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OpuruHajIH{ HayYHH pajl

I'EOI'PA®OHUJA U ITPOCTOP

Pajko I'baTo’, Cpha ITonoBuh? u O6pen I'baTo?

TlpuponHo-MareMaTiHuky Gakynret, Yausep3uret y bamoj JIymnu, Peryomuka Cpricka
2dakynTeT 3a MEIUTEPAHCKe TTOCIOBHE cTyauje, Tusar, [{pHa ['opa
*Bucoka 1Kkosa 3a Typu3aM 1 XoTenujepctBo Tpebube, Pemybnuka Cpricka

Caxerak: lleHTpanmHO nIHTaTEHE OBOI paga TH4e ce reorpadckor mpocropa cxBalieHOr y CMHCIY IOBE3aHHX H
Meljy3aBUCHHX eJleMeHaTa MPHUPOAHE M aHTpororeHe cpenuHe. [eorpadceku mpoctop u hopme reorpadckor mpocTopa
(reorpoCTOPHOCTH) JIOBOZIE CE Y BE3y C JIOTHKOM IIPOCTOpa M MPOCTOPHUM MHIUBEEHEM Ka0 PecypcoM M MHHILIM]aTHIM
(hakTOpoM pa3BOjHUX MpoIleca HA CBHM HHBOMMa T'€OIPOCTOPHE OpraHM3alldje, O JIOKaTHOTr 1o TiobamHor. OBo
CTAHOBUIIITE MMO3UIIMOHIpPA reorpadujy Kao HayKy o reorpad)ckoM mpocTopy U (popMama reonpoCcTOpHOCTH.

Kibyune pujeun: reorpaduja, reorpagcKu IpocTop, reorpaduja mpocropa, eIeMEHTH IPOCTopa, GyHKIH]je MPOCTopa,
MIPOCTOPHO MHUIIBEHE, JIOTHKA IPOCTOPA.

Original scientific paper
GEOGRAPHY AND SPACE

Rajko Gnjato!, Srda Popovi¢? and Obren Gnjato®

"Faculty of Natural Sciences, University of Banja Luka, Republika Srpska
2Mediteranian Buisness Studies College, Tivat, Montenegro
3College of tourism and hotel management Trebinje, Republika Srpska

Abstract: The central issue of the paper refers to geographical space, which is being perceived as a sum of connected
and inter-reliant elements of natural and anthropogenic environment. In addition, geographical space and its forms (geo-
spatiality) are being brought into connection with the space logic and spatial thinking as resources and initial factors
of development processes at all levels of geospatial organization, ranging from local to global ones. This point of view
makes geography a science on geographical space and forms of geo-spatiality.

Key words: geography, geographical space, geography of space, elements of space, functions of space, spatial thinking,
space logic.

TEOPUJCKA U [TPAKTUYHA [TUTABA Y THEORETICAL AND PRACTICAL

BE3U C [TIPOCTOPOM U TI'EOI'PA®OCKUM
I[MTPOCTOPOM

[Ipoctop 1 Bpujeme cy iBa OCHOBHA NTUTakba
Koja, Beh BHjeKoBHMa, IpUBIIaYe MaXKby HayYHUKA
pasnmuuute opujentanuje. Illta je mpocrop? Ha
OBO TMHUTamE HayKa oIl HUje Jaja KOHAYaH U
OMILTENPUXBATIHUB 0JroBop. Mnak, Hajuenthe,
TOJ] OIIITUM [TOJMOM MPOCTOP TOAPa3yMHjeBaMO
yHuBep3yM. Kako je HacTao u 1mTa ra cBe YMHU
TO jOII YBHjE€K HE3HAMO. 3HaMO Jia 1ocToje Opoje

QUESTIONS IN LINE WITH SPACE AND
GEOGRAPHICAL SPACE

Space and time are two fundamental
issues which have been attracting the attention
of different scientists for centuries. What
is space? Science still has not provided a
final and generally accepted answer to this
question. Nevertheless, it is the universe
what we generally perceive as space. One
thing we do not know for certain is how it
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XHUIIOTEe3€ O]l KOjUX OHa 0 Bemmkom mpacky, 3a
caa, uma Hajehy moapuiky. Ilo Toj xumnoresu
MarepHja, IpoCTop U BpHUjeMe HACTANIU CY Y HCTOM
MOMEHTY, IIITO 3Ha4M J]a YMHE jeAUHCTBO. [Ipema
MCTOj XUIOTE3H MPOCTOP Ce MIHUpH, y onpehenom
MOMEHTY TOYHIbE JIa Ce CaKMMa I1a OTIEeT Jia ce
mupu ¥ Tako nuxinyHo?!!!. biwka ogpenHuna
MIPOCTOPa MMa reorpagcky JMMEH3HU]Y, 1a C THM
Y BE3H, TOBOPUMO O reorpap)ckom npocropy 1 o
reorpagju mpocropa, Te o reorpadckoj HayIH
KOja 3a MpeaMeT MpoyyaBamka MUMa MPETXOIHO
CIIOMEHYT€e MOJMOBHE KaTeropuje — reorpadcku
pocTOp U reorpadujy npocropa.

,»3a reorpadujy (Hayky o reorpadckom
npocropy, npum, P. I') cy BaskHe Tpu JOMUHAHTHE
uzeje o MpupoIu IpocTopa u BpemeHa. Teopuja
aTliCOJIyTHOT TIPOCTOpa C€ YIJaBHOM Be3yje
3a KJIACUYHY MEXaHUKY M HbyTHOBY (u3HKYy.
PenaruBHa TeopHja je YBpcTO Be3aHa 3a Anbepra
Anmrajua. Tpeha je penaruBuCTHYKA KOHIIETILH] A
Koja moruue ox JlajOHMIA, anu Koja joul uMa
crnendeHnke y puno3opckumM pagosumMa Anppena
H. Bajrxajna u Xenpuja Jledpespa. Ox HbyTtHa
MOTUYE PA3TUKOBAHE AlICOIYTHOT U PEIaTHBHOT
pOCTOpa, IITO jeé CTBap O MPBOPA3PEIHOT
3Ha4aja 3a METOMIOJIOTH]y CaBpeMeHe reorpaduje.
[To JlajoHuLIy, MPOCTOpP j€ CKYIN Yy3ajaMHHUX
MHTEpaKIMja objexara, OrpaHMUYEHUX HAYMHOM
HUXOBOT pa3Menitaja. CBaku MpoLec MPOU3BOAH
CBOj BIacTuTH npoctop u Bpeme* (I'punh, 2010,
cTp. 2-3).

[Toceban yTtunaj y Haynu, ykbydyjyhu u
reorpadujy noceOHO XyMaHUCTHUKY, UMAJIH CY
¢dunoszodeku nmornenu M. Kanra o mpocropy kao
MHTYUTUBHOM ITpou3Boay. OH ofiBaja MpocTop of
BpEMeHa, cMaTpa Ja MpOoCTOp HUje CyICTaHIIa,
Kao HU BpHjeMe, Beh je ,, apuOpHH 3HAK
YHYTpAIIBUX pelaluja, Koju He MPOUCTUYE U3
HCKYCTBa, HETO je yHuBep3anan' (ibidem, ctp. 4).

[Tocmatpano U3 yria caBpeMene reorpadje,
reorpa)cKu MPOCTOp je apeHa CBEYKYIHHX
JIPYUWTBEHUX TIpoleca ojapeheHux yTuiajem
eseMeHata u (pakropa rimobanHor reorpadcekor
npoctopa u QopmMamMa TEONPOCTOpPHE
opraHu3zaiyje (TepuTopujaau3aluje MOJTUTHIKUX,
€KOHOMCKHX, KYJITYpPHHUX U OCTaJIMX CHCTEMa
y hopMu mojeaMHAYHUX Ap’KaBa WM CaBe3a
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was created and what it comprises. However,
there is knowledge of many hypotheses
among which the Big Bang theory has so
far been most advocated for. According to
this hypothesis, matter, time and space were
created simultaneously, which means they
jointly make a unity. Furthermore, this same
hypothesis claims that space expands until
it reaches a point of contraction and then
expands again, which tends to be a recurring
process?!!!. A narrower definition of space
is the geographical one, which brings us to
the geographical space, the geography of
space, and finally, the geographical science
which studies the aforementioned notions
— geographical space and the geography of
space.

,In geography (science about geographical
space, note by R. G.), there are three dominant
ideas of the nature of space and time. The
Theory of Absolute Space is usually connected
with Classical Mechanics and Newton’s
physics. The Theory of Relativity is tightly
connected with Albert Einstein. The third one
is the relativistic concept originally posed by
Leibniz and honoured in Alfred N. Whitehead’s
and Henri Lefebvre’s philosophical papers.
It was Newton who made first distinctions
between the absolute and relative space,
which was of an utmost pertinence for modern
geographical methodology. According to
Leibniz, space is a set of interactions among
objects, which is limited by their distribution.
Each process generates its own space and
time* (I'punh, 2010, p. 2-3).

Immanuel Kant’s philosophical
observations on space presented as an intuitive
product has an immense scientific impact,
particularly in the field of human geography.
He made distinctions between space and time
and believed that neither space not time were
substances but rather ,, an apriori sign of
internal relations which did not emerge from
experience and was universal® (ibidem, p. 4).

From the aspect of modern geography,
geographical space is an arena comprising all
social processes determined by the imapct of
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npxkasa). [IpakTH4HO, MM JaHAC HEMAMO HUTH
jenaH BaJbaH PA3yor Ja OW MOCTABWIH MHUTAHKE
mTa je mpocTop (MHUCIM ce Ha reorpadcku
npocrop). LljenucxonHa nutama THUY Ce
uACHTU(UKAIM]e KOPUCHUKA MPOCTOpa, HAYMHA
KOpHUIITEeHha, MOJIeNIa OpraHu3aluje U Mojerna
pasBoja reorpadckor nmpoctopa. Takohe, BaxxHa
NUTamba TUYY ce M NIpoOieMaTHKe 3allTHTe
NpoCTOpa, pPEBHUTANM3AIMje HAPYUIEHUX H
YTPOKEHUX TEONPOCTOPHUX CHUCTEMA U CIIMYHO.

VY Be3u ¢ mpocTopoMm, OpUTaHCKU reorpad
JI. XapBej Kaxe Ja LEHTPATHO MUTAHKE HHjE
»lra je mpoctop?, Beh: ,, Kako pasznuuwute
JbYACKE MpPaKCce CTBApajy M KOPUCTE Pa3InyUTe
KoHLenTyanu3amnuje npocropa“? (Harvej, 1994,
cTp, 4-6). YHUBep3aqHO NHUTamE MPOCTOpa,
yKJbY4yjyhu u reorpad)cki pocTop, HEOIBOJUBO
je on BpemeHa. [IpakTu4Ho, BpHUjeMe U MpocTop
YHHE jeIMHCTBO, Ma j€ I[jeJINCXOHO TOBOPUTH
U 0 yTUIajy BpemeHa Ha (opme reorpadckor
poCTOpA.

Bpujeme koje je u3a Hac CTBApIIO je, pa3apaio
Y TTIOHOBO CTBApasio HOBE MaTepHjajIHe, KyJITypHE,
MOJINTUYKE, TEPUTOPHjaTHE U ciuuHe (opme
reorpakor mpocropa, 3a Koje ce Moxe pehm
Jla TIPECTaBJbajy PENAaTUBHO NudepeHIupane
reonpoctopHe cucreme. Ho, peanan reorpadcku
MIPOCTOP U POpPME reONPOCTOPHOCTH HUCY CAMO
MIPOU3BO/] MPOLLIOT BpeMeHa. HarpoTtus, oHe cy
MOJIj€/IHAaKO, WJIM JOUI BHIIE, pe3yaTar Oyayher
BpeMeHa u norpeda Oynyhux renepanuja. Jlakie,
nocrojehe gopme reorpadckor nmpocropa, ceM
CaJIallliberT, pe3yaTar cy Hernoctojehux BpemeHa
(mpouutor u Oyayher) W TpPOjeKTOBAHUX
notpeba Oynyhux renepamuja. 3aBHCHO O
MOjeIMHAaYHUX a Yemhe yKyNMHHUX Iapamerapa
reONPOCTOPHOCTH, reorpadcke popme umajy
reHepuuky yiory. Ta ymora je, mo HpBUIY,
MIPOM]je1Ba U MOJIOKHA ,,caMOPa3BOjy*, NaKie
YTHUIIA]y CONCTBEHUX CTPYKTYpa KOje UMajy yJIory
caMoOpasBoja alld U yTHIA]y CIOJBHUX (OpMH.
YenyT peueHo, camo jake (opme reorpadcekor
MIPOCTOPA, Y CMUCITY BEITMKUX HAPOAA, BETUKUX
KyATypa, pa3BUjeHUX LMBHIN3ALM]ja, CHAKHUX
MOJIMTUYKUX CUCTEMA, CHAKHUX JIP’KaBa, CaBe3a
JpKaBa U CJI, OCTBApUJIE Cy F€HEPUUKY YJIOTY,
ca cBuM obnuuuma manudecranuje. CacBum

elements and factors of global space and formm
of geospatial organization (territorialization
of political, economic, cultural, and other
systems organized as individual states or
state federations). Nowadays, we virtually
have no reason to ask what space is (by this
we refer to geographical space). Appropriate
questions are those that attempt to identify
the users of space, usage modes, models of
organization, and models of development
within geographical space. In addition,
pertinent questions are concerned with issues
of space protection, revitalization of debased
and endangered geospatial systems, etc.

Speaking of space, D. Harvey, a British
geographer, believes that the central question
is not ,,What is space? but rather ,,How do
different human practices create and use
different space conceptualizations“? (Harvey,
1994, p. 4-6). The universal issue of space,
including geographial space, cannot be
observed separately from time. Time and space
virtually make a unity so it is appropriate
to speak of the impact of time on the forms
within geographical space.

Time has created, destroyed and recreated
material, cultural, political, territorial and
other forms within geographical space, which
represent relatively differentiated forms of
geospatiality. In addition, these forms are also
a result of future times and needs of future
generations. Hence, the existing forms of
geographical space, not only the current ones,
are a result of non-existing times (past and
future) and projected needs of generations to
come. Depending on both individual and total
parameters of geospatiality, geographical
forms have a generic role. As a rule, this
role is variable and susceptible to “self-
development”, i.e. it is prone to fall under
the impact of its own structures that have
their role in self- development as well as
the impact of external forms. Besides, it is
only the strong forms within a geographical
space, such as grand peoples, large cultures,
highly-advanced civilization, strong political
systems, powerful states, or state federations,
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peajHa MuTama y CMHUCIY: KOJUM Hapoauma M
3amTo Oaml BpUMa je Mpumajaaia, uid 1 3amiTo
HEKMM M JlaHac Mpunajga TakBa (reHepuyKa)
yJora, ofigesia Ou Hac y MojujesbeHa MUILJbEHbA.
Ho, nmpuxBatsbuBUM c€ MOTY cMaTrpaTu OHa Koja
MOYMBAjy Ha JIOTHIH reorpag)ckor mpocropa,
y OKBHpY KOjer cy HacTaje pazIuuuTe KyuType,
JIOKTpUHE, cTpareruje... Jlakine, reorpagcke
dopme Ccy CTpaTeUIKU pa30jHU PECypCHU H
¢dakTop mpoMmjeHa reorpadckor mpocropa Ha
CBUM HMBOHMMA T€ONpPOCTOpPHE OpTraHu3aluje
(Tepuropujanuzanyje).

KpymHa reononutryka, KyaTypHa, eKOHOMCKa
U COIMjalTHa MUTamka y TNI00aTHOM reorpadckoM
MPOCTOPY HMajy HCTOPHJCKY M CaBpEMEHY
JUMEH3H]y U TOYMBAjy Ha JIOTHIM IPOCTOpA
U TPOCTOPHOr Munbewma. Ho, 3ajeqHuUKH
MMEHHTEJb OBUX MTUTaKka YBHUjEK je OO MOKYIIa]
npeypehema cBujeTa ¢ HUbeM CTBapama HOBUX
¢dopmu (Mozena) MpoCTOpHE OpraHu3anuje, mo
BOJBH YTULAJHUX (paKTOpa CBjeTCKe MOhH.

[TojMOBHO ¥ CYIITHHCKH, TiI00anan
reorpa)cku mMpocTop MPeTcTaBiba jeAMHCTBEH
MYJATHIUMEH3UOHAJIAH CHCTEM Y KOjeM
pasnukyjeMo OpojHe mojcucteme (MpUpOIHE,
nemorpadcke, KylITypHe, eKOHOMCKE, COLIUjalHE,
MOJIUTHYKE... Y OKBUPY TOT IPOCTOPA OJBHjajy
ce OpojHM U BeoMa CIIOKEHH MPOIECH.
[TocmarpaHo ¢ acmekTa opraHu3anuje OJHOCHO
TepUTOpHUjaIN3alyje, Mpouece y II00aHOM
reorpa)ckoM MpOCTOPY MOKEMO MOCMaTpaTH
y CMHCIy JIejCTBa €JIeMEHaTa reornpocTopa Ha
cucreM (reorpadcky Gopmy) U J1ejcTBa cUCTeMa
(reorpagcke Gpopme) Ha eeMeHTe TeoNpoCTopa.
C npyre crtpaHe, mpolecu y TI00aTHOM
reorpag)cKoM IpoCTOpy, MUCIIH C€ Ha CBEYKYITHE
JpPYIITBEHE MpoIlece, TUPEKTHA CYy MOCJbeauIa
MehynejcTBa TEepUTOpHjaTHUX CHUCTEMA Tj.
MehyznejcTBa reorpagckux GopMu. Y KOHTEKCTY
NpeTXoaHUX (opMynanuja HEU30CTABHO je
y3eTH (PU3UUKH IPOCTOP U CBE HETOBE PECypCHE
OJTUKE Kao (hakTop pa3BOjHHX Mpoleca U
reoNnpoOCTOPHE OpTaHHU3alMje Yy PazIUYUTUM
(opmMama reornpoCcTOpHOCTH.

C HayyHOT M MPAKTHYHOI CTAHOBHUIITBA
TEPUTOPUjAIIHU CUCTEMH 4YHUHE CYIITUHY
rmobanHor reorpad)cKor MpocTopa, OHU CY
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that achieve their generic role in all forms of
manifestation. Hence, logical questions rise
such as: which peoples and why they had or
have one such generic role, but this discussion
may certainly cause opposed opinions. Still,
acceptable are the questions that concern the
logics of geographical space within which
different cultures, doctrines and strategies
appeared. Therefore, geographical forms are
strategic development resources and factors
of changes of geographical space at all levels
of geospatial organization (territorialization).

Big geopolitical, cultural, economic and
social issues within the global geographical
space have their own hystorical and modern
dimensions and rest upon the logics of space
and spatial thinking. Still, an attempt to
rearrange the world in order to generate new
forms (models) of spatial organization in line
with the will of powerful global factors has
always been a common denominator for all
these issues.

Conceptually and fundamentally, the
global geographical space is a unique
multidimensional system in which there are
many subsystems (natural, demographic,
cultural, economic, social, political). Within
this space, there are multiple complex
processes taking place. From the aspect of
organization, i.e. territorialization, processes
within the global geographical space may
be observed in line with the impact that
elements of geospace have on a system
(geographical form) and the impact that
a system (geographical form) has on the
elements of geospace. On the other hand,
processes within the global geographical space
(by this we refer to the total social processes)
are a direct consequence of interactions of
territorial systems, i.e. geographical forms.
Considering the aforementioned formulations,
it is inevitable to reflect on the physical space
and all its resource properties that are factors
of development processes and geospatial
organization manifested through different
forms of geospatiality.

From scientific and practical aspects,
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»jelaH OJ HajANHAMUYHUJUX TPOCTOPHO-
(YHKIMOHATHUX M MPOCTOPHOOPTaHU3AIUOHUX
o0JIMKa Jhy/ICKe )KMBOTHE MaHHU(ecTaluje, Koja
ce KOHKPETHO HCII0JbaBa KPO3 MPOCTOPHE Be3e U
OIHOCE, IPOCTOPHY OpPTraHU3alll]jy U PacIlofjely,
IUCIIEPCU]y W KOHILEHTpAlHjy eJeMeHaTa,
NPOCTOPHO-(DYHKIIMOHAIHY TOJapH3alujy
YBOPHUX Tadaka W pejoHa, KoHpHUTypauujy
pa3MeriTaja eJleMeHara, TUIOJIOUIKE OJUTHKE U
3aKOHUTOCTU HUXO0Be Mopdomoruje utH... Y
Ipolecy HayyHOT I03HaBama IeonpocTopa
(reorpadckor mpoctopa, mpum. P. T.) u
reorpadckux cucrema (ToJacucTeMa rooarTHoT
reorpadckor npoctopa, npum. P. I'.) mocebHo ce
UCTHYE MPOOJIeM mapaMeTpu3aliije eleMeHara 1
nojasa. OBaj mpo6ieM je TeHepaTHO U TEOPH]CKH
peIIuB, a IPAaKTUYHO U KOHKPEHTHO U3BOJJBHB Y
OrpaHUYeHHM pa3Mepama, 300r orpoMHOTr Opoja
eJieMeHara M CKOpo HecaMepJbuBOT Opoja Be3a y
CJIO)KEHUM CHCTEMHMAa Teorpad)CcKor mpocTopa.
Crora je HyXaH IMOCTyNakK TreHepaiu3alyje,
arperoBama u u30opa mnporpama, Koju
nponyosbyje NMHUTamke IMOY3JaHOCTH HAy4YyHOT
npeaBuhama W yHOpaBJbauKOT JI€IOBamA,
YCMEPEHOT Ka OCTBAapelmy MOXKEJbHUX CTamba
NPOCTOPHO-PYHKIIMOHAIIHE OpraHu3almje
U TIOHAllalka MPUPOAHUX M AHTPOIOTECHHUX
reorpadckux cucrema (mojacucrema, npum. P.
I)* (PamoBanoBuh, 1989, cTp. 10-11).

VY caBpeMEHUM T'EOMOTUTUYKUM U OCTAJIHM
IPYIITBEHUM YCIOBUMA KJbY4YHU (akTop
OopraHu3alnuje OJHOCHO TEpPUTOpPHjaTU3allje
rnmobanHor reorpackor mpocTopa IMOYUBaA
Ha ToceOHOCTUMa TioOamHOT reorpad)cKor
MIPOCTOpa, Y OKBUPY KOj€T; U Y JaTUM MPUIIUKaMa,
KJbYYHY yJIOT'Y MOTY MMAaTH, MOjeUHAYHO WIIH
y canejcTBy, (U3UYKH MPOCTOP, MPUPOIHH
pecypcu, JbYIACKH pECypCH, TEXHOJIOUIKH
pecypcu, HHPpacTpyKTYpHHU PECYpPCH, €KOJIOIIKH
pecypcu.. YmpaBo, CIOMEHyTe€ NOCEOHOCTH
Cy CTpaTelIKu pecypc reorpadckor mpocropa
U TOKpeTauku (akTop T1I00aNHUX TMporeca
KOjU BOJIe K& HOBHM OOJHIIMIMa T'€OMPOCTOPHE
opraHu3aiyje OJHOCHO TEpPUTOpHUjaIH3aLH]e.
VY cMuCiIy NpeTXOJHOT, Ha CIICHH je MOKYLIAaj
0TeJI0OTBOPEea MPOjEKTOBAHOT MOJENIa HOBOT
CBjETCKOT TIOPETKa, ajli ¥ OJUTy4YaH OTIIOp Y YHj0]

territorial systems represent the core of global
geographical space and they are ,,one of
most dynamic spatial-functional and spatial-
organizational forms of human manifestation,
which are directly visible through spatial
connections and relations, spatial organization
and distribution, dispersion and concentration
of elements, spatial-functional polarization
of nodal points and regions, configuration of
element distribution, typological properties
and laws of their morphology, etc. The
issue of estimating parameters of elements
and phenomena is crucial for the process of
scientific study of geospace (geographical
space, note by R. G.) and geographical systems
(subsystems of the global geographical space,
note by R. G.). This issue is generally and
theoretically explicable but from a practical
point of view it is restrainedly addressable
due to a vast number of elements and almost
limitless amount of connections within the
complex systems of geographical space.
Therefore, it is essential to generalize,
aggregate and select a program that might
thoroughly address the matter of reliability of
scientific forecast and management targeting
complimentary states of spatial-functional
organization and behavior of both natural
and anthropogenic geographical systems
(subsystems, note by R. G.)*“ (PagoBanosuh,
1989, p. 10—-11).

Under modern geopolitical and
other social conditions, the key factor of
organization, i.e. territorialization of the
global geographical space rests upon the
idiosyncrasies of the global geographical
space within which the physical space,
natural resources, technological resources,
infrastructural resources and ecological
resources play the key role, either individually
or jointly. It is the idiosyncrasy that is the
strategic resource of a geographical space and
actuating factor of global processes that lead
towards new forms of geospatial organization,
i.e. territorialization. In this regard, there is
a current attempt of embodyment of the
projected model of new world order as well

7
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j€ MO3aJAMHUA MOJEN MYJTHIIONAPHOT CBHUjETa U
opraHusalyje rodaiHor reorpadckor mpocTopa
(I'marto et all, 2016, cTp. 202-204).

I'EOI'PAOUJA TTPOCTOPA, ®YHKIIUJE
[TPOCTOPA, ITPOCTOPHO MUIIJBEE U
JIOI'KA ITPOCTOPA

Beh cmo nperxoaHo neduHMCAIN CYyIITHHY
mo0anHor reorpadCKor MpocTopa M Ha3HAYMIIH
OCHOBHE (paKTOpE reonpocTpHe AU epeHIrjaluje
OIHOCHO TepuTopHjanu3anyje. Ipyrum pujednma,
KaJ TOBOPUMO O TEpPUTOPHUjaIM3ALNJU MHU
yCTBapH roBopuMo o reorpaduju npocropa. Cem
onmTUX (U3NUKO-Teorpad)CKUX 3aKOHHUTOCTU
U 3aKOHOMJEPHOCTH pacHpocTpamema
MPUPOAHO-TeOrpaCKUX CUCTEMA Y TIOOATHOM
reorpa)ckoM MpPOCTOpy, reorpaduja mpocropa
ofipeheHa je MMPEeKTHUM U MOCPETHUM ePeKTHMA
reonpoCTOpHE AHUCIEpP3Uje TEeONMOTUTUUKUX,
€KOHOMCKHUX, TEXHOJIOIIKNX, (PUHAHCHU]JCKHUX,
TPXKUIIHUX, HHPPACTYKTYPHUX U OCTAIHX
reocucerMa. tbuxoB edekar ce maHudecryje
HHU30M HOBUX (PYHKIMOHAIHUX, MOP(HOIOIIKUX 1
(bU3HOHOMCKHUX 00JIHKa Y reorpad)ckoM MpoCTopy,
KOJU y ILJETUHH Y3€TO YMHE HOBY BPHjEIHOCT
u J00MBajy ynory TreHepuukor (axkropa y
reorpa)ckoM mpocTopy. Y BE3W C MPETXOTHHM,
npelur3Ha MapaMeTpH3aluja CIOMEHYTHX
reorpadpckux Gopmu, MOjeAUHAYHO HUIU Y
TEPUTOPHjaTHOM CUCTEMY KOjer OHE JIe(hUHMIILLY,
071 MOCEOHOT je HAayYHOT M MPAaKTUYHOT 3Havaja
3a carjieflaBambe YIOTre JaTor TEPUTOPHjaITHOT
cHCTeMa y TOIIely HeroBor ,,caMopa3Boja‘, ajau
Y FErOBE TEHEPUUKE YIIOTe U3BaH CUCTEMA KOjH je
npezaemMer napamerpusanuje. Tako, y onpehenum
NpUIMKama, TojeuHe popMme raror reorpadckor
CHCTEeMa, 3aBUCHO O]l BPHjEIHOCHUX MOKA3aTesba,
no0uBajy IUPH PETHOHAIHM Ma M II00aTHU
3Ha4yaj ¥ TOCTajy MPeaMET Pa3IMIUTHX CIIOJBHUX
MHTEpeca U yTHUIaja.

I'mo6anan reorpadcku MpocTop ¢ 003UpoM Ha
MIPUPOJIHE U AHTPOIIOTEHE CTPYKTYypEe U HHUXOBY
TEPUTOPUJATTHOCT MPEJCTAaBJba BEOMA CIIOKEH
cucteM. Kpo3 uCTOpHjcKH TpoOIEC MOjeTuHU
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as a strong resistance supported by the model
of multipolar world and organization of the
global geographical space (I'maro et all, 2016,
p. 202-204).

GEOGRAPHY OF SPACE, FUNCTIONS
OF SPACE, SPATIAL THINKING AND
LOGICS OF SPACE

We have already defined the essence of
global geographical space and singled out
the basic factors of geospatial differentiation,
i.e. territorialization. In other words, by
territorialization we mean the geography
of space. Apart from general physical-
geographical laws of distribution of natural-
geographical systems within the global
geographical space, geography of space is
determined by direct and indirect effects
of geospatial dispersion of geopolitical,
economic, technological, financial, market,
infrastructural and other geosystems. Their
effects are manifested through a whole
range of new functional, morphological
and physiognomical forms in geographical
space, which sum up to structure a new
value and and gain a role of a generic factor
within geographical space. Hence, a precise
parametrization of the aforementioned
geographical forms, either individually or
within their territorial system, is crucial
from both scientific and practical aspects in
order for us to perceive the role of a given
territorial system, its ‘self-development’, and
its generic role outside the target system that
is being subject to parametrization. Under
specific circumstances, some forms of a
given geographical system (depending on
the indicator values) obtain a wider regional
and global pertinence and become subject to
different external interests and impacts.

The global geographical space represents
a complex system taking into account the
natural and anthropogenic structures and
their territoriality. Throughout history,
some parts of the global geographical space
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GEOGRAPHY AND SPACE

JIMjeNIOBH II00aIHOT Treorpadckor mpocTopa y
pa3MuuTEM (opMaMa reonpoCcTOPHOCTH, 300T
MOJIOKaja KOjer UMajy, aTpaKTUBHOCTH pecypca
KOJUM DAcHoOJOXy M CJI, YeCTO Cy OWiIM Ha
yAapy pa3iHuuuTHX MOJUTHYKHX, €KOHOMCKHX,
KyATYpHUX, U CIWYHHX yTulaja. Ilpaktuuno,
pecypcu u QyHKIUje TIOjeIMHUX TEOMPOCTOPHUX
cucTeMa, y JaTUM HCTOPHUjCKUM TpUIIMKaMa, Cy
TeHepUYKH (AKTOp PA3TMUUTUM PA3BOJHHUHM
MpoLIeCMa U HOBUM (popMamMa IeorpoCTOPHOCTH.
Bpojuu cy npuMjepu reHepruke yiaore oapehennx
TeONpPOCTOPHUX chcTeMa (reorpadckux GopMu) Ha
TIOJIMTUYKH, EKOHOMCKH, COLUjAJTHH 112 ¥ KYATYPHH
pa3Boj y miobamHoM reorpa)ckoM IpoCcTopy WU
y oapelheHuM aujenoBuMa rirodaHor reorpadcekor
npocropa. 3emibe Oorare HadTom (brucku
Uctok, Cpenwu Hctok, CjeBepHa Adpuka..),
TOKOM JIBaJIECETOT BHjE€Ka JOCTHIVIE Cy 3aBHUJAaH
HUBO JIPYLITBEHO-EKOHOMCKOT pa3Boja. Y HCTO
BpHUjeme, 3axBasbyjyhu n3Bo3y HadTe, OHE Cy
Ouse y GyHKIHMjU OIIITET — II00ATHOT pa3Boja.
Y npoMHjeHEHUM T€ONOIUTHYKUM yCIIOBUMA,
3axBaJjbyjyhu ympaBo HaTH Kao pa3BOjoM
pecypcy OHe CY, y TeONOJIUTHLH ,,HOBOT CBjE€TCKOT
MopeTKa“, JOXKHBjeJie CTPAXOBUTA pa3apama U
JECTPYKIM]y CUCTEMA BPUjETHOCTH.

3aHUMIBMBE TIOTVIENIE HA MPOCTOP, U HETOBO
MJECTO y TCONOJHUTHIIM, U3HHO j€ XPBATCKH
reorpad (momutuyku reorpad) P. [TaBuh. ¥V Besu
C MPOCTOPOM HaIJIaIlaBa MUTAE ,,JOBOJbHOCTH
U HEJAOBOJLHOCTH IKHUBOTHOT TIPOCTOpA
(Lebensraum), u mocrasJba nuTame: ,,Mima nm 3a
CBaKora JIOBOJbHO KHBOTHOT POCTOTpA, KOjU je
OCHOBA JIP’)KaBHOCTH U JAHAIHE ONCTOJHOCTU
u OyayhHOocTHM HEKOT eTHUKyMa (pe3epBHH
Lebensraum)?“ V Be3u ¢ oBuM nuTameM, [laBuh
aHaJM3Upa CMHUCA0 HEMauke HAlMOHAJIMCTUYKE
TeOIOJINTUKE, KOja pjellermhe CBUX IMpoliema
Hemauke BUM y 0CBajamy )KUBOTHOT ITPOCTOPA,
OZTHOCO y TEOIOJUTHYKO] TEPUTOPHjATH3ALH]H
npoctopa. HacynpoT oBoM KOHLIENTY ,,cCaBpeMEHH"*
NPUCTYN OCBajamy IMOOAIHOr Teorpadckor
npocropa, kako wcruue P. [laBuh, moumBa Ha
KalmuTanxy Kao CPEICTBY TEPUTOPHjalu3aluje
OHOCHO ocBajama mpocrtopa (ITaBuh, 2012,
crp. 63). Unak, npuje Ou ce Moo pehu aa cy y
CaBpEMEHUM YCIIOBMMA Ha CLIEHH 00a KOHLIENTa

and different forms of geospatiality have
often been influenced by different political,
economic, cultural and other impacts due
to their location, available resources etc.
Practically, resources and functions of
specific geospatial systems are a generic
factor of different development processes
and new forms of geospatiality under given
historical circumstances. There are many
instances of this generic role that certain
geographical systems (geographical forms)
have in the political, economic, social, and
even cultural development within the global
geographical space or within some of its
parts. In 20™ century, oil-rich countries
(Middle East, North, Africa, etc.) reached a
high level of social-economic development.
At the same time, these countries were in
a function of a general-global development
due to oil export. Under altered geopolitical
conditions, because of the oil resource, they
suffered vast destruction and devastation of
the system of values within the “new world
order” geopolitics.

R. Pavi¢, a Croatian geographer (political
geographer) presented some interesting
observations on space and its role in
geopolitics. He emphasized the matter of
»sufficiency and insufficiency of life space
(Lebensraum) and posed the following
question: ,,Is there enough life space for
everybody, which would make the foundation
of statehood, present consistency, and some
future ethnicum (backup Lebensraum)?* In
this regard, Pavi¢ analyzed the substance of
German nationalist geopolitics that perceives
the conquest of life space, i.e. geopolitical
territorialization of space, as a solution to all
German problems. Opposite to this concept
lies the “modern” approach to winning the
global geographical space which, according
to Pavi¢, rests upon the capital as a means of
territorialization, i.e. space conquest (ITaBuh,
2012, p. 63). Nevertheless, we should point
out that both these concepts of the global
geographical space territorialization are
present under the modern conditions. In
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TEpUTOpHUjaTU3alUje TI00aIHOT reorpadcekor
npocTtpopa. OBy KOHcTarauujy Ha HajOOJbH
HauuH TOTBplhyje MmoiuTHKa ,,HOBOT CBjETCKOT
nopetka“, npenBohena narepecuma CA /] u ieHnx
CaBE3HHUKA.

VY Be3u ¢ mpocropom IlaBuh ananusupa
HEKOJIMKO BeoMa OUTHHX OJIJIMKA OBOT, TIOJMOBHO,
CPYKTYpPHO, (QYHKIIMOHAJTHO M TMPOOJIIEMCKH,
HajCIIoKeHH]jer 00jeKTHBHO nocrtojeher peHomena
KOJH je TpEeAMET JbYy/ACKE CIO3Haje, IPU YeMy,
CaCBHM DPa3JI0KHO, KOHCTATyje J1a C€ Y CAaBPEMEHIM
TEXHOJIOIIKUM YCJIOBHMA IPOCTOP ,,CAKMUMA, ILITO
3HAYM J]a yAaJbeHOCTH u3Mely onpeheHnx Tauaka
MONPHUMajy pPEJIaTUBHO 3HaueHe, MPAKTUYHO
,TI0CTajy* cBe Mame. YCTBAapH, YIa/beHOCTH Ce
BUIIIE HE Mjepe AY)KMHCKMM Beh BpeMEeHCKHM
jenununama. TexHomoka gocturayha, HapoO4IUTO
y 00J1aCTH BOjHE MH/IyCTpPH]je aJld U MUPHOJIOOCKE,
O]l TIPECYAHOI Cy 3Hayaja 3a CBAKU IOKYIIAj
0CBajama MpoCcTopa.

Bakna nurama y Be3H ¢ IPOCTOPOM TUUY C€
Y TepUTOpHjaiu3alije oapeeHuX reonoaIuTHKa
U JOKTPHHA, IPU YeMY, MPETXOAHO CIIOMEHYTH
ayTop, aHaiu3upa cmucao aokrpune Heartland
— Rimland, y okBupy koje KoHCTaTyje na ,,
TIOJIUTHKA OKPY’KEHha IPBEHCTBEHO JECT IMOJITUTHKA
Y Te0CTpaTelIka JOKTPUHA, ajli, OHA CE OCTBapyje
caMoO M jeJMHO TEK y YBjeTHMMa onroBapajyhe
TepUTOpUjaIH3anmje, Tj. Mopa OUTH y CKIIAIy C
ofpeheHnM mpocTtopHuM mnonoxkajem* (ibidem,
cTp. 62).

O 3Hauajy >KMBOTHOT NpOCTOpa 3a oapehene
HapoJe W YIJIO03W XKUBOTHOT TIpPOCTOpa Yy
TeoNOoNUTUIM jeaHe apxase, P. [laBuh HaBoam
npumjep W3paena. Koncraryje na he 3060r
pacta Opoja CTaHOBHMKA JIp>KaBe, 300T BUCOKE
rycrohe HaceJbeHOCTH, 300T BeOMa OrpaHHYCHUX
MoryhHOCTH BpenHOBama CKOPO TOJOBHUHE
JP’KaBHOT IPOCTOPA KOjU MMa OOUIBEXK]€ MyCTHIbE,
OTPaHUYECHUX PE3EPBH BOJE U CI., MOTpede 3a
KUBOTHUM IPOCTOPOM CTaHOBHUINITBA M3paena
6utn cBe Behe. 3aro, CBy 0caallby, JaHAIIBY U
Oynyhy reononutuxy M3paena tpeba carienaBatu
y HacTojamy Jia ce cadyBa 3ay3eTd IpOCTop, a
TO ce HajO0oJbe MOXKE OCTBAPUTH HACEJHABAHEM
OJTHOCHO TepHuTOpHUjanu3anujom JeBpeja Ha
3ay3eTuM Teputoprjama (ibidem, ctp. 64).
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addition, it is best supported by the “new
world order” politics advocated by the
interests of USA and its allies.

Speaking of space, Pavi¢ further analyzes
some pertinent properties of this conceptually,
structurally, functionally and essentially
most complex existing phenomenon subject
to human cognition, in which process he
rationally infers that space “amasses” under
modern technological conditions, which
means that distance among specific points
obtains relative meaning, i.e. it practically
“becomes” smaller. Actually, distance is
no longer measured by length but rather by
time units. Technological advancements are
crucial for each attempt of space conquest,
particularly those innovations within the field
of military industry.

Some pertinent questions on space also
address the territorialization of certain
geopolitics and doctrines, in which process
the aforementioned author analyzes the
essence of the Heartland — Rimland doctrine
and deduces that ,politics of ambience is,
above all, politics and geostrategic doctrine
that is attainable only under the conditions
of the appropriate territorialization, i.e. it
must be in compliance with a specific spatial
position” (ibidem, p. 62).

R. Pavi¢ sets the example of Israel in order
to demonstrate the relevance that life space
has for specific peoples and the role of life
space in a state’s geopolitics. He concludes
that needs for life space of Israel population
will grow due to population growth, high
population density, limited opportunities for
evaluation of almost half the state area that is
registered as deserts, limited water reserves,
etc. Hence, the overall previous, present and
future geopolitics of Israel should focus on
an attempt to preserve the occupied space
which might be best achieved by inhabitation,
i.e. territorialization of the Jews within the
occupied territories (ibidem, p. 64).

The same author acknowledges that ,,some
phenomena and processes must be exactly
as they are because the content of the space
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I[TpeTxomHo CIIOMEHYTH ayTop UCTHYE 1A ,,HeKe
10jaBe M MPOILIECH MOpajy OUTH YIpPaBO TAaKBH
KaKBH jeCy 3aTo IITO CaJpiKaj MPOCTOpa U HEroB
nonoxxaj Hamehy ozpehene GpyHkIHje Kao )KUBOTHA
pjemema“ (Pavi¢, 2012, ctp. 62). C TuMm y Beswu,
MOXKEMO 3aKJbYUYHTH /12 TOCTOjU JIOTHKA IIPOCTOPA,
KOJOM Cy T€HEpHUCaHE pa3IMYUTEe TeONPOCTOPHE
¢dopme. 3aro cy, 3a Behuny reorpada, npuxBarbusa
MHIIIBEHHA J1a reorpadcka HayKa IOYMBa Ha JIOTHILIH
nmpoctopa, Te 1a ¢y reorpadcke gopme (popme
reONpPOCTOPHOCTH), MHCIHM Ha AaHTPOIOTEHE
¢dopme, POAYKT Mely3aBUCHOCTH Teorpad)CKux
ycioBa ((pusnyko-reorpadCckux, APYyLITBEHO-
reorpaCKux, UCTOPHUjCKUX...). [lakie, moruka
reorpa)ckor mpocropa MNpOAyKyje pa3IuyuTe
¢dbopMe opraHuzanmje, ma je, ¢ TUM y BE3H,
JIOTHKA TIPOCTOPA KJbYUHH PECYPC T€ONPOCTOPHE
opranmzaiyje. [ IpakTiaHo, reonpocTOpHH OIHOCH,
Kao MPOAYKT JIOTHKe reorpag)ckor mpocropa
U MPOCTOPHOT MHILbEHA, OTjeIOTBOPY]Y
reorpadcke popme, OTHOCHO Mofiese crelduaHe
MOJIUTUYKE, EKOHOMCKE, KYJITypHE MU OCTaJUX
obnuka TepuTOopHUjaIuszanuje reorpagdckor
pocTopa.

VY reorpadckoj Hayuu HHUje A0 Kpaja
pazjalmbeH TePMHUHOJIOUIKO-IOJMOBHUA OKBUD
MPOCTOPHOT MUIUbeHa. HO cacBUM cHUTypHO,
OH je MPOIYKT JIOTUKE reorpad)ckor mpocropa.
LlIperneaomM sureparype koja ce 0aBU OBHM
dbenomenom (Nustuen, 1963; Beck, 1967;
Papageorgiou, 1969; McGee, 1979; Lohman, 1979;
Gardner, 1983; Uttal, 2000; Golledge, 2002 i 2004;
Ishikawa and Kastens, 2005; Gersmehhl, 2008; Jo
and Bednarz, 2009; Unwin, 2010, utx) yodeHo je
Jla ayTOPU BeOMa pa3InauTo ofpel)yjy mpocTopHO
MUILJBEHE KaKo (POpMATTHO-TEPMHHOIIOIIKH, TAKO
u cazprkajHo. TepMHHOIOMIKH, 00JIaCT MPOCTOPHOT
MUIILJbEHA CBPCTaBA CE€ MO Pa3IHuuTe Ha3HBE
Kao IMTO Cy npocmopua nucmenocm (spatial
literacy), npocmopna cnocoonocm (spatial ability),
npocmopra unmenueenyuja (spatial intelligence)
U eeoepagcko pesonosamwe (geographical
resoning) (Tpudynosuh, 2015, ctp. 10). Moxe ce
M3BECTH 3aKJby4aK Jla TPHU KaTeropje mpocTopHOr
MUIbEHa YUHE HHETOBY CYLITHHY: KOHYenm
npocmopa, npeocmasmaree (penpesenmayuja)
npocmopa U OnepamueéHo KOMOUHOBAIE

and its position impose certain functions as
life solutions” (Pavi¢, 2012, p. 62). In this
regard, we may infer that there is the logics
of space that generates different geospatial
forms. Therefore, most geographers find
the view that geographical science rests
upon the space logics acceptable and that
geographical forms (forms of geospatiality)
and anthropogenic forms are products of
interdependancy of geographical conditions
(physical-geographical, social-geographical,
historical, etc.). Consequently, logics of
geographical space produces different
forms of organization and space logics is
the key resource of geospatial organization.
Practically, geospatial relations as products
of logics of geographical space and spatial
thinking embody geographical forms, i.e.
the models of specific political, economic,
cultural and other forms of territorialization
of geographical space.

Geographical science still has not clearly
defined the terminological-conceptual
framework of spatial thinking. But we
do know for certain that it is a product
of the logics of geographical space. ,,As
we examined the bibliography on this
phenomenon (Nustuen, 1963; Beck, 1967,
Papageorgiou, 1969; McGee, 1979; Lohman,
1979; Gardner, 1983; Uttal, 2000; Golledge,
2002 and 2004; Ishikawa and Kastens, 2005;
Gersmehhl, 2008; Jo and Bednarz, 2009;
Unwin, 2010, etc.), we noticed that authors
differently determine spatial thinking from
both formal-terminological and conceptual
points of view. Terminologically, the field of
spatial thinking has been addressed differently
such as follows: spatial literacy, spatial
ability, spatial intelligence or geographical
resoning (Tpudynosuh, 2015, p. 10). We
may conclude that there are three categories
of spatial thinking that make up its essence:
concept of space, representation of space, and
operative combination of these two categories
during the process of resoning.

Having used different approaches,
M. Trifunovi¢ attempted to define spatial
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npemxo0Ho HaseoeHe O8uje kamezopuje y npoyecy
pe3onosarva.

Ha ©6a3um pasnumuutux mnpucrtyna M.
TpucdynoBuh nokymasa neguHUCATH IPOCTOPHO
MUIUBEHE Kao ,,KOTHUTHBHY (CIO3HajHY,
npuM. P. I') akTUBHOCT cacTaBJbeHY O] IET
Mel)yCOOHO MOBE3aHMX eJIeMeHaTa: KOHYenyuja
npocmopHocmu, KOHYyenama npocmopHOCHU,
Hayuha  npeocmasemdara  npocmopa,
unmepnpemayuje npoyeca u ynompeobe
npocmoprux Memaghopa y obracmu HenpoCMOpHo2
muutwverpa* (ibidem, ctp. 11). Ouuto, pagu ce o
MPOCTOPHOM MUIILJBCHY Ka0 Ca3HAajHOM IPOIYKTY
0a3upaHOM Ha MPETIOCTaBBEHOM (HOPMATHOM
U CYIITHHCKOM YyTHIA]y KoHuemnuuja (hopmn)
MIPOCTOPHOCTH, T€ YTHUIIA]y peasHo noctojehux
KOHIIeNara MpoCcTOpHOCTH. Ha Kpajmu ucxon
MPOCTOPHOT MUIILJbEHA YTHYE HAYMH Ha KOjH
ce MpeTcTaBlba MPOCTOP, TymMaye MHPOIECH Y
HPOCTOpPY U CII.

[TpoCTOPHO MUILJBEHE, YCKO IJIEAaHO, CBOIU
Ce Ha CHo3Hajy mpoctopa. MelhyTum, mpocTopHO
MUIBEHE j€ pecypc Koju mokpehe mporuece
y reorpad)ckoM HpOCTOPY, C LUJBEM H3MjEHE
nocrojehux u crBapama HOBHMX KOHIIETaTa
(dbopMu) TEONPOCTOPHOCTH HA CBUM HHUBOMMA
reoNpOCTOPHE OpPraHu3alKje, O JIOKAIHOT JI0
rnobannor. Hoee ¢dopme reompocTopHOCTH
Kao0 MPOIYKT MPOCTOPHOT MHIbCHA U JIOTHUKE
MPOCTOpa MOAPa3yMH]jeBajy TEPUTOPHUjaTU3AIIN]Y
MOJIMTUYKUX, CKOHOMCKHUX, KYJITYPHUX, ypOaHuX,
COLIMjaJTHUX M OCTAJIUX CUCTEMa y II00aIHOM
reorpagckom npocropy (I'marto et all, 2016, ctp.
205-208).

Kpo3 wucropujcku mpoiec, 3aBUCHO OJ
TEOPUJCKUX W METOAOJOMIKNX JocTUTHYha,
reorpaguja je wuMana pa3IUYUT MPUCTYII
reorpadckoM mpocTopy. Y modeTHO] ¢a3u
pa3Boja, joll y aHTHYKOM IEepHOay, reorpaduja
je uMMaia JIeCKPUNTHBAH MPUCTYH NPEAMETY
HUCTpakWBama. Y W3BJECHO] MjepH, CBE JO
JaHac, 300r cienupuIHOCTH reorpadcke HayKe
U CKOPO HEHM30CTaBHOT JCCKPUIITUBHOI METOJa
y Teorpa)CKuM UCTPaXHBAHUMA, Taj MPHUCTYI
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thinking as a “cognitive activity comprising
five mutually connected elements: conception
of spatiality, concept of spatiality, manner of
space representation, interpretation of the
process and usage of spatial metaphors within
the field of non-spatial thinking” (ibidem, p.
11). It is obviously the spatial thinking as
a cognitive product based upon an outlined
formal and essential impact of concepts
(forms) of spatiality, and an impact of existing
concepts of spatiality. The final outcome of
spatial thinking is affected by the manner in
which space is represented, the interpretation
of processes within the space, etc.

Specifically, spatial thinking is narrowed
down to space cognition. Nevertheless, spatial
thinking is a resource that sets off processes
within geographical space in order to alter
the existing and create new concepts (forms)
of geospatiality at all levels of geospatial
organization, from local to global. New forms
of geospatiality as products of spatial thinking
and logics of space refer to territorialization
of political, economic, cultural, urban,
social and other systems within the global
geographical space (I'mato et all, 2016, p.
205-208).

Throughout history, depending on
theoretical and methodological achievements,
geography has had different approaches to
geographical space. In its initial ancient
phase, geography had a descriptive approach
to its subject matter. To a certain extent this
approach survived until modern days due
to specificities of geographical science and
almost inevitable descriptive approach in all
geographical studies, but we also find it in



I'EOTPA®UIJA U TTPOCTOP
GEOGRAPHY AND SPACE

TjeTUMHUYHO je 3a[pKaH, a HaJa3uMo Tra joul y
njenrMa XepoJoTa, 3a KOjer ce Kaxe Ja je oTail
ucropuje anu 6u ce Mmoo pehu u reorpaduje.
Ho, Temesbe reorpaduju, y aHTUYKOM HEPUOY,
noctaBuo je Eparocten nokasyjyhu o0muk 3emibe
U ieHe numensuje. O Tor meprosa cBe 10 AaHac
reorpaguja, y oqHOCy Ha reorpacku nmpocrop
Kao MpeIMET HEHOT MCT3pakuBamba, MpoIIa je
Kpo3 pazinuuure dase.

dyHpamMeHT MojAepHOj Treorpadwuju,
MIOJIOBUHOM JIEBETHAECTOI BHjKEKa, MOCTBUIIH
cy meMauku reorpadu Xymo6ont u Putep, npsu
¢u3NUKoj a Opyru APYIITBEHO] reorpaduju.
W jeman u npyru reorpadujy aujene Ha
ONIITY ¥ PEeruoHajJHy C jEIUHCTBEHUM
npeaMeToM mpoydaBama. O TOr BpeMeHa CBe
70 jaHac reorpaduja je mpoluia Kpo3 BHIIE
pa3BojHuX (aza: meTepMUHU3MA, TOCUOUITU3MA,
UHTEPAETEPMUHU3MA, T€ KPO3 MOP(QOIOLIKY,
(GyHKIIMOHAJIHY, TPOLECHY M MpoOIeMCKy
¢dazy. CBe oHe OOMIBEKEHE Cy jeAMHCTBEHUM
NPUCTYIIOM TIpeAMETy HCTpaXuBamba —
106a;THOM reorpad)cKkoM mpocTopy U popmama
reorpocroproctu. lllta ce MHjemano TOKOM
nojenuHux ¢aza pazpoja reorpaduje? Mujemanu
Cy ce 3a/1alli ¥ INJbEBU TPOyyaBama OBe Hayke!

HajuoBujy ¢asy pazBoja reorpaduje ycioBHO
MoOxkeMO Has3Batu ¢azom Gopmaansanmje.
[TocBehena je mnpobOieMaTHI NpOydaBamba
nocrojehux 1 MozIeTI0Barby HOBUX (DOPMHU Y OKBUPY
106aTHOT TeorpadcKor MpocTopa. Y TeOpHjCKOM
CMHUCIlY, KpO3 TMepHoJ MOAEPHOT pa3Boja,
reorpaduja je 3aapkaiga CBOjCTBO jeHMHCTBEHE
Hayke o reorpadckom mpocTtopy U Qopmama
Tr€ONPOCTOPHOCTH, Ca PEITAlUOHHUCTUUYKUM
MPUCTYITYOM, T€, UCTO TaKO, U CUCTEMA PEJIATUBHO
mdepeHIMpaHuX HayKa ca CTPYKTYpPaTUCTHUKUM
MIPUCTYTIOM.

Kao mro je mosnaro, Beh myxe Bpujeme
rnobanan reorpadcku mpoctop 3axBaheH je
nporecuMa rodanno3almje U peruoHaan3ama.
Ho, Ha m1o0anHoj CIieHu Ccy U J1Ba CaCBUM HOBA
pa3BojHa mpolieca Koja yOp3aBajy TpaH3ULU]y
100a HoT TeorpadCKor mpocTopa mpoxykyjyhu
HOBe (hopme reonpocTopHOCTH. Pujeu je makie,
0 IpollecuMa PpeuHAYCTpHjaau3anuje u
HEOUHAYCTPHjaau3almje 1 ’bUXOBO] TCHEPUYHO)]

works of Herodotus, whom we call the father
of history but we may also address to him
as a father of geography. Still, foundations
of geography were set by Erastothenes in
ancient era as he proved the Earth shape and
dimensions. Ever since, geography has passed
many phases with reference to geographical
space as its subject matter.

Humboldt and Ritter set foundations
of modern geography in mid 19" century,
physical and social geography respectively.
Both these divided geography into general
and regional each of which had its subject
matter. Up to now, geography has faced several
development phases as follows: determinism,
possibilism, interdeterminism, morphological,
functional, process and problem phases. All
these phases were determined by a unique
approach to the subject of research — global
geographical space and forms of geospatiality.
What has changed over these different phases
of development of geography? Tasks and
goals of research have altered!

We may conditionally refer to the
recent phase of development as the phase
of formalization. It is devoted to problem
of studying the existing and modelling
new forms within the framework of global
geographical space. Theoretically, during its
modern development, geography maintained
the title as a unique science on geographical
space and forms of geospatiality, with its
relationist approach and system of relatively
differentiated sciences with the structuralist

approach.
As it is well known, the global
geographical space has long been

affected by processes of globalization and
regionalism. Still, globally, there are two
novel development processes that speed up
the transition of global geographical space
producing new forms of geospatiality. These
are processes of reindustrialization and
neoindustrialization, which have a generic
role. As a rule, large corporations are the
entities behind these two processes. Hence,
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PAJKO I'thATO, CPBA I1IOITOBU'R U OGPEH I'thbATO
RAJKO GNJATO, SRDA POPOVIC AND OBREN GNJATO

yno3u. Mza oBuX mporeca, o mnpaBuily, CTOje
BEJIMKE KOpIiopaiyje. 3aTo ce y HOBHje BpHjeMe Y
OKBHpY reorpaduje pasBrja Beoma creruduyna
Hay4YHa JHUCIUIUIMHA T3B. KOPIMOPATHBHA
reorpaguja ca 3aJaTkoM Jia IpaTH Ipoliece y
100aTHOM reorpadcKoM MPOCTOPY y3pPOKOBaHE
aKTUBHOIIhY BETWKUX KOpIHopaimuja ¢ jeaHe,
Te reorpadckum ¢akTopuma JIOKalHje
MHJTyCTpH]j€ MO OKPHIJbEM ITOMEHYTHX TpoLieca —
PEUHIyCTpHjaIn3aliije U HEOMHyCTpHjan3aliuje,
¢ apyre ctpane. OuuTo, OB/Ije Ce pajiy, pHje CBera,
0 HOBOM IMpPHUCTYNy Yy OOJACTH HCTpaKMBamba
reorpaduje cBjercke npuBpene. Y Be3u ¢ OBUM
BEOMa KOMIUIEKCHHM IHUTAkEM IyHY MaXby
3aciyxKyje mpuctyn y cibenehoj dpopmynarmju:
»Jakie, ycloxmaBame, TypOyJIE€HTHOCT
COIIMjaJTHO-€KOHOMCKOT pa3B0ja CaBPEMEHOT
CBETa, OUMIVIE/THE TEH/ICHIIM]E Ka AeII0o0aIn3aliju
Kao CIOJhallllbU YCIOBU Pa3BOja MHIYCTPH]CKE
MIPOM3BOJIEHE, Ca JeIHE CTPaHe, U OTPOMHA Op3nuHa
pa3Boja mpolieca HEOMHIyCTpUjalu3aluje, ca
apyre, mpenoapellyjy ycmocTaBibame HOBE
napaanurMe UHIYCTPH]CKOT U Y LIETMHN €KOHOMCKOT
pa3Boja CBeTa... YCIOCTaBJbamhE MPOCTOPHUX
3aKOHOMEPHOCTH Y OKBHPY HOBE T'€OCKOHOMCKE
napaurMe npecTaBiba HajaKTyeTHUj ! 33/1aTaK 32
reorpadujy ceercke npuspezae (Komocos, I'peuxo,
Muponenko, CamOypoBa, Cnyka, TukyHOBa,
Tkauenko, denopuenko, ®omuues, 2016, cTp.
15-16).

Ha ocHoBy u3HeceHor moryhe je 3akby4nTH
1a je reorpaduja, ¥ Kao jeJMHCTBEHA HayKa U Kao
CHCTEM HayKa, Kpo3 yKylaH Hepuoi pas3Boja, a
HapOYMUTO MOJEPHOT, CBE 10 JaHac, 3aJprKaia
NPUCTYI TpPEIMETy IMpOydaBama, KOjer, KakKo
BUIMO, YMHU TJIoOanaH reorpad)CKku MpocTop
u ¢opme reompocropHoctu. Ho, y ckuany
ca yHamnpehemeM Teopuje U METOIOJIOTH]E
reorpaduje, Te cariacHo morpedama JpynITBEeHe
Ipakce, MHUjEHaIu Cy C€ 3aJalll U LUIJbEBH
MpoyyaBama OBe HayKe.

there has been a recent scientific discipline
within the field of geography which we refer
to as so-called corporative geography and
its task is to monitor the processes within
global geographical space that are caused
by activities of large corporations as well
as by geographical factors of industry
location induced by reindustrialization and
neoindustrialization. This is obviously a
novel approach within the field of study of
the geography of global economy. In line
with this complex issue, attention should be
paid to the approach formulated as follows:
»Thus, the complex and turbulent social-
economic development of the modern world,
an evident tendency to deglobalization as
an external factor of industrial production
improvement and a vast speed at which the
process of neoindustrialization develops are
all the causes for setting a new paradigm of
industrial and total economic development at
global scale...Setting spatial laws within the
new geoeconomic paradigm is the key current
task for the geography of global economy”.

Based upon the aforementioned facts,
we may infer that geography both as an
individual science and a system of sciences
has up to now preserved its approach to its
subject matter, i.e. the global geographical
space and forms of geospatiality. Still, in
order to improve the geographical theory and
methodology and comply with the needs of
social practice, tasks and goals of this science
have evolved throughout history.
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Apstrakt: Sa rimskim osvajanjima i Sirenjem geografskog horizonta istovremeno i uporedo je islo i gradenje drumova
po prostranom Rimskom carstvu, kojima su bile obuhvacene blize i dalje rimske provincije u zemljama sva tri kontinenta
Starog sveta oko Sredozemlja. U ovom radu analizirana je sadrzina znamenite Pojtingerove karte, za koju se pretpostavlja
da je kopija originala iz druge polovine IV veka nove ere, koja se odnosi na zapadni deo Balkanskog poluostrva.
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Abstract: Roman conquests and the spread of geographical horizon were simultaneously accompanied by road
constructions all over the vast Roman Empire, which encompassed both nearer and distant provinces in countries of all
three ancient world continents around the Mediterranean. This paper analyzes the content of the eminent Peutinger’s map,
which is assumed to be a copy of the original map dating back to the second half of IV century AD referring to the West

Balkan peninsula.

Key words: Tabula peutingeriana, itinerary, the Balkans, Roman Empire, historical geography, historical cartography.

UvOD

Iz vojnih 1 trgovinskih razloga, Rimljani
su duz drumova vr$ili, preko svojih vojnih
meraca (menzores), terestricna merenja,
Sto je bio nov napredak anticke geografije
- specijalno u antropogeografskom odn.
saobracajnogeografskom pravcu. Rezultati tih
merenja bili su sakupljeni u putnim tabelama
(itinereri), docnije 1 u putnim kartama (itineraria
pikta). Taj ogroman geodetsko-geografski posao,
topografsko snimanje i premer Rimskog carstva,
koji je u toku od 50 godina (44 p. n. e. - 7 g. nove
ere) izvrsio Citav korpus geodeta, poznat je po
spomenu tek 1z [V veka naSe ere, prema zapisima
kosmografa (izraz koji je poceo onda da zamenjuje
naziv geografa) Etika (druga polovina IV veka).
Komentare koji su i8li uz kartu ovog premera,

INTRODUCTION

The Romans had both military and trade
motive to perform terrestrial measurements along
the roads by using their military gauge (menzores),
which was a novel advancement of ancient
geography — particularly from anthropogeographic,
1.e. transport-geographical point of view. Results
of the measurements were then entered into tablets
(itineraries), and later on introduced into road maps
(itineraria pikta). This wide-ranging geodetic and
geographical endeavor, as well as topographic
screening and measurement of the Roman Empire,
run by a whole corpus of geodesists during a 50-
year period (44 BC - 7 AD) was first mentioned in
scripts of Ethicus, a IV century AD cosmographer
(the term which then started to replace the
term geographer). It was Pliny the Elder who
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tzv. Popisi rimskih puteva (/tineraria romana),
od kojih su neki sauvani, spominje Plinije
Stariji, koriste¢i ih radi uzimanja itinererskih-
putnih otstojanja. Rimski itinereri imali su
za cilj da oznace puteve i1 udaljenosti izmedu
pojedinih mesta. Takva jedna znamenita karta
je Pojtingerova tabla (7Tabula Peutingeriana),
koja predstavlja srednjovekovnu kopiju rimskog
originala. Pretpostavlja se da je i taj stariji original
bio sastavljen na osnovu jednoga jo§ mnogo
starijeg, dopunjenog, originala, mozda iz vremena
premera Rimske imperije, koji je otpoCeo za
vreme Cezara a zavr$io za vreme Augusta (po K.
A. Salis¢evu).

Pretpostavlja se da je Pojtingerova tabla
kopija kopije Agripine karte sveta. Naime,
rimski general i geograf Markus Vipsanius
Agripa (Marcus Vipsanius Agrippa, 63-12 p. n.
e.), sacinio je mapu Rimske imperije urezanu
na mermeru, za imperatora Augusta. Mapa je
prikazivala udaljenosti duz puteva koji vode
do i iz Rima. Putnici su na osnovu nje mogli da
pripreme svoj itinerer, planiraju stanice, odrede
udaljenosti izmedu njih, i obrate paznju na reke
1 naselja na putu. Sacuvana su i tri opisa puteva
- itinerari - Balkanskog poluostrva, sva tri iz
poznijih rimskih vremena (po J. Cviji¢u). Izmedu
svih ovih opisa puteva itinerara, koji daju prili¢no
tatne podatke o polozajima i o otstojanjima
mesta, najznacajniji je tzv. Antonijev itinerarium,
iz vremena imperatora Dioklecijana (vladao
284-305 g. umro 316. g. n. e.), neposrednog
prethodnika Konstantina Velikog, iz ¢ijeg je
vremena i znamenita Pojtingerova tabla. Prema
V. Petrovicu, racuna se da je ova tabla pretrpela
tri glavne izmene. Prva potice iz doba Augusta
(u vezi sa rekonstrukcijom postanskog sisitema
Cursus Publicus), a druga iz vremena dinastije
Severa (vezana za reorganizaciju prethodnog
Augustovog poStanskog sistema Cursus
publicus). Tre¢a izmena se vezuje za period od IV
veka, kada su, u skladu sa Sirenjem hriS¢anstva,
unoSeni novi elementi, sve do vremena nastanka
srednjovekovne kopije koja je saCuvana do danas
(Petrovi¢ V., 2007).

Kopija koja je predstavljala rimski original,
morala je poticati sa sredine ili iz druge polovine

18

mentioned some of preserved comments which
accompanied the map, so-called Roman road list
(Itineraria romana), and used them to measure
itinerary-transport distances. The purpose of
Roman itineraries was to mark roads and distances
among specific locations. Peutinger’s map (Tabula
Peutingeriana) represents one such prominent table
and it is a medieval copy of the Roman original.
The assumption is that the old original was also
made based on another older original probably
dating back from the period of Roman Empire
measurements, which started during Cesar’s rule
and ended with Augustus (according to K. A.
Saliscev).

Peutinger’s map may have been a copy of
Agrippa’s world map. Namely, Marcus Vipsanius
Agrippa (63-12 AD), a Roman general and
geographer, designed a map of Roman Empire for
Emperor Augustus and carved it into marble. The
map marked the distance along the roads leading to
and out of Rome. The passengers used it in order to
make their own itineraries, plan their stops, establish
distance between the stops, and pay attention to
rivers and settlements along the roads. There are
three preserved itineraries referring to the Balkan
Peninsula dating back from late Roman period
(according to J. Cviji¢). Among all these itineraries,
which provide rather accurate information on
positions and distances among settlements,
the most prominent one is so-called Antonio’s
itinerarium, dating back from Diocletian’s rule
(ruled 284-305 AD, died 316 AD), an emperor who
was a direct predecessor of Constantine the Great
during whose rule Peutinger’s map was designed.
According to V. Petrovi¢, the map underwent
three major adjustments. The first adjustment
took place during Augustus’s rule (it refers to
Cursus Publicus postal system reconstruction)
and the second one dated back from the Severan
dynasty period (it refers to reorganization of the
earlier Augustus Cursus Publicus postal system).
The third adjustment started in IV century as new
elements were introduced in line with the spread
of Christianity and it lasted until the new medieval
copy was made, which we managed to preserve
until today. (Petrovi¢ V., 2007).

The copy which represented the Roman original
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IV veka n. e., ali nikako ne pre 330. g. n. e.,
jer je anticki tracki grad Vizant, od 658 g. pre
nove ere gréka kolonija, na karti ovde obelezen
kao grad Konstantinopolis, koji je tek od 330 g.
tako nazvan kao prestonica rimskog imperatora
Konstantina Velikog (vladao od 306-337 g.); no
ipak se 1 staro ime grada, sada kao ime predela 1
stanovniStva, u obliku Bizantini, na karti i dalje
odrzalo. Ta rukopisna karta (itinerarium pictum),
imala je veliki prakti¢ni znacaj za vojne planere
1 stratege, pri izraCunavanju pokreta vojnih
jedinica, osiguravanju utvrdenja, skloniSta i
odmorisSta. Ona je vremenom dopunjavana u
skladu sa razvojem putne mreze i Sirenjem
granica Rimske imperije. Prvobitno je radena
po jednom velikom originalu u Rimu 250. g. n.
e., a zatim dopunjena, prvo oko 350. g., novim
obalskim putevima i nekim ostrvima, pa zatim
(manje dopune) u Vi VI i na posletku u VIII 1
IX veku n. e., kada je dobila danjasnji izgled.
Raznovrsnost toponima ukazuje da je namena
karte bila visestruka, a ne, kako se to prvobitno
pretpostavljalo, da je sluzila samo za vojne svrhe.

Pojtingerova tabla predstavlja kopiju nekog
rimskog originala, koju je izradio nepoznati
monah u gradu Kolmaru, u severoisto¢noj
Francuskoj, oko 1265. godine, a rimski original
se u meduvremenu izgubio. U XVI veku
rukopis iz Kolmara naden je, navodno, 1489.
g., u benediktinskom manastiru Tergernsee kod
Salcburga u Bavarskoj, potom je 1507. godine
dospeo u ruke Konrada Keltisa (Celtes), knjizara
Maksimilijana I. Pre svoje smrti on je poverio
mapu Konradu Pojtingeru (1465-1547) iz
Augsburga, nemackom diplomati i bibliofilu, po
kojem je i dobila ime, sa zadatkom da je objavi.
Pojtinger nije uspeo da je odStampa i1 posle
njegove smrti dospela je do Avrama Ortelijusa,
koji je pripremio za Stampu i napisao komentar.
Nakon njegove smrti karta je objavljena 1598.
godine. To je sada najstariji Stampani putokaz na
svetu. Original Pojtingerove table u3 XII Bexa Cuva
se u Nacionalnoj ili Dvorskoj biblioteci u Becu,
pod nazivom Codex Vindobonensis (po latinskom
imenu Beca).!

1 Austrian National Library, Vienna. Manuscript and
Incunabula Collection, Cod. 324 CSA, CoM 35, Inv. No. 872/1.
Digitalizovana karta moze se videti na adresi http:/www.
euratlas.net/cartogra/peutinger/index.html.

must have originated from mid or second half of IV
century AD. Still, it could not have originated earlier
than 330 AD because the ancient city of Byzantium
— a Greek colony from 658 BC — was marked on
the map as the city of Constantinopolis, which
was given the name only in 330 AD as a capital
of Constantine the Great, a Roman emperor (ruled
306-337 AD); but the old name of the city in the
form of Byzantini remained on the map to denote
the region and its population. This handwritten map
(itinerarium pictum) was practical for both military
and strategic planners as they planned shifts of their
units, fortification, shelters and stops. In time, it was
adjusted as the traffic network grew and the Roman
Empire borderline expanded. It was first crafted in
line with a large original in Rome in 250 AD and
amended around 350 AD with novel coastal roads
and some islands, after which some minor changes
followed first in V and VI centuries, and then in
VIII and IX centuries AD once it took the form it
has today. The diversity of toponyms indicates the
multiple purpose of the map instead of military use
exclusively as it was assumed initially.
Peutinger’s map represents a copy of some
Roman original designed by an unknown abbot in
the town of Colmar, north-east France around 1265,
and the Roman original was lost in the meantime.
In XVI century, the Colmar script was allegedly
discovered in Tergernsee Benedictine monastery
near Salzburg, Bavaria in 1489, after which Conrad
Celtes, the librarian of Maximilian 1* got hold of
it in 1507. Prior to his death, Celtes entrusted the
map to Conrad Peutinger (1465-1547), a German
diplomat and bibliophile from Augsburg after whom
it was named, with a task to publish it. Peutinger
failed to print it and after his death the map ended
up in hands of Abraham Ortelius who prepared it
for the print and wrote a commentary. After his
death, the map was published in 1598. It has been
the oldest printed waymark in the world. The XII
century Peutinger’s original map is exhibited in the
National/Royal Library in Vienna, under the name
of Codex Vindobonensis (Latin name for Vienna).'
Peutinger’s map did not have the form of a

1 Austrian National Library, Vienna. Manuscript and
Incunabula Collection, Cod. 324 CSA, CoM 35, Inv. No. 872/1.
Digitalizovana karta moze se videti na adresi http://www.
euratlas.net/cartogra/peutinger/index.html.
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Pojtingerova tabla nije bila u obliku jedne
prave zemaljske karte, kakve su inace poznate sve
do pred kraj antickog doba. Iz prakti¢nih razloga,
bila je sastavljena iz 12 listova pergamenta (prvi
krajnji zapadni list je izgubljen, rekonstruisao ga
je K. Miler). Ukupno je duga 672 cm, Siroka 34
cm, Sto znaci da je duzina veca oko 20 puta od
Sirine. Na taj nacin, bila je podeSena da se koristi
kao svitak i da se nosi na put, upravo prototip
danjasnjih sekcija.

Ova karta pretstavlja Rimsku Imperiju 1
druge zemlje u to doba dobro poznate, uglavnom
ceo onda poznati svet, od Herkulovih stubova i
Britanskih ostrva na zapadu, do u$¢a Ganga i
ostrva Taprobana (Cejlona) na istoku. Kontinenti
su sa severa i juga opkoljeni okeanom. Usled
ovakvog oblika karte, veoma izduzenog svitka,
slika predela je jako sazeta, kao kad bi se
Zemljina povrsina pespektivno nacrtala gledajuci
sa juga ka severu. Sredozemno more, Crno more 1
sva druga mora sasvim su suzena a izduzena; a u
tom istom pravcu, sa zapada na istok, ili obrnuto,
teku vecina reka. Ali, ono $to je glavno, tu su i
putne mreze, takode sve izduzene uporednickim
pravcem. Inae nema ni traga o astronomskim
odredbama mesta ili o kartografskoj mrezi, pa,
razume se, kao $to je ve¢ iz prethodnog jasno,
ni o pravoj slici izgleda predela; ali se geograf
1 istori¢ar koji ume geografski da gleda ipak na
toj karti veoma lako snalazi, brzo identifikuje
predele, mesta.

Kopiju mape u punom obliku objavila
je radionica Abrahama Orteliusa 1598. u
Antverpenu, potom F. de Scheyb 1753, F.
Desjardinis 1874. i C. Miller 1888, koji je dao
1 tumacenje karte. Na srpskom jeziku kartu je
objavio L. Sindik (1931) a faksimil, rekonstrukciju
i tumacenje karte dao je G. Skrivani¢ (1975). Za
pocetak istrazivanja juznoslovenskih zemalja
na Pojtingerovoj karti vazna su dela A. Evansa
(1883) 1 K. Milera (Miller K., 1916). Za teritoriju
Dalmacije vazna su dela G. Novaka (1916) i
M. Abramica (1926-27), za teritoriju Srbije i
Crne Gore D. 1 M. GaraSanina (1951; 1967), za
teritoriju Bosne 1 Hercegovine E. Pasali¢ (1960)
1 mnogi drugi radovi novijeg datuma (Bosio L.
1983; Lisic¢ar P. 1980; Tomovi¢ G. 1991; Petrovi¢
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regular earth map as these used to look prior to
the end of ancient period. For practical reasons, it
comprised 12 parchment sheets (the rearmost west
sheet was lost and then reconstructed by K. Miler).
The total length of the map was 672 cm and it was
34 cm wide, which meant that its length was 20
times larger than its width. Hence, it was intended
to be used as a mobile scroll, which was a prototype
of modern sections.

The map represents the Roman Empire and
other countries well-known at the time, i.e. the
whole known world, from Pillars of Hercules and
the British Isles in the west to the Ganges delta and
Taprobane Island (Ceylon) in the east. Continents
from north and south were surrounded with ocean.
Due to the map shape, i.e. the form of a scroll, the
scenery image is rather compact as if the Earth’s
surface were drawn looking from south towards
north. The Mediterranean, the Black Sea, and all
other seas are narrow and long; and most rivers
flow in west-east or east-west directions. But what
matters are the transport networks which are all
also elongated along the parallels. Still, there is no
trace of astronomical coordinates or a cartographic
network, which implies there is also no sign of a
clear scenery image; but a geographer or historian
skillful in geographical perspectives may easily
observe the map and identify regions and locations.

The full-form copy of the map was first
published at Abrahama Ortelius’s workshop in
Antwerpen in 1598, and then it was printed by
F. de Scheyb in 1753, F. Desjardinis in 1874, and
C. Miller in 1888, who also provided the map
interpretation. The map was printed in Serbian by
I. Sindik (1931) and the autotype, reconstruction,
and interpretation was provided by G. Skrivani¢
(1975). 1t is the works of A. Evans (1883) and K.
Miller (Miller K., 1916) that are pertinent for the
beginning of research of south Slavic countries
at the Peutinger’s map. When it comes to the
territory of Dalmatia, the relevant works are those
of G. Novak (1916) and M. Abrami¢ (1926-27),
for Serbia and Montenegro there are writings of
D. and M. GaraSanin (1951; 1967), for Bosnia
and Herzegovina the works of E. Pasali¢ (1960)
and many other more recent writings (Bosio
L. 1983; Lisi¢ar P. 1980; Tomovi¢ G. 1991;
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V., 2007; Jovanovi¢ V. 2003). Gavro Skrivani¢
(1975) je na osnovu obimne literature i faksimila
iz originala koji se cuva u Nacionalnoj biblioteci
u Becu, izvrSio rekonstrukciju i obradu onog
dela Pojtingerove table na kojem su predstavljeni
rimski putevi i usputne stanice na prostoru
juznoslovenskih zemalja. Ta rekonstrukcija je
bila vazna za sistematizaciju toponima u ovom
tekstu. Na njoj su, pored rimskih putnih stanica,
u zagradi ispisana i danaSnja imena mesta za
koja je utvrdeno ili za koja se pretpostavlja da
su postojala kao stanice. Stani¢na rastojanja
u miljama prevedena su u kilometre (1 rimska
milja = 1482 m, 1000 dvokoraka odnosno 1/4 sata
hoda).

SISTEMATIZACIJA TOPONIMA NA
POJTINGEROVOIJ TABLI PO VRSTAMA

Sadrzina karte obuhvata: naseljena mesta,
gradove, tvrdave, logore rimskih legija, putnu
mrezu, reke, jezera, planine, Sume, pored
posebnih naziva provincija, naroda, plemena;
za naseljena mesta, planine i Sume upotrebljeni
su konvencionalni znaci u perspektivnom
simbolickom izgledu; a prelomi na linijama
puteva oznacavaju polozaj uzastopnih putnih
stanica, izmedu kojih su rastojanja obelezena
ciframa u miljama iznad putne linije. Vece
stanice, municipiji, banje, obeleZeni su vinjetama
razlicite veli¢ine, prema vaznosti. Tolikom
podrobnoscu, Sirinom geografskog horizonta
i relativno pribliZznom vrednos$¢u u ovakvom
perspektivnom crtezu, - Pojtingerova tabla
spada medu jedne od najznatnijih geografskih
spomenika ¢itavog antickog sveta, osobito zbog
svojih antropogeografskih podataka o naseljima
1 putevima, o predelima i narodima, koji su od
narocite istorijsko-geografske vrednosti. Iako
inace nisu naucno dostigli svoje ucitelje Grke,
Rimljani su ovim svojim itinererskim, putnim,
saobra¢ajnim kartama, koje su sluZzile u cisto
prakticne svrhe, vojnicke, administrativne, i
ekonomske, - radi §to boljih transportnih veza o
udaljenim provincijama, pri ¢emu je gusta mreza
puteva prozela imperiju, - bili stvarno ucinili nove

Petrovi¢ V., 2007; Jovanovi¢ V. 2003). Gavro
Skrivani¢ (1975) exploited the vast bibliography
and autotypes from the original preserved at the
Austrian National Library in Vienna in order to
perform reconstruction and processing of the part
of Peutinger’s map which represented Roman
roads and stops in south Slavic countries. His
reconstruction was relevant for the taxonomy of
toponyms in this paper. Apart from Roman road
stops, in brackets there are modern names for
locations that have been estimated or assumed to
have been road stops. The distance between the
stops were converted from miles into kilometers
(1 Roman mile = 1482 m, 1000 two paces, i.e. a
Y4 of hour walk).

THE TAXONOMY OF TOPONYMS ON
PEUTINGER’S MAP IN LINE WITH TYPES

The content of this map embraces the following:
settlements, cities, fortresses, Roman military camps,
transport networks, rivers, lakes, mountains, forests;
apart from specific names of provinces, peoples, and
tribes, the settlements, mountains and forests are
designated by conventional marks which appear
to be symbolic in perspective; breakpoints on the
road lines represent the positions of consecutive
road stops and the distance between each of these
is provided above the road line in mileage. Major
stops, municipia, and spas are marked with vignettes
of different sizes depending on their relevance. Due
to its meticulousness, the width of geographical
horizon, and relatively close values on one such
sketch, Peutinger’s map remains one of most
prominent geographical tributes of the ancient world,
particularly due to its anthropogeographical data
on settlements and roads, landscape and peoples,
which are of an utmost historical-geographical
pertinence. Despite the fact that they failed to
scientifically outrun their Greek tutors, the Romans
made significant steps towards the progress of the
geographical knowledge of their time by designing
their road maps, itineraries, which served for
practical, military, administrative, and economic
purposes due to better transport connections with
their distant provinces as their dense road network
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prakti¢ne korake ka napretku geografskih znanja
o ondaS$njem poznatom svetu. A Pojtingerova
tabla je dragoceni spomenik toga napretka u €isto
prakti¢ne, saobracajno-geografske, privredno-
geografske i politiCko-geografske svrhe.

Zemlje Balkanskog poluostrva, od vrha
TrS¢anskog zaliva do us¢a Dunava i do Carigrada,
zajedno sa naspramnim jadranskim delom Italije
1 naspramnom sredozemnom obalom Afrike do
usc¢a Nila, obuhvataju delovi karte od kraja IV pa
do pocetka IX segmenta (Segmentum IV/5 - IX/1)
sa puno antropogeografskih podataka iz onog
doba. Na karti je ucrtan Singiduno (Beograd) i
njegov polozaj na us¢u Save u Dunav. U blizini su
ucrtani jo§ Tauruno (Zemun), Tricornio (Ritopek),
Monte Aureo (Grocka).

Planine. Zemlja je obojena zutom bojom,
granice kopna crnom, planine sivkastozutom
1 nijansom ruzicaste boje. Fizicko-geografski
elementi karte bili su za kartografa od sporednog
znacaja, s obzirom da se radi o putnoj karti, te
su oskudno i1 shematski ucrtani, ¢esto bez imena.
Na primer, nisu oznaceni nazivi planina u zaledu
Istre (veovatno Cicarija), u zaledu Salone i
Splita (verovatno Dinara), izmedu reka Dunava
i Drine (verovatno Fruska Gora), kao ni planina
iz kojih izviru reke Sava, Neretva, Morava 1
Drim. Na teritoriji danasnje BiH nalaze se samo
dve planine, jedna u zaledu mesta Narone (kod
Metkovica), In monte Bulsino (preme Mileru,
pl. Radusa; po Skrivaniéu pl. Cvrsnica), i
nepoznata planina kod Trebinja (mozda Leotar).
Na prostoru danaSnje Srbije ucrtan je planinski
venac Monte aureo (mozda Sumadijske planine
1 Kopaonik). U Bugarskoj bezimena planina je
verovatno Balkan, a u Makedoniji Babuna. Sume
nisu oznacene, $to je i razumljivo s obzirom
na veliku Sumovitost balkanskog i panonskog
prostora u to vreme. Cak i dana3nji ogoljeni
kraski predeli bili su pod gustim Sumama, koje
su se prostirale sve do mora.

Reke. Hidrografski objekti (mora, jezera i
reke) su oznaceni zelenom bojom. Rimski nazivi
vecih reka na zapadnom Balkanu su: Savus
(Sava), Danuvius (Dunav), Dravus (Drava),
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pervaded the whole Empire. It is Peutinger’s map
that remains a valuable testimonial of this progress
used for practical, transport-geographical, economic-
geographical, and political-geographical purposes.

West Balkan countries, ranging from the top of
the Gulf of Trieste to the Danube delta and Istanbul,
along with the Adriatic Italy coast and Mediterranean
African coast to the Nile delta, are represented on
the map starting with the end of segment IV up to
the beginning of segment IX (Segmentum IV/5 -
IX/1) with many anthropogeographical information
dating back from that period. Singiduno (Belgrade)
is entered into the map along with its position at the
confluence of the Sava River into the Danube. In
the vicinity, there are Tauruno (Zemun), Tricornio
(Ritopek), and Monte Aureo (Grocka).

Mountains. The land is colored in yellow,
the land boundaries in black, mountains in greyish-
yellow and a pink nuance. Physical-geographical map
elements were of minor relevance for the cartographer
and they were schematic and obscure, often without
names, as it was specifically a road map. For instance,
there are no names of mountains in the hinterland
of Istria (probably Cicarija mountain), hinterland
of Salona and Split (probably Dinara mountain),
between the rivers of Danube and Drina (probably
Fruska Gora mountain), nor of the mountains from
which rivers of Sava, Neretva, Morava and Drim
source. There are only two mountains entered for
the modern B&H territory; one in the hinterland of
the settlement of Narona (near Metkovic), In monte
Bulsino (mountain RaduSa according to Miller;
mountain Cvrsnica according to Skrivani¢), and an
unknown mountain near Trebinje (possibly Leotar
mountain). In modern day Serbia territory, there is a
Monte aureo mountain range (possibly mountains of
Sumadia and Kopaonik Mt.). The nameless mountain
in Bulgaria is probably the Balkan Mt., and in
Macedonia it is Babuna Mt. There is no designation
of forests, which is intelligible considering the dense
forest system of the Balkans and Pannonia of that
time. Even the modern karst region was back then
covered in forests which spread all the way to the sea.

Rivers. Hydrographic objects (seas, lake, and
rivers) are colored in green. Roman names for large
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Margus (Velika Morava), Axius (Vardar),
Drinus (Drina), Urpanus (Vrbas), Queneus
(Una), Basanius (Bosna), Arsia (Rasa u Istri).
Reke prema Pojtingerovoj tabli ve¢inom teku
od zapada prema istoku, paralelno sa putevima,
cesto bez imena. Pogresno su predstavljena
izvorista, tokovi, us¢a i pritoke: Sava i Drava
sacinjavaju jedan tok koji se uliva u Drinu a ova
u Jadransko more (!?). Neretva izvire kod Ad
Zizia (tamo gde izvire TrebiSnjica) i1 uliva se u
Jadransko more kod Narone (kod Vida, 4 km
od Metkovica). Morava (Margum fl.) izvire iz
bezimene planine (mozda Kopaonik), i uliva se u
Dunav. Reke su jako deformisane, pogotovo one
koje teku poprec¢no na pravac pruzanja puteva.

Ostrva i njihovi gradovi. Nazivi ostrva
su tesko Citljivi. Mogu se rekonstruisati: Crexa
(Cres), Curicum (Krk), Polarria (ostrvo LoSinj,
na njemu grad Apsorus - Osor), Arba (Rab),
Cissa (grad na Pagu), Bavo (Ciovo), Solenta
(Solta), Brattia (Bra¢), Dimos (Hvar), Faros
(Starigrad na Hvaru), Issa (Vis), Tauris (Séedro),
Corcyra Nigra (Korcula), Ladesta (Lastovo),
Melitta (Mljet) 1 druga.

Putevi. Glavni javni putevi (Via publica),
su oznaceni crvenom bojom, dok su toponimi
ispisani uglavnom crnom bojom. Izmedu naselja
su rimskim brojevima ubeleZena rastojanja
u miljama. Kada se saberu sva oznafena
rastojanja, proizilazi da je na karti prikazano
oko 200.000 kilometara rimskih puteva. Na
nekim segmentima puta nedostaje rastojanje
izmedu stanica a negde ima rastojanje ali
nema putne linije ili zavrSetka puta, verovatno
usled greske prepisivaca (npr. od Lihnida do
Herakleje tj. od Ohrida do Bitolja). Svi panonski
1 dalmatinski putevi vodili su na zapadu preko
Oglaja ili Akvileje (Aquileia) u Rim (Roma), a
na istoku u Konstantinopolj (Constantinopolis).
Putevi su pratili re¢ne doline, ne samo zbog
manjih nagiba i lakSe prohodnosti, nego i zbog
lakSeg snabdevanja vodom putnika i vucnih,
tovarnih i jaha¢ih zivotinja. Identifikacija 1
ubikacija nekih stanica na Pojtingerovoj karti je
nepouzdana, zasnovana na pretpostavkama koje

West Balkan rivers are as follows: Savus (the Sava
river), Danuvius (the Danube), Dravus (Drava),
Margus (Velika Morava), Axius (Vardar), Drinus
(Drina), Urpanus (Vrbas), Queneus (Una), Basanius
(Bosna), Arsia (Rasa in Istria). Most rivers on
Peutinger’s map take the west-east course parallel
with the roads, and they are often unspecified. There
is an evident wrong illustration of wells, flows,
estuaries, and tributaries: the Sava and Drava rivers
are represented as one single stream which flows into
the Drina river, which further flows into the Adriatic
Sea (!?). The Neretva River springs near Ad Zizia
(the location of the Trebisnjica river spring) and flows
into the Adriatic Sea near Narona (near Vid, 4 km
far from Metkovi¢). The Morava River (Margum
fl.) springs from an unidentified mountain (maybe
Kopaonik Mt) and flows into the Danube. All the
rivers are misshapen, particularly those which flow
transversely from the road direction.

Islands and their towns. Names of islands are
easily readable and might be reconstructed as follows:
Crexa (Cres), Curicum (Krk), Polarria (Losinj island
and its town of Apsorus - Osor), Arba (Rab), Cissa
(a town on the Pag island), Bavo (Ciovo), Solenta
(Solta), Brattia (Brac), Dimos (Hvar), Faros (Starigrad
on Hvar island), Issa (Vis), Tauris (S¢edro), Corcyra
Nigra (Korcula), Ladesta (Lastovo), Melitta (Mljet)
and others.

Roads. Major public roads (Via publica) are
marked in red and toponyms are mostly marked in
black. The mileage distance between settlements is
represented in Roman numbers. As we sum up all
the entered distances, the result is around 200,000
kilometers of Roman roads designated at the map.
Some parts of the roads are missing distance between
stops, and in some locations there is the distance
but without the road line or the road end, which is
probably a result of the transcriber’s error (e.g. from
Lihnid to Heraclea, i.e. from Ohrida to Bitolj). All
Pannonian and Dalmatian roads led westwards to
Rome (Roma) across Oglaj/ Aquileia and eastwards
to Constantinopolis. The roads spread along the river
valleys not only because of minor elevation and easier
passability but also due to a simpler water supply
system for passengers as well as animals used for cart,
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su izneli istoricari i arheolozi (Miller K., 1916;
Sergejevski D., 1958; Jirecek, 1959; Klemenc
J., 1961; Garasanin D. 1 M., 1967; Mirkovi¢ M.
1968; G. Skrivani¢ 1974 i drugi).

UzduzZni putevi mogu se podeliti u dva
snopa - panonski (posavski i i podravski
pravac), koji se kod Singidunuma nadovezuje
na pomoravski put Via Militaris, 1 jadranski, koji
se kod Draca nadovezuje na Via Egnatia.

Put du? Limesa dolinom Dunava povezivao
je pograni¢ne kastrume na Limesu. Prema
Pojtingerovoj tabli, put je vodio od Vindobona
(Bec) na Garnunto (Deutch Altenburg) i Aquinco
(St. Budim), izlazio na Tittoburgo (Dalj). Zatim
je produzavao duz desne (sremske) obale
Dunava gde su bile stanice: Cornaco (selo Sotin,
jugoistocno od Vukovara), Cuccio (Ilok), Milatis
(Bonastor), Cusum (Petrovaradin), Acunum
(Acumincum, Stari Slankamen), Bittio (pogresno,
treba Rittio - Surduk), Burgenis (Novi Banovci),
Tauruno (Zemun) i kod mesta Confluenti(bus)
na uscu Save prelazio u Singidunum (Beograd).

Nizvodno od Singidunuma dolinom Dunava
put je povezivao sledece stanice: Tricornio
(selo Ritopek), Monte Aureo (selo Seona kod
Smedereva), Margum fl. (selo Dubravice kod
us¢a Velike Morave u Dunav), Viminatium
(Kostolac), gde se put racvao. Jedan krak je
moravski, vodio za Naissus (vidi poseban
odeljak). Drugi krak je iSao kroz Derdapsku
klisuru, duz desne obale Dunava: Punicum
(Veliko Gradiste), Vicco Cuppe (Golubac), Ad
Nouas (selo Cezava kod Dobre), Ad Scrofulas
(selo Bosman isto¢no od Golupca), Faliatis
(treba Taliatis - Donji Milanovac), Gerulatis
(selo Miro¢ izmedu Donjeg Milanovca i Brze
Palanke), Unam (selo Alun severozapadno od
Brze Palanke), Egeta (Brza Palanka), Clevora
(selo Mihajlovac severno od Negotina), 4d
Agquas (Prahovo), Dortico (selo Rakitnica kod
usc¢a Timoka u Dunav), Ad Malum (Vidin) i dalje
za Contantinopolj (Carigrad). Sa leve strane
Dunava ubeleZena su mesta Lederata (Ram)
1 Apo fl. (reka Karas§ kod Bele Crkve), zatim
Tierua - OrSava, Drubetis - Turnu Severin, gde
su bili prikljucci puteva za Dakiju, Pelendoua -
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riding, or haulage. The identification and ubication
of some road stops at Petinger’s map are unreliable
and based on assumptions made by historians and
archaeologists (Miller K., 1916; Sergejevski D.,
1958; Jirecek, 1959; Klemenc J., 1961; GaraSanin
D. and M., 1967; Mirkovi¢ M. 1968; G. Skrivani¢
1974, and others).

Longitudinal roads may be divided into
two beams - Pannonian (the Sava and Drava river
directions), which adds to the Via Militaris Morava
river direction road near Singidunum and Adriatic,
which adds to the Via Egnatia near Durrés.

Road along the Danubian Limes
connected cross-border castra on Limes. According
to Peutinger’s map, the road led from Vindobona
(Vienna) over Garnunto (Altenburg) and Aquinco
(St. Budim) to 7ittoburgo (Dalj). Then, it continued
along the right (Srem) Danube bank where the
following road stops were located: Cornaco (Sotin
village, southeast from the town of Vukovar), Cuccio
(Tlok), Milatis (Bonastor), Cusum (Petrovaradin),
Acunum (Acumincum, Stari Slankamen), Bittio
(an error, it should read Rittio - Surduk), Burgenis
(Novi Banovci), Tauruno (Zemun), as the road met
Singidunum (Belgrade) at the Sava river estuary near
Confluenti(bus).

Downstream from Singidunuma, along the
Danube valley, the road connected the following
road stops: Tricornio (Ritopek village), Monte
Aureo (Seona village near Smederevo), Margum fi.
(Dubravice village near the confluence of the Velika
Morava river into the Danube), and Viminatium
(Kostolac), the point where the road branches. One of
the branches spread along the Morava river and it led
to Naissus (see separate section). The other branch led
through the Iron Gates along the right Danube bank:
Punicum (Veliko Gradiste), Vicco Cuppe (Golubac),
Ad Nouas (Cezava village near Dobra), Ad Scrofilas
(Bosman village east from Golubac), Faliatis (it
should read Taliatis - Donji Milanovac), Gerulatis
(Miro¢ village between Donji Milanovac and Brza
Palanka), Unam (Alun village northwest from Brza
Palanka), Egeta (Brza Palanka), Clevora (Mihajlovac
village north from Negotin), 4d Aquas (Prahovo),
Dortico (Rakitnica vilage at the confluence of the
Timok river into the Danube), 4d Malum (Vidin) and
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Krajova, i druga.

Put kroz Podravinu - od Celeia (Celje)
nastavljao je pravcem: Ragandone (Belo Mesto),
Petavione (Ptuj), Remista (Formin), Aqua Uiua
(Petrijanec), Populos (kod Bartolovca), Botiuo
(Ludberg), Sonista (selo Kunovac), Piretis
(Vlajislava), Luntulis (Purdevac), luouia
(Klostar), Sirotis (Orasac), Boletino (Sopje kod
Gornjeg Miholjca), Marmianis (Donji Miholjac),
Seronis (selo Viljevo), Berebis (Podravski
Pograjci), louallio (Valpovo), Mursa Minor (selo
Petrijevci), Mursa Maior (Osijek), Ad Labores
pont. - Ulcae (Bobote kod Vukovara), bezimena
stanica (verovatno Cibalae - Vinkovci), gde se
put spajao sa posavskim pravcem i nastavljao
prema Sirmiumu i Singidunumu.

Put kroz Posavinu, vodio je desnom
obalom Save do us¢a Vrbasa, gde je prelazio na
levu obalu (Sergejevski, D., 1958). Od Emone
(Ljubljana) do Singidunuma (Beograda) imao
je 17 stanica: Aceruone (Visnja Gora), Ad
Protorium (selo Trebnje), Cruccio (Novo Mesto),
Nouiodum (Ozalj), Romula (Dubovac kod
Karlovca), Quadrata (Vojnié), Ad Fines (Glina),
Siscia (Sisak), Ad Pretorium (selo Bac¢in kod
Dubice), Servitio (Gradiska), Urbate (Srpce),
Marsonie (Slavonski Brod). Tu se put racva
u dva kraka koji se spajaju kod Sirmiuma. Na
severnom kraku su stanice: Certis (Strizivojna
juzno od Pakova) i bezimena stanica (verovatno
Cibalae - Vinkovci), gde se spaja sa podravskim
putem i produzava na stanice: Consilena (Orlik),
Ulmospaneta (po K. Mileru verovatno greskom
spojeni Ulmo 1 Spaneta - OraSje 1 Kukujevci)
i Sirmium (Sremska Mitrovica). Jedan krak
od Cibalae vodi pored reke Save: Ad Basante
(po K. Mileru to je Bosanski Samac, po D.
Sergejevskom i G. Skrivaniéu - Bosut), Saldis
(Soljani juzno od Vinkovaca), Ad Drinum
(Sremska Raca), i Sirmium. Od Sirmiuma ima jos
tri ili Cetiri stanice do Singidunuma: Bassianis
(Donji Petrovci), Idiminio (Ugrinovci), Tauruno
(Zemun) i1 Confluentib(us) (Us¢e Save).

Kroz Pomoravlje od Viminatiuma (Kostolca)
do Naissusa (Nisa) i dalje dolinom Nisave
prema Sertici (Sofiji) su bile stanice: Municipio

further on to Constantinopolis. On the left Danube
bank, there were marks for the places of Lederata
(Ram) and A4po f1. (the Karas river near Bela Crkva),
Tierua - OrSava, Drubetis - Turna Severin, where
the road went on to Dacia, Pelendoua - Krajova, and
others.

Road via the Drava river basin - from Celeia
(Celje) the road continued as follows: Ragandone
(Belo Mesto), Petavione (Ptuj), Remista (Formin),
Aqua Uiua (Petrijanec), Populos (near Bartolovac),
Botiuo (Ludberg), Sonista (Kunovac village), Piretis
(Vlajislava), Luntulis (Purdevac), luouia (Klostar),
Sirotis (Orasac), Boletino (Sopje near Gornji
Miholjac), Marmianis (Donji Miholjac), Seronis
(Viljevo village), Berebis (Podravski Pograjci),
louallio (Valpovo), Mursa Minor (Petrijevci village),
Mursa Maior (Osijek), Ad Labores pont. - Ulcae
(Bobote near Vukovar), and an undesignated stop
(probably Cibalae - Vinkovci) where the road merged
with the road via the Sava river basin and continued
towards Sirmium and Singidunum.

Road via the Sava river basin followed the
right Sava river bank down to the Vrbas river estuary
at which location it switched to the left river bank
(Sergejevski, D., 1958). From Emona (Ljubljana)
to Singidunum (Belgrade), it had the following 17
road stops: Aceruone (Visnja Gora), Ad Protorium
(Trebnje village), Cruccio (Novo Mesto), Nouiodum
(Ozalj), Romula (Dubovac near Karlovac), Quadrata
(Vojni¢), Ad Fines (Glina), Siscia (Sisak), Ad
Pretorium (Bacin village near Dubica), Servitio
(Gradiska), Urbate (Srpce), Marsonie (Slavonski
Brod). At this point, the road bifurcates into two
branches which merge near Sirmium. The road
stops along the north branch are as follows: Certis
(Strizivojna south from Pakovo) and an undesignated
stop (probably Cibalae - Vinkovci), at which point the
road merges with the road via the Drava basin and
continues with the following stops: Consilena (Orlik),
Ulmospaneta (according to K. Miller, Ulmo and
Spaneta - Orasje and Kukujevci are probably blended
by mistake) and Sirmium (Sremska Mitrovica). There
is a branch which leads from Cibala further along
the Sava river: Ad Basante (according to K. Miller, it
is Bosanski Samac, and according to D. Sergejevski
and G. Skrivanié¢ — it is Bosut), Saldis (Soljani south
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(selo Kaliste kod Pozarevca), louis Pago (Veliko
Laole, juzno od Petrovca na reci Mlavi), Idimo
(selo Medveda kod Svilajnca), Horrea Margi (u
prevodu skladiste ili zitnica na Moravi, danasnja
Cuprija), Presidio Dasmini (kod sela Ploénik
severoistocno od Stalaca), Presidio Pompei
(Neri¢a Han izmedu Deligrada i sela Rutevca
kod Aleksinca), Gramrianis (Lipovac istocno
od Aleksinca?), Naisso (Ni§), Romesiana (Bela
Palanka), Turrib(us) (Turres - Pirot).
Jadranski pravac od Akvileje do Salone
vodio je preko Istre, zatim zaobilazio strmo i
teSko prohodno podvelebitsko primorje preko
Like i severne Dalmacije. Polazec¢i od Tergeste
(Trsta) nizale su se stanice: Parentio (Porec),
Pola (Pula), Arsia (Rasa), Alvona (Labin),
Port(us) Flanaticus (Plomin), Tarsatica
(Trsat kod Rijeke), Ad Turres (Crikvenica),
Senia (Senj). Od Senja put prelazi u Liku, da
bi zaobiSao podvelebitsko primorje, a i zbog
osvajackih 1 ekonomskih interesa u zaledu.
Stanice su: Auendone (selo Brlog), Arupio
(Vitalj kod Otocca), Epidotio (Kvarte kod
Perusic¢a, blizu Gospica), Ancus (selo Kula
severoistocno od Gospica), Ausancatione (selo
Medak jugoisto¢no od Gospica), Clambetis
(Obrovac na reci Zrmanji), Havre-Ab-Havre
(Medvida), Burno (selo Ivosevci kod Kistanja),
Promona (Tepljuh kod DrniSa), Ad Pretorium
Magno (Beljina Glavica jugoisto¢no od
Drnisa), Andretio (Mu¢), Salona (Solin). Kod
Burnuma se odvajao put: Asseria (Podgrade kod
Benkovca), Nedino (Nadin), Jadera (Zadar). Od
Jadere vodio je primorski put preko Scardone
(Skradina), Lorana (Vrpolja), Traguria (Trogira)
i Siclisa (Kastel Stafili¢) do Salone (Solina).
Od Salone (Solin) do Durratiuma (Draca),
vodio je put duz jadranskog primorja pravcem:
Spalato (Split), Epetio (Stobrec), Oneo (Omis),
Inario (Makarska), Bilubio (selo Lokvinié¢i u
Gornjoj Vrlici), Ad Novas (Runovi¢i jugoisto¢no
od Imotskog), Ad Fusciana (selo Tihaljina),
Bigesta (selo Humac na reci Trebizatu), Narona
(kod sela Vid blizu Metkovic¢a), Ad Turres
(Tasov¢i¢, kod Hutova; usputna stanica za
kastrum Tures u Mogorjelu), Dilunto (Stolac),
Pardua (selo Gornji Gradac jugoisto¢no od
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from Vinkovci), Ad Drinum (Sremska Raca), and
Sirmium. There are another three or four road stops
from Sirmium to Singidunum: Bassianis (Donji
Petrovci), Idiminio (Ugrinovci), Tauruno (Zemun),
and Confluentib (us) (the Sava river estuary).

Through the Morava river basin, from
Viminatium (Kostolac) to Naissus (NiS) and further
down the NiSava river valley to Sertica (Sofia), the
following road stops were located: Municipio (KaliSte
village near Pozarevac), louis Pago (Veliko Laole,
south from Petrovac na Mlavi), Idimo (Medveda
village near Svilajnac), Horrea Margi (meaning
storehouse or granary on Morava river, modern
day Cuprija), Presidio Dasmini (near Ploénik
village northeast from Stala¢), Presidio Pompei
(Neri¢a Han between Deligrad and Rutevac village
near Aleksinac), Gramrianis (Lipovac east from
Aleksinac?), Naisso (NiS), Romesiana (Bela Palanka),
Turrib(us) (Turres - Pirot).

Adriatic road from Akvilea to Salona led via
Istria, bypassed the steep and impassable foot
of Velebit Mt. and continued via Lika and north
Dalmatia. Starting with Tergeste (Trieste), the
following road stops were: Parentio (Porec), Pola
(Pula), Arsia (Rasa), Alvona (Labin), Port(us)
Flanaticus (Plomin), Tarsatica (Trsat near Rijeka),
Ad Turres (Crikvenica), and Senia (Senj). Near Senj,
the road moves over to Lika in order to bypass the
coast at the foot of Velebit Mt. and avoid the invasion
and economic interests of hinterland. The stops were
as follows: Auendone (Brlog village), Arupio (Vitalj
near Otocca), Epidotio (Kvarte near Perusi¢, in the
vicinity of Gospi¢), Ancus (Kula village northeast
from Gospic), Ausancatione (Medak village southeast
from Gospic), Clambetis (Obrovac on Zrmanja river),
Havre-Ab-Havre (Medvida), Burno (IvoSevci village
near Kistanj), Promona (Tepljuh near DrniS), Ad
Pretorium Magno (Beljina Glavica southeast from
Dmis), Andretio (Muc), Salona (Solin). The following
road branched near Burnum: Asseria (Podgrade near
Benkovac), Nedino (Nadin), and Jadera (Zadar).
From Jadera, there was a coastal road via Scardona
(Skradina), Lorana (Vrpolja), Traguria (Trogira) and
Siclisa (Kastel Stafili¢) to Salona (Solina).

From Salona (Solin) to Durratium (Durrés),
aroad led along the Adriatic coast via the following
line: Spalato (Split), Epetio (Stobre¢), Oneo (Omis),
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Ljubinja), Ad Zizio (selo Mosko vise Trebinja).
Kod Ad Zizia se put ra¢va u dva pravca koji
se sastaju kod Skadra. Jedan krak ide pravcem
Asamo (kod Trebinja), Epitauro (Cavtat),
Resinum (Risan), Batua (Budva), Vicinium
(Ulcinj), Scobre (Skadar). Na karti je pogresno
ucrtan Vicinium ispred Batua. Drugi krak ide
zaledem: Ad Zizio (Mosko), Leusino (Panik,
selo kod Grancareva u dolini TrebiSnjice),
Sallunto (selo Rijecine kod Niksi¢a), Sanderva
(u Ozrini¢ima ili u Stedinu kod Niksi¢a), Varis
(Povija, na izvoristu Zete), Nalata (kod Spuza),
Bersumno (na us¢u Ribnice, Podgorica), Sinna
(Gradac na reci Cijevni) i Scobre (Skadar). Od
Skadra put nastavlja pravcem Lissum (Ljes),
Pistum (ISmi) Durratio (Drac) i dalje na Lignido
(Ohrid) 1 Thessalonice (Solun).

Poprec¢ni putevi spajali su uzduzne,
koriste¢i recne doline 1 planinske prevoje preko
dinarsko-Sarskih i karpatsko-balkanskih planina.

Put preko Slovenije povezivao je podravski,
posavski 1 jadranski put. ISao je od Aquileje
(Oglej) dolinom Vipave na Alpe Iulia (na Kruzoj
gori), Longatico (Logatec) 1 Nauporto (Vrhnika)
do Emone (Ljubljana), a odatle preko stanica
Sauo fl. (selo Laze), Ad Publicanos (Vace),
Adrante (selo Trojane) do stanice Celeia (Celje),
gde se put racvao. Jedan pravac je vodio prema
Podravini, a drugi prema Koruskoj, trasom
Upellus (Stara Vas), Colatione (Stari Trg),
Viruno (Gospa Sveta).

Put od Salone (Solin) do Servitiuma
(GradiSka) vodio je trasom (Miller K.,
1916): Andretio (Mu¢), Aequio (selo Citluk,
severoistocno od Sinja), Inalperio (selo Prolog,
zapadno od Livna), Bariduo (Glamoc), lonnaria
(selo Vaganj severozapadno od Glamoca),
Sarute (selo Sarié¢i kod Sipova), Indenea (kod
Jezera na Pliva), Baloie (Majdan kod Mrkonji¢
grada), Leusaba (selo Bunari jugozapadno od
Banjaluke), Lamatif (selo Slivno jugozapadno
od Banjaluke), Casra (ili Castra, Banja Luka),
Ad Fines (Mahovljani kod Laktasa), Ad Ladios
(Trn kod Laktasa), Seruitio (Gradiska) gde se
spajao sa posavskim putem.

Put od Salone do Sirmiuma preko Bosne,

Inario (Makarska), Bilubio (Lokvini¢i village in
Gorna Vrlica), Ad Novas (Runovici southeast from
Imotski), Ad Fusciana (Tihaljina village), Bigesta
(Humac village on Trebizat river), Narona (near the
village of Vid in the vicinity of Metkovi¢), Ad Turres
(Tasov¢i¢, near Hutovo; a road stop on the way to
Tures castrum in Mogorjel), Dilunto (Stolac), Pardua
(Gornji Gradac village southeast from Ljubinje), Ad
Zizio (Mosko village above Trebinje). At Ad Zizia, the
road bifurcates and then merges again near Skadar.
One branch leads via Asamo (near Trebinje), Epitauro
(Cavtat), Resinum (Risan), Batua (Budva), Vicinium
(Ulcinj), and Scobre (Skadar). Vicinium is incorrectly
entered into the map before Batu. The other branch
follows the hinterland via Ad Zizio (Mosko), Leusino
(Panik, a village near Grancarevo in the TrebiSnjica
valley), Sallunto (RijeCine village near Niksic),
Sanderva (in Ozriniéi or in Stedin near Niksica), Varis
(Povija, at the Zete river spring), Nalata (near Spuz),
Bersumno (at the Ribnica estuary, Podgorica), Sinna
(Gradac on the Cijevna river), and Scobre (Skadar).
From Skadra, the road continues via Lissum (Ljes),
Pistum (ISmi), Durratio (Durrés) and further to
Lignido (Ohrid) and Thessalonice (Thessaloniki).

Crossroads connected the longitudinal roads
by using river valleys and mountain notches over
Dinara-Sar and Carpathian-Balkan ranges.

Road via Slovenia connected the Drava basin,
Sava basin, and Adriatic roads. Its route was from
Agquilea (Oglej) down the Vipava valley in Alpe lulia
(at Kruza gora), Longatico (Logatec) and Nauporto
(Vrhnika) to Emona (Ljubljana), from which point
it followed the stops at Sauo fl. (Laze village), Ad
Publicanos (Vace), Adrante (Trojane village) to
Celeia (Celje) where it bifurcated. Another branch
led to the Drava river basin and another to Koruska
via Upellus (Stara Vas), Colatione (Stari Trg), and
Viruno (Gospa Sveta).

Road from Salona (Solin) to Servitium
(Gradiska) led via the following route (Miller K.,
1916): Andretio (Mu¢), Aequio (Citluk village
northeast from Sinj), Inalperio (Prolog village west
from Livno), Bariduo (Glamoc), lonnaria (Vaganj
village northwest from Glamo¢), Saruta (Sariéi
village near Sipovo), Indenea (near Jezero on Pliva),
Baloie (Majdan near Mrkonji¢ Grad), Leusaba
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vodio je slede¢im pravcem: 7illurio (Trilj na reci
Cetini, juzno od Sinja), Ad Libros (selo Vidosi ili
Zidine kod Buskog Blata, jugoisto¢no od Duvna),
In Monte Bulsineo (na planini Tusnici, zapadno
od Duvna), Bistue Vetus (selo Varvara zapadno
od Prozora, ili Otinovci kod Kupresa), Ad
Matricem (Gornji Vakuf, mozda Travnik), Bistua
Nuova (selo Vitez na reci Lasvi), Stanecli (banja
Kiseljak kod Sarajeva). Tu se put racva u dva
kraka. Isto¢ni krak vodi preko planine Romanije
(nije ucrtana) do Argentarie (Srebrenice) na Ad
Drinum (Drinjaca - Kostajnik), Genfis (LeSnica)
i preko Cera i Macve u Sirmium. Juzni krak je
vodio preko Pazari¢a do Konjica (nije ucrtan).

Put od Ulciniuma (Ulcinja) preko severne
Albanije, Kosova i Metohije i Toplice, do
Naissusa (Nisa) vodio je trasom: Scobre
(Skadar), Ad Picaria (selo Puka isto¢no od
Skadra), Creueni (Sveti Spas, u Albaniji),
Gabuleo (selo Kusnin kod Prizrena), Theranda
(Suva Reka severozapadno od Prizrena), Viciano
(mozda selo Ugljari jugozapadno od Pristine),
Vindenis (srednjovekovna Vidina na Kosovu
ili selo Glavnik jugozapadno od Podujeva), Ad
Fines (KurSumlija), Hammeo (Prokuplje), 4d
Herculem (selo Brestovac), Naisso (Nis). Odatle
je dalje nastavljao pravcem: Timaco Maiori (selo
Nisevac kod Bele Palanke), Timaco Minori
(selo Ravna severno od Knjazevca, na levoj
obali Timoka), Combustira (selo Kladorupa
jugozapadno od Vidina), Ratiaris (Arcar kod
Vidina), Ad Malum (Vidin).

Put od Durratiuma (Draca) do Soluna
vodio je trasom Via Egnatia, povezujuéi
stanice: Clodiana (Pekini, na obali Skumbe
juzno od Tirane), Scampus (Elbasan), Genesis
Fl. (selo Polisi), Ad Dianam (Bablja), In
Candabia (selo Kukesi), Pons Seruili (selo
Vraka u Albaniji), Lignido (Ohrid), Nicea (selo
Dzavato, severozapadno od Bitolja), Cellis
(Ostrovska banja u Grckoj), Edessa (Voden),
Pella (Pela), Thessalonice (Solun). Kod Bitolja (
Heraclea) odvajao se popre¢ni put prema prema
severoistoku trasom: Ceranus (Prilep), Gurbita
(Rajec), Euristo (Drenova), Stopis (Stobi -
Gradsko, jugoistoéno od Velesa), Astibo (Stip),
Tranupara (Odrizari), Peutalia (Custendil),
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(Bunari village southwest from Banjaluka), Lamatif
(Slivno village southwest from Banjaluka), Casra
(or Castra, Banjaluka), Ad Fines (Mahovljani near
Laktasi), Ad Ladios (T near Laktasi), and Seruitio
(Gradiska), the point at which the road merged with
the road via the Sava river basin.

Road from Salona to Sirmium via Bosnia
followed the route via 7i/lurio (Trilj on Cetina river,
south from Sinj), Ad Libros (Vidosi or Zidine village
near Busko Blato, southeast from Duvno), In Monte
Bulsineo (on TuSnica Mt. west from Duvno), Bistue
Vetus (Varvara village west from Prozor or Otinovci
near Kupres), Ad Matricem (Gornji Vakuf, possibly
Travnik), Bistua Nuova (Vitez village on LaSva river),
Stanecli (Kiseljak spa near Sarajevo). At this point,
the road bifurcates. The east branch leads across
Romanija Mt. (not located on the map) to Argentarie
(Srebrenica), Ad Drinum (Drinjaca - Kostajnik),
Genfis (Lesnica) to Sirmium across Cer and Macva.
The south branch leads across Pazari¢ to Konjic (not
entered on the map).

Road from Ulciniuma (Ulcinj) across north
Albania, Kosovo and Metohia, and Toplica, to
Naissus (NiS) led via Scobre (Skadar), Ad Picaria
(Puka village east from Skadar), Creueni (Sveti Spas
in Albania), Gabuleo (Kusnin village near Prizren),
Theranda (Suva Reka northwest from Prizren),
Viciano (possibly Ugljari village southwest from
Pristina), Vindenis (medieval Vidina in Kosovo or
Glavnik village southwest from Podujevo), Ad Fines
(KurSumlija), Hammeo (Prokuplje), Ad Herculem
(Brestovac village), Naisso (NiS). At this point the
road continued via 7imaco Maiori (Nisevac village
near Bela Palanka), 7imaco Minori (Ravna village
north from KnjaZevac on the left Timok bank),
Combustira (Kladorupa village southwest from
Vidin), Ratiaris (Ar¢ar near Vidin), and Ad Malum
(Vidin).

Road from Durratium (Durrés) to Thessaloniki
led via Via Egnatia route and it connected the
following road stops Clodiana (Pekini on the Skumba
bank south from Tirana), Scampus (Elbasan), Genesis
FI. (Polisi village), Ad Dianam (Bablja), In Candabia
(Kukesi village), Pons Seruili (Vraka village in
Albania), Lignido (Ohrid), Nicea (Dzavato village
northwest from Bitolj), Cellis (Ostrovska spa in
Greece), Edessa (Voden), Pella (Pela), Thessalonice
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Aelea (Palanka) i Sertica (Sofija).

Kod mesta Stopis (Stobi - Gradsko),
taj poprecni put se ukrSao sa uzduznim
povardarskim putem od Soluna prema Skoplju
koji je iSao trasom: Thessalonice (Solun),
Gallicum (selo Kufalovo u Gr¢koj), Tauriana
(Dojran), Idomenia (selo Miletkovo, jugoisto¢no
od Demir kapije), Stenas (Demir Kapija),
Antigona (selo Tremnik, severozapadno od
Demir kapije), Ad Cephalon (lokalitet Glavlje,
jugoistocno od Velesa, ili selo Novocani?),
Presidio (Venole), Ad Hercule (severno
od Velesa, Bela voda?), bezimena stanica
(Katlanovska banja?), Scopis (Zlokuc¢ane kod
Skoplja).

Naselja. Toponomasticka grada na karti
je romansakog porekla, ili je romanizovana,
zadrzavajuéi pri tome staru osnovu, na
primer: umesto Rhison, stoji Resinum; umesto
Tragurion, stoji Tragurio; umesto Lissos, stoji
Lissum; umesto Epidavra, stoji Epitauro itd. Na
stranim kartama, iz XVI veka, antiCka Anderua,
ili Sanderua, na Pojtingerovoj tabli javlja se
kao Anagastum, a u letopisu popa Dukljanina
kao Onogost. Ime Anagastum, od kojeg je
kasnije nastao oblik Onogost, gotskog je,
odnosno germanskog porekla, a dolazi od imena
nekog gotskog vojskovode Anagasta, koji je
najverovatnije ratovao u ovim krajevima krajem
IV ili podetkom V veka (Skrivani¢ G.,1971).

Na karti je ubelezeno oko 555 gradova
1 3.500 drugih mesta. Nazivi, kao i ideogrami
1 vinjete koji oznacavaju naseljena mesta ili
raskr§¢a sa lokalnim putevima su crne boje.
Naselja (civitas) su klasirana prema vaznosti
u carstvu. Manje usputne stanice (mansio)
i svratiSta (mutatio) obelezeni su laktastim
prelomima puta. Veca naselja su obelezena
vinjetama. Neutvrdena naselja predstavljena
su vinjetama jedne ili viSe povezanih zgrada.
Vinjeta sa dve krilne kule obelezava vaznije
utvrdene stanice na putu. Utvrdeni gradovi
sa naseljem oznaceni su vinjetom sa kulama 1
zgradama opasanim zidom (na prime Akvileja,
Tessalonice). Veliki gradovi su i dekorisani
(Rim, Konstantinopolj, Antiohija). Prikazane

(Thessaloniki). Near Bitolj (Heraclea), a lateral
road spread northeastward via the following route:
Ceranus (Prilep), Gurbita (Rajec), Euristo (Drenova),
Stopis (Stobi - Gradsko, southeast from Veles), Astibo
(Stip), Tranupara (Odrizari), Peutalia (Custendil),
Aelea (Palanka) and Sertica (Sofia).

Near the town of Stopis (Stobi - Gradsko), this
lateral road intersected with a longitudinal road via the
Vardar river basin from Thessaloniki towards Skopje
and followed the route: Thessalonice (Thessaloniki),
Gallicum (Kufalovo village in Greece), Tauriana
(Dojran), Idomenia (Miletkovo village southeast from
Demir Kapija), Stenas (Demir Kapija), Antigona
(Tremnik village northwest from Demir Kapija),
Ad Cephalon (Glavlje site southeast from Velesa, or
Novocani village?), Presidio (Venole), Ad Hercule
(north from Veles, Bela voda?), an undesignated road
stop (Katlanovska banja?), Scopis (Zlokucane near
Skopje).

Settlements. The toponymy on the map is either
Roman or has been Romanized, and it preserves its
original base, e.g. there is Resinum instead of Rhison;
Tragurio instead of Tragurion; Lissum instead of
Lissos; Epitauro instead of Epidavra, etc. The ancient
Anderua or Sanderua from foreign XVI century maps
is referred to as Anagastum on Peutinger’s map, and
in the Chronicle of the Priest of Duklja it is referred
to as Onogost. The name Anagastum, from which
Onogost originates, is of a Gothic, i.e. German origin,
derived from the name of a Gothic commander
Anagasta, who probably fought in this area in late
IV or early V centuries (Skrivani¢ G., 1971).

There are around 555 towns and 3, 500 other
locations specified on the map. Names, ideographs
and vignettes which denote settlements or local
crossroads are in black color. Settlements (civitas)
are classified in line with their relevance within
the Empire. Minor road stops (mansio) and inns
(mutatio) are marked with elbow-like road splits.
Major settlements are marked with vignettes, and
unfortified settlements are represented with vignettes
of one or more bounded buildings. A two-tower
vignette marks major fortified road stops. Fortified
populated towns are designated with vignettes on
which towers and buildings are surrounded with
walls (e.g. Akvilea, Tessalonice). Major cities are
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su 1 banje, svetiliSta. Banje su obeleZene
vinjetom najce$ce obojenom u sredini u plavo,
u vidu pravougaone zgrade sa dve ceone kule,
povezane zidom i vratima u sredini. Hramovi
ili svetiliSta su oznaceni vinjetom u obliku
zgrade, a oni vazniji i ispisanim nazivom (na
primer, Ad Dianam, Templum louis i slicno). Na
Pojtingerovoj tabli ima naziva koji odstupaju od
uobicajenih latinskih naziva za dato mesto. Pored
nekih vinjeta nema imena (na primer Cibalae
- Vinkovci). Vinjeta banje izmedu Stobija i
Skoplja verovatno ozna¢ava Katlanovsku banju.
Neki nazivi su spojeni. npr. Ulmo (Orasje kod
Tovarnika) i Spaneta (Kukujevci kod Sida)
ispisani su kao Ulmospaneta.

ZAKLJUCAK

Pojtingerova tabla bogatija je po
toponomastickoj gradi od Ptolemejeve karte.
Bitna razlika ovih dveju karata, izmedu ostalog,
lezi i u njihovoj koncepciji i kompoziciji.
Tako, dok se kod Ptolemejeve karte tezilo Sto
vernijem predstavljanju zemljine povrSine
pomocu astronomske mreze, kod Pojtingerove
karte se iSlo za tim da bude Sto potpunija u
zahvatu rimskog carstva. Odatle je predstava
pokrajina u njihovom prostiranju dosla do jaceg
izrazaja, a da ne govorimo o putnim pravcima,
usputnim stanicama i obelezenim odstojanjima.
Pojtingerova tabla je dragoceni spomenik
napretka rimske kartografije u Cisto prakti¢ne,
saobracajno-geografske, privredno-geografske i
politicko-geografske svrhe, u odnosu na anticku
gréku kartografiju.

Zahvalnica: Rad je rezultat istraZzivanja na
projektu 176017 Ministarstva prosvete, nauke 1
tehnoloSkog razvoja Republike Srbije.

even decorated (Rome, Constantinopolis, Antiohia).
Spas and chancels are represented as well. Spa
vignettes are usually blue in the middle, and there is a
rectangular building with two front towers connected
with walls and a door in the middle. Vignettes which
denote chancels and temples are building-shaped, and
the major ones have an inscripted name on it (e.g.
Ad Dianam, Templum Iouis etc.). On Peutinger’s
map, there are names which deviate from typical
Latin terms. Some vignettes are missing denotations
(e.g. Cibalae - Vinkovci). Vignette which marks a
spa between Stobi and Skopje probably refers to
Katlanovska spa. Some names are blended such as
Ulmo (Orasje near Tovarnik) and Spaneta (Kukujevci
near Sid) which are written as Ulmospaneta.

CONCLUSION

Peutinger’s map is richer in its toponomastic
corpus than Ptolemy’s map. The crucial difference
between the two maps is, among other things, their
concept and composition. Thus, Ptolemy’s map
attempts to use the astronomic network in order to
authentically represent the Earth’s surface, whereas
Peutinger’s map targets a comprehensive description
of the Roman Empire. Hence, there is an expressive
representation of provinces and their coverage, let
alone the road directions, road stops, and marked
distances. Peutinger’s map is a valuable testimonial
of the advancement of Roman topography for
purely practical, transport-geographical, economic-
geographical, and political-geographical purposes in
comparison with the ancient Greek cartography.

Expression of gratitude: The paper is a result
of research on a project 176017 by the Ministry of
Education, Science, and Technological Development
of the Republic of Serbia.
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PE3VME

Pojtingerova tabla nije bila u obliku jedne
prave zemaljske karte, kakve su inace poznate sve
do pred kraj antickog doba. Iz prakti¢nih razloga,
bila je sastavljena iz 12 listova pergamenta. Na
taj nacin, bila je podeSena da se koristi kao svitak
1 da se nosi na put, upravo prototip danjasnjih
sekcija. Ova karta pretstavlja Rimsku Imperiju
i druge zemlje u drugoj polovini IV veka,
uglavnom ceo onda poznati svet, od Herkulovih
stubova 1 Britanskih ostrva na zapadu, do usca
Ganga i ostrva Taprobana (Cejlona) na istoku.
Kontinenti su sa severa i juga opkoljeni okeanom.
Usled ovakvog oblika karte, veoma izduzenog
svitka, slika predela je jako sazeta, kao kad bi se
Zemljina povrsina pespektivno nacrtala gledajuci
sa juga ka severu. Sredozemno more, Crno more 1
sva druga mora sasvim su suzena a izduzena; a u
tom istom pravcu, sa zapada na istok, ili obrnuto,
teku vecina reka. Ali, ono $to je glavno, tu su i
putne mreze, takode sve izduzene uporednickim
pravcem. Inae nema ni traga o astronomskim
odredbama mesta ili o kartografskoj mrezi, pa,
razume se, kao $to je ve¢ iz prethodnog jasno,
ni o pravoj slici izgleda predela; ali se geograf
1 istoriCar ipak na toj karti veoma lako snalazi,
brzo identifikuje predele, puteve, i usputna
mesta. Zemlje Balkanskog poluostrva, od vrha
TrS¢anskog zaliva do us¢a Dunava i do Carigrada,
zajedno sa naspramnim jadranskim delom Italije
1 naspramnom sredozemnom obalom Afrike do
usca Nila, obuhvataju delovi karte od kraja IV
pa do pocetka IX segmenta (Segmentum IV/5 -
IX/1) sa mnogo antropogeografskih podataka iz
onog doba.

SUMMARY

Peutinger’s map did not have a form of a
typical Earth map which used to be common by
the end of ancient period. It comprised 12 sheets
of parchment for purely practical reasons. Hence,
its roll-like shape made it suitable for transport
and it was a prototype of modern map sections.
This map represented the Roman Empire and
other lands in second half of IV century, meaning
the entire known world at the time, from Pillars
of Hercules and the British Isles in the west to
the Ganges delta and Taprobane Island (Ceylon)
in the east. Continents were surrounded by the
ocean in north and south. Due to its rolled shape,
the map landscape is narrow as if the Earth’s
surface were drawn looking from south to north.
The Mediterranean, the Black sea, and all other
seas are narrow and long, and most rivers flow
in the same west-east direction. Still, the major
feature is the transport network at which the
roads are elongated longitudinally. In addition,
there is no sign of astronomical coordinates or a
cartographic network, which implies there is also
no sign of a clear scenery image; but a geographer
or historian skillful in geographical perspectives
may easily observe the map and identify regions
and locations. West Balkan countries, ranging
from the top of the Gulf of Trieste to the Danube
delta and Istanbul, along with the Adriatic Italy
coast and Mediterranean African coast to the Nile
delta, are represented on the map starting with
the end of segment IV up to the beginning of
segment IX (Segmentum IV/5 - IX/1) with many
anthropogeographical information dating back
from that period.

SL 1. - Pojtingerova karta, segmenti V - IX, na kojima se vide delovi Balkanskog poluostrva, od Akvileje
do Konstantinopolja (po K. Mileru). Dopunjeno Ccitljivijom transkripcijom naziva naselja na centralno-
zapadnom Balkanu i okolnim zemljama (gornji deo karte).

Picture 1. — Peutinger’s map, segments V — IX representing parts of the Balkan Peninsula, from Akvilea
to Constantinopolis (according to K. Miller). There is an additional readable transcription of settlement
names in central-west Balkans and neighboring regions (upper map parts).
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Casxerak: [IpocTop kao 1ieHTap TEOPUjCKUX MHUIIIbEHA Y EKOHOMUJH JI0JIa3H JI0 3paxkaja kpajeM 90-nux romuHa npouuior
BHjeka, mojaBoM Hore exonomcke reorpaduje (New Economic Geography — NEG). [IpenctaBHuIM OBe TeOpHje cMaTpajy
Jia je moapydvje eKOHOMCKe reorpaduje Iyro 3aHeMapuBaHo 300r moTemkoha ca weHuM (opmann3oBameM. CTBapame
€KOHOMCKHX aKTUBHOCTU Y MPOCTOPY IOJIa3H Ofl XUIIOTe3e O MOCTOjamy pacTyhux mpuHOCa Ha OOUM TPOU3BOIE.
Ja Ou ce mpom3BOAm-a KOHIICHTpHCalda Ha ofipel)eHoM MjecTy, HEONXOMHO je na MpocTop Oyme peleBaHTaH H3BOP
eKOHOMCKHX aKTHBHOCTH. be3 mocTojama pactyhux mpuHOCca mpomsBohaun cy nHAM(EpeHTHH y n300py JOKaImje 3a
MOKpPETahe MPOU3BO/IHE, & CKOHOMCKO MOJIETIOBAE MPOCTOpa rydu cmrucao. Pactylin mpuHOCH MoACTHYY MpOn3BoOhade
Jla ce TIPOCTOPHO KOHIICHTPHUINY Ha JIOKAIKje TAje Ce OHU U 0CTBapyjy. Kao 0OMHK MPOCTOPHOT cMjeliTaja eKOHOMCKHX
¢dbyHKIHja, CI000IHE 30HE Cy Y TUPEKTHO] BE3U ca MPOCTOPHOM eKoHOMHEjoM. Crio001HE 30HE ¢y (PaKTOp KOHIICHTPAIINjC
€KOHOMCKE aKTHBHOCTH y mpocTopy. Y pajiy ce aHanusupa teopuja HoBe ekoHomcke reorpaduje u u300p onTHMaiHe
JIOKaIHje CII000HMX 30HA KPO3 MOJIETIOBAKE TPAHCIIOPTHUX TPOIIKOBA (MPOPauyH yAaJbeHOCTH OJ] IEHTPa EKOHOMCKE
aKTHBHOCTH). TpaHCTIOPTHH TPOIIKOBH Cy He3ao0mIa3aH ¢akTop y Mmoaennma Teopurje HoBe ekoHoMCKe reorpaduje, amu
1 (haKTOp CMjEIITajHE ONTUMAIHOCTH CII000IHIX 30HA. [laKiie, TPOIIKOBU TPAHCIIOPTA MPEACTaBIba]y (HaKTOp pannu3aiuje
eKOHOMHje 00rMa U pacTyhux MpHHOCca y CIIOOOJHUM 30HAMA.

Kibyune pujeun: Hoa exoHoMcka reorpaduja, ciio6oaHe 30He, ONTHMANIHA JIOKAIHja, IPOCTOP, TPAHCIIOPTHHU TPOLIKOBH
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OPTIMAL LOCATIONS OF FREE ZONES AND NEW
ECONOMIC GEOGRAPHY

Ognjen Eri¢! and Milimir Lojovi¢?

'Krajinapetrol a.d., Banja Luka, the Republic of Srpska
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Abstract: The territory, as a center of theoretical thinking, comes to the fore at the end of 90s of the last century, by
emergence of New Economic Geography (NEG). Representatives of this theory consider that the area of economic
geography has been neglected for a long time due to difficulties with its own formalization. Creating economic activities
within the space starts from the hypothesis of the existence of increasing returns to scale production. In order to have
a manufacture concentrated in a certain place, it is necessary to have the space that is a relevant source of economic
activity. Without increasing returns, manufactures are indifferent in choosing the location for starting the production,
and economic modeling of the space is losing its meaning. Increasing returns encourage producers to focus spatially
on physical locations where they are to be fulfilled. As a form of zoning of economic functions, free zones are directly
connected with the spatial economy. Free zones represent a concentration factor of economic activity in the area. This
paper analyses a theory of New Economic Geography and the selection of optimal locations for free zones throughout
modeling transportation costs (calculation of distance from the center of economic activity). Transportation costs are an
inevitable factor in models of New Economic Geography theory, and a factor of accommodation optimality of free zones.
Thus, transportation costs are realization factor of economies of scale and increasing returns in free zones.

Key words: New Economic Geography, free zones, optimal location, space, area, transportation costs



OI'lbEH EPURA U MUJIMMUP JIOJOBUH
OGNIJEN ERIC AND MILIMIR LOJOVIC

YBOA

[Ipema HoBoj exoHOMCcKOj reorpaduju,
pa3nuuuTH (aKTOPH MOACTUYY KOHIIEHTPALHU]Y
WIM AMCTIEP3Ujy MPHUBPEAHUX aKTUBHOCTH. [la
O Ha HEKOM MjecCTy JIOIUIO 10 KOHIICHTpAIHje,
HEONXOJHO je Na mpocTtop Oyzne peleBaHTaH
(axTOp HaCTaHKa EKOHOMCKHX aKTHBHOCTHU. Jep,
6e3 mocrojama pacTyhux npruHOCa MPor3Bolaun cy
UHIU(PUPEHTHU Yy U300pY JIOKAIMje 32 TOKPETAhE
TIPOU3BO/IEHE.

I'maBHa Gapujepa y MojenoBamy pactyhux
NpUHOCA je pa3yMibuBOCT. [la 61 ce oBa Oapujepa
caBJiajiajia HEeOIXOJHHU Cy TEXHUYKU EJIEMEHTH,
HEpEeaJNCTUYHE CTPATEIIKEe MPETIIOCTaBKe, KOje
OJIAKIIaBajy M3paly MoJela U HylIe pjelieHa.
Mogenmu NEG-a ce ocnamajy Ha Mojelie HOBE
TEOpHje TProBHHE pa3BujeHe kpajeM 70-ux u 80-ux
rOJIMHA YMju je TBopal] Hooenosar Paul Krugman.
Monenu HOBE TeopHje TProBHHE arnocTpodupajy
UHIYCTpH]y, €KOHOMH]Yy OOMMa, HEeCaBpUICHY
KOHKYPEHIIM]Y U BEIMYUHY Jomaher TpkuiiTa.
dakTop J0KalKje ce Ha OBaj HAYMH KOPUCTH 32
00jalImhehe TPTOBUHCKUX TOKOBA.

OBa Teopuja HACTOjU 00jaCHUTHU MPOCTOPHY
CTPYKTYpy TMTpHUBpeae IMpeko ojapehenux
TEXHUYKUX €JIEMEHaTa 3a U3rpajmby Mojena ¢
pactyhum mpuHOCHMA M TPKHUILTA HECABPILCHE
KOHKypeHUuje. MoJenun HOBE EKOHOMCKE
reorpaduje TUINHMYHO TMpeTHocTaBibajy ad
hoc mpouec amanTamnuje y xojeM ce (axTopu
MIPOM3BOE MOCTENEHO Kpehy mpemMa JIoKaIuju
KOja Hynu BHIIe Tekyhe cTBapHe nprHoce. Monene
reorpaduje je Mmoryhe cmarparu urpama y kojuma
y4eCHHILM OMpajy JIOKALH]jy TPHje HEro CTPaTerujy.
OBo ykasyje Ja Mmocroje pa3iuyuTu (HakTopH U
YTHULIAjU TIPECYIHU 3a ofpehuBame OmUTMaHe
JIOKaIyje, ajd TOTOBO CBUMa j€ 3ajeHHYKa
PENIeBaHTHOCT TPAHCIOPTHUX TPOLIKOBA. TakaB
je m mpoliem yonupama CI000JHUX 30HA,
KOJU C€ CBOJIM Ha YTBphUBame JIOKaluje Koja
he, y3 ocramo, MUHUMH3UPATH TPAHCIOPTHE
TpoikoBe. OBe TPOIIKOBE Ka0 M3y3€THO BaXKaH
JIOKallMOHH (PaKTOp KOPUCTE CBE TEOPHje JIOKAIIWje
(om HajcTapujux 10 caBpeMeHux ajena Hose
ekoHoMcKke reorpacduje). Jlokarmono 3HaueHme
TPAHCIIOPTHUX TPOIIKOBA Y3UMAJH Cy y 003Up
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INTRODUCTION

According to New Economic Geography,
various factors encourage the concentration
or dispersion of economic activities. In order
to achieve a concentration at one spot, it is
necessary for that space to be a relevant factor
for emerging economic activities. Because,
without increasing returns manufactures
are indifferent when choosing a location for
starting the production.

The main obstacle in modeling increasing
returns is intelligibility. In order to overcome
this barrier, it is essential to have all technical
elements and unrealistic strategic assumptions,
which facilitate development of models and
offer solutions. NEG's models rely on models
of new trade theory that was developed in late
70s and 80s, and was created by a Nobel Prize
winner, Paul Krugman. New theory models
emphasize industry, economies of scale,
imperfect competition and a size of domestic
market.Location factors, used in this manner,
serve for explanation of trade patterns.

This theory strives to explain the spatial
structure of the economy through certain
technical elements for building models with
increasing returns and imperfect competition
markets. New Economic Geography models
typically assume an ad hoc process of
adjustment in which factors of production
move gradually toward locations that offer
higher current real returns. It is possible
to consider geographical models as games
in which players choose location before
the strategy.This indicates that there are
different factors and influences critical to
determine an optimal location but relevance of
transportation costs is common to all of them.
The same problem occurs when locating the
free zones, which comes down to determining
the location, and that will, among other
things, minimize transportation costs. These
costs, as an exceptional location factor, are
used in all location theories (from the oldest
to contemporary works of New Economic
Geography). Locational importance of
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TEOpeTUYapu Koju ¢y aorpahusanu, oOHaBIbAIH
WIM TOKYIIABAIM JaTH OPUTHHAIAH JIOTPUHOC
OBOM TIO/IPYYjy MPOCTOpHE eKoHOMUje. Paznuke
Cy mocTojajie y mporecruma MpoMjeHa HUXOBOT
PENaTUBHOT 3HAYEHa U PA3HOBPCHOCTH MOjaBHUX
obnuka. Ho, caBpeMeHa ekoHOMH]ja Jpyraduje
BpelHyje TPaHCIOpPTHE TpoluIkoBe. EBeHTyamHe
TPaHCIIOPTHE T'yOUTKe je Moryhe cyrncrutyucaru
JPYTUM MIPEIHOCTAMA JIOKAL]je, TIPU YeMy (haKTop
BpEMEHa YEeCTO MHjeHa 3HAueHhe MPOCTOPHE
yaasbeHocTH. Wmak, 3ajeJHHYKO je J1a CBaKo
TPAHCIIOPTHO CPEACTBO CaBjIaJaBa MPOCTOPHY
YIaJbEHOCT M YTHYE Ha JIOKALIMOHY ONTUMAITHOCT.

Jlakie, HE MOXXE C€ TOBOPUTHU O T'YOUTKY
3Ha4eHa TPAHCTIOPTHHX TPOIIKOBA Y BAJIOPH3AIUjH
MPOCTOPHE EKOHOMUYHOCTH, IIOCEOHO Y KOHTEKCTY
n300pa JoKaluje cIIo00IHUX 30Ha.

OCHOBHE KAPAKTEPUCTUKE TEOPUJE
HOBE EKOHOMCKE I'EOI'PA®UJE

Enementn HoBe ekoHOMCke reorpaduje cy
nokymaj (opmanu3oBama Teopuje Harris-a u
Pred-a, ayTopa umju je yTuIiaj Ha MOJbY IPOCTOPHE
EKOHOMHje OMO JOMHMHAHTaH y nepuony 50-ux u
60-ux roguna npouutor Bujeka. (Storper, 2010).
Mogen npensubha mpuBpeny CacTaBJbEHY OJ
JIBa peruoHa (Mako CTPYKTypa J103BOJbABA JAKO
IIMpEHe HAa MYJITUPETHOHAIHHU MOJEN) ca JBa
CEKTOpa IPOU3BO/IHE!

CaBpILIEHO KOHKYPEHTHE MOJHOTIPUBPEE U

HECaBPIIEHO KOHKYPEHTHE HWHAYCTPHjCKE
TIPOU3BOIEHE.

[Ipema Moxeny, HoOJbONPUBpPENHA 00pa
MPOU3BOJIE HEMOOWIIHY (hapMepH, a MHIYCTPHjCKa
n00pa paJHHLIM KOjH C€ MOTY KPETaTH y pEeTHOHE
ca BehuM peamHUM HaTHHIIAMA, 32 PA3JIUKY Of
(bapmepa HHIYCTPUJCKU PATHULU Cy TOIIOKHH
TPAHCIIOPTHUM TPOIIKOBUMA.

Exonomuja obuMma mpeTnocTaBbeHA Y
MoJieny je uHTepHa (3a mpeayseha). Mehyrtum,
jaBipajy ce u "meHtpuneranHe" cuie (MOKasyjy
TEHJCHLH]Y Ja HHIYCTPHUJCKY NPOU3BOAY
KOHLIEHTPHUIIY y CaMO jeJlaH PEerHOH U Jjenyjy
MOMYT €KCTEPHUX EKOHOMHja) KOje MPOUCTUYY

transportation costs were taken into account
by theorists who upgraded, renewed and tried
to give an original contribution to this area
of spatial economy. Differences existed in
processes of changing their relative meaning
and variety of forms. However, modern
economy value transportation costs differently.
It is possible to substitute transportation losses
by other advantages of the location, where a
time factor often changes the meaning of
spatial distance. Nevertheless, the common
characteristic is that each transportation
vehicle overcomes spatial distance and affects
the optimality of the location. Therefore, the
loss of the meaning of transportation costs
cannot be discussedwithin the evaluation of
spatial economy, especially in the context of
selection of sites for free zones.

BASIC CHARACTERISTICS OF THE
NEW ECONOMIC GEOGRAPHY THEORY

Elements of New Economic Geography
present an attempt to formalize theory of
Harris and Pred, authors whose influence in
the field of spatial economy was dominant in
50s and 60s of the last century (Storper, 2010).
This model anticipates the economy comprised
of two regions (although the structure allows
easy expansion to multiregional model) with
two production sectors:

Perfectly competitive agriculture and

Imperfectly competitive industrial
production.

According to the model, immobile farmers
produce agricultural properties, and industrial
properties are produced by farmers who may
move to regions with higher real wages. Unlike
farmers, industrial workers are subject to
transportation costs.

Within the model, the assumed economy
of scale is internal by its character (for
companies). However, the occurrence of
‘centripetal’ forces is evident (which tend to
concentrate industrial production into one
region only and act as external economies)
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U3 TPOCTPYKE MHTEPAKIMje CKOHOMHje 00mMa,
TPAHCHOPTHUX TPOIIKOBA M MOOMITHOCTH (haKTOpa.
To 3Haum na mpenyseha kene KOHIIGHTPUCATH
MIPOU3BO/ILY (€KOHOMHja 00MMa) O3y TPKUILTA
u no0aBbaya (300T TPOIIKOBA TPAHCHIOPTA), ATIH
MPUCTYH TPXKUIITY U JTo0aBbadrMa je HajoosbH
TaMo IJje Cy cMjelTena apyra npeayseha (360r
eekara BenuumHe TpkuiTa). OBa KpyKHA
Joruka pesynrupa aeromepayujom (Krugman,
2009). Mebhytum, TOME ce€ CYNpOTCTaBJbajy
"neHtpudyranane" cuie (Moxasyjy TCHIEHIU]Y
Jla CTBOPE BEJIMKY AMCIEP3H]y HHIYCTPU]jCKE
MIPOU3BO/IHE), MPOY3POKOBaHE HeMoOWTHOIIhY
MOJBOIIPUBpEE, Koja omoryhasa nouupame y
pEruoHy ca Majo JIOKaJHHX KOHKypeHaTa. Y
MOJIENly je Ba)XKHO M3padyyHaTH Ha KOjU HAYMH
pasnuka wusMmel)y peanHux HagHuna wmebhy
peruoHMMa MOXXE€ 3aBHCUTH O] ajloKaluje
WH]TyCTPHUjCKE IPOU3BO/IEHE M3Mehy THX peruoHa.

I'padukon Op. 1 mokasyje TuUMUYaH CET
Kajkynanuja. Ha ancimen je yauo paaHe cHare
y peruony 1, a Ha opAMHATH pas3iuka umelhy
HagHua y peruony 1 um 2. CBaka KpuBa je
u3padyyHaTa 3a pa3jIMYUT HHUBO TPOIIKOBA
TpaHcropTa. Y CiIy4ajy BUCOKMX TPAHCIIOPTHUX
TPOLIKOBAa IOCTOjH pEJIaTUBHO Maja
MehypernonanHa pa3zmjena (Masahisa, Krugman,
Venables, 1999). Haguure pagHuka y ToM cliy4ajy
3aBHCE Ol HUBOA JIOKAJTHE KOHKYPEHLIU]€ U Maajy
¢ 003upoM Ha Opoj OCTaIMX pajHUKa y UCTOM
peruony. C npyre cTpaHe, Kaja Cy TPOIIKOBH
TPaHCIIOPTa HUCKH, TIpOcjeuHa pupma mpojaje y
BEJIMKOj MjepH y 00a peruona. C 003upoM Ha TO Ja
rMa 00JbU MPUCTYT TPXKUIITUMA aKO j€ JIOLMUpaHa
y peruoHy ¢ BehoM MOMysaIijoM, MOTy C€ IUIaTUTH
Behe nHamgamme. KymoBHa Moh Tux HagHWia je
takole Beha 300r Tora mTo pagHuIy uMajy 60JbH
MIPUCTYTI TIOTPOLIAYKUM TOOpUMa. Y TOM CIIy4ajy
peanHe HaJHUIE pacTy C pacToOM IOMyaluje.
Kao pesynrar, KOHIEHTpauuja TMoOMyJalnuje
y OMJO KO0joj OJl pernoHa je paBHOTEXKHA, C
003UpoM Ha TO Ja WHAMBUAYAIHU DPaJHULIU
HEeMajy MoJCTHIIaje 32 MOOMITHOCT. [Ipu cpeamum
TPOILIKOBHMA ITPEBO3a OBE JBU]E€ CHJIE CY TOTOBO Yy
paBHOTekH. OIBOjeHO NMPHKa3aHa HCKPUBJHEHOCT,
y KO0jOj Cy LEHTPHUIIETATHE CUJIe CHAKHU]jE Kaaa
PETMOHU HUCY j€HAKH, a LEeHTpUdyraiHe Kajaa
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that arises from a triple reaction between the
economies of scale, transportation costs and
factors of mobility. This means that companies
tend to concentrate their production (economies
of scale) near the market and suppliers (due
to transportation costs) but the access to the
market and suppliers is the best at the location
of other companies (due to the effects of
market size). This circular logic results in
agglomeration (Krugman, 2009). However,
‘centrifugal’ forces (which tend to create large
dispersion of industrial production) oppose
it, caused by immobility of agriculturethat
allows locating in the region with fewer local
competitors. It is important to calculate in the
model how the difference among real wages
between regions may depend on the allocation
of manufacture between those regions.

Graph. 1 shows a typical set of calculations.
The horizontal axis shows the proportion of
the labor force in region 1, and the ordinate a
difference between wages in region 1 and 2.
Each curve is calculated for different levels
of transportation costs.In the case of high
transportation costs, there is relatively small
interregional trade (Masahisa, Krugman,
Venables, 1999). Wages of workers in this
case depend on the level of local competition
and decrease in accordance with the number
of other workers in the same region. On the
other hand, when transport costs are low,
the average firm sells extensively in both
regions. Given that it has better access to
markets if it is located in the region with
greater population, higher wages may be paid.
The purchasing power of these wages is also
higher because workers have better access to
consumer goods. In this case, real wages are
increasing with the increase of population. As
a result, the concentration of the population
in any region is in equilibriumsince individual
workers are not encouraged to move.In the
case of transportation costs of secondary
level, these two forces are almost in balance.
Distortion, separately presented, in which the
centripetal forces are stronger when regions
are not identical, and centrifugal forces when
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Cy TOTOBO CUMETPHYHH, MPEJCTaB/ba TBOPEBUHY
MOjeAMHAYHUX (PYHKIIMOHATHUX OOJIHKA.

[IpetnocTraBibeHo je na he ce paxHuULHU
KPETaTH y PETHOH ca BUIINUM PEaTHUM HaTHULIAMa.
VY ciydajy BUCOKHX TPaHCIOPTHHUX TPOILKOBA
MOCTOjH jEMHCTBEHA PABHOTEXKA Ca PaIHUIIMA
JjeHaKo noaujesbeHnM m3Mel)y peruona. Y ciyqajy
HHUCKHX TPOIIKOBA IPEBO3a IIOCTOj€ PABHOTEKE —
KaJ1a Cy paJiHUIM JeHAKO MOAN]jEIbEHH, U JIpYyTa,
KajJla cy paJHULU KOHIEHTPUCAHU y jETHOM OJ
peruona. (Krugman, 1998)

they are nearly symmetric, is a creation of the
individual functional forms.

It is assumed that the workers will move
to the region with higher real wages. In the
case of high transportation costs there is
a unique equilibrium with workers evenly
divided between the regions. In the case of
low transportation costs there is balance - when
workers are equally divided, and the second,
when workers are concentrated in one region
(Krugman, 1998).

I'pagh. 1. Youo nonyrnayuje u paznuxe y naonuyama usmehy 06a pecuoHa
Graph. 1. Proportion of the population and differences in wages between two regions
N3Bop: Krugman, P. (1998) Space: The Final Frontier, Pittsburgh: Journal of Economic Perspectives
Source: Krugman, P. (1998) Space: The Final Frontier, Pittsburgh: Journal of Economic Perspectives

Amu, rpadukon Op. | mpermocTtaBiba U
NPUBIAYHOCT oapeheHor obOimuka pas3BoOjHE
JUHAMHUKE KOja je jJeAHOCTaBHO HAacCTaBaK
MIPETIOCTaBKe Ja Ce PAJHULM MOoCTeneHo Kpehy
Ka peruoHy ca BHUIIUM pEaJHUM HaJHUIaMa.
AKO ce Ta MpeTHnocTaBKa IOMycTH, Moryhe
j€ pa3ABOjUTH nujarpaMm, Ja OuM ce caxkemo
¢dyHKIMOHUCae 1Mjene npuspene. [ padukon op.
2 1MoKazyje Kako CKyI paBHOTEXa (MjepeH y/IjesoM
WHIYCTPHUjCKE paJHE CHare y peruony l) 3aBucu

But the Graph no. 1 assumes the appeal
of some sort of evolutionary dynamics that is
simply a continuation of the assumption that
workers move gradually toward the region
with higher real wages. If this assumption is
allowed, it is possible to separate the diagram
to summarize the functioning of the entire
economy.Graph. 2 shows how a set of balance
(measured as a share of industrial labor force
in region 1) depends on transportationcosts.
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O]l TPAHCIIOPTHUX TpoOIUKOoBa. PaBHe nuHUje
yKa3yjy Ha CTaOWIIHY, a U3JIOMJbCHE JIMHHjEe Ha
HecTaOWIHy paBHOTEXKY. OB/Ije ce MpeTrnocTaBiba
J1a TIOCTOjH €KOHOMHja KOja TIOUMELE Ca BUCOKUM
TPAHCIIOPTHUM TPOLIKOBHUMA. JeIHAKY pacTiofjery
WHIYCTPUjCKE TMPOU3BOAKE u3Mel)y permoHa
WIIyCTpYje CUTyallja y Tauku A.

Straight lines indicate stable and broken lines
unstable balance. It is assumed here that there
is an economy that starts with high transport
costs. Situation at point A illustrates equal
distribution of industrial production between
regions.

I'pag. 2. [lodjena na jezepo u nepugepujy
Graph. 2. Classification into the core and periphery
UzBop: Krugman, P. (1998) Space: The Final Frontier, Pittsburgh: Journal of Economic Perspectives
Source: Krugman, P. (1998) Space: The Final Frontier, Pittsburgh: Journal of Economic Perspectives

3atuM ce mpeTnocTaBiba ga he TPOUIKOBU
npeBo3a mocteneHo naaatu. Kamga mpuBpena
nocnvje y Tadky B moumme mpornec [IpemoBor
TUMma; pacryha KOHIEHTpalHja WHIYCTPHjCKE
MIPOU3BOIEHE Y jETHOM PETHOHY JOBOIM O jOII
Behe KOHIIEHTpallrje WHIYCTPH]CKE TTPOU3BOIHE.
[IpuBpena ce COHTaHO OpraHH3yje y CPIKHO-
nepudepHU TEOMETPHJCKH 0OJIMK KOju mozcjeha
Ha WHIYCTPHjCKE W TIOJHOIIPUBPEIHE TI0jaceBE Y
CAJl, v nmomjeny Mranuje Ha pa3BUjeHU CjeBEp
Y CUPOMAIIIHHU]H jYT.

Then, it is assumed that transportation costs
are going to gradually fall. When the economy
gets into point B,then a process of Predov's
typestarts; growing concentration of industrial
production in one region leads to even greater
concentration of industrial production. The
economy is spontaneously organized in the
core-periphery geometricalshape which
resembles industrial and agricultural belts
in the United States or division of Italy into
prosperous north and impoverished south.
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CIHHELH®UNYHOCTU ITPOJEKTOBABA
JIOKAIIMJE CJIOBOAHNX 30HA

Kao mo npocTopHOTr cMjerraja eKOHOMCKUX
(dyHKIMja cIOOOIHE 30HE Cy BE3aHE 32 IPOCTOPHY
€KOHOMH]Y, TpaHy EKOHOMHje Koja ce OaBu
U3y4yaBambeM EKOHOMHUYHOCTHU CBHX IIHj€I0Ba
’KHMBOTA U Pajia 3aBUCHUX OJ] POCTOPHUX (haKTOpa.
Crora cy crienumyHOCTH POCTOPHE CKOHOMH]E
KOju ofpelyjy OnTUMaHy JOKAIMjy U CMjelTaj
CJI000IHUX 30HA M3Yy3€THO BaxkHe. [Ipuinkom
MPOjEKTOBAabA JIOKAIM]j€ IOTPEOHO je AeHUHUCATH
OINITHMAJIaH CM]jeIlTa] JIOKallKje y MpOCTOpy Koje
ca CTaHOBHUIITA CIOOOIHUX 30HAa OCUTYypaBa
MaKCHMAaJIHO 3a/10BOJbaBabE¢ MHAMBUIAYATHUX
edekara y3 oNTUMAITHO 33/I0BOJbEIHE IPYIITBEHUX
notpeba (Martin, 2010). IIpu u3dopy nokamnuje
3a ci1000aHY 30HY Tpeba ce MPHUCTYNUTH ca
CTAaHOBHMILTA JPYIITBEHUX MOTpeda Koje majy
n Hajeehe wunauBuayanne edekxre. Cpaku
CMjEIITajHH MPOOJIEM TPaKH CBOjEBPCTaH HAYMH
n300pa CMjelITajHO peleBaHTHUX (akTopa H
oaroBapajyhy KOHCTPYKIIM]y JIOKAIIMOHOT MOJIENA.
3a npoBol)ere MOCTYyIKa KOMITapaIyje U IpUMjeHy
oarosapajyhe JOKallMOHE METOAE BaXXHO je
(Kpemuh, 1977):

* YTBPAMUTH CB€ CMjemTajHe Qaxrope
JIOKAIIMOHO PEJICBAaHTHE 3a CBAKU CITyYaj;

* U3BpPIIMTHU Tmoxajeny QakTtopa Ha
KBAaHTUTATUBHE M KBAJIWTATHUBHE, LITO j€
BeoMa OUTHO 3a caM MOCTyIaK KoMIaparmje
ONTHUMAJTHOCTH TOjJEAMHUX CM]JEILTaja;

* mnponahu MeToay 00jEeKTUBHOT BPETHOBAa
JIOKalMOHOT YTHUIIaja TO0jeAMHOT CMjeIITajHOT
¢axTopa Ha KOHAYHU YKYTTHU ONITUMAJIUTET.
Jlaxie, JIOKalmoHW (PAaKTOPU Cy HOCHOIH

CMjeIITajHe CHAre Koja JUKTUpa W300p JIOKaIuje
o0jexTa nim oxapeheHe mpuBpeaHe aKTHBHOCTH.
Jlokanyja je, mpema Tome, QyHKIHMja JjeoBamba
CBUX pEJEBAHTHUX CMjEIITAajHUX (aKTopa.
300r Benukor Opoja ¢akropa, OHH ce€ OOMYHO
panu Jakuer mperieqa cBpcTaBajy y oapeheHu
cucTteM. Y HaCTaBKy je INpHKa3aHa Bep3uja
ommTe Kiacudukanmje JOKAIMOHUX (aKTopa
KapaKTepUCTUUHUX U300p cMjelTaja clo0oaHnX
30Ha.

THE SPECIFICS OF DESIGN OF FREE
ZONES SITES

As a part of the zoning of economic
functions, free zones are related to spatial
economics, a branch of economics that deals
with the study of economics of all parts of life
and work, which depend on spatial factors.
Therefore, the specificities of spatial economics
determining the optimal site and location of free
zones are extremely important. When designing
the site, it is necessary to define the optimal
position of the locations in the space which
will, from the standpoint of free zones, ensure
maximum satisfaction of individual effects
along with the optimum satisfaction of social
needs (Martin, 2010). When choosing a location
for the free zone,it should be approached
from the point of view of social needs that
give the greatest individual effects. Each
accommodation problem requires a specific
way of selection of relevant accommodation
factors and design of appropriate location
model.

For carrying out the process of comparison
and application of appropriate location
methods, it is important to (Kpemmwh, 1977):

* Identify all accommodation factors
relevantto the each casewith regard the
location;

+ classify factors into quantitative and
qualitative, which is very important for
the process of optimization, comparison
of individual housing;

+ find a method for objective evaluation of
the local impact of each accommodation
factor on the final overall optimum.
Therefore, location factors are the bearers

of accommodation force that dictates the choice
of location of the facility or certain economic
activities. The location is, therefore, a function
of the properties of all relevant factors. Due to
the large number of factors, they are usually for
easier viewing classified in a particular system.
The version of the general classification of
location factors typical for the selection of
accommodation free zones is shown below.
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Cnuka 1. IIpeeneo najsasxcnujux nokayuonux gaxkmopa

Picture 1. Overview of the most important location factors
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VY mpakcH je HaBeJeHO HEKOJIMKO METO/a
3a pjemaBame mpoOnema nokamuje. LleHtap
rpaBUTAIIOHA METOJa MpHUIaga TPYNu MeToja
3a TpaXKeme ONTHMAJHE JIOKAIMje Kao LIEHTpa
eKOHOMCKHMX akTuBHOCTH (Martin, Sunley,
2011). Kopuctu ce camocTaiHo 3a yTBphuBame
JoKaluuje, WIM Kao TMpBa amnpoKCUMaIluja
y JpyruM CcOQHUCTHIHPAHUM MOJENIHNMA.
[Ipennoct oBe merone je jemHoctaBHOCT. Ho,
OHAa MMa U HEAOCTATKe jep HE YKJbyuyje CHCTeM
UH(PaACTPYKType, TPOILIKOBE pajia U Apyre BasKHE
€JIEMEHTE 32 JOHOUICHE OUIyKE O JIOKAIIH]jH.
use je Tpakeme Tauke LEHTpa IIje je cyma
TPAHCIIOPTHUX TpoIlikoBa u3Mely moctojehux
Tayaka ¥ EHTpa HajMamba.

TpaHcnOpTHM TPOLIKOBH ofipel)enu cy:

* JEIUHUYHUM TPAHCTIOPTHUM TPOIIKOM;

* IPEBE3CHNUM BOJIyMEHOM;

* ynaspeHouhy.

Jakre, GpyHKIMja IUIba € MOXKE TIOCTABUTH
Kao:

n
minTC:ZVixRixdi

=1

TC = yKyIHM TPOIIKOBHU TPaHCIOPTa

N = 0poj Tauaka (jeMHNIa EKOHOMCKE aKTUBHOCTH)
V,= BOIyMEH y TauKH i

R = TpaHCTIOpTHH j€TMHUYHHU TPOLIAK

d;= yIa/beHOCT TauKe i 70 LICHTPa IPaBUTALIH]e

VYnameHocT d; koje mokasyje ynabeHocT uzmely
LIEHTpa TpaBUTAallMj€ U CBaKe pyOHE Tauke MOXKe
ce u3pasuTH npumjeHom Iluraropune reopeme
wm Eyknunose MeTpuke:

In the practice, several methods for solving
location problems were mentioned. Center of
gravity method belongs to the group of methods
to search for the optimal location as a center of
economic activity (Martin, Sunley, 2011). It is
used alone to determine the location or as a first
approximation in other sophisticated models.
The advantage of this method is simplicity. But
it also has its drawbacks because it excludes
the infrastructure system, labor costs and other
important elements for making a decision on
the location. The aim is to search for the center
point where the sum of transportation costs
between the existing points and acenter is the
lowest.

Transportation costs are determined by:

* transportation costs per unit,

* transported volume,

« distance.

Therefore, the function of the objective can
be set as:

n
minTC=ZVi><Rixdi

=1

TC = total transportation costs

N = the number of points (units of economic activity)
V= volume in point i

R;= transportation cost per unit

d;= distance from point i to the center of gravity

Distance d; showing the distance between the
center of gravity and each boundary point can be
expressed by applying the Pythagorean Theorem
or Euclidean metrics:
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W3 rpadukona je moryhe n3Byhu 3akipyyak aa
ce yaasbeHocCT d; Moxe epuHucaru Kao:

di = K x [(x — x)? + (y = yi)?];

raje je:
d;= yaaspeHOCT Of] Ta4Ke i JI0 IEHTpa IPaBUTALIH]C;
X, Y = KOOpAMHATE IIEHTpa I'PaBUTALH]C;
X;, ;= KOOpJMHATE Ta4yaka i,

K = jenuHu4Ha BpUjEIHOCT y KOOPIUHATHOM
cucremy (YkoiMKo ce mocMarpa oOuYaH
KOOPJIMHATHU CHUCTEM, jeIMHUYHA BPUJEAHOCT je
1, ma ce K Mmoxe ucnyctut u3 QyHKIHjE HUIba.
MehyTtum, kon n3bopa Jiokaiuje Tpeda u3rpagiuTu
KOOpJIMHATHHU cucTeM 3a onapeheno reorpadceko
nojpydyje, ma ce jeJUHUYHA BPHUJEIHOCT
npepadyHaBa Ha peajHy, HIp. Opoja KujiomeTapa,
MUJba, HAYTHIKHX MUJbA. )

Jlakie, npoupeHa GpyHKIMja usba IEHTap
IpaBUTAIIMOHE METOJIE CaJla TVIACH:

n
minTC=ZVi><RiXdi

=1

n
min TC = ZVi X Ri X [(Xx — xi)* + (y—yi)z]%

=1

C 003upoM Ha TO Ja je pujed O KOHBEKCHO]
(GyHKIIUJU ¢ jeIHUM TIO0ATHUM MHUHUMYMOM
(Hema JIoKaJTHUX MUHUMYMa), 1a Ou ce PyHKIIH]a
ONITHMU3UpaIa, IPOHAJIA3U Ce CKYI BPHjSTHOCTH
Bapujabiu n30opa koju he maTu KeJbeHH EKCTPeM
(dbyHKIMje HJba, Y OBOM CIydYajy MHHHUMYMA.
Hauun 3a ocTBapewme MuHHMyMa (QyHKIH]E
je mapuujalHo JAepuBHpame (YHKIUjE I10
HE3aBUCHUM Bapujabmama y, x. [lapuwmjamna
JiepYBaIlja Ha3Ha4YaBa MPOMjeHY je/THE HE3aBUCHE
Bapujabie Kaja Ccy apyre He3aBUCHE Bapujaodie y
(dbyHKIIMjU KOHCTaHTe. JeqHa Bapujabia Bapupa,
JIOK Cy ocTalie y (DyHKIIMjU 1A HEMPOMHU]CH-EHE.
Jla Ou ce Hamao ekctpeM (MUHUMYM) (YHKIIH]jE
11Jba, MapIHjaIHe IepyBalyje Tpeda n3jeTHauuTH
ca HYJIOM, T€ PHjEIIUTH CUCTEM jeTHAYMHA KaKko Or
ce o0use ONTUMAaTHE BPH]JEIHOCTH HE3aBUCHUX
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From the chart, it is possible to conclude that
the distance d; can be defined as:

di = K x [(x — xi)? + (y — yi)?];

Where:
d; = distance from the point iand the center of gravity;
X, y = coordinates of the center of gravity;
X;, yi= coordinates of the points i,

K = unit value in the coordinate system (If we
consider an ordinary coordinate system, unit
value is 1, so K can be dropped from the objective
function. However, when choosing a location,a
coordinate system for a specific geographic area
should be built, and the unit value recalculated
to the real, for example into the number of
kilometers, miles and nautical miles.)

Therefore, expanded objective function
of the center of gravity method now reads as
follows:

n
minTC=ZVi><Ri><di

=1

n
minTC = ZVi X Ri X [(Xx —x0)*+ (¥ —yi)z]%

=1

Given that this is a convex function with
one global minimum (no local minimums) in
order to optimize the function, a set of values
of variables of choice is found to provide
desired extreme of the objective function, in
this case the minimum.The way to achieve
the function minimum is usingpartial
differentiation of thefunctionsper independent
variables y, x. Partial derivative indicates a
change of one independent variable when
other independent variables in the function are
constants. One variable varies, while others in
the objective function remain unchanged. In
order to find the function extreme (minimum)
of the objective function, partial derivatives
must be equated to zero, and e a system of
equations should be solved to obtain the
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Bapujalu.

[Maprmjanno aepuBupame o K ce He y3uma
y 003up jep ce panu o koHcTaHTu. K npencrapiba
jenuHuuHy BpujeaHocT KapresujaHckor
KOOPAMHATHOT CHCTEMa, Ta 332 TEOPUjCKU H3BOJ
METOJI¢ LIEHTpa TpPaBUTALM]E Ta BPHjEAHOCT
n3HocH 1.

3Hauu, QyHKIHUja IUba y HACTaBKy HeE
oOyxBata BpHujeqHocT K, OMTHOCHO MpeTnocTaBba
ce na je K= 1. [lakne, ¢pyHKIM]ja IUIba [TIACH:

n
min TC = Zw X Ri x [(x — xi)? + (y—yi)z]%

i=1

[Mapuujanaum aepuBupameM (QYHKIHUjE 10
YJIaHOBHUMA X M 'y T0OH]y ce cibenehu u3pasu:

dTc
dx

drc

dy

CpehuBamem wu3pasza nobujy ce cibenchu
u3pasu3axuy:

n ViXRixXi n VIiXRixyi

E _ z:i=1 di — _ 4«i=1 di
= Tan VxRl v Y T TS, VixRi
z:i=1 di z:i=1 di

[Iperxoguum wu3pasuma go00HUjeHE Cy
KOOpJMHATHE BpPHjETHOCTH 3a ONTUMAIHY
JOKaIyjy, WIK 3a IEHTap TpaBUTAlMje HEKOT
cucrema. [IpoGmem mMeTone 1eHTpa TpaBUTAIIH]e
pjelaBa ce UTepaTUBHOM TporeaypoM. Kopamu
y pjemaBamy npodieMa IeHTpa TpaBUTaIHje Cy
cipenehu:

1. OmpenuTu TMoYeTHE KOOPAMHATE X U Y W3
MIPETXOHO HaBeneHe (opmylie 3aHemapyjyhu
yIasbeHoCT (di) , Tj. pyjed je 0 apUTMETHIKO]
CpEIIMHY CHCTEMA,

2. Tlomohy nobujeHnx KOOpaWHATA X U Y W3
MIPBOT KOpaka NOTpeOHO je n3padyHatu di,

3. U3pauynato di y mnpeTxogHOM KOpaky
noTpeGHO je YBpCTHTH y GOpMYITy 3a X U Y, Te

optimal values of independent variables.

Partial derivative from K is not taken into
account since it is a constant. K represents a
unit value of the Cartesian coordinate system,
and for the theoretical derivation of center of
gravity method this value is 1.

It means, the objective function below
does not include the value of K, and it is
assumed that K = 1. Thus, the objective
function reads as follows:

n
min TC = Z Vi x Ri X [(x — x0)? + (y — yi)z]%
i=1
By partial differentiations of the function per

members x and y, the following expressions are
obtained:

n
1
=EZVL'XRL'X [(X — xi)? +(y—yi)2]—%><2(f—xi) =0
i=1

n
1
=EZVL'><RL'>< [(f—xi)z+(37—yi)2]—%><2(}7—yi) =0
i=1

By rearranging expressions, the following
expressions are obtained for X and y:

n VIiXRixXi n VIiXRixyi

X = Li=1 di . oo 2=l g
= Tan VixRi ¢ Y T TS, VixRi
z:i=1 di z:i=1 di

By using the previous expressions,
coordinate values for optimal location were
obtained, or for the center of gravity of a certain
system. The problem of the center of gravity
method is solved by iterative procedure. Steps
used in solving the problem of the center of
gravity are as follows:

1. determine starting coordinates x and y from
previously mentioned formula neglecting the
distance (di ), i.e. it is about the arithmetic
mean of the system;

2. Using the resulting coordinates x and y from
the first step, it is necessary to calculate di;

3. di calculated in the previous step should be
included in the formula for x and y, and new
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OI'lbEH EPURA U MUJIMMUP JIOJOBUH
OGNIJEN ERIC AND MILIMIR LOJOVIC

IIOHOBO M3pauyyHaTH HOBE KOOPUHATE X UY ;

4. TloHaBsbatu KOpake 2. 1 3. CBE JOK KOOpANHATE
y cibenehoj urepanuju ocrajy UCTe, HITO
3HaYM Ja je TpakeHa (yHKIMja TOCTHIIIA
CBOj MUHUMYM Yy U3pauyHaTUM ONTHUMAJIHUM
KOOp/IMHATaMa.

3AKJBYYHAK

OnTuManHa JIOKanuja ciIo00JHUX 30HA je
OHa, KOja MaKCUMHU3Mpa MO3UTHBHE e(peKTe y3
MHHHUMAaJIHE TPOIIKOBE. Y OBOM PaJIy j€ UCTaKHYTO
Ja TOCTOj€ pa3iIWYuTH (AKTOpPH U YTHULAjH,
npecynHu 3a opehBame onTUMaHe JoKaluje,
aJl je TOTOBO CBHMMa 33j€JIHUYKO HaIvIallaBambe
Ba)XKHOCTU TPAHCIIOPTHUX TPOIIKOBA, TAKO Ja Ce
npo0JieM 4ecTo CBOJAM Ha YTBphUBamE JIOKALMje
Koja he MUHUMU3UpATH TPOIIKOBE TPAHCIIOPTA.

TpaHCIIOpTHE TPOIIKOBE KA0 U3Yy3€THO BayKaH
JOKAIIMOHU (aKTOp YKJbYUYy]y CBE MPOCTOPHE
Teopuje. OBU TPOILKOBH C€ jaBJbajy Kao BPIIO
pa3iIuuuTa Mjepuiia MPOCTOPHUX YIa/bEHOCTH.
dakTop BpeMeHa Yy caBiajaBamy IMPOCTOpa
YeCTO MHUjeHha 3HAUCHE MPOCTOPHE YIa/bEHOCTH.
3ajelHUYKO je, Aa Ce CBAKUM TPaHCIOPTHUM
CPEIICTBOM CaBJIa/1aBajy MPOCTOPHE YIaJbeHOCTH,
IITO CTBapa TPAHCHOPTHE TPOIIKOBE, a OHH
MOCJHEIUYHO YTUYY Ha JIOKALIMOHY ONTUMAITHOCT.
[Ipema TOME, HE MOXE C€ TOBOPUTH O TYOUTKY
3HaYeHa TPAHCIIOPTHUX TPOIIKOBA KaJl Ce PAJH O
BPEIHOBAY MPOCTOPHUX EKOHOMUYHOCTH.

Jlomuio je 10 BeMUKUX MPOMjeHa y BpcTama
TPAHCIIOPTHUX CPEJICTaBa, a TUME U MoryhHocTMa
n300pa 3a caBlaJlaBambe MPOCTOPHUX YIAJbEHOCTH.
Crora u caBpeMeHa mpakca HyIu HU3 MeToa 3a
pjemaBame mpobiema JoKamuje.

Heke Meronme ucTpaxyjy cBaky Mmoryhy
JOKauujy AyX onpeleHe MpocTOopHE paBHU H
Ooupajy Hajoospy. TakBe MeTole ce Ha3uBajy
KOHTUHYHpPaHE JIOKALOHE METO/IE. AJITEPHATUBHO
MOCTOje W AMCKPEIMOHE METOoJe Koje oaMax
cenekuuoHunry Moryhe sokanuje. Jlokammone
METO/Ie MOTY OWTH CTaTWYKe WIM AMHAMUYKE.
Cratuyke MeTozie poHasiase JOKalyjy Ha TeMeJby
JeIHOT BPEMEHCKOT IepHo/ia, 0K e TUHAMHYKE
0a3upajy Ha mojaluMa W3 BUIIE BPEMEHCKHX

coordinates x and y should be calculated;

4. Repeat steps 2 and 3 until the coordinates
of the next iteration remain the same,
meaning that desired function has reached its
minimum in calculated optimal coordinates.

CONCLUSION

Optimal location of free zones is the one that
maximize positive effects along with minimal
costs. In this paper, it has been pointed out that
there are different factors and influences critical
to determining the optimum location, but it is
common to almost all of themto emphasize the
importance of transportation costs. Therefore,
the problem often comes down to determining
the location that will minimize transportation
costs.

Transportation costs as an extremely
important locational factor are included in all
spatial theories. These costs appear in a form
of very different scales of spatial distance. The
time factor in mastering the space often changes
the meaning of spatial distance. It is common
that geographical distancesare overcome by
using various means of transport thuscreating
transportation costs, which consequently affect
the optimality of location. Therefore, we cannot
talk about the loss of meaning of transportation
costs when it comes to evaluating the spatial
economy.

There was a major change in types of means
of transportation, and by that in the ability to
choose means to overcome spatial distances.
Therefore, the modern practice offers a variety
of methods to solve the problem of location.

Some methods investigateeach possible
location along a certain spatial level and choose
the best one. Such methods are referred to as
continuous locational methods. Alternatively,
there are discretionary methods that instantly
select possible locations. Locational methods
can be static or dynamic. Static methods finds the
location on the basis of a period of time, whereas
dynamic methods are based on information from
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nepuosa.

Y oBOM paay je mpencTaBjbeHA LIEHTAp
rpaBUTAIlMOHA METOJAa paaud MpPOHAIAKEHA
ONTHMAaJHE JIOKamuje CcIo0O0JHUX 30HA.
JeqHOoCTaBHA je 3a KOPHUINTEH-E, IITO je U HeHa
OCHOBHa mpegHocT. MehyTtum, mnoctoje u
HEIOCTallM MPUMjeHe OBE MeToze (HEe y3uma y
003up mapaMeTpe Kao MITO Cy MOCTOjabe CUCTEMA
UHPACTPYKType, TPOILKOBE paja U HEKE Jpyre
(akTope KpylLujanHe Npu JOHOLICHY OIIyKEe O
JIOKaIXju CI000THUX 30HA).

HajoutHuju d¢axtop 3a oxnpehuBame
CM]eIITajHOT ONTUMAITUTETA JIOKAIIH]je CII000THIX
30Ha MMpeMa OBOj METOIHU jeCTe YIaJbeHOCT Of
[IEHTpa EKOHOMCKE aKTHUBHOCTH, IIITO j€ TIOBE3Yje
ca Teopujom HoBe ekoHomcke reorpaduje. Y oBoj
TEOPH)H TPOLLIKOBU TPAHCIIOPTA CY KIbYUHH (DaKTOp
CcaBJIa/laBama yaJbeHOCTH U CTBapama pacTyhnx
npuHOca Ha oOuM. Y Teopuju HoBe exoHOMCKe
reorpaduje "nenTpuneranHu” GaKTopu yKIbyUyjy
€KOHOMH]Y 00HMMa, TPAaHCIOPTHE TPOLIKOBE M
MOOWITHOCT (hakTopa. KoHIIEHTpaIijy eKOHOMCKE
aKTHBHOCTH YCJIOBJbaBa OJIM3MHA TPKUILTA (300T
yTHIaja TPOILIKOBA TPAHCIOPTA), U TMPUCTYM
TPXKHUIITY (300T edekara ekoHOMHje 00MMa).
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I'nC BASUPAHA ITPOCTOPHO-BPEMEHCKA AHAJIM3A ITPOAYKIIUJE
BUOMACE HA TIOAPYYJY PEIIYBJIMKE CPIICKE

Hasopuu bajuh', Iparyrun Auuh' u Pagocnas /lekuh!
Tpupomuo-maremarndku Gakynret, YauBep3utet y bamoj Jlyim, Pemy6muka Cpricka

Caskerak: Y 0BOM pafy W3BpILIEHA j€ MPOCTOPHO-BPEMEHCKA aHalN3a MPOAyKIHje 6nomace Ha moapydjy PemyGmuke
Cprcke, kopuIhemeM MpoayKaTa JajbHHCKE IETeKIHje U TeorpadcKuX HHPOPMAIIHOHIX TeXHOIorHja. OCHOBHHU yla3HU
mapaMeTpy, Ha OCHOBY KOjHX j€ M3BpIIEHA aHaIW3a, cy OpyTo mpumMapHa mnpoxyktuBHocT (GPP) m mero mpmmapna
mponykiuja (NPP). Ha ocnoBy GPP u NPP, xao Mjepa mpoaykuuje W aKyMmynaiyje yrjbeHHKa Yy eKOCHCTEMHMa, Ha
WHAMPEKTaH HAYMH M3BPIICHO je Mjepere MpoayKiuje bnomace. Kopumrhern cy carennTcKu CHUMIIN KOju ce 6a3upajy
Ha MODIS (enr. Moderate Resolution Imaging Spectroradiometer) MOD17 mpou3Bomy, KOju y OCMOIHEBHHM W
ronummuM naTepBannMa reaepuiie GPP u NPP mapametpe, y Buay I'MC pactepckux ciojeBa. AHaM3a je U3BpIICHA 32
necertorogunismy epuox ox 2005. mo 2014. roqune, kopumthemem Google Earth Engine BEB TUC amnukanuje u QGIS
neckron ' MIC ammmkanuje. Pesynratn ananmse npoaykiuje Ouomace Ha noapy4djy Pemyonmke Cpricke, y mocMaTpaHoM
IIepHoAy, YKasyjy Ha oapeheHa oicTymama W kosnebarma y MPOCTOPHHM W BPEMEHCKHM OKBHPHMMA, 3aBHCHO O] THIIA
eKOCHCTEeMa, T€ Y 3aBUCHOCTH Ol METEOPOJIOIIKUX YCIIOBAa Y MOjeIMHUM TOIMHAMA IT0CMaTpamba.

Kibyune pujeun: ['MIC, Ouomaca, HeTO-puMapHa MPOAYKIHja, OPyTO-pUMapHa MPOAYKIHja, TaJbUHCKA IETEeKIIH]ja,
Peny6muka Cpricka.

Original scientific paper

GIS-BASED SPATIAL-TEMPORAL ANALYSIS OF THE BIOMASS
PRODUCTION IN THE REPUBLIC OF SRPSKA TERRITORY

Davorin Baji¢', Dragutin AdZi¢' and Radoslav Deki¢!

Faculty of Sciences, University of Banja Luka, Republic of Srpska

Abstract: The paper addresses a spatial-temporal analysis of the biomass production in the Republic of Srpska territory
by using products of remote sensing and geographic information technologies. The basic input parameters on which the
analysis is based are Gross Primary Production (GPP) and Net Primary Production (NPP). Based on GPP and NPP as
measures of carbon production and accumulation in ecosystems, the biomass production was measured indirectly. MODIS
(Moderate Resolution Imaging Spectroradiometer) MOD17 product-based satellite footage was used as it generates eight-
day and yearly intervals of GPP and NPP parameters as GIS raster layers. The analysis was performed for the 2005-2014
ten-year period by using Google Earth Engine web GIS application and QGIS desktop GIS application. Results of the
biomass production analysis in the Republic of Srpska territory during the target period indicate specific deviations and
oscillations within spatial and temporal frameworks, depending on the ecosystem type and weather conditions during
some of the observed years.

Key words: GIS, biomass, net primary production, gross primary production, remote sensing, the Republic of Srpska.
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1. YBO/J,

Mjepa e(hpuKacHOCTH EKOCHCTEMA je BETMIUHA
IErOBE OpraHcke mnpoaykuuje. M3paxkasa ce
KOJTMYMHOM OpraHCKe Marepuje CHUHTETHCaHe
y JEIUHUIM BpEeMEHAa Ha jeMHUIIU TOBPIIHHE/
sanpemune (Ilemuh, 2011). Konnena npumapna
nponaykmuja 06e30jelyje eHeprujy 3a onpkaBame
CTPYKType U (yHKIHMjE EKOCUCTEMa, UCIIOpYyUyje
pecypce: XpaHy, IpBO, TOpHBa U BIaKHA HETIXO/IHE
3a JbY/ACKO JIPYIITBO.

[Tponykuuja GuoMace MOXKE c€ MOCPETHO
onpehuBaTy Ha BHIE HAuyMHA, Kao IUTO CY:
Mjeperme KOJIMYMHE 0ciI000l)eHOr KHCeOHHKa,
Mjepere KOJTMYUHE YTPOIICHOT YIIbeH-THOKCHIA
WIH MjepemeM NpPOTOKAa YIJbeHUKA. Y OBOM
paxy aHanmM3a MpoayKiuje Ouomace W3BpIICHa je
MjepemeM MPOTOKa U aKyMyJnalfje yribeHUKa y
exocucremuma. /la 61 ce pacBHjeTVIMO OCHOBHH
MEXaHM3aM Mjepema MpoAyKIHje Ouomace y
HACTaBKY j€ J1aT Mpernies U Je(uHHIINja OCHOBHUX
MI0jMOBa, T€ OCBPT Ha JIUTEPaTypy y KojuMa cy TH
MOJMOBH JIe(PUHHCAHH.

[TpumapHa mpoayKiuja MpeacTaBba CTOMY
collapHE €HEepruje NpeTBOpeHe y Oumomacy
npouecoM (GOTOCHHTE3E WM XOMEOCHHTE3E.
VYKynHa MpeTBOpeHa eHepruja (OTOCHHTE30M
Ha3uBa ce OpyTo npumapha npoxykuuja (GPP).
Hero npumapna npoxykuuja (NPP) pesynrar je
pasnuke u3zmel)y OpyTo mpuMapHe MpOLyKIIHje
U TIOTPOILIEHE EHepruje y Mpolecy Aucama
(Campbell, 1990). Hero npumapHa mnpoxykimja
MOCMarpa ce ¥ Ka0 HETO KOJMYMHA YCKIIaJUIIITEHOT
yribenuka (C) y Ouspkama, aKkyMyJIHpaHOT Kao
Ouomaca.

NPP = GPP - Pecniupanuja

Mjepeme HETO HpUMapHe NPOAYKIIHje
no0Mja Ha 3Ha4yajy Kajga ce MpOTOK €Hepruje y
EKOCHCTEMY MOXKE M3MjEpPHUTH, HAKOH Yera ce Ha
OCHOBY pe3yJiTaTa Mjepermha MOKE OIMCATH CTabe
€KOCHCTEeMa, Te TMPEABU/IjETH OITOBOP HA IPOMjeHe
u nopemehaje y ucrom (Whitten, et al., 1996).
HcrpaxkuBame HETO IPUMapHE MPOAYKIMje UMa
BEJIMKH 3Ha4aj, jep MPeACTaBIba KIbYYHHU MPOLIEC Y
KPY)KeHY YIJbeHHKA U TUPEKTHO MjepU KOJTHUHHY
MPOU3BOIE Y ekocuctemy (Zhao and Running,
2008). Hero nmpumMapHa mpoaykipja Kao ajar 3a
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1. INTRODUCTION

The measure of an ecosystem efficiency
is the size of its organic production. It is
expressed with the amount of organic matter
synthesized in a unit of time over the unit
of surface/volume (Pesi¢, 2011). The land
primary production provides energy for the
maintenance of an ecosystem’s structure
and function and delivers resources such as
food, wood, fuel and fibres crucial for human
society.

The biomass production may be indirectly
determined in several different manners
such as follows: measuring the quantity of
released oxigen, measuring the quantity of
used carbon dioxide, or measuring the carbon
flow. The paper performs the analysis of
biomass production by measuring the carbon
flow and accumulation within ecosystems. In
order to detect the primary mechanism for the
biomass production measurement, we provide
an outline and definition of primary terms and
the bibliography in which these terms are
defined.

The primary production is the rate
of solar energy converted into biomass
by the processes of photosynthesis or
homeosynthesis. The total energy converted
by photosynthesis is called gross primary
production (GPP). The net primary production
is a result of difference between the gross
primary production and the energy spent
during the breathing process (Campbell,
1990). The net primary production is regarded
as a net amount of carbon (C) stored in plants
and accumulated as biomass.

NPP = GPP - Respiration

Measurement of the net primary
production is crucial once the energy flow
within an ecosystem can be measured, after
which it is possible to provide a description
of the ecosystem condition and predict a
response to changes and deviation based
on the measurement results (Whitten, et
al., 1996). The reasearch on net primary
production is pertinent as it is a key process
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Mjepeme MPOAYKIMje U yTBphUBama KOJIHMYUHE
aKyMYJIMPaHOT YIJb€HHKA, MOXKE C€ KOPHCTUTH
3a TPOIjeHy yTHIlaja MPUPOAHUX Mopemehaja
Kao M BjEIITAYKH M3a3BaHUX (JOBjeK) nmopemehaja
KOJU yTUYY Ha MPOJIYKTUBHOCT y E€KOCHUCTEMY.
Ha mo6GanHoM HHMBOY KOIIHEHA HETO MpUMapHa
MPOAYKIIMja, jelaH je Ol HajBUIIIEe MOJEIOBAHUX
EKOJIOILIKMX Tlapamerapa, ca MoJeluMa Koju ce
3HAYajHO PA3JIMKY]Y Y IPUCTYILY ¥ KOMILIEKCHOCTH,
yecTo najyhu cnmune ynopeause npoigjene (Field
et al., 1995).

PazymjeBame onHOoca u3Mel)y HeTo npumapHe
NPOAYKIMjE U KPYXKeHmha YIJbeHHKA, KIbYYHO je 3a
npenBuhame 1 yornaxaBame HEraTUBHUX IIPOMjeHa
KMBOTHE CpEJIMHE.

Toguisu NPP nnm yeknaauiresa KommaruHa
YIJbEHHKA, MOJKE C€ KOPUCTUTH 3a MPOIL[jeHy pacTa
ousbaka To ject obuomace (Jihye, et al., 2011).

[Topen unmenuIe 1a HUje Moryhe U3BpIIUTH
JTUPEKTHA Mjepera, MOCTOJH MHOTO MOjelna
3aCHOBAHMX Ha (U3HOJOIIKUM HPHUHIUITIMA
u mobannoj 3emspuHoj auHamuim (Cramer et
al. 1999). OBu mozmenu ycBajajy jemHy oI Tpu
MeToponoruje: 1) mpoToK yrijbeHHKa Oa3zupaH
Ha onpeheHoj CTPYKTYpH Beretauuje, 2) IpoToK
YIJbEHHKA U CTPYKTypa BereTanuja, 3) caTeIMTCKH
MOJAIN TAJBIHHCKE JICTEKITH]e.

I[Ipoujena pasmjene yribenauokcuaa (CO,)
u3mely 6nocepe u armocdepe, Kao 1 MPOAyKIIHUja
BereTalyje Ha PeruoHaJIHOM, KOHTUHEHTAJIHOM
U T1I00aJTHOM HHBOY, MOXE€ ce NOoCTHhH
KOMOMHOBAH-EM JTAJBUHCKE JieTeKiuje (eHr. Remote
sensing) ca nH(opMaIrjama o MpoIecy KpyKema
yribeHuka. Heto mpumapHa mpoaykuuja yzuma
y 003up komuko CO, y3uMa BereTaluja TOKOM
dorocunrese u kommko ce CO, emMutyje TOKOM
JIMCamba, IITO MPEICTaBIba MPOLEC Yy KOjeM OUIbKe
kopucte mehepe 3a mponsBoamwy eHepruje. Hero
xomurHa CO, y3eTa 01 CTpaHe BEreTaluje, MOKe
ce PETBOPHUTH y CyBy Marepujy - ouomacy (FAO,
2015).

NPP omnucyje HETO KOJUYMHY YIJbEHHKA
KOjer je Beretamnuja arcopOoBajia Kao pe3ynrar
acuMmtanyje (yHyTap) ¥ pecrupaiyje (u3BaH).
Komnuunna C uspaskaBe ce Kpo3 Macy MO jeTUHULH
nospiune (C kg/m2). CO, npencrassba U3BOP
yIJbEHUKA y OMILNTO] peakuuju (OTOCHHTE3E Y

in carbon circulation and it directly measures
the production within an ecosystem (Zhao and
Running, 2008). As a tool for measurement
of production and amount of accumulated
carbon, the net primary production may be
used for the evaluation of impact of natural
and artificial (human) divergence on the
productivity within an ecosystem. Globally,
the land net primary production is one of the
mostly modelled ecological parameters with
models that largely differ in their approach
and complexity, often providing similar
comparative evaluation (Field et al., 1995).

It is crucial to uderstand the relation
between the net primary production and
carbon circulation in order to predict and
assuage negative environmental changes.

The annual NPP or the accumulated
amount of carbon assimilated by biomass may
be used for the estimation of plant growth, i.e.
biomass (Jihye, et al., 2011).

Apart from the fact that it is not possible
to perform direct measurements, there
are many models based on physiological
principles and global Earth dynamics (Cramer
et al. 1999). These models adopt one of the
three methodologies: 1) carbon flow based on
a specific vegetation structure, 2) carbon flow
and vegetation structure, and 3) satellite data
collected from remote sensing.

The estimation of carbon-dioxide (CO,)
exchange between biosphere and atmosphere
as well as vegetation production on regional,
continental and global levels may be achieved
by combining remote sensing and the
information on the carbon circulation process.
The net primary production considers how
much CO, is absorbed by vegetation during
photosynthesis and how much CO, is emitted
during breathing, which is a process of plants
consuming sugar for energy production. The
net amount of CO, absorbed by vegetation
may be converted into dry matter - biomass
(FAO, 2015).

NPP refers to the net amount of
carbon absorbed by vegetation as a result
of assimilation (inward) and respiration
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OuspKaMa y K0joj Ce YIJbEHHUK MPEBOAU Y YIJbEHE
xunpare (CH20), yunehn kJbydHH eneMeHar
cyBe wmarepuje Beretanmje. C o03upoM Ha
CTEXHMOMETPH]CKHU OTHOC MOJeKysckux maca CH20
(xao mpousBona) u C (kao moja3He marepuje y
peakiyju) Moryhe je m3padyHaTH NPOAYKLHU]Y
cyBe marepuje (CH20), onHOCHO TPOXYKIHUjY
cyBe buomace (FAO, 2015). ¥ nocrynky ananmse
npoaykiuje OmoMace MOCeOHO Cy KOPHUCHH
CaTEeJIUTCKU M3BEACHHM IMOJALHU, jep Mpyxajy
MeXaHu3Me 3a IpoljjeHe, npaheme u eBatyanujy
MIPOCTOPHE U BPEMEHCKE BapHjalHje MPOIyKIIHje
yHyTap KonmHeHux exocucrema (Crabtree et al.
2009). Y oBoMm pay, 3a porijeny NPP, kopuithenu
cy MODIS carenurcku npoussonu: MOD17A3H
(MODIS/Terra Net Primary Production Yearly L4
Global 500 m SIN Grid V006)! u MYD17A2H
(MODIS/Aqua Gross Primary Productivity 8-Day
L4 Global 500 m SIN Grid V006)*.

Ha ocHOBy neduHHMCAHUX CaATETUTCKUX
MpOyKaTa U3BPIICHO j€ TeHEPUCAhE MTOKa3aTesha
NPP na romumimeM HUBOY, 32 CBaKy TOJAMHY
noceOHO Yy IMOCMaTpaHOM JI€CETOrOAUIIEbEM
nepuony 2005-2014. roguna, y Buny I'MC
pactepckux Mmama. 'enepucane mare Ouie cy
OCHOBA, yJa3HH IO/AIH, 32 MOJEN MPOCTOPHO-
BpPEMEHCKE aHaju3e NpoayKuuje Onomace.
Iopen reneprcaHnx Mara, Ha TOIUIIELEM HUBOY,
TEHEPHCAHU CYy U TaOeIapHH MTOJAIH KOJH CaPKe
BpeMeHCKy nucTpuOyimjy NPP Ha ocMonHeBHOM
HUBOY, YHYTap jeIHE TO/IMHE.

[Ipey3umame HaBeIEHUX CaATEIUTCKHUX
MpoJyKaTa U HBUX0Ba 00pasia M mpuiarolaBame
3a Jajby aHanmm3y u3BpiieHo je y ['yrmoBom
npousBoay Google Earth Engine (GEE)?, koja
oMmoryhaBa mpuctyn M aHanusy Beher Opoja
CKYIOBa POCTOPHUX MOAATAKA.

GEE je penaTuBHO HOBa TEXHOJIOTHja
Koja TpencraBjba BeO Oasupany miaThopmy
HaMHjeweHy mnpahewy M Mjepemy MNpoMjeHa
Ha 3eMsbMHO] moBpmuHU. Ilnardopma Hynm
MoryhHoCT OecruiaTHOT MPUCTYyNa KaTajlory
rmojaraka, TO jeCT OrPOMHOj 0a3u TojaTaka

1 https://Ipdaac.usgs.gov/dataset discovery/modis/modis_
products_table/mod17a3h_v006

2 https://Ipdaac.usgs.gov/dataset _discovery/modis/modis_
products_table/myd17a2h_v006

3 https://earthengine.google.com/
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(outward). The amount of C is expressed as
the mass per surface unit (C kg/m2). The
CO, flow is a source of carbon within plants
and the general photosynthesis equation
determines if the carbon converts into carbon-
hydrates (CH,0), which makes it a ket element
of the vegetation dry matter. Depending on
the molecular mass, C mass may convert into
the production of dry matter (CH,O) or the
production of dry biomass (FAO, 2015).

The analysis of biomass production
capitalizes on the satellite data as they provide
mechanisms for the assessment, monitoring
and evaluation of spatial and temporal
production within land ecosystems (Crabtree
et al. 2009). For the evaluation of NPP, our
study uses the following MODIS satellite
products: MOD17A3H (MODIS/Terra Net
Primary Production Yearly L4 Global 500 m
SIN Grid V006)' and MYD17A2H (MODIS/
Aqua Gross Primary Productivity 8-Day L4
Global 500 m SIN Grid V006)2.

Based on the defined satellite products,
we generated annual NPP indicators as GIS
raster maps, separately for each year during
the target 2005-2014 ten-year period. These
generated maps were the basis, i.e. input
information, for the model of spatial-temporal
analysis of biomass production. Apart from
the maps, we generated annual tables with
information on temporal NPP distribution on
the 8-day level within one year.

The collection, processing and adjustment
of the satellite products were performed via
Google Earth Engine (GEE)?, which enables
access and analysis of a large number of sets
of spatial data.

GEE is a recent technology which
represents a web-based platform intended
to monitor and measure changes in Earth’s
surface. The platform offers free access to
an extensive data catalogue resulting from
years of Earth observation. GEE calculations

1 https://Ipdaac.usgs.gov/dataset _discovery/modis/modis_
products_table/mod17a3h_v006

2 https://Ipdaac.usgs.gov/dataset _discovery/modis/modis_
products_table/myd17a2h_v006

3 https://earthengine.google.com/
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HacTallo] OJ BHUIICTOJUIIBET OcMaTpama
(oncepnarmje) 3emsbe. Pauynama y GEE u3Bone
ce nomohy I'yrmoBe mupactpykrype, raje cy
aHaJU3€ ayTOMAaTCKH Iapajelu3upaHe Tako
Ja TapajelHO MOTy OWTH YKJbYYEHH MHOTH
KOMITjyTEpPCKH TPOLIECOPH MPUIMKOM ojjpeheHor
pauyHama. Karamor mnomaraka GEE cmaja
nerabajTHe MOAATKE OCMaTpama 3eMJbe U caMy
alyIMKaIMjy 4YuMe ce elMMUHHIIE morpeda 3a
Ipey3uMameM U yIpaBJbambeM MoJalma Ha
J0KaiHOj MH(PpacTpyKTypH. OBO je 01 U3y3eTHOT
3Hayaja HApOYMTO 32 OOMMHE M 3axXTjeBHE
reonpocropHe aHanm3e. GEE ckimaauimi u3BopHe
TIOJIaTKe y CBOjOj OPUTMHAIHO] IPOjeKIIMjU Ca CBUM
OPUTHHAJIMHHY MofialiiMa 1 MeTaroyarima. [lomarm
n3 apyrux u3sopa mMory ce kopuctuta 1 GEE, Te ce
MOT'Y PEIPOjeKTOBATH aKO j€ TO HEOIXOIHO.

Karanor nonaraka caap:xu CKOpO KOMILIETaH
cer nojaraka ox Jlanacar 4, 5, 7 u 8 carenura,
npeysetux ca “USGS Earth Resources Observation
and Science** apxuBe, MODIS’ carenutcke
ckymoBe nonaraka, Centunen (Satellite Sentinel
Project)® carenutcke mojarke, 3aTUM BEIUKH Opoj
JUTUTATHUX Mojena pesbeda, arMochepcKux
TI0/1aTaKa, METEOPOJIOIIKMX MO/IaTaka M HU3 IPYTHX
CKyTIOBa Tojiaraka’.

[TocTnponecunr mpeysetux u oOpaheHux
nojaTaka y OOJMKY NPOCTOPHO-BPEMEHCKHUX
ananmusza u3BpiieH je y QGIS neckron I'MC
aIUTKALIA) 1.

2. IIOJALU U METOJIE
2.1 Kopumthenu noparm

Kopuuthenu nofaiu y oBoM pajy 6a3upanu cy
Ha Hacunum (enr. NASA) npoaykTuMa JaJbUHCKE
nerekuyje, nooujenn ca Tepa Monuc (enr. TERRA
MODIS) u AxBa Moauc (ear. AQUA MODIS)
censopa. Hacun mpojekar MOD17 06e30jehyje
koHTHHYHpaHe nonarke o GPP u NPP 3a nujeny
3eMibHHY NOBpIIMHY, TIoueB o1 2004. rogune. b

4 https://www.usgs.gov/

5 https://modis.gsfc.nasa.gov/

6 https://sentinel.esa.int/web/sentinel/home
7 https://earthengine.google.com/datasets/

are performed via Google infrastructure, in
which analyses are automatically parallelized
so that specific calculations may parallelly
cover multiple computer processors. The
GEE data catalogue comprises 5-bit data on
Earth observations and the application itself,
so as a result, we elliminate data download
and management on a local infrastructure.
It is crucial for extensive and demanding
geospatial analyses. GEE stores source data in
its original projections along with all original
information and metadata. Data from other
sources may also be used and reprojected in
GEE if necessary.

The data catalogue contains a complete
set of data: Landsat 4, 5, 7 and 8 downloaded
from “USGS Earth Resources Observation
and Science“* archive, MODIS® satellite
data sets, Satellite Sentinel Project® data,
many digital relief models, atmosphere data,
weather information, and other data sets’.

Post-processing of downloaded and
processed data in form of spatial-temporal
analyses was performed in QGIS desktop GIS
application.

2. DATA AND METHODS
2.1 Used data

The data used in this paper are based on
NASA remote sensing products downloaded
from TERRA MODIS and AQUA MODIS
sensors. NASA’s MOD17 project has been
providing continuous information on GPP
and NPP for the whole Earth surface, starting
with 2004. The objective of MOD17 is to

4 https://www.usgs.gov/

5 https://modis.gsfc.nasa.gov/

6 https://sentinel.esa.int/web/sentinel/home
7 https://earthengine.google.com/datasets/
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MOD17 npojexra je 1a ce n3BpILIM KOHTHHYHpaHa
npoljeHa OpyTO/HETO NpHUMapHE MPOAYKIIH]je
BETeTalMje 3a ujerny 3eMJbUHY MOBpIIHHY. M3na3u
MOD17 npojekta KOpPUCHH Cy 3a yIpaBibambe
3EMJBHIIITEM, TIPUPOTHUM PECYpCHMa, TII00ATHY
aHaJIM3y KpyXKeHha YIJbCHHKA, MOHHTOPUHTA
MpOMjeHa JKMBOTHE CPEIMHE M TPOI[jeHy cTaryca
exocucrema. MOD17% je auo Hacunor cuctema
3a ocMarpame 3emibe (eHr. EOS-Earth Observing
System) 1 TIpBU je CaTeNMUTCKU N3BEJICH CUCTEM 32
npaheme MpoayKIHje BereTanyje Ha I00aaTHOM

HUBOY.
3a pauyHame€ W aHAJIU3y TPEHJI0BA HETO
NpUMapHe TMPOAYKLIHje KOPUCTHIU CMO

MODIS npousBozae: roguilikbu KyMyJaTUBHU
NPP MODI17A3H, 3arum MODIS npousBozg
(MYDI17A2H) koju npeacraBiba KyMYJIaTHBHH
nokasaresb OpyTo npumapse npoaykuuje (GPP)
3a cBakux 8§ mana. O6a mpou3Boja Cy MPOCTOPHE
pesomytwje ox 500 m.

Hctpaxusauka nabopatopuja NTSG (eHr.
Numerical Terradynamic Simulation Group)
Ha YHuBep3urery Montana y Mucymu (CA/J),
006e30jehyje y koutunyurety npoijene GPP u NPP
Ha ocHoBy MODIS nonaraka (Zhao et al., 2005;
Zhao and Running, 2010).

OBu noganu pesynrar cy MOD17 anroputma
KOjU Ce 3acHMBAa HAa OPUTMHAIHO] JIOTHIIH
MounTteunt-a (Monteith, 1972) o edukacnocTu
ynotpebe paaujamuje. OH cyrepumie aa je
roAulikha MNPOAYKIMja ycCjeBa y YCIOBHMA
n00pe HaBOAKHEHOCTH M TNPHUXPAKHEHOCTH,
JMHEApHO Be3aHa ca KOJMYUHOM arcopOoBaHe
CYHYEBE EHepruje kojy Ousbke arncopOyjy TOKOM
BereTaroHor nepuona. OBa Joruka KOMOUHYje
MIPOCTOpHA OTpaHUuCHa (PaCIIOIOKUBA CyHUCBA
CBJeTJIOCT KOja Jjonupe 10 oxpeleHe moBpiInHe
WM MjecTa) ca €KOJIOIIKAM OTpaHHYeHhUMa Koje
C€ OJJHOCHM Ha TIOBPIIMHY JIUCTA KOjHU arcopoyje
cyHueBy eHeprujy (eHr. Leaf area index), onHocHO
KOJIMYMHY aricopOoBaHe (POTOCHHTETHYKE aKTHBHE
pamujanmje (enr. Absorbed Photosynthetically
Active Radiation-APAR).

3a pauynawe NPP, MODI17 mnpomjemyje
Ha JHEBHOM HHBOY pecnupanuju (R Ir), 3atum
roauimky pecnupanujy npupacta (R g) u

8 http://www.ntsg.umt.edu/project/mod17
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continuously evaluate gross/net primary
productions of the entire Earth vegetation.
The outputs of MOD17 are usefull for the
management of land and natural resources,
the global analysis of carbon circulation,
monitoring of environment changes, and
assessment of ecosystem status. MOD17®
jis a part of NASA Earth Observing System
(EOS) and it is the first satellite system for
monitoring global vegetation production.

We used the following MODIS products
for calculating and analyzing the net
primary production: annual cumulative NPP
MOD17A3H, and MODIS-based MYD17A2H
product which represents a cumulative
indicator of gross primary production (GPP)
for each eight days. Both these products have
the spatial resolution of 500 m.

The NTSG (Numerical Terradynamic
Simulation Group) research laboratory at
the University of Missoula, Montana (USA)
provides continuous assessment of GPP and
NPP based on MODIS data (Zhao et al.,2005;
Zhao and Running, 2010).

These data are a result of the MOD17
algorithm based on the original Monteith
logic (Monteith, 1972) on the efficiency of
radiation usage. The algorithm suggests that
the annual production of crops, under the
conditions of rich irrigation and nutrition,
is linearly related to the amount of absorbed
Sun energy captivated by plants during
vegetation period. This logic combines spatial
limitations (the available sunlight piercing
through to the specific surface of location)
with the ecological limitations related to
leaf area absorbing the sunlight energy (Leaf
area index), i.e. the amount of Absorbed
Photosynthetically Active Radiation-APAR.

For the calculation of NPP, MOD17
evaluates the daily respiration (R _Ir), the
annual growth respiration (R_g) and annual
respiration of live cells within the plant tissue
(R_m).

By measuring the Absorbed
Photosynthetically Active Radiation (APAR),

8 http://www.ntsg.umt.edu/project/mod17
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TOIUILbY PECHUpaIHjy KUBHX henuja y TKUBY
ownbaka (R _m).

MjepemeM arcopOoBaHe (POTOCHHTETHYKE
aktuBHe panujauuje (APAR), mnTerpume ce
reorpad)cka U Ce30HCKa BapujabMIIHOCT JyKUHE
JlaHa ca MOTEHIIMjaJTHUM OMETambuMa 3pauckha, Kao
IITO je THEBHA O0IaYHOCT M MPUTYIIIEHOCT CYHUYEBE
cejemioctu (aepoconu). Ilopen Tora APAR
MMIUTMIMTHO KBaHTU(HKY]E JIUCHY IOBPILUHY KOja
aricopOyje paaujauujy (esr. Leaf area index).

ArncopboBaHa (OTOCHHTETHYKA aKTHBHA
pagujanuja ce TpaHC(OpPMUILE Y MPOIjeHy
MPOYKTUBHOCTH IIPEKO MapameTapa e(hrUKaCHOCTH
KOHBEp3Hje.

Edukacnoct xopumhema CBjeTIOCTH - €
(enr. Light use efficency), pasnukyje ce on Tuma
BEreTaluje U KIMMAaTCKUX ycjoBa. AITOpHTaM

yKJbyUyje pa3iMKe Yy MakCUMaiHoj € wu3mely
THIIOBA BETETAIlMj€ U CHIDKAaBa Ce O]l YCIOBUMA
HenocTaTtka Boje (ScaleWater Stress) Wi HUCKHX
temneparypa (ScaleTemp)’.

Edukacnoct kousepsuje €, nmpeBoau APAR (y
SHEPreTCKe jeMHUIIE) Ka KOHAYHOM PACTy TKHBA
niu NPP.

3a nobujame GPP u NPP xibyunu ynazuu
nogait MOD17 anroputma cy:

JIno (OTOCHHTETUYKOT AaKTUBHOT 3payerha
(FPAR), e unaexc nmucue nospiae (LAI) koju
cy canpxanu 'y Moxauc npoussony MOD15 LAI/
FPAR.

Temnieparypa, Haonazehe CyHUeBO 3paderhe U
Je(UIUT IPUTHCKA BOZICHE Mape KOjU Cy U3BEICHH
13 METEOPOJIOUIKUX TojaTaKa. MeTeopOIOmKH
CKYTIOBH TI0/IaTaKa KOje KOPUCTE Pa3INIHTe BEp3uje
MODI17 anroput™ma, OAHOCE C€ Ha IPOU3BOAE
Hacune kaHuenapuje 3a mio0aiHO MOJIETIOBAE
n acumunanujy (NASA Global Modeling and
Assimilation Office and the NCEP/NCAR
Reanalysis II).

[Momanu knacudukanuje 3eMIbUHOT
nokpuBayda-npoussog Moauc MCD12Q1

Tabena 3a nmpeTpakuBame napamerapa buoma
(BPLUT) koja caznpku BpUjEeIHOCTH € max 3a
pa3uyuTe THUIOBE BEreTaluje, T€ HU3 JIPYTUx
OonoM-crienupUIHUX (PU3NOIOMIKUX MapameTapa

9 http://www.ntsg.umt.edu/project/mod17

we integrate geographical and seasonal
variabilities of day duration with the
potential radiation disturbances, such as daily
cloudiness and sunlight smother (aerosols). In
addition, APAR implicitly quantifies the leaf
area index.

The Absorbed Photosynthetically Active
Radiation transforms into the assessment
of productivity via the light use efficiency
parameters.

The Light use efficency — g, varies
depending on the vegetation type and weather
conditions. The algorithm includes disparity
in maximum ¢ among different vegetation
types and decreases under the conditions of
water shortage (ScaleWater Stress) or low
temperatures (ScaleTemp)’.

The Light use efficency — ¢, transforms
APAR (into energy units) towards the final
tissue growth or NPP.

For obtaining GPP and NPP, the key input
data of MOD17 algorithm are as follows:

Fraction of photosythetically active
radiation (FPAR) and Leaf area index (LAI)
both which are parts of MODI15 LAI/FPAR
Modis product.

Temperature, sun radiation, and water-
steam pressure deficit drawn from weather
data. Weather data sets that use different
versions of MOD17 algorithm refer to
products of NASA Global Modeling and
Assimilation Office and the NCEP/NCAR
Reanalysis II.

Information on Earth Cover Classification
- MCD12Q1 Modis product

The Biome Property Look-Up Table
(BPLUT) that contains &€ max values for
different vegetation types, and a whole
range of other biome-specific physiological
parameters crucial for respiration calculations.

A detailed insight into MOD17 algorithm
is provided in the “Daily GPP and annual
NPP” handbook (Zhao and Running, 2015).

The main output data of MOD17 product
are as follows: 8-day GPP (GPP = ¢ max *
Temperature Scalar * Water Stress Scalar *

9 http://www.ntsg.umt.edu/project/mod17
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HEOIXOHUX 34 U3pauyHaBambe PECIHpaLHje.

Herasuu yBua y MOD17 anropuram nar je y
KOPHUCHUYKOM YITyTCTBY ,,JIHeBHU GPP 1 ronuimsu
NPP “ (Zhao and Running, 2015).

I'maBuu u3naznu nogar MOD17 npoussona
noapazymujeBajy: 8-nana GPP (GPP = ¢ max
* Temperature Scalar * Water Stress Scalar
* APAR), 8-mana uero Qorocunresa - Net
Photosynthesis (PSNet = GPP - R_Ir), ronummsu
NPP - Annual NPP (NPP = PSNet Sum - R g -
R m).

2.2 Metone

VY GEE u3zaBojenu cy U3 Karajora rnojaraxka
nsa MODIS npouszsona: MOD17A3H (roguiissu
NPP) u MYDI17A2H (GPP xymynatuBuu 3a 8
JlaHa) 3a yHarpujen onpehen nepron ocmarpama
(2005-2014). Kako 6u aHanu3upaiu KpeTame
BpujeqHoctu NPP Tokom roaune, TauHuje
cBakux 8 maHa, uzpauyHar je NPP 3a cBakux
8 nana. Kymynarusau NPP 3a 8 nana y3uma y
003Up oapKaBae, pacT U JTUCABHE OMIbaka TOKOM
TO/IMHE W HACTao je U3 CKyla Iojaraka rnpema
Bpujennoctuma GPP 3a cBakux 8 nana u cymom
cux Bpujennoctu GPP y Toky rogune (GPP
roquisy). Pauyname NPP 8 uzspmeno je y GEE
npeMa Gpopmyu:

NPP8 = ( GPP8/ GPPgod) x NPPgod

Bpujennoctu NPP8 TokOM roaumne,
u3Besene cy u3 GEE y ekcen gpopmary y koM cy
MIPE3eHTOBAHE Y BUY JWjarpama.

NPP omnucyje nHero yribenuk (C) xojer
je Berertammja amncopOoBaia Kao pe3yarar
acuMmuianuje (yHyTap) U pecnupanyje (u3BaH).
Konnunna C wu3paxkaBe ce Kpo3 Macy IO
jenununu nopmuHe (kg/m?). C o063upom Ha
CTEXHMOMETPHUJCKHA OJTHOC MOJIEKYJICKHX Maca
CH20 (xao mpousBona) u C (kao monasHe
Marepuje y peakliyju) u3padyHara je IpoayKIuja
cyBe marepuje (CH20), onHOCHO mpoayKiyja
cyBe Ouomace mpema cibenehoj dopmynu
(KoMMYMHA aKyMYJIMPAHOT YIJbEHHUKA CE MHOXH
ca OTHOCOM MOJIEKYJICKHX Maca YIJbeHHX XUIpaTa
u yribenuka) (FAO, 2015):

buomaca = NPP x 30/12

Bpujennoctu nponykimje Ornomace upaxeHe

APAR), 8-day Net Photosynthesis (PSNet =
GPP - R _Ir), Annual NPP (NPP =PSNet Sum
-R g-R m).

2.2 Methods

In GEE, two MODIS products were extracted
from the data catalogue: MOD17A3H (annual NPP)
and MYD17A2H (GPP cumulative for 8-day period)
for a predetermined observation period (2005-2014).
In order to analyse the annual shift of NPP values,
each 8 days more precisely, we calculated NPP for
each 8 days. The cumulative NPP for 8 days takes
into consideration the maintenance, growth, and
breathing of plants during a year and it it covers
the data set in line with GPP values for each 8 days
and the sum of all GPP values during a year (annual
GPP). Calculation of NPP 8 was performed in line
with the following formula:

NPP 8=( GPP8/ GPPgod) x NPPgod

NPP8 values during a year were extracted from
GEE in Excel format, in which they are presented in
forms of diagrams.

NPP describes the net amount of carbon (C)
absorbed by vegetation as a result of assimilation
(inward) and respiration (outward). The amount of
Cis described as mass per surface unit (kg/m?2). The
carbon-dioxide (CO2) flow is the plant carbon source,
and the general photosythesis equation determines if
the carbon converts into carbon-hydrates (CH20),
thus being the key element of the vegetation dry
matter. Considering its molecular weight, C weigth
may convert into dry matter production (CH20) or
biomass production (FAO, 2015).

Conversion of carbon into dry matter or dry
biomass was performed in line with the following
formula (the amount of accumulated carbon
multiplies with the molecular mass of carbon-
hydrates) (FAO, 2015):
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cy y kg/m? cyBe Gromace u reHepucaHe y BUILY
pactepckux I'MC cnojeBa y GEE anmnukaruju.
Panu nasee 06paje ci10jeBu Cy eKcropToBanu y .tif
¢dopmar. Komrieran U3BOpHU KOJI 3a IPEy3HMAamhe
u obpany noxataka y GEE ammkanuju nar je y
npuiory 1.

Hakon mTo cy mpey3eru, oOpahenu u
ekcriopToBaHu mnojauu, kopuimhemem GEE
arukanuje, uctu cy ysesenu y QGIS neckromn
I'NC annukanmjy, y yemMy je U3BpLICHA aHAIHU3a
MIPOCTOPHO-BPEMEHCKHX OOMIbEXKja MPOAYKIHje
6uomace Ha noapyyjy Penmy6nuke Cpricke.

3. PESVIITATHU NCTPA’KUBAIHA

Ha aujarpamy 1 mpukazaHa je mpocjedHa
TONIUIIIHA MPOAYKIIMja CyBe OnoMace, U3paxeHa
y kg/m? na monmpydjy PenyOmuke Cprcke, y
MIOCMaTpaHOM JleceToroauimeM nepuoay. Ca
JMjarpaMa ce MOJKe yOUHTH J1a j€ Y IIOCMaTpaHOM
Nepuoy Mpoaykiuja buomace Bapupana of 1,48
1o 1,98 kg/m?. O63upom 1a npoaykiuja duomace
JMPEKTHO 3aBUCH O KIIMMATCKUX YCJIOBA, MOXE
ce MPETHOCTAaBUTH Ja je y CYUIHWJUM rofiMHaMa
(romrHaMa ca MamOM KOJMYHWHOM IaJ[aBHHA)
NpoxyKIMja 6uomace Omiia Ha HUKEM HUBOY. Y
TOM moriery noceono ce ucruay 2011. u 2012.
TOJIMHA.

Biomass=NPP x 30/12

Values of biomass production are expressed
in kg/m? of dry biomass and generated as raster
GIS layers in GEE application. Due to a thorough
processing, the layers were exported in .tif format.
The whole source code for downloading and
processing of data in the GEE application is provided
in Appendix 1.

Once they were downloaded, processed and
exported by using GEE application, the data were
entered in the QGIS desktop GIS application and
the analysis of spatial-temporal features of biomass
production in the Republic of Srpska was performed.

3. RESEARCH RESULTS

Diagram 1 displays the average annual dry
biomass production in the Republic of Srpska
expressed in kg/m? during the observed ten-
year period. The diagram shows that the
biomass production during the observed
period varied from 1,48 to 1,98 kg/m?. Since
the biomass production directly depends on
climate conditions, we may assume that in
the dry years (years with poor precipitation),
the biomass production was lower. Hence, the
years of 2011 and 2012 are specific.
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Hujaepam 1 - Ilpocjeuna coouwrsa npodykyuja cyee buomace na noopyyjy Penyonuxe Cpncke (2005-2014)
Diagram [ — Average annual dry biomass production in the Republic of Srpska (2005-2014)
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Ha xaptu | mnpukazaHa je HpocCTOpHA
pacmnojjena MpocjedyHe TOAUIIEbE MPOAYKIIHje
cyBe Omomace Ha noapyyjy PemyOnuke Cprcke,
y TMOCMAaTpaHOM JI€CETOTOJUIIHEM MEPUOTY.
[IpoctopHa pacnoxjena mnpoaykiuje Ounomace
3aBUCH Of1 BHIIIE (paKTOpa, HAJBAKHHUJU Cy HAUMHU
Kopuirhema 3eMJbUINTA U KITUMATCKH ycinoBH. Ca
KapTe ce MOXKe YOUHTH J1a j€ MPOMyKIlrja Ouomace
U3paXkeHHja y IIYMCKHM MOJPYYjuMa, HApOUUTO Y
30HaMa JINCTOMAHUX IIyMa. YeTuHapcke 1yme,
300r cBoje (U3MONIOTHjE, UMAjy HEIITO Mamby
MPOAYKIMjy Ouomace. Y moapydjuma Koja Cy
MIPUBEACHA UHTEH3UBHO] arpapHoj MPOU3BOIHLH
youaBa Cc€ CHWKEHH O0OMM TpoIyKiuje Ouomace.
OBo 3anaxame ce MOKe 00JaCHUTH YHEHECHUIIOM
Jla c€ y MPHUPOIAHUM €KOCHCTEMHMMA MPOAYKIHja
OJIBHja TOKOM IIMj€JIOT BETe€TAllMOHOT MIePUOa, JTOK
Ce y BjelITa4YKNM €KOCUCTEMUMA (TIOJbOTIPUBPETHE
MOBPIIMHE) MPOAYKIIKja OJIBHja CAMO Yy jEIHOM
JIMjeTy BETeTalMOHOT eproa (0] Caambe/Chjama
1o Opama/KeTBe).

Ha nujarpamy 2 mpukasaHa je BpeMEHCKa
pacrozjena npoayKiuje cyBe Ouomace yHyTap
MOjeIMHUX TOCMAaTpaHUX ToAMHA. JacHO ce
MOXK€ 3aKJbYYHUTH Ja C€ MHTEH3UBHA MPOIYKLHja
ouomace Ha noapyyjy Pemyonuke Cpricke onBuja
y BEreTalrioHOM Nepuoay (MapT-okrodap), IITo
j€ IUPEeKTHO ofpeheHO KIMMATCKUM YCIOBHMA
(TemmepaTypHUM YCIIOBUMa). YHYTap MOjeJUHUX
ronuHa BHIE ce onapeheHa oncrynama, 3HATHA
CHIDKEHA TNPOAYKIHMjE y JbeTHUM Mjecelnma,
IITO j€ MJUPEKTHO YCIOBJBEHO PEKUMOM
nagaBuHa. Takole, MOXke ce YOUMTH NEPHOA
MOYeTKa WHTCH3UBHE MPOIYKIIHje. 3aBUCHO O]
TEMIEPAaTypHUX yciioBa y mpoJbehe, mouerak
WHTEH3UBHE MPOAYyKIMje Kpehe ce of moyeTka
MapTa, J10 Kpaja anpuia.

Ha kaptu 2 npukazana cy oACTyIama FOAUIIELE
MIPOIYKITHj€ CyBe OMOMAce OJ1 IPOC)EUHE TOAUIITHE
MPOAYKIHje Y MOCMAaTPaHOM JI€CETOTOAMIIHEM
MIEpUO/TY, 32 CBAKy MOCMATpaHy TOJJMHY MOCEOHO.
Ha xaptu cy mnpuxazana mno3utuBHa (Beha
MIPOIYKIIHja Y OJJHOCY Ha IMPOCjeuHY) U HeraTHBHA
(Mama MpoAyKIHMja y OZHOCY Ha MPOCjeUuHY)
ofcTymama. M3 mpuiora ce MOXe jacHO
YOUUTH BPEMEHCKA M MPOCTOPHA AUCTPHOYIHja
nedunucanux oncrynama. [loceOHO ce u3aBajajy
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Map 1 displays the spatial distribution of
average annual dry biomass production in the
Republic of Srpska during our target ten-year
period. The spatial distribution of biomass
production depends on several factors, and
the most pertinent ones are land use and
climate conditions. The map indicates that
biomass production is more pronounced in
forest areas, especially in zones of deciduous
woods. Due to their physiology, conifer
woods produce somewhat less biomass. In
zones of intensive agrarian production, there
is a low biomass production. This observation
may be accounted for by the fact that, in
natural ecosystems, the production takes place
during the whole vegetation period, whereas
in artificial ecosystems (arable land) the
production takes place only during a part of
vegetation period (from sieving until harvest).

Diagram 2 displays a temporal
distribution of dry biomass production during
specific observed years. We may clearly
infer that the intensive biomass production
in the Republic of Srpska takes place during
vegetation period (March-October),which is
directly conditioned by weather conditions
(temperatures). During specific years, we
observe slight deviations in production in
summer season, which is directly affected by
precipitation regime. Furthermore, we may
clearly conclude about the start of intensive
production. Depending on the temperature in
spring, the intensive production starts in early
March/late April.

Map 2 displays deviations of annual
dry biomass production from the average
annual production during the observed ten-
year period, for each year individually.
The map shows positive (production larger
than average) and negative (production
smaller than average) deviations. Hence,
we may clearly see the temporal and spatial
distribution of the defined deviations. Years
2010 and 2014 are the years of the above
average biomass production in the Republic
of Srpska. On the other hand, year 2012 is the
year of the below average biomass production
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2010. u 2014. ronuHa, Kao TOJUHE Y KOjUMa ja
Ha noapyyjy uujene PemyOnuke Cprcke Omna
W3HAIpOCcjeuHa Mmpoaykiuja 6uomace. [lok ce
2012. ronuHa O[UTHKYje, Ha I1]jEJIOM ITOCMATPaHOM
MOZIPYYjy, UCHIOANpOcjedHoM npoaykuuje. Y 2011.
TOJMHH CHIKEHOM TPOAYKIIHjOM OJJIUKYje Cce
cjeBepuu auo PemyOmuke Cprcke, 1ok je y 2008.
TOJIMHY CUTYyaruja Ouna oOpHyTa, Jy)KHH JHUO Ce
OJIITUKOBA0 CMAFCHOM IPOILYKIIH]jOM.

in the whole target territory. In addition,
2011 was the year of low production in north
Republic of Srpska and 2008 was the year of
low production in south of the territory.

0 25 50 75 100 km

] T T T 1

Kapma 1 - IIlpocmopua pacnodjena npocjeutne 2oouuiive npooyKyuje cyge buomace Ha noOpyyjy
Penybnuxe Cpncke (2005-2014)
Map 1 — Spatial distribution of average annual dry biomass production in the Republic of Srpska
(2005-2014)
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Jujacpam 2 - Bpemencka pacnodjena npocjeune npoodykyuje cyge buomace no 200uHama y
nocmamparom nepuoody (kg/m?)
Diagram 2 — Temporal distribution of average dry biomass production per years during the
observed period (kg/m2)
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Kapma 2 - [losumusna u necamusna o0cmynarsa 200uuiree npoodyKyuje buomace y 00HOCy Ha
npOCjeyHy npoOyKyujy y 0ecemozooutirbem nepuooy
Map 2 — Positive and negative deviations of the annual biomass production in contrast with the
average ten-year production
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3. 3AKJbYYULIU

[IpocTopHO-BpeMEHCKa HCTpaXUBamba
npoayKuuje Ouomace MMajy BEIHMKH 3Hada] W
NPUMjEHY Y Pa3IMYUTHM acleKTHMa JbYICKOT
JjenoBama, Kao INTO Cy: npaheme cTama
exocucrema, npaheme KIMMATCKUX MPOMjEHa,
npaheme yTHlaja KIUMATCKUX MpPOMjeHa Ha
MOIU(UKAIIN]y eKOCUCTEMA, JTOHOIICHE OITyKa
o mpumiarohaBalkby Ha KIMMaTCKe IPOMjEHeE,
ylpaBjbalkhy EKOCHCTEMHMa, IUIAaHUPaABhY
uckopuirhaBama eKOCHUCTEMA U CII.

CaBpemene uH(pOpPMAIIOHE TEXHOJIOTHjE
oMmoryhaBajy edukacan IpUCTyl y CIpOBOhemY
MIPOCTOPHO-BPEMEHCKUX aHajlu3a MpPOAYKIH]je
omomace, raje ce nmoceOHO ucTHuy reorpadcke
nHpOpMAIMOHE TEXHOJIOTHje M JaJbUHCKa
JETEeKIMja, Y CMHUCITY TNPUKYIJbalkha U aHAJIN3e
ojIaTaKa.

Y oBOM pany je Aar mperieq U OMHCaH
MOCTYIaK Tpey3uMama U o0pajae IMpoaykara
JaJbUHCKE JIETEKIMje, KOjU Cy KOopuIIheHu 3a
UICHTU(HKALM]Y ¥ aHAIN3Y MPOIYKIHje Oromace
Ha nofpy4jy Perry6mrke Cpricke, Te Cy IpUKa3aHH
PE3yATaTH UCTPAKHUBAIbA.

VY mocMarpaHOM J1€CETOTOUIIBEM MPUOTY
YOUEHO je Ja mocrtoje onapehena mpocropHa u
BpPEMEHCKa OJICTYTamka y PACIO/jeliu MPOAYKIIUje
cyBe Omomace Ha mnoapydjy Pemybnuke
Cprcke. Oxacrynama ce MOTY JOBECTH Y Be3y
ca KJIMMAaTCKUM YCJIOBHMMA (TeMIIEpaTypHUM H
MaJIaBUCHUK PEeKMMHUMA), HAYMHIMA KOpHIThema
3€MJBUINTA, TE€ 3APAaBCTBEHUM OHIaHCOM
M0jeIMHUX €KOCHCTEMA.

[TpumjermeHa METOAOJIOTHja Y OBOM paiy
U TpPUKA3aHU PE3YITaTh MOTY TMOCITYXKUTH Y
TEOPETCKE M MPAKTUYHE CBpXE, y 0OJacTHMa:
€KOJIOTHje, 3alITHUTE JKUBOTHE CpEIUHE,
KJIMMAToJIOTHje, arpapa, IIyMapcTBa, POCTOPHOT
TUIAaHUPamba U CII.

3. CONCLUSION

Spatial-temporal research on the biomass
production are highly pertinent and applicable
in different aspects of human actions such
as the ecosystem condition monitoring,
climate change monitoring, tracking the
impact of climate changes on the ecosystem
modification, decision making on the
adjustment to climate changes, ecosystem
management, ecosystem usage planning, etc.

Modern information technologies enable
an efficient access to performing spatial-
temporal analyses on biomass production,
especially geographical information
technologies and remote sensing that are
crucial for data collection and analysis.

The paper outlined and described the
procedure of downloading and processing of
remote sensing products, which were used to
identify and analyze biomass production in
the Republic of Srpska and finally, displayed
the reasearch results.

The observed ten-year period showed
specific spatial and temporal deviations in
distribution of dry biomass production in the
Republic of Srpska territory. These deviations
may be connected with climate conditions
(temperatures and precipitation), land use,
and health ballance of specific ecyststems.

The methodology applied in the paper
and the results displayed may be of both
theoretical and practical use within the
fields of ecology, environment protection,
climatology, agrarian production, forestry,
spatial planning, etc.
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I[MPUJIOT 1 - U3BopHU KOJ 3a mpey3uMarse 1 00paay nonaraka y GEE
APPENDIX 1 - Source code for download and processing of data in GEE

// import the sub basins as a fusion table

=

. var RS = ee.FeatureCollection('ft:1D0zPOEjQis7THjO2gwEOXa-
RAZRWStqi3WKCBOMi').geometry();

// set location and zoom level
Map.centerObject(RS,6);

// add the layer
Map.addLayer(RS,false, "Republika Srpska");

10. // Define period
11.var startdate = ee.Date.fromYMD(2005,1,1);
12.var enddate = ee.Date.fromYMD(2005,12,31);

14.// filter npp
15. var nppCollection = npp.filterDate(startdate, enddate)
16. .filterBounds(RS)

17. .select("Npp");

18.// filter gpp

19. var gppCollection

gpp.filterDate(startdate, enddate)

20. .filterBounds(RS)
21. .select("Gpp");
22.

23.

24.// calculate the npp8
25.var myNpp = function(myimg){

26. // get date

27. var d = ee.Date(myimg.get('system:time_start'))

28. // get year

29. var y = d.get('year').toInt();

30.

31. // filter for year for GPP and NPP

32. var GPPy = ee.Image(gppCollection.filter(ee.Filter.calendarRange(y, v,
‘year')).sum());

33. var NPPy = ee.Image(nppCollection.filter(ee.Filter.calendarRange(y, VY,
‘year')).mean());

34, var npp8 = myimg.expression('(GGP8 / GPPy) * NPPy',

35. {

36. GGP8: myimg,

37. GPPy: GPPy,

38. NPPy: NPPy

39. 1)

40.

41. // multiply with scale factor

42. npp8 = npp8.multiply(0.0001);

43,

44.. return npp8.copyProperties(myimg,['system:time_start'])

45.}

46.

47. var npp8Collection = ee.ImageCollection(gppCollection.map(myNpp));

48.

49. // calculate the Biomass

50.

51.var Biomass
52.var biomass

function(myimg){
myimg.multiply(2.5);



I'C BABVPAHA TTIPOCTOPHO-BPEMEHCKA AHAJIN3A TTPOAYKUMIE BUOMACE HA TI0/IPYYJY PEITYBJIMKE CPIICKE
GIS-BASED SPATIAL-TEMPORAL ANALYSIS OF THE BIOMASS PRODUCTION IN THE REPUBLIC OF SRPSKA TERRITORY

53.
54.
55.
56.
57.
58.
59.

60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
.print(biomassCollection)
73.
74.
75.
76.
77.
78.
79.
80.

72

81.
82.
83.
. // Export the image, specifying scale and region.
85.
86.
87.
88.
89.
90.

84

return biomass.copyProperties(myimg,['system:time_start']);
¥

// map biomass production

var biomassCollection = npp8Collection.map(Biomass);

// create vizualtion settings
var biomass_viz = {min:300.0, max:800, palette:"b27c00,ffff33,58ff33,146003

TP

// add the image
Map.addLayer(biomassCollection.sum().clip(RS),biomass_viz,"npp RS")

// Predefine the chart titles.

var title = {
title: 'Produkcija biomase u Republici Srpskoj‘,
hAxis: {title: 'Time'},
vAxis: {title: 'Biomasa (kg/m2)'},

s

// create chart
var biomassChartRS = ui.Chart.image.seriesByRegion(biomassCollection,

RS,
ee.Reducer.mean(),
‘Gpp ',
500,
'system:time_start').setOptions(
title);
// plot chart

print(biomassChartRS)

var suma = biomassCollection.sum().clip(RS);
Export.image.toDrive({

image: suma,

description: '2005',

scale: 500,
1)
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IMPOCTOPHO-AEMOI'PA®CKE KAPAKTEPUCTUKE

Cama CranuByk’ u JIpamko Mapunkouh?

'Cno6oaana Josanopuha 34, bama Jlyka, Pemyonuka Cpricka
lpupomHo-mMareMaTHiku Gakyntet, YHuBep3utet y bamwoj Jlynu, Penybnuka Cpricka

Caxerak: HesarocneHocT je jegaH o KJbyYHHX JIPYIITBEHUX Ipobiema ca kojuM ce cycpehe Penybmuka Cpricka. 3a
He3aroclieHa JIMIa y CBUM 3eMJbaMa CBHjeTa HE3alloCJICHOCT je BeoMa TEUIKO M MOoHMKaBajyhe crame, a 3a APyIITBO
U JIpXKaBy HEUCKOPHUIITEHH pecypc. Y ciydajy Permybnmke Cpricke pjenieBame podieMa HE3alocIeHOCTH je TToceOHO
Ba)XKHO jep Cy JbY/ICKH PEeCypcH KojiMa OHa pacliojiake cBE MamH. bpoj leHnX cTaHOBHMKa Beh BuIe ox1 JieceT roguHa
HETPEeCTaHO Ce CMamyje Kao IMOCJbeIUIa HETaTUBHOT NPHPOJIHOI MPHpAIlTaja ¥ HEraTHBHOT MHIPAIIMOHOT Callja.
JacHO je ma HeraTMBHE BPHjEIHOCTH OBa JBa AeMorpadcka IMokaszarejba y AYKeM Iepuoay HEMHHOBHO YTHUYY Ha
CTapOCHY CTPYKTYpY CTaHOBHHIITBA, Tj. HA IEMOTPa()CKO CTapehe 3eMJbE U CMambehe Opoja u yjjesa pajHo CIIOCOOHOT
CTaHOBHUIITBA, LITO y3pOKyje onTepeheme connjamrHux (GOHI0BA U YUTAaB HU3 HETATUBHUX €KOHOMCKHX ITOCIbEANIIA.
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UNEMPLOYMENT OF REPUBLIC OF SRPSKA'S POPULATION -
SPATIO-DEMOGRAPHIC CHARACTERISTICS

Sasa Stanivuk® and Drasko Marinkovié?

!Slobodana Jovanovi¢a 34, Banja Luka, Republika Srpska
Faculty of Natural Sciences, University of Banja Luka, Republika Srpska

Abstract: Unemployment is one of the key social problems Republic of Srpska is facing with. For unemployed persons in
all the countries of the world unemployment is a very difficult and humiliating condition, and for society and country an
unused resource. In the case of Republic of Srpska solving the problem of unemployment is especially important because
human resources at its disposal are less and less. The population has been decreasing for more than ten years as a result
of negative natural increase and net migration rates. It is clear that negative values of these two demographic indicators
for a longer period of time are inevitably influencing the population's age structure, i.e. demographic aging of the country
and decreasing of the number and share of working population, which burdens social funds and causes a whole range of
negative economic consequences.
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O [OpocTOpHUM KapakTepUCTHKama
HE3aloCJIEeHOCTH CTAaHOBHMIITBa PemnyOnuke
Cprcke 10 naHac ce HHje MHOTO MHUcaio 300r
HEeNnocTojama OAroBapajyhux cTaTUCTHUYKHX
nogataka. Tako ce HmOp. mojgamu O Opojy
3alOCJAEHUX M HE3aNOCJIEHHUX Jula 0
TEPUTOPHUjAIHUM jeauHULIaMa 00jaBJbyjy OA

INTRODUCTION

Spatial characteristics of unemployment
of Republic of Srpska's population has not
been written much up to now because of lack
of adequate statistical data. In that way, for
example, data about numbers of employed and
unemployed persons on territorial units have
been published since 2001, surveys about
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2001. roguHe, aHKeTE O pajHO] CHA3U CE BpIIE
oz 2006, nogauy 0 yHYTpalIlbUM MUTPALIOHUM
KpeTamuma cy Ham poctynHu of 2007, a npBu
MIOTIMC CTAaHOBHHUIITBA OJl HacTaHKa PemyOmuke
Cpricke o6aBibeH je 2013. ronune.

Oga ananu3sa je pal)eHa Ha OCHOBY JIOCTYITHUX
nojaraka 3a nepuon ox 2007. no 2013. roqune.
BaxHo je HartacuTy a y BpujeMe Mmucama paja
PermyGnuuku 3aBoj 32 CTATUCTUKY jOII HUjE
00jaBHO KOHAYHE PE3y/Tare IMOIIca CTAHOBHUIIITBA
oap>kaHor 2013. ronuHe, 11a ¢y y pay KOpUILITEHN
[penumuHapHu pe3yiTary, Tj. HoJaly O YKYITHOM
Opojy NONHMCAaHKX JIUILIA.

MeTon0M01IKa OCHOBAa paja Ce CacTojH
07 yCTaJbeHUX METOJa CBOjCTBEHHUX
JeMoreorpa()ckoM UCTpaKUBarby, MOMYT aHAJIN3E,
CHHTEe3€, KOMIIapaTHUBHE, Kay3aJHe, MaTeMaTH4KO
— cTaTucTUuKe, Kaprorpadcke u rpaduuke.
300r nakiie aHaJlu3e M OYHMIVICAHUjEr IpUKa3a
MIPOCTOPHHUX I0jaBa M mporeca ypahen je Behu
6poj kxaprorpadckux npuinora nomohy KI'MC
aruTuKaImje.

Wmajyhu y BUy BpeMEHCKH OKBHP OBOT paja
koju oOyxsata niepuon ox 2007. no 2013. roaune,
BeoMa je OMTHO MOMEHYTH BEJIUKY (PUHAHCH]CKY
KpHU3y KOja je 3aXBaTWJIa CBJETCKY E€KOHOMH]Y
2007. n 2008. rogune. Kao nocspenuna te kpuse
Ha TI00ATHOM HUBOY je 3a0uJbeXeH 3HavajaH
nopact HezanocneHoctd y 2008. u 2009. ronunm.
[Tokazano ce fa je 3a TPXKUILTE paga y OBaKBUM
CUTyalHjaMa KapaKTepUCTHYaH IyI TEePUOJ
OIIOpaBKa.

Hakon crabunuzanuje ¢GUHAHCH]JCKOT
TPXKHIITA U PUBPEIHE AKTUBHOCTH 3€MJbE KOja je
norol)eHa periecujom, Kaja oHa MOYHE OUIBEKUTH
TIPUBPETHU pacT Moryhe je ma Oyze u 1ajbe cyoueHa
ca pacToM He3arocJaeHoCTH. Tako ce yecTo jaBiba
notpeda Ja ce npunpemu rnocedan GpUHAHCH]CKH
MAKeT 332 CMabEHEe HE3aMOCICHOCTH Y MEPUOTY
HAKOH HAaCTyIama BUJBHBOT ONIOpPaBKa IIPUBpEE,
a cMarpa ce J1a je IpuBpea Ha MyTy OJPKHBOT
pasBoja TEK OHJAA KaJla MOo4YHE OUJbEKUTH Taj
Hesanocnenoctu (‘bepuh, 2009).

YMjecTo 3BaHWYHE AJMUHUCTPATUBHO —
TepuTopujanne mnoxajene PemyOnuke Cpricke
Ha OIITHHE M TPajgoBe, y OBOM pany je
KOpHIITEHA YCIOBHA TU(epeHIrjalja mpocTopa
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labour force have been conducted since 2006,
data about internal migration movements have
been available since 2007, and first census
since the creation of Republic of Srpska was
published in 2013.

This analysis was done based on data
available for the period between 2007 and
2013. It is important to stress that in the time
of writing this work, Republic of Srpska
Institute of Statistics has not yet published
the final results of the census held in 2013, so
preliminary results were used in the work, i.e.
data about total number of registered people.

Methodological basis of the work consists
of established methods characteristic for
demographic survey, like analysis, synthesis,
comparative, causal, mathematical -
statistical, cartographic and graphic methods.
For the reason of easier analysis and more
obvious presentation of spatial phenomena
and processes, a larger number of cartographic
enclosures was made using CGIS application.

Having in mind time frame of this
work between 2007 and 2013, it is relevant
to mention the big economic crisis that
affected world economy in 2007 and 2008.
As a consequence of that crisis, a significant
increase of unemployment was recorded in
2008 and 2009. It has been shown that in
situations like this, period of labour market's
recovery is characteristically long.

After stabilisation of the financial market
and economic activity of a country affected
by recession, when it starts to show economic
growth, it is possible that it is still faced with
increase of unemployment rate. So, a need
to prepare a special financial package for
reducing unemployment in the period upon the
occurrence of visible economic recovery often
arises, and it is considered that economy is on
the way of sustainable recovery only when it
starts to show a decrease in unemployment
rate (Peri¢, 2009).

Instead of official administrative-
territorial organisation of Republic of Srpska
consisting of municipalities and cities, a
conditional space differentiation based
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IpeMa OpraHu3alroOHO] CTPYKTypHu 3aBoja 3a
3anonubaBame. OBO je ypa)eHO U3 MPAaKTUYHUX
pasiora, MOIITO je CTaTUCTHYKE IOATKE KOjU
ce o0jaBJbyjy MO TpajoBHUMa M ONIITHHAMA
Moryhe mpepadyHaT mpeMa TepUTopHjaMa Koje
MOKpUBajy Oupou, amu oOpHyTO HHUje Moryhe.
Monpyuyje muctpukra bpuko ox 2000. ronuHe uma
nocebaH craryc KOHJIOMHUHHjyMa, T€ BUILE HUjE Y
cucremuma PeryOnudkor 3aBofa 3a CTaTHCTUKY
Penry6nuke Cprncke (P3C PC) u 3aBoma 3a
3anonubaBame Penybnuke Cpricke, ma y oBOM
pay HUCY aHAJIM3UPaHU MOJAlY ca TOT MPOCTOpa.

Peny6nuka Cprcka je y mocMmaTpaHOM
nepuoay Omina aIMUHUCTPATHBHO MO/IMjeJbeHa Ha
6 rpagoBa u 57 ommruHa. C 003upoM Ha TO Ja
teputopuja rpana Mcrounor CapajeBa oOyxBaTa
TepUTOpHje 6 ONIITHHA, KOje Cy ypauyHaTe
y TMOMEHYTHX 57, TO 3HAa4M Jia je TepUTOPHjY
Pernry6muke Cpricke Moryhe nmoaujeuTy Ha YKyITHO
62 pa3nuuuTe TEPUTOPHjAITHE jeIMHULIC TOKATTHUX
camoynpaa. ['eorpadcku npoctop PemyOnuke
Cpricke Moryhe je yCIOBHO MOAM]EIUTH U HA
pazIuYUTe peruje, 3aBUCHO OJ MPAKTHUYHUX
norpeba, a oH ce Hajueuthe nudepeHuupa
NPUMjEHOM T3B. HOJAJIHO-()YHKIHOHATHOT
NPUHLNIA. JeHY TaKBy PETMOHAIHY IOJjeTy
KOpPHUCTH U 3aBOj 3a 3amnolubaBame PemyOmuke
Cpricke, uMjy OpraHM3allMOHY CTPYKTYpY YHHE
6 perrmoHaIHUX (puMjana u 56 JoKaIHUX OUpoa.
CjenumTa pernoHajgHuX (uUIMjana ce Hajlase y
[pujenopy, bawoj Jlynu, Jlo6ojy, bujessunn,
Hcrounom CapajeBy u Tpebumy. Camo 6 mMamux
ONIITHHA HEMajy CBOje JIOoKalHe Oupoe, Beh
ce HHUXOBa EBUCHIIM]jAa BOIU 33j€IHO ca HHMa
HajOJIMKOM CycjeTHOM OoMUTHHOM. Tako Oupon y
ommtuHama Moapuya, [lemaruheBo, Ilerposair,
Hesecume, [Tane u [1InnoBo nokpuBajy ommTrHe
Bykocasspe, Howu XKabap, Mcrounu JlpBap,
Ncrounn Mocrap, Mcrounu Crapu ['pag u Kynpec.

on organisational structure made bythe
Employment Service was used in this work.
This was done for practical reasons, since
the statistical data published in cities and
municipalities can be calculated based on
areas covered by bureaus, but the opposite is
not possible. The area of Brc¢ko District has
had a special condominium since 2000, so it
is no longer in the systems of the Republic of
Srpska Institute of Statistics (RS IS) and the
Republic of Srpska Employment Service (RS
ES), so in this work data from that area was
not analysed.

In the observed period of time, Republic
of Srpska was administratively divided into
6 cities and 57 municipalities. Considering
that of the city of Isto¢no Sarajevo's territory
comprised territories of 6 municipalities,
means that the territory of Republic of Srpska
can be divided into 62 different territorial
units of local self-governments. Geographical
space of Republic of Srpska can also be
conditionally divided into different regions,
depending on practical needs, and it is most
commonly differentiated by applying so-
called nodal-functional principle. A regional
division of that kind is also used by the
Republic of Srpska Employment Office,
whose organisational structure consists of 6
regional branch offices and 56 local bureaus.
Headquarters of regional offices are located
in Prijedor, Banja Luka, Doboj, Bijeljina,
Isto¢no Sarajevo and Trebinje. Only 6 smaller
municipalities do not have their local bureaus,
but their records are jointly kept with a nearest
neighbouring municipality. In that way
the municipalities of Modrica, Pelagiéevo,
Petrovac, Nevesinje, Pale and Sipovo cover
the municipalities of Vukosavlje, DonjiZabar,
Isto¢niDrvar, Istoéni Mostar, Isto¢niStari
Grad and Kupres.
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N3BOPU IIOJATAKA O BPOJY
3AIIOCJIEHMX 1 HE3ATIOCJIEHUX JIMIIA
Y PEIIYBJIMIU CPIICKOJ

VY Peny6nuuum Cprickoj OCToje 1Ba OCHOBHA
M3BOpA CTATHCTUYKHX IOJaTaka O 3alOCICHUM
JAUIUMa, Ma WX [peMa HM3BOPUMA MOXKEMO
MOJUjEIUTH Ha AaHKETHE M aJMHHUCTpPATHBHE
royiatke. AHKETHH MOJAIM ce J00Hjajy aHKeTama o
pannoj cHazu (APC). AAMUHUCTpATUBHU MOAIN
0 Opojy 3amocieHuX ce OIHOCE Ha JIMIA Koja
MMajy 3aCHOBaH PaJHHU OJHOC Ca MOCIIOAABIEM
Ha OCHOBY YroBopa O paiy, a MpUKYyIbajy ce
myTteM [lonyroauime cTaTHCTUIKE aKTUBHOCTH (Y
MapTy M cenTeMOpy) 3a 3arocieHe y MOCIOBHUM
cyOjekTMa, Te Ha OCHOBY monaraka [lopecke
ynpase PenyOnuke Cpricke 3a mpeny3eTHHKE U
3armociieHe Koja mbux. MelhycobHa ynopenuBoct
OBHUX TOJlaTaka je OrpaHWYeHa U3 BHUIIIE pasiiora,
a HeKH 07 HajBOXHUJUX Cy Pa3IMIUTe ePUHHLII]E
3aI0CJICHUX JIUIIA, PA3IMYUT IEPHOJ] TOCMAaTpamba
u pa3nuuut oOyxsar. Kana je pujed o oOyxsary,
Ty je OUTHO HalIOMEHYTH Ja aJAMUHHUCTPATUBHUM
nonanuMa HUCY oOyxBaheHe HEke Kareropuje
3aloCiIeHUX JHIa Kao LITO Cy 3alocieHu Y
on0paHM, 3amoOCICHM Ha HMHIUBUIYaTHUM
MOJHOTIPUBPEHUM Ta3IMHCTBUMA, 3AIIOCIICHU KO
Mel)yHapoaHUX opraHuzauja ut.

SOURCES OF DATA ABOUT NUMBER
OF EMPLOYED AND UNEMPLOYED
PERSONS IN REPUBLIC OF SRPSKA

In Republic of Srpska there are two sources
of statistical data about employed persons,
so based on sources they can be divided into
survey and administrative data. Survey data are
obtained through labour force surveys (LFS).
Administrative data about the number of the
employed refers to persons who established
their work relation with employer based
on Labour contract, and they are gathered
via Half year statistical activity (in March
and September) for employees in business
facilities, and also based on data of Republic
of Srpska Tax Authority for employers and their
employees. Mutual comparability of these data
is limited for several reasons, some of the most
important ones are the different definitions
of employed persons, different periods of
observation and different coverage. When it
comes to coverage, it is important to mention
that certain categories of employed people
are not covered by administrative data, such
as people employed indefence, on individual
farms, workers employed by international
organisations etc.
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Tab. 1. bpoj 3anocnenux y Penyonuyu Cpnckoj npema aOMunucmpamusHum
u ankemuum nooayuma (2007-2013)
Tab. 1. Number of employed people in Republic of Srpska based on administrative
and survey data (2007-2013)

TOAMILIbH TIPOCjeK 2007. 2008. 20009. 2010. 2011. 2012. 2013.
Opoja 3armociueHux 258.236 | 259.205 | 258.634 | 244.453 | 238.956 | 238.178 | 238.640
(aAMUHUCTpATUBHU
nonan) JlaHuanu
Annual Average Number g‘;ﬂ.e“ 100,4% | 99.8% | 94,5% | 97.8% | 99,7% | 100,2%
of Employed People ) am
(Administrative Data) index
Tpoujena Gpoja 340.000 | 350.000 | 345.000 | 329.000 | 324.000 | 311.000 | 308.000
3anocnenux npema APC
Jlanuanu
(aHKETHH TIOAITH )
Estimated Number of g‘f‘?l‘c 102,9% | 98,6% |954% |98,5% |96,0% |99,0%
Employed People Based | -~ 2"
on LFS index
Koedunujenr nuneapue
Kopemnaruje (r)
Linear Correlation 0.94
Coefficient (r)

UzBop: P3C PC
Source: RS IS

Axo ymopeaumo TMpOUHjeHmEHU Opo]
3aMoCiIeHUX IMpeMa aHKETHUM Tojaluma ca
MPOCj€YHUM TOJUIIBUM OpojeM 3amocCiIeHuX
npeMa aJMHUHHCTPATHBHHM IOJAIlMMa 3a CBE
roguue ox 2007. no 2013. roguHe, MOXKEMO
BUJjeTH Ja u3Mel)y THX BPHj€IHOCTU MOCTOjH
BEOMa BHCOKa IOBE3AaHOCT, jep KOoe(UIHjeHT
nuHeapHe kopenanuje (r) m3Hocu 0,94.
[ToBe3aHOCT MOXEMO NPUMjETUTH U aKO
MOPEeIMMO HHUXOBE JIaHYaHE HHJEKCE YHje
BpPHUjEIHOCTH Cy NMpHOMIKHO u3jeaHadeHe. To
3HAYH JIa je pa3iivka Mely mopanuma 100ujeHuM
M3 OBa JBa M3BOpa MPUIUYHO CTAOWIHA, Tj. Ja
Cy pe3y/ITaTH aHKeTa O PaJHOj CHAa3H MOTBPIMIN
MOY3/IaHOCT aIMHHUCTPATUBHUX TO/IaTaKa Kaja
j€ pujed o JUHAMUIM MPOMjeHE YKYITHOT Opoja
3anociieHnx juna y Pemyomumu Cprckoj y
MOCMAaTPaHOM TIEPUOY.

Hajsehu Opoj 3amocnenux nuna PemyOnmka
Cpricka je umana 2008. rogure. On Te ToauHE
Opoj 3amocienux je 6uo y maay cse g0 2012, kama
je 1moyeo J1a crarHupa, Ta4Huje mpeMa aHKeTHUM

If we compare the estimated number of
employed people based on survey data with
the annual average number of employed people
based on administrative data for years from
2007 to 2013, we can see there is a very high
correlation between these values with a linear
correlation coefficient (r) of 0.94. We can
also see connection if we compare their chain
indexes whose values are approximately equal.
That means that the difference between data
obtained from these two sources is rather stable,
i.e. the results of the labour force surveys have
confirmed the reliability of administrative data
when the dynamics of change of overall number
of employed people in Republic of Srpska in this
period is concerned.

The largest number of employed people
Republic of Srpska had in 2008. Since that year
the number of employed people was declining
until 2012, when it started to stagnate, or more
precisely to show a decline in 1 percentage point
according to the survey data, or a growth of 0.2
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nojanuMa jaa OuibexkH maj 3a | mpOLEeHTHH
IIOEH, a IpeMa aAMUHHUCTPAaTUBHUM pacT 3a 0,2
MIPOIICHTHA MTOCHA.

VY Peny6numu Cprickoj ce KOpucTe Taxkohe
U JBa HauMHA 3a MPUKYIJbamkhe I0JaTaka
o He3amocieHuMma. I[IpBu je eBuueHUH]ja
HE3aloCICHUX KOjU Cy IpUjaBJbeHH Y 3aBOIY 3a
3amnolbaBame (AAMUHUCTPATUBHU TMOAAIH), a
JPYTH je TEPUOANYHO Tj. TOAUIIHE aHKETHPAhE
y30pKa pajiHe CHare Koje BpIiu PemyOnnuku 3aBox
3a craructuky (APC, ankernu momamu). Oba
HaYMHA UMajy CBOj€ MPEIHOCTH U HEJOCTATKE.

[Ipennoct eBuaeHuuje 3aBojga 3a
3amonjbaBamke je y ToMe MmTO ce obpabhyje
MHoro Behu 6poj nmogaraka, Koju ce NpUKyIIbajy
HENpEeKUuIHO y 56 KaHIenapuja pacrnopehenux y
Pa3IMYUTHM OIIITHHAMA U TpajioBiMa PeryOmnuke
Cpncke. To unHM OBe MOAaTKe yHOPEIUBUM
ca JAPYTMM CTAaTUCTUYKHUM IOJAAlMMa KOjU ce
NPUKYIJba]y HAa HUBOY ONIITHHA M TpajoBa
Penybnuke Cpricke. Hajsehu nemocTtarak oBe
€BUJCHIIM]E j€ TO IITO OHA HHje YIOpEeaHBa ca
nojlaliMa y IpyruM 3eMJbama jep cBa Jinia Koja
ce eBUJCHTUPA]y HE ONroBapajy AeduHuimjama
Melynapoane opranusanuje paga u CTaTuCTHUKe
kannenapuje EVY. Ilopen Tora, mocroje jour HeKH
HEJIOCTallM OBE €BHJCHIU]e. 3HauajaH Opoj
JUIa ce mpHjaBibyje 300T HAaKHAAa U IpaBa
Koje Tako octBapyjy. C nmpyre crpaHe mocrtoje
U JUIa KOja 3aJl0BOJbaBajy CBE KPUTEPHUjyMe
HE3aM0CICHOCTH, AT CAMOCTAITHO TPake I0Cao0
Y HHCY €BUJICHTUpPAHA y 3aBOJLY 3a 3aIlOILJbaBaIbE.

Hajseha npetHOCT meproAnYHOT aHKETUPaha
y30pKa paJiHe CHare je y ToMe IITO je yckialheHo
ca Mel)yHapoHUM cTaHIapAnMa, 1a ¢y 100ujeHH
noJalll yHmopeauBH ca MoJaluMa y APYyTUM
3emsbama. [lopen Tora, mpeHOCT OBUX aHKETa
jé U TO IITO MMajy NpEuu3HHujy nePpuHHUIH]Y
He3anocnenux juia. Hajsehu Hemocrarak oriena
ce y mpobiieMy y30pka, KojuM je oOyxBaheH
3HaTHO Mamu Opoj JUIA HETO €BHICHIIN]OM
3aBoja, ma ce TH mojanu 00jaBJbyjy camo 3a
tepuropujy nujene Penybnuke Cprcke u HHje
Moryhe ymopehuBaTu WHUXOBE pa3iMKe Ha
MambHUM TEpUTOPHjaTHUM IjjenuHama. [lopen
CTaHJIApJHUX TEXHUYKHX, METOJOJTOIIKHX
U CTAaTUCTMYKUX Mpolbiema y3opka, Tpeba
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percentage points according to administrative
data.

There are also two methods of gathering data
about unemployed data in Republic of Srpska.
The first one is via records of unemployed
people registered in the Employment Service
(administrative data), and the second is
periodical, i.e. annual sample survey on labour
force performed by the Republic of Srpska
Institute of Statistics (RSIS, survey data).
Both methods have their advantages and
disadvantages.

The advantage of the Employment Service
records is that it processes much more data,
which are continuously collected in 56 offices
in various municipalities and cities of Republic
of Srpska. This makes these data comparable
to other statistical data that are gathered on the
level of Republic of Srpska’s municipalities
and cities. The biggest disadvantage of these
records is that they aren’t comparable with data
from other countries because not all people
who are recorded comply to definitions of the
International Labour Organisation and the
Statistical Office of EU. Besides that, there are
some other disadvantages of these records. A
significant number of people apply because of
compensations and rights that are exercised in
this way. On the other hand, there are persons
who meet all the criteria of unemployment, but
they are looking for jobs on their own and are not
registered at the Employment Service.

The greatest advantage of periodical sample
survey on labour force is that it is harmonised
with international standards; therefore the
obtained data are comparable with data in other
countries. Besides that, the advantage of these
surveys is that they also have more precise
definition of unemployed people. Their largest
disadvantage is reflected in the sample problem,
which covers a lot smaller number of people
than in the Service records, so these data are
published only for the territory of Republic
of Srpska and it is not possible to compare
their differences on smaller territorial units. In
addition to standard technical, methodological
and statistical sample problems, it should be
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pehu na aHkeTe MOTy MMaTH W NpodiIeM ca
BjepOI0CTOjHOIIThY OrOBOpa NCIIUTAHUKA.

noted that surveys may have a problem with the
credibility of interviewees’ answers.

Tab. 2. Bpoj nezanocnenux y PC npema esudenyuju 333PC u
anxkemama P3C PC (anpun 2007 — anpun 2013)
Tab. 2. Number of Unemployed People in RS based on the RSES records and
RSIS surveys (April 2007 — April 2013)

2007. 2008. 2009. 2010. 2011. 2012. 2013.
I —— 144.306 | 137.580 | 138.061 | 147.724 | 150911 | 154.479 | 152.295
HA €BUJICHUIN]U Y allpUITy
s o
Number of Unemployed Chﬂain 95,3% 100,3% | 107,0% | 102,2% | 102,4% | 98,6%
People Recorded in April
(RSIS) Index
Tpoujena 6poja 115.000 | 90.000 | 94.000 | 102.000 | 105.000 | 107.000 | 114.000
HE3aI0CIEHUX JINIa
mpeMa aHKeTaMa o
panuoj cuazu (P3C PC) Tlananu
Number of Unemployed | "¢ 1 78 304 | 104,4% | 108,5% | 102,9% | 101,9% | 106,5%
People Estimate Based Chain
on Labour Force Surveys Index
(RS1S)
KoeduuujeHt inHeapHe
kopenaruje (1) 0.71
Linear Correlation ’
Coefficient (1)

WzBop: Cajt 333PC u Ankera o paanoj caazu P3C PC
Source: RS ES Website and RS IS Labour Force Survey

Ako yropeanMo 0poj He3amoCIeHUX JIUIIA Ha
esuaeHIMju 333PC 3a arpuit Mjecel CBake roiuHe
y niepuoxy ox 2007. o 2013. ca nporjenoM Opoja
HE3aloCICHUX JIMIA IpeMa aHKeTaMa O paJiHoj
CHa3H, Koje cy paleHe y MpBoj MOJIOBHHU arpuia
CBAaKe 0] TUX T'OIMHA, MOXXEMO BHjeTH Aa u3Mely
TUX BPHM]ETHOCTH TMOCTOJH BHUCOKA MOBE3aHOCT
jep koedunujeHT NnuHeapHe Kopenauwuje (r)
n3Hocu 0,71. [ToBe3aHOCT MOXKEMO NMPUMjETUTH
U aKo TMOPEINMO HUXOBE JIaHUaHEe MHJEKCE Uuuje
BPUJETHOCTH Cy MNPHUOIMKHO H3jeHAUYCHE Y
2010, 2011. u 2012. roguHy, a HEWITO 3HAYajHUje
OZICTYTIaFb€ MOXEMO MpUMjeTHTH camo 3a 2008.
roauHy. To 3Ha4M 1a je pasnuka Mehy nomanuma
no0MjeHHM U3 OBa JiBa H3BOpa MPUIUYHO
cTaOmiIHa, ITO MOTBphyje HUXOBY MOY3AaHOCT.
On 2008. no 2012. ronuHe 6poj HE3aMOCIEHUX Y

If we compare the number of unemployed
people in the records of RS ES for the month of
April of each year in the time period between
2007 and 2013 with the number of unemployed
people estimate according to the labour force
surveys, which were conducted in the first half
of April of each year, we can see that there
is a large correlation between those values
because the linear correlation coefficient (r)
i1s 0.71. We can also see this correlation if we
compare their chain indexes whose values are
approximately equal in 2010, 2011 and 2012,
and somewhat more significant deviation can
be observed only for 2008. That means the
difference between the data obtained from
two distinct sources is rather stable, which
confirms their reliability. From 2008 to 2012
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PC ce moBehaBao, a mpeMa aHKETHUM TOAIIUIMA
0Baj TpeH/ je HacTaBsbeH U 2013. rogune. BaxxHo
j€ HamoMEeHYTH M TO Ja jé Y CBHUM OCTaJHM
Clly4ajeBHMa y OBOM pajy 3a aJIMHHUCTPATHBHE
nojaTke 0 Opojy He3aroCICHUX KOPHUILTEH Opoj
HE3aroCIeHUX Ha Kpajy TOAMHE, IOK je y Tabeu
2. n3y3eTaK HampaBJbeH 300T 00JbE YIOPEAUBOCTH
ca aHKETHUM TO/IaIuMa.

AHKETHA 1 AIMUHUCTPATHIBHA
CTOITA HE3AIIOCJIEHOCTH
YV PEITYBJIMIIN CPIICKOJ

Croma He3anocIeHOCTH MPEICTaBba YIUO
HE3aI0C/ICHNX JIMLA Y YKYITHOM paJHO CIIOCOOHOM
CTAaHOBHUIITBY, a Hajuemhe ce u3paxasa y
MPOIIEHTUMA. AHKETHA CTOIa Ce M3pavuyHaBa Ha
OCHOBY aHKETHHX I10JlaTaka, a aIMHHUCTPaTUBHA
Ha OCHOBY aJIMUHHCTPATUBHUX IOJIaTaKa.

number of unemployed people in RS increased,
and according to the survey data this trend
continued in 2013 as well. It is important to
mention that in all other cases in this work,
number of unemployed people at the end of a
year was used for administrative data, whereas
in table 2 an exception was made to get better
comparability with survey data.

SURVEY AND ADMINISTRATIVE
UNEMPLOYMENT RATE IN
REPUBLIC OF SRPSKA

Unemployment rate represents a share of
unemployed people in the overall labour able
population, and it is most commonly expressed
as a percentage. Survey unemployment
rate is calculated on the basis of survey
data, and administrative rate on the basis of
administrative data.

Tab. 3. Aukemna cmona nezanocienocmu y Penyonuyu Cpnckoj,
®@edepayuju buX, cycjeonum zemmwama u Eeponckoj Yuuju (2007-2013) y %
Tab. 3. Survey Unemployment Rate in Republic of Srpska,
Federation of BiH, neighbouring countries and EU (2007-2013) in percent

ot IIpocjex
Yeir 2007. | 2008. | 2009. | 2010. 2011. | 2012. | 2013. | Average
2007-2013

EV
i 72 7.0 9,0 9.6 9,7 10,5 10,9 9.1
Xpsarcia 9.6 8.4 9.1 11.8 13.5 15,9 17.3 12.2
Croatia
Hpua T'opa

19.1 16.8 19.1 19.7 19.7 19.7 19.5 19.1
Montenegro
Cpouja 18,8 13,6 16,1 19,2 23,0 23,9 22.1 19,5
Serbia
PC
RS 252 20,5 21.4 23.6 24.5 25,6 27.0 24,0
OBUX
PRI 31,1 25.0 25.7 29.1 292 29.4 27.6 28.2

W3Bop: A3C Xpearcke, EYPOCTAT, MOHCTAT, P3C PC, P3C Cpb6uje u BXAC
Source: Croatian Bureau of Statistics, EUROSTAT, MONSTAT, RS IS, Statistical Office of the Republic of Serbia and
Bosnia and Herzegovina Agency for Statistics (BHAS)
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VY Tabenu 3. MOXe ce BUJIjETH Ja e aHKETHA
croma He3arnocineHocTr y PemyOnmunm Cprickoj y
rmocMaTrpaHoM nepuoay kperaia usmely 20,5% u
27%, WTO je y YUTaBOM MOCMATPAHOM IEPHOITY
owio ucnox mpocjeka Denepanuje buX, amu
M3HAJ TPOCjeKa CyCjeTHUX 3eMajba U 3HATHO
u3Haj npocjeka EBporicke yHHje.

In Table 3 it can be seen that survey
unemployment rate in Republic of Srpska in the
observed period of time ranged between 20.5% and
27%, which in all the observed period was bellow
the average in Federation of BiH, but above the
average in neighbouring countries and significantly
above the average in European Union.

45,0%

40,0%
34,2%

33,9%

35,0%
30,0%
25,0%
20,0%
15,0%
10,0%

5,0%

0,0%

2007. 2008. 2009.

® AnkeTHa cTona HesanocneHocTn/ Surveyed unemployment rate

B ApmuHKcTpaTuBHa cTona HesanocneHoctn/ Registered unemployment rate

39,1% 39,2%

37,3% 38,5%

2010. 2011. 2012. 2013.

I'pagh. 1. O0HoC admunucmpamusHe u aHKemHe cmone He3anocieHocmu
v Penyonuyu Cpnckoj y nepuody 2007—-2013. cooune
Graph 1. Relation between Administrative and Survey Unemployment Rate
in Republic of Srpska in the 2007-2013 time period

Kama  agMuHHCTpaTUBHY  CTONY
HE3aMoCIEHOCTH YMOPEIUMO Ca aHKETHOM,
MOYKEMO BUJIJETH Ja CY F-eHE BPUJSTHOCTH HA HUBOY
Penryonuke Cpricke 3HatHO Behe. Kana je pujeu
0 TPEHJOBHMA MPOMjEHE, MOKEMO MPUM]JETUTH
Ja Cy, CIMYHO Kao U KOJ KpeTama YKYIHOT
Opoja HE3amoCJeHUX, MPOMjeHE BPU]EAHOCTH
aJIIMUHUCTPAaTUBHUX TOJaTraka yIJIaBHOM
Cpa3MjepHO TIpaTuUiie MPOMjEHE BPHUJEIHOCTHU
aQHKETHHUX Mojaraka ca uzy3etkoM 2013. romguse.
Te ronuHe cy ce cTomna He3aroCICHOCTH U YKYyTIaH
Opoj HE3amoCJICHNUX MpeMa aHKETHUM I0/IalliMa
noBehaian y oJHOCY Ha MPETXOJAHY, a Mpema
a/IMUHUCTPATUBHUM TOJAIIMa Cy CE CMaHbUIIH.

When we compare administrative
unemployment rate to the one obtained by
survey, we can see that its values on the
Republic of Srpska level are quite higher.
When the trends of change are concerned,
we can notice that, similar to changes of
overall number of unemployed people,
changes in administrative data values mainly
followed changes in survey data values with
the exception of the year 2013. That year
unemployment rate and total number of
unemployed people increased compared to
the previous year according to survey data,
and decreased according to the administrative
data.
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Tab. 4. AOmunucmpamusna cmona Hezanocienocmu no peaujama PC
(noopyujuma gunujana 333PC), 2007-2013. 2o0une y %
Tab. 4. Administrative Unemployment Rate by Regions of RS
(Branch Areas of RS ES), 2007-2013 in %

IIpocjex
2007. | 2008. | 2009. | 2010. | 2011 | 2012. | 2013. A;g;;"j’e
2013
Peruja bama Jlyka
. 4190700 2644 2840 2929 |30,68 [30.72 |30.63 |29,05
Banja Luka Region
Perwa bujesmuna | 4674 | 3968|4101 [42.18 | 4346 | 4405 | 4347 | 42,08
Bijeljina Region
Peruja Jlo6oj 36,11 | 37,04 |39.67 |40.79 | 4225 |4291 |41.86 | 40,09
Doboj Region
Peruja . Capajeso | 50 0/ | 3536|3735 [3908 | 4258 | 4276 | 43.60 | 39.67
I. Sarajevo Region
Perwallpwjenop | 50 13 | 4063|4490 |47.07 | 4831 |4686 |4459 | 4450
Prijedor Region
Peruja Tpebumwe | 45 1 13616 | 3771|3904 |4450 |4479 |4288 | 4031
Trebinje Region
E(s: 3420 |33,92 [3599 3733 [3912 [39,18 |3848 |36.89
M3Bop: 333PC u P3C PC
Source: RS ES and RS IS
Kana  ynmopenumo  BpHjEeAHOCTH When we compare the values of

aJMUHUCTPATUBHE CTONE HE3alO0CICHOCTH
no perujama PenyOnmke Cpricke BUAUMO J1a
Cy y YUTaBOM Iepuoay yOjeIJbUBO HajHIXKE
crorne 3abusbexeHe y peruju bama Jlyka.
Hacynpot 0B0j peruju, 1o HajBHUIIO] MPOC)EUHO]
aIMUHHUCTPATUBHO] CTONH HE3alOCICHOCTH
y TOCMaTpaHoOM MEpHOJy HCTHYE Ce peruja
[Ipujenop, koja je camo y IpBOj TOAMHU TIEpUOAA
3a0UJbEXKMIIA HIDKY CTOITY HE3alOCIEHOCTH Off
peruje bujesbrna, a y CBUM HapeIHUM rofiiHamMa
IocMaTpaHor mepuoja MpujefopcKka pervja je
umana Hajsehy cromy HezanocneHoctu. Hajsehn
pacT cTore HEe3arnoCICHOCTH Y JeAHO] TOIUHU
3a0uspexkeH je y peruju Tpedbume 2011. rogune
(3a 13,68%), a nBOLUM(PEH MPOLIEHTYAIHU pacT
CTOIIE Y OJTHOCY Ha IPETXOHY TOINHY 3a0HIbEKEH
je camo jomn y peruju [Ipujenop 2009. ronune.

administrative unemployment rate by Republic
of Srpska’s regions, we see that in entire
that period of time by far the lowest rates
are recorded in the region of Banja Luka.
Opposite to this region, region of Prijedor
stands out for its highest average administrative
unemployment rate in the observed period of
time. This region only in the first year of the
period recorded lower unemployment rate
than the region of Bijeljina, and in all the
following years Prijedor region had the highest
unemployment rate. The biggest unemployment
rate growth in a single year was recorded in
the region of Trebinje in 2011 (13.68%), and a
double-digit growth compared to the previous
year was only recorded again in the region of
Prijedor in 2009
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Kapmooujaepam 1. AOmunucmpamuena cmona nezanocienocmu no pecujama Penyonuxe Cpncke y
nepuody 2007-2013. zooune
Diagram Map 1. Administrative Unemployment Rate by Republic of Srpska'’s regions in the 2007—
2013 time period

ITopen peruje Ilpujenop, no Buioj cronu Besides Prijedor region, among the regions
HE3aIloCJIeHOCTH O] OocTanux y mocMarpaHoMm  that stood out for its high unemployment rate
Nepuody UCTHLIaNa ce joul U pervja bujesbuna, nok ~ was also Bijeljina, while remaining areas
cy mpeocraie peruje (Tpedume, 1060j u Uctouno  (Trebinje, Doboj and Isto¢no Sarajevo) had

CapajeBo) umase npuOIMKHO NMOJjeAHaKy BUCMHY — approximately equally high unemployment
CTOIIC HE3aIlOCICHOCTH. rates.
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Kapmoepam 1. Ilpocjeuna aomunucmpamusna cmona He3anocieHocmu
no a0KkanHum jeounuyama y Penyonuyu Cpnckoj y nepuody 2007-2013. 2ooune
Map Graph 1. Average Administrative Unemployment Rate by Local Units in
Republic of Srpska in 2007-2013 Time Period

Kana  ynmopenumo  BpPHjEeAHOCTH
aJIMMHHUCTPATUBHE CTOIE HE3alOCICHOCTH IO
JIOKAJIHUM jeJMHUIIaMa 3aBOJIa 3a 3alOlbaBarbe
PenyOnuke Cpricke MOXKEMO TPUMjETUTH 1A j€
Ha npasny bama Jlyka —JlepBeHTa mocrojana
KOHLIEHTpAIMja JIOKAIHUX JeJUHHIIA Ca HUKHUM
cTomama He3arnoCJIeHOCTH, JOK CEeNpOCTOpU ca
KOHIICHTPAIM]OM JIOKAJTHUX jeJMHUIIA Ca BUILIHM
CTONaMa HE3aroCICHOCTH MOTY YOUuuTH u3Mmely
3BopHuKa U Tpebuma, Te jyKHO U 3alaJHO O
bame Jlyxe.

Kaga nokanHe jenuHune TpyHULIEMO
[0 perujama, MOXXKEMO INPUMJETUTH Ja CaMo
peruje Ilpujenop u bujessuna HUCY uMasne HU
JeAHy JIOKaJHYy jeAMHHUIly Y KOjOj je MpOocjedHa
aJIMUHHCTpAaTUBHA CTOMA HE3aroCIeHOCTH Oua
Hmxka on 30%. 3aHUMIBHBO jena y 1000jCKO]
peruju JOKaJIHE jeJUHUIIC Ha HeHO] nepudepuju

When we compare the values of
administrative unemployment rates by local
units of the Republic of Srpska Employment
Service we can notice that there was a
concentration of local units with lower
unemployment rates in the area between
Banja Luka and Derventa, while areas with
concentration of local units with higher
unemployment rates can be noticed between
Zvornik and Trebinje, and also south and west
of Banja Luka.

When we group local units by the
regions, we can see that only regions of
Prijedor and Bijeljina did not have a single
local unit with administrative unemployment
rate lower than 30%. It is interesting that in
local units at the periphery of Doboj region
(with the exception of Petrovo municipality)
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(ca m3yzerkoM omutuHe [leTpoBo)umajy Huxe
CTOIIE HE3arOCIEHOCTH O]l JIOKAIHUX jeTUHHIIA
y CpeIMIIBeM Iujerny peruje kao mto cy J060j,
Moppuya u [Tamar.

have lower unemployment rates than the local
units in the central part of the region such as
Doboj, Modrica and Samac.

hlrpaagoan cano: /| MNet mugration sate:
| ESu
~J=ll Ko
10=3 %m
L
= ] wkT hpeien / Bréko Districl
mﬁﬁwuﬁux ! Federuion of BiH

Kapmoepam 2. Ilpocjeuna co0uwrba cmona ynympauiibee MuepayuoHoz canod
vy Penyonuyu Cpnckoj y nepuody 2007—2013. 2cooune
Map Graph 2. Average Annual Internal Migration Balance
in Republic of Srpska in 2007-2013 time period

Kana ynmopenumo kaprorpam 1, Ha KojeM
je TmpuKa3zaHa IMpocjeyHa aJMHHUCTPATHBHA
CTOIa HE3aloCIEeHOCTH, ca KapTorpaMoM 2, Ha
KOjeM je MpHKa3zaHa MpOCjedyHa TOIUIImha CTOMa
YHYTpalllker MUTPALMOHOT Ccaljia, MOXKEMO
MPUMJETUTH J1a je o 9 JOKAIHUX jeAMHHUIIA ca
HajJHIKOM CTOTIOM HE3alOCICHOCTH BUX 6 UMajo
MO3UTHBAH YHYTpAlIlhbU MHUTPALMOHU CaJo.
3HavajHU]y KOHIIEHTPAIU]y JIOKAJIHUX jeAMHULA
ca MO3UTUBHUM YHYTPAIIbUM MHUTPAUOHUM
cainom unHe bamwa Jlyka, Jlakramm, Omtpa
Jlyka, I'pagumika u Ilpujenop, 0K jy>KHO 0
BUX MOXEMO MPHUMJETUTH KOHIICHTPAIU]Y
JOKAJTHUX JETUHUIA Ca U3PA3UTO HEraTHUBHUM

When we compare the Map Graph
1, in which the average administrative
unemployment rate is shown, with Map
Graph 2, in which the average annual
internal migration rate is shown, we can
notice that out of nine local units with the
lowest unemployment rate, the six of them
had positive internal migration balance.
Significant concentration of local units with
positive internal migration balance consists
of Banja Luka, Lakta$i, OStra Luka, GradiSka
and Prijedor, while south of them we can
notice a concentration of local units with
pronouncedly negative internal migration

83



CAIIIA CTAHUBYK U JIPAILIKO MAPUHKOBHW R
SASA STANIVUK AND DRASKO MARINKOVIC

YHYTpAIIlbUM MUTPALMOHUM CaJIJJOM, HCIIOA
-3%o. Beh ce morno BumjeTu Ha kaprorpamy 1. na
Cy yIpaBo T€ JIOKAJHE jeIMHHLIE Jy)KHO o1 bame
Jlyke moroljeHe penaTUBHO BHCOKHMM CTOIaMa
He3arnocjaeHocTu. Moxe ce pehu 1a M y HICTOUHOM
mujerny PC HeratuBaH yHyTpalImbi MUTPALIOHH
caino mparu BehMHy JOKaJIHMX jeIWHUIA Ca
pellaTUBHO BHCOKUM CTOIIamMa He3aroCIeHOCTH
Ha npoctopy u3mMely 3BopHuka u TpeOuma. Ha
00a KapTorpaMa MOKeMO BUJIjETH Ja IOPe] HEKNX
MOjeMHAYHUX JIOKATHUX jeIUHHULA Y HCTOYHOM
mujenry PC usy3erak npescraBibajy ¥ TPH JIOKATHE
JEIMHHLIE Y CpeIUIIHEeM Iujey Tpaga MctouHor
CapajeBa (Mctouno Hoso CapajeBo, Vcrtouna
Wnuya u I1ane), koje unHe Mamby KOHLIEHTPALU]y
JIOKAJIHUX jJEJMHUIIA Ca HEITO HIKUM CTollama
HE3aroCICHOCTH O]l MPOCjeKa U ca MO3UTUBHUM
YHYTPAILIbUM MUTPAIIMOHUM CAJIJIOM.

balance, below -3%o. It could already be seen
on Map Graph 1 that precisely those local
units south of Banja Luka are affected by
relatively high unemployment rates. It can
be said that in the eastern part of RS negative
internal migration balance follows most local
units with relatively high unemployment rates
in the area between Zvornik and Trebinje.
On both Map Graphs we can see that besides
some local units in the central part of the city
of Isto¢no Sarajevo (Isto¢no Novo Sarajevo,
Isto¢na Ilidza and Pale), which make a
smaller concentration of local units with
unemployment rates somewhat lower than
average and with positive internal migration
balance.

| Croma maraiscera: / Burth mle:
Eh T
6T Wi
T - B %
= e
= Mpcrpust bpaae| Bréko Disirict
Prenepannga beX ¢ Federation of BiH

Kapmoepam 3. Ilpocjeuna coouwra cmona Hamanumema y
Penybonuyu Cpnckoj y nepuody 2007-2013. cooune
Map Graph 3. Average Annual Birth Rate in
Republic of Srpska in 2007-2013 time period



HE3ATIOCJIIEHOCT CTAHOBHMUIITBA PEITYBJIMKE CPIICKE —ITPOCTOPHO-AEMOI PAOCKE KAPAKTEPVCTHKE
UNEMPLOYMENT OF REPUBLIC OF SRPSKA'S POPULATION — SPATIO-DEMOGRAPHIC CHARACTERISTICS

Kana ynopeaumo kaprorpam 1, Ha KojeMm je
MpUKa3aHa MpocjeyHa aJMUHUCTPATUBHA CTOIA
HE3aroCIeHOCTH, Ca KapTorpaMoM 3, Ha KOjeM je
MpUKa3aHa MPOCjeuHa T'OIUIIEHA CTOTA HATAITUTETA,
MOXXEMO TPUMJETUTH Na je o1 9 IJIOKaIHHUX
JEeAMHUIIA Ca HAJHMYKOM CTOTIOM HE3aroCICHOCTH
BUX 6 Craaano y rpymy JOKaJIHUX jeIWHHIIA ca
HajBHIIIOM CTOIIOM HATAJIMUTETA, y POCjeKYy U3HA/
8%o romumme. Ha xaprorpamy 3. jacHo ce BUIu
KOHIIEHTPALM]ja JJOKATHHUX jeIMHHLIA Ca PEJIATUBHO
BHUCOKUM CTOIlaMa HarajuTera y peruju bama
Jlyka. bamanmydka peruja je mopes Tora u jeinHa
y KOjOj HU je[Ha JIOKAJIHA JeIMHUIIA HE CTaua y
IPpyIy OHUX Ca HajHKUM CTOIIaMa HaTaJIUTEeTa, ca
npocjexom ucton 6%o. OBa peruja npeamadn Mo
BUCHHH CTOIE HATaJUTETa ¥ MO HAJHIXKO] CTOMH
HE3aroCIeHOCTH.

3Ha4yajHy KOHIIEHTPALM]y JIOKAJIHUX jeINHULIA
ca HHCKHMM CTOIIaMa HaTaJuTeTa MOXKEMO
NPUMjETUTH Ha KpajibeM HCTOKY PemyOnmke
Cprcke, TauHMje Ha TPOCTOPY O OMINTHHE
Mwuhu Ha cjeBepy a0 omnmrtuHe YajHuue Ha
jyry. CBUX HIECT JIOKAJIHUX jeIUHHIIA UMaJe Cy
HATIPOCjeYHO BUCOKE CTOIE HE3arOCIEHOCTH.
[Ipema ycnoBHoj pernonannoj nogjenu PC koja
Jj€ KOpHIIITEeHAa y OBOM PajLy, O] OBHX ILIECT JIOKAHNUX
JeIMHMIIA YeTHpHU Npunaaajy peruju Mcrouno
CapajeBo, a asuje peruju bujessuna. To umak
HE 3HA4YM J1a C€ pajy O perujama ca HajHHKHUM
cTornama Haranutera y PemyOmumu Cprckoj,
MOILITO je pHUjed O JIOKAJTHUM jeAMHHIIaMa ca
peTaTUBHO MAJlUM YIjEeJIOM Yy YKYITHOM Opojy
CTaHOBHHUKA OBHX PETHja.

When we compare Map Graph 1, in which
the average administrative unemployment
rate is shown, with Map Graph 3, in which
average annual birth rate is shown, we can
notice that out of nine local units with the
lowest unemployment rate, the six of them
fall into a group of local units with the highest
birthrates, in average above 8%o annually. On
Map Graph 3 a concentration of local units
with relatively high birth rates in the region
of Banja Luka. Banja Luka region is besides
that the only region in which no local unit
falls into a group of those with the lowest
birth rates, below 6 %o in average. This region
leads both in highest birth rate and lowest
unemployment rate.

Significant concentration of local units
with low birth rates can be noticed on the far
east of Republic of Srpska, more precisely
in the area from Mili¢i municipality on the
north to Cajni¢e municipality on the south.
All six local units had unemployment rates
above average. According to the conditional
regional division used in this work, out of
these six local units, four of them belong to
the region of Isto¢no Sarajevo, and the other
two to the region of Bijeljina. That does not
mean that these are the regions with lowest
birth rates in Republic of Srpska, since those
are units with relatively small share in the
overall population in these areas.
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Tab. 5. AOmunucmpamusna cmona He3anocieHoCmu, CMona YHympaure2 MUzZpayuoHoe caiod u
cmona namanumema no pezujama PC y nepuody2007—-2013. 2o0une
Tab. 5. Administrative Unemployment Rate, Internal Migration Rate and Birth Rate by Republic of
Srpska’s Regions in 20072013 time period

Crona yHyTpammer
AJIMHHHCTPATHBHA
cTona Hesamocnenocty | MWTPALIOHOT caita Crona HaTajuTeTa
Permia 2007-2013 2007-2013 (mpocjeuna | 2007-2013 (mpocjeuna
Re i(J)n Administrative FOZM I3, %o) TO/MILIES, J60)
g Unemplovment Rate Internal Migration Birth Rate 2007-2013
21())07{2 o1 Rate 2007-2013 (average annual, %o)
(average annual, %o)
bama Jlyka o
Banja Luka 29,07% 1,79 8,93
bujeriia 42,08% 0,87 7,03
Bijeljina
Jlo6oj o
Doboj 40,11% -0,51 6,68
Hcrtouno CapajeBo 39.60% 323 6.88
East Sarajevo
Hpujeop 44.40% 0,72 6,28
Prijedor
Tpebuine 40,24% 0,13 7,83
Trebinje
Koedummjent
JTMHEapHe Kopelanyje
(r) -0,47 -0,90
Linear Correlation
Coefficient (r)

W3Bop: 333PC u P3C PC
Source: RS ES and RS IS

VYTBpheno je na je mpema IlupcoHoBOM
KkoeUIMjeHTy Kopenanuje (r) Ha HUBOY peruja
y HOCMaTpaHoOM MEepHoJy IMOCTOjajla BHCOKa
NoBe3aHoCT u3Mel)y agMUHHMCTPaTUBHUX CTOMA
HE3amocIeHOCTH U cTomna HatanuTera (-0,90), Te
3HayajHa MOBe3aHOCT n3Mel)y aIMUHUCTPATUBHUX
CTOIIA HE3aMOCIEHOCTH M CTONAa YHYTpAalImher
murparmoHor canna (-0,47).

3a pas3nuKy O Kopenialuje Mo perujama
KOja je MMalia 3HayajHe M BHUCOKE MOBE3aHOCTU
ynopehuBaHuX mojaTtaka, Ha JIOKAJIHOM HHUBOY
To HUje Omo cmyuaj. [Tokazano ce na Ha HUBOY
JIOKAJTHUX JE€AMHHUIA TIOCTOJU Majla TIOBE3aHOCT
CTONa HE3aloCJIEHOCTH Ca CTOlaMa HaTaJuTeTa
(-0,3) u yayTpammer murpanuonor canaa (-0,26).

It was found that according to Pearson
correlation coefficient (r) at the level of
region there was a high correlation between
administrative unemployment rate and birth
rate  (-0.90)in the observedtime period,
as well as significant correlation between
administrative unemployment rates and
internal migration rates (-0.47).

Unlike the correlation between regions
which had significant and high correlations of
the compared data, at the local level this was
not the case. It has been shown that at the local
units level there is a small correlation between
unemployment rate on one side and birth rate
(-0.3) and internal migration balance (-0.26) on
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Pa3iore Mame MOBE3aHOCTH HA JIOKAJTHOM HUBOY
Tpeba TPaKUTH Y YTHLA]Jy Ipyrux (akropa Koju
HapOYUTO MOTY JIohH 110 M3pakaja y JIOKaJTHUM
jenuHHMIIaMa ca MambUM OpojeM CTaHOBHHKA.

Y cBujery cy A0 caja BpuieHa OpojHa
UCTpaXKMBama Koja JoKa3yjy na mnosehame
CTOIlE HE3aNOCJICHOCTH yTHYE Ha Maj CTOIle
HaTajnuTeTa. Pe3ynaTaTu jegHOr O HOBHjUX
TaKBUX HCTpaxuBama oOjaBibeHu cy 2013.
ronuHe ox crpane MHcTuTyTa 3a nemorpadceka
ucrpaxuBaa Maxkc Ilmank u3 Pomroka y
gaconwcy ,,Demographic Research®, a moka3zanu
Cy JIa je eKOHOMCKa KpH3a Y MOCJbEAH0] IeIIeHU] U
3HAYajHO yTUIAJIA HA MaJ CTONa (epTUINTETA U
HaTalIuTeTa y OpOjHUM EBPOICKUM 3E€MJbaMa
(Goldstein, 2013). Ilopen eBUAEHTHOT yTHIIaja
HE3aroCIeHOCTH Ha HATAJUTET, CBJ€IOILH CMO U
cBe Beher Opoja eKOHOMCKMX MUTpaHaTa Koju ce
J0ceshaBajy y pa3BUjeHUje IHjeJI0OBE CBUjETa ca
HIDKUM CTOTIaMa He3anoCICHOCTH Halajyhu ce na
he Tamo ycmjetu na ce 3arocie.

YMIJECTO 3AKJbYUKA

Hajsehu Opoj 3anocnenux nuna Pemy6mimke
Cprcka je umana 2008. ronuHe, HAKOH 4era je
6uo y naxy cse 1o 2012/2013. bpoj 3amnocnennx
y CBUM perujama je CMameH Yy MOCMaTpaHOM
nepuony. CMamemeM Opoja 3a10CIeHNX HajBHIIE
je norohena peruja Ilpujenop, 10k cy HajMame
norohene Owmite peruje bama Jlyka u bujessuna.

Hajsehum nujesniom mocmarpaHor mnepuoaa
Opoj HezamocneHux y PenyOmumm Cprickoj ce
noBehaBao, Te je Ha Kpajy mepuoaa mnosehan
y CBUM perujama, OCHUM NpHUjeOPCKE, IITO Y
KOMOMHAIIM]H ca BEOMa M3PaKEHUM CMabEHEeM
Opoja 3amocieHuX Yy OBOj peruju ykasyje Ha
3HAYajHO CMAICHE AKTUBHOT CTAHOBHHIITBA, Tj.
pazHe cHare.

AHKeTHa CTOIa He3anocIeHoCT! y Permyommiu
Cprickoj je y mocMaTpaHOM MEepHoIy Ouiia HUKa
Hero y ®buX, anu BHIIA HErO Yy CyCjeIHUM
3emMJbama, Te 3HaTHO BHIIa Hero y EY u m3HocHIa je
y ipocjeky 23,97%. IIpocjeuna aqMUHUCTpaTHBHA
CTOIIa HE3amoCICHOCTH je m3Hocuia 36,89%.
Hwxa o pemyOnuykor mpocjeka 0uina je camo y

the other side. Reasons for lesser correlation at
the local level should be sought in the influence
of other factors which especially can come to
the fore in local units with small populations.

So far numerous researches have been
conducted in the world that prove the increase
of unemployment rate affects the decline of
birth rate. The results of one such research were
published in 2013 by the Max Planck Institute
for Demographic Research from Rostock in
“Demographic Research” magazine, and they
showed that economic crisis in the last decade
significantly affected the decline of fertility
and birth rates in numerous European countries
(Goldstein, 2013). Besides evident influence
of unemployment on natality, we are witnesses
increasingly larger number of economic
migrants moving into more developed parts
of the world with lower unemployment rates,
hoping they would succeed in finding job
there.

INSTEAD OF A CONCLUSION

The highest number of employed people
Republic of Srpska had in 2008, after which
there was a decline until 2012/2013. Number
of employed people in all the regions was
reduced in the observed period of time.
Region of Prijedor was affected the most by
the reduction of number of employed people,
while the least affected were regions of Banja
Luka and Bijeljina.

For the most part of the observed time
period the number of unemployed people
in Republic of Srpska was increasing, so it
was higher in the end of the time period. The
exception is the region of Prijedor, which in
combination with a very severe decline of
the number of employed people in this region
indicates a significant decrease of active
population, i.e. labour force.

Survey unemployment rate in Republic
of Srpska was lower than in the Federation of
B&H, but it was higher than in the neighbouring
countries, and significantly higher than in the
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CAIIIA CTAHUBYK U JJPAILIKO MAPMHKOBWh
SASA STANIVUK AND DRASKO MARINKOVIC

peruju bama Jlyka, a HajBuma je Ouna y peruju
[Ipujenop. Y mocmarpaHoMm MEPHOAY PacT OBE
CTOIIE je 3a0MJbeKeH y CBUM perrjama PerryOmike
Cprcke.

Panuja uctpaxuBama y Ipyrum JiijeoBuMa
EBpone u cBHjera cy jacHO yKasaja Ha YTHIA]
KOjU BHCHHA CTOIlE€ HE3aNMOCICHOCTH HMa
MUTpalroHa Kperama. [lo3Hara je u ynmeHuna
na mpobieMcke peruje mmpom EBpone ommukyje
€KOHOMCKa MAaCUBHOCT U JEMOTpadCKo CTaperme
Kao meHa nocsbeanna. OBUM pajioM je yKa3aHo
Ha JemMorpadcke MOCJbeAMIE KOje pa3IndyuTe
(aAMUHUCTpATHUBHE) CTOIIE HE3AIOCICHOCTH UMAjy
y nojenuHuM aujenoBuMa PemyOmuke Cpricke.
HapouuTo je 3Ha4ajan yTHIaj HE3aMOCICHOCTH Ha
MUTpaIHje CTAHOBHUILTBA U HaTanuTeT. [Ipobnem
BHCOKHMX CTOINA HE3alOCICHOCTH U HHUXOBHUX
nemorpadekux nocypeauua y Pemmyomumm Cprickoj
ce HEe MOXE MOCMaTpaTH M30JI0BAHO O] YKYITHE
EKOHOMCKE CUTYyallje, ma Ou Mjepe 3a CMambeHhe
He3arnoclieHocTH Tpebane Outm yckiahene ca
CBUM JIpYTHMM Mjepama IMpHUBPEIHOT pa3Boja U
TPIKUIITA pajia, KAaKO HAa HUBOY LIUjEJIe 3eMJbE, TAaKO
Y Ha PETMOHAITHOM U JIOKaJTHOM HHBOY.

EU and it was on average 23.97%. Average
administrative unemployment rate was 36.89%.
It was lower than the entity average only in the
region of Banja Luka, and it was highest in the
region of Prijedor. In the observed period of
time, increase of this rate was recorded in all
the regions of Republic of Srpska.

Earlier researches in other parts of Europe
and world have clearly pointed to the effect
that unemployment rate has on migration
movements. It is a known fact that problem
regions throughout Europe are characterised
by economic passivity and demographic aging
as its consequence. This study points to the
demographic consequences which different
(administrative) unemployment rates have in
some parts of the Republic of Srpska.Especially
important is the influence of unemployment
on the migrations of population and natality.
The problem of high unemployment rates and
their demographic consequences in Republic
of Srpska cannot be observed isolated from
overall economic situation, hence the measures
for decreasing unemployment should be with
all other measures of economic development
and labour market, on the level of the whole
country as well as on the regional and local
level.
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O®OPMAILINJA OPAXOBCKUX T'HAJCEBA U
KBAPIL-CEPULIUTCKUX HIKPUJ/bALIA HA CJEBEPY ITIPOCAPE

Adexcej Muinomesuh'
"Pynapcku ¢axynret [pujenop, Yausepsurer y bamoj JIyuu, Peny6onuka Cpricka

Caxerak: TepeHCKHM M 1a0OpaTOpUjCKUM HCIUTHBambUMa yTBpheHo je ma cy Ha cjeBepy Ilpocape 3actymbeHe
metamopducane TBopeBuHe OpaxoBcke (opmairje MpeacTaB/beHEe I'HajCeBUMA, MUKAIIUCTHMA, KBAPICCPUIIUTCKUM,
KBapIUTHUM M aM(pHOOJUTCKMM MIKpHJbLiMMa. Te TBOPEBHHE, HACTaJe HAa OKCAHCKO] KOPH y CYOQYKIIMOHOM pOBY
3alydHOr 0aceHa, Cy KpajeM ropme Kpeze mperpiijerne oomukoBama y Tpu (ase. [IpBo cy Oniie HHTEH3UBHO H30KIHHO
yOpaHe. 3aTM Cy OHE HaByY€HE Ha MOTpanKy (opMaIyjy, Koja je Takohe M30KIMHO M KOAKCHjaJIHO HaOpaHa 3ajeqHO
ca cTujeHama y octaiauM (opmarjama. Ha kpajy cy TBOpeBHHE OpaxOBCKE (pOpMallfje 3ajeHO Ca OCTAIHM CjajHUM
mikpusbiiMa [Ipocape 61aro mpeHadpane. Y3 CBe TO CjajHHU IIKPHIBIU CY OMJIM H3JIOKCHH CHHXPOHHM WM HaKHAJIHUM
pynTypHuM edopmMalrjama.

Kibyune pujeun: I[Ipocapa, OpaxoBcka popmaiiyja, CjajHU MKPUIBbLIY, THAjCEBH, MaTnHOMOpdeE, TypOHIUTH

Original scientific paper

FORMATION OF ORAHOVA GNEISS AND QUARTZ-SERICITE SCHISTES
IN THE NORTH OF MOUNTAIN PROSARA

Aleksej Milosevi¢!

'Faculty of mining Prijedor, University of Banja Luka, Republika Srpska

Abstract: Testings mades in laboratory and on the field are shown that in the North of Prosare are represented Orahova
metamorphosed creation by gneiss, micaschist, quartz-sericite, quartzite and amphibolite schistes. That creation, resulting
in the ocean crust in subduction trench of basin, at the end of the upper cretaceous suffered formatting in three phases.
First, they were intensely aclinic picked. Then they are drawn in the "Pogracka formation", which has also aclinic crimped
and coaxial together with the rocks in other formations. At the end of the creation, orahova formation together with other
shine schistes of Prosare, which are litle bit prepleated. All these shiny schistes have been subjected to synchronous and
subsequent rupture deformities.

Key words: Prosara, Orahova formation, shiny schists, gneiss, polymorphe, turbidites

VBOJI

Ha IIpocapu cy 3acTynibeHe cpenme U ciiadbo
MeTamopducaHe, THTEH3UBHO yOpaHe TBOPEBUHE,
MOHOTOHOT JIUTOJIOIIKOT CacTaBa, HACTaJle Off
OMBIINX TJIMHOBHUTO TjECKOBUTHX CEIUMEHATa U
KapOoHaTa, ca 30HamMa y Kojuma Jioja3e OJIOKOBH
0a3uvyHUX MarMara, 0e3 ocuma ca kKapOOHATHOM
JBYIITYpoM U ca manmuHomopdama. To cy cjajau
IIKPUJBIIA, HACTAM y JBa Pa3IMYUTa JTyOOKa
O0aceHa OKEaHCKOT M CEMHOKEaHCKOT THIIA.
Ha oBakBe TBOpeBHmHEe ykazanu cy (Isler &
Panti¢,1980).

INTRODUCTION

On the mountain Prosara are represented
moderately and poorly metamorphosed
intensively harvested creations, which are
monotonous lithological composition, and
which have arisen from the former sandy clay
sediments and carbonates, with zones in which
there are blocks of basic igneous rocks without
fossils with carbonate shells and palinomorpha.
These are shiny schistes, which occurred in two
different deep ocean basins and semyocean type.
On these creations indicated (Isler & Panti¢,
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Ha oCHOBY MNaJMHOJOUIKUX HCIHUTHUBAKA
JIOKyMEHTOBAH j€ CKOPO IHjeNIU CTYO MPOCapCKux
CjajHUX IIKpHUJballa KOJU y3 TPAHUTOHJIE UHHE
yetnpu popmarmje. Hajecrapuju cy nmpekamMmaHcKu
CjajHU MIKPUJBIN U3 OPAXOBCKE HABJIAKE MIPEAMET
OBOT pajia. BUCTPUUKM apTUSIOIIMCTH U BPUIITHIKA
3€J€HH IIKPUJBIM CYy TOPHOMACTPUXTCKE
70 JOWmOmajeoleHcKe crapocTH. llorpamku
TpakacTU KBAapUUTU M KapOOHATU Cy JOHO 10
CPEeOCOLICHCKH.

OBHM HOBHUM, IPBEHCTBEHO CTPATHIPAPCKUM
U TEKTOHCKHUM, Ca3HambUMa MPEUCHUTAHE CY
UCTIPaBJbECHE paHHUje MHTENpETaIHje IpeMa Kojuma
cy Ha [Ipocapu 3acTyrsbeHe CTHjeHe TOPHOKPEIHE
CTapOCTH CBPCTaHE y TPH WM YETHPHU 30HE ca
CTpyKTypama HOJIETVIUM TIpeMa CjeBepy, pa3aBojeHe
BEJIMKUM I'PaBUTAIIOHUM pacjeauMa.

[Tomatke O OpaxOBCKUM THajceBUMA W
KBapLICEPUIIUTCKUM IIKPUIbAIIIMa HaJla3|uMO jOLI
y paloBUMa YIJIABHOM ayCTPH]CKUX UCTpayKMBava:
Mojsisovics, et al. (1887), Turina (1912), Kacer
(1926), a 3atum y pagoBuMa U3 pyre MoJIOBUHE
nBaneceror Bujeka: Bapwhax (1956, 1957),
JoBanosuh, (1968, 1974), ITamuh (1988, 1990,
1991, 1998). HoBuje monaTke O T€OJOTUjH
IIpocape cy o0jasumu: Ustaszewski et al., (2010),
Grubic¢ et al., (2010), MuomreBuh, (2013).

TeMesbHUM TEPEHCKUM U J1a00PaTOPH)CKUM
HCTpaXMUBAakHEM JI€TaJbHU]JE Cy YyIO3HAaTe
JUTOJIONIKE, CTparurpadcke U CTPYKTYpHO-
TEKTOHCKE KapaKTepUCTHKe Qopmaiuje aare
HapenHuM peaoBuma. Kpo3 nmpuka3 BpeMeHCKUX
OJTHOCA TEKTOHCKHX Jedopmariyja, JOHEKIE je
pa3MoTpeHa U reosonika esoiymuja [Ipocape.

PEI'MOHAJIHU I'EOJIOILIKH TTOJIOXAJ

Tepenu usmely Jlpune u MajeBune Ha
jyrouctoky u Ilpocape Ha cjeBepozamany
¢dbopmHpajy HHTEPECAHTHY T'€OJIOUIKY jEAMHUILY
y cjeBepHoj bocHu, ,,CjeBepHOOOCAHCKY 30HY
(Grubi¢ et al., 2010), ogHocHO ,,3amajHu
nojac Bapaapcke 3one“ (Karamata et. al.,
2000). ITomenyTto moapyuyje je Behum nujenom
n3rpal)eHo oj 7jBa TIaBHA CTHjEHCKA KOMIUIEKCA:
HIDKET (CTapujer) u ropmer (Miaher), yriaBHOM
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1980).

Based on palynological tests are documented
almost all stub of prosara shiny slate which in
addition consists of four granitoid formations.
The oldest pre-campanian glossy schists of
Orahova clutter are the subject of this paper.
Bistrica argiloschistes and vristica green schists
are older-Maastricht younger-paleocene age.
"Pogracka" ribbon quartzites and carbonates
are younger to midlle eocene.

With this new stratigraphic and tectonic
knowledge have been corrected earlier
interpretations according to which the Prosara
is represented by rocks of the Upper Cretaceous
age and which are classified into three or four
zones with a flattened structures to the north,
which are separated by large gravitational faults.

Knowledge about Orahova gneisses and
qartz-sericite schistes we find in the works of
Austrian researchers mainly: Mojsisovics, et al.
(1887), Turina (1912), Katzer (1926), then in
the works from the second half of the twentieth
century: Varicak (1956, 1957), Jovanovic (1968,
1974), Pamic (1988, 1990, 1991, 1998). More
recent data on the geology Prosara published:
Ustaszewski et al. (2010), Grubic et al. (2010),
Milosevic (2013).

The basic field and laboratory research
are detailed lithological, stratigraphic and
structural-tectonic characteristics of the
formation following lines. showing time
relationships of tectonic deformation we also
can discussed the geological evolution of
Prosara.

REGIONAL GEOLOGICAL POSITION

Fields (lands) between the Drina and the
Majevica in the southeast and the mountain
Prosara on northeast forming interesting
geological wunit in northern Bosnia -
,,Northbosnia zone "(Grubi¢ et al., 2010),
respectively ,,Western belt Vardar zone"
(Karamata et. al., 2000 ). The area is mostly
built of two main rock complexes: lower
(older) and upper (younger), mostly covered



DOOPMAIINIJA OPAXOBCKUNX I'HAJCEBA U KBAPI[-CEPULIMUTCKUX IIKPUJbAITA
HA CJEBEPY ITPOCAPE
FORMATION OF ORAHOVA GNEISS AND QUARTZ-SERICITE SCHISTES
IN THE NORTH OF MOUNTAIN PROSARA

MPEeKPUBEHO HEOTCHMM ceIuMeHTuMa. Hinku
KOMITJIEKC je u3rpaleH o1 0opuOIUTCKOT MEIaHXa,
a BUIIM OJ] MAPUHCKHUX TypOUJUTCKUX CEKBEHIIH,
OJIMCTOCTPOMCKHX U JJETUMUYHO KOHTHHEHTATHUX
dbopmanuja. OGHONUTCKU MENaHK YUHU
CEeIMMEHTHH MAaTPHUKC M Pa3IU4YUTH OJIOKOBH
rOpwOoKpeTHUX odpuonuta. TypOuautu caapixke
najuHoMop(e U3 CBUX jeAnHHIA u3Mel)y ropmer
MacTtpuxrta u miaher onuronena. OpuoauTCKH
MEJIaHX U TYpOUAMTH CjeBepHOOOCAHCKE 30HE
3aCTYIUBEHU Cy Yy TNOApYyYjy 3BOpHHKA, Ha
Majesuriy, Tpebosity, Motajurm, anu 1 Ha Kozapu
u IIpocapu.

with Neogene sediments. Lower complex is
built of ophiolitic melange, and upper from
marine turbidites sequence olistostromic
and partly continental formations. Ophiolitic
melange makes the sedimentary matrix and the
different blocks of upper cretaceous ophiolite.
Turbidites contains palynomorphs from all units
between the upper maastrichtian and younger
oligocene. Ophiolitic melange and turbidites of
northbosnian zone are presented in the Zvornik
area, Majevica, Trebovac, Motajica, but also on
Kozara and Prosara.

Cn.1. I'eoepagcka u eeonowxa cxkuya Cjegepro-00cancke 30He
Fig. 1. Geographic and geological map of Nortbosnian zone
U3zBop: Grubi¢, 1980; Grubi¢ et al. 2010, u3MjeHEHO U TOMYHCHO
Source: Grubi¢, 1980; Grubi¢ et al. 2010, amended and supplemented
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CTPATUTPAOUIJA

Ha kpajmum cjeBepauM maaunama IIpocape
3aCTYIUbEHH CYy KBapI-CEPULIUTCKHU, CEPULIUTCKO-
XJIOPUTCKH U KBAPIIUTHH IIKPHIBLIU YAPY>KEHH ca
IHAjCEeBMMA U THAjCOJIMKMM CTHjeHama, KOjuMa
Cy ayTopu KOju Cy ce OaBwim mpoOiemMuma
HUXOBOT IIPOCTOPHOT MOJIOXKAja U TeHe3e JaBaju
NpeHaryamniex 34a4aj. To ce IpBEHCTBEHO OHOCH
Ha MHTENpETalyjy NpHKa3zaHy Ha JIMCTOBUMA
OcHoBHe reosomke kapre Hosa I'pagumika u
Kocrajuuna, ayropu: Sparica u ap., (1983) u
Jovanovi¢ u Magas (1986), koju cy mpakTH4HO
[UjeTI0 CJeBEPHO U jeJlaH MamU U0 CPEIHET
noapyydja Ilpocape uHTEnmpeTupaiu Kao 30HY
usrpaheny o raajceBa u mukammucra. Ocum
TOra, CMaTpaJy Cy Ja Cy Ja Cy OBU MeTaMop(huTH
HACTau of1 (PIHUIIONMKUX HAcara, O yTUIajeM
MHTpY3HUja KBapunopdupa u rpanutnopupa.

I'najcounne crujene IIpocape (Bapwuhak,
1956, 1957) uznBaja Ha CjeBepHUM MaJMHAMa
[Mpocape, 3amagHo ox nunHHje [amrTuma —
Bpumtuk. CBpcraBa ux y wmeramopdure
amdubonutcke ¢parmje u Meh)y mHuMa paznukyje
I'HajCceBe, T’HAjCMUKAIINCTE, MUKAIIINCTE, KBapIIHE
IIKpUJbIle, HaBonehu 1a OHE Ha 3HATHUjUM
MPOCTPAHCTBUMA PUJETKO HACTYTIA]y TOjeANHAYHO,
HEro ce TOTOBO YBjEK jaBibajy y KOMILIEKCUMA Y
KOjHIMa ce CMjerbYjy CBHU WiIaHOBH rpyne. Bapuhak
HaBOJIM J1a CY OBE CTHjEHE HacTaJle IPOTrPECHBHUM
pErHOHATHUM METaMOp(pHU3MOM jellHE cepHuje
CEIMMEHTHHUX CTHjE€HA NMPETEKHO MEIUTCKOT U
MambUM JIH]eJIOM [ICAMUTCKOT KapakTepa.

JleGeo MOBPIIMHCKU MOKPUBAY PacHaIHyToOT
Marepujasa 300r Oarux majoBa TepeHa CjeBepHOT
avjena IUTAaHMHE U HEroBe MOLIYyMJbEHOCTH,
oHeMmoryhunm cy reojomke omncepBaiuje Ha
BHUIIIE JIOKAJIUTETA U JeTaJbHUja MPOBjepaBarmba
JUTOJNIOMIKOT cacTaBa oBe Qopmanuje. To ce
MPBEHCTBEHO OJHOCH Ha yTBphuBame TauyHe
TpaHMIIe ca MOrparKoM (HOpMaIKjoM TpaKacTUX
KBapLUTa IPEKo Kojux je HaByueHa. LlIto ce True
JIMTOJIOIIKOT CacTaBa U CTPYKTYPHO-TEKTOHCKUX
KapaKTepUCTUKa HEHUX TBOPEBUHA, OHE CY
1oAipoOHuje MpoyvaBaHe Ha Jiokaiaurety Pammha
Op1o, OMHOCHO y japyrama Jlemup moTtoka, Ha
KpajlbeM CjeBepo3anagHoM JujeNly IUTaHHHE,
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CTPATUT'PAOUTA

At the end of the northern slopes the
mountain Prosara we have quartz-sericite,
sericite-chlorite schistes and quartzite
associated with gneisses and gneissyside
rocks, which the authors who dealt with this
problems of their spatial position and the
genesis of giving exaggerated character. This
is primarily related to an interpretation of the
displayed sheets Basic geological map Nova
Gradiska and Kostajnica, the authors: Sparica
etal., (1983) and Jovanovi¢ and Magas (1986),
which are virtually all the north and part of
the middle region, interpreted as Prosara
zone constructed of gneiss and micashist. In
additionwith that, they considered that these
metamorphic rocks originating from flysh-
like layers under the influence of intrusion
quartzphyre and granophyre.

Gneissyside rocks on Prosara (Varicak,
1956, 1957) were notice in the northern
slopes of Prosara, west of the line Gastica
- Vistik. Author puts them in metamorphite
with amphibolites facies and among different
gneiss, gneiss-micashiste, micashist, quartz
schistes, stating that those at substantial
expanses rarely occur alone, but almost
always appear in the complexes in which the
alternate members of the group. Varicak states
that these rocks are caused by progressive
regional metamorphism of a series of
sedimentary rocks mainly pelitic and partly
psamitic character.

It was not possible to chek lithological
composition of formations of the northern
part of the mountain because forestation,
and because we have there a thick blanket
of surface litter. This primarily relates to
determining the exact boundaries of the
"pogracka" belt quartzite formation through
which he slipped. Lithological composition
and structural-tectonic characteristics of
its creations are studied in detail on the
Rasica hill, or in ravines Demir stream, in
the far northwestern part of the mountain,
where we find the individual appearance
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IJje Hajla3suMoO TI0jeAMHAYHO I10jaBJbUBAME
T'HAjCOIMKUX CTHjEHA, aJli U HUXOBE KOMILIEKCE
(cn. 3). Ha u3maHmuMa y KOpPUTY pHjeUuIe
['pabspuBHIIe, KA0 W HAa TaykamMa OcCMarpamba
ropm-er nujena Toka [lorparike pujeke, rHajconuke
CTHjeHE HUCY HM PErHCTpOBaHE, Tako Ja je
pacmpocTpameme oBe (hopMairje peayKoBaHO
U OTPaHWYCHO HA KPajike CjeBepHEe, OAHOCHO
cjeBepo3arnaHe AUjeoBe IIaHUHE.

gneissyside rocks, and their complexes
(Figure 3). On outcrops in the riverbed of
small river Grabljivica, as well as observation
points Pogracka upper stream of the river,
gneissyside rocks are not even registered,
so that the distribution of these formations
reduced and limited to the extreme north, and
north-western parts of the mountain.
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Fig. 2. Formations figure anp profile of shiny schistes on Prosara

Hajzactymmenuje crtujeHe Qopmamuje cy
KBapII-CEPUITUTCKH MIKPHIBLIU, TTOPEA KOJHX CE
jaBJbajy U XJIOPUTCKO-CEPUIIUTCKH, XJIOPUTCKH U
KBapIMTHY IIKPUIBLIH, O YEMY CBjESIO0YH U JIOKATHH
CTyO CHUMJbCH Y CPE/IUIIIELHM JijerioBuMa Jlemup
notoka (ci. 5). Ilojenunaunu Komaau ,,rHajconaa’
u aMm(puboickux ctujeHa ymnyhyjy Ha 3akbydyak
1a TaMo Mel)y IIKpHJbIMMa 3aucTa UMa THajceBa
u amdubonuTa Kako je To TBpauo Bapuhak. Y
HApEeTHUM PEIOBUMA CITHjCIH HUXOB JICTaJbHUJH
MUHEPAJIONIKO MEeTporpad)CKu ONHKC, KaKaB je
npukazao /1. Bapuhak (Bapuhak, 1957, ctp. 32-33).

The most abundant rock formations are
quartz-sericite schistes, and chlorite-sericite,
chlorite schistes, and quartzite, what was
evidenced by the local stub recorded in
the central parts of Demir stream (Figure
5). Individual pieces ’’gneisses’’ and
amphibolite rocks suggest that there indeed
has the schistess gneisses and amphibolites
that is claimed to Vari¢ak. In the following
lines follow their detailed mineralogical and
petrographic description, as is demonstrated
D. Vari¢ak (Varic¢ak, 1957, p. 32-33).
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I'Hajcesu cy HajpacupoOCTpamEHUjU Y
KOHTAaKTHHM 30HaMa OKO rpaHutonnpa. To cy
CTHjeHe CHBE JI0 3elieHKacTocuBe Ooje. Tekcrypa
UM je TpakacTa W okmacra. [lo cTpykrypu cy
noppupoOIacCTUYHN U TIpaHOOJIACTUYHU ca
npenasuMa y jgenuaoonactuute. CUTHO3PHHU Cy J10
CPEI03PHH, YECTO Karakiiasupanu. M3rpalenu cy
OJ1 KBaplia, MUKPOKJIMHA, KUCEJIOT TUIarioKIiaca,
MYCKOBHUTAa, pjehe o opTokiaca u OUOTHTA.

Muxawucmu wMajy cuBo3eleHy 00jy
W IIKpHJbaBy TekcTypy. Ha mnoBprimHama
HIKPUIBABOCTH YIAJIJbUB je MyCKOBHUT. CTPYKTYpPHO
Y MUHEPAJIOIIKU Cy CIIMYHU THajCEBUMA AU Cy
3HatHO pujehu. [TaBHU cacTojuu cTHjeHa cy KBapil,
IUIArMOKJIAaC, OPTOKJIAC, MYCKOBHT U OMOTHT.

Cn. 3. I'najconuxe cmujene cpeorvez oujena
moxa [lemup nomoka
Fig. 3.Gneissisyde rock in the midlle of Demir
Stream

Kepayumnu wikpusyu, y3 KBapi U JUCKYH,
caJipKe U MaJio KaJujcKor (emjacnara.

Kesapy-cepuyumcku wixpuwsyu ,,iorcjehajy Ha
CUTHO3PHH, TAHKOJIAMUHUPAHU PACTPBEHH THAjC .
Y MuHepaTHOM cacTaBy HpeoBial)ije CEpULMT KOju
rpare Mame KOJIMYuHe KBapia u ¢enacnara. Ca
XJIOPUTOM OHHU TIpeNia3e y XJIOPUTCKO-CEPULIUTCKE
Y 9UCTE XJIOPUTCKE IIKPUIBIIC.

Gneissis are mostly widespread in
contact zones around granitoides. That's
rocks in gray or green-gray collor. Teksture
is strip. By structure they are granoblastic or
porfiroblastic and transited to lepidoblastic.
They are fine-grained or midlle-grained.
They are made from quartz, microcline, acid
plagioclase, muscovite, feldspar and less than
biotite.

Micashists have green-gray collor and
schistose teksture. On schistose surface we
find muscovit. Structuraly and mineralogicaly
they are similar with the gneisses but they are
rarerly. Main ingredients of rocks are quartz,
plagioclase ortoclase, muscovite and biotite.

Cn. 4. Manu nabop keapyuma y wKpuoyuma
Jlemup nomoka
Fig. 4. Small folds of quartyite in schistes in
Demir stream

Qurtzite schistes with, behind quartz and
mica, which containing little calium pheldspate..

Quartz-sericite schistes "reminds to the fine-
grained, very low laminated gneiss". The mineral
composition is mostly based on sericite with
smaller amounts of quartz and feldspar. They
cross to the chlorite-sericite with chlorite, and
clean chlorite schistes.
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Cn. 5. [emamnu nokannu cmyd uz @opmayuje Opaxo6ckux eHajcesa u K8apycepuyumcKkux
WKpUBAYa CHUMbEH Y [lemup nomoky
Fig. 5. Detailed local column from Formation of Orahova gneiss in
quartz-sericite schist made in Demir stream

Amgpuboncku wikpuvsyu IMajy CUBO3EITICHKACTY
00jy ¥ mKpubaBy TekcTypy. CTpykTypa UM je
HemaroOIacTUYHa W XeTrepoOnacThuuHa. BbuTHH
MUHEpaJIi Cy XOpHOJIEHa, TUIarnOKJIaC U ayTUT
a CIIOPEIHU M CEeKYHIApHU EMHIOT, KITIMHO30U3UT,
KBapI1, OMOTUT, XJIOPHT, CPEH, CEPULIUT, MUHEPAITH
IJIMHA, WJIMCHUT U TTUPUT.

Oga ¢opmanija usrpalyje HajHUKE THjeIIOBE
reojjomkor cryba Ilpocape. Y WeHO] moauHU
HaJla3u ce Tmorparka (opMmaimuja eoIeHCKe
CTapOCTH, TIPEKO KOje je HaBy4eHa. [ opma rpaHuiia
(dopmarmje je epo3uoHa.

VY morneny crapocT oBe GopMaryje BaKHa
je uHdopMaIja 0 CTapOCTH MPOTOJIUTA 32 30HY
,»JIMTTHCKN MeTamopducanux crujeHa [Ipocapa-
Morajuna-llep-bykyspa“ xojy m3nocu Pamié
(1990, ctp. 81). Aytop y3uma f1a cy y ¥0j, Kao u
Ha MociaBUHH, IPOTOJUT ,,MOTIIN MTPEACTABIHATH
TOPHOKPEIHH F/UITH TIPETOPHOKPETHI ME3030jCKH
KJIACTUYHU 1 KapOOHATHU CEMMEHTHU , Ca UNM C€
cnaxe u Munowmesuh (2013), unrenperupajyhu
OBy 30HY Kao CacTaBHH JUO KPEIHOT
cyonykunonor komruiekca Kozape u Ilpocape
KOjH je MitahjiiM MoKpeTrMa HaByuUeH MPeKo yopaHe
TaJieoreHe OCHOBE.

Amphibole schistes are gray-greenish, and
they have a schistose texture. Their structures
is non-matoblastic and heteroblastic. Essential
minerals are hornblende, plagioclase and
augite, less important are secondary epidote,
klinozoizit, quartz, biotite, chlorite, sphene,
sericite, clay minerals, ilmenite and pyrite.

This formation builds the lowest parts
of the geological pillar of Prosara. In its
basement is pogracka formation of Eocene
age, which is drawn through. The upper limit
(border) of the formation is under erosion.

Important information about the age of
the protolith area ,,alpine metamorphosed
rocks Prosara-Motajica-Cer-Bukulja" was
said by Pami¢ (1990, p. 81). The author
said that as well on Moslavina, protolite
"could represent Upper Cretaceous and/ or
pre- Upper Cretaceous Mesozoic clastic and
carbonate sediments", and also Milosevic was
agreed with this statement (2013), intepreting
this area as an integral part of the Cretaceous
subduction complex Kozara and Prosara,
which is slipped over picked Paleogene base.

This zone, constructed from quartz-
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3ona wusrpahena on ¢Qopmanuje Kpapi-
CEpHUIUTCKHX IIKPUIbaIla U THAjCOUHUX CTHjeHA
[Tpocape je mmpoka oko 2 km, a leH caBpeMeHH
cTy0 je nedeo oxo 300 m.

TEKTOHUKA

TBopeBuHE U CTpyKType (opmanuje
OpaxOBCKHUX T'HajceBa U KBapICEPHUIIUTCKUX
HIKpUIJballa PUIAIajy KUMPH)jCKOM CTPYKTYPHOM
CIIpary, OIHOCHO Mital)eM KUMPH]jCKOM TIOJICTIPATY.
dopmupane cy y OaceHy CyOmyKIIMOHOT poBa
KpajeM KaMIlaHa WJIM TOYETKOM MaCTPHUXTaA.
Kpajem eoriena TBopeBHHE Koje UX m3rpahyjy cy
KOAKCHjaJTHO J1e(hopMHUCaHe, @ HEITO KacHHje Cy
joir u mpeHabpaHe y mupoke Habope ca b-ocama
MpaBlia CjeBepOMCTOK-jyro3amnai.

Cnojesumocm je pa3BHjeHA W BUAJHUBA
y mujenoj ¢opmanuju. Manudecryje ce Kao
eKCTepHa ca cliojeBuMa AebsprHEe o lcm a0
Im, ¥ pHjeTko Kao MHTEpHA Y BUAY MapaJieiHe
namuHanyje. M3paxkena je Hajuerthe npomjeHama
y CTHJEHCKOM MaTepujaly U MehycinojHum
MyKOTHHAMA.

CrarucTykom oOpasioM eneMeHara 1ajaoBa
CJI0J€BUTOCTH JOILIO C€ 0 MHpOpMAIHja J1a Cy
MIOJIOBH HOpMaJia 3a OBY cjeBepHY (opmarujy
[Ipocape rpymnucaHu OKO jeIHOT MaKCHUMyMma
on 296/11 u jemnor cybmakcumyma 112/14,
mujarpam /-1 (ci. 6a). To ykasyje na cy cTujeHe
oBe ¢opmarigje, mopea oOIMKoBama y ,,crapuje’
M30KJIIMHE CTHUCHYTE Habope, mpeHalOpane y
OTBOpEHE CTPYKTYype Miiale reneparuje.

Knueaoic u ¢ponujayuja noGpo cy pa3BujeHu.
Tepenckum omncepBanujama je yTBpheHO
MOCTOjalbe KJIMBaXka aKcHjaliHe IMOBpILHHE,
CJIOJHOT KJIMBaXka (KJIMBaXka TeUera), PpakTypHOT
KJIMBa)ka M KPEHYJIAIMOHOT KiMBaxka. KiuBax
aKcHjaJiHe TOBPIIMHE U CJOJHU KJIMBaX HUMajy
no0po passuhe jep mpare W30KIMHA HaOHMpama
npBe U apyre ¢ase. Behunom cy nzpaxenu y BuLy
CHCTEMa MHOTUX OJIMCKHX ITyKOTHHA PacTaBJbEHUX
MHUKpPOJIMTOHUMA pa3He JeOJbHHE.

CiIuMyHOCTH KOHLEHTpalHje IMOoJ0Ba
CJIOJeBUTOCTH U KJIMBa)ka yKasyje Ja Cy OBHU
cyOmapaienHu CTPYKTypHH €JIEMEHTH HaKHaJIHO
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sericites schistes formations and from
gneissyside rocks is about 2 km wide, and its
modern pillar is about 300 m thick.

TECTONIC

Structure formation of gneiss from
Orahova and quartz-rcsericite schist belong
Cimrian structural level or younger Cimrian
sublevel. They were formed in the basin by
subduction trench at the end of Campanian or
early Maastrichtian. At the end of the Eocene,
this formations are coaxially deformed, and
later are also folded again in a wide range
with the b-axis direction NE-SW.

Layering is developed and visible
throughout all formation. It is manifested as
an external layers with a thickness of 1 cm
to 1 m, and rarely as an internal as parallel
lamination. It is expressed mostlly by changes
in rock material and interfacial cracks.

Statistical analysis of the elements downs
stratification led to the information that the
poles are normal for this northern formation
Prosara grouped around a maximum of 296/11
and 112/14 submaksimuma a diagram D-1
(Figure 6). This indicates that the rocks of
this formation, in addition to the design of
the elderly "aclinic tight sets", prenabrane
the open structure of the younger generation.

Cleavage and foliation are well
developed. Observations on the field are
showed the existence of cleavage axial surface
layer cleavage (cleavage point) and fracture
cleavage. Cleavage of the axial surface
and engineered cleavage are well develop
as follow isoclines harvesting the first and
second phases. They are mostly expressed
in terms of a system of many close fissures
divorced microlitones various heights.

Similarities in concentration of poles
stratification and cleavage indicates that
these subparallel structural elements and
subsequently along plicative deformed around
the axis B3 (40/5), which is associated with
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U 3ajeHO IUTMKAaTUBHO aedopmucana oxko B3 oce
(40/5), xoja je moBe3aHa ca OOMMKOBamUMA Tpehe
¢asze. Y 10j (a3u KIMBaXK je NPETCTaBba0 [TIaBHY
aKTHUBHY TIOBPLIMHY.

Habopu y mxprsiiuma cjesepte [Ipocape cy
HACTajajiil Y HEKOJHKO (ha3a, Ia ce pasziIuKyjy Mo
TeOMETPHjU U OpujeHTauju. Mamu Habop Jemup
MOTOKA y3 HEKOJIMKO MOJOBAa KOHIEHTPUCAHUX
y mpBoM u Tpehem KBaapaHTy ykasyje na je
CJIOJEBUTOCT Y HajCcTapHjoj (popMariHju MIKpHIbalia
[Ipocape, mopen mnahux cyOBepTUKAIHHUX
OTBOPEHUX Habopa, HabpaHa y MoJjerie U30KJINHE
crpykrype. [lomeny T manu Habop 1006po MapKupa
CJI0j KBapIyTa (ci1. 2), urje J0Hhe KPUIIO MMa Ta
220/25, a ropwe 320/30, ca Bl ocom Habupama
on 268/19, u ca peppakIMOHUM KJIMBAKOM KOjU
uma enemente naga 330/45, npencraBiba MPBY
reHepaiyjy Habopa Koju Cy 3aCTyIUbEHH caMo Ha
TepeHrnMa HajCjeBepHHje U HajcTapHje popmariuje
CjajHUX IIKpHUJbAIIA.

lpyeoj ecenepayuju mnpumnanajy pujeTko
cayyBaHU IIAPHUPH UHTEpOIUjaTHUX Habopa
JEMMEeTapCcKuX quMeH3uja. Pujed je o penukruma
Habopa, ca 3200JbEHUM WX YIIIACTHM IIApHUPUMA,
3HAaTHO OMITeNeHUX CHAKHOM TPaHCIO3HIIN]OM
CIJI0J€BUTOCTH T10 KJIMBAXKy aKCHjaJHE IOBPIINHE,
yuje oce Hajuemrhe majaajy mpema jyroucToky ca
OaruMm naJgHUM yIJIOBUMa Koju He mpernase 30°.
PeructpoBaHo je HEKOJIMKO Manux Habopa ca
yIJIACTHM IIAapHUPUMA Y3 T Toka [ pabipuBuiie.

Ocum MmanuMm Habopuma CTPYKType Koje
najy B oce npyre renepaimje cy npeacTaBibeHe
OPHjEHTALIM]jOM KBapIIHUX MPHUTKU U OyaeHa, ajau
1 J00MjeHe Kao MPECjeyHHIIe CI0jeBa U KIIMBaxa
akcujanmHe noBpimHe (qujarpam /-3, ci. 7).

the forming of the third stage. At this stage,
the cleavage, represents the main active
surface.

Folds in northern Prosara schistes were
created in several stages, and they are
different in geometry and in orientation. A
small set of Demir stream with a few poles
concentrated in the first and third quadrant
indicates that the stratification of the oldest
Prosara schistes formation, in addition to
younger subvertical open folds, pleated in
aclinic structure. The aforementioned small
set of well mark the quartzite layer (Fig. 2),
which has a lower skirt pad 220/25, 320/30
and above, with the B1 axis accumulation
of 268/19, and refractive cleavage that has
elements falling 330/45, is the first generation
of wrinkles that are present only on the
grounds of the northernmost and oldest shiny
schistes formations.

The second generation is represented
by hinges interfoliale folds decimeter
dimensions. It is the relics folds, with rounded
or square hinges, significantly damaged by
strong stratification transposition cleavage
axial surface whose axis usually fall to the
SEt with slight angles of which do not exceed
30°. There were registered a few small creases
with angled hinges along the way flow of
Grabljivica.

Besides the small folds that give structure
B axis of the second generation are presented
with orientation of quartz and awake, but
received as a transversal layers and cleavage
axial surface (Diagram D-3, Fig. 7)
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Cn. 6. a,6: Jujacpamu naoosa ciojesumocmu J1-1 (a) u craructuakux Hadopa -2 (6) y opmayuju
Opaxosckux enHajcesa u K8apycepuyumcKux WKpubayd
Fig. 6. a.b.: Diagram D-1 (a) and statistical folds D-2 (b) in formation of Orahova gneiss and
quartz-sericite schistes
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Cn. 7. Hujaepam /[-3 b-oca manux nabopa, nunuja cenapayuje 6yoena u K8apyHux npumxu u
npecjeuHuya c1ojesa u KIusaxdca akcujaine nospuiune cmapuje eenepayuje Habopa
Fig. 7. Diagram D-3 b-axis of small folds, separation line of boudinage structure and quartz and
intersection of layers and cleavage of older axial surface with folds
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Tpeha eenepayuja nabopa HUje TUPEKTHO
ocMarpaHa Ha TEpeHy 300T BUXOBHX JIMMEH3HUja
KOje HM3Jla3e M3 OKBUpPA HM3JIAaHAYKHX IOIpYydYja.
Cpenmu cratucTuuku Habopu Tpehe reneparyje
3a HajcTapujy (opmamujy KBapICEPUIIUTCKUX
IIKpUJballa U THAJCOMTHUX CTHjEHA CjeBEpHE
[Ipocape, kao u 3a mnahe dopmarnmje ciaxy ce
J00pO, IITO 3HAYM Ja CY ¥ OHU HACTAIIU Y HCTO)]
nedopmanmonoj ¢asu. Tako ce Ha nujarpamy
CJIOjJEBUTOCTH 3a OBY IPBY HCTHYE CPEHHH
CTaTHCTHYKM HA0Op ca eIEeMCHTHMa I1aJ0Ba Ha
kpunmuma: 296/11 u 112/14, B3 ocom Habopa 25/2,
aKCHjTHOM MOBPIIMHOM 295/88 1 yIiioM BepreHiie
on 2° mpema jyrouctoky (ci. 6 0, /] 2). Pujeu je
O OTBOPEHOM, CKOPO YCHPAaBHOM M HOPMAalTHOM
Ha0opy ca 3a00JbEHUM IIAPHUPOM.

00 pynmypuux nyKOmMuHCKUxX cmpyKkmypa
JICTEKTOBaHA Cy YETHUPH CIPETHYTa CHUCTEMa
nykotuHa (1) 258/65 u 75/85, (2) 130/78 n 30/55,
(3) 240/75 u 51/87, (4) 196/83 u 15/5) u yetnpu
KOju ce jaBibajy camoctanHo (5) 320/85, (6)
360/80, (7) 97/67 u (8) 345/50.

The third generation of folds is not
directly monitored on the ground due to their
dimensions that go beyond the outcrop area.
Central statistical of the third generation sets
good with the oldest formation quartz-sericite
schistes and gneissisyde rocks in northern
Prosara, as well as younger formations agree
well, which means that they are incurred
in the same deformation stage. Thus, the
stratification diagram for this first set of
statistical highlights middle with elements
falls on the wings: 296/11 and 112/14, B3
axis of folds 25/02, 295/88 and axial surface
vergence angle of 20 to the southeast (Fig.
6b, D2). It is an open, almost upright, and the
normal range of the rounded hinge.

Rupture of the shear fractures structures
were detected by four coupled system of
cracks (1) 258/65 and 75/85, (2) 130/78 and
30/55, (3) 240/75 and 51/87, (4) and 196/83
15/5) and which occur four independent (5)
320/85 (6), 360/80 (7) 97/67 and (8), 345/50.

J1-4

------

Cn. 8. ujacpamu opujenmayuje nykomuna /-1 u JI-2 uz popmayuje Opaxosckux enajcesa u
K8apycepuyumcKux wKpusbaya
Fig. 8. Diagram with intersection D-1 and D-2 from Orahova gneiss formation and quartz-sericete
schistes
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W3 nujarpama mykotruna ([I-1 u -2, cx. 8),
BUJJBMBO j€ J1a Cy CTHjeHe oBe (hopmaruje ouie
BHIIIE IMyTa M3JIOKEHE JedopMmaryjama, ¢ THM
Jla Cy MakCUMaJTHO pa3BHjE€Ha caMo JiBa cUcTeMa
MYKOTHHA Ca CPEAbUM CTAaTHCTHYKUM TaJ0BUMAa
258/65 n 130/78. Ta nBa cucrema cy AujaroHaiHa
y onHocy Ha B1 u B2 oce pernonansor Habupama
WK TIOTIPEYHU M Y3IYKHHU y ofHocy Ha B3 ocy.

BPEMEHCKH OJTHOCHU TEKTOHCKUX
JNIE®@OPMAITIA

[Ipoctop Ha KOMEe Cy 3acTylJbeHe
TBOpeBHHE (popmannje OpaxOBCKHUX THajceBa
U KBapLCEPHUIUTCKUX MIKpUJballa OJJIUKYje
CIIO’KEHUM TEKTOHCKHM CKJIOTIOM, HACTAJIUM TOKOM
MOCTTOPHOKPETHUX TEKTOHCKUX OOJIMKOBAmA.
YuHe ra KpymnHe JIuHeapHe (peMa CjeBEpOUCTOKY)
O6maro ToHyhe MIMKaTUBHE CTPYKType, alu U
OpojHM ManM H30KIWHU HaOopHu jApyrayuje
opujentanuje. Habopuu ckion je mnpahen
CHUCTEMHUMa PYyNTypa pazIUuUTUX AUMEH3Uja U
KWHEMaTHKe.

Kopenanujom craructuuku oOpahenux
CTPYKTYPHHX TIO/1aTaKa M TEKTOHCKUX €JIeMEeHaTa
NpUKA3aHUX KapTOM, pPEKOHCTpyHCaHa je
€BOJIyLIMja TEKTOHCKOT CKJIONA, YHjU HACTAHAK je
HajBjepOBaTHHjE MMA0 PEIOCIH]je AaT HApeIHIM
penoBuma.

TokoM jype © Kpele, CjeBEepHO O
obnykoBaHux HaBiaka jyxxkHe Kozape, kao
nocuenuia cyoayKiyje Ka cjeBepy, oBrjaia ce
TyOOKOBOJIHA CEIUMEHTAIMja y: MPEeaTydHOM
JY)KHOM pOBY, y CpPEIHEM HE3PEIOM OCTPBCKOM
JAYKy U y CjeBEpHOM 3allydHoM Oaceny. Y
BpHjeMe KOJHU3Hje H3a3BaHEe CYyOAYKIHjOM
MpeIIyyHOT POBa Ha CjeBep IOJ MarMarcKH
(OCTpBCKH) 011 MATMAaTCKUX CTHjE€HA Ca OKEAaHCKOT
JHa, TENAMIKUX CeIUMEeHaTa M OJMCTOCTpOoMa
HacTaje Cy KpHhHHCKAa U MOIITaHWYHA HaBJaKa
KpajeM KaMIaHa WK y J0meM MacTpuxty. OHe
Cy yIIJie y cacTaB 3alagHor Iojaca Baplapcke
30HEe M JaHac yuHe Milahy MOTKAaT KMMPHjCKOT
CTpyKTypHOT crpata. Taga cy, 1 ceTUMEHTHE
CTHjE€HE HajCjeBepHHje M HajCTapuje OPaXxOBCKe
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The diagram cracks (D-1 and D-2, picture
8), it is evident that the rocks of this formation
were repeatedly subjected to deformations,
with the maximum of only two developed a
system of cracks with secondary statistical
downs 258/65 and 130 / 78th These two
systems are crosswise to axes Bl and B2 of
the regional wrinkling and longitudinal and
transversal with respect to the axis B3.

TIME RELATIONSHIP BETWEEN
TECTONIC DEFORMATIONS

The area in which formations are
represented creations Orahova gneiss and
quartz-sericite schist characterized by
complex tectonic structure, made during
tectonic design which have been after younger
Cretaceouse. It consists of large linear (to the
NE) goods sinking plicative structure and
numerous small aclinic sets with a different
orientation. The recruitment is accompanied
by a set of systems of various sizes and
rupture kinematics.

Correlation between statistically
processed structural data and tectonic
elements displayed on map, is reconstructed
the evolution of tectonic assembly, whose
formation is likely to have given the order of
the rows.

During the Jurassic and Cretaceous, north
of autopsied cover the southern Kozara, as a
result of subduction to the north, proceeded
deepwater sedimentation in the southern
Forarc trench in the middle immature insular
port and the northern Backarc basin. At the
time of the collision caused by subduction
trench to the north under the magmatic
(island) of igneous rocks from the ocean
bottom, pelagic sediments and olistostroma
emerged Krnijn and mostani¢na cover in late
Campanian and Maastrichtian in the bottom.
They are entered in the Western belt Vardar
zone still make younger potkat kimrijskog
structural floor. Then, and sedimentary rocks
northernmost and oldest Orahova shiny
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FORMATION OF ORAHOVA GNEISS AND QUARTZ-SERICITE SCHISTES
IN THE NORTH OF MOUNTAIN PROSARA

¢dopmarmje cjajuux mkpubama [Ipocape, yopane
y CTHUCHYTE jy>KHOBEPTE€HTHE M30KJIMHE Habope
U PACKIMBaXEHE, U KaO TaKBE YIUIE y CacTaB
KpeaHor cyOnyKuuoHor komiuiekca Kosape u
[Ipocape.

VY ropmeM MacTpUXTy M TOKOM IajJeoreHa,
JUCKOPAAHTHO Ha CYOAYKIIMOHOM KOMILJIEKCY
KHMPHjCKOT CTPYKTYpPHOT CIIpara pa3BHO ¢€ HOBH
aKpelnroHu OaceH, JeTajbHUje OMUCAaH y paay
I'pybuha u capagauka u3 2010. roguue, MpeTexHO
usrpahleH on (GIMIIHUX M CHUIMKOKIACTHYHUX
TBOpeBrHAa. OBaj HEOAYTOXTOH, j€ y YCIOBHMA
opToroHanHe konusuje JuHapuackor crabna u
,,CIIaBOHCKOT KOHTHMHEHTa* ca HacnujeheHum
HATNlOHCKUM TI0JbUMa U3 TpBe (a3e Habupama,
yOpaH 3ajeTHO ca OPaXOBCKOM (hOPMAITHjOM TOKOM
cpenmer uin miiaher eoreHa.

Jlajbu TOK IUIMKaTUBHHUX IMIpolieca ce
MaHU(}EeCcTOBAa0 pa3BOjeM KIMBaXka aKCHjaTHe
MOBPIIMHE, Ay KOJer Cy Ce y MameM o0umy
OlBHMjajla W TPAHCIO3MIMOHA KpeTama
CJIOJeBUTOCTH MO KIuBaxy. To je moBeno 10
ropacra MHJeKca Habupama U CTBapama Habopa
BepreHTHUX rnpema jyry. O Tome cBjenoue b-2
0Ce MaJIMX jy>KHOBEPreHTHUX MHTEP(HOIHMjaTHUX
CTUCHYTHX M30KIMHUX HaOopa ca Oiarum mnajaom
U Ca U3paKEHUM KIIMBAYKOM aKCHjaJTHE MOBPIINHE
Ha cjeBepy Tor bacena. (/I-3, ci. 7). [Tapanenso ca
HaOMpameM reHepUCaH je U PYNTYPHHU CKIIOMN KOjH
KapakTepHuIlly MyKOTMHCKH CHUCTEMHU M pPacjeau
JIOHTUTY/MHAIIHE U TPAHCBEP3aJIHE OpHjEeHTAalje
y OJJHOCY Ha pernoHaiHy B2 ocy nHabupama. Tom
MPUJIMKOM j€ JOLUIO A0 ci1abor pernoHaIHOT
MeTraMmop(u3Ma TBOPEBHMHA CjEBEPHOT JHjena
akpeunoHor Oacena, a Beh panmuje yOpana
opaxoBcka (popmalirja HaBydeHa je ca cjeBepa
Ha jyr mpeko (opmaiyje Morpaukux TpakacTux
KBapLUTA.

CyOnyxknuoHe mporiece u nparehe Habupame
MpaTuo je U 0a3W4HH, PUOIUTCKH U T'PAaHUTHH
MarmaruszaM. Te cTujeHe, HacTajle MarMaTu3MOM
ocTpBcKor syka mnpuje 82,68 Ma (Ustaszewski
et.al. 2009, ctp. 120), ce mojaBibyjy U CjeBEepHH]E
y BPHUILUTHYKO] (pOpMalMjH 3eNICHUX IKpUbala y
BU/Ty OJIUCTOJIUTCKUX OJIOKOBA.

Tpeha ¢aza niamkaTuBHHUX AedopManuja
JiecuIia ce y JIOEEM OJIUTOLICHY KaJia j€ U3MjeHEeHO

schistes formations on Prosara, harvested in
the tight south-vergent aclinic creases, and as
such entered in the Cretaceous subdukcionog
complex Kozara and Prosara.

In the upper Maastrichtian during the
Paleogene, discordantly on subductive
Cimrian complex ofstructural floors, are
developed a new accretion fable, described
in more detail in the work of Grubi¢ et al
in 2010, mostly built of flysch and silico-
clastic creation. This neoautohton, in terms
of the orthogonal collision Dinaric part and
"Slavonia continent" with inherited stress
fields from the first stage of harvest, picked
along with Orahova formation during the
middle Eocene or younger.

Further course of plicative process is
manifested by development of cleavage axial
surface, along which are held on a smaller
scale layering and transposition of movement
after cleavage. This has led to a rise in the
index of harvest, and wrinkling vergentnih
south. This is evidenced by a 2-axis small
sothvergent interfolial aclinic tight folds with
a slight decline with prominent cleavage axial
area to the north of this basin. (D-3, Fig.7).
In parallel with the harvesting is generated
and the burst circuit that characterize fracture
systems and faults longitudinal and transverse
orientation with respect to the regional B2
convicted harvesting. On that occasion there
was a weak regional metamorphism accretion
formations of the northern part of the basin,
a previously harvested Orahova formations
drawn from the north to the south through the
formation belt quartzite.

Subductive processes and accompanying
accumulation was accompanied by an
alkaline, rhyolitic and granitic magmatism.
These rocks, magmatism occurred island's
airport before 82.68 Ma (Ustaszewski et.al.,
2009, p. 120), appearing in the north Vristica
green schistes formation in mind olistolites
blocks.

The third phase plicative deformation
occurred in the lower Oligocene when the
stress field changed but the main pressures
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HAIOHCKO MMO0JbE Ma Cy TJIABHU MPUTUCIH OWin
opujentucanu mpasiiemM C3-JU. [lo Tora je gommio
yCIMjes1 Tpeacka OPTOTOHATHE Y KOCY KOJTHU3U]Y
Hunapuackor crabna mnpema ,,CllaBOHCKOM
KOHTHHEHTY". Y TO BpHjeMe AOroauja Cy ce
U CHa)XHA JIeCHA TPAHCKYPEHTHA KpeTama IO
CyCjelHOM TMepHagpUjaTCKOM JUHEAMEHTY.
VYenujen Tora cy cBe CTapHje CTPYKType Y
Behoj WM Mam0j Mjepu mpeHadpaHe y MIUPOKE,
OTBOpEHE U yCIpaBHE HAbope ca Oarum nagoBruMa
Ha kpwimma U B3-ocama J3-CU (-2, cn. 6).
OBakBe Habope mparuiie cy pynType o Kojux cy
HEKH CHUCTEMH TPEY3eTH U3 CTapHjer pynTypHOT
ckJoria. OBUM TEKTOHCKUM Jioral)ajuma 3aBpIieHo
j€ TUTMKaTUBHO OOJMKOBAaHkE CjajHUX HMIKpUIballa
cjeepre Ilpocape, anu ¥ HUXOBUX OKOIHHUX
dopmarnmja.

3AKJbYYHAK

Ha monpyujy Ipocape 3acTymbeHu cy cjajHu
IIKPUJBIIM, CBPCTAaHU Yy dYeTHpu Qopmanuje,
HACTAJIH Yy PA3IMUYUTUM BPEMEHCKUM MEPUOIIMA Y
7Ba pasnuunta 6aceHa. Ha cjeBepy miaHuHe nopesn
HIKpUJballa ¥ MeTaljenryapa J0J1a3¢ U THajCOJIIKe
CTHjeHe, Ca jaue HCIOJBEHUM MeTaMop(hHHUM
Kapakrepuctukama. OBe TBOPEBUHE Cy HacTaje
y CYOQYKIIMOHOM POBY 3aJIydHOT OaceHa, Kpajem
ropmhe Kpele,Ha Male0OKeaHCKO] KOpPH, T3B.
,,JIHEMOHTCKO-00CAHCKH THIIT".

d®opmanuja je mupoka oko 2 km, a
BEH caBpeMeHHn cTy0 je nmebeo oxo 300 m.
VY JUTOJOWIKOM TOTIEAY TO Cy HEHITO jaye
MeramopducaHe TBOPEBUHE IPEJCTaBIbEHE
YIJIABHOM KBapICEPUIIUTCKUM U CEPUIIMTCKUM
HIKPUJBIIMMA, Ca KOjUMa HEMpPaBWIIHO J10J1a3e
MUKAIIUCTH M THajceBH. M3rpalyje HajHU*KE
nujenoBe reonomkor cryoa I[lpocape. YV meHO]
TIOJIMHY HaJla3M Cce Torparka (opmaiiyja eoneHCKe
CTapOCTH, PEKO Koje je HaByueHa. [ opma rpanuia
je epo3uoHa.

TBopeBUHE U CTPYKType MpHUIAAAjy
MIIaJOKUMPHjCKOM CTPYKTYPHOM CIpary.
[Iperpnjene cy BumedasHa o0OJIUKOBabA.
[IpBo cy yOpaHe y u30KJIuHE HAbOpe, 3aTUM Y
Jy’)KHOBepreHtHe Habope ca b-ocama mpaBua
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were oriented NW-SE direction. This
occurred due to transition into the hair
orthogonal collision Dinaric part by "Slavonia
continent". At that time there were also strong
right transcurrent movement in neighboring
periadriatric lineament. As a result, all the old
structure are open and upright folds with mild
declines on the wings and B3-SW-NE axis
(D-2, fig. 6). These sets were accompanied
by rupture some of which are taken from older
systems rupturnog assembly. This tectonic
event ended plicative design shiny slate
northern Prosara, but also their surrounding
formations.

CONCLUSION

In the area of Prosara are represented
shiny schistes, divided into four formations,
formed at different times in two different
basins. In the northern mountains of schist
and metasandstones come gneissisyde
rock, with more manifested metamorphic
characteristics. These structures are created
in the trench subductive basin, the upper end
of the Cretaceous, the paleooceans crust, so-
called "Piemont-Bosnian-type".

Formation is about 2 km wide, and its
modern pillar is about 300 m thick. In regard
to the lithological view, that are something
stronger metamorphic formations represented
mostly quartz-sericite and sericite schists,
with whom wrongly come micashist and
gneisses. They builds the lowest parts of the
geological pillar Prosara. In its basement is
"Pogracka'" formation of Eocene age, which
is drawn through. The upper limit is erosion.

Formations and structures belonging
to young-cimrian structural floor. They
suffered a multiphase design. First they
picked the aclinic sets, then in south-vergent
sets the b-axis direction of NW-SE and then
folded again in the b-axis direction SW-NE.
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3C3-1JM a, notom, 6maro npeHabpaHe y Habope
ca b-ocama mpasna J3-CU. Y3 cBe To cjajHH
HIKPUJBIIM Cy OWJIM U3JIOKEHH CHHXPOHUM H
HaKHAJHUM PYNTYpHUM Aedopmariijama.

CrapocT TBOpeBMHa HHUje MOTBpheHa
najuHoMop(damMa, Kao IITO je TO YUYUIEHO Y
octanuM ¢opmanyjamMa CjajHUX IIKpUIbaLa
[Ipocape. Ta unmbeHUIA Y3 jOII YBjeK HEMOTITYHO
pjemieHe rmnpobieme TpaHUTOMAA OCTaBJba
MoryhHOCT 3a jajba TepeHcKa U JadopaTopujcka
UCTPaKUBAIbA.
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TPEHAOBU NTHAEKCA EKCTPEMHHUX TEMIIEPATYPA Y
BOCHMU U XEPHEI'OBUHMU - IIPUMJEP MOCTAPA
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Caxkerak: Y pany Cy aHaJIM3WpaHU TPEHAOBH HMHJEKCA EKCTPEeMHHX Temneparypa y bocun u Xepuerosunu. /[HeBHe
MHUHHMMaJIHE ¥ MaKCUMajHe Temieparype y nepuoay 1961-2016. romune ca mereoporomke cranuie Mocrap (koju
je m3abpan 3a cTyaujy citydaja) xkopumhene cy 3a n3paduyHaBame 18 munekca ynorpebom RClimDex (1.0) codrsepa.
MakcumanaHe ¥ MUHUMAJIHE TeMIleparype INoKa3yjy TEeHAEHIHMjy pacTa TOKOM nujene rogauHe. I1o3uTuBHU TpeHI0BH
TOIUTNX TEMIIEPaTypHHUX MHCKCA U3PXKEHHjU Cy O] o11a/1ajyhnx TpeH0Ba XIaJHuX TeMIIepaTypHHUX HHIeKca. MehyTum,
oba TpeHaa ykasyjy Ja je Ha OBOM HOJPYyYjy IPUCYTHO 3arpujaBame KIUMATcKor cuctemMa. OCMOTPEHH TPEHIOBH
HajU3pakeHUjU Cy y CE30HU JbETO, 3aTHM Yy ce3oHaMa mposbehe n 3uma. YTBpheHa je 3HavajHa MO3WTHBHA/HETaTHBHA
kopenanuja u3Mmely Mcrouno-aTiaHTCKe OCHWIANMjEe W TOIUIMX/XJIAJHHUX TEMIIEpaTypHHUX HHIEKCAa TOKOM IIHjene
roguHe. 3uMcke u nposbehHue Temmneparype Takohe cy nosesane ca CjeBepHO-aTIaHTCKOM M APKTHYKOM OCIIHIIAIIH]OM,
PECTIEKTHBHO.

Kibyune pujeun: ekcrpemHe TeMneparype, HHAEKCH, TpeH I, Kinmarcke npomjene, Mocrap (bocha n Xepuerosuna).
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TRENDS IN EXTREME TEMPERATURE INDICES IN
BOSNIA AND HERZEGOVINA: A CASE STUDY OF MOSTAR

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

Abstract: The study analyzes trends in extreme temperature indices in Bosnia and Herzegovina. Daily minimum and
maximum temperatures during the 1961-2016 periods from Mostar meteorological station (which was chosen as a
case study area) were used for calculation of 18 indices in the RClimDex (1.0) software. The maximum and minimum
temperatures displayed a warming tendency throughout the year. The positive trends in warm temperature indices were
stronger than the downward trends in cold temperature indices. However, both trends indicate that the climate system
warming is present. The observed trends were most prominent in summer, then in spring and winter. The significant
positive/negative correlation between East-Atlantic pattern and warm/cold temperature indices was determined throughout
the year. Winter and spring temperatures were also related to the North Atlantic Oscillation and Arctic Oscillation,
respectively.

Key words: extreme temperatures, indices, trend, climate change, Mostar (Bosnia and Herzegovina).
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TATJAHA I10IIOB, CJIOBOJAH I'thATO 11 TOPAH TPEh
TATJANA POPOV, SLOBODAN GNJATO AND GORAN TRBIC

YBOA

[Ipocjeuyna rnoOGanHa TOBPIIMHCKA
TeMIeparypa Basyxa rmopacia je ox kpaja 19.
Bujeka (Hartmann, D. L. et al., 2013; IPCC, 2014).
OBaj TpeH 3arpmjaBarma MoceOHO je U3PAXKEH O
1970-ux romuna (Hartmann, D. L. et al., 2013).
HcTpaxuBama Ha T100aTHOM HUBOY YTBpAWIA
Cy BEOMa KOXEPEHTHE TPEHIOBE EKCTPEMHHUX
TEMIIEpaTypHUX HHJEKca KOjU YKazyjy Ha
3arpjaBambe KIMMAaTCKOI CHUCTeMa — OJ] CPEArHE
20. Bujeka y BehumHH moapydja NMPUCYTHO je
CMambekhe XJIATHUX TEMIIEPaTypHUX EKCTpeMa
u noBehame TOIIMX TeMIEpaTypHUX eKCTpema
(Alexander, L. V. et al., 2006; Donat, M. G. et al.,
2013; Hartmann, D. L. et al., 2013). Ha rmmo6anaom
HUBOY 3HauyajaHo je cMameHa/moBehana ronuima
YUECTAJIOCT TI0jaBe XJIQJHUX/TOIUINX JJaHa ¥ HOhH
(Alexander, L. V. et al., 2006; Donat, M. G. et al.,
2013). AnicormyTHH TeMIiepaTypHH HHJIEKCH Takohe
NOKa3yjy TPEeH] rmopacrta y Apyroj monoBuHu 20.
Bujeka (Alexander, L. V. et al., 2006; Donat, M. G.
etal., 2013). [moGanHo 3arpujaBame pe3ynToBajIo
je TpOIyXeHmEeM BEreTallMoOHOT TNepuojaa y
yMjepeHUM ILIMpHHAMa CjeBepHE XeMucdepe
(Frich, P. et al., 2002). IIpomjeHe uHaekca
3aCHOBAHUX Ha (PMKCHUM BpPHjEIHOCTHMA IIparoBa
(omamajyhu Tpena roxuiime MojaBe Mpa3sHUX H
JIEZICHUX JIaHa ¥ pacTyhu TpeH]I MojaBe TPOIICKUX
JaHa, TPOIICKMX HOhM W JheTHUX JaHa) Takohe
noTBphyjy Tpena 3arpujaBama (Alexander, L. V.
et al., 2006; Frich, P. et al., 2002). Taxohe, Bp:o0 je
BJEpOBATHO J1a j€ y OBOM IEPUOLTY y’KHHA Tpajarba
Torux Tajaca rmobanHo nmoehana (Hartmann,
D. L. et al., 2013). I'oguimma yuecTanocT nojase
TOIUTMX/XJIAJHUX Tajaca 3HAuajHO je mopacia/
cmameHa (Alexander, L. V. et al., 2006; Donat, M.
G. et al., 2013). ly>xuna Tpajama U y4ecTanocT
T0jaBe BEOMa TOILIOT BpeMEHa, YKIby4yjyhu Toruie
Tajace, nopacina je o cpenune 20. Bujeka y Behuxu
peruona ceujera u EBporie (Hartmann, D. L. et
al., 2013). CeoOyxBaTHa IpoIjeHa OCMOTPEHUX
MIPOMjeHa eKCTPEMHUX Jloral)aja mpeacTaBibeHa je
y Cneuujanaom usBjemrajy IPCC o ynpaBbamy
pU3UIMMa €KCTPEMHUX forahaja ¥ IpUpOIHUM
karactpodama y by yHanpehema ajanranuja Ha
kimmarcke npomjene (IPCC, 2012). Ceu ro6anHo
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The globally averaged land surface air
temperature has risen since the late 19th century
(Hartmann, D. L. et al., 2013; IPCC, 2014). This
warming trend has been particularly marked
since the 1970s (Hartmann, D. L. et al., 2013).
Global scale studies found the large coherent
trends in temperature extremes consistent with
the climate system warming — a large majority
of global land areas had experienced decrease
in cold temperature indices and increase in
warm temperature indices since the middle of
the 20th century (Alexander, L. V. et al., 2006;
Donat, M. G. et al., 2013; Hartmann, D. L. et
al., 2013). Global land area showed a significant
decrease/increase in the annual occurrence
of cold/warm days and nights (Alexander,
L. V. et al., 2006; Donat, M. G. et al., 2013).
The absolute temperature indices have also
displayed an upward trend in the second half of
the 20th century (Alexander, L. V. et al., 2006;
Donat, M. G. et al., 2013). The global warming
resulted in a lengthening of the growing season
in most parts of the Northern Hemisphere mid-
latitudes (Frich, P. et al., 2002). The changes
in the threshold-based temperature indices (the
downward trends in the annual occurrence of
frost days and ice days and the upward trends in
the annual occurrence of tropical nights, tropical
days and summer days) also confirm warming
trend (Alexander, L. V. et al., 2006; Frich, P. et
al., 2002). In addition, globally averaged multi-
day heat events had likely exhibited increase
during this period (Hartmann, D. L. et al., 2013).
The annual occurrence of warm/cold spells
significantly increased/decreased (Alexander, L.
V. et al., 2006; Donat, M. G. et al., 2013). The
length and frequency of warm spells, including
heat waves, has increased since the middle of the
20th century in large parts of world and Europe
(Hartmann, D. L. et al., 2013). A comprehensive
assessment of observed changes in extreme
events was given in the IPCC Special Report
on Managing the Risks of Extreme Events and
Disasters to Advance Climate Change Adaptation
(IPCC, 2012). All of these globally observed
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OCMOTPEHHM TPEHJIO0BU HHIEKCA EKCTPEMHHX
Temreparypa Takohe cy zanaxkeHu u y EBpornn
(Klein Tank, A. M. G. & Koénnen, G. P., 2003;
Andrade, C. et al., 2012; Dankers, R. & Hiederer,
R., 2008).

OBa cTyauja TmpeAcTaBba HACTaBaK
UCTpaXHBama MpobieMa KIMMAaTCKUX MpoMjeHa
y bocuu u Xepnerosunu (Trbi¢, G. et al., 2017;
[Momog, T. & Tpbuh, I, 2015; Tp6uh, I, 2013). C
003upoM Ha To J1a cy nperxonHe cryauje (Giorgi, F.,
2006) ycranosuie 1a he pernon Menurepana OuTH
JEIHO Ol MPUMAPHUX ,, KapUIITA™ KIMMATCKUX
npomjeHa (Tj. obnacT koja he cHaxxHO pearoBatu
Ha TIo0aHe MPOMjeHe), 3a aHAJIU3y TPEHI0Ba
MHJIEKCAa eKCTPEMHHX TeMmenparypa y bocHu u
XepueroBuHu u3abpa je nmpoctop MocTapa 300r
CBOT' TIOJIOXKaja y JY’KHOM (CyOMeITuTepaHCKOM)
nujeny Teputopuje (peruoH XepleroBuHE).
Mocrap je cMjelITeH y CpeAuIlbeM Iujey
cjeBepHE yMmjepeHe 30He, Ha 43°20'53" c. . u1. u
17°47'38" u. . 1. 1 Ha 99 m HaMOpCKE BUCHHE.
Hanasu ce y nonnu pujexe Heperse koja je mpema
JYTy LIUPOKO OTBOpPEHA U M3JI0KEHA CHAXHHUM
MapuUTUMHUM yTunajuma Menutepana. Crora,
crienMpuIHe KIMMaTCcKe KapakTepucTike MocTapa
JIOMUHAHTHO CY yCJIOBJbEHE OIM3UHOM Ja/ipaHCKOT
MOpa, JOTUHCKUM IIOJIOKAjeM M T'EOJOIIKHM
cactaBoM TepeHa (obmact kapcra). M3mujemena
JampaHcka KimMa KapaKTepUCTUYHA je 3a OBO
nozapyyje. OmuKyjy je 61are 1 KUILIOBUTE 3UME U
CyBa M BpeJa JbeTa. MakCuMyM I1a/1aBUHA U3ITy4YH
ce y 3UMCKUM Mjeceluma, J0K € MHHHMAaJHa
KOJIMYMHA Ma/IaBUHA M3ITy4YH Y CE30HH JHETO.

[T03UTUBHU/HETAaTUBHU TPEHIOBU TOILIUX/
XJIaJTHUX TeMIIepaTypHUX WHIeKca Beh ¢y yTBpheHH
OpOjHUM CTyAMjamMa IIMPOM perioHa Menurepana
(Fioravanti, G. et al., 2016; Kioutsioukis, I. et al.,
2010; Varfi, M. S. et al., 2009; Kostopoulou, E.
& Jones, P. D., 2005; Fernandez—Montes, S. &
Rodrigo, F. S., 2012; Fonseca, D. et al., 2016;
Kenawy, A. E. et al., 2011; Espirito Santo, F. et
al., 2014). HUcrpaxuBama y MEIUTCPAHCKOM U
cyOMenuTepaHCKoOM aujelny jyroucroune EBporne,
raje ce Hana3u bocHa u XeprieroBuna, yTBpauia
Cy TMopacT TOIUIMX TEMIIEPAaTYypHUX HHJIEKCA U
CMambeHhe XJIaIHHUX, ITO YKa3yje Ha 3arpHjaBame
KJIMMATCKOI' CUCTEMa TOKOM Jipyre nosnoBune 20.

trends in extreme temperature indices have also
been found in Europe (Klein Tank, A. M. G. &
Konnen, G. P, 2003; Andrade, C. et al., 2012;
Dankers, R. & Hiederer, R., 2008).

This study represents a continuation of
a research on climate change in Bosnia and
Herzegovina (Trbi¢, G. et al., 2017; ITomos,
T. & Tpbuh, I, 2015; Tpbuh, I, 2013). Given
that previous studies (Giorgi, F., 2006) had
found that the Mediterranean region would be
one of the primary hot-spots of climate change
(i. e. an area whose climate will be especially
responsive to global change), Mostar was chosen
as case study area for the analysis of trends in
extreme temperature indices in Bosnia and
Herzegovina due to its location in the southern
(submediterranean) part of the territory (in
Herzegovina region). Mostar lies in the middle
part of the northern temperate zone, at 43°20'53"
N latitudes, 17°47'38" E longitudes and at an
altitude of 99 m. It is located in the Neretva
River valley, which is widely open to the south
and exposed to the strong maritime influences
of the Mediterranean Sea. Therefore, the specific
features of Mostar climate are predominantly
conditioned by proximity of the Adriatic
Sea, location in the Neretva River valley and
geological composition (the karst area). The
modified Adriatic climate is typical for this area.
It is characterized by mild and rainy winters and
dry and hot summers. Maximum and minimum
precipitation occurs in winter and summer
months, respectively.

The upward/downward trends in warm/cold
temperature indices have already been determined
by numerous studies all over the Mediterranean
region (Fioravanti, G. et al., 2016; Kioutsioukis, 1.
etal., 2010; Varfi, M. S. et al., 2009; Kostopoulou,
E. & Jones, P. D., 2005; Fernandez-Montes, S. &
Rodrigo, F. S., 2012; Fonseca, D. et al., 2016;
Kenawy, A. E. et al., 2011; Espirito Santo, F.
et al., 2014). Studies in the Mediterranean and
Submediterranean part of the Southeast Europe
where Bosnia and Herzegovina is located have
also reported an increase in warm temperature
indices and a decrease in cold ones, thus
indicating the warming of climate system during
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BHjexa 1 Ha noueTky 21. Bujexa (Brankovié, C. et
al., 2013; Zaninovic, K. & Cindric, K., 2014; Buri¢,
D. etal., 2014; Buri¢, D. et al., 2015). [IperxomHo
HaBEJIEHO HAMETHYJIO je HYXHY MoTpely
cpoBohema ucTpakuBame oBe BpcTe Yy bocHu
1 XepUEeroBUHU. [ TaBHU LIMJBEBU UCTPAKUBADA
Oownu cy: 1. u3pauyHaTH WHIEKCE EKCTPEMHHX
temneparypa y bocau n Xepuerosunu (Mocrap)
y nepuony 1961-2016. rogune; 2. ananuzuparu
TPEHIIOBE MHJIEKCA EKCTPEeMHHX TeMIleparypa u
3. YTBpAMTH TOBE3aHOCT U3Mel)y ocMOTpeHux
TpeHxoBa U oOpa3zana miodanHe LHUPKYJalyje
arMocdepe Ha CjeBepHOj XeMuchepu.

TIOJIALIM Y METOJIE

AHanu3a TpeH/I0Ba HMHJEKCAa €KCTPEMHUX
TeMmreparypa y nepuoany 1961-2016. ronune
M3BpILICHA j€ HA OCHOBY KJIIMMATOJIOLIKHX ITOaTaKa
0 JHEBHUM MAaKCHUMaJlHUM W MHUHUMaJIHUM
TEeMIlepaTypaMa Ba3jlyxa ca METEOpPOJOIIKE
cranunie Moctap. [logatke je 00e36jenno
denepanaHu XxuapomMeTeopiomku 3aso CapajeBo.
ToxoM mocmaTpaHor mepuoAa CTaHUIA HUje
MUjemala JOKalMujy U HHUje OWII0 MpeKkuaa y
MjepembruMa.

AHamM3M UHAEKCA EKCTPEMHUX TeMIleparypa
MIPETXOIMIIA j€ aHAJIN3a TOIUIIBUX U CE30HCKUX
cpeamux NHeBHUX MakcumaiHux (Tmax) u
muHuManaHux (Tmin) temneparypa. CaBpemena
BapHjabMIHOCT EKCTPEMHHUX TeMIiepaTypa
yTBpl)eHa je Ha OCHOBY TpPEHIOBa TOIUIUX H
XJIAJHUX TEMIEpaTypHUX MHIAEKca. YKyNHO 18
kiuMatckux uHnekca (Tab. 1) koje je mpenopyduuno
CCI/CLIVAR Tum excrneparta 3a ACTCKLH]Y
caBpemeHux knumarckux npomjena (ETCCDI)
onabpaHo je 3a aHanu3y. M3abpaHu HHIEKCH
oOyxBarajy: ancomytHe uuaekce (TNx, TNn, TXx
u TXn), UHAEKCE 3aCHOBAHE HA MEPLEHTHINMA
(TN10p, TX10p, TN9Op u TX90p), unaekce
3aCHOBaHE Ha (DMKCHUM BPHjEIHOCTUMA IIParoBa
(FDO, IDO, SU25, TR30 u TR20), unnekce
3acHOBaHe Ha aykuHu Tpajama (WSDI, CSDI u
GSL) u unzaexce BapujadumHocTu ekcrpema (DTR
u ETR).

NHpekcu cy wu3padyHaTu ynoTrpedom
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the second half of the 20th and at the beginning
of the 21st century (Brankovi¢, C. et al, 2013;
Zaninovic, K. & Cindric, K., 2014; Burié, D.
et al., 2014; Buri¢, D. et al., 2015). Stated has
imposed a certain need of undertaking research
of this kind in Bosnia and Herzegovina. The main
aims of the study were: 1. to calculate extreme
temperature indices over Bosnia and Herzegovina
(Mostar) during the 1961-2016 periods; 2. to
analyze trends in extreme temperature indices
and 3. to investigate the correlation between
observed trends and the large-scale circulation
patterns over the Northern Hemisphere.

DATA AND METHODS

The analysis of trends in extreme temperature
indices during the 1961-2016 periods was
carried out using climatological data set of
daily maximum and minimum temperatures
from Mostar meteorological station. Data were
provided by the Federal Hydrometeorological
Institute Sarajevo. During the observed period
station did not change location and there were
no interruptions in measurements.

The analysis of extreme temperature indices
was preceded by an analysis of the annual and
seasonal mean daily maximum temperatures
(Tmax) and mean daily minimum temperatures
(Tmin). The recent extreme temperatures
variability was determined by trends in warm
and cold temperature indices. A set of 18
climate indices (Tab. 1) recommended by the
CCI/CLIVAR Expert Team for Climate Change
Detection and Indices (ETCCDI) was chosen for
the analysis. The selected indices cover: absolute
indices (TNx, TNn, TXx and TXn), percentile-
based indices (TN10p, TX10p, TN90p and
TX90p), threshold-based indices (FDO, IDO,
SU25, SU30 and TR20), duration-based indices
(WSDI, CSDI and GSL) and extremes variability
indices (DTR and ETR).

The indices were calculated using RClimDex
(1.0) software package that had been developed
at Climate Research Division Canada (Zhang, X.
& Yang, F., 2004). Before calculations, the data
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RClimDex (1.0) codTBepa koju cy pa3BHjeH
Ha Ojcjeky 3a KIMMaTcKa HCTPaKUBamba
Kanane (Zhang, X. & Yang, F., 2004). [Ipuje
u3padyHaBama uHnaekca, y RClimDex codrtsepy
U3BpIICHA je KOHTPOJIa KBAJMTETa MOAaTaKa.
Hexonuko BpHjeAHOCTH AHEBHUX MaKCHUMAJIHUX
U MHUHUMaHUX TeMIiepaTypa OuWJ0 je HU3BaH
neduHECcaHOT oricera o1 4 cTaHIapIHe IeBHjaIHje.
HaBeznene BpujeHOCTH Cy 3aTUM TMPOBjEpPEHE U
notBphene. Bpujennoct TpeHaoBa M3pavdyHara
j€ JTMHeapHOM METOJIOM HajMamHUX KBajpara H
JIOKAJTHO MOHAEPUCAHOM JIMHEAPHOM PErPECH]jOM
(ucrpexuaHa JUHHja Ha TpadUKOHUMA).
Craructuuka oOWJbeXja JIMHHjE JTHHEAPHOT
TpeHJa Takohe Cy mpukazaHa Ha rpadukoHUMA.
CrarucTHyka 3HA4YajHOCT M3padyHaATHUX
BPHjEIHOCTH TPEHI0BA Je(hMHHUCAHA j€ HAa HUBOY
99.9 % (p<0.001), 99 % (0.001 <p <0.01), 95 %
(0.01 <p<0.05) 190 % (0.05 <p < 0.10).

quality control procedure in RClimDex was also
performed. The few outliers in daily maximum
and minimum temperatures (defined as values
outside a range of 4 standard deviations of the
climatological mean value for the day) were found
and then manually checked and confirmed. Trend
slopes in RClimDex were computed by linear
least square method and locally weighted linear
regression (dashed line on plots). The linear trend
fitting statistics was also displayed on the plots.
The statistical significance of the estimated trends
was defined at the 99.9 % (p value<0.001), 99 %
(0.001<p value<0.01), 95 % (0.01<p value<0.05)
and 90 % (0.05<p value<0.10) level.
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Tab. 1. depununyje remneparypuux unnekca kopuirhenux y pagy (ETCCDI, 2009)
Tab. 1. Definitions of the temperature indices used in the study (ETCCDI, 2009)

Wnpexc Hazus Jedununnja Jenununa
Index Descriptive name Definition Units
MakcumanHa J1HeBHa oC
TX MaKCHMaJHa TeMIeparypa  MakcuMaiHa TOJUIlba THCBHA MAKCHMAJTHA TeMITEpaTypa
X . ) . . .
Maximum value of daily Annual maximum value of daily maximum temperature oC
maximum temperature
MuHuManHa HeBHA oC
TX MaKCHMaJHa TeMIIeparypa MuHHMaTHA TOUIIHA THEBHA MAKCHMAJTHA TEMIIEpaTypa
Minimum value of daily Annual minimum value of daily maximum temperature oC
maximum temperature
MakcumanHa 1HeBHa oC
™™ MUHHUMAJIHA TeMIIeparypa MaxkcuMaHa To/IIIka THEBHA MUHIMATHA TEMIICPaTypa
X . 4 . . -
Maximum value of daily Annual maximum value of daily minimum temperature oC
minimum temperature
MuHUMAaIHa JHEBHA °C
™™ MHUHHMaJIHA TeMIIeparypa MuHiMaIHa TOMUINERA THCBHA MUHIMAJIHA TEMIIepaTypa
n . ) o . . o
Minimum value of daily Annual minimum value of daily minimum temperature C
minimum temperature
TX10 XJlagHu JaHu Bpoj nana ca TX < 10. neprientniia JlaH!
p Cold days Number of days when TX < 10th percentile days
TX90 Tonnu nanu Bpoj mana ca TX > 90. mepuenTmia TaHI
p Warm days Number of days when TX > 90th percentile days
TN10O Xnagne Hohu Bpoj nana ca TN < 10. neprenTmia aHu
P Cold nights Number of days when TN < 10th percentile days
TNOO Tore Hohu bpoj nana ca TN > 90. nepuenTiia JTaHH
p Warm nights Number of days when TN > 90th percentile days
DO Bpoj nenennx mana Topnmsu 6poj gana ca TX < 0°C TaHI
Number of icing days Annual count of days when TX < 0°C days
FDO Bpoj mpazuux nana Tonummsu 6poj nana ca TN < 0°C JlaHU
Number of frost days Annual count of days when TN < 0°C days
SU25 bpoj jbeTHHX naHa Tomuubu 6poj nana ca TX > 30°C JIaHH
Number of summer days Annual count of days when TX > 25°C days
SU30 Bpoj Tponckux mana lopummsu 6poj maHa ca JTaHH
Number of tropical days Annual count of days when TX > 30°C days
TR20 Bpoj Tponckux Hohm Tomuurmsy 6poj nana ca TN > 20 JlaHU
Number of tropical nights Annual count of days when TN > 20°C days
Tpajatbe ToNHX NepHOTa Topuiuu Opoj AaHa y IepUOAMMA O HajMamke 6 -
y3acTomHuX fqana ca TX > 90. meprieHTHIa
WSDI . .
Warm spell duration index Annual count of days with at least 6 consecutive days davs
p when TX > 90th percentile y
Tpajarbe X1A1HHX NepHOTA Tonuiuu Opoj AaHa y IEPUOANMA O HajMame 6 -
y3actonHux ga”a ca TN < 10. nepreHTtuia
CSDI . .
Cold spell duration index Annual count of days with at least 6 consecutive days days
when TN < 10th percentile
. bpoj nana u3meljy npse nojase Hajmame 6 nana ca TG >
Jlyxuna Tpajaia BereTaunoHor 5°C u ipBe mojaBe HakoH 1. jyma 6 qana ca TG < 5°C flann
GSL nepuoaa | N fatl h
Growing season length Annual count between first span of at least 6 Qays with TG days
> 5°C and first span after July 1st of 6 days with TG < 5°C
DTR JlHeBHA aMIITUTYIA Cpenma Mjeceuna paziuka m3mehy TX u TN °C
Daily temperature range Monthly mean difference between TX and TN °C
ATICONTYTHA HHTPArOMIIIbA Paznuka usmel)y HajBuine u HajHIKE H3MjepeHe oC
TEeMIIEpaType y HeKOj TOJIMHU
ETR TeMHepaTypHa]aMnJmTy;(a
Intra—annual extreme Difference between the highest and the lowest temperature o
temperature range C

of the calendar year
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Jla 6u ce 00jacHMIN OCMOTPEHU TPEHIOBH,
aHaJM3UPAHU Cy 00pacly I00aIHEe HUPKYIIaIHje
atMocdepe H3HAI CjeBepHE XeMucdepe.
AHanu3upaHa cy TpH NpUMapHa peXUMa
BapujabUIHOCTH aTMOc(epcKke IUpKyIanuje
n3Haj cjeBepHOT ATnanTrka (CjeBepHO-aTIaHTCKa
ocuuinanuja (NAQO), HcTodHo-aTmaHTCKa
ocumnaiyja (EA) u Uctouno-atnanrcka/3amaaHo-
pycka ocmmnanuja (EAWR)), kao u ApkTuuka
ocumianyja (AO) (Barnston, A. G. & Livezey, R.
E., 1987; Thompson, D. W. J. & Wallace, J. M.,
1998). Ilomarum o HaBEICHMM MHICKCUMA TII00ATHE
UpKynamuje armocdepe nNpukyrbeHu oq NOAA
Climate Prediction Center (NOAA CPC, 2017).
3a kBaHTHU(UKOBamE Be3a U3Mel)y aHamM3upaHux
MHJIEKCAa EKCTPEMHUX TeMIeparypa U II00aIHuX
oOpazara mupkynanyje arMmocdepe kopuihen je
[MupcoHoB koeduimjeHT Kopenanyje. CTaTUCTHYKA
3Ha4ajHOCT YTBplEeHHNX Kopemaluja AeuHrucana je
Ha HUBOY 99.9 % (p < 0.001), 99 % (0.001 <p <
0.01), 95 % (0.01 <p<0.05) 1 90 % (0.05 <p <
0.10).

PE3VIITATU 1 AMCKYCUJA

[Tpocjeyne ronuIImbe U CE30HCKE BPHjEIHOCTH
eKCTPEeMHUX TeMIleparypa y MOCMaTpaHOM
nepuoay 1961-2016. rogune npukazaHe cy y
Ta6. 2. Tomumme Tmax u Tmin y Mocrapy
nzoce 20.4°C u 10.5°C, pecnekTuBHO.
Ananmsa ce3oHcknx Tmax u Tmin nokasyje na
je meto HajToruuja ce3ona (30.9°C u 18.3°C,
PECHEeKTHBHO), a 3uMa Hajxnaaauja (9.9°C u 3.0°C,
PECIEKTHBHO). Y OBOM jy>KHOM aujeny boche
u XeplLeroBuHe, jeceH je TOIIMja of npoJbeha
(20.9°C u 11.3°C wnampema 19.7° u 9.1°C,
pecniekTuBHO). [lpernen npocjeuHux roAuIImbUX
BPH]jEIHOCTH MHJIEKCA EKCTPEMHUX TeMIleparypa
y Mocrapy y nocmarpanom nepuony 1961-2016.
ronuHe aat je y Tao. 3.

In order to evaluate the observed trends,
the large-scale atmospheric circulations
patterns over the Northern Hemisphere were
investigated. The three primary modes of
atmospheric circulation variability over the
North Atlantic (the North Atlantic Oscillation
(NAO), the East-Atlantic (EA) pattern and the
East Atlantic/West Russia (EAWR) pattern)
and the Arctic Oscillation (AO) were analyzed
(Barnston, A. G. & Livezey, R. E., 1987;
Thompson, D. W. J. & Wallace, J. M., 1998).
The data on these large-scale atmospheric
circulation pattern indices were collected from
NOAA Climate Prediction Center (NOAA CPC,
2017). For quantification of the links between
the analyzed extreme temperature indices and
the large-scale circulation patterns, the Pearson
correlation coefficient was used. The statistical
significance of the determined correlations was
defined at the 99.9 % (p value < 0.001), 99 %
(0.001 < p value <0.01), 95 % (0.01 < p value
<0.05) and 90 % (0.05 < p value <0.10) level.

RESULTS AND DISSCUSSION

The average annual and seasonal extreme
temperatures in the observed period (1961-2016)
are displayed in Tab. 2. The annual Tmax and
Tmin in Mostar area are 20.4°C and 10.5°C,
respectively. The analysis of seasonal Tmax and
Tmin showed that summer is the warmest season
(30.9°C and 18.3°C, respectively), whereas winter
being the coldest (9.9°C and 3.0°C, respectively).
In this southern part of Bosnia and Herzegovina,
autumn is warmer than spring (20.9°C and
11.3°C vs. 19.7°C and 9.1°C, respectively). An
overview of the average annual values of the
extreme temperature indices in Mostar during the
observed 1961-2016 periods is given in Tab. 3.
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Tab. 2. Ilpocjeune roauimke u ce3oHcke Tmax u Tmin y nepuoay 1961-2016.
Tab. 2. Average annual and seasonal Tmax and Tmin in the 1961-2016 periods

[TapameTtap 3uma [Ipossehe Jbero Jecen lonuna
Variable Winter Spring Summer Autumn Year
Tmax 9.9 19.7 30.9 20.9 20.4
Tmin 3.0 9.1 18.3 11.3 10.5

Tab. 3. IIpocjeune BpUjeTHOCTH HHIEKCA EKCTPEMHUX TeMIieparypa y nepuony 1961-2016.
Tab. 3. Average values of extreme temperature indices in the 1961-2016 periods

Wupnexc Bpujennocr Wnpexc Bpujennocr Wnpexc Bpwujennocr
Index Value Index Value Index Value
TXx 38.89 TN10p 32.30 TR20 28.86
TXn 0.51 TN90p 51.48 WSDI 14.05
TNx 24.81 IDO 1.13 CSDI 4.64
TNn —4.97 FDO 20.04 GSL 343.02

TX10p 33.88 SU25 127.00 DTR 9.92

TX90p 51.36 SU30 65.63 ETR 43.86

JlexaqHu TPEHIOBU TOAUIIHLUX U CE30HCKHUX
Tmax u Tmin npukazanu cy y Ta0. 4 u Ha ['pad.
1. 3Havajau TpeHI0BU Topacta Tmax u Tmin
MIPUCYTHU Cy TOKOM IIH]jeJie TOAUHE (CTaTUCTUUKU
HUje 3HadajaH jeIMHO TpeHJ Tmax y Ce30HH
jecen). logummwe Bpujeqnoctd Tmax u Tmin
3HauajHo cy mopacie 3a 0.32°C mo neneHuju
n 0.28°C mo neneHwju, pecneKTUBHO. TpeHn
3arpujaBama OYHUIVIEaH j€ Y CBUM Ce30HaMa,
aJM je Haju3pakeHUju y ce30HU Jbeto — 0.59°C
no nerieHuju 3a Tmax u 0.46°C mo aeneHuju 3a
Tmin. Behe BpujennocTu TpeHna pacta takohe cy
yTBpheHe 3a 3uMcke U npoJbehHe Temmeparype,
JIOK j€ Y CE30HH jeCeH 3a0MIbEKEH caMO He3HATaH
MopacT TemIeparype.

The decadal trends in annual and seasonal
Tmax and Tmin in Mostar are shown in Tab.
4 and Fig. 1. The significant upward trends in
Tmax and Tmin were present throughout the
year (insignificant only for Tmax in autumn).
The annual Tmax and Tmin significantly
increased by 0.32°C per decade and 0.28°C
per decade, respectively. The warming
trend was apparent in all seasons, but most
prominent was in summer — 0.59°C per
decade for Tmax and 0.46°C per decade for
Tmin. Higher trend values were also obtained
for winter and spring temperatures, whereas
in autumn only a slight temperature increase
was determined.

Tab. 4. JlekanHu TPEHIOBU TOMUIIHLUX M c€30HCKHX Tmax u Tmin y mepuoay 1961-2016.
Tab. 4. Decadal trends in annual and seasonal Tmax and Tmin in the 1961-2016 periods

[Tapamerap 3uma Ipossehe Jbero Jecen T'onnna
Variable Winter Spring Summer Autumn Year

Tmax 0.27¢ 0.30° 0.59* 0.12 0.32¢

Tmin 0.25° 0.25* 0.46° 0.18¢ 0.28*

CrarucTHYKy 3Ha49ajHo Ha HUBOY 99.9 % (%), 99 % (%), 95 % (°) 1 90 % (%)
Statistical significance at the 99.9 % (*), 99 % (®), 95 % () and 90 % (¢) level
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Cn. 1. TpennoBu romummux Tmax u Tmin y nepuoay 1961-2016.
Fig. 1. Trends in annual Tmax and Tmin in 1961-2016

JlekaJiHU TPEHIOBH TOMUIIBUX HHICKCA
eKCTPEMHHUX TeMIieparypa y nepuony 1961-2016.
roguHe mpukaszaHu cy y Tab6. 5 u nHa Ipad.
2-5. JlobujeHu pe3ynTatd IMokKasyjy Ja je Ha
AHAJIM3UPAHOM TPOCTOPY MPHUCYTHO 3arpHjaBabe
KIuMarckor cuctema. To moTBplyjy oba Tpenma
— MO3UTUBHHU TPCHJ TOIUIMX TEMIEPaTypPHHUX
MHJICKCA W HETaTHUBHHU TPEHJI XJAaJHUX
TEeMIEpaTypHUX HHAeKca. Melhytum, Tpeba
HAINOMEHYTH JIa CY TOIUTH TEMIICPaTyPHHU UHICKCH
MOKa3alld jaue TPCHJIOBE 3arpujaBarma KOjU CY
taxol)e OWITH 3Ha4ajHUjU O/ HETaTHBHHUX TPEHI0BA
KOjU Cy MOBE3aHU Ca XJIAJHUM TEMIIePaTypPHUM
MHJICKCHMA.

The decadal trends in annual extreme
temperature indices in the 1961-2016 periods
are given in Tab. 5 and Fig. 2—5. The obtained
results indicate that the climate system
warming is present over the study area. Both
trends — the positive in warm temperature
indices and the negative in cold temperature
indices — suggest that. However, it should
be noted that the warm temperature indices
displayed stronger warming trends that were
also more significant than the negative ones
associated with cold temperature indices.

Tab. 5. JlekaiH1 TPEHI0BH T'OJIUIIBLUX MHAEKCA EKCTPEMHUX Temneparypa y nepuoay 1961-2016.
Tab. 5. Decadal trends in annual extreme temperature indices in the 1961-2016 periods

Wunexc Bpwujennoct Wnnexc Bpwujennoct Wnnexc Bpujennoct
Index Slope Index Slope Index Slope
TXx 0.50? TN10p —4.27* TR20 5.632
TXn 0.33 TNO9Op 9.28* WSDI 6.73
TNx 0.65° IDO —0.30 CSDI -0.80
TNn 0.43¢ FDO —-2.06° DTR 0.05

TX10p —3.38 SuU25 3.05° ETR 0.07

TX90p 8.97 SuU30 5.20° GSL 3.45%

CrarucTHYKM 3Ha4ajHo Ha HEBOY 99.9 % (%), 99 % (%), 95 % (%) 1 90 % (%)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level
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CBH ancoilyTHH TeMIIEpaTypHH HWHICKCH
TMOKa3yjy 3Ha4ajHe TPEHIOBE MOPAcTa (CamMo TPEH T
TXn nuje 3nauajan) (I'pad. 2). Bpujennocru
TPEH/I0Ba MAKCUMAJIHUX JHEBHUX MAaKCHMAaTHUX
U MUHUMaJIHMX Temmeparypa — TNx u TXx
(0.65°C mo pmeuenuju u 0.50°C mo nenenuju,
PECIEKTUBHO) Oujie Ccy BHILIE O BPHjEIHOCTH
TPEH/I0Ba MUHUMAITHUX THEBHUX MUHUMAITHUX U
MakcuMaiiHux temrneparypa — TNn u TXn (0.43°C
o netierrju u 0.33°C 1o JetieHnju, PeCeKTHBHO).
YTephenu nopact DTR je 3anemapsbu (cBera
0.05°C mo neuexujm).

All of the absolute temperature indices
displayed the significant upward trends
(only TXn trend was insignificant) (Fig. 2).
The estimated trends in maximum values of
daily minimum and maximum temperatures —
TNx and TXx (0.65°C per decade and 0.50°C
per decade, respectively) were higher than
those in minimum values of daily minimum
and maximum temperatures — TNn and TXn
(0.43°C per decade and 0.33°C per decade,
respectively). The determined increase in
DTR was negligible (0.05°C per decade).

Ca. 2. JIuneapHU TPEHI0BU allCOIYTHUX MHAEKca y iepuony 1961-2016.
Fig. 2. Linear trends in absolute indices in 1961-2016

CraTucTUYKy 3Ha4ajHU O3UTHUBHU TPEHIOBU
torux gaHa (TX90p) u Torumx wHohu (TN90p),
Kao W 3HAYajHU HETaTHBHM TPEHJOBH XJIAJHUX
nana (TX10p) u xnaguux Hohu (TN10p), Takohe
Cyrepuily Ja jé Ha HCTPaXMBAHOM IPOCTOPY
MPUCYTHO 3arpvjaBame KIMMATCKOI CHUCTEMa
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The statistically significant positive trends
in warm days (TX90p) and warm nights
(TN90p) as well as the significant negative
trends in cold days (TX10p) and cold nights
(TN10p) also suggest that climate system
warming is present over the study area (Fig.
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(I'pad. 3). Mehytum, TpenoBu mopacta TX90p
(9.28 nmana mo menennju) u TN9O0p (8.97 nana no
JICIICHUjN) T0CTa Cy U3PAKCHUJU HETO TPEHIOBU
cmamema TX10p (-3.38 nmana mo AeneHuju) u
TN10p (-4.27 nana no AeLCHU]H).

3). However, the upward trends in TX90p (9.28
days per decade) and TN90p (8.97 days per
decade) were much more prominent than the
downward trends in TX10p (-3.38 days per
decade) and TN10p (-4.27 days per decade).

Cn. 3. JIuneapHu TpeH1 MHAEKCA 3aCHOBAaHUX Ha NEpLUEHTUINMA y nnepuony 1961-2016.
Fig. 3. Linear trend in percentile-based indices in 1961-2016

I[CKaI[HI/I TPCHAOBHU CC30HCKUX HWHICKCA
CKCTPEeMHHMX TeMIleparypa MpUKa3aHu Cy Y
Tab. 6. AHanm3a CE30HCKHUX arCOJYTHHX
TEMIIEpaTypHUX HHAEKCA IOKas3ana je na je
TPEH]I OpacTa MPUCYTaH TOKOM IHjeJie TOANHE,
QM je Haju3pakeHUJU Y CE30HU JhETO (HajBUIIC
BpHjEIHOCTH TpeHa nodujeHe ¢y 3a TNx — 0.64°C
1o jetieHuju). Jennao TNn nokasyje Behu mopact
TOKOM XJIaJIHHjET JHjejia TOAMHE — Y Ce30Hama
jecen u 3uma (0.4°C o neuennjun). TemmeparypHu
WHJICKCU 3aCHOBAHM Ha TICPIICHTUIMMA Takohe
nokasyjy Hajsehm mopacT/cmMameme TOIuIHX/
XJIAIHAX JIaHa W HOhWM Yy HajTOTUIMjO] CE30HH.

The decadal trends in extreme temperature
indices calculated seasonally are shown in
Tab. 6. The analysis of seasonal absolute
extreme temperature indices showed that an
upward trend was present throughout the year,
but most prominent was in summer season
(the highest trend values were obtained
for TNx — 0.64°C per decade). Only TNn
displayed higher increase during the colder
part of the year — in autumn and winter (0.4°C
per decade). The percentile-based temperature
indices also presented the highest increase/
decrease in warm/cold days and nights in
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ToxoMm Jsbera, Hapouuto cy TX90p u TN9Op
II0Ka3ajdul BeOMa H3pakeHe TpeHaoBe — 4.94
naHa 1o neneHuju u 4.41 naHa mo JACLCHH]H,
pecniektuBHO. [Ipema Tome, 3akibydyje ce na je
MopacT 3arpujaBama Behu TOKOM JbeTa HEro y
XJIaTHUjEeM JIHjelTy TOAMHE.

the warmest season. In summer, TX90p and
TN90p showed the particularly pronounced
trends — 4.94 days per decade and 4.41
days per decade, respectively. Thus, it can
be concluded that warming was greater in
summer than in the colder part of the year.

Ta0. 6. JlexasHu TPeHIOBU CE30HCKUX MHEKCA EKCTPEMHUX TeMIeparypa y nepuony 1961-2016.
Tab. 6. Decadal trends in seasonal extreme temperature indices in the 1961-2016 periods

ATICOJYyTHH UHJIEKCH

Wnaekcn 3acHOBaHU Ha NEPUCHTUINMA

Wnunexc Absolute indices Wnnexc Percentile—based indices

Index 3uma IIposehe Jbeto Jecen Index 3uma IIpossehe Jbeto Jecen

Winter Spring Summer Autumn Winter Spring Summer Autumn
TXx 0.27¢ 0.42¢ 0.542 0.22 TX10p —1.00¢ -0.58 —-1.02° -0.15
TXn 0.27 0.18 0.52¢ 0.46¢ TX90p 0.95¢ 1.66¢ 4.94° 0.71
TNx 0.17 0.25¢ 0.64° 0.27¢ TN10p —0.43 -1.50° —1.60? -0.24
TNn 0.40¢ 0.25 0.20? 0.43¢ TN90p 1.22¢ 1.62° 4410 1.32¢

CraTucTHYKY 3HauajHo Ha HUBOY 99.9 % (%), 99 % (°), 95 % (%) 1 90 % (9)
Statistical significance at the 99.9 % (%), 99 % (*), 95 % () and 90 % (¢) level
TpenaoBu MHEKCA 3aCHOBAHUX HAa (PUKCHUM Trends in threshold-based indices

BpHjE€ITHOCTHMA TparoBa Takohe cy Owmm y
CKJIaJly ca OYEKHBAabUMa y 3arpHjaHOM CBH]ETY
(I'pad. 4). Torumn Temmnieparypuu uaaekcu SU2S,
SU30 u TR20 mokazanu cy 3Ha4ajHE MO3UTHBHE
tpenaose (3.05, 5.20 u 5.63 naHa Mo ACHCHU]H,
PECIEKTUBHO), JIOK Cy XJIaJHU TeMIlepaTypHU
uaaekcu FDO u ID0 mokaszanu omanajyhe
tpenaose (FD u craructruku 3Havajan — -2.06
naHa mo aenenuju). lomammma mojaBa TR20
yIBOCTpy4Y€Ha je ona mouyeTrka 21. BHjeka y
nopehewy ca craHAapIHUM KIWMAaTOJOMIKUM
nieproaoM (1961-1990). Monako pujeTka mojasa
IDO0 mocrana je jom pjeha. Ox moverka 2 1. Bujexa,
y Mocrtapy je 3a0usbexeno camo 10 TakBuX gaHa
(Jak 1mecT TOKOM eKCTpeMHO XJaaHe 3ume 2012.
TO/IMHE).
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were also as expected in a warmed world
(Fig. 4). Warm temperature indices SU25,
SU30 and TR20 showed a significant
positive trend (3.05, 5.20 and 5.63 days
per decade, respectively), whereas cold
temperature indices FDO and IDO displayed
a downward trend (FD significant — -2.06
days per decade). The annual occurrence of
TR20 has doubled since the beginning of
the 21st century compared to the standard
climatological period (1961-1990). The
already rare occurrence of ID0O became even
more infrequent. Since the beginning of the
21st century, only 10 such days have been
recorded in Mostar (even 6 of them during the
extremely cold winter of 2012).
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Cn. 4. JluneapHu TPEHIOBH WHJIEKCA 3aCHOBAaHUX HAa (PMKCHUM BpPH]jETHOCTUMA IIparoBa
y niepuoay 1961-2016.
Fig. 4. Linear trends in threshold—based indices in 1961-2016

Tokom mocmarpanor nepuoaa 1961-2016.
roJMHE, Tpajamke TOIUIMX Tajaca 3HadajHO je
MIPOJLYKEHO, 10K CY XJIaJJHU TaJacu 3aHeMapJbUBO
ckpahenu (I'pad. 5). WSDI je nmokazao Beoma
HU3paXKEeH MO3UTUBaH TpeHa ox 6.73 pgaHa mo
JICTICHH]H.

Pactyhu Tpena MakcMMaIHUX 1 MUHUMAITHUX
TeMIieparypa JI0Beo je J10 MPOoAyKaBama Tpajarmba
BeretanuoHor nepuona (GSL) 3a 3.45 nana mo
JICTICHH]H.

During the observed 1961-2016 periods,
duration of warm spells has significantly
increased, whereas cold spell duration was
negligibly shortened (Fig. 5). The WSDI
displayed a highly prominent positive trend
in the range of 6.73 days per decade.

The upward trends in maximum and
minimum temperatures led to extension of the
growing season length. The GSL increased by
3.45 days per decade.
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Cn. 5. JluneapHU TPEHIOBU WHJIEKCA 3aCHOBAHUX HA TPajarkby U BapHjaOMITHOCTH
ekctpema y nepuoay 1961-2016.
Fig. 5. Linear trends in duration—based indices and extremes variability indices in 1961-2016

Tpena 3arpujaBama 10CTaje CBE U3PAKEHU]U
HakoH 1990. roguHe, a HApPOUYMUTO OJ MOYETKA
21. Bujeka. Tab. 7. mokasyje 1a Cy HajTOILIM]je
roauHe 3abusbexene nociuje 1990. ronune (a
jenuHo 1994. npuje 2000. ronune). Takohe, mehy
rofIMHaMa ca HajBUILIM/HaJHI>KUM BPHjEHOCTUMA
TOIUIMX/XJAIHUX TEeMIEepaTypHUX HHJIEKCa
caMoO je HEKOJHMKO TOAMHA M3 IMepuoAa mpuje
1990-ux (Tpeda HarmoMeHyTH Ja je BehuHa mHUX
3abusbexxeHa y 21. sujexy) (Tab. 8). Ha nmpumjep,
eKCTPEMHO BHCOKE/HHUCKE BPHjEHOCTU TOIIUX/
XJIAJHUX TEeMIEepaTypHUX HHJEKCa OCMOTpEHE
Cy Y HajTOIUIMJUM ropnHama. EkcTpeMHO HHCKe
BPHJEIHOCTH XJIQJHUX TEMIIEpaTypHUX HHJIEKCA
3abubexkene cy y 2015. roguHu, roaMHHU ca
HajBUILIOM CPEHOM TOAMIIHOM TEMIIEPAaTypOM
(Ta) — y Toj romunau 6uno je camo 14 TX10p, 9
TN10p, 2 FDO u 6e3 ujequor ID0 u CSDI. Heke
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The warming trend becomes more
prominent after 1990 and particularly since
the beginning of the 21st century. Tab. 7
shows that the warmest years have been
recorded after 1990 (only 1994 of them
before to 2000). Further, among years
with highest/lowest values of warm/cold
temperature indices, there were also just a
few years before 1990s (it should be noted
that the vast majority of them was recorded
in the 21st century) (Tab. 8). For example,
the extremely high/low values of warm/cold
temperature indices were observed during the
warmest years. The extremely low values of
cold temperature indices were recorded in
2015, year with the maximum annual mean
temperature (Ta) — in that year there were
only 14 TX10p, 9 TN10p, 2 FDO and without
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o071 HajBehKX BPHjEIHOCTH TOIUTHX TEMIIEPATypPHUX
WHJIEKCA PETUCTPOBaHE cy y Beoma Toruioj 2003,
2007. u 2012. ronuHH, y KOjuMa je 3a0ubekeHa
U T10jaBa MHTEH3UBHUX TOIUIMX Tayaca. Y 2012.
roguHu Omino je wak 112 TX90p, 91 TN9Op,
149 SU25, 108 SU30 u 72 WSDI. Behuna
HAJUHTEH3UBHUJUX M HAjAyroTPajHUX TOILIUX
tanaca ox 1951. ronqune (Russo, S. et al., 2015)
y oBoM nujeny EBpome mecuna ce y 21. Bujexy
(na mpumjep, y 2003, 2007, 2010, 2012. u 2015.

TOIMHHM).

a single ID0 and CSDI. Some of the highest
frequencies of warm temperature indices were
observed in very warm 2003, 2007 and 2012,
with the occurrence of intense heat waves. In
2012, there were even 112 TX90p, 91 TN9O0p,
149 SU25, 108 SU30 and 72 WSDI. The vast
majority of the most intense and long-lasting
heat waves since 1951 (Russo, S. et al., 2015)
in this part of Europe occurred in the 21st
century (for example in 2003, 2007, 2010,
2012 and 2015).

Tab. 7. Hajroruje ronune y nepuoay 1961-2016.
Tab. 7. The hottest years in the 1961-2016 periods

Tmax Tmin Ta

11\312: Bpwujennoct Tonuna Bpujennocr Tonuna Bpwujennoct Tonuna
Value Year Value Year Value Year
1. 21.89 2008 11.77 2014 16.23 2015
2. 21.86 1994 11.60 2015 16.21 1994
3. 21.81 2015 11.51 2011 16.17 2011
4. 21.78 2007 11.51 2013 16.10 2003
5. 21.76 2000 11.50 2008 16.10 2007
6. 21.76 2012 11.48 2003 16.10 2008
7. 21.74 2011 11.42 2007 16.10 2012
8. 21.70 2003 11.40 2009 16.00 2000
9. 21.29 1990 11.30 2002 15.90 2013
10. 21.20 2013 11.29 2016 15.80 2002
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Ta6. 8. [onune ca HajeehuM/HajMakbUM BpUjEAHOCTHMA TOIUIUX/XJIaJHIUX TEMIIEPAaTyPHUX UHICKCA
y nepuony 1961-2016.
Tab. 8. Years with highest/lowest values of warm/cold temperature indices
in the 1961-2016 periods

TXx TNn TNx SuU25 SU30 TR20
No. Value | Year | Value | Year | Value | Year | Value | Year | Value | Year | Value | Year
1. 43.1 2007 -0.9 2007 28.5 2015 151 2000 113 2003 68 2012
2. 41.9 2015 -1.4 1974 28.4 2007 149 2012 108 2012 64 2003
3. 41.8 2000 -1.6 1997 27.7 2012 148 2009 95 1994 60 2015
4. 41.8 2012 -1.6 2011 27.6 1998 147 1986 90 2008 52 2008
S. 41.6 1998 -2.0 1972 27.5 1990 146 1999 89 2000 51 1994
6. 41.3 2001 -2.1 1992 27.4 2016 146 2011 88 1987 45 2011
7. 41.2 1984 2.2 1995 27.0 1981 145 2003 86 2007 44 2013
8. 41.2 2006 2.4 1984 26.8 2001 143 2007 86 2015 43 2006
9. 41.1 2008 2.4 1988 26.8 2002 140 1973 85 2009 43 2016
10. 41.1 2013 2.4 2013 26.7 2004 139 1985 82 2011 41 1962

No. WSDI TX90p TN90p TX10p TN10p FDO
Value | Year | Value | Year | Value | Year | Value | Year | Value | Year | Value | Year
1. 72 2012 | 112.3 | 2012 94.0 2003 14.0 2015 9.0 2015 2 1997
2. 54 2008 | 105.3 | 2008 94.0 2007 15.0 2008 11.0 2014 4 2014
3. 53 2011 100.0 | 2007 91.2 2012 17.0 1994 13.0 1999 5 2007
4. 51 2007 87.0 2015 90.0 2011 17.0 2013 14.0 2011 8 1974
S. 49 1998 86.0 1994 88.2 2008 18.4 1990 16.9 1990 8 2011
6. 44 2015 86.0 2003 86.2 2009 21.0 2011 16.9 1975 8 2013
7. 32 2002 86.0 2011 83.0 2014 21.0 2016 17.0 2013 8 2015
8. 31 2013 82.0 2001 82.0 2013 21.4 1982 18.0 2002 9 1977
9. 29 2000 78.2 2000 81.0 2015 22.0 2014 18.0 2003 11 1984
10. 29 2003 77.2 2009 72.0 1994 23.4 1961 19.1 2008 12 1972
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Ca. 6. Oxncrynama eKCTpeMHUX TeMIIepaTypHHUX HHIEKCa OJl MPOCjeKa CTaHIapJHOT
KJmMarosomkor nepuoaa (1961-1990)
Fig. 6. Deviations of the extreme temperature indices from the standard climatological period
(1961-1990) averages
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AHanm3a oJcTynama roAUIIBIX BPUjSIHOCTH
MHJIEKCa EKCTPEMHUX TEMIIepaTypa Of MpocjeKa
CTAaHJAPAHOT KJIUMATOJOIIKOT Tepuoaa
(1961-1990) (I'pad. 6) Takohe morBphyje na
j€ TpeH] 3arpujaBama MOCTA0 W3PAXKEHUJU O
noueTka 21. Bujexa. Ha npumjep, y oBoM niepuozy,
Toru TemmneparypHu unaekcu TX90p, TNO9Op,
SU25 u WSDI Hucy 3a0H/beKIITH HUjeAHY TOIUHY
ca BpPHUjeIHOCTMMA MHJIEKCA MCIIOA TPOCjeKa
CTaHJAPAHOT KIMMATOJIOMIKOT Nepuoa, A0K Cy
TXx, TNx 1 TR20 3a01sbeKUITH CaMO jeTHY TOIHHY
ca BpUjeHOCTUMA HCTof rpocjeka — 2014, ronuHy
(To je Ouna romMHA ca HAJBUIIOM TOIUIIEHOM
Tmin, anu 6e3 mojaBe WHTEH3MBHUX TOILIUX
Tajaca ca eKCTPEMHO BUCOKHM TEMIIEpaTypHUM
aHoMaiMjaMa). XJaJHU TeMIepaTypHu HHICKCH
TN10p, TN90p u FDO 6unu cy yriaBHOM HCIOA
npocjeka pedepeHTHOT mepuoja, MITO Takohe
noTBphyje mopact 3arpujaBama KIHMAaTCKOT
CHCTEMa Y OBOM IIE€PUOY.

VY uuspy ofjanrmeha OCMOTPEHUX TPEHI0BA,
U3BpILIEHA je Kopenanuja u3mely MakcuMaHux
U MUHUMAJIHUX TeMIleparypa, Kao ¥ HHJEKca
EeKCTPEMHHX TeMmIepaTypa, ca olpacuuma
no0altHe UpKyaryje armochepe U3Haz CjeBepHe
xemucgepe (Tad. 9. u Ta6. 10.). Ilo3utuBHE
TeMIIepaTypHe aHOMaJMjeé Y MHOTMM PErHOHUMA
EBpone (mehy xojuma u y aujeny KOHTHHEHTa
raje ce Hanmasu bocHa u XepleroBruHa) moeszaHe
cy ca EA ocummanmjom (Rust, H. W. et al., 2015).
V¥ bocuu u Xepuerosunu (MocTap), Mo3uTHBHA
MOBE3aHOCT M3Mel)y roxumimer uHaekca EA
ocumwnanyje 1 Tmax u Tmin je jaka u 3Ha4ajHa
(yrBpheHu koepuIMjeHTH KOopenaluje U3HOCe
0.656 u 0.725, pecnektuBHo). [lo3uTuBHA U
CTAaTHCTUYKM 3Ha4yajHa Kopeyanuja MPUCYTHA
je TokoMm 1mwmjene roxuHe. MehyTtum, HajBUIIH
Koe(HIIMjeHTH Kopenanyje J001jeHH Cy 3a CE30He
JbeTo M 3uMa. Ha BapHjaOMIIHOCT €KCTPEeMHHUX
TeMiieparypa cHaxHo ytude NAO, HapouuTo
sumu. Tokom mo3utuBHe NAO (ase, Tomnuje
MapUTHMHE Ba3IyIlIHE Mace TPaHCIOPTYyjy ce
jauuM off yoOuuajeHux 3amagHuM BjeTpPOBUMA
NpEeKO CpeAmUX UIMPHUHA, YCIOBaJHEHO
aHOMaJIMjaMa HUCKOT Ba3IyIIHOT IPUTUCKA U3HA
Hcnanna m aHomanujamMa BHCOKOT Ba3mAyIIHOT
MIPUTUCKA OKO CYNTPOIICKOT Mojaca ATIaHTHKA
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The analysis of the extreme temperature
indices deviations from the standard
climatological period (1961—1990) averages
(Fig. 6) also confirms that the warming trend
becomes stronger since the beginning of the
21st century. For example, in this period, the
warm temperature indices TX90p, TN9Op,
SU25 and WSDI registered not a single
occurrence below the standard climatological
period averages, whereas the TXx, TNx and
TR20 displayed only one year below the
average — 2014 (that was the year with the
highest annual Tmin, but with no intense
heat waves with extremely high temperature
anomalies). The cold temperature indices
TN10p, TN90p and FDO were mostly below
the reference period averages, thus confirming
the increasing climate system warming in this
period.

In order to evaluate the observed trends,
maximum and minimum temperatures and
extreme temperature indices were correlated
with large-scale atmospheric circulation
patterns over the Northern Hemisphere (Tab.
9 and Tab. 10). The positive temperature
anomalies in many regions of Europe (among
them in the part of the continent where Bosnia
and Herzegovina is located) were associated
with the EA pattern (Rust, H. W. et al., 2015).
In Bosnia and Herzegovina (Mostar), the
positive relation between annual EA pattern
index and Tmax and Tmin was strong and
significant (determined correlation coefficients
were 0.656 and 0.725, respectively). The
positive and statistically significant correlation
was present throughout the year. However,
the highest correlation coefficients were
obtained for summer and winter. The extreme
temperature variability is strongly influenced
by the NAO, especially in winter season.
During the positive NAO phase, the warmer
maritime air masses are advected to Europe
by stronger-than-average westerlies over the
middle latitudes associated with low pressure
anomalies over the region of the Icelandic low
and anomalously high pressures across the
subtropical Atlantic (Rust, H. W. et al., 2015;
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(Rust, H. W. et al., 2015; Hurrell, J. W. et al.,
2003). Beoma Brcok nozutuBad NAO unzaekc on
novetka 1980-1x roauHa yCIOBHO je 3Ha4ajaH TU0
OCMOTpEHOT 3arpjaBama nu3Hajx EBpone y oBoM
mujeny ronuHe (Hurrell, J. & Van Loon, H., 1997).
Ha ucTtpaxuBaHoM NpoOCTOpY, Y OBOj CE30HH,
yTBpheHa je nmo3utuBHa kopenanuja uzmehy NAO
MHJIEKCA U CPEIbUX MAaKCUMAITHUX 1 MUHMAJTHIX
Temreparypa (3HadajHa 3a Tmax — koeduiujeHt
kopenanuje 0.640). ITopen mo3utuBHE Bese ca
oOpacima 1o0anHe MUpKynanuje arMocdepe
W3HAJ CjeBepHOT ATIIaHTHKa, Takole, yTBpheHa je
MO3UTHBHA MOBE3aHOCT ca MHJEKCOM APKTHYKE
ocuminanuje. Tmax moka3zyje TMO3UTUBHE
KOpeJaluje TOKOM Ifjese roauHe (Huje 3HavyajHa
JenuHO y ce30HU JbeTo). HajBummm xoeduuujeHt
KOpelalyje yCTaHOBJbEH je€ Yy CE30HM ImpoJbehe
(0.359), a 3atum y cesonum 3uma (0.515).
Kopenamuja ca Tmin 3Ha4ajHa je jeTUHO y CE30HH
nposbehe.

Hurrell, J. W. et al., 2003). The exceptionally
strong positive NAO index since the early
1980s accounted for a substantial part of the
observed warming over Europe in this time of
a year (Hurrell, J. & Van Loon, H., 1997). Over
the study area, the positive correlation between
NAO index and mean maximum and minimum
temperatures was determined in this season
(significant for Tmax — correlation coefficient
0.640). In addition to these positive links with
the large-scale atmospheric circulations over
the North Atlantic, the positive correlation
with the Arctic Oscillation index was also
determined. Tmax displayed significant
positive correlation throughout the year
(insignificant only in summer season). The
highest correlation coefficients were found
for spring season (0.359) and then for winter
(0.515). Relation to Tmin was significant only
in spring.

Tab. 9. [TupcoHoB KoehuIMjeHT Kopenanuje u3Mel)y ronuImsuX 1 Ce30HCKUX MHICKCA IUPKYIainja
I00aTHUX pa3Mjepa M eKCTPEMHUX TeMIeparypa y nepuony 1961-2016.
Tab. 9. Pearson correlation coefficient between annual and seasonal teleconection patterns indices
and extreme temperatures in the 1961-2016 periods

Tmax Tmin
Wunexc
Index 3uma Ipossehe Jbero Jecen Tonuna 3uma Iposmehe Jbeto Jecen Tonuna
Winter Spring Summer Autumn Year Winter Spring Summer Autumn Year
EA 0.640* 0.486* 0.641° 0.402° 0.656* 0.614 0.476* 0.658 0.487* 0.725*
NAO 0.359° 0.211 -0.417* 0.037 0.166 0.162 0.214 -0.337¢ -0.011 0.080
EAWR 0.121 0.194 -0.316° -0.045 -0.175 -0.206 0.156 -0.345° -0.171 -0.321¢
AO 0.359° 0.515* -0.081 0.296¢ 0.473° 0.006 0.489* 0.005 0.065 0.318

CrarucTuuky 3Ha4ajHo Ha HUBOY 99.9 % (%), 99 % (%), 95 % (°) u 90 % (%)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (°) level

Cau ariconrytHU TemiieparypHu uaaekcu (TXX,
TXn, TNx 1 TNn) nokasyjy HO3UTHBY KOpeJarujy
ca EA ocriunanujom (3Ha4ajHa jeIMHO 32 HHICKCE
KOJU TIPENICTaBJhajy MAKCUMAJIHE BPH]CIHOCTU
JTHEBHUX MHUHHMAJIHUX U MaKCUMAaJTHUX
temrieparypa). Takohe, EA ocrmnanuja mokasyje
JaKy ¥ 3Ha4ajHy O3UTUBHY/HETATUBHY KOpEJIaIjy
ca CBUM TOIUIUM/XJAJHUM TeMIEpaTypHUM
uHIekcuMa. HajBuimm koepuImjeHTH Kopemarmje
nobujenu cy 3a TX10p, TX90p, TN10p, TN9Op,
TR20 u WSDI. NAO uMa cHaxxaH yTHWIIa] Ha

All of the absolute temperature indices
(TXx, TXn, TNx and TNn) displayed positive
correlation with the EA pattern (significant only
for indices representing the maximum values of
a daily maximum and minimum temperatures).
Further, the EA pattern showed strong and
significant positive/negative correlation
with all warm/cold temperature indices. The
highest correlation coefficients were obtained
for TX10p, TX90p, TN10p, TN90p, TR20
and WSDI. The NAO had stronger influence

125



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

XJIaJIHE TeMIIepaTypHe MHJAEKCE. 3a pa3juKy Of
EA ocuunanumje, mo3uTuBHA Kopenainuja umely
alCOJIyTHUX TeMIepaTypHux uHuaekca u AO
3Ha4ajHa je jeIMHO 32 MHJIEKCE KOjHU MPE/ICTaBIbajy
MUHHMAITHE BPHjEIHOCTU JTHEBHIX MaKCUMAJIHUX
U MHUHUMaJTHUX Temmeparypa. AO mokasyje
3Ha4YajHy IMO3UTHUBHY IOBE3aHOCT Ca TOIUIMM
TeMIepaTypHUM HHJIEKCUMA, JIOK je Kopenaryja ca
XJIaTHUM TEMIIEpaTypHUM WH/IEKCHMa HEraTUBHA.

on the cold temperature indices. In constrast
to the EA pattern, the positive correlations
between the absolute temperature indices and
the AO was significant only for indices that
represent minimum values of a daily maximum
and minimum temperatures. The AO displayed
significant positive correlation with warm
temperature indices, whereas the determined
relation with cold ones was negative.

Ta0. 10. [TupcoHoB KoeduLMjeHT Kopenannje n3Mel)y ronumbuX HHASKCa HIUPKYIaluja rMo0aTHUX
pasMjepa 1 MHJEKCa eKCTPEMHHX TeMIieparypa y nepuoay 1961-2016.
Tab. 10. Pearson correlation coefficient between annual teleconection patterns indices and extreme
temperature indices in the 1961-2016 periods

Nunexc

e TXx TXn TNx TNn  TX10p TX90p TNIOp TN90p  DTR
EA 0335  0.175  0522*  0.158  —0.648  0.584°  —0.626° 0623 0233
NAO 20075 0303  —0.066  0341c  -0241% 0003  -0.162  —-0.010 0208
EAWR  -0326° —0.099 -0405% —0.031 0107 —-0271° 0174  —0286°  0.112
AO 0.105  0341° 0190  0334°  —0479°  0321°  —0350°  0250°  0.461°
I/ﬁgzzc’ FDO DO SU25 TR30 TR20 CSDI  WSDI GSL ETR
EA —0.460°  —0.096  0.409 0491* 0533  —0264°  0502* 0218 0.099
NAO 02524 —0312°  0.036 20016 -0.022  —0.189  —0.139  0.046  —0.320°
EAWR  0262¢  0.031 0.075 0154  —0315  —0.036 —0282¢  —0.168  —0.193
AO ~0.264°  —0296°  0.228¢ 0221 0295  —0.141 0204 0184  —0.194

CrarucTHYKM 3Ha4ajHo Ha HEUBOY 99.9 % (%), 99 % (%), 95 % (%) 1 90 % (%)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level

Pe3ynrarn xopenanioHe aHainn3e Ce30HCKUX
WHJIEKCA TEIIEKOHEKIIMja M WHJIEKCa eKCTPEMHHUX
Temreparypa (arncoiayTHUX WHAEKCAa W WHIAEKCa
3aCHOBaHMX Ha MEepUEHTWINMA) 1atu ¢y y Taob. 11.
CesonHcku obpacuu EA ocuummanyje v ancoiryTHu
WHJCKCH TI0Ka3yjy MO3UTUBHY M CTaTUCTHUKH
3Ha4YajHy KOpeJalrjy TOKOM Iijee TonuHe (Huje
3HadajHa jenuHo 3a TXn y ce3onm nposbehe u TNn
y ce30HU nposbehe U jbeto). Tormu TemreparypHu
WHJeKcH Oasupanu Ha nepueHtuauma TX90p u
TN90p noka3zyjy 3Ha4ajHy TO3UTUBHY KOpEJIaIH]y
ca EA ocimnarujom y ¢cBUM ce30HaMa (OCHUM 3a
TX90p y ce30HU jeceH), JOK je Kopeamuja ca
XJIaTHIM TeMITepaTypHUM UHJCKCUMa Oa3upaHiM
Ha nepueHtTwianMa TX10p u TN10p HeratuBHa
U cTaTHCcTUYKU 3HavajHa. [loBe3anoct ca NAO
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The results of correlation analysis of the
seasonal teleconection patterns indices and
extreme temperature indices (absolute and
percentile-based indices) are given in Tab.
11. The seasonal EA pattern and the absolute
temperature indices showed the positive and
statistically significant correlation throughout
the year (insignificant only for TXn in spring
and TNn in spring and summer). Warm
percentile-based temperature indices TX90p
and TN90p displayed significant positive
correlation in all seasons (except for TX90p
in autumn), whereas cold percentile-based
temperature indices TX10p and TN10p were
negatively and significantly related to the
EA pattern. The links with the NAO were
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3HayajHa je y ce30HH 3uma (ocum 3a TNx, TX90p
1 TNO90p). 3nauajna nmose3aHoct ca AO Takohe je
yTBpheHa y ce30Hu nposbehe, 0K je Kopenaiuja y
CEe30HaMa JeCeH U 3UMa 3Ha4yajHa camo 3a I10jeIMHe
MHJICKCE.

significant in winter season (except for TNx,
TX90p and TN90p). The significant correlation
with the AO was also found in spring season,
whereas autumn and winter relations were
significant only for some indices.

Tab6. 11. ITupcoHoB koeduinjeHT Kopeanuje u3mely Ce30HCKUX MHICKCA IUPKYIaluja II00aTHIX
pasMjepa U WHJIEKCa eKCTPEMHHUX TemIeparypa y nepuoay 1961-2016.
Tab. 11. Pearson correlation coefficient between seasonal teleconection patterns indices and extreme

temperature indices in the 1961-2016 periods

Mexc TXx TXn
Index 31'vma Hpon'aehe Jbeto Jecen 31./1Ma Hpogehe Jberto Jecen
Winter Spring Summer Autumn Winter Spring Summer Autumn
EA 0.339¢ 0.384° 0.443* 0.266° 0.460* 0.183 0.288¢ 0.348°
NAO 0.228¢ —0.191 —0.282¢ 0.075 0.248¢ 0.156 -0.211 0.081
EAWR 0.177 0.020 -0.317¢ —0.155 -0.037 —0.109 —0.088 —0.038
AO 0.324¢ 0.114 —-0.026 0.386° 0.151 0.333¢ —0.111 0.056
WHnexe TNx TNn
Index 3!flma Hpo:f;ehe Jbero Jecen 31'/1Ma Hpor&ehe Jbero Jecen
Winter Spring Summer Autumn Winter Spring Summer Autumn
EA 0.237¢ 0.340° 0.629* 0.243¢ 0.422¢ 0.155 0.205 0.397°
NAO —0.052 —0.032 —0.419* 0.066 0.390° 0.250¢ —0.118 —0.075
EAWR —-0.241¢ 0.028 —0.464* —0.283¢ 0.048 0.126 —0.089 —0.180
AO —0.198 0.313¢ —0.020 0.320¢ 0.314¢ 0.386° —0.085 —0.256°
Winexe TX10p TX90p
Index 31.4Ma HpOJT.,ehe Jbeto Jecen 31./1Ma Hpo.l}ehe Jbero Jecen
Winter Spring Summer Autumn Winter Spring Summer Autumn
EA —0.525° —0.470 —0.533¢ —0.414° 0.481* 0.347° 0.658 0.193
NAO —0.378" 0.011 0.278 0.004 0.202 0.269¢ —0.498* 0.083
EAWR —0.154 —0.086 0.216° —0.067 0.038 0.165 —0.353° -0.197
AO —0.337¢ -0.370° 0.081 —0.118 0.273¢ 0.474* —0.114 0.335¢
— TN10p TN90p
Index 31flma Hponfehe Jbero Jecen 31'4Ma Hpop;ehe Jbero Jecen
Winter Spring Summer Autumn Winter Spring Summer Autumn
EA —0.467* -0.461° —0.518* —0.499* 0.508* 0.385° 0.599* 0.256¢
NAO -0.260¢ —0.148 0.187 0.117 0.009 0.199 —0.384° 0.049
EAWR 0.074 —0.117 0.276¢ 0.101 —0.302¢ 0.108 —0.338¢ —0.175
AO —0.159 —0.370° 0.036 —0.021 —0.082 0.495° —0.026 0.176

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

[Topen naBemenux oOpaszamna miobanHe
LHUpKynamnuje armocdepe, HCTpaxeHa je H
MOBE3aHOCT BapHjaOMIIHOCTU TEMIIepaType H
AtnanTcke BUIIeneeHrjcke ocumnanuje (AMO).
HctpaxuBama cy nokasana f1a je AMO unpaekc y
MO3UTHUBHO] KOpETalHjy ca CPEAHOM III00ATHOM
Temneparypom nospiuunHe kormHa (Muller, R. A.
et al., 2013). Tokom nepuosa UHCTPYMEHTATHUX
Mjepema (ox cpeaune 19. Bujexa), AMO (xoju

In addition to the above-mentioned large-
scale atmospheric circulation patterns, the
correlation between the temperature variability
and the Atlantic Multidecadal Oscillation (AMO)
was investigated. Studies showed that the AMO
index is positively correlated with the global mean
annual surface land temperature (Muller, R. A.
et al., 2013). During the period of instrumental
measurements (since the mid-19th century), the
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npejacTaBjba BapUjaOUIHOCT TeMIlepaTrype
TIOBPIIIMHE MOPA y CJeBEPHOM ATIAHTHKY ) TOKa3a0
je aBa muKiTyca ox 65 1o 80 ronuHa ca aMIUTUTYAOM
ox 0.4°C uzmel)y eKcTpeMHUX MTO3UTUBHUX/TOTUTUX
u HerarBHUX/xnanHux ¢asa (Gray, S. T. et al.,
2004). AMO je y tomnoj da3u ox 1995. rogune
(Alexander, M. A. et al., 2014). On Tana, u mopact
TeMIieparype Basayxa y bocuu u Xepuerosunu
takohe mocraje mzpaxenuju (Trbic, G. et al.,
2017). Pesynraru kopeialuoHe aHaIn3e OKaszyjy
JaKy W 3Ha4ajHy NO3UTHBHY KopeJauujy ca Tmax
1 Tmin, ka0 U ca ancoxyTHUM TeMIepaTypHUM
UHJIeKcuMa (HUje 3HadajHa jeauHo 3a TXn u TNn)
(Tab. 12). Takole, 3HauajHa MO3UTHBHA KOpEJalyja
yTBpheHa je 3a Tomie TeMIepaTypHe MHIEKCE,
JIOK je TIOBE3aHOCT €a XJIAJHUM TEeMIIepaTypHUM
WHJICKCUMa HETaTWBHA W Beoma ciaba. YTuiaj
AMO Ha eKCTpeMHEe TeMIIepaType HapOuuToO je
CHaXkaH TOKOM JheTa U jecenu (Tab. 13).

AMO (which referes to sea surface temperatures
variability in North Atlantic) showed two 65-80
years cycles with a 0.4°C amplitude between
extremes of positive/warm and negative/cool
phases (Gray, S. T. et al., 2004). The AMO has
been in its warm phase since 1995 (Alexander,
M. A. et al.,, 2014). Since then, the temperature
increase in Bosnia and Herzegovina also becomes
more pronounced (Trbic, G. et al., 2017). The
correlation analysis results showed the strong
and significant positive correlation with Tmax and
Tmin, as well as with absolute temperature indices
(only insignificant for TXn and TNn) (Tab. 12).
Further, the significant positive correlation was
found for warm temperature indices, whereas
relations with cold temperature indices were
negative and largely weak. The links between
AMO and extreme temperatures were particularly
strong during summer and autumn (Tab. 13).

Ta6. 12. IlupconoB koeduuujeHT Kopenanuje n3mely rogummer AMO uHIeKkca 1 HHAeKca
eKCTPEMHHUX TemIieparypa y nepuoay 1961-2016.
Tab. 12. Pearson correlation coefficient between annual AMO and extreme temperature indices in
the 1961-2016 periods

Hnpexc Nunexc Nunexc Hnnekc Hnnekc
Index r Index r Index Index Index r
Tmax 0.493° TNx 0.642° TN10p -0.416° Su25 0.332¢ CSDI 0.003
Tmin 0.620° TNn 0.039 TN90p 0.633* TR30 0.491° DTR 0.074
TXx 0.447° TX10p -0.385% IDO -0.051 TR20 0.606* ETR 0.267¢
TXn 0.072 TX90p 0.530° FDO -0.128 WSDI 0.547° GSL 0.344°

CrarucTHYKY 3Ha4ajHo Ha HEUBOY 99.9 % (%), 99 % (%), 95 % (%) 1 90 % (%)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level

Tab. 13. [TupconoB xoedunmjeHT Kopenanuje umely cezoackux AMO uHIeKCca B UHICKCA
eKCTPEMHHUX TemIieparypa y nepuoay 1961-2016.
Tab. 13. Pearson correlation coefficient between seasonal AMO and extreme temperature indices in
the 1961-2016 periods

Hunexc 3uma TIposbehe Jbero Jecen Wnpexc 3uma TIposbehe Jbero Jecen
Index Winter Spring Summer Autumn Index Winter Spring Summer Autumn
Tmax 0.021 0.129 0.512° 0.240¢ Tmin 0.083 0.173 0.576 0.418

TXx 0.071 0.173 0.375° 0.222¢ TX10p 0.116 -0.050 -0.403° -0.240¢
TXn -0.023 -0.069 0.095 0.186 TX90p 0.177 0.102 0.5412 0.236¢
TNx 0.243¢ 0.203 0.596° 0.314¢ TN10p 0.113 -0.103 -0.429* -0.327¢
TNn 0.010 -0.039 0.079 0.231¢ TN90p 0.198 0.219 0.580* 0.409°

CrarucTiiKy 3HauajHo Ha HUBOY 99.9 % (¥), 99 % (°), 95 % (°) u 90 % (¢)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level
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3AKJbYYHAK

Pan amoctpodupa npomjeHe HUHIEKCa
EKCTPEMHUX TeMIieparypa y bocau u Xeprierosunu
y nepuoay 1961-2016. rogune. Pesynrtaru
aHalu3e TpeHaoBa 3a mnpocrop Mocrapa (koju
je n3zabpaH 3a CTyAMjy Cliy4aja) yKasyjy Ja je Ha
UCTPaKUBAHOM TIOJIPYYjy NPUCYTHO 3arpHjaBarmbe
KJIMMAaTCKOT cucteMa. [oaumma M Ce30HCKa
Tmax 1 Tmin 3Ha4ajHO cy mopacie, ajau je TPEeH/
nopacra Tmax Ouo HewmrTo jauu. Pesynraru
MOKa3yjy Ja Cy TOIUIM TEMIIEpaTypHU MHICKCH
MOKAa3alli 3HauajHe TIO3UTUBHE TPEH/IOBE KOJU CY
OuM octa U3pakeHUju y OJHOCY Ha omnanajyhe
TPEHJIOBE XJAJHMUX TEMIIEpAaTypHHX HHJEKcA.
Mebhytum, oba TpeHna ykasyjy Ha TEHACHLU)Y
3arpujaBama. Hajsehe BpujenHOCTH TpeHI0Ba
no0HjeHe ¢y 3a TOIUIe TeMIIEpaTypHE MHICKCE:
TXx, TXn, TX90p, TN90p, TR30, TR20 1 WSDI.
HNaxo je 3arpujaBame OUUITIETHO Y CBU CE30HaMa,
HAjU3pAXKECHUJU TPEHJOBH YCTAHOBJHEHU CYy Y
CE30HH JBETO, a 3aTUM y CE30HMMa 31Ma U Iiposbehe.
TpennoBu nmoBehama/cMamema  TOTUTHX/XJIaTHIX
TeMIIEpaTypHUX UHIEKCA MOCEOHO Cy M3PaKEHU O]
noueTka 21. Bujeka. Mehy 15 najrorumjux roguHa
y Mocrapy, camo cy Tpu ToguHe M3 Mepuoia
npuje 2001. roqune (aBuje u3z 1990-ux — 1994.
1 1990. ronuHa ¥ jenHa ca moyeTka mocMaTpaHor
nepuona — 1961. ronquna). Ha mpumjep, ekcTpeMHO
HUCKE/BUCOKE BPUjEIHOCTH XJIATHHUX/TOILIHX
TeMIIEpaTypHUX MHAEKCA 3a0MIbEKEHE CYy TOKOM
HEKHX OJl HajTOIUIMjUX TOJMHA ca I0jaBOM
MHTEH3UBHUX TOIUIMX Tanaca —y 2012. u 2015.
roquuu. Y 2015. roquuan 6uio je camo 14 TX10p, 9
TN10P, 8 FDO u 6e3 njequor CSDI u IDO0. Heke on
HajBHIINX BPHjEJHOCTH TOIUIUX TEMIIEPaTypPHUX
uHzeKca 3a0uibexene cy 2012. ronune — Taja je
3abmbexkero 112 TX90p, 91 TN9Op, 149 SU2S,
108 SU30, 68 TR20 u 72 WSDL.

Pesynratu 10o0MjeHH y OBOM UCTPaKHUBAbY
CIWYHU Cy pe3yiaTaTuMma JApyTux CTyauja
CaBpEMEHUX TPEHJ0BAa MHJEKCA EKCTPEeMHHUX
TeMIIeparypa y CyCjeTHUM PErHOHIMA jyTOUCTOUHE
Espore.

Jlasba ncTpakuBama OBUX MPOOJIeMa CBAKaKoO
CY HEOIXO/THa, jep he KimMMarcke mpoMjeHe UMaTu
OrpOMaH yTHIIa] Ha HU3 JjeJIaTHOCTH Kao ILTO CY:

CONCLUSION

The paper addresses the extreme
temperature changes in Bosnia and
Herzegovina during the 1961-2016 periods.
The results of trend analysis for Mostar (which
was chosen as the case study area) indicate
that climate system warming was present over
the investigated area. The annual and seasonal
Tmax and Tmin significantly increased, but the
upward trend in Tmax was somewhat stronger.
Given the results, warm temperature indices
displayed the significant positive trends, that
were much more prominent than the downward
trends in cold temperature indices. However,
both trends suggest a warming tendency. The
highest trend values were obtained for warm
temperature indices: TXx, TXn, TX90p,
TN90p, TR30, TR20 and WSDI. Although
the warming was apparent in all seasons, the
most prominent trends were found in summer
season, and then in winter and spring.

The upward/downward trends in warm/
cold temperature indices have been particularly
pronounced since the beginning of the 21st
century. Among the 15 warmest years in Mostar
there are only three years prior to 2001 (two
from 1990s — 1994 and 1990 and one from
the beginning of the observed period — 1961).
For example, the extremely low/high values of
cold/warm temperature indices were recorded
during the some of the hottest years with the
occurrence of intense heat waves — in 2012
and 2015. In 2015 there were only 14 TX10p,
9 TN10P, 8 FDO and without a single CSDI
and ID0. Some of the highest frequencies of
warm temperature indices were recorded in
2012 — then there was 112 TX90p, 91 TN90p,
149 SU25, 108 SU30, 68 TR20 and 72 WSDI.

The results obtained in this survey are
similar to the results of other studies related
to recent trends in extreme temperatures in the
adjacent regions of the Southeast Europe.

Further research on these issues is certainly
necessary because climate change will have a
major impact on a range of activities such as:
agriculture production, forest management, fire
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3eMJbOPaiba, UTyMapCTBO, CTOYAPCTBO, PEKUM
nokapa, cHaOIujeBame BOJOM M EHEPTHjOM,
TypH3aMm, 3allITUTA TIPUPOAE, 3APABIbE JbYIIHU, UT/.
HctpaxxuBama Tpeba na oOyxBare M aHaIU3y
MpPOMjeHa pPEKMMa TMaJaBUHA U EKCTPEMHHUX
naJaBUHCKUX norahaja, jep cy Mpojexiuje
nokasaje jga he mIaBHM MpaBIM KIUMATCKUX
MpOMjeHa y OBOM pETHOHY (TIOpes 3Ha4ajHOT
mopacra TemIeparype) uhu mpemMa cCMambemby
pacroyiokuBe Bojae (MOCEOHO TOKOM JbeTa) U
npema mnoBehamy y4ecTanocTH M MHTE3UTETa
eKCTPEMHHX KIIMMAaTCKUX Jorahaja.
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OAHOC UBMEBY NAO HHAEKCA, MPASHUX TAHA U EKCTPEMHUX U
CPEAIBUX MAKCUMAJIHUX BPUJEJHOCTHU TEMIIEPATYPE Y TYPCKOJ
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Caxerak: O omHocy NAO wmHzekca W INajiaBUHa M cpelmbe TeMmneparype y Typckoj cy mposezneHe OpojHe cTyauje
(Tiirkoglu et. al, 2006, Tiirkes and Erlat, 2003). V paxy hemo ananm3uparu ympaBo OBaj OTHOC YCJbEI HETOBOJBHHUX
mogaraka o yrumajy NAO mHaekca Ha Opoj MpasHHX J1aHa T€ Ha MaKCHMAaJHy M CPEHkbY MAKCHMAIHy TEMIIEPaTypy.
[TapameTpu TenekoHeKIMje y Mamb0j win Behoj Mjepu yTudy Ha rolaliHy KIMMY T€ Ha mheHy qudepeHiujaimjy npema
permonuMa. Typcka je ynajbeHa Oj OKeaHa a Ha kimMy y oBoj 3emubu Bume yruie NAO nero ENSO (Sensoy et al,
2011). Pax ce 6aBu moryhuwm yrumajuma NAO uHIeKkca (CjeBepHO-aTIIaHTCKE OCITIIIAINjE) Ha Opoj Mpa3HHX J1aHa, TC Ha
MaKCHMAJIHy U CpeIhe MaKCcuMaliHy TeMiiepatyp y Typckoj. Kopumrhenu cy monar ca 41 XuapoMeTeopoIomKe CTaHUIEe
y Typckoj u To BpujenHocTH 3a Opoj Mpa3HHUX JlaHa, eKCTpPEMHE MaKCHMallHe TeMIeparype M Cpelibe MaKCUMalHe
Temrieparype 3a BpeMeHcku nepuon ox 1960. mo 2015.romune. HajHoBuju momamm NAO wuHzAekca cy IpeyseTH ca
NCAR/UCAR HammonamHor meHTpa 3a atMocdepcka ueTpaxuBama. [Ipeysere cy camo BpHjeqHOCTH HHAeKca Behe ox
+0.5kako Oucmo enuMuHUCcATH HeyTpaiHy ¢hazy NAO uaaexca. Mpa3sHUM TaHOM ce cMaTpa OHaj JaH KaJia jé MUHUMAaTHa
JMHEeBHA TemIiiepatypa Basayxa ucroj 0°C. [Topes Tora, koe(hUIMjeHTH KOpealje cy u3pauyHaru kopuinhemem Pearson
(dopMyre 1 3a cpeare MaKCUMaJIHE U 32 eKCTPEeMHE MaKCHMallHE TeMIleparype, Kao M rnapamerpu Opoja MpasHHUX JaHa
ykIpyuyjyhu mjeceqran HEUBO M DJFM. Cmarpa ce 1a je xopemamuja ciaba ako cy BpujeqHoctd r m3melhy + 0.10-0.29,
3a Bpujenaocta + 0.30-0.49 ona je ymjepena, a 3a BpujegHoctu 0.50-1.00 je Bucoxka. ITopen Tora, + mpukasyje cmjep
Kopenaije. YKOJIMKO je M3padyHaTa CTaTUCTHYKa BpujeaHocT (t) Beha on muibaHe TabenapHe BpHUjeIHOCTH (mpema
CTeleHy ci1000/1e M HUBOY 3Ha4aja), XMIIoTe3a ce He MOXKe MMOTBPAUTH Te Hehe OMTH 3HayajHe Kopenamyje. Y HalleM pajy,
cTereH ciobose u3Hoch 56-2 = 54, a m3pauyHatu npar je = 0.27 3a o= 0,05 u + 0.34 3a a = 0,01. [Ipema nobujeHUM
pesynraruma, ogaoc m3Melhy NAO nHaekca 1 MakCHMallHEe TEMIIEpaType je HeraTHBaH, IITO 3allPaBO 3HAYH J1a HeraTHBaH
NAO unzekc goBoau 1o nosehama MakcuMaliHe TeMIlepaType. YMjepeHe/TOBHIIICHE U 3HAa4YajHE HEraTUBHE KOpesaluje
Cy m3MjepeHe y Majy, aeuemopy, re DJFM y Behunu cranuna. [Toctoju ciaba mo3uTHBHA KOpEJalHja IIOYETKOM U KpajeM
jecenu (centemOap 1 HOBeMOap). YormreHo roBopehn, moctoju cnaba HeratuBHA Be3a m3Melhy NAO uHIeKca U cpeme
MaKCHMaJHe TeMIIepaType, Maja ce y jyHy M OKTOOpY jaBibajy yMjepeHe M CTaTHCTHYKH 3Ha4dajHe Kopemaruje Oymyhn
Ja cy TO mpenasHu mjecend. [pyrum pujeunma, HeratuBHU NAQO HHICKC H0BOAM 10 NoBehama Cpelmhe MaKCHMAITHE
TeMIieparype, 10K ce ciaba Mo3UTHBHA Kopesanuja jaBiba y aBrycry. Onnoc msmehy NAO unzaekca u Opoja MpasHUX
JlaHa je YIIIaBHOM IIO3UTHBAH, mTo 3Hadu 1a he mosutuBHE NAO mHIeKc noBehaTn 6poj Mpa3HUX naHa AOK he HeraTuBaH
WHJEKC TOBECTH 10 Mamer Opoja nctux. Ha BehnHM METEOpONoImKNUX CTaHWIA je 3a0nbeKeHa BUCOKA M CTATUCTHYKU
3HayajHa No3uTHBHA Kopenaiuja kox DJFM ocum y McramOyny, Texupaary, Yanakaney u Mepcuny. [Ipema pesynrarnma,
DJFM NAO unzexc Hapo4uTO yTHde Ha KiIuMy y Typckoj yciben armocdepcke nupkymnanuje. Cpeama TeMieparypa y
Typckoj y mopacty je on 1981. romune. IlpaBarl oqHOCa TeMmeparype je HeraTuBaH JOK je TMO3UTHBAH KaJla je pujed o
Opojy Mp3HHUX JaHa.

Kibyune pujeun: Typcka, NAO uHaekc, TeMneparypa, Mpa3HU JaHH

Original scientific paper

RELATIONSHIP BETWEEN NAO INDEX, FROST DAYS, EXTREME AND
MEAN MAXIMUM TEMPERATURE IN TURKEY

Serhat Sensoy’, Thsan Cicek?, Necla Tiirkoglu?, Volkan Darende!
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Abstract: More studies have been carried out on relations NAO index with Turkey’s precipitation and mean temperature
(Tiirkoglu et. al, 2006, Tiirkes and Erlat, 2003). Due to luck of study on effect of NAO on number of frost days and
maximum and mean maximum temperature, in this study we investigated this relationship. Teleconnection parameters
are more or less affecting world climate differentiating by the regions. Turkey is far away from the oceans. Turkey
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climate is more affected by NAO rather than ENSO (Sensoy et al, 2011). In this study, possible impacts of North Atlantic
Oscillation (NAO) Index on number of Frost Days, Maximum Temperature and Mean Maximum Temperature in Turkey
have been investigated. Number of frost days, extreme maximum temperature and mean maximum temperature data of
forty-one Turkish climate stations have been used from 1960 to 2015. Latest Hurrell North Atlantic Oscillation (NAO)
Index (station-based) data have been downloaded from NCAR/UCAR, The National Center for Atmospheric Research.
Only greater than 0.5 NAO Index has been taken in order to eliminate neutral phase of the NAO index. Frost Day (FDO)
is the day with daily minimum temperature below 0°C. In relation with NAO index, correlation coefficients have been
calculated by using Pearson formula for both mean maximum and extreme maximum temperature and number of frost day
parameters including monthly and DJFM. It assumes that if r is in between + 0.10-0.29 correlation is weak, + 0.30-0.49
it’s moderate and 0.50-1.00 its high. = shows the direction of correlation. If calculated Test statistic (t) value, greater than
selected table value (according to degree of freedom and significance level) Ho hypotesis will refused, there is significant
correlation. In this study degree of freedom is 56-2 = 54 and threshold has been calculated as + 0.27 for a =0,05 and +
0.34 for a.= 0,01. The result shows that the relation between NAO Index and maximum temperature is negative. It means
that negative NAO Index causing an increase in the maximum temperature. Moderate/higher and significant negative
correlations has been found in May, December and DJFM in most of the stations. There are weak positive correlation
when starting and ending autumn (September and November). Generally there are weak negative relationship between
NAO Index and mean maximum temperature. But in June and October there are moderate and statistically significant
negative correlations due to they are transition months. It means that negative NAO Index causing an increase in the
mean maximum temperature. There is weak positive correlation in August. Generally the relation between NAO Index
and number of frost days are positive. It means positive NAO index will be increased number of frost day but negative
NAO Index will cause a decrease in number of frost days. Most of the stations indicate high and statistically significant
positive correlation in DJFM except Istanbul, Tekirdag, Canakkale and Mersin. The result shows that especially DJFM
NAO Index is more affecting Turkey’s climate due to atmospheric circulation. Turkey mean temperature has increasing
trend when NAO has decreasing since 1981. Direction of relationship for temperature is negative while it’s positive in
number of frost day.

Key words: Turkey, NAO Index, Temperature, Frost Days

YBO/ INTRODUCTIONS

[Toctoje Opojue ctymuje o omHocy NAO
uWHJeKca, najgaBuHa y Typckoj, Te cpenme
temneparype (Tilrkoglu et. al, 2006, Tiirkes and
Erlat, 2003). V pany ce 6aBumo ytumajem NAO
MHJIeKca Ha Opoj Mpa3HUX J1aHa T€ Ha MAKCUMAJIHY
U Cpe/ilby MaKCUMaJIHy TeMneparypy. [lapamerpu
TEJIEKOHEKIIH]e Y MamOj WU Behoj Mjepu yTuuy
Ha KJIMMATcKy audepeHLujalnnjy cBHUjeTa Ha
peruone. Typcka je nmak yga/beHa ol OKeaHa Te je
WBeHa kimuma noj yrunajeM NAO uHaekca BUIIe
Hero o yruuajem ENSO-a (Sensoy et al, 2011).

TTOJIALIA U METOJIE

HajHoBUju momamy o MHAEKCY CjeBEpHO-
arnanTcke ocianyje (NAO unaekc) (Ha OCHOBY
nojaraka U3 cranuua) npeysetu cy ca NCAR/
UCAR, HammonanHor neHTpa 3a arMocgepcka
uctpaxubamwa (URL 2). Mjeceune cpenme
MaKcUMajHe TemmepaType u Opoj MpazHHX
JaHa Cy UW3padyyHaTH Ha OCHOBY IOJaTaka
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More studies have been carried out on relations
NAO index and Turkey’s precipitation and mean
temperature (Tiirkoglu et. al, 2006, Tiirkes and
Erlat, 2003). Due to luck of study on effect of
NAO on number of frost days and maximum
and mean maximum temperature, in this study
we investigated this relationship.Teleconnection
parameters are more or less affecting world climate
differentiating by the regions. Turkey is far away
from the oceans. Turkey climate is more affected
by NAO rather than ENSO (Sensoy et al, 2011).

DATA AND METHODS

Latest Hurrell North Atlantic Oscillation
(NAO) Index (station-based) data have been
downloaded from NCAR/UCAR, The National
Center for Atmospheric Research (URL 2).
Monthly mean maximum temperature and frost
days have been calculated from the data of TSMS
(URL 1). Only greater than 0.5 NAO Index has



O/ITHOC U3MEDBY NAO MHAEKCA, MPABHUX JIAHA 1 EKCTPEMHUX U CPEIIBUX MAKCUMAJIHUX
BPUIEAHOCTU TEMIIEPATYPE YV TYPCKOJ
RELATIONSHIP BETWEEN NAO INDEX, FROST DAYS, EXTREME AND MEAN MAXIMUM TEMPERATURE
IN TURKEY

TSMS-a (URL 1). V 063up je y3er camo NAO
uHeKc BpujeaHocta Behux ox +0.5 kako 6ucMo
SJIMMUHHCATIN HEYTpasHy (hazy WHAEKca.

MPA3HU IAH (FDO)
Hexka je Tnij MUHMMaIHa JHEBHA TEMIIEPATypa
Ha JlaH | y nepuony j. W3pauynahemo Opoj nana
[IpU YeMmy je:

(1) Tny<0°C

Koedunuujent kopenaumje je wu3padyyHar
kopuiheweM [lepconoBe dopmyre:

been taken in order to eliminate neutral phase of
the NAO index.

FROST DAY (FDO0)

Let 7Tnij be the daily minimum temperature
on day I in period j . Count the number of days
where:

(1) Tny<0°C

Correlation coefficient has been calculated by
using below Pearson formula:

Tabena 1. Esanyayuja xoegpuyujenma xopenayuje (Cohen, 1988).
Table 1. Evaluation of correlation coefficient (Cohen, 1988).

Kopenaiuja HeraTuBHa MO3UTHUBHA

cnaba -0,29 to -0,10 0,10 to 0,29
yMjepeHa -0,49 to0 -0,30 0,30 to 0,49
jaka -0,50 to -1,00 0,50 to 1,00

[IpernocraBuMO /12 je Kopenamnuja cinabda ako je
BpujenHoct r uzmehy +£0.10-0.29, 3a Bpujennoct
+0.30-0.49 oHa je yMjepeHa, a 3a BPHjeIHOCT
0.50-1.00 je Bucoka. 3anpaBo, + npuKazyje
cMjep kopenanuje (MO3UTHBAH WU HETaTHBAH)
(URL 3).

3HAYAJ TECTA 3A KOEOUITUIJEHT
KOPEJIAITJE

It assumes that if r is in between +0.10-0.29
correlation is weak, £0.30-0.49 it’s moderate
and 0.50-1.00 its high. + shows the direction of
correlation (positive or negative), (URL 3).

SIGNIFICANCE TEST FOR
CORRELATION COEFFICIENT

Where r = correlation coefficient, n-2= degree of freedom
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AKO je u3padyHara TECTHa CTAaTHCTHYKa
BpujenHoct (t) Beha ox omabpane TabenapHe
BPHUjeIHOCTH (IIpeMa CTereHy ClI000/e U HUBOY
3Ha4aja), XUII0Te3a HUjEe OJP)KUBA T€ MOCTOjH
3Ha4YajHa Kopeianuja. Y HameMm pany, CTeIeH
ciobozie je 56-2=54 a m3zpadyyHaTH mpar U3HOCH
+0.273a 00=0,05u £0.343a 0 =0,01.

If calculated Test statistic (t) value,
greater than selected table value (according
to degree of freedom and significance level)
Ho hypotesis will refused, there is signifcant
correlation. In this study degree of freedom
is 56-2=54 and threshold has been calculated
as £0.27 for o = 0,05 and +0.34 for o = 0,01.

Tabena 2. Taberapmne épujeOHocmu 3a mecm-cmamucmuxy
Table 2. Table values for Test Statistics

VY pany, crenen ciodose uznocu 56-2 =54, 3a a = 0,05 t54=2,0. 3a o = 0,01 t54=2,68.
In this study, degree of freedom is 56-2 =54. For a = 0,05 t54= 2,0. For a = 0,01 t54=2,68.
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O/ITHOC U3MEDBY NAO MHAEKCA, MPABHUX JIAHA 1 EKCTPEMHUX U CPEIIBUX MAKCUMAJIHUX
BPUIEAHOCTU TEMIIEPATYPE YV TYPCKOJ
RELATIONSHIP BETWEEN NAO INDEX, FROST DAYS, EXTREME AND MEAN MAXIMUM TEMPERATURE

IN TURKEY
TPEHJIOBU NAO MHIAEKCA 1 CPEJIBE TRENDS IN NAO INDEX AND MEAN
TEMIIEPATYPE TEMPERATURE
North Atlantic Oscillation (NAO) Index in DIFM y =-0.046x + 1 BB0B

Anaornaly
= P2 =
= = =
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Cnuxa 1. Unoexc cjesepno-amnanmcke ocyunrayuje (NAO), DJFM, me mwuxosu mpenoosu
Figure 1. North Atlantic Oscillation (NAO) Index in DJFM and its trend

Mana ce umHM ga cy ce mojaBmie 24 Although it’s appearing that 24 positive 11
Mo3uTHBHE M 11 HeraTMBHMX HEMPAaBWIHOCTH, negative anomalies occurred in the time series,
€BUJICHTHO je 1a mocToju omanajyhu tpera NAO  it’s noticible that there is decreasing trend in the
WHJIEKCA. NAO index.

Cnuxa 2. Henpasunnocmu cpeore memnepamype me woer mpeno y DJFM
Figure 2. Mean temperature anomaly and its trend in DJFM

Cruxa 3. Henpasunnocmu cpeore coouuirbe memnepamype u reH mpeHo
Figure 3. Annual Mean temperature anomaly and its trend
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VY nepuony ox 1981. no 2015. rogune, cpeame Mean temperatures has increasing trends
Temrieparype cy umaine pactyhu tpeaauy DJFM  both in DJFM and annually in Turkey from
u Ha rogumeM HUBOY Y Typckoj. Hacynpor tome, 1981 to 2015. In contrast, there is decreasing
noctoju onanajyhu tperg NAO unzpekcay uctom  trend in the NAO index in the same period.
nepuomay. OBo yka3yje Ha HeraruBaH onHoc oBa isBa  This shows negative relationship between two

napamerpa. parameters.
XY JUJATPAM PACUTIABA HEKHX XY SCATTER PLOTS OF
METEOPOJIOHIKNX CTAHULIA SOME STATIONS

Cnuka 4. XY oujacpam pacunarwa NAO unoexca u makcumanne memnepamype y Mcmamoyny
Figure 4. XY Scatter Plot of NAO Index and Maximum temperature in Istanbul

[TocToju HeraTuBaH ogHOC u3Mehy There is negative relation between NAO
NAO wunaekca m mMakcuMaiiHe Temmneparype. Index and maximum temperature. Correlation
Koeduuujent xopenamuje je cnab (-0.24), re auje  coefficient has been found as weak (-0.24) and it’s
CTaTUCTUYKU 3HAYajaH. not statistically significant.

Cnuxa 5. XY oujacpam pacunarwa NAO unoexca u 6poj mpaznux oana y Aukapu
Figure 5. XY Scatter Plot of NAO Index and Number of Frost Day in Ankara
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O/ITHOC U3MEDBY NAO MHAEKCA, MPABHUX JIAHA 1 EKCTPEMHUX U CPEIIBUX MAKCUMAJIHUX

BPUIEAHOCTU TEMIIEPATYPE YV TYPCKOJ

RELATIONSHIP BETWEEN NAO INDEX, FROST DAYS, EXTREME AND MEAN MAXIMUM TEMPERATURE
IN TURKEY

[Tocroju mo3utuBan omgHoc u3mehy NAO
WHJEeKca U Opoja MpasHux nana. KoeduiujeHt
kopenanuje je Bucok (0.58) Te je cTaTUCTHUYKH

3HayajaH.

There is positive relationship between NAO

Tabena 3. Koegpuyujenm rxopenayuje uzmehy NAO unoexca u makcumanine memnepamype

Table 3. Correlation coefficient between NAO Index and Maximum Temperature

Index and Number of Frost Days. Correlation
coefficient has been found high (0.58) and it’s
statistically significant.

Station Jan. | Feb. | March | April | May | June | July | August | Sept. | Octob. | Nov. | Dec. | DIFM
Adana -0.06 [-0.08 | -0.15 |-0.04|-0.34(-0.13| 0.11 | 0.12 |-0.01| -0.09 | 0.01 |-0.25|-0.23
Afyon -0.20 (-0.25| -0.05 |-0.12|-0.48 |-0.14 |-0.12| -0.24 | 0.08 | -0.15 | 0.03 |-0.31|-0.33
Agri -0.23(-0.24| -0.14 |-0.12|-0.34| 0.12 |-0.01| -0.10 |-0.05| -0.06 | 0.03 |[-0.31|-0.26
Ankara -0.19 (-0.14| 0.02 |-0.08|-0.45|-0.21| 0.02 | -0.19 | 0.02 | -0.22 | 0.00 |-0.21|-0.26
Antakya -0.03|-0.06| -0.04 | 0.05 |-0.29|-0.21| 0.00 | 0.04 |-0.10| -0.14 | 0.07 |-0.17|-0.11
Antalya -0.22|-0.07| 0.03 | 0.18 |-0.36|-0.07| 0.12 | 0.14 | 0.10 | 0.01 | 0.24 | 0.09 | -0.09
Artvin -0.21 (-0.24| -0.01 |-0.11|-0.21| 0.04 |-0.08| 0.01 |-0.04| -0.05 |-0.02|-0.22|-0.33
Balikesir -0.17 (-0.27 | -0.01 | 0.11 |-0.61 (-0.15| 0.11 | -0.29 | 0.01 | -0.08 | 0.02 |-0.24 | -0.20
Bursa -0.23(-0.38 | -0.11 | 0.04 |-0.44 (-0.31|-0.08 | -0.15 |-0.09| -0.28 |-0.02 |-0.46 | -0.44
Canakkale |-0.28|-0.30| -0.19 |-0.13 |-0.25|-0.18|-0.16 | 0.06 | 0.27 | -0.05 |-0.02|-0.29 | -0.39
Cankirn -0.18 [-0.10| 0.12 |-0.07|-0.41|-0.26 |-0.03| -0.13 |-0.03| -0.27 | 0.20 |-0.11|-0.17
Corum -0.26 [-0.12 | -0.08 |-0.12|-0.47 |-0.16 | -0.07 | -0.08 | 0.05 | -0.31 | 0.04 |-0.30 | -0.40
Diyarbakir |-0.33|-0.06| -0.12 |-0.09 |-0.47 |-0.23|-0.13| -0.14 | 0.15 | -0.21 | 0.09 |-0.07 | -0.21
Edirne 0.04 |-0.20| 0.15 |-0.14|-0.35|-0.28 |-0.27 | -0.16 | 0.21 | -0.11 |-0.02 |-0.18 | -0.04
Elazig -0.08 [-0.04 | -0.09 |-0.03|-0.31(-0.13|-0.13| -0.18 | 0.06 | -0.31 | 0.05 |-0.24 | -0.14
Erzincan -0.14 |-0.10| -0.15 |-0.07 |-0.45| 0.01 |-0.05| -0.21 |-0.05| -0.23 | 0.10 |-0.16 | -0.30
Erzurum -0.26 [-0.28 | -0.17 |-0.06 |-0.42 (-0.10|-0.16| -0.03 |-0.05| -0.08 | 0.16 |-0.08 | -0.16
Eskisehir -0.32 (-0.23 | 0.08 |-0.02|-0.42(-0.30| 0.06 | -0.22 |-0.08| -0.19 | 0.21 |-0.41|-0.39
Gaziantep | 0.15 | 0.00 | -0.03 |-0.02 |-0.39|-0.23|-0.15| -0.24 | 0.09 | -0.19 | 0.01 |-0.14 | -0.03
Hakkari -0.23|-0.20| -0.23 | 0.09 |-0.08|-0.07 | 0.04 | -0.17 |-0.14| -0.19 | 0.01 |-0.17 | -0.22
istanbul -0.30|-0.21| -0.21 | 0.02 |-0.26| 0.27 |-0.13| 0.01 | 0.02 | -0.25 | 0.19 |-0.09 | -0.24
izmir -0.31|-0.27| -0.29 |-0.01(-0.34|-0.22 | 0.04 | -0.08 |-0.12 | -0.17 | 0.00 |-0.33 | -0.37
Kars -0.15(-0.22 | -0.27 |-0.11|-0.32| 0.11 |-0.07| -0.33 |-0.06| -0.11 | 0.11 |[-0.30| -0.26
Kastamonu |-0.15|-0.16 | 0.06 |-0.12|-0.34|-0.25|-0.04| -0.14 |-0.05| -0.17 | 0.04 |-0.30 | -0.31
Kayseri -0.31|-0.25| -0.23 |-0.15(-0.32|-0.09 | -0.15| -0.26 | 0.07 | -0.12 |-0.09|-0.35 | -0.50
Konya -0.41|-0.18| -0.25 | 0.08 (-0.59| 0.01 |-0.19| -0.17 | 0.09 | -0.12 | 0.06 |-0.15 | -0.39
Kiitahya -0.29 |-0.19| -0.05 |-0.09 |-0.40|-0.23 | 0.06 | -0.18 | 0.07 | -0.16 |-0.01|-0.24 |-0.34
Manisa -0.35|-0.40 | -0.16 |-0.03 [-0.54 | -0.24 |-0.09 | -0.17 | 0.10 | -0.04 |-0.07|-0.37 | -0.51
Mersin -0.241-0.19| -0.32 | 0.05 |-0.12|-0.26 |-0.06 | 0.02 | 0.13 | -0.13 | 0.09 |-0.18 | -0.35
Mugla -0.06 |-0.07 | -0.09 |-0.02|-0.52(-0.35|-0.05| -0.13 | 0.25 | -0.05 | 0.11 |[-0.01|-0.01
Ordu -0.06 [-0.09 | -0.25 | 0.02 |-0.28 | 0.12 | 0.15 | 0.04 |-0.09| -0.25 |-0.03|-0.28 | -0.30
Rize -0.21 (-0.11| -0.26 |-0.05|-0.33 | 0.09 | 0.06 | 0.02 |-0.20| -0.27 |-0.07 |-0.24 | -0.35
Samsun -0.15(-0.17| -0.29 | 0.06 |-0.10 (-0.17 | 0.08 | -0.11 |-0.21| -0.24 | 0.02 |-0.27 | -0.37
Sivas -0.23 (-0.09 | -0.09 |-0.16|-0.24 (-0.03 | 0.01 | -0.13 |-0.01| -0.26 | 0.00 |-0.30 | -0.29
Sanliurfa -0.06 [-0.06 | -0.13 | 0.01 |-0.30 |-0.19|-0.20 | -0.25 |-0.01| -0.33 | 0.06 |-0.24 | -0.13
Tekirdag -0.22 (-0.31| 0.11 |-0.01|-0.26 (-0.28|-0.20| 0.04 |-0.31| -0.32 |-0.21|-0.40 | -0.29
Tokat -0.25|-0.15| -0.14 |-0.07|-0.28|-0.09 | -0.05| -0.17 |-0.08 | -0.21 |-0.03 |-0.22 | -0.46
Trabzon -0.19 (-0.17| -0.26 | 0.19 |-0.24 | 0.13 | 0.03 | 0.04 |-0.20| -0.24 |-0.23 |-0.09 | -0.31
Van -0.28 | -0.27 | -0.28 | 0.04 |(-0.22 | 0.08 |-0.01| -0.12 | 0.04 | -0.15 |-0.10|-0.26 | -0.32
Yozgat -0.29 |-0.11| -0.04 |-0.05 |-0.37|-0.13|-0.05| -0.13 | 0.06 | -0.28 | 0.01 |-0.26 | -0.33
Zonguldak |-0.35|-0.37| -0.32 | 0.02 {-0.31|-0.05 |-0.07 | -0.22 |-0.19| -0.33 |-0.08 |-0.38 | -0.50
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[InaBa mpuka3yje HEraTUBHY, a LPBEHA
NpuKasyje NO3UTHUBHY Kopenanujy. bouaa
MpeJICTaBIba 3HAUYAJHY KOpEJIaIujy.

Yonmreno yseBmu, onHoc usmehy NAO
MHJICKCA U MaKCUMaJTHE TeMIIEPaType je HeraTHBaH,
IITO 3Ha4YM Kako HeratnBaH NAO HHIEKC TOBOIH
no mnoBehawma MakcuMaiaHe TeMmIlepaType.
YMjepeHa/jaka U 3Ha4ajHa HEraTUBHA KOpeJaluja
j€ ycTaHoBJbeHA y Majy, neremopy, 1 DJFM nHa
Behunu cranuna. [loctoju cmaba mo3uTHBHA
KopeJiaryja MoYeTKOM U KpajeM jeceHu (cernrembap
1 HOBeMOap).

Blue shows negative, red shows positive
correlation. Bold represent significant
correlation.

Generally the relation between NAO
Index and maximum temperature is negative.
It means that negative NAO Index causing
an increase in the maximum temperature.
Moderate/higher and significant negative
correlations has been found in May, December
and DJFM in most of the stations. There are
weak positive correlation when starting and
ending autumn (September and November).

Tabena 4. Koepuyujenm rxopenayuje uzmehy NAO unoekca u cpedre makcumaine memnepamype
Table 4. Correlation coefficient between NAO Index and Mean Maximum Temperature

Station Jan. | Feb. | March | April | May | June | July | Aug. | Sept. | Octob. | Nov. | Dec. | DJFM
Adana 0.00 |-0.07| -0.10 | 0.08 |-0.04 |-0.04 |-0.02| 0.06 | 0.11 | -0.21 | 0.04 | 0.12 | -0.13
Afyon -0.19(-0.18 | -0.09 | 0.02 |-0.10|-0.38|-0.08 | 0.00 |-0.01| -0.26 |-0.10|-0.08 | -0.31
Agri -0.37|-0.32| -0.18 |-0.13|-0.32|-0.10|-0.13|-0.18|-0.30| -0.11 [-0.02|-0.34 | -0.38
Ankara -0.20|-0.05| 0.00 |-0.02[-0.04|-0.40|-0.02| 0.03 |-0.10| -0.25 [-0.02]-0.01|-0.27
Antakya -0.12]0.02 | -0.09 | 0.11 |-0.11|-0.23|-0.09] 0.04 | 0.13 | -0.22 |-0.05|-0.03|-0.11
Antalya -0.141-0.05| -0.15 | 0.13 [-0.12|-0.14|-0.06| 0.04 | 0.27 | -0.03 | 0.23 | 0.13 | -0.26
Artvin -0.25|-0.25| -0.16 |-0.15|-0.16|-0.32| 0.15 |-0.03|-0.26| -0.36 |-0.18|-0.22|-0.39
Balikesir 0.00 [-0.10]| -0.13 | 0.07 | 0.02 | 0.07 | 0.09 |-0.02|-0.26| -0.17 |-0.17 |-0.07 | -0.27
Bursa -0.03|-0.13| -0.05 | 0.01 [-0.05|-0.37|-0.13| 0.04 | 0.11 | -0.35 |-0.10|-0.05 | -0.19
Canakkale | 0.13 |-0.10| -0.01 |-0.03| 0.05 |-0.19]-0.06| 0.12 | 0.26 | -0.28 |-0.10| 0.10 | -0.06
Cankiri -0.18 | 0.01 | 0.02 | 0.03 |-0.10|-0.36|-0.02| 0.05 |-0.10| -0.23 | 0.14 | 0.02 | -0.24
Corum -0.191-0.08 | -0.11 | 0.03 |-0.22|-0.37|-0.01| 0.02 |-0.14| -0.29 |-0.06|-0.10|-0.34
Diyarbakir |[-0.23]-0.06| -0.17 |-0.20|-0.27 |-0.35|-0.08 | -0.03|-0.22 | -0.32 |-0.01|-0.23 |-0.31
Edirne 0.44 |1 0.16 | 0.24 |-0.04| 0.05 [-0.31|-0.23| 0.07 | 0.24 | -0.25 | 0.01 | 0.20 | 0.29
Elazig -0.241-0.09| -0.12 |-0.06|-0.20|-0.36|-0.13 | 0.00 |-0.28 | -0.30 |-0.01|-0.10]-0.25
Erzincan -0.25|-0.13 | -0.19 |-0.08|-0.30|-0.28 |-0.09 |-0.09 |-0.29 | -0.28 |-0.01[-0.09 | -0.31
Erzurum -0.39|-0.30| -0.25 |-0.05|-0.43|-0.30|-0.19|-0.03|-0.29| -0.18 |-0.07|-0.03 | -0.34
Eskisehir  |-0.27 |-0.07 | -0.02 | 0.03 |-0.19]-0.47 |-0.03| 0.02 | 0.03 | -0.24 | 0.02 |-0.06 | -0.30
Gaziantep [-0.01]0.01 | -0.03 |-0.05|-0.21]-0.45|-0.05| 0.03 |-0.15| -0.20 [-0.04| 0.02 | -0.05
Hakkari 0.12 |-0.16| -0.13 | 0.10 |-0.08 |-0.33 |-0.23 |-0.07 |-0.22| -0.26 |[-0.01| 0.18 | -0.02
istanbul 0.19 | 0.03 | -0.08 |-0.05| 0.06 |-0.45|-0.08| 0.07 | 0.15 | -0.38 | 0.07 | 0.07 | 0.00
izmir -0.12(-0.09| -0.09 | 0.07 |-0.03|-0.30|-0.11] 0.01 | 0.11 | -0.29 | 0.00 |-0.12 | -0.25
Kars -0.191-0.02| -0.17 |-0.15|-0.35|-0.26|-0.10|-0.19|-0.37 | -0.30 |[-0.14|-0.25|-0.15
Kastamonu |-0.12 |-0.06 | 0.00 |-0.01|-0.06|-0.47 |-0.02| 0.07 |-0.08 | -0.31 | 0.00 |-0.08 | -0.27
Kayseri -0.29|-0.25| -0.23 |-0.01|-0.03|-0.38|-0.03 | 0.00 |-0.24 | -0.25 [-0.13|-0.15|-0.42
Konya -0.33|-0.27 | -0.22 | 0.07 |-0.26|-0.23|-0.06 | -0.04 |-0.26 | -0.19 |-0.02| 0.07 | -0.44
Kitahya -0.18-0.09| -0.03 | 0.02 |-0.04|-0.47 |-0.07 | 0.09 |-0.04 | -0.23 |-0.03|-0.05 | -0.27
Manisa -0.29|-0.06| 0.02 |-0.01|-0.05| 0.11 | 0.04 |-0.02|-0.07| -0.06 [-0.14|-0.13|-0.13
Mersin -0.06 |-0.04 | -0.23 | 0.09 | 0.04 |-0.38|-0.05| 0.02 | 0.22 | -0.27 | 0.07 | 0.02 | -0.21
Mugla -0.03|0.02 | -0.03 | 0.07 |-0.06|-0.30|-0.02]| 0.03 | 0.28 | -0.17 | 0.16 | 0.03 | -0.11
Ordu -0.02|-0.17| -0.14 | 0.02 |-0.04|-0.34| 0.17 | 0.10 |-0.02| -0.34 |-0.22|-0.19|-0.25
Rize -0.18|-0.22 | -0.22 |-0.08|-0.09|-0.36| 0.04 | 0.11 |-0.20| -0.43 |-0.18|-0.25|-0.37
Samsun -0.09 [-0.24| -0.22 |-0.03|-0.01|-0.22| 0.08 | 0.03 |-0.09| -0.44 |-0.20|-0.11|-0.35
Sivas -0.23]-0.13| -0.18 |-0.04|-0.13|-0.39|-0.05| 0.03 |-0.26| -0.32 |-0.13|-0.16|-0.31
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O/ITHOC U3MEDBY NAO MHAEKCA, MPABHUX JIAHA 1 EKCTPEMHUX U CPEIIBUX MAKCUMAJIHUX
BPUIEAHOCTU TEMIIEPATYPE YV TYPCKOJ
RELATIONSHIP BETWEEN NAO INDEX, FROST DAYS, EXTREME AND MEAN MAXIMUM TEMPERATURE

IN TURKEY
Sanlurfa -0.06|-0.02 | -0.05 |-0.05|-0.21|-0.45|-0.03 | 0.06 |-0.19| -0.28 |-0.04[-0.02 | -0.12
Tekirdag 0.22 |-0.03| 0.07 | 0.03 |-0.16|-0.20| 0.04 | 0.08 | 0.16 | -0.35 |-0.04| 0.09 | 0.05
Tokat -0.23|-0.23| -0.21 |-0.02|-0.17|-0.42| 0.05 | 0.01 |-0.30| -0.24 |-0.23|-0.19| -0.46
Trabzon -0.20(-0.22| -0.29 | 0.11 |-0.23|-0.03| 0.02 | 0.06 |-0.16| -0.42 |-0.26|-0.04 | -0.36
Van 0.06 |-0.12] -0.21 | 0.06 |-0.13|-0.37 |-0.12| 0.01 | 0.12 | -0.30 | 0.02 | 0.00 | -0.08
Yozgat -0.17]-0.18| -0.16 |-0.01|-0.09|-0.34|-0.05|-0.03|-0.24| -0.29 |-0.07|-0.07 | -0.33
Zonguldak |-0.05|-0.29| -0.17 |-0.06|-0.16|-0.15|-0.06|-0.04 |-0.01| -0.39 |-0.15|-0.05] -0.27

[InaBa mpukasyje HeraTHMBHY, a LpBEHa
NpUKasyje NO3UTHUBHY Kopenanujy. bouaa
MIPECTaBJba 3HAYAJHY KOpPEIaIlHjy.

[Tocroju c1ab nerarnsan ogHOC M3Mehy NAO
WHJIEKCA U CpElihe MaKCUMaJlHE TeMIIepaTrype,
aau y jyHy ¥ OKTOOpYy ce jaBJhba yMjepeHa W
CTAaTHCTUYKU 3Ha4YajHa HEraTMBHA KOpeaiuja
Jep cy y mMTamy InpenasHu Mjeceuu. Jpyrum
pujeunma, HeratuBaH NAQO HMHJIEKC JOBOAM 10
noBehama cpeame MakCUMallHe TeMIepaType.
Cna0a no3utuBHA Kopenalyja je 3a0usbexeHa y

aBryCTYy.

Blue shows negative, red shows positive
correlation. Bold represent significant correlation.

Generally there are weak negative
relationship between NAO Index and mean
maximum temperature. But in June and October
there are moderate and statistically significant
negative correlations due to they are transition
months. It means that negative NAO Index
causing an increase in the mean maximum
temperature. There is weak positive correlation
in August.

Tabena 5. Koeguyujenm xopenayuje usmely NAO unoexca u 6poja mpasnux oana
Table 5. Correlation coefficient between NAO Index and Number of Frost Days

Station Jan. | Feb. |March | April | May | June |July| Aug. |Sept.| Oct. | Nov. | Dec. | DIFM
Adana -0.02 | 0.15 | 0.31 -0.18 | 0.14
Afyon 0.42 | 0.25 | -0.35 |-0.20 -0.27 | 0.12 | 0.21 | 0.48
Agri 0.44 | 0.33 | 0.29 | 0.08 |0.30 0.21 | 0.26 | 0.21 | 0.19
Ankara 0.36 | 0.35 | 0.26 |-0.05 -0.18 | 0.18 | 0.29 | 0.58
Antakya 0.28 | -0.19 | -0.17 -0.47 | 0.53 | 0.49
Antalya 0.62 | 0.00 0.61 | 0.48
Artvin 0.36 | 0.29 | 0.02 | 0.47 -0.19 | -0.20 | 0.59
Balikesir 0.16 | 0.02 | -0.32 0.30 | 0.06 | 0.23
Bursa 0.27 | 0.22 | 0.08 | 0.06 0.11 | 0.12 | 0.44
Canakkale |-0.16 | 0.08 | -0.18 -0.71 | 0.01 | -0.09
Cankirn 0.29 | 0.33 | 0.00 | 0.28 -0.25 | 0.22 | 0.05 | 0.67
Corum 0.56 | 0.42 | -0.05 | 0.23 | 0.07 -0.19 | 0.20 | 0.04 | 0.68
Diyarbakir | 0.45 | 0.33 | -0.05 | 0.69 0.18 | -0.07 | 0.62
Edirne -0.05 | 0.10 | -0.04 -0.12 | -0.19 | -0.18 | 0.11
Elazig 0.42 | 0.32 | 0.43 |-0.21 0.18 | 0.28 | 0.53
Erzincan 0.48 | 0.30 | 0.21 | 0.35 -0.46 | 0.20 | -0.07 | 0.54
Erzurum 0.53 | 0.46 | 0.36 | 0.15|0.13 0.05| 0.07 | 0.33 | 0.15 | 0.40
Eskisehir 0.45 | 0.31 | -0.27 |-0.27 -0.02 | 0.10 | 0.36 | 0.66
Gaziantep | 0.24 | 0.28 | -0.08 0.01 | -0.03 | 0.40
Hakkari 0.51 | 0.27 | 0.28 | 0.12 0.16 | 0.26
istanbul -0.32 | -0.10 | -0.06 -0.19 | -0.19
izmir -0.13 | -0.16 0.75 | 0.04
Kars 0.53 | 0.32 | 0.18 | 0.19 |0.20 0.13 | -0.11 | -0.03 | 0.30
Kastamonu | 0.40 | 0.28 | -0.03 | 0.28 -0.10 | 0.14 | 0.07 | 0.59
Kayseri 0.49 | 0.35 | 0.15 | 0.10 0.13 | -0.02 | 0.66
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Konya 0.48 | 0.54 | 0.36 |-0.09 -0.19 | 0.23 | 0.44 | 0.74
Kitahya 0.33 | 0.29 | -0.30 |-0.35 -0.31 | 0.20 | 0.26 | 0.57
Manisa 0.21 | -0.06 | -0.34 -0.08 | 0.35
Mersin -0.04 | -0.34 -0.18
Mugla 0.12 | 0.15 | -0.50 0.14 | 0.14 | 0.47
Ordu -0.10 | -0.12 | -0.43 0.07 | 0.33
Rize 0.30 | 0.17 | 0.03 0.57 | 0.28
Samsun 0.00 | -0.01 | -0.13 -0.10 | 0.22
Sivas 0.42 | 0.30 | 0.24 | 0.21 -0.33 | 0.16 | -0.09 | 0.56
Sanliurfa 0.17 | 0.12 | 0.02 0.14 | 0.31
Tekirdag -0.32 | 0.01 | -0.29 -0.10 | -0.08 | -0.12
Tokat 0.33 | 0.15 | -0.38 |-0.35 0.13 | 0.34 | 0.58
Trabzon -0.07 | 0.02 | 0.15 0.32 | 0.17
Van 0.41 | 0.41 | 0.19 | 0.13 -0.23 | -0.03 | 0.30
Yozgat 0.41 | 0.27 | -0.19 |-0.35 -0.22 | 0.24 | 0.29 | 0.62
Zonguldak | -0.07 | -0.09 | 0.39 | 0.60 0.23 | 0.08

[InaBa mpukasyje HEraTHBHY, a I[PBEHA
npukasyje TO3UTUBHY Kopenamujy. boan
MpeICTaBJba 3HaUajHy KOpeJalmjy.

Onnoc usmehy NAO wunzekca u Opoja
Mpa3HUX JlaHa je MO3UTHUBAH, IITO 3Ha4u Aa he
nosutuBaH NAO uHIEKC A0BECTH 10 nosehama
Opoja Mpa3Hux gaHa Mok he HeraruBan NAO
WHJIEKC JIOBECTU N0 cMamema. Ha Behunu
cTaHuIla yTBpheHa je jaka M CTaTHUCTUYKHU
3Ha4ajHa Mmo3uTuBHa Kopenamuja y DJFM ocum y
UcrtamOyny, Texupaary, Yanakaney u Mepcusy.

Blue shows negative, red shows positive
correlation. Bold represent significant
correlation.

Generally the relation between NAO Index
and number of frost days are positive. It means
positive NAO index will be increased number
of frost day but negative NAO Index will cause
a decrease in number of frost days. Most of the
stations indicate high and statistically significant
positive correlation in DJFM except Istanbul,
Tekirdag, Canakkale and Mersin.

Cnuka 6. Koeghuyujenm xopenayuje usmelhy NAO unoexca u maxcumante memnepamype moxom DJFM
Figure 6. Correlation coefficient between NAO Index and maximum temperature in DJFM

142
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BPUIEAHOCTU TEMIIEPATYPE YV TYPCKOJ
RELATIONSHIP BETWEEN NAO INDEX, FROST DAYS, EXTREME AND MEAN MAXIMUM TEMPERATURE
IN TURKEY

Onnoc n3mely NAO uHIeKca U MaKCUMaITHE
TEMIIepaType je HeraTuBaH Ha CBUM CTaHHIIAMA
mro 3Hauu ga HeratuBaH NAO MHIEKC JOBOIU
10 toBehama MakCMMallHe TeMIeparype.

The relationship between NAO Index and

maximum temperature is negative in all stations.
It means that negative NAO Index causing an
increase in the maximum temperature.

Cnuka 7. Koegpuyujenm xopenayuje usmehy NAO unoekca u cpedre maxcumantie memnepanype
mokom DJFM
Figure 7. Correlation coefficient between NAO Index and mean maximum temperature in DJFM

Onnoc m3meh)y NAO wuHzAekca U cpeame
MaKCHUMaJlHe TeMIIepaType je HeraTuBaH OCUM y
Emupny u Texupnary, mTo 3Ha4u J1a HEraTUBaH
NAO wuHAekc A0BOAM OO0 pacTa Cpeame
MaKCHMaJTHe TeMIIeparype.

Generally the relationship between NAO
Index and mean maximum temperature is
negative except Edirne and Tekirdag. It means
that negative NAO Index causing an increase
in the mean maximum temperature.

Cauxa 8. Koeghuyujenm xopenayuje usmehy NAO unoekca u o6poja mpasnux oana moxom DJFM
Figure 8. Correlation coefficient between NAO Index and number of Frost Days in DJFM
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Onnoc u3mel)y NAO wunzmekca u Opoja
Mpa3HHUX JlaHa je T03UTHBaH ocuM y MctamOyy,
Texupnary, Yanakaney u Mepcuny. bynyhu na
on 1981. ronqune nocroju onanajyhu tpeax NAO
nHiaexkca, HeratnuBad NAQO MHIEKC JOBOIHU JIO
cMamema Opoja MpasHuX aaHa y Typckoj.

3AKJBYYHAK

Generally the relation between NAO Index
and number of frost days are positive except
Istanbul, Tekirdag, Canakkale and Mersin. Due
to there is decreasing trends in NAO Index
since 1981, negative NAO Index causing a
decrease in number of frost days in Turkey.

CONCLUSION

Tabena 6. Koegpuyujenm rxopenayuje uzmehy NAO unoexca u Mpasnux 0ana, cpedre MaKkCumaine
memnepamype u maxcumaine memnepamype y Typckoj.
Table 6. Correlation Coefficient between NAO Index and Frost day, mean maximum temperature
and maximum temperature across Turkey.

Teleconnection Climatic Parameters DJFM Correlation
Parameters
Number of Frost Day  (DJFM) 0,62
NAO Index
(DJFM) Mean Max.Temperature (DJFM) -0.34
Maximum Temperature (DJFM) -0.45

YMjepeHo HeraTuBaH OJIHOC je yTBpheH
u3Mel)y cpelnme MakcHUMalHe TeMIeparype U
MakcumaiiHe Temrneparype u 1o -0.34 -0.45. Unak,
CHa)KaH TMO3WTHBAaH OMHOC je yTBpheH u3melhy
NAO wunaekca u 6poja Mpa3HUX JIaHA MIAPOM
Typcke.

Omnanajyhu tpenag NAO wunnekca om 1981.
roJIMHe ce MoayAapa ca nosehameM TeMIieparype
U CMamkeHheM Opoja Mpa3HHX jJaHa y Typckoj.

Pesynratu mokasyjy na NAO, y mamoj
nunu Behoj Mjepu, HETaTUBHO YTHYE Ha CPEIbY
MaKkCHMallHy TeMIeparypy M MaKCHUMallHy
TeMrepaTrypy, T€ Ja YBEIUKO YTHYe Ha Opoj
Mpa3HHUX JaHa mupom Typcke.
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Moderate negative relationship has been
found between mean maximum temperature
and maximum temperature as -0.34 -0.45
respectively. But strong positive relation has
been found between NAO Index and number
of frost days across Turkey.

Decreasing trends in NAO index since 1981,
it’s compatible with increasing temperature and
decreasing number of frost days in Turkey.

The result shows that NAO is more or
less negatively affecting mean maximum
temperature and maximum temperature and
strongly affecting number of frost days across
Turkey.
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IMPOCTOPHO-®YHKIIMOHAJIHA OPTAHU3ALIUJA CEJIA
BPEJIO U MOI'YRHOCTH TYPUCTHUYKE BAJIOPU3AIINJE
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Caskerak: Y pany je ogpeheH mpocTopHO-PYHKIIMOHAIHN OKBHp cena Bperno y peruju bupau. Anannsupane cy 0CHOBE
NPUPOIHHUX W aHTPOIOTCHUX BPHjEAHOCTH, HMXOBAa MHBEHTApH3allMja, KOMIUIEMEHTapHOCT M Pa3BOjHa KOMIIOHEHTA
OZIPKMBOCTH CEOCKOT Typu3Ma. IIpenmer paga je GasupaH Ha aHAIM3H HMPUPOTHUX CICHU(PHIHOCTH KOje Cy MMaje
IpecyaH yTHIA] Ha IPOCTOPHO-(QYHKINOHATIHY OpraHu3aiujy cena Bpemno. Ha ocHOBY Tora cTBOpeHe Cy NpeTHOCTaBKe
3a Morylly TypHCTHYKY BaJIOPH3AIH]y U MTOCTYITHO YBOHEHE Y OAPKHUBY pa3BojHY (a3y. PasmMaTpaHo je TpeHYTHO CTamke 1
MoryhHOCTH pa3Boja €KO M €THO-TypH3Ma Ha eKOHOMCKH OJIP>KUBUM OCHOBaMa y3 HHCTUTYIIHOHAIHE Pa3BOjHE TPOjeKTe
1 aHTaKOBAHHE JIOKATHOT CTAHOBHHIITBA Ca OJIAarOBPEMEHHM U MPABHIHUM OJHOCOM IpeMa )KUBOTHOj cpeanHu. Ha 6as3u
ayTeHTHYHUX MPUPOAHHUX M AHTPOIOTCHHX BPHUjEIHOCTH, aKIEHAT je JaT U Ha MOTYHHOCT cTBapama IPETIOCTaBKU 3a

OpraHu3aIyjy TEPEHCKUX HACTaBa 3a CTy[CHTE reorpaduje 1 IpOoCTOPHOT IIAaHUPAA.
Ksbyune pujeun: Ceno Bperno, mpocTopHo-(yHKIIMOHATHA OPTaHU3AIH]ja, eKO-TypH3aM, OJPKIBH Pa3Boj.

Original scientific paper

SPATIAL-FUNCTIONAL ORGANIZATION OF THE VILLAGE
VRELO AND POSSIBILITIES OF TOURIST VALORIZATION

Vidomir Obradovié¢!

“Orion“ Ltd, Vlasenica, Republika Srpska

Abstract: This paper is determined by the spatial-functional framework Vrelo village in the region of Birac. We analyzed
the basics of natural and anthropogenic values, their inventory, complementarity and development component of the
sustainability of rural tourism. The paper is based on an analysis of natural specifics that had a decisive influence on the
spatial and functional organization of the village of Vrelo. On this basis, we created the conditions for a possible tourist
valorization and the gradual introduction of a sustainable development phase. The current situation has been discussed
and potential for development of eco and ethno-tourism on economically sustainable basis with institutional development
projects and involvement of the local population with timely manner and proper attitude towards the environment. On
the basis of authentic natural and anthropogenic values, emphasis is given to the possibility of creating conditions for
organizing field classes for students of Geography and Spatial Planning.

Key words: Village Vrelo, spatial and functional organization, eco-tourism, sustainable development.

YBOI INTRODUCTION

Ceno Bpeno ce nanasu y peruju bupau na
JjyrouctounnM naauHamMa opaa badkosar (971 m H.
B.), Y CIIMBHOM MOpy4jy pujeke Bpeno. [Tpumnanga
omutuan IllexkoBuhu M MjecHO] 3ajeIHULH
Tumrua. Yune ra 3aceomu bojanumhu, Bperno,
launhu, MakcumoBuhu, Maneruhu n Tpumhu.
[To IMomucy 2013. r. uma 236 cTtaHoBHUKA U 72
noMahuHcTBa.

Village Vrelo is located in the region Bira¢
on the south-eastern slopes of Mount Backovac
(971 AMSL), In the catchment area of the river
Vrelo. It belongs to the municipality of Sekoviéi
and local community Tis¢a. It is composed of
hamlets Bojani¢i, Vrelo, Gaci¢i, Maksimoviéi,
Maleti¢i and Trisi¢i. According to 2013 Census,
it has 236 residents and 72 households.
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BUJIOMIP OBPAZIOBIh
VIDOMIR OBRADOVIC

Pemmed ka0 oCHOBHO 0OWIBbEKjEe TPHUPOIHE
CpeIuHEe CacToju ce Of OOJIMKa Pa3IuYUTHX
10 TOCTaHKy U u3rieay. Ha penatuBHOo Manom
MPOCTOPY YOUYJbUBE CY pa3HOJUKE pesbedHe
¢dopme. Kpeumauka crpykrypa Opaa bauxosar
cjeBepo3arnaaHo o cena u Opno Benuka crujena
(835 m H. B.) Ha CJeBPOHCTOKY CeJia, IPOCTOp je
ca pa3HOJIMKHUM MOBPIIMHCKUM IeOMOP(HOTOIIKUM
(opmama rije JOMHUHUPA]y Ha3yOJbeHH KPeUhadKu
BPXOBU U CHMapH ca OpojHUM Toumianma. Tako
MIPEMCIIOHUPAH pesbed ca MOI3eMHUM TOKOBUMA
CTBOPHO j€ y MOMHOX]Y OBHX Op/a W3BOPHILIHU
HU3 pujeke Bpeno, a HU3BOJHO y3 pHjEKy
BEJIMKE Hacjiare OUrpe W Moja3eMHE pesbedHe
obnuke ca nehunama u jamama. Pujexa Bperno y
W3BOPUIIIHOM jujeny ,, I piauna pyma® mojasibyje
ce y BHJy M3BOPUIIHOT HU3A TJje e Ha AYKUHH
O]l CTOTHIAK MeTapa I0jaBJbyjy H3BOpU Ha
TONOrpadcKoj MOBPIIMHUA Y BHY HU3BOPHUIIHOT
xopu3oHTa. Ox u3Bopa a0 ymha y Jpumady y
ceny Tummua y ay>xuHu off oko 3,5 km Ha pujeru
cy OpojHe OMTpOBUTE ylTaHYaHE KaJie W mpedare.
Ha y3ny>xHom npoduity pujexe cy Tpu BOAOIaIA.
VY camom ceny Bpeno je npBu 1 Hajsehu Bozonan
HACTao Ha OMTPOBUTHM IpelaMa M Kajgama Tije
ce y BpujemMe mposbehHOT U jecemer MoBOImba
(dhopmupajy MUpOKe Jiere3e cianopa. Y JHETHUM
MjeceluMa CIIaloBH C€ 3HATHO CMamke U Taja je
Moryh yna3 y nehuny ucnoa Bogonaja. bouno ox
Bojomnaaa cy 6e3BogHe nehuHe koje cy moOuiie
Ha3MB 10 BJIACHHUIIMMA CTOKE KOjU CY CTOKY Y HbUX
3aTBapanu. Te nehuHe ykasyjy Ha Ayru mporiec
MOCTaHKa pUjeKe U IeHOT cMamuBama. O M3Bopa
710 TIpBUX NiehrHa je 3Ha4ajHa eKBUIMCTAHIH]a ILITO
yKazyje Ha HeKaJJalllikhe MTOCTOjamhe XUAporpadcke
KomyHuKaryje 1o nehuna. To ymyhyje Ha 3aksby4ak
1a OU ce CTIeNeOIOMIKUM HCTPaKUBAmBUMa MOTJIH
npoHahu Moa3eMHU pesbeHU OOTUITH.

BpnoBute crpane cy obpacie 6je1oropuaHoM
BETETAIMjOM (XpacT, OyKBa, rpal 1 HICKO PACTHILE).
Hcnox cena cy opaHulle, nammany, Bohmaim,
a y3 TOK pujeke Bpeno je rpmonuko npsehe
nujecke, BpoOe, jomuke... CjeBepUUCTOYHO Of
Opna Benmka ctujeHa y okpyxkemwy 0jeoropuyHe
IryMe ce Hajmaszu Maio je3epo y OJM3UHU KOjer
Cy cTodapcke konmube. Jesepcka Bojia je u3y3eTHe
grictohe mTO yKasyje BojeHa (opa u ¢ayHa Kao
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Terrain as a basic feature of the natural
environment consists of various forms according
to the origin and appearance. On a relatively small
area there are many diverse forms of terrain. The
limestone structure Backovac hill northwest
of the village and the mountain Velika Stijena
(835 AMSL) on the north-east part of village,
an area with diverse geomorphological forms
of surface dominated by the jagged limestone
peaks and pebble with many rubble. That kind
of predisposed terrain with underground streams
at the foot of the hill created river well Vrelo,
and downstream along a river large deposits of
tufa and underground terrain forms with caves
and pits. RIver Vrelo in the source of the "Grlina
rupa" appears in the form of the source string
where on the length of one hundred meters
sources of topographic surface occur in the form
of source horizon. From the source to the mouth
of Drinjaca in the village of Tis¢a, a distance
of about 3.5 km on the numerous chained tubs
and rungs. On the longitudinal profile of the
river there are three waterfalls. In the village of
Vrelo is the first and largest waterfall originated
on beams and tubs, where during the spring and
autumn floods form a wide variety of waterfalls.
In summer the falls significantly reduce and then
the entrance to the cave is possible under the
waterfall. On the side of the waterfall there are
waterless caves which are named after the owners
of livestock held their cattle there. These caves
indicate the long process of the foundation of the
river and its decrease. From the source to the first
caves there is a significant equidistance, which
indicates the former presence of hydrographic
communication to the caves. This suggests that
the cave exploration could find the underground
terrain forms.

Hilly sides are covered with deciduous
vegetation (oak, beech, hornbeam and low
vegetation). Below the village are fields, pastures,
orchards and along the river Vrelo there are
bushy trees of hazel, willow, crone ... North-east
from the Velika stijena hill in the surrounding of
deciduous forests a small lake is situated, close
to the farmers' cottages. The lake water is of
exceptional purity, which indicates aquatic flora



I[TPOCTOPHO-®YHKIIMOHAJIHA OPTAHU3ALIMJA CEJIA BPEJIO U MOI'YRHOCTHU TYPUCTHUUYKE
BAJIOPU3AITIMNIE
SPATTAL-FUNCTIONAL ORGANIZATION OF THE VILLAGE VRELO AND POSSIBILITIES OF TOURIST
VALORIZATION

MHJIUKATOp YMCTE KUBOTHE cpenune. Mmajyhu y
BUJTy YME-EHHUITY /12 je cerno Bpero y morpanuuaHoM
T0jacy ca OIMIITHHOM BiiaceHuiia xoja je jeauHa o
onmrTruHa y bupuy umana Mjepeme KIMMaTCKuX
eJeMeHaTa 3a KJIMMAaTOJOWIKKM Hu3 ox 1961.
o 1990. r., a MeTeoposyomIKa CTaHULA je Ha
npuOIIMKHO] HAZAMOPCKOj BUCHHH Kao celo Bpero,
Ia Ha OCHOBY aHAJOTHje CE€ MOTY H3BECTH H
IIaBHE KIIMMaTcKe ofuike. Temneparypa Ba3ayxa,
BJIQXXHOCT Ba3/lyxa, MaJaBUHE M BJETPOBHU CY
HajU3paKEHUJU KIUMATCKU EJIEMEHTH KOjH
yTUYY Ha KUBOT YOBjeKa U 3HAYAJHUM JIUjEJIOM
omnpexajesbyjyhu 3a opranumsanujy Hacesba.
Cpenma ropuima Temneparypa Basayxa je 9,48
° C, cpelnma roauiima KOJIMYMHA NafgaBuHa |
123 mm, npocjeyHa roAuIImka BIaKHOCT Ba3Lyxa
77,27 %, nmpocjeuna rogunima obimagHoct 5,19.
Haj3actynsseHuje BpcTe BjeTpoBa Cy cjeBepail,
jyro u pasBuropan. BjerpoBu y mposeehe u
jecen poctuxy jaunny @ = 6 mo bodopy u
MOTIPUMAjy OAJIMKE ONyjHHX BjeTpoBa F = 8
(CX3. Meteoposnomniku rogumimak [, 1961-1985;
PX3 buX . 1986—1990). Ha ocHoBy ananuze
KJIMMATCKUX eJleMeHaTa M OMOKIIMMATCKHX YTUIIaja
(31paBCTBEHU, PEKPEAaTUBHU, CENATUBHU...),
KJIMMa UMa OUTHY YJIOTY Y OCHOBHHUM I1€j3aKHUM
O/UTMKaMa, KapakTepy M CE30HCKOM KpeTamy
TYPHCTa, IITO 32 pe3yiITaT uMa OUTHY YJIOTY 3a
KpeHUpame eKOHOMCKO-Teorpa)CKUX MPUIIHKA.

Temmneparypa Bazayxa, BIQXHOCT Ba3ayxa,
najaBUHE M BjeTPOBU CYy Haj3HAYajHUJH
KJIMMATCKU €JEMEHTH KOjU YTUYy Ha KHUBOT
YOBjeKa W 3HYAjHUM JIMjesioM omnpenajesbyjyhu 3a
OpraHM3aIyjy HaceJba.

[NPOCTOPHO-®YHKIINMOAJIHA
OPTAHU3AIINJA CEJIA BPEJIO

Cerno je 30ujeHOT THTIA ITO HHUjE THITUIHO 32
cena peruje bupau. ITo LBujuhy oBakas Tum cena
Ou ce MOTrao CBPCTaTH Y YUTIYUKH WM TYypCKO-
uctourbauku ( L{Bujuh, 1991, ctp. 257). Ha
HEKaJ[alllkhe MPUCYCTBO TYPCKOT CTAHOBHUINITBA U
yIpaBe yka3yjy u Tornonumu bernyk u berosuhu.

VY KOHTEKCTy IOTOJAHOCTH Bajlopu3aluje
€KO U eTHO-TypH3Ma y celly Bpemno y3 moBosbHE

and fauna as an indicator of a clean environment.
Bearing in mind the fact that the village Vrelo
is in the border zone with the Municipality of
Vlasenica, which is the only municipality in
Birac that had a measure of climatic elements
for climatological series of 1961 to 1990, and a
weather station is at an approximate altitude as the
village Vrelo, so based on the analogy the main
climatic features can be drawn. Air temperature,
humidity, precipitation and winds are most
pronounced climatic elements affecting human
life and a significant part of committing to the
organization of the village. The mean annual air
temperature is 9.48 °© C, mean annual precipitation
is 1123 mm, the average annual humidity is
77.27%, the average annual cloudiness is 5.19.
The most common types of winds are north
wind, south wind and razvigorac. The winds in
spring and autumn reach the strength of F = 6 per
BOFOR and take on the characteristics of gale-
force winds F = 8 (SHZ. Meteorological Yearbook
I, 1961-1985; RHZ BiH. 1986-1990). Based on
the analysis of climatic elements and bio-climatic
impact (health, recreational, sedative ...), air has
an important role in primary landscape qualities,
character and seasonal movement of tourists,
resulting in a significant role for the creation of
economic and geographical conditions.

Air temperature, humidity, precipitation and
winds are the most important climate elements
that affect human life and a significant part of
committing to the organization of the village.

SPATTIAL-FUNCTIONAL ORGANIZATION
OF THE VILLAGE OF VRELO

The village is compact type, which is not
typical for the villages of the region Birac.
According to Cviji¢ this type of village could
be classified into Citluk style or Turkish-Eastern
(Cvijie, 1991, p. 257). On the former presence
of the Turkish population and administration
toponims Begluk and Begovi¢i indicate.

In the context of the benefits of indexation
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NPUPOAHE MPENyCIOBE U OUYYyBaHY >XHUBOTHY
CpeAMHY, MOTOAYjy U aHTPOIOT€HE TYPHCTUYKE
BpHUjEIHOCTH. Y 3HATHO] Mjepu ce€ cauyBajia
TPaIMIMOHAIIHA CEOCKA aXUTEKTypa Y MPOCTOPHO-
(GyHKIIMOHAIHO] OpraHu3anuju objekaTa
3a CTaHOBambe€ M 3rpaja Koje YMHE CEOCKO
nomahuncTBO (OpBHape, curyiie, HIeTepyIIe,
hepnuuape...).Ha ocHoBy wucrtpaxuBama P.
Mepunrepa, J. Lsujuha u J. [leaujepa, M.
Kapanosuh y pany ,,O muny xyha y bocuu”
W3BOJIM AaHAIN3Y AOTANAlIBbUX UCTPAKHUBAKBA O
tury OpBHapa. OH HaBOIM J1a je U caM OOHIIao
npocTope koje aaHac unHe perujy bupau (Ocar,
Jlynmep, bupau u kpetao ce ka Tyznu u Copeun).
O6jammasa tun L[Bujuhese nuHapcke OpBHape,
IEHE pa3BojHE (haze U paclpoCTPamEHOCT MPH
yeMmy aHanu3upajyhu MeprHrepoBO HCTPaKUBAE
npumjehyje 1a ce oH Huje 6aBHMO pasznHKaMa
u3Mel)y xpumrhancke U MyciaMMaHCKe OpBHape,
Ka0 HH Pa3BUTKOM OpBHAPE KAKO Y XOPU30HTAITHOM
TaKo M y BepTukanHoM npasity (Kapanosuh, 1927,
ctp. 207-214). 3a Behuny kyha je 3ajemHuuko aa
ce MaXJBUBO Oupa Jokaruja. 360r MophOIOIIKH
npeonnalyyjyher Opacko-NmIaHUHCKOT pesbeda
y bupuy je HajBuIIe ceoCKUX Hacesba HACTAIO
y MOMHOX]Y TUIaHWHA U Opna. YmpaBo Ha TOM
MOJHOX]Y je Hajuerhe M3BOPHUIIHU XOPU3OHT.
Ha noaupy BOIONpOIyCTUBUX M BOAOOAPKUBUX
CTHjEeHa TI0jaBJbyje C€ U3BOPCKH HU3.
Tu u3Bopu ce ypehyjy y decMme koje cy y
cpenuiuTy cena. MHOro je npuMjepa Jia cy uecme
MPETBOPEHE M Y CIIOMEH-00mIbexkja. M3Han
cella ce Hajase Mallmbaly 1 IIyMe, 10K Cy HCIOA
kyha opanune, Bohwanu u nuBazge. [lytae
KOMyHHKaluje cy Hajuerthe ucroy kyha, a usnan
yecme. [lpu popmupamy nomahuucTasa ce
na3y Ha OCYHYaHOCT, 3aKJIOH O BjeTpOBa, Haruod
TepeHa ¥ npuia3. Yna3 y kyhy ce npumarol)aBa
yCJIOBUMa T€pPEHa 1 HaJa3U Ce ca CYNpOTHE
CTpaHe O] INIaBHOT CMjepa JIyBarba BjeTPOBa.
VY31urHyTH OKPOBHU 00jeKara cy npusaroheHu
naJlaBMHaMa U OTIIOPHU Ha yJiape BjeTpoBa.
[Ipema mMatepujairy ox1 KOr ce rpaje, 00jeKTH
ce Jujene y TpH OCHOBHA THIIA: JIPBEHE, KaMEHe,
3eMJbaHE U TIPETa3HU OOTHUITH.
Wzrnen u Tun xyhe Huje 6o Be3aH camo 3a
Marepujai, Beh 1 3a peurujcKy IpunagHoCcT na
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of eco and ethno-tourism in the village of Vrelo
with favorable natural conditions and preserved
environment, anthropogenic tourist values serve.
To a large extent,the traditional rural architecture
of the spatial and functional organization of living
quarters and buildings is preserved, that make up
the farm (chalets, Sigus, Seperusas, ¢erpicaras ...).
Based on the research of R. Meringer, J. Cviji¢
and J. Dedijera, M. Karanovic in the work "The
types of houses in Bosnia" performed an analysis
of previous research on the type of cabins. He
said that he himself visited the premises which
today form the region of Bira¢ (Osat, Ludmer,
Birac, moving toward Tuzla and Spreca). The
type of Cviji¢ev dinaric chalet is explained,
its development phases and distribution with
analyzing of Meringer study notes that he
did not deal with the differences between the
Christian and Muslim chalets, as well as the
development of the structure both in horizontal
and vertical direction (Karanovic, 1927, pp.
207- 214). Most houses have in common that
location is carefully selected. Because of the
predominant morphologically mountainous
terrain in Birac, the most rural settlements arose
at the foot of mountains and hills.It is at the foot
of the mountain that is the most common place
for source horizon. On contact of waterproof
and watersustainable rocks is where well string
appears.

These sources are regulated in the faucets
at the center of the village. There are many
examples that faucets are converted into
memorials. Above the village there are pastures
and forests, while below

houses there are arable land, orchards and
meadows. Road communications are usually
under houses, and above

fountain. When forming households sunlight
is watched for, shelter from the wind, slope of

terrain and access. The entrance to the house
adapts to the conditions of the terrain and is
located on the opposite

side of the main direction of the wind.
Elevated winding sheets on houses are adjusted
to precipitation and wind resistant.

According to the materials that are used
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Cy W 3HaTHe pa3nuke u3Mel)y cprickux kyha y cemy
Bpeno y onHocy Ha MmycnumaHcke Kyhe y peruju
bupau.

Ceno Bpeno 300r cBoje ayTeHTHYHOCTH
y KOHTEKCTY HPOCTOPHO-(PYHKIHOHAIHE
OpraHu3allije MOXe Ce y3eTH Kao Mpumjep 3a
Moryhy opraHu3aiujy ¥ TOCTaBKE E€THO-Cela
KOj€ OCJIMKaBa OCHOBHE eJIeMEHTe Ipal)eBHHCKO-
ApPXUTEKTOHCKOT M COLHMO-KYJATYPHOT Hacibeha
y peruju bupau. PeBurtanuzamujom objexara
KOJU TIpUPAJajy THUILy TPaIUIMOHAIHE CEOCKe
ApUTEKType, HHHUXOBOM KaTErOpH3allHjoM
u mnpuiarohaBameM mnoTpebama TypHCTa,
noboJblIatbeM NyTHE HHPPACTPYKType H
eIIyKaIijOM CTAHOBHHMIITBA OU C€ CEOCKU TypHU3aM
yBEO y 3HaTHY pa3BojHy (pazy. HeomnxonHna je u
00HOBa BOZICHUIIA KOje Cy Omiie Ha pujeru Bperno.

VY ceny ce Hanma3e Tpu Hekporosne crehaka:
PyxeBuha 6ammra 11 crehaka y o0nuky canmayka u
10 creememaka, [maBuiia 2 cibeMemaka, [loakyhe
8 cannyka (bemuaruh, 1971, ctp. 218). Ha
y3BHIIewY [1aBuna je carpahena 2014. r. Lpksa
Cgere BenmkomyueHulie Mapuhe. Y Onu3uHU
cena je u Mmanactup [Ipopoka Unuje y Pymumruma
n3rpahen 1891. . y unjem ce IBOPHUILTY Hala3u
crioMeH-o0mbekje 3a cBe patoBe Cpba y XX
BUjEKy. Y3 MaHACTHp je U apXEOJOUIKH PUMCKH
nokanutet [loarpaguna xoju je 1902. . oTKkpHo
ayctpujcku apxeonor Kapno ITau (ITa4,1902, ctp.
5).

Okonna Opna u moJbaHe o0OOHUIYjy
JbeKOOMJbEM U TJbMBAMa, & CTAHOBHHILITBO C€
0aBM TpaguULMOHAIHUM 3aHaTUMa (IJIETHA,
TKambe, BE3, JIPBOMAJEJbCTBO...), CTOUYAPCTBOM,
[TYENIAPCTBOM, ITEYCH-EM BONHHX paKHja, CyIIeHEM
JbeKOOMJba U MECHHUX MIPOM3BOJA, MPABIHEHEM
MJIMjE€UHHUX MPOU3BOJA... Y OBAKBOM aMOMjeHTY
je moryha BoOXma OWIIMKIOM, OpraHH3aluja
UWIHAja/ia, jaxame OpACKUX OOCaHCKUX KOma,
HIETHE IIYMCKHM CTa3aMa, CKyIlJbambe IUI0Z0Ba,
napaniajauar ca opna badkosair o Turrganckor
nosea. OB npetyciioBu omoryhasajy cnenuduyane
BpCTE TypHU3Ma Koje ce MOry Je(pUHUCATH Kao:

37]paBCTBEHO-PEXaOMIUTAIIMOHHU, CIIOPTCKO-
PEeKpeaTUBHU,KYJITYPHO-MaHU(PECTAIHOHH. . .

Moryhe cy u opranuzaunuje paaloOHHIIA
3a 00yKy cTapux 3aHaTta u ydemhe Yy

for building, the facilities are divided into three
basic types: wood, stone and earth, and their
intermediates. The format and the type of house
was not only related to the material, but also
for religious affiliation but are also significant
differences between the Serbian houses in the
village Vrelo in relation to Muslim houses in the
region Birac.

Village Vrelo, because of its authenticity
in the context of the spatial and functional
organizations can be taken as an example for the
possible organization and setting ethno-village
that depicts the basic elements of construction
and architectural and socio-cultural heritage of
the region Birac. By revitalizing objects which
belong to traditional type of village architecture,
with their categorization and adjusting the
needs of tourists, improving road infrastructure
and education of the population to whom rural
tourism would be introduced, it would enter
substantial development stage. It is necessary
to reconstruct watermills that were on the river
Vrelo.

In the village there are three necropolis:
Ruzevi¢ Gardens 11 standing tombstones in
the chest and 10 gabled, 2 Glavica gabled,
Podkuca 8 crates (Bescagi¢, 1971, p. 218). On
the hill Glavica Church of the Holy Great Martyr
Marina was built in 2014 . Near the village is
the monastery of the Prophet Elias in Rudiste
built in 1891 In the courtyard of the memorial for
all wars of the Serbs in XX century. In addition
to the monastery and archeological Roman site
Podgradina which is discovered in 1902 Austrian
archaeologist Karlo Patch (Patch, 1902, p. 5).

The surrounding hills and meadows are
rich with medical herbs and mushrooms, and
the population is engaged in traditional crafts
(knitting, weaving, embroidery, carpentry ...),
animal husbandry, beekeeping, baking, fruit
brandies, dried herbs and meat products, making
dairy products ... In this environment, cycling
is possible, organizing Jeep races, Bosnian
mountain horse riding,forest trails hiking,
collecting fruits, paragliding from the hill
Backovac to Tisca field. These preconditions
allow specific types of tourism that can be
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MOJHOTIPUBPEAHUM pajoBUMa. 3HauyajaH Opoj
nopoxuiia u3 cena Bperno cy me3aeceTix roguHa
XX BHjeKa HAIIUTK 3aM0CIICHE Y 3eMbaMa 3arajiHe
EBpomne. IloTpeOHO je MCKOPUCTUTH HUXOBY
KeJby 3a MOBPATKOM U YJIarame y CBOj€ Celo U
MOHYJIUTH UM OJIP’)KHMBE IPOJEKTE 3a Yyllarame
y eKo-TyupuszaMm. MapkupaHa IUIaHMHApCKa
cTa3a Kao jeJHOJHEBHA Ijellauyka Typa BOAH
70 CpEemOBjEKOBHOI MaHacatupa JloBHuIe,
3anykOMHe Kpasba JlparyTuHa, U3BOpa pHjeke
JloBuunie u Jlopamuke nehune. MckycTBeHo ce
TOKA3aJI0 J1a CY CTYACHTHU reorpaduje Ha TEPEHCKO]
HacTaBu y ceny Bpeno mmanu moryhHoctu 3a
MYJITHIUCIUIUTMHAPHA TIPAKTUYHA UCTPAKUBAHA
BE3aHa 3a HAacTaBy reorpaduje u MpPOCTOPHOT
wiaHupama. Jla Ou ce mocnujemmno pasBoj H
MOCTUITIA OJPKUBOCT €KO-TYpH3Ma, TIOTPEOHO je
YKJbYYUTH U JIOKAJIHY 3ajeHUILy ca Pa3BOjHUM
MIPOjEeKTUMA, CTAHAAPIU30BATH U KAaTETOPHUCATH
ceocka JoMahMHCTBA, M3BPLINTH HHBEHTAPU3ALH]Y
CMJCLITAJHUX JeIUHHIIA, OCMHUCIUTH CMjEIITaj U
Iporpame 3a TypUCTe Y CEOCKUM JJoMahnHCTBUMA
u yHanpujeautu kyhny pagunoct. Capaambom ca
TYPUCTUYKUM OpraHu3alyjamMa U TYPUCTUUYKHM
areHIjamMa rnoTpedHo je OCIOCOOUTH CTPYUHY
BOJUYKY CIYXkO0y, H3paauTH oAroBapajyhe
JeIHOOHEBHE M BUIICAHEBHE IMporpame y
CKJaay ca morpebama TypucTa... Exykanujom
CTAHOBHHILTBA KOje MpyXka yciyre y KyhHoj
PaZMHOCTH, MOOOJbIIABA CE COIMO-EKOHOMCKA
CITHIKA Cella, MOCTHKE CE CaBPEMEHA OIPEMIbEHOCT
WHQOPMAIMOHUM U  KOMYHHUKAIIMOHUM
TEXHOJIOTHjaMa Koj€ je MOTPEOHO YOKBUPUTH Y
TpaJuIMOoHaTHA aMOujeHT. Ha 0CHOBY mpHpoIHuX
Y aHTPOIIOTEHUX BPHjEAHOCTH KOje Ce M3IBajajy
cBOjoM ayTeHTH4HOIIhy, ceno Bpeno paszBojHy
KOMITOHEHTY M NpEeIHOCTH Tpeba Oazuparu Ha
IIMPEM PETMOHAIHOM U JAP>KaBHOM IPOCTOPY H
OJIPXKUBHU €KO-TypH3Ma 0a3upaTH Ha IJIAHCKOM
pa3Bojy u odyBamy OuomuBepsuteTa. HammexHe
penyOiMyYKe W OMIITHHCKE WHCTUTYIH]E Tpeda
Ja JAjenyjy caBjeTOJaBHO M IMApPTHEPCKU ca
JOKaJlHUM CTAaHOBHHUIITBOM, Ja TMOCIjelryjy
OYyBam€ M pa3Boj CTApUX 3aHATA, MPOU3BOIILY
3paBe XpaHe, NMOMOTHY NpH IUIACMaHy THX
MIPOM3BO/IA, BPIIIE MPOMOITH]Y pa3Boja... [lorpedHO
Jj€ 3aKOHCKHMM peryjaThBaMa Jia c€ YCIOCTaBH
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defined as: health and rehabilitation, recreation
and cultural manifestations. It is also possible
to organize workshops for olc crafts and
paricipation in agricultural work. A significant
number of families from the village of Vrelo
found employment in Western Europe in the 60's.
It is necessary to take advantage of their desire to
return and invest in their village and offer them
viable projects for investment in eco-tourism.
A marked hiking trail as a one-day walking
tour leads to a Medieval monastery Lovnica,
endowment of King Dragutin, and the source
of the river Lovnica and Lovnica cave. It is
empirically proved that the students of geography
fieldwork classes in the village of Vrelo have
opportunities for multidisciplinary applied
research related to the teaching of geography and
spatial planning. In order to achieve accelerated
development and sustainability of eco-tourism,
it is necessary to involve the local community
development projects, standardize and categorize
rural households, make an inventory of units, to
devise programs and accommodation for tourists
in rural households and improve yourselfers.
Cooperation with tourist organizations and travel
agencies need to train a professional tour guide
service, develop appropriate one-day and multi-
day programs to meet the needs of tourists ...
Educating the population that provides services at
home, improving the socio-economic picture of
the village, modern equipment of information and
communication technologies are achieved that
need to be framed in a traditional setting. On the
basis of natural and anthropogenic values that are
distinguished by their authenticity, village Vrelo
development component and benefits should be
based on broader regional and national space and
sustainable eco-tourism based on the planned
development and biodiversity conservation.
Competent republican and municipal institutions
should act advisory and partnership with the
local population to promote the preservation and
development of traditional crafts, healthy food,
help with the placement of these products, carry
out the promotion of development ... Necessary
legal regulations are needed to establish harmony
with nature tourism to avoid the negative
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CKJIaJ] Typu3Ma ca MpUpooM Kako Ou ce nzojerse
HeratuBHe mocibenuie Typusma. Ceno Bpeno
HEMa HarjalleHy TeHACHIH]Y IeMorpagcKor
MPaKEbEHHa Y OTHOCY Ha OKPYIKEHbE T1a j TOTPEOHO
OaroBpeMeHO Ty TNPEIHOCT HCKOPHUCTUTH.
MortuBrcameM 1 Mial)er CTAHOBHHUILTBA 12 OCTaHEe
Ha cely 1 Hal)e CBOjy IIaHCY y pypaTHOM Pa3Bojy,
noctuhu he ce mMo3uTHBaH EKOHOMCKH e(eKar
TMIOZICTUIIATH U jadaTH ra3auHcTBa. Ha Taj nahu he
ce moOO0JBILIATH U COLIMO-KYJITYPHU MOTUB Mitaher
CTQHOBHUINITBA U Pa3jo3U HHUXOBOT OCTaHKa
Ha celly Koju he moOoJblamkeM CBOT CTaHAapAa
OWUTH CTIPEMHH J1a BU/IE CBOJY YTOPOYHY IIAHCY Yy
ceockoM TypusMy. Behnna nomahnHcTaBa Hemajy
JacHy IETepMUHMCAHY CIMKY HUTH HOTEHIIH]jajie
32 030MJbHUM OaBJHEHEM CEOCKUM TYpPU3MOM.
Ctuye ce yTHCak 1a HI CaMO CTaHOBHHILTBO HUje
CBJECHO MOTEHIIMjajia U IPEAHOCTH Ay TeHTUYHOCTH
amMOujeHTa y KOjeM >KUBU M KOJIUKO OM HUXOBa
cpenrHa Ouia MHTEpeCaHTHA TypHCTHMa ypOaHuX
cpenuHa. 3ato je eTHO M eKO-TypH3aM IIaHca Koja
ce Tpeba NCKOPUCTUTH H KOja HEe U3HCKY]je BEJIHMKa
MarepujaiHa yiaramba HUTH O peBUTaIN3alM]ja
TpaAUIMOHAJIHOT CEOCKOT JgoMahuHCTBa
NpeCcTaBbajia BEIUKO EKOHOMCKO onTepeheme.
JIokamHU M pErvoHajHU Pa3BOJHU IUIAHOBH
najyhu OCHOBHE CMjepHUIIE TYPUCTUYKOT Pa3Boja
MIPE/ICTaBJbajy OCHOBY YKYHMHOT E€KOHOMCKOT
pa3Boja. EkoHOMckuM edexTrMa ce mocmjerntyje
OTICTaHAK CEOCKHX JoMahMHCTaBa, cTBapajy HOBE
WHBECTHIIH]je, ToBehaBa 3aMoCiIeHOCT, CMambYje
nemMorpacko mpaxmeme. TakBUM IPUCTYIIOM
ce oMoryhyje eKOHOMCKa OJIp>KUBOCT PypaHUX
Hacesba M CTBApajy MPEAYCIOBH U 32 OAPKHUBH
Pa3BOj €THO U €KO-TypU3Ma.

3AKJbYYHAK

Ha ocHoBy aHanmu3e crereHa pa3Boja €Ko-
Typu3Ma y bupuy u nokaszarespa KOju IMOCPEIHO
Y HETIOCPEIHO YTUYY Ha Pa3BOj TypHU3Ma, MOXKe
ce 3aKJbYYHMTH J1a j€ TO TeONpOCTOp ca OPOjHUM
MPUPOJHUM U AHTPOIOTCHHUM BpPUjETHOCTHMA
KOje HHUCY HO0BOJbHO uckopuirhene. /lmo Tux
BPHUjETHOCTH Cy Y (DyHKIMjU pa3Boja TypH3Ma, 1O
j€ MjeIMMUYHO MCKOpHIIheH, TOK 3Ha4yajaH Juo

consequences of tourism. Village Vrelo doesn't
have pronounced tendency of depopulation in
relation to the environment, so it is necessary
to promptly take advantage of this benefit.
Motivating the younger population to remain in
the countryside and find their opportunity in rural
development, will be achieved through positive
economic effect and encourage and strengthen
the farms. In this manner it will be improved the
socio-cultural motif younger population and the
reasons for their stay in the country, which will
improve their standard and be prepared to see
their long-term opportunity in rural tourism. Most
households do not have clearly determined the
image nor the potential for serious engagement
in rural tourism. One gets the impression that
not only the population is not aware of the
potential and advantages of the authenticity of
the environment in which they live and how
much they mean to be of interest to tourists
in urban arecas. Therefore, the ethnic and eco-
tourism opportunity that should be seized, and
that does not require large financial investments,
nor revitalization of traditional rural households
represent a major economic burden. Local and
regional development plans by providing basic
guidelines for tourism development are based on
the overall economic development. Economic
effects enhance the survival of rural households,
creating new investments, increase employment,
reduce depopulation. Such an approach allows
for the economic viability of rural settlements and
create prerequisites for sustainable development
of ethno and eco-tourism.

CONCLUSION

Based on the analysis of the level of
development of eco-tourism in Birac and
indicators that directly and indirectly affect the
development of tourism, it can be concluded that
this geographical space with numerous natural
and anthropogenic values is not sufficiently
used. Some of these values are in the function of
tourism development, part of it is partially used,
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HE TPE/ICTaBIba MIPEAMET TYPUCTUUKE TPAXKIE. Y
Pa3BOjHOj CTPATETUjU HEOMXOAHA j€ TTOCTYITHOCT
pa3Boja eKo-Typu3Ma, Tije Ou ce pa3BOjHH KOHIICTIT
0a3npao Ha IIAaHUPay Ha Kpahu, CpeTHOPOUHH
U AYTOpOYHH IIEPHOJ TaKo Aa ce ceno Bperno ca
CBOJUM CIEUU(PUUYHOCTHMA H3JBOJU Y ONHOCY
Ha OKpYXCHE U Ha Taj HAuuH J1a Ce OINpaBlajy
MPUHLIUII OAP>KUBOT pa3Boja Typu3Ma. [Iporecom
IUTAHUpamkba M U3pajie MIaHCKe JOKyMEHTAIlHje
y OKBUpY MPOCTOPHHUX IUIAHOBA, TOLULIO CE€ JI0
aHaym3e nocrojeher crama U carseaBamba norpeda
CTaHOBHUINITBA KPO3 pa3BOjHE MPOrpaMe Koju ce
6a3upajy, u3mel)y ocTanor u Ha JyropodaH pa3Boj
y (YHKIHUjH HUHTErpaIHOT TpeTUpama mpobiema
ypehema mpocropa, 3amTUTe U yHanpehema
KUBOTHE cpennHe. Pa3BojHU IMIbeBH Tpeba aa
Cy yCMjepeHH U Ha eIyKallljy CTaHOBHUIITBA
U TOIM3a€ CBHUJECTH KPO3 yKa3UBamE Ha
MoryhHocTH yBohema BUXOBUX JoMahwHCTaBa
y TpoIec TYpUCTHYKE BajopH3allyje, IMIacMaH
HUXOBHUX [TPOM3BOJIA TYPUCTUMA, ITpUIarol)aBarme
o0jexkaTta TYypUCTHYKO] HAMjeHH y3 4YyBambe
rpal)eBUHCKO-apXUTEKTOHCKOT ayTOXTOHOT
Hacsbeha. butHu orpanmuaBajyhu daxropu
pa3Boja cy: HenpuiaroheHocT HH(pacTpyKType
TYPUCTUYKO] HAMjEeHH, HEAOCTATaK KPEaTUBHOCTH
y OCMHIILJbaBalky TYPUCTHUKHX caJpxkaja,
HEJO0CTaTaKk MHBECTHpama y HOBE caJpikaje,
HeaJIKBaTHO MPE3eHTOBamE Moctojehux canpxaja,
HEOBOJbAH aHTa)XMaH JIOKaJHE 3ajeJHHUIIe
y CErMEHTY MOJCTHUIIajHUX AaKTUBHOCTH H
aIMUHUCTPATUBHUX MOTOIHOCTH... OTKIambameM
yTBpheHuX aHoMajiHja crpujednhe ce mporiec
TIOIYJIAIIMOHOT Tallleha Cella U CTBOPUTU OMTHH
MPEeIyCIOBH 3HA4YajHH 3a Pa3BOj €KO-TypH3Ma.
Hocuonu n nmpoMotepu oJp»KHUBOT pa3Boja €Ko-
Typu3Ma Tpeda J1a Oyay TypHCTUYKE OpraHu3aIje,
TYPCUTHYKE areHIyje, JOKaJIHa aIMUHUCTpaIlyja,
JOKAJHO CTAaHOBHHUINTBO M JPYTU J1aBaOILH
TYPUCTHYKHX YCITyTa.
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while a significant portion does not constitute the
subject of tourism demand. In the development
strategygradualness of eco-tourism is necessary,
where the development concept was based on
the planning in the short, medium and long term
so as to Vrelo village with its specifics aside in
relation to the environment and thus to justify the
principles of sustainable tourism development .
Process planning and manufacturing planning
documentation within spatial plans, led to the
analysis of the current situation and considering
the needs of the population through development
programs which are based, among other things,
the long-term development in the function of
integral treatment of the problem of spatial
development, protection and improvement of
the environment. Development goals should be
aimed at education and awareness raising by
pointing to the possibility of introducing their
homes in the process of tourist valorization,
marketing their products to tourists, customizing
objects with the purpose of tourist construction
and architectural preservation of indigenous
heritage. The important limiting factors of
development are: unconformity of infrastructure
for tourist purpose, lack of creativity in the design
of tourist facilities, the lack of investment in new
facilities, inappropriate drug presentation of
existing facilities, insufficient engagement of local
communities in the area of stimulating activities
and administrative convenience ... elimination
of identified anomalies will prevent the process
of population quench of the village and create
important preconditions which are significant
for the development of eco-tourism. Bearers and
promoters of sustainable development of eco-
tourism should be tourism organizations, National
Tourist Agency, local administration, local
residents and other tourism service providers.
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