaporpadcku
€JIEMEHTH Cy TMOJICJbEHH Y TPH TpyIe: 00jeKTH 3a
BOJIOCHAO/1eBamb€, BOJICHH TOKOBH M BOJICHE ITOBP-
IIMHE ca CBUM Ipunanajyhum enementuma. [lox
o0jeKkTHMa 3a BOAOCHAOeBame MOApPa3yMeBajy
ce CBU OHM 00jeKTH M3 KOjUX ce A00uja Boma 3a
nuhe (uecme, n3BopH, OyHApH), OHU Y KOjUMa ce
CaKyIba MOBPUIMHCKA BOoja (LMCTEpHE, pe3ep-
Boapu, 0aceHu) U OHE KOjHUMa C€ BOJa MPEHOCH
Ha HEKY yJaJbeHOCT (I[pIKe, BOIOBOIM, TYHEIH
3a Bony, akBaaykTu). [IpukasuBame HU3BOpa H
OyHapa 3aBUCH O]l FbMXOBE BXKHOCTH. Y BOJOM
OoratuM MoApy4yjuMa U y HacesbUMa BaXKHHU CY
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data depends on the scale of the map. Adapting a
detailed data set to represent it at a smaller scale
is called map generalization. Generalization is
necessary because, unlike attribute data that is
only present in the database, symbology and
visually present elements taken directly from the
1:25000 scale can overload the 1:50000 map to
such an extent that it becomes practically unus-
able from the point of view of the printed product.
Therefore, reduction and additional formatting of
the content is necessary so that the printed map
sheet, as well as the visual representation, have
an appropriate use value (Markovi¢ et al., 2014).
The purpose of generalization is to make a good
TM, in which the requirements for accuracy, in-
formation content, and readability are balanced.

Hydrography

The hydrographic network is an important
element of the natural landscape and it is a sig-
nificant element of the content of each TM. The
display of hydrographic objects is based on a
linear sign, which allows the location, size, and
shape of these objects to be displayed on the map.
Hydrography refers to all objects that contain
water or have the purpose of using and supplying
water. These include seas, lakes, rivers, canals,
ponds, puddles, swamps, streams, springs, wells,
pumps, water pipes, fountains, etc., as well as
objects that were built for navigation, economic
and other purposes. That is why the presentation
of these objects is very important.

To facilitate the study of hydrography and
its presentation in cartography, hydrographic
elements are divided into three groups: water
supply facilities, water courses, and water sur-
faces with all associated elements. Water supply
facilities include all those facilities from which
drinking water is obtained (fountains, springs,
wells), those in which surface water is col-
lected (cisterns, reservoirs, basins), and those
through which water is transported over a certain
distance (pumps, water pipes, water tunnels,
aqueducts). The display of springs and wells
depends on their importance. In water-rich areas
and settlements, public wells and those where
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jaBHHM OyHapu U OHM Ha KOjUMa c€ TPajHO MEpH
BOJIOCTAj TOJ3EMHE BOJE, Kao M OyHapH M3BaH
HaceJba jep Cy 100pu OpujeHTHpHU. Y KpajeBuMa
OCKYIHUM BOJIOM, HIIP. KPacy, Of] 3Ha4aja je CBaKH
u3Bop wim OyHap (Lovri¢, 1986). CyBu BogoTorum
(cymmiie) ¥ moA3eMHHU BOIOTOIM MPHUKA3yjy ce
UCTIPEKUIAHOM JIMHUjOM Kako OM ce Harjacuia
wuxoBa nospemeHoct (Ci. 1).

I[Ton Texyhum Boama Uit BOIEHUM TOKOBUMA
ce IMoApa3yMeBajy XuAporpacku eneMEeHTH Kao
LITO Cy ITOTOLIH, peKe, kaHaiu, pykasiu. Ha TK25
ce mpuKasyjy cBe Tekyhe Boue uMja je JyKUHa
Beha o 250 m, OMTHOCHO y KpajeBUMa KOjU Cy
CHPOMAIITHHJU BOIOM M Kpahu TOKOBH WJIM Kaja
MPEACTaBJbajy MpPENpeKy, OAHOCHO Kaja ce Ha
bUMa JaCHU]j€ U3PaXKaBajy KapaKTepPUCTUIHU MOp-
¢onomku obmuim Tepena. Ha TK 1:25000 peke u
KaHaJIM KOjH Cy YKH O] 5 m IPHKa3yjy ce jeHOM,
IIyHOM (CTaJIHU TOKOBHU) WJIM UCIIPEKUIAHOM (TO-
KOBHU MOBPEMEHO 0e3 BOJIE) JIMHU]OM IU1aBe 0oje.

the groundwater level is permanently measured
are important, as well as wells outside the set-
tlements because they are good landmarks. In
areas with scarce water, every source or well
is important (Lovri¢, 1986). Dry watercourses
(droughts) and underground watercourses are
shown with a broken line to emphasize their
occasionality (Fig. 1).

Flowing waters or watercourses mean hy-
drographic elements such as streams, rivers,
canals, and backwaters. TM25 shows all flowing
waters whose length is greater than 250 m, i.e.
in regions with poorer water and shorter flows
or when they represent an obstacle, i.e. when
they more clearly express the characteristic
morphological forms of the terrain. On 1:25000
TM, rivers and canals that are narrower than 5
m are shown with a single, solid (permanent
flows) or broken (flows occasionally without
water) blue line.

Cn. 1. Xunporpadceku enementu Ha kaptu TK25 NK34-6/4-1-3 ByjkoBait
(Bojuoreorpagcku nactutyT, 20172)
Fig. 1. Hydrographic elements on map TM25 NK34-6/4-1-3 BbyjkoBar
(Bojuoreorpagckn nactutyT, 2017a)

Pexe u kaHanmu koju cy mmpuHe o S m a0 10
m MpHKa3yjy ce TYIUIOM JIMHHU]OM, JIOK C€ peKe
KaHaJM Koju ¢y mmpu o 10 m najy y pasmepu, kao
TIOJIUTOH. Y OBOM CITy4ajy, peKe 1 KaHaJIU UCIIpTa-

Rivers and canals that are 5 m to 10 m wide
are shown with a double line, while rivers and
canals that are wider than 10 m are given to
scale, as a polygon. In this case, rivers and canals
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Bajy ce 00aJIOM peKe/KaHasa, a Kpo3 CpeIuHy peKe
ce naje xuaporpadcka muauja. Y crajahe Boze wim
BOJICHE TOBPIIMHE CHajajy: Mopa, jesepa, Oape,
JIOKBE, MouBape, pubmarm. Kao ocHoBa 3a mu-
XOBO TIPEJICTaBIbamhe KOPUCTH ce 00allHa JIMHU]a.
[Tox oGanHOM JHMHHUjOM ce Moapa3zyMeBa JMHUja
TI0 KOjOj C€ HEMOCPETHO JOAUPYje KOITHO U BOJA.
VY 3aBHCHOCTH J1a JIU Ce pajy O cTajahum Bojama
HACTaJIMM IPUPOIHUM ITyTEM WIIU JEjCTBOM YOBE-
Ka, o0aJiHa JIMHHUja Ce MPEACTaBIba 10 CPEIHEM,
OZIHOCHO HajBHUILIEM BOJIOCTAjy.

Jesepa ce mpeacraibajy Tako Jia ce ca KapTe
Mory 1001TH UH(pOpMAaIHje O OOIHKY, BETUYHHHY,
nyounn u pazyhenoctu odana. CIIM4HO Kao Ko BO-
JICHUX TOKOBA, KOJI CTJIHUX je3epa 00ajicKa JIMHUja
ce J1aje IyHOM, a KOJI IEPUOAMYHHUX HCTIPEKUIAHOM
munujoMm. Jlokse u 6ape na TK npencrasspajy ce
0e3 nerasba o ;yonnu (Jbemesnh & bakpad, 2013).
Kpajmu u3rien BoaeHUX MOBPIIMHA HA KapTH je
peaia npuKas U3 pupoIe, MOIUTOH CBETIIO IIaBe
00je, YOKBUPEH TaMHO I1IaBOM 00AJICKOM JIHHU]OM,
YHjy je MOBPIIUHY MOryhe U3MepUTH ca Kapre.

Pemed

CarnenaBare KBAaHTUTABHUX M KBAJIUTATHB-
HUX ocobuHa 3emsbuinTa ¢ TK kiacuuas je HaunH
MPOIICHE U MPEACTaBsba 030MJbAaH U AYroTpajaH
110Ca0, YUjU pe3yATaTH MCKJbYYHBO 3aBUCE O]
ucKycTBa U 3Hama o0 TK 1 meHoj nHamenu. Pesbed
Jj€ CKyn HepaBHMHA Ha MOBPIIUHU 3eMJbe. Y reo-
rpaduju ce 3a BEeroBo MPoyyaBambe U KapTHPAhE
KOPHUCTE JIBa MOZIea: TOnorpadCcku, Koju pebed
rnmocMarpa Kao MOBPIINHY, U T€OMOP(OIOIIKH,
KOjU OBY IMOBPILMHY MpPEACTaB/ba Kao JEJbUBY
Ha ¢opme (Camconos, 2011). 3a pasznuxy ox
BehuHe Npyrux enemeHara cajpikaja OIMIITHX
reorpadckux M TOomorpaCKuxX Kapara, mera
KapakTepuIlly He IBOAMMEH3UOHAIHOCT, Beh Tpo-
JTMMEH3MOHAITHOCT ciuke. Mirpa cBeTI0CTH U CeH-
K€ Ha TIOBPIIMHU 3eMJbe, IPOMEHA HEeHE BUCHHE
U CTpMUHE (Haru0a) CTBApHHU Cy, BUIJBUBH U MOTY
ce MPEHETH Yy OONMKY CiMKe MmoMohy rpaduxe.
Ty Hacrtaje mpoOiemM penpoayKiuje HermpaBui-
HOCTH, KOJU C€ CacTOjH y Tpa)kely BU3YETHOT
edeKTa TPOJMMEH3NOHATHOCTH Ha PaBHO] CIUIIN
(Bocroxoga et al., 2002). N3mehy oBux monena
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are drawn along the bank of the river/canal, and
a hydrographic line is given through the middle
of the river. Standing water or water bodies in-
clude seas, lakes, puddles, swamps, and ponds.
The coastal line is used as the basis for their
representation. The coastline is the line along
which land and water directly touch. Depending
on whether it is stagnant water created naturally
or by human action, the coastline is represented
by the middle or by the highest water level.
Lakes are presented in such a way that infor-
mation on the shape, size, depth, and spread of
the shores can be obtained from the map. Sim-
ilar to the case of water courses, for permanent
lakes the shoreline is given as a solid line, and
for periodic lakes as a dotted line. Puddles and
ponds on TM are presented without details about
the depth (Jbemesuh & Bakpau, 2013). The final
appearance of the water surfaces on the map is
a realistic representation of nature, a light blue
polygon, framed by a dark blue coastline, the
surface of which can be measured from the map.

Contour

Observing the quantitative and qualitative
properties of terrain with TM is a classic method
of assessment and represents a serious and long-
term job, the results of which depend exclusively
on experience and knowledge about TM and its
purpose. Contour is a set of bumps on the Earth’s
surface. In geography, two models are used
for its study and mapping: topographic, which
considers contour as a surface, and geomorpho-
logical, which presents this surface as divisible
into forms (Camconos, 2011). Unlike most other
elements of the content of general geographic
and topographic maps, it is characterized not by
two-dimensionality, but by three-dimensionality
of the image. The play of light and shadow on the
Earth’s surface, and the change in its height and
slope (inclination) are real, visible, and can be
conveyed in the form of an image using graphics.
This is where the problem of reproduction of
irregularities arises, which consists in searching
for the visual effect of three-dimensionality on
a flat image (BocTokoBa et al., 2002). There is
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HEMa KOHTPAJUKTOPHOCTH, OHU ce MelhycoOHo

nonymwyjy. [IpencraBibame 3eMIBUIHUX O0IHKA

knacnyHuM TK je Texak, KOMIUIEKCaH U JIyroT-
pajan mporiec.

[Tpuka3 pemeda Tpeba mna obe3beau crBa-
pame peanHor MPOCTOPHOTI YTHUCKa, O: 00JIu-
[IMMa HEpPaBHMHA; PACIOpeNry MOjeIuHUX O0JIu-
Ka ¥ BHUXOBUM Be3aMa; KapakTepy M CTEHEHY
palraIambeHOCTH MOBPIIM 3eMJbe U MOTYNHOCT
KBaJIUTaTUBHE U KBAHTUTATUBHE OIIEHE pesbeda
(Sekulovi¢ et al., 2015). Ha TK25 pessed ce npu-
Kazyje pa3HUM I'e0JIeTCKUM Taukama: HUBEJIMaH-
CKE TauKe, TPUTOHOMETPHjCKE TauKe, HICTAKHYTH
00jeKTH Kao TPUTOHOMETPHjCKE TauKe, KOTe U
I'TIC Tauke; nzoxuncama U HEKMM KapaKTe€pHC-
TUYHUM peJbepHUM OONMUIMMa: BpTade, japyre,
MPUPOJHU U BEIITAYKH ycelu, nehune, moBp-
IIMHCKU KOTIOBU U CIIMYHO.

[Ipencrapibame pesbeda METOJOM U30XUTICH
HajIPELM3HU]H j€ U HAJTeKH HAaUMH NPUKa3UBakbha
3emspuHe Tonorpagcke nospuunae. Kaprorpadgce-
KHUM TIpeCTaBJbamkbeM Tpeda ocTBaputu cienehe
ycnose (Miladinovi¢, 2017):

— C 10BOJBHOM JeTajbHOILINY U TayHOIIhy MO-
pajy OMTH U3pa)KeHU CBU €JIEMEHTApHH 00-
LU pesbeda U 3aapKaHe HUXOBE Kapakre-
pUCTUYHE O0COOHMHE;

— Ha kaptu Tpeba na ce jacHO ucTu4y oporpad-
CKe Tauke (BpPXOBU M ceasia) U oporpadcke
nvHUje (BOJOACTHHIIC, BOJOCIUBHUIIC, TUHH]C
npesoMa M MOAHOXK]ja);

— MHzoxurcama ce Mopajy BEpHO IpUKa3aT mpa-
BLIM U CTPMUHE Haruba u BHUXOBE MPOMEHE;

— PacnopenoM H30XHIICH U OOJMKOM CaBHjarba
Tpeba Ja ce 3apke TUIMYHE 1pTe pesbeda; u

— Pesped Mopa 6utn yckialen ¢ ocranum ene-
MEHTHMa CaJIpKaja KapTe.

OcnoBue uzoxurnce Ha TK25 najy ce ca ex-
Buguctannujom on 10 m. CBaka mera OCHOBHA
M30XHMIICA Jaje ce 3a7e0/baHOM JIMHHJOM 1 Ha3UBa
ce IJIaBHA, Ha OBUM M30XHIICaMa BPILIHU C€ O3Ha-
YyaBamke BUCHHA OpOjyaHMM MOAalMMa Ha OAro-
Bapajyhum MecTuma paau JakIer OYhTaBarba
BucuHa ¢ kaprte. [lopen muX ucupraBajy ce H
MOMONHE U30XHUIICE U TO UCTIPEKUIAHOM JIMHU]OM,
aKo 03HayaBajy MOJIOBUHY €KBHIUCTAHLIU]E WIH
HEMPEKUTHOM TaYKaCTOM JIMHUjOM Ha YETBPTUHH

no contradiction between these models, they

complement each other. Representation of land-

forms by classic TM is a difficult, complex, and
long-term process.

The presentation of the contour should en-
sure the creation of a realistic spatial impression,
about: shapes of unevenness; the arrangement
of individual forms and their connections; the
character and degree of breakdown of the Earth’s
surface, and the possibility of a qualitative and
quantitative assessment of the contour (Seku-
lovi¢ et al., 2015). On TM25, the relief is dis-
played with various geodetic points: leveling
points, trigonometric points, prominent objects
such as trigonometric points, elevations, and
GPS points; contour lines, and some characteris-
tic contour forms: sinkholes, ravines, natural and
artificial cuts, caves, surface mines and the like.

Representation of the contour using the
contour line method is the most accurate and
difficult way of representing the Earth’s topo-
graphic surface. Cartographic representation
should fulfill the following conditions (Miladi-
novic, 2017):

— All elementary relief forms must be expressed
with sufficient detail and accuracy and their
characteristic features must be preserved;

— Orographic points (peaks and saddles) and
orographic lines (watersheds, fracture lines,
and foothills) should be marked on the map;

— Contour lines must faithfully depict the di-
rections and steepness of slopes and their
changes;

— The arrangement of the contour lines and the
shape of the bend should retain the typical
features of the contour; and

— The contour must be harmonized with other
elements of the map content.

Basic contour lines on TM25 are given with
an equidistance of 10 m. Every fifth basic contour
line is given by a thick line and is called the main
one, on these contour lines the heights are marked
with numerical data in the appropriate places for
easier reading of the heights from the map. Next
to them, auxiliary contour lines are drawn with a
broken line if they mark half of the equidistance
or with a continuous dotted line at a quarter of
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exBuauctannuje. Ocraau pesbeGHr 0OIUIH 1ajy
ce oipel)eHrM yCIIOBHUM 3HAIIMMA, 4ecTo mpahe-
HU O3HaKama Koje HaM Jajy AeTajbHuje uHpop-
Mallije O BUXOBUM Kapaktepuctuma. Perbed je
nar y cenuja (OpaoH), a MojeIuHU JIEMEHTH U Y
1puoj 6oju. Ha TK IlIBajiiapcke, 3a MprKa3uBame
pebeda ce, OCHM M30XHIICH U YCIIOBHUX 3HAKOBA
3a KapaKTepUCTUYHE OOJIMKE, KOPUCTH U CEH-
yeme. YnopehuBamem kapre uznama BI'M u TK
[IBajiiapcke, yOUwbHBO je aa je pesbed rpaduaku
00Jbe TIPEACTaBIbEH Ha IIBAjIIAPCKO] KApTH, aju
je canpxkaj onrepehenuju (Ca. 2).

the equidistance. Other contour forms are given
with certain conditional signs, often accompanied
by signs that give us more detailed information
about their characteristics. The contour is given
in sepia (brown), and some elements in black.
In the TM of Switzerland, shading is also used
to show contour, in addition to contour lines and
conditional signs for characteristic shapes. By
comparing the map of the MGI and TM editions
of Switzerland, it is noticeable that the contour is
graphically better represented on the Swiss map,
but the content is more loaded (Fig. 2).

C. 2. [Ipuka3 pespednux odnuka Ha kKaptu TK25 NK 34-5/6-2-4 Bpame
(Bojnoreorpadcku nnctutyt, 2017b) u va TK LlBajuapcke
(Bundesamt fiir Landestopografie, 2016)

Fig. 2. Presentation of relief forms on the map TM25 NK 34-5/6-2-4 Bpame
(Bojnoreorpadcku unctutyt, 2017b) and on the TM of Switzerland
(Bundesamt fiir Landestopografie, 2016)

Pemmed ce moxe mpeacTaBibaTH paziUdM-
THM METOJlama, TI0 YeMy Ce€ Pa3JIMKyje Ol OCTa-
JMX elleMeHara reorpadckor caapikaja. Merone
NpeJ/iCTaBibama pesbeda MmopesbeHe Cy y YeTHPH
rpyIie: TEOMETPHjCKe, TUIACTUYHE, TTIEPCIICKTUBHE
1 kKoMOMHOBaHe. 3a BojHe oTpede y ['eorpadckom
unpopmanuonom cuctemy (I'MC) uzpalyjy ce
,kapte crenjanne Hamene (Cin. 3 u Ci. 4) koje
CITyXe 3a npukazuBame 3D 1 Beoma cy BaxHe 3a
n3Bolere BOjHUX onepalirja 3a OUso Koje HaMeHe.
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Contourcan be represented by different
methods, which makes it different from other
elements of geographical content. Contour rep-
resentation methods are divided into four groups:
geometric, plastic, perspective, and combined.
For military purposes, “special purpose maps”
(Fig. 3 and Fig. 4) are created in Geographic
Information System (GIS), which is used for
displaying 3D and is very important for carrying
out military operations for any purpose.
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Ca. 3. Cumynanmja 3D pacrepcke Tonorpadceke noanore y sugy TK25
Fig. 3. Simulation 3D of the raster topographic base in the form of TM25

Ca. 4. OuieHa TEHKOIIPOXOJIHOCTH U MOTYNHOCTH 3alITUTE ¥ PUKPUBEHOCTH JETUHUIIA
Fig. 4. Assessment of tank penetration and the ability to protect and conceal units

Bereranuja Vegetation
Bererarujcku nmokpuBad je mpoCTOpHA 0jaBa. Vegetation cover is a spatial phenomenon.

be3 063upa Ha TO Koju ce kputepujymu (¢pusno-  Regardless of which criteria (physiognomic,
HOMCKH, CTPYKTYPaJIHH, €KOJIOLIKH, (iopuctiukn  structural, ecological, floristic, etc.) are used
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U CII.), KOPHCTE 3a KIacu(pHKaLHjy, MOTy ce Kap-
THPATH U MPEICTaBIBaTH Kao 2D rpaduuku Mozer.
Bereraruja je reorpad)cku €1eMEHT KapTe KOjH ce
MPUKA3yje WK U30CTaBJba Y 3aBUCHOCTH O]l HAMe-
He kapre. Ha TK Bereranuja ce npuxasyje, jep je
3Ha4ajHa ¥ MoTpeOHa, IOK Ce Ha OCTAIUM HE TpHU-
Kazyje WIK ce MPUKa3yjy caMO KapaKTepUCTUIHU
JIeTIOBY (BUHOTPAIH, LITyME), [1a C€ He OU ONTepeTHO
caJprkaj Kapre.

[prrkoM npezicTaBIbamka BETeTalHje MoTped-
HO j€ 0OpaTuTH NMaXXikhy Ha: IPABUJIAH PETHOHATTHA
pacriopei 1ojasa; T OTIYHHU]E TaBake KBaINUTA-
THBHHX M KBAHTHTATUBHUX KAPAKTCPHCTHKA; BEPHO
MPUKA3UBAGE KOHTYPA; eKBUBAICHTHOCT TIOBPIIIMHA
Y MCTH OJTHOC TIOBPIIIMHA K0 y TIPHPOIIH, Kao ¥ Ha
Ta4aH OJIHOC MPEMa OCTATUM eJIEeMEHTHMA reorpad-
ckor caapkaja (Jbermesuh & JKuskosuh, 2001).

VY okBupy Bererarmje, Ha TK mpezcrasibajy ce:
1IyMe, 1ojeIMHaqHO pBehe, sx0ybe, Bohmary, BU-
HOTPaJIH, JIMBAJIC, MAlIbhaIK 1 TianTaxe. [Tomohy
BaHPa3MEPHUX TAYKACTUX CUMOOJA CE MPHKa3yjy
ycamibeHa JipBeha, Bohmaly, ryme u moBpIIMHE
oy, >kOymeM. JIMHMjCKU cCMMOOJH ce KOPHUCTE 3a
NPEICTaBIbAhE IPABUITHUX JIPBOPE/IA KOJU HEMAjy
MOBPIIKHY 3a TIPUKa3 Y pa3MepH, a TIOBPIITUHCKUM
CHMOOITIMA CE TPHKA3yjy IyMe, BONAIH, KOy e,
nammsaiy 1 1. [IpumkoM npencraBibama Iryma
pa3MepHUM 3HaKOM, Y OKBHPY IOJIUTOHA JIOIAje Ce 1
TaYKACTH CUMOOIT, KOj¥ TOBOPH O KOjOj BPCTH IITyMe
ce pamu (JMcTonaaHoj win 3um3eneHoj) (Ci. 5).

for classification, they can be mapped and pre-
sented as a 2D graphic model. Vegetation is a
geographical element of the map that is shown
or omitted depending on the purpose of the
map. Vegetation is shown on TM, because it
is significant and necessary, while on others it
is not shown or only characteristic parts (vine-
yards, forests) are shown, so as not to burden
the content of the map.

When presenting the vegetation, it is nec-
essary to pay attention to proper regional ar-
rangement of phenomena; providing qualitative
and quantitative characteristics as completely
as possible; faithful rendering of contours; the
equivalence of surfaces, and the same ratio of
surfaces as in nature, as well as the exact rela-
tionship to other elements of the geographical
content (Jbemesuh & YKuskosuh, 2001).

As part of the vegetation, TM includes for-
ests, individual trees, bushes, orchards, vineyards,
meadows, pastures, and plantations. Single trees,
orchards, forests, and areas under bushes are
shown using oversized point symbols. Line sym-
bols are used to represent regular rows of trees
that do not have an area to display in scale, and
surface symbols are used to represent forests,
orchards, bushes, pastures, etc. When represent-
ing forests with scale symbols, a point symbol
is added within the polygon, which indicates the
type of forest (deciduous or evergreen) (Fig. 5).

Cn. 5. Ilpuka3 Bereranyje 1 ciMOOJIa KOjU 03Ha4aBa BPCTY (JIUCTOIAHA I 3UM3EIIeHa) ¥ TYCTHHY
ryme u 1e0sprHy cradmna Ha auety TK25 NK34-6/4-1-3 byjkosarr (Bojaoreorpadcku uncturyt, 2017a)
Fig. 5. Display of vegetation and symbols indicating species (deciduous or evergreen) and forest density

and tree thickness on sheet TM25 NK34-6/4-1-3 byjkosari (Bojaoreorpadcku uncturyt, 2017a)
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Komynukarnuje

VY kaprorpaduju noa KOMyHHUKalMjama Moj-
pa3ymeBajy ce 00jeKTH KOju CITy>Ke 3a 00aBJbarbe
caobpahaja. Bpiio cy BaxaH €JIEMEHT OTIITET
pa3Boja IpyIITBa, T€ Cy 3Ha4YajaH €JIEMEHT Cajp-
*aja cBake kapre. OHe Be3yjy HaceJbeHa MecTa
Kao LIEHTpPE JbY/ICKE JIeNaTHOCTU U HajBeher nena
MarepujatHux 6orarctaBa. OmMoryhyjy Kperama u
TPAHCIIOPT U3 jeHOT MecTa y Jipyro. Kao ocHoBHa
KapaKTEepPUCTHKA TPU KJIACH(PHKOBaKHY KOMYHH-
Kallija y3uMa ce cpellrHa KojoM Tede caobpahaj
(Borisov, 2017). Ilpema TOMe, KOMyHUKAIIje Ce
Jie7ie Ha: KOTHEHe (JKeNe3HHIe, MyTEeBH, CTase);
BOJIeHE (je3epcke, pedyHe, MOPCKE); Bas3ayIlHE
(aepoapoMu, XeTHOJPOMH) U CIELHjalTHE.

Ha TK xomyHuMKaIyje cy HpeicTaBJbeHe JIU-
HHjCKMM YCJIOBHUM 3HAIIMMA M YCIIOBHUM 3HAIFMA 32
o0jexTe caoOpahaja 1 Be3a. 300 TIOCTOjar-a BUIIIE BPCTa
KOMYHHKAIIM]a, PAJIU JIAKIIIE CUCTEMATH3aIN]e HHXO-
BOT TIPEJICTaBIbakba, BPIIN CE TOJIENIa KOMYHHKAIIH)a
npeMa HEeKUM H-UXOBUM KapaKTepHCTHKaMa. YHyTap
TIOJeIMHUX BPCTa KOMYHHMKaIMja Moryhe je KoMyHHU-
Kallyje pa3BpCTaTy 1o KaTeropujama, 1T je HApOIUTO
mpaxeHo Ha TK. Tako 1a pasHe kareropuje myreBa
TIPE/ICTABIBAMO PATUUNTHM JIMHHJCKAM CHMOOIHMA.
[yreBu pazimuuTe MMApHHE, KBAIMTETA, PA3TAYHTOT
THTA 3acTopa Ouhe MpeCTaBLeHH JITHU]CKUM 3HAITMA
pazmunTHX 00ja, Ae0spHHE, TTyHONE.

Ha TK2S5 wuznawma BI'U pasnukyjemo Buie
KaTeropuja ImyTeBa: ayToIyTeBe, ac(haiTHe myTeBe
mmpe o 6 m, acaytTHe myTeBe MUPHHE 3 110 6
m, IMyTeBE C TBPAOM IOAJIOroM, yauLe, OyneBape,
3eMJbaHe TMyTeBe M craze. Kama je ped o xenes-
HUYKUM TIpyTama MpeicTaBibajy ce IBOKOJIOCEUHE
npyre, HOPMAJIHOT KOJOCEKA U YCKOT KOJIOCEKa
(tme HuCy nemoHtupane). OcuM OBUX JIMHH]CKUX
eJIeMEHaTa, yCJIOBHUM 3HAIMMa CE TPE/ICTaBIbajy
U pa3HU O0jeKTH Ha KOMYHHKalldjama, Kao IITO
Cy: MOCTOBH, TIPOIYCTH, TyHEINH, rajiepuje, Haj-
BOXKHEbAIIH, CY)KEHha, HACUTIH, 3aIIITUTHU U TIOTIIOP-
HY 3HJI0BH, HAIJIATHE PaMIIe U TPAHUYHH MPEIa3u.

Hacespena mecrta u 00jexTH
Hacespa cy reorpadcku enemMeHT caapikaja

KapTe, MECTO IJIe CTaTHO WJIM TOBPEMEHO CTaHy]jy
JbYIIM, Y KOJEM c€ OJ/IBHja HHXOBa €KOHOMCKA,

Communications

In cartography, communications are under-
stood as objects that are used to carry out traffic.
They are a very important element of the general
development of society, and they are a significant
element of the content of each map. They connect
populated places as centers of human activity
and the largest part of material wealth. They
enable movement and transport from one place
to another. The environment in which the traffic
flows is taken as the basic characteristic when
classifying communications (Borisov, 2017).
Therefore, communications are divided into the
land (railways, roads, paths); water (lake, river,
sea); air (airports, heliports), and special.

At TM, communications are represented
by line conditional signs and conditional signs
for traffic and connection facilities. Due to the
existence of several types of communications,
for the sake of easier systematization of their
presentation, communications are divided ac-
cording to some of their characteristics. Within
certain types of communications, it is possible to
classify communications by category, which is
particularly pronounced in TM. So we represent
different road categories with different linear
symbols. Roads of different widths, quality, and
different types of cover will be represented by line
signs of different colors, thicknesses, and fullness.

In the TM25 edition of MGI, we distinguish
several categories of roads: highways, asphalt
roads wider than 6 m, asphalt roads 3 to 6 m wide,
roads with a hard surface, streets, boulevards, dirt
roads, and paths. When it comes to railways, there
are two-track railways, normal gauge and narrow
gauge (where they have not been dismantled). In
addition to these line elements, conditional signs
also represent various objects in communications,
such as bridges, culverts, tunnels, galleries, over-
passes, narrowings, embankments, protective and
retaining walls, toll plazas, and border crossings.

Settlements and facilities
Settlements are a geographical element of the

content of the map, a place where people live per-
manently or occasionally, where their economic,
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KyATypHa W JIpyra JIeIaTHOCT, ’UXOB JIMYHU U
JPYILITBEHH KHBOT. Jlene ce Ha Hacesba rpajICKor
U Hacesba ceockor tuna. [lpukasyjy ce yrimaBHOM
Ha cBUM reorpadckum kaprama (Bemuh, 2021).
3aBHCHO O] THIA KapTe, OHA CE MPEACTaBIbA]y Yy
pa3mepu u npeMa koutypama (TK) ninm ycinoBHum
3HaruMa (ommrereorpadcke KapTe).

[Tpunukom npencraBibakba HACEJFEHUX MECTa
Ha TK25 Texxu ce mpukasuBamy TadyHe, jaCHE U
MIOTITYHE CJIMKE O MOJIOKAjy, BEIMYMHHU, BPCTH U
3Ha4ajy JTOTHYHOT HaceJba, TAKO Ja CE OMaX YOUuH
HE CaMO HEroBa OCHOBHA MPHITIAJHOCT TPaJICKOM
WM CEOCKOM THITY, HETO J1a Ce IITO BepHHjE HC-
Tpa)ke M CBE OCTAJIC IEroBe KapakTepuctuke. To je
MOCTUTHYTO TIPUKA30M CIIOJbHE KOHTYpPE Hacesba,
Ka0 M YHYTpPAILIHBbUM PaclopeoM U T'yCTHHOM
srpaga (Buder, 1974). I'paacka Hacesba Kapak-
TEpHILE TYCTO HACEJFEHO CTAHOBHHUIITBO KOje Ce
MPETEeKHO 0aBH MHIYCTPH)jOM, TPTOBUHOM, PaH
y Pa3HUM yCTaHOBaMa M MPEACTaBIba]y MOTUTHY-
KO-aIMMUHUCTPATHBHE LIEHTpPE. YJIMLIE U TPrOBHU CY
ypebhenu, 3rpaze rycro nopelane 1 KoMyHuUKaluje
cy pasrpanare. CeoCKd TUI Hacesba je MOTIYHO
Pa3IUyUUT U ca MalbUM OpojeM CTaHOBHHKA, Clia-
Ouje pasrpaHare KOMyHHKallje U 3rpaje cy Ha
BeheM pacrojamy.

AKo je Heku oOjekar jar Kao TPHUTOHO-
METpHjCcKa Tayka, HAPOUUTO je OUTHO Ja H-EroB
nosnoxaj Oyzne TauadH. OBU BaKHH O0JEKTH MOTY
Jla TIOCITyXe Kao OpPUjEHTUPU U HA OCHOBY HUX
ce MOTy BpIIMTH pa3Ha Mepema U oapehuBarma.
Ocrane BaxHe 00jeKTe Kao IUTO Cy IIKOJA, I10-
IITa, JKEJIE3HWYKA CTAaHUIIA U CII. Takohe Ou Tpe-
0aJ0 aBaTH IITO Ta4yHHje, IOK CE OCTAa Mambe
OUTHM 00jeKTH /1ajy 3aBUCHO O] pa3Mmepa Kapre.
Haxon BaxkHHX 00jekaTa OUTHO je Pe/ICTaBIbabe
IIaBHUX ynuia u caoOpahajHunia koje mpoiase
KpO3 Hacesbe, Ka0 U OCHOBHUX KOHTypa Hacesba.
Ocrarak cajprkaja MpeACTaBiba Ce y OHOj MEPU Y
K0joj To onrepeheHocT caap:kaja KapTe 103B0JbaBa
(JbemeBuh & bakpau, 2013). Ynopennu npukas
HaceJheHUX Mecta u objekara Ha TK kom Hac u
CTpaHHX 3eMajba Mpukazat je Ha Ci. 6.

Ha TK =e npuka3yjy ce cBU 00jeKTH KOjH ce
HaJla3e Ha TepeHy jep Ou TUMe cajpikaj Kapre 61o
npeonrtepehen. O0jeKTH Koje je HEOIXOTHO MPHKa-
3aTH Cy OHU KOjU CY YOUJBbHMBH M3 IaJIeKa, Kao LITO
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cultural and other activities, like their personal
and social life take place. They are divided into
urban settlements and rural settlements. They are
shown mostly on all geographical maps (Bemuh,
2021). Depending on the type of map, they are
presented in scale and according to contours (TM)
or conditional signs (general geographic maps).

When presenting settlements on TM25, the
aim is to present an accurate, clear, and complete
picture of the location, size, type, and importance
of the settlement in question, so that not only its
basic belonging to the urban or rural type can be
immediately noticed, but also all the others its
characteristics that are being investigated. This
was achieved by depicting the outer contour of
the settlement, as well as the internal layout and
density of buildings (Buder, 1974). Urban settle-
ments are characterized by a densely populated
population that is mainly engaged in industry
and trade, works in various institutions, and rep-
resents political-administrative centers. Streets
and squares are arranged, buildings are densely
arranged and communications are branched. The
rural type of settlement is completely different,
with a smaller number of inhabitants, less well-
branched communications and buildings are at a
greater distance.

If an object is given as a trigonometric point,
its position must be correct. These important
objects can serve as landmarks and various mea-
surements and determinations can be made based
on them. Other important facilities such as school,
post office, railway station, etc. should also be
given as accurately as possible, while other less
important objects are given depending on the
scale of the map. After the important buildings, it
is important to present the main streets and roads
that pass through the settlement, as well as the
basic contours of the settlement. The rest of the
content is presented to the extent that the load
of the map content allows (Jbemesuh & bakpay,
2013). A comparative view of settlements and
buildings on the TM in our country and foreign
countries is shown in Fig. 6.

TM does not show all the objects located on
the field, as this would overload the content of
the map. Objects that need to be shown are those
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Cy LIPKBEHH TOPH-EBH, (PaOpUUKN UMb U CII.
WM y CAMOM HaceJbeHOM MECTY Y KOME Ce Hajlaze
(TproBu, OMTHE pacKpCHUIIE, MOCTOBH, CIIOMEHH-
1y U ci.). OBakBU 00jeKTH MPEJCTaBIbhajy CE ca
BEJIMKOM TO3UIIMOHOM Ta4qHOIINY, JTOK Cy OCTaJH
00jeKTH TOIIOKHH TIOMEPatby U FeHepalin3aliyju.
Jla 61 ce ucTakao MPUBPEIHU U KyATYpHH 3HAYa]
HacesbeHux Mecrta Ha TK, kopucre ce 06jeKTH Koju
Cy KapaKTepUCTHYHU Yy TOM CMHCIY.

that can be seen from afar, such as church towers,
factory chimneys, etc., or in the populated place
where they are located (squares, important inter-
sections, bridges, monuments, etc.). Such objects
are presented with great positional accuracy,
while other objects are subject to displacement
and generalization. To highlight the economic and
cultural importance of settlements on TM, build-
ings that are characteristic in this sense are used.

Cu. 6. [Ipuka3 Hacesbenux mecta Ha TK25 NK 34-5/6-2-4 Bpame (BojrHoreorpadckut HHCTUTYT,
2017b), na TK25 ZG 4616-3-2-425 Zagreb (Drzavna geodetska uprava, 2010), na TK IlIBajmapcke
(Bundesamt fiir Landestopografie, 2016) u na TK25 Blatt 5209 Siegburg (Bezirksregierung, 2020)

Fig. 6. Display of settlements on the TM25 NK 34-5/6-2-4 Bpame (BojHoreorpad)cku HHCTUTYT,

2017b), on TM25 ZG 4616-3-2-425 Zagreb (Drzavna geodetska uprava, 2010), on TM of
Switzerland (Bundesamt fiir Landestopografie, 2016) and on TM25 Blatt 5209 Siegburg
(Bezirksregierung, 2020)

Tako ce y HaceJbeHMM MECTHMA HCTHYY €Hep-
TeTCKH (EJICKTPUYHE IIEHTPaJIe, U3BOPHU U PE3ePBO-
apu HadTe U IUIMHA, PYAHHUIINA, MajIaHH), HH]TYC-
Tpujcku ((pabpuke, 1uriaHe), MObONPUBPEIHA
(exoHOMHU]€, cajaliv, CUIOCH, KOJUOe, MIMHOBH,
CTpyTape), MpOCBETHH (IIIKOJIE), 3PaBCTBEHU (aM-
OynanTe, OOJHHIIE), UCTOPHJCKU (CITOMEHHUIIH,
TBphaBe, 3aMIIM), PETUTHO3HU 00jeKTH (IIPKBE,
jlamuje, cuHarore, rpoosea). Ha ocHOBY oBakBoT
MpHKa3a HaCeJbEHUX MECTa U HaBEICHNX 00jeKara,

Thus, in populated areas, energy (power
plants, sources, and reservoirs of oil and gas,
mines, maidans), industrial (factories, brick-
yards), agricultural (economies, farms, silos,
huts, mills, lathes), educational (schools), health
(ambulatory clinics, hospitals), historical (mon-
uments, fortresses, castles), religious facilities
(churches, mosques, synagogues, cemeteries)
stand out. Based on such a presentation of the
settlements and the mentioned facilities, reliable
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MOTY C€ JIOHOCHTH TOy3/1aHH 3aKJbYULH O HUXO-
BUM KapaKTepHCTHUKaMa 1 3Hauaja C OIIITEBOjHOT
WM OIIITEIPYIITBEHOT CTAHOBUIIITA.

I'panune

[Tonutnuka U €KOHOMCKa (CBOJMHCKA) II0-
JieNa MpoCcTopa Ba)kaH je eJeMeHar cajpikaja
Kapara. JIuHuje pasiBajamba MOJIUTUYKHUX, M-
HUCTPATUBHUX U CBOJUHCKHX jEIMHHLIA HA3UBajy
ce rpanunama u Ha TK mpukasyjy ce moceOHUM
Kaprorpadckum 3Hanuma. Jlp>xaBHe U MOKpajuH-
cke rpanuie cy reorpadcku enemeHT TK koju ce
00aBe3HO MPUKa3y]jy, IOK CE Ha T€OIETCKUM TUIAHO-
BHMa M TEMAaTCKHM KapTama 03Ha4yaBajy 'paHuIe
OIIITHHA, KaTaCTAPCKUX OMIITHHA U aTapa Hacesba
(Bemuh, 2021).

3a mpencTaBibambe TPAHUIA KOPUCTE Ce elle-
MEHTH JIMHUja U Tadyaka Hajuelrhe IpHe WK HeKe
npyre 0oje (JbyOuuacre, HapaHyacTe UK LPBEHE)
pasHe nebsbuHe. Pagu uctunama HeKUX rpaHula,
HApOYMTO JIPXKABHUX TOpE] 3HAKA 32 TPAHUYHY
JMHU]Y, TIOKPUBA C€ Y3aH I10jac HEKOM JAPYTOM
060joM (IpBEHOM, JbyOUYACTOM, HAPAHIIACTOM)
y BUy pactepa wiM myHor ToHa (¢rexe). Oca
JIMHU]CKOT 3HaKa y CTBAPH NPENCTaBJba CTBAPHU
nosioaj rpannyde aunuje (Ci. 7).

conclusions can be drawn about their character-
istics and importance from a general military or
general social point of view.

Borders

Political and economic (property) di-
vision of space is an important element of
map content. The dividing lines of political,
administrative, and property units are called
borders and are shown on TM with special
cartographic signs. State and provincial bor-
ders are a geographical element of TM that
must be displayed, while geodetic plans and
thematic maps mark the borders of municipal-
ities, cadastral municipalities, and settlement
atars (Bemuh, 2021).

Elements of lines and dots, mostly black
or some other color (purple, orange, or red)
of various thicknesses are used to represent
borders. To highlight some borders, especially
state ones, next to the sign for the border line,
a narrow strip is covered with another color
(red, purple, orange) in the form of a raster or
solid tone (fleck). The axis of the line mark
represents the actual position of the boundary
line (Fig. 7).

Cn. 7. Ilpuka3 rpanunie Cp6uje u Mahapcke na nmucty TK25 Cy6otuna 278/3-2
(Bojnoreorpadxkcu nuncturyt, 2010)
Fig. 7. Map of the border between Serbia and Hungary on sheet TM25 Cy6otuma 278/3-2
(Bojnoreorpadcku nactutyt, 2010)

[IpwnkoM npuKasuBama JIp:KaBHE TPAHUIIE
MPEHU3HOCT U TAYHOCT CY O] U3Y3€THC BA)KHOCTH,
a MoceOHO ce BOAM padyHa O TadKama IIperoMa
(mpesioMHU cTyOOBH), K0 U J1a JIE0 KOjH j€ Y MpH-
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When depicting the state border, precision
and accuracy are extremely important, and spe-
cial attention is paid to breaking points (breaking
pillars), as well as to ensure that the part that is
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ponu rpaB Oy/ie TakaB ¥ Ha KapTH. YcarnalieHa je
ca CBHUM €JIEMEHTHMA KapTe U Jjaje ce TaYHO OHAKO
KaKo je y IPUPO/IH, IIITO 3HAYH J1a YKOJIHMKO C€ Ipa-
HUIIA TIPOCTUPE MOpe]l HEKOT JIMHU]CKOT 00jeKTa
MoOpa ce€ TauyHO BHJIETU C KOje CTpaHE ce Haja3u
IpaHUIa U KOjOj CTPaHU KOjH €JIEMEHT IMpUIaja.
AXO rpaHMIa ue MaTULIOM HEKe PeKe y pa3MepH,
oHa he Tako 1 OMTH MpHKa3aHa HA KapTH, 3HAK 32
rpanuiy he nhu Ha camy peky. YKOJIMKO je peka
BaH pa3Mepe, 3HaK 3a rpaHully he ce mpocTuparu
HAaU3MEHUYHO C jeHE U JApYre cTpaHe obaie.

Tornorpadcku U KaracTapcKu IUIAHOBU TPH-
Kazyjy ¥ orpajie Ha KapTH, jep MOTY Jia TIOCITyKe
Ka0 OpJEHTUD YKOJIMKO j€ 3eMJBHIITE 0e3 APyrux
nerasba. Orpaje cy JMHU)CKH 00j€KTH, MOeJbeHH
M0 KaTeropuju U MOTy OUTH: JpBEHE, KUYaHe,
METajJHe, KAaMEHE U CJ. M KOJIHUKO y ofapeheHum
cUTyaljama Moke OUTH KOPUCHA, TOJIUKO Y JIpY-
T'MM CHTyalljaMa HHUje OJ BeJIMKE BaKHOCTH, TeE
CMamkeHhEeM pa3Mepe nojasexe Behoj reHepanusza-
LIUjU Y OTHOCY Ha JIpyTe eIeMEHTE.

BAHOKBHPHU CAJIP)KAJ KAPTE

BanokBupnu canpxaj aucra TK25 ynne cau
MpHUKa3aHU €JIEeMEHTU Ha JINCTY KapTe KOju ce
HaJlaze BaH pajHOT MpOocTopa U MelyokBHpHOT
cazpraja, a udja je CBpXa Jia /1ajy CBa HEeIoXO0/JHa
o0jammera 1 yIyTcTBa 0 KopHuihemy caapxaja
paIHOTr MPOCTOpA JIUCTA K0 U Jia TIPY>KEe CBE MH-
(dopmargje o u31aBady 1 ayTopckuM npasuma. Ka-
Jla TOBOPHIMO O BAHOKBUPHOM Ca/Ip3Kajy JIETCHIA je
CMeIlTeHa Ha O0YHY MapruHy U JeTaJbHU]H j€ IPH-
Ka3 yCIIOBHUX 3HaKoBa U ckpahenuna. Ha nomoj
MapruHy ce YOIIITEHO MpuKasyje pesbed Ha 00yx-
BaheHOM MOJpyyjy | J1ajy OCHOBHA 00jallIiberha 3a
MIPUMEHY MaTeMaTUYKUX eJIeMeHaTa U OUNTaBabe
KOOp/IMHATa Ha KapTH U J1ajy MOAALH O U3/1aBady.

BaHOKBHpPHU cazipkaj ce MOXe MOJETIUTH Ha
TPU JieNla: CeBepHU, UCTOYHU M jY’)KHHU JIe0 BaHO-
KBHUPHOT cajpxkaja. CeBepHH J€0 BaHOKBHPHOT
canpxkaja obdyxsara ozHaky TK, pasmepy kaprte
Y HOMEHKJIAaTypy W Ha3uB JHCTa Kapre. O3Haka
TK ca pazmepom y KoM je u3palheHa Hayasu ce y
TOPH-EM JIEBOM JIEITy JIUCTA U I1acu Tororpadcka
kapta 1:25000. HomeHnknaTtypa u Ha3uB JucTa
KapTe KOpPHCTE Ce 3a MMEHOBAIE JIUCTA KapTe

true in nature is also on the map. It is harmonized
with all elements of the map and is given exactly
as it is in nature, which means that if the border
extends next to a linear object, it must be seen
exactly on which side the border is located and
to which side to which element belongs. If the
border goes along the mother of a river in scale,
it will be shown on the map, and the sign for
the border will go to the river itself. If the river
is out of scale, the boundary mark will extend
alternately from one side of the bank to the other.

Topographic and cadastral plans also show
fences on the map, because they can serve as
a landmark if the land is without other details.
Fences are linear objects, divided by category
and can be: wooden, wire, metal, stone, etc.
and as much as they can be useful in certain
situations, it is not of great importance in other
situations, and by reducing the scale, it is sub-
ject to greater generalization compared to other
elements.

OUTSIDE MAP CONTENT

The out-of-frame content of the TM25 sheet
consists of all displayed elements on the map sheet
that are outside the workspace and interframe con-
tent, and whose purpose is to provide all necessary
explanations and instructions on the use of the
content of the workspace of the sheet, as well as
to provide all information about the publisher and
copyright. When we talk about out-of-frame content,
the legend is placed on the side margin and there
is a more detailed display of conditional signs and
abbreviations. In the lower margin, the contour of
the covered area is shown in general, basic explana-
tions are given for the application of mathematical
elements and the reading of coordinates on the map,
and information about the publisher is given.

The out-of-frame content can be divided into
three parts: the northern, eastern, and southern parts
of the out-of-frame content. The northern part of the
out-of-frame content includes the TM designation,
map scale and nomenclature, and the name of the
map sheet. The mark TM with the scale in which it
was made is located in the upper left part of the sheet
and reads Topographic map 1:25000. The nomen-
clature and the name of the map sheet are used to
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MPUIMKOM TpeOoBama, AUCTPHOyIHje, eBUICH-
THpama U Kopullhema U Hajlaze ce Ha CpeluHH
BAaHOKBUPHOT JIeJIa JIUCTA Y OJHOCY Ha HIMPUHY
paHor MpocTopa 1 MehyOKBUPHOT cajpikaja.

Vcrounu 7ieo0 BAaHOKBHPHOT cajprkaja KapTe
CacToju ce of JiereHje u 6ap xomga. Y cacras Jie-
reHjie ynasze OMTHHUJU €JIEMEHTH KOjH ce J1ajy Ha
KapTH T10 TpyramMa 1 TO: TpaHuIle, KOMyHHUKaIlje
— IMyTEBH, KOMYHHKALMje — JKEIEe3HUYKE TpYTe,
xunaporpaduja, 00jeKkTH, Bereranuja, pesbeGHu
o0mnu1IM, reofeTcke Tauke u ckpahenwuue. bap kox
ce HaJla3u Ha BpXY Y OonHOCy Ha Mel)yokBupHH
cazip’kaj, a IECHO OJl JIETEHJIE, Ka0 U y JOHhEeM
JIECHOM YTy UCTOYHOT JieJla BAHOKBUPHOT Cajp-
xaja kapre (ucnon nerenze). Canpxu moparke o
HOMEHKJIATYPU JIUCTA, U3/1akbY U CTaIby CapiKaja.
Bap kox 1 mozary 0 HOMEHKJIATypH Cy IPOMEHJbU-
Ba KaTreropuja, Ipyraduja 3a CBaKU JHCT KapTe.

Jy>XHH 1e0 BAHOKBHPHOT cajipikaja o0yxBaTa
pa3MEpHUK TyXHUHE, IPUKa3 BUCHHA, HarHOHO
MEpHJIO, CKHUITy ca Mojialmma o 30IiKaBamby MepH-
JIMjaHa ¥ MarHeTCKe JCKIMHAIIN]e, CKHITY Be3a ca
OCTaJIUM JIMCTOBMMA KapTe y MpHIaajyhoj kaptu,
MareMaTH4Ke eJIeMeHTe KapTe, Ipd U MojaTke o
u37aBady C KJay3yJIoM O 3a0paHd KOMHMpama M
yMHOXaBama (Ci. §).

name the map sheet when it is required, distributed,
recorded, and used, and are located in the middle of
the out-of-frame part list concerning the width of the
workspace and cross-frame content.

The eastern part of the out-of-frame content
of the map consists of a legend and a barcode.
The legend includes more important elements that
are given on the map by groups, namely: borders,
communications — roads, communications — rail-
roads, hydrography, objects, vegetation, landforms,
geodetic points, and abbreviations. The barcode
is located at the top of the in-frame content and
to the right of the legend, as well as in the lower
right corner of the eastern part of the out-of-frame
content of the map (below the legend). It contains
data on the nomenclature of the paper, the edition,
and the state of the content. Barcode and nomen-
clature data is a variable category, different for
each card sheet.

The southern part of the out-of-frame content
includes a longitude scale, height display, inclinome-
ter, sketch with data on the convergence of meridian
and magnetic declination, a sketch of connections
with other map sheets in the associated map, mathe-
matical elements of the map, coat of arms and infor-
mation about the publisher with a clause prohibiting
copying and reproduction (Fig. 8).

Cn. 8. EnemenTH jy>KHOT J1ejla BAHOKBHPHOT canpxkaja Ha kaptu TK25 NK 34-5/6-2-4 Bpame
(Bojuoreorpadcku unctutyt, 2017b)
Fig. 8. Elements of the southern part of the out-of-frame content on map TM25 NK 34-5/6-2-4
Bpame (Bojaoreorpadcku uactutyt, 2017b)
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3AKJbYYHAK

Kapra je o0nuk m3paxkaBama reorpadcke cT-
BapHocTu. [Ipe3enTyje objexre Ha MOBpIIM 3eMIbe
KOjH TIOMaXKy J1a Ce CTeKHY HH(OpMaImje o CTBap-
HOCTH Koja ce ipukasyje. [IpoydaBamem eremeHara
cazpkaja, OJHOCHO HUXOBUM KIACH(HKOBAHEM,
071a0MpOM, YOITIITAaBAa-EM M YHOLICHEM Ha KapTy,
nobuja ce tomorpadcku camxaj kapre. [la 6u ce
NPeJICTaBHO Ha HajOOJbM MOTYhH HauuH, y Morie-
Iy Ta4YHOCTH M €CTETHKE, MOpPajy Ce€ MOIITOBATH
MPUHIMIN KapTorpad)CKOr 3ajHa U KapTorpageke
reHepanm3anuje. Kako Ou ce u3mien kapTe mTo BU-
e yHarpehrBao, HEOMXOIHO j€ CTAITHO TPAKUTH
Ha4yMHE 32 e(DUKACHUjU TPHUKa3 CBUX eJeMeHaTa
CHOT CajipKaja: reorpadCcKkux, MaTeMaTuuKux M
JIOITYHCKHX.

I'eorpad)cku eneMeHTH Kao MPUMapHU J€0
cagpkaja TK aHanmsupanu cy, kako Ou ce cTekao
YyTHUCAaK O HUXOBUM (yHKIHMjama U 3Ha4ajy. Haj-
BAXHH]E je Ja, cajapikaj KapTe Oyae ouMInesnas,
(DYHKIIMOHATTHO ¥ €CTETCKU TU3ajHUPAH Y OJJHOCY
Ha TEMaTUKy U HAMEHY KapTe, (eH pa3Mep U cTe-
neH rerepanmzanyje. Juzajn TK y m3namy BI'U
npy’ka KOPUCHUIMMA BUIlle HH(opMaIyja u 00Jby
MPETIEHOCT CaMoOr caJpskaja TPAXKEHOT Jea.
Peopranmzaiyja BAHOKBUPHOT Jielia KapTe paBHO-
MEpHO j€ pacrope/iuiia OUTHE eJIEMEHTE, TaKo J1a He
onrrepehyje caMy KapTy ¥ I03BOJbaBa KOPUCHHKY 1A
¥Ma TOTIYHH YBHJI IIITA CE€ Hala3u KapTH M KaKo
IITO JIAKIIIE JIa j& KOPHUCTH.

VYcappiaBameM HHYOPMAIMOHUX TEXHOIOTHja
1 cBe BehM U ONIIMPHU]UM 3aXTEeBUMA KOPUCHHUKA
JIOILIIO j€ BpEME M 32 MOACPHU3ALIN]Y CaMOT JI3ajHa
TK. Y mormyHoCTH Cy NMPOMEHEHH MareMaTHy-
Ka OCHOBA, IOZIENIa Ha JIMCTOBE, HOMEHKJIATypa U
Kaprorpacko — pemakuujcka pemema. Pasnosu
3a TO Cy, IIpe CBEera, cTapa pellema Koja cy JOHeTa
npe BHIIE JIEHU]a Y CKIIaly ca TaJa aKTyeIHUM
notpedaMa M HayYHUM, TEXHUYKUM U TEXHOJIOII-
KM MoryhHocTMMa, Ka0 W HOBHU JIe(h)UHUCAHU
KOOp/IMHATHU CHCTEMU M TOBPILIM 1O 3aKOHY O
Jp>KaBHOM Iipemepy U karactpy u3 2009. rogune.
300r TOra, OCHOBHM LIWJb UCTPAXKHBAMka y paiy
Oura je pa3pasia cucTeMa ynpapJbarba KBAJUTETOM Y
TEXHOJIOILIKOM Tporiecy au3ajaupama TK25 n3nama
Bojnoreorpadckor unctutyta y beorpany.

CONCLUSION

A map is a form of expression of geographical
reality. It presents objects on the surface of the Earth
that helps to gain information about the reality being
displayed. By studying the content elements, i.e. by
classifying, selecting, generalizing, and entering
them on the map, the topographic composition of
the map is obtained. To present it in the best pos-
sible way, in terms of accuracy and aesthetics, the
principles of cartographic design and cartographic
generalization must be respected. To improve the
appearance of the map as much as possible, it is
necessary to constantly look for ways to more
efficiently display all elements of its content: geo-
graphical, mathematical, and supplementary.

Geographical elements as a primary part of
the content of TM were analyzed to get an im-
pression of their functions and importance. The
most important thing is that the content of the map
should be obvious, functionally, and aesthetically
designed about the theme and purpose of the map,
its scale, and degree of generalization. The design
of TM published by MGI provides users with more
information and better visibility of the content of
the requested part. The reorganization of the out-
of-frame part of the map has evenly distributed the
essential elements so that it does not burden the
map itself and allows the user to have a complete
overview of what is on the map and how to use it
as easily as possible.

With the improvement of information technol-
ogies and the growing and extensive demands of
users, the time has come for the modernization of
the TM design itself. The mathematical basis, the
division into sheets, nomenclature, and cartograph-
ic-editorial solutions have been completely changed.
The reasons for this are, above all, the old solutions
that were adopted decades ago by the current needs
and scientific, technical, and technological possibili-
ties, as well as the newly defined coordinate systems
and surfaces according to the Law on State Survey
and Cadastre from 2009. Therefore, the main goal
of the research in the work was the elaboration of
the quality management system in the technological
process of designing the TM25 edition of the Mil-
itary Geographical Institute in Belgrade.
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YBOA

CTaHOBHHUIITBO j€ HOCHJIAI[ pa3Boja Ieorpo-
CTOpa T€ 3aXTHjeBa KOHTUHYMUTET MpPOydaBamba,
npahema MpoMjeHa u npeaBuhame MOTSHITH]aTHUX
,,CIleHapuja“ pa3Boja. [Ipemmer oBor HCcTpaKrBamba
OJIHOCH Ce Ha caBpeMeHe ieMorpad)cke KapaKTeprc-
trke bpuxo mucrpukra buX. Pujed je o muxporeo-
rpacgckoj 1jenunu Ha cjeBepy buX, 6ypue ucropuje
KOja je 3HAYajHO YTHIIATa Ha KPETAmhe U CTPYKTYPe
CTaHOBHUIIITBA.

[Tocnwmje rpahanckor para 1992—-1995. ronuae
JlejToHCKMM MUpOBHUM criopasymoM buX je Ho-
BOM aIMUHHCTPATUBHO-TEPUTOPH]jATHOM OpraHH3a-
1IMjOM TIo/IMjeJbeHa Ha JiBa eHTuTeTa (Demeparija
buX u Penybmuka Cpricka). bpuko ITUCTPUKT je
(dhopmupan HakoH apOuTpaxe npen MehyHnapomHum
cyaoMm 1999. ronune. OGyxBara mpocTop OuBIIe
onmrtuHe bpuko u mpencTaBiba MyITHETHUUYKY
3ajeIHUILY U TIOTSHIMjATHA MOJIEN (PYHKIIOHUCAhA
yautapHe buX ca crnerpduynnm HaunHOM (hu-
HaHCHpama U (DYHKIIMOHUCAkha jaBHUX yYCTAHOBA.
Bpuko mucTpuKT je 30Ha MHTEpeca oba eHTUTeTa
U Tpu KoHCTHTyTHBHA Hapona (Cpba, XpBara u
Bommaka), mTo HEeroB reonoIUTHIKH MOJI0KA] Y
okBupy buX ymMHU KM3y3eTHO Ba)KHUM U yTUYE HA
HETOB YKYIHHU Pa3Boj U AeMorpadcke mporece.

[Twb pana je yrBpauTH JeMorpadcku MoTeH-
11jaj MOoCMaTpaHor mpocTopa kpo3 Opoj, mpoc-
TOPHH Pa3MjelTaj, CTPYKTypaIHE KapaKTePUCTHKE
U JIMHAMHKY TIPHPOIHOT U MPOCTOPHOI KpeTarmba
CTaHOBHHINITBA y3 TIPOjeKTOBaE MOTyhHx clieHa-
pujay Oyayhuocta. Jlakie, ananm3om pedepeHTHUX
neMorpadckux mojgaraka HaCTOju ce TI0OUTH 00jeK-
TUBAH YBHJI Y CTame JieMorpad)CKor MmoTeHImjaza
Jluctpukra bpuko. Aranmza nemorpad)ckor pa3Boja
3aCHMBA C€ Ha CTaTUCTHUIIH MOMKCA CTAHOBHUILITBA
U JPyTUM CTaTUCTUYKUM H3BOpUMA jaeMorpad-
CKHMX KpeTama. [IpobieMn MHCTUTYLIMOHATIHE He-
ypehenoctu nemorpadcekux nonaraka y buX, kao
U TOJIUTH3ALMja Y 00IacTH MOMKCAa U €THUYKE
CTPYKTYpE pellaTUBHU3Yjy AeMorpadCKe aHaInu3e
U OTeXaBajy O00jeKTUBHE IpOjeKlHje, a TUME U
CyreprcaHe mjepe.

3Havaj nemorpadcke mpoOieMaTuKe UCTAaKHY T
j€ y MHOTHIM Hay4YHHM paJIoBUMa U CTylujaMa Kpo3
paznuuuTe acrekte. Marinkovi¢ u Maji¢ (2013)
Ha npumjepy PenyOnuke Cpricke jacHO MCTHUY
BO)XHOCT MOIYJIAIIMOHE MOJIUTHKE U IJIAHUPAA
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INTRODUCTION

Population is the bearer of the development
of geospace and requires continuity of study,
monitoring of changes and prediction of potential
“scenarios” of development. The subject of this
research is related to the modern demographic
characteristics of the Brcko District of B&H. Itis a
micro-geographical unit in the north of B&H, with
a turbulent history that has significantly influenced
the movement and structure of the population.

After the 1992—-1995 civil war, the Dayton
Peace Agreement divided B&H into two entities
(the Federation of B&H and the Republic of
Srpska) with a new administrative-territorial or-
ganization. The Brcko District was formed after
arbitration before the International Court of Justice
in 1999. It covers the area of the former munici-
pality of Br¢ko and represents a multiethnic com-
munity and a potential model for the functioning
of unitary B&H with a specific way of financing
and functioning of public institutions. The Brcko
District is a zone of interest of both entities and
the three constituent peoples (Serbs, Croats, and
Bosniaks), which makes its geopolitical position
within B&H extremely important and affects its
overall development and demographic processes.

The aim of this paper is to determine the de-
mographic potential of the observed space through
the number, spatial distribution, structural char-
acteristics and dynamics of natural and spatial
movement of the population while projecting
possible scenarios in the future. Therefore, the
analysis of reference demographic data seeks to
obtain an objective insight into the state of the
demographic potential of the Brcko District. The
analysis of demographic development is based
on census statistics and other statistical sources
of demographic trends. Problems of institutional
disorder of demographic data in B&H, as well
as politicization in the field of census and ethnic
structure relativize demographic analyzes and
make it difficult to objective projections, and thus
suggested measures.

The importance of demographic issues has been
highlighted in many scientific papers and studies
through various aspects. Marinkovi¢ and Maji¢
(2013) on the example of Republic of Srpska clearly
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TIOPOAMIIE 32 IEMOTPa(CKy CIUKY jeHOT IPYILTBA.
Stanivuk u Marinkovi¢ (2017) Takohe ra npumjepy
Pemy6rmuke Cpricke, o0jalimaBajy yTHI] He3amoc-
JICHOCTH Ha HETaTHBHE JeMOorpad)CKe TPEHIOBE,
MOCEOHO KaJia Cy Y IUTamkhy MUTPAITH]e U HATATUTET.
Jesermh (2004) y cBOM paay moBe3yje TPEHIOBE
(deprmiuTera ca Opadnonthy kao ¢akropom. Mo-
TUBAIMOHY OCHOBY 3a ofyiarame pahama y Cpouju
TI0J1 JIejcTBOM BHIIIe (pakTopa aHanm3upa Veljovié
(2017). Myth u Jleserih (2018) roBope o mipo-
Onemy HemoBosbHOT pahama y CpOuju ca acriexra
oJlarama CKIamama Opaka Koi MYIIKOT Jdjenna
nomynanuje. Takohe Ha mpumjepy Cpouje, Jlykuh
(2018) je ucrpaxxkuna mMoryhHOCTH MHTErpanuje
Murpasara y JapymrBo. CiuuHy mpoOiaeMaTuky
OJTHOCHO YKJbYYHBAHE jEIIe MUTPAHATA Y IIKOJICKH
cuctem Cp6uje oopamu cy Pordevic et al. (2018).
O pmornpuHOCY MUrpalyja Ha CTBapame JeMorpad-
CKe CIIMKe Ha bajkaHCkoM MOIyocTpBy mucana je
‘bBophesuh (2016). Ha mpumjepy Xpaarcke, Nejasmic
u Toski¢ (2013) ananu3upajy crame Mo MUTABY
CTapOCHE CTPYKTYpe CTAHOBHHMILITBA XPBATCKE O
1981. o 2011. romuHe ajyhu npojekimje TpeHaoBa
3a 203 1. roguHy. XpBarcKy MOITyJalujy UCIIUTY]Y U
Mphen u Mapuh (2018) nonazehu o 3axspyyaka o
TOTCHIIM]jAJTHUM Mjepama TIOMyJIalliOHEe TTOJTMTHKE
y XpBarckoj. O Be3u pOIHUX yIlora ¥ 00pa3oBama
kao (akroprMa ytHiaja Ha eprumrer y Cpouju
e Sobot (2020). 3a HCTPaKHBaH-a CTAHOBHUIIIT-
Ba y MOMIey 3/paBjba MOCTOje JOOpU MpUMjepH
071 Kojux je jeman u3 Pycuje. AHanmmsy TpeHyTHOT
CTama U O4yBama 3/paBjba PaJHO CIIOCOOHOT CTa-
HOBHUIITBA y Pycuju anaymsupao je byxtusipos
(2019). 3aHMMJbMB HAauUMH UCIUTHBaKbA ypOaHOT
pacta M TyCTHHE HaceJheHOCTH JarmaHa Ha OCHOBY
CaTEeJIMTCKUX CHUMAaKa HONHOT CBjeTIIa MPECTaBUINA
cy Bagan u Yamagata (2015). Ha mpumjepy ®paniry-
cKe JieMorpad)cKy TpaH3UIIM]y APYIITBA aHATU3HPAO
je Perrin (2021) o6jarmaajyhu 3a1iro je IpyITBo
noueno Jia Koutponuiie rmioaHocT. Crermmh (2004)
nemorpadcke (heHOMEHe cMaTpa BKHUM YUHUOLIEM
TIPH CTBapamy reononuTidke uaeje. demorpadeku
MPOIIECH C€ MOTY MOCMarpard U Kpo3 mpodiema-
THKY MOTPAaHUYHUX TMOAPYYja O YeMy je mucaja
Andelkovi¢ Stoilkovi¢ (2019).

HMakne, y buX, npxaBama peruoHa v BaH
WCTOT UMa BHIIIE MpHUMjepa JeMorpacKux aHa-
JM3a CTPYKTYPATHHUX, BUTATHUX U MHUTPAIIMOHUX
KapakTepHCTHKa Y (QyHKIMJU pa3Boja.

emphasize the importance of population policy and
family planning for the demographic picture of a
society. Stanivuk and Marinkovi¢ (2017) also use
the example of Republic of Srpska to explain the
impact of unemployment on negative demographic
trends, especially when it comes to migration and
birth rates. In her work, Jleermih (2004) connects
fertility trends with marriage as a factor. Veljovi¢
(2017) analyzes the motivational basis for postpon-
ing childbirth in Serbia under the influence of several
factors. Mynuh and Jleseymh (2018) talk about the
problem of insufficient births in Serbia from the as-
pect of delaying marriage among the male part of the
population. Also using the example of Serbia, Jlykuh
(2018) investigated the possibilities of integrating
migrants into society. Pordevi¢ et al. (2018) dealt
with a similar issue, i.e., the inclusion of migrant
children in the Serbian school system. Hophesuh
(2016) wrote about the contribution of migration to
the creation of a demographic profile on the Balkan
Peninsula. On the example of Croatia, NejaSmic¢
and Toski¢ (2013) analyze the situation regarding
the age structure of the Croatian population from
1981 to 2011, giving projections of trends for 2031.
Mphen and Mapuh (2018) also examine the Croatian
population, reaching conclusions about potential
population policy measures in Croatia. Sobot (2020)
writes about the relationship between gender roles
and education as factors affecting fertility in Serbia.
There are good examples of population surveys in
terms of health, one of which is from Russia. An
analysis of the current state and preservation of the
health of the working-age population in Russia was
analyzed by Byxtusipos (2019). Bagan and Yamagata
(2015) presented an interesting way of examining the
urban growth and population density of Japan based
on satellite images of night light. Using the example
of France, the demographic transition of society was
analyzed by Perrin (2021), explaining why society
began to control fertility. Crenuh (2004) considers
demographic phenomena as an important factor in
the creation of a geopolitical idea. Demographic
processes can also be observed through the issue
of border areas, as Andelkovi¢ Stoilkovi¢ (2019)
wrote about.

Therefore, in B&H, the states of the region
and beyond, there are several examples of demo-
graphic analyzes of structural, vital and migration
characteristics in the function of development.
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MATEPUJAJIA 1 METO/IE

[punukoM u3pajae oBor pajaa kopumrheHe cy
pasznuunte reorpadcke MeToze KaOWHETCKOT U
TEPEHCKOT paja. AHaIu3a U CHHTE3a U3BpIICHA
j€ Ha OCHOBY TIPETXOTHO MPUKYTJbEHHX MOIaTaKa
13 pelieBaHTHUX M3BOPA: MOMUCA CTAHOBHUIIITBA
on 1885. mo 2013. ronuue (Agency for Statistics
of Bosnia and Herzegovina, 2016, 2019a, 2019b;
Savezni zavod za statistiku, 1965), craructuu-
Kk rogunimany (Agencija za statistiku Bosne
1 Hercegovine Podruznica/Ekspozitura Brcko,
2009, 2013, 2018, 2020) u noxamu u3 2020. ro-
nuHe nobujenu ox Oxjesberba 3a jJaBHA PerucTap
Bnane bpuko muctpukra buX. Ilomamm o rpa-
HUIIAMa HaceJba JUTUTAIN30BaHU CYy HA OCHOBY
noctojehe MPOCTOPHO-TUIAHCKE JIOKYMEHTAIIH]E
HCTPa)KMBAHOT MOAPYYja.

TabenapHo cy MpeACTaBIbEHH MOAALH O OPOjy
cTaHOBHMIUTBA JlucTpuKTa (ancoiayTHU OpojeBu
u cromne). CrarucTuyka aHanu3a je ypahena ys
nomoh codptBepa MS Excel. Kaprorpadcka me-
TO/Ia TOCITY)KWJIA j€ 3a TPECTaBbarkbe I'yCTHHE
MPOCTOPHOT pa3MjeliTaja CTAaHOBHUILITBA H3-
pahenor y3 momoh QGIS codrsepa. ['panuie
HaceJba y TPUIIOKEHO] KapTH Cy YIpTaHe TpemMa
HEe3BaHMYHUM TNofanuma u3 Ofjesberma 3a jJaBHU
perucrap Bnane bpuko nuctpukra buX, koju
CIIy’)K€ 32 MHTEpHY yHnoTpedy M HUCY HOTIIyHO
TayHU. Hekonuko Hacespa je mpema THM HOoAaLu-
Ma KapTHpaHo Kao jeqHo. Tako je Hacesbe Yiuie
BykoBary cactaB/be€HO 0/1 Hacesba YIHIIE U Hacesba
byxosau. Hacesse Butanosuhu je kaptupaHo kao
cnoj Hacesba Buranosuhu ['opwu n Buranosuhu
Jlowu, Hacesbe [opwu Paxuh y cBoM cacraBy
uma Hacesbe OrpaljeHoBall, a Hacesbe Yocera je
KapTHpaHO 3ajeqHOo ca HacesbeM YaHzae. YHOC
rojiaTaka y KapTrama je BpIleH cabupamemM Opoja
CTaHOBHHKA CIIOJEHUX HAceJba. 3aKJbY4LH O Iepc-
nekTuBama jemorpadckor paspoja Juctpukra
Bbpuko cy nonecenu Ha OCHOBY cibenehux mo-
KazaTesba: MPUPOAHOT MPUPALITAja, TPOC)EUHOT
arCoyTHOT TOJUIIELET pacTa, cpeamer Opoja
CTaHOBHMKA M3Mely JBa Momuca U CTore mpocjed-
HOT TOJUIIHET pacTa.

Jlobujenu pe3ynrartu cy mpuKa3zanu Tadenap-
HO, TpaMUKH U KapTorpadCcku, Te je Ha OCHOBY
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MATERIALS AND METHODS

During the preparation of this work, different
geographical methods of cabinet and field work
were used. The analysis and synthesis was carried
out on the basis of previously collected data from
relevant sources: population census from 1885 to
2013 (Agency for Statistics of Bosnia and Her-
zegovina, 2016, 2019a, 2019b; Savezni zavod za
statistiku, 1965), statistical yearbooks (Agencija
za statistiku Bosne i Hercegovine Podruznica/
Ekspozitura Brcko, 2009, 2013, 2018, 2020) and
data from 2020 obtained from the Public Registry
Department of the Government of Brcko District
of B&H. Data on settlement boundaries were
digitized based on the existing spatial planning
documentation of the researched area.

The data on the District’s population (abso-
lute numbers and rates) are presented in tabular
way. Statistical analysis was performed using MS
Excel software. The cartographic method was
used to represent the density of spatial distribution
of the population, created with the help of QGIS
software. The boundaries of the settlements in the
attached map are drawn according to unofficial
data from the the Public Registry Department of
the Government of Bréko District of B&H, which
are used for internal use and are not completely
accurate. According to these data, several settle-
ments were mapped as one. Thus, the settlement
of Ulice Bukovac is composed of the settlement of
Ulice and the settlement of Bukovac. The settle-
ment of Vitanovic¢i was mapped as a combination
of the settlements of Vitanovi¢i Gornji and Vita-
novi¢i Donji, the settlement of Gornji Rahi¢ has
in its composition the settlement of Ogradenovac,
and the settlement of Coseta was mapped together
with the settlement of Cande. Data entry in the
maps was done by adding the number of inhab-
itants of the connected settlements. Conclusions
on the perspectives of demographic development
of the Brcko District were made on the basis of
the following indicators: natural increase, aver-
age absolute annual growth average population
number between the two censuses and average
annual growth rates.

The obtained results are presented in tabular,
graphical and cartographic form, and based on
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IBUXOBUX pe3yliTara jJara mpoijeHa qemorpadce-
KOT pa3Boja U CyrepucaH MpHjeaior Mjepa.

PE3VIITATU U AUCKYCUJA

Pa3Boj cTanoBHummTBa mpocTopa bpuko
JMCTPUKTA MOXKE CE PATUTH Ha OCHOBY 3BaHMYHIX
CTAaTUCTUYKUX Moaaraka nomuca on 1885. 1o 2013.
ronuHe. KoHTHHYHpaHu pact Opoja CTaHOBHHKA
npeKuHyT je rpah)anckum parom (1992—1995), unje
ce rocJbetuile MaHUu(ecTyjy Ha 11aj1 Opoja CTaHOB-
HuKa peructpoBaoM nonvicom 2013. roqune (Co.
1). [IpBu morucu craHoBHUIITBA Yy buX ykazyjy
na je Hacesbe bpuko, 3a Tamammme gemorpadceke
MPWIMKE W CTereH ypOaHOCTH, UMAJI0 3HAYajaH
Opoj cranoBHuKa.). [Ipema momanuma 3eMasbeke
mrammnapuje u3 1886. roqunae u OmTe ap)kaBHE
craructuke u3 1938. roguue, y noba Ayctpoy-
rapcke Hacesbe bpuko je 6pojuno Buie on 4000
CTaHOBHHKA, a TT04eTKoM 30-uX rofMHa mpoIuior
Bujeka oko 7000 cranoBHuKa. OBaKBU MOAAIN
0 Opojy CTaHOBHHUKA MPEICTaBIbA]y MOCIHETUILY
MOBOJHHOT Teorpad)CKOT TMOJIOKAja, T€ Pa3BUjCHE
TproBune. M3paxkeH mopact Opoja CTaHOBHHKA
HarvalmleH je y COLUjaJMCTUYKOM IEepUoay Ka-
Ja Cy ¥ ypOaHO CpeIMINTe W TOApYyYje IHjene
OMIITHHE O/ YTHUIA]eM WHIYCTpHjaIH3aIuje u
yHyTpammux murpammja (C. 1).
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them, an assessment of demographic development
is given and a proposal of measures is suggested.

RESULTS AND DISCUSSION

The development of the population of the Brcko
District can be monitored based on the official sta-
tistical data of the population censuses from 1885
to 2013. The continuous growth of the population
was interrupted by the civil war (1992-1995), the
consequences of which were manifested in the de-
cline in the number of inhabitants registered in the
2013 census (Fig. 1). The first censuses in B&H
indicate that the settlement of Brcko, for the then
demographic conditions and the degree of urbanity,
had a significant number of inhabitants. According
to the data of the National Printing Office from
1886 and the General State Statistics from 1938,
during the Austrougarska settlement, Br¢ko had
more than 4000 inhabitants, and at the beginning of
the 1930s, about 7000 inhabitants. Such data on the
number of inhabitants are the result of a favorable
geographical location and developed trade. The
noticeable increase in the number of inhabitants was
emphasized in the socialist period, when both the
urban center and the area of the entire municipality
were under the influence of industrialization and
internal migration (Fig. 1).

1971. 1981. 1991. 2013.

B bpuko auctpukt buX (Ommrruna bpuko) / Bréko District of B&H (Municipality

of Breko)

Cn. 1. bpoj ctanoBHuKa Hacesba bpuko u Jluctpuxra bpuko (Ommruaa bpuko) 1948-2013
Fig. 1. Population of Brcko and Bréko District (Municipality of Br¢ko) 1948-2013
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bpuko nucTpukT 3ay3uma nospuuHy ox 493
km? ca mpocjeyHOM T'yCTUHOM HaceJbEHOCTH O]
169 cr./km? V ToM mpocTopy pa3Buiia ce Mpexa
on 59 nacespa. udepenunpanu nemorpadcku
pa3Boj Hacesba y nepuony 1948-1991. ronune
YCJIOBJBEH j€ MPBEHCTBEHO caoOpahajHo-reorpad-
CKUM TIOJIOKajeM M MOTYNHOCTH YKJbY4MBamba
y CaBpeMEHE Pa3BOjHE TOKOBE MOKPEHYTE Ipo-
[ecuMa MHIyCTpHjalin3anuje U ypOaHHu3aluje.
Hemorpadceke npomjeHe y mepuomy 1991-2013.
TOIMHE M3a3BaHe Cy MocJbeauiiaMa rpalhanckor
para U TpaH3HLIHUje IPYIITBEHOT CUCTEMA y KOjeM
ce OoIBMjajia U JICHMHIYCTpHjaH3aluja MpuBpeae
ca HEeraTMBHHMM IOCJbEIMIIaMa Ha JeMorpadcka
kperama (Cin. 1).

Amnammupajyhu nogarke J{p>xaBHor 3aBojia 3a
cratucTuky PemyOnuke XpBarcke u pesynrare mo-
IMca CTaHOBHUILTBA y buX, MoXke ce KOHCTaToBaTH
JeTonyIaIyja y BpeMeHcKoM rieprory 1991-2013.
roauHe y cibeniehum HacesbrMa: bykosarl, BykBuk
Homwu, bpesoso Ilosse Ceno, Ucnamonarl, uta.
TakaB TpeHn mpecTaBba pe3ylTaT eMHUrparmja
OOIIHAUKOT ¥ XPBATCKOT CTaHOBHHUINITBA. Ca ipyre
cTpaHe HaceJba romnyT [ pOasuie, I'penuna u bpe-
30Bor [losba MMajy MHOTO BHIIIE CTAHOBHUKA HETO
1991. ronune Kao pe3ynrar UMHUrpaIHja CprcKor
CTaHOBHHIITBA TOKOM para. ETHUYKA cTpyKTypa 1
parHe TIOCJbENIIE OCHOBHU Cy (DaKTOp MpOMjeHe
y Opojy cTaHOBHHKA TIO HacesbuMa JIUCTpHKTa.
Jlenomynanuja ce oapakaBa Ha HACEOOMHCKY
MpEXY Y K0joj je IeT narysbacTux Hacesba (Ci. 2).

[IpocTtopHa nucTpubyiyja CTAaHOBHUIITBA
Ha teputopuju Jucrpukra bpuko y HenocpeaHoj
je Be3W ca IpaBlUMa 3Ha4ajHUX caoOpahajHuIIa,
OHOCHO MAarvuCTpPAJHUM U PETHOHAIHUM ITyTe-
BUMa, Ty’X KOjHX je HajBeha KOHLIEHTpaluja cTa-
HoBHUINTBA. [lojac rynrhe Hace/LbEHOCTH ce 1ajbe
npy>a Ka jyry, jyro-3amnany u 3amany /lucrpukra.
To je mpoctop ca BehmHCKMM XpBarckum U 60-
IIHAaYKUM CTAaHOBHHUIIITBOM TaKo Jia ce Beha rycru-
Ha MO MPOTYMAUUTH Kao MMOCJbEANIA TOBPATKA
n30jerior CTaHOBHMIITBA TOKOM para, a Koje je
J0OMIIO TIPaBO MOBPATa UMOBHHE YCIIOCTABIbAEM
JHuctpukra 2000. ronune. Jenan on y3poka oBak-
B€ T'yCTHHE HACEJbEHOCTHU j€ M PENpPOLYyKTHBHO
MOHAIIAKE TIOjEIMHIX BjEPCKUX 3j€THHIIA, OHOC-
Ho Behu Opoj wiaHOBa y MopoaMIiamMa MCIaMcKe
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The Brcko District covers an area of 493 km?
with an average population density of 169 people
per km?. A network of 59 settlements has devel-
oped in this area. Differentiated demographic de-
velopment of settlements in the period 1948—1991
is conditioned primarily by traffic-geographical
position and the possibility of inclusion in modern
development trends initiated by the processes of
industrialization and urbanization. Demographic
changes in the period 1991-2013 were caused by
the consequences of the civil war and the transition
of the social system in which the deindustrializa-
tion of the economy took place, with negative
consequences for demographic trends (Fig. 1).

Analyzing the data of the State Statistical Of-
fice of the Republic of Croatia and the results of the
population census in B&H, it can be concluded that
there was a depopulation in the period 1991-2013
years in the settlements: Bukovac, Bukvik Donji,
Brezovo Polje Selo, Islamovac, etc. Such a trend is
the result of emigration of the Bosniak and Croat
population. On the other hand, settlements like
Grbavica, Gredica and Brezovo Polje have much
more inhabitants than in 1991 as a result of the
immigration of the Serbian population during the
war. The ethnic structure and the consequences of
the war are the main factor in the change in the
number of inhabitants in the settlements of the
District. Depopulation is reflected in the network
of settlements in which there are five dwarf set-
tlements (Fig. 2).

The spatial distribution of the population
on the territory of the Brcko District is in direct
connection with the directions of important roads,
i.e., highways and regional roads, along which
the greatest concentration of the population is.
The dense population zone extends further south,
southwest and west of the District. It is an area
with a majority Croat and Bosniak population,
so the higher density can be interpreted as a
consequence of the return of refugees during the
war, which gained the right to return property
with the establishment of the District in 2000.
One of the causes of this population density is
the reproductive behavior of certain religious
communities, i.e., a larger number of family
members in families of the Islamic faith, which
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BJEPOHUCIIOBHJECTH 32 KOj€ je KapaKTepUCTUYaH
Behu Opoj nmjene. Rosling et al. (2018) tBpae Ha
OCHOBY aHaiM3e nojaraka Y H-a n1a penuruja nHema
yTuilaj Ha Opoj njene y aomahuHCTBY, Beh na Taj
Opoj 3aBUCH UCKIJbYYHMBO O BUCHHE MPUXO0AA O/
HOCHO /12 TIOPOJIMIIE Ca HIDKUM IPUXOAUMa UMajy
u Buie gjene. To Ou morao ma Oyne u ciaydaj ca
Huctpukrom Oyayhu na mojac rymthe Hacesbe-
HOCTH 3axBara pypajHa noapyyja. Jla imu BucuHa
MPUXO0/Ia MMa Be3€ Ca TYCTUHOM HAaCeJbeHOCTU U
OpojeM Jijerie HeOIXOMHO je YTBPAUTH JAeTaJbHUjUM
ucTpakuBamuMa. Baxkan daxrop pasmjemiraja je
caobpahajHo-reorpadcku 1Monoxaj y3 IBHje Ma-
THCTpaJIHE M JIBUje peruoHaiHe caoOpahajauie.
Hajseha ryctuna Ha teputopuju Juctpukra je y
y’KEeM TPaJICKOM MOZIPYYjy Kao MOCJbeAnIa aMu-
HUCTPATUBHUX, YCIY>KHHX W JOpyrux (yHkuuja,
pamHuX Mjecta 00JbUX )KUBOTHHX ycioBa (Cir. 2).

Cnncax naceba / List of settl

1. Bujena / Bijela

2, hohe / Boée

3. Bonepuurre { Boderiste

4. Bpuso / Bréko

5. Bpesnk / Brezik

6. bpesoso [Moise / Brezovo Polje

7. Epesoro INome Ceno / Brezovo P

8. bpxa / Brka

9. bpon / Brod

10. Vimue Byrosau / Ulice Bukovae

I1. Gykruk JToms / Bukvik Donji

12, Byreuk lopmn! Bukvik Gornji

13. byzexapa / Buzekara

14. Hepux / Cerik

135, Yahasau / Cadavac

16, Yocera / Coseta

17. flosu Paxuh / Donji Rahi¢

18. Hdoten 3oeuk / Donji Zovik

19. dyGpasc / Dubrave

20, Tyoparuie Towe / Dubravice
Donje

is characterized by a higher number of children.
Based on data from the UN, Rosling et al. (2018)
claim that religion has no influence on the number
of children in the household, but that this number
depends solely on the level of income, that is, that
families with lower incomes have more children.
This could also be the case with the District,
since the belt of denser population covers rural
areas. Whether the level of income has anything
to do with population density and the number
of children is necessary to determine through
more detailed research. A significant factor in the
distribution is the traffic-geographical position
along the two main and two regional roads. The
highest density in the territory of the District is
in the inner city area as a result of administrative,
service and other functions, jobs with better living
conditions (Fig. 2).

rdo
1 Donja
a Gornja

vidi

Gomji
Donji

end

ima

s
1013

Cun. 2. IIpocjeuna rycTiHa HaCeJbEHOCTH U OpOj CTaHOBHHUKA 1O Hacesbrma 2013. ronune
Fig. 2. Average population density and number of inhabitants by settlements in 2013
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TpeHn mpUpOAHOT KpeTama CTAHOBHHIITBA
Juctpukra bpuko ykasyje Ha ciabspeme moryh-
HocTu 00HOBe craHoBHHINTBA (Tab. 1 u C. 3), kao
HETOCpeIHE TOCJhEeIUle CIadibeba (HepPTHITHOT
koHTurenta (Tab. 2) u noHamama CTAHOBHUILTBA
y MaHupamwy nopoxaune. Ommra crona Hara-
nuTeTa ce Kperana y uHtepBainy ox 10.6 — 11.6
%o mrro 3"Haum mga ce ox 2005. rommue Ha 1000
craHoBHUKa pahano 11 no 12 HOBOpOheHuanu.
Behu ymno njedaka y oqHOCY Ha JjeBOjuHIle OH
y OynyhHocTH Morao yTumaru Ha Opoj jkeHa y
(bepTHIHOM TIEpUOTY.

OmnmTa cToma MOTpajHTeTa 3a Pa3iHKy Of
OIIITE CTONE HAaTAIWTETa MMa TPeH] rmoBeharma.
HajBuma ctona mopranutera goctmxe 13.38 %o.
Kao pesynrar omHOCca HOBOpOhEHUX M yMpIHX,
npuponuu npupamTtaj (Ta6. 1 u Ci. 3) uma TpeHn
Olajiama IIITO je jOIII jeIaH IMoKa3aresh HapaliTaj-
He Jienonynanyje. TpeHa HeraTuBHOT MTPUPOTHOT
npupamraja Juctpukt bBpuko Ousbexu ce mnpBu
myT 2011. ronune.

HeraruBHu TpeHI IPUPOIHOT MIPUpAIITaja y
nepuoay oA nocsbeamwux 15 ronuna kpehe ce on
-0.48 %0 1o -2.8 %o m mocieenuIa je nopehama
MOPTAJIUTETA, KACHH]ET CTyTamka y Opak U OJjIoKe-
Hor pahama, Te onagama Opoja xkeHa y GepTHITHO]
00M.

The trend of natural increase in the Brcko
District indicates a weakening of the possibil-
ity of population renewal (Tab. 1, Fig. 3), as
a direct consequence of the weakening of the
fertile contingent (Tab. 2) and the behavior of
the population in family planning. The gener-
al birth rate ranged from 10.6 %o to 11.6 %o,
which means that since 2005, 11 to 12 new-
borns have been born per 1000 inhabitants. A
higher proportion of boys than girls could in
the future affect the number of women in the
fertile period.

The general mortality rate, in contrast
to the general birth rate, has an increasing
trend. The highest mortality rate reaches 13.38
%o0. As a result of the ratio of newborns and
deaths, natural increase (Tab. 1, Fig. 3) has a
declining trend, which is another indicator of
generational depopulation. The trend of nega-
tive natural increase in the Br¢ko District was
recorded for the first time in 2011.

The negative trend of natural increase in
the last 15 years ranges from -0.48 %o to - 2.8
%o and is a consequence of increased mortality,
later marriage and delayed childbirth, and a
decline in the number of women of childbear-
ing age.

Ta6. 1. Onmire cTone HaTanUTETa, MOpTAIUTETa U IPUPOAHOT NpupamTaja (Agencija za statistiku
BiH Podruznica/Ekspozitura Brcko, 2009, 2013, 2018, 2020)
Tab. 1. General birth, mortality and natural increase rates (Agencija za statistiku BiH Podruznica/
Ekspozitura Br¢ko, 2009, 2013, 2018, 2020)

Bp. cra- . Omra crona
. Omnra crona Bpoj [pupoauu npu-
o HOBHMIIITBA Bpoj pohernx naramureta (%) x MOpTaJITETA anrraj (%o) /
A (mporjere) / No. |/ Number of 2 yMp (%o0) / General P y (oo

/ Year . . / General Birth Number of . Natural Increase

of population Births Rate (%) Deaths Mortality Rate (%)
(estimates) 0 (%o) 0

2005. 83930 977 11.64 830 9.89 1.75
2006. 84100 912 10.84 742 8.82 2.02
2007. 84258 976 11.58 818 9.71 1.88
2008. 84233 905 10.74 890 10.57 0.18
20009. 84260 933 11.07 912 10.82 0.25
2010. 83995 916 10.91 906 10.79 0.12
2011. 83723 905 10.81 954 11.39 -0.59
2012. 83516 964 11.54 923 11.05 0.49
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2013. 83410 896 10.74 936 11.22 -0.48
2014. 83309 919 11.03 1000 12.00 -0.97
2015. 83236 932 11.20 1114 13.38 -2.19
2016. 83254 878 10.55 990 11.89 -1.34
2017. 83243 898 10.79 1101 13.22 -2.43
2018. 83234 861 10.35 1032 12.40 -2.05
2019. 83159 899 10.81 1132 13.61 -2.80
15.00
10.00 v—_‘—(\/\/‘
5.00
0.00
500 2005.2006.2007.2008.2009.2010.2011.2012.2013.2014.2015.2016.2 9.

Ormmirra croma Hatanmuteta (%o) / General birth rate (%o)
Ommira croma moptanuteta (%o) / General mortality rate (%o)

[Tpupoauu npupamitaj (%o) / Natural increase (%o)

Cn. 3. Oniute cTorne HaTaqUTeTa, MOpTAJIUTETa U MPUPOAHOT Mpupamitaja bpuko muctpukra
buX (2005-2019)
Fig. 3. General birth, mortality, and natural increase rates of the Br¢ko District of B&H (2005-2019)

Onmra crona ¢geprunurera (Tab. 2) je y
nmopacrty 3a oko 2 %o. ¥ 2013. ronunu 6poj gjere
pobhene Ha 1000 xeHa y hepTUITHOM TIEPUOTY H3-
HOCHO je 43.72 %o, nox je 2019. ronune taj O6poj
6uno Behu omHOCHO 45.68 %0. MehyTum, To HUje
y3pok moBehama Opoja poh)eHHX HEro cMamermba
Opoja xeHa y QepTuiHoM Tepuoay Oymyhu na
je 6poj poheHux y mocMarpaHoM MEPHOAY OCTao
npuOIKaH, J0K ce Opoj skeHa cMamuo 3a 811.
Cyma ykynHor ¢eprumurera (CY®) je Hajo0sbU
rokazaresb epTHIIUTETA U TIPECTaBIba Opoj Jjere
KOJH j€ KeHa poAnjIa y CBOM (PEPTUIIHOM MEPHOY.
VY 2013. romuuau CY® je uznocuo 1.55, a 2019.
rongune 1.65 (omHOCHO 2) JjeTera mo Majiy IITo
je Takohe mocspenMIla cMamema Opoja jKeHa y
dbeprumHoM niepuony. O0je Bpujennoctu CYD-a
cy Mame of1 2.1 ofHOCHO 3 JjeTeTa 1o Majiy Te He
oMoryhyje pocTy pernponyKIHjy CTAHOBHHUILTBA.
Ha ocnoBy CY®-a ce Mmoxe MOHOBO KOHCTATOBATH
CTame HapallITajHe JeTomyJaluje.

The general fertility rate (Tab. 2) is increasing
by about 2 %o. In 2013, the number of children born
per 1000 women in the fertile period was 43.72 %o,
while in 2019 the number was higher, i.e., 45.68
%o0. However, this is not the cause of the increase in
the number of births but the decrease in the number
of women in the fertile period, since the number
of births in the observed period remained approx-
imate, while the number of women decreased by
811. Total fertility rate (TFR) is the best indicator
of fertility and it represents the number of children
a woman gave birth to during her fertile period. In
2013, the TFR was 1.55, and in 2019 it was 1.65
(or 2) children per mother, which is also a conse-
quence of the decrease in the number of women
in the fertile period. Both TFR values are less than
2.1, i.e, 3 children per mother, and do not allow
for simple population reproduction. On the basis
of TFR, the state of generational depopulation can
be ascertained again.
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Ta6. 2. Ommra crona ¢peprumrera u CY® 2013, 2017. u 2019. roqune
Tab. 2. General fertility rate and TFR in 2013, 2017 and 2019

Bpoj xena y dep- ) )
Toguna / Bpoj pohennx / THITHOM TIepHoay / Omura crona gepru- |- Cywma yiymsor hep
. .| marera (%o) / General | Tunurera (%o) / Total
Year Number of Births Number of Women in Fertility Rate (%o) Fertility Rate (%o)
Fertile Period ertility Rate (Yoo ertility Rate (700
2013. 896 20492 43.72 1.55
2017. 898 19905 45.11 1.62
2019. 899 19681 45.68 1.65

Y nepuomay on 2004. o 2019. ronuae Hajehn
Opoj Jjerie )KeHe Cy POIUIIE y CTAPOCHOM MIEPUOIY
o 25 no 29 roguna. Takohe, Moke ce mpumuje-
TUTH U TPEHJ CMamema Opoja poheHe mjere y
nepuoxay ox 20 no 24 romuue, a moBehame y
cTapocHoj 1ob6u majke ox 30 1o 34 rogmHe IMITO
yKa3syje J1a ce OBAKBUM TPEHJIOM JKCHE CBE KaCHHje
omryuyjy Ha poautesbctBO (Tabd. 3). OmnokeHo
pabhame yTuye Ha MPOIyKeHbe epHo/Ia IPUPOIHE
00HOBE CTAaHOBHMIIITBA.

In the period from 2004 to 2019, the largest
number of children were born by women between
the ages of 25 and 29. Also, there can be noticed
the trend of decreasing the number of children born
in the age of the mother from 20 to 24 years, and
the increase in the age of the mother from 30 to 34
years, which indicates that with this trend, women
are increasingly deciding later to parenthood (Tab.
3). Delayed childbirth affects the prolongation of
the period of natural renewal of the population.

Ta6. 3. Pahame njene npema crapoctu majke 2004—2019. (Agencija za statistiku BiH Podruznica/
Ekspozitura Br¢ko, 2009, 2013, 2018, 2020)
Tab. 3. Birth of children according to the age of the mother 2004—2019 (Agencija za statistiku BiH
Podruznica/Ekspozitura Bréko, 2009, 2013, 2018, 2020)

Ton. / YR ST"}L/ <15 | 15-19 | 20-24 | 2529 | 30-34 | 35-39 | 4044 | 4549 | >50 %11{\1/
2004. | 984 1 43 | 394 | 201 | 173 59 19 4 0 0
2005. | 977 1 52 [ 30 | 315 | 187 | 90 13 1 0 7
2006. | 912 1 57 | 275 | 281 | 191 64 14 2 0 27
2007. | 976 2 57 | 201 [ 330 | 200 | 63 13 1 0 19
2008. | 905 7 53 | 242 [ 307 | 190 | 7 18 3 0 13
2009. | 933 5 58 | 224 [ 341 | 202 | 77 11 1 0 14
2010. | 916 3 64 | 203 [ 336 | 189 | 73 13 2 1 32
2011. | 905 4 71 207 | 284 | 206 | 87 23 2 0 21
2012. | 964 2 s4 | 200 [ 318 | 237 | 86 33 3 2 28
2013. | 896 1 56 183 [ 299 | 236 | 71 20 1 1 28
2014. | 919 1 48 184 | 292 | 239 | 81 29 4 2 39
2015. | 932 1 54 194 | 268 | 261 | 107 | 25 1 1 20
2016. | 878 0 43 170 | 263 | 264 | 106 | 20 1 2 9
2017. | 898 4 50 179 | 272 | 246 | 120 18 2 1 6
2018. | 861 0 35 194 | 244 | 245 | 101 27 2 1 12
2019. | 899 2 2 | 207 | 244 | 254 | 117 | 21 4 1 7

Vie/TTL 35 | 837 | 3659 | 4685 | 3520 | 1374 | 317 [ 34 12 | 28
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Ha ocHoBy Opoja pohene njerie mpema cra-
poctu Majke Moryhe je youuTu Kopenamujy ca
MIPOCjEeYHOM CTapoIhy Majke mpema peay pohema
njerera. [Ipocjeuna crapoct pahama Majku mpema
peny pohema mjerera (Tab. 4) uma TpeHn mo-
Behama MCTO Kao IITo TO MMajy U Koxopte o1 30 10
39 roguHa Kaza je y nuTamy pahame jgjere npema
crapoctu Majke (Tab. 3) mTo moHOBO yro3opasa
Ha palame y MO3HMM TofMHamMa He rapantyjyhu
Behu Opoj kuBopohenux y Oynyhnoctu. I'ogune
pabama npBor, apyror, u tpeher gjerera umajy
TpeH] moBehama, a Onaru maj OBOT TPEHIA Ce
npumjehyje 2019. ronuHe ocuM Kaja je y muTamy
npBo nujete (Tab. 4). [Naxxmwa momynanuoHe mo-
JUTHUKE C pasjoroM tpeba aa Oyae ycMjepeHa Ka
pabamy nipBor, Apyror u Tpeher gjerera Oynyhu na
j€ 3a MpoCTy penpoayKIIHjy OTPEOHO Tpoje Jjere
(o moryhHOCTH J1Ba [jjeyaka 1 jeiHa J[jeBOjuunIia).

Based on the number of children born accord-
ing to the age of the mother, it is possible to notice
a correlation with the average age of the mother
according to the order of birth of the child. The
average age of birth of mothers according to the
order of birth of the child (Tab. 4) has an increasing
trend, as do the cohorts from 30 to 39 years, when
it comes to giving birth to children according to
the age of the mother (Tab. 3), which again warns
of births in later years, not guaranteeing more live
births in the future. The years of birth of the first,
second, and third child have an increasing trend,
and a slight decline in this trend is noticed in 2019,
except for the first child (Tab. 4). The attention
of population policy should rightly be focused on
the birth of the first, second and third child, since
simple reproduction requires three children (pref-
erably two boys and one girl).

Tab. 4. IIpocjeuna ctapoct Majke mpema peny pohema gjerera 2008, 2012, 2017. u 2019. (Agencija
za statistiku BiH Podruznica/Ekspozitura Brcko, 2009, 2013, 2018, 2020)
Tab. 4. Average age of the mother according to the order of birth of the child in 2008, 2012, 2017
and 2019 (Agencija za statistiku BiH Podruznica/Ekspozitura Brcko, 2009, 2013, 2018, 2020)

2008. 2012. 2017. 2019.

ITpBo / First 25.08 26.71 27.48 27.50
Hpyro / Second 28.18 28.33 30.67 29.19
Tpehe / Third 313 30.6 31.81 31.17
Yerspro / Fourth 31.35 31.94 32 30.41
ITero / Fifth 32.56 33 32 30.88

Murpanmje cy mmale mpecylaH yTHIaj 3a
nemorpadcku pa3Boj bpukor. OHe u naHac He-
CYMIMBO UMajy OUTHY yiory y Opojy U CTPYKTY-
pama craHoBHUIITBA bpuko muctpukra. O Tome
CBjellouM MojaTak Ja je mpema nomnucy 2013.
roguHe 56071 CTaHOBHMK JI0CEJbEH OJHOCHO Off
pohemwa He xuBU y bpuko JIMCTPUKTY, IITO YNHU
67 % ykynHor craHoBHumITBa Jluctpukra. On
YKyIHOT Opoja J0cesbeHOT cTaHOBHUINTBA 63 %
YMHU CTAHOBHHIITBO KOj€ C€ JOCENWIO YHYTap
rpanuna buX, mok ce ocrtamux 37 % omHocu Ha
CTaHOBHUIIITBO JIOCEJHEHO W3 IPyTrux aprkana (Co.
4) yrnaBHOM HacTanux aesuHrerpanujom Couuja-
nuctrnuke OeneparuBue PemyOmuke Jyrocnasuje
(Agency for Statistics of Bosnia and Herzegovina,

Migrations have had a decisive impact on
the demographic development of Brcko. They
still undoubtedly play an important role in the
number and structure of the population of the
Brcko District. This is evidenced by the fact
that according to the 2013 census, 56071 inhab-
itants immigrated or have not lived in the Br¢ko
District since birth, which is 67 % of the total
population of the District. From the total number
of immigrants, 63 % are immigrants within the
borders of B&H, while the remaining 37 % refer
to the population immigrated from other countries
(Fig. 4), mainly created by the disintegration
of the Socialist Federal Republic of Yugoslavia
(Agency for Statistics of Bosnia and Herzegovina,
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2019b). ITogarm o emurparijama HUCy 00jaB/bLEHH
y noncy 2013. roguHe Tako Aa He MOCTOjH MO-
ryhHOCT pauyHamba MUTPALMOHOT cajlJa.

2019b). Data on emigration were not published
in the 2013 census, so there is no possibility of
calculating the migration balance.

Cua. 4. locesbeHo craHoBHUIITBO Y bpuko nuctpuxry buX npema nonucy 2013. ronune
Fig. 4. Immigrant population in the Br¢ko District of B&H according to the 2013 census

TpeHyTHO Kao jeJJMHH MOoAaTaK KOju Ce TH-
ye eMHUrpallyja je eBHACHIMja 0 Opojy mpujaBa
u onjaBa mjecta Oopaska (Ci. 5) Ha OCHOBY
gera ce MOXKe Ce IPUMHUJETUTH THHAMUYHOCT
y norneny Opoja nmpujasa u oxajasa. [Ipema mo-
nanuma Onjesbema 3a jaBHU perucrap Bianae
bpuko nuctpukra buX, bpuko 1UCTPUKT uMa
MO3UTUBAH MUTPAIIMOHH CaJII0, alli TaKaB 3a-
KJby4aK c€ HE MOXKE Cca CUTYpHOIINY TOHH]eTH
Oynyhu na maoro rpahana buX 3BaHn4HO MMa
MjecTto mpebuBanumTa y JHUCTPUKTY HaKO
Ty He OopaBe. Pasyior oBakBOj mOjaBH JICKHU
y moBoJbHOCTHMa Koje rpahanm Jluctpukra
MMajy y OJIHOCY Ha EHTHTEeTe (BUCOKE IuIaTe
y JaBHOM CEKTOpYy, je(pTHHHja perucTpuuja
MOTOPHHUX BO3WJIA, CTYJACHTCKa CTHUICHJH]a,
utna.). Jlakie, 3a cajga octaje HeyTBpheHO aa
a1 BpYko AMCTPUKT 3aMCTa MMa MO3UTHUBAH
MUTpPAMOHU CaJ0 WJIM He Oynyhu na ce
MoJaIy MpyjaBa M oJjjaBa MjecTa OOpaBKa He
MOT'Yy KOPUCTUTH Kao peJieBaHTaH MOJaTaK 3a
padyHame HCTOT.
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Currently, the only data concerning emigra-
tion is the records on the number of registrations
and deregistrations of the place of residence
(Fig. 5), on the basis of which the dynamics in
terms of the number of registrations and deregis-
trations can be noticed. According to the Depart-
ment for the Public Register of the Government
of Bréko District B&H, the Bréko District has a
positive migration balance from 2015 to 2019,
but such a conclusion cannot be reached with
certainty since many citizens of B&H officially
reside in the District even though they do not
reside there. The reason for this phenomenon lies
in the benefits that the citizens of the District
have in relation to the entities (high salaries in
the public sector, cheaper registration of motor
vehicles, student scholarship, etc.). So, for now,
it remains unclear whether the Brcko District
really has a positive migration balance or not,
since the data of registration and deregistration
of the place of residence cannot be used as
relevant data for calculating migration balance.
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Cn. 5. [IpujaBe u omjaBe mjecta OopaBka Ha TeputopHju bpuko auctpuxra buX 2010-2019.
Fig. 5. Registration and deregistration of the place of residence on the territory of the Brcko District
B&H 2010-2019

3a Hacesbe bpuKo KapakTepUCTHYHE Cy THEBHE
MUrpaiyje, ajlm He caMo U3 Hacesba JlucTpukra
Beh M W3 Hacespba JPYruxX OMILUTHHA M IPajoBa
(O6ynosan, Ilenarnheso, Tyzna, ['panauarn, Ku-
BUHHUIIE, UT/.). OCHM paJlHUX MUTpalyja, 3Ha4ajaH
IO y THEBHHUM MUTaplidjamMa YHHE YUYECHHIIH
cpenmux mkoja u3 O0ynosia, [lenarunhesa (PC)
u I'yme (Penmybnuka XpBarcka). Benuku ynmo y
MpUBpPEMEHUM MHrpanujama ka bpukom umajy
CTYIEHTH 300T yCIIOBa CTyIUpamka Ha MPUBATHUM
¢dakynreruma. Crynentu EBporickor yHUBEp3H-
TeTa bpuko TUCTPUKT ona3e U3 CKOpO CBUX T'pa-
noBa buX, u3 Cpouje (beorpan, Comb6op, Hu,
Coxobama, uti.), XpBarcke (3arped, BunkoBim,
Ocnwjex, utna.) u Crosenuje (Jbyospana). Huje mo-
3HATO Ja JIU CTyAeHTH Oopae y J{UCTPUKTY TOKOM
CTy[Mja WM J0J1a3e MOBPEMEHO pajid U3BpIICHA
obaBe3a. [Tomaru o 6pojy, MjecTy peOHBaIMIITa
u OOpaBKy CTyJeHaTa TOKOM CTy[Hja 3a OCTaje
MIpUBAaTHE YHUBEP3UTETE HUCY AOCTYNHU. bpoj
cryaeHnara Ha ExoHomckoM (akynrera bpuko, Yau-
Bepauteta y Mctounom CapajeBy (EDb YHHUC),
Koju moxahajy yrimaBHOM CTyaeHTH u3 bpukor
U IIHMper OKpyKema Hamio omajaa. AkaaeMcke
2015/2016 ctymmje je moxahano 524 cTynaeHra, 10K
ce Taj 6poj akagemcke 2021/2022 cmamuo Ha 306
crynenara. Crynentu E®@b YHUC koju monaze
U3 JPYrHX IpajoBa YIIaBHOM CTaHyjy y bpuko
JMCTPUKTY YKOJIMKO HUCY aliCOJIBEHTH KOJH JI071a3€e
MOBPEMEHO pajiil u3BplIeHka obase3a. Kperame
CTyAEHTCKeE nomynanyje y JJluctpukry He yrude Ha
nemorpadcke npuiiuke Beh Ha TUHAMUKY THEBHUX
Y MOBPEMEHHUX MUTPallKja U MOTPOLIY U YCIIyTe.

The settlement of Brcko is characterized by
daily migrations, but not only from the settle-
ments of the District but also from the settlements
of other municipalities and cities (Obudovac,
Pelagi¢evo, Tuzla, Gradacac, Zivinice, etc.). In
addition to labor migration, a significant share
of daily migration is made up of high school
students from Obudovac, Pelagi¢evo (RS) and
Gunja (Republic of Croatia). Students have a
large share in temporary migrations to Br¢ko due
to the conditions of studying at private faculties.
Students of the European University of Brcko
District come from almost all cities in B&H,
from Serbia (Belgrade, Sombor, Nis, Sokobanja,
etc.), Croatia (Zagreb, Vinkovci, Osijek, etc.) and
Slovenia (Ljubljana). It is not known whether
students reside in the District during their studies
or come occasionally to fulfill their obligations.
Data on the number, place of residence and stay
of students during their studies for other private
universities are not available. The number of stu-
dents at Faculty of Economics Brcko, University
of East Sarajevo (EFB UNIS), attended mainly
by students from Brcko and the surrounding
area, is rapidly decreasing. In the academic year
2015/2016 EFB UNIS was attended by 524
students, while the number of them in academic
2021/2022 decreased to 306 students. EFB UNIS
students who come from other cities mostly live in
the Brcko District, unless they are graduates who
come occasionally to fulfill their obligations. The
movement of the student population in the District
does not affect demographic conditions, but the
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[Tporec crapema cTaHOBHUINTBA TOTBphyje
00JIMK TIOJTHO-CTAPOCHE MUpaMHIe Koja TMOIpPH-
Ma OONIMK ypHe 300T cMamema Opoja Miaanor
CTAaHOBHMILITBA ILITO yKa3yje Ha HETaTUBHE JIEMO-
rpad)cke TPEHI0BE KapaKTEPUCTHYHE 3a JPYIITBA
y JCTIOIYJIaINj 1, aJT! j€ YINO MJIaIOT KOHTUHTCHTa
(13081) jomr yBujek Behu o1 CTapor CTAHOBHHIIITBA
(12136) mro mpencraBiba q00ap mokasaresb. Ha
OCHOBY aHaJIN3€ MOJIHO-CTapocHe cTpyKType (Cir.
6) MOXe ce BUJIj€TH J1a JIOMUHHPA CTAHOBHUIIITBO
y CTapoCHOM HMHTepBally on 45 no 54 ronune. Y
TIOJTHO] CTPYKTYPH IIOCMATpPaHOT IIEpHO/Ia TOMUHU-
paxxercku mon. Y 2013. ronuan Hajehy OpojHOCT
nMase cy crtapocHe rpyne mamehy 45-49 u 50-54
roaurHa crapocTu Opojehu nmpexko 6000 craHOBHUKA
TI0jeTMHAYHO.

VYkomuko ce noganu nonuca u3 2013. rogune
ynopeze ca nmogarmma u3 2019. rogune 6a3upaHiM
Ha TpoljeHama Opoja CTaHOBHUKA OHJa Ou ce
MOTJIO TIPUMHJETUTH Ja j€ U UHTEepBaI o1 55-59
ronuHa crapoctu npemao 6000 cranoBHuka. Oc-
Taje cTapuje Koxopre Takohe Omsbexe mosehame
OCHM KOXOpTe Koja 00yXBaTra CTAaHOBHHIITBO CTa-
puje mipeko 85 roawnHa. Behnna nHTEpBana koju
o0OyxBaTajy cTapuje CTaHOBHUIITBO Mpeko 60
roauHa cy noBehanm cBoj arconyTHu O0poj. Tpeda
MIOMEHYTH J1a je pema nozparmma y 2019. ronuan
pUMjeTHO ToBehame momynamnuje y Koxoprama
on 0—4 u 5-9 ronuna (Agencija za statistiku BiH
Podruznica/Ekspozitura Br¢ko, 2020).

Y moJaHO-CTapoCHO] CTPYyKTypu bpuxko
muctpukra buX npumjehyje ce 6pojHOCT mpHma -
HUIIA KEHCKOT T0JIa U YKYITHOT CTAHOBHUILITBA Y
koxoprama usmehy 45 u 64 ronune. Behu 6poj xe-
Ha y TUM KOXOpTama HHje Y (pepTUIIHOM MEPUOTY.
[Ipema npuka3aHoj MOJHO-CTAPOCHO] MUPAMUIN
(Cn. 6) ductpuxr Bpuko ce n1epuHUTHBHO Haa3H
y MPOIIECY CEHWIIN3AIN]E Jep J€ Y CTPYKTYpH CTa-
HoBHMIITBA 2013. cTapo cTaHOBHUIITBO YMHUIIO
14 %, a 2019. ronune ce Taj nmpoieHar nosehao Ha
15 %. Ipema xinacuukamju To je U3pa3uTo cra-
PO cTaHOBHUINITBO Oyyhw 1a ynro ocoda cTapujux
on 65 roguna Behu on 12 % (Nejasmic, 2003).

300r onajiama HaTaIUTETa U OJIacKa MJIaJior
CTaHOBHHUINTBA, yOp30 he ce omHOC cTapoCHHUX
rpyna MmoYeTH MUjeHhaTH Y KOPUCT CTapHjer cTa-
HOBHHINTBA r7je cy Beh caa HajOpojHHje KOXopTe
mmehy 45 u 59 roguHa cTapocTH, TE je HyXKHA
CTpaTeryja MpoHaTaJIUTETHE MOJINUTHKE.
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dynamics of daily and occasional migration and
consumption and services.

The aging process confirms the shape of the
population pyramid, which takes the form of
an urn due to declining in the number of young
population, which indicates negative demograph-
ic trends characteristic of depopulated societies,
but the share of young contingent (13081) is still
higher than the old population (12136), and that
is a good indicator. Based on the analysis of the
age and sex structure (Fig. 6), it can be seen that
it dominates the population in the age range from
45 to 54 years. The sex structure of the observed
period is dominated by females. In 2013, the
largest numbers were in the age groups between
45-49 and 50-54 years of age, with over 6000
inhabitants individually.

If the data from the 2013 census are compared
with the data from 2019 based on population
estimates, then it could be noticed that the inter-
val from 55 to 59 years of age exceeded 6000
inhabitants. Other older cohorts also recorded
an increase, except for the cohort that includes
the population over 85 years of age. Most of the
intervals covering the elderly population over the
age of 60 have increased their absolute number.
It should be mentioned that in 2019, there is a
noticeable increase in the population in cohorts
of 0—4 and 5-9 years (Agencija za statistiku BiH
Podruznica/Ekspozitura Brcko, 2020).

The age and sex structure of the Brcko
District of B&H shows the number of females
and the total population in cohorts between 45
and 64 years. Most women in these cohorts
are not in the fertile period. According to the
presented age and sex pyramid (Fig. 6), Brcko
District is definitely in the process of seniliza-
tion because in the population structure in 2013
the old population was 14 %, and in 2019 this
percentage increased to 15 %. According to the
classification, it is a very old population, since
the share of people over 65 is higher than 12
% (Nejasmic¢, 2003).

Due to the declining birth rate and the de-
parture of the young population, the ratio of age
groups will soon begin to change in favor of
the older population, where the cohorts between
the ages of 45 and 59 are already numerous,
and a strategy of pronatalist policy is needed.



[TTACHUK — HERALD 26

85+ [
80-84 I
75-79 |
70-74 |
65-69 I
60-64 1
55-59 |
50-54 | ]
45-49 '
40-44 1
35-39 |
30-34 I
25-29 1
20-24 '
15-19 |
10-14 1

5-9 I B

0-4 I R

4000 3000 2000 1000

B Myuku / Male

0 1000 2000 3000 4000

m Kencku / Female

C. 6. [TonHo-cTapocHa cTpykTypa cranoBHHIITBA bpuko nuctpukra buX 2013. rogune
Fig. 6. Age and sex structure of the population of the Br¢ko District of B&H in 2013

[IpomjeHe y €KOHOMCKOj CTPYKTYpU CTa-
HOBHUIITBA y niepuony 1961-2013. ronune ykazyjy
Ha HeraTHBHE pe3y/TaTe TPaH3ULH]je JPYLITBEHOT
cucTeMa Ifje je yAuO CTAaHOBHHUIITBA Yy CEKyH-
JApHOM CEKTOpy omao 3a Buie ox 50 % mTo
TOBOPH O cl1a0JbeHby UHLYCTPH]CKOT MOTEHIM]jaja
Huctpuxkra (Tab. 5). Ca qpyre crpaHe Tepuujap-
HU CEKTOp OMJbEXKH MHOTO Behy 3aCTYIJBEHOCT Y
CTPYKTYypH 3arocieHoctH. [IpoMjena y crpykrypu
MIPUBpPEZE yTUYE HA JMHAMMKY U IIPaBLIE THEBHUX
MUTpalyja, Ka0 U Ha pa3Boj Oa3HUX (QyHKIM]ja
rpaja.

Changes in the economic structure of the
population in the period 1961-2013 indicate neg-
ative results of the transition of the social system,
where the share of population in the secondary
sector fell by more than 50 %, which indicates a
weakening of industrial potential of the District
(Tab. 5). On the other hand, the tertiary sector
is much more represented in the employment
structure. The change in the structure of the
economy affects the dynamics and directions of
daily migration, as well as the development of
the basic functions of the city.

Tab 5. CTpykTypa CTaHOBHHMIIITBA IIPEeMa 3arioCcIeHOCTH y puBpeqHnM cekropuma (%) (Savezni
zavod za statistiku, 1965; Ekonomski fakultet u Brékom, 1983; Agency for Statistics of Bosnia and

Herzegovina, 2019a)

Tab 5. Population Structure by Employment in Economic Sectors (%) (Savezni zavod za statistiku, 1965;

Ekonomski fakultet u Brékom, 1983; Agency for Statistics of Bosnia and Herzegovina, 2019a)

[MpuBpeanu cexrop / Economic Sector 1961. 1981. 2013.
ITpumapnu cexrop / Primary Sector 67.7 5.7 11.29
Cexkynnapuau cektop / Secondary Sector 12.9 60 26.16
Teprwmjapan cexrop / Tertiary Sector 12.6 343 62.56
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ETHHMYKA CTPYKTypa CTAHOBHHUIIITBA j€ TIPETP-
Ijerna mpomjeHe HakoH rpahanckor para (Ci. 7 u
Cn. 8). Yamo cprickor CTaHOBHUIITBA ce moBehao,
JIOK je Opoj OomImadkor (MyCIIMMAHCKOT ) U XpBaT-
CKOT' CTAaHOBHUIIITBA OMA0. Y YKYITHOM KpeTamy
y mepuony 1991-2013. roqune aemorpadcku
MoTeHIMjan je onao 3a oko 4000 cTaHOBHUKA.

The ethnic structure of the population un-
derwent changes after the civil war (Fig. 7
and Fig. 8). The share of the Serb population
increased, while the number of Bosniaks (Mus-
lims) and Croats decreased. In the total move-
ment in the period 1991-2013, the demographic
potential decreased by about 4000 inhabitants.

Cn. 7. u Cn. 8. IlpoMjeHe y €THHYKO] CTPYKTYpH IipeMa rorrcuma ctanoBHUIITBA 1991. 1 2013. ronune.
Fig. 7. and Fig. 8. Changes in ethnic structure according to the 1991 and 2013 censuses

Bpoj cknombeHnx OpakoBa je y maay OCHM
2017. ronuHe kaga je 3a0uJbexeH Onaru mopact
HAKOH Yera ce oreT onsbexu naji. bpoj pa3seneHnx
OpakoBa ce y niepuoay on 2005. no 2018. rogune
nosehao 3a oxo 3.5 myTta. Y penaTtuBHO KpaTKOM
nepuony (2005-2019) mpocjedna crapocT mpu
CKJIanamy Opaka moMjepeHa je 3a OKO 3 TOJHHE:
KOJ JK€Ha Ha 29 roavHa CTapoCTH, a KO MyII-
kapara Ha 32 rogune (Tab. 6). Tenaenuuje cae
KaCHHJEr CKJIanama Opaka yka3yjy aa he ce Hera-
TUBHU IIPOLIECU IIPUPOJHOI KpeTarma U CTaperma
CTAHOBHUIIITBA HACTABUTH.

Kacuauje ckmaname Opaka 3HaYM W TOTEH-
uMjanHo kacHuje pahame mpsor u Beher Opoja
njene. Ca ronHaMa pahama mpBoOT JgjeTeTa mnose-
3aHe Cy W TOIMHE CKJIAIama MPBOT Opaka Tako Ja
Cy TPpCHAOBU KOA OBUX IIOJaTaKa CIMYHMH. Hema
CYMIbE J1a Cy Pa3iio3u 300T Kojer MajKe HHUCY T10-
CTHIJIC JKeJhEeHH Opoj Ajerie motemkohe ca puHaH-
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The number of marriages is declining
except in 2017, when there was a slight in-
crease, after which there was another decline.
The number of divorces increased by about
3.5 times in the period from 2005 to 2018.
In a relatively short period (2005-2019),
the average age of marriage has shifted by
about 3 years: in women to 29 years of age,
and in men to 32 years (Tab. 6). Tendencies
of later marriages indicate that the negative
processes of natural movement and aging of
the population will continue.

Getting married later means potentially
later birth of the first and larger number of
children. The years of getting married for the
first time are also related to the years of birth
of the first child, so the trends in these data are
similar. There is no doubt that the reasons why
mothers did not achieve the desired number of
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chjama, craMOeHH MPOOJIEMHU U CIMYHO Kao IITO
je to ciyyaj y PenyOnmumm Cprickoj (Marinkovié
et al., 2017). [Tomenytu mpolOiemu cy Takohe
IpenpeKa 1 3a CKianame OpaKoBa.

children are financial difficulties, housing prob-
lems and the like, as is the case in the Republic
of Srpska (Marinkovi¢ et al., 2017). These
issues are also an obstacle to getting married.

Tab. 6. bpoj ckIonIbeHUX U pa3BeeHNX OpaKoBa U MPOCjeyHa CTApOCT MPH CKIIanamy MPBOT Opaka
2005-2019. (Agencija za statistiku BiH Podruznica/Ekspozitura Br¢ko, 2009, 2013, 2018, 2020)
Tab. 6. Number of marriages and divorces and average age at first marriage 2005-2019 (Agencija

za statistiku BiH Podruznica/Ekspozitura Brcko, 2009, 2013, 2018, 2020)

Tomuua / Craryc Opaka / Marriage Status Tpocj ei{jeggg X;:;ﬁ;ﬂ?;ﬁ;ﬁi; Opaxa /
Year
CxiomseH / Married PasBenen / Divorced Hesjecra / Bride Munagoxema / Groom
2005. 669 85 26.65 29.76
2006. 673 91 26.03 30.12
2007. 700 94 27.78 31.18
2008. 680 82 26.6 30.12
2009. 670 139 27.08 30.29
2010. 617 154 26.98 29.25
2011. 613 199 27.29 30.45
2012. 701 236 27.75 30.71
2013. 619 191 28.97 32.74
2014. 659 251 28.11 30.68
2015. 670 311 27.77 30.65
2016. 653 289 30.66 33.82
2017. 718 295 29.04 32.24
2018. 631 298 29.2 32.37
2019. 599 187 29.39 32.20

Ha ocHoBy mnocseeqma jABa momnuca cra-
HOBHHIIITBA U MpolLijeHa Opoja CTaHOBHHUKA MOXeE Ce
M3BECTU HEKOJIMKO 3aKibyyaka. [Ipocjeuan ancomyt-
HH TOJIMIIIGU PACT CTAaHOBHUINITBA Bpuko muctprkTa
buX m3nocu -191.68 % 1mTo 3HauUM ga ce cBake
roJiriHe Opoj CTAaHOBHUKA AUCTPHUKTa bpuko ymamu
3a oko 192 cranoBHuKka. CToma mpOCjedHOT pacta
CTAQHOBHMIIITBA TUCTPUKTA HA HUBOY FOAMHE U3HOCH
-0.22 % onHOCHO TyOUTAaK jeHOT CTAaHOBHUKA Ha
100 cranoBHMKa. VcTe BpHjeIHOCTH H3padyHaTe
Ha OCHOBY IpoIjjeHa Opoja CTaHOBHHMKA Takole
nokasyjy HeraruBae Tpenaose (Tab. 7).

Based on the last two censuses and pop-
ulation estimates, several conclusions can be
drawn. The average absolute annual popula-
tion growth of the Br¢ko District of B&H is
—191.68 %, which means that every year the
population of the Br¢ko District decreases by
about 192 inhabitants. The average annual
growth rate of the District is -0.22 %, i.e., the
loss of one inhabitant per 100 inhabitants. The
same values calculated based on population
estimates also show negative trends (Tab. 7).
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Tab 7. [Ipocjeuan arncomyTHH roauiimu pact (R), cpenmu Opoj cTaHOBHHUKA H3Mel)y J1Ba monwca,
CTOIa MPOCjeUHOT ToAHIIer pacta — 1 (%)

Tab 7. Average absolute annual growth (R), average population number between the two censuses,
average annual growth rate —r (%)

Bpujennoctu / Values

IIpema monucuma 1991. u
2013. / According to the 1991
and 2013 Censuses.

[pema nporjenama 2009. u
2019. / According to Estimates
for 2009 and 2019.

IIpocjeuan arconytu roauimu pact (R) / Average

Annual Growth Rate — r (%)

Absolute Annual Growth (R) -191.68 -110.10
Cpenmu Op. craHOBHUKA M3Mel)y [1Ba momnuca / Average
Population Number Between the Two Censuses 85518.50 83709.50
i (0
Crona mpocjeqnor roaumimer pacta — r (%) / Average o o3

Cpaka nporjena aemorpagcke OynyhHoctu
J€ peNaTHBHA jep Cy pa3BOjJHU MPOLECH TEIIKO
npeasuanBU. PeructpoBanun Opoj cTaHOBHHKA
Bpuko nucTpukTa Ha KOjeM Cy 3acCHOBaHE aHa-
JIM3€ je YIHUTaH jep HUCY ycalllallleHW pe3yJTaTh
nonuca craHoBHumTBa y buX 2013. rogune.
Onnykom Haponne ckymmtiae Permyonuke Cpr-
cke uHctutynuje PC Hucy npuxsaruie pesys-
TaTe Koje je o0jaBmiia AreHIMja 3a CTaTUCTHKY
buX jep HHje momToBaHa METONOJIOTHja MOMUCa
EUROSTAT-a unme je Opoj ctaHoBHUKA yBehaH
3a CTAaHOBHUILTBO KOj€ )KUBU Y HHOCTPAHCTBY, &
npucTynuio je nonucy. Pesynrare 3a PC 06jaBuo
je PenyOnuuxu 3aBox 3a craructuky PC koju ce
pa3NuKyjy o pe3yiTrara 00jaBJbeHUX O] CTpa-
He AreHiyje 3a cTaTUCTHKY buX u npukasyjy
MamH OpOj CTAaHOBHHMKA HETO IITO j& MPBOOMT-
HO 00jaBjbeHO. AKO OM ce UCTa METOJI0JIOTH]a
npeOpojaBarkba CTAHOBHUIITBA MPUMHjCHHUIA U
3a bpuko mUCTpUKT OHZA je curypHo aa 6u Opoj
CTaHOBHUKA Y JIUCTpUKTY OO 3HATHO MamH. 3Ba-
HUYHE pe3yaTare 3a bpuko TucTpukT objaBuia je
camo Arenmmja 3a craructuky buX. be3 063upa
Ha Ta4HOCT M YCaIJIAIIEHOCT MO/aTaKa IOIuca,
JIOCTYTIHA CTaTUCTHKA YKa3yje Ha IPOLIEC CTapeHha
u aa nemorpadcka Oymyhnoct Jluctpukra He uze
y ONTUMHUCTHYHOM TIPABILY.

3AKJbYHAK

bpuko muctpukr buX mma moBoskaH reo-
rpadCcKu MoyIokaj ¥ MpUPOAHO-TeorpadCKe ycIo-
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Any assessment of the demographic future is
relative because development processes are diffi-
cult to predict. The registered number of inhabi-
tants of the Br¢ko District on which the analyses
are based is questionable because the results of
the 2013 census in B&H were not harmonized.
By the decision of the National Assembly of the
Republic of Srpska, the RS institutions did not
accept the results published by the Agency for
Statistics of B&H because the methodology of
the EUROSTAT census was not followed, which
increased the number of inhabitants living abroad
and joined the census. The results for RS were
published by the Republic Statistical Office of
RS, which differ from the results published by the
Agency for Statistics of B&H and shows a lower
number of inhabitants than originally published. If
the same methodology of population census were
applied for the Br¢ko District, then it is certain
that the number of inhabitants in the District
would be significantly lower. Official results for
the Brcko District were published only by the
Agency for Statistics of B&H. Regardless of the
accuracy and compliance of the census data, the
available statistics indicate the aging process and
that the demographic future of the District is not
going in an optimistic direction.

CONCLUSION

Brcko District of B&H has a favorable
geographical position and natural-geograph-
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Be 3a pa3Boj. [pymrBeHo-reorpadcku mporecu
MOCIJBbEIIHHX JCLICHN]A YTUIIATH Cy Ha HETIOBOJbHE
TEONOJUTHYKE NMPUIMKE U TPEHIO0BE NMPUBPE.-
HOT pa3Boja IITO Ce HEraTHMBHO OJpakaBa Ha
nemorpagcka kperama. [Ipuponsu npupariraj
U CTapOCHAa CTPYKTypa yKa3yjy Ha IpoIlec CTa-
pema CTaHOBHUIITBA U MOTpely AepuHHUCama
MOTYJIAlIMOHE TIONIUTHKE Y IIMJby oMoryhaBama
6ap mpocre 3amjeHe rerepanuja. Cnenuduyan
MOJIUTHYKHU cTaryc bpuko auctpukra omoryhasa
BHIIIE COLIMO-CKOHOMCKH IMOBOJAHHJUX YCIIOBA
y ogHocy Ha eHturere y buX. bpuko muctpukr
¥Ma TIOTEHIIMjaJie 3a Pa3BOj COICTBEHE MPUBPE/IC
MIPBEHCTBEHO ITyTEM peOpraHu3aliyje MoJbOIPUB-
pene U oOHaBJbAmHEM WHIYCTPH]CKUX Karlalu-
teta. Henckopumrene norogHoctu caoOpahaj-
HOT TIOJIOXKaja, CTIEUU(UIHOCT TEOMOIUTHYKOT
craryca, MOTyNHOCTH yKJby4uBama y Mporpame
TPAaHCTPAaHUYHOT pa3Boja MO Cy HEHCKOPHIITE-
HUX MOTYNHOCTH 3HayajHUX y OTBapamy HOBUX
PaJHUX MjecTa 1 COLO-€KOHOMCKO] CTaOMITHOCTH,
TUME M 3ayCTaBJbalby EMHIPAIIMOHHUX IpOIEeca.
VYkynuu MehyerHuuku opHocu y buX peduex-
Tyjy ce u Ha Bpuko JUCTPUKT Kao MOTEHIIMjasl-
HU Mozien yHuTapHe buX crnabehu jemmuHcTBEHO
¢dyHkmonucame. KynrypHa, Bjepcka U €THHYKa
KOET3UCTEHIIN]a, Ne(DUHHUCAmHE Pa3BOjHUX IPO-
rpaMa OpHjeHTUCAaHUX Ha MoBehaHy 3armocIeHoCT
MJIaauX U OeHeuTe MOpoarIa ca JjelioM HYKHH
Cy mpeaycioBu nemMorpadceke crabmnoctu bpuko
IMCTpUKTa. HeraTuBHU TPEHIOBU MOBE3aHOCTH
HE3aroCIeHOCTH U HaTamTeTa youeHu cy u'y PC
u 'y apyrum EBponckum apkaBama (Stanivuk &
Marinkovic¢, 2017).

VYcarnamaBame pa3BOjHUX MoryhHocTH,
CTPYKType TpHBpene u 00pa3oBamba, MOJUTHKE
3amnolubaBamba Mopajy OMTH yckinahene u ycmje-
peHe Ha eMorpad)cKy OpKHUBOCT.

bpuko muctpukr buX nma norpeby 3a mpo-
HaTaJUTETHOM MOIMYJIAIMOHOM IOJUTUKOM KOja
he ce cmpoBoguTu y 1uiby nosehama HaTanu-
tera. OBakBa monuTuka Tpeba O6utH npahena
00Jb0M 37IPaBCTBEHOM 3aIITUTOM, MTOOOJBIIABEM
€KOHOMCKE CHTYyaIHje, TOIPIIKOM MIIauM Opay-
HUM TMapOBHMA U TIOPOJHJbaMa Te€ CIpjeyaBarbeM
eMHrpalnnja MJIAJ0r PENpPOAYKTUBHOT M PaTHO
CIIOCOOHOT CTAaHOBHUILITBA.

ical conditions for development. Socio-geo-
graphical processes in recent decades have
influenced the unfavorable geopolitical con-
ditions and trends of economic development,
which has a negative impact on demographic
trends. Natural increase and age structure
indicates the aging process of the population
and the need to define population policy in
order to enable at least a simple change of
generations. The specific political status of
the Br¢ko District provides more socio-eco-
nomically favorable conditions compared to
the entities in B&H. The Brcko District has
the potential to develop its own economy,
primarily through the reorganization of agri-
culture and the renewal of industrial capacity.
Unused benefits of traffic position, specificity
of geopolitical status, opportunities for inclu-
sion in cross — border development programs
are part of untapped opportunities important
in creating new jobs and socio-economic sta-
bility, and thus stopping emigration processes.
The overall interethnic relations in B&H are
also reflected in the Brcko District as a po-
tential model of a unitary B&H, weakening
the unified functioning. Cultural, religious
and ethnic coexistence, defining develop-
ment programs focused on increased youth
employment and the benefits of families with
children are necessary preconditions for the
demographic stability of the Brcko District.
Negative trends in the relationship between
unemployment and birth rates have been
noticed in RS and other European countries
(Stanivuk & Marinkovi¢, 2017).

Harmonization of development opportu-
nities, structure of economy and education,
employment policies must be harmonized and
focused on demographic sustainability.

The Brcko District of B&H needs a prona-
talist population policy that will be implement-
ed in order to increase the birth rate. Such a
policy should be accompanied by better health
care, improvement of the economic situation,
support for young married couples and moth-
ers, and prevention of emigration of young
reproductive and able — bodied population.
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VMBAH MUJINR
IVAN MILIC

O06jexkTuBHU]jE TPOIjeHe eMOoTrpadCKUX MpH-
nvKa Moryhe je ypaJuTH y yCIoBUMa aXXypUpaHnuX
CTAaTUCTUYKUX €BUICHIIM]a U Tpahera CTaTUCTUKE
IpaBala MUTPAIMOHUX TOKOBAa. Y pany Mpen-
CTaBJbEHA AHAJIN3A U U3 e M3BEICHU 3aKJbYUIH
3aCHMBAjy C€ Ha JOCTYMHUM CTATHCTHYKUM IIO-
KazaTeJbhMa.

More objective assessments of demograph-
ic conditions can be done in the conditions of
updated statistical records and monitoring of
statistics on the directions of migration flows.
The analysis presented in this paper and the
conclusions drawn from it are based on avail-
able statistical indicators.
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