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OpUruHaIHN HAyqHH paj

EKOHOMMUJA BUBLHIUX PEITYBJIUKA JYT'OCJIABUJE

Bjauecaas JleoungoBuu badypun'*
"MockoBcku ap:kaBHu yHUBEp3uTeT JIomoHOCOB, ['eorpadcku hakynret, Mocksa, Pycuja

Caxerak: Y paay ce pasMarpajy mpoOJeMH OIp»KUBOCTH MPHUBPEAa OMBIIMX jyTOCIOBEHCKHX PErmyOinKa y OZHOCY
Ha KOHjJYHKTYpHE LIMKIyCe M TIeONOJIMTHYKE Jorahaje. AHaiam3a HMCTPaXKMBAHOI MPOCTOpa MOKaszyje Jha MpobieMu
HCTPaXXMBamka TEOMOIUTHIKUX W KOHjYHKTYPHHX PU3WKA MPEICTaBIbajy CIa00 pa3BUjeHYy MPOOIEMATHKY EKOHOMCKE,
OJIHOCHO JIpyInTBeHe reorpaduje. Y 0B0j 00JacTh MPETEKHO MPEOBIIAIaBajy pagoBu ekoHoMuUCTa. [Ipema pesynraruma
cTynmuje, uaeHTuHUKoBaHe cy Tpu haze GopMupama HallMOHATHUX EKOHOMH]A H TPOMjCHE BbUXOBE OJP)KUBOCTH Y OTHOCY
Ha KOHjYHKTYpHE LUKITyce — (ha3a ASCTPyKUHje O] yTHLAjeM yIIIaABHOM IEONOIUTHYKAX H YHYTApIOIUTHIKUX (haKTopa
(1990—2001); da3a omopaBka HanmoHamHHX ekoHOMHja (2001-2008) m melhykpusHa (aza mHTerparmje y EBporcky
yaujy (2009-2016). [IpoyuaBamwe npomjeHa CTPyKType HallMOHAIHMX €KOHOMHja OMOTI'YhHIIO je Ja ce yCIoCTaBu OHOC
nsmely nporeca AeuHyCTpHjaii3alije U 0CjeTIbMBOCTH €KOHOMH]a HOBHUX JIpyKaBa Ha IIPOCTOpy OuBIIe Jyrociasuje.
Kiby4yHe pujeyu: reonONUTUYKH U COLMO-CKOHOMCKH PHU3HMLH, TPXKHUILNTE, CICLHjAU3alija, KOHjYHKTypa, Kpu3a,
OZIPIKHBOCT, OCjETJHHUBOCT.

Original scientific paper
ECONOMY OF FORMER YUGOSLAYV REPUBLICS

Vyacheslav Leonidovich Baburin™*

'Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia

Abstract: The article analyzes the issues of stability of the former Yugoslav republics economies to market cycles and
geopolitical events. The study area analysis showed that geopolitical and market risks are poorly developed issues in
economic geography, i.e social geography. It is dominated by the work of economists. According to the study results,
three stages of national economies formation and changes in their resistance to market cycles are identified — the
destruction stage under the influence of mainly geopolitical and domestic political factors (1990—2001); stage of national
economies recovery (2001-2008) and the inter-crisis stage of integration into the European Union (2009—2016). The
study of transformations of the national economies structure allowed to establish the relationship between the processes
of deindustrialization and economies sensitivity of new states in the former Yugoslavia.

Key words: geopolitical and socio-economic risks, market, specialization, conjuncture, crisis, stability, sensitivity.

YBO/ INTRODUCTION

CBjeTcka €KOHOMH]a je 3a MOCJbEIBE TPH
JeleHHje JOKHUBjella KapJAWHATHE IMPOMjeHE.
[ojaBuito ce HEKOJIMKO JIECETHHA HOBUX JIP)KaBa,
MPETEKHO Ca CKOHOMHUjaMa y TPaH3UIUjU U3
colyjanusMa y kanutanusam. MctoBpemeHo, ca
CBjeTCKe MOJIUTUYKE Mare HecTtainu cy CoBjeTCKH

World’s economy has faced some cardinal
changes in the past three decades. Few dozens
of countries have joined it, mostly the ones
in the economic state of transition from
socialism to capitalism. At the same time,
from the world’s political map disappeared

* AyTop 3a KopecnoneHuujy: Bjauecias Jleonnnosnu babypun, MockoBcku aApkaBHU yHuBep3uTeT M. B. Jlomonocos, ['eorpadckn
¢axynrer, Ojcjex 3a eKOHOMCKY | corpjanHy reorpadujy Pycuje, 119991, Pycuja, Mocksa, Jlenunckue Topu 1, E-mail: vbaburin@
yandex.ru

Corresponding author: Vyacheslav Leonidovich Baburin, Lomonosov Moscow State University, Faculty of Geography, Department of
Economic and Social Geography of Russia, 119991, Russia, Moscow, Leninskie Gory 1, E-mail: vbaburin@yandex.ru
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caBe3, JyrocnaBuja u Yexocnopauka. Crmaboct
MeXaHHM3aMa aJlanTalyje HOBOHACTAINX JpKaBa
JIOBENa je 10 BUXOBe MoBehaHe 0cjeTJbUBOCTH Ha
T'€OTIOJIMTUYKE U COLIUjaJTHO-€KOHOMCKE ITPOMjEHe
Ha CBjeTCKOj clieHU. TeputopujanHa mojjena
paza koja je mocrojana Hajmame 40 romuHa,
U U3 HBE U3BEJEHA CIelyjaiu3anyja peruoHa
CaBE3HUX Jp)KaBa, rmoyena je Op30 MmpomaaaTH.
VY xoMOMHAIMju ca IHUKIYyCHUMa KOHjYHKType
CBOJCTBEHUM yOp3aHOM TIJIOOATHOM TMPOIINPEHY
KAl TaJIUCTUYKOT TPKHIITA, IOMLIO je 10 IopacTta
HECTAOMITHOCTH PErHOHANHUX ekoHomHja. OBa
HECTAaOMIIHOCT IOKa3aja ce MHOro Beha, Hero
TO je TO OWI0 KapaKTepUCTUYHO 32 CBjETCKH
€KOHOMCKH cUcTeM Yy 1jenunu. Kao mocibeauity
TOTa MMaMO W Harjie NpoMjeHe y o0iacTH
TPOILIKOBA ITPOU3BOIILE.

['maBHa Xxumore3a OBOT HCTPaXHUBamba,
npemMa ToMe, AcdUHHCAHAa je Ha cibeaehu
Ha4YMH: Y 3aBUCHOCTHU O] HacJbeheHe CTpPyKType,
NIpUBpENIE ,,HOBUX * ApJKaBa pa3jInuuTo pearyjy Ha
T'€OTOJIMTUYKE U KOHjYHKTYpHE IIUKITyce. Y UCTO
BpHjeMe, HHTEH3UTET TAKBUX PEaKlija MHOTO je
Behw, HETo KOII ,,cTapux‘* qpKaBsa.

Jla OMCMO TeCcTHpalM TaKBYy XHIIOTE3Y
NpeMIa)KeMO J1a Cce IpU aHaJIUu3u KOPUCTE
WHIUKATOPH TOMYyT KpeTama OpyTo gomaher
npousBoga (BAIl) u cTpyKTypHHX HpOoMjeHa
npuBpene OuBIIMX penyOnuka JyrocnaBuje
— bocue u Xepuerosune (buX), CjeBepne
Maxkenonuje (C. Makenonunje), CpOuje,
Cnogenunje, XpBarcke u Lpue Tope.

ITPEIJIE/ TTPETXO/HUX
NCTPAKUBAIHA

Y OKBHpPY €BOJYLHOHE Mapajurme Hu
IbEHE TJIaBHE KapaKTEPHUCTUKE — IUKIUYHO-
reHetnuke nuaamuke (baOypun, 2010, 2012;
Sxosen, 1999; Cy66ero, 1994; u ap.) mpobiem
HEPAaBHOMjEpPHOCTH COIMO-EKOHOMCKOT
pa3Boja, moHaBJbama (asza pacta U IOjaBe
KpH3a HCTPaXHUBAO j€ BEIUKU Opoj ayTopa.
@®. bponess W3ABOJHO je BjEKOBHE IUKIyCE
€BPOICKUX €KOHOMHja, KOjU Cy MOOWIN Ha3uB
nukiycu bponessa. KonaparjeB je u3aBojuo
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countries such as Soviet Union, Yugoslavia
and Czechoslovakia. The weakness of the
adaptation mechanism of the new countries
caused the increased sensitivity to geopolitical
and socio-economic changes in the world.
Territorial division of labor that existed for
at least 40 years and the specialization of the
regions of the federal states that derived from
it, started to decay quite fast. In combination
with the business cycles that are typical for
global capitalism market, there has been
an increase in the instability of regional
economies, which were much greater than
of what’s typical for the world’s capitalism,
suddenly changing the price of production
with some less sensitive oscillations in the
cost.

Therefore, main research hypothesis
is defined as follows: Depending on the
inherited economy structure of the ,,new*
countries, their economies react differently
to the geopolitical and business cycles. At
the same time, the intensity of such reactions
is much bigger than the one of the ,,0ld*
countries.

In order to test such hypothesis, we
recommend using information on the gross
domestic product (GDP) dynamics and the
economy structure of the former Yugoslav
republics — Bosnia and Herzegovina (B&H),
North Macedonia (N. Macedonia), Serbia,
Slovenia, Croatia and Montenegro.

REVIEW OF PREVIOUS
STUDIES

In the scope of the evolutionary paradigm
and its common appearance of the cyclic and
genetic dynamics (babypun, 2010, 2012;
SAxoser, 1999; Cy66eto, 1994; and others) the
problem of the nonlinearity of socio-economic
development and the repetition of the growing
phases and crisis was researched by many
authors. F. Braudel identified the century cycles
for the European Union economy, which were
later named after him. Kondratieff singled out
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MeJIeCeTOrOUIIBE LUKIYCce KOHjJYHKType, a
HlymMmeTrep UM je 120 MHOBAaTUBHO O0jalImbemne
(Teopuja myrux tanaca wiH mukiycu Konaparjes-
Hlymmerepa). C. Ky3Hel u3Bojuo je puTMOBE Y
Tpajamby ox 15—20 ronuna (koju cy U JOOMIH
Ha3uWB 1O HHeMy), objammaBajyhu HBUXOBY
JMHAMUKY J0JIaCKOM UMUTpaHaTa v IpoMjeHama
y rpaljeBUHApCTBY, Ma ce 300r TOra W YecTo
Ha3UBajy ,,rpal)eBUHCKU MUKIYyCH . Y CYIITHHH,
IBUXOB TJIaBHM MOKPETAaYKH MEXaHH3aM je
nudys3uja WHOBAIMja KOja 3a MOCJbEIUIY MMa
U pa3Iu4UTy AUHAMHUKY I[MjeHa HEKPETHHHA.
XKyrnap je U3ABOjUO CpPEAHOPOUYHE LHKIYyCE
(GyHKIIMOHUCaka eKOHOMUje y Tpajamy 10—11
roguHa, a K. Mapkc je 00jacHHO HHXOBY
CYLITHHY pa3iuKoM u3Mel)y MOHye U MOTPAKE-E
(umkycu npexomjepHe npousBonme) (badypus,
2018). OBakBO KpeTame eKOHOMHU]E, TPeMa TOM
o0jalmeny, IPEICTaBIba MOCHEIUIYy JHHAMUKE
oqHOCa M3Mel)y TeXHUYKe M opraHcke rpahe
kanurtana. [Ipema Mapkcy, mpocjedHo Tpajame
OBHUX LMKJIyca U3HOCH 5—7 roauHa. YmpaBo
TaKBH, J1aKJIe CPeIOPOYHH LHUKIycH Ouhe y
CPEAMIITY HaIIET HCTPAKUBAA.

Jlanac mocrtoje OpOjHU CBJ€TCKH LIEHTPHU
norytT ECRI (Economic Cycle Research Institute)
Konymbujckor yHuBep3uteta u3 bbyjopka
nin EABCN (The Euro Area Business Cycle
Network) y kojuMa Cy KOHIIEHTpHCaHa TJIaBHA
ucTpaxkuBama oBe mnpodbimemaruke. Y 2016.
TOJIMHU T10YEO0 je M3Ja3uTh U yaconwuc ,,Journal
of Business Cycle Research®, xoju je nocsehen
MIpOoy4aBamy HUKIMYHHUX Mpoleca.

TpenyTHO moOCTOje JABa Mojena KoOjH
o0jammanajy MehyapxaBHy U MehypernoHanny
MHTETpalujy y cMUCTY (QIyKTyaluje BUXOBUX
OJTHOCAa W pa3BOja HHUXOBHUX eleMeHaTa. Heku
HCTPaXMBAYH CMaTpajy J1a ou Tpedao aa mocToju
CHUHXpOHHU3alMja IWHAMHKE HAIlMOHAJIHHUX
tpeHaosa (Balassa, 1962; Rosamond, 2000; u
ap.). Apyru uctpaxuBauu (Fujita & Krugman,
2004; Krugman, 1991a, 1991b, 1999; Venables,
1996) cmarpajy na eKOHOMCKa HMHTEpaKLuja
n3mel)y TepuTopuja TOBOAM 10 KOHIICHTpAIIU]je
UHAYCTpHUje, ITo noBehaBa HUXOBY 3aBUCHOCT
ofl rpaHCcKuX pusnka. OBO, MaK, 32 MOCIHETUILY
uma noBehame pasziimka y eKOHOMCKOj JMHAMMULIH.

the fifty-year business cycles and Schumpeter
gave them the innovational explanation (long-
waves economy and Kondratieff-Schumpeter
cycles). S. Kuznets found the 15-20 year
rhythms, which were named after him,
explaining their dynamics by the immigrants’
arrival and changes in the building-trade, and
that is why they are often called ,,trade-cycles*.
Essentially, their main initiating mechanism
is innovations diffusion; and as its result we
get the dynamics of the real-estate prices.
Juglar identified the mid-term of 10—11 year
cycles of the economy’s functioning, and K.
Marx explained their essence with the supply—
demand difference (cycles of the excessive
production) (babypun, 2018), which, on it is
end, represents the result of the dynamics of
technical and organic structure of the capital.
According to Marx, the average duration of
these cycles is 5—7 years. Those mid-term
cycles will be in the center of our investigation.

Currently, there are numerous organizations
in the world like Economic Cycle Research
Institute (ECRI) of the Columbian university of
the City of New York and the European Union
Area Business Cycle Network (EABCN) and
others, in which the main researches of this
topic are concentrated. Magazine ,,Journal
of Business Cycle Research®, dedicated to
studying the cyclic processes, began to be
published in 2016.

Currently, there are two models that explain
the interstate and interregional integration in
the context of fluctuation in development and
its components. Some researchers consider
that there should be a synchronization of the
dynamics of national trends (Balassa, 1962;
Rosamond, 2000; and others). Other researchers
(Fujita & Krugman, 2004; Krugman, 1991a,
1991b, 1999; Venables, 1996) consider the
economic interaction between territories being
the cause of the concentration of the industry,
which increases their dependence on the branch
risks, and as a result, it causes the increase
of differences in the economic dynamics. A
number of scientists (baGypun, 20196; Carlino
& Sill, 1998) concluded that differences in

3
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Jenan 6poj Hayunuka (babypun, 20196; Carlino &
Sill, 1998) ycraHoBHO je 1a pa3ziuke y TUKIAYHIM
¢ykTyanujama nocroje, He camo u3Mel)y zemaspa,
Beh u u3melyy pernona ynyrap mux. HaBenene
pasnuke Hajuenthe ce Tymade eKOHOMCKHUM (KpH3a
y CEKTOpHMa CIIeIMjaIi3allije perTuoHa Be3aHa 3a
pa3IMYUTy MOOMIIHOCT MPOU3BOIHUX (haKTOpa)
WIM TOJTUTUYKUM (YKIbY4UyjyhH TeonoIuTHYKE)
pasznosuma. Heku uctpaxuBaun (Frenkel &
Nickel, 2005; McKinnon, 2002) kopucte npumjep
€BpPO30HE J1a O NCTAKIIN YJIOTY 33jeTHUYKE BaTyTe
(eBpa) Kao BaXKHOT (haKTOPa Y CMAbCHbY pa3iiuKa
n3mely daza mojenMHHX IUKIyca Y OKBUPY
Pa3ITUYUTUX [I1j€I0Ba HAAPKaBHUX MOJIUTHIKHX
eHTutera. MelyTum, Hama ucTpakuBama O
bantuukom pernony (babypun, 2019a) nokazana
Cy JABOCMHCIICHOCT TakBe MHTeprperanuje. Y
OBOM IIOTJIE/ly CarIaCHU CMO Ca UCTPAKUBAYMMa
kao mTo cy Montoya u de Haan (2007) u
Frankel u Rose (1998), xoju npumjehyjy na je,
U TOpell CMamema pa3iuka y (uyKTyamnujama
MehyHaponHe cnenyjanuzanuje 3emasba EBporicke
yHHUj€ U CIMYHOCTU IOjeAMHUX peruja, HUBO
IbUXOBE CHHXPOHHU3AIH]e ca UKIYyCUMa IUPOM
EBponcke yHuje nocrta mmuzak. [Ipumjehyje ce
Jla peruje ca yCKOM CIeIHjalu3alijoM UMajy
Behy ciamvyHOCT HaBeneHUX (QuyKTyauuja y
nopehewy ca OHHMM perujama Koje HuMajy
YHUBEp3aJHy crenyjanu3aiujy. [loceOHoO BuCcOKa
Kopenaiuja yTBpheHa je y perujama ca jeJHakoM
cnenujanmusanujom (Imbs, 2004).

VY okBupy Mojuena ,leHTap—nepudepuja‘
(Gianelle, Montinari, & Salotti, 2017) yrBpheHo
j€ 1a Mame pa3BHjeHE 3eMJbE EBPO30HE MOKA3Y]Y
Behy (asHy pa3nuKy HEro pa3BUjeHHjE 3eMIbE.
[Iponalhene cy cnuyHe pasiuke u 3a ,.crape’
u ,HOBe“ 3emsbe EBporicke yHuje. 3emibe
ca OJMCKMM TProBHHCKHM Be3aMa 3HauajHO
CUHXPOHM3Y]y CBOje LHKIyce. YOUIITEHO
pedeHo, cMarpa ce Ja mocroje Tpu (akropa
Koju moBehaBajy CMHXPOHHU3ALM]y HUKIMYHUX
¢GiyKTyanuja pernoHa M 3eMasba: a) 3ajelHUYKa
€KOHOMCKA TTOJTUTHKA, 0) CTETIeH CIelHjaIn3alije
IpHUBpeZe U B) cHara Be3a usmely mwux (mpuje
CBEera — TProBUHCKHUX, a MOCMATPaHO LIMpE — U
6m10 Kojux pyrux). OBaKkBU MPHUCTYIH YKIIAnajy
ce y TeopHjy Teputopujaine noxgjeine pana H. H.
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cyclic fluctuations do not only exist between
countries, but between the regions within
one country as well. At the same time, their
correlation with economic (crisis in sectors
of regions’ specialization related to different
mobility of industrial factors) or political
(including geopolitical) factors is constantly
being pointed out. Some researchers (Frenkel
& Nickel, 2005; McKinnon, 2002) use the
example of the European Union euro area to
emphasize the role of the common currency
(euro) as the important factor in decreasing the
differences in the cycle phases in different parts
of the supranational entity. On the other hand,
our researches on the Baltic region (babypus,
2019a) showed the ambiguity of such
interpretation. In that manner, we can agree
with the researchers such as Montoya and de
Haan (2007) and Frankel and Rose (1998), who
came to a discovery that although the difference
in fluctuations of international specialization of
European Union countries decreased, despite
the similarities in the oscillations of some
regions, the level of synchronization with the
cycles all around the European Union turned
out to be low. We can also agree on the bigger
similarity of fluctuations of regions with sub
specialization, compared to those regions that
have universal specialization (Imbs, 2004).

In the scope of the centre—periphery
model it was shown (Gianelle, Montinari,
& Salotti, 2017) that the less developed
countries of the European Union euro area
have bigger phase difference than the more
developed countries. We have marked similar
differences for ,,0ld* and ,,new* countries of
the European Union. Countries with close trade
relations significantly synchronize their cycles.
Generally, it is considered that there are three
factors that increase the synchronization of the
cyclic fluctuations of regions and countries:
a) the unity of the economic politics, b) level
of economy specialization and c) strength of
relations between them (first of all — market
relations, and in a wider perspective — any other
type of relation). This approach matches the
theory of territorial division of labor of N. N.
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Bbapanckor u omoryhasajy na joj ce mpuaona
IUKIMYHO-TEHETCKa KOMIIOHEHTA.

Jenan nuo pamoBa u3 oBe oOmactu noceeheH
j€ Mjepemy BEIHYMHE YTHIAja Pa3THIUTHX
¢dakropa Ha ekoHOMcCKe nukiyce. JlompuHoc
OINIIITE MOJIMTHKE CMaTpa Ce jaduM, JIOK 32 3eMJbE
ca pa3BHjEHOM MHIYCTPHjOM, HIIAK, IPEOBIIa1aBa
(axTop jauynHe EKOHOMCKHX Be3a.

[Tpobnemu cnenyjanu3anyje 1 GakTopa mbeHe
JIOKaIMje TMPOU3BOLE JETaJbHO Cy MPOy4YaBaHH
y pyckoj reorpaduju U NPUCYTHHU Cy Yy OPOjHUM
ny6nukanujama. @axrudku, ox Bpemena H. H.
Bapanckor nomaha pernonainHa mKkoja mocmarpa
TEPUTOPUjATHY TOAjeNy paja, Koja HacTaje Kao
pesyJTar crielyjanu3anyje 1 pa3MjeHe, OCHOBHUM
MEXaHW3MOM KOjU MHHLIMpA IMporec GopMUparma
peruja. Ha oBy ummeHUIly y CBOjUM pazioBUMa
0 TEOpHjH OpraHM3alMje MpocTopa yKazyjy: M.
. Wapurun (Ulapeirun, 2007), npeacraBHALN
Hanexoucroune mxkone: I1. J. bakimaHoB koju
j€ pasmarpao nuTama ,Iuryrajyher ontumyma‘
NPUJINKOM TPOCTOPHOr pacnopehuBama
npousBonamwe (baknanos, 1983); A. B. Mamkos
YHju ce paZoBU OaBe MpobOiIeMHMa TUHAMHKE
CaBpeMEHE CTPYKType WHAYCTPHjCKUX PErHoHa
Hanexor Mcroka (Mormkos, 2008) u np. bpojue
CTyJIje y OBOj OOJIaCTH CIIPOBEIH CY MPEICTABHUIIH
Jlewunrpaacke (CaHKTIETepOypIIKE) MIKOJE:
A. U. YucrobajeB koju ce 0ABHO TEOPHjCKUM
U METOAOJIOIIKMM OCHOBaMa yIpaBJbamba
TEPUTOPHjAJTHUM PA3BOjEM Y KOHTEKCTY TP KUIITHUAX
oziHOca; Te ucTpakuBama J. H. [mankor y obmactu
pernonanne exkonomuje (Imagkuii & Yucrobaes,
1998) u cn. 3HauajaH JOMPUHOC MOJEIOBALY
npouneca ¢opmMupama TEPUTOPHjATHUX
WHIYCTPU]JCKUX KOMIUIeKca gamu cy A. H.
I'panbepr — ocHHBaAY pycKe IIKOJE MPOCTOPHUX
Mehyrpanckux uctpaxkuBama (I'pandepr, 1985),
A. J. TIpo6er (IIpobeT, 1982), M. K. banaman
(banaman, 1980) u ap. Y YkpajuHu, Hajlio3HATH]H
cy pamosu O. U. Illabnmja o MonenoBamy
TEPUTOPUJATHUX MIPOU3BOHUX CUCTEMA Y OOIHKY
Mmehyrpanckux komiuiekca (Ilabnuit, 1976).
[IpoGnemMy KOHKYPEHTHOCTH PEruoHa MpoyyaBajy
ce M y pagoBumMa ekoHomucta (A. B. Jepmummne,
T. B. Ycxoge, B. U. Jlykjanosa, C. B. Henwkaj, O.
A. Myxopjanose, H. 1. Kpemnesa u nip.).

Baransky and facilitates the addition of cyclic—
genetical component to it. Part of the works is
dedicated to a study on the size of contribution
of different factors. The contribution of general
politics is considered to be stronger, but for
countries with developed industry, the relations
factor prevails.

Problems of specialization and factors
of production location have already been
thoroughly studied in the local geography and
are reflected in many publications. Ever since
the times of N. N. Baransky, the local regional
school observes the territorial division of labor
that appears as the result of specialization and
exchange, the mechanism that initiates the
process of regional formation. M. D. Sarigin
(lapeirun, 2007) points out to this in his
works on space organization theory. The
representatives of the Far-East school: P. J.
Baklanov who considered the questions of the
floating optimum at the production scheduling
(bakmanos, 1983); A. V. Moshkov whose papers
deal with the issues of the dynamics of modern
structure of industrial regions of Far East
(Momkog, 2008) etc. Numerous studies on this
issue were carried out by the representatives of
the Leningrad (Saint Petersburg) school: A. L.
Chistobaev, who engaged in the theorical and
methodological basics of managing territorial
development in the context of market relations;
then researches of J. N. Gladki in the field of
regional economy (I'mankuii & Ywucrobaes,
1998), etc. A significant contribution to modeling
the process of forming territorial industrial
complexes has been given by A. N. Granberg
— the founder of Russian school of spatial inter-
branch researches (I'panGepr, 1985), A. J. Probst
(ITpobceT, 1982), M. K. Bandman (bannman,
1980) and others. In Ukraine, the best known
works are from O. I. Shchabliy on the modelling
of territorial production systems in the inter-
branch complexes (IHa6mnuii, 1976). Issues of
the region’s competitiveness are being studied
in the works of the economists, as well (A. V.
Jermisina, T. V. Uskova, V. I. Lukianova, S. V.
Nedvizaj, O. A. Muhorianova, N. D. Kremleva
and others).
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MATEPUJAJIA U METO/JIE

[lIto ce Tnue mMeTona Koje cy KopuimheHe
y HaBEJCHHUM CTyAHjaMa, MOXe ce cI000IHO
TBPAUTU Ja IJaBHU MeETOA BehuHe pagoBa
npescTaB/ba (PaKTOpcKa aHaIM3a BPEMEHCKUX
ceprja y by M3HAJIAKEHha IbUXOBHX KOpeTalija.
Jl1o ucTpakuBaya KOPUCTH TyOJbY PErpecujcKy
ananuzy. Heku pagosu (Gianelle et al., 2017)
KOHCTPYHILY CIIOKEHY perpecujy cmamyjyhu
JUMEH3MOHATHOCT Bapujablin CTpPATETrHjoM
rpymnucama HeKOJIHMKO (akropa y uaaekc. Takohe,
KOpHUCTE Ce W KBAJUTAaTHBHE Bapujalie Kao
IITO je Ha IpHUMjep IOCTOjame/HEeNOCTOjame
3ajeHUYKe TpaHuIe Mehy apxaBama. Y HEKHM
paoBUMa KOPUCTH C€ AUCKPUMHHAHTHA aHAJIN3a.
JamaHcku UCTpaXUBa4X pa3BUIIU Cy METONIOIOTH]Y
3a mpensubame Tavaka MpeTjepuBama y
¢diykTyanujama jarnaHcke eKOHOMHje. Y jeTHOM
on TakBUX paaosa, Lucas (1977) npumujemen
j€ MeToJl eKCTpaKIfje UKINIHEe KOMIIOHCHTE U3
TpeHa KopuirhemeM (uitTepa BUCOKE M HUCKE
¢bpexBeHuuje (Ha nmpumjep, puarep Xoapuk-
[Ipeckora). buio je mokymiaja 1a ce eKOHOMCKe
¢nykTyaruje nocmarpajy kao MapkoBJbeB IpoIiec
(Stock & Watson, 2014). Crnimuan pan nocsehen
je aHamu3u (pazHUX MpoOMjeHa y MOCIOBHHUM
nukiycuma EBporicke yauje (Salas & Saurina,
2002). Kputuunu (hakTop o1 Kojer 3aBUCH YCIIjex
pazioBa Koju ce OJHOCE Ha aHAIM3Y [IUKITyCa jecTe
JOCTYIHOCT aJIeKBaTHHUX IOJaTaka 3a JOTUYHH
TIEPUOI.

Hame npoy4aBame oBor mpobiema 0azupa
ceé Ha KOMIIapaluju CTPYKTYpPHHX HpOMjeHa
npuUBpesie OMBIINX jYTOCIOBEHCKHX peryOinka
KOje Cy ce TOjaBMJIe Kao peaklyja Ha MpoMjeHe
no0aHe MPUBPEIHE JUHAMUKE. 32 aHAIU3Y y3€eTe
cy cipenehe Bapujabne: ammmtyna (uIyKTyarpja
nuaamuke bJII1-a, mHIEKC CycjencTBa, BeIHIuHA
€KOHOMHje, BhEeHa TI'PaHCKa CTPYKTypa, Kao H
ekoHoMcKo-reorpadeku monoxaj (EITD). Kao
pedepentna Tauka m3zabpaHa je EKOHOMH]ja
EBporicke yHuje, ¢ KOjoM OBa rpyma 3emMaba
onmucko capalhyje. 300r MHOHHUpPCKE MPUPOJE
UCTpaXKuBama, y oBoj (pa3u xopuirhene cy
rpagoaHaIUTHYKE U TUTIOJIOIIKE METO/IC.

6

MATERIALS AND METHODS

Speaking of methods that were used in the
analyzed studies, the main method in most
works is the factor analysis of the time series
and search for correlations between them.
Some researchers use a regression analysis
technique that is much more complex. Some
works (Gianelle et al., 2017) construct
the complex regression, decreasing the
dimensionality of the variables, collecting
several factors to the index. Also, qualitative
variables are being used (for example:
existence/non-existence of the mutual
limit). In some works, discriminant analysis
is being used. Japanese researchers have
developed a methodology for the prediction
of exaggerating points in Japanese economy
fluctuations. In one such work, Lucas (1977)
applied the method of extraction of a cyclic
component from a trend by using filters of
high or low frequency (for example: Hodrick-
Prescott filter). There have been some
attempts to observe economic fluctuations as
Markovian process (Stock & Watson, 2014).
Similar work dedicated to the analysis of
phase changes in business cycles of European
Union (Salas & Saurina, 2002). The critical
factor on which the success of the works
relating to the cycle analysis depends on is the
availability of adequate data for the relevant
period.

Our research on this issue implies
comparing the configuration of the reactions
of former Yugoslav republics’ industry and
changes in the world market. Variables used
for the analysis were: the amplitude of the
GDP dynamics fluctuations, neighborhood
index, economy size, its branch structure,
as well as economic-geographical position
(EGP). As the standard for comparison, the
European Union’s economy was selected,
since this group of countries closely
cooperates with it. Due to the pilot nature of
the research, in this phase, grafoanalytical
and typological methods were used.
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PE3VIITATU 1 AMCKYCUJA

[IperxonHu mpemien paHUjUX UCTPAKUBAHA
ynyhyje Ha 3aKkJbydak Ja je Hay4yHa 3ajeJHula
aKyMyJnupana J0cTa BEJIHMKO HCKYCTBO Y
UCTPAXUBay 00JAaCTH TEPUTOpPHUjalIHE TOIjese
pana, BEHUX KOMIIOHEHTH (Crienujanu3anyja u
pasMjeHa) U MUKINYHUX Tpolieca Y eKOHOMHU]H.
W mopex Tora CKOpo J1a HE TOCTOje CTYIHje Koje
Ou aHanM3Mpane yTHLA] IUKIyca KOHjYHKTYpe
Ha CTAaOMJIHOCT PErMOHAIHMX CIICHHjan3aluja
HOBOHACTAJIMX JApXaBa KOje Cy y IMPOLUIOCTH
MocTojajie 'y OKBUPY MOjeAuHHX (enepamuja
(CCCP, CDPJ, YexocnoBauka u ap.). Oue ce,
0 MPABUITY, OCMATPajy WM Kao CTalMOHapHa
CTarmba MPOU3BOJHUX CUCTEMA MM Ka0 MOHOTOHO
npomjeHsbuBe. Hama ocHOBHa xwumoresa
UCTPAKUBAHA 3aCHUBA CE HA UJIE)U J1a PA3TUUYUTUM
(azama 1UKITyca KOHjYHKTYPE MOpajy OroBapaTu
pa3MuuTa CTama CTAOWITHOCTU CIICIHjan3alija
WIH OCjeTJbUBOCTH PETHOHAIHUX EKOHOMH]a.
Hajmame ocjeT/bMBUM 3eMJbaMa CMaTpajy ce
3eMJb€ KOj€ MPAKTHYHO HE pearyjy Ha MOropiiame
TP>KUIIHUX YCIIOBA, a HUXOBA MpHUBpeAa ciabo
j€ CHHXpPOHH30BaHa Ca OKOJIHUM TPXKHUIITHUMA.
OcjerspuBe cy 3emibe uuja amHamuka bJII1-a
(haKTUYKH KOTIMPA CBJETCKY AMHAMUKY, @ aMILTUTY/a
(ryKkTyalja 3HaTHO HaIMaIIlyje TaKBy AUHAMHUKY.

CrnennpuIHOCT EKOHOMCKO-reorpadckor
NPUCTYTIA je y TOME Ja ce (OKyCHpa Ha aHAIU3Y
HauMHa ajamnTanyje 3eMajba ca pasIuYUTHM
CKYIIOM CHEIMjaJM30BaHUX NPUBPEIHUX TpaHa
Ha IUKIyce KOHjyHKType. To, Ha mpumjep,
MoJipasyMujeBa paspagy U NPUMjeHy HayuHUX
MPUCTYNa U METOJAa 33 aHaJU3y MOBE3aHOCTH
crieLjanu3alnje IpuBpeae MojeAMHUX PErHoHa
y 3aBHCHOCTH OJl PAa3HOBPCHOCTHU CTPYKType
MPUBPEIHUX TpaHa, TPOIIKOBA MPOU3BOAKE H
KOHjYHKTYpE IIMjeHa MPOu3BoAa. Y MPETXOIHUM
CTyAMjamMa, OTKPHIIM CMO JIa Cy TOJhOIIPUBpPEA,
JaBHE yCIIyre W pyJapCcTBO HajMame OCjeTJbUBH,
JIOK Cy npepalBauka WHIYCTpHja, KOMEpIHjaIHEe
yciayre ¥ TproBuHa HajocjetsbuBuje. Kao mozen
3a OBaKaB MPUCTYI TOCIYKUIIU Cy HaM IIUKITYCH
koHjyHKTYype EBponcke yHuje u Hbemauke kao
JIOMUHAHTHE Jp’KaBe WIaHUIIE OBE OpraHH3allvje.
PasmorpuheMo QMHAMUKY KpeTama HEeMadKor

RESULTS AND DISCUSSION

This review of previous research provides
us the possibility to conclude that the scientific
community accumulated a great experience in
the research of territorial division of labor and its
components (specialization and exchange) and
cyclic processes in the economy. Nevertheless,
there is almost no research that would analyze
the impact of the business cycle on the stability
of regional specializations of new countries
that were, in the past, part of the federated
countries (USSR, SFRY, Czechoslovakia
and others). They are either observed as the
stationary states of production systems, or as
monotonously changing. The suggested task
setting is based on the idea that different phases
of the business cycle must match the different
states of specializations’ stability or sensitivity
of regional economies. Countries that do not
respond to the deterioration of the market’s
conditions and are poorly synchronized with
such conditions, are considered to be the least
sensitive countries. Countries that belong to the
group of the ,,sensitive ones* are the ones that
have their GDP dynamics matching the world’s
dynamics, and the fluctuation amplitude is
significantly surpassing such dynamics.

The peculiarity of the economic-
geographical approach is the focus on the nature
of the countries’ reactions with different sets of
specialization branches to the business cycles.
That, for example, implies the elaboration
and application of scientific approaches and
methods for analyzing the connection between
the specialization of the economy of individual
regions, depending on the diversity of the
economy branches, the production costs and the
conjuncture of products prices. In the previous
studies, we discovered that the agriculture,
public services and mining industry are the
least sensitive, and the process industries,
commercial services and trade are the most
sensitive. As a model, we used the business
cycles of the European Union and Germany as
the main participant of this organization. We will
consider the dynamics of Germany GDP, as one

7
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B/ll1-a, kao jemnor ox Boachux dakropa Koju
JMKTUPA YKYTHY [UKJIAYHOCT ¥ PUTAaM CBjETCKUX
Y pETUOHAITHUX KpHU3a.

Ha Cn. 1 jacHo je yousbHBO J1a je 32 CKOpO TIoJia
BUjeka ekoHoMmHja Ebemauke nporinia y3nasHy dazy
5. koHapartjeBckor mukiyca (y neproay 1975-2000.
TOJIMHE), Ca MOCTENEHUM YCIIOPABABEM CTOIE
pacta TokoMm TpHu IHukiIyca JKyrmap-Mapkca
(1975-1982, 1982—-1993, 1993—2003). Bunssuse
CY U TPU Mambe KPH3e, IITO j€ TUTIMYHO 3a y3JIa3Hy
¢dazy konmparjeBckor mukiryca. Cunasna gasza
nmoyena je ox Mame kpmze 2002—-2003. rogune
(exo 13B. A3mjcke kpuse). [locnuje Tora (kao mro
j€ KapaKTEepUCTUYHO 32 CUIIa3Hy (asy) ycibeauia
je nyboka cBjeTcka ekoHoMcKa kpu3za 2008—2009.
ronuHe, na OM, HAKOH KPAaTKOr YCIIOHA, T0YEe0
JTy>K{ TIEPUOJT CTarHaIMje EKOHOMU]jE KOjH Tpaje 10
nanac. Ananmmsa nuHamuke bJI[1-a Fbemauke maje
MOT'YhHOCT J1a ca BEJIMKUM CTETIEHOM BjepoBaTHOhe
TBpauUMO 1a he ce cipeneha kpusa pa3BUTH Y
nepuoay 2021-2024. roqune. To ce nogynapa u
ca KpajeM 5. KOHJpaTjeBCKOT IIUKITyca, HaKO HEKH
UCTpaXXMBA4YM yKa3yjy U Ha WeHy Moryhy panuje
T0jaBy.

of the leading centers that dictates the overall
cyclicality and rhythm of the global and regional
crisis.

Fig. 1 clearly shows that for half a
century, Germany’s economy went through the
ascendant phase of fifth Kondratieff cycle in the
1975-2000 periods, with a gradual slowdown in
growth rates during the three Juglar-Marx cycles
(1975-1982, 1982—-1993, 1993-2003). It also
survived three minor crisis, which is typical for
the ascendant phase of Kondratieff cycle. Its
descendant phase started with a minor crisis in
2002—-2003 (the echo of Asian crisis). After that
(just as it is typical for the descending phase),
a deep world crisis followed in the 2008—2009
periods, after a short increase, began a longer
period of economy stagnation, which continues
to this day. The analysis of Germany GDP
dynamics gives us the possibility that with a
high degree of probability claim the possible
development of the next crisis in the 2021-2024
periods, in the exact ending of fifth Kondratieff
cycle, although some researchers indicate even
earlier deadlines.
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Ca. 1. Iunamuxka b/II1-a bemauke y nepuony 1975—2019. roqune (nporuosa) (y %)
Fig. 1. Dynamics of German GDP in the 1975—-2019 periods (prognosis) (in %)
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HMunamuka BJlII-a OuBmux penyOiauka
JyrocnaBuje usrmena apyraumje (Cn. 2). HMako
Cy TeHepajHo mposasuwie Iukiyce JXKyrmap-
Mapxkca cuHXpoHO ca EBporickom yHUjOM H
YOIIITE CBjETCKOM EKOHOMHjOM, MaKCHMaHa
aMIUTUTYa BUXOBUX (PIyKTyalfja n3a3BaHa je,
UMAaK, TEOMOJIUTUYKUM IpoMjeHama. [lIpomec
pacraga COPJ moueo je 1991-1992. roaune
Kaja cy ce oruujenwie CrnoBeHuja, XpBaTcka,
Bocna u XepueroBuna u camamma CjeBepHa
Makenonuja. PatHa nejctBa noBena cy 10 jakor
npuspeasor naga y Lipuoj I'opu, Cpouju, bocan
n XepleroBuH U y Mamoj Mjepu y CioBeHHjH
u CjeBepHoj Makenonuju, uja je nepudepHa
no3uiyja omoryhumna ia ce qpie Jajbe o paTHUX
nejcraBa. Arpecuja CjenqumbeHUX AMEPHUKHUX
JlpkaBa M HEKHUX €BPOICKUX 3eMajba WJIAHUIIA
HATO-a 1999. ronune jacHo ce ManudecroBaia
y komancy npuspene Cpouje (mag ox 12 %) u 'y
Mam0j Mjepu y npuspeau Llpue Tope. C apyre
cTpane, 3a bocHy u Xepiieropuny, 300r orpomMHe
¢uHaHCHjCKE U eKOHOMCKe mojpiuke EBporcke
yauje u CjenumeHux Amepuukux J[pxapa,
KapaKTEepUCTUYHE Cy BUCOKe crome pacta b/II1-a.

GDP dynamics of former Yugoslav
republics looks different. Although they
have, generally, gone through the Juglar-
Marx cycles, synchronized with the European
Union and the global economy in general, the
fluctuation amplitude has come to a resonance
with the geopolitical changes. The process of
the disintegration of the SFRY began in the
1991-1992 periods, when Slovenia, Croatia,
Bosnia and Herzegovina and North Macedonia
seceded. The war has led to a sharp decline in
Montenegro, Serbia, Bosnia and Herzegovina,
and to a lesser extent in Slovenia and North
Macedonia, whose peripheral position enabled
them to stay away from warfare. Aggression of
the United States of America and some European
NATO members in 1999 clearly manifested in
the collapse of Serbian economy (-12 %), and
to a lesser extent in the Montenegrian economy.
Bosnia and Herzegovina, in contrast, due to
the great financial and economic support of
the European Union and the United States of
America, is characterized by high GDP growth
rates.

60

—+— Cpdigja [ Serbia
= CnoscHija [ Slovenia

Enpaoncka yuaga [ Evropean Union

—=—EocHa B Xepoeropisa [ Bosnia and Herregovina —e— Cjeecpua Maregosja / North Macedonia

Fa 08

2015 2020

—m—Npearcka | Croatia
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Cn. 2. lunamuxa B/II1-a OuBmmx peny6iuka Jyrociasuje
Fig. 2. GDP dynamics of former Yugoslav republics
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[Tocnuje 2000. roguuae (Cn. 3) momwio je
10 mpuiarohaBamba €eKOHOMHja HOBUX JApiKaBa,
Te je nuHamuka muxoBor bJII1-a mouena na ce
pa3BHja y CKIaay ca 3ajeJHHYKOM EBPOIICKOM
nuHaMuKoM. Moryhe je, unak, IpuMHjeTUTH 1a
Ce CTeNeH OCjeTJbUBOCTH HUXOBUX INPUBpENA
3Ha4YajHO pasziukyje. Omnagame €KOHOMHjE Y
Crnosenuju u Xpsarckoj 2009. rogune 6uio je
ckopo 2 myta Behe Hero y EBpornckoj yauju. [lan
exoHomuje y Llpuoj I'opu, koja ce y To Bpujeme
JOIII Hala3mia y cacTaBy CaBe3HE JpKaBe, OMo
je Hemto MamH (Ha HHBOy majga tbemauxe).
Onaname exonomuje y Cpbuju u bocuu u
XeplieroBuHu OUJIO je MHOTO Mame, a y CjeBepHOj
Maxkenonuju BI1J] ckopo na ce Huje cmamuo. Y
HapeaHuM roauHama pact bJII1-a Gmbexuna je
jenuno CrnoBenuja. YcnopaBame pacta b/II1-a
y EBpormckoj ynuju y mepuoxy 2012-2013.
ToMHE UMaJo je 3a nocibenuiyy u nmag b/II-a y
CBUM OMBIIMM jYTOCIOBEHCKHM peIyOiInKama.
MuHIMATHO OMaamke CKOHOMH]E 3a0MIBEKEHO je
noHoBo y CjeBepHOj MakeJOHU]H, @ MAKCHMAJTHO
y Cnosenuju, XpBarckoj u Llpuoj I'opu. Kpuza
je HajayrotpajHMja 6una y XpBaTckoj, a maj je
2014. roqune noxwusjena u CpOuja ca ManuMm
3aKalllbembeM y ofgHocy Ha Hbemauky. Kpuza
2015-2016. roguHe rOTOBO J1a HUjE yTHUIlAIa
Ha Jp)KaBe Ha IMOCTjYrOCIOBEHCKOM IPOCTODY,
amu Beh 2017. roguHe cBe OuBIIE pemyOiuKe,
ocum Cnoennje u Llpue [ope, noxusjene cy
omnagame exkoHomuje. ['enepanHo y 21. Bujeky
MaKCUMallHa HeCcTaOUIHOCT (aMIIUTyIa
¢nykryanuja qunamuke b/111-a) ekoHomuje Oumna
je xapakrepuctuuna 3a Lipnay Topy, CrnoBenujy u
XpBarcky, a MUHUMaJIHa 3a bocHy 1 XepLerosuny,
CjeBepny Makenonnjy u Cpbujy. XpBarcky u
CrnoBenujy, Takohe, KapakTepHuIlly 1 MUHUMAJIHE
CTOIIE pacTa y MOCMaTPaHOM IIEPUOTY.

VY cBjeTiIy OBHX 3aKJbydaKa IOCTaBJba CE
NUTalke Ja JIM Cy OBaKBa KpeTawma y OKBUPY
MPOCTOpA MOCTjyTOCIOBEHCKHX Ap>KaBa aHAIOTHA
KpeTamnuMa 3a0MJbeKEHIM Y IPYTHM PETHOHUMA
(baGypun, 2019a). Ananuza nokasyje aa je y
CrnoBenuju u XpBaTrckoj yAuo MOJbONPUBPEE,
kao (akTopa crabunusanuje, MHUHHMAJaH,
JIOK je yauo TproBuHe u yciyra Bucok (Ci. 4).
Hagsenena cTpykTypa 3a mocJbeIMIly UMa BeoMa

10

The adaptation of new countries’
economies started after the year 2000, which
caused their GDP dynamics to develop
in accordance to mutual European Union
dynamics, nevertheless, degree of their
sensitivity differs significantly. Decline in
Croatian and Slovenian economy in 2009
was almost two times deeper than in the
European Union. Decline in the economy of
Montenegro, which was, at the time, still part
of the federal country, was somewhat smaller
(on the Germany’s level). Decline of economy
in Serbia and Bosnia and Herzegovina was
much lower, and North Macedonia GDP has
barely decreased. In the next few years, the
only country that had shown some sort of
progress was Slovenia. The slowdown of
GDP’s growth in the European Union in the
2012-2013 periods was manifested by real
decline in all former Yugoslav republics. The
minimal decline of the economy has been,
once again, recorded in North Macedonia,
and the maximum in Slovenia, Croatia and
Montenegro. The longest-lasting crisis occurred
in Croatia, and Serbia’s economy also faced
decline, with a short delay after Germany. The
2015-2016 crisis has barely affected the post-
Yugoslav countries, but in 2017, all the former
republics faced the economy decline, except
for Slovenia and Montenegro. In that case,
European Union’s help had a great impact.
Generally, in the 21st century, the maximum
instability (the amplitude of GDP dynamics
fluctuation) of the economy was characteristic
for Montenegro, Slovenia and Croatia, and the
minimal for Bosnia and Herzegovina, North
Macedonia and Serbia. Croatia and Slovenia
are characterized by growth minimum rates in
the observed period.

In the light of these conclusions, the
question arises whether such changes within
the territory of post-Yugoslav countries are
analogous to changes recorded in other regions
(baOGypun, 2019a). The analysis showed that
in Slovenia and Croatia, the agriculture’s
contribution is minimal (the stabilizing sector),
and the contribution of trade and services is
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Cn. 3. Iunamuka b/II1-a 6uBmmx penyonuka Jyrocnasuje y 21. Bujexy

Fig. 3. GDP dynamics of former Yugoslav republics in the 21st century

BHCOKY OCje€TJbMBOCT IpHUBpEJA THX IpKaBa
Ha LMKIyce KOHjyHKType. Bbux mpartu [lpHa
l'opa, unjy npuBpesHy CTPYKTYpY KapaKTEepHIILy
MaKCHMaJIHO yduenrhe ycily)kKHE [jelaTHOCTH,
HajMakbH yIHO MHIYCTPHjE Ol CBHX Jp)KaBa Ha
npoctopy OuBie JyrocnaBuje, Ka0 ¥ BACOKH YO
noJseonpuBpeHor cekropa. [Ipuspena Lipue ['ope
j€ paay TOr CHHXPOHHM30BaHA Cca MPUMOPCKHM
apkaBamMa IMpema IUKIoTpaMy U HheHa
0CJETJBUBOCT MHOIO j€ Mama (JeIHa Ol HAJMAbHX ).
CjeBepHa MakeioHHja, ako ce He pa3Marpa Kpusa
2001-2002. ronune, y nocibeamux 20 roguHa
MMa HajCTaOWIIHU]Yy €KOHOMH]Y Koja ce J00po
cuHxpoHuzyje ca Cpoujom. OHa je jenquHa 3emiba
y KO0jOj je yIHO arpapHOr CEKTOpa MmopacTao u Ha
CBOM j€ MaKCUMyMYy. YO CEKTOpa ycIIyra 0cTaje
HenpoMHjemeH. 300T Tora ce MOXe 3aKJbyUUTH
na crabmiHocT npuBpene CjeBepae Maxkenonuje
MOYHBa Ha HCHO] CTPYKTYPH U OCIIOEEHOCTH Ha
crabunuinyhu cekTop noJbonpuBpee.

high (Fig. 4). As a result, the sensitivity to
business cycles is quite high. They are followed
by Montenegro, with maximum participation
of service sector and minimum of industry
from all the former Yugoslav countries, as
well as a high share of agriculture sector. As
a result, Montenegro is synchronized with
coastal countries according to the cyclogram
and its sensitivity is much smaller (one of the
smallest). The economy of North Macedonia,
excluding the 2001-2002 crisis, has the most
stable economy in the last 20 years, which
synchronizes well with Serbia. It is the only
country in which the share of the agrarian
sector has grown and it is in its own maximum.
The service sector share has not changed.
Therefore, it can be concluded that the stability
of the North Macedonia economy is based
on its structure and reliance on a stabilizing
agricultural sector.
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1990. romuna (rope) u 2016. roguna (1071€)
Fig. 4. The change of the economic structure of post-Yugoslav countries:

1990 (upper) and 2016 (down)
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W3pauynaBame uHaekca cycjeacrna (Tab.
1) mokazano je na CpOuja 3ay3uma LEHTPATHY
MO3UIU]y Y CHCTEMY DPETHOHAIHE EKOHOMH]E,
JIOK ce MpuBpefa XpBaTCKe Haja3u OAMAax Y3
wy. Hajuzonosanuje cy Crnosennja u CjeBepHa
Makenonuja. Moxke ce peTrnoCcTaBUTH, ¢ 003UpoM
Ha BEKTOp yIaJbeHOCTH of je3rpa EBporcke
yHHUje, Ja OBE ABHUje IpKaBe Tpeba na umajy
MUHHMAaJIHU HUBO CHHXPOHM3ALIMjE, a 1a CY UM
pasiiuKe y aMIUIMTYIU OCLMIAI]a MAKCUMAJIHE.
OBa mpernocraBka MoTBpheHa je MpOBeIEHOM
aHAJIM30M.

Ha Taj wauuH MoxemMo jga ypaammo
MHTETPAJHy HO/AjeTy €KOHOMHja HOBUX JprKaBa
Ha peruje npema cibenehuM ocoOMHama: CTeneH
CHHXpOHM3a1Mje, ammutyze ¢pimykryanuja bJI1-a
(OCjeTIbUBOCT), BEIMUMHA €KOHOMH]E, CTPYKTYpa
exoHomuje (Taob. 2).

The neighborhood index (Tab. 1) shows
that Serbia takes the central position in
the regional economy system and that it is
followed by Croatia. Slovenia and North
Macedonia are the most isolated. We can
assume that, given the distance vector from
the European Union’s core, their level of
synchronization should be the lowest, and
differences in the oscillation amplitude are
maximal. This assumption is confirmed by the
performed analysis.

In this way we can do an integral division
of the new states economies into the regions
according to a set of characteristics such as:
degree of synchronization, GDP fluctuation
amplitude (sensitivity), size of economy and
structure of the economy (Tab. 2).

Tab. 1. Unzekc cycjencTna nocTjyrocioBEHCKUX JIpyKaBa
Tab. 1. The neighborhood index of post-Yugoslav countries

Nunexc
Hpxasa / Cycjemn 1. pena / Cycjemu 2. pena / Cycjenn 3. pena / cycjencrsa /
Country Ist order neighbors | 2nd order neighbors | 3rd order neighbours | Neighborhood
index
XCp6HJ al /Sé:rbla. Cnosennja / Slovenia
buX /B&H ppatcka / (roatia C. Makenonwuja / 11
Upna I'opa / N. Macedonia
Montenegro
C. Makenonuja / X ligz(l(a/l]/g?rlgatia Crosennja /
N: Mace?loni aJ Cpbwuja / Serbia pHpHa Topa / Slovenia 10
Montenegro
buX / B&H
C. Makenonwuja /
. . N. Macedonia Cnogennja / Slovenia
Cpouja/ Serbia Xpearcka / Croatia 14
pna T'opa /
Montenegro
C. Makenonwuja /
Cnosenwnja / X / Croati buX / B&H N. Macedonia 9
Slovenia pearcxa fLroatia Cpbuja / Serbia Hpna I'opa /
Montenegro
buX /B&H C. Makenonwuja /
. Cpbuja / Serbia N. Macedonia
Xpearcka / Croatia CJ‘IO]fGHI/JIja / Slovenia Ipna l'opa / 13
Montenegro
C. Makenonwuja / .
Ipna l'opa / buX/B&H . Crnosenuja /
Montenegro Cpobuja / Serbia N. Macedonia . Slovenia 1
Xpsarcka / Croatia
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Ta6. 2. Tunonoruja nMocTjyrociIOBeHCKHX JIp)KaBa MpeMa BEITMUYMHA €KOHOMH)a U CTETICHY HbUXOBE
UHTEerpanyje y Tpxkuinre EBporcke yHuje
Tab. 2. Typology of countries based on the size of their economies and their level of integration to
the European Union market.

~
~ (0] o C 8
88 - = o 9o ] =
2 - 533 . SEZ253 EEc
o m s S & 3 ~ 28228 @ SO =
Efst FEzE 5 = ‘FEEER ztEa
= = = o = o = s
Hp:xasa / 2 3;@2 g .2 55?5 S5 §:$
g = =283 2 G S 28 =3 3 ok
Country 5 £ £ gNg £ 2 & 28 g5 2 =
s O &2 g o 29 28 s 0 o 82 B
gg EOHE < M:Eg:w o ~ O
151 8 < 4 o >0 ¥ Q9 o o& En o
Z = n o g p a8 .5 T + 8
E Sd g SeFEE | =%
Q n = [5) e
[aa) ~ = )
1 2 3 4 5 6
CrnoBenunja /
W 1 3 2 3 8
Slovenia
Cpobwuja /
PoIl 1 1 2 2 5
Serbia
Xpgarcka / Croatia 2 3 2 3 8
buX/
1 1 1 2 4
B&H
Ha I'opa /
Lipra Top 3 3 3 2 8
Montenegro
C. Makenonunja /
W 3 2 1 1 4
N. Macedonia

Moxe ce pehmn na cy mpuMopcke 3emibe
Cnosenuja, Xpparcka u lpuna ['opa HajBume
WHTeTpHCcaHe y eKkoHoMHujy EBpormcke
yuuje. Hajmamwe unTerpucane cy bocha u
Xepuerosuna u CjeBepra Makenonuja. CpOuja,
ca CBOjOM pEJIATHBHO BEIMKOM E€KOHOMU]jOM,
3ay3uMa cpeauiimbu nonoxkaj. OBo oxarosapa
HBEHOj MaKCHMAITHOj TIOBE3aHOCTH Ca OCTAIHNM
OMBIINMM penyOinKaMa U HBEHOM IEHTPATHOM
nojiokajy. 3emJbe Ha camoj mnepudepuju,
CnoBenunja u CjeBepHa MakenoHuja, Hanasze ce
y AWjaMeTpasiHO cynpoTHuM rpynama (Tab. 3).

Hajsehu B/IIl no rmaBu cTaHOBHHKA MMa
Cnosenmnja (34. MjecTo y CBHjETYy), 3aTHM
cnujene Xpmarcka (56), Ilpua Topa (77),
Cpbuja (87), CjeBepna Maxkenonunja (92) u
bocua u Xepuerosuna (95). Kao mro ce Buau
n3 rope HaBeaeHux nomaraka o BJIII-y mo

It can be concluded that the coastal countries
like Slovenia, Croatia and Montenegro are the
most integrated in the European Union economy,
with a large difference in the size of their
economies compared to their distance from the
core of the European Union. The least integrated
are Bosnia and Herzegovina and North Macedonia.
Serbia, with its relatively large economy, takes a
mid position. This corresponds to its maximum
connection with other former Yugoslav republics
and its central position. Peripheral countries like
Slovenia and North Macedonia are found in
diametrically opposite groups (Tab. 3).

Slovenia has the highest GDP per capita
(34th in the world). It is followed by Croatia
(56th), Montenegro (77th), Serbia (87th), North
Macedonia (92nd) and Bosnia and Herzegovina
(95th). As seen in the above-mentioned data
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Tab. 3. Bennuuna exonomuje (BE) u unterpanau nnaexc (MN)
Tab. 3. Economy Size (ES) and Integration index (II)

BE/MU / ES/1 4 5 8
1 buX /B&H Cpbuja / Serbia Crosennja / Slovenia
2 Xpsarcka / Croatia
3 C. Makenonnja / N. Macedonia Lpna ['opa / Montenegro

IJIaBU CTAHOBHHKA, 3€MJbE CE€ pPelajy y UCTOM
penociujeny Kao M 'y HaBeJIeHO] THIOJOTH]U:
bocuna u Xeprerosuna u CjeepHa Makenonuja
HajMame Cy MHTerpucane u umajy Hajmamwu bJ1I1
10 IJIaBM CTaHOBHMKA, a CioBeHuja, XpBaTcKa
u llpna I'opa cy HajBUIlIE HHTErpUCAHE U UMaA]y
Haj0oJbe mapameTpe.

3AKJbYUAK

[IpoBenena awHanus3a TMOTBpAUIA €
XHUIOTE3y O MOBE3aHOCTH JTUHAMHUKE €KOHOMM]E
MOCT]YyrOCIOBEHCKHUX JIpKaBa ca reorpadckum
dbakTopumMa — HBUXOBUM MehycoOHUM
reorpadckuM To0kKajeM (T0JIOXkKa] IEHTap—
nepudepuja), Ka0 U HUXOBUM OJHOCOM IIpeMa
jesrpy EBporicke yHuje.

CtpykTypa €KOHOMHU]E AUPEKTHO YTHYE
Ha weHy ctabunnoct. llto je Behm ynmo
MOJHONIPUBPE/IE U IIITO je Mamke yuelrhe ceKTopa
yciyra, TO jé €KOHOMHja cTa0uIHuja, 1 OOPHYTO.

[Tpumopcke npxase (CrnoBeHuja, XpBaTcka
u llpna Topa) HajBuIIe cy HHTerpucaHe y
exoHomHjy EBponcke ynuje u umajy sehu B/II1
1o TIaBu cTaHoBHUKA. Hajynassennja CjeBepHa
Makenonuja u ,,fyouncka“ bocna u Xepueropuna
HajMame Cy HHTerprucane u umajy Hajmamu bJ{I1
1o raBu craHoBHUKa. CpOuja Kao cpeauimba
Jp’KaBa 3ay3MMa LIEHTPAJHU I0JI0Ka] [0 CBUM
rnapaMmeTpuma.

about the GDP per capita, countries are following
the same order as in the mentioned typology:
Bosnia and Herzegovina and North Macedonia
are the least integrated and have the lowest
GDP per capita, whereas Slovenia, Croatia and
Montenegro are the most integrated and have the
best parameters.

CONCLUSION

The research confirmed the hypothesis on
the connection of former-Yugoslav republics’
economy dynamics with geographic factors:
their mutual geographical position (center—
periphery), as well as with their relation
towards the European Union’s core.

Economy’s structure directly affects its
stability. The greater the agriculture share
and the lower the service sector share is, the
economy is more stable and vice versa.

The coastal countries (Slovenia, Croatia
and Montenegro) are the most integrated into
the European Union’s economy and have
higher GDP per capita. The farthest North
Macedonia and the ,,deep-positioned* Bosnia
and Herzegovina are the least integrated and
have the lowest GDP per capita. Serbia, as a
central country, takes the mid position in all
the parameters.
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IF'EOTI'PA®CKE ITPEJICTABE O BAJIKAHCKOM OJYOCTPBY
HA KAPTHU UCTOKA CBETOI' JEPOHUMA

Mupko I'punh*
"Vuusepsuret y beorpany, I'eorpadceku dakynrer, beorpan, Cpouja

Caxerak: Y oBoM paay aytop je ananuzupao Kapry Mcroka umnju je ayrop Ceru Jeponum (Eusebii Hieronymi), jenan
071 PKBEHMX OTala M HajoOpa3oBaHUjuX Jbynu cBora noda (IV—-V Bek). YV ¢okycy naxkme je bankaHcko momyocTpso,
LpHomopcku pernoH, Mana Asuja u bancku ucrok. Kapra je rmiemarcku HanpTaHa, NPEro3Hajy ce KOHType odana,
OCTpBa ¥ TOyOCTPBa, PEYHHNX TOKOBa. Hema kapTorpadcKy Mpexy, HCTOK je Ha TOPH0j CTpaHU KapTe, IITO je 0coOnHa
CPeAmOBEKOBHIX MOHAIIKKX Kapara. Kapra o0miyje MUTONIOIIKIM OUOIIjCKIM TpeacTaBaMa. V3 MHOIITBA TOITIOHUMA
Ha KapTH ce By Jia je Ceeru JepoHuM uMao Jrocta Joope reorpadcke npecTaBe, alld My je IPUOPHUTET OUo OnbIMjCcKU
KOHTEKCT KapTe, a He reorpadcka nperu3HocT. bruo je mopekioM ca bankaHckor moiyocTpBa, U3 pUMCKE MTPOBHHIIH]jE
Janmarnuje, any cy ra Kao TeoJora u ola IpKBe BHIIE 3aHMMajla MecTa 3a aHTHYKe ¥ OMOJIMjcKe MUTOBE, MECTa Be3aHa
3a myroBatba Cseror IlaBna u ucropujcka mMecTa muperma paHor xpumhanctea. OBaj palx Kpo3 TyMadema TONOHHMA
OTKpHBa CaAp>KMHY U KOHTEKCT KapTe, M Ha Taj HAYMH Jiaje YIYTCTBO 3a YHTABE U pasyMeBambe KapTe. AHAIN3UPAHU CY
TOIIOHUMH KOjH C€ OJHOCE Ha pesbed, 0CTpBa, MOpa, peke, odacTy 1 rpajgose. Tymadermhe TOOHNMA [IPeICTaBIba HayYHH
JOTIPUHOC UCTOPH)CKOj KapTorpaduju u UCTOpHjcKoj reorpaduju baskaHCKOr MOIyoCTpBa M BIMCKOT HCTOKA aHTUYKOT
Jooa.

Kibyune peun: Cetn JepoHuM, ucTopHjcka Kaprorpadwuja, reorpaduja, bankaHcko moimyocTpBo, TOIIOHOMAcTHKa,
MOHAIIIKE KapTe.
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YBO/

Csetru Jeponum Crpugoncku (Eusebii
Hieronymi, 341-420), 6uo je jeman ox oraia
LPKBE U jelaH oJ HajoOpa3oBaHUjUX JbYAH
cBora s100a. [IpoyuaBao je xpunrhancke cruce y
Pumy, myroBao y CBeTy 3eMJby, TUCA0 TEOJOLIKE
pacnupase u npeBeo bubanjy ca xedpejckor u
TPYKOT Ha JTATUHCKH je3UK. Y cB0joj Onorpaduju
3anucao je na je pohen y CTpunony, rpauy y
MOTPAHUYHOM TOJAPYYjy PUMCKE NPOBUHIIH]E
Hanmanuje npema [lanonuju (1ar. ,,confinium®).
I'ne ce TayHO HaNMa3MoO HETOB POAHM Tpaj J0
JaHac Huje ca curypHoiuhy yrBpheno. [Itonemej
y CBOj0j ,,l eorpaduju‘ cpenuuom |l Bexa momume
Cunpony, 3a K0jy ce MpEeTHoCTaBsba Ja je UCTO
mto u Crpunon (Grci¢, 2018). Hexu panuju
ayTOpH Cy yOMIMpau Taj rpaj KOJ JaHAIlbe
Crpmune (Buli¢, 1920; Jeli¢, 1898a, 1898b). ma
npernocraBku jaa je Salvia manamme [paxoBo,
a nma je Sidrona ganamma CTpMuIa U 2 je TO
3anpaBo Stridon (umu Stridona), poaHo Mecto
Caeror Jeponuma (Buli¢, 1920). Ha I'paxoBckoj
mianuan u3Mely Crpmune u I'paxoBa, Halen
je Harnuc u3 283—284. ronuHe, O 0O3HAYABALY
rpanuie usmely Salvia[t]ae u S[tr]ido[n]e[n]
ses (Corpus Inscriptionum Latinarum III., 9860).
Harnwc je o6jaBiben y bunteny Jlanmanuje (Bull.
Dalm., V., 136). Jeli¢ (1898a, 1898b) cmarpa na je
Sidrona, uiu 6osbe peueHo Xidrona, kako Oenexu
ucnpassbeHn Ypouncku texct (Urbanis 82), ucro
mro u Stridona, 3a kojy ce 3Ha camo ja je omina
Ha HeKaJalwoj rpanuiy u3mehy Jlanmanuje u
[TanoHMje, WK Kako je caM JepoHUM 3aIncao
,Oppido Stridonis quod Dalmatiae quondam
Pannoniaeque confinium fuit* (Viri illustres
135). Ha ocHOBy KoopauWHaTa Koje je HaBeo
[Mronemej 3a Xidronu (43°30°, 44°10°), Jenuh
3aKJby4yje Jla C€ TO MECTO HaJIa3UJIO 3araHO Off
I'pabekor Pacrena xon Crpmune. ,,CB. Jeponum
je cebe cmarpao reHeTHYKUM JlaMaTuHIIEM, Te
je Stridona nexana Ha 1aIMaTHHCKOj TPaHUIIH,
cipam Salviae xoja je npunanana [lanoHuuma,
onHocHo Ttuiemeny Jlumuona (Ditiones).
Hagenene peun cB. JepoHuma ogHOCE ce JaKie
Ha HeKajaulmby eTHorpadcky rpanuiy meby
JNanmaruma u [Tanonuma“ (Jeli¢, 1898a, 1898b).

20

INTRODUCTION

St. Jerome of Stridon (Eusebii Hieronymi,
341-420) was one of the founding fathers
of the Christian church and among the best
educated people of his time. He studies
Christian documents in Rome, traveled to the
Holy Land, wrote theological debates and
translated the Bible from Hebrew and Greek
into Latin. He wrote, in his biography, that the
place of his birth was Stridon, a town in the
Roman province of Dalmatia bordering with
Pannonia (lat ,,confinium®). The exact location
of his hometown remains uncertain up to now.
It was Ptolomeus who mentioned Sidrona in
his ,,Geography* in mid 2nd century which is
assumed to be the same as Stridon (Gr¢ic, 2018).
Some earlier authors located the town near
modern day Strmica (Buli¢, 1920; Jeli¢, 1898a,
1898Db). There are hypotheses that Salvia is the
modern day Grahovo and that Sidrona is the
modern day Strmica, which actually represents
Stridon (or Stridona), the birthplace of St. Jerome
(Buli¢, 1920). An inscription about the borderline
between Salvia[t]ae and S[tr]ido[n]e[n]ses
from 283—284 was discovered on the Grahovo
mountains between Strmica and Grahovo
(Corpus Inscriptionum Latinarum III., 9860).
The inscription was published in Dalmatian
Bulletin (Bull. Dalm., V., 136). Jeli¢ (1898a,
1898b) believed that Sidrona, or better to say
Xidrona as was corrected by Urbanis (Urbanis
82), was the same as Stridona for which we know
was once a bordering town between Dalmatia
and Pannonia; Jerome himself wrote down that
,Oppido Stridonis quod Dalmatiae quondam
Pannoniaeque confinium fuit“ (Viri illustres
135). Based on the Xidrona coordinates provided
by Ptolomeus (43°30°, 44°10°), Jeli¢ inferred that
it was located west from Grabski Rastel near
Strmica. ,,St. Jerome thought of himself as having
been a genetic Dalmatian so Stridona must have
been positioned on the Dalmatian border across
Salviae which belonged to Pannonia, i.e. the tribe
of Ditiones. These words by St. Jerome refer
to an earlier ethnographic borderline between
Dalmatia and Pannonia“ (Jeli¢, 1898a, 1898b).
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Kapra cBera koja ce npumnucyje JepoHUMyY
bnakeHOM HalpTaHa je Kao MPHJIOT HEroBOM
crucy ,,Kmura jeBpejckux nurama o [locramy*
(Liber Quaestionum hebraicarum in Genesim),
KOju je cauyBaH y mpenucy u3 1150. rogune
U 4yyBa ce Yy AMOCTOJICKO] Oubnuorenu y
Barukany (Eusebii Hieronymi, 1865). V¥V
Bputanckom My3ejy dyBa ce Mpenuc Te KapTe,
Koja je n3paleHa Ha OCHOBY KapaTa ,,011a IIPKBEHE
uctopuje CB. enuckona Ey3edmna Kecapujckor
(270—338). Kapry je OTKpro HEMa4K{ UCTOpHYAp
Konpax Munep u nmybnukoBao y Tpehem Tomy
»Mappaemundi. Die altesten Weltkarten* y
HItytrapry (Miller, 1895) (Ca. 1 u Ca. 2).

Kapra Cseror JepoHuma, Kao U KacHHU]e
CpeIHbOBEKOBHE MOHAIIIKE KapTe, OMIIa je YBEIUKO
koHTekcTyanHa (Woodward, 1987). Ilpema
TOME, HHj€ JOBOJHHO CaMO YHUTATH TEKCT KapTe
Kao TeorpadCcKky peasHOCT, HEro HCTPaKUTH
u weH koHtekeT (Harley, 1990; Vuolteenah &
Berg, 2009). KontekctyamHocT kaprorpaduje
YOIIITE MOXE CE€ CXBAaTUTH Yy J[Ba CMHUCJA: Y
IIUPEM CMHUCIY, Y KOjeM KOHTEKCT O3HauaBa
CoOyuUo-KyImypHe ycioge KUBOTa U pajaa, Tj.
reorpa)cKy peasHoOCT, U Y Y>)KeM CMHCIY, T7e
KOHTEKCT 03Ha4aBa uiocopcky payuoHaiHocm.
N360p TormoHMMA OTKpUBA Cy0jeKTHBHE MOTHBE
u Hameny kapte (Vuolteenaho & Ainiala, 2010).
Y 0BOM ciTy4ajy, TOIOHUMH OTKPHBAjy T€OJIOIIKH
KOHTEKCT KapTe. JepOHMMOBa KapTa MpecTaBba
MIPOJEKIIN]Y jY/I€]CKO-XEIEHCKO-PUMCKE HCTOPH]e
y mpoctopy. OHa je ,,aCHHXpOHA", IITO 3HAYU Ja
MpHKa3yje MecTa U 00JacTH KOjH Cy 10 HeueMy
OuiM 3HAYajHU HE CaMO y JeTHOM BPEMEHCKOM
IpeceKy, Hero y pa3Ju4YuTHM ernoxama,
KyMYJIaTUBHO.

Hasu nHa xaptu Mesia hec a Uulgaria
(,,Me3nja koja je y Byrapckoj*) nzazusa cymme
y BE3H ca JaTOBamkEM KapTe. JEpOHHM je MOTrao
3HaTH 3a PUMCKY NPOBHHIM]Y Mesujy, anu
He U 3a byrapcky, jep cy mpeMa HCTOPH)jCKUM
u3zBopuma byrapu nomumu y Mesujy 678. ronune
u npumMuin xpunrhancetso 864. ronune. To 3HauM
1a je nopatak ,,u byrapcka“ mommcan HEKOIHMKO
BekoBa rnocie Jeponuma. CBU OCTaJIM TOOHUMHU
Cy U3 aHTHYKE UCTOPHjE M MUTOJIOTHjE WU U3
ommrexpumhaHcke HOMEHKIJIAType Be3aHe 3a

The world map claimed to have been
designed by St. Jerome was an appendix to his
document ,,The Book of Jewish questions on
Genesis“ (Liber Quaestionum hebraicarum in
Genesim) which is a transcript from 1150 and
is kept at the Vatican Apostolic Library (Eusebii
Hieronymi, 1865). The British Museum keeps
a copy of the map designed on the basis of
the maps by ,,the father of church history* St.
Bishop Eusebius of Caesarea (270—338). The
map was discovered by Konrad Miller, a German
historian, who published it in the third volume
of ,,Mappaemundi. Die altesten Weltkarten* in
Stuttgart (Miller, 1895) (Fig. 1 and Fig. 2).

Map of St. Jerome, as well as later medieval
monastic cartography was largely contextual
(Woodward, 1987). Therefore, it is not enough
simply to read the map text p as a geographic
presentation, but to research its context.
Contextuality of cartography in general can
be understood in two ways: in a wider sense,
in which context means the socio-cultural
conditions of life and work, i.e. geographical
reality, and in the narrow sense, where the
context means philosophical rationality.
Choices of toponyms reveal a subjective motive
and map purpose (Vuolteenaho & Ainiai, 2010).
In this case, toponyms reveal the theological
context of the map. The St. Jerome map is a
projection of Jewish—Hellenic—Roman history
within space. The map is ,,asynchronous*
which means that it displays places and regions
which were distinguishable in different epochs
cumulatively.

A map notice reading Mesia hec a Uulgaria
(,,Mesia which is in Bulgaria®) raises doubts
about the map date. Jerome may have known
about the Roman province of Mesia but he
could not have had notion about Bulgaria.
According to historical sources, it was in 678
that the Bulgarians came to Mesia and adopted
Christianity in 864. This can only mean that
the ‘and Bulgaria’ notice was added several
centuries after Jerome. All other toponyms
come either from ancient mythology and
history or from general Christian nomenclature
in line with apostolic works, foundation of first
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Cn. 1. Kapra Hctoka u3 kmure CB. Jeponuma, npenuc oko 1150. 1. H. e. (TpaHCKpHMIIHMja LPBEHUM
cinoBuMa M. I'puuh). (Miller, Mappemundi Ill. Iumensuje: 35.6 x 22.9 cm). (npemnuc y: British
Library, London)

Fig. 1. Map of the East from the book of St. Jerome, transcription around 1150 A.D. (red letters
transcription M. Gr¢i¢). (Miller, Mappemundi III. Dimensions: 35.6 x 22.9 c¢cm). (Transcription in:
British Library, London)
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Cn. 2. Jleo xapre cBeta Jeponuma brnaxenor (ucedak ca Ci. 3), Ha kojeM ce BUau bankaHcko
HOJTYOCTpPBO, Y nipenucy u3 1150 rogune (TpaHcKpunuja pBeHUM ciaoBuma: M. I'puuh)
Fig. 2. Fragment of the world map by St. Jerome (fragment of Fig. 1) showing the Balkan
Peninsula, transcription in 1150 A.D. (red letters transcription M. Gr¢i¢)

Jlena amocTosicka, OCHHUBaWEe MPBUX LIPKaBa U
CTpajama 3a Bepy. MHdopmaiyja o buMa noTude
HajBepoBaTHUje u3 IX kmwure ,,ETumonorumja‘
HUcunopa CeBUIBCKOT, KOJU HX j€ ILPIHO U3
JeponumoBor ,,Maptuposnoruja“ u u3 ,,Kmure
nuTama‘’.

[NPEACTABE O PEJbBE®Y

Pemmed u koHType Bankanckor momyoctpsa
O3Ha4YeHU cy memarcku. [ImannHe cy omabpane
MpeMa MUTOJIOIIKOM 3Ha4dery. CIiuaH KOHTEKCT
MOXeMo HahW y pasnmuYuTUM THUIOBUMA
CPEIOBEKOBHUX MAaHACTHPCKUX Kapara CBeTa
(mappaemundi), o kojuma je mucao decrombec
(Destombes, 1964).

Olimp[us] — Onuwmm, HajBUIIA MJIAHWHA Y
I'puxoj (2,917 m. 1. B.). CaM0 nMe 3HauH ,,CBETIIA
IUTaHUHA®, @ y TPYKOj MUTOJIOTHUJH TO j€ MJIaHHUHA
O0oroBa, JIOM JBaHAeCT HajBAXHUJUX OOroma
IPYKOT TTAHTEOHA.

Pindus — muranuna IMusg (2,637 M. H. B.),
m3mely Enupa u Tecanuje, pasBohe usmehy
€rejCKOT U JOHCKOT clMBa. MUTOJIOMIKY Ha HO]
je OopaBumTe ATOJIOHAa W My3a, 3alITUTHUIIA
YMETHOCTH | MTOCEOHO TMoe3uje, ma je 300r Tora

churches and religious martyrdom. Information
about the toponyms probably originated from
the 9th book of ,,Etymology” by Isidore
of Seville, who drew them from Jerome’s
,»Martyrology* and ,,Book of Questions®.

PERCEPTION OF RELIEF

The relief and contours of the Balkan
Peninsula were marked schematically. The
mountains were selected in line with their
mythological meanings. We may encounter a
similar context in different types of medieval
monastery world maps (mappaemundi) mentioned
by Destombes (Destombes, 1964).

Olimp[us] — the Olympus, the highest
mountain in Greece (2,917 m altitude). The name
itself means “light mountain” and the Greek
mythology treats it as a mountain of gods, the
home of twelve most relevant gods of the Greek
pantheon.

Pindus — the Pindus mountain range (2,637
m altitude) located between Epirus and Thessaly
is a parting between the Aegean and lonian
watersheds. It is a mythological dwelling of Apollo
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oma cuMOO0JT TECHUYIKE YMETHOCTH.

Peli[us] (Pelion) — nnanuna [lennon (1,651
M. H. B.), Ha jyry Tecanuje, 6auzy Onumma.
Ho6una ume no Ilenejy, MUTCKOM wLapy, OIy
Axwuna. Ilo nereHnu, oBa MJIaHWHA j€ JOM
KeHTaypa XHUpOHa, yYHTe/ba MHOTHX TPUKHX
xepoja.

Ossa — Oca (apyru HasuB je Kissavos —
KHUIIIHA [UTaHUHA) y peruony Jlapuce, y Tecanuju,
u3Mehy mnanuna [lennon Ha jyry m Onumn Ha
CeBepy, O KOojer je OJBOjeHa OJIMHOM peKe
[Munnoc. Hajsumm Bpx je [Ipopok Unmja (1,978
M. H. B.). Y MUTONOrUjH, anuHy Oca noauria
Cy JlBa KEHTaypa KOjU Cy MMalH HaAJbYACKY
CHary My kKeJbH Ja ce monHy Ha Onumi, 1a 6u
ce OKCHWJIM APTeMUIOM U XepoM, HaBAIUIIH Cy
HEKOJIMKO IJIaHWHA jeIHy Ha JPYTY, TaKko Jia ce
rtanuHa [lennon Hanwia Ha anuau Oca.

Athos — ATtoc, HajUCTOYHHjEe OXI TpHU
noiyocTpBa Ha BeheM momyocTpBy XanKuauk,
y Erejckoj Makenonuju. Ha memy ce Hanasu
Cgera I'opa, jenan o meHTapa MaHACTUPCKOT
KHUBOTa y ipaBociasiby. [ Inanuna (2,033 M. H. B.)
je mocsehena kao BpT Majke boxje y xoju Huje
JI03BOJBEH MPHUCTYII APYTHM KEHaMa.

Acro cerau[nii] — KepayHcke mninaHuHe
(Céraunii Montes) y Enupy, ca AkpokepayHCKUM
noixyoctpBoM (Acroceraunia pr.). Ilnunuje
Crapuju nmomume Acroceraunio Epiri finitus
promontorio (I11, 97); montes Acroceraunia (11,
145); promontorium Acroceraunium (11, 150);
sinus Acrocerauniis (1V, 1); Epiros in universum
appellata a Cerauniis incipit montibus (1V, 2);
in Epiri ora castellum in crocerauniis Chimera
(1V, 4); Acrocerauniis (IV, 52); OBaj nokamuter
no Ilnuuujy CrapujeMm npumnaza MpOBUHLIHjH
Makenonnju. Ilojam Ceraunii montes kox
Crpabona u IlTonemeja ogHOCH ce Ha obOancke
mnanuHe JoHckor Mopa y 3anelhy Bamowne.
[Moctojano je u mueme Kepaynu (Cerauni)
y IUIAaHUHCKOM MOApy4Yjy u3Mel)y ropmux
tokoBa Jlpune, Tape u Heperse, y npoBUHIUjH
Hanmanuju, 31aun u 'y Unupuky (Cass. Dio L, 9,
2,12, 2; Pomp. Mela, II, 48; Romer, 1998).

and Muses, the patrons of art and poetry, which is
why the mountain was a symbol of poetry art.

Pelifus] (Pelion) — the Pelion mountain
(1,651 m altitude) located in south Thessaly near
the Olympus, was named after mythological
emperor Peleus, the father of Achilles. According
to the legend, the mountain was a home of centaur
Chiron, the teacher of many Greek heroes.

Ossa — the Ossa (or Kissavos — the rainy
mountain) located in Larissa, Thessaly, between
mountains of Pelion in south and Olympus in
north from which it is separated by the Pionis
River valley. The highest peak is the Iliah Prophet
(1,978 m altitude). According to mythology, the
Ossa Mountain was erected by two superhuman
centaurs who attempted to climb the Olympus in
order to wed Arthemis and Hera. They pressed
several mountains against each other so the Pelion
Mountain leans against the Ossa Mountain.

Athos — the most eastern of the three
peninsulas on Halkidiki, Aegean Macedonia. The
Athos, one of the centers of Orthodox monasteries
is located there. The mountain (2,033 m altitude)
is a sacred garden of Holy Mother and no woman
is allowed to enter.

Acro cerau[nii] — the Ceraunian Mountains
(Céraunii Montes) in Epirus, with Acroceraunia
peninsula (Acroceraunia pr.). Pliny the Elder
mentioned Acroceraunio Epiri finitus promontorio
(ITI, 97); montes Acroceraunia (III, 145);
promontorium Acroceraunium (III, 150); sinus
Acrocerauniis (IV, 1); Epiros in universum
appellata a Cerauniis incipit montibus (IV, 2);
in Epiri ora castellum in crocerauniis Chimera
(IV, 4); Acrocerauniis (IV, 52); According to
Pliny the Elder, the site belonged to the province
of Macedonia. The term Ceraunii montes was
used by both Strabon and Ptolomeus to refer to
shore mountains of the Ionian Sea behind Valona.
There was also a tribe of Cerauni in the highland
between upper streams of the Drina, Tara and
Neretva rivers in the province of Dalmatia, i.e.
Iliricua (Cass. Dio L, 9, 2, 12, 2; Pomp. Mela, II,
48; Romer, 1998).
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OCTPBA

Tenedos — Tenexm, caga TYpCKO OCTPBO
bospaga y Tpakujckom mopy, mopex Tpoje.
Mma crpaTemku BakaH IMOJIOXKaA] OMU3y ynasa
y Hapnanene. Kox Tenena je 86. r. m. H. e.
6una nmomopcka 6utka usmely ¢unora Puma u
6ocgopckor mapcrBa Mutpunara EsnaTtopa
(ITontckor).

Egea — Aegaes, nanammu Arujacoc Ha
octpBy Jlecboc (Murtunena). Amocron IlaBne
je 56 r. H. e. Ty OOpaBMO Ha TOBpPATKy ca
HErOBOT Tpeher MEUCHOHApCKOT ImyToBama (/lena
aroctosncka, 20:14). Oxo 80 km ceBepo3zanaaHo
je octpBo Ajoc Edcrtpatuoc (rp. agios —
CBETH), Ha KOjJeM je >KMBeO HcrocHUYkH CBeTu
EBcrparuje. Erejcko mMope je mo0uino umme 1o
Erejy, craporpukoM Kpaby ATHHE.

Samotracia — Camotrpaku (,,TpaKujCKu
Camoc*), rpuko ocTpBO y ceBepHOM ety Erejckor
Mmopa. [To Xomeposoj Wnujanu, ca miaHUHCKOT
BpXa Ha ToM ocTpBy (rpuy. @enrapuja — Mecer,
1,611 m. 1. B.), 60r Mopa [TocejnoH je mocmarpao
outky 3a Tpojy. Y MUTy 0 AproHayTumMa oMU
ce CaMoTpaku Ha BHUXOBOM IyTy mpema L{pHom
Mopy u KaBka3sy y notpasu 3a ,,31aTHUM pyHOM®".
[Tocerno ra je anoctoun [1aBne Ha CBOM IpyroM u
Tpehem myToBamy.

Corcira — Kp¢, rpuko octpBo y JoHCKOM
Mopy. Ilpema nerennu ocTpBo je 10OUIO MMe
no Hum¢pu Kopkupu, xhepku peunor Oora
Acoma, kojy je oreo 6or mopa Ilocejaon. [Ipema
XomepoBoM emny, Oxaucej je Ha OBOM OCTPBY
HaWIIa0 Ha TOCTONPUMCTBO Kpajba AJIKUHOCA U
mwerose khepke Hadcuxke.

MOPA 1 PEKE

Mopa y cacraBy Cpeno3eMHOr Mopa Cy
O3HaYeHa kKao ,Issicum®, ,,Pamphilicum®,
,lonicum* (Miller, 1895, Tom. 3). LipHo Mope
03HAYEHO je Kao ,,Pontus®.

Danubius ut Hister fl. — Uctpoc, Tpauku
Ha3uB 3a peky JlyHaB. Cpelnmu M ropmHU TOK
HyHnaBa, y3BogHo ox ymha Tumoka, Ha3uBao
ce lanyOuyc, a 10mH Aeo Toka peke — Hctpoc.
Uctpoc je cun turtana OxeaHyca U OOTHEE

ISLANDS

Tenedos — Tened, modern day Bozjada
island in the Thracian Sea, near Troy. It is
a strategically pertinent position near the
entrance to Dardanelli. In 86 B.C., there was
a sea battle of Tenedos between the Roman
fleets and the Bosphor Empire of Mithridates
Eupator.

Egea — Aegaes, modern day Agiasos in the
island of Lesbos (Mitilena). Paul the Apostle
visited it on his way back from the third
missionary journey in 56 B.C. (Acts of the
Apostoles, 20:14). Around 80 km north-west,
there is the island of Agios Efstratios (Greek
agios — saint) where St. Efstratios lived his
ascetic life. The Aegean Sea was named after
Aegeus, the old king of Athens.

Samotracia — Samotracia (,,Samos of
Tracia®), a Greek island in north Aegean Sea.
According to Homer’s Iliad, Poseidon, the
god of sea, watched the battle of Troy from a
mountain top on this island (Greek Fengaria
— Moon, 1,611 m altitudes). The myth of
Argonauts mentioned Samotracia on their
journey towards the Black Sea and Caucasus in
the search of ,,Golden Fleece®. Paul the Apostle
visited it on his second and third journeys.

Corcira — Corfu, a Greek island in the
Ionian Sea. The legend says that it was named
after nymph Korkira, daughter of the river
god Asop, who was kidnapped by Poseidon,
the god of sea. Homer’s epic poem states that
Odyssey was welcomed on the island by king
Alkinos and his daughter Nafsika.

SEAS AND RIVERS

Seas which were parts of the Mediterranean
were marked as ,Issicum®, ,Pamphilicum®,
,Jlonicum* (Miller, 1895, Vol. 3). The Black Sea
was marked as ,,Pontus‘".

Danubius ut Hister fl. — Istros, a Thracean
name for the Danube River. Middle and upper
Danube stream, upper from the Timok delta, was
named Danubius and the lower stream was named

Istros. Istros was son of titan Oceanus and goddess
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Terune (Tetuc). On je bor u nepconudukamnmja
pexe Hcrep. Hazus JlanyOuyc Takole je u3BeneH
U3 CJI0KEHE MUTOJIOTH]E.

Alanf[us] fl. — Anancka peka, nputoka L{paor
Mopa uctouHo o7 yirha Jlynasa. Hajseha anancka
peka 6una je Tyras (dmectap). Ucrounuje je
o3HaveHa peka Tanais (o).

OBJIACTHU

Thracia p[roJuincia — Tpakuja npoBuHIIH]a,
nnu caBpemena Mcrouna Tpakuja, oOyxBarana je
MOJIyOCTPBCKH MPOCTOP OKPYX)eH MpaMOpHUM
MopeMm u bochopom, Erejckum mopem u Lipaim
Mopem. JlmoknenujanoBom pedopmom 314.
TOJIMHE YjenumeHe cy nposunuyje loma Mesuja
u Tpakuja y jenny aujeuesy (,,Dioecesis Thracia“),
ca maBHuMm rpagom Philippopolis (nanammu
[TnoBmuB). Jlujeriesa je moaesbeHa Ha MECT MambUX
MPOBHHIIMja O KOjUX je mpoBHHLHMja Europa
(EBpomna) ogrosapana nmpuMopckoj Tpakuju uiau
puOIMKHO TaHaImboj] EBporickoj Typcekoj. Bben
miaBHH rpaj 6uo je Perinthus (Ilepunt), kacHuje
no3Hat kao Xepakneja (Heraclea), manamma
Mapmapa Epejnu (typ. Marmara Ereglisi),
Ha obanu MpamopHor mopa. Toj mpoBHUHIMjH
npunagany cy u rpagosu CenuMOpHja (JaHaIImbH
Silivri), Pomocto (camammu Tekirdag) u
Gallipolis (nanammsu I'enmnbony) Ha MpamopHoM
Mopy, Salmydessus (manammu Jlo3eHrpan win
Kupxknapenu) na Llpaom mopy u Enos (nanammsmu
Enec) na o6anu Erejckor mopa.

Mesia hec a Uulgaria — Mesuja koja je y
Byrapckoj. Ilocne mpuxBarama XpuurhancTsa
Byrapa u Cp6a y IX Beky, baskancko momyoctpBo
MPUBJIAYM HHTEPEC EBPOIICKE MAaHACTHUPCKe
Kaprorpaduje. YMecto puMcKkux HazuBa [opme
u Jlome Me3suje, Ha kapTama ce 1ojassbyjy Cpouja
u byrapcka. IlojaBspyje ce Ha3uB I'puka, kojum
KaTOJIMUKHU ayTOPHU MOYNEbY 03Ha4aBaTu McTouny
pumcky umrepujy. Cee To ce pedrexkroBano Ha
MaHACTHPCKY KapTorpadujy, Tako aa 3amagHH
MOHAacH y CBOjUM KapTorpa)cKuM pajoBHMa
TOJIEpHIITY Kao OankaHcKy peaaHocT KpameBuny
VYrapcky, yBone ['puky kao 3ameny 3a Buzantujy,
a uctnuy u byrapcky, 3aTo mTo cy 3HajiH, Ja je
Ceetu kHe3 bopuc I Muxaun 6uo 3akbydno
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Tetis. Istros was a god and a personification of the
Ister River. The name Danubius also originated
from mythology.

Alan[us] fl. — the Alanus River flows into
the Black Sea, east from the Danube delta. The
longest river of Alanus is Tyras (the Dnjestar
River). East from it is the Tanais (the Don River).

REGIONS

Thracia p[roJuincia — The province
of Thracia, or the modern day east Trakia,
covered the peninsula surrounded by the Sea of
Marmara, the Bosporus, the Aegean Sea and the
Black Sea. The 314 Diocletian’s reform merged
the provinces of Lower Mesia and Thracia into
Dioecesis Thracia with Philippopolis (modern
day Plovdiv) as its capital. The dioecesis was
divided into six minor provinces in which
the province of Europa matched Thracia or
approximately modern day European Turkey.
The capital was Perinthus later known as
Heraclea, modern day Marmara Ereglisi at the
shore of the Sea of Marmara. The province
included cities of Selimbria (modern day
Silivri), Rodosto (modern day Tekirdag) and
Gallipolis (modern day Gelibolu) at the shore
of the Sea of Marmara; Salmydessus (modern
day Kirklareli) at the shore of the Black Sea;
and Enos (modern day Enes) at the shore of
the Aegean Sea.

Mesia hec a Uulgaria — Mesia in
Bulgaria. Once the Bulgarians and Serbs
adopted Christianity in 9th century, the
Balkan Peninsula became a focus of European
monastery cartography. Instead of Roman
names for Upper and Lower Mesia, the maps
read Serbia and Bulgaria. The term Greece
also appeared and the Catholic authors started
to use it for the East Roman Empire. It all
affected the monastery cartography so that
the western monks in their works tolerated
the Kingdom of Hungary as a Balkan reality;
they used Greece instead of Byzantium and
Bulgaria was in the limelight as they knew that
St. Duke Boris Mihail I united with the Roman
curia (Opaues, 2005). Nevertheless, the old
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yHujy ¢ Pumckom kypujom (Opaues, 2005).
MebhyTtum, jour ayro cy KomupaHe cTape KapTe
u3 nepuoaa npe cpenune IX Beka, koje HeMajy
yuprana umeHa byrapcke u CpOuje, a umajy
Ha npumep, Makenonuje u Tpakuje. Taksa je u
Bbearycosa kapra. Kapra CB. Jeponnma je ctapuja
ox byrapcke, mTo yka3syje 1a je oBaj Ha3uB A0/aT
y KacHHjeM MPETHCY.

Pigmei cu[m] gruib[us] pugnant — ITurmeju
Koju ce Oope ca xapanoBuma. OBaj HaTMHC je
MO3ULIMOHUPAH Ha MPOCTOpY AaHamme Jloopyue
n ymha /lyHaBa, Koju Cy mpumaaaid pUMCKO]
npoBuHIMjU Scythia minor (Mana Ckuthja),
Hace/beHO] OpOjHUM MajuM IUIeMeHuMa. Y
Xomeposoj Unujanu (3, 6) U qpyruM aHTUYKUM
nerennama Pygmaios (ITurmeju) cy Heka MUTCKa
paca maryJbacTUX JbYIU HErne Ha Kpajy CBeTa,
MaJIuX MOIYT IIaKe, KOju Cy TaKo cjaaldu J1a CBake
JeCeHH patyjy ca *KIpaJoBUMa KOjH UX TPOXKIHPY.
[Tomumy ce u y Muty o Xepakiy, KOjH je JIaKo
no0eo BUXOBE YeTHPH apMuje, MOTpHao ux y
JaBJbY KOXKY U TokJoHno Eypucrejy, cinabom u
IUIanuUbUBOM Kpasey Tebe. CBUQT je OBy JiereH Ty
KOPHCTHO 32 CBOj ITyTOIUCHU pOMaH ,,I yIrBepoBa
nyToBama“. Ha3us ce 1aHac oqHOCH Ha IJIEMEHa
HUCKOT pacta y ExBaropujannoj Adpunu.

Scite — Ckuty, Ha3UB ymHCaH JBa MyTa y
sanely Lpuor mopa (Pontus). Ckutu cy Omnm
rpyna Hapoja M IJieMeHa MPAHCKOT TOpeKIa,
KOJU Cy HaceJbaBalld BEJIMKE MpocTope y 3anehy
ceepHe obane Llpuor mopa (Pontus), mo Jlynasa.
[Toctojana je ,,Benuka Ckurtuja*“ Ha mpocropy
uszmely Jlynasa u JloHa, K0jy je IOMHEA0 TPUKH
ucropuuap Xeponot oxo 440 r. 1. H. €., u ,,Mana
Ckutnja“ Ha Teputopuju AaHamme JloOpyue.
Capmaru cy OMJIM HapoJ CKMTCKOT TOpeKia y
3anagom neny Ckuruje.

Alani — Ananu, Tpymna HOMaJICKUX CKUTCKO-
CapMaTCKUX IuleMeHa, cponHa Pokcomanuma. ¥V
I Bexy mpe HOBE epe HACEIWIH Cy Ce MCTOYHO
on JlyHaBa, y maHalmoj YKpajuHu. 3anagHo Of
Ckura 1 Anana, OKO W3BOpHILTA AJIAHCKE peKe
(dmecrap), 3adenexenu cy Goti qu et Gete (Totu
u ['etn) u Barbaries (Bapsapm).

Illiricus — Wnupukym, obnact HacesbeHa
WNnupuma y nnanuHckoM noapyyjy unapuna,
Ha 3ananHoM bankany. Unupuk je Ouo pumcka

maps dating earlier than mid-9th century were
still used but they had no marks of Bulgaria
and Serbia and had names for Macedonia and
Thracia. One such map is the map of Beatus.

Pigmei cu[m] gruib[us] pugnant -
Pygmies who fight cranes. This inscription
designates the location of modern day Dobruja
and the Danube delta, which used to belong to
the Roman province of Scythia minor (Small
Scitia) populated by many pygmy peoples.
Homer’s Iliad (3, 6) and other ancient legends
claimed that Pygmaios were some sort of a
mythical dwarf-like fist-sized race living at
the end of the world, who were so weak that
each autumn they fought cranes that devoured
them. They were also mentioned in the Myth of
Heracles who easily defeated their four armies,
packed them in a lion skin and gifted them to
Euristeus, the weak and fearful king of Teba.
Swift used this legend for his picturesque
novel Guliver’s journeys. Nowadays, the name
is used to refer to the dwarf-sized tribes in
Equatorial Africa.

Scite — Scites, the name mentioned twice
on the map in the Black Sea area (Pontus).
The Scites were a group of peoples and tribes
of Iranian origin who populated large regions
behind the northern shores of the Black Sea
(Pontus) all the way to the Danube River. There
was a ,,Large Scitia® covering the area between
the Danube and Don Rivers, mentioned by
Herodot, the Greek historian in around 440
B.C. and a ,,Small Scitia“ at the territory of
modern day Dobruja. The Sarmatians were a
people of Scite origin in west part of Scitia.

Alani — a group of nomadic Scite-
Sarmatian tribes close to Roxolans. In the
Ist century B.C. they inhabited the area east
from the Danube in modern day Ukraine. West
from the Scites and Alans, near the well of the
Alana river (the Dnjestar River) there was a
mention of Goti qu et Gete (Goths and Geths)
and Barbaries (Barbarians).

[liricus — Iliricum, the area populated by
Ilirians in the mountain region of the Dinarides
in the west Balkans. Iliricum was a Roman
province which was divided into two new
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MPOBHUHIMja KOja jé HAKOH ClIoOMa HJIMPCKOT
ycranka (6—9 1. H. e.) moae/beHa Ha JBE
npournuje — lllyricum Inferius (Ilanonuja) u
Illyricum Superius ([anmamuja).

Panonia — I[lanoHuja, puMcKa NMPOBUHIIM]jA
y cpenmeM IlogyHaBiby, Koja ce rpaHUYMIIa Ha
3anaay ca Hopukowm, Ha jyry ca JlanmanujoM u
T'opwom Me3ujom.

Dalmatia — /lanmanuja, OuBIIa puUMcCKa
MIPOBHHIIMjA y CPEABEM JapaHCKOM MPUMOP]Y,
Ha3BaHa MO WIMPCKOM IieMeHy Jlanmaru.

Dardania — lapnanuja, npoBrHIMja Pumckor
1apcTBa kojy je gopmupao Juokinernujan 284.
TOJMHE, ca IaBHUM rpaaoM Naisus (Hurr), morom
Scupi (Crormbe).

Macedonia — MakenoH#uja, y aHTHYKO 1002
Ouna rpuka oOacT M Ap)kaBa. Y IPBOM BEKY
Haile epe MakeIoHHjOM Ce HUje Ha3MBaO CaMo
ceBepHu neo I'puke kao manac, Beh roToBO
110 KOHTHHEHTAJIHH J1e0 oBe 3eMJbe. [oamue
146. mocrana je puMcKa IPOBHHIIM]A, KOja je
oOyxBaraja u aenoBe cycennux obnactu (Enmpa,
Tecanuje, Unupuje u Tpakuje).

Tessalia — Tecanuja (y MHKEHCKOM TIEPUOIY
Eonuja), uctopujcka u reorpadcka obmact y
aHTHuKoj I pukoj. buna je mo3nara o ysrojy koma,
Mehy kojuma je 6uo u bykedan, npocnaBibeHH
KoB Ajekcanapa MakegoHCKOr. Y pHUMCKOM
nepuony Ouia je ykJbydeHa y INPOBHUHIIH]Y
Makenonujy 3ajento ca Enupom (Epirus vetus).

Epir[us] — oGmact u aHTHYKa JapkaBa y
ceBepozanaaHoj [ pukoj.

Carnania — AkapHaHua, Haj3araiH1ja odacT
I'puke, Ha ceBepy ce rpaHHYU ca AKapHAHCKUM
3aJIMBOM, Ha CEBEPOMCTOKY AMQUIOXH]OM,
Ha 3amagy W jyrosamnany JOHCKUM MOpeM, U Ha
uctoky Etonmjom.

Achaia — Axaja, obnact Ha ceBepo3amajiy
Ilenononesa.

Paflagonia — Ilemaronuja, o0Gmact Yy
MakenoHuju, Koja ce rpaHnymia ca Jlapnanujom
Ha ceBepy U Mnupukom Ha 3amany. [lomumy je
Crpabon, [Inunuje, [1Tonemej. OBne HUje ped o
aHTH4Koj peruju [lenaronuja xoja ce npoctupania
y JaHAIIKH0j CEBEPHO] AHAIOIH]H.

provinces after the failure of the Iliric rise
(6-9 A.D.) — lllyricum Inferius (Pannonia) and
Ilyricum Superius (Dalmatia).

Pannonia — Pannonia, a Roman province
in the middle Danube section bordering with
Norick in west and Dalmatia and Upper Mesia
in south.

Dalmatia — Dalmatia, a former Roman
province in midle part of the Adriatic shoreline,
named after the Iliric tribe of Dalmati.

Dardania — Roman empire province
established by Emperor Diocletian in 284, first
with Naissus (NiS$) as capital and then Scupi
(Skoplje).

Macedonia — In the ancient times
Macedonia was the Greek province and also the
state. In the first century A.D. Macedonia was
not only name for the northern part of Greece
as today, but for almost the entire continental
part of the country. In 146, Macedonia became
a Roman province, which included parts of
neighboring areas (Epirus, Thessaly, Illyria,
and Thrace).

Tessalia — Thessaly (the Mycenaean
period Aeolis), historical and geographic area
in ancient Greece. It was known for horse
breeding, among whom was the Bucephalus,
the celebrated horse of Alexander the Great. In
the Roman period it was part of the Macedonia
province together with Epirus (Epirus vetus).

Epir[us] — region and ancient state in
northwestern Greece.

Carnania — Acarnania, the westernmost
region of Greece. It is bordered by the Akarna
Bay to the north, Amfilochia to the northeast,
Ionian Sea to the west and southwest , and
Etolia to the east.

Achaia — Achaea, a region in the
northwestern part of Peloponnese.
Paflagonia — Pelagonia, a region in

Macedonia that bordered Dardania to the north
and Illyricum to the west. Strabo, Ptolemy and
Pliny reffered to it in their works. This is not
ancient region of Pelagonia which was located
in the area of today’s northern Anatolia.
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I'PAJIOBU (CIVITAS)

Constantinopolis — KoucTaHTHHOIIOJb,
nananby VicranOys. O3HaueH je BUETOM LapCcKe
kpyHe. Jlo nouetka IX Beka cBU 3amaHu KpaJbeBU
Cy NMpHU3HABAJIM NMPUMAT PUMCKOT UMIIEpaToOpa y
Koncrantunonosey. Ilocne kpynucamwa Kapna
Benukor 800. rogune dopmupa ce auapxuja
XpHIIhaHCKOT CBETa, Koja ce mojayasa mnociue 962.
ronuHe, kajaa je y Pumy nmama npornacuo OtoHa
I 3a repmaHCcKOT HMIIEpaTOpa M MOCTABUO TEMEJb
,,CBETOT' PUMCKOT' LIapCcTBa‘“‘, a jOII BUILE IOCIE
mm3Me u3Mel)y mpaBociaBHe U KaTOJIWYKE I[PKBE
1054. ronune.

Eraclia — Xepaxkieja, nanamma Marmara
Eregliy Typckoj, 3ananHo ox McranOyna Ha o6anu
MpamopHor mMopa. JlaTuHnzoBaHu 00IMK UMEHA
je Perinthus (ITepunr). [To3nara y ucropuju mo
jakom ornopy @unumy |l Makenonckom 340. 1. 1.
H. €. ¥ 110 XpuirhaHckoj OMCKYTHjH (€TTUCKOIIN)H)
y noba anocrona. [lepunrt je 60 HEKO Bpeme
U TIIaBHU Tpaj puMcKe npoBuHIuje EBpome
(Europa).

Neapolis — nanammu rpax Kasana y I'puxoj.
buo je myka 3a Make1oHCKy nipecToHUIly Duinnu
y 3anely. Onmatne cy kpenynu 42. I. m. H. €.
resaposu arenraropu bpyt u Kacuje y Outky oz
@ununa npotuB AHToHMja M OKTaBHjaHa, KOjy
cy m3ryomnu. Ceetu anocron [laBie uckpmao ce
49. 1. H. e. y KaBasiu Ha cBOM JIpyrom nyToBamy
(nmpBom no EBponm). Ty My ce npuK/byuuo u
Jlyka, koju y Jlenuma amocTOJICKUM OTHCYje
norahaje y mpBOM JIMILy MHOXKHHE.

Philippis — ®wiunu, rpan y HCTOYHO]
Makenonuju, y Onusunu Kasane. OcHoBamu cy
ra kojoHuctu ca octpsa Tacoc 1360. 1. 1. H. €., a
yrBpano @unun Il. ¥ anocrosncko Bpeme 61o je
PUMCKH BOjHH Tpaj. ABTYCT Ta je MPETBOPUO Y
Kononwnjy Asrycra Jynmua @ununensuc (Colonia
Augusta Julia Philippensis) 3a cBoje nernonape
U BeTepaHe Koju cy y ounu kox ®Punumna 42. r.
1. H. €. mopa3win youre Jynuja [le3zapa. Hemro
KacHMje Ty je CMECTHO W BeTepaHe M3 OMTKe
KoJ AKIMjyMa KOjU Cy HaHENH IMOpa3 BOjCIH
Antonuja u Kneonarpe. @unumnu cy 3HauajHO
MECTO 3a HMCTOpHjy XpuUIIhaHCTBA. AMOCTON
[TaBne Ty je cTurao ca ocTaJuM MHUCHOHApUMa

CITIES (CIVITAS)

Constantinopolis — Constantinople, today’s
Istanbul. It is marked by a vignette of the
imperial crown. By the beginning of the ninth
century all western kings recognized the primacy
of the Roman emperor in Constantinople. After
the coronation of Charles the Great in 800 a
diarchy of the Christian world was formed,
which was intensified after 962, when the Pope
proclaimed Otto I the German Emperor and laid
the foundations of the ,,Holy Roman Empir®.
The diarchy has been reinforced even more after
the schism between the Orthodox and Catholic
churches in 1054.

Eraclio — Heraclea, today Marmara Eregli
in Turkey, on the shores of the Sea of Marmara
west of Istanbul. The Latinized form of the name
is Perinthus. Known in the history for its strong
resistance to Philip II of Macedon 340 B.C. and
by the Christian diocese (episcopacy) in the time
of the apostles. It was the capital of the Roman
province of Europe.

Neapolis — modern Kavala in Greece. It was
the port for the Macedonian capital Filipi in the
hinterland. From there 42 B.C. Caesar’s assassins
Brutus and Cassius went in the battle of Philipi
vs. Antonio and Octavian, whom they lost. The
Holy Apostle Paul landed in 49 A.D. in Kavala
on his second journey (first in Europe). There
he was joined by Luke, who in the Book of Acts
describes the events in the first-person plural.

Philippis — Philippi, a city in eastern
Macedonia, near Kavala. It was founded by
colonists from the island of Thassos in 1360 B.C.
and fortified by Philip II. In apostolic times, it
was a Roman military city. Augustus turned it
in Colonia Julia Augusta Philippensium for his
legionnaires and veterans who defeated Julius
Caesar’s assassins in battle with Philip 42 B.C.
A later on, he also settled the veterans from the
Battle of Actium, which inflicted defeat army of
Antony and Cleopatra. Philippi is an important
place for the history of Christianity. The Apostle
Paul arrived there with the other missionaries
in 49-50 A.D. and founded the first Christian
church on European soil. On the bank of the
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49-50. roguHe HOBE €pe U OCHOBAO MPBY
xpurhaHcKy LPKBY Ha eBpoIickoM Tiry. Ha o6amu
peke oxo 1.5 km on rpanga, npBu myT je 06aBuO
KpiTeme jenHe EBporubanke, mog nmeHom Ceta
Jlunuja u3 Tujarupe. Tako je Jluauja, koja ce
0aBWIa M3paJOM MypIypHE TKaHWHE, MOCTaNa
npBa xpumhanka y EBponu, a meHa IpKBa
npBa xpunthancka 1pksa EBpome. Ilo3nara je
ITocnannna Anocrona Ilasma Ounnniranuma,
ynyhena tamommumM xpuirhanuma. Ilasie je
HAacTaBUO IYyTOBame Npeko Am¢umonuca u
Amnononuje no Comyna, 3aTum mnocetuo bep,
Atuny, Kopunr (ogamie je ynytuo [locnanuity
Conywanuma). U3 Kopunra omnasu y Edec,
u name y Kecapujy y Ilanectunu, moxnaa u
Jepycanum, na Ou ce BpaTuo y AHTHOXH]Y.

Ber wiu Bereja — bep wiu Bepwuja, rpan y
3ama/iHOM JIeTy NpUMopcke paBHHIE Y Erejckoj
Makenonuju, noHo wianuHe Bepumuona. [Ipsu
IyT ce MOMUBE 432. I 11. H. €. Y BpeMe aHTHUKe
Makeznonuje 610 je ApYrd rpaj Mo BaKHOCTH,
onmax u3a npectonuue Ilene, a u y pumMcko
noba 6wo je mpuiIuvHO BaxkaH rpal. [loceTro ra
je Amocton I[1aBne.

Apolonia — Hea Amnononua je rpan y
aHTHuko] MakenoHuju, Ha yty oxn ComyHa 10
Awmdunonuca. [Tomume ce y ,,Jlennma anocrona“
(XVIL 1), kon [Mnuanja Crapujer (IV. 10. s. 17.
§ 38) u na Ilojrunreposoj kaptu (Grcic, 2017).

A'phipolis — Amdumnonuc, rpag Ha ceBepy
I'puxe (y permony Enonuca, xon Cepesa),
rae ce oaurpana 6utka usmelhy Cnapranama
n Atumana 422. r. n. H. e. Ty ce Anekcanaap
MakeOHCKH MpUIIpeMao 3a MOXOA Ha UCTOK,
a TMocJe HEroBe CMPTH Ty Cy OWJIM 3aTOYCHH
1 yOujeHU HeroBa Cynpyra U MajoJIeTHU CHH.
Enuckon AM¢umnonica npeu myT NoMume ce 533.
ronuHe. ViMa HEKOJIMKO UMIIPECUBHUX Oa3UIMKa
nsrpalheHux uzmely meTor u mecTor Beka.

Thessalonia — Conyn (Thessalonika umu
Salonika), my4ku rpan y antuukoj MakenoHuju,
JaHAIIKU JPYrd Tpad MO BEJIUYUHU Y
I'pukoj. OcnoBan 315. roguHe U 1006MO HMe
no Tecamonuku, mosycecTpu AJEKCaHApa
MaxkenoHCKOT. Y anocToJICKO Bpeme OHO je jeaan
o7l IIeHTapa paHor xpuurhancrsa. CBETH anocToI
[TaBie Ha CBOM JIpyroM IyTOBamy yTEMEJbUO je
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river, about 1.5 km from the city, for the first
time, he performed the baptism of a European
woman, under the name of St. Lydia of Thyatira.
Thus, Lydia, who was a seller of purple textile,
became the first Christian woman in Europe,
and her church was the first Christian Church
of Europe. Paul’s letter to the Philippians, sent
to the local Christians, is well known. St. Paul
continued his journey through Amphipolis and
Apollonia to Thessalonica, then visited Veria,
Athens, and Corinth (from there he sent Letters
to Thessalonians). From Corinth he went to
Ephesus, and continued to Caesarea in Palestine,
perhaps Jerusalem, to returned to Antioch.

Ber or Bereia — Veria, a town in the western
part of the coastal plain in Aegean Macedonia,
at the foot of Vermio Mountains. The city was
mentioned in 432 B.C. for the first time. At the
time of ancient Macedonia was the second-most
important city, behind capital Pele, and in Roman
times was quite an important city. Visited by the
Apostle Paul.

Apolonia — Nea Apolonia is a city in ancient
Macedonia, on the road from Thessaloniki
to Amphipolis. It is mentioned in Acts of the
Apostles (XVII. 1), in Pliny the Elder (IV. 10. p.
17, § 38) and the Peutingter Map (Gr¢i¢, 2017).

A'phipolis — Amphipolis, a city in the
northern Greece (in the region of Edonis, near
Serres), where the battle between the Spartans
and Athenians took place in 422 B.C. Here,
Alexander the Macedonian was preparing to
his march to the east. Here in Amphipolis, after
his death, were detained and killed his wife and
minor son. The bishop of Amphipolis was first
mentioned in 533. There are several impressive
basilicas built between the fifth and sixth
centuries.

Thessalonia — Thessaloniki (Salonika), a
port city in ancient Macedonia, today the second
largest city in Greece. Founded in 315, it was
named after Thessaloniki, the half-sister of
Alexander the Macedonian. In Apostolic Age,
it was one of the early Christianity centers. On
his second journey, the Holy Apostle Paul set
up the first Christian church in Thessaloniki
and wrote two letters to the Thessalonians,
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npBy xpunthancky 1pkBy y ConyHy U Hammcao
nse nocnanuie ConymaHnMa, 3a Koje ce cMarpa
na cy Hajctapuje kmure HoBor 3aBeta. Y Tom
rpany je pohen Csern Humutpuje ConyHCKH
(youjen 306. rogune). Y Conyny cy y VIII
BeKy pohenu hupuio u Metonuje, ,,CIIOBEHCKH
arocToNu ¥ TBOPLM MHCMA IIIaroJbULIE.

Theodosia — Teogocuja (deomocuja), rpaa
Ha Kpumy. OcHOBaM cy ra rpuky KOJIOHUCTHU U3
Muriera y mecToM BeKy Ipe HOBE epe, a Pa3opHiIn
ra XyHH y 4ETBPTOM BEKY HOBE €pe.

Beroea — bep mim Bepuja je rpanm y
MakeoHUjU U3 XEJIEHHUCTUYKOT M PUMCKOT
nepuozaa, naHamma bepeja wim Bepoja y
ceBepHoj ['pukoj. ¥ Ouru kox [luane, HEKOTUKO
Kujomerapa jysxHo oxt bepa, 168. 1. H. e., pumcka
BOjCKa je mobenuia MOCIeAmEr MaKeJOHCKOT
Bianapa Ilepceja. bep ce momume y HoBom
3aBety (Mema Cerux amocrona, 17:10—15) xao
Mecto rae ce Amnocron IlaBie ckioHuo npex
npotuBHUALIUMa 13 ColyHa.

Athena — Atuna, HajBehu rpan y ['pukoj
o1 aHTHYKOT 700a 10 manac. Amnocroin IlaBie
je momao y Atuny u3 bepeje na mpomosena
XpuihaHcTBo.

Thebe — Teba, npeBuu rpan y beoruju.
Urpao je 3HayajHy yjory y IpyKOj UCTOPHUJU U
MUTOJIOTHjH, Ka0 MecTo JiereHaapHux Kamamyca,
Enuna, JluoHuca u gpyrux.

Terapne — rpaxg Therapne y Jlakonuju,
ucrouno on Cmapte mpeko peke Eypote kojer
[Taycanuja omnmcyje kao ,,rBphaBy MeHnenaja“ u3
Xomepogsckor g06a (Miller, 1895).

Patras — Ilarpac, nmyuku rpan usmelhy
[TaTpackor u Kopunrckor 3anuBa. buo jenan
O]l IleHTapa paHor xpuirhanctea. Y memy je
MPOMOBea0 XpUIIhaHCTBO U 62. TOIUHE pa3areT
Ha kpct CBetn Anapej [IpBo3Banu.

Corinto[s] — KopuHnrt, 010 je rpuku moJjwc,
a TMOTOM BaKaH PUMCKHU TPTrOBauykH LEHTAp U
caobpahajuu uBop. Konmko je Ouo BakaH y
UCTOpPHUjU paHor XpuirhancTsa cenoye y HoBom
3aBeTy JBe nocinanuie Ceetor arnoctona [TaBna
ynyhene Kopunhanuma.

Aulona — nanamma Banona y AnGanuju.
bnu3y cena [lojaHu mMocTojao je BETUKU TPUKH
rpajx ANoJIOHH]a y KOjeM je OCHOBaHa eIUCKOINja

which are considered to be the oldest books of
the New Testament. In this city was born in St.
Demetrius of Thessaloniki (killed in 306). Cyril
and Methodius, the ,,Slovene apostles® and the
creators of the Glagolitic script were born in
Thessaloniki in the 8th century.

Theodosia — Feodosia, city in Crimea. It was
founded by Greek colonists from Miletus in the
sixth century B.C. and destroyed by Huns in the
fourth century A.D.

Beroea — a city in Macedonia from the
Hellenistic and Roman periods, today’s Berea
or Veria in northern Greece. In the battle near
Pidna, a few miles south of Berea, in 168 B.C.
the Roman army defeated the last Macedonian
king Perseus. Berea is mentioned in the New
Testament (Acts of the Holy Apostles, 17:
10—15) as the place where the Apostle Paul hid
from his opponents from Thessaloniki.

Athena — Athens, the largest city in Greece
since the ancient times to date. The Apostle
Paul came to Athens from Berea to preach
Christianity.

Thebe — Thebes, the ancient city of Beoetia.
It played a very important role in Greek history
and mythology, as a legendary city of Cadmus,
Oedipus, Dionysus and others.

Terapne — the city of Therapne in Lakonia,
east of Sparta via the Eurotas River. Pausanias
describes it as ,,Menelaus’ fortress* in Homeric
Age (Miller, 1895).

Patras — Patras, a port city between the gulfs
of Patras and Corinths. It was one of the centers
of early Christianity. In Patras, St. Andrew the
First-called preached Christianity and in 62 was
tortured and crucified there.

Corinto[s] — Corinth, first it was the Greek
polis and then an important Roman trade center
and transport hub. This city importance for the
history of early Christianity is testified by two
New Testament epistles sent by the apostle Paul
to the Corinthians.

Aulona —today’s Valona in Albania. Near the
village of Pojann there was a large Greek city of
Apolonia, in which the episcopate was founded
around 400 A.D. The Bishop of Apollonia
participated in the First Assembly in Ephesus
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oko 400. ronune. Emmckonm u3 AmoloHwHje
ydecTtBoBao je y [IpBom cabopy y Edecy (431)
u Ha Cabopy y Kannenony (451). Xpumrhancka
3ajelHALA je carpajuia Ha OOMMXKEeM Opay
LpKBY Ycnewa boropoauie, kao 1eo MaHacTupa
Apnenuna. Ilocne 3emsboTpeca y 3 Beky H. e.
ycJe]] CIyIITamba 3¢MJBUIIITA OKOJIMHA j€ TToCcTaja
MOUYBapHa W MaJlapUyHa, IITO j€ y3POKOBAJIO
MOCTEINEHY JACTONMyNalujy U Aajo MPeaHOCT
OONMXH0j ABJIOHHU.

Salona — Camnona, manammsu COIHH KOJI
Cmura, y puMmcko noba Ouo TJaBHH Tpaj U
HAJIOUCKYTICKO cpeauiTe Jlanmaruije. YHUIITHIH
ra Aeapu u CrioBeHH y npBoj nosnoBunu VII Beka.

Eraclia — Xepaxuneja JIunkecTrc, aHTHYKH
rpaj Kox JaHaimer burtospa. Jobwo je ume 1o
Xepaxiry, MUTCKOM jyHaKy. bro je BaxxHa ctaHuma
U packpcHuIa Ha myTy Via Egnatia uamel)y [paua
n KoHcTaHTHHOMIOBA.

Sirmium — Cpemcka MutpoBuna, 6uo
y IV Beky rmaBHU rpajx pUMCKe NPOBUHLHU]E
Panonije Inferior u nuenese Ilanonuje. Y noba
paHor xpumhancTBa OMO CeIMINTE EMHUCKOIa.
Ha Apremuaunom Mocty npeko Case, cy 304.
roguHe, 300or mpomoBenama XpuirhaHcTsa,
nory6sbenu npsu enuckon Cupmujyma Mpunej u
weroB hakon Jlumutpuje, ca rpyrnom npucranuna
(cupMHjyMCKHUX MyueHHKa), Mehy kojuma je
6una u CB. AHacracuja, nopekioM PumsbaHka.
OTKpUBEHH Cy OCTall 0OCaM PaHOXPHUIIThaHCKUX
xpamoBa, mocBehenux CB. HUpunejy, Cs.
Humutpujy u C. Cunenory. Jlanamme ume
no6uo je mo upkBu M MaHactupy Ceror
Jumurpuja. Yaumtuiam cy ra Asapu 505. roquse.

Sabaria — Cowmbarxem (Szombathely),
HajcTapuju rpan y Mahapckoj, Onusy aycTpujcke
rpanuiie. bro je maBHuU rpasi pUMCKe IPOBUHILIN]E
Topwe Ilanonuje, rae cy xuBenu boju. Iloznar
je xao poaHo Mecto Cetor MapruHna, 6ucKyna
u3 Typa y ®panmyckoj. [Ipema JeponumoBom
MapTUpoOJIOTHjy Sabaria je MecTo moryosbema
Cseror Kupuna Cucaukor.

Ha o6anu nanamme Typcke O3HAYeHH CY
IpajloBU y KOJUMa Cy OJp>KaHM XpHIIhaHCKH
cabopu: Hukeja (Nicaea) (318, 325), Xankuaox
(Chalcedon) (451), Jlammcak (Lampsakus — MecTto
rae je caxpameHn CBetu TpudyH HAKOH My4dermba y
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(431) and at the Parliament in Chalcedon (451).
The Christian community built the Church
of the Assumption of the Virgin in the nearby
hills as part of the Ardenica monastery. After
the earthquake in the 3rd century A.D., the land
became swampy and malarized due to land
descent, which caused gradual depopulation and
gave priority to nearby Aulona.

Salona — Salona, today’s Solin near Split,
was the capital and the archdiocese of Dalmatia
in the Roman period. It was destroyed by the
Avars and the Slavs in the first half of the seventh
century.

Eraclia — Heraclea Lyncestis, the ancient
city near today’s Bitola. It was named after a
mythical hero Heracles. It was an important
center and intersection on the Via Egnatia route
between Durres and Constantinople.

Sirmium — Sremska Mitrovica, in the
4th century was the capital of the Roman
province of Pannonia Inferior and the diocese
of Pannonia. In the time of early Christianity it
was the headquarter of the bishop. On Artemis
Bridge over the Sava River, in 304 A.D., for
the preaching of Christianity, the first Sirmium
bishop Irenaeus and his deacon Demetrius were
executed with a group of supporters (syrmium
martyrs), among them was St. Anastasia who
had Roman origin. The remains of eight early
Christian churches, dedicated to St. Irenacus,
St. Demetrius and St. Sinenot were discovered.
Today’s name was given after the church and
monastery of St. Demetrios. It was destroyed by
Avars in 505 A.D.

Sabaria — Szombathely, the oldest town in
Hungary, close to the Austrian border. It was
the capital of the Roman province of Upper
Pannonia, where Boima used to live. It is known
as the birthplace of St. Martin, the Bishop of
Tours in France. According to martirology of St.
Jerome, Sabaria is the place of execution of the
St. Quirinus of Sescia.

On the shores of today’s Turkey are marked
cities where the Christian congregations were
held: Nicaea (318, 325), Chalcedon (451),
Lampsakos (the place where St. Tryphon was
buried after torture in Nica in 325 and place
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Huxeju 325. roquHe M oapKaH CaBeT €MUCKOMa
364. ronune), Abunoc (Abidos) (enuckomnuja y
PHUMCKO] IPOBUHIIMjU XEJIECIOHT, KO TaHATHET
Yanak-kaine), Unuj (Ilium) — apxaundHu Ha3UB 3a
npenkiacuuny Tpojy, y noba Buzantuje 6uo
CEJ/IMIITE STUCKOTIH]E.

3AKJbYYAK

Wmajyhu y Buay HacimoB oBor pana, Hamehe
ce nuTame: mra je Ouo xkonrekct Kapre Mcroka
Cgeror JepoHuMma, Ha KOjOj je NPHUKA3aHO U
bankancko nosnyoctpso kao neo ,Mcroka“. To
HUCY UCTOPH]jCKE, EKOHOMCKE, KYITypHE U IpyTe
OKOJIHOCTH, Y KOjUMa j€ I[PKBa JKMBeJa U Y KOjeM
Cy IIPKBEHH OIM MUCAJIM CBOj€ CIHCE M L[PTaIH
reorpadcke kapre. [IpaBe OKOTHOCTH 3a HUXOBA
reorpacka ucTpaxkuBama U Kaprorpadcke
npezacTase HeheMo npoHahu y coLMo-KyaTypHOM,
Hero y ¢gunocodckoM koHTekcTy. Kapra Hcroka
Cgetor JepoHMMa MMa H3Pa3UTO TEOJIOUIKU
KOHTEKCT, Kao W BehuHa CpeamOBEKOBHHX
MOHAIIKKX Kapara. Ibena caapkuHa je Bulle
Be3aHa 3a OMOIMjCKe MUTOBE U IIPE/ICTABE IIPKBEHE
eJInTe, Hero 3a reorpadcky crBapHocT. Hayuna
UCTUHA M TPEUHU3HOCT HUje NPUMApPHU IIHJb,
Beh mpe cBera, nMpuKa3 MpocTopa npuiaroleHor
XpuirhaHCKOM TOIVIEy Ha CBET, ca IIEHTPOM Y
Jepycanmumy. Ha kapTu cy memaTcku npukaszaHa
UCTOPHjCKa U JIeTeHJapHa MECTa, ca MUTCKHM
6nbmujckum crxkenMa. [1paBu TEOIOIIKH KOHTEKCT
je ¢unocodwuja, U To He Kao HekH (unocodcku
CHUCTEM, HEro kao (uiIoco(pcko pazyMeBame
ceta. [lopex Tora, jacHo je ma kapra Caeror
JeponnmMa Huje Ge3-KyATypHa, HETO je jyIejCKo—
XEJIEHCKO—PUMCKOM KYJITYpOM yclioBibeHa. Cama
KapTa [IpeACTaBsba jelaH KyJITYpPHHU MPOCTOP KOjH
ce Ha3uBa ,,VICTOK* U paznuKyje ce ox ,,3amaaa’.
I'eorpadcku HasuBu Ha McToky, ykibydyjyhu u
bankancko noyocTpBo, cy Beh noctojehu HazuBH
JYACJCKOT HITH TPUKOT TOPEKJIa, YECTO CTAPHjU U
on came bubmuje. PazymeBajyhu 3Haueme Tux
HazuBa, CBeTH JepoHUM MM je a0 MECTO Ha
CB0OjO] KapTU M y CBOM reorpad)cKoM MoTieny
Ha cBeT. [Ipema ToMe, HEe MOXe ce OCIopaBaTH
HU (prI1030)CKO-TEONIOMIKH KOHTEKCT HH YIIOTa
KyJIType y pazymeBamy cBeTa Certor JepoHuma.

where the council of the bishops was held in
364), Abidos (episcopacy in the Roman province
of Hellespont, today’s Canakkale), Ilium (the
archaic name for the pre-classical Troy, in
Byzantium period was the headquarter of the
episcopate).

CONCLUSION

Considering the title of this paper, the
question arises: what was the context of the
Map of the East of St. Jerome, where the Balkan
Peninsula was presented as a part of the ,,East*.
These are not historical, economic, cultural nor
other circumstances, in which the church existed
and in which church fathers wrote their records
and drawn maps. The real circumstances for their
geographical research and cartographic display
will not be found in socio-cultural, but in the
philosophical context. The Map of the East of
St. Jerome has a distinctly theological context,
as well as most of the medieval monastic maps.
Its content is more related to biblical myths
and representations of the church elite, rather
than geographical reality. Scientific truth and
precision are not a primary goals, but above
all, a view of the space adapted to the Christian
view of the world, with the center in Jerusalem.
The map shows schematic historical and
legendary places with mythical biblical topics.
The real theological context is philosophy,
not as a philosophical system but rather than a
philosophical understanding of the world. In
addition, it is clear that the map of St. Jerome
is not without cultural origin, but is conditioned
by the Judeo—Hellenic—Roman culture. The map
itself represents a cultural space called ,,East™
and differs from the ,,West. Geographical names
in the East, including the Balkan Peninsula, are
already existing names of Jewish or Greek origins,
often older than the Bible itself. Understanding
the meaning of these names, St. Jerome has given
them a place on his map and in his geographical
view of the world. For that reason, neither the
philosophical-theological context nor the role of
culture in the understanding of the holy world of
the St. Jerome can be disputed.
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CABPEMEHE KIIMMATCKE ITPOMJEHE HA 1IOAPYUYJY
CEMBEPUJE — YTULHAJU HA ATPAPHY ITPOU3BOAY
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Cawxerak: Paj anaimsupa caBpeMeHe KJIMMarcke NpomMjeHe Ha noapydjy CemOepuje M HUXOB yTHIA] Ha arpapHy
npou3Boakby. Ha 0CHOBY MjecedHHX mNoparaka O TeMIIepaTypH W IaJaBHHAMa ca METeopoJonike craHuue bujespuHa,
YTBp)EeHH Cy TpPEHIOBH TeMIlepaType Ba3myXa, IMaJaBHHA, XHUAPOTEPMUUYKOT KoedwuimjeHta mpema CerbaHUHOBY
u nHAekca cyme npema Jle Maprony y mepuoxy 1961-2017. rogune. Pe3ynraru mokasyjy Aa Temmeparypa Baszmyxa
UMa TCH/CHIIM]Y pacTa TOKOM IIHjeie TOAUHE, JOK Cy TPEHIOBH IaJaBUHA CE30HCKH MPOM]jCHbUBH (HAjU3PAKCHHU]H CY
HEraTUBaH TPEH/I y CE30HH JHETO U MO3UTHBAH y jeceH). HeraTuBHM TpeHI0BH XUIPOTEPMHYKOT KOS(HUIINjEeHTa U HHIIEKCa
Cylle y Ce30HH JbETO yKasyjy Ha noBehame apuaHocTu KimuMme. [IprHOCH MOJBONIPUBPEAHUX KYITypa I0Ka3yjy CHaXKHY
3aBHCHOCT KJIIMMATCKUX yCJIOBA, @ IPBEHCTBEHO OJ TEMIIEpaType Ba3ayXa U JOCTYITHE KOJMYMHE NaJlaBUHa Y KPHTHYHUM
(azama BUXOBOT pa3Boja. YTBpheHa je 3HauajHa HETaTHBHA Kopenanuja m3Mely mpuHOca Kykypys3a y CemOepuju u
TEMIIepaType y BereTalliOHOM TIEPHOIy (a HApOUUTO Y CE30HH JHETO), Te 3HaUajHa MO3UTHBHA KOpeNaIija ca KOTHINHOM
naJaBuHa U BPUjeTHOCTHMA XUAPOTEPMHUUKOT KOS(HIIUjeHTA 1 HHIIEKCa CyIlle y HaBeIeHUM nepronuma rogune. Ouexyje
ce na he ximmarcke IpoMjeHe HEraTHBHO YTHILIATH Ha MPHHOC yCjeBa M II00aNHy NMPOW3BOAMY XpaHe, ctora he outn
HYKHO TIPEy3€TH HU3 Mjepa ¥ aKTUBHOCTHU y LIMJbY aJaNTalyje 1 MUTUTAIH]je MT0JbOIIPUBPEAHE IIPOU3BOIE Y JEHOM
071 HajBXKHUJHUX arpapHUX noapy4ja y Pemyonuim Cprickoj u bocHu n XepueroBuau.

KibyuHe pujeun: kIuMaTcke poMjeHe, arpapHa IIpou3Bo/Iba, IIPHHOCH KyKypy3a, Cembepuja.
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Abstract: The paper analyzes recent climate change over the Semberija region and their impact on agricultural
production. Based on monthly temperature and precipitation data from the Bijeljina meteorological station, trends in
temperature, precipitation, Selyaninov hydrothermal coefficient and De Marton drought index in the period 1961-2017
were determined. The results showed 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 positive trend in
autumn). Negative trends in the hydrothermal coefficient and drought index in the summer season indicate an increase in
climate aridity. Crop yields show a strong dependence on climatic conditions, primarily on temperature and the available
precipitation in the critical stages of their development. A significant negative correlation between the corn yields in
Semberija and temperatures in the growing season (and particularly in the summer season) was determined, as well as a
significant positive correlation with the precipitation, the hydrothermal coefficient and the drought index in these parts
of the year. It is expected that climate change will negatively affect crop yields and global food production. Therefore, it
will be necessary to undertake a range of measures and activities aimed at the adaptation and mitigation of agricultural
production in one of the most important agrarian areas in the Republic of Srpska and Bosnia and Herzegovina.
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YBOA

['moGanHe npomjeHe cpembHUX TeMIieparypa u
TeMIIEpaTypHUX eKCTpeMa (FbHX0BE YUeCTaIOCTH,
MHTEH3UTETa W/WIN Ty)KUHE Tpajama), Koje HUCY
3a0MIbEKEHE TOCIBEIIbUX JICHICHU]a U BUjEKOBa,
yTBplheHe cy TokoM npyre nonoBuHe 20. BHjeka 1
noueTkoM 2 1. Bujeka (Intergovernmental Panel on
Climate Change, 2014). C apyre ctpaHe, mpomjeHe
CpeImbUX M eKCTPEMHHUX IaJaBUHA T€HEPaTHO
Mame Cy KOXEepeHTHE (IIPOCTOPHO U BPEMEHCKH
MIPUCYTHH Cy TPEHIOBU Pa3IMUUTOr 3HAKA), ajIH
yIJIaBHOM €Ja00r MHTEH3UTETAa M Ca HUCKHUM
HUBOOM CTaTUCTHUYKe 3HauajHocTH (Alexander
et al., 2006). Cnu4yaM TPEHAOBHU MPHUCYTHU CY
u Ha noapyyjy Pemy6nuke Cprcke u boche u
Xepuerosune (Popov, Gnjato, & Trbi¢, 2018a,
2019b; Popov, Gnjato, Trbi¢, & Ivanisevi¢, 2018c;
Trbi¢, Popov, & Gnjato, 2017; Vidi¢ & Deli¢,
2019). [Ipomjene Temmieparype U IajaBUHA, ajaH
Y EKCTPEMHHUX KJIMMAaTCKUX Aorahaja, Kao mro cy
TOIUIU TaJacH, CyIlle, MOIIaBe, IUKJIOHH, Oyje U
IIYMCKH OapH, OTKPUBAjy 3HAYajHy pParmbHBOCT
U U3JI0KEHOCT OpOjHUX MPHUPOTHUX U COILHO-
exoHOMCKuX cuctema (Intergovernmental Panel
on Climate Change, 2014). Kiiumarcke npomjeHe
CHaXHO he yTHUIaTh Ha CBE Ha KJbyYHE CEKTOpe
exoHomuje y Penmybmumu Cprckoj u bocHu u
XepleroBuH, Kao INTO Cy IMOJbONPUBpENA,
IIyMapcTBO, eHepreTuka u typusam (Radusin et
al., 2013).

OBa cTyauja TmpeAcTaBba HACTaBaK
UCTpaXHBamba KIMMATCKUX MpoMjeHa y bocHu
n Xepuerosunu (Popov et al., 2018a, 2018c,
2019b; Trbi¢ et al., 2017) u wUXoBOT yTHUIIaja HA
noJponpuBpenHy npousBoawy (Popov, Gnjato, &
Trbi¢, 2019a), koja pezcTaBIba jeaH o1 KIbyYHHUX
cekropa npuBpene y bocuu u Xepueropunu. 3a
ucTpaxuBame omabpana je CemOepwuja, jeqHO
0/ HajBAXKHUJUX TOJHOIPUBPEAHUX TOApYYja Yy
Penry6mumn Cprickoj u bocHu u XepiieroBuHu.
Panuja ucrpaxuBarma y nepunaHOHCKOM PEruoHy
yTBpauia cy aa je Ha noxapyyjy CemOGepuje
MPHUCYTHO 3arpujaBambe KIMMATCKOT CHUCTEMA.
Y nepuony 1961-2016. ronune cpeame,
MaKCHUMaJIHE U MUHUMAITHE TeMIIepaType ropacie

cy 3a 0.3°C-0.5°C, 0.4°C—0.6°C un 0.3°C=5°C no
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INTRODUCTION

Global changes in mean temperatures
and temperature extremes (their frequency,
intensity and/or duration) that have not been
observed in recent decades and centuries have
been determined during the second half of
the 20th century and at the beginning of the
21st century (Intergovernmental Panel on
Climate Change, 2014). On the other hand,
changes in mean and extreme precipitation
were generally less coherent (spatially and
temporally trends of different signs occured),
but mostly weak and with a lower level of
statistical significance (Alexander et al., 2006).
Similar trends were also present in the Republic
of Srpska and Bosnia and Herzegovina (Popov,
Gnjato, & Trbi¢, 2018a, 2019b; Popov, Gnjato,
Trbi¢, & Ivanisevié¢, 2018c; Trbi¢, Popov, &
Gnjato, 2017; Vidi¢ & Deli¢, 2019). Changes
in temperature and precipitation, but also
extreme climate events, such as heat waves,
droughts, floods, cyclones, storms and forest
fires, reveal a significant vulnerability and
exposure of many natural and socio-economic
systems (Intergovernmental Panel on Climate
Change, 2014). Climate change will strongly
affect all key economy sectors in the Republic
of Srpska and Bosnia and Herzegovina, such
as agriculture, forestry, energy and tourism
(Radusin et al., 2013).

This study is a continuation of research
on climate change in Bosnia and Herzegovina
(Popov et al., 2018a, 2018c, 2019b; Trbi¢ et
al., 2017) and their impact on agricultural
production (Popov, Gnjato, & Trbi¢, 2019a),
which is one of the key economy sectors in
Bosnia and Herzegovina. Semberija, one of the
most important agrarian areas in the Republic
of Srpska and Bosnia and Herzegovina, was
selected as the study area. Previous research in
the Peripannonian region found that the climate
system warming is present over the Semberija
region. During the period 1961-2016, mean,
maximum and minimum temperatures increased
by 0.3°C-0.5°C, 0.4°C—0.6°C and 0.3°C—-5°C
per decade, respectively (Popov et al., 2019b;
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nenenuju, pecriektisHo (Popov et al., 2019b; Trbi¢
etal., 2017). Mako je TpeHa mopacra Temreparype
MIPUCYTaH TOKOM IIHMjeJie TOAMHE, 3arpujaBame je
HajU3paKEHH]jE Y CE30HU JHETO, a 3aTHM y CE€30HaMa
3uMa U riposbehe, TOK Cy MpoMjeHe y CE30HH jeCeH
3HaTtHO ciabujer uHTeHsutera (Popov et al.,
2019b; Trbi¢ et al., 2017). [To3uTuBHU TPEHIOBU
MHJIEKCA TOIIMX eKCTPeMa U HeTaTUBHU TPEHIOBH
WHJIEKCA XJIaJHUX eKcTpeMa Takohe morBplhyje
TEHJCHIM]y mopacta 3arpujaBama (Popov et
al., 2019b). TpeH10BH CpenmbUX U €KCTPEMHUX
aJIaBUHA IPOCTOPHO M CE30HCKU CY Pa3IU4UTOr
3HaKa ¥ YIJIABHOM jOII HUCY CTATUCTUYKH 3HAYajHH
(Popov et al., 2018a). Mnak, Tpeba uctakHyTH aa
Cy YOUEHH TPEHIOBH KOjH YKa3yjy Ha IIPOMjeHe Ka
MHTeH3MBHUjUM nagaBuHama (Popov et al., 2018a).

[ToreHnujanHu yTHIAJU KJIMMATCKHUX
MIPOMjeHa Ha MIPUHOCE MOJHOIIPUBPEIHUX KYATypa
MOCTajy CBE BaXHUj€ NHUTAmE, KOje H3a3MBa
BEIIUKY 3a0pHHYTOCT Y CBHJETY MOCJbEIHUX
JetieHrja 300T YOUeHUX HETaTUBHMX yTHIaja Ha
MIPOM3BO/IIbY YCj€Ba U CUTYPHOCT CHaOAMjeBamba
yoBjeuancTBa xpanoMm (He et al., 2018; Zhang,
Zhao, Chen, Guo, & Wang, 2015). bpojue ctynuje
UCTpaXkuBaje Cy epeKTe KIMMATCKUX MpoMjeHa
Ha npousBonwy ycjea (Cai, Wang, & Laurent,
2009; Ceglar & Kajfez-Bogataj, 2012; Deryng,
Conway, Ramankutty, Price, & Warren, 2016;
He et al., 2018; Kang, Khan, & Ma, 2009; Knox,
Daccache, Hess, & Haro, 2016; Lobell & Gourdji,
2012; Matiu, Ankerst, & Menzel, 2017; Olesen et
al., 2011; Rosenzweig et al., 2014; Ummenhofer
et al., 2015; Zhang et al., 2015). Unak, y bocau
1 XepLEeroBUHU OBO MHUTAHE jOII je HEJOBOJHHO
UCTPaXKEHO.

3HauajaH MO HANpeTKa y MOJHOIPUBPEIHO]
MIPOM3BOIEBH PE3YIITAT j€ TEXHOJIOIIKOT Iporpeca
y TEHETHLIM, arPOHOMUJU U HauMHY Kopuirhema
pecypca (mpumjena hyopursa, HaunHu 0OpahjuBamba,
celeKIrja Xuopuaa, yrpaBibambe HaBOAHABABEM,
I0fopen, BpujeMe 1 1youHa cujama uth.) (Kukal
& Irmak, 2018). Mnak, u Bpujeme u kiaumMa Taxohe
Cy BaXHH (PaKTOPH KOJU YTHUY Ha MOJbONPHUBPEIHE
MIPOM3BO/IHE CUCTEME, jep Cy HCTPaKUBaAHA
MoKasaja Jia Cy HeJJaBHE NMPOMjEeHE KIMMATCKUX
Bapujaliiu yTHIAJIe Ha TPEHI0BE MPHHOCA yCjeBa
ynpkoc Hanpetky texHonoruje (Kukal & Irmak,

Trbi¢ et al., 2017). Although the increasing
temperature trend was present throughout
the year, warming was most prominent in the
summer season, and then in winter and spring
seasons, whereas changes in autumn were with
a considerably lower rates (Popov et al., 2019b;
Trbi¢ et al., 2017). Positive trends in the warm-
related extreme indices and negative trends in
the cold-related extreme indices also confirm
a warming tendency (Popov et al., 2019b).
Trends in mean and extreme precipitation were
spatially and seasonally incoherent, but yet not
statistically significant (Popov et al., 2018a).
However, it should be noted that observed
trends indicate changes towards more intense
precipitation (Popov et al., 2018a).

The potential impacts of climate change
on crop yields are becoming an increasingly
important issue, which has been a source of
great concern in the world in recent decades
due to the observed negative effects on crop
production and the security of global food
supply (He et al., 2018; Zhang, Zhao, Chen,
Guo, & Wang, 2015). Numerous studies have
analyzed the effects of climate change on
crop production (Cai, Wang, & Laurent, 2009;
Ceglar & Kajfez-Bogataj, 2012; Deryng,
Conway, Ramankutty, Price, & Warren, 2016;
He et al., 2018; Kang, Khan, & Ma, 2009;
Knox, Daccache, Hess, & Haro, 2016; Lobell
& Gourdji, 2012; Matiu, Ankerst, & Menzel,
2017; Olesen et al., 2011; Rosenzweig et al.,
2014; Ummenhofer et al., 2015; Zhang et al.,
2015). However, in Bosnia and Herzegovina,
this issue has not yet been sufficiently
researched.

A significant portion of the advances
in agricultural production is a result of
technological advances in genetics, agronomic
and resource use practices (fertilizer
applications, tillage, crop hybrid selection,
irrigation management, plant rotation, planting
date and depth, etc.) (Kukal & Irmak, 2018).
However, weather and climate are also
prominent drivers of agricultural production
systems; hence, studies showed that recent
climate change substantially affected crop
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2018). Kniumarcke npoMjeHe yTudy Ha MPUHOCE
ycjeBa Ha pa3iIM4rTe HaulHe, 3aBUCHO O] TOZIpYYja,
BpcTe ycjeBa u MoryhHocTH HaBonmaBama (Kukal
& Irmak, 2018). Mehyroaumima BaprjabUITHOCT
MPUHOCA yCjeBa Yy BEJIHMKO] MjepH y3pOKOBaHa
je BapujabunHomhy KIMMaTCKUX YyCIOBa
(IpBEHCTBEHO TeMIEpaType MU MaJaBHUHA).
[ToBehame Temmneparype 1 HEZOBOJbHA BIaXKHOCT
3HauajHO Cy CMamUINW NPHUHOCE KYKypy3a,
MIIeHUIe U coje Ha rmobamHoM HUBOY (Matiu
et al., 2017). Cymie u eKCTpeMHH TOIUIA TaJlaCH
3HAYajHO Cy CMAIWIN HALMOHAIIHY MTPOU3BOMALY
xutapuna 3a 9—10 % — ryOunu y npou3BoImHH
ycJbell cylia OMiIM cy TOBE3aHU Ca CMAmbCHEM
U TOXIEBEHE TMOBPIIMHE M MPHUHOCA, JIOK je
eKCTpEMHa TOIIOTA YITIABHOM CMambuIIa MPUHOCE
xwurapuiia (Lesk, Rowhani, & Ramankutty, 2016).
Kmmmarcke nmpoMjene u noehame KOHIIEHTpaluje
armocepckor  yriben-guokcuaa (CO,) vy
MPOTEKIIMX HEKOJIMKO JICTICHH]a MK Cy PUITYHO
Op3u Y MHOTUM IOJHONIPUBPEAHUM PErHOHMMA
ceujera (Lobell & Gourdji, 2012). Ouekyje ce
na he mpojekroBaHe MPOMjeHE y4ecTaJoCTU U
MHTEH3UTETa eKCTPEMHHX KIMMATCKuX jaorahaja
HETaTUBHO YTHLIATH Ha PUHOC yCjeBa U III00aIHy
npousBoamy xpane (Deryng et al., 2016).

Jlakne, raBHH LWJb OBE CTYAHjE j€ Ja ce
aHAJIM3MPajy CaBpeMEHE KJIMMAaTCKe MPOMjeHE Ha
noapyyjy Cembepuje u 1a ce pazmorpe epexTH
yTBpheHnx oOpa3aria mpoMjeHa KIMMe Ha arpapHy
MPOU3BO/AIbY, NPBEHCTBEHO HA MPOHU3BOAIY
KyKypy3a, HajBayKHH]€ KYJITYpe Ha OBOM HOZPYY]Y,
a 3a Kojy cy uctpaxkusama (Deryng et al., 2016; He
etal., 2018; Knox et al., 2016; Olesen et al., 2011;
U JIp.) oKa3aja 1a he y oqHOCy Ha Jpyre KyaType
OWUTH 3HATHO YIPOXKEHH]ja MPOMjeHaMa KIIUME.

MATEPUJAJIN U METOIE

AHanu3a CaBpPEMEHHX KJIMMATCKUX
npomjeHa Ha noapyyjy CemOepuje y nepuomy
1961-2017. ronuHe M3BpIICHA jeé HA OCHOBY
nojiaTaka O CpeIlbMM MjECEYHUM TeMIIeparypama
U TaJaBUHaMa ca METEOPOJIOIIKE CTaHHIIE
bujessuna nouupane Ha 44°47' c. r. m., 19°16'
u. . a1 u 90 M. H. B, Koje je o0e30mjenno
PenmyOnuuyku XUIPOMETEOPOIIOIMIKH 3aBOJ
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yield trends despite the advances in technology
(Kukal & Irmak, 2018). Climate change
effects on crop yields are highly dependent
on location, crop type and irrigation (Kukal &
Irmak, 2018). Interannual crop yield variability
is driven in large parts by climate variability
(particularly temperature and precipitation).
Increasing temperatures and insufficient
moisture significantly reduced corn, wheat
and soy yields globally (Matiu et al., 2017).
Droughts and intense heat waves significantly
reduced national cereal production by 9-10
% — production losses due to droughts were
associated with a reduction in both harvested
area and yields, whereas extreme heat mainly
decreased cereal yields (Lesk, Rowhani,
& Ramankutty, 2016). Climate change and
increases in atmospheric carbon dioxide (CO,)
over the past few decades have been very rapid
in many agricultural regions around the world
(Lobell & Gourdji, 2012). Projected changes in
the frequency and severity of extreme climatic
events are expected to negatively affect crop
yields and global food production (Deryng et
al., 2016).

Given the stated, the main aim of this
study is to analyze recent climate change in the
Semberija region and to investigate the effects
of the determined climate change patterns
on agricultural production, primarily on the
production of corn, the most important crop
over this area, and for which studies (Deryng
etal., 2016; He et al., 2018; Knox et al., 2016;
Olesen et al., 2011; etc.) found that it will be
much more vulnerable to climate change in
relation to other crops.

MATERIALS AND METHODS

Analysis of recent climate change over the
Semberija region for the period 1961-2017 was
carried out based on data on average monthly
temperatures and precipitation at the Bijeljina
meteorological station, which is located at
44°47' N, 19°16' E and 90 a. s. 1. Data were
provided by the Republic Hydrometeorological
Institute of the Republic of Srpska. Given that
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Peny6bnuke Cprcke. C 003upomM Ha TO 1a Ha
METEOPOJIONIKO] CTAHULM TOCTOj€ MPEKHUAH
Mjeperma y paTHOM M TOCIHjepaTHOM HEpUOTY
(1991-1996), ekcrpanonanuja Hexocrtajyhux
T0/1aTaKa U3BpILIEHA je KOpUIIhemkeM Mmoaraka ca
HajOITIKe CTAaHULIE Ca PACTIONIOKUBUM MjepemhuMa
y oxrosapajyhem mepuony (Jlozuuna). Ocum
TEeMIlepaType M MajaBUHA, aHAJIU3UpaHa Cy
JIBa MHJEKCA KOja ce M3padyHaBajy Ha OCHOBY
TeMIlepaType Ba3lyxa M KOJIWYMHE NaJaBHHA, Ia
Ha 100ap Ha4YMH OJIpakaBajy HBUXOB KOMOMHOBAHH
yTHLaj. XUAPOTEPMUUKH KOCPHUIMjEHT Mpema
CespannnoBy (CenssHuHOB, 1966) u3pauyHar je
npema (hopMyIIH:

105
HTC=—— =

>'T.(T >10°C)

i=1

rije cy: P, cyma nanasuna u T, cyma Temmeparype
3a Mjecelle ca cpeamoM Temreparypom > 10°C.
3a onpehuBame Tuma kiaume kopuinheHa je
KJIacuQuKalmja Maiao Moau(pUKOBaHA 3a Hallle
yciose: < 0.5 — cyBo, 0.5-0.7 — Bpno cyuHo,
0.7-1.0 — cymno, 1.0—-1.3 — HEAOBOJLHO BIIAXKHO,
1.3—1.5 — ymjepeno BnaxHo, 1.5-2.0 — BiaxHo,
2.0-3.0 — Bpno BnaxHo, > 3.0 — mpexoMjepHO
BnaxkHo (Otorepec, 1991).

lomuime 1 MjecedHe BpHjeAHOCTH WHJIEKCa
cyue npema Jle Maprony (De Martonne, 1926)
u3padyHare cy mnpema opmysaama:

P I 12 Py
mpM "~ T +10

Ipm = T+10
raje cy: I v Im_ ronumimy u MjecedHr MHIEKC
cyme, P u P cpenma romumma M Mjecedna
konuunHa nanasuna, T u T cpenma roxumima
U MjecedHa TemrepaTypa Ba3ayxa. Tunm KinMme
onpehen je mpema cibenehoj kmacudukanuju:
< 10 — apugna, 10-20 — cemuapuana, 20-24 —
MeauTepaHcka, 24—28 — ceMuxymuasa, 28—35 —
XyMHJIHA, > 35 — MepXyMHHA.

3a cBe mapameTpe H3BpIICHA je aHalu3a
TpeH/Ia y 1I1jeJIOM aHATU3UPAHOM MIEPHOLTY, Kao Uy
JIBa MOTHEPHO/A: Y CTAHAAPTHOM KIMMATOIOIIKOM

there were interruptions in measurements at
the meteorological station in the war and post-
war period (1991-1996), the extrapolation
of missing data was performed using data
from the nearest station with the available
measurements in the corresponding period
(Loznica). In addition to temperature and
precipitation, two indices calculated based
on temperature and precipitation were used
because they well reflect their combined
effect. Selyaninov hydrothermal coefficient
(CensuunoB, 1966) was calculated following
the formula:

105
HTC=—— =

>'T,(T >10°C)

i=1

where: P, is precipitation and T, is temperature
sums for months with mean temperature > 10°C.
For determination of climate type, a slightly
modified to our conditions classification was
used: < 0.5 — extremely dry, 0.5-0.7 — very
dry, 0.7-1.0 — dry, 1.0-1.3 — insufficiently wet,
1.3—1.5 — moderately wet, 1.5-2.0 — wet, 2.0-3.0
— very wet, > 3.0 — extremely wet (Otorepec,
1991).

The annual and monthly values of the De
Marton drought index (De Martonne, 1926) were
calculated according to the following formulas:

P I 12 Py
MDpM "~ T,+10

Iom = 1355
where 1 and Im_  are annual and monthly
drought indices, P and P_ are mean annual
and monthly precipitation, T and T _ are mean
annual and monthly temperatures. The climate
type is determined according to the following
classification: < 10 — arid, 10-20 — semiarid,
20-24 — mediterranean, 24-28 — semihumid,
28-35 — humid, > 35 — perhumid.

For all parameters, trends were estimated
for the full analyzed period, and for two
subperiods: standard climatological period



TATJAHA I10IIOB 1 APATULIA AEJIMHh
TATJANA POPOV AND DRAGICA DELIC

nepuony (1961-1990) u y mnepuony HakoH
obHaBbama Mjepema (1997-2017). 3a
yTBphHBame MOCTOjaba TPEHAa Y BPEMEHCKO]
CepHju, T€ HEroBe CTATHUCTUYKE 3HAYaJHOCTH,
kopuirheHu cy Hemnapamerpujcku Man-Kennan
TecT 1 CeHOB METOI.

[TpuHoCH KyKypy3a, HajBaKHHje paTapcke
kyarype y Cembepuju, y nepuony 1997-2017.
TOIMHE aHAJIM3UPAHU Cy Ha OCHOBY IOJaTaKa
npeyszeTux u3 nybnaukanuja PemyOmmykor
3aBoja 3a crtaructuky PemyGnuke Cpricke —
Cmamucmuuxu 2ooumreax Penyonuxe Cpncke
3a 2009, 2014. u 2015. romuny u I padosu u
onmwmune Penyonuke Cpncke, 2018. Y1Bphenu cy
TPEHI0BH MIPOM3BOAE U MPHHOCA y bujesbuHwy,
y K0jOj C€ Haja3u METEOPOJIOIIKa CTAaHHIIA, KaKO
O ce aHamU3Mpao yTHIA] YOUCHUX IPOMjeHa
KJIMME Ha arpapHy npousBoamy. l[lpunocu
MOJBONIPUBPEIHUX KYITypa IMOKa3yjy CHaXHY
3aBUCHOCT OJ1 TEMIIEpaType Ba3ayXa U JIOCTYITHE
KOJIMYMHE TMaJaBUHa y KPUTHUYHUM (Qazama
IbUXOBOT Pa3Boja. Y IMJbY UCIUTHBAA HHHXOBE
MOBE3aHOCTH, KOPENallMOHOM aHAJIN30M yTBpheHa
j€ 3aBHCHOCT IMpPHHOCA KYKypy3a Of TOAMIIHE
TeMIIepaType Basdyxa, TeMIeparype Ba3ayxa y
BETeTallMOHOM IIEPUOAY U Y CE30HHU JbETO, TE OJf
KOJIMYMHE TaJlaBUHA y HABEICHUM NEPUOIUMA
TOJIMHE, Ka0 U OJf XUAPOTEPMHUYKOT KOS(UIIHjEHTA
Y MHJIEKCA CyIIe Y BEreTallMOHOM MEPUOIY U Y
CE30HHU JbETO. 3a KBAaHTU(UKAIM]y 3aBHCHOCTHU
koputitheH je [TupcoHoB KoeuIjeHT Kopenalyje.
CBu u3pauynu usspiienu cy y XLSTAT Bep3uju
2014.5.03.

PE3VIITATU 1N AMCKYCUJA

Cpenma rouIIma TeMIeparypa Bazayxa y
bujesbunn y ananuzupanom nepuoay 1961-2017.
ronuHe u3Hocu 11.5°C (Tab. 1). Hajxmaguuju
Mjecer] je janyap (0.3°C), a HajTOIIUjU jynu
(21.9°C). Hajeha rogumma aMIIUTyaa
TeMIeparypa Ha 1ujeiaoM noapydjy PemyOmuke
Cprcke npucyTtHa je ynpaso y Cembepuju, koja
U TpeJCTaB/ba HEH HAJKOHTHMHEHTAIHUJU JIHO
(ITomog, 2017). Makcumym ox 43.0°C usmjepen
je y jymy 2007. roqune, a MUHUMYM of -28.2°C
3abuibexken je 24. janyapa 1963. roxuse.
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(1961-1990) and the period after the re-
establishing the measurements (1997-2017).
To determine the possible existence of a
trend in the time series and its statistical
significance, the nonparametric Man-Kendal
test and Sen’s method were used.

Yields of corn, the most important
crop in the Semberia region, in the period
1997-2017, were analyzed based on data from
the publications of the Republic of Srpska
Institute of Statistics — Statistical Yearbook
of the Republic of Srpska for 2009, 2014
and 2015 and the Cities and Municipalities
of the Republic of Srpska, 2018. Trends in
corn production and yields were determined
for Bijeljina, where the meteorological
station is located, in order to analyze the
impact of observed climate change on
agricultural production. Crop yields show
a strong dependence on temperature and
available precipitation at critical stages of
their development. In order to examine their
relationships, the correlation analysis was
performed to determine the dependence of
corn yields on annual, growing season and
summer temperature and precipitation, as well
as the hydrothermal coefficient and drought
index in the growing season and in the summer
season. Pearson correlation coefficient was
used to quantify these relationships. All
calculations were made in XLSTAT version
2014.05.03.

RESULTS AND DISCUSSION

Mean annual temperature in Bijeljina in the
analyzed period 1961-2017 was 11.5°C (Tab.
1). The coldest month was January (0.3°C) and
the hottest July (21.9°C). The highest annual
temperature amplitude over the entire territory
of the Republic of Srpska is a characteristic of
the Semberija region, which represents its most
continental part (ITomos, 2017). Maximum
temperature of 43.0°C was recorded in July 2007,
whereas minimum of -28.2°C was recorded
on January 24, 1963. Analysis of seasonal
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AHanu3a Ce30HCKHMX TeMIepaTypa IoKasyje Ja
je Jjpeto HajToruja ce3oHa (21.2°C), a 3uma
Hajxnagauja (1.4°C) (Tab. 2). Y cjeBepHOM ujery
PenyOnuke Cpricke, HE MOCTOje BEJIMKE PA3ITUKE
y TeMIieparypH y cezoHama nposeehe u jecen (y
bujessunn 11.8°C nanpema 11.7°C). Cpenma
TO/IMILIEHa KOJIMYMHA NaJJaBUHa y brjesbiHN n3HOCH
741.4 mm. MakcuMaiHa KOJIMYHHA MaJaBHUHA
U3IY4YH C€ KpajeM IpoJbeha M MOYeTKOM JheTa
—y jyay (90.0 mm), 70K ce MUHUMYM jaBjba y
¢bebpyapy (45.6 mm). [TagaBune cy penaTuBHO
paBHOMjepHO pacniopeleHe TokoMm roaune. Mnak,
HajBeha KOJIMUMHA MaJaBUHa M3TY4d CE€ Y CE30HH
JbeTo (29 % yKynmHUX TOIMIIKBUX MaJaBUHA), a
HajMama y ce30HU 3uma (21 %). YV BereranrioHoM
Nepuoy, Kaja cy MOoJbONPUBPEAHUM KyaTypama
u HajnoTpeOHuje, m3nyuyu ce 412.2 mm, mro
npeacraBsba 55 % yKyIlHE TOAUIIHE KOJTUYHHE
nafaBuHa. [ogummu nHaekce cyme (34.5) ykasyje
na je Ha Teputoprju CemOepuje Kirma XyMU/IHa, Tj.
J1a Ha HaBEZCHOM IOZIPYY]jy IOMHHHPA €T30pEn3aM,
ca CTaJTHUM Nepru(epHUM OJIBOIIbABABEM, a Kajla
J€ pHjed o pUPOTHO]j BEreTaluju, Hajehu nmpoctop
3ay3umajy crabe mryme. MjeceyHu MHIEKC Cylie
MoKasyje Ja je KiIuMa MepXyMHIHA U XyMHIHA
TOKOM Beher aujena roauHe (NMEepXyMuiaHa y
Neproly HOBEMOAp—MapT, a XyMHIHA Y MIEPHOLY
arpuiI—jyHU Uy OKToOpY). Kinma je ceMuxymuiia
JjenuHo y nepuony jynu—centemoap. Bpujennoctu
XUIPOTEPMHUUKOT KOC(PUIMjEHTA MOYETKOM H
KpajeM BereTalyoHOr mnepuoja (y ampuiy |
OKTOOpY) yKa3yjy Ha BJIa)KHE YCIIOBE CPEAUHE Y TOM
neprony. Biaxxau ycnoBu Biaaajy 10 jyHa, 10K je
NepHoI jylnu—centeMOap HEeIOBOJHHO BIIAYKaH.

temperature showed that the warmest season is
summer (21.2°C), and the coldest is being winter
(1.4°C) (Tab. 2). Over the northern part of the
Republic of Srpska, there are no major differences
in temperature in spring and autumn seasons (in
Bijeljina 11.8°C vs. 11.7°C). The average annual
precipitation in Bijeljina was 741.4 mm. Maximum
precipitation occurs in late spring and early summer
— in June (90.0 mm), whereas the minimum is a
characteristics of February (45.6 mm). Precipitation
is relatively evenly distributed throughout the year.
However, the highest precipitation occurs in the
summer season (29 % of total annual precipitation),
and the lowest in the winter season (21 %).
During the growing season, when most needed
to agricultural crops, there are on averege 412.2
mm, which represents 55 % of the total annual
precipitation. The annual value of drought index
(34.5) indicates that over the Semberija region the
climate is humid, i.e. that this area is dominated by
external runoff, with constant peripheral drainage,
and when it comes to natural vegetation, the largest
area is covered by forests. The monthly drought
index shows that the climate is perhumid and
humid during most of the year (perhumid in the
period November—March and humid during the
period April-June and in October). The climate
is semihumid only in the period July—September.
The values of the hydrothermal coefficient at the
beginning and at the end of the growing season (in
April and October) indicate humid climate during
that period. Humid conditions prevail until June,
whereas the period July—September is insufficiently
humid.

Tab. 1. Cpenme Mjecedne U roauiime Temneparype (t), nagasune (P), xunporepmuuku
koepuumnjent (HTC) n unnexc cyme (I, ) y bujesbunn y nepuony 1961-2017. ronune
Tab. 1. Average monthly and annual temperatures (t), precipitation (P), hydrothermal coefficient
(HTC) and drought index (I ;) in Bijeljina in the period 1961-2017

Wnpexc / Index | | I i v V | VI | VIl |V IX X | XI | XII | r/y

t(°C) 03|25 |68 | 11.8 | 168 (202|219 |214| 17 |11.7| 64 | 1.6 | 115

P (mm) 51.8 1456|550 | 62.5 | 73.7190.0 | 69.9|59.1 |569|54.6 |63.9|593|741.4
HTC 1.8 151151109 |12 1.6

lom 66.8 | 47.7 | 40.6 | 349 | 335|363 |26.6| 23 |257|30.747.8| 64 | 345
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Tab. 2. Cpenme cezoHcke Temneparype (t) u magasune (P) y bujessunn y nepuoxy 1961-2017. roqune
Tab. 2. Average seasonal temperatures (t) and precipitation (P) in Bijeljina in the period 1961-2017

Minexe / Index 3uma / [Iposmehe / Jbeto / Jecen / Ber. nepuon /
A Winter Spring Summer Autumn Growing season
t (°C) 1.4 11.8 21.2 11.7 18.2
P (mm) 157.7 191.2 219.0 175.4 412.2

VY ananuszupanom nepuony 1961-2017.
TOJIMHE TIPUCYTHH Cy 3Ha4ajHU TPEHAOBU MopacTa
TEMIIepaType Ba3ayxa y CBUM FOAUIIBUM J00MMa
(Tab. 3). logumma Temmeparypa mopacia je 3a
0.4°C o nenenuju. TpeHn 3arpujaBama OUUIIeaH
j€ y CBHM ce30HaMa, ajH je Haju3pakeHUju y
ce3onu Jbeto — 0.6°C mo neueHuju, a 3aTuM y
cezoHama 3uma 1 npoJsbehe (0.4°C no neneHujm),
JIOK je y CE30HH jeceH 3a0UIbEeKEH caMO He3HaTaH
nopact temneparype (0.2°C no nenenuju) (Tab.
4). Ocum noBehama cpemux TeMIeparypa, Ha
nozapy4jy CemOepuje NpUCYTHU CY U MO3UTHBHU
TPEHAOBH EKCTpeMHUX Temmeparypa. Cpenme
TOJIUIITH-E MAKCUMAJTHE | MUHUMAITHE TEMIIEpaType
Ba3/lyxa 3HadajHo cy nopacie 3a 0.4°C u 0.3°C o
JICLICHUj |, PECTIEKTUBHO, a aliCOTyTHO MaKCUMAITHE
n muHuMmanHe temneparype 3a 0.6°C u 0.5°C
no aereHuju, pecnektuBHo (ITomos, 2017). 3a
pa3NuKy O TeMmIeparype Ba3lyxa, TPEHIOBHU
MaJaBUHa CE30HCKU Cy BeoMa IMPOMjEHIbUBH,
any YIJIaBHOM HECUTHU(UKAHTHU. Y ce30Hama
JbETO U 3UMa MPUCYTaH je HeraTuBaH TPEH, 0K
Cy TMaJlaBUHE y MOpacTy y jeceH u mposbehe. Ha
TOAUIIKHEM HUBOY, MaJaBUHE OHIbEKE TPEH]
nopacra 3a 7.1 mm 1o JeteHuju, 0K Cy MaJiaBuHe
y BEreTalruoHOM MEepHoAy CMameHe 3a 2.4 mm
no neueHuju. [lopact Temmneparype Baszayxa u
CMambeHhe KOJMYMHE MaJaBUHA y CE30HU JHETO,
MMajy Cy 3a MOCJhEANIly HETaTUBHE TPEHIOBE
HTC u I, y nepuony jynu—asryct. To ykasyje
Jla y OBOM TEepHOAY TOAMHE A0sa3u 10 noehama
apuaHOCTH Kiamme. Herarusuu tpenmosu I,
yTBpheHu cy U TOKOM HOBeMOpa u nenembpa. C
JpyTe CTpaHe, MOYETKOM U KpajeM BEereTalloOHOT
nieprioa oBehasa ce BnaxkHoct kiaume (Tao. 5).

During the analyzed period 1961-2017,
significant positive temperature trends in all
seasons were determined (Tab. 3). Annual
temperature increased by 0.4°C per decade.
The warming trend was apparant in all seasons,
but most prominent was in the summer season
(0.6°C per decade), then in winter and spring
seasons (0.4°C per decade), whereas in
autumn only a slight increase in temperature
was recorded (0.2°C per decade) (Tab. 4). In
addition to the mean temperatures increase,
positive trends in extreme temperatures were
also found in the Semberija region. Annual mean
maximum and minimum temperatures increased
significantly by 0.4°C and 0.3°C per decade,
respectively, whereas the absolute maximum
and minimum temperatures increesed by 0.6°C
and 0.5°C per decade, respectively (Ilomos,
2017). Unlike temperature, precipitation
trends were seasonally very incoherent, but
mainly insignificant. During the summer and
winter seasons, the negative trend was found,
whereas precipitation increased in autumn and
spring. Annual precipitation increased by 7.1
mm per decade, whereas precipitation during
the growing season decreased by 2.4 mm
per decade. The increase in temperature and
decrease in precipitation in the summer season
resulted in negative trends in HTC and I, in
the period June—August. This indicates that in
this part of the year aridity is increasing. The
negative I trends were also determined in
November and December. On the other hand,
at the beginning and at the end of the growing
season humidity was increasing (Tab. 5).
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Ta6. 3. JlekanHu TPEHIOBH MjECEUHUX U TOAUIIBUX Temiieparypa (t) u nagasuna (P) y bujessunu y
nepuony 1961-2017. ronune
Tab. 3. Decadal trends in monthly and annual temperatures (t) and precipitation (P) in Bijeljina in
the period 1961-2017

Hupexc / Index | | I m | v | v VI | VIE | VI IX X XI XII | r/y
t(°C) 0.6°| 03 | 04°|04°| 03|05 |07°|07| 01|02 02 | 04° | 04
P (mm) 23 | 1513126 51437 |-12|-02] 06| 6.8 | -24 | -3.4 7.1

CTarucTHIKyY 3HauajHo Ha HUBOY 99.9 % (9), 99 % (°), 95 % (°) 1 90 % (¢)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level

Tab. 4. JlekaHu TPEHIOBH CE30HCKUX Temreparypa (t) u nanaBuna (P) y bujessunu y nepuony
1961-2017. ronune
Tab. 4. Decadal trends in seasonal temperatures (t) and precipitation (P) in Bijeljina in the period

1961-2017
Wrzexc / Index 3I/I.Ma / Hpon,.ehe / Jbeto / Jecen / Ber. nepron /
Winter Spring Summer Autumn Growing season
t(°C) 0.4¢ 0.4 0.6 0.2¢ 0.5*
P (mm) -2.1 8.5¢ -6.4 6.0 -2.4

CrarucTHYKy 3Ha49ajHo Ha HEUBOY 99.9 % (%), 99 % (°), 95 % () 1 90 % (¢)
Statistical significance at the 99.9 % (*), 99 % (®), 95 % () and 90 % (¢) level

Ta6. 5. Jlekaguu TpeHI0BH MjecedHor xuaporepMuukor koepuiujenra (HTC) u nnaekca cyie

(IDM

) y bujessunn y nepuony 1961-2017. ronune

Tab. 5. Decadal trends in monthly hydrothermal coefficient (HTC) and drought index (I,,,) in
Bijeljina in the period 1961-2017

e [ e [, [N e |, e e |,
| 0.42 Vv 0.078 1.92 IX 0.017 0.22
i 1.48 VI -0.097¢ -2.09 X 0.152¢ 3.33¢
1 1.47 VIl -0.05 -0.99 XI -2.19
v 0.012 0.86 VI -0.03 -0.59 XII -5.05¢

CrarucTHYKy 3Ha49ajHo Ha HUBOY 99.9 % (%), 99 % (°), 95 % (%) 1 90 % (¢)
Statistical significance at the 99.9 % (*), 99 % (®), 95 % () and 90 % (¢) level

TpeHa0BH TemIepaType Ba3ayxa U MajaBuHa
Ha TOMIIEHEM HUBOY, Y BET€TallMOHOM MEPHOTY U
y CE30HH JbETO (KaJla Cy HajBKHH]JU 32 ONTUMAIIHH
pa3Boj MOJBONIPUBPEIHUX KyNTypa) y bujessunu
y nepuony 1961-1990. u 1997-2017. ronune
npukazanu cy Ha Ci1. 1 u Ci. 2. Tlpuka3zas je Haruo
TpeHaa (Slope), leroBa cTaTUCTUYKA 3HAYQJHOCT
(p-value) u xoepunmjent nerepmunanuje (R?).

Trends in annual, growing season and summer
season temperature and precipitation (when
they are crucial for the optimal development
of agricultural crops) in Bijeljina in the periods
1961-1990 and 1997-2017 are shown in Fig. 1
and Fig. 2. Trend estimate (Slope), its statistical
significance (p-value) and determination
coefficient (R?) are displayed.
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Cn. 1. TpennoBu temmeparype y bujessunan y nepuoay 1961-1990. u 1997-2017. rogune
Fig. 1. Temperature trends in Bijeljina in the 1961-1990 and 1997-2017 periods
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Ca. 2. TpennoBu nagaBuna y bujessunu y nepuony 1961—1990. u 1997-2017. ronune
Fig. 2. Precipitation trends in Bijeljina in the 1961-1990 and 1997-2017 periods

Pesyrrrary okasyjy na je y nepuomy 1961—1990.
TOIIMHE TEMITEpaTypa caMmo HE3HATHO Paciia, a y HEeKUM
JIMjeJI0BUMA IOIMHE Yak je OMo MpUcyTaH onajiajyhu
tpena. C apyre ctpane, y nepuony 1997-2017.
TO/IMHE MPUCYTaH je BeoMa U3PaXKeH U CTAaTUCTHYKU
3HauyajaH MMO3UTUBAH TPEH[. Y HABEICHOM IIEPUOLY,
TeMIIepaTypa Ba3yXa y CE30HH JbETO Mopacya je

The results show that in the period 1961-1990
temperature only slightly increased, and in some
parts of the year there was even a downward trend.
On the other hand, in the period 1997-2017, very
prominent and statistically significant positive
trends were found. During this period, temperature
in the summer season increased by even 0.8°C per

45
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3a yak 0.8°C mo genenuju. [Ipocjeuna roaumma
TeMneparypa usmMely jaBa meprona mopacia je 3a
1.4°C (Cn. 3). Y nepuomy 1997-2017. ronumne,
rioBehaHe Cy pOCjeuHe TeMITEpaType Ba3ayxa y CBUM
ce3oHaMa (y Ce30HHM JbeTo 3a yak 2.4°C).

Y HaBejeHa JBa TMepuoia YTBpheHU cy
TPEH/IOBH MaJIaBUHA Pa3IMUMTOr 3HaKa. 3a PasiIiKy
o1 pedepeHTHOT Tieproa, y nepuory 1997-2017.
TOJIMHE MPHCYTHH CY HETAaTUBHHU TPEHIOBH TOIMIITHHHX
MaJIaBUHA ¥ TIA/IaBHHA Y CE30HU JhETO, o 24.6 mm
u 30.0 mm no aenenuju, pecnekruBHO. [Ipocjeuna
KOJIMYMHA TIaJ]JABUHA y CE30HU JHETO CMambCHA je
n3mel)y 1Ba nepuosa 3a roroso 10 %.

decade. The average annual temperature between
the two periods increased by 1.4°C (Fig. 3). In the
period 1997-2017, average temperatures increased
in all seasons (in the summer season by even
2.4°C).

In these two periods, trends of different sign
were determined for precipitation. In contrast to
the reference period, during the period 1997-2017
negative trends in annual and summer precipitation,
in the range of 24.6 mm and 30.0 mm per decade,
respectively, were determined. The average
precipitation in the summer season had been
reduced between two periods by almost 10 %.

o)
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1@1961-1990 +1.7°C

20 1@m1997-2017

s | s B +0.8°C +1.4°C

10 1
_|_ Q

5 | L.22C

0 T T T T L T
3uma/  IIpomehe/  Jbero/ Jecen / Ber. ./ Tomuna/
Winter Spring Summer  Autumn G.s. Year

mm +4.5 %

800 -
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600 1 m1997-2017 +2.4 %
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400 1 iz 0 9.6 %

300 | +ago TIOO% +17.6 %
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100

0 T L T T L] T

3uma/ Ilpomehe/  Jbero/ Jecen / Ber. ./ Tonnna/
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Ca. 3. Pa3nuka usmel)y npocjeyHux BpUje€AHOCTH CE30HCKUX U TOUIIBLUX TEMIEpaTypa 1
najgaBuHa y bujessunn y nepuony 1997-2017. ronune y ogunocy Ha niepuon 1961—1990. rogune
Fig. 3. The difference between the average values of seasonal and annual temperatures and
precipitation in Bijeljina in the period 1997—2017 in relation to the period 1961-1990

Tpennosun HTC u I, y bujesbunn y nepuomny
1961-1990. u 1997-2017. ronuHe npUKa3aHu Cy
Ha Ci11. 4. 3a 00a MHAEKCA y HaBEICHUM MIEPHOIIMA
yTBpheHH Cy HE3HaTHM NO3UTHUBHHU TPEHIAOBH
y BEreTalyoHOM Inepuoay (kKao mnocibeauna

Trends in HTC and [, in Bijeljina during the
periods 1961-1990 and 1997—2017 are shown in
Fig. 4. During these two periods, slight positive
trends in the growing season (as a consequence
of trends of different signs in spring and summer
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TPEH/I0Ba PA3IMYMTOTr 3HaKa y nposbehe u jbeto).
[Toce6Ho je 3a0pumaBajyhn HETaTUBHU TPEHIT U
HTC n I, y ce30HM JbETO MPUCYTaH y NEPHOLY
1997-2017. ronuHe.

seasons) were determined for both indices.
Particularly worrying is the negative trend in the
summer season in both HTC and I, determined
in the period 1997-2017.
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Cn. 4. Tpennosu HTC n I, y bujesbunn y nepuony 1961-1990. n 1997-2017. ronune
Fig. 4. Trends in HTC and I, in Bijeljina in the 1961-1990 and 1997-2017 periods
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C 003upom Ha TO Ja KIMMa UMa TUPEKTaH
yTuIlaj Ha OUJbHU CBH]ET, HAjOCjeTIHUBH]U CEKTOD
NpHUBpEAE Ha KIUMAaTcKa Kojiebama ymnpaBo je
MOJHONPUBpEIHA Tpou3Boama. CembOepuja Kao
B)XHO arpapHo noxpyyje y Pemy6nunu Cprickoj
1 bocHu 1 XeprieroBUHN HApOUYUTO j€ U3JIOKEHO
CaBpEMEHUM U TMPOjeKTOBAHUM KIUMATCKUM
poMjeHama.

VKynHa MOJbONPUBpPEHA MOBPIIMHA Y
Cembepuju u3nocu 818,907,279 ha — ox tora
oOpanuBe moBpmMHE 3ay3umajy 96.9 %, a
nammaiy ceera 3.1 %.

Y cTpykTypu O0OpaguBUX MOBpPIIMHA
JIOMUHMPAJy opanutie u 6amrre (90 %), 10K 3HATHO
Mame MOBpUIMHE 3ay3uMajy Bohmauu (9 %) u
muBazie (1 %). On patapckux KynTypa HajBHILE ce
y3rajajy kykypy3 (103,096 t), nmenura (78,968 t)
u jeuam (14,421 t), a o7 TOBPTIIAPCKUX KPOMITUD
(20,057 t).

Haj3zactymibeHnja xuTapuia Ha MOAPYY)Y
bujessune je Kykypy3. 3HaTHO Mame y3rajajy
ce MIIEHMIIa, jedyam, oBac, pax u ap. [Ipocjeuna
IIPOU3BOAKA KyKypy3a y mepuony 1997-2017.
roguHe u3Hocwia je 114,950.7 t rogumme.
lognmme ce mpocjeuno mpoussene 47,187.4 t
rreHutia u 6,721.1 t jeuma. Herrro 6061 ipuHOCH
ca jeTHOT XeKTapa 3acrjaHe MOBPIINHE OCTBAPY)Y
ce y Mpou3BONU KyKypy3a (4.48 t/ha) y omHOCy
Ha muenuity (3.81 t/ha) u jedam (4.03 t/ha).

On moBpTIapCKHX KYNTypa HajBHUILIE CE y3raja
Y TIPOU3BOJIM KPOMITUP — TOIUIIIHE CE MPOC)EUHO
npoussese 23,953.0 t, o npeacTaBiba Mpocjedan
npuHoc of 21.23 t/ha. 3HaTHO Mame TOBPIITIHE
3ay3uMajy marpuka, napanaj3, Kpacrasall, KyIryc
u JIp.

VY ananusupanoMm nepuony 1997-2017.
roJriHe y bujesbuHM nprcyTaH je TPeH I CMaberha
IIPOU3BOAKE KyKypy3a (3a 1,148.3 t rogumme),
Kao ¥ Oaru HeCUrHU()MKAHTHU TPEH]T CMambEHha
npuHOCa KyKypy3a 3a 17.2 kg/ha roqumimse (Co. 5).

Given that climate has a direct impact on
the plants, the most sensitive economy sector
to climate change is precisely agricultural
production. Semberija as an important
agrarian region of the Republic of Srpska
and Bosnia and Herzegovina is particularly
vulnerable to the recent and projected climate
change.

The total agricultural area in Semberija
covers 818,907,279 ha — out of which arable
land covers 96.9 %, and pastures only 3.1 %.

The arable land is dominated by arable
land and gardens (90 %), whereas orchards
and meadows cover considerably smaller
areas (9 % and 1 %, respectively). Of the field
crops, most are grown corn (103,096 t), wheat
(78,968 t) and barley (14,421 t), and of the
vegetables potatoes (20,057 t).

The most common cereal in the Bijeljina
area is corn. Considerably less are grown
wheat, barley, oats, rye, etc. In the period
1997-2017, average annual corn production
was 114,950.7 t. Annually, an average
47,187.4 t of wheat and 6,721.1 t of barley
was produced. Somewhat higher yields from
one hectare of sown area are obtained for corn
(4.48 t/ha) compared to the wheat (3.81 t/ha)
and barley (4.03 t/ha).

Of the vegetable crops, most produced and
grown are potatoes — annually 23,953.0 t was
produced on average, with an average yields
of 21.23 t/ha. Peppers, tomatos, cucumbers,
cabbage, etc. are grown on considerably
smaller areas.

In the analyzed period 1997-2017, a
decreasing trend in corn production (1,148.3
t per year), as well as a low insignificant
negative trend in corn yields (17.2 kg/ha per
year) were determined in Bijeljina (Fig. 5).
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Cn. 5. Tpenn nmpousBonme y t (1) u mpuHOCa KyKypy3a y t/ha (2) y bujessunu y nepuony
1997-2017. ronune
Fig. 5. Trend in corn production in t (1) and corn yield in t/ha (2) in Bijeljina in the period
19972017

HaBenenu TpeHI0BH PHHOCA U TIPOU3BOIEHE
KyKypy3a CHa)KHO Cy YCJIOBJBEHH TEMIIEPATyPOM H
JOCTYITHOM KOJIMYMHOM BJIare y KpUTHIHUM (hazama
BETOBOT pa3Boja. [IpuHOC KyKypy3a YITIaBHOM
3aBUCH OJ BPEMEHCKHX YCJIOBa y TEpPUOIY O
90 no 110 nana HaKOH CjeTBE, MITO CE€ MOAyIapa
ca MepuosioM MeTinuewma u ceuiama (Ceglar &
Kajfez-Bogataj, 2012). Bucoke temmeparype,
HHUCKa peNlaTMBHA BIAXKHOCT M Majla KOJMYMHA
MaJIaBMHA Y OBOM II€PUOJY HEraTHBHO yTUUYYy Ha
pact kykypy3a (Ceglar & Kajfez-Bogataj, 2012).
[lanaBuHe y BereTalnvoHOM MEPUOLY (2 HAPOUUTO
y JbeTHUM MjecelrMa) UMajy oTy4yjyhu yTuiiaj Ha
Mmehyronuimy BapujaduHocT npuHoca (Ceglar &
Kajfez-Bogataj, 2012; Milosevi¢, Savi¢, Stojanovic,
& Popov-Ralji¢, 2015). HermoBoJbHE BpeMeHCKe
yCIIOBE 3a pa3Boj KyKypy3a IMpeacTaBlbajy
Temneparype Baznyxa npeko 30°C (u penaTtuBHA
BIaXHOCT Bazayxa ucnop 60 %) (Ceglar & Kajfez-
Bogataj, 2012; MiloSevi¢ et al., 2015).

[TupcoHoB Koe(huIIMjeHT Kopenatyje (1), ’eroBa
CTaTUCTUYKA 3Ha4ajHOCT (p-value) 1 koeduijeHT
nerepmunaije (R?) usmely npocjeunux npuHoca
KyKypy3a y bujesbuHu U TemmepaTrype Bazayxa
U magaBuHa y nepuony 1997-2017. romguue
npukazany ¢y Ha Ci1. 6 u C11. 7. 3HavyajHa HeraruBHA
KopeJnanyja noctoju u3Mely nprHoca Kykypysa
TeMIlepaType Ba3ayXa y BEreTalMOHOM MEPUOIY
(r = -0.566), xao u Temneparype y CE30HHU JHETO
(r =-0.695). C npyre ctpaHe, IPUHOCH KYKypy3a
JIPEKTHO 3aBUCE O IOCTYITHE KOJIMIMHE Ta[aBIHA
y OBUM MEpUOAMMA KPUTHYHUM 3a Pa3Boj KyKypy3a
(cTarucTUUKY 3HaYajHU KOS(PUIM]EHTH KOopemaiuje
mzHoce r = 0.577 u r = 0.690, pecieKTHBHO).

These trends in corn yield and production
are strongly influenced by the temperature and
available moisture in the critical stages of its
development. Corn yields mainly depend on
weather conditions during the period from 90 to
110 days after sowing, which coincides with the
silking and tasseling period (Ceglar & Kajfez-
Bogataj, 2012). High temperatures, low relative
humidity and low precipitation during this
period negatively affect the corn growth (Ceglar
& Kajfez-Bogataj, 2012). Precipitation during
the growing season (and particularly during the
summer months) have a crucial impact on the
interannual variability of corn yields (Ceglar
& Kajfez-Bogataj, 2012; MiloSevi¢, Savic,
Stojanovi¢, & Popov-Ralji¢, 2015). Temperatures
above 30°C (and relative humidity below 60 %)
represent the unfavorable weather conditions for
the corn development (Ceglar & Kajfez-Bogataj,
2012; Milosevi¢ et al., 2015).

The Pearson correlation coefficient (r), its
statistical significance (p-value) and the coefficient
of determination (R?) between the average corn
yields in Bijeljina and temperature and precipitation
in the period 1997-2017 are shown in Fig. 6 and
Fig. 7. A significant negative correlation was
determined between corn yield and temperature in
growing season (r = -0.566), as well as in summer
(r = -0.695). On the other hand, corn yields are
directly dependent on the available precipitation
during these for corn development critical periods.
Statistically significant correlation coefficients in
the range of r = 0.577 and r = 0.690, respectively,
were determined.
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Cn. 6. Kopenanuja uzmel)y mpocjeuHux roaquiIsBuxX IpruHOCa KyKypy3a U TeMIlepaType, majaBuHa,
HTC u I, y Bereranuonom neprony y bujesbunn y nepuony 1997-2017. ronune
Fig. 6. Correlation between the average annual corn yields and temperature, precipitation, HTC and
I\, in the growing season in Bijeljina in the period 1997-2017
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Cn. 7. Kopenanuja u3mel)y npocjedHuX roUIImBUX MPUHOCA KYKypy3a U TeMIieparype, alaBuHa,
HTC u I, y ce3onu jbeto0 y bujesbunn y nepuony 1997-2017. ronune
Fig. 7. Correlation between the average annual corn yields and temperature, precipitation, HTC and
I ,,, in the summer season in Bijeljina in the period 1997-2017
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VY ananusupanom nepuony 1997-2017.
rOAMHE MAaKCUMAaJlHU TPHHOCHU KYKypy3a y
bujesunu 3abuspesxenu cy y 2016. roaunu, Koja
ce Hasazu Mel)y HajBIXHUJUM M HajTOILIH]HUM
rongdHama y mocMaTpaHoM rnepuoay. HajHuxu
NPUHOCH 3a0MJbEXKEHU Cy y TOoJuHaMa ca
HajBUIIUM TeMmIepaTypaMa U HajHUKUM
najgaBuHama y ce3onu Jbeto — 2017, 2015, 2012,
2011, 2007, 2003, 2000. u 1998. rogune. ¥V
HaBEJICHUM TOJMHaMa JAyTOTPajHH TOIUTH TaJlacH
ca TeMIeparypama 3HaTHO BUILIUM OJ1 IPOC)jeIHUX
U M3Y3€THO MaJldM KOJIMYMHAMa IaJaBUHA H
[10jaBOM CYIII€ HETaTHBHO Cy C€ OAPA3UIN Ha
IIPUHOCE KyKypy3a. MuHnmanuu npunocu (1.36
t/ha — 70 % HKM 07 TPOCjEUHUX y aHATTM3UPAHOM
nepruoay) octeapenu cy y 2012. roqunu, roquHu
ca HajBUIIOM TEMIIEPaTypoOM y CE30HH JHETO
(3a 4.7°C Tomnujoj on mWpocjeka y MEepUoIy
1961-1990. roguHe) W TOOWHH TEPIHjapHOT
MUHHMYMa Ta/IaBUHA Y OBOM IE€PHONY TOJIUHE
(cBera 80 mm). Yeiben eKCTPEMHUX BPEMEHCKHUX
norahaja Koju Cy y TOM NEpUONY 3aXBaTHIIH
EBporty, HICKM IPUHOCH KYATYypa 3a0MIbEXKEHH Cy
u 'y npyrum nujenoBuma boche n XepreroBune
(Trbi¢, Baji¢, Popov, & Oprasi¢, 2013) u pernona
(Kovacevi¢, Kovacevi¢, Pepo, & Markovi¢, 2013).
[IpuHOCH KyKypy3a mmokasyjy Behy 3aBUCHOCT 071
HEONXOIHOT MHHUMYMa NaJaBUHA Y KPUTUYHUM
(azama pa3Boja HEroO 0] MAKCUMAJTHUX T1aJaBUHA.
Cekynnapau muHuMyM npunoca (1.5 t/ha — 67
% HWXU O] IPOCjeKa) OCTBAPEH je y TOIWHU
MIPUMapHOT MUHUMYMa T131aBUHA Y CE30HU JHETO
U CEeKYHJApHOT MHUHHUMYyMa y BETe€TallMOHOM
nepuoay (y 2000. romuuu). C apyre crpane,
CEeKyHJIap/IHHU 1 TePLUjapHA MAaKCUMYMH IIPHHOCA
KyKypy3a 3a0UJbeXKEHHU Cy y YETBPTO] U IETOj
HajBnaxHujoj romuuu (y 2004. u 2005. ronunn).
XuApOTepMUUKH KOe(PULIMjEHT U MHJIEKC CyIIE,
¢ 003UpoM Ha TO Ja ce M3payyHaBajy Ha OCHOBY
TeMIlepaType Ba3lyxa M KOJIWYMHE NaJaBHHA, Ha
no0ap HaYMH OJpakaBajy HUXOB KOMOMHOBAHH
yTUIa) Ha OpuHOCE KyaTypa. CTaTHCTUUYKH
3Ha4YajHa MO3UTHBHA Kopeianuja yTBpheHa je
u3Mel)y mpuHOca KyKypy3a M BpUjeIHOCTH 00a
MHJ/IEKCA y BETeTAallMOHOM IEPHOAY M Y CE30HH
Jjbero. IlpumapHu M CeKyHAapHH MHHUMYM
MPUHOCA 3a0MIbEKEHH Cy Y TOIMHAMA TePLIUjapHOT
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During the analyzed period 1997-2017,
the highest corn yields in Bijeljina was
recorded in 2016, which is among the wettest
and hottest years in the observed period.
The lowest yields were recorded during the
years with the highest temperatures and the
lowest precipitation in summer season —
2017, 2015, 2012, 2011, 2007, 2003, 2000
and 1998. During these years, long-lasting
heat waves with temperatures significantly
higher than average and with the extremely
low precipitation and drought occurrence had
a negative impact on corn yields. The lowest
yield (1.36 t/ha — 70 % lower than averaged
in the analyzed period) was recorded in 2012,
the year with the highest temperature in the
summer season (by 4.7°C warmer than the
period 19611990 average) and the year of
tertiary precipitation minimum in this part
of the year (only 80 mm). Due to extreme
weather conditions that affected Europe in that
period, low crop yields were also recorded in
other parts of Bosnia and Herzegovina (Trbi¢,
Baji¢, Popov, & Oprasi¢, 2013) and the region
(Kovacevi¢, Kovacevié¢, Pepo, & Markovic,
2013). Corn yields show greater dependence
on the necessary precipitation minimum
during the critical development stages than on
maximum precipitation. The secondary yield
minimum (1.5 t’/ha — 67 % lower than the
average) was recorded during the year of the
primary precipitation minimum in the summer
season and the secondary precipitation
minimum during the growing season (in
2000). On the other hand, the secondary and
tertiary corn yields maximums were recorded
in the fourth and fifth wettest years (in 2004
and 2005). Hydrothermal coefficient and
drought index, given that they are calculated
based on temperature and precipitation, in a
good way reflect their combined impact on
crop yields. A statistically significant positive
correlation was determined between the corn
yield and both indices in the growing season
and in the summer season. The primary and
secondary yields minimums were recorded in
the years of tertiary and secondary (primary)
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u cexyHaapHor (mpumapHor) muHumyma HTC
u Iy cesonu jbeto. TepuujapHu MakCHMyM
MPUHOCA OCTBApeH j€ y TOJUHH CEKYHIapHOT
makcumyma HTC u I,y ce3onu sbero (v y
TOIMHU TPUMApPHOT MAaKCHMyMa OCTBApPEHH CY
W3HAIIPOC]EUHH IPUHOCH).

Wmajyhu y Buy yTBphEeHy 3aBUCHOCT IPUHOCA
KyKypy3a O]l BapujaOMIIHOCTH KJIMMAaTCKHX
BapHjabiu, Hapo4yHuTO je 3abpumaBajyh TpeHn
3arpujaBama (MOCEOHO M3paXKeH Yy JhETO) U
HETaTUBHM TPEHJ NaJaBUHA y CE30HH JbETO.
OcuM TOTa, HEMOBJEHY OKOJHOCT IPECTABIbAjY
3HauajHU TPEHOBU MoBehama roaummer 0poja
JHETHUX JaHa (3.8 maHa 1o JEIeHuj ) U TPOTICKUX
nana (5.2 nana o geuenuju) (Popov, Gnjato, &
Trbi¢, 2018b), ka0 ¥ MO3UTHUBHYU TPEH]I AYKHHE
Tpajama TOIUIMX Tajaca (OKO 5 1aHa o JISTICHHU) )
(Popov et al., 2019b). bujespuna ciaga y noapydja
KOja Cy HajBHILE MOroheHa HECTAIIUIIOM BOJE Y
semspHinTy (Radusin et al., 2013). Ocum Tora,
noBehame TtemmepaTypa y3poKyje IMIHpEHme
WHBa3UBHUX TEPMO(UIHUX KOPOBA Kao IITO CY
Amorpha fructicosa, Ambrosia artemisiifolia,
Helianthus tuberosus u np. (Radusin et al., 2016).

Ca nosehameM Temrieparype 1 IpoMjeHIbUBIM
NaJiaBUHaMa, JOCTYIHOCT BOJIE U TMPOHU3BO/HHA
ycjeBa y Oynyhnoctu he ce cmamutu (Kang et
al., 2009; Rosenzweig et al., 2014). Ouekyje ce
na he mpojekToBaHe MPOMjEHE y4YeCTaJoCTU U
MHTEH3UTETa eKCTPEMHHX KIMMATCKuX jorahaja
(HOp. TOIUIM Tamacu, Cylle, MHTEH3UBHE U
IYTOTpajHe NajaBHHE, MPEKOMjepHe xJsagHohe
u BpyhuHe, oiyje ca rpajom, UT/I.) HETaTUBHO
yTULATH Ha MPHUHOC YycjeBa M TIoOanHy
npousBoamy xpane (Deryng et al.,, 2016).
[Ipojexuuje mokasyjy aa he, yciben KIMMaTCKuX
MpOMjeHa, MPUHOCH KyKypy3a J0 Kpaja BHjeKa
OWUTH CMarkb-EHH U Y CBUM HAjBXHUJUM 00IacTUMa
y3rajama — y KyKypy3HoM nojacy CjeaumeHux
Awmepnukux [Ipxasa u Kanane (Cai et al., 2009;
He et al., 2018; Ummenhofer et al., 2015), EBponu
(Knox et al., 2016; Olesen et al., 2011) u Kunu
(Zhang et al., 2015).

Bbynyhe mpomjene temmeparype, najgaBuHa
U BIQXHOCTH 3EMJBMILITA MOTY Ja yrpose
MoryhHoctu kopunihema HTOBOTPUBPEIHOT
3eMJBHINTA U MPOIYKTUBHOCT ycjeBa y EBporu,

minimum of HTC and I, in the summer
season. The tertiary yield maximum was
achieved in the year of secondary maximum
of HTC and I, in the summer season (in the
year of primary maximum, the above-average
yields were also recorded).

Given the determined corn yield
dependence on climate variability, a warming
trend (particularly during summer) and a
downward precipitation trend in the summer
season are concerning. The unfavorable
circumstances also represent the significant
upward trends in the annual number of
summer days (3.8 days per decade) and
tropical days (5.2 days per decade) (Popov,
Gnjato, & Trbi¢, 2018b), as well as a positive
trend in the warm spell duration (about 5 days
per decade) (Popov et al., 2019b). Moreover,
Bijeljina area is most affected by the soil
water shortage (Radusin et al., 2013). In
addition, the increase in temperature causes
the spread of invasive thermophilic weeds
such as Amorpha fructicosa, Ambrosia
artemisiifolia, Helianthus tuberosus and
others (Radusin et al., 2016).

With increasing temperature and variable
precipitation, water availability and crop
production will be reduced in the future
(Kang et al., 2009; Rosenzweig et al., 2014).
Projected changes in the frequency and
intensity of extreme climate events (e.g.
warm spells, droughts, intense and long-term
precipitation, excessive cold and heat, hail
storms, etc.) are expected to negatively affect
the crop yields and global food production
(Deryng et al., 2016). Projections show that,
due to climate change, corn yields will be
reduced in all major growing areas — in the
corn belt of the United States of America and
Canada (Cai et al., 2009; He et al., 2018;
Ummenhofer et al., 2015), Europe (Knox
et al., 2016; Olesen et al., 2011) and China
(Zhang et al., 2015).

Future changes in temperature,
precipitation and soil moisture may endanger
the use of agricultural lands and the crop
productivity in Europe, with significant
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ca 3HaAYajHUM MocJbeauIama mo 6e30jeaHoCT
cHabnujeBama xpanoM (Knox et al.,, 2016).
[ToBehawe mnpuHOCa YycjeBa MOBE3aHO ca
KIIMMaTCKUM TPOMjeHaMa OYeKyje C€ JeTUHO Y
cjeBepHoj EBpomnu, mokx ce Hajpehe cmameme
IPUHOCA OYEKyje y pernoHy Menurepana u Ha
jyrozamanHoM bankaHy, Te Ha jyry eBpOIICKOT
mujena Pycuje (Olesen et al., 2011). ¥V jyxHoj
EBpomnu, HapounuTO BENMKA CMamema MpPUHOCA
04eKyjy ce 3a mposbehHe ycjeBe (HIp. KyKypys3,
CYHIIOKpeT U cojy) (Olesen et al., 2011).
[Ipojexunje mokasyjy na he kimmmarcke
MpPOMjEeHe J0JaTHO NOTOpIIaTH YCJIOBE 3a
MPOU3BOAKY KYyKypy3a, MHOTO BHIIE HETro
nmrenune, kako y caujery (Deryng et al. 2014)
tako u y bocau u Xepuerosunu (Radusin et al.,
2016). Obnactu y3rajama KyKypy3a kpajem 21.
BUjeKa KapakTepucahe Mama y4ecTalocT I0jaBe
nposbeNHUX U jecemHUX Mpas3eBa, Opke cTore
aKyMyJaiyje cymMa akTHBHHX TeMIepaTrypa y3
CMameHhe BpeMeHa MOTPEOHOTr 3a MOCTU3AE
3penocTH, Beha (pekBeHIrja 1aHa ca BUCOKUM
temneparypama (npeko 35°C) TOKOM KJbYYHHX
(aza pacra (Kao IITO Cy Ka0 CBUJIAHE-1BjETAE)
u Behu neduuT Boe TOKOM PENpPOTyKTHBHUX
¢aza (Prasad et al., 2018). Cmameme npocjeqyHor
IpPUHOCA KYKypy3a IMPOJEeKTOBAHO 3a CPEIbY
EBpony nznocu 9 % no 2020. roqune u 15 % no
2080-ux; 3a jyxHy EBpony Takole ce nmpojekryje
HaIIM MaJl IpUHOCa KyKypy3a, nocedno mo 2080-
ux roauHa (3a 28 %) (Knox et al., 2016). IIpema
npojekuujama, y Mahapckoj he y Hapenne tpu
JelieHnje OMTH MPUCYTaH TPEeH/ O1aror cMamemba
npuHoca kykypy3a (Fogarasi et al., 2016). ¥
CroBenuju ce ouekyje na he ce mpuHOCH CMambUTH
y mpocjeky 10—16 % no 2050-ux ronuHa u 27-34
% mo 2090-ux ronuHa; Takohe odexyje ce na he ce
Melhyroauima BapujaOMITHOCT npuHOca noseharu
y onHocy Ha pedepentHu nepuon (1961-1990)
(Ceglar & Kajfez-Bogataj, 2012). Pesynraru
cuMyInaluja nokasyjy nay bocau u Xepueropunu
10 2020. roqune Hehe OMTH 3HAYajHUX MTPOMjEHA
notrpeba 3a HaBOAWABAKEM U IPOMjeHA
IpUHOCa 300T paHHjer JaTyMa CjeTBE U YKYITHOT
roMjepama BereTaiuje y paHo nposbehe; Hemro
BehM HEraTMBHU YTHUIA] KIMMATCKUX MPOMjeHa
nmoroxuhe ce no 2050-ux ronuna, a 3Harad 10 2080-
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consequences for the safety of food supplies
(Knox et al., 2016). The increase in crop
yields associated with climate change is
expected only in the northern Europe, whereas
the highest yield reductions are expected
to occur over the Mediterranean region,
the southwestern Balkans and the southern
European part of Russia (Olesen et al., 2011).
In the southern Europe, particularly high yield
reductions are expected for spring crops (e.g.
corn, sunflower and soy) (Olesen et al., 2011).

Projections show that climate change
will further exacerbate the conditions for
the corn production, much more than for
wheat, globally (Deryng et al., 2014) and
in Bosnia and Herzegovina (Radusin et al.,
2016). Corn growing regions near the end of
the 21st century will experience fewer spring
and fall freezes, faster rate of growing degree
day accumulation with a reduction in time
required to reach maturity, greater frequencies
of daily high temperature (above 35°C) during
key growth stages such as silking-anthesis
and greater water deficit during reproductive
stages (Prasad et al., 2018). Projections for
Central Europe show that the average corn
yields would decrease 9 % by 2020 and 15 %
by 2080; for southern Europe, a sharp decline
in corn yields is also projected, particularly
by the 2080s (by 28 %) (Knox et al., 2016).
According to projections, a mild decreasing
trend in the corn yields will be present in
Hungary in the next three decades (Fogarasi
et al., 2016). In Slovenia, yields are expected
to decrease by an average of 10—16 % by the
2050s and 2734 % by the 2090s; it is also
expected that interannual yield variability will
increase in relation to the reference period
1961-1990 (Ceglar & Kajfez-Bogataj, 2012).
The simulation results show that in Bosnia
and Herzegovina until 2020 there will be
no significant changes in the corn irrigation
needs as well as in corn yields due to earlier
sowing date and the overall shifting of the
growing season early in spring; a slightly
larger negative impact of climate change
will occur by the 2050s, and larger by the
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uX 300T CMambeba NaJJaBuHa y JbeTHUM Mjeceluma
(Stricevic, Stojakovic, Vujadinovic-Mandic, &
Todorovic, 2018). YV nopehemy ca pedepeHTHIM
nepuoaoM, a0 2080-ux, ouekyje ce noBehame
norpeda 3a HaBoAmaBameM 3a ckopo 100 %
(Stricevic et al., 2018). IIpojekuuje Cjercke OaHke
yKa3yjy Ja Ou ce IIPUHOC KyKypy3a HaBOIH-aBaHOT
CaMo KHILIOM Y HajBXHUJUM PETHOHUMA Y KOJUMa
ce y3raja (y cjeBepHOM JHjelTy TepUTOPH]E IIje ce
Hanasu u CemOepuja) 1o 2025. u 2050. ronune
Mo cMamuTH 3a 10-25 % (Radusin et al., 2016).
CBu HaBeIeHH POLIECH AUPEKTHO he ce onpasuTH
Ha [MjeHy KYKypy3a, alll U LHjeHy CTOKE Y 4Hjoj
UCXPaHU KyKypy3 MMa BEJIUKH YIIHO.

3AKJbYYHAK

Bbynyhe Tenaennuje npuHoca u IPOU3BOIHE
KYKypy3a, Haj3acTylJbeHHU]E IKUTApHULE Y
CeMbepuju, y H3MHJCHEHUM KINMATCKUM
yCJIOBUMa HETraTWBHO he ce Opa3uTH Ha yKyIlaH
pa3Boj oBor nojpyyja. CeKTop MOJONPHUBPEIE
nMa Benuku yauo (oko 30 %) y yKymHOM
Opojy 3amocieHor craHoBHumTBa Cembepuje.
[IpepahuBauka mHAYCTpUja, YCKO MOBE3aHA ca
MOJFONPUBPEIHOM TPOU3ZBOJIKBOM, O0OyXBara
oko 11 % 3anocnenux. [lakie, nojbonpuBpenHa
MPOU3BO/IbA TPENICTaBha 0a3Hy IjelaTHOCT Y
Cembepuju. On epuKacHOCTH MOTY3ETUX Mjepa
ajanranyje ¥ MuTuranuje 3asucuhe OyayhHoct
OBOT' TOJHOTPUBPEAHOT TMOJAPYYja, BAKHOT 32
YKYIIHY NTOJbOTIPUBPEIHY MTPOU3BOIIY PemyOnuke
Cprcke u bocHe u Xepreropuse.

[Toctoju mupokx cmekrap MoryhHocTH
npuinarohaBama Kako Ou ce yOmaxuiau
HEraTUBHU €(EeKTH KIUMATCKUX MPOMjeHa Ha
MIPOU3BO/IBY yCjeBa Kao MITO Cy: MPOMjeHE Y
BpEMEHY y3roja (yKJbyuyjyhu cjeTBy M JKETBY);
MpPOMjeHE y HauyMHHMa o0paje 3eMJbUIITA,
YyIIaBHOM YCMjE€PEHUM Ha OuYyBame BOJE Y
3eMJBHMILTY M 3AIITUTY OF €pO3Uje; MPOMjeHE
npakcu geprunmsanyje; yBoheme HOBUX ycjeBa
y 1iogopeny (yBoheme HOBUX U TOTOIHH]HX
COPTHU CaJallllbUX KYJITypa); 3aIITUTa OMJbaka U
MOHHUTOPHUHT IITETOYMHA M OOJECTH; CE30HCKA
MIPOrHO3a BpeMeHa (MPOMHUjEHEHU KIMMAaTCKH
yciioBH 1 Beha BjepoBaTHONA 1ojaBe HeyoOH4ajeHUX

2080s due to reduced precipitation during
the summer months (Stricevic, Stojakovic,
Vuyjadinovic-Mandic, & Todorovic, 2018).
Compared to the reference period, by the
2080s, an increase in irrigation requirements
is expected to be almost 100 % (Stricevic
et al., 2018). The World Bank’s projections
suggest that the rainfed corn yields in the
most important growing regions (in the
northern part of the territory where Semberija
is located) could decrease by 10—-25 % by
2025 and 2050 (Radusin et al., 2016). All of
these processes will directly affect the corn
price, but also the price of corn-fed livestock.

CONCLUSION

Future tendencies in yield and production
of corn, most prevalent cereal in the Semberija
region, in changed climate conditions will
negatively affect the overall development of
this area. The agriculture sector has a large
share (about 30 %) in the total number of
employed people of Semberija. Manufacturing
industry, closely linked to agricultural
production, accounts for about 11 % of
employees. Therefore, agricultural production
is the core activity in Semberija. The future of
this agrarian area, one of the most important
for the overall agricultural production of
the Republic of Srpska and Bosnia and
Herzegovina, will depend on the efficiency of
implementation of adaptation and mitigation
measures.

There is a wide range of adaptation
options to mitigate the negative effects of
climate change on crop production, such as:
changes in timing of cultivation (including
sowing and harvesting); changes in soil
cultivation methods, mainly aimed at soil
water conservation and erosion protection;
changes in fertilization practices; introduction
of new crops to the crop rotation (introduction
of new and more favorable cultivars of current
crops); crop protection and pest and disease
monitoring; seasonal weather forecasting
(changed climatic conditions and higher

55



TATJAHA I10IIOB 1 APATULIA AEJIMHh
TATJANA POPOV AND DRAGICA DELIC

BPEMEHCKHX MpPHJIMKA MCTUYY HHXOB 3HAUAj
Kao ajiaTa 3a aJjamnTaiujy); OCUTypame ycjeBa
u ap. (Olesen et al., 2011). I'maBHe Mjepe
ajanranyje cekTopa mnoJbonpuBpene y bocuu
n XepleroBuHu tpeba na oOyxBare: MpPOMjeHE
BpeMeHa OJONPHUBPEIHUX OTIEpalyja; Ipyradynju
n300p copTU W BpCTa; yHnorpely BjeIITAYKUX
cucTeMa 3a I000JbIIIaBake KOpUIINemha BOAE UITH
JOCTYTIHOCTH BOJIE (M3rpa/itha WIH MPOIINPHBAGE
CHCTEMa 32 HaBO/[HhaBarbe); oBeharme Mpon3BoImbe
y IUTACTEHUIIMMA; MPOMjeHE MOJbOIPUBPEIHUX
cucTteMa M Mpakcu (IJI0Jopel, MpOMjeHe Y
MjeIIaBHHU YpOoAa | Jp.); IPOMjeHE Y MPHM]jEeHH
¢depTunmnzanmje; apyrauvje METOIE U HOBH
MPUCTYTHN Y 00pa Iyl 3eMJBHILTA U JpYyTe Mjepe Ha
TepeHy; HOBE MOJIEJI€ arPOKIMMATCKOT 30HUPAba;
UCTPaXKMBak€ HOBUX TEXHOJIOTHja; IMOAU3AE
CBUJECTH jJaBHOCTH M JIOHOCHWJIAIA OAJyKa Y
IpoLecy Kpeupama pPa3BOjHUX IOJHUTHKA 3a
aJlanTanyjy v yonaxaBame KIMMaTCKUX ITPOMjeHa
y CEKTOpY HOJBOIPUBPE/IE U IPOU3BOIHE XpPaHE U
ap. (IToro, 2017; Radusin et al., 2013).

probability of unusual weather patterns
highlight their importance as an adaptation
tool); crop insurance, etc. (Olesen et al.,
2011). The main adaptation measures for the
agriculture sector in Bosnia and Herzegovina
should include: changes in timing of
agricultural operations; a different selection of
cultivars and species; use of artificial systems
to improve water use or water availability
(irrigation systems construction or expansion);
increase in greenhouses production; changes in
agricultural systems and practices (seedlings,
changes in the plant rotations, etc.); changes
in fertilization practices; different methods and
new approaches in soil cultivation and other
measures in the field; new models of agro-
climatic zoning; research on new technologies;
raising awareness of the public and decision-
makers in creating policies on adaptation and
mitigation of climate change on agriculture and
food production, etc. (IToros, 2017; Radusin
etal., 2013).
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EJIEMEHTHU OJAPKUBOCTHU U KBAJIUTETA
BOJIE KOTJIAHUYKOI JE3EPA

Cnooonan I'maro'*, Pagociaas [lexuh’, Cjetsiana Jlonuh?,
O6pen I'mvato’ 1 Mapko UBanumenuh’

"Vuusepsuret y bamoj Jlyiu, [Ipupoano-maremaruuku dakynret, bama Jlyka, Penyonuka Cpricka
*Bucoka 1Koma 3a Typu3aM 1 XoTenujepctso, Tpebume, PenmyoOnuka Cpricka

Cawxerak: Toxom Jspera 2016. rommHe o00aBjbeHAa Cy TEpeHCKAa M JlabopaTopHjcKa HCIIUTHBaEka KBAJIUTETA BOJIE
Kornannukor jesepa Ha 3esieHropu, U3Bopa KOjUM C€ je3epo Harlaja BOJIOM, T€ je3epcKe OTOKe. YTBpheHu cy ¢puzndxo-
XEMH]jCKH, CAHNTAPHO-MUKPOOHOJIONIKH ¥ CAIIPOOHOJIONIKH TapaMeTPpH Y30pKOBaHUX Boja. Pesynrari aHannza rnokasanm
Cy BHCOK EKOJIOLIKH CTaTyC M OJICYCTBO 3Ha4yajHHjUX Iapamerapa eyrpodmuzammje. Jesepcka Boja je Xumnepcarypucana
(DOTOCHHTETCKOM aKTHBHOIINY MakpodmuTa IOJBOIHE JHMBAJAE, a CANPOOMOJIOIIKA aHAIN3a IT0Kasyje OJMrocarnpoOHa
cBojcTBa. Ha OCHOBY KBaJMTaTMBHOT M KBAHTHTATHBHOI' CAacTaBa ajird M IMjaHOOAKTEpHja y je3epCKOj BOAHM M3padyHaT
je nanekc canpodnoct (1.32) mpema xome Boga Komtanndxkor jezepa oaroBapa mpBoj Kilacu KBaJIWTETa MOBPIIMHCKUX
BOJIa, OMHOCHO OJMIOTPO(HHUM BOJaMa BHCOKOT €KOJIOLIKOT craryca. Bosja n3Bopa KojuM ce jesepo Haraja, Kao M Boja
je3epcke 0TOKe, N3BPCHOT j€ KBAJIHUTETA.

Kibyune pujeun: Kornannuxo jesepo, 3enenropa, Gu3nUKo-XeMHjcKa 1 OaKTEPHOIIONIKA aHATIN3a, KBAJIUTET BOZIE.
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ELEMENTS OF SUSTAINABILITY AND WATER
QUALITY OF KOTLANICKO LAKE
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Abstract: During the summer of 2016, field and laboratory examinations were carried out on the quality of the Kotlani¢ko
Lake water, the source by which the lake is supplied with water and on the lake distributary. The physical-chemical, sanitary-
microbiological and saprobiological parameters of the sampled waters were determined. The research results showed a
high ecological status and the absence of significant parameters of eutrophication. The lake water is hypersaturated
by photosynthetic activity of the macrophyte of the submersed meadow, whereas saprobiological analysis determined
oligosaprobic characteristics. Based on the qualitative and quantitative composition of algae and cyanobacteria in the
lake water, the saprobity index of 1.32 was calculated which suggests that Kotlani¢ko Lake corresponds to Class I of
surface water quality of, i.e. it is characterized by oligotrophic waters of high ecological status. The water of the source
that supplies the lake, as well as the water of the lake’s distributary, is of an excellent quality.

Key words: Kotlanicko Lake, Zelengora Mountain, physical-chemical and sanitary-microbiological analysis, water
quality.
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YBOJ

[Inanuna 3eneHropa, Ha KOjOj Ce Halasu
Kornanuuko jesepo, mpumajaa MmiaHUHCKOM
nanny Yuyrtpammux Huxapuna. CMjeniTeHa
je y jyromctodyHom naujeny bocHe wu
Xepuerosune. tbena HajBuIma Tauka je
bperou, u Hanasu ce Ha 2014 m HagMopcke
Bucune. IloceOHy JbemoTy OBOj MIAaHUHHU
najy OpojHa NeaHHYKa je3epa y Hapoay
mo3Hara kao ,,ropcke oun‘. Hajmo3naruja cy
Kornanunuko, Hltupuncko, Opnosauko, [{pHo
u bujeno jesepo, y neHTpainom, te lopme
bape u [lome bape Ha jyroucToyHoj CTpaHu
OBE IJIAHUHE.

KoTianuuko je3epo HajHENpPUCTYyTauyHH]je
je oIl cBUX je3zepa 3elieHrope, ma je U3 TUX
pasjora HajMame M3JI0KEHO HEMOCPEIHOM
AHTPOTIOTEHOM YTHIIajy. Y HEKUM JHjeI0BUMA
jesepa JOUIIo je N0 MHTEH3WBHOT pa3Boja
€MEep3HUX U cyOMep3HHX Makpodura Koje
dbopMupajy unTaBe MOJABOJHE JUBAJE, ILITO
noBoaM 10 yOp3aHOr mpoleca cTapema
BOJICHOT €KOCHCTeMa ycJbea mnoBehaBama
KOJINYMHE opraHcke Marepuje. Tome HapouuTo
JIOTIpUHOCE eMep3He OuibKe Tpeka u mam. OHe
ycBajajy (amcopOyjy) YIJbeHUK U3 Ba3nyxa
U Tpejajy ra y BHUAY OpTaHCKE MaTepwuje
BosieHOM ekocuctemy (hupxosuh, Joanosuh,
& Manerun, 2002). Hakon yrubama
Makpo(duTa TaJlOXH CE€ 3HATHA KOJIUYHMHA
OpraHcKe MaTepHje, MITO JOBOJHU JI0 CMakhEemha
nyOuHe je3epa u pacra cioja myJba (Petrovic,
Gajin, Matavulj, Radnovi¢, & Svircev,
1998). Ha oBaj HauuH moya3u a0 TIpoleca
eyTpodusanuje npu 4emy, ycben nopehane
NpuUMapHe NPOAYKIHje, je3epo Mmpenaszu u3
OJIUTOTPOQHOT y ME30TPOHO, a 3aTUM Y
eyTpodro ctame. [Ipouecy eyrpodusamuje
JOTPUHOCH U CIHPAaHkE OKOJIHOT 3€MJBHUIITA,
Kao M BjeTap KOjU JOHOCHU YECTHUIIC MpaIInHEe
U CUTHOT NHUjecka y je3epcku Oazen. Ha Taj
Ha4YWH, CJI0j MyJba MOCTEeNEeHo ce noBehasa,
IITO BOJM KOHAuYHOM HECTAaHKY BOJEHOT
ekocucteMma (Sigee, 2004).

INTRODUCTION

The Zelengora Mountain, where
Kotlani¢ko Lake is located, is a part of the
Dinarides mountain range. It is located in the
southeastern part of Bosnia and Herzegovina.
The highest peak Brego¢ is located at 2014
m above the sea level. Specific beauty to this
mountain is given by numerous glacial lakes
known to the people as ,,mountain eyes®.
The most famous are Kotlani¢ko, Stirinsko,
Orlovacko, Crno and Bijelo Lakes, in the
central part, and Gornje Bare and Donje Bare
Lakes in the southeastern part of the mountain.

Kotlanicko Lake is the most
unapproachable of all Zelengora lakes, and
for this reasons is least exposed to a direct
anthropogenic impact. In some parts of the
lake, there has been an intensive development
of emergent and submerged macrophytes that
form submersed meadows, which entirely
cover the area. This leads to the accelerated
process of the aquatic ecosystem aging due to
the increase in the amount of organic matter.
In addition, eutrophication is particularly
fastened by the semiaquatic vegetation, such as
reed and sedge. They adopt carbon from the air
and transfer it in the form of organic matter to
the aquatic ecosystem (hupkosuh, JoBanosuh,
& Mamnetun, 2002). After macrophytes die,
a considerable amount of organic matter
decomposes in the decay phase, which leads
to the lake depth reduction and to increasing
sludge layer (Petrovi¢, Gajin, Matavulj,
Radnovi¢, & Svircev, 1998). This leads to
the eutrophication process whereby, due to
increased primary production, lake transitions
from oligotrophic to mezotrophic and then to
eutrophic states. The eutrophication process
is also contributed by the erosion of the
surrounding land, as well as by the wind that
carries particles of dust and fine sand into the
lake watershed. Thereby, the sludge layer is
gradually increasing, which leads to the final
disappearance of the aquatic ecosystem (Sigee,
2004).
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MATEPUJAJIN U METOIE

Kornanmuko jesepo (Cin. 1) Hamasu ce y
LEHTpaJHOM JAHjelly IJIaHuHEe 3eleHrope, Ha
1514 m HagMopcke BucuHe, Ha 43°21°41.70”
c.. m. u 18°29°2”’ u. r. A., n npunajaa rpynu
HUPKHUX je3epa. OKPYyXKEHO je MIaHUHCKUM
BpxoBuMma: Kuek, Homom, I[Ipyraua u
3umoBuna. Jesepo je ayro oko 400 m, a
mupoko oko 200 m. OHo je HajayOsBe je3epo
Ha 3eneHropu, a Hajseha u3mjepena nyomHa
u3Hocu 10 m. Hanaja ce BOJjoM U3 HEKOJIHMKO
n3BOpa yKJpyuyjyhum m mamaBuHCKEe BOZE.
Jesepo rybu Boay HMcrapaBambeM U OTOKOM
koja nmonupe (Gafi¢ & Dzeko, 2008).

Ca. 1. Kotnanmnuko jezepo (Poro: [exuh, 2016. 1)

MATERIALS AND METHODS

Kotlanicko Lake (Fig. 1) is located in
the central part of the Zelengora Mountain at
1514 m above sea level, at 43°21°41.70” N
and 18°29°2” E. It belongs to a group of cirque
lakes. It is surrounded by the Klek, Domos,
Prutaca and Zimovica mountain peaks. It is
about 400 m long and about 200 m wide. This
is the deepest lake at the Zelengora Mountain
— the greatest measured depth is 10 m. It is
supplied with water from several sources
and by precipitation. The water loss is due to
evaporation and the distributary that flows to
subterranean (Gafi¢ & Dzeko, 2008).

P

Fig. 1. Kotlanicko Lake (Photo: Deki¢, 2016)

VY3opum Bone 3a (PU3HIKO-XEMHJCKY |
0aKTepHOJIOMKY aHanu3y y3etu cy 20. aBrycra
2016. rommHe. Y30pKOBame j€ W3BPIICHO
yrnmorpedoM CTEpUIHHX CTaKJIEHUX OoYuia
3anpemuHe 500 ml y acenTHYHUM YCIIOBHMA,
u3 cimoja 10—15 cm wcnon moBpIIMHE, Kao H
3 cioja 30—50 cm wm3Hanm aHA je3epa. Y3opuu
je3epcke Bojie Y3€TH Cy Ha YETHPHU pa3nduTa

Water samples for physical-chemical and
bacteriological analysis were taken on August
20, 2016. Sampling was performed using sterile
glass bottles of 500 ml in aseptic conditions,
from a layer of 10—15 cm below the surface,
and from a layer 30—50 cm above the lake
bottom. Lake water samples were collected
from four different sites (sites A, B, C and D),
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nokamurera (A, B, C u D), Te ca uzBopa kojum
Cce je3epo Haraja BOJIOM, Kao U U3 je3epCKe OTOKE.
3a aHanmu3y (UTOIIAHKTOHA MPO(UITPUPAHO je
20 1 Bozie Kpo3 IJIAHKTOHCKY MPEKHILY MPEYHUKA
20 pm. KoHueHTpoBaHH y30pak je (uxcupan
KHCEJIMM JIyTOJIOBUM pacTBopoM. JlyOuHa Boze
U HEHa MPOBUAHOCT yTBpheHH cy mnomohy
Secchi nucka. Taxole, U3BpILIEHO je U Mjepeme
TeMIIepaType Boje, a onpeheHe cy u BpHjeIHOCTH
pH, eneKkTponpoBOIJEUBOCTH, KOHILIEHTpAIHje
pacTBOpPEHOI KHCEOHUKa, T€ carypamuja u
TypOuanTeT. CakyIybeHH Y30pIH TPAHCIIOPTOBAHH
Cy Y py4HOM (pYoKUIIepy Ha JIey, Ha TeMIeparypu
1o +4°C. AHanu3a ocTanux rnapaMmerapa u3BpiieHa
je y naboparopuju IlpupoaHo-mareMaTHUKOT
¢dakynrera YuuBepsutetra y bamoj Jlynw.
VYnorpebom cnekrpoporomerpa HACH DREL
Complete Water Lab DR2800, npema nporicanum
npouenypama (HACH LANGE, 2008), onpehene
Cy KOHIIEHTpallfje PacTBOPEHOT aMOHHjadHOT,
HUTPATHOT M HUTPUTHOT a30Ta, opTodocdara u
cyadara, Kao ¥ yKyIHe CyCIeHI0BaHEe MaTepHje.

BpojHoct 6akrepuja onpehena je MHAMPEKTHUM
oxrajuBaukuM meronama (Benson, 1998; McKane
& Kandel, 1996; Wistreich, 2003). Onpehena
je OpOJHOCT YKyNHHUX aepoOHHUX XeTepoTpoda,
YKYITHHUX KOTU(POPMHUX OaKkTepHja, KOMU(POPMHUX
OakTepuja (ekaJHOT TOpHUjeKia U OpojHOCT
¢dexannux crpentokoka (Petrovi¢ et al., 1998;
VYpen6a o knacupuKaluju Boia U KaTeropu3atuju
Boz10TOKa, 2001), py ueMy Cy KOpHILTEHE XparbUBE
noziore nmpousBohada BioMérieux u Torlak.

Wnentudukaiyja aiary u3BplieHa je nomohy
kpyueBa: Hindak (1978, 2005, 2008), John,
Whitton, & Brook (2005), Kannan & Lenca (2013),
Lange-Bertalot, Hofmann, Werum, & Cantonati
(2017) u Lazar (1960). Crenen campoOHOCTH
onpeheH je Ha OCHOBY pellaTUBHE OpOJHOCTH
WHIUKATOPCKUX OpraHu3zama, NpU dYemy je
KopuinTeHa Mahapcka mogudukanuja Pantle-Buck
metone (Pal, 1998).

Konauna oljjeHa KBajguTeTa BOJE JaTa je
HAa OCHOBY pEJICBAHTHE 3aKOHCKE peryjaTHhBe
Peny6nuke Cprcke u3 o0macTu KBajauTeTa
MOBPIIMHCKUX Bona (Ypenda o kimacudukanuju
BOZIa M KaTeropu3aluju Bogoroka, 2001).

as well as from the source which supplies the
lake with water and from the lake’s distributary.
For phytoplankton analysis, 20 1 of water were
filtered through plankton net of 20 pm diameter
mesh. The concentrated sample was fixed with
acidic Lugol’s solution. The water depth and
transparency were determined using the Secchi
disk. In addition, water temperature was
measured, and pH values, electroconductivity,
dissolved oxygen concentration, saturation
and turbidity were also determined. Collected
samples were transported in a hand cooler
with ice on temperature up to 4°C. Analysis
of other parameters was performed in the
laboratory of the Faculty of Natural Sciences
and Mathematics in Banja Luka. Using the
spectrophotometer HACH DREL Complete
Water Lab DR2800, following-up user manual
(HACH LANGE, 2008), concentrations of
dissolved ammonia, nitrate and nitrite nitrogen,
orthophosphate and sulphate, as well as the
total suspended matter were determined.

The amount of bacteria was determined
by using indirect breeding methods (Benson,
1998; McKane & Kandel, 1996; Wistreich,
2003). Quantity of total aerobic heterotrophs,
total coliform bacteria, coliform bacteria
of faecal origin and the number of faecal
streptococci were determined (Petrovi¢ et
al., 1998; VYpenba o knacudukanuju BoIa
U Kareropusauuju Bojpotoka, 2001) using
BioM¢érieux and Torlak nutrient bases.

Identification of algae was carried out
using the following keys: Hindak (1978, 2005,
2008), John, Whitton, & Brook (2005), Kannan
& Lenca (2013), Lange-Bertalot, Hofmann,
Werum, & Cantonati (2017) and Lazar (1960).
The degree of saprobity was determined based
on relative number of indicator organisms
and using the Hungarian modification of the
Pantle-Buck method (Pal, 1998).

The final water quality assessment is
given based on the relevant legislation of
the Republic of Srpska in the field of surface
water quality (Ypen6a o knacudukanuju Boga
U Kareropusauuju BonoTtoka, 2001).
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PE3VIITATU U IUCKYCUJA

Bona wusBopa kojum ce KoTmanumuko
je3epo Hamaja U3BPCHOT je KBalHWTeTa H
BHCOKOT ekosomkor craryca (Tab. 1). Mako je
y30pKOBam€ U3BPILICHO y aBrYCTY, TEMIIeparypa
Bozie u3Hocuia je ceera 13.9°C. Bona je 6wma
Oorara pacCTBOPEHUM KHCEOHUKOM, IIITO MTOKa3yje
BpHUjenHOCT caTypauuje ox 94.5 %. buonomika
NOTPOIIba KMCeonuka, ox ceera 0.57 mgO /1,
MoKa3aresb je HUCKEe KOHIIEHTPAIIHje OPTaHCKUX
Marepuja y jesepckoj Bonu. Bona je Gmiia Grmaro
ankanmHa (pH 7.81), u Huje Omna onrepehena
CyCIEHAOBAaHUM MaTepujamMa OpraHCKOT H
MUHEpajHoT mopujekna. KoHmeHTpamuje
OCHOBHHUX HYTpPHjE€HATa y je3epcKoj BOAM Ouiie
Cy HHUCKE, a IPHUCYCTBO aMOHHWja4HOT a30Ta H
cyngara Huje 3a0UIBEKEHO.

Ha ocnHoBy mpahenux ommrtux (uzmdko-
XeMHUjCKHX Tmapamerapa, mapamerapa
KHUCEOHUYHOT pEeXHUMa T KOHICHTpaIuje
NPUCYTHUX HYTpHUjEeHaTa, H3BOPCKa BoJa
KOJOM C€ je3epo XpaHH MpHUIaaa MPBOj KIaCH
MOBPUIMHCKUX Boja (Ypenda o kiacupuKauju
BOJIa M KaTeropu3amuju Boaotoka, 2001).

Ha BHCOK €KOJOIIKM CTaTyc H3BOPCKE
BOJIC YKa3yjy H pe3yjlTaTd CaHUTapHO-
MHUKpPOOHOJOMIKMX aHaln3a. YKynaH Opoj
aepoOHUX XeTepoTpopHUX OaKTepHja U3HOCHO
je 550 CFU/ml, mTo je moxa3aTesb HHUCKE
KOHIIEHTpaluje opraHcke marepuje. Haumme,
xerepoTpodHe OakTepuje XpaHe ce OPraHCKOM
MaTepHjoM U HbUXOBA OPOJHOCT TUPEKTHO 3aBUCH
071 IpHCYyCTBa OBOT THIAa Marepuja y Boau (Pukid,
Gajin, Matavulj, & Mandi¢, 2000). ¥ manom
Opojy M307I0BaHE Cy M yKyIHE KOJIHU(POPMHE
oaxrepuje (10 CFU/100 ml), anmu mely suma Huje
3a0MJBEIKEHO MPUCYCTBO (heKaTHUX Komupopma
HUTHU (EKATHUX CTPENITOKOKA KOj€ Cy HHIUKATOP
ontepehema Bone ¢exkanmHuMm marepujama. Ha
OCHOBY M3BPIIICHHUX aHAJIM3a H3BOIH CE 3aKIbyJaK
Jla U3BOpcKa Bozaa kKojoM ce Kornanudxko jesepo
Haraja mpuIaja mpBoj KJIACH MOBPITUHCKUX BOJIA.

Mjepema Ccy mokaszana jJa je TeMmIeparypa
je3epcke Boze BUINA Y OAHOCY Ha TeMIeparypy

RESULTS AND DISCUSSION

Water of source, which supplies
Kotlanicko Lake with water, is excellent and
has a high ecological status (Tab. 1). Although
the sampling was carried out in August, the
water temperature was only 13.9°C. Saturation
value of 94.5 %. suggests that it is rich with
dissolved oxygen. Biological consumption of
oxygen of only 0.57 mgO,/1 is an indicator of
low concentration of organic matter in water.
The water is slightly alkaline (pH 7.81) and
is not loaded with suspended organic and
mineral substances. Concentrations of basic
nutrients in water were low, and the presence
of ammonium nitrogen and sulphate was not
recorded in water at all.

Based on all observed general physical-
chemical parameters, parameters of the
oxygen regime, as well as the concentration
of the present nutrients, water of the source
corresponds to Class I of surface water
quality (Ypenba o kmacudukamuju BOAa U
KaTeropusanuju BogoToka, 2001).

The high ecological status of the source
is also indicated by the results of sanitary-
microbiological analyzes. The total number
of aerobic heterotrophic bacteria was 550
CFU/ml, indicating a low concentration
of organic matter in water. As a matter of
fact, heterotrophic bacteria feed on organic
matter and their number depends directly on
the presence of this type of matter in water
(Puki¢, Gajin, Matavulj, & Mandi¢, 2000).
Total coliform bacteria were isolated in a
low number (10 CFU/100 ml). However,
among them presence of faecal coliforms
or faecal streptococci, which are indicators
of water loading with faecal matter, was not
determined. Coliforms get into the water with
municipal waste materials in larger numbers,
but they are also natural inhabitants of surface
waters. Based on the performed analysis, it
can be concluded that the water of the source
which supplies Kotlani¢ko Lake corresponds
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M3BOpPCKE BOJIE, IITO jé W OYEKHBAHO, jep ce
pamu o crajahoj Boau 4Mja ce TMOBpPIIMHA Opxke
3arpujaBa. M3MjepeHe BpHjeqHOCTH KpeTaje Cy
ce y pacriony of 18.7°C, KOJIHKO je u3MjepeHo Ha
nuy nokanutera B, 1o 20.7°C y noBpmmHCKoM
ciojy Ha gokanutery D. [Ipuikom mjepema Huje
3a0WIbeKeHA BEIUKA pasliuKa y TEeMIIepaTypu
BOJIC TIOBPIITMHCKOT CJI0ja Yy OTHOCY Ha IPU3EMHH
c10j. OBa KOHCTAaTaIM]ja BayKH 3a CBE JIOKAJIUTETE
Ha KojuMa Cy BpIIIeHa Mjeperha, IIITO 3HA4YH J]a HE
MIOCTOjH TEMIIepaTypHa CTpaTU(HUKaIHja.

AHanmsze cy Tmokaszaje Ja je jezepcka
BoJa OoraTra pacTBOPEHUM KHCEOHHUKOM.
KoHmenrpanuja KHCEOHHMKAa Ha CBUM
nokanuteTuma Omna je Beha on 8 mg/l, u3yses
OTOKE Traje je yTBpheHa Mama BpPHjEIHOCT.
MehyTtum, Ha nokanutety A yTBpheHa je BuiIa
KOHIICHTpAIIMja KUCEOHHUKA Y TIOBPIIUHCKOM CJI0]y
y OJIHOCY Ha MPU3EMHHU CJIO], JIOK j€ Ha OCTAIUM
JIOKaJMTETUMa CTamkbe 00pHYTO. Pasmor Tome cy
MakpouTe MOABOTHUX JTHBaa. OHE HHTEH3UBHO
BpIIIe Iporiec (POTOCHHTE3E MTPU YeMy ce ociiobalha
KHCEOHUK, IITO AOMPHUHOCH XHUIepcaTypaluju.
[ToBumena BpHjEIHOCT caTypaluje BOJIE
KHCEOHHKOM cBpcTaBa KoTiianuuko jesepo y
IpyTy KJIacy MOBPIIMHCKUX Bojma. Mjepema Ha
CBHM JIOKQJIUTETUMA [T0Ka3aJ1a Cy J1a je OMOOoIIKa
MOTPOIIkHa KHCEOHHKA PENIATUBHO HHCKa. Mmak,
HELITO BHILE BPHUjEJHOCTU OBOI IapameTpa,
300T UHTEH3UBHHU]JET MPOIleca MUKPOOHUOIOIIKE
pasrpajme Opraicke Marepuje, yrBpheHe cy npu
JHY je3epa, U TO Ha JokaimuTeTuma A u D, mto
yKa3yje Ha APYTY KJIACy KBAJIUTETa MOBPIIMHCKUX
BOJIA.

Kotnannuko jesepo mma Oiaro ankaiHy
Boxay unja ce pH BpujenHoct kpehe y nnTepBaty
on 8.22 mo 8.48. Amanuze cy mokaszaie Ja je
KOHIICHTpallija joHa y BOJIM HM3PA3UTO HHCKA,
jep ce BpHjEeTHOCT EINEeKTPONPOBOATLUBOCTH
kpertana ox 122.6 no 253.0 uS/cm. Hemrro Butie
BPHjEIHOCTU OBOT MapaMmerpa yTBpheHe cy Ha
CBHM MJE€pPHUM JIOKAJIUTETUMA TIPU JHY je3epa.
KonnenTpanuje CcycrneHJ0BaHHX Marepuja H
BpHjEAHOCTU TYpOUIUTETA yKa3yjy Ha OUCTpY
BOJY, HeomnTepeheHy OpraHCKUM ¥ MUHEPATHUM
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to Class I of surface water quality.

The temperature of lake water is higher
compared to the temperature of the source
water, which is expected, since it is a stagnant
water whose surface is being heated faster.
The measured values ranged between 18.7°C,
measured at the bottom of site B, and 20.7°C
at the surface layer of site D. During the
measurements, no substantial differences in
the temperature of the surface layer and the
bottom layer were determined. The stated was
found at all sites where measurements were
performed, which suggests that there is no
temperature stratification.

Analyzes showed that lake water is rich
in dissolved oxygen. The concentration of
oxygen at all sites was higher than 8 mg/Il,
except at the distributary where a lower
value was determined. However, at site
A, a higher concentration of oxygen in the
surface layer compared to the bottom layer
was determined, whereas at other locations
the situation was reversed. Macrophytes of
the submersed meadows are reason for this.
They intensively perform the process of
photosynthesis, whereby oxygen is released,
which contributes to hypersaturation. Higher
value of water oxygen saturation ranks
Kotlani¢ko Lake in Class II of surface water
quality. Analysis showed that biological
consumption of oxygen is relatively low at
all sites. However, slightly higher values of
this parameter were determined for bottom
layer at sites A and D, due to more intense
process of microbiological degradation of
organic matter, indicating Class II of surface
water quality.

Kotlani¢ko Lake has mildly alkaline water,
with pH in the range of 8.22—8.48. Analyzes
showed that concentration of ions in water is
extremely low — the electrical conductivity
value ranged from 122.6 uS/cm to 253 uS/
cm. Slightly higher values of this parameter
were measured at the lake bottom layer at all
sites. The concentration of suspended matter
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Tab. 1. dusnuko-xeMujcKke KapakTepucTuke Boae Kormanuukor jesepa

Tab. 1. Physical-chemical characteristics of Kotlani¢ko Lake

[Napamerap / Parameter

Wzsop /
Source

Jlokarnmja A
MOBPIIMHCKH ¢10j / Site
A surface layer

Jlokanuja A mHO /
Site A bottom layer

Jlokarja B
MOBPIIKHCKH ¢10j / Site
B surface layer

Jlokanuja B nuo /
Site B bottom layer

Jlokammja C
MOBPIIMHCKH ¢J10j / Site
C surface layer

Jlokanuja C qHO /
Site C bottom layer

Jlokanuja D
MOBPIIMHCKH cJ10j / Site
D surface layer

Jlokaruja D mHO /
Site D bottom layer

Otoxa /
Distributary

temmneparypa Boxe ("C) /
water temperature ("C)

H
©
=

1

Nel

2

20.4

%)
<
N

20.0

KOHIICHTpaIlnja
pactsopenor O, (mg
O,/1) / dissolved O,
concentration (mg O,/1)

8.83

8.73

8.38

8.68

8.66

9.05

8.22

8.88

6.24*

carypanuja (%) /
saturation (%)

94.5

114.6*

113.5%

109.3

112.1*

115.9*

119.6*

110.6*

116.3*

82.7

BPK, (mg O,/1) / BODs;
(mg O,/1)

0.57

1.74

2.31%*

0.77

1.38

1.13

1.68

0.64

2.26*

1.48

KJjaca Bojie / water class

pH

7.81

8.38

8.22

8.42

8.38

8.39

8.29

8.39

8.48

€JIEKTPOIIPOBOIJBHBOCT
(uS/cm) /
electroconductivity (uS/
cm)

306.1

135.2

253.0

127.4

141.9

122.6

142.5

128.2

138.6

125.2

typouaurer (NTU) /
turbidity (NTU)

0.80

1.59

1.04

1.23

1.47

0.61

1.06

0.84

0.96

0.00

CyCIICHJJOBaHE MaTepHje
(mg/1) / suspended matter

(mg/l)

<0.01

<0.01

<0.01

KJaca Bojie / water class

amoHwujayny azor (mg/l) /
ammonia nitrogen (mg/1)

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

HUTpatHU a3ot (mg/l) /
nitrate nitrogen (mg/1)

0.5

0.4

0.7

0.4

0.5

0.4

0.4

0.4

0.4

0.4

HUTpUTHH a30T (mg/l) /
nitrite nitrogen (mg/1)

0.009

0.005

0.005

0.005

0.007

0.004

0.005

0.005

0.006

0.006

cyndaru (mg/1) / sulphate
(mg/l)

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

optodocdaru (mg/l) /
orthophosphate (mg/1)

0.05

0.08

0.07

0.08

0.09

0.07

0.08

0.06

0.07

0.09

KJjaca Bojie / water class

nposuaHOCT (M) /
transparency (m)

1.35

33

7.0

6.5

ny6ouna (m) /
depth (m)

1.35

33

9.5

6.5

KJyaca Bojie / water class

Hamomena: * o3HayaBa BpHjeJHOCTH KOj€ OATOBApajy APYyroj Kjacu KBAJUTETa MOBPLUIMHCKUX BOJA

Note: * indicates the values that correspond to the second class of surface water quality
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MaTtepujama. M3 TUX pasnora mpoOBHJIHOCT Ha
CBHUM MjEpHHUM JIOKAJTUTETHMA OWJIa je TIOTIyHa,
70 THa je3epa. M3y3erak npencTaBiba JOKATUTET
C, Ha xoMm je m3MjepeHa HajBeha myOuHa, 0on
9.5 m, a mpoBugHOCT je Ouna 7 m. Bucoka
npoBuUIHOCT Bojie KoTmannukor jesepa ykasyje aa
OHa Y UNTAaBOM BOJICHOM CTyOy HHje ontepeheHa
YTUHYJIOM OpPTAaHCKOM MAaTepHUjoM HUTH
(UTOTUIAHKTOHOM YHje ToBehame OpojHOCTH
CripeyaBa MPOAUPAKE CBJETIOCTH U CMamyje
nposuaHocT (Dalmacija & Ivancev-Tumbas,
2004).

KoHueHnTpamnuje OCHOBHHX HYTpHjeHATa
y je3epckoj BoAW OWie Cy M3pa3uTO HHUCKE, a
aHanM3e Cy IMokaszajie Ja Hema Behux pasnuka
n3Mel)y MOBPIIMHCKOT M TMPHU3EMHOT Clioja
BOojie. AHAJIU30M HHUje YTBpheHO HPHCYCTBO
aMOHHja4yHOT a30Ta U cyidara.

Ha ocHoBy yTBpheHnx mapamerapa u3BOAH
ce 3akJpydak ga Bona KoTmaHuukor jezepa mpu
JHY TpHIAJa APYTroj, a Y MOBPIIMHCKOM CIIOjY
MIPBOj KJIACH KBAJIUTETA MOBPIIMHCKUX BOJIA.

CaHUTapHO-MHUKPOOHMOJIOMIKA aHAJIM3a
nokasana je na KoTmanudko jesepo mmMa BOAy
O/UTMYHOT KBAJIUTETA, T€ /1a j€ Y MamO0j MjepH
ontepehena opranckom marepujom (Tab. 2). V
MOBPIIMHCKOM CJI0]y BOJIE, JeIMHO Ha JIOKAJIUTETY
A, 130710BaH je HemmTo Behu yKymaH Opoj aepoOHHX
xereporpoduux 6akrepuja (1,100 CFU/ml), na je
KBQJIMTET O[rOBapao Jpyroj kiaacu. Jlokamuret A
yjemHo je u Hajimuhu y jesepy, ceera 1.35 m, mto
JOTIPUHOCH TIoBehaHO] KOHIIEHTpAIHju OPTaHCKe
Mmarepuje, a caMuM TuM U Behem Opojy OakTepuja
y BojeHOM cTyOy. Ha ocramum nokamuteTma
yKynHa OpojHOCT OakKTepUOILIaHKTOHA Y
MTOBPIIMHCKOM CJIO]y OJiIrOBapaja je MmpBoj KJiacu
MOBPIIMHCKUX Boja. IloBumiena 6pojHOCT oBe
rpymne O0akTepuja 3a0ubeKeHa je TIpH THY, U TO
Ha CBUM JIOKQJIUTETUMA, ILITO je ¥ OYCKUBAHO.
Harre ananmse nmoTBpanIie Cy MpeTxoiHa ca3Hamba
7la MyJb CaJpKu 3HaTHO Behu Opoj OakTepuja ox
cnobonue Boze (Sigee, 2004). Takohe, 6pojHOCT
aepoOHHUX TNCUXPODUIHUX U Me30(PUITHHUX
OakTepHuja y CBHUM Yy30pIHMMa YKasyje Ha
JIOMHUHALIM]y ayTOXTOHE BOJIeHE OakTepuodiope.
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and turbidity values indicate a clear water
which is not loaded with organic or mineral
substances. Given the stated, at all measuring
sites water transparency was complete, till the
bottom of the lake. The exception was the site
C where the maximum water depth was 9.5 m,
whereas the water transparency was 7 m. The
high transparency indicates that water over
the entire water column was not loaded with
dead organic matter or phytoplankton, whose
increase in number prevents the penetration
of light and diminishes the value of this
parameter (Dalmacija & Ivancev-Tumbas,
2004).

The concentrations of basic nutrients in
water are extremely low. Moreover, analyzes
showed that there is no significant difference
between the surface layer and the bottom
layer. The analysis did not found presence of
ammonium nitrogen and sulfate.

Based on the determined parameters, it
can be concluded that the water of Kotlanicko
Lake at the bottom layer corresponds to Class
II, whereas at the surface layer corresponds to
Class I of surface water quality.

Sanitary-microbiological water analysis
showed that Kotlanicko Lake has an excellent
quality of water which is less loaded with
organic matter (Tab. 2). At the surface layer,
only at site A, a slightly larger number of total
aerobic heterotrophic bacteria (1100 CFU/ml)
was isolated, which corresponds to Class II
of surface water quality. It should be noted
that this is the most shallow site with a depth
of 1.35 m, which certainly contributes to the
increased concentration of organic matter,
and therefore to the higher number of bacteria
over the entire water column. At other sites,
the total number of bacterioplankton in the
surface layer corresponds to Class I of surface
water quality. The increased number of this
group of bacteria was recorded at the lake
bottom at all sites, which was expected. Our
analyzes confirmed previous findings that
sludge contains a significantly higher number
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VYKynHH KOIu(OPMHU H30J0BAHU CYy y CBHUM
y30pIlIMMa U BbUX0Ba OpOojHOCT y BehnHU y30paka
Owia je mokasaresb Ipyre Kiace KBaJuTeTa
MOBPIIMHCKUX BOAA.

Mebhy ykynHuM koaudpopMuma, y
MOBPIIMHCKOM CJIOjJy Ha JoKaiuteTuma B u
D, y mamem Opojy H30JI0BaHU Cy (heKaTHH
KomupopMH, AOK Cy (eKalHe CTPENTOKOKE
M30JI0BaHe Ha Jokanutetuma A u B. Mehytuwm,
y ob0a ciydaja paaud ce O Majao] OpOJHOCTH
HaBEJICHUX rpymna Oakrepuja, MTO yKazyje aa
BOJ/Ia HHje onTepeheHa GekaaTHuM MaTepujama.

of bacteria than free water (Sigee, 2004).
Also, the number of aerobic psychophilic and
mesophilic bacteria in all samples indicates
the dominance of autochthonous aquatic
bacteriophore.

Among the total coliforms, at the surface
layer of sites B and D, faecal coliforms were
isolated in lower numbers, whereas faecal
streptococci were isolated at sites A and B.
Total coliforms were isolated in all samples and
their number in most samples corresponded to
Class II of surface water quality.

Tab. 2. MukpoOHoIoIIKe KapakTepucTrke Bojae Kommannakor jesepa
Tab. 2. Microbiological characteristics of Kotlani¢ko Lake

Kapaxrepucruka /
Characteristic

W3sop /
Source
Jlokarmmja A
MOBPIINHCKH CJI0j /
Site A surface layer
Jloxaruja A HO /
Site A bottom layer
Jlokanuja B
MOBPIUINHCKH CJI0j /

Site B surface layer

Jlokauuja B gHO /
Site B bottom layer
Jlokammja C
MOBPIINHCKH CII0j /
Site C surface layer
Jloxaruja C auo /
Site C bottom layer
Jlokanuja D
MOBPIUIMHCKH CJI0j /
Site D surface layer
Jlokammja D nrO /
Site D bottom layer
Otoxa /
Distributary

aepoOHe xeTepoTpodHe
NICUXPOQHITHE
6akrepuje (CFU/ml) /
aerobic heterotrophic
psychrophilic bacteria
(CFU/ml)

550 | 1100* 3200%* 800

2500%* 840 1400%* 760 2833%* 800

aepoOHe Me3oduTHe
6akrepuje (CFU/ml) /
aerobic mesophilic
bacteria (CFU/ml)

333 433 1500 350

500 500 980 120 666 485

YKyIIHE KOITu(popMHE
6akrepuje (CFU/100 ml)
/ total coliform bacteria
(CFU/100 ml)

10 200%* 500%* 150%*

600* 30 60* 45 50%* 50%*

(bexanHe KonmupopMHE
6axrepuje (CFU/100 ml)
/ faecal coliform bacteria
(CFU/100 ml)

<1 <1 <1 15

<1 <1 <1 10 <1 <1

(exanHe CTPENTOKOKe
(CFU/100 ml) / faecal
streptococcus (CFU/100
ml)

<1 10 10 15

10 <1 <1 <1 <1 10

Kkiaca Boje / water class | I 1 1

Hanomena: * o3Ha4aBa BPHUjEAHOCTH KOj€ OATOBAPajy APYyroj Kjacu KBaJUTETa MOBPIIMHCKUAX BOJA
Note: * indicates the values that correspond to the second class of surface water quality
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Temneparypa Boge oToke KoTmaHuykor
jesepa m3nocmia je 20.0°C. Boma je Owmia
ouctpa u HeonTepehena cycneHaoBaHUM
MarepjaMa OpraHcKoT 1 MUHEPAJTHOT TIOpHjeKIa.
Bpujenqnoctu eneKTpONpoOBOIJUBOCTH H
KOHIIGHTpallMje HyTpujeHaTa Ouie cy HHCKe,
a TPUCYCTBO aMOHHMjadyHOT a3zoTa M cyndara
HUje 3a0uibexxeHo. MelyTuM, KOHLEHTpamuja
PacTBOPEHOT KMCEeOHuKa, ox1 6.24 mgO,/1, buna je
3HAaTHO HIKA Y OJHOCY Ha HErOBY KOHIICHTPAIIN]Y
y je3epcKkoj BOAM. 3a Pa3NIMKy OJ je3epcKe BOE,
Koja je xumepcarypucana, y ororu KoTmaHudakor
jesepa yrBpheHo je 3acuheme oBuM racom ox 82.7
%.

Ha ocnoBy npahenux (u3n4Ko-XeMHjCKuX
napamerapa M KOHIICHTpaluje HyTpHjeHara,
yTBpheHo je na Bona oroke KoTmanuukor jesepa
MIPUIIAIa TIPBOj KJIACH MOBPIIMHCKUX BOZA, AOK
Ha OCHOBY IapamMeTapa KHCEOHHYHOT pexumMa
oaroBapa JIpyroj kiacu. MHTepecaHTHO je
MIOMEHYTH Jla Cy CIMYHU pPe3yATaTh A00HjeHH
MPUIMKOM MCIHMTHBama KBanuTera Boje LpHor
jesepa Ha 3eleHropu, ykbyuyjyhu um merory
OTOKY. Y CTBapH, KOHILIEHTpPAallKja PaCTBOPEHOT
KHCEOHHKA Yy jJe3epCKOj BOH OJroBapasa je mpBoj
KJIaCH TOBPIIMHCKUX BOJA, JOK je BOAA OTOKE,
[0 OBOM IapaMeTpy, OAroBapaja APYyroj Kiacu
(Deki¢, Loli¢, Gnjato, Gnjato, & Stanojevic, 2016).

CaHUTapHO-MUKPOOHOJIONIKOM aHAJIN30M
yTBpheHo je na Bona oroke KoTmanuukor jesepa
MMa U3BPCTaH KBAUTET. Mnak, OpojHOCT YKYITHHX
konmudopma O6uiIa je Ha rpaHULU U3Mel)y mpBe H
Jpyre Kiace KBaJUTETa MOBPUIMHCKUX BOAA.
Bpujennoctu ocranux mapaMmerapa ykasyjy
Ha TpBY Kjiacy KBaiutera. Mehy yKynmHUM
konmupopmMuMa (EeKaTHU HUCY H30JIOBAHHU.
BpojHocT (exanHux cTpentokoka u3nocuia je 10
CFU/100 ml.

Y OKBHUpY dYeTHpM pasjajena, y BOIH
KoTnanuukor jesepa HICHTU(PUKOBAHO je
cBera 8 pasMUYMUTUX TAaKCOHA alrd 3ajeHO ca
uujanobakrepujama (Tab. 3).

Water temperature of Kotlanicko Lake
distributary was 20.0°C. The water was
clear, not loaded with suspended organic and
mineral matters. Value of electroconductivity
and concentration of nutrients in the water
were low, whereas the presence of ammonium
nitrogen and sulphate was not recorded.
However, the concentration of dissolved
oxygen of 6.24 mgO./1 is considerably lower
than its concentration in the lake water. Unlike
the hypersaturated lake, the distributary water
saturation with this gas was 82.7 %.

Based on all the observed general
physical-chemical parameters and
concentrations of nutrients, the water of the
distributary corresponds to Class I of surface
water quality, whereas based on parameters
of the oxygen regime it corresponds to
Class II. It is interesting to note that similar
results were obtained when examining the
water quality of the Black Lake at Zelengora
Mountain, including its distributary. In fact,
the concentration of dissolved oxygen in
the lake water corresponded to Class I of
surface water quality, whereas the water of
the distributary, based on the value of this
parameter, corresponded to Class II (Deki¢,
Loli¢, Gnjato, Gnjato, & Stanojevi¢, 2016).

Sanitary-microbiological analysis
determined that the distributary water was of
excellent quality. Still, the number of total
coliforms was borderline between Class I
and Class II of surface water quality. The
values of other parameters corresponded to
Class I of surface water quality. Among the
total coliforms, faecal coliforms were not
isolated. Number of faecal streptococci was
10 CFU/100 ml.

In the water of Kotlani¢ko Lake, within 4
divisions, only 8 different algae taxa together
with cyanobacteria were found (Tab. 3).
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Ta6. 3. KBanutaruBau cacta anru KomiaHudkor jesepa
Tab. 3. Qualitative composition of the algae of Kotlanicko Lake

Takcon / Taxon S G h
Cynobacteria
Anabaena solitaria Klebs 1.60 3 3
Chroococcus limneticus Lemm. 1.40
Oscillatoria limnetica Lemm. 1.40 3 1
Bacillariophyta
Asterionella gracillima Heiberg 1.20 4 7
Cymbella affinis Kutz. 1.30 4
Chlorophyta
Mougeotia sp. 1.40 3 1
Pyrrophyta
Ceratium hirundinella (O.F.M.) Du;. 1.30 4 7
Peridinium bipes F.Stein 1.40 4 3
MHJIEKC CAITPOBHOCTH / SAPROBITY INDEX 1.32

Hanowmena: s — capo6na BpujeaHoCT Bpcte; G — MHANKATOpCKa Te)KUHA; h — peraTuBHa OpOjHOCT TaKCOHA
Note: s — species saprobic value, G — indicator weight, h — the relative abundance of taxa

UnentudpukoBane cy TpU BpcTe
nyjaHo0aKTepuja, o BUje CHIIMKATHE M BaTpeHE
ajre M caMo jeJaH TaKCOH 3€JEHUX alllu.
Jomunupajy Bpcre Asterionella gracillima (Ci. 2)
u Ceratuum hirundinella (Cn. 3), Koje Cy UHIUKATOP
YHCTUX OJIMrocanpodHux Boja. ['enepanno, paau
ce 0 BeoMa MajioM Opojy TaKCOHa, YaK U Y OJTHOCY
Ha OCTaJIa JISJIHWYKA je3epa Ha 3eJICHropr. Y BOAH
HpHor jezepa maentudukoBana cy 32 pa3imyura
takcoHa (urorutankroHa (Deki¢ et al., 2016). ¥
Boau jesepa lopmwe bape mmentudukoBaHo je
ykynHoO 24, a 'y Bonu jeszepa [lome bape ykymHO
26 Takcona ¢urormanktona (Gnjato, Dekic,
Trbi¢, Loli¢, Gnjato, & Popov, 2018), npu gemy
HUTH Y JEIHOM O]l BbMX HHUCY HJICHTU(PUKOBAHE
Asteruonella v Ceratuum, xoje TOMUHUPA]Y Y BOIU
Kommanu4xor jesepa.

Ha ocHOBY KBaJIMTaTUBHOT ¥ KBAHTUTATUBHOT
cacTaBa aJird W IMHjaHOOAKTEepHja y j€3epPCKO]
BOJIM M3padyHar je uHAekc carnpobnoctu (1.32).
Ha ocHoBy BpujeaHOCTH OBOI Imapamerpa, BoAa
Kotmannukor jesepa oarorapa MpBOj KJIacCH,
OJIHOCHO OJUTOTpO(HUM BOJlaMa BUCOKOT
exoJomkor craryca (Ypenda o kinacudukanuju
BOJIa M KaTeropu3aiuju BogoToka, 2001).

Three types of cyanobacteria, two silicate and
fire algae, and only one green algae taxon were
identified. Dominate species are Asterionella
gracillima (Fig. 2) and Ceratium hirundinella
(Fig. 3), which are indicators of pure oligosaprobic
waters. Generally, this is a very small number of
taxa, even compared to the other lakes of this
type at the Zelengora Mountain. In the water of
Black Lake, 32 different phytoplankton taxa were
identified (Deki¢ et al., 2016). In the water of
Gornje Bare Lake, a total of 24 phytoplankton taxa
were identified, whereas in the waters of the Donje
Bare Lake there were a total of 26 phytoplankton
taxa (Gnjato, Deki¢, Trbi¢, Loli¢, Gnjato, & Popov,
2018). However, Asterionella and Ceratium,
which dominate in the water of Kotlanicko Lake,
were not identified in any of these lakes.

Based on the qualitative and quantitative
composition of algae and cyanobacteria, a
saprobity index of 1.32 was calculated. Based on
the this parameter value, the water of Kotlani¢ko
Lake corresponds to Class I of surface water
quality, i.e. to oligotrophic waters of high
ecological status (Ypen6a o kinacuduxamnuju Boia
Y KaTeropusaiuju Boaotoka, 2001).
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HcrpaxuBama kBanureTa Bojge Konianuukor
je3epa mokasaja Cy Jla OHO y OJJHOCY Ha ocTaja
je3epa Ha 3eJIeHropy uMa HajBUIIHN KBAJIUTET, T€
Jla je ’eropa Bojia y HajMamw0j Mjepu ontepehena
opranckuM wmarepujama. To mnoreBphyje u
IUCTpuOyLrja (QUTOMIIAHKTOHA, jep C€ HEeKe
BpCTE aJIF'M MOT'y HahM y IJIAHKTOHY UCKJbYYHBO
y XJIaJHUJeM, a HeKe MCKJbYUUBO y TOILIH]EM
nujeny rogune (Sigee, 2004). 3a moTnyHUjH
YBUJ y cacTaB (PUTOIJIAHKTOHA HEOIXOAHO je
Y30pPKOBaHk€ TOKOM YUTaBE FOIMHE.

3AKJbYHAK

Ananuza (QU3NUYKO-XEMU]JCKUX, MHKPO-
OMOJIOIIKUX M CAllpOOMONIOIIKUX apaMeTapa
Boae KoTmanumukor jesepa mnokasana je
BHUCOK EKOJIOUIKM cTaTyc U ciabe 3Hake
eyTpoduzanuje. YTBpheHne BpuUjeqHOCTHU
npaheHux (U3MYKO-XEMHJCKUX MapaMeTapa
ojArosapaljie Ccy IpBOj KJacu KBaJUTeTa
MOBPUIMHCKHUX BOJA, U3y3€B XUIepcaTypaluje
kuceoHukoM. CanpoOuoJiomKe aHalu3e
MoKaszase Cy Ja je3epcka Boja Huje onrtepeheHa
¢uTOMmIaHKTOHOM. Bucoka KOHIEHTpauuja
KHCEOHUKa TMoOcJbeAulla je pPa3BUjeHUX
MOABOJAHUX JMBaJa KOje YuHE Makpodure.
VYkynan Opoj Oakrepuja y HOBPIINHCKOM
CJIOjy JEeIMHO Ha JIOKAJIUTETy A OAroBapao je
JIpyroj Kiacu moBpiiumHCKHX Bona. Ilosehana
OpojHOCT OakTepuja y CJOjy HM3HaJX JAHA je

70

~

4 R

The performed analysis showed that of all
the studied lakes at the Zelengora Mountain,
Kotlanicko Lake has the water of the highest
quality, which is least loaded with organic
matter. This is confirmed by the distribution of
phytoplankton due to the fact that some types of
algae can be found solely during the colder part
of the year, and some during the warmer part of
the year (Sigee, 2004). For complete insight into
the phytoplankton composition, sampling should
be performed throughout the year.

CONCLUSION

Analysis of the physical-chemical,
microbiological and saprobiological parameters
of the Kotlanicko Lake water showed a
high ecological status and poor signs of the
eutrophication. Determined values of all analyzed
physical-chemical parameters correspond to
Class I of surface water quality, except oxygen
hypersaturation. Saprobiological analysis showed
that lake water is not loaded with phytoplankton.
The high concentration of oxygen in water is the
result of development of submersed meadows
formed by macrophytes. The total number
of bacteria at the surface layer only at site A
corresponded to Class II of surface water quality.
The increased number of bacteria at the bottom
layer is expected. It is a result of hydrobionates
death and deposition and a greater number of
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oudekuBaHa. [locibenuia je yrubama u TaloKemha
xuapoOrnoHara u Beher Opoja 6akrepuja npu THY
y OJTHOCY Ha CJIO00IHY BOMY. YKYITHU KOM(pOpMH
MIPUCYTHHU Cy y CBUM Yy30pIHMMa, ajdud OpPOjHOCT
(hexamHuX Komudopma U (PeKaATHUX CTPETITOKOKA
yKasyje na Boaa Huje ontepeheHa oBUM THUIIOM
oTmagHUX Marepuja. BpujemHoctu campoOHOT
WHJIeKCa, I00MjeHe Ha OCHOBY KBaJUTATHUBHOT
Y KBaHTUTAaTHUBHOT cacTaBa (PUTOIIAHKTOHA,
yKa3yjy Ha onurocarnpoOHy Boay. Bomga m3Bopa
kojuM ce KoTnmanmdko je3epo Hamaja, Kao U Boaa
OTOKE, U3BPCHOT Cy KBanmutera. CBU mapaMeTpu
KBaJIUTETa M3BOPCKE BOJIC CY ONTrOBapalv TMPBOj
KJIacH TOBPIIMHCKHX Bona. Je3epcka OToka
MMala je HEellITO Mamke PACTBOPEHOT KUCEOHHUKA H
MOBHIIIEH OpPO] YKYTTHUX KOIM(DOpMHUX OakTepuja.

bacteria at the bottom layer compared to the free
water. Total coliforms are present in all samples,
but the number of faecal coliforms and faecal
streptococci indicates that water is not loaded
with this type of waste matter. The value of the
saprobity index, obtained based on the qualitative
and quantitative composition of phytoplankton,
indicates the oligosaprobic water. The water of
the Kotlanicko Lake source, as well as the water
of its distributary, is also of excellent quality.
All parameters of the water quality correspond
to Class I of surface water quality. Water of
the lake’s distributary contained a slightly less
dissolved oxygen and had higher number total
coliform bacteria.
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EKCTPEMHMU TEMIIEPATYPHU U TAJJABUHCKHA
MJECEIIM Y UCTOYHOJ XEPLHEI'OBUHU

Tatjana I[lonos'*, Cno6oxan I'maro' u l'opan Tpouh'

"Vuusepsuret y bamoj Jlyuu, [IpuponHo-maremarndku dakyntet, bama Jlyka, Pemy6nuka Cpricka

Caxerak: Y pajy ce aHauM3Mpajy NPOMjeHE YUYECTaJOCTH I10jaBe EKCTPEMHUX TEMIIEPaTypHHX W EKCTPEMHHX
MaIaBUHCKNX Mjecen y pernony Mcroune Xepuerosune y nepuoay 1961-2016. roqune. ExcTtpeMHu TemriepaTypHu 1
TaIaBMHCKHU Mjecely JeprHICcaHu Cy Kao Mjecelly ca TeMIieparypama 1 naJlaBiHama ucroz/u3naa ayrorogumniser 10./90.
nepueHTIwIa. J100MjeHu pe3yaTaTi mokasyjy aa je 77 % eKCTpeMHO XJIaJHUX Mjeceld 3a0uibeskeHo y epuory 1961—1990.
ronuue, a 67 % eKCTPEeMHO TOIUTHX Mjecern y iepuoay 1991-2016. roqune. To yka3syje f1a je Ha UCTPaKUBAHOM HOAPYY]Y
MIPUCYTHA TEHCHIIM]a 3arpyjaBama. 3a pa3IuKy O]l TeMIeparype, IPOMjeHe MajiaBuHa HUCY jeIH000pa3He HUTH 3HATHO
n3paxkeHe. YOUeHe MPOMjEHE y MOjaBH €KCTPEMHHX TEMIIEPaTypHHUX U EKCTPEMHHUX MaJaBHHCKHX Mjecelld CHaXHO he
YTUIATH Ha TPUPOJTHE U COLMO-eKOHOMCKe cucteme. C 003MpoM Ha HaBe/IeHO, HEOITXOAHO je MMIUIEMEHTHPATH epHUKacHe
cTpaTeruje yoaxkaBama u mpuiarohaBama Ha KIMMATCKE TIPOMjEHE.

Kibyune pujeun: ekcTpeMHH TeMIlepaTypHHU M aJlaBUHCKH Mjeceny, rpar 10. u 90. nepuenTuiia, KIMMarcke mpoMjeHe,

Hcrouna XepuerosuHa.

Original scientific paper

EXTREME TEMPERATURE AND PRECIPITATION
MONTHS IN THE EAST HERZEGOVINA REGION

Tatjana Popov'*, Slobodan Gnjato' and Goran Trbi¢!
"University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of Srpska

Abstract: The paper analyses changes in the occurrence of extreme temperature and extreme precipitation months over
the East Herzegovina region during the period 1961-2016. Extreme temperature and precipitation months are defined as
months with temperature and precipitation below/above the long-term 10th/90th percentile. The obtained results showed
that 77 % of the extremely cold months was registered in the period 1961-1990, whereas the 67 % of the extremely
warm months occurred in the period 1991-2016. This indicates that a warming tendency is present over the study area.
Unlike the temperature, changes in extreme precipitation months were not uniform and so much prominent. The observed
changes in the occurrence of extreme temperature and precipitation months will have a strong impact on both natural and
socio-economic systems. Given the stated, implementation of efficient adaptation and mitigation strategies will certainly
be necessary.

Key words: extreme temperature and precipitation months, threshold of 10th and 90th percentile, climate change, East
Herzegovina region.
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YBO/

Pernon Menutepana jeiHO je Ol IPUMapHUX
KapHIlITa KIMMAaTCKUX TNpoMmjeHa (Tj. peruja
ca KJIMMAaTCKUM CHUCTEMOM Koju he HapouuTo
pearoBaTu Ha rnobamne mpomjene) (Giorgi,
2006). Ilompyuje umctouHor MenutepaHa y
BEJIMKO] MjepH IOJA YTHUIAjeM je KIMMaTCKUX
MpoMjeHa, TPBEHCTBEHO MoBehama yuecTaaocTu
1ojaBe M MHTEH3UTETa Cylla M TOIUIMX Tajaca
(Lelieveld et al., 2012). 3HauajHe mpomjeHe
CpeAmUX U EKCTPEMHHX TeMIIeparypa y MpaBily
3arpujaBama yTBpheHe cy mmpom MenutepaHa
(Alexander et al., 2006; Buri¢, Duci¢, Mihajlovi¢,
Lukovi¢, & Dragojlovi¢, 2015; Donat et al., 2013;
Espirito Santo, de Lima, Ramos, & Trigo, 2014;
Fioravanti, Piervitali, & Desiato, 2016; Fonseca,
Carvalho, Marta-Almeida, Melo-Gongalves, &
Rocha, 2016; Kioutsioukis, Melas, & Zerefos,
2010; Popov, Gnjato, & Trbi¢, 2017). Y peruony
Menutepana mpeoBiiajaBajy HETaTHUBHHU
TPEHI0BH YKYITHUX TOAMIIBUX NagaBuHa (Alpert
et al., 2002; de Lima, Santo, Ramos, & Trigo,
2015; Gajié-Capka, Cindri¢, & Pasari¢, 2015;
Hatzianastassiou, Katsoulis, Pnevmatikos, &
Antakis, 2008; Kelley, Ting, Seager, & Kushnir,
2012; Philandras et al., 2011). Mehytum, y
BehnHM moapyyja MHTEH3UTET MajJaBUHA Ce
nosehasa (Alpert et al., 2002).

[IpeTxoqHa MCTpaKMBama CIPOBEACHA HA
noapy4jy HMctoune XepueroBuHe yTBpIuiIa Cy
MO3UTUBHE TPEHAOBE CPEIAHUX, MAKCUMAITHUX
U MUHHMMAJIHUX TeMIepaTrypa TOKOM ILHjele
roAMHE — MpPOMjeHe Cy Ouie Haju3pakeHuje
JHETH, a 3aTHUM y C€30HaMa 31uMa 1 nposbehe, 10k
CY TPEHJOBH Y CE30HHU jeCEeH CIadu U YIIIaBHOM
uncurnuukantau (Popov, Gnjato, & Trbi¢,
2018; Trbi¢, Popov, & Gnjato, 2017). ITpomjene y
TeMIIepaTypHUM eKCTpEMHUMa Takohe cy y CKiany
ca TEHJACHIIMJOM 3arpujaBama — Y4YecTalocT
0jaBe U BPHjETHOCTH TOIJINX UHIEKCA TTOPACITH
Cy, IOK Cy XJaJHU HHJIEKCU 3a0UJbEKUIU
HeraruBHe TpeHaose (Popov et al., 2018). Tpebda
HAIJIACUTH J1a Cy TPEHI0BU TOIUIUX MHJEKCA OUIIH
M3pakeHUju — HajBehe BpHjeIHOCTH TPEeHI0BA
no0ujeHe Ccy 3a MaKCHUMajHE BpPHjEJHOCTH
THEBHUX MaKCHUMaJHUX HM MHUHHUMAaIHUX

74

INTRODUCTION

Mediterranean region is one of the primary
hotspots of climate change (i.e. a region with
climate system particularly responsive to
global change) (Giorgi, 2006). The Eastern
Mediterranean region is greatly affected by
climate change, associated with increases in
the frequency and intensity of droughts and
hot weather conditions (Lelieveld et al., 2012).
Significant changes in mean and extreme
temperatures, consistent with a warming
tendency were found all over the Mediterranean
region (Alexander et al., 2006; Buri¢, Duci¢,
Mihajlovi¢, Lukovi¢, & Dragojlovié, 2015;
Donat et al., 2013; Espirito Santo, de Lima,
Ramos, & Trigo, 2014; Fioravanti, Piervitali,
& Desiato, 2016; Fonseca, Carvalho, Marta-
Almeida, Melo-Gongalves, & Rocha, 2016;
Kioutsioukis, Melas, & Zerefos, 2010;
Popov, Gnjato, & Trbi¢, 2017). Over the
Mediterranean region decreasing trends in
total annual precipitation were predominant
(Alpert et al., 2002; de Lima, Santo, Ramos,
& Trigo, 2015; Gaji¢-Capka, Cindri¢, &
Pasari¢, 2015; Hatzianastassiou, Katsoulis,
Pnevmatikos, & Antakis, 2008; Kelley, Ting,
Seager, & Kushnir, 2012; Philandras et al.,
2011). However, in numerous regions, rainfall
intensity has been increasing (Alpert et al.,
2002).

Previous studies carried out for the East
Herzegovina region determined positive
trends in mean, maximum and minimum
temperatures throughout the year — changes
were most prominent in summer season, and
then in winter and spring, whereas autumn
trends were low and mainly insignificant
(Popov, Gnjato, & Trbi¢, 2018; Trbi¢, Popov,
& Gnjato, 2017). Changes in temperature
extremes were also consistent with a warming
tendency — warm-related indices increased,
whereas cold-related indices showed a
downward trend (Popov et al., 2018). It should
be noted that, warm-related indices showed
much more prominent trends — the highest
trend values were obtained for maximum value
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TemIeparypa, Torsie Hohu, Torie JaHe, Tpajambe
TOILJIMX MEPHOMA, JhETHE JaHE M TPOIICKE JaHe
(Popov et al., 2018). Pe3ynraru noka3syjy aacy y
1I1j€JIOM PETHOHY IPUCYTHH HETaTUBHU TPEHIOBH
ronummux nagasuHa (Popov, Gnjato, & Trbic,
2019a). CyurHu mepuoj 3armo4eo je MoYeTKOM
1980-ux u jom Tpaje. AHamM3a CE30HCKHUX
TPEH/I0BA MOKa3aja je J1a Cy HEeraTHBHU TPEHI0BH
MIPUCYTHU TOKOM ITHjeJie TOANHE (OCHM y C€30HH
jecen) (Popov et al., 2019a). Nnak, nobujene
BPHjEIHOCTH TPEH0BA OMIIE Cy YITIaBHOM HUCKE
u uHcurHu¢ukanTHe. Ha nosehame apuanocTu
yKa3zyjy U CMambeme KOJIMYMHE NaJaBUHE Ha
BEOMa BJIAKHE JaHE M CMambCHhE yUeCTaJOCTH
naHa ca ¢ukcHUM mnparosuMma manasuHa (0.1
mm, | mm, 10 mm u 20 mm), Te TpoayKEHO
Tpajame CyIIHUX MEepHOa Y IHjeJIOM PErHoHY
Ucroune Xepuerosune (Popov, Gnjato, Trbi¢, &
Ivanisevi¢, 2019b). Pactyha tenaeniuja nuexca
Jakux majaBUHA (Kao IITO Cy MaKCHMAallHE
JEIHOIHEBHE 13/1aBUHE, MAKCUMAJIHE MIETOHEBHE
najaBuHE, CTAHAAPIHU JTHEBHU WHTEH3UTET
najjaBuHa M BeoMa BIAXKHHM JaHU) yKaszyje Ha
IpoOMjeHe MpeMa WHTEH3UBHHU]UM MNaJaBUHaMa
(Popov et al., 2019D).

OBa cTyauja mpeacTaBba HAacCTaBakK
UCTpaXuBama KIMMATCKUX IMpOMjeHa Yy
HcTtounoj XepreroBuHu, a moceOHO MpoMjeHa
EKCTPEMHHUX TeMIleparypa M najaBuHa. [aBHU
IWJb paja jecTe Ja C€ aHalu3upa I0jaBa
EeKCTPEMHHUX TEMIIepaTypHUX U MaJaBUHCKHUX
Mjecern y peruony Mcroune XepueroBuHe y
nepuony 1961-2016. ronune. Uctpaxkusame
NpoOMjeHa EeKCTPEeMHHUX TemIeparypa H
T1a/1aBUHA OJ1 BEJIUKE j€ BAXKHOCTH 300T lbUXOBOT
HECpa3MjepHO BEJIMKOT yTHIlaja Ha MPUPOAHE
U COILIMO-€KOHOMCKE CHCTEME Yy OJHOCY Ha
MPOMjEHE CPEIbUX BPHjEAHOCTH KIMMATCKUX
Bapujadiu. C 003upoM Ha HaBECHO, CTy/IHja OBE
BpPCTE€ MOXKE OMTH KOPUCTaH M3BOP MOJAATAKA Y
Pa3IMYUTUM NPUMHUjCHEHUM UCTPaKMBabUMa,
npuje cBera y oOJacTd MOJHOIPUBpPENE,
IIyMapcTBa, yNpaBjbakba XazapAuMa, 3alITHTE
OMOIUBEP3UTETA, XUAPOCHEPTH]E, OIPKHUBOT
TypHU3Ma UTI.

of daily maximum and minimum temperatures,
warm nights, warm days, warm spell duration,
summer days and tropical days (Popov et al.,
2018). Results showed that a downward trend
in annual precipitation was present over the
entire region (Popov, Gnjato, & Trbi¢, 2019a).
A dry period started in the early 1980s and
it is still going on (Popov et al., 2019a).
Seasonal trend analysis showed that negative
trends prevailed throughout the year (except
in autumn) (Popov et al., 2019a). However, a
majority of estimated trend values were weak
and insignificant. Decrease in precipitation
on wet days and reduced frequency of days
with fixed precipitation thresholds (0.1 mm,
I mm, 10 mm and 20 mm) and increasing
duration of dry spells also suggest the increase
in aridity over the entire East Herzegovina
region (Popov, Gnjato, Trbi¢, & IvaniSevic,
2019b). The upward tendency of heavy
precipitation events (such as maximum 1-day
precipitation, maximum 5-day precipitation,
simple precipitation intensity index and very
wet days) indicates changes towards more
intense precipitation (Popov et al., 2019b).
This study represents a continuation of
the research on climate change in the East
Herzegovina, and in particular the changes
of extreme temperatures and precipitation.
The main aim of this study was to analyze
occurrence of extreme temperature and
precipitation months over the East
Herzegovina region in the period 1961-2016.
Study on changes in extreme temperature and
precipitation events is of great importance
because of their disproportionately large
impact on natural and socio-economic
systems compared to changes in mean
climate variables. Given the stated, study
of this kind can be a useful source of data
in a variety of applied research, primarily
in the fields of agriculture, forestry, hazard
risks management, biodiversity conservation,
hydropower, sustainable tourism, etc.
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MATEPUJAJIA 1 METOIE

HUctpaxuBano mnoxapydje Hcroune
XepueropuHe Hajla3M Cc€ Yy jyrOMCTOYHOM
nujeny Penybnuke Cprncke u bocHe wu
XepuerosuHe, Ha 42°33'23"-43°29'22" c. 1.
m. u 17°55'23"-18°43'3" u. . 1. OGyxBara
MO0 peruje XepreroBuHa UCTOYHO OJ] pUjeKe
Hepetse, ynytap rpanuna PemyOnuke Cprcke.

3axBara yKynHy noBpmuHy of 3,756 km?, mro

npeacrasba 7 % ykynHe nospimuHe bocHe n

Xepuerosune u 15 % mnoBpmmne PemyOGuuke

Cpricke.

AHanu3a eKCTPEMHHX TEMIIEpaTypHUX U
NaJaBUHCKUX Mjecenu y nepuony 1961-2016.
TOAMHE HM3BpILEHA j€ Ha OCHOBY I0JaTaka o
JTHEBHUM TeMIlepaTypaMa M IaJaBUHaMa ca
14 MeTeopoNOWKUX U MaJaBUHCKUX CTAaHULA,
JOLMPAHUX Y CBE TPU MOP(OJIOUIKE IIjeTHHE
Ucroune Xepuerosune (Cin. 1):

— Xymune (no oxko 400 m): I'opuna (GO),
Tpebume (TR) u I'panuapeso (GR);

— Pynune (400600 m): Mocko (MK), buneha
(BI) u bepxoBuhu (BE);

— TUIAHUHCKO TOJpYyYje Yy CjeBEpHOM U
jyrouctouHoM nujeny peruje (mpexo 600
m): Tyna (TU), Yona—borojesuh ceno (UB),
Mexka I'pyna—Xouuhu (MG), Crenen (ST),
lNanko (GA), Oyak—Pact (OR), HeBecume
(NE) u Yemepso (CE).

OnaOpane cTaHUIIE TOKPHUBA]Y IMIMPOK PACTIOH
HaJIMOPCKHX BUCHHA. PeraTvBHa BUCHHCKA pa3ivKa
n3Mel)y HajHIKe totpane cranuie Tpeoume (276
m) 1 HajBuIe cranuiie YemepHo (1,304 m) uzHocu
1,028 m. [loxatke cy o6e36ujenumu Permyomndku
XUJAPOMETEOpOJIOMKH 3aBoa PemyOnuke
Cpncke u JaBHO mpenysehe XwuupoenekTpaHe
Ha Tpebummuim a. 1. C 063upoM Ha TO 1a je Ha
BehMHU CcTaHUIIa JOILIO 10 ofpeheHnx mpekuaa y
MjeperMa (HapOYUTO y paTHOM U MIOCIIH]€pPaTHOM
NepHOTy), HeOCTajyhn MoAaIy eKCTparoaucaHu
cy nomohy monaraka ca cranune Mocrap,
HajOMOKe CTAHUIIE Ca KOHTUHYHPAHUM MjepermhuMa
y IOCMaTpPaHOM TIEPUOTY.

ExcTtpemMHun wMjecenu nedpuHUCAHU CY
Kao Mjecenu ca BpujeqHOINy HCIOJ/U3HAA

MATERIALS AND METHODS

Study area covers the East Herzegovina
region located at 42°33'23"—43°29'22" N and
17°55'23"—18°43'3" E, in the southeastern
part of Republic of Srpska and Bosnia and
Herzegovina. It encompasses the part of
the Herzegovina region east of the Neretva
River, within the boundaries of the Republic
of Srpska. It covers a total area of 3,756
km?, which represents 7 % of the Bosnia
and Herzegovina territory and 15 % of the
Republic of Srpska total area.

Analysis of extreme temperature and
precipitation months during the period
1961-2016 was carried out based on data
sets of daily temperature and precipitation
from 14 meteorological stations and rain-
gauge stations located in all parts of the East
Herzegovina region (Fig. 1):

— Humine (up to about 400 m): Gorica (GO),
Trebinje (TR) and Grancarevo (GR);

— Rudine (400-600 m): Mosko (MK), Bile¢a
(BI) and Berkovi¢i (BE);

— mountainous area in the southeastern and
northern part of the region (over 600 m):
Tula (TU), Ubla—Bogojevi¢ selo (UB),
Meka Gruda—Hodzi¢i (MG), Stepen (ST),
Gacko (GA), Odzak—Rast (OR), Nevesinje
(NE) and Cemerno (CE).

Selected stations cover a wide range of
altitudes. A relative height difference between
the lowest-located station Trebinje (276 m) and
the highest-located station Cemerno (1,304 m)
is being 1,028 m. Data were provided by the
Republic Hydrometeorological Service of the
Republic of Srpska and the Public Company
Hydropower Plants on the TrebiSnjica
River A.D. Given that there were certain
interruptions in measurements at majority of
stations (particularly in the war and post-war
periods), missing data were extrapolated using
data from the Mostar station, nearest station
with continuous measurements during the
observed period.

Extreme months are defined as months with
a value below/above the long-term 10th/90th
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Cx. 1. T'eorpadcku 1monoxaj METCOPOJIOIIKAX CTAaHHUIIA KOPUITNEHUX Y UCTPAKHBAKY
Fig. 1. Geographical location of meteorological stations used in the study

ayropounor 10./90. mepuentuna (Nikolova,
Laporte, & Tomova, 2018). Kako 6u ce onpeaunu
ekctpeMan Mjecery, 10. u 90. mepueHTUIH
EMITMPHjCKE PACIOfjelie MoJaTaka O MjeceyHO)]
TEMIEPaTypu U MaJaBUHaMa y nepuony 1961—
2016. roguHe M3padyyHaTH Cy 3a CBaKy CTAHUILY.
ExcTpeMHO XJaJHUM MjecelMa CMaTpaHu Cy
MjecCelr ca TeMITepaTypoM HIKOM OJ1 BPHjeIHOCTH
10. mepueHTHna, 0K Cy €KCTPEMHO TOILIUM
MjecelrMa CMaTpaH Mjecellr ca TeMIIEpaTypoM
BUIIOM 071 BpujenHoctu 90. meprentuia. Mcro
TaKo, EKCTPEMHO CYIIIHU Mjecely Cy Mjecelu
ca majJaBMHaMa HIDKUM on BpujeaHoctu 10.
MIepIIEHTUIIA, a EKCTPEMHO BIIAYKHU Ca ITaJJaBUHaMa
u3Haq BpujenHoct 90. nepuentuna. ExcrpemMun
TEMIIEpaTypHU Mjecely aHaJIU3UPaHU Cy Ha
OCHOBY TojlaTaka ca 6 CTaHWIa, a MaJaBUHCKH

percentile (Nikolova, Laporte, & Tomova,
2018). To determine the extreme months,
the 10th and 90th percentiles of empirical
distribution of the monthly temperature
and precipitation data were calculated for
each station for the period 1961-2016. As
extremely cold months were considered
months with monthly temperature lower than
the 10th percentile and as the extremely warm
ones the months with the temperature higher
than the 90th percentile value. Similarly,
extremely dry months are the months with
precipitation below 10th percentile and
extremely wet ones with precipitation above
90th percentile. Extreme temperature and
extreme precipitation months were analyzed
based on data from 6 and 14 stations
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Mjecel Ha OCHOBY Imojaraka ca 14 cranuma ca
JOCTYITHUM JyTOTOIUIIIELAM MjepermhuMa. AHaIu3a
YUYECTaJIOCTH T10jaBe eKCTPEMHHUX TEMIIEPaTypHUX
Y MaJaBUHCKUX Mjeceln Ha monapy4djy Mcroune
XeprieropuHe u3BpILeHa je 3a nepuon 1961-2016.
roguae. OcuM Tora, UCTpaKUBaHE Cy IpPOMjeHe
y BHXOBOj yYeCTaJIOCTH IojaBe Hu3Mely aBa
MOTHEPHOJA: CTAaHJAPAHOT KIMMATOJOLIKOT
nepuosna (1961-1990) u neproaa HAKOH HETOBOT
3aBpuietka (1991-2016).

PE3VIITATU U JUCKYCUJA

[Ipocjeuna roaumma TeMmIepaTypa Ha
noapydjy HWcroune XepieroBuHe pacte of
oko 6°C y cjeBepHOM IUIAHUHCKOM JHjeny (Ha
HajBuoj cranuiy Yemepno) go 14-15°C y
HIDKAM TIpefjenuma Ha jyry peruona (Tab. 1).
Hajxnanuuju Mjecen je jaHyap ca MpOCje€dHOM
temreparypom m3mely -2.8°C—-1.1°C y Bummm u
3.3-5.7°C y HwxuM noapydjuma peruona. Jyi je
HAajTOTUIMjH Mjecell ca MPOCjeYHOM TEMITEPaTypoM
on 15.5-18.3°C y BUIIUM IUJIAHHHCKHM O
22.1-24.1°C y HIKUM JT1jeIOBHMA.

with available long-term measurements,
respectively. Analyses of occurrence of
extreme temperature and precipitation months
over the East Herzegovina region was carried
out for the period 1961-2016. Moreover,
changes in their occurrence between two
subperiods were investigated: the standard
climatological period (1961-1990) and period
thereafter (1961-2016).

RESULTS AND DISCUSSION

Average annual temperature in the East
Herzegovina region increases from about
6°C in the northern mountainous area (at the
highest-located station Cemerno) to a 14—15°C
in lowlands in the south (Tab. 1). The coldest
month is January with an average temperature
between -2.8—1.1°C in the upper part of the
region to 3.3—5.7°C in the lower areas. July is
the warmest month with an average temperature
of 15.5—18.3°C in the higher mountainous areas
and 22.1-24.1°C in the lower areas.

Tab. 1. Ilpocjeune MjeceyHe U TOAUIILE TeMIieparype y nepuony 1961-2016. roqune
Tab. 1. Average monthly and annul temperatures in the period 1961-2016

I I Il v \% VI VIE | VI | IX X XI XII | r/y
CE | 28 | 21 | 08 4.8 99 | 133 | 155 | 157 | 11.7 | 74 29 | -14 | 63
GA | -1.1 | -0.1 | 3.1 73 | 123 | 158 | 183 | 179 | 13.7 | 93 4.4 1.3 8.5
BE | -28 | -2.1 | 0.8 4.8 99 | 133 | 155 | 157 | 11.7 | 74 29 | -14 | 63
BI 3.3 4.2 72 | 11.0 | 157 | 194 | 22.1 | 21.8 | 174 | 129 | 8.2 44 | 123
GR | 38 4.9 7.8 | 11.6 | 162 | 20.0 | 22.8 | 22.4 | 18.0 | 13.5 | 89 49 | 129
TR 5.7 6.6 92 | 127 | 173 | 21.2 | 24.1 | 24.0 | 19.6 | 152 | 10.7 | 6.9 | 144

Ha Behunu cranuna 3a0usbexeHa je mojaBa
HajMame jJeTHOI M3Yy3eTHO XJIAJHOI Mjecela y
CBaKOj T'OIMHU, OCUM Y HEKOJMKO HajTOIIHjUX
roauHa (yriiaBHOM y niepuoay HakoH 1990. ronune)
(Ca. 2). l'onuee Oe3 mojaBe EKCTPEMHO XJIaTHUX
Mjecerm 6une cy 2015, 2014, 2013, 2011, 1994,

The occurrence of at least one extremely
cold month in each year was observed at most
stations, except in the few warmest years (mostly
in the period after the 1990) (Fig. 2). Years with
no single occurrence of extremely cold months
were 2015, 2014, 2013, 2011, 1994, 1993, 1992
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1993, 1992. u 1982. roguna. Behuna roguna ca
HajBehuM OpojeM eKCTPEeMHO XJIaJHUX Mjeceru
(3—4 mjecera y ToKy rouHe) 3a0HIbEKEHa je Ipuje
1990-ux. Ha cBuM aHanu3upaHuUM CTaHULIAMA,
1979. ronune 3a0usbekeHA Cy BHUIIE O TPH
EKCTPEMHO XJIaJ{Ha Mjecelia, a Ha BehuHu cTaHuia
u y nepuony 1971-1973, 1976. u 1980—1981.
TOJIMHE.

TokoM AeBeT TofMHA HHUje OMIIO EKCTPEMHO
Tormmux mjecenu (y camo naBuje HakoH 1990.
ronune) (Cn. 3). V nujenom peruony, eKCTpeMHO
TOIUIE TOJMHE Ca BHIIE O TPU EKCTPEMHO TOILIa
Mjecena Ouine cy 2012, 2003, 2001. u 2000.

TroJuHa.

and 1982. Majority of years with the highest
number of extremely cold months (3—4 months
during the year) were recorded before 1990s. In
1979, more than three extremely cold months
were recorded at all analyzed stations. At most
stations, the extremely cold years with more than
three extremely cold months were also registered
in the period 1971-1973, 1976 and 1980—1981.

During the nine years, there were no
extremely warm months (only two of them have
occurred since the 1990) (Fig. 3). Over the entire
region, extremely warm years with more than
three extremely warm months were 2012, 2003,
2001 and 2000.
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Cn. 2. Bpoj cTanuIa ca HajMamke jeTHUM €KCTPEMHO XJIaJHUM MjecenioM (1) u HajMame Tpu
EKCTPEMHO XJIa/IHa Mjecena (2) y TOnuHU
Fig. 2. Number of stations with at least one extremely cold month (1) and at least three extremely
cold months (2) in the year



TATJAHA I10IIOB, CJIOBOJAH I'thATO 11 TOPAH TPETh
TATJANA POPOV, SLOBODAN GNJATO AND GORAN TRBIC

(7S]
L

S
1

e e e e e e e e e

—_— e e —

= o Oy

(V'S

o — o > = v > = NN
LD = = =
(= e e s s = s e e = e el =) 2
—————— [N e e B B A

Ca. 3. bpoj cTanuna ca HajMame jeTHUM eKCTPEMHO TOILTHM MjeceroM (1) n HajMame Tpu
EKCTPEMHO ToIuIa Mjecena (2) y roquHu
Fig. 3. Number of stations with at least one extremely warm month (1) and at least three extremely
warm months (2) in the year

Ha mer ox mect craHuna, Tpu WIK BUILIE
EKCTPEMHO TOILUIUX Mjecelr 3a0uibekeHo je 1994.
1 2007. romune. [onuna 1994. 6una je Hajrormja
roauHa Ha nonpy4djy Mcroune Xepuerosuse y
a"anu3upanoM nepuoay (ITonos, 2017). Jenan ox
HaJUHTEH3MBHUJUX M HajAyKUX TOIUIMX Tajnaca y
oBoM nujeny EBpone 3a6mbexeH je 2007. ronune
(Unkasevi¢ & Tosi¢, 2015). YV oBuM roguHama
yTBpheHo je 3—7 eKCTpPEeMHO TOIUIUX Mjecelu
(Cn. 4 uTab. 2). Y 2012. ronuuu 6mio je yak 5—7
eKCTPEMHO TOIUIMX Mjecenu (jeauHo y bunehu
4 mjecena) — Ha BehuHM cTaHMIa, W3Y3€THO
TOIJIM OWJIM Cy JbETHU M JeCeHhH Mjeceld, Te
MapT. Tpu wim BUIle €KCTPEMHO TOIUIA Mjecera
pPErucTpoBaHa Cy Ha JIBUj€ WJIM BUILE CTAHHUIA
tokoMm 10 romuna (cBe HakoH 1990. ronune) u
TOKOM 4 ronuHe Ha jenHoj cranuuu (y 2013.
TOJIMHU U TOKOM TpH roauHe npuje 1990. ronune).

At five out of six stations, three or more
extremely warm months were also registered
in 1994 and 2007. Year 1994, was the hottest
year in the East Herzegovina region during
the observed period (ITomos, 2017). In 2007,
one of the most intense and long-lasting heat
waves in this part of the European continent
occurred (UnkasSevi¢ & Tosi¢, 2015). In these
years, there were 3—7 extremely warm months
(Fig. 4 and Tab. 2). In 2012, there were 5—7
extremely warm months (only in Bile¢a 4
months) — at majority stations, extremely
warm were summer and autumn months and
March. Three or more extremely warm months
were registered at two or more stations in 10
years (all since the 1990) and in 4 years at one
station (in 2013 and during the three years
prior to 1990).
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Fig. 4. Annual number of extremely cold (left) and warm (right) months
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Ta0. 2. I'onuHe ca HajBHILIEe EKCTPEMHO XJaaHuX (1) 1 ekcTpeMHO ToruuX (2) Mjecenu
Tab. 2. Years with the highest number of extremely cold (1) and extremely warm (2) months

CE GA BE BI GR TR

1)

r/y N r/y N r/y N r/y N r/y N r/y N
1. 1962 3 1980 4 1976 4 1973 4 1971 4 1980 5
2. 1968 3 1984 4 1980 4 1976 4 1972 4 1976 4
3. 1969 3 1962 3 1969 3 1971 3 1974 4 1971 3
4. 1971 3 1969 3 1971 3 1974 3 1970 3 1972 3
5. 1972 3 1979 3 1972 3 1979 3 1973 3 1973 3
6. 1973 3 1981 3 1973 3 1980 3 1976 3 1978 3
7. 1974 3 1985 3 1978 3 1995 3 1979 3 1979 3
8. 1976 3 1995 3 1979 3 1997 3 1980 3 1981 3
9. 1979 3 1965 2 1981 3 1965 2 1962 2 1987 3
10. 1981 3 1967 2 1962 2 1968 2 1965 2 1965 2
2 CE GA BE BI GR TR

r/y N r/y N r/y N r/y N r/y N r/y N
1. 2012 6 1994 5 2000 7 2001 5 2012 6 2012 6
2. 2003 4 2000 5 2012 7 1994 4 2001 5 2001 4
3. 1977 3 2007 5 2001 5 2000 4 2003 5 2007 4
4, 1987 3 2012 5 2002 4 2003 4 2000 4 1990 3
5. 1990 3 1961 3 2003 4 2012 4 2002 4 1994 3
6. 2000 3 2001 3 2007 4 1990 3 2007 4 2000 3
7. 2001 3 2003 3 1994 3 1966 2 1994 3 2003 3
8. 2007 3 2014 3 2013 3 1968 2 1961 2 2014 3
9. 2014 3 2016 3 1966 2 1977 2 1966 2 2016 3
10. 1966 2 1963 2 1968 2 1982 2 1968 2 1961 2

On yxkymHOor O6poja €KCTPEeMHO XJaJHUX
Mjecenu y Uctounoj Xepuerosunu, 72—82 %
3abusbexeHo je y mepuony 1961-1990. rogune
(Cn. 5). C npyre ctpane, 60—74 % ekcTpeMHO
TOIJIUX Mjeceln 3abusbexeHo je HakoH 1990.
ronuHe. JloOujeHu pesynTatu o y4ecTaloCTH
M0jaBe EKCTPEMHO TOIIUX M XJIATHUX MjeCeIH
y ZBa aHanu3upana nornepuozaa (1961-1990.
n 1991-2016. ronune) noTBphyjy pesynrare
nperxonuux cryauja (Ilomos, 2017; Popov et
al., 2018; Trbi¢ et al., 2017) na je y bocuu
n XepueroBMHW TNPHCYTHAa TEHJACHIIHU]ja
3arpujaBama, HapoO4YUTO u3paxeHa oxa 1990-
uX ronuHa. TpeHa 3arpujaBama OUYHITICIaH je
TOKOM ITH]jeJie TOJIUHE, Al HajU3paKEeHU]H j& Y
CE€30HU JheTO. [OuIIIkhe 1 JheTHE TeMITepaTrype
nopacie cy 3a 0.2—0.3°C u 0.4-0.5°C mo
neuenuju, pecrnektusHo (ITomos, 2017; Trbic
et al., 2017).

Out of the total number of extremely cold
months in the East Herzegovina region, 72—82
% was recorded in the period 1961—-1990 (Fig.
5). On the other hand, 60—74 % of extremely
warm months were recorded after 1990. The
obtained results on variability of extremely
warm and cold months occurrence during the
two analyzed subperiods (1961-1990 and
1991-2016) follow the results of the previous
studies (ITomos, 2017; Popov et al., 2018;
Trbi¢ et al., 2017) that determined a warming
tendency (particularly prominent since the
1990s) all over the East Herzegovina region.
The warming trend was apparant throughout
the year, but most pronounced in summer
season. Annual and summer temperatures
increased by 0.2—0.3°C per decade and
0.4—0.5°C per decade, respectively (ITomos,
2017; Trbi¢ et al., 2017).
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Ca. 5. bpoj eKCTpeMHO XJIaIHUX U eKCTPEMHO TOILTHX Mjecel y nepuony 1961—1990. u 1991-2016.
rouHe (y %)
Fig. 5. Number of extremely cold and extremely warm months in 1961—1990 and 1991-2016 (in %)

[TocmaTpaHo 1O TONMIIKBLUM CE30HAMA,
HajBehe cMambehe YUeCcTaIoCTH M0jaBe eKCTPEMHO
XJIaTHUX Mjecenu, kKao u Hajsehe momehame
Y4ECTaJIOCTH M0jaBe €KCTPEMHO TOIUTHX MjeCellH,
npucyTHO je y ce3onu Jbeto (Tabd. 3). Y oBom
JMjery ronuHe, Opoj eKCTPEMHO TOILIMX MjeCelH
nosehan je m3mehy 4 u 16 myra y onHocy Ha
pedepenTHH TIepuoA. [0TOBO CBH E€KCTPEMHO
TOILJTM MjE€CEIH y CE30HU JhEeTO 3a0UIbEKECHH CY
HakoH 1990. rogune — y nepuoay 1961-1990.
TOJIMHE PETHUCTPOBAHO je caMo 1—3 eKCTpPEeMHO
TOIUIA Mjecella, a HakoH Tora 15—17 mjecenm.

Seasonally, the greatest reduction in the
occurrence of extremely cold months as well
as the highest increase in the frequency of
occurrence of extremely warm months was
present in summer season (Tab. 3). In this part of
the year, the number of extremely warm months
increased between 4-fold and 16-fold in relation to
the reference period. Almost all extremely warm
months recorded in summer season occurred after
the 1990 — during the period 1961-1990 only 1-3
extremely warm months were registered, whereas
thereafter 15—17 such months occurred.
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Tab. 3. [Ipomjene O6poja eKCTPEMHO XJIaJHUX U €KCTPEMHO TOIUIMX MjECELHt M0 Ce30HaMa y TIepUOAY
1991-2016. y ogrocy Ha niepuoxa 1961—-1990. rogune (y %)
Tab. 3. Changes in seasonal number of extremely cold and extremely warm months in 1991-2016
compared to 1961-1990 (in %)

ExcrpemHo xnagHu Mjecer / Excrpemuo tomm mjecenn /
Extremely cold months Extremely warm months
- o -~ B - - 0 ~ B -
fz | & | B2 | &2 £z | & | 22 | 22
= =

CE -50 -87 -100 -11 0 -200 1200 400
GA -58 =71 -88 0 367 13 400 25
BE -50 -86 -100 -50 100 100 700 160
BI -45 -86 -85 -36 -11 25 1500 25
GR -50 -71 -100 -80 100 100 700 160
TR -20 -62 -100 -36 -20 83 1600 29

Hajsume nmanasuna y Peny6nunu Cprickoj
n bocHr m XeprieroBuHM M3IMy4H Ce yIpaBo Ha
noapyyjy Vicroune XepreroBuHe — MpocjeqHo
mmehy 1,500 mm u 2,500 mm (Tab. 4).
[TagaBuHe cy BeoMa HepaBHOMjepHO pacniopelene
TOKOM TOJMHE — MaKCHMyM Ia/IaBHHA jaBJba
ce y HOBeMOpy U JaenemMopy, 10K je MUHUMYM
KapaKTEepUCTUYAH 32 CE30HY JHETO (Tj. JyIIH).

The highest precipitation in the Republic
of Srpska and Bosnia and Herzegovina occur
precisely in the East Herzegovina region. Over
this region annually occurs between 1,500 mm
and 2,500 mm (Tab. 4). Precipitation is very
unevenly distributed throughout the year —
precipitation maximum occurs in November and
December, whereas minimum is characteristic of
summer season (i.e. July).

Tab. 4. [Ipocjeune MjeceuHe U roAuIIbE NajaBuHe y nepuoay 1961-2016. roqune
Tab. 4. Average monthly and annul precipitation in the period 1961-2016

I I Il v \Y VI VIlL | VI IX X XI XII | rly
CE 160 | 144 | 151 | 157 | 125 | 107 69 79 138 | 195 | 247 | 224 | 1796
NE | 178 | 152 | 146 | 161 118 87 69 74 126 | 173 | 234 | 214 | 1732
OR | 155 | 130 | 127 | 136 97 86 56 72 121 | 175 | 219 | 194 | 1568
GA | 170 | 136 | 137 | 140 | 106 92 54 68 134 | 194 | 239 | 212 | 1682
BE 155 | 141 129 | 128 99 85 54 68 124 | 184 | 216 | 175 | 1557
ST 154 | 137 | 131 | 133 | 100 85 64 66 122 | 171 | 205 | 190 | 1558
MG | 168 | 145 | 138 | 140 | 102 80 61 67 128 | 191 | 223 | 205 | 1648
BI 157 | 148 | 138 | 134 95 83 55 67 126 | 176 | 220 | 197 | 1597
MK | 206 | 184 | 165 | 167 92 83 47 74 143 | 210 | 276 | 245 | 1893
GR | 155 | 143 | 122 | 117 81 65 46 61 122 | 166 | 232 | 183 | 1493
TR | 175 | 151 | 143 | 138 89 80 48 73 140 | 192 | 234 | 215 | 1678
GO | 172 | 158 | 148 | 135 89 66 44 61 131 | 171 | 242 | 203 | 1619
TU | 248 | 215 | 189 | 168 99 75 52 69 142 | 210 | 306 | 283 | 2057
UB | 358 | 296 | 264 | 222 | 117 89 55 76 171 | 250 | 411 | 386 | 2695
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Ha Behunu cranuma ocMoTpeHa je mojaBa
HajMamke JeTHOT €KCTPEMHO CYITHOT M BJIAKHOT
Mjecena y cBakoj roqunu (Cin. 6 u Cn. 7). Behuna
TOIMHA Ca TPU WU BHIIE €KCTPEMHO CYIIHA
Mjecena 3a0MibexeHa je HakoH panux 1980-ux
ronuHa kaaa je y Mcrounoj XeprieroBuHu moyeo
cymrHu nepuoj. Ha monoBuHM miam TpehuHu
CTaHMIIA, EKCTPEMHO CYIIIHE TOANHE (Ca HajMambe
3 ekcTpeMHO cyIlHa Mjecena) ouie cy 1982, 1985,
1986, 1993, 2000, 2003, 2007, 2011, 2012. u 2015.
ronuHa (Cn. 8 u Tab. 5).

The occurrence of at least one extremely
dry and wet month in each year was observed
at most stations (Fig. 6 and Fig. 7). Most of the
years with three or more extremely dry months
were recorded after the early 1980s when a dry
period began in the East Herzegovina region
(Popov et al., 2019a). At the half or third of
the station, extremely dry years (with at least 3
extremely dry months) were 1982, 1985, 1986,
1993, 2000, 2003, 2007, 2011, 2012 and 2015
(Fig. 8 and Tab. 5).
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Cn. 6. bpoj cTaHuIa ca HajMamEe JeTHUM EKCTPEMHO CYyITHUM MjecenioM (1) u HajMame Tpu
€KCTPEMHO CyIITHa Mjecera (2) y ToauH!
Fig. 6. Number of stations with at least one extremely dry month (1) and at least 3 extremely dry
months (2) in the year
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Tab. 5. onuHe ca HajBUILIE EKCTPEMHO CYIIHUX MjeCeIH
Tab. 5. Years with the highest number of extremely dry months

CE NE OR GA BE ST MG

r/y |[N| rly r/y r/y r/y r/y r/y
1. 1972 | 5 1984 1994 2015 1982 1993 1961
2. 1997 | 4 | 1983 1995 1961 2009 1961 1972
3. 2003 | 4 | 1986 2012 1972 1961 1972 1982
4. 2011 | 3 1961 1985 1993 1994 1986 1983
5. 2015 | 3 1982 1993 2011 2000 1990 1986
6. 1961 | 3 | 1985 1997 2012 2012 2003 1989
7. 1962 | 3 1993 1961 1962 1962 2007 1967
8. 1965 | 3 | 2007 1962 1965 1965 2012 1973
9. 1967 | 3 | 2012 1965 1968 1967 1963 1985
10. 1968 | 2 | 1962 1973 1973 1970 1965 1990

BI MK GR TR GO TU UB

r'’ly |N| r/y r/y r/y r/y r/y r/y
L. 1986 | 3 1962 1982 1985 2000 1982 1982
2. 1991 | 3 1982 1972 1987 1982 2011 1961
3. 1994 | 3 1990 1985 1972 1986 2015 1962
4. 1965 | 3 | 2003 1992 2000 1993 1985 2003
5. 1993 | 3 | 2007 1961 2003 2003 2003 2011
6. 2000 | 3 | 2012 1962 2007 2015 2012 2012
7. 2011 | 2 | 1961 1965 2012 1961 1961 1964
8. 1967 | 2 | 1963 1973 2015 1962 1962 1965
9. 1972 | 2 | 1965 1975 1961 1972 1972 1971
10. 1973 | 2 | 1967 1984 1962 1973 1973 1973
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Cn. 7. bpoj cTaHuIa ca HajMamke jeTHUM eKCTPEMHO BIKHUM Mjeceriom (1)

EKCTPEMHO BJIaXKHA Mjecerna (2) y TOquHI

U HajMambe TPU

Fig. 7. Number of stations with at least one extremely wet month (1) and at least 3 extreme wet

months (2) in the year

Ta0. 6. I'onuHe ca HajBHILIE EKCTPEMHO BIAKHUX MjE€CElH
Tab. 6. Years with the highest number of extremely wet months

CE NE OR GA BE ST MG

N r/y N r/y N r/y N r/y N r/y N r/y N r/y
1 | 4 1979 4 1969 4 1978 5 2010 3 1962 5 2010 5 2010
2 | 4 2010 4 2010 4 1979 4 1979 3 1969 4 1978 4 1976
313 1969 3 1979 3 1969 4 2009 3 1976 4 1979 3 1962
4 3 1977 3 1980 3 1980 3 1969 3 1978 4 2005 3 1969
513 1984 3 1987 3 1986 3 1970 3 1979 3 1969 3 1978
6 | 3 2002 3 2013 3 1987 3 2013 3 1987 3 1996 3 2016
713 2004 3 2014 3 1995 2 1963 3 2006 2 1962 2 1963
8 |2 1962 2 1962 3 2010 2 1964 3 2007 2 1964 2 1964
9 |2 1963 2 1964 3 2016 2 1965 3 2011 2 1967 2 1966
10| 2 1964 2 1966 2 1962 2 1968 2 1963 2 1968 2 1970

BI MK GR TR GO TU UB

N r/y N rly N r/y N r/y N rly N r/y N r/y
1| 4 1978 6 2010 4 1979 6 2010 5 1969 5 1963 4 2014
2 | 4 2010 3 1969 4 2010 4 2014 4 2010 4 1969 3 1970
314 2014 3 1971 4 2014 3 1962 4 2014 4 1979 3 1974
4 13 1966 3 1976 3 1976 3 1963 3 1979 4 2010 3 2004
513 1969 3 1978 3 2005 3 1969 3 1987 4 2014 3 2009
6 | 3 1970 3 1987 3 2013 3 1979 3 1996 3 1962 3 2010
713 2016 3 2014 2 1962 2 1964 3 2005 3 1964 3 2013
8 | 2 1962 2 1962 2 1963 2 1966 2 1962 3 1970 2 1962
9 |2 1963 2 1963 2 1964 2 1972 2 1964 3 2009 2 1963
10| 2 1964 2 1964 2 1965 2 1974 2 1965 2 1966 2 1964
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Fig. 8. Annual number of extremely dry months
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Iogune ca HajsehuM OpojeM eKCTpeMHO
BII&XKHUX Mjecell 10 CTaHWI[aMa MPHKa3aHe Cy y
Tab. 6. Ha Behunu cranuiia, eKCTpeMHO BIaXKHE
ronuHe oune cy 1969, 1978, 1979, 1987, 2010.
u 2014. ronuna (Cn. 9). T'onuna 2010. 6una je
rofvHa ca HajBehoM KOJMYMHOM NaJaBUHA Y
aHaJIM3UPAHOM IIEPUOJLY, TOKOM KOj€ Cy Y MHOTHM
nozapy4juma Mcroune XeprieroBiHe 3a01ibexxeHe
BEJIMKE TOIUIABE.

Y4ecTanocT mojaBe EKCTPEMHO CYLIHUX
U BIAXHUX Mjecenu y nepuony 1991-2016.
TOIMHE y OAHOCY Ha pedepeHTHH Mepuoi He
nokaszyje jeaHooOpasHe mpomjene (Ciu. 10). C
003UpOM Ha TO Jla IPOMjEHE HUCY OMJIC BEJIUKOT
WHTEH3UTETa, TpeOa y3eTH y 003up U Ja je ApyTH
nepuoa kpahu 3a net roguna. Mnak, mamwu 6poj
eKCTPEMHO BJIaKHUX Mjecelr 3a0uJbeKeH je Ha
CBHMM CTaHHIIaMa y APYTOM IEPHOTY.

Years with the highest numbers of
extremely wet months by stations are shown
in Tab. 6. At most meteorological stations,
extremely wet years were 1969, 1978, 1979,
1987,2010 and 2014 (Fig. 9). Year 2010 was
one of the years with the highest precipitation
in the observed period. During this year,
in many areas of the East Herzegovina a
significant flooding has been reported.

Frequency of occurrence of extremely
dry and wet months in the period 1991-2016
compared to the reference period do not show
uniform patterns of change (Fig. 10). Given
that the changes were not of high intensity,
it should be noted that the second period is
five years shorter. However, a lower number
of extremely wet months was registered at all
stations in latter period.

100 4 EKCTPEMHO CYIIHM MJECEIM / EXTREMELY DRY MONTHS

63

53
16 50 50

47 4991

CE NE OR GA BE ST MG
m1961-1990

CE NE OR GA BE ST MG BI MK GR R GO U UB  REGION
m1961-1990 m1991-2016
100 1 EKCTPEMHO BJIAXKHM MJECEIM / EXTREMELY WET MONTHS

BI MK GR TR GO TU UB
m1991-2016

Cn. 10. Bpoj ekcTpeMHO CyIIHUX U eKCTPEMHO BIOKHUX Mjeceru y nepuony 1961—1990. u
1991-2016. rogune (y %)
Fig. 10. Number of extremely dry and extremely wet months in 1961-1990 and 1991-2016 (in %)

Ha nmnonoBuHM cTaHuma y MEpUOLY
1991-2016. romune 3abumibexxkeH je Behu Opoj
EKCTPEMHO CYUTHUX MjeCeIH Y CE30HH JbETO, 0K
j€ Ha CBUM CTaHMIIaMa CMameH OpOj eKCTPEMHO
Brnaxxuux Mjeceuu (Tab. 7). To je y cknany ca
pesynratuma nperxoauux cryauja (Popov et al.,

At half of the stations, a higher number of
extremely dry months in summer season were
recorded in the period 1991-2016, whereas at
all stations number of extremely wet months
was reduced (Tab. 7). This is in accordance with
results of the previous studies (Popov et al.,
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2019a; Popov et al., 2019b), koje cy yrBpauie
JIa Cy Haju3pak€HHjHU HETaTUBHU TPEHIOBU
CE30HCKHMX TaJlaBUHa TPUCYTHH YIPaBO Y
CE30HU JBETO.

2019a; Popov et al., 2019b), which determined
that most prominent negative trends in seasonal
precipitation were found particularly in summer
season.

Tab. 7. IIpomjene 6poja EKCTPEMHO CYIIHUX U €KCTPEMHO BIQXKHUX MJECELH 110 ce30Hama y
nepuony 1991-2016. y onnocy Ha nepuoa 1961—1990. rongune (y %)
Tab. 7. Changes in seasonal number of extremely dry and extremely wet months in 1991-2016
compared to 1961-1990 (in %)

ExcrpemHo cyniau mjcenu / ExcrpemHo BiaxkHu mjcenu /
Extremely dry months Extremely wet months
- o -~ 5 - g - ) ~ B - g
o o N S 5 2 < o B a 2 =] (2 2 2
= =
CE 43 160 0 -50 -36 25 -20 -20
NE -22 -20 -20 -71 0 -36 0 -50
OR 13 100 25 -50 -20 -50 -50 -20
GA 0 25 0 -50 -20 -20 -50 -36
BE -40 25 0 -20 -20 -50 -36 -36
ST 0 57 25 -62 25 -20 -36 25
MG 0 -30 -20 -36 -20 -50 -36 0
BI 13 0 57 -36 25 -36 -36 -20
MK 0 0 -20 -50 0 -36 -50 -20
GR -55 25 0 -20 43 25 -62 -36
TR -22 25 100 -50 100 -50 -50 -50
GO -11 -20 57 -50 25 0 -20 -36
TU -40 25 100 -20 0 -50 -50 -50
UB -40 -20 -50 -50 57 -50 -36 0
3AKJbYYAK CONCLUSION

Heynuthne miobajiHe KiIMMAarcKke MpoMjeHe
TOKOM Jipyre nosioBuHe 20. BHjeKa U Ha MOYETKY
21. Bujexa MaHugectyjy ce y npomjeHaMa Kako
CPelbUX, TAKO U EKCTPEMHHMX TeMmIeparypa u
najaBuHa. Y paay Cy aHaJM3HpaHE MPOMJEHE Y
Y4ECTaJIOCTH 110jaBE €KCTPEMHHUX TEMIIEPATyPHUX
Y MaJaBUHCKUX Mjecenu (AeduHUCcaHUX Kao
Mjecely ¢ TeMIIEpaTypoM M IajJiaBuHama Ucop/
u3Hag ayropouynor 10./90. mepuentmia) y
pernony Hcrtoune XepueroBuHe y NEpUOLY
1961-2016. rogune. JloOujeHu pesynraru
nokasanu cy na je 77 % eKCTpeMHO XJIaJHUX

Unequivocal global climate change during
the second half of the 20th century and at the
beginning of the 21st century is manifested in
widespread changes in both mean and the extreme
temperature and precipitation events. The paper
analyses changes in occurrence of extreme
temperature and precipitation months (defined
as months with a temperature and precipitation
below/above the long-term 10th/90th percentile)
over the East Herzegovina region during the period
1961-2016. The obtained results showed that 77
% of the extremely cold months was registered in
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Mjecely perucTpoBaHo y nepuoay 1961—1990.
ToNIuHe, 0K je 67 % eKCTPEeMHO TOILINX MjeCern
3a0uspexeno y nepuony 1991-2016. rogune.
[ToBehame ydecTanocTH MojaBe EKCTPEMHO
TOTUIMX MjECel U CMambeHmhe YUYeCTAIOCTH
MojaBe E€KCTPEMHO XJAJAHHMX Mjecely yKazyjy
Ha TEHJICHLIM]Y 3arpHvjaBama Ha UCTPAXKHUBAHOM
Nozpy4jy. 3a pa3uKy o7 TeMIeparype, IpoMjeHe
1a/laBiHa HUCY TONHUKO M3paxkeHe. Mnak, Tpeba
HaIOMEHYTH J1a j€ Ha CBUM CTaHUIAMa y TIEPHOY
1991-2016. ronuHe cMameH Opoj €KCTPEMHO
BIQXHUX MjECEId, a Ha IOJOBUHM CTAaHMIA
noBehan Opoj EKCTPEMHO CYUIHUX MjeCellH.
[TpomjeHe yuecTanocTy ojaBe Kako eKCTPEMHUX
TEMIEPATYPHUX MjeCelr TaKO U EKCTPEMHUX
MaJAaBUHCKUX MjEeCEIl HajU3PaXKEHH]E Cy Y CE30HH
JBETO.

YTBpheHe mpomjeHe ydecTaIoCTH IMOjaBe
E€KCTPEMHUX TEMIEPaTypHUX M EKCTPEMHHX
MaJaBUHCKUX Mjeceln nMahe CHa)kaH yTHUIQ]
Ha TPUPOJHE M COIMO-E€KOHOMCKE CHCTEME.
Nmajyhu y BUy HaBeIeHO, HEOTIXOIHA CY AO/IaTHA
UCTpaKuBama Koja he ce pokycuparu Ha cTynuje
NpoLjeHe YTUI[aja, @ HAPOUUTO Ha aHATIM3Y YTUIIaja
KJIIMMAaTCKUX TpPOMjeHa Ha KJbYYHE CEKTOpe
npuspezne y Mcrounoj XepueroBuHu Kao MTo cy
SHepreTuKa, Typu3am, MoJLOIPUBPENa U JIp.

3axBanHuua: McrpaxuBame MpecTaB/beHO
y OBOM paay Iuo je TMpojexTa ,,AHanu3a
MJIYyBUOMETPUJCKOT pEXHMa Ha MOAPYY]jY
Hcroune XepreroBuHe y KOHTEKCTY CaBpEMEHUX
kiumaTckux mnpomjena” (bp.19/6-020/961-
18/18) koju ¢unancupa MuHHCTApCTBO 32
HayYHOTEXHOJIOIIKH Pa3B0j, BUCOKO 00pa3oBame
u uHpopmaono apymrso Penmybnuke Cpricke.

the period 1961—-1990, whereas the 67 % of the
extremely warm months occurred in the period
1991-2016. Increase in the annual occurrence
of extremely warm months and decrease in
frequency of extremely cold ones indicate
that a warming tendency is present over the
study area. Unlike the temperature, changes
in precipitation were not so much prominent.
However, it should be noted that at all stations
number of extremely wet months was reduced
in the period 1991-2016. During this period,
at half of the stations number of extremely dry
months increased. Changes in both extreme
temperature and extreme precipitation months
were most prominent in summer season.

Observed changes in the occurrence of
extreme temperature and extreme precipitation
months will have a strong impact on both
natural and socio-economic systems. Given the
stated, a further research focusing on impact
assessment studies, particularly on the analysis
of climate change effects on key economic
sectors in the East Herzegovina region such
as energy, tourism, agriculture etc. Moreover,
adoption and implementation of efficient
adaptation and mitigation strategies is certainly
necessary.
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NCTOPUJCKO-TEOI'PA®CKHU, ETHOI'EOI'PA®CKHA U 1P KABOTBOPHU
CYBJEKTUBUTET CPBA 3AITA/THE CJIABOHUMJE

Mmunenko Kuskosuh'* u Mupa Mauauh!

"Vuusepsuret y bamoj Jlyuu, [IpuponHo-maremarndku dakyntet, bama Jlyka, Pemy6nuka Cpricka

Caxerak: Panom ce neduHUIly KJbYy4HU HCTOpPHjCKO-reorpad)cku IporecH y pa3Bojy CpICKe Momylanuje 3amajgHe
CrnaBoHuje, meHa yaora y BojHoj kpajunu u 3Hayaj y ¢popMuparmy KyITypHOT WAEHTHUTETa IpocTopa. Texwuiire pana
j€ Ha UCTOPHjCKOM, ETHUYKOM M AP>KaBOTBOPHOM KOHTHHYHMTETY M CyOjEKTMBHTETY CPIICKOI' Hapoja Ha IOCMaTpaHOM
TeoINpoCTOpY, Kao JNjesry CPIICKOT ETHUYKOT IPOCTOpa Y JaHaIIk0] XPBAaTCKOj. bHoMomKky 1 eTHORyXOBHH (KYIATYpHU
W HalMOHAJIHU) Pa3BOj CPIICKOT CTAHOBHMINTBA y MPOCTOPY JaHAIIe XpBaTcKe NETEPMHHHUCAH je MpolLecHMa
BHUIIICBjEKOBHUX KYJITYPHUX M MOJIUTHYKUX aCUMMJIAI]ja, €THOIM/A, ¥ TeHOIMIa Y HOBHjO] UCTOPH]jH, ITPOY3pOKyjyhn
BErOBO OMOJIOLIKO Clla0Jbeme, Kao U MpoMjeHe y KyATypHOM uaeHturery. Ha npumjepy 3ananne CrnaBoHuje Mory ce
MIPaTUTH YKYIHA MCTOPH]jCKO-Teorpa)CKH, TeONOIUTHYKY, JIPKaBHO-TIPABHHU, ETHOKYJATYPHH U JeMorpad)cku mporecu
YHYTap CPIICKOT €THUYKOT IPOCTOpa y JaHaIIb0j XPBAaTCKO] M XPBATCKO] YOIIIITE.

Kibyune pujeun: 3anagna CnaBonuja, BojHa KpajuHa, KyNTYpHH HIEHTHTET, APKAaBOTBOPHOCT, eTHOAEMOrpadcku
IIPOLIECH.
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HISTORICAL-GEOGRAPHICAL, ETHNIC-GEOGRAPHICAL AND
STATEHOOD INDIVIDUALITY OF THE WEST SLAVONIA SERBS
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Abstract: The paper defines fundamental historical-geographical processes during the growth of Serbian population in
West Slavonia, their role in the Military Border and the pertinence in formation of cultural identity of the region. The
focus is on the historical, ethnic and statechood continuity and subjectivity of the Serbian people within the observed geo-
space, which represents a part of the Serbian ethnic space in modern day Croatia. The biological and ethnic-religious
(cultural and national) development of Serbian population within the area of modern day Croatia has been determined
by centuries of cultural and political assimilation as well as recent ethnocide and genocide causing biological attenuation
and changes in the cultural identity. The example of West Slavonia accounts for the overall historical-geographical,
geopolitical, statehood-wise, ethnic-cultural and demographic processes underwent by the Serbian population within their
ethnic space in modern day Croatia and Croatia in general.
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MILENKO ZIVKOVIC AND MIRA MANDIC

YBOJHA PASMATPABA

On mpumapHe CIaBEHCKE KOJIOHU3aINje
bankaHckor nomyocTpBa U IpBHUX OOIHMKA IIPOCTOPHO-
(YHKIIMOHAIHOT OpraHU30Bama (EKOHOMCKOT,
COLIMJaJIHOT, MOJUTHYKOT, TEPUTOPHJAITHOT, ...),
MPaKTUYHO CBE JIO JIaHAC, CPIICKO CTAHOBHUILTBO
y TPOCTOpY JaHamImke XpBarcKe, CTBapa CBOje
MarepujaHe v JyXOBHE BPUjeTHOCTH, u3rpalyjyhu
cBoje HaroHanHo Ouhe. IIpema Tome, BjeKOBHO
CTBapaHo ,,[€ONPOCTOPHO JEAMHCTBO KYJITYPHHUX
u nyxoBHUX BpujenHocTH (JKuBkosuh, 2017,
cTp. 562) cprmckor erTHoca jacHO aeduHHuIIe
ETOBY E€THOTEPUTOPHUJATHOCT. Y KOHKPETHOM,
UCTOPUJCKM U €THUYKU IPOCTOP CPIICKOr Hapoza
TEPUTOPUjATIH30BaH j& Y MOAPYY]y HCTOPH]CKO-
reorpadckux obmactu: CrnaBonuju (3amagHa u
Hcrouna), 3anagaom Cpujemy, bannju, Kopnyny,
Jlunm u cjesepHoj Janmaruju. TypOynenTHH
HCTOPHjCKO-Teorpa)CKu NMpOLECH y3 MOIUTHUKE,
KYJITYpPHO-LIMBWIM3ALN]CKE, PEIUTHJCKE U JIpyTe
yTHUI[aje, JOKATHOI, PETHOHAIHOT M CaBPEMEHOT
I00aTHOT KapakTepa, KOHTHHYUPAHO YTHUY
Ha YKynHO ¢opMmupame HanuoHanHor Ouha u
€THOTEPUTOPHUJATTHOCTH JCPUHUCAHOT CPIICKOT
HCTOPH]CKOT ¥ €THUYKOT MPOCTOpa Ha TEPUTOPHjU
JaHalmbe XpBarcke. Y MNPUHIMITY, Paad Cce O
BJEKOBHHM IIPOLIECHMA JIECTPYKTUBHOT KapakTepa
KOj€ JICTEPMHUHHMIITY TPOIIECH €THOIHMIA (KyITypHA
U eTHUYKa acUMMWIAIMja, Mpolecu yHHjahema,
MOKaTOJIMYEHha, KpoaTu3aluje u 1p.), Y HOBH)O]
UCTOPUJU U TEHOLUAA HAJ CPIICKUM HapoIoM,
HETOBUM MaTe€pUjalHUM J100OpUMa U JTyXOBHUM
BpPHjEIHOCTHMA.

YKynHH HCTOpPHjCKO-TeoTpadCKHU
npouecu MoTBplhyjy HcTopujcko-reorpadcek,
eTHoZeMOTrpadCKH U JP>KaBOTBOPHU CyOjEKTHBUTET
Cpba y nedrcaHoM CpIICKOM €THUYKOM IIPOCTOPY
JaHallkbe XpBaTCKe, T€ CAMUM THUM M CPIICKOT
eTHoca y nipoctopy 3anaane CliaBoHHje, IITO jJecTe
JelaH 071 OCHOBHUX LIMJbEBA Pajia. Y TOM KOHTEKCTY
BojHa kpajuHa, Koja je yIiaBHOM 3axBatalia CPIICKH
€THUYKH ITPOCTOP, IMAJIa j€ TIOCEOHY YIIOTY 1 3Ha4aj.
Iopen Tora, paioM ce ykasyje Ha CaBpeMEHe pa3BOjHe
nporiece, mpooaeMe ¥ MOryhHOCT peBUTAIM3AIIN]C
CPIICKOT UCTOPH]CKOT M €THUYKOT IPOCTOpa 3araaHe
CnaBoHMje ¥ TUM YKYITHOT CPIICKOT' HCTOPH]CKOT U
€THUYKOT [IPOCTOpA y IaHAIIH-0] XPBATCKO).
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INTRODUCTION

Serbian population in modern day Croatia
have been generating their material and
spiritual values and creating their national
identity ever since the Slavic colonization of
the Balkan Peninsula and their pioneer forms
of spatial-functional organizations (economic,
social, political, territorial, etc.). Hence, ,,the
geospatial unity of cultural and religious
values’ of the Serbian ethnos* (’KuBkxosuh,
2017, p. 562), which had been created for
centuries, is precisely what defines their ethnic
territoriality. More specifically, the historical
and ethnic space of the Serbian people covers
the territories within the following historical-
geographical regions: Slavonia (West and
East), West Srijem, Bania, Kordun, Lika and
North Dalmatia. The tumultuous historical-
geographical processes accompanied by
political, civilization, cultural, religious and
other local, regional and global impacts, have
been constantly affecting the formation of
nationhood and ethnic territoriality within the
defined Serbian historical and ethnic space in
modern Croatia territory. Basically, there have
been centuries of destructive processes which
have recently obtained evident elements of
ethnocide (cultural and ethnic assimilation,
Catholicization, Croatization, etc.) over the
Serbian population, their material goods and
religious values.

General historical and geographical
processes accounted for the historical,
geographical, ethnic, and demographic identity
and statehood of the Serbs within the defined
ethnic space in modern day Croatia, including
the territory of West Slavonia, which is one
of the primary goals of the paper. In this
regard, the Military Border, which mostly
covered the Serbian ethnic space, played a
pertinent part. In addition, the paper points
out modern development processes, problems,
and revitalization potential with reference to
the Serbian ethnic and historical space in West
Slavonia and also addresses the position of
Serbs in entire modern day Croatia.
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NCTOPUJCKO-I'EOI'PA®CKHU KOHTEKCT
ETHOAEMOI'PA®CKOI' CYBJEKTUBUTETA
CPBA 3AITAJIHE CJIABOHUJE

CnaBoHuja je wuCTOpHUjcKO-Teorpad)cka
o0rnacT cMjelTeHa y ujeny HaHOHCKOT IPOCTopa
y mehypjedjy JpaBe Ha cjeBepy u CaBe Ha jyrYy,
pujexe MnoBe Ha 3amany u cpujeMcke 00JacTi
Ha uctoky. ['eonpocrop CriaBoHU]je MUjEHAO €
y MPOILIOCTH MPOCTOPHU OOYXBaT YIIIaBHOM
Ha 3amafay. Jlanamma CriaBoHHja MpencTaBiba
MO0 HEeKaJ| 3HaTHO Beher TepuTopuja. 3amagHa
rpanuna ouna joj je Ha pujeru Cytim (rpaHumna
ca nanamrmoM Crosenujom). I[Ipocrop 3amagHo
on pujeke Mnore nHasuBao ce ['opma CrnaBoHuja
(mpocTop naHamme cjeBepHEe XpBaTCKe), 3a
paznuky on Jlome CrnaBoHHje, UCTOYHO Of
WnoBe. YHomIEHmEM XpBaTCKOT €leMEHTa Y
JOMUHAHTHY CTapocjeuiiayKy CJIOBHUHCKY H
CPIICKY MOITyJIallljy U HEKe HeCIIaBeHCKe Hapoe
lopmwme Cnaonuje (Mahapu, Hujemun, Yecn,
Tanujanu, ...), KOHCTAHTHUM JOCEJbABAKHEM
xpBarckor craHoBHUITBa (XV—-XVIII BHjek),
MONUTUYKE BiIacTH Xab30yplike MOHapxuje
cBe dyemhe uAEHTH(UKY]y OBaj MPOCTOP
ca XpsarckoM Ha jyry (I'pyjuh, 1996, ctp.
14—15). Ha Taj mauwn, tokom XVIII BHjexa,
yCTaJbyje ce MOCTENeHO Ha3uB XpBaTcka 3a
lopwy CnaBonnjy. [lojam CnaBoHuja ocTtaje 3a
npoctop Jome CnaBoHHje, HCTOYHO Of pHjeKe
Nnoge. tben 3amanan 110, Kao BJEKOBHU CPIICKU
€THUYKHU MPOCTOpP, Ca JOMUHAHTHOM CPIICKOM
nonynarujom 10 90-ux roguHa MpoILIoT BUjeKa,
IpeIMeT je u3yyaBama OBOT paja.

[Tojam CnaBoHuja nmaTupa BjeKOBHMa, a
CPIICKH €THOC Y EH-€HOM MPOCTOPY, U y APyTroM
CPICKOM ETHHUYKOM TPOCTOPY [JaHallke
XpBaTcke, ca AYXOBHHUM, KYJITYpHUM H
MaTepHujaJHUM BPHUjETHOCTHMA, pa3BHUja ce
y KOHTUHYUTETY OJ NpHUMapHE CIIaBEHCKE
KOJIOHHM3a1Hje. AYTOXTOHOCT CPIICKOT Hapojaa
noTBplyjy OpojHH UCTOPH)CKH, KapTorpadCcku
Y CTAaTUCTUYKH U3BOPH: (paHAYKU, BU3AHTH]CKH,
ayCTPU]CKH, YTapcKu U Ap. Y NPUIOT TOME

HISTORICAL AND GEOGRAPHICAL
CONTEXT OF THE ETHNIC-
DEMOGRAPHIC IDENTITY OF WEST
SLAVONIA SERBS

Slavonia represents a historical-
geographical area located in a part of the
Pannonia region rimmed by the Drava River
in north, the Sava River in south, the Ilova
River in west and Srijem region in east. Over
the course of history, the Slavonia geo-space
mostly expanded westwards so modern day
Slavonia is practically only a fraction of a
once larger territory. The west borderline was
along the Sutla River (present day Slovenia—
Croatia borderline) and the entire space west
from the Ilova River was referred to as Upper
Slavonia (present day north Croatia) and
should be distinguished from Lower Slavonia
which was located east from the Ilova River.
The constant settlement of Croats (15-18th
centuries) and the their impact within the
dominant aboriginal Slavic and Serbian
populations and some non-Slavic peoples
in Upper Slavonia (Hungarians, Germans,
Czechs, Italians) led the politicians in the
Austria-Hungary to identify this region with
Croatia in south (I'pyjuh, 1996, p. 14-15).
Hence, name Croatia gradually became a
regular name for Upper Slavonia in 18th
century. On the other hand, Slavonia remained
the name for Lower Slavonia east from the
Ilova River. Its west part, the centuries old
Serbian ethnic space predominantly populated
by the Serbs up until 1990s, is the subject
matter of this paper.

The term Slavonia has been present for
centuries and the Serbian people populating
the region and other parts of modern day
Croatia have constantly grown along with
their religious, cultural and material heritage
ever since the primary Slavic colonization.
The autochthony of the Serbian people has
been corroborated by numerous historical,
cartographic, and statistical reports:
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HABOJMMO HEKOJIMKO UCTOPUJCKUX UHUHEHUIIA.
Jenan on HajcTapujuxX TMO3HATUX HM3BOpa je
,,Cnuc o Hapoouma‘ BU3AHTHJCKOT Lapa H
uctopuorpada Koncrantuna Ilopduporenunra
VII, nactao cpenunHom X BHjeka, Ha 0azu
YyujuxX Tojaraka je (paHIycku kaprorpad
I'mjom [Jenun (Gijom De Lil) 1778. ronune
u3aao Kapry ,.Acmouna umnepuja u cycjeoru
pecuonu no Koncmanumuny Iopgupocenumy*
(,,Imperii Orientalis et circumjacentium
regionum fub Constantino Porphyrogenito et
ejus praedecesforibus Descriptio*). Ilpema
HaBeZieHOM Hu3Bopy, Cpbu Ha bankany, nusmely
OCTaJIOT, HaceJbaBajy U MPOCTOP CJEBEPHO O]
Cage koju je Ha3zHaueH kao Alba Serbia (bujena
CpOwuja), omHocHo Hekpmtena Cpouja (Ci. 1).
CjeBepHo je Mahapcka, Ha KapTu O3HaYeHa Kao
Turcia 36or munsema aa cy Mahapu Hapon
typckor nopujekia (I'punh & I'puuh, 2012, cTp.
12). Jaxne, CpOu y ToM BpeMeHY HaceJhaBajy
npoctop CliaBoHHjE€ IITO je CYNPOTHO TE3H
HEKHUX XpBAaTCKUX ayTopa o jocesbaBamy Cpbda
Ha OBE IPOCTOpPE ca TYPCKHUM OCBajambUMa.
Y npuHnuny, NpUCYyCTBO CPIICKOT €THOcCa
y CraBOHMjU TOAYIApHO je ca NMpPUMapHOM
CJIABEHCKOM KOJIOHH3ALMjOM O 4YeMy TOoBOpe
u uctopujcka njena @. Banmueka (Banunuek,
1878), P. Hoakosuha (HoBakosuh, 1981), T.
Bboragua (boragari, 1998), kao u npyrux gomahux
U CTpaHUX ayTopa, 3aCHOBAaHA Ha PEJIEBAHTHO]
ucropujckoj rpahu. I'enepanno, HaBeneHH
M3BOPHU MOTBPHYjy ayTOXTOHOCT CPIICKOT Hapo/ia
Ha MHOTO LIMPEM HPOCTOPY OA IePUHUCAHOT
CPIICKOT €THHUYKOT MHPOCTOpa y JaHallkO]
XpBaTrcKkoj, Ka0 M HETrOBy KOHTUHYHUPAHOCT
MOCTOjalba W KOHCTHTYTHUBHOCT Yy pPa3Bojy
reorpadckor mpocropa.

[TperxomHe KoHCTaTamMje MOTBPhY]jy U TYPCKH
nornucu nooOpckor nozapydja 3anagHe CrnaBoHuje
(Masa Biamka), kpajem X VI u mogetkom XVIII
BHUjeKa, y KOJUMa Ce TOBOPH O HACEJHEHOCTH OBOT
npoctopa ca oko 5,000 nomahuHCcTaBa, 07 KOjUX
3,000 cpnckux (Pavici¢, 1953).

Frankish, Byzantine, Austrian, Hungarian,
etc. Therefore, several historical facts will be
outlined. One of the oldest known sources is
,»the Document on Peoples* by Constantine
Porphyrogenitus, a Byzantine emperor and
historian, dating back from 10th century, based
on which cartographer Gijom De Lil published
a map , Eastern Empire and neighboring
regions of Constantine. Porphyrogenitus®
(,,Imperii Orientalis et circumjacentium
regionum fub Constantino Porphyrogenito et
ejus praedecesforibus Descriptio*) in 1778.
According to the source, the Serbs in the
Balkan Peninsula also occupied the region
north from the Sava River named Alba Serbia
(White Serbia), i.e. non-christened Serbia
(Fig. 1). In the map, Hungary was located
north from the Sava River and was referred
to as Turcia as Hungarians were believed to
have had Turkish origins (I'punh & I'puuh,
2012, p. 12). Hence, it was back then that
the Serbs already populated Slavonia, which
confronted the hypothesis of some Croatian
authors on Serbian occupation of the region
in time of Turkish conquest. Basically, the
presence of the Serbian ethos in Slavonia
matches the primary Slavic colonization as
it was corroborated by relevant historical
works of F. Vanicek (Baumuek, 1878), R.
Novakovic (Hosakosuh, 1981), T. Bogavac
(borasam, 1998) and other local and foreign
authors. In general, these sources confirm the
autochthony of the Serbs within a much wider
space than the defined Serbian ethnic space in
modern day Croatia as well as their constant
existence and growth within this geographical
space.

These claims are deep-rooted in the
Turkish population censuses in highland
region of West Slavonia (Mala Vlaska)
back in late 16th and early 18th centuries,
according to which there were 3,000 Serbian
households out of 5,000 total households in
the area (Pavici¢, 1953).
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Cn. 1. Tepuropujanau pasmjenitaj cprickor Hapona y X Bujeky npema K. [Topduporenuty Ha kaptu
I'mjom Nle JIuna (¢pparment kapre) (I'punh & I'puwmh, 2012)
Fig. 1. Territorijal distribution of the Serbian people in 10th century according to Constantine
Porphyrogenitus as mapped by Gijom De Lil (map. fragment) (I'punh & T'puwnh, 2012)

[Topen Cpba oBaj mpocTop HacespaBajy u
CrnosuHn. Paiu ce Takohe o ctapocjeamiagkom
CTaHOBHMILTBY, KATOJIMYKE BJ€POHCIIOB]ECTH, KOje
Kaprep (Karger, 1963) noucrosjehyje ¢ XpBaruma.
BuxoBa eTHoreHesa Huje AepHUHUCAHA, TPEMIA
Ce YIIIaBHOM TIOBe3yje ca paHuje moyHujaheHuM
Y TIOKaTOJIMYCHUM, alld JOII HEKPOATH30BaHUM,
CpOuma. HaBenene unmenuiie, uamel)y ocraior,
uMmajy onpeheno ymopumre u koj Banuueka
(Banuuex, 1878, ctp. 1-2) m y cTuxoBmma
PesskoBuhesor ,,Carupa“ (1762. roquna) xoju
mace: ,, Oj CnaBonue, Tu ce Bpio Bapail, Koju

Along with the Serbs, the region was
populated by the Slovins, another aboriginal
Catholic population identified as Croats by
Karger (Karger, 1963). Their ethnic genesis
has not been clearly defined although they
are usually connected with the previously
Catholicized but not yet Croatized Serbs. The
aforementioned facts have been supported,
among other sources, by Vanicek (Banuuexk,
1878, pp. 1-2) and in the lines of Reljkovic’s
Lwdatira®“ (1762): ,,0h, thou, Slavonian lad you
are very wrong, you may think as you please,
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roJl TW TAaKo OATOBapa, Bamm crapu jecy KmHTry
3Hanu, CprcKku MTUIM a CPICKH MUcaiIu.*
(Reljkovi¢, 1909, cTp. 63).

Ca Bume BjepOJOCTOJHOCTHU O
eTHoTeputopujannoctu Cpba y 3amamHoj
CnaBonuju, CllaBOHHjH YOIINTE, CPICKOM
€THUYKOM TIPOCTOPY y XPBATCKO] U XPBATCKO]
y ILjeIUHHU, MOXKE CE€ TOBOPUTH Ha OCHOBY
3BaHMYHUX JP’KaBHUX CTATUCTUKA O] CPEIAHHE
XIX Bujeka. Tako ce 3a mpocrop CiiaBoHHUje U
Jlanmarnuje, 3ajelHO ca CIaBOHCKOM BojHoM
rpaHunoM, Hasoau Bumie ox 1,100,000 Cpo0a,
a ca TajgalmrmkboM XPBAaTCKOM M XPBATCKOM
Bojuom rpamumom Bume ox 1,750,000
HacTameHOT cprckor xuBba (Pypin &
Spasevi¢, 1880 kako je HaBemeHo y HMuwuh,
1993, ctp. 29), wto je y CBaKOM Ciyuajy
HepealHo. Y KOHKPETHOM, HajBjepOBaTHH]E je
na cy nopen Cpba-npaBociasana, cBu CiioBeHH
YHHUJaTH W PHUMOKATOIHUIIMA padyyHATH Kao
CpOu, mTO MOIAaTHO apTYMEHTYje MPETXOIHY
KOHCTATaIHjy 0 €THUIKOM Topujekiry CioBeHa-
yHHjaTa U KaTOJIMKa Ha OBUM MPOCTOPUMA.
Bonehu mahapcku u aycTpujcku HayuHHUIU
U CTaTUCTHYapU €THHYKEe XpBaTe HE Hajase
YOIIITE WJIM WX Haja3e y MajaoM Opojy Ha
npoctopuma CnaBonuje, [Janmanuje, boche,
Xepuerosune (Mnuh, 1993, ctp. 31), ,,mto0
NOoTBphyje ITOMULMIHOCT CPICKOT €THUYKOT
Kopmyca y XpBarckoj“ ... H ... ,,9UBCHHILY O
CPIICKOM TeoIpocTopy 3amagHo ona Jpune u
Hynasa®“ (JKuskoBuh, 2017, ctp. 563). beuku
npodecop craructuke bpaxenu (Brachelli, 1861)
HABOJIU JIa HA MPOCTOPYy Xa030ypIIKe MOHAPXH]E
»kuBH Bumie Cpba Hero XpBara, Koje YIJIaBHOM
HaBoau kao CnoeHo u Cpb6o-Xpsare. Mctu
u3Bop HaBoau y CrnaBonuju u [lanmanuju, 6e3
nujena muMa npunanajyhe Bojue kpajune, mpexo
600,000 Cp0a, ne momumyhu Xpsare (Brachelli,
1861). Hamomumemo, a je y CTAaHOBHHUILITBY
CnaBoHuje mojam XpBaT HEMO3HAHULA M0
npyre nonoBuHe XIX BHjeka, 0 4eMy TOBOpE
U XpBaTCKU OHOMacTU4ap, kaja ce CIoBUHIHU
KpoaTHU3alljoM TIpeTanajy y HOBHU €THOC,
Xopsare (Mahapcku mojam), OTHOCHO XpBaTe
(Simunovi¢, 1983). M3HeceHe YNmbeHNIIE YKa3yjy
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your old folk were very well read, as Serbian
was the language of their own* (Reljkovié,
1909, p. 63).

The official government statistics dating
back from mid-19th century add even more
authenticity to the ethnic territoriality of the
West Slavonia Serbs, Slavonia in general
and, finally, about the Serbian ethnic space
in Croatia. The records display the number
of more than 1,100,000 Serbs in the territory
of Slavonia and Dalmatia along with the
Slavonia Military Border; on the other
hand, there were more than 1,750,000 Serbs
occupying Croatia and Croatian Military
Border back then (Pypin & Spasevic, 1880
as cited in Mnwuh, 1993, p. 29), which was
certainly difficult to believe. There is a
high possibility that, apart from Orthodox
Serbs, other Catholicized Slavs and Roman
Catholics were registered as Serbian, which
serves as another argument to support the
aforementioned fact about the ethnic origins
of the Catholicized Slavs and Catholics in
the region. The distinguished Hungarian and
Austrian scientists and statisticians identified
either few or no ethnic Croats in Slavonia,
Dalmatia, Bosnia, Herzegovina (Mnuh, 1993,
p. 31) ,,which corroborates the fact that the
Serbian ethnic corps were the domicile
population in Croatia® ... and ... ,,the fact
that the geo-space west from the Drina and
Danube rivers is Serbian* (J)Kuskosuh, 2017,
p. 563). It was Brachelli (Brachelli, 1861), a
Vienna statistics professor, who claimed there
were more Serbs than Croats living in Austria-
Hungary and who referred to Croats as Slavic
Croats or Serbian Croats. The same source
reported more than 600,000 Serbs living in
Slavonia and Dalmatia, without the Military
Border territory, and the Croats were not
mentioned at all (Brachelli, 1861). We would
like to point out that the term Croat had been
unfamiliar among Slavonia population up until
the second half of 19th century as advocated
by Croatian scientists in onomastics. It was
in late 19th century that Croaticized Slovins
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U Ha MpolIece BjeIITaYKUX €THOTEHEe3a U CaMHUM
THUM €THAYKO MTOPH]jEKII0 Beher aujena XpBaTcKor
CTAHOBHUIIITBA.

Hagenene unmeHue NOTBphyjy KOHTUHYUTET
y Pa3B0jy CPIICKOT €THOCA U FheTOBY ayTOXTOHOCT
y TpOCTOpY JAaHammke XpBaTrcke, OXHOCHO
3amangne CrnaBonwje. MictoBpeMeHO o1BHjajy ce
JMHAMHUYHH, BPJIO KOMIUIEKCHH, €THOAEMOTpaCKU
MPOIIECH JECTPYKTHBHOT KapaKTepa 1o yKyImHH
pa3Boj CPICKOT eTHUYKOT Onha.

Cpricku eTHOC, ¥ mopen TypOyJleHTHHUX
neMorpad)CcKux KpeTarma, KOHTUHYHPAHUX Mpolieca
yHujahema, moKaroanyemha U Kpoarusalyje, Kao
Y TIPETPIUBCHOT reHoruaa y XX BHjEeKy, 0CTaje
JIOMUHAHTaH Ha CPIICKOM €THUYKOM MPOCTOPY Y
XpBatckoj cBe 10 90-ux roarHa MpOILIOr BHjeKa.
[IpocTopHa XOMOT€HOCT CPIICKOT €THOCA YIJIABHOM
je nomymapsa ¢ TeputoprjoM Bojue kpajune (Cor. 2
u Cn. 3). Y nepuony nesunTerpanumje JyrociaBuje
HOBOopOpMHpaHa XpBaTCcKa JAp)kKaBa MpoTjepaa
j€ ayTOXTOHO CPIICKO CTAaHOBHHIITBO U MpPOBEJA
€THUYKO Ynltheme.

Pamu Gosber pasymujeBama yKyIMHHX, BPIIO
KOMITJIEKCHUX JIeMOTpad)CKUX TPOIieca, HEOMXOIHO
j€ IOJaTHO TOjaCHUTH ojapeheHe HCTOPUjCKO-
reorpapcke 1mojaBe W Tporece. YpylIaBame
CPIICKOT HaIMOHAJHOT Owmha (OMOJIOMIKOT,
YKYITHOT MHTETPUTETA) JETEPMUHUCAHO j€ HU30M
Pa3IMYUTUX TPOLIECA: €THOLUIOM, TCHOIHIOM,
MUTpalyjama 1 HUICKUM TIPUPOIHUM TIPUPAILTAjeM
TOCJBEHHX JeTIeHU]a. ETHOIMIHOCT je ucrnospeHa
pa3NUYUTUM BUJOBUMA acUMUIAIMje (KyATypHa,
€THUYKA, ...), OTYheHmhEeM U MPUCBajarbeM KyJITYPHHX
U JIPyTUX BPHjEIHOCTH CPIICKOT €THOCA (je3nKa,
MMCMa, UCTOpHje, ...). HarmarmaBamo, HajroryOHuje
MOCJbEIUIIE TI0 HECTAHAK CPIICKOT HApoAa MMaju
cy mporecu mnoyHujahema, MOKaTONMYCHa H
Kpoaru3aiuje, KOHTHHYHPAHO CIPOBONCHHU OJ
CTpaHe KaToJIMYKe LPKBE, MpeKko AycTpuje u
VYrapcke, kacHuje u Xparcke. HaBenenu npouecu
MIPUCYTHHU Cy U JTaHAC HaJ MPEOCTAIUM JH]jEIOM
CpIICKE TIOMyJIalyje y JaHalIk0j XpBarckoj. CBu
nokatonuaeHn Cpou y apyroj mosoBuHu XIX
BUjeKa npuxBarajy xpsarcko ume (Msuh, 1926, ctp.
180). Ilpema noncy cranoBHuUIITBA, 1910. ronune
y XpBarckoj 1 CiaBoHHjU peructpoBaso je 17,592

merged into a new ethnic group — Horvats
(Hungarian) or Croats (Simunovi¢, 1983).
These facts clearly indicate the processes of
artificial ethnic genesis including the ethnic
origin of a large part of Croatian population.
These facts verify the continuity of
the growth of the Serbian ethnos and their
autochthony in modern day Croatia, i.e.
West Slavonia. Concurrently, there have
been dynamic, complex and destructive
ethnic-geographical processes affecting the
development of the Serbian ethnicity.
Despite turbulent demographic shifts,
continuous processes of Catholicization and
Croatization and the genocide suffered in 20th
century, the Serbs had preserved domination
within the Serbian ethnic space in Croatia up
until 1990s. The spatial homogeneity of the
Serbian ethnos largely matches the Military
Border territory (Fig. 2 and Fig. 3). During the
Yugoslavia disintegration process, the newly-
formed Croatian state banished the Serbian
population and conducted ethnic cleansing.
In order to better understand the general
and complex demographic processes, it is
crucial to provide additional explanation of
the historical and geographical phenomena
and processes. The decline of the Serbian
national identity (biological and the overall
integrity) was caused by a whole range of
different processes: ethnocide, genocide,
migrations and low birth rates over the past
few decades. By ethnocide we mean different
types of assimilation (cultural, ethnic, etc.),
appropriation and misuse of cultural and other
values of the Serbian population (language,
script, history, etc.). It is pertinent to point
out that the most disastrous consequences
resulted from the processes of Catholicization
and Croatization which had been constantly
conducted by the Catholic Church in Austria-
Hungary and, finally, Croatia. These processes
are evident even nowadays and keep affecting
the remaining Serbian population in Croatia.
All catholicized Serbs adopted the Croatian
affiliation in second half of 19th century
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Ca. 2. Tepuropujannu pasmjemraj Cpba y Xpsarckoj o onmtaHama 1991. ronune —
nporenTtyaiaau yauo (Pemyonuuku 3aBop 3a cratuctuky Cpouje, 2009)

Fig. 2. Territorijal distribution of the Serbs in Croatia per municipalities in 1991— population

percentage (PenmyGnuuku 3aBon 3a ctaructuky Cpouje, 2009)

(UBuh, 1926, p.

180). According to the

32). Jlaxse, nmpouiecu yHrjaherwa 1 OKaTOIMYCH»a,
OJTHOCHO BjepCKe acHMMMHIIAIIMje, HACTABJLEHU
Cy U y HOBH]jO] UCTOpHUJU, CBE 10 nmaHac. [Ipema
TOME, XpBaTcka HapOTHOCT, HeH €THOKYJITYpHH
U CTHOHAIMOHAIIHU NPOCTOpP YIIABHOM CYy
NocJbeIMia HaBeJeHUX mpoueca. KoHkpeTHuje
pEUeHo, CaBpeMeHa XpBaTCKa JPYKABHOCT MOYHBA
y BEIIMKO] MjepH Ha IMpOIeCMMa BjeIITAYKe
€THOTE€HEe3€e M3 OKpUJba CPIICKOT €THOCA, HErOBE
€THOKYJITYPAJTHOCTH M ETHOTEPUTOPHjAITHOCTH
(I'maro & CranojeBuh, 2012, ctp. 3).

Pa3Bojem HalmoHaITHE CBHjeCTH KOl XpBara Of1
XIX Bujeka f0m1a3u 1 10 TI0jaBe HAIMOHAITMCTUYKO-
moBMHUCTHYKHX Hjeja (Ante CrapueBuh) koje ce
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1910 population census, there were 17,592
Greek-Catholics (catholicized population)
in Croatia and Slavonia (Unuh, 1993, p. 32).
Processes of Catholicization, i.e. religious
assimilation, have been present up to now.
Therefore, Croatian statehood and their
ethnic-cultural and ethnic-national space
are a direct result of these processes. More
specifically, the modern Croatian statehood
largely rests upon the processes of artificial
ethno-genesis suffered by the Serbian ethnos,
ethnic culture and ethnic territoriality (I'mato
& Cranojesuh, 2012, p. 3).

The rise of Croatian national awareness
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y JaTHM HCTOPH)CKHM OKOJTHOCTUMA MaHU(ECTY]y
TCHOIIM/IOM HaJl CPIICKUM HAapOIOM W HEKHM
npyrum Hapoauma (JeBpeju, Pomu). I'enonma Han
Cp6uma ucrojbaBa ce y OUOJIOIIKOM 3aTHpamby U
(M3UYKOM YHMINITaBaKy MaTepHjaTHUX, KYATYPHHUX
U JTyXOBHUX BpPHjeIHOCTH. [EHOUHMIHOCT je
HarJIaleHo UCToJkeHa y Bpujeme J{pyror CBjeTCKor
para. Y TOM mepuoay y HpocTopy 3amajHe
CrnaBoHHMje yMOpPEHO je Ha paszIuuuTe HadMHe
npeko 19,500 craHOBHMKA CPIICKE HALMOHATHOCTH
(bjenosutrh, 1995, ctp. 39). CaB yxac HaBeJCHUX,
Kao M JPYTUX CTpajiama, IpeBa3uiia3e CTpagama y
KOHIIEHTpaLMoHOM Jioropy Jacenosail. Onpehenu
BHUJIOBH TEHOIMJA TOHOBJGEHU Cy M Yy pary
1991-1995. ronuse.

HeraruBHuM nporecruMa HecTajamba CPIICKOT
€THOCA Ha MPOCTOpy XpBarcke, TUME U 3amajiHe
CrnaBoHmje, TONPHUHOCE W yKyITHA MUTPAIMOHA
kperama. lIponecuma wuHIYyCTpHUjaTU3aIM]e
MIOKPEHYTE Cy MUIpaLje U3 CPICKOI €THUYKOT
pOCTOpa, YIIABHUM pYpPaJHUX OJJIMKA, Ka
BehMM WHAYCTpHjCKMM CpEeIHIITHMA, IITO
je yrumaino Ha Opxy acmmunanujy Cpba y
BehnHCKO] XpBarckoj cpeaunu. [lopen cormo-
€KOHOMCKHX Ha MUTpallMOHA KpeTama 3Ha4ajHO
yTUYYy H HAIUOHATHO-MOIUTHYKHA (HAaKTOPH.
[Ipema 3BaHMYHUM MONHUCHMA, Y TEPUOAY OJ
3aBpieTka Jlpyror cBjerckor para 1o 1981. romune,
MUTPAIIMOHA OWJIAHC CPICKOT CTaHOBHUIITBA
y XpBarckoj 6mo je 3a oko 300,000 mamu. Behn
IO UCEJbEHE CPIICKE MOIyJaluje OJCENINO0 Ce
Ha npoctop Cpbuje (oxko 88 %). Y KOHTEKcTy
HaBE/ICHUX OMNILITHUX MUTPALMOHUX KpeTamba Tpeda
MOCMATPaTH U CPIICKU €THUYKH MIPOCTOP y 3ariaIHoj
CnaBonuju. EMurparmja cprickor eTHoca ca OBOT
npocropa no0uja Ha JUHAMHIM HEMOCPEIHO
nociuje Jlpyror cBjeTCKOr para W MOCHH]e
TIOJIUTUYKHX JIeTIaBama y XpBarckoj 1971. ronune.
PerpecuBHOCTH IeMOrpa)cKuxX KpeTama CpIICKe
NomyJanyje JTOMPUHOCH U MPUPOTHO KPETambe.
[puponuu npuparraj ce ox 1950-ux roguna ca 18
%o, cBOM Ha HeratuBaH kpajeM 1980-ux roanna
(Mmuh, 1993, ctp. 123). [akie, cBu HaBelIeHU
Pa3BOjHU MPOIIECH, IECTPYKTUBHHU Y CBOjO] OCHOBH,
JIETEPMUHUIITY YKYITHO CABPEMEHO CTAHE CPIICKOT
HaIMOHANHOT Ouha y OKBHpY CPIICKOT €THHYKOT

in 19th century resulted in nationalist-
chauvinist ideas (Ante Starcevic) which
later on manifested through the genocide
over the Serbs and some other populations
(Jews, Roma). Croatian genocide over the
Serbs targeted at the biological and physical
annihilation of material, cultural and religious
values. The genocidal intentions reached
the climax during the World War II. During
that time, more than 19,500 Serbian people
were executed in different manners in West
Slavonia (Bbjemosutuh, 1995, p. 39). The
horror of these and other sufferings were
exceeded by the sufferings in the Jasenovac
concentration camp. Specific types of
genocide were repeated in 1991-1995 war.
Migrations also contribute to the negative
demographic processes in terms of the
Serbian ethnos in Croatia and West Slavonia.
Industrialization triggered migrations from
the Serbian ethnic space, mostly rural areas,
towards larger industrial centers which
only accelerated assimilation of the Serbs
within the majority of Croatian population.
Apart from the social-economic factors,
there are also national and political factors
which largely affect population migrations.
According to the official census, during the
period between World War IT and 1981, there
was a more than 300,000 people negative
migration balance among Serbian population
in Croatia. Most Serbian emigrants moved
to Serbia (around 88 %). The Serbian ethnic
space in West Slavonia should be discussed in
the context of these general migrations. The
Serbian emigration increased immediately
after World War 11 and after political affairs
in Croatia back in 1971. The demographic
regression of the Serbian population is also
affected by the natural population statistics.
The birth rates were 18 %o back in 1950s
but they turned negative in late 1980s
(Mnuh, 1993, p. 123). To conclude, all these
aforementioned development processes,
which were principally destructive, determine
the current state of the Serbian nation within
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MPOCTOPA U YOIIIITE POCTOpa TAHAITHE XPBATCKE.
JlecCTpyKTUBHM pa3BOjHU NPOLECH, Y3
HEraTUBHM MMIPAallMOHM OWJIAaHC U HU3AK
IPUPOJHHU TPUPALLITA] MOCIHEIBUX JELEeHH]a,
MOCJbEINYHO YTHUY Ha CBE MamU ariCONYTHH H
TIPOIIEHTYATHH YIIHO CPIICKE MOIMJIALHje Y YKYTTHOM
CTAaHOBHMILTBY CPIICKOI €THUYKOI IIpOCTOpa Y
3ananHoj CnaBoHMU, Kao M 'y XPBaTCKoO] YOIIIITE,
CBE JI0 FberoBOI' CBOlea Ha HALIMOHATIHY MAmbHHY
Y HE3HATHU MpoueHTyanHu yauo 2011. rogune, on
cera 4.4 % y yKylIHOM CTaHOBHHUIITBY XPBaTcKe
(Drzavni zavod za statistiku Republike Hrvatske,
2013). Ilpema 3BaHWYHO] CTAaTUCTHUIIM, CPIICKa
arcoryTHa BehrHa y cprickoM eTHIYKOM MPOCTOPY
3amanne CnaBonuje (1910. roquae oxo 90,000
u 1931. roqune oxo 110,000 Cpba) cBoau ce Ha
penarusHy Behuny 1991. ronune (62,500 nmm 43
% CTaHOBHMKA CPIICKE HAIIMOHATHOCTH).
I'enepanHo, HaBeJEeHU JECTPYKTHUBHHU
Pa3BOJHU MPOLIECH PE3YATUPATIH CY arCOTyTHUM
U TpPOLEHTyaJlHHUM yBehameMm XpBaTCKOT
CTaHOBHHMIIITBA U OCHUIIAKEM CPIICKE TOMyJIaluje,
noBonehy y muTame BeH OWOJIONIKY OTICTAaHAK U
eTHoTepuTopHjanHocT. Y mnepuony 1910—-1991.
TOIMHE YKYITHO CTAHOBHHUINTBO XpBarcke yBehao
ce 3a 38 % y3 UCTOBPEMEHO CMambCHE CPIICKE
nomynaruje 3a 4.8 % (Wmuh, 1993, ctp. 121).

NCTOPUJCKO-I'EOI'PA®CKHU KOHTEKCT
JIPPKABOTBOPHOI' CYBJEKTUBUTETA
CPIICKOI' HAPOJIA 3AITAIHE
CJIABOHUIJE

»llojam CraBOHMja TIOCTOjU BjeKOBHMa HE
caMO Kao HMCTOpPHjCKO-reorpadcka KaTeropuja,
Beh U Kao reononuTuiKa ca onpeheHnm ooauimma
Ip KaBHO-TIpaBHOT cBojcTBa (XKuBkoBuh, 2001,
crp. 11). Jlakie, xpo3 Bumie BjekoBa CaBoHH]ja
je ucTopujcko-reorpad)cka Kareropuja koja y
TCOMOJUTHYKOM M JAPKABHO-TIPABHOM CMHCITY
MMa CBOjJy ayTOHOMHOCT M ayTCHTHYHOCT.
Tpeba Harmacutu na je y HajBehem amjeny cBor
HUCTOPHjCKO-TeorpacKor paszBoja MOTHYHO
HE3aBUCHA OJ JPKaBHO-NPABHOI CHCTEMa
XpBaTcke, 0K JaHac MpeacTaB/ba C€amo
reorpad)CKu 1ojaM (OIpeHUILY YHyTap XpBaTcKe
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the Serbian ethnic space and in modern day
Croatia.

The destructive development processes,
negative migrations and low birth rates over
the past few decades consequently caused
the decreasing percentage of the Serbian
population among the total population within
the Serbian ethnic space in West Slavonia and
Croatia in general. The result were Serbs as
a national minority with only 4.4 % of total
Croatian population back in 2011 (Drzavni
zavod za statistiku Republike Hrvatske,
2013). According to the official statistics, the
Serbian absolute majority in West Slavonia
(round 90,000 Serbs in 1910 and around
110,000 in 1931) became a relative majority
in 1991 (62,500 or 43 % Serbian citizens).

Generally, these destructive processes
resulted in the absolute percentage increase
of Croatian population and weakening of
Serbian population, which threatens their
biological survival and ethnic territoriality.
In 1910-1991 periods, the total Croatian
population increased per 38 % whereas
Serbian population decreased per 4.8 %
(Mnuh, 1993, p. 121).

HISTORICAL AND GEOGRAPHICAL
CONTEXT OF THE SERBIAN
STATEHOOD IDENTITY IN WEST
SLAVONIA

,» Throughout history, the term Slavonia
was used not only as a historical-geographical
category but as a geopolitical one with its
specific state and legal characteristics®
(Kuskosuh, 2001, p. 11). In other words,
Slavonia had had its geopolitical and
statechood autonomy and authenticity for
centuries. It should be pointed out that, during
its historical and geographical development,
Slavonia had been fully independent of
the Croatian government and legal system
but nowadays it represents nothing but a
geographical term (a unit within the Croatian
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np>kase). Kommaparyjom HCTOpHjCKUX U3BOPA, O
Koncrantuna [lopduporenura y panom cpenmem
BHjEKY, OPOJHMX HEMAYKUX W YrapCKUX M3BOpA
(mexux Beh HaBOheHHMX y paay) A0 XpBaTcke
uctopuuapke Hane Knanh y XX Bujexy (Klaic,
1990), jacHO cy pa3rpaHWYCHH HCTOPH]jCKO-
reorpadcku mojMoBu XpBarcke u CiaBoHuje.
VYaytap deynaaHe npocTopHO-(QYHKIMOHATHE
opranmsanmje Yrapcke, Hajsehu auo 3amagHe
CrnaBonuje, on X1 BHjeka, Kao 3aceOHE MOUTHIKO-
TEpUTOpHUjaTHE I[JEJIMHE, Y CacTaBy j€ JKYyIIe
Cgerauje. Y XIII Bujeky CnaBoHHMja UMa CBOje
3aKOHE, MOPECKU CUCTEM U HoBall (KyHa), ca
np>xaBHOM KoBHHLIOM ([akparr) y jenHom nepuomy
(Crkvenci¢, 1974, ctp. 36; ['pyjuh, 1996, ctp. 140).
Cnaonnja ox XII no XVI Bujeka uma cBoj cabop
y ckiony Yrapcke u 6ana (monosunoM XII Bujexa
Bemom, cuH cprckor xymana Yporia, 0uo je
CJIABOHCKH 0aH), Ka0 M CTaTyC KpaJbeBUHE Y JSTHOM
nepuony (I'pyjuh, 1913, ctp. 155; Krleza, 1988,
ctp. 18; Bnagucaswesuh, 1939, ctp. 24). uo
3anagne CrnaBonwuje, ojutykomM Maruje Kopsuna
1469. ronune, y mocjemy je cprckor aecrora Byka
Bbpankouha (3maj Ormenu Byk) ca cjeaumrem y
benoj Crenu (manac Hacesbe bujena Crujena). OBaj
muo 3amanHe CraBoHH]E Y MOCjedy je CPIICKUX
JIECIIOTa CBE 10 Majia MmoJ TYpcKy Biact (1543).
[Ipocrop je Hacesben CpOuma-mpaBociIaBHE U
CroBMHIIMMA-KaTONWYKE OpHjeHTanuje. 300r cBe
JOMHHAHTHHjET CPIICKOT eTHOca y CITaBOHH]H, jOIII
1309. ronune y bynmumy Ha 3acjenamy KaTOJIMUKE
L[PKBE jellaH OJ 3aK/byuyaka Ouo je ma Tpebda
CBUM PHMOKATOJIMIIUMA 3a0paHUTH >KEHUAOY ¢
HEBjepHHUILIMMA, ca HartackoM Ha Pare, omHOCHO
Cp6e u jomr Heke Hapoxae (I'pyjuh, 1989, ctp.
20), yuMme ce ykasyje Ha BEJIHKY MOIUjeJbEHOCT
xpuimthancke nomynamnuje. 300r H3pakeHe
JOMUHAHTHOCTH CPIICKOT €THOca 3amajHe
CnaBoHuje, 0Baj BJEKOBHO XOMOTEH CPIICKH
e€THUYKH MPOCTOP Ha3MBaH je y mepuony XVI—
XVIII Bujeka 1 y pasHUM reorpadCKUM Kaprama
Ha3HavaBaH kao Pamka (Rascia), oqHocHo Mana
Brnamika (acorujarmja va Cpoujy), kako cy Typim
HaszuBaiu nobpacku nuo 3amagHe CiaBoHWMje,
on Iloxemke kotnuue a0 pujexe Mnose. [on
TypckoM yrpaBoM CriaBoHuja je Ouna Bure of 150

state). Historical-geographical terms of
Croatia and Slavonia have been defined as
completely separate notions through the
comparison of the historical sources, ranging
from Constantine Porphyrogenitus in early
Middle Ages, many German and Austrian-
Hungarian sources (aforementioned in the
paper) to Nada Klaic, a Croatian historian
from 20th century (Klai¢, 1990).

In 11th century, most West Slavonia (an
independent political-territorial unit) became
a part of the parish of Svetacje within a larger
feudal spatial-functional organization of
Hungary. By 13th century, Slavonia had its
own laws, taxation, currency (kuna), and state
mint (Pakrac) (Crkvenci¢, 1974, p. 36; I'pyjuh,
1996, p. 140). Between 12th to 16th centuries,
Slavonia had its own parliament and governor
within Hungary (in mid-12th century, Belos,
son of Serbian county prefect Uros, was
Slavonian governor) and had the status of a
kingdom for a short period (I'pyjuh, 1913, p.
155; Krleza, 1988, p. 18; Bnagucasmesuh,
1939, p. 24). By the decision of Matija
Korvin, it was in 1469 that the control over a
part of West Slavonia was transferred to Vuk
Brankovic (Zmaj Ognjeni Vuk), a Serbian
despot, and had its headquarters in Bela Stena
(modern day town of Bijela Stijena). This part
of West Slavonia had been ruled by Serbian
despots until the Turkish colonization (1543).
The region was populated by Orthodox Serbs
and Catholic Slovins. Due to the growing
Serbian domination, the Catholic Church
assembly (Budim, 1309) adopted a conclusion
that all Roman Catholics should be banned
from wedding infidels (particularly Rasci),
i.e. the Serbs and some other peoples (I'pyjuh,
1989, p. 20); this fact indicated a large
presence of the Orthodox Serbs as well as
the Christian disunion. It was because of the
intense Serbian domination in West Slavonia
that this ancient homogeneous Serbian ethnic
space was referred to as Rascia in 16th—18th
century periods, or Little Rascia (implication
to Serbia) which was the Turkish name for the
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ronuHa (XVI-XVII Bujek), mehytum Taj mepuosn
HHUje OCTAaBMO TPAaroBe Ha KYJITYPHH HUICHTUTET
CTAHOBHHUILITBA M MpOCTOpa. Y TOM MEPHUOLY,
3anaaHy CrnaBOHH]y KapakTepHIly AMHAMUYHE
MUTpalije ¥ TPOCTOPHO Mpepas3MjelTame
CTAaHOBHHUIITBA M3 OBOT MPOCTOpa y MOAPYYje
JTaHAITkHE cjeBepo3anaaHe Xprarcke. Ha HaBeneHo
yKa3yjy ¥ KajKaBCKOM AMjalieKTy MpHiaroheHu
TonnoHumu Buuie cena (Hop. [lupunnum u Lare
y 3anaanoj CrnaBonuju, ogaocHo [lupuren n
Harunmym y cjeBeposzananHoj XpBarckoj). Bure
MojiaTaKa O MPETXOAHOj KOHCTaTaIlljH MOXE Ce
npoHahu y HCTOPHjCKUM JOKyMeHTHMa BojHe
Kpajune, pagoBuma Opojumx aytopa (I'pyjuh,
1913, 1996; Pavici¢, 1953), apxuBy My3eja
mpaBoClaBHE IpPKBe U Jp. Typcku mepuon y
3anannoj CnaBoHuju natupa of najaa yrepae bema
Crena 1543. rogune 1o ocnobohemwa ['paguiike
(Crapa I'pamumka, mp. ayr.) um Ilakpaukor
kpaja 1691. rogune. JeaMHCTBEHH TEPUTOPHU]
CnaBonuje noaujesbeH je u3mehy Typcke u
Ayctpuje Ha Topmy CiiaBoHHjYy (ayCTpHjCKY)
u Jlowy CrnaBonnjy (Typcky), Te Ccy ce Ha oba
npoctopa popmupane BojHe kpajuHe HacesbeHe
npetexxHo Cpbuma. Y omyctjene kpajese Typiu
HaceJbaBajy HOBO CTAaHOBHHIITBO, YITIABHOM
Cp6e, y pa3nuuuTUM H3BOPUMa MapTOJiO3H,
Bnacu, Panm, mmsmaruium (Smiciklas, 1891,
crp. 37, 86, 148). [lotuckuBameM Typaka jy:kHO
on Case 1691. roqune nu CpemMCcKOKapiIoBaYKUM
mupoM 1699. rogune rpanuna mamehy Aycrpuje
u Typcke ycrasbeHa je Ha pujeru Casu. CjeBepHO
on1 ie npoctupe ce Bojua kpajuna, ca CriaBoHHjoM
Kao HCHHUM JHjenioM, y (yHKIuju ombOpaHe
Xab30ypIike MOHapXHje, OMHOCHO XpHUIThaHCKe
cpenme u 3anaane Espomne (Co. 3).

HoBoM mpocTOopHO-PYHKIIMOHATHOM
OpraHM3aIlN]OM, ITOCIIH]e BUIIIE PEOPTaHMU3AIIH]a,
dbopmupana je [locaBcka kpajuna (reHepanar) ¢
TpH IyKOBHHU]€: rpaauiika (3anagHa CnaBoHuja),
Opoxcka W meTpoBapaAnHCKa. Y ¢GopMupamy
I'pagumke (wem. Friedrichsdorf, nanac Hosa
I'pagumka, np. ayT.), Ka0 HOBOT Haceba U
cpeaMiITa MyKOBHUjE y cKiony BojHe kpajune,
yuectByje 30 cprckux u 10 BeMauyKux mopoauia
(Pavici¢, 1953). XpBaTcko CTaHOBHHUIITBO

106

highland parts of West Slavonia, covering the
area between Pozega basin and the Ilova River.
Slavonia was under the Turkish rule for more
than 150 years (16th—17th centuries) but the
cultural identity of the population and space
was not affected. During the period, Slavonia
witnessed dynamic migrations characterized
by population redistribution towards modern
day north-west Croatia. We find evidence to
support this fact in toponyms of many villages
which adjusted to the kajkavian speech
(Sirinci and Cage in West Slavonia versus
Sirinec and Caginci in north-west Croatia).
Even more evidence may be found in the
historical documents of the Military Border,
works of many authors (I'pyjuh, 1913, 1996;
Pavici¢, 1953), Archives of the Orthodox
Church Museum, etc. The Turkish period in
West Slavonia started in 1543 upon the fall
of the Bela Stena fortress and ended with
the liberation of Gradiska (Stara Gradiska,
authors’ comment) and Pakrac area in 1691.
The once united Slavonia territory was
divided between Turkey (Lower Slavonia) and
Austria (Upper Slavonia) while the Military
Border mostly populated by the Serbs were
formed in both regions. The Turks settled
deserted areas with new population, mostly
Serbs, differently referred to by different
sources (Martolosi, Vlasi, Rasci, schismatics)
(Smiciklas, 1891, p. 37, 86, 148). It was in
1691 that the Turks were banned south from
the Sava River and the Treaty of Karlowitz
from 1699 set the borderline between Austria
and Turkey along this river. North from the
Sava River was the Military Border including
Slavonia as its part, the purpose of which was
to defend Austria-Hungary, i.e. Christians in
central and west Europe (Fig. 3).

After multiple reorganizations, the new
spatial-functional organization resulted in
formation of the Posavina Military Border
(generalat) with three regiments: Gradiska
(West Slavonia), Brod and Petrovaradin. There
were 30 Serbian and 10 German families
participating in the formation of Gradiska
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Cn. 3. Bojna kpajuna y XVIII Bujexy (Bynetuh, 1996)
Fig. 3. The Military Border in 18th century (Bynetuh, 1996)

ce He nmomume. beuku mpodecop craructuke
Bbpaxenu HaBonu na je cpeaunom XIX Bujeka y
MIPOCTOPY CIaBOHCKe BojHE rpaHuIle HACTambEHO
310,964 cTaHOBHUKA CpPIICKE HAapOJHOCTHU
(Brahelli, 1861), npyru Haponu ce He HaBOJE.
Hwo 3anmagae CrnaBonwuje, onHOcHO [locaBuHa
C Jy)KHMM JujesrioM mnoOpha ymasu y cacTaB
Bojue xpajune, a cjeBepHH MOOPACKHA MPOCTOP
ersuctupa y ¢eynannoj opranmsamuju (Ci.
3). Ilpema TOME, KyITYpOJOWIKH jE€JUHCTBEH
MPOCTOP U CTAaHOBHUIITBO 3amanne CiaBoHU]E
MOJjeJbEHU Cy Y JIBa pa3iW4yuTa JPYIITBEHA
CHUCTEMa M pa3IM4YUTEe CUCTEME MPOCTOPHO-
¢dbyukuonanHe opranm3anuje. OBa momjena

(Friedrichsdorf, Germ. Modern day Nova
Gradiska, authors’ comment), which was a
new settlement in the regiment center within
the Military Border (Pavici¢, 1953). There was
no record of Croatian population. Brachelli,
a Vienna professor of statistics, inferred that
310,964 Serbs occupied Slavonia Military
Border in mid-19th century (Brahelli, 1861),
but was no mention of other populations.
A part of West Slavonia, i.e. Posavina and
south highland areas, belonged to the Military
Border whereas north highland area remained
a part of the feudal organization (Fig. 3).
Therefore, the culturally unique space and the
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yTUIaJa je Ha Pa3duduT COLMjaJHU CTaTyC
CTAaHOBHUIITBA M HETOB YKYIHHU JIPYIITBEHU
TI0JI0Ka], HEYJeIHAUeH KYJITYpHH Pa3Boj U JaJbiby
etHorenesy. [Ipoctop cnaBoncke Bojue kpajune,
kao u BojHe kpajuHe yomiire, oj TUPEKTHOM je
ynpaBoMm beda, cTporom BOjHOM OpTraHU3aIH]joM,
rapaHTOBaHOM C€JI000/I0M BjE€pPOUCIIOB]ECTU H
JIPYTUM KOJEKTHUBHO TapaHTOBaHUM cio0omama
u npaBuMa (Banuuek, 1878). Y npoctop Bojue
KpajuHe KOHCTAHTHO C€ JI0CeJbaBa CPIICKO
CTaHOBHHUIITBO YKJbY4yjyhu c€ y HEH BOJHO-
NPUBpPEIHN CUCTEeM. VICTOBpeMeHO, YHATod
Biamkum craryruma (Statuta Valachorum 1630.
TOIMHE) U JPYTUM IOBeJhbaMa 3arapaHTOBaHUM
MpaBUMa CJIO00/IE BjEPOUCIIOBjECTH M CTaTyca
c1000HUX ceJhbaKa, OfBHjasia ceé KOHCTaHTHA
O6op0a CprICKOT MPaBOCIABHOT CTAaHOBHHIIITBA
3a OYyBam€ BjEPOUCIIOBjECTH, HALMOHAIHOT
6uha u coumjanHor craryca. [lojg koHCTaHTHUM
MPUTUCIIAMA KaTOJIMYKE IPKBE W AP)KaBHHUX
CTPYKTypa OJABHMjadd Cy C€ IIOCTEIEHO
npoiiecy yHHujahewa U MOKaTOJINYeHha CPIICKOT
MPaBOCJIaBHOT CTAaHOBHUIITBA, a kpajeM XIX
BHMjeKa KpoaTH3alMje Koja yKJbydyje U U0
IpyTUX €THOca HaBeneHor mpoctopa. OBu
MPOIIECH MHjCHATU CYy OJHOC Y OPOJHOCTH H
MPOCTOPHOM pa3MjellITajy €THHYKHUX Tpyla,
OIHOCHO CPIICKOT CTAHOBHHUIIITBA K HOBOHACTAJIOT
XpBarckor. [‘eHepasHO, CPIICKO MPaBOCIABHO
CTaHOBHMIUTBO Yy 3anaHoj CiiaBoHUju OUTHO je,
n3Mel)y ocTaror, carienaBaTi U ¢ aclieKTa Kpajmbe
3ara/iHe TPaHUIIE CPIICKOT €THUYKOT IPOCTOpa U
3amajiHe TpaHUIe MpaBociaBjba ¢ oapeheHuM
JP>KaBOTBOPHUM €JIEMEHTHMA.

Vkunamwem Bojue kpajune 1881. romune
MHje€Hha Cc€ YKYNHH CTaTyCc HaBeJeHOT
reonpoctopa (T€ONMOJUTUYKHU, TpPaBHH,
JIPYLUITBEHU W EKOHOMCKH). Y TpoMjeHama
YHYTpallllhe MOJUTUYKE U TEPUTOpHjaIHE
opranmzaiuje, 1e(uHICaHN TeONPOCTOP JTOBEICH
je y TOoJIoXKaj MOJIMTUYKOT HajJMeTama umelhy
MOjeAMHUX MOJIUTUYKHUX aKTepa C HarllallleHOM
TeXmOM baHcke XpBaTcke na ra MOJUTHYKH
HHTErpulie. Y TOM Iepuoay XpBarcka ce
MPOCTHUPE HA MOJPYYjy KajKaBCKOT U YaKaBCKOT
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population of West Slavonia were divided into
two different social systems and two different
systems of spatial-functional organization.
The division resulted in the stratified social
status, the population position in general, the
unbalanced cultural development and further
ethnic-genesis. The Slavonia Military Border
and the Military Border in general were under
direct Austrian jurisdiction; the military
organization was strict, the religious freedom
was guaranteed as well as collective freedom
and rights (Baunuuek, 1878). The Military
Border region was constantly being settled
by the Serbian population who participated in
the military and commercial systems. At the
same time, despite Statuta Valachorum (1630)
and other acts which guaranteed religious
freedom and other rights to the free peasants,
there was a constant fight of the Orthodox
Serbs for the preservation of their religious
affiliation, national being and social status.
The regular pressure by the Church of Rome
and government bodies resulted in gradual
processes of Catholicization of Orthodox
Serbs. The end of 19th century witnessed the
process of Croatization, which included not
only Serbs but some other population as well.
These processes impinged on the population
and spatial distribution of ethnic groups, i.e.
Serbs and newly-formed Croats. Generally,
it is crucial to observe the Serbian Orthodox
population in West Slavonia as the ending
west borderline of the Serbian ethnic space
and the west borderline of Orthodoxy which
at the time had its specific statehood elements.

The abolishment of the Military Border
in 1881 completely changed this geo-
space (geopolitically, legally, socially, and
economically). The new internal political
and territorial organization put this region
into a position of being a subject of
competition among different political actors;
the Banovina of Croatia displayed strong
ambition to politically integrate the whole
region. In that period Croatia covered areas
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nujanexra. TeputopujamHo MpPOIIUpEHE
octBapyje 1881. rogune unTerpucameM Bojue
KpajuHe y okBupy Xa030ypluke MOHapxuje,
3atuM 1939. ronune y ckiomy aiMUHUCTPATUBHO-
teputopujaiHe nogjene Kpasmesune Jyrocnasuje
n 1945. ronuHEe y cacTaBy COIMjaIUCTUIKE
Jyrocnasyje. Ilocnuje ykunama Bojue kpajune,
ofipeheHu ApKaBOTBOPHU €JIEMEHTH Ha MIPOCTOPY
CnaBonuje m [lanmanuje cadyyBaHU Cy, LITO
noTBphyje M BUIIE 3aKOHOAABHUX ypeaodu
AycTpoyrapcke MOHapXHje KOojuMa C€ HaBOIH
Ja ce MMEHOBaHE ypende OZHOCE Ha 3eMJbe
XpBarcke, CnaBonuje u Janmanuje. Usmely
0OCTaJOT THUME Ce€ MOTBplyje Ma HE MOCTOjU
MpaBHA JPXKABOTBOPHA I[jeJIOBUTOCT XPBaTCKE,
KaKo TO JJaHac XpBaTcka uctopuorpaduja TBpau,
Beh BuIlle MOMUTUYKKUX CyOjeKTUBUTETA YHYTap
AycTpoyrapcke MOHapxHje.

3aBpmetkoM [IpBOr cBjeTckor para,
HecTajamkbeM AyCTpoyrapcke MOHapXuje Hu
ocuuBaweM KpasmeBune, Cpba, XpBaTta u
Cnosenana (KpaseeBuna Jyrocnasuja ox 1929.
ronune), Cpbu y Tagammoj XpBaTCKO] Cy
IpKaBOTBOpHU Hapoxa. IIpaBHO-moiuTHYKa
paBHomnpaBHocT Cpba ¢ XpBaTCKUM HapoIOoM
MpEeKUHyTa je 3a Bpujeme Jlpyror cBjeTCKOT
para y okBupy HesaBucHe apxaBe XpBarcke
(1941-1945), xao ¢dammcTUYKe TBOPEBUHE, Y
K0jOj ce o/BHjao HajBehy MPOTOH M yHHIITEHE
Cpba y wuctopuju. Y COUHMJaTUCTHUKO]
JyrocnaBuju TOHOBO je YycHocCTaBJbeHA
KOHCTHUTYTHBHOCT CPIICKOT Hapoja y XpBaTcKoj.
VYyemhe Cpb6a y aHTHdamuctuykoj 0opodw,
y MpoOCTOpYy JaHalimke XpBaTcke, Jaje joj
JETUTUMUTET aHTU(DAIIMCTHYKE JIP’KAaBE YHATOU
(damucTHuKor ompexajesbema y pary. lIpaBHu
craryc CrnaBoHH]je y caBpeMeHO] XPBaTCKO]
3aMHUjCHEH j€ PErHOHAIHUM HIACHTUTETOM,
Te HeMma JApXaBOTBOPHE eJeMeHTe. Y
CaBpeMEHO] peruoHanu3anuju XpBaTCKe U Y
aIMUHUCTPATUBHO-TEPUTOPHUjATHO] TIOJjEIIH
nojam Ci1aBoHH]a HECTaje, a MPUITMKOM yIoTpeoe
MOTEHIIMPA C€ Y CMUCIY PETHOHAITHOKYIITYPHOT
uaenturera. KoncrurytuBaoct Cpba y XpBarckoj
ykuHyTa je 1990. rommHe, mMpenMMEHOBaAHEM

of kajkavian and cakavian dialect. The
territorial extension took place in 1881 as
the Military Border became an integral part
of Austria-Hungary; other expansions took
place within the administrative-territorial
division of the Kingdom of Yugoslavia in
1939 and within socialist Yugoslavia in 1945.
Once the Military Border was abolished,
some statehood elements were preserved
in Slavonia and Dalmatia and the evidence
may be found in several legal decisions of
Austria-Hungary which referred to countries
of Croatia, Slavonia and Dalmatia. This only
confirms that there was no legal statehood
unity of Croatia (as advocated by modern
Croatian historiography) but only several
different political subjects within Austria-
Hungary.

Once the World War I ended, Austria-
Hungary ceased to exist and the Kingdom of
Serbs, Croats and Slovenians (the Kingdom
of Yugoslavia from 1929) was created. As a
result, the Serbs in Croatia were a constitutive
nation. The Serbs lost their constitutional
rights during the World War II within the
Independent State of Croatia (1941—-1945),
which was a fascist entity responsible for
the largest exile and holocaust of the Serbs
in history. In SFR Yugoslavia, the Serbs
reclaimed their constitutional rights in
Croatia. The fact that the Serbs in Croatia
participated in the anti-fascist movement
gave this country an anti-fascist status
despite the clear fascist affiliation of the
Croats during the war. Legally, in modern day
Croatia Slavonia has the status of a region
and has no statehood elements. The modern
regionalization and administrative-territorial
division of Croatia does not recognize the
term Slavonia and only uses it to refer to the
regional-cultural values. The Serbs finally
lost their constitutional status in Croatia in
1990 and they have been a national minority
ever since. The 1990 events resulted in a
referendum and proclamation of the Republic
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CPIICKOT Hapoja y HallMOHaNHy MamwuHy. To je
pesyaTupano pedhepeHayMOM U MPOTIIAMIEHEM
Penybnuke Cprncke Kpajune Ha cprckom
HCTOPUJCKOM M €THHYKOM MPOCTOPY, YIIIABHOM
noayaapHoM ca rpanHunama BojHe kpajune.
Yuyrap PenyoOnuke Cpricke Kpajune, koja
MMa HEKOJIMKO KOHCTUTYTUBHUX HCTOPHU]jCKO-
reorpadckux obmactu, y nepuoay 1991-1995.
roguHe, er3uctupana je Cpricka ayTOHOMHA
obnact 3anaana CnaBonuja (Ci. 4). IIpoctop
Cpricke ayToHOMHE oOnactu 3anagHe CiiaBoHUje
HactamuBaso je 1991. rogune 145,132
CTaHOBHHKA, of 4yera 62,500 wiu 43.3 % CpOa
(penatuBHa BehuHa) u ipeko 6,000 JyrocmoBeHa
(Savezni zavod za statistiku SFRJ, 1991),
YIJIaBHOM CPIICKOT TIOpHjeKJIa.
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of Srpska Krajina within the historical and
ethnic Serbian areas that mostly matched
the Military Border territory. The Serbian
Autonomous Region of West Slavonia existed
within Republic of Srpska Krajina (which
comprised of several constitutional historical-
geographical regions) from 1991 to 1995
(Fig. 4). In 1991, the Serbian Autonomous
Region of West Slavonia had the population
of 145,132 people of which 62,500 (43.3 %,
relative majority) were the Serbs and more
than 6,000 declared themselves as Yugoslavs
who were mostly of Serbian origin (Savezni
zavod za statistiku SFRJ, 1991).
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Ca. 4. Cprcka ayroHomHa oOnact 3anagHa CnaBonuja (“Cpricka ayToHOMHa o6iacT 3anajiHa
CnaBonwuja,” 1993)

Fig. 4. Serbian Autonomous Region of West Slavonia (“Cpricka ayroHomHa obnacT 3anaaHa
CnaBonwuja,” 1993)
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[Touetkom patHUX cykobOa 1991. ronunue
npoctop Cpricke ayToHOMHE 00JiacTé 3amajaHa
CnaBonuja cBeneH je Ha nojapyyje OKyyaHCKO-
nakpadkor kpaja (Cin. 4) u nocieenma je ¢asa y
HecTajamy ApkaBoTBopHOcTH Cpba 3amagne
CnaBonwuje. BojooM rHTEpBeHIjOM y Majy 1995.
ronuHe XpBaTrcka je HacuiiHO, Kpuiehu Hopme
Mel)yHapoaHOT npaBa, MHTErprcajia 0Baj IpOCTOp
y Ap>KaBHO-TIPaBHU CUCTEM XpBarcke mporoHehu
oko 20,000 mpeoctanmux Cpb6a. Cucremarckum
€THUYKUM YHUIINEHEM CPIICKOT MCTOPHUJCKOT U
€THUYKOT IpocTopa 3anaaxe CrnaBoHHje U JPYTUX
JIMjeNioBa JaHallmke XPBaTCKe, ,,J[eBACTaIl]joOM,
oTyhemeM U TNpucCBajalbeM MaTepUjaHUX HU
KyJITypHHUX 100apa, BjeKOBHO CTBapaHHX Of
CPIICKOT Hapoya, ypyllaBa ce CPIICKO HAIIMOHAHO
6uhe, IETOB UAECHTUTET U €THOTEPUTOPHjATHOCT
(OKukosuh, 2017, ctp. 567) y caBpemeHO]
XpBarckoj.

CTAIBE U ITEPCITEKTUBA CPIICKOI
HAPOJA Y CPIICKOM NCTOPUIJCKOM
N ETHUYKOM ITPOCTOPY 3AITAJTHE
CJIABOHUIJE

['yOUTKOM MONUTUYKO-NIPABHOT CTaTyca H
JPKABOTBOPHOCTH TOJ0XKa] CPIICKOT HApoAa y
JIaHAIH0] XPBATCKO] CYIITUHCKH j€ U3MHjCH-EH.
HemoryhHoCT n0BOJBHE 3aIITUTE HAITMOHAIHUX
MHTEpeca MOCJbeIMYHO je MaHUu(pecTOoBaHA
HU30M NpobiniemMa (TOTUTHYKO-TIPAaBHUM, COIHO-
€KOHOMCKHUM M KYJITYPOJIOLIKUM) ILTO Y KPajiheM
NPOYKYje ypyIlaBame HAIIMOHAIHOT HICHTUTETa
U eTHoTepuTOopUjatHocTH. HaBenenu npobnemu
JETEPMUHUCAHU Cy y OCHOBHM HCTOPH]CKO-
reorpa)CKUM pa3BoOjeM, ald U CaBPEMEHHM
pa3BojHUM (aKTOpHMa, KOju onpelyjy cTBapHOCT
OuTHCama CPICKOT €THOCA, YCIOBHO H
MIEPCIIEKTHBY HErOBOT HAIIMOHATHOT Ouha.

Cpncku €THMYKH M[pocTop 3amajaHe
CnaBoHuje, y CaBpEeMEHO] aJIMUHUCTPATUBHO-
TEPUTOPHjATTHO] T (epeHIMjalnj 1, TTO/IjeJbEeH je Ha
BUILIE )KyTIaHH]a Ca XPBaTCKOM €THUYKOM BehHHOM
YiMe C€ HUIOJAIITaBa €THOTEPUTOPHU)jATHOCT
cprickor Hapoza y 3anaaHoj CrnaBoHujH, foBoaehu
y NHUTamkE MO0JIOKA] U MEPCIEKTHUBY HErOBOT
HaloHaHor Ouha.

As the war started 1991, Serbian
Autonomous Region of West Slavonia was
narrowed down to Okucani-Pakrac area
(Fig. 4) which represented the final step
towards the abolition of statehood of the
Serbs in West Slavonia. During the May 1995
military intervention, Croatia violently broke
international legal norms and integrated the
region into its own state and legal system after
prosecuting around 20,000 surviving. The
systematical ethnic cleansing of the historical
and ethnic Serbian space of West Slavonia
and other parts of modern day Croatia as
well as ,,the devastation, dispossession
and appropriation of material and cultural
Serbian heritage impair the Serbian national
being, their identity and ethnic territoriality*
(’KuBkoBuh, 2017, p. 567) in Croatia
nowadays.

THE CONDITION AND PERSPECTIVE
OF THE SERBIAN POPULATION IN
THEIR HISTORICAL AND ETHNIC

SPACE IN WEST SLAVONIA

The loss of their political-legal status of
a constituent people essentially altered the
position of Serbs in modern day Croatia.
The inability to protect their national
interests resulted in a whole range of
problems (political, legal, social-economic,
and cultural) which eventually caused
deterioration of Serbian national identity
and ethnic territoriality. All these problems
are primarily determined by the historical-
geographical growth as well as modern factors
which define the Serbian ethnic being and the
people’s perspective.

The modern administrative-territorial
differentiation divides Serbian ethnic space
in West Slavonia into several counties with
Croatian ethnic majority which annuls
Serbian ethnic territoriality in West Slavonia
and threatens the position and perspective of
Serbs and their national existence.
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VYKyIHH caBpeMeHH JIeMOoreor pa)CKu MPOLIECH
CPIICKOT €THOCA y TOAPYYjy CPIICKOT €THUYKOT
poCcTOpa y JaHaIlkboj XpPBAaTCKOj, OJHOCHO
CPIICKOT €THUUKOT IpocTtopa 3amaane CraBoHuje,
Te XpBaTCKe YOIIIITE, KAPAKTEPHUIILY:

— Kpajma aeMorpadcka yrpokeHOCT CPIICKOT

Haposa — MUTamke OUOJIOIIKE OP)KUBOCTH,

— KYATYpHA U €THUYKA aCUMUJIALH]a,
— oryhewme u mnpucBajame BpIO BpHjEAHE

KyJITYpHE, MaTepHjaJiHe 1 JyXOBHE OallTHHe,
—  JIeBaCTHpAars-€ BJEKOBHO CTBAPAHUX UCTOPH]CKO-

KyATYPHHX BpHUjEAHOCTH W MaTepujaTHHX

nobapa.

[Ipema 3BaHUYHMM pe3yATaTUMa TOCIHEIHET
nomnuca CTaHOBHUINTBA y XpBarckoj je 2011.
rogune xkuBjerno 186,633 cTaHOBHHMKA CpIICKE
HAIIMOHAIIHOCTH, OTHOCHO Mam¢ Of1 jenHe Tpehune
CpIICKe momyianuje y ogHocy Ha 1991. roguny.
Naxo ce paau o 3BaHUYHMM TONHMCUMA, HAaBECHE
roziatke o HacTameHnM Cpouma y XpBarckoj Tpeda
y3€TH C BEJIMKOM pe3epBoM. McTpakuBama BUIle
Pa3MUUTHX MHCTUTYIIM]a U OpraHu3aliija MoKasyjy
na 'y XpBaTcKoj KMBU 3HaTHO Marbe MPUITATHUKA
CPIICKOT Hapoja, ¢ YMME Cy CarIacHU M ayTOpH
pana. Y mpuiior ToMe ToBOpe M MOJALM XpBaTCKe
Bnasie, 1o kojuma oz 130,220 peructposanux Cpda
MOBpaTHUKA, CBaku Tpehum xuBU y XPpBaTrckoj
(Mesi¢ & Bagi¢, 2011). [lakne, y XpBarckoj
ersuctupa oko 95,000 CpGa, ogHOCHO yrona
Mame Ol Mojaraka Koje MPEe3eHTY]y 3BaHUYHH
CTaTUCTUYKH U3BOpH. Paznuka y mpencraBbeHuM
nojanuMa je y (opMaaHOM IpHUjaBJbUBALY
Mjecta craimHor OopaBka CpOa ,,moBpaTHHKA“
paay oCcTBapHBama OCHOBHHX Ipal)aHCKHX MpaBa
(perynucame UIMOBHHE, PAJHOT CTaXa, IEH3UOHOT
U 37JPaBCTBEHOT OCHUTYpama, ...). Y KOHTEKCTY
HaBeJleHUX JAeMorpadckux KpeTama Tpebda
MOCMATpaTH U CPIICKU €THUYKH MIPOCTOP y 3araiHoj
CnaBoHuju. Y HaBeICHOM IPOCTOPY €r3UCTUpPA
cBera Hekonmko xusbaaa Cpba (oko 6,000), omHOCHO
CBAKH JIECETU CTAHOBHUK Y ofiHOCY Ha 1991. ronuny.
[IpucyTHO CTAHOBHHUIITBO je M3PAa3UTO BHCOKE
CTapoCHE 100, BHILIE Of MPOCjeyHE CTAapOCTH
YKyIHE cpricke nomynaimje y Xpsarckoj (Ci. 5)
Koja npenasu 53 romune (Drzavni zavod za statistiku
Republike Hrvatske, 2013a).
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The overall demographic and geographical
processes which the Serbs undergo within their
ethnic space in West Slavonia and Croatia
nowadays are characterized by the following
features:
the urging demographic threat to the Serbs
whose national biological existence is on
the verge of sustainability,

— cultural and ethnic assimilation,

— expropriation and usurpation of extremely
valuable cultural, material and religious
heritage,

— devastation of historical-cultural and
material goods generated for centuries.
According to the latest official population

census results in Croatia (2011), the Serbian

population was 186,633 people which meant
less than one third of the 1991 Serbian
population. Despite the fact that these are
official records, the data on the number
of Serbs in Croatia should be taken with
precaution. Namely, studies run by many
different institutions and organizations
inferred a much lesser number of Serbs living
in Croatia, which is also an opinion shared
by authors of this paper. This conclusion

is supported by the fact that out of 130,220

Serbian returnees registered by the Croatian

government every third of them lives in the

country (Mesi¢ & Bagi¢, 2011). Therefore,
the real number of Serbs living in Croatia is
around 95,000 or less than half presented in the
official records. The disparity in the figures is
caused by the formal permanent residence of
many Serbs who are trying to materialize their
basic civil rights (property ownership, years
of service, retirement and health insurance,
etc.). The Serbian ethnic space in West

Slavonia should be analyzed in terms of this

demographic statistics. The region is populated

by only several thousand Serbs (around 6,000),

i.e. every tenth citizen when compared with

1991 statistics. The population in question

comprises people of extremely old age (Fig.

5) who are above the average age of Serbs

in Croatia (53) (Drzavni zavod za statistiku

Republike Hrvatske, 2013a).
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CrapocHa CTpyKTypa YKYITHOT CTAHOBHUIIITBA XPBATCKE U CPIICKOT cTaHOBHUINTBA y 2011.

ronunu (Drzavni zavod za statistiku Republike Hrvatske, 2013b)
Fig. 5. Age structure of overall Croatian population and Serbian population in 2011 (Drzavni zavod
za statistiku Republike Hrvatske, 2013b)

Pa3BojHu mporecu on1BHjajy ce y MpaBIly
cTapema U HM3yMHUpama CpICKe MoIyaluje y
CPIICKOM E€THHYKOM TpocTopy 3anaane CiaBoHHje
1 YOIIIITE CPTIICKOM €THIHYKOM TIPOCTOPY JIAHAIIIHHE
XpBarcke. Jlakie, MOXKe Ce€ 3aKJbYUUTH J1a CPIICKU
€THOC Yy XPpBaTCKOj KapakTepuine jaeMorpadceka
JeTpecuja, Kao TOCJbEAMIa paTHUX 30MBarba
(1991—-1995), Te cBeyKyHOT HOIUTHYKOT, IIPABHOT,
COLIMjaJTHOT U KyJATYypHOT nosioxaja Cpoa.

['yOsbey HAIMOHAJIHOT HJACHTUTETA
(je3uk, MUCMO, BJEPOUCIIOBJECT, ...) TOMPUHOCH
HETIOMITOBAakb€ OCHOBHUX TpahaHCKHX W
HanmoHaHUX mpaBa CpOa, xoju y3 Powme,
MpEACTaBJbajy HAjBUIIE MapruHAIN30BaHE H
COLIMjaJTHO UCKJbYYeHe ApyiuTBeHe rpyne (Gjenero,
2012). [Ipouiecu acumuiaiyje U pa3aIMduTi BUIOBU
MPUTHCAKa Ha CPIICKO CTAHOBHHIITBO, Y3 TOBOP
MPKEbE, KOHTHHYHPAHO Cy TIPUCYTHH.

PaznmmauTy acriekTH mporieca miodanmsaije,
CBE MPHUCYTHHMjU HA TeONpocTopy Jyromcrodne
EBporie, nonpunoce oxHapohaBamwy U yOp3aHOM
ry0Jbeby HALMOHATHOT MJEHTHUTETA, JT0JaTHO
noacTuuyhu HaBeleHe TMpolece y CPIICKO]
nonynanuju. JlyXoBHU pa3Boj W HAATPalba, TE
YKyITHa Ca0OPHOCT CPIICKOT HAIMOHAJTHOT Ounha y
CPIICKOM TE€OIpPOCTOPY, MPETHOCTABKA j& HEroBe
MIEPCIIEKTUBHOCTH. Y TOM KOHTEKCTY MOTPEOHO je
MOCMaTpaTy U CPIICKY MOMYNAlHjy y JaHAIIKbO]
XpBarckoj.

Currently, there is a tendency of aging
and extinction of the Serbian population
within their ethnic space in West Slavonia
and Croatia in general. Hence, we may infer
that the Serbian ethnos in Croatia is affected
by demographic depression and weakened
political, legal, social and cultural positions,
which is a consequence of 1991-1995 war.

Disrespect of basic human rights of the
Serbs, who are along with the Roma the most
marginalized and socially excluded group,
leads towards a loss of national identity
(alphabet, language, religion) (Gjenero,
2012). Processes of assimilation and different
types of pressure, along with hatred speech,
are constantly present.

Different aspects of globalization
present in South-East Europe only add to the
alienation and loss of national identity, which
in turn fastens the aforementioned processes
faced by the Serbian population. It is crucial
for the nation’s perspective in general to turn
back to religious practice as the national
religious affiliation has always been a bond
between the people. The perspective of the
Serbs in modern day Croatia should also be
regarded from this point of view.

The position of Serbs in Croatia is
nowadays threatened by severe material
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VYkynuu mnonoxaj Cpba y caBpeMEHO]
XpBarckoj yrpoXkeH je pa3Mjepama pazapamba
CPIICKMX Hacesba, YHHIITABAEM H OTyhemeM
CpIICKE UMOBHHE, YHUILTaBAkHEM, JEBACTUPAHEM
1 oTyhemeM KylnTypHHUX, TyXOBHUX M MaTepHjaTHAX
nobapa cprckor Hapona (I[pKBe, MY3€jH,
6ubmoreke, rpodJba, CIOMEHUILIN ), YUME CE 3aTHPE
HCTOPH)CKO MPUCYCTBO U IONPUHOC CPIICKOT HApOJia
pa3Bojy M3yuyaBaHOT reornpoctopa. Otyhemem u
MIPHCBAjalbeM KYATYPHUX J00apa v MpeKpajameM
WCTOPH]CKUX YMEbEHHIIA CJTA0M CPIICKO HAITMOHATHO
6uhe, a Hamorpalyyje ce u jada XpBaTCKy UACHTHUTET.
HaBenenun BHIOBU JeCTpYKIMje HAIVIAIICHO CY
UCTIOJbEHU Y CPIICKOM MCTOPUJCKOM U €THHYKOM
npoctopy 3anagHe Cnasonuje. [loueTkom
rpahaHckor para MOPYIICHO je M crajbeHo 129
3amagHocIaBoHCKuX cena (Macmuh, 1993, crp.
344). YV n1yXOBHOM TIOIVIEY KYJITYPHH HUACHTUTET
HapyIlIeH je, n3Mel)y ocTalior, pa3apambeM BjepCKUX
o0jekara u yHHITaBameM oubdmoreke [lakpadako-
CIIABOHCKE eIlapxuje, je[He O] HajBPU]jCIHH]HX
pusnuna Cpricke npaBociasHe 1pkse (Ci. 6).

devastation of Serbian settlements,
demolition and expropriation of property,
cultural and religious heritage (churches,
museums, libraries, cemeteries, monuments),
which represents an attempt to conceal their
historical presence and contribution to this
geo-space. The expropriation of cultural
heritage and modification of historical facts
weaken the Serbian national being and
strengthen Croatian national identity. All
these types of destruction are evident within
the Serbian historical and ethnic space in
West Slavonia. As the civil war started, 129
villages were burned to the ground in West
Slavonia (Macnuh, 1993, p. 344). Speaking
of religion, the cultural identity was impaired
by the demolition of many religious facilities
along with the library of Eparchy of Pakrac-
Slavonia, which was one of the most valuable
treasuries of the Serbian Orthodox Church

(Fig. 6).
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Ca. 6. CnaBoHCKa enapxuja — MOpyIIEeHH U AeBACTUPAHH BJE€PCKH MPABOCIABHU 00JE€KTH Y MIEPHOIY
1991-1992. ronune (Muneycuuh, 1997, ctp. 197)
Fig. 6. The Eparchy of Slavonia — demolished and devasted Orthodox facilities in the 1991—1992
periods (Muneycuuh, 1997, p. 197)
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Y ckmany ¢ Baxehum eBpOICKUM
3aKOHOJABCTBOM M 3aXTj€BHMa Y IOIITOBAbY
JbYJICKUX TIpaBa, XpBaTcKa Jip>kaBa ofpeheHum
3aKOHCKUM ypendama (3akoH O MoApydYjuMa
nocebHe JpxkaBHE CKpOHM, pecTHUTyUHja
BJIACHUIITBA, JjeTUMHYHA OOHOBA MOPYIIEHUX
kyha, 0OHOBa MMOjeAMHUX CPIICKUX HAIIMOHATHUX
MHCTUTYIMja M OpraHusainuja) y onapeheHoj
MjepH, HH TPUOIMKHO JTOBOJHHO], YECTO CaMO
JIeKJIapaTUBHO, JAjeNyje y MpaBlly MoOoJblIama
ycnoBa xkuBota Cpba y Xpsarckoj. Pa3Boj
MOJIUTUYKO-TIPABHUX M JPYTHMX HAIlMOHATHUX
MHCTUTYIMja TPETIOCTaBKa j€ OICTaHKy H
OJIP’KMBOM Pa3BOjy CPIICKOT HaIMOHAIHOT Ouha,
OYyBamba UJICHTUTETAa U €THOTEPUTOPU)jAITHOCTH.

[IpoGneme cprckor eTtHoca y 3amajaHoj
CnaBonuju u XpBarckoj HHje Moryhe pjemaBatu
0e3 caryiesjaBama CPIICKOT HAIIMOHATIHOT MHUTaba
y IJeJUHHU, KA0 KJbYYHOI TEOIMOJUTUYKOT H
KYyJITYpHOT pa3BojHOT (pakTopa bankana, o uemy je
cBojeBpeMeHo nrcao 1 JoaH L[pujuh. YakaBameM
pPEJIEBAaHTHUX AaKTYeIHUX W TOTEHIIHjaJTHUX
¢akTopa pa3Boja, YHYTPALIBET U CIOJbAIIHET
Kapakrtepa, Moryhe je pjerieme OpojHIX Tpodiema
CPIICKOT HapoZa Y H-erOBOM €THUYKOM IPOCTOPY
U TUME HheroBe peButanuzanyje. Jledpunucame
CPIICKOT E€THHMYKOT TPOCTOpa, 4YyBame U
pa3BUjambe HALMOHAIHOT UICHTUTETA U YBPCTH
OIHOCH HALIMOHAJTHE MATHIIE U CPIICKE JINjacrope
NpEeTHOoCTaBKa Cy HAaIMOHAJTHOM pa3Bojy
(Manauh, 2013). Y KOHKPETHOM, yCIIOCTaBIhAbE
KYJITYpHE ayTOHOMHj€ CpPICKOI Hapoja Yy
HETOBOM HCTOPUJCKOM U €THUYKOM IPOCTOPY Y
JIaHAIIK0] XPBAaTCKOj M TPAHCTPAaHUYHE Capajlibe
CPIICKOT €THMYKOT NpOCTOpa y XpBarckoj ca
Cpbujom u PemryOnukom CprickoM MOYETHHU Cy U
HEONXO/IHU KOpally y MPETIOCTaBIH pjelaBamba
HaBEJICHUX Mpo0OeMa CPIICKOT Haposa U HEroBe
€THOTEPUTOPHjATTHOCTH. [ eHepaIHo, EHTPaIHO
MUTalke CPIICKE MOJUTHUYKE Ipakce, uzMely
OCTaJIOT, je U Y HaBEJICHUM KOHCTaTaIlijamMa.

To a certain extent but not nearly
adequately, Croatia hypothetically operates
in order to improve life conditions for the
Croatian Serbs in line with the existing
European legislation and demands on
human right protection through certain legal
regulations (the Law on Areas of Special
State Concern, ownership restitution,
partial reconstruction of devastated
households, renovation of some Serbian
national institutions and organizations). The
development of political-legal and other
national institutions is a condition for the
survival, preservation and sustainable growth
of Serbian nationhood, identity and etnical
territoriality.

Problems encountered by the Serbs in
West Slavonia and Croatia cannot be solved
without taking into consideration the Serbian
national question which represents a crucial
geopolitical and cultural development factor
of the Balkans as was advocated by Jovan
Cvijic. Appreciation of relevant existing
and potential development factors, both
internal and external, might help solve
many Serbian problems within their ethnic
space, which would eventually lead to the
nation’s revitalization. Prerequisites for
the national development are the definition
of Serbian ethnic space, preservation and
strengthening of national development,
and strong connection between the national
homeland and diaspora (Mawmaguh, 2013).
More specifically, the starting points for
solving Serbian national issues are the cultural
autonomy within the historical Serbian ethnic
space in Croatia as well as the cross-boundary
cooperation among the Serbian ethnic space
in Croatia, the Republic of Srpska and Serbia.
More generally, all these facts represent the
central issue of Serbian political practice.
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3AKJbYYHAK

CpIicKM eTHMYKHM ¥ JYXOBHU HPOCTOP
je kpajem XX BHjeKka 3HA4YajHO CMamEH, a
YKYITHU TIOJIOXKAj CPIICKOT HAPOAA, Y €BPOIICKO]
CaBPEMEHO] HMCTOPHjU, CKJIOHO] IMpEKpajamy,
MOJUTUYKYA MAaprUHAIN30BaH. Je3uHTerparujom
C®P JyrocnaBuje mnpobiemMaTu3oBaH je
HaunoHanHu craryc Cpba wuszBan Cpbuje.
Tume je HYXHO KOHCTAaTOBambE€ HCTOPHU]jCKUX
YHBCHULA, OTEHIUpame JonpuHoca Cpba y
YKYITHOM HCTOPH)CKO-Teorpad)ckoM pasBojy, Kao
U MPEHUCIIUTUBAKE YKYITHOT MOJ0XKaja CPIICKOT
Hapoyia y HOBOHACTAIMM Jp>KaBaMa U IepLELTjH
MelyyHapoIHe TIOUTUYKE JaBHOCTU. Y KOHTEKCTY
HaBesieHOT je u monoxaj Cpba y XpBaTckoj u
3anagnoj CrnaBonuju. M3 HaBeneHux pasiora
HEOIXO/IHO je KOHCTATOBATH:

— 3amagna CnaBoHMja je CPIICKH JOMULIMITHHA U
BjEKOBHU €THUYKH IIPOCTOD;

— Cprcko CTaHOBHUIITBO j€ ayTOXTOHO,
HEHACUJIHO HaceJbeHo, JaeMorpadcku
BehuHCKo 110 kpaja XX Bujeka;

— Cprcko CTaHOBHUILITBO j€ KIbYYHH (HaKToOp
UCTOpHjCKO-Teorpadckor pasBoja 3amagHe
CnaBonuje;

— Bogehu je KOHCTUTYTUBHH U JPKaBOTBOPHHU
eJIeMEHT TOKoM HcTopuje 3anaane CraBoHuje;

— Hecraje u3 3anague CrnaBoHuje mpouecuma
€THOLIM/Ia ¥ TEHOIIA.

— Hageznene koHcTaTamuje NoTBphyjy UCTOpH]jCKe
YUHEHUIIC U HAa HUMa 3aCHOBaHE OpojHE
HCTOPH]jCKE U3BOPE.

OncraHak W peBUTAIM3AIMUja CPIICKOT
€THUYKOT [IPOCTOPA U CPIICKOT HALIMOHATHOT Ouha
y XpBarckoj je y IpaBHUM U ONIITENpruxBaheHnM
IUBWIM3ALM]CKUM BPHjEIHOCTHMA, JEHHCTBY
CPIICKOT HAaIMOHAJHOr Ouha, y deMmy BaxHY
ynory uma Cpricka npaBociiaBHa I[PKBA, U JACHOM
neuHuCcaky HAIMOHAIHOT MPOrpaMa y peaHuM
TCONOJIUTHYKAM TpUIUKaMa M CaBPEMEHUM
Pa3BOjHUM IPOLIECHMA.
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CONCLUSION

In late 20th century, Serbian ethnic and
religious space was evidently narrowed
down and the position of the Serbs in modern
European history, inclined to customization, was
politically marginalized. The disintegration of
SFR Yugoslavia raised the issue of the Serbian
national status outside the Serbia borders. Hence,
it is crucial to put forward the historical facts,
stress out the contribution of the Serbs in the
overall historical-geographical development,
as well as to revise position of the Serbs in the
newly-formed states and the perception of the
nation held by the international political public.
In this regard, the position of the Serbs in Croatia
and West Slavonia should be observed. Based on
the aforementioned, the following observations
are made:

— West Slavonia is a Serbian domicile and
centuries old ethnic space;

— The Serbian population is autochthonous; they
settled in peace and represent demographic
majority by the end of the 20th century;

— The Serbian population is a key factor of the
historical-geographical development of West
Slavonia;

— The nation has been a constituent and
statehood element during the history of West
Slavonia;

— The nation vanished from West Slavonia
during the processes of ethnocide and
genocide.

— These facts corroborate historical facts and
historical sources based on them.

The survival and revitalization of the Serbian
ethnic space and national being in Croatia lie in the
legal and generally accepted civilization values,
the unity of the Serbian national being governed
by the Serbian Orthodox Church, and finally, in
a clearly defined national program within the
framework of current geopolitical circumstances
and modern development processes.
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JIPATULIA JEJINR
DRAGICA DELIC

YBOA

HMako ogaBHO axkTyeidHa Yy OKBUPUMA
EBponicke yHHje, TpaHCTpaHWYHA capajmba
Ha mnpoctopy Jyroucroune EBpome pobGuja
Ha 3HAuajy TEeK Y MOCJbEIIbEe JBHjE JICLCHH]E.
Tom mepuoay nperxonuie Cy reonoJuTHUKE U
aIMUHUCTPATUBHO-TEPUTOPHUjAIHE TIPOMjEHE
KOje Cy JIOBeJle 0 E€KOHOMCKE, COLMjaliHe |
KyATYpOJIOIIKE TpaHcopMaluje y rpaHurama
naTor mnpocTtopa. Hekama TtepuTopujaitHO
JEAMHCTBEH MPOCTOp, 00jeUb-eH y TpaHuLiamMa
COPJ, HakoH HACWITHE JIC3UHTETpallfje TyOH CBOjY
norafammy (yHknuonanHoct. OxpehuBamem
HOBHX T'paHUIla U3Mel)y HOBOHACTAJIMX JIPKaBa,
MPEKUHYTH CY eKOHOMCKHU TOKOBH, I0JIa3H 10 HOBUX
MUTPAIMOHUX TIOMjepamba, T¢ HeKasla OTBOPEHE
TpaHMLIe 1OCTajy ,,TBpAE™ U 3aTBOpeHe. [[pikase
Jyroucroune EBpomne Texe kKa MHTErpanuju y
EBporicky ynujy. Kako 61 ycrjenrto nporiuie Kpo3
npoliec CTabuIn3aluje u NpUAPYyKHBamka, jeaH
071 3aj1aTaKa jecte (popMHpame TPaHCTPAaHUIHUX
peruoHa, Koju IMpeacTaBibajy Hajuemhu oOiamk
TpaHcrpanuuHe capamme (Zivkovié, Mandié,
Papi¢, & Stanojevi¢, 2016a).

bocny u XepueropuHy KapakKTepullIe
KOMIUIEKCHa M 3a pa3Boj orpaHuyasajyha,
TEPUTOPUjATHO-aIMUHUCTPATUBHA CTPYKTYpA.
Wben enturer, PemyOmuka Cprcka, y ogHOCY
Ha @enepaunjy bocue u XepreroBune, nma
MOBOJbHHU]E YCJIOBE 3a pPa3BOj TPAHCIPAHUYHE
capaJipe MITO j€ YCIOBJbEHO TeorpadCcKuM
MoJjioXkajeM U o0iaukoM Teputopuje PemyOmuke
Cpncke. Bamcka penyOnuuka TpaHHIA
PenyGruke Cpricke, yjeqHO je qpskaBHA TpaHUIA
Bocue u Xepuerosune. YnpaBo Ha TOj TpaHULH
BaXXHO j€ TNpEno3HaTH MOTPaHUYHE IMPOCTOpPE
KOju O TMOCIY)XMJIM Kao TOTEHIMjaJHEe 30HE
TpPaHCTPaHUYHE capalibe ca OKpyxkemweM. Mcry
BOXHOCT UMa TPENO3HABAKHE KOMIJIEMEHTapHOT
MPEKOrPaHUYHOT IIPOCTOPA Y CYCjeJHUM JprKaBama
Kako OM MOINIM J1a 3aXHMBE y TPAaHCTPaHUYHE
(mpexorpannune) peruone. Mmajyhu y Bugy na
Peny6nuka Cpricka Ha UCTOKY BehuM nujesiom
rpannun ca CpOujom, Te na ca obje cTpaHe
IPaHUIIE >)KMBU HCTa (CpPIICKAa) €THUYKA Tpyna
KOja TOBOPH HMCTUM (CPIICKMM) je3UKOM U HMa
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INTRODUCTION

Although a current issue within in the
European Union for a long time, the cross-
border cooperation in the Southeast Europe
region had gained importance during the last two
decades. That was preceded by geopolitical and
administrative-territorial changes which led to
the economic, social and cultural transformation
of this region. Once one single territorial
unit within the boundaries of the SFRY, after
violent disintegration, it loses functionality.
By establishing new boundaries among the
newly formed countries, the economic flows
were interrupted, new migrations began, and
open borders became ,,hard*“ and closed. The
Southeast European countries are aspiring to
integrate into the European Union. In order
to successfully pass the stabilization and
association process, one of the tasks before
them is to form cross-border regions, which
are the most common form of transnational
cooperation in the European Union (Zivkovié,
Mandié¢, Papi¢, & Stanojevi¢, 2016a).

Bosnia and Herzegovina is characterized by
a complex territorial-administrative structure
that is a limiting factor for development. Its
entity, the Republic of Srpska (in relation to
the Federation of Bosnia and Herzegovina),
due to its geographical location and shape of
the territory, has more favorable conditions for
cross-border cooperation. The external border
of the Republic of Srpska is at the same time
the state border of Bosnia and Herzegovina. It
is important to identify, precisely at that border,
the border areas that could be potential cross-
border cooperation zones with the surrounding
regions. It is equally important to identify
complementary cross-border areas in the
neighboring countries so that they can outgrow
into cross-border regions. Bearing in mind that
the Republika Srpska’s eastern border for the
most part is the border with Serbia, and that on
both sides of the border lives the same ethnic
group (Serbs) that speaks the same (Serbian)
language and has a mutual history, i.e. that it
is an integral ethnic Serbian region (Zivkovié,
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3ajelHNYKy HCTOpHjy, TO jecT Ja ce paau o
€THUYKU jE€MHCTBEHOM CPIICKOM T'€ONpPOCTOPY
(Zivkovi¢, Mandi¢, Papi¢, & Stanojevi¢,
2016b), namehe ce 3ak/pydak Ja ymnpaBo Ha
OBOM MPOCTOpPY IOCTOje peasiHe MPETHOCTaBKe
3a GopMHpame TpaHCTPAaHUYHOT peruoHa. ,,Ha
OCHOBY 33jeIHHUKE UCTOpH]je, KYAType U je3HKa,
MOTpaHWYHA MOAPYYja UMajy BHUIIIE IIAHCH Ja Ce
UHTETPHILY U CTBOpE MPUBJIAYAH MOTPAHUYHH
peruon‘ (Székely, 2013, ctp. 64). [Tonmutnuku u
€KOHOMCKH YCHTH-EH IPOCTOP, CIIMYHMX PAa3BOJHUX
npo0rema, Kpo3 KOHLETIT TPAHCTPaHUYHE CapaIibe
nma Behe MoryhHOCTH 32 BEUXOBO pjelIaBame, T¢
Ce YCIOCTaBJbambe capaimbe u3Mel)y morpaHuIHuX
pErroHa CycjeJHUX 3eMasba Hamehe Kao Hy)KHOCT.
[TorpaHuyuHM MPOCTOPU YECTO HOCE ETUTET ,,MAHE
pa3BUjeHOr", ,,3aM0CTaBLEHOT", ,,IPOOIEMCKOT"
JMjena TepUTOpHje Koja TPHIAIA JeIHO) JPrKaBH.
bocua n XeprerosuHa KapakTepHUIle CE YIPaBO
TAaKBMM HOIPAHMYHEM HpocTopoM (Zivkovié
et. al., 2016b). Y Penyonmumm Cprickoj Behu 1uo
pobJIeMcKor mojpyyja o0yxBara YIpaBoO HCH
UCTOYHU morpannyHu mpoctop (PKukosuh,
[Manh, & Cranojesuh, 2013). berose ocHoBHE
KapaKTepUCTUKE Cy: TPUBpPEIHA 3a0CTalOCT,
UHPPACTPYKTypHA H30J0BAHOCT, JeMorpadcko
crapewe u xenomyrnanuja. C o0O3upoMm Ha
aIMUHUCTPATHUBHO-TEPUTOPHjAITHY OPTraHU3aIH]y,
NOrpaHuyHu pocTop bocHe n XepLerosrue YynHu
yutaB eHTuTeT Penybnuka Cpricka. ,,ITo npupoau
cBoje tepuropuje PC y 1jenoctu uma Kapakrep
MOTPAaHUYHOT TPOCTOpPA U HM3PAKEH KapakTep
nepudepuje” (KuskoBuh, 2007, ctp. 153).
[orpannynu nmpocTopu JpkaBa ca kojuma bocHa
1 XepleropuHa rpaHiyy UMajy CIM4YHE, Y Mamb0j
wi Behoj Mjepu U3pakeHe, KapaKTEPUCTHKE.
Kao mHCTpyMeHT 3a mpeBa3HiaXeme OBAKBOT
HECpa3MjepHOT TMPOCTOPHOT pa3Boja MOXKe
MOCTY>KUTH KOHLIENT TPAaHCTPaHUYHE Capafbe U
(dopmupame TpaHCTpaHWYHUX peruoHa. [Ipaxca
TpaHCTPAaHUYHE Capa/Iibe A0BeNa je 10 GopMHparmba
EBporicke yHHje Te ce mperopyyyje CBUM JIpKaBama
KOje MPeTeH/Tyjy Ha WIAHCTBO Y 10j. Kao pesynrar
OBaKBe capajkhe MOTPAaHUYHU MAmkbE Pa3BUjCHU
MPOCTOPU UHTETPHUIILY CE Ca CyCjeTHUM Te HACTajy
TpPaHCTPaHUYHU PETHOHHU. ,,| paHCTPaHUYHU PETHOH
Ka0 HOBH BHJI KOHIIENTA IUTAaHUPamka MOrPAHIYHNX

Mandi¢, Papi¢, & Stanojevié, 2016b), it can be
concluded that precisely over this area there
are real prerequisites for the cross-border
region formation. ,,Based on common history,
culture, and language, the border areas have
more chance to become integrated and create an
attractive border region® (Székely, 2013, p. 64).
The politically and economically fragmented
area, with similar development issues, through
the concept of transnational cooperation has
greater possibilities for solving them; hence,
the establishment of cross-border cooperation
between border regions of neighboring countries
is imposed as a necessity. Border areas are often
described as ,,less developed®, ,,neglected®, or
»problematic* part of the state territory. Bosnia
and Herzegovina is characterized precisely by
such kind of a border area (Zivkovié et. al.,
2016b). In the Republic of Srpska, most of the
problem areas are located in its eastern border
area (OKukxoBuh, Ilanmuh, & CranojeBuh,
2013). Its basic characteristics are economic
backwardness, infrastructure isolation,
population ageing and depopulation. Given
the administrative-territorial organization, the
entire entity of the Republic of Srpska is the
border area of Bosnia and Herzegovina. ,,Given
the shape of its territory, the Republic of Srpska
itself has the character of the border area and
the prominent character of the periphery*
(KusxoBuh, 2007, p. 153). The border areas
of countries which Bosnia and Herzegovina
borders with have similar, more or less
pronounced, characteristics. As an instrument
for overcoming this disproportionate spatial
development, the concept of transnational
cooperation and the formation of cross-
border regions can be helpful. The practice
of transnational cooperation has led to the
formation of the European Union, so it is
recommended to all countries that are aspiring
to become its member. As a result of such
cooperation, the less developed border areas
integrate with the neighboring ones to form
cross-border regions. ,,Cross-border region,
as a new concept of border-area planning, is
becoming more and more current in the new
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MoJIpyyja CBE j€ aKTyeJTHWjU Y IMOJUTHLU HOBE
peruonanuzanuje EBpone, oqHOCHO npouecuma
¢dopmupama espoperuona (JKuskxosuh, 2007,
ctp. 151). Hakon nesunrerpanuje COPJ rpanuie
HEKaJAlIbUX peryoinka, JaHac CaMOCTAIHUX
JpKaBa, Mmocraine cy ,TBphe* Te cy oTexane
€KOHOMCKE TOKOBE U MPOTOK cTaHOBHMIITBA. 1o
3aBpIIETKY paTHHX JICIIaBama U IpepasMjerraja
CTAHOBHHUIITBA, IOCTOj€ pEaJiHe OCHOBE 3a
MPEKOTPAaHUYHY capaimby KpO3 yMambUBaBHE
O0apujepHOCTH HOBOHACTAJIUX TpaHUna. ,,Y
yCJIOBUMA MHpPa U OTBOPEHHUX I'paHMIIaA, TToBehaBajy
ce KOPUCTH TpaHUYHE JIOKaluje, Koje UHIYKY]Y
edekar mpuBIaUYCHa PAa3BOJHUX HUMITyJICA U
TIOBE3UBALE JIBA WIIM BUIIIE TIOTPAaHUYHUX Y je/laH
TpaHcrpannyHu peruoH.” (I'pauh, 2002, ctp. 13).
VY cinyuajy bocue u Xepuerosune, PenmyOnuka
Cpricka 300r CBOT MOTPAaHUYHOT TOJNOXKaja UMa
KJbYYHY YJIOTY Yy TIPOIIECYy Capaibe ca IpiKaBama
KOj€ je OKpYXyjy. YIIpaBo U3 TOT' pasjiora Ba)KHO
Jj€ YOUHTH MPOCTOPE KOjU MMajy MOTEHIMjal Aa Ty
capanmwy 1 octBape. C 003MpOM Ha UCTOPH])CKO-
reorpa)CKu KOHTEKCT, TPBU TaKaB MPOCTOp Y
IUIAaHUPAlby TPAHCTPAHUYHE Capaibe j€ MPOCTOp
[Nonpuma, KOju YMHK NOTPAHUYHU IPOCTOP U3Mehy
Peny6mmke Cpricke, Cpouje u Lipue Tope.

[IpeameTr pana je NOTPAaHUYHHU PETHOH
[Mogpuwa. Lum pana je npeduHHuCcame
MOTEHI[MjaJTHOT TPAHCTPAHUYHOT pPEruoHa
[Nonpuma 1 yTBphuBame yore KOpecroHIeHTHUX
Hacejba y YCIOCTaBJbalkhy TpaHCTPAHUUYHE
capazbe. 3a71a1y paja ycMjepeHHt Cy Ha M3/1Bajarbe
TPAaHCTPAaHUYHOT PETHOHA U AHAJIN3Y CaBPEMEHUX
reorpackux o0HIbEKja MOrPaHUIHOT IIPOCTOpA U
Hacesba m3Mel)y bocHe n Xepuerosune (PermyOmuke
Cprcke) u Cpowje.

JIEOUHUCATLE U TIOJTIOKAJ
TPAHCTPAHUYHOT PETMOHA
TTOJIPULE

Mako ka0 peruoH HUje 3BAHUYHO H3/BOjEeHA
HUTU TPOCTOPHO JjAedUHHUCAHA, TEPHUTOPHja
[lonpuma ce ,,peJaTUBHO MPEIU3HO MOXKE
WHIUBUyanHCcaTH y (U3HUKO-TreorpacKoMm,
€KOHOMCKO-Teorpa)ckoM, Ma M TMOJUTUYKO-
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policy of regionalization in Europe, i.e. in
the formation of Euroregions® (’)KuBkouh,
2007, p. 151). After the disintegration of the
SFRY, the borders of the former republics (now
independent countries) became ,,harder* and
made difficult economic and population flows.
After the war and the population relocations,
there are real possibilities for cross-border
cooperation through the reduction of the newly
emerged boundaries barriers. ,,In terms of peace
and open borders, the benefits of border location
increases, which induce the effect of attracting
developmental impulses and connecting two or
more border areas in a one cross-border region.*
(I'pauh, 2002, p. 13). In the case of Bosnia and
Herzegovina, the Republic of Srpska plays a
key role in the process of cooperation with the
surrounding countries because of its border
position. Therefore, it is important to identify
the areas that have the potential to achieve
that cooperation. Considering the historical
and geographical context, the first such area
in the planning of transnational cooperation is
the Podrinje area, as a border area between the
Republic of Srpska, Serbia and Montenegro.

The study area of this paper is the Podrinje
border region. The aim of the paper is to define
the potential cross-border region of Podrinje
and to determine the role of correspondent
settlements in establishing transnational
cooperation. Tasks of the paper are focused on
defining the cross-border region and analyzing
the contemporary geographical features of the
border area (and settlements) between Bosnia
and Herzegovina (the Republic of Srpska) and
Serbia.

DEFINING THE PODRINJE CROSS-
BORDER REGION AND ITS
GEOGRAPHICAL POSITION

Although the region is not officially marked
off nor spatially defined, the Podrinje territory
can be ,,relatively precisely individualized in the
physical-geographical, economic-geographical,
as well as the political-geographical terms*
(Crenimh, 1995, p. 27). This paper focuses
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reorpadckom cmuciy* (Crenmh, 1995, ctp. 27). ¥V
OBOM CITy4ajy aHaJm3a reorpadckor rnonoxaja he ce
YCMjEpHUTH Ha MO0 KOMIIOHEHTH KOj€ I'a CaunibaBajy,
a Ba)XXHE Cy IMPETIOCTABKE TPAHCTPAHUYHE
capaame. To cy ¢usmuko-reorpadcku, HICTOPHjCKO-
reorpadgcku, caoOpahajHo-reorpadcku u
€KOHOMCKO-TeOorpa)cKu MOJI0Ka]. AHAIU30M
je obyxBaheH Mamu MPOCTOP O MPOCTOPa KOjH
[Mogpume moapasymujeBa, a OrpaHUYEH je Ha
TEPUTOpHje TPaJoBa U OMIITHHA CMjEIITEHUX Y3
npxkaBHy rpanuity usmely Cpouje u PeryOnuke
Cprcke (bocue un Xepuerosune) (Cn. 1 u Tab. 1).
VY Peny6nmunm Cprickoj To ¢y rpajgoBu bujessnna
(BH) u 3BopHuk (3B), u onrrune: bparynait (bP),
Cpeobpenuria (CP), Bumerpax (BU), Pymo (PO) u
UYajauue (YA). Y morpanuanom npoctopy Cpouje
To cy rpanoBu: lllabarn (IIIA), Jlozuuma (JIO) u
Vxune (VE), Te omurune: boraruh (Bh), Manu
3Bopuuk (M3), Jbybosuja (JbY), bajuna bamra
(bb), Yajeruna (YJ) u ITpuboj (I16). [ToBpimaa
Ha OBaKaB HaYMH W3/IBOjEHOT NMPOCTOPA U3HOCH

7,877 km?.

on the analysis of the geographical position
components, which are important prerequisite
for transnational cooperation. These are the
physical-geographical, historical-geographic,
traffic-geographical, and economic-
geographical position. The analysis covers
a smaller area than the Podrinje implies, and
it is limited to the territories of cities and
municipalities that are located along the state
border between Serbia and the Republic of
Srpska (Bosnia and Herzegovina) (Fig. 1 and
Tab. 1). In the Republic of Srpska, these are the
cities of Bijeljina (BN) and Zvornik (ZV), and
the municipalities of Bratunac (BR), Srebrenica
(SR), Visegrad (VI), Rudo (RO) and Cajni¢e
(CA). In the border area of Serbia, these are the
cities of Sabac (SA), Loznica (LO) and Uzice
(UE) and municipalities of Bogati¢ (BC), Mali
Zvornik (MZ), Ljubovija (LJU), Bajina Basta
(BB), Cajetina (CJ) and Priboj (PB). Study
area, defined in this way, covers an area of
7,877 km?.

Tab. 1. Hajkpaha melyycoOHa ynasbeHOCT ONMIITUHCKUX IIeHTapa U rpaaosa y [lonpumy
Tab. 1. The shortest distance between the municipal centers and cities in Podrinje

ViasseHOCT U3Mel)y ONMIITHHCKUX LeHTapa 1
OmnmTrHe U TpajioBH /
Municipalities and cities rpazosa (km) /
p Distance between municipal centers and cities (km)
bujessuna — boraruh; la6ar; Jloznuma / ) )
Bijeljina — Bogati¢; Sabac; Loznica 27.2;47.2,31.8
3BopHUK — Manu 3BopuuK; JlozHnma / 27263
Zvornik — Mali Zvornik; Loznica T
Bbparynam — Jby6oswuja / 74
Bratunac — Ljubovija '
Cpebpenuna — bajuna bamra; Yxuue / 60.5: 0.6
Srebrenica — Bajina Basta; Uzice DA
Bumierpan — bajuna bamra; Yxwune / )
Visegrad — Bajina Basta; Uzice 62.5;67.7
Pyno — Yajeruna; [1pu6oj / )
Rudo — Cajetina; Priboj 85.6,20.7

Mel)y HaBeneHMM HacebuMa 3BOPHHUK H
Manu 3Bopuuk, Te bparynanm u JbybOoBwja,
MPEICTaBIbajy ,,I'pajoBe ONmM3aHIE", OJHOCHO
TUIIMYHA KOPECIOHJAEHTHAa Hacesba, JOK

Among these settlements, Zvornik
and Mali Zvornik and Bratunac and
Ljubovija represent ,twin cities™, i.e.
typical correspondent settlements, whereas
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ocTalla HaBeJeHa Hacelba, Behe MmelycoOHe
MPOCTOPHE JUCTAHIIE, HUCY KIACHYHU NPUMjEpU
KOPECIIOHJICHTHUX HaceJba, ajd y MPOCTOPHO-
¢yHkunoHanHoj opranuzanuju Ilonpuma
uMajy Ty yJIoTy, T€ Cy y paay HocMarpaHu Kao
MOTEHIIMjaJTHa KOPECIIOHICHTHA HaceJba, OJTHOCHO
KOHLIeHTpuIlIyhe Tauke y MmpocTopy Koje Tpeda
na objenuHe morpaHu4He npoctope PemyOnuke
Cpncke u CpOuje y TpaHCIpaHUYHU PETHOH
[Tonpume.

the others, characterized by larger spatial
distances, are not classic examples of
correspondent settlements, but in spatial-
functional organization of Podrinje play this
role, as potential correspondent settlements,
or concentrating points that should integrate
the border areas of the Republic of Srpska and
Serbia into the Podrinje cross-border region.

3BOpHUK

'3 _

PA

Cn. 1. I[lorpanmune omutune 1 rpanosu Peryomike Cpricke 1 Cpouje — TpancrpaHindHy perrioH [loapume
Fig. 1. Border municipalities and cities of the Republic of Srpska and Serbia — Podrinje cross-border region
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Camo nme OBOT peroHa TOBOPH J1a C€ pai O
MIPOCTOPY KOjH je CMjeIITeH C 00je CTpaHe pHjeKe
JlpuHe Koja 'y BbeMy 3ay3uMa IIEHTPAITHO MjecTo.
Ca cBojum mputokama pujeka /Ipuna mosesyje
nujenose 3ananne CpOuje, cjeBepo3amaaae [{pae
I'ope u ncroune XepueroBuHe. YNpaBoO CIIUB
pujexe [pune oapenno je ¢puznuko-reorpadcku
KapakTep OBOT MPOCTOpA.

[Ipyxajyhu ce MepuaHjaHCKUM IpaBLEM
nmosesyje pasznuuute (Qusuuko-reorpadceke
MakKpo IjjeJuHe, IUIAHUHCKY Ha jyTy U MaHOHCKY
Ha cjeBepy. Pujeunu cnuB JlpuHe ouBHYEH je
IUIAaHUHAaMa KOje ce Of] jyra Ka CjeBepy CIyIITajy
y minogHe paBuuue, CemOepujy y PenyOmuiu
Cpnckoj u MauBy y CpOuju. PasHoBpcHOCT
¢u3nuKo-reorpaCKUX KapaKTEepUCTHKA
(reonmomkux, pesbePHUX, KIUMATCKUX H
XUAPOJIOIMIKUX) YCIOBHJIA j€ TOAjeTy OBOT
pernona Ha [opme, Cpenmwe u [Jowe Iogpume.
Wnrerpanno nocmarpajyhu ¢puzuuko-reorpadcku
MOJIOKa] je TMOBOJbAH, jep noapikaBajyhu
KOHTAKTHOCT PAa3MUYUTHX TeorpadCKux M
aIMUHUCTPATUBHO-TEPUTOPUjATHUX IIjeIIMHA
(np>xaBa) JOONPUHOCH HHUXOBOM JIAKIIEM
MOBE3MBaY M TPAH3UTHOCTU HM3Mel)y HCTHX.
[Ipocrop Ilogpuma, Kpo3 HajpaHH]y IMO3HATY
HCTOPH]Y JI0 CaBpEMEHOT 7100a, Mo je KapakTep
TPaHUYHOT KOjH je Y 3aBUCHOCTH OJf HCTOPH]CKUX
OKOJHOCTH HMMao pPacHoH O]l TIOO0AJHOT a0
peruoHanHoOT HUBOA. TpeTupan je kao popmanHa
Wi HeopMallHa TpaHHIAa OJ] MEpUoAa Kaja je
npeJcTaBbao rpanuny Mcrounor u 3amaaHor
PHMCKOT LIapCTBa, CBE JI0 AaHAC KaJia MpeCTaBba
rpanuily usmely asuje npxase. Mako nepudepa,
y CMHCIYy HOTPAaHUYHOI, HA OBOM IPOCTOPY
Cy ce MpelIUTadd pPa3IuYUTH KYJITypHO-
[MBUIIU3ANN]CKU yTULIaju U eneMeHTH. OBakaB
UCTOPHU]jCKO-Teorpa)CKi KOHTEKCT YTHIIA0 je Ha
MpaBlle U WHTEH3UTET (HE)pa3BUjEHOCTH OBOT
npocropa. Y naHammuM okBupuMa Ilonpume, y
yCJIOBUMa MUPa, UMa MPETIIOCTaBKE 32 yjeAHAUCH
pa3Boj ca 00je cTpaHe rpaHuIle U yOnakaBame
ErOBE TPAHUYHE YIIOTE.

duznuko-reorpadCKu MOJI0Kaj, y CIpe3n
ca HCTOpHjCcKO-TreorpadCKUM pa3BojeM,
yCIIOBHO je caoOpahajHo-Teorpad)CKu MOI0XKaj
ITogpumwa. McrakHyTa TPaH3UTHOCT JOJIUHE

The region name suggests that it is an area
located on both sides of the Drina River, which
occupies a central position within it. Along
with its tributaries, the Drina River connects
parts of the western Serbia, the northwestern
Montenegro and the eastern Herzegovina. The
Drina River basin has determined the physical-
geographical character of this area.

Following the meridian direction, it
connects the different physical-geographical
macro regions, mountainous in south and
Pannonian in north. The Drina River basin is
surrounded by mountains which are descending
from south into the alluvial plains, Semberija
in the Republic of Srpska and Macva in
Serbia, in north. The diversity of physical-
geographical characteristics (geological, relief,
climatic and hydrological) has caused the
division of this region into the Upper, Middle
and Lower Podrinje. In general, the physical-
geographical position is advantageous, given
that the contact between different geographical
and administrative-territorial units (countries)
helps to ensure easy connection and transit
between them. The Podrinje area, from the
earliest known history to modern times, had a
character of a border area, which, depending
on the historical circumstances, ranged from
global to regional level. It has been treated as a
formal or informal border since the period when
represented the border between the Eastern
and Western Roman Empire until modern
day when represents the border between two
countries. Although peripheral, i.e. border, over
this area are intertwined different cultural and
civilizational influences and elements. This
historical-geographical context influenced
the direction and intensity of this area (un)
development. Now, in terms of peace, Podrinje
has the preconditions for balanced development
on both sides of the border and for the mitigation
of its border role.

The physical-geographical position, in
conjunction with the historical-geographical
development, determines the traffic-
geographical position of Podrinje. The prominent
transit character of the Drina River valley is the
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pujexe JlpuHe riaBHa je MPETIOCTaBKa 3a
nocrojame caoOpahajHux mpasana u caodpahajae
JOCTYITHOCTH IIHjelie peruje y MpaBlly cjeBep—
Jjyr. MehyTtum, ucropujcko-reorpadcku KOHTEKCT
u OapujepHoCT pujeke [puHE YCIOBUIHU CY
(me)nocrojame caobpahajHux mnpaBama u
KOHTAaKTHOCTH Y TpaBIly UCTOK—3amaj, TO jecTe
rpaHMyHHX Mpenasza usmely PemyOnuke Cpricke
u Cpb6uje. To 3Hauu fa je caoOpahajuu monoxaj y
3aBUCHOCTH OJf OJUTUYKHX MPHIIMKA IPOM]jCHUB,
y yClIOBUMa MHpa MMa HM3Y3€THY Ba)XKHOCT H
MOBOJbAH j€, a Y YCIIOBUMa HECTaOMIHOCTH,
MOJINTUYKE HETPIELUBOCTH M para ry0um Ha
3Havajy. CaBpemenu caobpahajHo-reorpadcku
nonoxaj Ilogpuma moBoJbaH je jep UYUHH
PaCKPCHUILY ITyTeBa Pa3IMYUTOT HUBOA BaYKHOCTH
(JIoKaTHUX, pETHOHATHUX, MarucTpayinux ). Mnak,
Ba)KHO j€ HAIIOMEHYTH Ja je 300T KoH(purypammje
TepeHa, y npoctopy lopwer [logpuma mama
IyCTHHA IyTHE Mpexe y oaHocy Ha Jlome
[Monpume raje je oHa pa3BHjeHH]a. 3a Pas3Boj
MIPEKOTPAHUYHOT PETUOHA O] U3Y3ETHOT 3Ha4aja he
OWTH IUTaHUpambEe N3rPaIHe MOCTOBA HAa MjeCTUMA
MOTEHLMjaTHE WHTEpaKIMje CTaHOBHHUIITBA.
CaBpeMeHH E€KOHOMCKO-reorpa)CKu IOJI0%Ka]
YCJIOBJBbEH j€ (PU3HUKO-TeorpadcKum, HCTOPH])CKO-
reorpagckuM u caobpahajHo-reorpadckum
nosioxkajeM. [JaBHY NpUBpPENHY JAjelIaTHOCT
[Monpumwa unHM moJboOnpuBpena. TomopoBuh
(2002) HaBomu fa je Ha MPOCTOPY MOTPAHUYHUX
ommtua Cpbuje y Ilompumy 3actynsbeHa
TPXKMIIHA MjEIIOBUTA MOJBONPUBpENa ca
3HaTHUM ypjesnom BohapctBa (boraruh, IlaGarr,
Jlosznuna 1 Manu 3BOpHUK), 3aTUM TP XKHUIIHA
MOJBOTIPUBPEA Ca 3aCTYIJBEHOM CTOYapCKOM
npousBonmoM (IIpuboj, Yajeruna u Yxuue) u
TPaJAMLMOHAIHU THI TOJHOMPHUBpPEIE y KOjeM
npeosiagaBa OusbHa mpousBonma (bajuna bammra
u JbyGoBuja). 360r BEIMKOT XUAPOMOTEHIIM]jaIa
pujeke Jpune, enepreruka je y [logpumy BakHa
rpana npuspene. JKusanosuh (2014) HaBoau 1a je
XHUPOEHEPreTUKa HajTIePCIICKTUBHI]a IPUBPEIHA
rpana peruje. [lopea yeTupu BeuKe U HEKOIHKO
MambHUX XUAPOENIEKTPaHa, y IUIaHy je U3rpajmba
HoBux. KamoH pujeke JlpunHe mnpencraBiba
pesepBaT mpupoae U 300T CBOjUX MPHUPOIHUX
(dheHoMeHa, Te€ O4yBaHOT OOraTor KyJITypHO-
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main prerequisite for the existence of the traffic
routes and the traffic accessibility of the entire
region in the north—south direction. However,
the historical-geographical context and the
barrier character of the Drina River caused
the (non)existence of traffic contactability in
the east—west direction, i.e. border crossings
between the Republic of Srpska and Serbia.
This means that the traffic position, depending
on the political circumstances, is variable. In
terms of peace, it is favorable and of great
importance, but in terms of instability, political
intolerance and war, loses its significance.
Contemporary traffic position of Podrinje is
favorable because it makes the crossroads of
different importance levels (local, regional,
highways). It is important to note that because
of the terrain configuration, the Upper Podrinje
is characterized by lower density of the road
network compared to the Lower Podrinje where
it is more developed. For the development of
the cross-border region, it will be extremely
important to plan construction of bridges at
points of potential population interaction.
The contemporary economic-geographical
position is conditioned by the physical-
geographical, historical-geographical and
traffic-geographical position. Agriculture is the
main economic activity in Podrinje. Tonoposuh
(2002) states that mixed market agriculture
with a significant share of fruit growing is
present in the border municipalities in Serbia
(Bogatié, Sabac, Loznica and Mali Zvornik),
followed by market agriculture represented
with cattle production (Priboj, Cajetina, UZice)
and traditional type of agriculture in which
the plant production prevails (Bajina Basta
and Ljubovija). Due to the large hydropower
potential of the Drina River, energetics is an
important economic sector. JKuanosuh (2014)
states that hydropower is the most promising
economic branch of the region. In addition
to four large and several small hydropower
plants, the new ones are planned. The Drina
River canyon is a nature reserve and because
of its natural phenomena, and preserved rich
cultural and historical heritage, represents the
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UCTOPHjCKOT Hacbeha, YMHU OKOCHHUILY pa3Boja
Typusma y Ilogpumy. Tpancrpanuuna capanma
y OBOj MPUBPEIHO] JjenaTHOoCTH Hamehe ce kao
JIOTMYaH MCKOPAaK y O4YyBalky U BaJOPHU3AIH]H
NPUPOJHUX U  KYJITYPHO-UCTOPH]jCKHUX
BpUjeTHOCTH ca o0je crpane pujexe JlpuHe.
JlyropoyHa OYyBaHOCT KBaJUTE€Ta >KUBOTHE
CpelMHE M EKOCHUCTeMa HaBeJIEHUX IoJpyYja
yCIIOBJbEHA j€ jEOUHCTBEHUM MPHUCTYIIOM Y
IErOBOj BAJIOPHU3ALM]H U YIpaBJbamlby, YUME
ce MOTEHIMpa TpPaHCTpaHUYHA capaama Kao
HYXHU OOJHK NTPOCTOPHO-(QYHKIIMOHATHOT
OpraHu30Bama 1 JjesoBama. Y Iloapumy nocroju
M3BjeCHAa KOMIUIEMEHTApHOCT MPHUBPEIHHUX
aKTUBHOCTH KOja TNPOUCTHYE U3 TOBOJHHOT
€KOHOMCKO-Te€0rpa()CKOTr MOJI0Kaja.

MATEPUJAJIA U METO/IE

MeTon0I0IIKH OKBHP paJia YiHU reorpadceko-
UCTOPHUJCKA METO/, METOJ aHaju3e, CHHTE3e,
KOMIapalnuje, TeHepaju3alnuje, H3/Bajama,
T€ MaTEeMaTU4YKO-CTAaTUCTHYKU, TIpaduuko-
WIyCTpaTuBHU U Kaprorpadcku Meron. OCHOBHH
U3BOpU TIOJATaKa jecy MPOCTOPHO-IIIAHCKH
JOKYMEHTH, T€ Hay4YHa U CTPy4YHa JINTeparypa Koja
Tpetupa npocrop [logpuma. 3a KoMmapaTuBHy
aHaJIu3y JaeMorpaCcKux KapakKTepUCTHUKA H
pa3Boja KOPHUIITEHU Cy IONAIM CTATUCTHUKHUX
3aBona Pemybmuke Cpricke u PemyOmuke Cpouje,
TO jecTe TOomKcH CTaHOBHUINTBA U3 1991. romune
(3a o0je mpxase), 2011. romune (3a CpoOwujy)
n 2013. roqune (3a bocHy m Xepueropuny —
Peny6nuky Cprcky). Ilpoctopuu pasmjemitaj u
CTapOCHA CTPYKTypa CTAHOBHUILITBA aHATU3UPAHU
Ccy v QyHKIHju aemorpadcke OIPKUBOCTH U
BAJIOpH3allMje TIPOCTOPa, & €THUYKA CTPYKTypa y
(GYHKIMJU TONMUTUYKE CTAOMITHOCTH M KYJITYPHOT
noBe3uBama pernona. CrapocHa M HaIlMOHATIHA
CTpyKTypa ctanoBHHIITBA [lonpuma aHamm3upane
Cy Kao geMorpadcke KapakKTepUCTHKE KOje yTUIY
Ha yCIIOCTaBJbabe U OIP’KUBOCT MOTEHIIN]aTHOT
TPAaHCTPAHUYHOT pEruoHa. AHaJIU30M je
00yxBaheHO 1 yKyITHO KpeTambe Opoja CTAaHOBHHKA
U TPOCTOPHM pa3MjeIlTaj y HOBHjO] UCTOPHjH
Ionpuma. Ilox yKyrHUM KpeTambeM CTAaHOBHUILITBA
MOJJPa3yMHjeBa CE€ KPETame y3POKOBAHO CBHUM

backbone of tourism development in Podrinje.
Cross-border cooperation in this economy
sector imposes itself as a logical step forward
in the preservation and valorization of natural
and cultural-historical values on both sides of
the Drina River. The long-term preservation of
the environment and ecosystems quality in these
areas is conditioned by a mutual approach in its
valorization and management, thus emphasizing
cross-border cooperation as the necessary
form of spatial-functional organization and
action. In the Podrinje region, there is a
certain complementarity of economic activities
which arises from a favorable economic and
geographical position.

MATERIALS AND METHODS

The methodological framework of the
paper implies the use of historic-geographical
method, method of analysis, synthesis,
comparison, generalization and separation,
mathematical-statistical, graphic-illustrative
and cartographic methods. The main data
sources were spatial planning documents,
and scientific and professional literature that
covers the Podrinje region. For the comparative
analysis of demographic characteristics, data
from statistical institutions of the Republic of
Srpska and Serbia were used, i.e. 1991 census
(for both countries), and 2011 (for Serbia)
and 2013 (for Bosnia and Herzegovina — the
Republic of Srpska) censuses. The population
spatial distribution and age structure were
analyzed as the function of demographic
sustainability and spatial valorization,
and the ethnic structure as the function of
political stability and cultural integration of
the region. The age and national structure
of the Podrinje population were analyzed as
demographic characteristics which influence
the establishment and sustainability of the
potential cross-border region. The analysis
included changes in total population and
spatial distribution of the people in the
recent history of Podrinje. The changes in
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pOMjeHaMa, KaKo MPUPOIHIM TaKO H MEXaHUYKHAM
KpeTameM, HaCTaIuM y HekoM riepuony. He ynasehn
y UHTCH3UTET U BUJIOBE MIPOMjCHA, aHAITU3MPaHa
je yKymHa npomjeHa 6poja craHoBHHKa [lonpuma
y mocsbenmeM Mehynonucnom nepuomay. Cormo-
EKOHOMCKa CTPYKTypa W HH(pPACTPYKTypHa
ONPEMJBCHOCT aHaJU3UpaHH Cy Ca acleKTa
pa3BHjeHOCTH (PYHKIMja U MOTYRHOCTH ITPOCTOPHO-
GyHKIMOHATHOT TOBe3uMBama. llomamu o
UH(PaCTPYKTYpPHO] ONIPEMIbEHOCTH IIPEY3€ETH CY ca
uHTEpHET cTpanua: http://www.eduinfo.ba; http://
bolnice.yuportal.com/ u https://www.zdravstvo-
srpske.org/.

PE3VIITATU U JUCKYCUJA
Hemorpadcku pa3soj [logpuma

JleMorpacku MOTEHIMjall OCHOBHA je
MIPETIOCTaBKa 32 (PYHKIMOHHCAKE U OTCTAHAK
Hekor npocropa. Kana je y nuramy norpaHuyHu
npoctop, 30or merose mnepudepHOCTH,
MIOCTOjU PU3UK O JCTOMyNaluje U clabibema
neMorpagckor moTeHIrjana. 3aro je cariieJapambe
neMorpa)CKUX KapaKTepUCTHKA UHTETpajiaH qUO
aHanu3e MOryhHOCTH capajme MOrpaHuYHUX
npocTopa ABHjy Ap>kaBa. KomnaparuBHa aHamm3a
YKYIHOT KpeTama Opoja craHoBHUKaA [logpuma y
MOCJheIbeM Mel)yIOMCHOM TepHUoIy TOKa3yje
Jla je Ta MpoMjeHa HEraTuBHAa Yy CKOPO CBHM
MOTPAaHUYHUM OIIITHHAMa U TpajoBUMa ca
o0je crpane [dpune (Cn. 2). Hajseha nHeraruBna
npomjeHa y Opojy CTaHOBHHMKa 3a0HMJbEXKEHa je
y ommrtuHaMa Bumerpax (-52.2 %), Yajuuue
(-47.5 %) u Cpebpenuna (-68.5 %). Hajmama
HEraTMBHA IMPOMjEHa JIeCHJIa Cce€ Yy TI'paJOoBHHA
[Ta6am (-5.5 %), Jlozauna (-8.6 %) u Yxwuie
(-5.5 %), e y ommrunu Yajeruna (-7.9 %).
[Ipouec apemnomynaiuje KapaKTepUIIE IIH]jeIH
pEruoH u3y3eB noxpyyja rpaaa bujessuna rje je
3a0MIbEXKEH TOpacT Opoja cTaHoBHMKA 32 7.3 %
KOjH je mocsbeuna patHux murpanuja. Kpehyhu
ce ca mpocropa Kpajune ka CpOuju TOKOM paTHUX
JIe1aBamba, CTAHOBHUIITBO CE Y BEJIIMKOM Tajacy
MPUCHITHUX MUTPALFja 3ap>KaBajio Ha MPOCTOPY
rpasna bujessune, kao npBoj 0e30je1HOj 30HU 3a
KUBOT U HacTamuBame. Ynopelhyjyhu npomjeny
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total population cover both natural changes
and migrations occurring in a certain period.
Without going into the intensity and types of
changes, the overall change in total population
of Podrinje between two last censuses was
analyzed. Socio-economic structure and
infrastructure were analyzed in order to
determine the development of functions and
possibilities of spatial-functional connections.
Data on infrastructure were retrieved from
the web sites: http: /www.eduinfo.ba, http://
bolnice.yuportal.com/ and https://www.
zdravstvo-srpske.org/.

RESULTS AND DISCUSSION
Demographic development of the Podrinje

Demographic potential is the basic
prerequisite for the functioning and
sustainability of a certain area. When it comes
to the border area, due to its peripherality,
there is a risk of depopulation and decline in
demographic potential. Therefore, investigation
of demographic characteristics is an integral
part of the analyses of cooperation possibilities
between two countries’ border areas. A
comparative analysis of the changes in total
population of Podrinje during the last inter-
census period shows that this change is negative
in almost all border municipalities on both
sides of the Drina River (Fig. 2). The largest
negative population change was recorded in the
municipalities of Visegrad (-52.2 %), Cajnide
(-47.5 %) and Srebrenica (-68.5 %). The
smallest negative change occurred in the cities
of Sabac (-5.5 %), Loznica (-8.6 %) and Uzice
(-5.5 %), and the municipality of Cajetina (-7.9
%). The depopulation is a characteristic of the
entire region, except the city of Bijeljina, where
population increased by 7.3 %, as a consequence
of war migrations. Moving from the Krajina
region to Serbia during the war, the population in
a massive wave of forced migrations retained on
the territory of the Bijeljina, the first safe zone
for life and settlement. Comparing the change
in the population in the municipalities and cities
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Opoja CTaHOBHHMKA Y ONIITHHAMA M TPaJOBHUMa
PenyGnuke Cpricke ca MpoMjeHOM y OMNIITHHAMa
u rpagoBuma CpOwje, A0sa3u ce A0 3aKJbydKa Ja
j€ TpeH/ CMamkeha Opoja CTAHOBHUKA U3PAKESHU]H
y IorpaHn4HoM npoctopy Peryonuke Cpricke rije
HajMarH ryouTak m3Hocu -32.9 % (rpan 3BOpHHUK),
JIOK je y morpannyHoM npoctopy Cpouje Hajpehu
ryourak on -24.5 % 3a0HJbeKeH y ONIITHHU
[Tpuboj.

of the Republic of Srpska with changes in the
municipalities and cities of Serbia, it can be
concluded that the population decrease is more
pronounced in the border area of the Republic
of Srpska where the lowest recorded decline
was -32.9 % (the city of Zvornik), whereas the
largest decline of -24.5 % in the border area
of Serbia was recorded in the municipality of
Priboj.
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Cx. 2. Ilpomjena Opoja cranoBHuKa y [lonpumwy n3mely 1Ba nocseenmwa nonuca (y %)
Fig. 2. Changes in population in Podrinje between the last two censuses (in %)

[Topen ykymHOT KpeTama Opoja CTAaHOBHUKA,
3a aHayju3y jgemorpadckor mOTEHIHjaa
Ba)kKaH IOKa3aTesb j€ MPOCTOPHH Pa3MjeIITaj
CTAHOBHUIITBA W TyCTHHAa HACEJHEHOCTH.
KapakTepucTuka TMOTpaHUYHHUX TMPOCTOpA
jecy nmemomyianuja W HHCKa TYyCTHHA
HaceJbeHOCTH. [lorpaHWYHH TPOCTOpP KOjH
MpHIaga TPaHCTPaHUYHOM peruony [lompume
“Ma HEpaBHOMjepaH MTPOCTOPHU pPa3MjelITaj
cranoBuumTBa (Cn. 3). Bucokum cremeHom
KOHIICHTPAIIMje CTAHOBHHIITBA KapaKTEPHIy Ce
rpanoBu bujesbrHa u 3BOPHUK Ha TEPUTOPHUJH
Pernry6muke Cpricke, Te rpagosu [labar u Yxwuie
n ommrtuHa Jlodnuna Ha teputopuju Cpowuje.
OcTtarak mpocTopa KapaKTEpHIe Cpelrba WIIH
HUCKa T'yCTHHA HACEJhEHOCTH.

In addition to the total population change,
the spatial distribution of the population
and the population density are important
indicators for the analysis of demographic
potential. Characteristics of the border area
are depopulation and low population density.
The border area of the Podrinje cross-border
region is characterized by the uneven spatial
distribution of the population (Fig. 3). Cities
of Bijeljina and Zvornik on the territory of
the Republic of Srpska, as well as the cities
of Sabac and UZice and the municipality
of Loznica on the territory of Serbia, are
characterized by a high degree of population
concentration. The remaining areas are
characterized by medium or low population
density.
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Ca. 3. I'yctuna HacesbeHocTH y [loapumy npema nocibeameM nonucy (ct/km?)
Fig. 3. Population density in Podrinje according to the last census (people per km?)

[Tocmarpajyhu Ilogpume kao uHTEerpainax
MIPOCTOP, a yropehyjyhu morpaHugHu MPOCTOp ca
o0je cTpaHe rpaHUIlE, JaCHO CE€ MOTY HM3/BOJUTH
30HE€ BHUCOKE U HHCKE T'yCTHHE HACEJbEHOCTHU
(Cn. 3). Tako ce Ha cjeBepy peruoHa, ca ooje
CTpaHe rpaHulle, Hana3u Beha KOHIIEHTpaluja
CTaHOBHMIIITBA, Koja omaga mpeMa jyry (ca
MOjeIMHUM H3y3ellMMa HEKUX rpajoBa). BaxHo
j€ HarllacuTH Ja c€ y J0CaJallllbeM pPa3Bojy
OBOT' IIPOCTOpPA CTAHOBHUIITBO KOHIIEHTPUCATIO
OKO pa3BOjHHUX LIEHTapa, T€ Ja CYy pPHJETKO
HaceJbeHa MOoAPYYja HCTOBPEMEHO ,,IPOOIeMCcKa‘,
jep y TOrpaHWYHO] 30HM HEMajy JOBOJHHO
CHa)KaH Pa3BOJHU IMOJ KOjU OM KOHIIEHTPHCAO
CTaHOBHUIITBO OKo cebe. OBa moapyyja
obOyxBarajy jyxHu nuo Ilompuma (y dpusnuko-
reorpadckom cmucity [opwe [lompume).

[TonHa 1 cTapocHa CTPYKTypa MpencTaBibajy
OMOJIONIKY CTPYKTYPY j€p CYy YCJIOBJbEHE IpHje
cBera MpHUPOAHUM KpeTameM CTaHOBHUIITBA.
Ha nonHo-cTapocHy CTPyKTypy CTaHOBHUIITBA
MOTY YTHUIATH Pa3IU4YUTH TMPUPOJHU U
IpylTBeHU ¢akTopu. buosomika cTpykTypa
CTAaHOBHHUIITBA MMa BEJIMKHM 3Hayaj 3a ocTale
CTPYKType CTAaHOBHUIITBA. [IMpEKTHA MOCIbEIHIIA
paTHUX JelllaBaka Ha OBOM IPOCTOPY jecTe
WHTEH3UBUPAIHE MPOIieca CTapeH-a CTAHOBHUIIITBA.
[Ipema nonucy cranoBHuiTBa U3 1991. ronune
(Cn. 4), Ilonpume oIHKyje peaTUBHO TTOBOJbHA
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By observing the entire Podrinje region
integrally and comparing the border areas
on both sides of the border, it is possible to
distinguish clearly zones of high and low
population density (Fig. 3). Thus, in the
northern part of the region, on both sides of
the border, there is a higher concentration
of people, whereas concentration decreases
southward (with the exception of certain cities).
It is important to emphasize that population
so far concentrated around development nodes
and that the sparsely populated areas at the
same time got the character of ,,problematic*
because they do not have a strong development
pole in the border zone that could concentrate
population around them. These areas cover
the southern part of Podrinje (in physical-
geographical terms the Upper Podrinje).

The sex and age structure represent the
biological structure because it is conditioned
primarily by the natural changes of population.
The sex and age population structure can be
affected by various natural and social factors.
The biological population structure is of great
importance for other population structures. The
direct consequence of the war in this region
is the intensification of the population aging
process. According to the 1991 census (Fig.
4), the Podrinje region was characterized by
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CTapoCHa CTPYKTypa. Y CBUM OINIITHHAMA H
rpagoBuMa Hajsehu yamo y ykymHoMm Opojy
CTAaHOBHHMKAa HMalla je cTapocHa rpymna 15—
64 romuHe, TO jecTe 3peNo CTaHOBHUIITBO.
JleTaJbHUJOM aHAIM30M OBE CTApOCHE TpyIe
yTBplheHo je 1a cy crapocHe rpyme 10 35 roguHa
ynHuie Behuny cranoBauiTBa. Kana ce ynopene
crapocHe rpyne 0—14 u 65 u Buie ronuHa, yodasa
ce JIa je Ha IUjeJIOM MPOCTOPY YAHO MIIAJO0T
CTaHOBHUINTBA 010 Behu of1 ymjena crapor.

a relatively favorable age structure. In all
municipalities and cities, the largest share
in the total population had the age group of
15—64, i.e. the mature population. A more
detailed analysis of this age group shows
that age groups up to 35 years constituted the
majority of the population. When comparing
the age groups of 0—14 and 65+, it is noticeable
that the share of the young population is higher
than the share of the old population.
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Cn. 4. CrapocHa cTpykTypa ctaHOBHUINTBA [lompuma nmpema nonucy ctaHoBHUIITBA U3 1991.
roguse (y %)
Fig. 4. Age structure of the population in Podrinje according to the 1991 census (in %)

[Ipema nonmarmMa momnyca CTAaHOBHUIITBA U3
2011. 1 2013. ronune (Ci. 5), cTapocHa CTPyKTypa
MOKa3yje M3BjecHe MpoMjeHe y onHocy Ha 1991.
ronuHy. M nasse je HajOpojHUja cTapocHa rpymna
y uHTepBany 15-64 ronuHe, anu y OKBUPY e
mpeoBnangaBajy crapocue rpyme 50-54, 55-59
u 60—64 rongune. 3a pa3nuky ox crama uz 1991.
TOJIMHE, CAaBPEMEHO CTame KapakTepulle Behu
yIUO CcTapor cTaHOBHUIITBA (65+ roguHa) y
0JTHOCY Ha Mu1aJi0 cTaHOBHUIITBO (0—14 ronuHa).
Pa3no3m 3a youeHe HEraTMBHE IPOMjEHE Y
CTapOCHO] CTPYKTypH cTaHOBHHUIITBA [lonpuma
cy OpojHH, a y TIPBOM pefly TO Cy paTHA CTpaJama
U JIeCTPYKIHja, TPUCUIHE MHTpaluje, MpoIec
130jeNIMINTBA U YKYTTHH 1a]1 HaTaJTUTEeTa.

According to census data from 2011 and
2013 (Fig. 5), age structure shows some
changes compared to 1991. The largest age
group is still population in the age interval
of 15—64 years; however, within it the age
groups of 50—54, 55-59 and 60—64 years
have the majority. Unlike the 1991, the
contemporary age structure is characterized
by a higher share of the old population (65+
years) compared to the young population
(0—14 years). Reasons for the observed
negative changes in the population age
structure in Podrinje region are numerous,
primarily war, forced migrations, refugee
process and overall decline in birth rates.
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Fig. 5. Age structure of the population in Podrinje according to the last census (in %)

3a TpaHCTpaHUUHY capamby U GopMupame
MOTEHIMjaIHOT TPAHCTPAaHUYHOT PETHUOHA, Y
yCIIOBMMA TIOJIUTUYKE, BjepCKE WM HAIlMOHATTHE
HameToCTH, OJf BaXXHOCTH j€ HalMOHAJIHA
CTPYKTypa CTaHOBHHIITBAa ca 00je cTpaHe
npxasHe rpanumne. Cn. 6 moxasyje yauo
HajOpOjHUJUX HALIMOHAIIHUX IPyIa MpeMa HOMHICY
u3 1991. rogune. Cpbuja je mmaia XOMOTEH
HAI[MOHAJIHU CaCTaB Ca JOMUHAHTHO CPIICKHM
CTAHOBHUIUTBOM. Y TOTPAaHUYHOM MPOCTOPY
PenyOnuke Cpricke HallMOHAJIHU CAcTaB Mambe
je xomoreH. Ha npoctopy 3BopHuka, bparynia,
CpeOpennnie u Bumerpamza JTOMUHAHTHO
CTaHOBHUIITBO (T1pexo 50 %) 6uio je 6OImbauKo.
CaBpemMeHy HalMOHAJIHY CTPYKTypy ca o0je
CTpaHe TPaHULE KapaKTEePUIIIe ETHUYKH XOMOTeH
cacTaB CTaHOBHHUIITBA y Kome CpOu unHe Behuny
(Cn. 7). Camo y CpebpeHuny mnpeosiajaBa
Oomrmayko cTaHOBHUIITBO (53.2 %). YoueHe
MIPOMjEeHE Y HALIMOHAIIHO] CTPYKTYPH AUPEKTHA CY
MOCJbEIMIIA PATHUX CTPaJama: MUrpupama Cpda
ka Cpouju, bommaka ka yHyTpammoctu bocHe
u XepleroBuHe u eMurpaiuje o0je HaluoHaIHe
rpyIie Ka 3eMJbaMa y OKpYyKeY.
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For cross-border cooperation and the
formation of a potential cross-border region, in
terms of political, religious or national tensions,
the national structure of the population on both
sides of the state border is of great importance.
Fig. 6 shows the share of the most numerous
national groups according to the 1991 census.
Serbia had a homogeneous national composition
with dominant Serbian population. In the border
region of Republic of Srpska, the national
composition was less homogeneous. In the areas
of Zvornik, Bratunac, Srebrenica and Visegrad,
the dominant population (over 50 %) was
Bosniak. The contemporary national structure
on both sides of the border is characterized by
the ethnic homogeneous composition of the
population in which the Serbs form the majority
(Fig. 7). Only in Srebrenica Bosniak population
still prevails (53.2 %). The observed changes in
the national structure are a direct consequence
of the war, i.e. the migration of Serbs towards
Serbia, Bosniaks towards the interior of Bosnia
and Herzegovina, and the emigration of both
national groups towards other countries in the
region.
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Fig. 6. The national structure of the population in Podrinje in 1991 (in %)
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Fig. 7. The national structure of the population in Podrinje according to the last census (in %)

[TpocTopHO-(pyHKIMOHATHA OpraHKU3alIdja
,,KOpeCnoHIeHTHUX * Hacesba y [logpumy

Kako 6u ce yrtBpauo moryhu crenen
MOTPAaHUYHE ITOBE3aHOCTH Hacesba M pa3Boja
MOTEHLMjAJIHUX ,,KOPECTIOHJACHTHUX " Hacelba,
HEOIXOJHO j€ ypaAuTH aHajJu3y HHUXOBHUX
OCHOBHHX CaBPEMEHHX KapaKTepPUCTHKA. Y OBOM
MIOTNIaBJbY JAAaTHU CY pe3ylTaTh KOMIapaTHBHE

Spatial-functional organization of
»correspondent” settlements in Podrinje

In order to determine the possibilities of
settlements cross-border connectivity and
development of potential ,,correspondent®
settlements, it is necessary to carry out
an analysis of their basic contemporary
characteristics. This chapter provides
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neMorpadcke aHaan3e Hacesba KOPECIIOH /IeHaTa,
TO jecTe HUXOBUX OMNIITHUHCKUX CPEIUINITa,
3aTUM oljjeHa caoOpahajHe MOBE3aHOCTH H
apyre HUHQPPACTPYKTypHE OMPEMJIbEHOCTH,
Kao MpeayciioBa MOBE3WBama IMOTPAHUYHHUX
TEPUTOPHja, alli M HUXOBOT IOBE3MBama Ca
YHYTpalllkOCTH, TE€ aHalu3a pas3Mjelraja
IpPaHUYHMX TIpeliaza Kako OM ce yTBPAMUO CTENEeH
MIPOIYCHOCTH Ap>KaBHE TPAHUIIE.

[IpucyTHOCT CTAaHOBHMIITBA [TOCMAaTpaHa je
C acIleKTa HEroBe aKTUBHOCTU U OCTBAPHBAMA
OCHOBHHX >KUBOTHHUX ITOTpeda, a MHPPaCTPyKTypa
Kpo3 (yHKIM]y MOBE3UBamka U Ka0 CPEICTBO
MIPOCTOPHOT UHTETPUCAHA.

[IpenycnoB ¢yHKIMOHUCAKA U pa3Boja
CBaKOT TMPOCTOpa jecTe NPHUCYTHOCT U
aKTUBHOCT CTAaHOBHMILITBA. 3a MOTPAaHUYHH
MIPOCTOP TO j€ O MU3Y3€THE BAXXHOCTH, KaKo OU
KOMITJIETHA TEPUTOpPHUja jEAHE Ip>KaBe TEKUia
ypaBHOTEXEeHOM pa3Bojy. IIpoctop [ompuma y
JIeMOrpa)CKOM CMUCITY TPITH MOCJbEANIIE PATHUX
JIe1IaBamba, ajli 1 MaprUHAIN30Baka, T€ TPAjHOT
3aM0CTaBJbambA.

Jemorpadckn TOTEHIMjad MPEayCIOB
je TOKpeTamy aKTUBHOCTH Y HPOCTOPY H
npernocraBjba Behe moTpebe 3a pagHUM
MjecTHMa U yciIyrama, kao 1 Behe rpaBUTalinoHo
nozapyyje. [Tocmarpajyhu mjeny perujy, youaa
ce ma cy y jyxsaom nujeny [logpuma cBa Hacesba
MOTPAaHUYHOT MpocTopa Ha Teputopuju Cpouje
Beha 011 CBOjUX KOpPECIOHICHTHHX Hacesba Y
Peny6muum Cprickoj (Ta0. 2). Ha cjeBepy peruje
Beha Hacespa Koja npunanajy Pemyomuim Cprickoj
cy bujessuna u 3BOpHUK, KOjU Cy PErHOHATHH
LEHTPH U UMAjy CTaTyC rpaja.

AmHanu3a CTore He3anoCIeHOCTH oKasyje a
Hacesba y PerryOnui Cprickoj umajy Behe ctome
HE3al0CICHOCTH Of] KOPECTIOHIEHTHX Hacesba y
Cpb6uju (Tab. 2). M3y3eTak je KOpeCIOHACHTHU
nap 3BopHuk—Jlo3Huna.

VYnopehyjyhu HUBO HE3amOCIEHOCTH HAaceIba
ca HHMBOOM JpKaBa (CHTUTETA) 3aKJbyuyje ce
na cBa Hacesba y PenmyOmunm Cprickoj (ocum
bujessune u bparyHuma) umajy Behe ctome
HE3aIMoCICHOCTH O] €HTUTETCKOr IMpocjeKa
(25.21 %). Ha tepuropuju CpOuje Behy cromy
HE3alOCICHOCTH Y OIHOCY Ha IpKaBHH MPOCjeK
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the results of comparative demographic
analysis of the correspondent settlements,
their municipal centers, the assessment of
traffic connections and other infrastructure
facilities, as a prerequisite for linking border
arecas as well as connection with the interior,
and an analysis of border crossing points to
determine the degree of permeability of the
state borders.

The population was analyzed in terms of their
activity and possibilities to meet basic needs for
services, and the infrastructure as a connecting
function and a way of spatial integration.

Population and its activity are the
prerequisite for the functioning and
development of each area. For the border
areas, this is of utmost importance in order
to achieve a balanced development over the
entire state territory. The Podrinje region, in
demographic terms, suffers the consequences
of the war, but also of marginalization and
permanent neglect.

Demographic potential is a prerequisite for
initiating activities in a certain geographical
area and presupposes higher needs for jobs
and services, as well as a larger gravitational
zone. By observing the entire region, it is
noted that in the southern part of Podrinje all
settlements in the border area on the territory
of Serbia are larger than their correspondent
settlements in the Republic of Srpska. In the
northern part of the region, larger settlements
in the Republic of Srpska are Bijeljina and
Zvornik, which are regional centers and have
the city status.

The analysis of unemployment rates shows
that the settlements in the Republic of Srpska
have higher unemployment rates than their
correspondent settlements in Serbia (Tab. 2). The
exception is the correspondent pair Zvornik—
Loznica.

The comparison of unemployment rates of
the settlements and the state (entity) averages
shows that all settlements in the Republic
of Srpska (except Bijeljina and Bratunac)
have higher unemployment rates than the
entity average (25.21 %). In Serbia, higher
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Tab. 2. bpoj cTaHOBHMKA U CTONA He3anocaeHoCTH y [loapumy npema nocsbemheM MOMUcy
Tab. 2. Population and the unemployment rate in Podrinje according to the last census

OmnwTuHe U rpasoBu / Bbpoj cranoBHuka / Crona He3anocnenoctu (y %) /
Municipalities and cities Population Unemployment rate (in %)

BH / BN; 41121 22.98

Bh/BC 6488 10.32

3B/ ZV; 11082 29.64

M3/ MZ; 4407 22.79

JO/LO 19212 33.22

bP / BR; 7530 17.07
JbY /LjUu 3929 12.59

CP/SR; 2241 28.13

b5/ BB 9148 14.25

BU/ VI 5203 40.31

VE /UE 52646 18.94

PY /RU; 1675 31.76

I1b/PB 14920 29.42

(22.43 %) umajy Jlo3nuna, Manu 3BOPHUK U
[Tpu6oj. Y3umajyhu y 063up oba aHanm3upana
mokKaszaTesba JIoJla3d ce OO0 3aKJbydKka Ja je
norpaHuyHu npoctop PenybOnuke Cprcke y
[Monpumy nemorpadcku M €KOHOMCKHU CTabuju
o1 morpannyHor npocropa Cpbwuje, anu na y
CYUITUHU YHTAB PErHMOH MPEJCTaBJba Mambe
Pa3BHjE€HO TMOIpyYje HACTIPaM JIpyKaBa (EHTUTETA)
KOJUM TIPUTIA/IA]y.

Bucok yamo 3amocieHux y TeplujapHOM
M KBapTapHOM CEKTOPY M BHCOK HHBO
ypOaHNU30BAaHOCTH Y IICHTpATHUM Hacesbuma (Tao.
3) ykasyje Ha HeIoCcTaTak 0a3HUX MPUBPEITHUX
JIjeNIaTHOCTH M aKTUBHOCTH Y PyPaJIHOM TIPOCTOPY
YOIIIIITE, T€ CE MPOIIeC TePIUjapr3alfje He MOXKE
TPETHPATH Ko MO3UTUBAH.

On ryctuHe uW KBaimuteTa caoOpahajHe
UHPPACTPYKTYpE 3aBUCH JOCTYIHOCT HEKOT
pOCTOpa, HEroBO BPEIHOBaWE, T€ MOTyhHOCT
peruoHaj HOT TOBe3WBama. Kama je pujed o
[Monpumy, pamu ce 0 MPOCTOPY KOjU CE OIJTUKYje
HEPaBHOMjEPHUM IPOCTOPHUM pa3MjelliTajeM H
ryctiHOM caoOpahajauita. Y nmopehemy ca jyKHUM
IIMjeJIOM, CjeBEpHU N0 pernoHa uMa Tymrhy
Mpexy caoOpahajauia Butier panra. M3nsajajy ce
noapydja Cembepuje Ha Teputopuju PermyOmuke
Cprncke, Te Mause y Cpbuju, koju 300r cBOT
MOJIOXKaja TIPEICTaBIbajy LIEHTPE MPEKOTPAaHUYHE

unemployment rates compared to the state
average (22.43 %) are recorded in Loznica,
Mali Zvornik and Priboj. Based on both
analyzed indicators, it is clear that the Podrinje
border area in the Republic of Srpska is
demographically and economically weaker than
the border area of Serbia, but that essentially
the entire region represents a less developed
area of the state (entity) they belong.

A high share of employees in the tertiary
and quaternary sectors and a high level of
urbanization in the central settlements (Tab. 3)
suggest the lack of basic economic activities
and activities in the rural areas in general, so
the tertiarization process cannot be treated as
a positive.

The density and quality of the transport
infrastructure determine the availability
of certain areas, its valorization, and the
possibility of regional connection. When it
comes to the Podrinje, this is the area which is
characterized by uneven road network spatial
distribution and density. In comparison to the
southern part, the northern part of the region
has denser network of higher-level roads. The
Semberija area on the territory of the Republic
of Srpska and the Macva area in Serbia stand
out; due to their position, they represent
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Ta6. 3. ExoHoMCKa CTpyKTypa CTAaHOBHUIIITBA M CTENEH ypOAHN30BaHOCTH Hacesba y [lonpumy
rpemMa nocsbeameM nonucy (y %)
Tab. 3. The economic structure of the population and the degree of urbanization in Podrinje
according to the last census (in %)

Ynno 3anocneHnx
VYnuo 3anocneHux | YAuo 3arnociaeHux y TepIyjapHOM
Omurrise y IPUMapHOM y CeKyHIapHOM U KBapTaAPHOM Crenen
1 rbalosi / cextopy / Share of | cexropy / Share of | cexropy / Share ypoasu3oBarocT /
Municipalities and . . Degree of
. employees in the employees in the of employees .
cities . . . urbanization
primary sector secondary sector in tertiary and
quaternary sector
BH /BN 27.74 22.34 49.91 39.59
3B/ZV 18.62 34.83 46.55 20.37
BP/BR 35.14 28.17 36.69 40.37
CP/SR 24.03 30.76 45.22 19.16
BU/VI 7.22 30.07 62.71 51.42
PY /RU 24.08 28.12 47.80 22.10
YA/ CA 31.46 25.37 43.17 44.88
Fh/BC 58.71 12.66 28.63 22.46
IIA / SA 23.44 26.46 50.09 46.53
JIO/LO 11.59 32.82 55.58 24.22
M3/ MZ 14.00 3341 52.58 35.31
JbY /Lju 49.50 22.06 28.45 27.15
b5 /BB 37.90 28.04 34.06 35.15
YE/UE 11.48 35.19 53.34 67.46
4y /CJ 27.06 20.38 52.57 22.62
I16/PB 19.84 29.85 50.30 54.99

uaTepaknuje. llompume je wucmpecjemano
MyTeBMMa Pa3JIMYUTOr paHra W KBaJUTETa M
yIIPaBO Ha MjecTHMa Ije caoOpahajHuIle TOBE3Y]y
JBUje IpKaBe HacTaia Cy KOPECIOHISHTHA
HaceJba. JeqHa ol HajBakHUjUX caoOpahajuula,
koja mpecjena [logpume npyxajyhu ce npasiem
UCTOK—3amaJ, jecte eBporcku nyT E-761 koju u3
npasia CpOuje npeko Ykuna ynasu y Bumerpan
Ha Teputopujy Pemy6nuke Cpricke U 3aBpiaBa
y buxahy y ®enepammju bocue u Xepuerouse.
OBa caoOpahajuunia mobuja Ha BPHUjETHOCTH
Kaja ce carie/ia ’heH PEeTHOHAIHU TOJI0XKa], jep
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the centers of cross-border interaction. The
Podrinje area is covered with roads of different
grades and quality, and in places where the
roads connecting two countries, correspondent
settlements were formed. One of the most
important roads that cross Podrinje along the
east—west direction is the European road E-761
which enters Visegrad from the direction of
Serbia through Uzice to the territory of the
Republic of Srpska and ends in Biha¢ in the
Federation of Bosnia and Herzegovina. This
roadway gains importance because of its
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omoryhasa crajame ca ayto-mmyreM A kiace (Al
y Cpbuju, koju moe3syje cjeBepry CpOujy ca
jyxHoMm). Ha oBaj naunn Hacespa [lonpuma mMory
CBOj YTHLA] IIHUPHUTU Y YHYTPAIIHOCT Jp)KaBa
kojuma npunaznajy. [locmarpajyhu mepuamnjancku
pasail, IOHOBO CE€ MCII0JbaBa HEPABHOM]jEPHOCT
y 3acTyIJbeHOCTH caoOpahajuuiia usmely cjeBepa
u jyra perrona. Cpeaummum nujenom [lonpuma
ca o0je cTpaHe rpaHHlIe, Y CJeBEpHOM JIHjely CBE
no Ckenana, Boge caoOpahajHHIle pErHOHATHOT
Y MarucTpaJIHOT KapakTepa. Y OCTaTKy perHoHa
unyhu xa jyry kapakrep caoOpahajauia npenasu
y nokanHe myteBe y PemyOmuuum Cprckoj, aa
6u nakon Ilepyhma mpecrana KOHTHHyHpaHa
caoOpahajHa TOKPUBEHOCT MEPH/IMjaHCKOT MPaBIa
[Mogpuma. 3a mupe pPErHOHAIHO TOBE3MBAHE
uujesior peruona Jyroucroune EBporne 3a cana je
HAajIIPUCTYTIAYHHjU TAHEBPOIICKU KOpUI0p X Kajaa
je y nuTamy IpyMcKu caobpahaj 1 maHeBpOICKH
xopunop VII kazna ce paau o BOIeHOM (pHjedHOM)
caobpahajy. HakoH u3rpajme riaHiupaHor Kpaka
MIAHEBPOIICKOT KOpHUI0pa V¢, MOrpaHyHU IPOCTOP
Peny6nuke Cpricke numahe Behe moryhHocTH 32
pEerHOHAHO NoBe3uBame. TpeHyTHa caoOpahajHa
UH(]pPACTPYKTYpHA ONPEMJHEHOCT Y CHpE3H
ca JgeMorpad)CKuM KaraluTeToM YCJIOBMIA je
MHTEH3HUTET U MPABLE aKTUBHOCTH CTAHOBHHUIIITBA
y Honpumy. IIpema pesynraruma cryauje ,,bpojarme
BO3MJIa Ha Mpexu mmyTeBa y PemyOmuim Cprickoj*
3a 2015. roguny (Javno preduzece ,,Putevi
Republike Srpske® d.o.o., 2017), morpanudnu
npoctop PenybOnuke Cprcke ominkyje ce
M3y3€THOM HepaBHOMjepHOIIhy y (QpeKkBeHIHjH
caoOpahaja Bo3uia Ha MpEXH JTOKAITHUX,
PETHOHATTHUX U MarucTpaaHux myrtesa. CjeBepHU
nuo Ilompuma (ox 3BopHuKa 10 bujerpune)
KapaKTepHIlIe BUCOK CTETeH (PpeKBEHIINje BO3MIIA,
kako n3Mmely Hacespa y Penmyomuim Cprickoj, Tako
U TIpeMa KOPeCHOHAEHTHUM HacesbuMa y CpOuju
(bujessuna—banosunnu, 3BopHuK—Jlo3HUIIA,
3BopHuk—Manu 3BopHHK). McToBpeMeHo, jyKHO
o1 3BopHHKA (PpeKkBeHIIMja BO3WIA Omajaa (Kako
u3Mel)y Hacespa y PenmyOmunum Cprickoj, Tako u
peMa KOpeCIOHICHTHUM Hacesbuma y Cpoujn).
VY3ajaMHO (YHKIIMOHHCAHE CTAHOBHUIITBA
KOPECIIOHJICHTHUX Hacesha CMjEUITEHUX Ha
pUjekaMa W y3 Jp>KaBHY TpaHHUIly yMHOTOME

regional position — it enables the connection
with the A class highway (A1l highway in
Serbia which connects northern with the
southern Serbia). In that way, the Podrinje
settlements can spread their influence towards
the countries’ interiors. In the meridian
direction, the aforementioned unevenness in
number of roads between the northern and the
southern part of the region is reflected again.
Through the central part of Podrinje on both
sides of the border, in the northern part all the
way to Skelani, there are regional roads and
highways. In the rest of the region, moving
southward, the character of the roads in the
Republic of Srpska is changing to the local
roads, and after Perucac the continuous traffic
coverage in the meridian route stops. For the
broader regional connection of the entire
Southeast Europe region, the most accessible is
the Pan-European Corridor X when it comes to
road transport and the Pan-European Corridor
VII when it comes to water (river) transport.
After the construction of planned branch of
the pan-European corridor Ve, the border area
of the Republic of Srpska will have greater
opportunities for regional integration. Current
traffic infrastructure (in conjunction with
demographic capacity) conditions the intensity
and directions of the population activities in
Podrinje. According to the results of the study
,» Vehicle counting on the road network of the
Republic of Srpska“ for 2015 (Javno preduzece
»Putevi Republike Srpske*“ d.o.o., 2017),
the border area of the Republic of Srpska
is characterized by exceptional unevenness
in the frequency of vehicles traffic on the
network of local, regional and main roads.
The northern part of the Podrinje region (from
Zvornik to Bijeljina) is characterized by a high
vehicle frequency between settlements in the
Republic of Srpska and their correspondent
settlements in Serbia (Bijeljina—Badovinci,
Zvornik—Loznica, Zvornik—Mali Zvornik).
At the same time, southward of Zvornik, the
frequency of vehicles is decreasing — between
both settlements in the Republic of Srpska and
their correspondent settlements in Serbia.
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j€ YCIOBJbEHO CTENEHOM IOKPUBEHOCTH
UHPPACTPYKTYpOM, Y TIPBOM peay TpaHUYHHM
npena3yuMa M MOCTOBUMA, Al U yKYyIHOM
akTuBHOouIhy y mpoctopy. IlpemomnrhaBame
pujexe /IpuHe y NpOUIIOCTH pPEaJu30BaHO je
CKEJICKUM TIPEBO30M KOjU j€ JaHac HIIue3ao
u3 ynorpebe. MoctoBu mpeko pujeke [pune
YUHE KJbYYHU HUHQPPACTPYKTYpPHU EJIEMEHT
y TPEKOTpaHUYHOM IIOBE3UBAMY, alld TpHUje
cgera y MelhycoOHOM (yHKIUMOHUCABY
MOTPaHUYHUX Hacesba. | paHUYHU Tpenasu
JIOLUPAHU Cy YIPABO Yy HEMOCPEIHO] ONU3MHU
MocrtoBa. IIpocrop Ilogpuma uma peraTuBHO
JI0BOJbAH OpOj IpaHUYHUX Ipenasza, MehyTum
IbUXOB KBAJIUTET HHjE Ha 3aJ0BoJbaBajyhem
HUBOY T€ Cy HEKH Yy (pa3su peKOHCTpYKIHje H
MozepHuzanuje (Manu 3BopHUK, TpOyniHuna u
Korpoman), a Ha rpaHMuHOM npenasy bagoBuHIM
y TOKY je M3rpajma y CKIaay ca CTaHaapIuma
EBponcke ynuje (Pemybnmuka arenumja 3a
pocTopHO manupame, 2010, ctp. 214). [lopen
o0HOBe HMH(PACTPYKTYpE, BakKaH CEIMEHT 3a
TPAaHCTPAaHUYHY capaamy jecTe e(uKacHo
cripoBol)ere oTyKa Kaja ce pajud O OCHUBABY U
(byHKIMOHUCAaKY IpaHUYHUX mpenas3a. [Ipumjep
HEraTUBHE Ipakce je HoBou3rpaheHu Moct
Bparospy6 xoju cnaja bparynan u JbyboBujy, Ha
KOME HaKoH BUILE O] TOJUHY JaHa HE MOCTOjH
TPaHUYHU TIpeTas.

Crenen MoryhHocTH oOCTBapuBama
OCHOBHHUX JKMBOTHHUX MOTpeda 3aBHCH Kako
ol KBajuTeTra caoOpahajHe MH]pacTpyKType,
Tako M O] MOCTOjama CajapiKaja APYIITBEHE
uHppacTpykrpe. Hemocrarak HeKor o HaBeIeHUX
ereMeHata HUHQPACTPYKType YCIOBJhaBa
IpaBlie NpeycMjepaBamba CTAHOBHUILITBA IpeMa
HajOMMKUM TPOCTOPUMA KOJH Taj EJIEeMEHT
nocjenyjy. YpOana wnHacema y Ilompumy
ONpPEMJbEHA CYy OCHOBHMM HHBOOM JIPYILITBEHE
nHPPACTPYKType Kajia ce paau o o0pa3oBamy
U 3[paBCTBEHO] 3amITHTU cTaHOBHHUIITBA (Tal.
4), To jecTte cBa MOCjeAyjy Cpelmy IIKOTY
U oM 31paBiba. Y BehuHU Hacesba MOCTOjH
CPEeI-OLIKOJICKH LIEHTap ca BHUIIIE CMjEpoBa, a Yy
HEKMMa MMa HEKOJIMKO CaMOCTaJHHX CPeIbUX
mkona — cenaM y bujessunu, aeser y Ilamnmy u
cemam y Yxkuiy. Kana je pujed o nHCTUTYLIMjamMa

138

The mutual functioning of the population
in correspondent settlements located on
rivers and along the state borders is largely
conditioned by the degree of infrastructure
coverage, primarily border crossings and
bridges, as well as overall activity in the area.
The bridging of the Drina River in the past
was carried out by scaffolding, which has
disappeared from use today. Bridges over the
Drina River constitute a key infrastructure
element in cross-border linkage, but primarily
in the interaction of border areas. Border
crossings are located just near the bridges.
The Podrinje region has a relatively sufficient
number of border crossings, however, their
capacity is not at a satisfactory level; therefore,
some are in reconstruction and modernization
(Mali Zvornik, Trbusnica and Kotroman), and
construction at the border crossing Badovinci
is in line with the European Union standards
(PenmyOnuuka areHmmja 3a TPOCTOPHO
nnanupame, 2010, p. 214). In addition to
the infrastructure renovation, an important
segment for cross-border cooperation is the
effective implementation of decisions when
it comes to the establishment and functioning
of border crossings. An example of negative
practice is the newly built Bratoljub Bridge
that connects Bratunac and Ljubovija, where
after more than a year there is no border
crossing.

The possibilities to meet basic needs
for services depend on both the transport
infrastructure quality and the existence of
social infrastructure contents. Lack of any of
these infrastructure elements determines the
routes of redirecting the population to the
closest regions with those elements. Urban
settlements in Podrinje are equipped with
the basic level of social infrastructure when
it comes to education and health — there is
a secondary school and a health center (Tab.
4). In most settlements there is a high school
center with several departments, and in some
settlements there are several independent
secondary schools — seven in Bijeljina, nine
in Sabac and seven in UZzice. When it comes
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BUIIIET paHra, HaceJba Cy HEjeHAKO ONMpeMIbEHa.
Bonmuuiy mocjenyjy camo 1Ba off ceiaM Hacesba
y TOTpaHUYHOM pernoHy y PemyOmuiu Cprickoj
(Bujessuna 1 3BOPHUK), @ y IOTPAaHUYHOM PETHOHY
Cpbuje OonmHUIy MMajy YETUPH OINIITHHCKA
cpeaumra (o1 yKynHo aeseT). CTaHOBHUIITBO
KOPHCTH Yyclyre OOJIHHIIE Yy HEMOCPEIHOM
OKpYXelmYy Yy JApXaBW KOjoj IpHIAnajy,
n3y3uMajyhu craHoBHUIITBO Buierpana xoje je
ynyheHo Ha G0JHUILY Y YKUILy ¥ CTAHOBHUIITBO
Pyna ynyheno na Gonuuiy y IlpuGojy. bpojem
MHCTHUTYIMja BUCOKOT 00pa3oBama HUCTUYE CE
bujesbuHa Kao 1eHTap BUCOKOT 00pa3oBama
(deTupu OpkaBHA M jeJaHAECT MPUBATHUX
(dakynrera), TOK c€ y OCTaJIUM ONIITHHCKUM
CpeIuIITHMa Haja3u Mo jenaH (hakynTeT WiH
UCTYpEHO OffjeJberbe (DaKy/ITeTa Uuje je CjeuIITe
y HeKUM Behum rpasoBuma.

to institutions of higher rank, settlements
are not equally equipped. Only two out of
seven settlements in the border region of the
Republic of Srpska (Bijeljina and Zvornik)
and four municipal centers out of nine in
the border region of Serbia have a hospital.
The population uses the hospital services in
the immediate surroundings in the country to
which they belong, excluding the population
of Visegrad who is going to the hospital in
Uzice and the population of the Rudo who
is going to the hospital in Priboj. Bijeljina,
with numerous higher educational institutions
(four state and eleven private faculties), is
an important center of higher education,
whereas in other municipal centers there is
one faculty or department of the faculty whose
headquarters are in some major cities.

Tab. 4. OnpeMIbeHOCT HaceJba HEKHM €JIeMEHTHMAa JIPYIITBEHE HH(PpaCTPYKType
Tab. 4. Some elements of social infrastructure in settlements

OnutuHe Bucokomikoncka
U rpajioBH / _ycraHosa / ' Cpeg:m;a iKosia / BOJ‘IHI/I‘I_Ia/ C(J)Irr(:rl\:njﬁipt?/BIiIb:ach
Mun1c1p.a'11tles and ngher ‘edU..CQ.tIOIl High School Hospital centre
cities nstitution
bH /BN + + + +
3B/ZV + + + +
BP/BR - + - +
CP/SR + + - +
BU/ VI + + - +
PY /RU - + - +
YA/ CA - + - -
BFh/BC - + - +
1A / SA + + + +
JIO/LO + + + +
M3/ MZ + + - +
JbY /LU - + - +
bb /BB + + - +
YE/UE + + + +
yj/CJ + + - +
116/ PB - + + +
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Kopecnonnentna Hacema y I[loapumy
pa3nuKkyjy ce mpeMa HHPPacTpyKTypHO]
ONIPEMJbEHOCTH U JAEMOTPAPCKOM MOTEHIUjaTy.
Bosbe onpemibeHa u geMorpadckH ,,jada‘“ Hacesba
CBOj YTHIIa] IPEHOCE HA CBOje KOPECIOHACHTE U
NpeACTaBJbajy LEHTpe pa3Boja. ,,OBaKaB LEHTap
pa3Boja UMa MHTETPATHBHY YJOTY Yy YCJIOBHUMa
MUpa H capaame u3Mely IBuje uiam BUIeE
npxkapa“ (Zekanovi¢ & Petrasevié, 2018, ctp.
186). Ilpema aHamM3upaHuM MOKa3aTesblMa ,,jada’
HaceJba Hajase ce (ca IMojeJMHUM H3y3elrma) Ha
tepuropuju Cpbuje, a MOKEeMO X O3HAUUTH Kao
MOTEHIMjaJIHE IIEHTPE pa3Boja.

3AKJbYYHAK

TpancrpanuyHa capaJma M OCHUBAE
TPAaHCTPAHUYHUX PpETHOHA TMPEACTABIbA]Y
MonanuTer koMe bocHa u XepreroBuna tpeda
TEXHUTH Kako OM ycrocTaBuja paBHOMjEpaH
TEPUTOPHjATHUA pa3Boj. 300r 0OIMKa M TpaBIa
npyXama, BeH eHTuTeT, Pemybnuka Cpricka,
uMma Behe moryhnoctu 3a ykibyuHuBame Yy
TpaHCTpaHUYHE WHTErpanyje. 300r XOMOreHOCTH
MOTPAaHUYHOT TMPOCTOpa IO BHIIE aclekara
ca CpoOujom, peruon Ilogpume Tpeda OutTH
y GoKyCcy HHTEpecoBama KaJa je pHujed o
TpPaHCTPAaHUYHUM peruoHumMa. Benuky ymory
y Tpolecy TpaHCTPaHUYHE capalibe HUMajy
MOTPAHUYHE aJIMUHUCTPATUBHO-TEPUTOPHU]jATTHE
jenuHuie (OMIITHHE W TPaloBH) ca 00je cTpaHe
IpaHuLe, KOJy Y OBOM cCIlyuajy YWHHU pHUjeKa
Hpuna. KomiuiekcHOM aHanmu3oM yTBpheHo je
na je npoctop Ilonpuma HeyjeaHadYeHO pa3BUjeH
Y MapruHalu30BaH, T€ /1a C€ Y OKBUPY Hera
JYXKHH JIHO pEeruoHa MOXE OKapaKTepHcaTH
Ka0 HaIMOHAJIHO MPOOIEMCKO MOoApydYje 3a
o0je npxase. HepaBHOMjepHa auctpuOyuuja
CTaHOBHHMIITBA, HUCKA TYCTHHA HACEJHEHOCTH U
BHCOK CTETIEH ypOaHOCTH yKa3yjy Ha HeraTuBHE
mpolece Jaearpapusalyje u aepypaiuzanuje u
TEH/ICHIIU]Y TPAXKIBEHa PypPaTHOT MPOCTOpA Y
naroM peruony. Kao nentpu pasBoja u momyre
TpaHCTpaHUYHOT TOBe3MBama Hamehy ce
I'PaJIOBU U OMNIITUHCKA CPEIUILTA ITOTPAHUIHOT
npocropa. Ilopen mocamammux WHHUIM]aTHBA
MOBE3MBaKka Ha JPXKABHOM HUBOY (Ha MpHUMjep,
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Correspondent settlements in Podrinje
are different in terms of infrastructure and
demographic potential. Better equipped and
demographically ,,stronger* settlements transfer
their influence to their correspondents and
represent development nodes. ,,This development
node has an integrative role in conditions of
peace and cooperation between two or more
countries.” (Zekanovi¢ & Petrasevi¢, 2018,
p. 186). According to the analyzed indicators,
stronger settlements are (with certain exceptions)
on the territory of Serbia, and we can label them
as potential development nodes.

CONCLUSION

Cross-border cooperation and the
formation of cross-border regions are
modalities that Bosnia and Herzegovina
should strive to in order to achieve balanced
spatial development. Due to the shape and
provision direction of its entity the Republic
of Srpska has greater opportunities for
inclusion in cross-border integration. Due to
the homogeneity of the border area in several
aspects with Serbia, the Podrinje region should
be in the focus of interest when it comes to
the formation of cross-border regions. The
administrative-territorial units (municipalities
and cities) on both sides of the border, which
in this case is the Drina River, play a major
role in transnational cooperation. The complex
analysis showed that the Podrinje region
is unevenly developed and marginalized,
and that within it the southern part of the
region can be characterized as a national
problem area in both countries. The uneven
population distribution, low population
density and high degree of urbanity indicate
negative processes of deagrarization and
deruralization and the tendency of rural areas
emptiness in this region. Cities and municipal
centers of the border area are imposed as
development nodes and levers of cross-
border linking. In addition to the existing
state-level interconnection initiatives (e.g. the
Agreement on Special Parallel Connections),
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CriopazyMm 0 CrienMjaqHUM MapajeIHuM Be3ama)
HEOITXO/THO j& MapaJieIHO MMOBE3UBAKE jEIUHUIIA
JIOKaJIHE caMOoyIlpaBe ca 00je CTpaHe TpaHHIIe.
AHanu3upaHa Hacesba, MaKO HHUCY THIHUYHH
NpUMjepyu KOPECIOHJAEHTHX (Kao MOrpaHuvHa
Hacesba y llocaBunm), Tpeba ycwmjepaBaru
Ha JTUpeKTHY MehycoOHy capaamy, Te he y
MPOCTOPHO-(DYHKIIMOHATHOM CMHUCITY UMaTH YOIy
,,IaBOBa“* y IOBE3MBAamY MOTPAaHUYHOT MPOCTOPA
Peny6nuke Cpricke u CpOuje y jeIMHCTBEH
TpaHcrpannyHu peruoH llonpume. M3 Tor pasnora
HEOIXO/IHO je pa3BHjaTH BUXOBE (PyHKIMOHAIIHE
1 UHPPACTPYKTYPHE KanaluTeTe.

TpancrpannuHy capajmy Tpebda ycMjepuTu
Ha HHTETPAJHO YIpaBJbalkbe IOrPaHUYHUM
IpocTOpoM, a Oa3uparu Ha MOTEHLHjaIuMa
naror npocropa. Y peruony llogpume mebhy
OCHOBHHUM pa3BOJHUM IMOTEHIMjaJuMa Cy
MIPUPOTHH PECYPCH, OUYBAHO KYJITYpHO Hacibehe
U eHepreTcku xujapomnoreHuujai. CiauB pHjexe
HpuHe, 300T HaBEeICHWX MNOTEHIMjala YUHU
CIIOKEHY aMOUjEHTAaJHY 1jeJIMHY aHTPOIIOTeHUX
Y TIPUPOJTHUX MOTHBA Ca BETMKUM MOryhHOCTHMA
TYpUCTHUKE Bajiopu3aiuje. PemnpeseHTaruBHU
npumjepu ao0pe mpakce Cy HOBOOCHOBAaHHM
Hauuvonanuu napk ,,JI[puHa® u apxeosomku
Mmy3ej ,,Municipium Malvesiatium®* Ha
teputopuju omnmruHe Cpebpenuna. OcHOBHE
omnmuke Hamumonannor mapka ,Jlpuna“ jecy
u3y3eTaH AuBep3uTeT ¢uiope u (dayHe, Te
MPHUCYCTBO CHAEMUYHUX M PETUKTHUX BPCTA.
VY TpaHCTpaHMYHOM CMHCIY Hacllalkba ce Ha
Hanuonanau mapk ,,Tapa®“ y CpOuju, te ca
UM YUHH JEMHCTBEHY LjenuHy. OCHUBamEM
TpaHCIPaHUYHOT pernoHa ,,l lonpume™ ycriocraBuo
OM ce KOHTHHYUpaH MHpOLEeC Balopus3anuje u
3alTUTE 3ajeqHUYKuX nobapa. [IpBu kopak ka
TPaHCTPAHUYHOj CapaJiiby je U3pajia UHTErPATHUX
MPOCTOPHUX IIJIAHOBAa IOCeOHE HaMjeHe 3a
W3[BOjE€HE MPOCTOPHE I[jeJIMHE O 3ajCTHUYKOT
3Hayaja.

parallel linking of local self-government units
on both sides of the border is necessary. The
analyzed settlements, although they are not
typical examples of correspondents (as border
settlements in Posavina region), should
focus on direct mutual cooperation, and in
the spatial-functional terms they should play
the role of ,,seams* in connecting the border
area of the Republic of Srpska and Serbia to
one cross-border region of Podrinje. For this
reason, it is necessary to build further their
functional and infrastructural capacities.
Cross-border cooperation should focus
on the integrated management of the border
area, based on these area potentials. In the
Podrinje region, the main development
potentials are natural resources, preserved
cultural heritage and hydropower potential.
Given the stated, the Drina River basin forms
a complex ambient unity of anthropogenic
and natural motives with great possibilities
for tourist valorization. Good practice
examples are the newly established National
Park ,,Drina“ and the archaeological museum
»~Municipium Malvesiatium* on the territory
of the Srebrenica municipality. The main
features of the National Park ,,Drina“ are
the exceptional diversity of flora and fauna,
with endemic and relict species. For cross-
border cooperation, it is important because it
relies on the National Park ,, Tara®“ in Serbia
and makes one entity with it. By creating the
cross-border region ,,Podrinje®, a continuous
valorization and protection of this area values
would be established. The first step towards
the cross-border cooperation is the creation
of special purpose area spatial plan for this
integral spatial entity of mutual interest.
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YBOA

3emiba j€ MJECTO Pa3IUYUTHUX JTUHAMUYKUX
npoimeca y3pOKOBaHHMX CIOJbAIIBLUM H
YHYTpAIIlbUM cHiamMa. TH TpoLecH HacTajy |
Jjenyjy y pa3iiuyiTUM IPOCTOPHUM U BPEMEHCKUM
ckamama. Kao mocibenmiia HEKUX OIl THX
npolieca BeNrKa MoApydja 3eMIbe U3JIOKEeHaA Cy
NPUPOTHUM KaracTpodama ImoImyT 3eMJbOTpeca,
yparaHa, TajdyHa u noriasa. Pa3Boj npoctopHuX
TeO0JIETCKHUX TeXHMKa oMoryhasa orceskHa npahema
ocoOuHa 3eMJb€ M TO Ca BUCOKOM Ta4HOIIhy u
MPOCTOPHOM M BPEMEHCKOM pe3oityiijoM. OBakBa
Te0JIeTCKa OMaXKama Jajy TpecyiaHe nHdopmaimje
0 TEOIMHAMHUYKHM TPOIECUMaA, a KOJH Y3POKY]Y
MIPUPOJIHE MPOLIECE MOIYT 3eMJBOTPECA, KIU3HILTA,
BYJIKAHCKHMX €pYIIIHja, TPOMjeHa y HUBOY BOACHHX
Maca ¥ BoJIamMa Ha KOITHY.

VY ckinony MehynapoaHe acouujanuje 3a
reone3njy (IAG), Bomehe cBjercke reonmercke
OpraHu3allvje, pa3BHjaId Cy CE CEPBHUCH y CBPXY
DI00aJTHE KOOPAMHAIIH]E TeOAETCKUX aKTUBHOCTH 32
OCHT'Ypare BUCOKOTAYHHX U TIOY3/IaHUX TeOICTCKHX
Mjepema. JlaHac TH cepBHCH, 3aCHOBaHM Ha
Pa3IMYUTUM TeOJETCKUM TeXHHUKaMa ¥ MoAaIMa,
TIPY’Kajy yCITyTe 3a UPOK CTIEeKTap KOPHCHUKA, a HE
CaMo 3a reoIeTCKY M reO(pU3MUKY 3ajCIHHILY.

OcTtBapeHa  BHCOKa  TNPEIHU3HOCT
MO3UIIMOHUPaka MPOCTOPHUM TE€OJETCKUM
TexHUKama kao 1mto cy: VLBI (Very Long Baseline
Interferometry), SLR (Satellite Laser Ranging),
LLR (Lunar Laser Ranging), GNSS (Global
Navigation Satellite System) u DORIS (Doppler
Orbitography and Radiopositioning Integrated by
Satellite) omoryhuna je mobujame uHbOpMaIHja o
KWHEMaTUIIM TEKTOHCKUX IUI0Ya M3 MOHOBJHEHUX
WIM KOHTHHYHpAHHX omnaxama. [Ipema momemy
TEKTOHHKE IUIOYa 3eMJbHHA KOpa TOJWjehbeHA
je y onpehen Opoj TaHKUX, KPYTHX IUIOYa Koje ce
kpehy jenHa y omHocy Ha apyry. ['panuie mioua
neduHUCcaHe Cy CeM3MUYKOM aKTUBHOIIIY 1 Takohe
MOTY OMTH KapaKTepHCaHe ByJIKaHHMA.

IIpoctopna carenutrcka TexHuka VLBI
W3BOPHO je pa3BujeHa kpajem 1970-ux roguHa y
OKBHpY TIPOJEKTa 32 BUCOKOMPEIM3HA T'€0/IeTCKa
onpehuBama TMHAMUKE 3eMJBHHE KOPE, /TM3ajHApaHa
3a ONaKame YIAJbeHUX HEOSCKUX PajIno-u3Bopa ca
BHCOKOM YTaOHOM PE30ITYIIH]jOM.
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INTRODUCTION

The Earth is the place of various dynamic
processes caused by external and internal forces.
These processes arise and operate in different
spatial and temporal scales. As a consequence
of some of these processes, large areas of the
Earth are exposed to natural disasters such as
earthquakes, hurricanes, typhoons and floods. The
development of spatial geodetic techniques allows
extensive monitoring of Earth’s properties with
high accuracy and spatial and temporal resolution.
Such geodetic observations give crucial
information on geodynamic processes, which
cause natural processes such as earthquakes,
landslides, volcanic eruptions, changes in water
levels and waters on land.

Within the International Association of
Geodesy (IAG), the world’s leading geodetic
organization, services for the purpose of global
coordination of geodetic activities for providing
reliable geodetic surveys with high accuracy have
been developed. Today, these services, based on
various geodetic techniques and data, provide
services for a wide range of users, not just for
geodetic and geophysical community.

The achieved high accuracy of positioning
with spatial geodetic techniques of VLBI (Very
Long Baseline Interferometry), SLR (Satellite
Laser Ranging), LLR (Lunar Laser Ranging),
GNSS (Global Navigation Satellite System)
and DORIS (Doppler Orbitography and
Radiopositioning Integrated by Satellite) enabled
the obtaining of information on the tectonic
plates’ kinematics from repeated or continuous
observations. According to the model of the
plate tectonics, the Earth’s crust is divided into
a number of thin, rigid plates that move one
in relation to the other. The plate boundaries
are defined by seismic activity and can also be
characterized by volcanoes.

Spatial satellite VLBI technique was
originally developed in the late 1970s as a
part of a project for high-precision geodetic
determination of the Earth’s crust dynamics,
designed to observe distant sky radio-sources
with high angular resolution.



[TTACHUK — HERALD 23

OCHOBE VLBI TEXHUKE

TexHuka VLBI (Ayro6a3ucHa
uHTEpPepoMeTpuja) MeToaa je Mjepema
caTeJquTcKe reojie3uje koja, 3ajenHo ca GNSS,
SLR, LLR u DORIS TexaukoMm, npeacTaBiba jeaaH
071 OCHOBHHX HM3BOpAa TIOATaKa y CaBPEMEHHM
II00QJTHUM TeOJeTCKUM HcTpakuBambuma (Co.
1). IlpuMmjemyje ce Kako y pajro-acTPOHOMH]H,
3a acTpoPu3UKy U aCTPOMETPH]y, TaKO H
y Teole3uju. ACTPOHOMCKAa M Te0JeTcKa
VLBI TexHuka pasnukyjy ce y pacrnopemy
cecHja TEepEeCTPUUYKOT M HeOEeCKOT olaxkama,
y morueay Opoja omakaHUX pPaauo-U3BOpa, Y
Opojy W y4ecCTaJOCTH OlaKama IpeMa paauo-
W3BOpHMA U Y HAyYHHUM IubeBuMa. L{vub pammo-
aCTPOHOMHMjE j€ HCTPaXKUBAHKbE PaA3IHMUYUTHX
ACTPOHOMCKHX 0O0jeKara ca CTAHOBHIITA FbHXOBHX
actpou3nuKKx Kapakrepuctuka. Hacynpor Tome,
reojercka u acrpomerpujcka VLBI Texnuka
CIIyXe 3a MpenusHo ofpehuBame: 1) momoxaja
HeOECKHX THjena, 2) peJlaTUBHUX MOJIOXKaja TadaKa
Ha 3eMJpH, 3) mapamerapa 3eMJbUHE pOTaIHje U
opHjeHTaluje U 4) IoMjepama TEKTOHCKUX IJ10Ya.

Kvmr.-‘Qum

FUNDAMENTALS OF
VLBI TECHNIQUE

Very Long Baseline Interferometry (VLBI)
technique is a measurement method of satellite
geodesy, which, in addition to GNSS, SLR,
LLR and DORIS technique, is one of the main
data sources in modern global geodetic research
(Fig. 1). This technique is used both in radio-
astronomy for astrophysics and astrometrics,
and in geodesy. Astronomical and geodetic
VLBI technique differ in schedule of sessions of
terrestrial and celestial observations, in terms of
the number of observations of radio-sources, as
well as the number and frequency of observations
towards radio-sources, and in the scientific goals.
The aim of the radio-astronomy is to examine a
huge variety of astronomical objects and their
astrophysical characteristics. In contrast, geodetic
and astrometric VLBI technique emphasize on
precise positioning of: 1) positions of celestial
objects, 2) relative positions of points on Earth,
3) parameters of Earth’s rotation and orientation
and 4) the movement of continental plates.

* DORIS
+ GNSS: GPS,

GLONASS, GALILEO
*SLR, LLR

Cn. 1. CaBpemeHHU MjepHHU CUCTEMH y CaTeIUTCKO] reone3nju u actpomerpuju (IlInmosmapuh, 2017)
Fig. 1. Modern measurement systems in satellite geodesy and astrometrics (IlImossapuh, 2017)
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Texnuka VLBI npyxa noysnane pesynrare
BHCOKE TayHOCTHU. 300T TOTa HMMa IIUPOKY
MPUMjEHY Yy OKBHPY Pa3IMuUTUX UCTPaKUBamba
13 005IacTH reoaesuje.

VLBI Boam mopHujeKIO0 O] JOKalHe
uHTEpHEpOMETpHje KOJy CY aCTPOHOMHU KOPUCTHIIH
3a pOoyyYaBambe MoJI0XKaja U CTPYKTYpe yIaJbeHUX
KocMHUIKHX o0jekara. [Ipumjemyje ce Bure o S0
roauHa, ox cpeauHe 1960-ux roguHa (Schuh &
Behrend, 2012).

Pa3Boj aromckux yacoBuuka 1970-ux roquHa
oMoryhro je TIOTIIYHO pa3/iBajame JIBHje aHTCHE,
TaKo J1a ce MHTeP(PEePOMETPHjCKHU MO [TPUMA]y
HE3aBHCHO Ha 00je CTaHUIle HAKOH Yera ce BpIIU
UXOBA KOpeJallija CHHXPOHHU3A1IM]OM YaCOBHHUKA.
Y6p30 HakoH MpBUX omaxama 1967. roausue,
VLBI je npuBykiia UHTEpecoBame reojera. Jlanac
VLBI uma BaxHy yJlory y Mjepemy IoMjepama
TEKTOHCKUX TI04a, onpehuBamy 3emMibuHE
OpHjeHTAaIM]je Yy WHEPLHjaTHOM pedepeHTHOM
OKBHpY M YOIILTE UMa BEJIUKY PUMjEHY Y PaJHo-
actpoHomuju u reoae3uju (Campbell, 2004; Plank,
2013; Sovers, Fanselow, & Jacob, 1998).

I'eonercka VLBI Hampeana je TexHUKa
CaTeJIMTCKE Treoje3nje Kojom ce onpebhyjy
pactojama u3Mel)y aHTeHa MOCTaBJbEHUX Ha
noBpIIM 3emMibe, C TayHowmwhy O]l HEKOJIUKO
MUIEMeTapa. ¥ OCHOBH, Mjepe ce BPEMEHCKe
pasiuKe NpUCTU3amba paaro-Tajaca Koje eMUTY]y
KBa3apu, yJlaJbeHU U J0 HEKOJIMKO MUJIHjapAu
cejemiocHux roauHa ("What is VLBL" 2017).
OcHoBuu npunHiun paga VLBI texHuke npukaszan
jeHa Cm. 2.

3a TeoneTCKO Mjepeme IoMjepama
KOHTHWHEHAaTa, Ha cBakoj anteHu (Cn. 3) momamu
ca yJlaJbeHUX KBazapa MPUMJIBCHHU CY U O3HAUCHH
ca BeoMa TauHUM ofipehuBameM BpeMeHa nomohy
BOJIOHMYHOT MacepCKOT aTOMCKOT YacCOBHHUKA
YHja rPeriKa H3HOCH CEKYHIy Ha CBAaKUX MHJIHOH
roJlMHAa.

[Tpunukom VLBI Mjepema, HMCTOBpEeMEHO
ce Ha JIBHj€ aHTeHEe MpHMa pPaJuo-CUTHAI ca
yIa/beHOI KOCMHYKOT M3BOpa. 300T pa3iuyuTor
M0JI0Kaja TPUjEMHHUX aHTEHa, MPHUjeM CUTHaja
Ha jeHOj CTaHWIM he KaCHUTH Yy OJHOCY Ha
npyry. BpemeHcko Kallmbemhe MOXKe ¢e OIpeIUuTH
Kpoc-KopeialnujoM JiBa curHaia. Onaxamem
BUIIIE PAJNO-M3BOPa U MjEPEHEM BPEMEHCKOT
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VLBI technique gives reliable results of
high accuracy, and is therefore one of the most
frequently used techniques for various research
in the field of geodesy.

VLBI originates from local interferometry
used by astronomers to study the position and
structure of distant cosmic objects. It has been
applied for more than 50 years, since the mid-
1960s (Schuh & Behrend, 2012).

The development of atomic clocks in the
1970s made it possible to completely separate
two antennas, so that the interferometric data
were received independently on both stations,
after which their correlation by synchronizing
the clocks was done. Soon after the first
observations in 1967, the VLBI attracted the
interest of the surveyors. Today, the VLBI plays
a significant role in measuring the movement
of tectonic plates, determining the Earth’s
orientation in the inertial reference frame,
and generally has great application in radio-
astronomy and geodesy (Campbell, 2004;
Plank, 2013; Sovers, Fanselow, & Jacob, 1998).

Geodetic VLBI is an advanced technique
of satellite geodesy, with which the distance
between the antennas placed on the surface
of the Earth is determined with an accuracy
of a few millimeters, by measuring the time
difference of arrival of a radio waves which are
emitted by quasars distant up to several billion
light-years ("What is VLBIL," 2017). The basic
working principle of the VLBI technique is
shown in Fig. 2.

For geodetic measurement of continental
plates movement, on each antenna (Fig. 3) data
from distant quasars have been received and
marked with a very accurate determination of
the time, using the hydrogen maser atomic clock
whose error is 1 second every million years.

During the VLBI measurements, at the
same time, a radio-signal from a distant cosmic
source is received on two antennas. Due to the
different position of receiving antennas, signal
reception at one station will be delayed relative
to the other. The time delay can be determined
by cross-correlation of two signals. By
observing more radio-sources and measuring
the time delay, source positions, baseline
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KalllibeHbha, MOTY C€ OJIPEAUTH TOJIOXKAjU U3Bopa,  vector between antennas and Earth’s orientation
BekTOp OasHe nuHMje nu3Mel)y antena u 3empuHn  parameters, such as UT1 and components of
opHjeHTaloHu mapameTpu, kao mro ¢y UT1 u  poles’ movement, can be determined (Molinder,
KOMIIOHEHTE KpeTama nonosa (Molinder, 1978). 1978).

OpPHEKYIHA - ARTATATASY] - CHEME
sample - digitalize - record
; e I sy

Paguo m3sop
Radio-s8uice

i correlation

Cn. 2. OcuoBuu npunnun paga VLBI texauke (Borisov, Govedarica, & Orihan, 2015)
Fig. 2. The basic working principle of the VLBI technique (Borisov, Govedarica, & Orihan, 2015)

/2

S

(" a

Cxa. 3. Paguo-teneckon npeunrka 100 m y 6nusunu Edencbepra y bemauxoj (Susic, 2014)
Fig. 3. Radio-telescope with a 100 m diameter near Effelsberg in Germany (Susi¢, 2014)

I'paduuku npukaz dasza y nocrynky VLBI The graphical representation of the
aHajnu3e, MOYeB OJ] oma)kaHuWx BenuunHa a0  phases in the VLBI analysis, starting from the
KOHAUHUX IOjeIMHaYHUX U I00amHuX pjemema, observed values to the final individual and
npukasat je Ha Ci. 4. global solutions, is shown in Fig. 4.
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r .
VLBI onaxene Bejnunte a priori KOOpAnHaTe a priori KoopnHare
(rpynHa kauisema) cTaHule M3BOpa
VLBI observables a priori station a priori source
(group delays 1) coordinates coordinates
L
kanubpaimja HHCTPYMEHTA nedopmatje
instrumental calibration 3emibe N
Jonocdepa def?;mgtl?tr;]s of
ionosphere i
Tponocd)epa a pl'iOl'i 3eM/bHHH pPeIaTHBHCTHYKH
troposphere OpHjeHTALHOHH MOJIEJT KalllibCHba
napaMeTpu relativistic delay
Cprmyp? H3t|30pa a priori Earth model
source structure srlentatten
TepMainHa aedopmaumja parameters
thermal deformation
HaruOm oce
axis offsets

PEAYKOBAHO ONAKAHO KALLbECHE
reduced observed delay

TEOPETCKO KALbECHbHhe
theoretical delay

=

U3pakaBarbe METOI0M HajMambHX KBajpara
least-squares adjustment

—

i

nojeINHAYHE Cecuje
single sessions

r1odaiHa pjelemha

global solutions

y

J

KOOpJIMHATE CTaHHIIE
KOOpAMHATE M3BOpa
BOP
npoiijeHe Tponocdepe
napameTpu YacoBHHKA

station coordinates
source coordinates
Earth orientation parameters
troposphere estimates
clock parameters

TRF

CRF
reoJIMHaMHYKH MapamMeTpu
aCTPOHOMCKH TapaMeTpH

terrestrial reference frame
celestial reference frame
geodynamical parameters
astronomical parameters

Cn. 4. lujarpam VLBI ananuze (Mayer & Schartner, 2017)
Fig. 4. The VLBI analysis diagram (Mayer & Schartner, 2017)



[TTACHUK — HERALD 23

Kammeme omakama MOXE CE OIPEIUTH
npuMjeHoM cibeneher uzpasa (Brouwer, 1985):

T=10,—1, (1
rje je t, BpujemMe IpucTH3ama paauo-Tanaca Ha
aHTeHy a, a t, BpujeMe NpUCTU3ama paano-Tanaca
Ha aHteny b (Cu. 5).
Kammeme curnana r HajjeTHOCTaBHH]€ MOXKe
Ce OMNMCAaTH Kao HeraTWBaH KOJMYHMK IPOU3BOAA
BeKTopa 0a3He JuHMje B 1 jenuHuyHOr Bekropa y
cMjepy panuo-u3Bopa U, u Op3uHe CBjeTiocTu C =
299.792458 km/s (Brouwer, 1985):
r=-2Y )
c

Observation delay can be determined using
the following expression (Brouwer, 1985):

T=1,~1, M
where t, is the time of arrival of the radio-wave on
the antenna a, and t, is the time of arrival of the
radio-wave on the antenna b (Fig. 5).

The signal delay 7 can be described as negative
ratio of the product of the base line vector B and
the unit vector in the direction of the radio-source
U, and the velocity of light ¢ = 299.792458 km/s
(Brouwer, 1985):
_BU @)

T =

C

Cn. 5. OcnoBau VLBI tpoyrao (Mayer, Bohm, Combrinck, Botai, & B6hm, 2014)
Fig. 5. The basic VLBI triangle (Mayer, Bohm, Combrinck, Botai, & Bohm, 2014)

HeraruBan nipen3Hak ciujen U3 YHNEHCHUIIC
1a je T neuHrcaHo Kao MO3UTUBHA BETMUMHA KO
CHUTHAJI MPUCTUTHE KaCHH)E Ha CTaHHIM D y omHOCY
Ha cranuity a (Brouwer, 1985).

VYnasbeHOCT ce TIOTOM MOXKE CpadyyHaTH U3
reoMeTpHje, Tj. AUPEKTHOM TPHUAHTYJIAIN]jOM.
MHOXemheM Kalllibhemha U Op3uHE pajro-Tanaca
(6p3uHa cBjeTaOCTH C), MOXE C€ OAPEAUTH
KOMITOHEHTA YIaJhbeHOCTH m3Mel)y aHTeHa y cMmjepy

The negative sign follows from the fact
that 7 is defined as a positive value if the signal
arrives later at station b in relation to the station
a (Brouwer, 1985).

Distance can then be calculated from
the geometry, which is a direct triangulation.
Multiplying the delay and velocity of radio-waves
(the velocity of light C), the distance between the
antennas viewed from the direction of radio-

149



TOPAHA TOJOPUR, JIEJAH BACHR U IPATOJbYE CEKYJIOBUR
GORANA TODORIC, DEJAN VASIC AND DRAGOLJUB SEKULOVIC

pamguno-tanaca (Togopuh, Bacuh, & Bacussesuh,
2016).

Omnpema VLBI cucrema neduHHMIIIEe TEONETCKY
pedepeHTHY TauKy y MpPOCTOPY U BpPEMEHY.
Crnoxenoct VLBI cuctema 3axtujeBa JeTajbHy
aHanmuzy mweroBux ocobuna (Hase, Corey,
Koyama, Shaffer, Petrachenko, & Schliiter, 2005).
Omnpema ce KapakTepuIlle OJHOCOM CUTHAI-IITYM
KOJU c€ MOKe JIe(hMHUCATH U3PA3OM:

T, 1,
SNR=f-V- |= Tz 2Av-T, (3)

©2

B

rgje je f = 0.5 VLBI ¢akrop mporeca 3a
JEeMHOOUTHO MPHKYIUbake, V=1 je HopMam3oBaHa
BHJUBUBOCT M3BOpa, T, je TeMIeparypa aHTeHe,
T, je Temmeparypa cucrema, 24v je Huksucrosa
cToIa TMPHKYIJbamka, a T j& BPEMEHCKH HHTEPBA
UHTETpaIyje.

3axTjeBU TAYHOCTH 3a TeHepaTop PPEKBEHIH]jS
¥ aTOMCKH YaCOBHHMK MOTY OWTH OLHjCHEHU
u3 ommre VLBI jegnaunne, koja ce mpommupyje
napaMeTpuMa YaCOBHHKA, BPEMEHCKUM
KanmbemeM 1 ppeksenijoM (Hase et al., 2005):

cr:lgl;+cAT+c(T—7}))£+..., o
c f

3artum ce 1obwuja:

ch:chT+c(T—75)%, (5)

raje je C Op3uHA CBjEeTVIOCTH, 7 BPEMEHCKO
Kalmeme, 47 noMjepaj yacoBHUKa, dAT Tpenika
nomMjepaja yacoBHUKa, 7-7, BpEMEHCKU MHTEPBAJI,
Af/f momjepaj penatuBHe (pexBenuuje u dAf/f
rpelka rnomjepaja ppexBeHIyje.

[TomiTo je mMpenu3HOCT Mjepermha BPEMEHCKE
pasnuke HekolIMko mukocekyHau, VLBI oxpelyje
penaTuBHE MOJIOXKaje KoomnepHiryhux Teneckona
ca npenu3Houihy o7 HEKOIUKO MHIUMETapa U
M0JI0XKaje paano-u3BOpa ca mpenusHomhy ox
HEKOJIMKO JTy4HUX MuinceKkyHau. VLBI nonanu
MPUKYIJbajy ce Hajuyemrhe TOKOM IEpHOAA Of
24 cara, Ipu YeMy ce ONa)kamka BpIIE Ipema
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waves can be determined (Tomopuh, Bacuh, &
BacusseBuh, 2016).

The instrumentation of a VLBI system
is defining the geodetic reference point in
space and time. The complexity of a VLBI
system requests an detailed analysis of various
features in the system (Hase, Corey, Koyama,
Shaffer, Petrachenko, & Schliiter, 2005). The
instrumentation is characterized by a signal-noise-
relation that can be defined by the expression:

SNR=f-V T Loy 5
= f{.7V. 1 2, v-T, 3
T T, 3)

where f = 0.5 is the VLBI processing factor
for one bit sampling, V=1 is the normalized
visibility of the source, T, is the antenna
temperature, T, is the system temperature,
24v is the Nyquist sample rate, and 7 is the
integration time interval.

The accuracy requirements for the clock
and frequency generator can be estimated
from the basic VLBI equation, with the
extension due to the clock parameters, time
offset and frequency (Hase et al., 2005):

cr=l§l;+cAT+c(T—]z))£+..., 4)
c S

Then it is obtained:

CdT:CdAT'FC(T—T'O)%, (5)

where C is the velocity of light, 7 is the time delay,
AT is the clock offset, dAT the error of the clock
offset, 7-T, the elapsed time interval, 4f/f the
relative frequency offset and dAf/f the error of the
frequency offset.

Because the precision of the time difference
measurement is of a few picoseconds, VLBI
determines the relative positions of coooperating
telescopes with a precision of a few millimeters
and the positions of radio-sources with a precision
of a few milliseconds of arc. VLBI data is usually
collected over a period of 24 hours at about
30 quasars in about 300 different directions
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npubmkHo 30 kBaszapa, y oko 300 paznuuuTux
cmjeposa ("Projects VLBL" 2017).

3a morpebe VLBI Texnuke Hajuemhe ce
kopucrte gpeksenimje usmehy 0.5 GHz u 22 GHz
LITO OArOBapa TaJlaCHUM Jy:KMHaMma o7 75 cm 10
1.3 cm, pecniektrBHO. OBaj OTICET MpHITaIa paio-
tanacuma (Todori¢, Vasi¢, & Sekulovié, 2017).

Axo Behu Opoj mobanHo pacniopehennx VLBI
aHTEHa BPILIH HCTOBPEMEHA OlTayKarba BUIIIC PaJIo-
u3Bopa pacnopeheHux Ha HeOy, UCTOBPEMEHO
Ce MOTY OJPEIMTH TI0JIOXKA] U3BOPA, PEIaTHBHU
TPOAMMEH3UOHAIHU T0JI0KA] CBAKE aHTEHE U
opujenTanuja 3emibe y ceemupy ("Projects VLBL,"
2017).

OCHOBE TEOPUIJE TIOMJEPAIHLA
KOHTUHEHATA

Andpen Berenep, meMauku METEOpPOJIOT
u reopusuuap, u3Huo je 1912. ronuHe cBOjy
MPETIOCTaBKy Ja Cy CBM KOHTHMHEHTHU HEKaj
OWJIM TMO jeTHOT BEJIMKOT KOHTHHEHTA, Of] KOTa
Cy ce OJBOJWJIM U MOMjepalid 10 MjecTa Iije cy
caja. BerenepoBa mpernocTtaBka MpBo je Ouia
3aCHOBaHA Ha HAUYMHY Ha KOJU C€ KOHTUHEHTH
Mel)ycoOHO yKIamnajy, ¥ u3BeleHa U3 pe3ysiTara
ynopehuBama CTpyKType CTHjeHa U KOMITO3HILIUje
obanHux nuHUja. Berenep je Taxkohe mpoyuaBao
pacnopen; pocuna, JOKalHje U CAUIHOCT, ¥ TIOHOBO
Hamao jaky nose3asnocr ("Introduction to," 2017).

Pa3Bojy BerenepoBe Teopuje IOMPUHOC
Cy Jald U jJy’)KHOA(QpPUYKHU Teosior AJeKCaHaep
Iy Tou mpoy4aBameM reojioruje u OUJBHUX H
KHUBOTUILCKUX (ocuia yrpal)eHUX y cTHjeHaMma,
Te 1Ba HayuHHKa ca KemOpuna, {pymona Martjysc
u @penepuk BajH, OpUTaHCKH MOPCKH T'€0JI03H
u reousnyuapy, KOju Cy CBOj€ HCTPAKHBAHE
3aCHOBAJIM Ha MasicoMaraeTn3My. Konauno, Tokom
1960-ux rogrHa TeopHja MOMjepara KOHTUHEHATa
je yHHuBep3asHo npuxBaheHa.

[Ipema oBOj Teopuju, ¢U3UYKAa MOBPII
3eMJbe CacTOju C€ OJf HH3a TAaHKUX, TBPIUX
mio4ya Koje cy y CTajgHoM mokpery. [loBpin
CBaKe IJIOYE CACTaBJbEHA j€ O]l OKEaHCKE WM
KOHTHHEHTaJHe Kope. [Tnoue Mory Outu nedene
no 70 km axko cy cacraBjbeHE Off OKEaHCKE
kope win 150 km ako caapxe KOHTHHEHTAIIHY

("Projects VLBIL," 2017).

For the purposes of VLBI technique,
commonly used frequencies are between 0.5 GHz
and 22 GHz which corresponds to wavelengths of
75 cm to 1.3 cm, respectively. This band belongs
to the radio waves (Todori¢, Vasi¢, & Sekulovic,
2017).

By observing a number of sources arranged in
the sky with more VLBI antennas distributed on
the Earth’s surface, which perform observations
together, at the same time the position of the
source, a three-dimensional position of each
antenna and orientation of the Earth in space can
be determined ("Projects VLBIL," 2017).

BASICS OF THE THEORY OF
CONTINENTAL DRIFT

Alfred Wegener, a German meteorologist and
geophysicist, in 1912, presented his hypothesis
that all continents once formed a part of one
great continent, from which they separated
and moved away to the point where they are
now. First, Wegener’s hypothesis was based on
the way the continents fit together, comparing
the structure of rocks and composition of
the shorelines. Wegener also studied fossils
distribution, locations and similarity and again
found a strong connection ("Introduction to,"
2017).

The South African geologist Alexander Du
Toit, who studied geology and plant and animal
fossils embedded in rocks, and two scientists
from Cambridge, Drummond Matthews and
Frederick John Vine, British sea geologists and
geophysicists, whose research was based on
palaeomagnetism, gave a significant contribution
to the development of Wegener’s theory. Finally,
during the 1960s, the theory of continental drift
was universally accepted.

According to this theory, surface of the
Earth consists of a series of thin, solid plates that
are in constant motion. Surface of each plate is
made of oceanic or continental crust. The plates
can be up to 70 km thick if made of oceanic
crust or 150 km if they contain continental crust.
Plates move at different velocities ("Introduction
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kopy. Ilmoue ce kpehy paznumuutum Op3uHaMa
("Introduction to," 2017). 3empuHA TEKTOHCKA,
CEeM3MHUYKa U BYJIKaHCKa aKTUBHOCT jaBJba Ce
Ha IpaHUIlaMa CyCjelHUX Iuloya. TpeHyTHO ce
cMmarpa Ja ce Iuiode Kpehy yciben cTpyjama
TOIUIOT Ba3AyXa y3pOKOBaHOT XjalemeM je3rpa
U pain0aKTUBHOIINY pacTOMJbeHE MarMe HUCIoA
roya. Hajoossu npumjep je pacjen Can Anapeac
y Kamudopuuju. /IBuje moue xpehy ce 604nO
jenHa mopen Apyre, Ipu YeMy ce He cTBapa HUTH
ce yHMIITaBa okeaHcka kopa. VLBI mjepema
ykazyjy na Ilamu¢puuka moda KIM3u THopen
CjeBepHOaMepHUKe TUIOUE OP3UHOM OJ1 OKO 5 cm
romuiime ("Introduction to," 2017).

I[TPUMJEHA VLBI 3A MJEPEILE
ITOMJEPABLA KOHTUHEHTAJIHUX
ITJIOHA

OnpehuBameM pegaTUBHOT TPOAUMEH3-
HMOHAHOT TOJ0Xaja To0airHo pacrnopelheHunx
TEJIECKOoNa, C Mpeuu3Houmhy oJ HEKOJIUKO
MUJIIMETapa, KpeTamba 3eMJbUHUX TEKTOHCKUX
mioya MOTY Cc€ JHUPEKTHO MjEepHUTH.
JIBajieceToronIIma NCTOPHja Mjeperba pacTojama
mmel)y antene Bectdopn y Macadycercy u aHTeHe
Bernen y Bbbemaukoj, mokasasna je a ce pactojame
mmehy CjeBepre Amepuke u EBporie moBehaBa
CTaJHOM Op3MHOM 0] OKO 17 mm rouiime.

[Mpubnuwxuo 20 paguo-Teneckorna,
MOCTaBJHEHUX IIMPOM 3eMIbHHE KyTie, Mel)ycoOHO
Cy TOBE3aHU U KOOPIMHHCAHU TAaKO Ja CTBOPE
CKBHBAJICHT je/JHE BEJIMKE KOXEPEHTHE aHTEHE.

Wurtepdepomerpu Beoma TauHO Mjepe TajlacHe
Ty>KHHE CBJeTJIOCTH M yAasbeHOCTH. OHH IIajby J1Ba
pazmo-cUrHania u KopucTe HHTepepeHIrjy Taaaca
na u3Bpie Mjepema. Teneckornu y Becrdopay u
Berneny ynamenu cy oxo 6,000 km. 13 Bucoxo
nperusHux VLBI mjepema moryhe je yrBpauTu
MHJIMMETapCKe MMPOMjEHE Y TO] YIaJbeHOCTH.

3eMJbMHA KOpa CacToju ce o cenam Behux
Y HEKOJIMKO MamUX TEKTOHCKUX Tuioda. Hajeehe
iode npukaszane cy y Tab. 1. Cse Behe mioue cy
KOHTHUHEHTaJHe, ocuM [lann¢puuke ruioue koja
je oKeaHCKa. Y 3HauajHEe Mame IJIoYe CIaiajy:
ApaOujcka, Kapuncka, Xyan ne ®yka, Hacka,
Oumunuacka u [1korcka mioda (C. 6).
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to," 2017). The Earth’s tectonic, seismic and
volcanic activity occurs at the borders of
adjacent plates. Current theory is that the plates
move due to the flow of warm air caused by
the cooling of core and radioactivity of melted
magma beneath the plates. The best example is
the San Andreas Fault in California. Two plates
move sideways next to each other whereby the
oceanic crust is not being formed or damaged.
VLBI measurements show that the Pacific plate
slides along the North American plate at a rate
of about 5 centimeters per year ("Introduction
to," 2017).

VLBI APPLICATION FOR
MEASUREMENT OF CONTINENTAL
PLATES MOVEMENT

By determining the relative three-dimensional
position of globally distributed telescopes with a
precision of a few millimeters, the movement of
Earth’s tectonic plates can be directly measured.
Twenty-year history of the distance between
Westford, antenna in Massachusetts, and Wettzell,
antenna in Germany, showed that the distance
between North America and Europe is increasing
with steady rate of about 17 millimeters per year.

Approximately 20 radio-telescopes located
throughout the Earth’s globe, are interconnected
and coordinated to create the equivalent of one
large coherent antenna.

Interferometers very accurately measure the
wavelengths of light and distances. They send
two radio-signals and use the wave interference
to execute the measurements. Two telescopes in
Westford and Wettzell are distant around 6,000
km. From high precision VLBI measurements, it
is possible to see a millimeter difference in that
distance.

The Earth’s crust consists of seven major and
several minor tectonic plates. The largest plates are
shown in Tab. 1. All major plates are continental,
except for the Pacific plate which is oceanic.
Some significant minor plates are: Arabian plate,
Caribbean plate, Juan de Fuka plate, Naska plate,
Philippines plate and Scotland plate (Fig. 6).
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Ta6. 1. Hajeehe Texroncke mioue (CrankoBuh, 2011.)
Tab. 1. The biggest tectonic plates (Crankosuh, 2011)

Ha3suB muroue / IMosprmnaa (10°%km?)/ KonTunent /

The name of the plate Area (10°km?) Continent
Tixookearncka (HauH(quKa) 103.3 Tuxwu okean / The Pacific
wioua / The Pacific plate

. CjeBepHa Amepuka u

I?:gﬁ?;?:;iiq;zzﬂoqa / The 75.9 cjeepouctouru Cubup / North
America and northeastern Sibir

EBpoasujcka mnoya / 678 EBpona u Asuja /

The Eurasian plate ' Europe and Asia

Adpnuka rtoua / 613 Adpuxka /

The African plate ' Africa

AHTapKTHYKa TuIoya / 60.9 AHTapKTUK /

The Antarctic plate ' Antarctic

Wunpno-aycrpanujcka mioda / The 479 Ayctpanuja u Uanuja /

Indo-Australian plate ) Australia and India

Jyxxnoamepuuka mioya / 436 Jyxxna Amepuka /

The South American plate ' South America

N

Iammduuka *°

nioqa

jio4a
Pacific
Plate

e

bie

» -

HTApTHYKa 17104a
Antarctic

Cx. 6. TexkToHcKe TIode Ha 3eMibHHO] oBpIH (Susic, 2014)
Fig. 6. Tectonic plates on the Earth surface (Susi¢, 2014)
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WHaupekTHH A0Ka3u pa3luYUuTUX BpCTa
MOKazyjy J1a ce oBe Iuiode kpehy jeana y onHocy
Ha Jpyry Op3uHaMa o] HEKOJHMKO LIEHTHMEeTapa
rofulmbe (3aCHOBAHO Ha JYTOPOYHUM
padyHamUMa MPOCjeYHUX BPUJEIHOCTH MoJaTaKa
npahema). Y mocibebUX HEKOIUKO JCICHH]A,
T'€0JI03H Cy JIOILIN JI0 3aKJby4Ka Ja 3eMJbHHA Kopa
HUj€ YBPCTA U HECABUTJbUBA, U /1 CE CIOJhAIIHE
KapaKTepUCTHKEe 3eMJbe MHU]eHA]y YCIbea
uHTepaknuja udmely oBux miaoda (Morabito,
Claflin, & Steinberg, 1980).

[NPAKTUYHA PAYYHAIBA

Ha ocHOBy nozparaka rnpey3eTix ca MHTEpHET
ctpanunie Mehynapoaue VLBI cinyxbe 3a
reojie3njy u actpomeTpujy — http://ivscc.gsfc.
nasa.gov./index.html, u3Bpmena je ananuza
npoMjeHe koopauHara Hekonmuko VLBI cranuma
3a nepuoj oj aAeceT roauHa, ox 2004. no 2014.
TOJIMHE.

Pasmarpane cranure cy:

— paxnuo-teneckon npeynuka 20 m y Berneny
y tbemauxoj (Wettzell) (Cn. 7),

— paauo-teneckon npedynuka 20 m y Hosom
Anecynny, Ha octpBy Cnurcbepres y
Hopgeuikoj (Ny-Alesund),

— pazauo-Teneckon npeyHuka 32 m 'y Cemoy
y Pycuju (Svetloe),

— paamo-teneckon npeunuka 32 m 'y banapujy
y Pycuju (Badary),

— paauo-TeJaecKon IMpeyHuka 32 m vy
3enenuykckaju y Pycuju (Zelenchukskaya),

— paauo-Teneckor npeyHuka 14.2 m cmjemren
oko 30 km ucrouno ox @opranese y bpazuiy
(Fortaleza),

— paauo-TEJNEeCKONl MpeyHuka 6 m 'y
Kouncencuony y Yuney (71GO Concepcion), u

— PpaaMo-TerecKon npedHuka 26 m y Xobapry
y Aycrpanuju (Hobart).
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Indirect evidences of different types show
that these plates move relative to one another
at a rate of a few centimeters per year (based
on long-term calculations of average values
of monitoring data). In the last few decades,
geologists have come to the conclusion that
the Earth’s crust is not firm and rigid, and
that the external characteristics of the Earth
change as a result of interactions between
these plates (Morabito, Claflin, & Steinberg,
1980).

PRACTICAL CALCULATIONS

Based on the data taken from the International
VLBI Service for Geodesy and Astrometry
website — http://ivscc.gsfc.nasa.gov./index.html,
an analysis of the change of coordinates on some
of the VLBI stations for the past ten years, more
precisely in the period from 2004 to 2014 has
been executed.

Stations that were discussed are:

— radio-telescope with 20 m diameter in
Wettzell in Germany (Wettzell) (Fig. 7),

— radio-telescope with 20 m diameter in the
New Alesund, on the island Spitsbergen in
Norway (Ny-Alesund),

— radio-telescope with 32 m diameter in Svetloe
in Russia (Svetloe),

— radio-telescope with 32 m diameter in Badary
in Russia (Badary),

— radio-telescope with 32 m diameter in
Zelenchukskaya in Russia (Zelenchukskaya),

— radio-telescope with 14.2 m diameter located
about 30 km east of Fortaleza in Brazil
(Fortaleza),

— radio-telescope with 6 m diameter in
Concepcion in Chile (TIGO Concepcion), and

— radio-telescope with 26 m diameter in Hobart
in Australia (Hobart).
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Cn. 7. Papuo-teneckonu npeynnka 20 m y reoieTckoj ornceparopuju y Betueny y bemaukoj
(Schuh & Behrend, 2012)

Fig. 7. Radio-telescopes with 20 m diameters in geodetic observatory in Wettzell in Germany
(Schuh & Behrend, 2012)

VY ckiony oOpajae mojaTaka, MpPBO CYy
JexaproBe reoueHTpuyHe koopauHare (X, Y, Z)
y MebhynapoaHom TepecTpuukoM pedhepeHTHOM
cuctemy (ITRS) tpanchopmucane y reogercke
KoopauHare (reomercka mupuHa B u reomercka
nyxuHa L) pedepentnor enunconna GRS 1980,
npeMa uspazuma Bpauapuh u Anexcuh (2007):

Y
L =arctg—, (6)
& X

B =arct 4 11— Ne' i 7
Vs U N+ ) @

rgje je N moimynpedyHuK KpUBHMHE EJIMIICOMAA
0 TPBOM BEpPTHUKAy, € NPBU HYMEPHUYKH
SKCLUEHTPUIIUTET, a h enumncoumgHa BHCHHA
(Mihailovi¢ & Aleksi¢, 2008).

[Momwrto momynpeunuk kpuBuHe N 3aBUCH Of
reonieTcke mupuHe B, uzpas (9), mpumjemyje ce
UTEPATUBHU TOCTYNAaK 32 pauyyHame IIMPHHE,
3aCHOBaH Ha JOBOJFHO JTOOPOM MPHUOIIKEIY.
Kaxo je enunconaHa BucuHa N MHOTO Mama 0]
nojynpeyHuka kpuBrHe N, MOXe ce y3eTu Ja je
h=0. Cana u3pa3 (7) uma o0IHK:

As part of data processing, first the
transformation of coordinates from Cartesian
geocentric coordinates (X, Y, Z) in International
Terrestrial Reference System (ITRS) to geodetic
coordinates (latitude B and longitude L) of
reference ellipsoid GRS 1980 was obtained,
according to following expressions Bpauapuh and
Axnexcuh (2007):

Y
L =arctg—, (6)
& X

B=arct 4 11— Ne i 7
S U N+ | @

where N is the radius of the ellipsoid curvature
along the first vertical, € is the first numerical
eccentricity, and h is the ellipsoid height
(Mihailovi¢ & Aleksi¢, 2008).

Since the radius of curvature N depends
on the geodetic width B, the expression (9),
iterative method for calculating the width
is applied, based on a sufficiently good
approximation. Since the ellipsoid height h is
much smaller than the radius of curvature N,
it can be taken that h=0. Now the expression
(7) has the form:
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B:arctg(L(l—e2 )_lj, (®)
VX +Y?

Te ce B Moke u3padyHaru. l'eofercka mupuHa
onpehena u3 (8) o3HauaBa ce ca B jep npeicTaBsba
HIMPUHY U3 HyilTe anpokcumanuje. Cibenehu
KOpaK je Jia ce B yBpCTH y U3pase:

a
Ne—or .,
J1-¢e*sin’* B ©
p XY (10)

cos B

xako Ou ce cpauyHamu N u h, 1j. N, u h. ITotom
ce ose Bpujeanocty Ny u h yspmirasajy y uspas
(7) xaxo 6u ce nobuna mupuna B, . [loctynak ce
HaCcTaBJba TaKO LITO CE HA OCHOBY B, pauyHajy
N, u hl, utn. PauyHame ce mpekuma kaua je
pasnuka u3melyy B u h u3 i-te urepanuje u B
u h u3 i-1 urepanuje Mama O HEKE MPETXOIHO
ytBphene Bpujennoctu (Mihailovi¢ & Aleksic,
2008).

[ToTom cy Ha OCHOBY T€O/IETCKHX U3padyHaTe
npaBoyriie UTM (Universal Transverse
Mercator) koopaunare (X, Y) (Snyder, 1987):

x=§Rkoln[(]+B)(1—B)], (11)

WITH:
x = Rk,arctghB,

v =Rk, [arctg [tggp/ cos(i -4 )] - %]a (12)
k=k/(1-8°) ",

raje je:
B=cosgsin(1-14,), (13)

k, je ¢axtop pasMjepe ayX LEHTPAJIHOT
MepuIjana 4.

JloOujene KOOpAMHATHE DPA3JIMKE Yy JAaTOM
NepUONly NPEACTaBIbEHE Cy I'padUyKu y BUIY
rpadukona u Bekropa Ha Ci. 8§ U HyMEpUUKH Y
Tab. 2. lonuima nomjepama u3Mehy nojequHux
KOHTUHEHTAJHUX IUIoYa Cy peAa BeJIHYHMHE
LEHTUMETPA.

[ToMjepame MmojelMHUX CTaHHUIA JOOUjEHO
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YA -1

B=arctg| ——-(1-¢* , 8

A ) e
and B can be calculated. The geodetic width
determined from (8) is denoted by B, because it
represents the width from the zero approximation.
The next step is to put B in the following
expressions:

N_ a
\J1—-é*sin* B ’ ©)
b X2 472 N, (10)

cos B

in order to calculate N and h, i.e. N and h . Then,
these values of N, and hjare included in the
expression (7) in order to obtain the width B,. The
procedure proceeds by calculating N, and h, based
on B, etc. Calculation is interrupted when the
difference between B and h from the i-th iteration,
and B and h from the i-1 iteration is less than
some previously determined value (Mihailovi¢ &
Aleksi¢, 2008).

Then, from geodetic coordinates, the
rectangular UTM (Universal Transverse Mercator)
coordinates (X,y) are calculated (Snyder, 1987):

x=§Rkoln[(1+B)(]—B)], (11)

or:
x = RkyarctghB,

y = Rk, [arctg [tg(o /cos(ﬂ -4 )] - go()} (12)
k=k /(1-8°)",

where is:
B=cosgsin(1-4,), (13)

k,is the factor of scale along the central meridian
Ay

The coordinate differences obtained in
the given period are presented graphically by
graph and vectors in Fig. 8 and numerically in
Tab. 2. Annual movements between individual
continental plates are of the order of a centimeter.

Movement of individual stations was
obtained from the coordinate differences Ax



[TTACHUK — HERALD 23

Jj€ U3 pa3nuKa KoopauHara Ax u Ay y nojeAnHIM
eroxama, Ipema u3pasy 3a J1yKUHy:

dz«/Aszrsz.

(14)

AszumyTtu Bektopa Ha Ci. 8 cpauyHatu cy

KopHIhemeM u3pasa:

0 = arctg &
Ay

and A4y in individual epochs, according to the

expression for the length:

d = A + Ax.

(14)

The azimuths of the vector in Fig. 8 are
calculated using the expression:

0 = arctg ﬂ
Ay

Tab. 2. [Tomjepaju VLBI cranuna Ha roqunimeM HUBOy U 'y iepuofy oz 2004. 1o 2014. ronune
Tab. 2. Movement of VLBI stations annually and in the period from 2004 to 2014

Hazus VLBI . Momjepaj (y cm) [Tomjepaj (y cm) 3a
KonTtunent Ha xojem ce 3a mepuon ox 10
cranune / The . niepuron ox 1 roguue /
craguia Hainasu / Continent on | roguaa / Movement ;
name of VLBI . . . Movement (in cm) for
. which the station is located (in cm) for the .
station . the period of 1 year
period of 10 years
Wettzell EBpomna / Europe 9 1
Ny-Alesund EBpomna / Europe 7 1
Svetloe EBpoma / Europe 5 1
Badary Azpja/ Asia 21 2
Zelenchukskaya EBpomna / Europe 11 1
Fortaleza JyxHa AMepgKa / South 9 1
America
TIGO Jyxna Amepuka / South
. . 36 4
Concepcion America
Hobart Ayctpanuja / Australia 80 8
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100 ITomjepama VLBI cranuna / The movement of VLBI stations
80 /
z 60
40
0 &=
Wettzell |Ny-Alesund| Svetloe Badary Zelle;nchuks Fortaleza TIGO. Hobart
aya Concepcion
=== cm/10 roJ1. 9 7 5 21 11 9 36 80
cm/1 rog. 1 1 1 2 1 1 4 8

Hoen O.rlec_\'l:il
Ny-Alesund

5 em/rojg — Xobapr
S em/yr. Hobart

®oprajena
Fortaleza

HUI'O Koncencnon
B TIGO Concepcion
RS

Cn. 8. I'paduuxu (rope) 1 BEKTOPCKU MPHKA3 (J1071e) MoMjepamha KOHTUHEHTATHHUX TUI04a Ha
TOJTUIIIEEM HUBOY
Fig. 8. Graphic (upper) and vector display (down) of annual movement of continental plates

3AKJbYYAK

['maBHM TONPUHOCH HAyYHHX UCTPAKUBAHHA

Ha OCHOBY onakamwa u3BeJeHux VLBI Texuukom

o0yxBarajy:

— jeIHO3HAYHE MapaMeTpe OpujeHTanuje 3eMibe
3a IOBE3UBAKE TEPECTPUUKOI M HEOEecKor
pedepeHTHOT OKBHpA,

— 00e30jehuBame cTabuiHe pazMjepe 100amTHor
TEPECTPUUKOT peepEeHTHOT OKBUPA, U

— obe30jehuBame HAJIPEIM3HUJUX  Mjeperba
Iyro-TajacHe aykuHe nedopmanuje 3emibe,
yrMe ce 06e30jehyje ctabunHocT rodanHor
OKBHpAa U J1aje yBHJ Yy OTpaHMYCHa Koja
701a3e Ol TEOJMHAMUYKHUX Ipoleca Kao
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CONCLUSION

The main contributions of scientific

research based on observations of VLBI
techniques include:

unambiguous Earth orientation parameters
for connecting the terrestrial and the
celestial reference frame,

providing the stable scale of the global
terrestrial reference frame, and

providing the most accurate measurements
of the long-wavelength deformation of the
Earth, which ensures the stability of the
global frame and provides insight into
the limitations arising from geodynamic
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IITO Cy TEKTOHUKA IUIOYA U IMOCTIIIEUepCKa

U3IM3amba.

Ha ocHoBy ananmu3e mpomjeHa KOOpAMHATA
VLBI cranuna 3a nepuog ox 10 ronuna, nmpema
nogaunma Mehynapoaqne VLBI cnyxbe 3a
reo/ie3njy W acTpoMeTpujy, yTBpheHo je ma
IoMjepama CTaHWIA Ha TOAMIIEM HHUBOY
M3HOCE HEKOJIHMKO LIEHTUMETapa.

EBpoasujcka KOHTHHEHTAJIHA ioya
roMjepa ce oj 3amaja Ka MCTOKY INPOCjeYHOM
OopsunoM on 1.2 cm romumme. [lomjepame
Jy)xHoaMepHuKe IJIoYe YCMjEpPEeHO je Tpema
CjeBEpOMCTOKY, a MpocjeyHa Op3uHa MoMjepama
je 2.5 cm rogumme. MHno-aycTpanujcka mioda
rmoMjepa ce Ka CjeBepy MpocjedHOM Op3UHOM Off
8.0 cm romumme. 300r HeOCTaTKa MoAaTaKa Ha
uHTepHeT cTpanui Mehynaponne VLBI ciyx6e
3a TeoJIe3ujy M acTPOMETPH]Y, HUje pa3MaTpaHo
noMjepame Tuxookeancke, CjeBepHOaAMEpHUKE,
Adpuuke 1 AHTapKTHUKE TIJI0YE.

VLBI mpencraBipa Wu3BpCTaH ajar 3a
Mjepee reolMHaMMYKUX T10jaBa, jep 06e30jehyje
BHUCOKY TauyHOCT Mjepema U Jyre BPEMEHCKe
cepuje omaxama M TPHUKYIJbama I0jaTaKa.
Mjepeme noMjeparma KOHTHHEHTAIHHX TU104a he
YHAIPpUjEAUTH TEOPHjy TIOMjeparba KOHTHHEHATA,
a Mmjepeme nepopmanvja he martu 3Ha4YajHE
uHpopMaLje o CTpyKTypH utoua. Ha taj HaunH
he ce ¢dopmuparu mpencraBa o mIoOaTHUM U
JIOKaJHUM TIOMjepambiMa y (QyHKIMjU BpeMeHa.

Hamu pa3Boj VLBI Texnuke tpebano Ou
na omoryhu moBehame TayHOCTH Mjeperma, a
MOXE CE€ CHPOBECTH KPO3 MOOOJBIIAKE ONpeMeE,
OTAYKAUKHNX cTpareruja, pedpaknoHUX
MoJIeNla U aHAJUTUYKUX METOJa, IITO YKIbydyje
reofieTcko mpaheme pedepeHTHHX — Tadaka
panuo-Teneckorna, Kao U MpUMjeHy IolpaBaka
3a arMochepckd yTHLQ)] W 32 TEepMalHe
nedopmanyje teneckona. 3a Oyayhe morpebe u
MIPUMjEHE OBE TEXHHKE, TEXKH C€ MPOLINPEHY U
noryuthaBamy cBjeTcke Mpexxe VLBI cranuma.

processes such as plate tectonics and

postglacier elevations.

Based on the analysis of changes in the
coordinates of VLBI stations for a period of 10
years, according to International VLBI Service for
Geodesy and Astrometry data, it can be concluded
that the annual station movements are of a order
of a few centimeters.

The Eurasian continental plate is moving
from west to east at an average velocity of 1.2
cm per year. Movement of the South American
plate is oriented to the northeast, and the average
velocity of displacement is 2.5 cm per year. The
Indo-Australian plate is moving towards the north
at an average velocity of 8 cm per year. Due to
lack of data on website of the International VLBI
Service for Geodesy and Astrometry, movement
of the Pacific, North American, African and
Antarctic plates is not considered.

VLBI is an excellent tool for measuring
geodynamic phenomena beacause it provides high
accuracy of measurements and long time series
of observations and data collection. Measurement
of continental plates movement will develop the
continents movement theory, and deformation
measurement will provide important information
about the structure of the plates. In this way it
will be possible to know what global and local
movements occur over time.

With further development of VLBI
technique, the aim is to increase the level of
accuracy of measurement, by improving the
equipment, observation strategies, refractive
models and analytical methods, including the
geodetic monitoring of reference points of
radio-telescopes, as well as the application of
corrections for the atmospheric effect and the
thermal deformation of the telescopes. For future
needs and applications of this technique, the aim
is to expand and to increase the density of the
world net of VLBI stations.
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