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[perennyn HayyHH paj

I'EOI'PA®CKA HAYKA U CABPEMEHA JIPYHITBEHA CTBAPHOCT
Mmupa Mauaunh'* u Muaenko ’Kuskouh!

'Vuusepsuret y bamoj Jlyuu, [IpuponHo-maremarnuku dakynret, bama Jlyka, Pery6muika Cpricka

Caxerak: Pajom ce nedunuIIe caBpeMeHH, W3Pa3UTO KOMIUIEKCHH, 3aJarak reorpaduje y pjeliaBamby aKTyeIHHX
npobiemMa Koju MPOMCTUYY W3 JPYINTBEHE CTBapHOCTH. HarmamieHa je meHa (yHIaMEHTAlHa yiaora y MpOyYaBamy
reorpad)cke CTPYKType, T CIOKEHHX U Meljy3aBHCHHX Mporeca y reorpa)ckoM OMOTady W EhETOBUM T10jECAHHAYHUM
reorpadckum cucreMuma. Atioctpodupa ce yiaora reorpaduje y u3ydaBamy CaBpeMEHUX Pa3BOjHUX MPOIIECa, IPOCTOPHO-
(byHKIMOHAIHE OpraHu3alje U MOJIeNa OJPKUBOT pa3Boja, Kao U alUIMKaTHBHY 3Hauaj y pjelaBamby KIbyYHUX Pa3BOjHUX
npobiemMa caBpeMeHe IPYyIITBeHe mpakce (01 TOKATHOT [0 II00ATHOT HHBOA), T leH 00Pa30BHH U BACITUTHH KapakKTep.

Kibyune pujeun: reorpaduja, pasBojHHU MPOIECH, FEOCUCTEMH, APYIITBEHA IIPAKCa.

Scientific review paper

GEOGRAPHICAL SCIENCE AND MODERN SOCIAL REALITY

Mira Mandié¢'* and Milenko Zivkovié!

"University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of Srpska

Abstract: The paper defines the modern and extremely complex geography’s task to resolve current problems generated
by social reality. A fundamental role of geography in studying complex and interdependent geographical structures and
processes within geographical layer and its individual systems is being pronounced. The focus is on the role of geography
in studying modern development processes, spatial-functional organization and models of sustainable development along
with its applicative relevance in solving modern development problems encountered by social practice (from local to
global levels) and, finally, the educational aspect of the geographical science.

Key words: geography, development processes, geosystems, social practice.

YBOJHA PASMATPAA INTRODUCTION

CaBpemeHH IpyHITBEHOTreorpa)CKu MpoLecH,
MOKPEHYTH HAay4YHO-TEXHOJIOIIKUM pPa3BojeM,
MNONPUMWIIA Cy KapakTep IMIoOaJHUX Mpoleca
KOjU MHTEH3UBHO TpaHC(OpPMUILY TeOmpocTop
cTBapajyhu HOBE TMPOCTOPHE CTPYKTYpe.
M cnoseHOCT, OMHOCHO KapakTep M AMHAMHKA
nporieca AudepeHnrpa mpocTop 1o BUIIIE OCHOBA.
CaBpemeHa CTBAapHOCT reHepHlie OpojHe pa3BojHE
npoOiieMe U TpaXku ajeKBaTHe oxroope. Kaxo

Modern social-geographical processes set
off by the scientific-technological progress
have become global as they intensively keep
transforming the geospace by creating new
spatial structures. The occurrence, nature and
dynamics of these processes differentiate the
space on several grounds. Modern reality
generates numerous development problems
which demand adequate responses. Since

* AyTop 3a KopecnonaeHuujy: Mupa Maunauh, Yausepsutet y bamoj JIyuu, [TpuponHo-maremariuku paxynret, Miagena CrojaHoBrha
2, 78000 Bama Jlyka, Perryonuka Cpricka, bocna n Xeprieropuna, E-mail: mira.mandic@pmf.unibl.org
Corresponding author: Mira Mandi¢, University of Banja Luka, Faculty of Natural Sciences and Mathematics, Mladena Stojanovica 2,
78000 Banja Luka, Republic of Srpska, Bosnia and Herzegovina, E-mail: mira.mandic@pmf.unibl.org
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MUWPA MAHIN'h U MUJIEHKO )XUBKOBW'h
MIRA MANDIC AND MILENKO ZIVKOVIC

Ce HaBelleHU MPOOIeMH OJIBUjajy Y TIPOCTOPY U
MaHU(DECTYjy KpO3 F€OnpOCTOPHE CTPYKTYpE, Te
MMajy HarjamieH reorpadcku Kapakrep, HyKHO je
MIPEUCIIUTHUBAKE TOJIOKAja U yJore reorpagceke
HayKe y caBpeMeHOM JpywmTBy. HaBenene
KOHCTaTalije HYXHO MNOTEeHIHMpajy cibeacha
MUTamka:

- Ha koje pasBojHe mpoOiieme caBpeMEHOT
ApywmTBa reorpaduja MoKe NOHYIUTH
aJIeKBaTaH OJI'OBOP U pjeliemha?

- I'mje je mjecto reorpadckoj HayILy y CUCTEMY
HayKa M KaKaB je FEH JIPYIITBEHU CTaTyc
novyetkoM 2 1. Bujexa?

- Koje kopake Tpeba mpemys3eTu y LUIbY
yHanpehema reorpadckor obpasoBama U
MHTETPHCakba y APYIITBEHY MPAKCy?
[To3ummja reorpadcke HayKe y CUCTEMY HayKa

,,HE 3aBUCH CaMO OJ1 ’beHOT (pOopMaTHOT IIpeIMETa,
HETO 01 ’beHOT JOPHHOCA Pa3Bojy APYTrUX HayKa“
(I'pumh, 2004, ctp. 74). Crojehu Ha packpihy
Hayka, u3Mely NpuUpoaHUX M JApPYIITBEHUX,
pa3BHjambeM HOBUX Hay4YHHUX IpaBalia, reorpaduja
MOTIPUMa KapaKTep XyMAaHUCTUYKE JUCIMIUIMHE.
CaBpemeHa Hayka CB€ BHIIE MPUCTYyIa
M3y4yaBamHMMa C acleKTa MPaKTUYHOCTH, & Marbe
cno3najuoctu (I'pumh, 2004, ctp. 74), wmro
ciabu mo3uiyjy reorpaduje, Kao MpPBEHCTBEHO
CTMIO3HajHE M eIyKaTuBHE Hayke. HbeH monoxaj
Ha KOHTaKTy HayKa Ipe/CTaB/ba MCTOBPEMEHO
NPEAHOCT, 300T IJEeIOBUTOCTH IOTJeAa Ha
YKYIHOCT TPOCTOpPA U MpPOIeca, ajld U OMACHOCT
na Oyne Je3MHTerprucaHa M Tako IMapiiyjaiHa
»IIPUCBOjeHA” O] CTpaHe JpyTruX HaykKa.
I'eorpaduja je rpaHnyHa Hayka ca ,,[IIUPOKUM H
CJIIO)KEHUM O00jeKTOM HMCTpakKMBama““, OHOCHO
YMHU je BUILIE HAayKa U HAayYHUX IUCIHUILIAHA
Koje ¢y ,,(QyHKIIMOHAIHO U CTPYKTYypajHO
pacniopehene y Hexonuko noacucrema‘ (Mnmh,
1974, ctp. 12). IbeHa KOMIUIEKCHOCT yCIOXKHaBa
Hay4HY METOJIOJIOTH]y M TEXHHKE reorpackux
ucTpaxkupama. leorpaduja Hema BIACTUTH
MHCTpYMEHTapujyM. MeTose U TeXHUKE Koje
KOPUCTH JHO CY YHHUBEP3AJHOI Hay4YHOT
MHCTpyMeHTapHuja. Manupame (KapTUpame) je
HajU3pa3uTHja KAPAKTEPUCTUKA TeorpahuIHOCTH.
Pazpoj ['MC-a, ,,rmobanHOr MOHUTOPUHTA, jaya
0COOEHOCT M MPAKTUYHH 3Ha4Ya] reorpad)cke Hayke.
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the aforementioned problems occur in space,
manifest through geospatial structures and
are typically geography-based, it is crucial
to reinvestigate the position and role of the
geographical science within the modern
society. Hence, the following issues are being
triggered:

- To which development problems of
modern society can geography provide
adequate response and solutions?

- Which is the position of geography within
the system of sciences and what is its
social status in early 21 century?

- Which steps should be taken in order
to improve geographical education and
integration of this science into social
practice?

The position of geography within the
system of sciences “does not only depend
on its formal subject matter but also on its
contribution to the development of other
sciences” (I'puuh, 2004, p. 74). As it stands
on the crossroad between natural and social
sciences and affects development of new
scientific branches, geography becomes a
humanistic discipline. Modern science has
been turning to practical aspects neglecting
the empirical feature (I'puuh, 2004, p. 74),
which weakens the position of geography
as an empirical and educational science.
Its position on the borderline of sciences
represents both an advantage (due to a
composite view on the space and processes)
and a threat to become disintegrated and
»adopted“ by other sciences. Geography is a
bordering science with ,,a wide and complex
subject matter®, i.e. it comprises several
sciences and scientific disciplines which are
»~functionally and structurally distributed into
several subsystems* (Mnuh, 1974, p. 12). Its
complexity results in a multipart scientific
methodology and techniques of geographical
research. Geography does not have its own
instruments. Its methods and techniques are
part of the universal scientific instrument.
Mapping is the most common feature of
geography. Development of GIS (,,a global
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Hudepennupame MoaepHe reorpad)cke Hayke
Ha Hay4HE AMCHMIUIMHE MponyOJbyje HaydHa
UCTpaKUBaa MOjEIMHUX reorpacKux odjexara,
T0jaBa M MpoIIeca, ajld UCTOBPEMEHO MPECTaBIba
pU3MK TyOJbeHa HACHTUTETa U HMHTETPHUTETA
reorpag)cke Hayke, OHOCHO H-eHOT pa3rpaluBama.
CaBpemena reorpaduja, Kao U JIpyre Hayke, CBe
BUIIIE €KCIIOHUPA NMPAKTUYHY (YHKIIH]Y, OAHOCHO
aTUIMKAaTUBHOCT HAyYHHX CIO3HAja 3a moTpede
npymTBeHe npakce. [Ipumujemena reorpaduja
noJipa3yMHjeBa ,,Ipeiia3ak Ol JECKPUIITHBHE
Ha METOJI¢ NpPOjeKTOBama, ONTHMHU3ALM]E U
ynpasJbama reocucremuma’ (I'pauh, 2004, ctp.
73), WTO HE MOApa3yMHjeBa HETHPABE HEHE
CTIO3HAjHE U BACITUTHE KOMIIOHEHTE.

Jlakiie, OBHUM pajioM aHaJu3upa ce 3Hadaj
U KOMIUIEKCHU 3ajarak reorpadcke Hayke
y pjeuiaBamky KOHCTAaHTHO Hapacrtajyhux
npobieMa caBpeMeHOr apymTBa. [eorpadceka
HayKa IMpHUCTyNla H3ydaBamwy TIe€ONpoCTOpa,
OZHOCHO T€OCTPYKTYpa C Pa3IUUUTHX acreKara,
MOjeIMHAYHO M CHUHTE3HO, y3uMajyhu y o03up
I[jEJTOBUTOCT (YHKIMOHHCAmhA MPOCTOPA,
OJTHOCHO j€TUHCTBO Mel)yCOOHO YyCIIOBJbCHHX,
(GYHKIMOHAIHUX M OAPKUBUX T'€OCUCTEMA.
[Ipema Tome, reorpadujy MoxeMo nehUHHCATH
Kao ,,JIOTUKY IpocTopa™. ¥ reorpadckoj HayIu,
Kao 1y (punozoduju, jour og aHTUYKOT IEpHOJIA,
Tpa’K€HH Cy OJTrOBOPH HA CYHITHMHCKA MUTamba
pas3Boja yoBjeuaHncTBa. byayhHoct 4oBjeqancTBa
onpeheHa je reonpoCTOPHUM TMOTEHIMjaIUMa U
MIEPIETIII]OM O FbXOBOM JEINHCTBY.

[Ipuctyn Bamopu3amuju MOpocTopa,
BpEIHOBakY MU [jeloBamkby OJpakaBa CTambe
JIpYIITBEHE CBHjECTH, CHCTEMa BPHU]jETHOCTH,
OJITOBOPHOCTH, TMpaBHe wu3rpahenocru,
opranuzaiyje u (QyHKIMOHHCAWba JIPYIITBEHUX
CTpYKTYypa. JljerioBame y MpoCcTopy MOCJbEAUIIA je
pa3BHjaHuX 0Opa3alia MoHaIlaka, KOju UMajy TyTy
reHe3y M JeTePMUHUINY HAaYWH Pa3MHILIbarba,

MoHamama W JjeloBama, u3paxasajyhu
YKYOHOCT  KYJATYypHO-IIMBUJIM3ALHUjCKOT
pa3Boja u Hacibeha. Jlakie, ,,pa3nuuure

JbYJICKE TIPaKce CTBapajy M KOPUCTE pa3IHIUTe
KoHLenTynu3anuje npoctopa™ (Harvey, 1994).
W3 HaBeleHNnX KOHCTAaTAallKja, IPOU3JIa3u yCIOBHA
nudepeHjanja KyJITypHO-IUBUIH3AIH]CKUX

monitoring*) has reinforced the specificity
and practical pertinence of the geographical
science. As the modern geographical
science is being differentiated into scientific
disciplines, studies on some geographical
objects, phenomena and processes are being
expanded. Still, it simultaneously represents a
risk of losing its identity and integrity. Modern
geography, as well as other sciences, has been
focused on practical functions, i.e. application
of its scientific results in addressing needs of
social practice. Applicative geography entails
»the transfer from description to projection
methods and optimization and management
of geosystems® (I'puuh, 2004, p. 73), which
in turn does not mean the annulment of its
empirical and educational components.

Therefore, the paper analyzes the
pertinence and a complex task of geography
in solving the growing problems of modern
society. Geographical science studies
geospace, i.e. geostructures, from different
aspects, individually and through synthesis,
and it explores the overall functions of space,
i.e. the agreement of mutually conditioned
functional and sustainable geosystems.
Thus, we may define geography as ,the
logics of space®. Ever since ancient times,
both geography and philosophy have sought
answers to essential questions of human
progress. Future of humanity is determined
by geospatial potentials and perception of
their unity.

The approach to space valorization,
evaluation and achievement reflects the
state of social awareness, system of values,
responsibility, legal system, and organization
and functioning of social structures. Actions
within space result from behavior patterns
which have a long genesis and determine the
way of thinking and acting, and they fully
express the whole cultural and civilization
progress and heritage. Therefore, ,,different
human practices create and use different
concepts of space” (Harvey, 1994). Based on
the aforementioned, we may conditionally
differentiate between cultural-civilization

3



MUWPA MAHIN'h U MUJIEHKO )XUBKOBW'h
MIRA MANDIC AND MILENKO ZIVKOVIC

Kpyrosa crieuu(uyHe MaTepHjajiHe U JyXOBHE
KyATYpe, ald M YCIOCTaBJbEHUX IPOCTOPHUX
CTPYKTYpa M MIPOCTOpHE OpraHusanyje, TBopehu
pasnuuuTe U cnenuduyHe reorpadceke cpeauHe.
VYenocTaB/beHH KOET3UCTEHTHU JPYIITBEHU H
MPaBHU CHCTEMH, TYTUX TPAAMLIHUja, YTULAIN CYy
Ha popmHpame 00pazalia OArOBOPHOT JIjeJIOBAA
1 Mel)ycoOHOT MoBjepera Ha pealuju JApKaBa—
MojeIMHAIl T€ TMO3UTHBHY YKYIHOCT pa3Boja
JPYLITBA U MPOCTOpa. Y TaKBOM JPYLITBEHOM
aMOMjeHTy M HayKa MMa jacHO JIe(uHHCaHY
MO3UIIM]y ¥ MOTYNHOCT arjIMKaTUBHOCTH HAyYHUX
UCTPaXXMBama, TC JjelIOBamba, KA0 TUO YKYITHOT
CHUCTEMa, YWjU je 3aJaTaKk ONTHUMAJIHU Pa3Boj
IpymTBa. Y TOM KOHTEKCTy reorpadcka Hayka
U 00pa3oBame CHOCE BEJIUKY OJIrOBOPHOCT 3a
Oynyhu pa3Boj, Kako y HallMOHAJIHUM OKBHpPHMA
YHYyTap KOjUX C€ pa3Bujajy, TaKO U y IIOOATHUM.

I'EOI'PAO®CKA HAVKA U I'JTOBAJIHU
PA3BOJHU ITPOLIECU

CaBpeMeHHM pa3BOjHU TMpolecu yOp3aHo
TpaHC(OPMHUILLY TEOIPOCTOPHE CUCTEME IO BHILIE
OCHOBa, U3Mel)y ocraor, y mpasily noBehaBama
Pa3BOJHUX ITPOTUBPjEUHOCTH, OCHOBHUX PAa3BOJHUX
npobnema caBpeMmeHor npymTBa. Jlakie,
I00AJTHY MPOLIECH CY MCTOBPEMEHO U Y3POK H
MOCJbEUIA TPOCTOPHOT MPECTPYKTYpUpPaAba U
peopraHn30Bama, NOCIHEIMIYHO MaHU(ECTOBAHUX
pa3iauuuTUM QGopmMamMa TeONOJUTHYKOT,
€KOHOMCKOT, KYJITYPHOT H JpYrux oOJHuKa
MPOCTOPHO-(PYHKIIMOHATHOT OPraHU30Bamkba.
[NocspeanyaHo, ycrocTaBibajy ce HOBE apaurMe 1
HOBH pernoHamn3mu. [Ipema tome, ,,rmobanusarmja
JIETEPMHUHHUILIE Pa3BOjHY CTBAPHOCT U MEPCIICKTUBY
MPBEHCTBEHO Teorpa)CKOM KaTeropHjoM,
notBphyjyhu ¢ynnamentanHocT reorpagcke
HayKe y pjeliaBamy CYIITHHCKHUX pPa3BOJHUX
npobnema nanammbuie (OKuskosuh et al., 2015,
ctp. 318).

I'eorpaduja je jeanna Hayka Koja IjeJIOBUTO,
XOJINCTUYKH, TPOyYaBa MPOCTOPHU KOMILIEKC
reocepe, OAHOCHO HPOCTOPHE CTPYKType
U BUXOBEe HHTepakuuje. VMcToBpeMeHo je H
MYITUAMCUUIUIMHAPHA U WHTEPAUCIHUILIMHAPHA
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circles of specific material and spiritual
cultures as well as the adopted spatial
structures and organizations which form
specific geographical environments. The
adopted co-existential social and legal systems
with long traditions have caused the formation
of patterns of responsible actions and mutual
trust between states and individuals including
the positive development of both society and
space. In one such social environment, science
holds a clearly defined position which enables
it to apply scientific research results and to
become a part of the overall system the task of
which is the optimal growth of society. In this
context, geographical science and education
are highly responsible for future development
on both national and global levels.

GEOGRAPHICAL SCIENCE AND
GLOBAL DEVELOPMENT PROCESSES

Modern development processes rapidly
transform geospatial systems on several
grounds including the growing development
contradictions and fundamental development
problems encountered by modern society.
Hence, global processes are both the cause
and consequence of the spatial reconstruction
and reorganization manifested through
different forms of geopolitical, economic,
cultural and other types of spatial-functional
organization. Consequently, new paradigms
and new regionalisms emerge. Therefore,
»globalization determines the development
reality and perspective as geographical
categories by supporting the fundamental
relevance of geography as a science crucial
for answering essential development needs of
the modern age* (OKuskosuh et al., 2015, p.
318).

Geography is the only science which may
provide a comprehensive holistic approach
to the spatial complex of geosphere, i.e. the
spatial structures and their interactions. At
the same time, it is a multidisciplinary and
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HayKa KOja y OKBUpPY CBOT' ayTOHOMHOTI' Hay4YHOT
cucreMa o0jenmbaBa AUCHUILUIMHE TPUPOIHUX,
JPYIITBEHUX U TEXHUUKUX HayKa.

300r KOMIUIEKCHOT 00jeKTa IMpoydaBama,
QHAJIUTUYKO-CUHTETHYKE METOJO0JIOTH]E,
reorpaduja o0jennmyje MPOCTOPHO-aHATUTHYKE
U TPOCTOPHO-CUHTETHYKE HayKe, OJHOCHO
aHaJM3upa MOjeIMHE €JIEMEHTE T'e0NpocTopa U
MHTETPHUIIIE PE3yNITaTe UCTPAKNUBabhaA BIACTUTHX
KOpeJaTHBHUX nucuuiuinHa. Kopuctu caBpemene
HAayYHO-UCTPAKHUBAYKE METOJIE U MHPOPMAIIH]CKO-
KOMYHHUKAIIMjCKE TEXHUKE 3a OpPraHHU30BamE,
Npoy4yaBambe U HHTEpIpeTaluje A00ujeHuX
o/IaTaKa.

He wmaprunanusyjyhu xommereHmuje
IpYruxX HayKa W HAyYHUX JAMCIHHUIUIMHA, Te
IBUXOB HAayYHM M MPAKTHUYHH JONPUHOC Y
pjeliaBamy pa3BOjHUX MpodiIeMa CaBpeMEHOT
YOBjEYaHCTBA, Y (DOKYCy OBOT' paja Cy IpoMjeHe
JeTepMUHUCAaHEe TI00aTHUM TpollecuMa Koje
uMajy reorpadpcky aumensujy. Ilocibenuie
I00ATHUX MPOIIeca BUILIECTPYKO C& MAaHU(ECTY]y
KpO3 TpaHc(opMalyjy TeONpOCTOPHUX CTPYKTypa
¢ OpojHUM TMoOcCJbeaullaMa TEOTOJIUTUYKOT,
T€OKYITYPOJIOIIKOT, T€OEKOHOMCKOT, COIIH]jaJIHOT,
neMorpagcKor, HaCEOOMHCKOT, MH(PACTPYKTYPHOT,
MIPOCTOPHO-(YHKIIMOHATHOT U T€0EKOJOIIKOT
Kapaktepa. IbuxoBa y3pOYHO-NOCIbEIUYHA
YCIIOBJBEHOCT MYJITHILUTUIIMPA pa3BOjHE Mpodieme
KOju JTu(epeHIupajy mpocTop, JompuHocehu
pa3BOjJHUM pa3nuKkamMa U KOH(IMKTUMA.
VYKYyIHOCT HETaTUBHUX Pa3BOJHUX TEHACHIHMjA Yy
reorpa)ckoM omMoTady, HapyIICHOCT PaBHOTEXKE
yHyTap U uzMel)y IpUpOIHUX U aHTPOTOT€HUX
CTPYKTypa, HapyllaBa IJIAHETApHY OJP>KUBOCT.
VYenocrtaBbeH kpajem 20. BHjeka, KOHLENT
OJIP’KUBOT Pa3Boja (€KOHOMCKOT, IeMOTPadCKOT,
COITMjaJTHOT, €KOJIOUIKOT, ...), TIOApKaH je Of
cTpaHe YjeIUmbeHUX Halija Kao CTPATEIIKH LIUJb 1
Y3IMTHYT /10 napagurme. Maxo npaBHoO 1epuHICaH
OpojHMM mpomnucuMa Ha MehyHapogHOM H
Ip>KaBHUM HHUBOMMA, KaO KOHIIETIT KOju Tpebda
OMOTYhUTH OJPKUBOCT JKUBOTHE CpEIUHE U
€KOHOMCKOT pa3Boja 3a Oyamyhe reHepammuje
(Cotner, 2009), HuUje CYWITHHCKH 3aXKUBHO
y mpakcu, Beh je ocTtao y IOMEHy TeopHje U
MIPOKJIAMOBAHOT Linyba. tberoBa peanu3zanuja Huje

interdisciplinary science which encompasses
natural, social and technical disciplines within
its autonomous scientific system.

Due to its multipart subject of study
and its analytical-synthetic methodology,
geography combines spatial-analytical and
spatial-synthetic sciences — it analyzes
specific elements of geospace and integrates
results of research from both its own and
other correlative disciplines. It capitalizes
on modern scientific-research methods and
information-communication techniques for
the purpose of organization, studying and
interpretation of the obtained results.

Without an intent to marginalize
competencies of other sciences and scientific
disciplines and their theoretical and practical
contribution to solving modern development
problems, this paper focuses on changes
determined by global processes through
the geographical prism. Consequences of
global processes largely manifest through
transformation of geospatial structures
resulting in many geopolitical, geocultural,
geoeconomic, social, demographic,
settlement, infrastructural, spatial-functional
and geoecological repercussions. Their
causal connection generates development
problems which differentiate the space
and contribute to different development
disparities and conflicts. The sustainability
of the planet is being threatened due to total
negative development tendencies within the
geographical belt and the impaired balance
between natural and anthropogenic structures.
Dating back from late 20th century, the
sustainable development concept (economic,
demographic, social, ecological, etc.) was
supported by the United Nations as a strategic
goal and consequently became a paradigm.
Although it was legally defined by different
international and national regulations, it is a
concept which should provide sustainability of
environment and economic growth for future
generations (Cotner, 2009) and still it fails
to be practically applied but rather remains a
theory and a proclaimed goal. Its realization
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y CKJIJly C MapIHjajHUM HHTEpEeCcuMa M0jeTMHIX
MOJTUTUYKUX U €KOHOMCKHUX IIeHTapa mohu, Te
MPETHOCTaBJba Y3pPOK MOTEHIIMjAIHUM KpU3ama.
VYTPOXKEHOCT PA3IMYUTUX aCTIeKara OIP>KUBOCTH
(cormmoexkoHOMCKe, AemMorpadcke, eKOJOIIKe, ...)
M3HOBA NOTEHLIMPA 3Ha4aj TI0jeAMHNX reorpad)CKux
JMCIUIUIMHA y pjeliaBamy aKTyelIHUX Mmpobiema
pasBoja.

CaBpeMeHH pa3BOjHU MPOOIEMH AKTYEIH3Y]Y
reorpa)cKy HayKy y LjeJIMHH, a TOjeJUHAYHE
KpH3€, YCIOCTaBJbEHH HHTEPECH W HAUYMHH
JjesioBama aKTyelnu3yjy TojefuHe reorpadceke
JMCIUTUTAHE U Teorpadcke kareropuje. CaBpeMeHO
JPYIITBO TpeOa OATOBOPE U IMPAKTUYHA Pjellieha Ha
OpojHa pa3BojHa MUTamka 13 001acTu AemMorpaduje
(TIoTTyManoHa nojJuTHKA, MUTPALIMOHE KPH3E, ...),
conpjaigHe reorpaduje (mpomjeHe y apymTBeHIM
U TPOCTOPHHUM CTPYKTypama HHHUIIUPAHE
Pa3BOjJHUM TPOIECUMA, COIUjaTHH MPOCTOP),
KyInTypHe reorpaduje (KyATypHH HACHTHTET,
dbopMupame KyATYpHOT T€jca)ka, BjelITauke
€THOIeHe3€e), NPUBpPEIHE U KOPIOpaTUBHE
reorpaguje (eKOHOMCKH PacT, pecypcu, EKOHOMCKE
WHTErpamnuje, T'PaHCKO M TEPUTOPHjATHO
MPECTPYKTYpUpAE PUBpPEJIE), KIMMATOJIOTH]e
(kMMatcka Kojebama, BPEMEHCKE HEIOTOoJE),
reorpaduje Hacesba (pypajHu pa3Boj, ypOaHH
pasBoj, TPaJOBU MMOCTCOLMjaTU3Ma), PErHMOHAIIHE
reorpaguje (peruoHasHu Pas3Boj, MpolireMcka
MoJIpyyja, HOBH PETHOHAJIU3MHU), TOTHUTHYUKE
reorpaduje (uHTEpecHe cdepe, KpU3HE Tayke,
CyKoO LMBHUJIM3AIIM]a), 3AIITHTE )KUBOTHE CPEIUHE
(merpamanuja >KUBOTHE CpPEIMHE), TEOCKOIIOTH]e
(mpoMjeHe y eKOCHCTEeMHMa) UTH. CTaBJbajyhu
Hay4yHY NpoOJeMaTHKy HaBEICHUX reorpadckux
JMCIMIUTIHA CBAaKOJJHEBHO Y (DOKYC HHTEpECOBambha
JABHOCTH, OJTHOCHO JIpyIuTBeHe npakce. [lojeaune
reorpadcke TeopHje, AOKTPUHE M KOHIICTTH
(mporiecHu (PyHKIIMOHANN3AaM, PETHOHAIU3AM,
HOZATHO-(DYHKIIMOHAJIHN KOHLIETIT, OTHOC IIEHTap—
nepudepuja, KOHIENT OJIPKUBOT pas3Boja, ...)
MOCJbEABUX JCLEHH]a Pa3BUIIM CY CE J0 OIIITE
npuxBaheHUX JOKTpPHHA, HAYMHA pa3MHILIbamba
U TIPAaKTUYHOT JjjeoBama. Pa3BojHu mpobiemu
,TIOCTAaBHJIN" CY y (POKYC MHTEPECOBaba I10jEANHE
reorpa)cke Kareropuje Kao IITO Cy HpPOCTOp,
T€OKYJTypa, TeOMICHTUTET, OKOJIMHA, TIPOCTOPHO-
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does not comply with partial interests of
specific political and economic centers of
power so it represents the cause of potential
crises. Different aspects of sustainability
(social-economic, demographic, ecological,
etc.) remain threatened which is why they
demand inclusion of some geographical
disciplines in addressing current development
problems.

Modern development problems bring
geography into the limelight whereas
specific crises, interests and actions demand
the intervention of specific geographical
disciplines and categories. Modern society
needs answers and practical solutions
to many development issues regarding
demography (population policy, migration
crises, etc.), social geography (changes in
social and spatial structures initiated by
development processes, social space), cultural
geography (cultural identity, formation of
cultural landscape, artificial ethno geneses),
commercial and corporative geography
(economic growth, resources, economic
integrations, territorial restructuring and
branching of commerce), climatology
(climate fluctuation, natural disasters),
geography of settlements (rural development,
urban development, post-Socialist cities),
regional geography (regional development,
problem areas, new regionalisms), political
geography (spheres of interest, focal points,
clash of civilizations), environment protection
(degradation of environment), and geoecology
(changes in ecosystems), which brings these
geographical disciplines into the everyday
focus of both public and social practice.
Over the last few decades, some geographical
theories, doctrines and concepts (process
functionalism, regionalism, nodal-functional
concept, center-periphery ratio, concept of
sustainable development) have evolved and
become generally accepted doctrines and
way of thinking which have been practically
capitalized on. Development issues ,have
brought attention® to specific geographical
categories such as space, geoculture,
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(yHKIMOHAIHA OpraHu3alyja, eKOHOMCKHU pa3Boj,
... Koje cy mpepacie OKBUpe reorpadcke Hayke U
MPeIMET Cy MHTEPECOBaba BHIIIE HAyKa U HAyUHHUX
mucrmmuiHa (Atkinson et al., 2008). buxoB 3Hauaj
U KOMILJICKCHOCT MMajy MYITUAUCUUATUTMHAPHU
Kapakrep, mojapasyMmjeBajyhu mpu TOM H
MHTEPIUCIUILTMHAPHH MIPUCTYTL.

CaBpemena reorpagcka Hayka je mpoOIeMcKu
OpHjEHTHCaHa HayKa, yCMjepeHa Ha pa3yMHjeBambe
U pjeliaBame mpoliemMa MpoCTOPHOT IJIAHUPAha
U pas3Boja. ,,leorpadu KOHLEHTPUIIY IJaBHY
MaKiby Ha TPU KOHIIETITA: IPOCTOP (Space), MjecTo
(place) n oxonwHa M cpenuHa (environment)
KOHCTpyHIIyhu HayyHEe AUCIUIUIMHE OKO HUX‘
(T'puuh, 2010, ctp. 2). He maprunanuzyjyhu 3Ha4aj
Ipyrux reorpaCKUX KaTeropuja, HM3ABajaMo
poctop (Koju je He camo reorpadcka Beh ommra
KaTeropmja) U uMa CBOjCTBO CBECAJPKajHOCTH,
OITHOCHO CBE IITO TIOCTOjU, TTOCTOJH y TIPOCTOPY,
YUMe je MPOCTOp JIOTHYHO TOJA3UIITe CBUX
HAay4YyHHUX HCTpaxuBamwa. IIpoctop ce moxe
yCJIOBHO JieuHucaTy, n3y3umajyhu ¢punosodcka
TyMauewa, Kao ,,0CHOBHO CBOJCTBO CBaKe
npeametrHocTu. [Ipoctop je ancomyT koju Hema
CBOJY CYMPOTHOCT, HenpocTop He moctoju’ (Pavié,
2012, ctp. 59). [lojam (uzeja) mpocTopa 3a0KyIijba
HayKy (punozodujy, MaremMaTuky, GpusuKy, ...) ox
AQHTUYKOT Neproia (KUBa M HEKUBA PUPOJA KOJT
Apwucrorena) 10 JeTepUTOpHjaIn3aliije MpocTopa,
T3B. cajoep mpoctop (Sajber space), OAHOCHO
BpeMeHCKo-TIpocTopHe Kommpecuje (Harvey,
1994) moctmozmepHor 106a, Kao MOCJHEIUIIE
pa3Boja caBpeMEHHUX KOMYHHKauuja. Mebhy
OpojHUM TeopujaMa Koje Cy YTHIlalie Ha pa3Boj
HayKe yOIIIITe, 3a reorpadujy 3HadajHe cy uzeje o
npupoau npoctopa: lbyTHOBa Teopuja arcoyTHOT
MIPOCTOpPa, AJHIITAJHOBA TEOPUja PEIATHBHOCTH
U peJaTUBHCTUYKAa KoHuennuja JlajoHuna.
Ananusupajyhu pa3nuuure KOHLEMIHje IIpocTopa
(reorpadcku pocTop, (PU3NYKH, TEOMETPH])CKH,
npoctop norahaja, cyOjeKTHBHM, UCKYCTBEHH,
APYUITBEHU, KYIATYpHHU, (YHKIMOHAJIHH,
KUBOTHU mpoctop) I'pumh 3akipydyje ma ce
,,THM€ Mpoay0Jbyjy TEPMUHOJIOIIKE TeuIKohe u
Ja ce cBe nocTojehe KoHLenrje MOry CBECTH Ha
JIBa acIieKTa MPOCTOPa OHTOJIONIKH — 00jeKTUBHH
u uneannu — cyojextusau’ (I'puuh, 2010, ctp.

geoidentity, environment, spatial-functional
organization, and economic growth so these
have overgrown the framework of geography
and have become a subject matter of many
different sciences and scientific disciplines
(Atkinson et al., 2008). Their pertinence and
complexity are of a multidisciplinary nature
which means they demand an interdisciplinary
approach.

Modern geography is problem-
oriented and focused on understanding and
solving problems of spatial planning and
development. ,,Geographers are focused on
the following concepts: space, place and
environment and they base their scientific
disciplines on these three* (I'pumh, 2010,
p. 2). Without minimizing the pertinence
of other geographical categories, it is
the space (not only as a geographical
but as a general category) which has the
property of substantiality by encompassing
everything which exists and making the
space a logical starting point of all scientific
research. Independently from philosophical
interpretations, we may conditionally define
space as ,,a fundamental property of all
externality. Space is an absolute which has
no contrariety, non-space does not exist*
(Pavi¢, 2012, p. 59). The idea of space
has been intriguing science (philosophy,
mathematics, physics, etc.) ever since ancient
time (Aristotle’s animate and inanimate
nature of things) up until deterritorialization
of space (so-called Cyber space), i.e. the
time-space compression (Harvey, 1994) of
post-modern times as a consequence of the
modern communication development. Among
many theories which have affected science in
general, those pertinent for geography refer
to the idea of nature of space: Newton’s
theory of absolute space, Einstein’s theory of
relativity and Leibniz’s relativistic concept.
Having analyzed different concepts of space
(geographical, physical, geometric space,
space of events, subjective space, empirical,
social, cultural, functional and life space),
Gr¢i¢ inferred that ,,it may only have caused
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18). ,,¥Y OkBUpY XyMaHUCTHYKE HayKe pa3BHIIE
Cy ce HOBE KOHIIETIHje reorpad)ckor mpocTopa:
Te0NpOCTOp KA0 KYATYPHHU II€jca)K, TeOpoCcCTop
Kao JIPYHITBEHHW MPOU3BOJ, M T'EOMPOCTOpP Kao
cucreM—TepuTopuja kao mpexa™ (I'puuh, 2010,
cTp. 18). ¥V cknany ¢ HaBeqeHUM KOHIIEMIIHjaMa
(mapanurmama) TpoU3allIUM U3 00jeKTUBHE
JPYIITBEHE CTBAPHOCTH, NP reorpadCKy HayKy
MI0CTaBJba Ce 3a]aTaK HajONTUMAJIHH]e ,,Kpearuje’
reorpadckor mpocropa 3a norpede caBpeMeHOr
JIpYLITBA, OJHOCHO HETOBE BaJopHU3aIuje
U OpraHu3aluje HCIOJbEHE Y pPa3IuuYUTUM
reoCTpPyKTypama.

[Ipoctop wuma (GHU3UYKY, JPYLITBEHY
— COLHMjaJlHy U BPEMEHCKY KOHCTPYKLH]Y.
[IpuponHu eneMeHTH U colujanHoreorpadceku
cazip’kaju Je(UHUILY TeONpPOCTOPHE CTPYKTYpE,
OITHOCHO T€OCHUCTEME H FHHXOBY (PYHKIIH]Y, TE CY
npeaMeT u3ydaBama reorpadceke Hayke. Camum
TUM, reorpadcka Hayka je KOMIUJICKCHAa HayKa
0 L[JeJIOBUTOCTH IMPOCTOPA, UCTOBPEMEHO je U
CKYIl BUIIE Teorpad)CKuX AMCLUUIUIMHA KOje ce
0aBe M3y4yaBambeM I0jEIMHAYHUX MPOCTOPHUX
CTPYKTypa ¥ FbUXOBHUX eJleMeHaTa. Y TOM KOHTEKCTY
TOBOPUMO O TE€ONPOCTOPY U TE€ONPOCTOPHHUM
cTpykTypama. CBEyKYIMHOCT KBaJIUTAaTUBHOCTHU
MIPOCTOPHUX eJieMEHaTa MPEeINCIIOHUPa pa3BOjHE
MoryhHocTu pator mpocrtopa. Y paHHUjUM
¢dazama pas3Boja reorpadcke Hayke MpPOCTOPY
Cy JaBaHE TpajHE BPUjETHOCTH (reorpadcku
neTepMuHU3aM). HaydHO-TEXHOIOMIKH Pa3Boj,
ApyLWITBEHA OpraHu3amuja, JOCTUTHYTH
CTEeNeH YKYIHOT pa3Boja IudepeHIupaIn cy,
[0 BHILIE OCHOBa, J0 TaJa TPaTUIMOHATHH
arpapHd IpOCTOp M JbYACKO ApywTBO. Tume
cy (opMUpaHH HOBH T€OCHCTEMHU PA3TUUUTOT
CTENEHAa HAayYHO-TEXHOJOIIKOT, KYJITYpPHOT,
MOJIMTUYKOT, €EKOHOMCKOT' ¥ COLIMjaJTHOT Pa3Boja.
JluHaMW4YaH TPUBPEIHU Pa3BOj] MHULKpPAH je
HayYHO-TEXHOJIOIIIKOM PEBOJTYLIHjOM U III00ATHOT
Jj€ KapakTepa, Te yTH4ye Ha IPOMjeHe MepLerniije
MPOCTOpa, KETOBUX BPHjEIHOCTH, BaJOpHU3aIlyje,
BpEIHOBakba M MPOCTOPHO-()YHKIIMOHATHOT
OpraHM30Bama, YyMMe ce MoTBphyjy Te3e Xapaeja
u Jlebepa o ,,ApyIITBEHO CTBOPEHOM* IPOCTOPY.
[TapanenHo ¢ HaBeIEHUM IPOIECHMa OfIBHja Ce
U pa3Boj MOjeMHUX reorpadcKux MUCHUIUINHA,
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terminological difficulties and all the existing
concepts might have been summed down to
two aspects of space — ontological-objective
and ideal-subjective ones (I'pumh, 2010, p.
18). ,,New concepts of geographical space
have emerged within humanistic sciences:
geospace as a cultural landscape, geospace
as a social product, and geospace as a system-
territory network® (I'puuh, 2010, p. 18). In
line with all the aforementioned concepts
(paradigms) resulting from the objective
social reality, geographical science encounters
a task to generate a most optimum ,,creation*
of geographical space to meet the needs of
modern society. In other words, the space
should be valorized and organized through
different geostructures.

Space has physical, social and time
constructions. It is the natural elements
and social-geographical content that define
geospatial structures, i.e. they define
geosystems and their functions which are
in turn the subject matter of geographical
science. Hence, geography is a complex
science on the wholeness of space but
it is also a set of different geographical
disciplines which study individual spatial
structures and their elements. In this regard,
we talk about geospace and geospatial
structures. Development possibilities of a
given space are determined by the quality
of its spatial elements. During the early
phases of development of geography, the
space was given permanent properties
(geographical determinism). Later on,
scientific and technological progress, social
organization, and the level of progress in
general differentiated the traditional agrarian
space and human society on several grounds.
Thus, new geosystems of different levels of
scientific, technological, cultural, political,
economic and social development were
formed. A dynamic commercial growth was
initiated by the scientific-technological
revolution and it obtained a global character
affecting the perception of space, its values,
properties, evaluation and spatial-functional
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KOje CXOJHO KapakTepy pa3BOjHHUX Ipoleca,
MH]jeHbajy 33/1aTKE U PUCTYTI H3y4aBarby IPOCTOpa
pa3Bujajyhu GoraTy TeOpH]jCKO-METOAOIOLIKY
OCHOBY, KOja TIpEJICTaBJba OCHOB CBaKe HayKe.

Haxne, kpaj 20. u mouerak 21. BHjeka
OOMJbEXXKMIU CYy CIOXEHH U JHUHAMUYHU
100aTHU TpolecH ¢ OPOjHUM TeONPOCTOPHUM
nocJbeiuIaMa. YKyIHOCT EBUXOBOT [IjeJIOBaba 1
MelycoOHa yCIOB/BEHOCT MUj€Hajy TEOIPOCTOPHE
CTPYKType, YIJIaBHOM Yy HETaTUBHOM IIpaBILy,
noBogehn y muTame WBUXOBY OApKUBOCT. C
003MpOM Ha TO Jia MPOCTOpP HEMa AITEPHATHRY,
,»yTpaBJbame™ MPOCTOPOM U YCIOCTABIbAE
pauMoHaNlHEe MPOCTOPHO-PYHKIHMOHAIHE
opranuzanuje (OApKHUBH Pa3Boj), MOCTaBJba Ce
Ka0 YHUBEP3AJIHO MMUTAE U IPUOPUTETHHU 331aTaK
pa3Boja, Kako IUIAHETAPHOI, TAKO HALMOHAJHOT,
PETHOHAIHOT M JIOKAJIHOT Kapakrepa. YIpaBo
TO je 3aJaTaK U OATOBOPHOCT reorpad)cke Hayke
u npakce. CaBpeMeHa JApPYIITBEHA CTBAPHOCT
nponykyje OpojHe KpH3e: IPUPOAHUX pecypca,
eHepreHara, BOJi€, XpaHe, CTaHOBHHIITBA,
UHPPACTPYKTYpE, NOIUTHUKE KpU3E, TPHKHUIITA,
KaruTajia 1 MHBECTHIIN]a, EKOJIOIIKE OAP>KUBOCTH,
... HaBenenn obnuny ucrosbaBamba Kpu3a UMajy
u3paxeHy reorpadcky KomrnoHeHty. [Imanupame
1 YTIPaBJbakE MIPOLIECHMA Y OCHOBH j€ YIIPABIbAHE
pH3UIMMA Y LIJbY YCIIOCTaBIbaba (PyHKIIOHAIHE
MIPOCTOPHE OpraHM3aIMje W MOCTH3aba YKYITHOT
ONTUMAIIHOT pa3Boja, IITO aKTyeIu3yje
JlajOHHMIIOBO oOma)kame: Ja CBaKH IMpOIeC
npousBonu cBoj mpoctop u Bpujeme (Belkind,
2013). HaBeneHnM KOHCTaTaIfjamMa aKTyelu3yje
ce yNpaBJbame Pa3BOJHUM IPOLIECHMA, AU H
3Ha4aj reorpadckor oOpa3oBama M BaCIHUTAMHA,
IITO HAc TMOHOBO Bpaha Ha KOMIETEHIH]e
reorpadcke HayKe y JOMEHY KJbYYHHX Ipoliema
pa3Boja caBpeMEHOT CBHUjeTa.

organization, which corroborated hypotheses
posed by Harvey and Lefebvre on ,,socially
created” space. Along with these processes,
certain geographical disciplines emerged only
to change tasks and approaches to studying
space and develop an intricate theoretical-
methodological basis which is the fundament
of each science.

Late 20th and early 2I1st centuries
witnessed complex and dynamic global
processes which had multiple geospatial
consequences. The actions and interactions
of these consequences altered geospatial
structures, mostly negatively, and questioned
the sustainability. Since space has no
alternative, space ,,management® and setting
a rational spatial-functional organization
(sustainable development) become a universal
matter and priority of development whether
it is global, national, regional or local. This
is precisely the task set before geography
in both theory and practice. Modern social
reality generates many crises: natural
resources, energetic, water, food supplies,
population, infrastructure, political crises,
market, capital and investments, ecological
sustainability, etc. All these types of crises
contain a geographical component. Process
planning and management is actually risk
management targeting a functional spatial
organization and total optimum development,
which brings forth Leibniz’s idea that
each process generates its own space and
time (Belkind, 2012). This brings us to
development process management and the
relevance of geographical education, which in
turn reminds us of geographical competencies
in the domain of modern world development
issues.

\O|
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OYHJAAMEHTAJIHOCT I'EOI' PA®CKE
HAVKE V PJEHIABABY KIbYUHUX
I[TPOBJIEMA CABPEMEHOI' CBUJETA Y
KOHTEKCTY OP)KMBOI" PA3BOJA

Hapacrajyhu npoGnemu caBpeMeHOT JpyIITBa
OTBOPWJIM CY HU3 MPAKTUYHUX [TUTaba 32 YHje ce
pjelaBame Tpaku aKTHBHA U MOTITyHA TOIPIIKa
JbyIM CBUX HapamTaja. Pa3BojHM mpouecu
MHU]jebajy )KUBOTHE NOTpede 1 MOTEHIUPAjy HOBE
acIlieKTe eayKallije CTAHOBHUIITBA T€ yTUUY HA
nepuHHUCabE MoJIoXkKaja reorpaduje y cucremy
obpazosama. Ha J[Banecer cemvom melyHapoHOM
reorpadckom koHrpecy 1992. romune ycBojeHa
je IloBema o reorpadckoM oO0pa3oBamy,
3acCHOBaHa Ha MelyHapoaHMM JOKYMEHTHMa
u mnpenopykama. Komucuja 3a reorpadcko
obpazoBame MelyHaponne reorpadcke yHuje, y
I[ToBesbu o0 reorpadcxom 00paszoBamy, neduHncata
je mpobiieMe caBpEeMEHOTr pa3Boja U HUXOBY
HarjameHny reorpa)cky KOMIIOHEHTY, 3Hauaj,
LIUJbEBE U 3a7aTKe reorpadckor oOpasoBama 3a
onpxuBu pa3Boj y 21. Bujeky (Mehynaponna
reorpadcka yauja, 1997) norsphene JlynepHckom
nexnapanujoM (International Geographical Union
Commission on Geographical Education [IGU
CGE)], 2007) n monpsxane ox crpane Opranuzanyje
VYjenumenux Haruja.

JlynepHCKOM JIeKJIapalljoM yCIIOCTaBJbajy
ce cranjgapau reorpadckor oOpaszoBama U
MPOKJIaMyjy LUJBEBU OAPKHUBOT pa3Boja KOjH
MOZIpa3yMHUjeBajy KOHTPOILY MpoIieca y *KHUBOTHO]
CpeIMHH: pacHoiarame NPUPOAHUM pecypcuma,
npHUpoJHE KaracTpode, KIMMaTCKe MpPOMjeHE,
XUAPOTOTEHIIMjall, AUHAMHKY AeMorpagckor
pa3Boja W MUTpallMje CTaHOBHHUIITBA, Pa3BOj
pypatHHX M ypOaHUX MOJpydYja, pEerHOHaHE
MOJIUTHKE, U3/IBajarbe MpOOIeMCKHUX MOApyYja,
MIPOCTOPHO TIAHUPAHE, EKOHOMCKU M COLIMjaJTHU
pasBoj, (YHKIMOHHCAHE MYITHUKYITYpPATHUX
JpYLITaBa, yIPaBJbamkbe JOKAIHUM 33jeIHUIIaMa,
yCIOCTaBJbamkhe reorpadcko-uHPpOpMaInOHUX
cucrema (IGU CGE, 2007). Hdakie, kKJbyuyHHU
npobieMu pas3Boja UYOBj€HaHCTBA, OJHOCHO
JPYIITBEHE ITpaKce, IMajy HarameHy reorpadceky
KOMITOHEHTY, Tj. OTHOCE C€ Ha 3eMJbUHE CHCTEME U
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FUNDAMENTS OF GEOGRAPHICAL
SCIENCE IN ADDRESSING KEY
PROBLEMS OF MODERN WORLD IN
THE CONTEXT OF SUSTAINABLE
DEVELOPMENT

The growing problems of modern society
have set forth a whole range of practical
questions and the solutions are offered by
people of all generations. Development
processes change life needs and demand new
aspects of population education, which further
affects the geography’s position within the
system of education. The International Charter
on Geographical Education was adopted at
27th International Geographical Congress
in 1992 and it was based on international
documents and recommendations. On that
occasion, the International Geographical
Union’s Committee on geographical education
defined problems of modern development and
pointed out the pertinence, goals and tasks of
geographical education and to which extent
it was relevant for 21st century sustainable
development (Mehynapoana reorpadcka
yHuja, 1997) as was earlier confirmed
by Luzern Declaration (International
Geographical Union Commission on
Geographical Education [IGU CGE], 2007)
and supported by the United Nation.

The Luzern Declaration set the standards
of geographical education and proclaimed
the goals of sustainable development, which
referred to the control over environmental
processes as follows: disposal of natural
resources, natural disasters, climate change,
hydro potentials, dynamics of demographic
development and population migrations,
development of rural and urban areas,
regional policies, defining problem areas,
spatial planning, economic and social
development, functioning of multicultural
societies, local community management, and
design of geographical information systems
(IGU CGE, 2007). Thus, key problems of
human development and social practice are
all geography-related and refer to the Earth’s
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IBUXOBO (PYHKIIMOHHUCAKE U CTaBJbajy ce y (pokyc
CaBpeMEHOT reorpag)cKor o0pa3oBama.
CaBpeMeHH  pa3BOjHU  TpoOIECH
TpaHC(OPMUILLY IPHPOJIHE U AHTPOIIOTCHE CUCTEME
Ha I100aHOM HUBOY. [eocucremu (1ojeMHAYHHA
MIPUPOTHH M QHTPOIIOT€HH XOMOT€HHU KOMILIICKCH)
JETEPMUHUCAHU CTPYKTYPOM, (DYHKIIH]CKOM,
(U3MOHOMCKOM M KBAJIMTAaTHBHOM MOCEOHOCTH
y CBOj cloxkeHocTH MehyonHoca u Mehyyrunaja
BUXOBUX OCHOBHHUX H3paxajHUX (OpMH
(reocTpyKType, T€OKOMIIOHEHTE), YUHE BEOMa
KOMIUIEKCHY IIOjMOBHY Kareropujy. Ksamutera
HUXOBOT (DYHKIMOHHUCAKha MPETIOCTaB/ba HUBO
OZIPXKUBOCTH, KaKO FbUXOBHX I0jeAMHAYHUX (POPMH,
TaKo M YKYITHOCTH cuctema, peduekryjyhu ce Ha
3eMIpHHE cepe U TeoCUcTeM 3eMIbe Y IjeIUHU.
Jlakie, CTpyKTypa, KBaIUTET U (DYHKIIMOHHCAHE
T€OCUCTEMA y JUPEKTHO] CY BE3U C OAPKHUBHM
pasBojeM. OnpxuBHM pa3Boj MOJpa3yMHjeBa
yckiahenoct wu3mel)y eKoHOMCKOT pasBoja,
COLIMjaJTHE MPaBJIE M KBAJIMTETA KUBOTHE CPEIMHE.
Jla 61 ce u3mel)y HaBeZIeHHX KOMIIOHEHATa pa3Boja
YCIOCTaBUJIO MHTEPAKIIN]CKO jEIMHCTBO, OJHOCHO
paBHOTEXa, HEONXOAHA j& CBUJECT O HUXOBO]
Mel)y3aBHCHOCTH, IITO MOAPa3yMHjeBa eIyKOBaHE,
CBjeCHe, OJITOBOPHE M OpraHU30BaHe rpahaHe.
Jajyhu reorpadckoj Haynu 3Ha4YajHy YJIOTY
y cucrtemy oOpa3oBama Ha CBUM HHBOHMMA,
Melynaponna reorpadceka yHuja, aepuHrucaHuM
3a7lauMa y JIOHeCEHUM TOBeJbaMa, TIOCTaBUIIA je
npes reorpadujy oAroBOpaH 3a1aTak U MOCPEIHO
yTunana Ha peopMucame 00pa3oBHOI CUCTEMA
IIMPOM CBHjeTa 3a OATOBOPHO JpyIITBO y 21.
BHjeKy. AmnocTtpodupaHu mnpobieMu pa3Boja
CaBPEMEHOT JAPYIITBAa MOKPEHYIH Cy HayudHE
pacmpaBe 1 OTBOPHIIM OpOjHA MUTamba U KPUTHUYKA
UCTPaXXKMBamba MyATUAUCIMIUIMHAPHOT KapaKkTepa
y KOjuMa MmapThuunupa u reorpaduja. Jpymrsene
IpoMjeHe HacTajge NPOoIEecOM TpaH3HIHU]je
COLIMJaJTUCTUYKKX JPYIITaBa, MOJTUTHYKE KPH3E,
HOBE KpH3€ EKOHOMHjE M TPXKHINTA MOTAKIE
Cy pa3BOj KpUTHUKE XymaHe reorpaduje.
MHoru cmarpajy OBe I0jaBe TreorpadCcKum
u mo3uBajy reorpade na ce ¢Qokycupajy Ha
CTpyKType HaBeaeHux npobiema (Johnston et
al., 2002). ITokpeHyTe MHULIMjaTUBE U yCBOjeHE
areHjie MOCJbeAbUX NeleHHja arnocTpodupajy

systems and their functioning, which modern
geographical education focuses on.

Modern development processes globally
transform natural and anthropogenic
systems. Geosystems (specific natural and
anthropogenic homogenous complexes) which
are determined by the structural, functional,
physiognomic and qualitative specificities
with all their interrelations and mutual
impact of their basic forms (geostructures,
geocomponents) are all parts of a highly
elaborate notion category. The quality of
their functioning demands a new level of
sustainability of both individual forms and
the whole system, which in turn reflects on
the Earth’s spheres and the Earth’s geosystem
in general. Therefore, the structures, quality
and functioning of the geosystem are
directly related to sustainable development.
It is sustainable development that means
harmonization of economic growth, social
justice and environment quality. In order
to achieve an interactive unity among these
components, it is crucial to raise awareness,
i.e. to have educated, conscious, responsible
and organized citizens.

Having given geography a significant role
in the educational system at all levels after it
had set tasks in its charters, the International
Geographical Association set before
geography a responsible undertaking and
indirectly affected the educational reforms for
a responsible 21st century society worldwide.
The focal development problems of a modern
society triggered scientific debates and tackled
many questions and multidisciplinary critical
studies in which geography fully participated.
Social changes which started upon the
transition process in socialist societies,
political crises, and new economic and market
crises initiated the development of the critical
human geography. Many believe that these
changes are geography-related and they invite
geographers to focus on the structures of the
aforementioned problems (Johnston et al.,
2002). The adopted initiatives and agendas
over the last few decades have pointed out the

11



MUWPA MAHIN'h U MUJIEHKO )XUBKOBW'h
MIRA MANDIC AND MILENKO ZIVKOVIC

HapacTajyhe mpobieMe pa3Boja 4OBjeyaHCTBA Y
MOTPa3yu 32 HHCTPYMEHTHUMA MMO3UTUBHOT Pa3Boja
(AtuHCKa oBesba, Yroop u3 Jlucabona, [Iporpam
kynrypa, Cnopazym u3 Kjora, JbyOspancka
nexnapanuja, Teputopujanna arenaa EBponcke
ynuje, Ctpareruja Espomna 2020, ...).

JloHOmIeHe JeKIapalyja, MpaBHUX akara u
Mporrca UMa 3a IIiJb 1a YCMjepH MpaBlie pa3Boja
Ka KOHIICTITY €KOHOMCKE, COIMjaJTHE U €KOJIOIIKE
OJIPXKUBOCTH U YCIIOCTAaBU TEPUTOPHUjATHY
KOXE3Ujy W XapMOHHUYHO JAPYIITBO y CMHUCIY
MYJATHKYJITYPaTHOCTH, MOJUTHYKE jeIHAKOCTH
U CcOoLMjaJiHE TMpaBjae, Koje ce cMmaTpajy
YHHBEp3aJIHUM BpujeaHoctuMa. Ha mpocropy
EBporie Hajuenthe ce ToBOPH O CHCTEMY €BPOTICKUX
BpHUjEIHOCTU. AmNOCTpoUpaHe BpPHjeIHOCTH
uMajy MYITUAMCUUIUIMHAPHU KapakTep, ajlu ce
CHa)XHO MPOXHMMA]y KpO3 BHILIE reorpadckux
JTUCIUIUIMHA, IITO HAC HABOJAM HAa 3aJaTKe U
KapakTep reorpadckor o0pa3oBamma 3a (GOpMHpabE
OZITOBOPHMX W akTHBHMX rpabhana. I'eorpaduja
y4H J1a ce CBHjET MocMarpa UCTOBPEMEHO OunMa
XyMaHHUCTE U MPUPOAAKa, OHOCHO OMOryhyje
pasymjeBame cujera (I'punh, 2004), obpasyje,
BacnuTana (y AyXy HaTpHOTH3Ma, TOJEpPAHIIH]je
U OJIrOBOPHOI JjeioBama) W HpHUIpemMa 3a
NpPAaKTUYHY TPHUMjEHY CTEUEHHX 3Hama Yy
CBpPXy ONINTEr HampeTrka. ,Jlakie, cymThHa
reorpaduje je y ¥ npeaMeTy UCTpaKuBamba U y
IBEHUM Ca3HajHUM MoryhHocTuUMa, IITO a prori
noapasyMujeBa oJronapajyhe merojosioruje y
npoyuyaBamwy reorpadckux (GopMu — HHXOBE
CTPYKTYPAaJHOCTH, TEPUTOPHUjaTHOCTH,
pasMjemtaja, (QyHKIMOHAIHOCTH, Ipoleca |
npobnema y pa3Bojy (I'maro et al., 2011, ctp. 32).
Tume ce reorpaduja mornmMa Kao ornmreoOpazoBHa,
HAIMOHAJIHA U TIPAKTUYHA HayKa.

Jlyro pa3BujaHa reprerniyja nojMa reorpacduje
Kao ,,omuca 3emibe Mopa OUTH 3aMUjeHEeHA
,,yITUCUBambeM 3eMJbe y CpIE U CBUJECT CBAKOT
CTAHOBHHKA IUIAHETE, OJHOCHO MEPIEHINjOM
,»3EMJBE KA0 YOBJEKOBOT' IOMA“, KAKO CY j€ TOMMAaJIH
aHTU4KH (pro30du, unme ce anoctpodupa meHa
KOMIUIEKCHA yJIOTa Y KOHIIENTY OJIPXKHUBOT pa3Boja.

growing development problems of humanity in
search of instruments of positive development
(Athens Charter, Lisbon Contract, EU
Culture program, Kyoto Protocol, Ljubljana
Declaration, EU Territorial Agenda, Europe
2020 Strategy, etc.).

The purpose of adoption of declarations,
legal acts and regulations is to put the focus
of development on the concept of economic,
social, and ecological sustainability and set the
territorial cohesion and harmonized society in
terms of multiculturalism, political equality
and social justice which are believed to be
universal values. In Europe, the European
value system is frequently discussed. These
values are multidisciplinary and they address
several geographical disciplines, which brings
us to tasks and purpose of geographical
education in order to gain responsible and
active citizens. Geography teaches us that the
world should be observed through the eyes of
both social and natural scientists, i.e. it helps
us understand the world (I'puuh, 2004), and it
educates us (in terms of patriotism, tolerance
and responsible actions) and prepares us
for the practical application of the gained
knowledge for general good. ,,Hence, the
essence of geography lies in both its subject
matter and its gnostic abilities, which a
priori requests adequate methodology for
studying geographical forms, their structures,
territoriality, distribution, functionality,
processes and problems of development®
(I'mato et al., 2011, ctp. 32). This brings
us to geography as a generally educational,
national and practical science.

A long-term perception of geography
as an ,,Earth description® must be replaced
by ,,Earth inscription® into the heart and
consciousness of each man on the planet.
In other words, it should be replaced with
the ,,Earth as a home* perception as it was
regarded by ancient philosophers, which
finally points out its complex role in the
concept of sustainable development.
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I'EOI'PA®CKA HAYKA 11 CABPEMEHA
JAPYILITBEHA CTBAPHOCT V¥ PEITYBJIMLIA
CPIICKOJ

[TpoGnemMy MHCTUTYIIMOHAIHOT, TMOIMTHYKOT,
IeMorpadCcKor, HaceOoOMHCKOT, MPHUBPEIHOT,
UHQPACTPYKTYpPHOT M COIMjaJIHOT pa3Boja
Penybnuke Cpricke akTyenusyjy MOjeauHe
reorpadcke JAUCHUIIUHE U  HUXOBY
aIUTUKaTUBHOCT. J[pyIITBEHO MapruHaln3oBaHa
reorpadcka Hayka y Penybnunm Cprickoj
TOTOBO Ja HHUje Io0miIa y jaBHOCTH Behy ymory
071 OCHOBHOIIIKOJICKOT TIp€IMETa U HOBHHApPCKE
BUJECTHU 3a MOTpeOe MOIUTHYKOT aKTYEIIN30Bakbha
HEKOT mpobiieMa. YCINOCTaBJbEHHU Jyaau3aMm
KOMIIETEHIIMja y IPYIITBEHO] IpaKcu peduiekTyje
ce Ha reorpa)cKy HayKy HCHUM MOTHCKHBAHEM
U3 ToJba TeorpaCKUX MCTpa)KMBama C
JAIeKOCeKHUM DPa3BOJHUM TOCJbEaUIIAMa
Koje ce orneaajy y AedUHUCAHUM DPa3BOJHUM
cTparervjamMa ¥ HHUXOBO] HMMIUIEMEHTAIU]jH.
ITon mojMom cTpareruja moapa3zymHujeBa ce
,,JJyTOPOUHO TIAHCKO YCMjepaBame pa3BOjHUX
mporeca Ha 0a3u BpeIHOBamka OCHOBHHX
PacToOJIOKUBUX TMOTEHIMjaja: MTPUPOJHUX,
JbYICKUX HMHPPACTPYKTYPHUX H IPYTUX, Yy
CMHUCIy OCTBapuBama yTBpheHUX LHIbEBA™
(I'mato, P. & I'maro, O., 2008, ctp. 415). IIpema
TOME, Je(UHHCAkE CTpaTeruja MmoJapa3yMujeBa
BpEHOBAaKkE I'€OMBEP3UTETA JATOT MPOCTOpA,
OIHOCHO HETOBUX (OPMHU: TeOCHUCTEeMa,
T€OCTPYKTypa ¥ TECOKOMITOHEHTH U3 Yera MPOoU3JIa3y
KOMIIETEHTHOCT reorpad)cke Hayke, OAHOCHO HeH
3aj1aTaK y JerHUCay IpaBala 1 MHCTpyMEeHaTa
pa3Boja cxoHO oTpedama pjeraBamba pa3BOjHIX
npobnema napymrBa. [IlpakTuuHa npuMjeHa
reorpa)CKUX ca3Hama CpasMjepHa je CTENeHy
JIPYWITBEHE TMPENO3HATIBUBOCTA PA3BOJHOT
npo0JiemMa 1 N3HAJIAKEHa a/IeKBaTHOT OJITOBOPA.

W3nBajambe mpocTopa Ha OCHOBY YKYHMHOCTH
KapaKTepUCTUKAa €KOHOMCKHUX, IeMOTpadCKux,
COLMjATHUX, HHYPACTPYKTYPHHX, HACCOOMHCKHUX,
EKOJIOUIKUX M APYTUX Mpoleca IMpenyclioB je
MPUCTYTIAbY Pa3BOJHUM CTpaTerujama 1 IiIaHCKUM
pjemieruMa y by yHampehema mpocropa u
CMamHBamba pa3BojHUX Aucrnaputera. Mako je
TEPUTOPHjaIHAa KOXE3Mja MPUMApHU IIMJb CBUX

GEOGRAPHICAL SCIENCE AND
MODERN SOCIAL REALITY IN THE
REPUBLIC OF SRPSKA

Problems of institutional, political,
demographic, settlement, commercial,
infrastructural and social development of the
Republic of Srpska bring into the limelight
specific geographical disciplines and their
application. Geography has been socially
marginalized in the Republic of Srpska and
it has not been more than a school subject or
the paper news for the purpose of focusing
on a political problem in public. The existing
dualism of competencies in social practice
affects geography in a way that it has been
suppressed from geographical studies
which will have long-term consequences
reflected in defined development strategies
and their implementation. The term strategy
refers to ,,a long-term planned management
of development processes based on the
evaluation of basic available potentials
(natural, human infrastructure etc.) in order
to achieve the defined goals*“ (I'mato, P. &
I'maro, O., 2008, p. 415). Therefore, defining
a strategy means to evaluate geodiversity of
a target space, i.e. its forms (geosystems,
geostructures and geocomponents), which is
within the competency of geography and its
task to define directions and instruments of
development in line with solving development
problems of the society. Practical application
of geographical knowledge is proportional
to the level of social acknowledgement of
the development problem and the adequate
response.

Differentiation of space based on the total
characteristics of economic, demographic,
social, infrastructural, settlement, ecological
and other processes is a prerequisite for
development strategies and planned solutions
targeting the improvement of space and
minimization of development disparities.
Even though territorial cohesion is a primary
goal of all development strategies in both the
European Union (Evropska unija, 2011) and
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pa3BOjHUX CTpaTeruja, kako y EBporickoj yHuju
(Evropska unija, 2011), Tako u y Pemy6mumm
Cprickoj, akTyelTHH pa3BOjHU MPOLIECH ONIBUjajy
ce y mpaBily IpoayOJbuBamba Pa3BOjHUX PasiIMKa
U cTBapama mnpoodneMmckux moapydja. Cmabo
pasBUjeHa MoJApyYja, HE KapaKTEPHILy CaMo
3eMJb€ Y Pa3Bojy, Beh OHa er3ucTupajy 'y Behunu
pa3BUjEeHUX JpKaBa, Kao ,,peruje Koje KacHe y
pa3Bojy y OHOCY Ha HAlIMOHAJIHU MPOCjeK", Te
HEIOBOJFHO MHTETPUCAHA Y NPUBPEIHH CHUCTEM
3eMJbe, TPETHPaAjy ce Kao MpobdieMcKa moapydja
HAIIMOHAJIHUX TEPUTOPHja. YKYITHOCT Pa3BOJHUX
npoueca audepenuupa npocrop PemyOnuke
Cpricke Ha oapydja pa3IMIUTOr CTENICHA Pa3Boja,
o]l 4yera mpobieMcKa MoAapydja MPeAcTaBibajy
npeko 60 % ykynne tepuropuje (Manauh &
XKuskosuh, 2014). Ilo pasHuM eireMeHTUMA U
noKasaresbuma (JIeMorpa)cKuM, HaCEOOMHCKUM,
€KOHOMCKHM, MH(PACTPYKTYPHUM, SKOJIOLIKHM)
U3/IBOjeHa MpobieMcka noapydja (IpBEHCTBEHO
uCTOK M jyr PemyOnuke Cpricke) 3axTjeBajy HOBE
MPUCTYTIE U TIOCTABIbajy HOBE 3aXTj€BE APYILTBEHO]
MPaKCcH, a THME W 3aJarak reorpad)ckoj HayIlH.
I JTaHupame pa3zBoja Mopa OUTH AUO JyTOPOYHE
HaIlMOHAJIHE MHTETPaTUBHE MOJUTHKE Y JOMEHY
MIPOCTOPHOT TUIAHHPamka, EKOHOMCKO-COLIU]aTHOT
pa3Boja U 3aIITUTE KBAJUTETA )KUBOTHE CPEIMHE
(Manmuh & Kuskosuh, 2009, ctp. 165), unme
ce MOoAp’kaBa YKyIHa OAPXKHUBOCT pa3Boja, Te
MIPEe/ICTaBIba MPUMAPHU 33/1aTaK JAPYIITBA, a TUME
Y Hay9HUX MHCTUTYIH]A.

Tpansunuja JApymTBEHOr CHUCTEMA,
HOBOYCTIOCTAaBJbEHH JPYIITBEHH OJHOCH H
CTPYKType, HOBa JeruciaTuBa U MPHUCTYIH
IUTAHUPAy pa3Boja U yIpaBibamby MPOCTOPOM,
CTBOPHIJIU Cy YCJIOBE 32 MapLHjaiHO CaIyie/IaBambe
npo0remMa y by YCIIOCTaBIbaha MHIUBHUTYTHOT
HaJ jaBHUM HHTepecoM. Jloruka mpocropa H
YKYITHOCT pa3Boja J0BeJIeHa je y muTambe. MoTuBH
BaJlOpH3alllje, BPEIHOBaWkAa U JjeJoBama y
MIPOCTOPY NPECTaBIbajy OCHOBY YCIIOCTABJbaha
MPOCTOPHUX CTPYKTYpa U pa3BOjHUX edekara
Ha YKYIIHY OJpXHUBOCT MpocTopa. Hbuxoso
ycMjepaBame MpeaCcTaB/ba KibYd HAI[OHATHOT
pa3Boja. M3rpaima MHCTUTYIMOHATIHOT ¥ TIPABHOT
OKBHpA JIjeJIOBaba MPEIyCIIOB j€ YCIOCTaBIbamba
MIOBOJHHOT aMOMjeHTa 3a Ie(hUHUCAE PA3BOJHUX
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Republic of Srpska, the current development
processes still deepen the development
discrepancies and create problem areas.
Poorly developed area are not only typical
of developing countries, but they also exist
in most developed countries as ,,regions that
grow slower than the national average™ and
are insufficiently integrated into a country’s
commercial system, which is why these are
treated as problem areas within national
territories. Development processes in the
Republic of Srpska differentiate the country
into areas of different levels of development
and problem area make up more than 60 % of
the whole territory (Manauh & JXuskosuh,
2014). The differentiated problem areas
defined by different elements and indicators
(demography, settlements, economy,
infrastructure, ecology) (south and east of the
Republic of Srpska) demand new approaches
and set new goals before both social practice
and geography. ,,Development planning must
be a part of a long-term national integration
policy within the domains of spatial planning,
economic-social growth and environment
quality protection® (Manguh & YXuskosuh,
2009, p. 165), which will support the whole
sustainability of development and scientific
institutions.

The social system transition, the newly
established social relations and structures,
new legislations and approaches to space
development and management all created
conditions for partial solutions of problems
in order to place individual interests before
the public ones. Logics of space and total
development have been questioned. Motives
for valorization, evaluation and actions within
space are the bases for formation of new
spatial structures and development effects
which might affect spatial sustainability. The
key to a national development is to conduct
these processes properly. The institutional and
legal frameworks of actions are a prerequisite
for an environment suitable for defining
development strategies and practically
applying results of scientific studies, i.e.
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cTparervja U MpPakTUYHO JjeJI0BAkE MPOU3AIILIIO
U3 pe3yliTaTa HayYHUX MCTPaKUBamba, OJHOCHO
MHKOPIOpUpamka HAYYHUX Ca3Hamba y mpakcy. M3
TOT paszjora reorpadcka Hayka KOHTHHYHPAHO
pa3BHja HayyHU amapaTr W ycarjaiiaBa I0Jbe
HayYHOT UCTPaKMBama IOjEeANHHUX reorpadckux
JUCHUIUIMHA U HEeHUX (OPMU C Pa3BOJHUM
npobieMuMa MPOU3AMIIUX M3 aKTYEIHHX
JPYIITBEHHX MPOIIECa UCTIOJHEHUX Y TEOMPOCTOPY.

VYKynHH Teorpa)cKo-UCTOPUJCKU Pa3Boj
bankanckor npoctopa, nakie u Permyomuke Cpricke,
HUje JONPHHOCHUO KOHTHHYHPAHOM KYJITYpPHO-
LUBUWIM3AIM]CKOM, @ TUME HU TE€ONPOCTOPHOM
pa3Bojy. Y THM YCJIOBMMa HHCY CE€ JJOBOJHHO
pa3BHJIN CBHUjECT O OATOBOPHOCTH IP>KABHUX
CTPYKTypa TpeMa TeOoNpOoCTOpY U TOjeIUHILY
Kao M T0jeIHIa TIPeMa JIPKaBH M T€OMPOCTOPY,
mTo pe3yntupa 6pojHuM nocsbeauiama. Ocjehaj
HAI[MOHAJHEe M 3aBUYajHE NMPUIIAJHOCTU BHUIIE
je cTBap (ONKIOPUCTHKE HETO0 OJrOBOPHOT
JjeTioBamba M pa3BHjamba HAIIMOHAIHE U JIOKAJTHE
cpeauHe. [€OMOIUTHYKOM TMOJjeJbeHOCTH
npoctopa OuBme CDOPJ, a TuMe u CprCKOT
HAllMOHAJTHOT TPOCTOpPA, CTBOPEHU CY HOBH
pPETHOHAIM3MU U OTBOPEHHU OpOjHM MPOOIEMHU
€KOHOMCKOT W HallMOHAJTHOT pa3Boja, Kao U
MOMMama CPIICKOT HAIIMOHATHOT U KYJATYPHOT
npocropa. OBa npobiemaTtuka TpeTHupaHa je y
Butire pagosa P. I'mwara (I';aro, 2007; ['maro et al.,
2011; m ap.) u Hy>KHO TIOTeHIIUPa pedopMuUCcame
HaIIMOHAJIHOT Teorpadckor obpazosama. Ctora
,,TIOTPEOHO je KOHCTPYHCATH Teorpadujy CprcKor
KYJITYPHOT IIPOCTOpa Kao AUCHUILIMHY KyATypHE
reorpaduje” (I'puuh, 2011, crp. 20). Konuenr
TPAaHCTPAaHUYHOT Pa3Boja, aKTyeJlaH y pa3BOjHUM
cTparerdjama 3emasba EBpoIicke yHHUje, HMa
MyHY OMNPaBIAaHOCT (€KOHOMCKY, MOJUTUYKY,
HAIlMOHAIIHY, KYJITYpHY, HHPPACTPYKTYpHY) Y
MOBE3UBAKy CPIICKOT HAIIMOHAIHOT MPOCTOpa,
onHocHO PernyOimke Cpricke ¥ OKpYKera y KOjeM
KHUBH CPIICKH Hapo[. YCIIOCTaBJbamkhe Capajihe
OaJIKaHCKMX HApoJa je TMOJNA3UIITe y Pa3Bojy
OJJHOCA M TIPOMjEHH Iepleniuje o 3anaHoM
bankany xao nmpoOieMaTH4HOM U HECTAOUITHOM
peruony. O 3Ha4ajy €KOHOMCKOT M KyJITYpPHOT
NoBe3MBama yHyTap bankanckor mpocrtopa,
CTpaTeIIKIM IIMJbEBUMA Pa3B0ja U BbErOBOT 3HA4aja

incorporating scientific findings into practice.
For that reason, geographical science keeps
developing a scientific apparatus and
harmonizing scopes of its disciplines with
the developing issues resulting from current
social processes existing in geospace.

The geographical-historic development
of the Balkans, including the Republic
of Srpska, has made no contribution to
a continuous cultural, civilization and
geospatial development. Under the given
conditions, there has been no awareness of
responsibility of state structures towards
geospace and individuals nor has there been
any responsibility of individuals for the
state and geospace which has all resulted
in multiple consequences. The feeling of
national and country affiliation has been
nothing but folklore-oriented rather than
a responsible action and development of
national and local environment. Geopolitical
division of former SFRY, including the
Serbian national space, resulted in new
regionalisms and triggered many problems
for both economic and national development
and it also affected the perception of Serbian
national and cultural space. The problem was
addressed by R. Gnjato in several papers
(I'mato, 2007; I'maro et al., 2011; etc.) and the
main observation was the necessity to reform
national geographical education. Therefore,
»it 1s crucial to construct geography of the
Serbian cultural space as a cultural geography
discipline* (I'puuh, 2011, p. 20). The concept
of cross-boundary development currently
popular in development strategies of European
Union countries is fully applicable (and
justified from economic, political, national,
cultural and infrastructural aspects) in order
to unite the Serbian national space, i.e. the
Republic of Srpska and the neighboring areas
populated by the Serbs. Cooperation among
the peoples of Balkans is a starting point for
the development and the change of perception
of the Western Balkans as a troublesome and
unstable region. Many geographical scientific
papers have been written on the pertinence of
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Ha MMOJIMTUYKOj ¥ KyATYpHOj Maru EBporne Harican
je ox kpaja 19. Bujexa Benuku Opoj reorpadcekux
Hay4YHHX pajaoBa, on llBujuha o caBpemeHux
reorpada, aJu BUXOBE OIICEpPBAIlMje HUCY HAIILIe
Behy NpuMjeHy y APYIITBEHO] MIPAKCH.

JpymrBena crBapHocT PemyOnuke Cpricke
HOCH CHa)kaH IedaT pa3BOJHUX Mpobiema
reorpadckor kapakrepa, Mel)y kojuMa ce n3/aBajajy
poOJIeMH HarIallIeHe ACHOMyJIaIHje, IPUBPEIHOT
pa3Boja, ympaBjbamba MPHUPOIHUM pecypcrMa,
CTama XXMBOTHE CPEAMHE U PA3IMUUTHX acleKara
onpkuBocTy. HemoBosbHA Pa3BUjeHOCT APJKaBHUX
Y HAayYHHX WHCTUTYIHMja, claba XOPU30HTAIHA U
BEPTHKAJIHA KOOpAMHAIIMjAa YHYTap APYLITBEHOT
cucTeMa, HeCHCTEMAaTHYaH MPHUCTYII PjelIaBamby
npobieMa TPOCTOPHOT pa3Boja JOJATHO
yCIopaBajy pjeliaBame HaBEACHHX IMpoliema.
W3 HaBegeHOT NPOU3JIa3M HEONXOJHOCT
pedopmucama Ap>KaBHUX WHCTHUTYLIHja, a Mehy
BUMa U 00pa30BHOT CUCTEMA, Kao U reorpad)cKor
oOpa3oBama Ha CBUM HHUBOWMA, T¢ JePUHHICAA
3ajlaTaka ¥ Mcxona oOpa3oBama M BacIUTamba 3a
OZITOBOPHO J1j€JI0BaE Y MY MPOCIEPUTETHOT
pasBoja Penybnuke Cpricke.

PaznuuuTa npymrBa cTBapajy cneurpuyHe
koHuenuuje npocropa (Lefebvre, 1991). [IpxxaBau
CUCTeMH AYTMX TpaJullfja KOHTHUHYHPAHO CY
n3rpalBaIM MHCTUTYIM]E U IPYIITBEHE CTPYKTYpE
y LIUJbY HAIlMOHAJIHOT pasBoja, pe3yntupajyhu
ypeheHuM mnpocTOpHUM CTpyKTypama W
palMOHAIIHUM PACIIONaralkbeM TePUTOPH]jATHUM
KaruTajaoM. Y TakBUM JIPYIITBIMA HayKa je nMaja
HaIlMOHAJIHY 3Hayaj. [eorpadcka Hayka onurpana
j€ 3HauajHy yJIory y pa3BOjy MHOTHX Ip)aBa.
I'eorpadcka Hayka CpIICKOT €THHYKOT MPOCTOPA
MOBPEMEHO je nobujana 3aJaTke HAIMOHAIHOT
3Hayaja. [loyerkom 20. BUjeKka pa3Buiia ce Cpricka
reorpadcka IIKoIa 1 Jjajia JOnpruHoC AepuHucamy
HAI[MOHAJIHUX TPAaHMIA M CTPATCLIKUX IMJHEBA
pa3Boja, KOMIUIEKCHOM H3y4aBamby HAlMOHAIHOT
MIPOCTOpa M KYJATYPHOT HJICHTUTETa HALIMOHAITHOT
uaeHtuTera. CIryaH 3a7aTak uMana je reorpadcka
Hayka kpajem 20. Bujeka y Pemy6muuun Cprickoj
y BpujeMe WeHor (opmupama. Y yciIoBHUMa
TPAaH3UIIMOHOT JIPYIITBA, HHUCKOT CTeNeHa
MHCTUTYLMOHAJIHE U3rpal)eHOCTH 1 TOTEHIMpPamba
WHAMBUAYAIHUX HHTEPECA, CYNpPOTCTaBIbEHUX
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economic and cultural connections within the
Balkans, the strategic goals of development,
and the relevance of the Balkans on the
political and cultural maps of Europe. Still,
ever since late 19th century up to now, from
Cviji¢ to some modern geographers, none of
their observations have been widely applied
in social practice.

Social reality of the Republic of Srpska
carries a burden of geographical development
problems among which most unpopular ones
are issues of depopulation, commercial
growth, natural resources management,
environment and different aspects of
sustainability. Low level of development
of state and scientific institutions, poor
horizontal and vertical coordination within the
social system, and an unsystematic approach
to solving problems of spatial development
decelerate solutions of all these problems.
Hence, it is necessary to reform the state
institutions, including the educational system
and geographical education at all levels, and
to define tasks and outcomes of the education
on responsible actions in order to support a
prosperous development of the Republic of
Srpska.

Different societies create specific
concepts of space (Lefebvre, 1991). State
systems which have long traditions have
continuously built their institutional and
social structures for the purpose of national
development. It has resulted in the organized
spatial structures and rational disposal of
the territorial capital. In such societies
science has played an important part. It was
the geographical science that had a large
role in development of many countries.
Geographical science of the Serbian national
space has been occasionally given tasks of
national relevance. In early 20th century, the
Serbian geographical school was founded
and it greatly contributed to defining national
boundaries and strategic development goals
and thoroughly studied national space and
cultural and national identity. A similar task
was set before geography in late 20th century
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reorpa)ckoj Hay4yHO] JIOTHIIM, YKJbYUYHUBAHH CY
JIpYrd aKkTepu y ,IUlaHUpambe* HALMOHAJIHOT
pa3Boja, a reorpaduja MOTUCKUBAHA U3 MIPAKCE U
00pa30BHOT CUCTEMA.

[To cBOjoj neUHUIMjU U CYIUTHHH HayKa je
y CTaJHOM Tparamy 3a UCTMHOM M HAIpPETKOM,
JPYIITBEHO U MOPAJIHO OATOBOpHA, T€ JIHIICHA
CBaKke IMOJUTU3anuje u 3noynorpede. Iben
3aj[aTaK je Ja JIpyITBEHO a(upMHUILIE TIO3UTHBHE
U HAay4yHO MPHUXBATJEUBE OOpacie YOBjeKOBOT
JjeNioBama, T€ CHOCH MOPAJHY OJTOBOPHOCT 32
Hay4yHYy ¥ JpyIITBeHY nacuBHOCT. CBOje 3a/1aTke,
OCHM jaBHOT JIjeJIOBamka y JPYIITBEHO] MPAKCH,
HayKa MPBEHCTBEHO a(pHUpMHUILIE KPO3 IIMJbEBE U
ucxoze oopazoBama 00pasyjyhu u BacniutaBajyhu
reHepalyje y yxXy OAroBOPHOT U IPO(heCHOHATHOT
reorpackor JjenoBama Ha pa3HUM MOJbHMA
JPYILITBEHE CTBAPHOCTH.

O6pa3zoBHu cuctem npocropa 6usiie COP
JyrocnaBuje ,,amujenu’ cynOuHy reorpagcko-
HUCTOpUjCKOT pa3Boja mpoctopa bankana,
OJTHOCHO HEMa KOHTHUHYHUTET YCHOCTaBJHEHOT
KOHIIeITA. ,,[aKO je TOCheAmUX JACleHU]a
MUjemaH MPUCTYI reorpagckoM 00pa3oBamYy,
Ol KOHIIENTa IpUMHjemeHe reorpaduje a0
60-uX rogMHa MPOLUIOT BHUjEKa, A0 KOHIIENTa
IIKOJICKE Teorpaduje, Koju je OHo ycMjepeH
Ha peruoHajgHo-reorpadcky mnpoOIeMaTuKy
SHIMKJIONeAnjcKoT Kapakrepa™ (Maunauh, 2009,
cTp. 31), unme cy ce pasuiule Hay4YHa U IIKOJICKa
reorpaduja. Heomxonan je KOHCTaHTaH paja Ha
yHarnpehemwy TeopHjCKO-METOO0IOUIKE OCHOBE
U CHUCTeMa IIKOJOBaWka HACTAaBHUKA, yBolheme
ONIITE00PA30BHUX U PHMH]EH-EHUX Te0rpad)CKuX
caZpXxaja y CpeAmOIIKOICKO 00pa3oBame, Te
pa3Boj ,,reorpadcke KyaType*, 3Ha4ajHOT CerMEHTa
ommrer Bacnurama u eruke (I'punh, M. & ['punh,
Jb., 2015). I'eorpaduja je mpocTopHa Hayka, T€ je
paszyMjeBamy BbEHE CYIITHHE U 33/1aTKa HEOITX0IHA
MIPOMjeHa TMEepLEIIHje TPOCTOPHOCTH U HEHUX
kapakrepuctuka (Tpudynosuh, 2016). [Toctojehn
HACTaBHU IJIAHOBH, KA0 M MPHUCTYIl HACTaBHHUKA
reorpa)CKUM cajpkajuMa, jOII yBHjEK CY
(oKycrupaHy Ha IECKPUTIIN]Y U KBAHTU(DHKALIH]Y.
Hanuonanuu reorpadcku mpocTop H3ydaBa
ceé Kao KJacHyHa peruoHaiHa reorpaduja,
OJTHOCHO Tmperses reorpadckux caapxaja

as the Republic of Srpska was founded. Under
the conditions of transition, a low level of
institutional organization, and individual
interests opposed to geographical scientific
logics, other participants were included
in ,,planning“ national development and
geography itself was suppressed from practice
and educational system.

By its definition and essence, geography
is a science of constant search for truth and
progress; it is socially and morally responsible
and free from politics and malpractice. Its task
is to socially affirm positive and scientifically
acceptable patterns of human behavior and to
carry moral responsibility for scientific and
social passivity. Apart from public actions
in social practice, a science affirms its tasks
through goals and outcomes of education as it
educates generations in terms of responsible
and professional geographical actions in all
fields of social reality.

The educational system of former SFRY
»Shares® the same fate of the geographical-
historic development in the Balkans, i.e.
there was no continuous concept. ,,Over the
last few decades, an approach to geographical
education has been altered. It ranged from
the applicative geography concept, which
was popular up until 1960s, to the concept
of school geography, which focused on
regional geographical issues in line with
encyclopedic knowledge* (Mamaguh, 2009,
p. 31), after which scientific and educative
geography departed from one another. It is
pertinent to keep improving the theoretical-
methodological basis and teacher education,
introduce general and applicative geographical
content in secondary schools, and develop
»geographical culture® which is a relevant part
of general knowledge and ethics (I'puuh, M. &
I'puuh, Jb., 2015). Geography is a science on
space, so to understand its essence and tasks it
is important to change perception of spatiality
and its characteristics (Tpudynosuh, 2016).
The existing curricula and the teachers are
still focused on description and quantification.
The national geographical space is being
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nmpocropa, 6e3 ay0sbe aHaIM3e U KOMILIEKCHOT
M03HaBamba Pa3BOjHUX MpobiIemMa U MOoryhHOCTH
Penybnuke Cprncke Te mnpumpeme MIaaux
TeHepalrja 3a KUBOT U OATOBOPHO JIjEIOBAbE.
Jlakie, Mo BHIIE acnekaTa Hay4YHH TNPUCTYII
reorpa)ckoj TEOpUjU M MEPLUENLUUjH HAyIHOT
3ajaTka reorpaguje, Kako arIiKaTuBHE, TAKO U
HallMOHAJHE 00pa30BHO-BACIUTHE HAayKe, HUjE
10610 TOTPEOHN MPOCTOP y TPaKcH 0OpPa3oBHOT
cucrema PeryOnuke Cpricke. [Tomak y HayqHOM
pa3Bojy reorpaduje y okpupy Pemybmuke Cpricke
oIvie/ia ce Y MHCTUTYLIMOHATIM30Bamy reorpadcke
HayKe Kpo3 orBapame CTyaujckor mporpama 3a
reorpadujy u Ctyaujckor mporpama 3a pocTopHO
IUTaHHUpame, oCHUBame [eorpadckor apymrsa
Penybnuke Cprcke, BUIlE HAyYHO-CTPYUHHUX
reorpadckux ynpyxema (Llenrap 3a nemorpadcka
UCTpakuBama, LleHTap 3a JKUBOTHY CpEIUHY
u ypeheme npoctopa, LleHTap 3a kiammarcka
UCTpaxuBama, JpyImTBO NMPOCTOPHUX ILIaHEpa
Penybnuke Cpricke) W u3naBame HAYYHHX
Yacoruca ¥ Jpyrux MmyOauKanuja.

Pa3Boj reorpacke Hayke HHje 3Ha4YajHO
YTULIAa0 HA FHCHO JPYLITBEHO MO3ULMOHUPAHHE
yHaTou ydyemhy y Kpeupamwy pa3BOjHHX
MOJINTHKA, W3PaaM TMPOCTOPHUX IUIAHOBA H
pa3BojHuX cTpareruja Pemyb6nuke Cprcke.
N3ocrano je Behe anraxomame reorpadcke
HayKe M CTPyKE y APYIITBEHO) NMPAKCH, OAHOCHO
pjeliaBamy aKTyeJlHUX MpodiieMa MPOCTOPHOT
pa3Boja PenyGnuke Cpricke. 3akibyuyyjemMo 1a
je reorpadcka Teopuja Haapacia MPAKTUYHY
npumjeny. IIpoBenene pedopme OCHOBHOT H
CPEIOLIKOICKOT 00pa3oBamba MUHUMU3HpAIe
cy reorpadcko oOpaszoBame, cBoiehu ra Ha
ONMIITe00pa30BHU KapakTep. 3aHeMapeHa je
aIyIMKaTHBHA yJora U 3Hauaj reorpadcke Hayke,
T€ MapruHAJIM30BaHM MPOKIAMOBAHU LIUJbEBU
reorpadckor oOpazoBama o7 crpane MehyHapomnHe
reorpadcke yHuje u Opranuzanuje YjeanmbeHnx
Hamwja. ,,JIpymrena npakca u pactyhe Tp>xuiise
norpede 3a reorpadcKUM 3HamkUMa MOTBPhYjy
(yHIaMEHTAIHOCT reorpadcke HayKe y pjelaBamy
CYLITUHCKUX Pa3BOjHUX MpoOieMa CaBpEeMEHOT
ceujera® (JKuskosuh, 2013, ctp. 11), mro Huje
y KOpeJalMju ca CTaTycoM reorpadcke Hayke
y PenyGmuiu Cprickoj. CaBpemeHa apymiTBeHa
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studied as classical regional geography, i.e.
as an overview of geographical contents
of the space without further analysis or
recognition of development problems and
opportunities of the Republic of Srpska in
which way the young generations may not
be prepared for life and responsible actions.
Thus, a scientific approach to geographical
theories and perception of scientific goals of
geography as both national-educational and
applicative science is not being paid enough
attention in the educational system in the
Republic of Srpska. A step forward in the
scientific development of geography in the
Republic of Srpska reflects in the institutional
recognition of geography through founding
Departments of Geography and Spatial
Planning, Geographic Society of the Republic
of Srpska, several scientific-professional
associations (Center for Demographic Studies,
Center for Environment and Spatial Planning,
Center for Climate Studies, Republic of
Srpska Association of Spatial Planners), and
starting scientific journals.

The development of geography did not
largely affect its social position despite
the fact that it participated in creating
development policies, spatial plans and
development strategies of Republic of
Srpska. There is no significant engagement of
geographers in social practice, i.e. in solving
existing problems of spatial development in
the Republic of Srpska. We may infer that
geographical theory has overgrown practical
application. Recent reforms of the educational
system in primary and secondary schools
have minimized the geographical education
and only made it a part of general education.
The applicative role of geography has been
neglected and the goals declared by the
International Geographical Association and
the United Nations have been marginalized.
»Social practice and the growing market
demands for geographical knowledge
corroborate the fundamental nature of
geography in solving essential development
problems of the modern world“ (’)KuBkoBuh,
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CTBapHOCT yKazyje Ha ,,U3pa3uTO KOMIUIEKCHU
3amaTak reorpaduje y pjeraBamy aKTyeITHUX
npobieMa KOju TPOUCTHYY U3 JAPYLITBEHE
crBapHoctu‘* (JKuskosuh, 2013, ctp. 11).

3AKJbYYHAK

CaBpeMeHa JpylITBEHa CTBAapHOCT
ornrepeheHa je OpojHIM pa3BOjHUM MPOOIIEMUMA,
Kako II00aJTHUM, TaKO JIOKaJTHUM, KOjU Y OCHOBH
umajy reorpadcku kapakrep. Manudecrtyjy ce
Kpo3 TpaHchopMalinjy MpoCTOPHUX U COIUjATHUX
CTPYKTypa M YCIIOCTaBJbalkhe HOBE NMPOCTOPHO-
¢dyHKuMOHATHE opranu3aiyje. OACcycTBO BUXOBOT
ycMjepaBarba 1 KOOPIHHALM]E UMa 32 TIOCIbEIUILY
OpojHe TmoKa3aTeshbe HapylllaBamkba IeoCHUCTeMa
KOja yrpokaBa YKyITHU TEPUTOPHjaTHH KaluTal
u nokpehe OpojHe mpobieMe HAIMOHAIHOT,
PETHOHAITHOT | JIOKAJTHOT pa3Boja. Hermmanupame
pPa3BOjHUX Mpolleca M HEKoOopIuHaluja mehy
aKTepuMa y reorpoCcTopy HapylllaBa TeOnpoCTOpHE
CTPYKTYype u cinabe pa3BojHe moryhuoctu. Jlakie,
IUHAMHUKA W KapakTep pa3BOjHUX Ipoleca
yrpoXxaBajy KOHLENT OAPKUBOCTH, T€ HYKHO
MIPETIIOCTaBIbAjy aJIeKBaTHE Pa3BOjHE CTpaTEryje,
Mjepe M MHCTPYMEHTE yCMjepaBarmbha Pa3BOjHUX
MIOJTUTHKA.

Y HaBeJEeHOM KOHTEKCTy amocTtpodupa
ce ynora reorpadcke Hayke, KBaJUTET H
3aCTYIJBEHOCT Y CUCTEMY 00pa3oBama Ha CBUM
HUBOMMA, T€ JePUHMIIE CAApPKa] U CTPYKTypa
reorpa)cKuX 3Hamba HEONXOJHHUX JAPYIITBY H
nojenuHIly y 21. BUjeky u anoctpopupa mHHXoBa
UMILIeMeHTanuja y obpa3zoBHu cuctem. C
003UpOM Ha MOAYJAPHOCT KapakTepa pa3BOjJHUX
mporeca, npeaMera U 3a/araka UCTPaKHBamba
reorpadcke Hayke, HEONXOIHO j€ TOBOPHTH,
He camo o reorpadckom obOpaszoBamy, Beh u
reorpa)ckoM BacCIHTarby, U3 KOJEr MPOM3JIa3u U
Ha4YMH Pa3MHIIIbAa U JIjeJI0BAha Y TEOIPOCTOPY.
Bynyhuoct reorpadcke nHayke nedpunucahe
EHA I[JeJIOBUTOCT U AINIMKaTUBHOCT, OJHOCHO
YKJbYYEHOCT Y pjelIaBambe aKTYeIHUX Pa3BOjHUX
npoOJiemMa ApyIITBEHE MpaKce.

2013, p. 11), which does not correlate with
the status of geography in the Republic of
Srpska. Modern social reality indicates an
»extremely complex tasks of geography to
solve current problems emerging from social
reality* (OKuskoBuh, 2013, p. 11).

CONCLUSION

Modern social reality is burdened by many
global and local development issues, which are
basically geography-related. These issues are
manifested through the transformation of spatial
and social structures and formation of a new
spatial-functional organization. The absence
of fresh coordination results in many impaired
geosystems threatened by the territorial capital,
which in turn sets off different problems for
the national, regional and local development.
It is the lack of process planning and the poor
coordination among geospatial participants
that impair geospatial structures and weaken
development potentials. Therefore, the dynamics
and nature of development processes jeopardize
the sustainability concept and consequently
demand adequate development strategies and
measures as well as instruments of development
policy management.

Hence, the role of geography is being
emphasized as well as the quality and ratio of
this science within the educational system at
all levels. In addition, the content and structure
of geographical knowledge crucial for both
society and individuals in 21st century is being
defined and the implementation of the knowledge
within the educational system is being pointed
out. As the nature of development processes
is compatible with the subject and tasks of the
geographical science, it is crucial not only to
discuss geographical education but also the
geographical schooling from which thinking
and acting within the space emerges. The future
of geographical science will be defined by its
wholeness and application, i.e. its inclusion in
offering solutions to the current development and
social practice problems.
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JNOBA STEM-a

Beh u3 macnmoBa oBor pajga ouurienHa je
HaIlla HaMjepa Jia MOBYYEMO U3BjECHE aHAJIOTH]e
ca MapkecoBuMm pomaHoM Jhybas y doba konepe
(Mapxkec, 2010). C jenne ctpane mmamo Beh
yTBphEH Opax ABHjE TPYTIE U C ApyTe Cy0jeKTa KOju
YeKa Ha OCTBapeC BIACTUTHX KeJba. HaBeneHu
Opak CBaKako C€ OJJHOCH Ha HHKAJ aKTyCIIHH]Y

THE AGE OF STEM

Already from the title of this paper, it is
obvious that we intend to draw some analogies
with Markes novel Love at the time of cholera
(Mapxkec, 2010). On the one hand, we have
already established marriage of two groups
and from the other, there is a subject who is
waiting for the realization of their own desires.
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Be3y NPHUBPEIHOT U (PMHAHCHJCKOT CEKTOpa ca
OHMMa KOjJHU Kpeupajy OoOpa3oBHE IOJIHUTHUKE.
OBa Besa kyamuHupa y 13B. STEM rpynu
JMCIMIUTIHA — HayKa, TEXHOJIOTH]ja, MHKUEEPCTBO
u maremaruka (Science, Technology, Engineering,
and Mathematics — STEM). C mpyre ctpane, y
CTamy BHIIEACLICHU]CKOT YeKama Ha 3a700ujame
aJICKBaTHOT CTaTyca OAP>KaBaHOT POMaHTUYAPCKUM
NpojeKIrjama, Hajaszu ce reorpad)cko oOpa3zoBambe.
Jysenan u ®nopentrHo, STEM 1 reorpaduja. Jor
pjeuuTtju o IuTepapHux Metadopa nocrojehux
penauuja Mel)y ApyHITBEHUM  CTarycuma
reorpa)ckor MU TEXHHUYKO-MATEMaTHUYKOT
10Jba CaBpEMEHOI 00pa30oBama, jeCy HOBYAHH
VMHJIMKAaTOpHU ylarama y Te asuje obnactu. [Ipema
nmojanMMa HW3HECeHHM Ha cajty (ObpazosHe
mexnonoeuje (Rogers, 2009) Benuka bpuranuja
je y Oyuery 3a 2018. romuHy 3a HCTpakuBama
y okBupy STEM enyxanuje uzasojuna 300
MUJIHOHA (DYHTH, IOK je (DOHJ] 4acoBa 3a Ty BPCTY
oOpa3zoBama nosehan 3a 50 mporeHara y oxHocy
Ha mporeknu nepuox. Iloganmm mokaszyjy na je
U3/IBOjeHO W aonaTHuX 320 munuoHa QyHTH 3a
OTBapame HOBHMX OECIUIaTHUX IIKOJa Koje Ou
Tpebaje paauTu Mpema MporpaMuma noceOHO
ocvunubeHUM 3a STEM rpyny npeamera. Mako
Cy OBH TIOJIALlM 3aMCTa BPUjeJHU aXKHbe, ITa pehn
Ha yak 350 MunMjapau ojapa Koje aMepuduke
koprioparje oyt AT& T, IBM, JP Morgan, SAP,
Chevron, Ford, Intel, Google, Boeing, Verizon,
Goldman Sachs, Microsoft, Target, Facebook u
JPYTHX YJIOXKe CBaKe ToANHE y 00pa30BHU CEKTOP
u 1o BehuHoM oner y HaBezeHy obnact STEM-a!
O063upom 11a ipojekije mokasyjy aa he mobanHoj
exkoHoMHUju 10 2020. ronuHe HelnocTajaTu OkKo 85
MUJIMOHA paJIHUKA, TIPETEKHO Y JIOMEHY TEXHHUKE
06asupaHe Ha MaTEMaTHYKO-UHXUEHEPCKUM
KOMITETCHIIHjaMa, ITUJbEBU OBUX KOMIIaHU]ja CY
jacHu. Pamu ce, 3ampaBo, 0 ymaramy 0€3 Kojer
HaBeJICHE MYJITHHALMOHAIHE KOMIIAaHHUje HUCY Y
CTarby HUTH OJJp>KaT MocTojehr HUBO MOCIIOBAba,
a KaMonu MuciauTu Ha Oynyhu pasBoj. YTuiaj
€KOHOMHj€ Ha KpeHupame 00pa3oBHE MOJIHTHUKE
BUIIIE j€ HEro OuYMIIEaH KaJ ce Torieaa u
OpOJHOCT CTyJIeHATa KOjH C€ OJUTyUy]y 32 HEKH OJf
cryauja u3 odomactu STEM-a. Fbuxos 6poj y CAJ]
MOpacTao je roToBo 3a Aymio y aekaau ox 2003.

22

The above marriage certainly refers to the ever-
closer connection between the economy and the
financial sector to those who create educational
policies. This connection culminates in the so-
called STEM group of disciplines — science,
technology, engineering and mathematics
(STEM). On the other hand, in the state of
several decades of waiting to gain an adjective
status maintained by romantic projections,
there is a geographical education. Juvenal
and Florentino, STEM and Geography. More
eloquent than literary metaphor of the existing
relations between social statuses, geographical,
technical and mathematical fields of modern
education, are financial indicators of investment
in these two areas. According to data provided
on the Educational Technology website (Rogers,
2009). In the 2018 budget, the UK allocated 300
million pounds for research in the framework
of STEM education, while the number of hours
for this type of education has increased by 50
percent compared to the previous period. The
data show that an extra 320 million pounds
has been set aside for the opening of new free
schools that should work according to the
curriculum specifically designed for the STEM
group of subjects. Although these data are really
worthy of attention, what to say to as many as
350 billion dollars that US corporations such as
AT&T, IBM, JP Morgan, SAP, Chevron, Ford,
Intel, Google, Boeing, Verizon, Goldman Sachs,
Microsoft, Target, Facebook and other invested
every year in the education sector and mostly
again in the specified area of STEM-a! Given
that projections show that by the year 2020,
around 85 million workers will be lacking
in the global economy, predominantly in the
field of mathematics-engineering competence,
the goals of these companies are clear. It is,
in fact, investment, without which the said
multinational companies are unable even to
maintain the current level of operations, let alone
to plan the future development. The impact of
the economy on creating an education policy is
more than obvious when considering the number
of students choosing one of the STEM studies.
Their numbers in the United States rose almost
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10 2013. roqune — ca 273000 na 527000. IITo ce
trye Oyayher pas3Boja u ycMmjepaBarmba 00pazoBarmba
TPEH/I0BH CY, JaKJie, IPUINYHO jacHU. A 1mTa je
ca reorpadckum oOpazoBamem? Kakse cy merose
maHce y omHocy Ha (aBopu3oBaHy oOsact
STEM-a? Jla nu je npupoza ucxoaa reorpagckor
o0Opa3oBama 3aMCTa TakBa Jla HeMa JOAMPHUX
Tayaka ca KOMIIETEHIIMjaMa KOje Ce Ofl yYCHHKa
3aXTH]jEBajy, Al U KPEeupajy y OKBHPY Iporpama
STEM?

I'EOI'PA®UJA 11 STEM — JIBA CTABJIA
NCTOI'A KOPMJEHA

Jla 6u momud 10 Ha3HAKa Koje Ou Morie
BOJIMTH JI0 JICKBaTHUX OATOBOPA HAa MPETXOIHA
NUTamka, MOTPEOHO je aHaIM3UpPAaTH OCHOBHE
CIIO3HajHE MpolLiece Koju Kapakrepury kako STEM
TUCIUIUIMHE, Tako U reorpadujy. Cmarpamo
Jla je Ta 3ajeJHHYKa IpaHa OHO IITO C€ Ha3uBa
MIPOCTOPHO MUINLbeHe. OBa 001aCT MUIIBbEHA U
JjenoBara MoKyIIaBaHa je OuTH oapeheHa kpo3
pa3IuyuTe HAYMHE W MPHUCTYIIE, U j& CAaCBUM
CUTYpHO 1a oOyxBata cibeaehux ner mehycoOHo
MPOKETUX €JIeMEHAaTa: KOHLIETIIH]€ POCTOPHOCTH,
KOHIIETITE IPOCTOPHOCTH, HAYMHE TPE/ICTABIbAhA
MPOCTOpa, MHTEPIIPETAIIMje IpoLieca KOHCTPYKIIHje
U JEeCTPYKIHje MPOCTOPHOCTH U YNOTpebde
MPOCTOPHUX MeTadopa y 001acT HEIPOCTOPHOT
munusewa (Tpudynosuh, 2015, ctp. 10).

3a MaTeMaTU4YKO-TEeXHHUYKE MIUCIUIIINHE
MPOCTOPHO MHIIJbEHE j€ HMTEKAKO I103HaTa,
MPUCYTHA U BaJIOPU30BaHa Yni-eHUIA. McTrnuyhn
BO)XKHOCT T3B. JbYACKOT KallMTaja y CaBPEMEHOM
npymtey, Jejsua Jlyouncku (Wetzel, 2013)
MIPE/ICTABHO j€ Pe3y/TaTe UCTPAKUBAHA HETOBOT
TUMa ca BaHnepOWJITOBOT YHHBEp3UTETa ca
Oocjexa 3a obpazosarve u Xymanu paszeoj
pujedynMa J1a KpeaTHBHOCT, TOCEOHO y JOMEHY
NPOCTOPHOT MHUIIJBEHA, HMa BPHUjETHOCT
aHaJIOTHY BpHUjeAHOCTH BaiyTe. Hapenena
“BayyTa’” 0] MOCEOHOT je 3Hauyaja y OKBHPY T3B.
STEM pucuunnuna. PaHo oTkpuBame njere
noceOHO HagapeHe y CocOOHOCTU MPOCTOPHOT
MUIIUBEHA UMa OTPOMHY BaKHOCT Y YCMjepaBarby
IbUXOBE Kapujepe YIpaBo y HaBeleHe OOJIaCTH

twice in the decade from 2003 to 2013 — from
273000 to 527000. As for the future development
and direction of education, trends are therefore
quite clear. And what about geographical
education? What are its chances in relation to
the favored area of STEM? Does the nature of
the outcome of geographic education really is
such that there is no common ground with the
competencies that are required of students but
also created within the STEM?

GEOGRAPHY AND STEM — TWO TREES
OF THE SAME ROOT

In order to come up with indications that
could lead to adequate answers to previous
questions, it is necessary to analyze basic
cognitive processes that characterize both
STEM discipline and geography. We think
that this common root is spatial thinking. This
area of human thought and action has been
tried to be determined through different modes
and approaches, but it is quite certain that it
includes the following five interconnected
elements: the concept of spatiality, the
concept of spatiality, ways of representing
space, the interpretation of the construction
process and the destruction of space and
the use of spatial metaphors in the area of
non-spatial thinking (Tpudynosuh, 2015, p.
10). For mathematical-technical disciplines,
spatial thinking is a well-known, present and
valued fact. Stressing the importance of the
so-called Human Capital in Contemporary
Society, David Lubinsky (Wetzel, 2013)
presented the results of his team’s research
from Vanderbilt University at the Department
of Education and Human Development with
the words that creativity, especially in the
domain of spatial thinking, has the value
of an analogue value of the currency. The
stated “currency” is of particular importance
within the so-called STEM disciplines. Early
detection of children especially gifted in
the ability of spatial thinking has enormous
importance in directing their careers precisely
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HayyHOT jajenoBama. Kopuctehu noparke crynuje
13 KaCHUX CEIaM/IECeTHX TO/IMHA MPOLLIOT BHjeKa,
JIlyOWHCKY ¥ HErOB TUM MPATWIH Cy pa3Boj 536
UCIUTAHUKA KOJU Cy TaJa MOCTUINIM H3BPCHE
pesynrare Ha SAT Tecty (TecT MpOCTOPHUX
cnocoOHocTu). OBa cTyauja mokasyje na
W3y3€THO Pa3BHjeHE CIOCOOHOCTH MPOCTOPHOT
MUIIJBEHA JIjelle Y y3pacTy O TPHHACCT roiuHa
MOTY MpEUU3HO MPEIBHUAJETH YCIjElIHy H
KpeaTuBHY Hay4Hy KapHjepy TPUAECET TOJHHA
kacHuje. [lexk JleHyepMOH, OCHMBa4Y KOMIIaHH]je
ECPH, y unanky nox HaszuBoM I[IpocmopHo
Mumvere je gynoamenmanno (Dangermond,
2017) uctuue KJbYy4HY BPUJEAHOCT MPOCTOPHOT
MUIbEHA Y €BOJYTUBHUM IIpolleCMMa Kpo3
Koje je mpolia Jbyncka Bpcra. M He camo To,
BpPHUJEIHOCT MPOCTOPHOI MHUIJBEHA, CMaTpa
JleHIepMOH, pa3BOjeM HOBHX TEXHOJOTH]a,
onHOCcHO “amara” xao mro je ['MIC, mocTaje cBe
Beha, a BjeIITHHE MOMYT MPOCTOPHE aHAJIM3E U
rpaduUKor mpeICTaBbamba MPOCTOPHUX TOIaTaKa
HE3aMjeHHUBE.

ITPOCTOPHU OKPET — HTAHCA
I'EOI'PA©@CKOI" OGPA3OBAIHA

A mira je ¢ reorpadujom? Jla mu cirydajHO WK
HE aKaJIeMCKa 3peNioCT HayYHUKA YHje Cy KapHjepe
npaheHe OBUM UCTpaKUBAaHkEM IOKJIAa ce U ca
J€IHOM MHOTO IIMPOM I0jaBOM y CBH]jETY HayKe —
peeBaiyarjoM (heHOMeHa pocTopHOCTH. [Iporiec
MOBpAaTKa MpOCTOpa, Kao He3a00mIa3HoT (pakropa
eKCIUIMKALMje CTBAPHOCTH, JIOTOIMO C€, TIOMAJIo
MapajioKCaIHo, Oall y TOMEHY IJje je MPOCTOpHA
KOMITIOHEHTa Ipoy4yaBaHUX (peHoMeHa Tyro Ouia
CKpajHyTa U3 Hay4HOT (oKyca. Y 001acTu, JaKie,
JPYIITBEHUX HayKa KpajeM MpOLUIOr BUjeKa Joraha
Ce T3B. NPOCMOPHU OKpem, TIPH YeMy, JIOTUYHO,
TEOPHjCKU 1 HAyYHO-UCTPAKHMBAYKH HHTEPEC HUje
MOTao 3200uh¥ HUTH MOCEOHU ACMKET JbYICKE
KOTHHUIIH]€ KOJU HA3UBAMO POCTOPHO MHUIIBEHHE.
OBaj TpeHJ UHTPY3Hje APYIITBEHUX HayKa Y
JIOMEH TpoydYaBama MpoCTopa, NOPea U3y3eTHUX
MoryhHocTH 3a reorpadujy, HOCH ca coOoM H
peanny omacHocT. Kako To ucnpasHo npumjehyje
bar (Butt, 2008, ctp. 164) ykonuko ce reorpadu
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in these areas of scientific activity. Using
data from studies in the late seventies of the
last century, Lubinsky and his team followed
the development of 536 of respondents who
then achieve great results on the SAT test
(spatial ability test). This study shows that
highly developed spatial thinking abilities
of children at the age of thirteen years can
accurately predict a successful and creative
scientific career thirty years later.

Jack Dangermond, founder of ESRI, in an
article entitled Spatial thinking is fundamental
(Dangermond, 2017) highlights the crucial
value of spatial thinking in evolutionary
processes through which passed the human
species. By developing new technologies,
that is, “tools” such as GIS, spatial thinking,
Dangermond believes, is becoming more and
more important, and skills such as spatial
analysis and graphical representation of
spatial data are today irreplaceable.

SPATIAL TURN — OPPORTUNITY FOR
GEOGRAPHICAL EDUCATION

And what about geography? Whether the
random or not academic maturity of scientists
whose career is followed by this research
coincides with a much wider phenomenon in
the world of science — a reevaluation of the
phenomenon of spatiality. The return process
space, as an unavoidable factor of explication
of reality occurred, somewhat paradoxically,
just in the area where the spatial components of
observed phenomena has long been sidelined
from the scientific focus. In the area of social
sciences at the end of the last century, spatial
turn has emerged, where the theoretical and
scientific-research interests could not bypass
neither the special aspect of human cognition
that we call spatial thinking. This trend of the
intrusion of social sciences into the sphere
of research of space phenomenon, besides
the exceptional possibilities for geography,
carries with it a relative danger. As correctly
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HE 0TBOPE 32 HOBO(OPMHUPaAHA TI0Jba UCTPAKUBAHA
U Ha BpHUjeMe He TPUKIbYYe MPOCTOPHOM OKPETY
MHOTHY U3BOPHU Teorpad)cku caipxaju HOCTENCHO
MOTy TIOTIIYHO HECTATH U3 Teorpa)CKUX KypHKyIIa.

OugurnenHo je Jaa MOCTOjH MPEIUTUTa’kE
u3mel)y oBa nBa QeHoMeHa — “pOCTOpHOT
OKpeTa” y HayllM U 3Ha4aja pa3BHjarmba MPOCTOPHOT
MUIIJbEHA y 00pa3oBHUM cuctemuma. Ctyauja
JIlyOWHCKOT M HETOBUX CapajHUKa 0e3 CyMmbe
yKa3yje Ha BeoMa BaXkaH 3aJarak paHoT
OTKpHBamba 1 MPaBUIIHOT yCMjepaBama U pa3Boja
Jjelie Koja cy ToKasalla M3y3eTaH TalleHaT y
00JacT! MPOCTOPHOT MUIIJbEHa. CHCTEMaTHYHO
npaheme U MOACTUIakE MPOCTOPHOT MUILIbEHHA
KOJI YYEHHUKa, KaKo C€ IMOKa3all0 y HaBEICHO]
CTY/UjU, MOXE Y FbXOBOM 3pEJIOM 100y TOBECTH
JI0 BeOMa 3HauajHUX MHOBAIlMja U WHOBATUBHUX
pjemiema y obnactu Hayke M TexHojoruje. Ha
Taj HAYMH C€ JIOLUIO J0 HayyHe MOTBPAE MHEHA
Koje Beh Ayro mocroje y OKBHPY HCHXOJIOIIKUX
U TEJaromKuX IUCHUIUIMHA, a TO je Jla ce Y
CHIOCOOHOCTH TPOCTOPHOT MUIBEHA Tpeda
TPaXXUTH HAjBAKHUJHU “‘CacTojaK’” TaKo TPaKEHOT
nporeca KpeaTuBHOCTH.

Onnoc STEM wu reorpagckor obpa3oBama
napajurma je oHora IITO C€ MOIMyJapHO Ha3uBa
“uponuja cynoune”. MpoHuja ce cactoju y Tome
IITO CE OHO OJf Yera ce HacToju rmodjehu, oHo mTo
ce YKEJIM IOMECTH MOJI TENHX U LITO CE MPEICTaBIba
y TOTITYHO] CYNIPOTHOCTH O] HEKE U/ICAIN30BaHe
CIIUKE, OOWYHO U TO Y HAjHEYTOTHH]EM MOMEHTY
nojaBjbyje M pymu wusrpalheHe mpeapacyne.
HajHoBuja nctpakuBama U3 00IaCTH MPOCTOPHE
xoraunuje (Moser & Moser, 2008; Moser et
al., 2008; O’Keefe, 1999) ynpaBo yka3yjy Ha
jeIHy TaKBy HMpOHH]Y “CynOMHCKE”, a mpema
TOME W Heus30jexHe yBe3aHOCTH reorpaduje
n STEM-a. IlpenpacyaHoct mareMaTH4KO-
TEeXHUYKUX TUCLUUILIMHA IpeMa reorpaduju, Kao
JeIHO] BpCTH Henopacie pobhake, ypymiaBa ce
OTKPHBAKHEM HHUXOBOT 3aj€JHHYKOT KOpHjeHa —
npoctopHor munubema. [omuy (Golledge, 2002)
y pany Ilpupooa eeocpagckoe 3narba HaBOIH
pesyiaTare MyITHIMCIUIUTHHAPHUX UCTPaKUBAHa
nicuxosora u reorpaga xao mto cy bek n Yran
KOjU HEABOCMHCIICHO TOKa3yjy Jia je HauuH Ha
KOju reorpadu Mucie, 1 HapO4UTO, IPEICTABIbAY

noted by Butt (Butt, 2008, p. 164), if
geographers do not open for newly formed
fields of research many original geographic
contents can gradually disappear completely
from geographic curricula. It is obvious that
there is interweaving between these two
phenomena — “spatial turn” in science and
the importance of developing spatial thinking
in education systems. The study of Lubinsky
and his associates undoubtedly points to the
very important task of early detection and
proper guidance and development of children
who have shown remarkable talent in field of
spatial thinking. Systematic monitoring and
encouragement of spatial thinking among
students, as shown in this study, can lead to
very significant innovations and innovative
solutions in the field of science and technology
in their mature age. In this way, there has
been a scientific confirmation of the opinion
that has long existed within the framework
of psychological and pedagogical disciplines,
that is, in the ability of spatial thinking, one
should seek the most important “ingredient”
of the desired process of creativity.

The relationship between STEM and
geographic education is the paradigm of what
is popularly called the “irony of fate”. Irony
consists in the fact that what we are trying to
escape from, what is wanted to sweep under the
carpet and which presents itself in complete
contradiction to some idealized image,
usually in the most embarrassing moment
occurs and crashes constructed prejudices.
The latest research in spatial cognition (Moser
& Moser, 2008; Moser et al., 2008; O’Keefe,
1999) just point to one such irony of “fateful”
and therefore the inevitable connection of
geography and STEM. The prejudice of
mathematical-technical disciplines towards
geography, as one kind of juvenile cousin,
collapses by revealing their common root
— spatial thinking. Golledge (2002) in The
Nature of Geographic Knowledge lists the
results of multidisciplinary research by
psychologists and geographers such as Beck
and Utal which clearly show that the way
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KOMILJIEKCHE MPOCTOPHE pelanuje, CBOjCTBEH
nmoceOHO reorpaduju Kao HAyYHO) AUCIUTLTHHHU.
HenBocMucieHo je z1a je mpoCcTOpHO MHIIBEHE,
Kao jelHa OMIITa KOTHUTUBHAa MOTYhHOCT, y
reorpa)cKoM Kao TaKBOM UTEKaKO MOXke Hahu CBOj
MPOCTOp peanu3anuje. Jenan o Haj3HAuYajHUJUX
UCTpaKuBa4ya ()eHOMEHA MPOCTOPHOT MHUILIbEHHA
U Kpearopa eyKaTMBHUX MaTepHjajia 3a HEroBo
pasBHjame y reorpadckoMm obOpazoBamy Dui
I'epcmen (Gersmehl, 2008, ctp. 56—90 u 101-114)
ne(UHUILE IPOCTOPHY KOTHULIM]Y Ka0 MUULBEFbE O
noxkayujama u penayujama y npocmopy. OH HaBOIH
Y aHaJIU3Upa YETUPU KOHIIETITA MPOCTOPHOCTU U
ocaM Ha4yMHA Ha KOje JbYACKH Mo3ak obOpalyje
pocTopHe HH(OpMAIHje, OTHOCHO 0caM MOIyca
MIPOCTOPHOT MUIIJbEHA. [ epCMeNnoBr 3aKIbyUIH
pe3ynrar cy oOMMHOT HCTPa)KUBamba JOCTYITHE
JAUTEpaType U3 JOMEHa MPOCTOPHE KOTHUIIH]E.
Kako cam ayTtop HaBOJH, aHAJIU3UPAHO j€ TOTOBO
1200 peueHTHUX HCTPaKUBAYKUX CTYAHja U3
pasIUYUTUX OOJACTH Kao INTO Cy pa3BOjHA
TICHXOJIOTH]ja, HEYPOJIOTHja, TICUXO-JIMHTBUCTHKA,
apxXHUTeKTypa, poOOoTHKa, onTtuka u apyre. Opa
JIMCTA, IPEMa HETOBUM PHjeUnMa, HHjE U HE MOXKe
OWUTH KOHAYHa, aJld MOXKE MOCITYKUTH Kao TeMeJb
3a pa3BHjambe eAyKaTUBHUX MaTepHjaia moMmohy
KOjuX OU ce MPOCTOpHA KOTHUIIM]A KO YICHUKA Y
Pa3IMYIUTHAM 00IaCTHMa MOIIa aKTUBHO Pa3BHUjaTH.
W mro je HajBaxkuuje 3a Hac, [epcmen (Gersmehl,
2008, ctp. 99) TBpAM 5a je OCHOBHH pPE3yJTar
MPOBEIEHUX HCTpaKuBama oTkpuhe Tpancdepa
3HaWa Koju ce goraha y obiracTu MpOCTOPHOT
MUIUUBEHA. Jpyrum pujednma, pelieBaHTHO
OCMUIIUBEHO Teorpadcko 00pa3oBame MOXE
UTEKaKo Jla JoTpHHece 00JbUM mocTUrHyhuma
yueHuka wu3 obOmactu STEM pucruninuiza.
[IpocTOopHO MUILBEHE, 3ajeTHUYKH KOPHU]jECH
reorpaduje u STEM-a, pyHKIMOHUIIIE TAKO LITO
omoryhaBa KOrHUTHBHU TpaHcdep y 06a cMmjepa.
O063upoM Ha TO 112 je reorpagcko oOpa3oBame,
XTjeIM MU TO WJIU HE, MPUCYTHO y HajpaHHjeM
y3pacTy JjeTera Koje je IpUPOIHO YCMjepeHo Ha
UCTpaXMBamkE CBHjeTa OKO cebe, Moxke ce pehu
na je ono, y creapu, STEM u npuje STEM-a.
I'epcmen m3puunto HaBonM na OW pemyKiHja
reorpadckor 00pazoBama (yCMjepeHOT Ka Pa3Bojy
MIPOCTOPHOT MUIIJBEHHA) Y LIKOJICKMM CHCTEMUMA
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in which geographers think and represent
complex spatial relationships is specific
characteristic of geography as a scientific
discipline. There is no doubt that the spatial
thinking, as a general cognitive ability, within
the geographical as such can certainly find its
place of realization. One of the most important
researchers of spatial thinking and creators
of educational materials for its development
in the geographical education Phil Gersmehl
defines spatial cognition as thinking about the
locations and distances in space (Gersmehl,
2008, p. 56—90 and 101—-114). He lists and
analyzes four concepts of spatiality and eight
ways in which the human brain processes
spatial information, or eight modes of spatial
thinking. Gersmehl’s conclusions are the
result of extensive research on available
literature in the domain of spatial cognition.
According to the author, nearly 1200 recent
research studies from various fields such
as developmental psychology, neurology,
psycholinguistics, architecture, robotics,
optics and others have been analyzed.
The list, according to him, is not and can
not be final, but it can serve as a basis for
developing educational materials with which
spatial cognition among students in different
areas could actively be developed. And
most important for us, Gersmehl (Gersmehl,
2008, p. 99) argues that the basic result of
the carried out research is the discovery of
knowledge transfer that occurs in the field of
spatial thinking. In other words, a relevantly
designed geographical education can most
certainly contribute to better achievements of
students from the field of STEM discipline.
Spatial thinking, common root geography and
STEM, works by enabling cognitive transfer
in both directions. Since geographic education
is, whether you wanted it or not, present at
the earliest age of a child that is naturally
focused on exploring the world around you,
it can be said that it is, in fact, STEM before
STEM. This characteristic of geographic
education, for Gersmel, is an ideal starting
point for interdisciplinary learning, problem
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MOIvIa JIOBECTU JI0 CMambemha HUBOA MocTurayha
y obnactu Tonuko noreHuupanor STEM-a. Oa
KapakTepucTuka reorpagckor oOpa3oBama, 3a
I'epcmena, mpeacTaBsba UACANIHY OYETHY TAUKy
3a MHTEPAMCUMIUIMHAPHO YyueHe, pjellaBame
npoOieMa 1 MOACTHLAKE AHATUTUYKHX BjeIITHHA
y ydeHuka. Jla 61 ce TO MOCTUITIO TIOTPEOHO je
OCMUCITUTH U HOBE HAaCTaBHE IJIAHOBE, METOJIC U
MIOCTYTIKE.

Jlo6po ypahenu reorpadcku eayKaTUBHO-
MHCTPYKTHUBHM MaTepHjalii KOjuMa ce MOJICTHYE
MPOCTOPHO MHUIILBEHE, OJAHOCHO CTUMYJIHIIY
OHE 30HE MO3Tra Koje cy 3aayxeHe 3a “obpany”
TaKBOT' TUIIA MOIaTaKa, MMajy 3a pe3ynrar u Beha
nocturayha y obmactu mareMaTHke M je3HKa,
i U 'y OKBUPY MpeaMera Kao IITO Cy UCTOpHja
u exkoHomuja. CMameme o0uma u Opoja yacoBa
npenBuljeHnx 3a reorpadujy, a y by nosehama
9YacoBa MaTeMaTHUKE WU je3HKa, BPJIO JIAKO MOXKE
CMambHUTH MOCTUTHYha M3 JNOTMYHHUX MpeaAMeTa
(Gersmehl, 2008, ctp. 99).

I'epcMenoBe TBpAmE y MPAKCH j€ MOKa3ao u
npojext Thinking through Geography JlejBuna
JIuta (Leath, 1998) koju ce cactoju u3 npupyyHrKa
MHOBAaTUBHUX METOJIA U IPUCTYTIA Paja y HACTaBH
reorpaduje MOCEOHO OCMHILIBEHUX y LHUIBY
MOJICTUIAbA Pa3BOja MPOCTOPHOT MUILBEHA
KOJl Y4YCHHKA. YUeme IyTeM pa3MUIbamba
MI0CTaje MHOTO CMHCJIECHH]€ 3a yueHuke. OCHOBHH
MIPUHIIMITH, KOHIICTIINjEe W pefalyje HacToje ce
pa3yMjeTH ¥ TIPUMjCHHUTH, a HE CaMO 3allaMTHTH.
HcrpaxuBama eekra OBaKBOT MPUCTYIIA HACTABH
nokaszyjy na BehrnHa y4deHHMKa KOjH Cy paluif
pemMa OBOM Iporpamy y ILjeJUHU IMOCTUXKE
0oJbe pesynrare o1 oHUX Koju To HUCy (Nichols
& Kinninment, 2001, ctp. 2-3). PazymujeBamem
MIPOCTOPHOT MUILbEHA Kao CBOI' CIIO3HAjJHOT
U3BOpA, HETOBUM JaJbUM HCTPAKHUBABEM U
MHKOPIIOPUPAEM THX PE3ylTara y MIKOJICKE
KypHUKYJIyMe, YUOCHHUKE U Jpyre OUIaKTHUKe
Marepujaie, reorpadcko oopazoBame O MMao
yeMy Ja ce Haja y Hactynajyhem nody STEM-a.

solving and the promotion of analytical skills
of students. In order to achieve this, it is
necessary to devise new curricula, methods
and procedures.

Wel-designed instructional materials that
engage the spatial-thinking parts of a student’s
brain usually result in higher reading and
math scores, as well as better performance
in subjects like history, earth science and
economics. Reducing the amount of time
spent on geography in order to make room
for more math and language arts, therefore,
may actually reduce math and reading scores
(Gersmehl, 2008, p. 99).

These Gersmehl’s claims are in practice
also demonstrated by Thinking through
Geography project by David Leath (Leath,
1998), which consists of a manual of
innovative methods and approaches to
geography teaching specially designed
to encourage the development of spatial
thinking among students. Learning through
thinking becomes more meaningful for
students. Learning through thinking becomes
more meaningful for students. The basic
principles, concepts and relationships are
to be understood and applied, not just to
remember. Research on the effect of this
type of teaching approach shows that most
of the students who worked for this program
as a whole achieve better results than those
who are not (Nichols & Kinninment, 2001, p.
2-3). With understanding spatial thinking as
its cognitive source, by further researching
and incorporating these results into school
curricula, textbooks and other didactic
materials, geographical education would have
something to hope for in the emerging age of
STEM.
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MLADEN TRIFUNOVIC
ETUKA U ITPOCTOPHOCT — ETHICS AND SPATIALITY — SHORTAGE
HEJIOCTATAK STEM-a U ITPEJJHOCT OF STEM AND ADVANTAGE OF
T'EOT'PA®UIE GEOGRAPHY

Haxo uM je, Kako CMO BHJIjeJIH, KOTHUTUBHU
KOPHjEH 3ajeJHUYKH, a CAMUM TUM M HAaCTaBHH
MOTEHIMjaJl TOJAjeJJHaK, OBE JABUjE TpaHe
MIPOCTOPHOT MUIIIJBEEHa HEMA]y UCTH JPYLITBEHH
CTaTyC, HUTU MaTepHjaIHy U METOJOJIOIIKY Oasy.
I'eorpadcko npBo je ymHOrome kpxibasuje. Kaxo
je mouuio 1o Tora? JemaH o TeMEJbHHUX pasiiora
jecTe penaTMBHO AYTOTpajHa eMHCTEMOJIOIIKA
MO3UIIMja EKCIENIUOHAIN3Ma y reorpaduju
KOja je TBPJIOKOPHO OfIpHIIajia BIACTUTH HAyYHH
MOTEHITH]aJ.

Teopujcka OCHOBa OBOI' MpHCTyHa Ipema
Hledepy (Schaefer, 1953, ctp. 234; TpudyHoBuu
& Tusro, 2018, crp. 81) Hanasu ce y KantoBoj
¢unozoduju, TayHuje y HaYMHYy Ha Koju Kant
TpeTHpa NMHUTame KiIacUu(pUKaluje HUCKYyCTBEHE
rpahe. OH HauMe cMaTpa Ja ce Ta KiIacu(puKaimja
BPILU WM YUCTO TIOJMOBHO, JAKJIE allCTPaKTHO,
WIM TaK Ha TEeMeJby BPEMEHCKOIPOCTOPHUX
KOOpAMHATA y KOjUMa C€ UCKYCTBO HETOCPEIHO
1 KOHKpeTHO foraha. OBy npBy KiIacU(pHUKaLU]y
KanT Ha3uBa norudkom, a 1pyry ¢pusudxom. [Ipeko
JIOTWYKe Kiacu(uKalyje 101a3uMo, kKako To Kant
Ha3WBa, J0 CIIO3HAje O cucmemy TPUPOE, Tj. 10
OHOT BHJIa Ca3Hama KOj€ jé OpraHu30BaHO HA
CHCTeMaTcKy HaunH. OU3MYKOM KIIaCHU(pHKAI]OM
HUje Moryhe moctuhu TakaB BHJI ancCTpakiiyje
ynpaBo 300r meHe npupone. tbhen pesynrar,
JlaKJie, Huje yBUhame OMIITOCTH, HEro CaMo OITUC
reorpadckux odjexara Ha ofpel)eHoj JoKaIMju 3a
KOjy cy TH 00jeKTH u mpoiiecu Be3anu. KaHt, Ha
OCHOBY IOpe HaBeJIeHE pa3IMKe KJIaCU(PHUKALIN]CKOT
MoCTymKa, reorpadujy (3ajeqHo ca UCTOPHjOM)
onpelyje He Kao HaykKe, HEro BHIIE Kao
JIECKPUIITUBHE IMPOLEType, jaCHO KOHCTaTyjyhu
1a je reorpaduja Ha3uB 3a OIMKC CBUjETA.

OBakBa KaHTOBCKa OI[jeHa CYILITHHE
reorpa)CKux HUCTpakuBamba, MPEeKo XeTHepa
U HApOyuTO XapTUIOpHA IOCTaje JTOMHUHAHTa
TOKOM mpBe nojoBuHe 20. Bujeka. pymTBeHa
reorpaduja je 3a XapTiiopHa ,,HaBHA Hayka, a
CH j€ HAyYHH MakCHUMYM MOCMarpame U OIUC
MIPOCTOPHOT pasMjeriTaja cTBapu 0e3 yBuaa y
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Although, as we have seen, they have a
common cognitive root and, therefore, equal
teaching potential, these two branches of
spatial thinking do not have the same social
status, nor the material and methodological
base. The geographical tree is much
smaller. How did this come about? One of
the main reasons is the relatively lengthy
epistemological position of exceptionalism
in geography that has stubbornly disclaimed
own scientific potential. The theoretical
basis for this approach to Scheffer (Schaefer,
1953, p. 234; Tpudynosuu & I'msaro, 2018,
p. 81) is in Kant’s philosophy, in particular
in the way Kant deals with the question
of classification of experiential material.
Namely, he considers that this classification
is done either purely conceptually, that is,
abstractly, or based on time-space coordinates
in which experience is directly and concretely
happening. Through the logical classification
we come, as Kant calls, to the knowledge of
the system of nature, that is, to the kind of
knowledge that is organized in a systematic
way. Physical classification can not achieve
this kind of abstraction precisely because of
its nature. Its result is not the recognition
of the generality, but only the description
of geographic objects in a specific location
for which these objects and processes are
bound. Kant, based on the above-mentioned
difference in the classification process, defines
geography (together with history) not as a
science, but rather as a descriptive procedure,
clearly stating that geography is the name for
the description of the world. Such a Kantian
estimate of the essence of geographical
research, through Hetner and, in particular,
Hartshorne becomes dominant during the first
half of the 20th century. Social geography is
for Hartshorn’s naive science, and its scientific
maximum is observation and a description
of the spatial distribution of things without
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3akoHOMjepHOCTH (Schaefer, 1953, ctp. 238).
WNnak, YKOJIMKO TOCMarpaMo pa3Boj
reorpaduje ca IUjaJeKTUIKOT CTAHOBHUIITA
OBa AHTHTETHYKA T[O3UIHUja TMOTIYHOT
HaMyIITaka eKCUEMIMOHAIN3MA U TPUXBaTamba
MO3UTUBUCTUYKE TApPATUTME T3B. NPOCMOPHE
Hayke WMala je W HMa CBOjy IHjEHY.
Maremaruzaiuja, OIHOCHO O0jeKTUBU3ANH]A U
KBaHTH(HKanrja reorpadckux odjekara, Gpokyc
Ha HOMOTETUYKOM BUNEHY HAyKe CKpajHYIU CY
y TOTIIYHOCTH BPHjEIHOCHY JUMEH3H]y HayYHOT
njenoBama. Jenan ox Hajehux moOOpHHUKA paHOT
Tajaca IMO3UTHBUCTUYKE reorpaduje JlejBun
XapBu caM KOHCTarTyje Jia je 0Ba KBaHTUTAaTUBHA
peBonynMja IpyLITBeHY reorpadujy, 3ampaso,
OJIBOjHJIa OJ] caMoOr JApYIITBa, Ha3uBajyhu Taj
MOKPET ,,CTPATEIKUM MaHEBpPOM H30jeraBama
MOJIMTUYKE OITOBOPHOCTHU JIPYIITBEHUX HayKa Y
mjenuan (Livingstone, 1992, ctp. 32).
Cymruna STEM pucnuninnHa, OIZHOCHO
KomrereHuyja koje ce ctuay STEM enykanujom,
Kako CMO BHJjelld, CacToju ce y MoryhHocTuma
IbUXOBE NMPUMJEHE Y Pa3IMYUTHM 0OJacTUMa
TEXHUKE U WHXHBepcTBa. IbuxoB je mHTEepec
MPBEHCTBEHO MHCTPYMEHTAJHE MPUPOJAE H
06asupa ce Ha OHOME THIY 3HaWma KOju AHpHU
Jledenp (Lefebvre, 1991) nazua — savoir. OBaj
THII 3HaFba OHOCHU CE€ HA YHCTO TEXHUYKO 3HAHE
(know how) xoje cebe mpokiamyje Kao UICOJIOIKH
HeyTpaiHo. Connaissance je Kao APyTH TUII 3HambA,
MakK, ca3JaHo OKO ofipeheHe BpHjeTHOCHE Mjepe
Ka0 KPUTHUYKOT MCXOJUINTA U YBHU]EK IMOCjeayje
AMYHOCHY nuMmeH3ujy. Ilporece paszjenumemna
U ylajbaBamke OBE JBHje BPCTE 3HAMHa HUKAKO
He Tpeba mocmarpaTH Kao HEKH “‘mpupoian’
Mpolec, Hero Kao JAPYIITBEHU HPOAYKT. 300T
tora JledeBp MHCHCTHpA J]a HAyKa O IPOCTOpPY He
CMHje OCTaTH Ha (HOPMAITHOM HHUBOY (SaVoir), HEro
Tpeba UMaTH U KPUTHUKH (connaissance) acriexT.
Jleperp (Lefebvre, 1991, ctp. 49) y HeratuBHOM
KOHTEKCTY MOCEOHO MCTHYE MaTeMaTU3allujy
npoctopa U (opMylucame KOHLEMIHjEe T3B.
ancmpaxkmmuoz IpocTopa Koja J0BOAU JI0 ,,0pHcama
U TIOHMIITABaka OHUX Pa3liuKa KOje MPOUCTHUY
U3 TPUPOJE U CHEHU(PUUYHOCTH HCTOPH)CKOT
pasBoja*“ (Lefebvre, 1991, crp. 49). JIpyrum
pujedurMa, OBakBa TEOPUjCKa M METOAOJIOIIKA

insight into legitimacy (Schaefer, 1953, p.
238). However, if we observe the development
of geography from a dialectical point of
view, this antithetical position of complete
abandonment of exceptionalism and accepting
the positivistic paradigm of the so-called
spatial science has its price. Mathematization,
that is, objectification and quantification
of geographic objects, the focus on the
nomothetic vision of science has completely
outdated the value dimension of scientific
activity. One of the strongest advocates of the
early wave of positivistic geography, David
Harvey, states that this quantitative revolution
has actually separated social geography from
society itself, calling it a ,,strategic maneuver
in avoiding the political responsibility of
social sciences as a whole” (Livingstone,
1992, p. 32). The essence of STEM disciplines,
that is competencies acquired by STEM
education, as we have seen, consists in the
possibility of their use in various fields of
technology and engineering. Their interest
is primarily of an instrumental nature and is
based on the type of knowledge that Henry
Lefebvre (Lefebvre, 1991) calls savoir. This
type of knowledge refers to purely technical
knowledge (know-how) that proclaims itself
as ideologically neutral. Connaissance, as the
second type of knowledge, is built around a
certain value measure as its critical source
and always has a personal dimension. The
processes of uniting and moving apart of
these two types of knowledge should not
be regarded as a “natural” process, but as a
social product. Therefore, Lefebvre insisted
that the science of space must not remain
on the formal level (savoir), but should also
have a critical (connaissance) aspect. He
also, in a negative context, emphasizes the
mathematization of space and the formulation
of the concept of the so-called abstract space
which leads to the ,,deletion and annulment
of those differences arising from the nature
and specificity of historical development*
(Lefebvre, 1991, p. 49). In other words, such
a theoretical and methodological practice led
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Ipakca JoBena je 10 ,,IpaXmbema™ MjecTa of
3Ha4eHha, OTITYHOT Herupama NoceOHOCTH MjecTa
Y HErOBOT HIeHTUTeTa. OUUIIIeTHO j€ /1a j€ OBAKBO
MHCTPYMEHTAJIN30BAHO MOCMaTpame MpoCcTopa
JIOBEJIO 10 030MJbHUX HETAaTUBHUX MOCJbEIHIIA
KOje ce KyMyJIaTUBHO MaHU(]ECTyjy Kpo3, CBUMa
Hama Io3Hare, MpoodaeMe )KUBOTHE CPEIHHE, alH
U KYJITYpPOJIOIIKE XOMOTEHHU3AIH]je IO/l HAJIETOM
yHHMBep3anu3ma. JacHo je na y oxkBupy STEM
JMCLMITIMHA HE MO)KEMO TPAKUTH OJITOBOPE HA OBA
MUTamka jep Y TOM KPUITy IPOCTOPHOT MUILJbEHHa
Huje Moryhe nmponahu BpUjeJHOCHU KPUTEPHjyM
ca Kojer OM ce MO0 BPIIUTH BPEAHOBAE
JjeoBamka 4YoBjeKa y MPOCTOpYy. JeIWHO OHO
MUIJBECHE KOj€ TTUTA 32 MPUPOLY MjecTa, MOXKe
yKa3MBaTl U HOPMHPATH MPABIE TOT JjeJIOBAbA.
VYionuko 6ucmo napadpaszupanu uyBeHy Kanropy
TBpABY U3 Kpumuke uucmoz yma, MOy OUCMO
pehu na je: STEM 0Ge3 reorpagcekor odpazoBama
cijen, 10K je reorpaduja 6e3 STEM-a nemohna.
Ty HeomxomaHOCT 3ajeHUYKOr JjesioBamba
u MehycoOHor nomymaBama, PEKId OHCMO
MPAaKTHYHO-TEXHUYKOT, &I U KPUTHUKO-ETHUKOT
acmekTa reorpadckor oopazoBama HariamaBa u
Ju @y Tyan (Tuan, 1999, ctp. 117) kanga ouprasa
CBOjy BU3H]jy reorpadckor obpasoBama: ,, iMmam
BU3M]y e€TWUKe reorpaduje y OyayhHocTH Koja
KOMOMHYje OHO Haj0OJBE O]l XYMaHHUCTHUYKE H
Hay4yHe TepcrekTrBe. Yak cMarpam /1a, YKOJIHKO
70 Te capajmbe He nohe, reorpaduja he 6utu Tek
MOpAJIUCTHUKA aJli HE U MOpaHa™.

Moryhu KputepujyMu HOPMATUBHOCTH
MjecTa, OJHOCHO TNPOCTOPHE ETHKE KOju OH
Mornu yhu y reorpagcko obpazoBame, anu H
Oyayhy mpakcy ajenoBama y MpocTopy, Tpeda
Jla IPOMCTUYY U3 MPUPOJE MjecTa, OMHOCHO U3
OZIrOBOpa HA OHTOJIOIIKO MHUTame 0 Mjecty. Kao
MOYETaK TOT Tparamba MOTY HaM IMOCITYXHUTH
[TnatoHoBE 1 APHCTOTEIOBE KOHIICIIN]E O MjECTY.
IIpoctop u Tema oBOT paja HE J03BOJbABA]Y HAM
Ty’KHY OIIIHUPHY €7Ia00paliyjy TUX yuermba, Ia CMO
y3 €BHJICHTHU PU3MK JlaBamba HEMOTIIYHE CIIHKE
HaBE/ICHHUX TEMEJbHUX yUera 3anaaHe Gpuno3odpuje
0 TIPOCTOPHOCTH, NpUHYheHH 1atu camo odpuce
uctux. Ilnaron y ceom nujanory Tumaj (Ilnarow,
1981) Hactojehu ga mTo 60JbE OMHUIIE IPHPOTY
MjecTa KOPHCTH pa3nduTe MeTadope Koje ce
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to the “emptying” place out of meaning and
complete negation of the special features of
the place and its identity. It is obvious that
such an instrumentalized observation of space
has led to serious negative consequences that
are cumulatively manifested through, to all
of us familiar, environmental problems and
cultural homogenization under the influence
of universalism. It is clear that within the
framework of STEM disciplines we can not
ask for answers to these questions, because in
this part of spatial thinking it is not possible to
find the value criterion from which the value of
man’s action in the space could be performed.
Only the opinion that asks about the nature
of the place can set norms that might govern
transformation of space. If we paraphrase
the famous statement from Kant’s Critique
of Pure Reason, we could say that: STEM
education without geography is blind, while
the geography without a STEM is powerless.
Yi-Fu Tuan emphasizes the necessity of joint
action and complementarity between technical
and critical-ethical aspect of geographic
education when he draws on his vision of
essence of geography: ,,In a visionary mood,
I see a future moral geography that combines
the best of both humanist and scientific
perspectives. I would go further and say that,
unless these two perspectives are combined,
what we have is moralistic rather than moral
geography* (Tuan, 1999, p. 117).

Possible criteria of the normativity of
the place, that is, of spatial ethics that could
be implemented in geographical education
should be searched in the nature of the place,
that is, from the answer to the ontological
question about the place. As the beginning of
this search, we can use Plato’s and Aristotle’s
conceptions of place. Since we do not have
enough room to comprehensively elaborate it,
we are forced to give only the outlines of these
philosophies with the evident risk of giving
an incomplete picture of these fundamental
teachings. Plato in dialogue Timaeus (Ilnatos,
1981), trying to better describe the nature of
the place, uses different metaphors that can
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MOTY TMOJIBECTH MOJ 3ajeJHUYKU Ha3uB — Xopa.
On Xopy mocmarpa Kao NpUMaTebUIly CBETa
HaCTajama, iy He camo To. 3a [lnarona je Xopa
U XpaHUTeJbKa, Tj. OHa Koja onpkaBa Ouhe y
IBEroBoj CymTuHU. but oBakBor IlmaroHoBor
oflpehema jecte y ToMe J1a je MjeCTO HEOMXOAaH
yCJI0B MOTYhHOCTH KOHCTUTYIIMj€ CaMOT CyOjeKTa
aJl U OJpKaBama (akiie “Xpamema’) HBEeroBUX
CymITUHCKUX (yHknuja. M To He HekakaB
cTporo (GopMalHM YCIOB, Maja ce, 3a Halle
norpede, MOXE M TaKO CXBaTUTH. APHUCTOTEN,
MaK, CYIITUHY HPOCTOPHOCTH HUMEHYje MPEKO
tepmuHa monoc (Apucroren, 1987, kmwura 4)
KOJUM C€ Ha joIlI MPEUU3HUjU HAYMH H3pa)kaBa
[TnaroHoBa 0OcHOBHA HaMmjepa. APUCTOTEN cMaTpa
J1a je MjecTo PBEHCTBEHO djenyjyhiu acTieKT HEKOT
npotieca, a He caMo Bberosa (hopma Win Marepuja.
Taj mjenyjyhu win mpouecyalHu aclekT je 3a
Apucrorena cymTuHcko onapeheme 6uha u oH
ra Ha3WBa €HEPIrHjoM Koja JOCIOBHO Ofp)KaBa
OHO IITO CE€ Y TOM MjecTy Ha OWJIO KOju Ha4MH
Hanaszu. Mu 6ucMo fanac, Ha Tpary IlmaroHoBux
1 ApHCTOTENOBUX YU€Hha, MO pehu 11a je MjecTo
JEAMHCTBO aKTyeIHHMX aiu ¥ Moryhux dyHKIuja
onpehenor o6jexra. IlpuHIMIM TpoyyaBama
U KOHCTPYKIIMje MjecTa Koju Ou, mpema Tome,
Moru yhu y reorpadcko oO6pa3oBame U MPaAKCy
cy cipenehu:

1. Tlpunim oHTONOIIKE XUjepapxuje. Mjecto
j€ yCIIOB KOHCTUTYHCAaa CyOjeKTa.

2. Tlpuniun gjenorBopHOCTH. CBaKO MjecTo
MIOCTOjH Ha HA4YMH JIjeJIOTBOPHOCTU WIH
edekTa, OMII0 MO3UTUBHOT MIIM HETaTUBHOT,
KOj€ MMa Ha OHO LITO CaJIpKaBa.

3. IlpuHuun awHAMHUYHOCTU. MjecTo je
IIPOMjEHUBO M OHO j€ MOJIOKHO KakKo
KOHCTUTYILIMJU, TAKO U IEKOHCTPYKIIH]H.

4. TlpuHimn MyATU(GYHKIHOHATHOCTH. JeTHO
“HCTO” MjecTo MOXKe OUTH MjECTO 3a BUIIIE
cy0jekara, oIHOCHO forahaja.

5. Crpykrypa Mmjecta je Bumectpyka. OHO
nocjeayje MaTepujaaHHu, MO3UIMOHU U
3HAYEHCKHU ACTIEKT.

6. Mjecto je monucemuuno. Jlok cy
MO3UIMOHM M MaTepUjajlHU aCIEKT
pEIaTUBHO HEINPOMjECHUBH, 3HAUCHa
MjecTa Cy BUIIECTPYKa Yy 3aBHCHOCTH

be categorized under the common name —
chora. He sees chora as the receptacle of all
creation, but not only that. For Plato, chora is
also a foster-one who maintains the essence of
being. The essence of this Plato’s definition is
that the place is a necessary condition for the
possibility of the constitution of the subject as
well as maintenance (i.e. the “feeding”) of its
essential functions. And this is not a strictly
formal condition, although, for our needs, it can
be understood as well.

Aristotle, however, names the essence of
space through the term fopos (Apuctoren, 1987,
kmura 4), which expresses Plato’s basic intent
in a more precise way. Aristotle considered
that the place is predominantly acting aspect
of a process, and not just its form or substance.
This acting or processual aspect is for Aristotle
the essential definition of being and he calls it
energy that literally maintains what is place.
Today, on the trail of Plato’s and Aristotle’s
teachings, we could say that the place is the
unity of the actual but also possible functions
of a particular object.

The principles of studying and constructing
places that would be, therefore, able to enter
geographic education and practice are as
follows:

1. Principle of ontological hierarchy. The
place is the condition of constituting the
subject.

2. The principle of effectiveness. Every
place exists in the way of effectiveness
or effect, whether positive or negative,
which has on what it contains.

3. Principle of dynamism. The place is
dynamic and it is susceptible to both the
constitution and deconstruction.

4. Principle of multi functionality. One
“same” place can be a place for more
subjects or events.

5. The structure of the place is multiple.
It has material, positional and semantic
aspect.

6. The place is polysemous. While the
position and material aspects are
relatively unchangeable, the meanings
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MJIABEH TPUOYHOBUR
MLADEN TRIFUNOVIC

OJl XOPU30HTAa M3 KOjEer C€ TO 3HAYCHE
UHTEPIIPETHpA.

HaBenene mnpuHIUNe, NpUIUYHO T00poO,
cymupa cibeneha mucao Pobepra Caka kojom
Ce YKpaTKO TMOKYIIaBa YCIIOCTaBUTH ETHUYKA
penanuja ca npocropHoihy: ,,/Io6pum Moxemo
Ha3BaTH CTBApAE OHUX MJECTa KOja HaM MOMaxKy
Jla TIOCTAaHEMO CBJECHMJU PEATHOCTH Al U J1a
yBehamMo meHy pa3HOBPCHOCT M KOMILJIEKCHOCT.
TakBa Mjecta HaM MMOMaXKy J]a CXBaTUMO IITA j€
UCTpaBHO U mTa Mopamo unHuUTH™ (Sack, 2003,
cTp. 9).

3AKJbYYAK

Haxo je jacHo &a je mpasall pa3Boja Hayke
YBEJIMKO 3al[pTaH HWHTEpecuMa TI00aTHUX
KOMIIaHH]ja ¥ KOMIIETHIIM]OM 32 IPOPHUTOM, YECTO
ce noraha 1a U y TaKBHUM OKOJTHOCTHMA (MJTH jOIII
npeur3Hyje — Oamr 300r BHUX) HEHa/laHO OTBapa
MjecTo U 3a JoTajalimke “ayrcajaepe”. Takas je
Clly4aj ca IPOCTOPHUM OKPETOM Yy HayKama KOju
je, TopeJ 0CTaJIor, MOHOBO HA CIEHY HOCTaBHO
OCHOBHA MNHUTama M CMHCao reorpadckor
oOpaszoBama. JeqHa OJ TaKBUX OCHOBHHUX
KapaKTEpUCTHKA Ca KOJOM MTOYHHGE PEBUTAIM3AITH]A
reorpadckor oOpa3oBama jecTe (QEeHOMEH
MIPOCTOPHOT MUIILJBEHHa 38 KOJU C€ MCIIOCTABIbA
na reorpaduja AWjeNH 3aj6IHUYKO KOTHUTUBHO
je3rpo ca JApPYHITBEHO U EKOHOMCKH MHOTO
eTabImpanrjuM 00pa30BHUM 001acCTUMA Kao IITO
je STEM. Muannmjanna uctpakuBama [ epcmena
u [onmuya, u3mely ocranux, HECyMILHBO OKa3yjy
Ha ToTeHIHjaje reorpadckor obOpa3oBama y
pa3Bojy BHUIIMX KOTHUTHBHUX CIIOCOOHOCTH
Ipyd 4YeMy TH TOTEHIMjaJTH HE 3a0CTajy 3a
STEM norennujanuma. Hamporus, STEM u
reorpadcko oOpa3oBame Jjeiyjy MOBpPaTHO jeTHO
Ha npyro. [IpoGiem reorpadckor obpazoBama
jecTe y Kpealuju eIyKaTUBHOI Marepujajia U
MOACTUILAQJHUX METOAMYKUX TOCTYyMaKa KOjUM
Ou ce HaBelIeHE CINOCOOHOCTH aJIeKBATHO
pa3Bujaie. Y TOM MpaBlly HHCTPYKTHUBAH j€
npumjep npojexra Thinking through Geography.
C nmpyre crpane, reorpadcko oOpazoBame HMa
U jenHy KOMITapaTHBHY MPETHOCT Y OJHOCY Ha
STEM jep W3BOpPHO 4yBa M €THYKO-KPUTUUKHU
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of the place are multiple dependencies
on the horizon from which this meaning
is interpreted.

The aforementioned principles, quite well,
summarize the following thought by Robert
Sack, who briefly tries to establish an ethical
relationship with spatiality: ,,We can call good
the creation of those places that help us become
more aware of reality, but also to increase its
diversity and complexity. Such places help us
understand what is right and what we must do*
(Sack, 2003, p. 9).

CONCLUSION

Although it is clear that the direction of
science development is largely interspersed
with the interests of global companies and a
profit-driven competition, it often happens that
even in such circumstances (or more precisely,
precisely because of them), it suddenly opens
up space for the previous “outsiders”. Such is
the case with spatial turn in the sciences, which,
among other things, again set the basic questions
about meaning of geographical education on the
scene again. One of such basic characteristics
with which the revitalization of geographical
education begins with is the phenomenon of
spatial thinking, which represents a common
cognitive core with socially and economically
more established educational areas such as
STEM. Gersmehl and Golledge’s initial research,
among others, undoubtedly shows the potential
of geographic education in the development of
higher cognitive abilities, where these potentials
do not lag behind STEM potentials. On the
contrary, STEM and geographic education
are acting back to each other. The problem
of geographical education is the creation of
educational materials and stimulating methodical
procedures that would enable these abilities to
develop adequately. In this regard, an example
of the Thinking through Geography project is
instructive. On the other hand, geographical
education also has a comparative advantage over
STEM, since it originally preserves the ethical-
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acIIeKT peJaluje YoBjeKa U MjecTta, OMiIo 1a ce
panu o “IpupoaHO)” I U3MHU)EHEHO] CPEAUHHU.
Onrosoryja Mjecra, IPBEHCTBEHO MPOyYaBamba
[Inarona u ApucTorena, MOXXe MOHYIUTA OCHOBY
ca Koje je Moryhe ypaauT HopMaTuBHE IPUHITATIC
IpU TpoydyaBamky M KOHCTPYKIHUJU MjecTa U
TpaHCcOpMaIKjU TPOCTOpA.
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YBOA

[IpoMjeHe KIMMaTCKUX yCII0Ba MPEACTaBIbajy
JEIHY Ol TVIABHUX NPUJETHH KaKO TII00AITHO], TAKO
u noMahoj MmoJbONpUBpEN, OUOIUBEP3UTETY H
urymapcTBy. Y ClioBaukoj je 3amaskeH 3HayajaH
MIOPACT CPEIEHE TOTUILIELE TEMIIEPAType y IEPUOLY
1881-2016. ronune. Temneparypa Ba3myxa je caaa
3a 2°C Buia y nopehemy ca npeauH 1y CTpujCKUM
MIEpHOAOM. YKYIIHH ITOpAcT najaBuHa u3Hocu 0.8
%, anu je 3a0UJbeXKEeH U HUXOB 3Ha4YajaH Maj u
Tto 32 10 % y jyxxHum oOmactuma CrnoBadke,
Koje ¢y yjenHo u Hajuioanuje. Ha Taj HauuH,
noBehame Temmeparype Ba3dyxa U CMambeme
KOJTMYMHE TaJlaBUHA JIOBEJIU Cy JI0 CMambema
pelaTHBHE BIIAXXHOCTH BaszayXxa W moBehama
eBanorpancnupanuje 3a 5 % (Ministry of
Environment of the Slovak Republic, 2017). Hekn
OJ1 MHAMKATOpa yKa3yjy Ha MOCJhEAULIE KOje Cy
Beh mpucyTHe U noTBpl)yjy NpUCyTHE TPEHIOBE.
WNunexce cyme Palmer Drought Severity Index
(PDSI), Ha mpumMjep, 3a0MIBEIKHO je T y TIePUOILY
1980—-2010. roguHe y MHOTMM pPErnoHUMA
CrnoBauke, ykasyjyhu Ha Behy yuecTaioCcT CyIHuX
MepHo/Ia, MOCEOHO Y JYKHUM TOAPYIjUMa 36MIbE
(Zuzulova et al., 2015). YTuuaj KaumaTckux
IpOMjeHa Ha MOJONPHUBPEAHY MPOU3BOIILY
MaHugecryje ce Ha pasznuuure HauumHe. Kao
MIPBO, CTamke KXUBOTHE cpeanHe Ouhe MOTmyHO
JpyTaduje of OHOT Koje Biana nanac. [Ipema A1B
SRES crienapujy emricrja racoBa cTakjeHe Oarre,
y nepuony 2071-2010. rogune MehyBnanun
naHen 3a kiaumarcke npomjeHe (IPCC) 3a
obnact Hutpe (jyrozanan Cnoauke) npensula
noBehame cpefme TONUIIBE TEMIEpaType 3a
3.1°C y ognocy Ha nepuop 1961-1990. roaune,
a 3a moJpydje MUIXocToBa y jyrOMCTOYHO]
CnoBaukoj mpenuheHo mnoBehame 3a HCTH
nepuog uszHocu 3.2°C. OBako NPOMHUjECHECHU
TeMIIepaTypHHU yCIOBHU JloBenthe 0 MpoayXemba
BEreTaloHoOr MIeproAaa, Koju he moynmaru cBe
paHHje W 3aBpIIaBaTH CBE KacHHje, Te he ce
TaKo, Ha IpuMjep, nosehatu 1 pU3NLM HaCTaHKA
mrere on mpasza (Halenka, 2006). TToehame
KOHIIEHTpAIlHje racoBa CTakjieHe fallte, ¢ Apyre
CTpaHe, MOXKE UMaTH Pa3IM4YMUT YTHUIIA] HA yCjeBe,
bUXOB [IPUHOC U POU3BOIY Onomace. YKOJIHKO
ce xonuentpanuja CO, yIBOCTpYYH U JIOCTHTHE
660 ppm, npon3BoAKa OMomMace Ousbaka U3 rpyre
C3 (ma mpumMmjep, TIICHHUINIA U jedaMm) Ouna Ou
Beha 3a 41 %. Y cnyuajy Ousbaka u3 rpymne C4,
MOTYT KyKypy3a, IpoayKiija ou Omia Beha 3a 22
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INTRODUCTION

Changes in climate conditions are one of
the main threats of the global and domestic
agriculture, biodiversity and forestry. In
Slovakia, there was significant increase of
mean annual temperature during the 1881—
2016 periods. The air temperature is currently
2°C higher in comparison to the preindustrial
period. Overall precipitation has increased by
0.8 %. However, there was a significant 10 %
decrease in the south of Slovakia with most
fertile soils. Thus, the higher air temperature
and lower precipitation led to a decrease in
relative air humidity and increase in potential
evapotranspiration by 5 % (Ministry of
Environment of the Slovak Republic, 2017).
Some of the indicators suggest possible
impacts, which are already occurring and
the trend, which is continuing. For instance,
Palmer Drought Severity Index (PDSI) had
a decreasing trend during the 1980—-2010
periods in many Slovak regions, suggesting
that drought periods are becoming more
frequent, especially in the south of Slovakia
(Zuzulova et al., 2015). Climate change
affects agricultural production in various
ways. First of all, environmental conditions
will be completely different to what they are
nowadays. According to the A1B greenhouse
gases SRES scenario of Intergovernmental
Panel on Climate Change (IPCC), the mean air
temperature is projected to be 3.1°C higher in
20712100 in contrast to 1961-1990 climate
normal in Nitra (southwest of Slovakia) and
3.2°C higher for the same reference periods
in Milhostov (southeast of Slovakia). These
air temperature conditions will prolong the
vegetation period with an earlier start and later
finish that might cause the crop to be damaged
by frost in the beginning of vegetation period,
for instance (Halenka, 2006). On the other
hand, increasing concentrations of greenhouse
gases might have various effects on crops
and their yields and biomass production. If
the concentrations of CO, increase twofold
to 660 ppm, the biomass production of C3
plants (for example: wheat and barley) will be
41 % higher, in the case of C4 plants, such as
corn, the production will be higher by 22 %.
Nevertheless, this is limited by air temperature
and sufficient levels of soil moisture, therefore
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%. Csa oBa npensubhama, unaxk, Mopajy y3eTH y
003up u apyre orpannyanajyhe akrope kao mro
Cy TeMIleparypa Ba3lyXa W BIQXHOCT TJIa KOjU
CBOJHUM Ij€JIOBalEM MOTY YTHIIATH Ha CMambCHE
MIPOU3BO/IHhe Oromace Ousbaka u nopes nosehane
xoHuenTpanuje CO, y IpUPOIHMM yCIIOBHMA
(Pooster, 1993).

I[MOAALI U METO/IE
[Tonpyuyje npoyuaBama

Y CBpXy HCTpaxuBama wu3abdpaium cMo
neuje nokanuje: Hurtpa—Jlonmna Mananra y
3anaaHo] CrmoBauko] 1 MUJIXOCTOB Y MCTOYHO]
CrnoBaukoj. HaBenene yiokaryje cMmjemreHe cy y
JIBa HajIIPOIyKTUBHM]A MOJLOIPUBPE/IHA PETHOHA
CnoBauke — y /[lynasckoj nHusuju (Hurtpa) u
Hctounoj cnoBaukoj Hu3uju (MHIXOCTOB),
npu 4emy o0a HaBeJECHa NPOCTOpa MPHIIAIAjy
Benukoj mahapckoj paBHunu. Ieorpadcke
koopauHare Hutpe cy 48°17' c. r. 1, 18°08' u. r.
1. TIOK HaJIMOpPCKa BUCUHA M3HOCH 135 m, 10K je
MunxocToB no3uMOHUpaH Ha 48°55' ¢. . . u
21°69'u. 1. 1. u Ha 102 m HaIMOpPCKE BUCHHE.

plants might not be capable of benefiting
from higher concentration of CO, in natural
conditions (Pooster, 1993).

DATA AND METHODS
Study area

For this paper, we chose two sample
locations with topsoil: Nitra—Dolna Malanta
in western Slovakia and Milhostov in eastern
Slovakia region (Fig. 1). These subjects
are located in two of the most productive
agricultural regions in Slovakia — Danubian
Lowland (Nitra) and Eastern Slovak Lowland
(Milhostov), both belonging to Great
Hungarian Plains. GPS coordinates are 48°17’
latitude, 18°08" longitude with altitude of
135 m in Nitra—Dolna Malanta and 48°55°
latitude, 21°69" longitude with altitude of 102
m in Milhostov.

Cn. 1. Teorpadcku monoxaj u3y4aBaHOT IPOCTOPa
Fig. 1. Geographic location of study area
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Daisy monen

[Ipoujena yTuiaja KIUMATCKUX MPOMjeHA
Ha TOJHONPHUBPEAHY NPOU3BOJY H3BPILICHA
je momohy MozenoBama CEpHjOM CUMYJAIlHja
3a mepuon no 2100. rommne. Momen Daisy
MpeJCTaB/ba yCjeB—BpHjeMe THI Mojelia KOjH
y3uMma y 003up mporece TpaHchopmaiuje u
KpeTama BOJIe, CHEpruje, yribeHukKa, a3ora H
MECTUIH/IA, KAKO Ha TIOBPLIMHU TJIa, TAKO U Yy TIY.
[Iporiec MozenoBama 3acCHUBA C€ Ha Pas3BOjy U
BATM/IAIM]Y MAaTEMATUYKUX MOJIETIA 32 CUMYJIAIIN]y
pa3Boja ycjeBa, LUKIIyca KpeTama BOJIE U a30Ta y
MIPOIIECY MOJBOIIPUBPEIHE MPOU3BOAKBE U TIIA Y
OZIHOCY Ha Pa3IM4HUTEe CTPATETHje U YIpPaBIbarhe
semspinTeM. CHMynanyje caapke MoJIaTKe o
MIPOU3BOJIIbM yCje€Ba, KpETamy KOJIUYMHE a30Ta
U BEJIMYUHM eBaroTpaHcnupanuje 3a oapehene
noJbonpuBpeane kyntype (Hansen et al., 1990).
OBaj Mozen 3axTjeBa ylaszHy TpyIy IOJaTaka
Koju Tpeba 1a MpeAcTaBibajy CTBapHE yCIOBE
cpenuHe (Ha NpUMjEp, BPEMEHCKH YCIOBH,
YIIPaBJbAE 3€MJBUIIITEM U TIOIAIH O 3eMJBHIITY)
na OM ce Morila MOKPEHYTH cuMynanuja. Y
HEKUM CJydajeBUMa, MOJEN je crocobaH na
(YHKIMOHHMIIIE U Y CITyYajeBUMa KaJia Cy oAy
HenoTnyHu. Hemocrarak mogaraka HacToju ce
HaJIOKHAJIUTHU ITyTEM JiepUBallyje U3 HHpopMalyja
KOj€ Cy JOCTYITHE. 3aXTjeB 32 BPCTOM M KOTMUHHOM
OBHUX MOYETHUX MO/IaTaKa 3aBUCH O]l OYEKUBAHOT
HH1BOoa aHanu3e Daisy mozena (Abrahamsen, 2016).

[Mapamerpu3zaryja

3a morpebe HCTpakMBama KpeupaHa je
noceOHa CKpHITA ca YIa3HUM MOJalMa Koja
je cazapkaBaja TpH OCHOBHE IpyIe IoAaraka

— TMOJATKE O BPEMEHY, Ty, BOAU U YIPaBJbaby

3eMJpuIITEM 3acajeHumM Kykypyszom. VY

UCTPaXMBakby CMO KOPUCTHIIM JIBA TUIIA TTOJ]aTaKa

0 BpeMeHy y pacnony o 30 roguHa 3a CBaky

rpymy:

1. MjepeHr mojanu O3HAYEHU EKCTCH3H)jOM
.dwf (Daisy Weather File) ykibyunBanu cy
NPOCjeYHEe THEBHE BPH]EIHOCTH KIMMATCKUX
eireMeHara (mpukymbeHe ojJ CraoBadukor
XUJIPOMETEOPOJIOMKOT HMHCTUTYTA) 3a

Model Daisy

The impact of climate change on
agricultural production was evaluated by the
model in a series of simulations to 2100. The
Daisy model is a crop—weather model that
includes transformation and transportation
processes of water, energy, carbon, nitrogen
and pesticides, all of this below and above
ground. This is based on the development
and validation of mathematical models for
crop simulation, water and nitrogen cycle in
agriculture and soil with respect to different
land management and strategies. Simulations
contain a production data, nitrogen flow and
evapotranspiration rate for agricultural crops
(Hansen et al., 1990). The model requires
entry dataset that represent real environmental
conditions (for example weather, land
management and soil data) in order to launch
the simulation. In some cases, it is capable of
working in the absence of some data. In this
case, the model tries to derive the respective
data from available content. The input
requirements depend on the expected output
level of the Daisy model (Abrahamsen, 2011).

Parameterisation

We created special text log (script) files
with entry dataset in three main data groups,
which contained information about weather,
soil, ground water and land management for
maize. In this study, we used two types of
weather data in climate normals with 30-year
long period for each:

1. measured data represented by .dwf
(Daisy Weather File) files included
weather information (produced by Slovak
Hydrometeorological Institute) in daily
steps for Nitra—Velké Janikovce and
Milhostov weather stations for the 1961—
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Hurpy, Benuke JanukoBue m Muixoctos
y nepuony 1961-1990. rogune. dajnoBu
ca mojalnyMa yKJbY4HBAJIH Cy IOJNATKEe U O
JOKaIjaMa CTaHWIla, HaIMOPCKO] BUCHHH,
omre HHPOpMaIHje O YCIOBUMA y KOjUMA je
BPIICHO Mjepemse (2 m u3Haj T/ia), BpeMEHCKE
WHTEpBaje Mjepema M cajpxkaj a3ora y
armocdepu. Ose .dwf gatoteke cagpxapaie
Cy MpocjeuHe JTHEBHE TeMIeparype Basyxa,
IbUXOBE MAaKCUMyMe€ U MUHUMYME, IJI00aIHy
panujanujy, Op3uWHY BjeTpa, peEIaTHUBHY
BJIQXXHOCT Ba3JlyXa M JHEBHY KOJIMYHUHY
naJlaBuHa.

. CUMYJIHMpPaHU EeKCIEPUMEHTAJIHU MOAaIu
u3 0Oasze monaraka mporpama ProclimDB
ne(UHUCAHU MOJICIIOM OTINTE LUPKYJIAIH]je
ARPEGE mnpema ycnosuma A1B SRES
cuenapuja. [logamm cy o6pahenu 3a nepuose
1961-1990., 2021-2050. 1 2071-2100. ronune
3a 00je ucTpakuBane okamuje (mpexa 10x10
km). Ilomanu y oBoj rpynu cajpaBaiiu Cy
Takohe M BPHjEIHOCTH IPOCjeuHE JIHEBHE
TeMIepaType Ba3dayxa, HBHXOBE MAaKCHUMyMe
U MHUHHMYME, TI00alIHy paaujaiujy, Op3uny
BjeTpa, pEJIaTUBHY BIAXKHOCT Ba3lyXxa M
JTHEBHE KOJIMYMHE I13/1aBUHA. YKYITHU MOJallN
cy npebadenu y .dwf maroreke 3a cBaku o
HABEJCHUX TIepuona. AHAJIU3UPAHO je U
Tpajame BEreTallMOHUX MEpPHO/ia HAa OCHOBY
1071aTaKka O BpEMEHY, [IPU YeMy je 3a MMoYeTaK
BEreTaloHOr TIepuojia y3UMaH J1aTyM Kaja
je mpocjeyHa JHEBHA TEMIleparypa HeT
y3actonHux jaaHa Ouma 6ap 10.0°C. [Mogamm
0 Ty ¢y 100WjeHr Ha OCHOBY TEPEHCKOT pajia
y capagmu ca ClI0BaYKUM MOJHOIIPUBPEIHUM
yHHMBep3uTeToM y HuTpu, y TOKy Kojer cy
ypahene ananuze mia y JlonHoj Manantu u
MmuiixocToBy. JlatoTeka ca OBUM moAanuMma
caapkaBajia je JAyOMHY 3EMJbHUIIHUX
XOpH30HATa, MEXaHWYKH CACTaB 3eMJBHIITA U
HUBO TIoy3eMHUX Boga (Cir. 2).

1990 periods climates normal. These files
were comprised from GPS locations of
the stations, altitude, general information
about the measuring conditions (2 m
above ground level), time interval of
measurement and atmospheric nitrogen
deposition. In .dwf we used data on:
daily mean air temperature, max and min
air temperature, global radiation, wind
velocity, relative humidity and daily
precipitation.

. simulated experimental data were

the outputs from database software
ProclimDB defined by general circulation
model ARPEGE in condition of A1B
SRES scenario. Data were processed for
the 1961-1990, 2021-2050, 2071-2100
periods for both locations (grid 10x10
km). Data contains the information about
daily mean air temperature, max and
min air temperature, global radiation,
wind velocity, relative humidity and
daily precipitation. All of the data
were transformed to .dwf files for each
period. The duration of the vegetation
period was analysed and evaluated from
weather data, when the beginning of the
vegetation period (and growing season)
was considered as a period with an
average temperature of 10.0°C (and 5.0°C)
for 5 consecutive days. The soil data had
an experimental basis (field experiments
realized by co-operating departments at
Slovak University of Agriculture in Nitra)
from soil analyses in Dolna Malanta
and Milhostov. The soil file contained
information about soil horizons depth,
fractions of soil and their ratio, ground
water depth as shown in Fig. 2.
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Ca. 2. Ckpunra nojaraka o 3eMJbUIITY 32 oapy4dje Hurpa—/lonna Mananra u Muiixoctos
Fig. 2. Soil data script for Nitra-Dolna Malanta and Milhostov

[lomatke o ympaB/baky 3EMJBHIITEM
caurmaBae cy nH(popmaliyje o mioopey, Opamy,
cjetBu, hyOpuBy u xeTBu. OBa gaTroTeka caJIpiku
1 nerHKCabe TIepHo/a ,,TIOYETHOT 3arprjaBama’
yuja je ¢yHKIHja Ouila MHUHHUMH3AIH]a
HEMPaBUIHOCTU KOj€ C€ MOTY I10jaBUTH YCJbE]
MOYETHUX YCJIOBA Y KOjHMa Ce HaIa3uiIo TI0 — Ha
MIpUMjep, 3EMJBHILTE Ca PA3THUYUTUM IJI0I0PEIOM
y ToAMHaMa Koje Hucy oOyxBaheHe nonarma. OBaj
MeproJ] OAHOCHO ce Ha cibenehe ycjeBe: KyKypys
(Zea mays L.) copre Evelina, rpamak (Pisum
sativum), o3uma mmenuna (Triticum aestivum),
japu jedam (Hordeum vulgare) xoju je 3acujaH
Ha moJpy Jnyuepke (Medicago sativa) (Takac
& Siska, 2011). ¥V cmweaehem kopaky (3BaHOM
“NAOSTRO”) y naroteky cMO YHH]eIU TI0I0PE/T
KOJH j€ YCTaHOBJbEH Ha €KCIIEPUMEHTATTHOM T0JbY
y Homuoj MananTu (y capaamu ca dakynreTom
3a arpoOuonorujy u pecypce xpane CioBadkor
MOJbONIPUBPEAHOT YHHBep3uTera y Hutpm).
[Tnomopen ce cactojao of ycjeBa: Kykypysa (Zea
mays L. copre Evelina), osume mmenune (Triticum

Land management data was information
about crop rotation, plowing, sowing,
fertilizing and harvesting. In the file, there
was a defined warming-up period that was
used for minimization of irregularities
due to initial soil condition (land with a
different crop rotation in previous years). The
warming-up period consisted of the following
crops: maize (Zea mays L.) Evelina variety,
pea (Pisum sativum), winter wheat (Triticum
aestivum), spring barley (Hordeum vulgare)
with undersowing of lucerne (Medicago
sativa) (Takac & Siska, 2011). In the next
step (called “NAOSTRO”) we set up the
same crop rotation as at the experimental
field in Dolna Malanta (provided by Faculty
of Agrobiology and Food Resources at Slovak
University of Agriculture in Nitra) to the file.
The crop rotation included the following
crops: maize (Zea mays L.) Evelina variety,
winter wheat (7riticum aestivum) and spring
barley (Hordeum vulgare). The crop rotation
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aestivum) u japor jeuma (Hordeum vulgare).
OBaj ruioopes yKJbYYEH je y TPU pa3iuyuTe
cUMyJalMje y IHUJby MOKpPHBamka CBUX ycjeBa y
CBAKOj TOMMHU y OKBUPY Tiepuona o 30 ronuHa. Y
JIaTOTEKY je YHECeH U cJbeniehy KaneHaap pajaHux
aKTUBHOCTH Ha Y3rojy KyKypys3a: IpHIIpemMa Tia
3a cjeTBy Koja je onmpeheHa 3a kpaj anpuia (28.04),
npezcjeTBeHo hyOpeme T1a a30THUM hyOpuBOoM
(30 kg/ha) (11.03) u hyOperme aMOHHjyM HUTPATOM
(100 kg/ha) 3a Bpujeme BereTarMoHOr TepUOAA
cpenunoM jyna (13.06). bepba je ompehena 3a
novyerak okroopa (07.10.).

Bamunammja

Pesynratu Mjepema y nepuoay 1961-1991.
roJiHe KOpHIITheH! Cy 3a BAIWAALN]y pe3yarara
Hamer Mojena. Pe3ynratu MopaenoBama
3aCHOBAHU Ha M3MjEPEeHHM IOAAIMMA O BPEMEHY
CnoBaykor XHJIPOMETEOPOIOUIKOT WHCTUTYTa
n excnepumeHTtanHuM noganuma ARPEGE-a,
MIOTOM cy ynopeheHu ca noganuma o mpuHocuMa
CroBaykor 3aBojia 3a CTaTUCTHUKY Y TOM IEPUOY.
Koedumnujent Bapujanmje ckyma mnojaaraka
n3Hocuo je 0.20 (20 %), a CKymoBH mojgaraka
MOKA3UBAJIU CY UCTH TPeH] (TPEH pacTa) TOKOM
ronuHa. Mnak, momanu 3aBoja 3a CTaTUCTHKY
0 MPOCjeYHUM TIpuHOcuMa ounn cy u 10 40 %
HIDKH O pe3yaTara JOOWjeHHX MOJICIOBAEM.
OBa pasnuka HacTaja je ycJbell PasIMYyUuTHX
HayMHA pacnojarama 3eMJBUIITEM TOKOM
HaBEJICHOT MEPHO/Ia — CJETBOM PA3ITHMYUTUX COPTH
KyKypy3a, T U YUE-CHULIOM JIa ITOAAIM 3aBoIa 32
CTaTUCTUKY NPE/ICTaBIbajy PETMOHAIHHU MPOCjeK
JIOK Cy C€ pe3ylTaTd MOJIEIOBaba OIHOCWIN Ha
crierduyne nokayje Hurpe 1 Munxocrosa.

PE3VIITATU

Ha ocHOBy nipoBeieHUX cumyrnaiuja, ypahexe
cy npoigjete 3a nepuoze 2021-2050. u 2071-2100.
roguue 3a npoctop Hurpe—/lonna Mananre u
MunxocroBa. Pesynraru Daisy monena ykasyjy
Ha CMambeHmhe MPUHOCA MPETEKHO Y3POKOBAHO
EKCTPEMHUM BPEMEHCKUM YCIIOBHMa — BUCOKOM
TEMIIEpaTypoM Ba3ayxa KOMOWHOBAaHOM ca

was included in three different simulations to
cover all crops in each year within a 30-year
dataset. We set a framework of activities with
maize to the file in the following sequence:
preparation of maize’s seedbed that was
defined at the end of April (4/28), fertilizing
with a nitrogen fertilizer (30 kg/ha) in the pre-
sowing phase (3/11) and ammonium nitrate
fertilizer in the total volume of 100 kg/ha N
during the vegetation period in the middle
of June (6/13) and harvesting was set for the
beginning of October (10/7).

Validation

We used 1961-1990 data for validation
of our model. The model outputs, based
on measured weather data (Slovak
Hydrometeorological Institute) and ARPEGE
experimental data, were compared with
historical yields measured by Statistical
Office of the Slovak Republic in this period.
The coefficient of variation for dataset was
0.20 (20 %) and datasets showed the same
trend (uptrend) during the years. However,
the average yields (measured by Statistical
Office) were by 40 % lower in comparison
with model results. This was caused by
different management during years, planting
of different maize varieties and the fact
that the data from the statistical office is
regional average (model outputs are fixed to
specific location: Nitra—Dolna Malanta and
Milhostov).

RESULTS

According to our simulations, we figured
out an estimate for the 2021-2050 and 2071—
2100 periods in Nitra—Dolna Malanta and
Milhostov. The results from Daisy model
suggest a decrease in grain yields mainly due
to weather extremes — high air temperature
combined with low precipitations that lead to

41
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CMambEHEM KOJTMUMHE TaJaBHHA IITO O JOBEIO
710 TI0jaBe CylIlla, ajli U MaJaBUHCKUX EKCTpemMa
yCJbE/1 jaKUX KHIIa KOje MOTY M3a3BaTu OyjuuHe
TMIOTUIaBE y MEpUOAY KiMjarka U pa3Boja OMIbKe.

[TpuHOCH cy 3HAa4ajHO MamH y TOAUHAMA Y
KOjUMa Ce€ I0jaBJbyjy €KCTPEMHE BPHjeIHOCTH
KJIMMaTCKUX €JIeMEeHaTa, a CopTe KyKypy3a HUCY Y
CTamby MPUJIATOUTH CE U3MU]CH-ECHIM KITMMATCKIM
ycrnoBuma. Cumyrnaiuja U3BpIICHAa HA OCHOBY
ARPEGE xnumaTckux mokasaresba, MOKasyje
na he npocjeynu npuHOCH Ha nozpy4jy Hurpa—
Jonna Mananta y nepuony 2021-2050. rogune
uzHocut 5.37 t/ha (Cn. 3) mro mpeacraBiba
nioBehame o1 8 % y OMHOCY Ha MPHHOCE OCTBAPEHE
y nepuony 1960-1990. ronune.

drought and rainfall extremes from supercell,
which could result in a flash flood in period
of emergency and development.

The yields are significantly lower in the
years affected by weather extremes and the
maize variety could not adapt to changed
climate conditions. The average grain yield
was 5.37 t/ha for the 2021-2050 periods in
Nitra—Dolna Malanta (Fig. 3) that represents
an 8 % decrease in contrast to estimated
yields in 1960-1990 climates normal based
on ARPEGE climate data.

Cn. 3. Cumynupanu pUHOCH KyKypy3a 3a noapydje Hurpa—/{onna Mananra
y niepuony 2021-2050. ronune
Fig. 3. The maize grain yields simulated for Nitra—Dolna Malanata in the 2021-2050 periods

Ha uctn HaumH, Ha OCHOBY pesynrara Daisy
Mozena, 3a noapydje Hurpa—/lonna Mananra,
JneTekToBaau ¢cMo W maa ox 35% (mpocjeuHu
npuHoc 3.50 t/ha) 3a mepmonm 2071-2099.
roguae (Cn. 4) y onmHocy Ha mepuon 1961—
1990. ronune. Ha rpadukony ce jacHO Mory
YOUHTH 3HaYajHE pa3iivKe y KpeTambuMa IPHHOCA
TOKOM TI0j€/IMHUX TOJMHA HABEICHOT TepHoa.
[Tonjennak y3pok oBuM (ryKTyarujama JIeKH
y cBe yemhuM IojaBaMa CYIIHHUX M BIQXKHHX
TOJIHA, EKCTPEMHHM BPEMEHCKUM TpUIINKaMa |
M0CeOHO HEJeIHAKO] IUCTPUOYLIN]H aTMOC(EPCKUX
najaBuHa 1o mjecenuma y nepuoay 2071-2099.
ronune. Exctpemuo Hucku npuHocu (camo 0.5 t/

42

In the same way, we detected a decrease
by 35% (average grain yield 3.50 t/ha)
between 2071-2099 model Daisy results
and 1961-1990 grain yields in Nitra—Dolna
Malanta (Fig. 4). Production outages are
observable in many years, which correspond
to a high difference of values within the
yields in 2071-2100. This is equally caused
by the more frequent occurrences of wet and
dry years, extreme weather, and especially
an uneven distribution of atmospheric
precipitation over the months during the
2071-2099 periods. Extremely low grain
production (only 0.5 t/ha) in 2095 is caused



[TTACHUK - HERALD 22

ha) 3a 2095. ronuHy pOy3pOKOBAHU CY CYIIIOM.
Cumynanmja Ha ocnoy ARPEGE mozena nokasyje
3a HaBeZIeHY FOJIMHY BPHjEIHOCT nagaBuHa ox 480
mm ¥ IpOCjeyHy TOAUIIKBY TEMENparypy BHILY
oxn 13°C.

by drought. The ARPEGE model simulated
precipitation for 2095 at only 480 mm and an
average temperature above 13°C.

Ca. 4. CumynupaHu IpUHOCH KyKypy3a 3a noapyyje Hurpa—/loana Mananta
y nepuony 2071-2100. ronune
Fig. 4. The maize grain yields simulated for Nitra—Dolna Malanata in the 2071-2100 periods

3a moapydyje MunxocToBa, cuMynamuja
Daisy mojnena mokazajna je cMameme MPUHOCA
KyKypy3a 3a 3.5% ako ymopenumo pesyaTare
Mozena 3a mepuon 1961—1990. rogune ca
nonanuma OasupanuMm Ha ARPEGE 3a mepuon
2021-2050. romuHe Ha Jokanuju MUIXOCTOB.
YKynHH NPOCjedyHU MPUHOCH 3pHA KYyKypy3a y
MunxocroBy (Cin. 5) 3a mepuon 2021- 2050.
ronune uzHoce 6.84 t/ha, mro je 3a roroso 1.5
t/ha Bume Hero y Hutpu. Mnak, ykynHu TpeHa
3a mepuog 2021-2050. rogune je omaxaajyhw.
CMameme IpuHOCa HHje TOMUKO 3HA4ajHO Kao
Ha nonpy4jy Hurpa—/lomna Manante, anu cy
MojelMHe HM3Pa3UTO Jiolle ToauHe (MOMyT Ha
npumjep 2049. rogune ucro kao u y Hurpa—
Honna Manantn) y3pokoBane cymiom (ARPEGE
nokasyje camo 500 mm mnajaBUHa W BHUIILY
MpocjeyHy roauimy temmeparypy — 13°C 3a
Hutpy u 12°C 3a Munxoctos).

The Daisy model showed a decrease in
yields of maize grain by 3.5 % compared to
model results in the 1961-1990 periods with
data based on ARPEGE in the 2021-2050
periods in Milhostov location. The total
average production of grain in the Milhostov
location (Fig. 5) in the 2021-2050 periods
reached 6.84 t/ha, which is almost about
1.5 t/ha more than in Nitra—Dolna Malanta.
However, the overall trend was declining
during the 2021-2050 periods as well.
Production failures were not so serious as
in Nitra—Dolna Malanta location but weak
years (for example 2049 — the same as in
Nitra—Dolna Malanta) were due to drought
in locations (ARPEGE model of atmospheric
precipitation simulated only 500 mm per year
and higher annual mean air temperature —
13°C in Nitra and 12°C for Milhostov).
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Cn. 5. Cumynupanu IpUHOCH KYKypy3a 3a nmojapydje Muixoctosa y nepuoay 2021-2050. roqune.
Fig. 5. The maize grain yields simulated for Milhostov in the 2021-2050 periods

[Tpojexmuje mokasyjy MpoCjedHu MPUHOC The model expected decreasing of yields
on 5.07 t/ha y MunxocrtoBy y nepuony 2071— by 26 % in the 2071-2100 periods compared to
2100. roguHe mTO MpeacTaBiba cMameme 32  the 2021-2050 periods with total yield 5.07 t/ha
26 % y mopehemwmy ca mepuogom 2021-2050. in Milhostov (Fig. 6). The outages were more
rogune (Ca. 6). frequent than in the previous period in the light of

changing climate conditions.

Ci. 6. Cumynupanu MPUHOCH KyKypy3a 3a nofpydje MunxoctoBa y nepuoay 2071-2100. roguse.
Fig. 6. The maize grain yields simulated for Milhostov in the 2071-2100 periods
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JIMCKYCHJA

Mognen npensub)a 3Hauajan onaaajyhu TpeHa
Ha 00je uctpaxuBaHe jokanyje. [Tpunarohasame
he, Tako, OMTH HENXOAHO y LUJBY OApKABAHA
npuBpeaHor paspoja. CMmameme MNpHUHOCA
MOX€ JIOBECTH JI0 3HA4YajHOT MoBehama IujeHa
MOJHOTIPUBPEIHUX MPOU3BOJA. JemHa of] CTyauja
nokaszana je maa ce ao 2050. romuHe ouekyje
nopact 1jena 3a 45 % (Trnka, 2015). Arpapna
Npou3BOAmka Hehe OUTH yrpoxkeHa camo
IYTOPOYHUM TOCTENEHUM IpOMjeHaMa KIuMe,
HETO U eKCTPEMHHMM BPEMEHCKUM T0jaBamMa MOy T
KHUIIHUX 0JIyja, N3HEHAHUX TOTJIaBa, OPKAaHCKUX
BjeTpoBa M cyme. IIpomjene, Takohe, mory
13a3BaTé ¥ yOp3aHO IIUPEHEe MHBAa3UBHUX BPCTa
IITETOYMHA WK eKcrian3ujy Beh nmocrojehux, mro
MOKE€ 3HaUajHO YTUIATH HA IPUHOCE PA3THMUUTUX
coptu Kykypysa. Illpeannoctu mnoBehama
KOHIICHTpALlUj€ YIJbCH-ITUOKCUAA, OMUCAHE Y
YBOJIy pajia, IIOHUILTABA]y CE€ 030MIBbHUM YTHUILIAjeM
EKCTPEMHHUX BPEMEHCKHX YCIIOBA, IIITO CY TOKA3aJIH
U pe3yiaTaTu MojelioBama. Paznuuure cryauje
0aBuIIe Ccy ce eBallyalljoM YTHIaja KIMMaTCKUX
MpoMjeHa Ha MPOU3BOIHU MoTeHIMjal. AquaCrop u
STICS monenu cumynupani cy (pema cleHapujy
RCP4.5 —exBuBanent A 1B creHapujy) 3a nogpydje
[Topryrana cmameme npousBoame 3a 17 % 1o
2080. roquue y ogHocy Ha nepuog 1986—2005.
ronuHe (Yang et al., 2017). Canunu pesynratu
CMambeHha MPUHOCA JOOUjEHHU CY U Y CHMYJIalifjama
3a IlIBajuapcky, rije je MCTpaKMBaH YTHIIA]
KIMMaTCKuX npomjeHa 1o 2050. ronuHe Ha TpH
nokarmje (Holkédmper et al., 2015). Temmneparypa
BazJyxa Ha HaBeIECHUM MOApPYyYjUMa CIUYHA je
oHOj y Hutpu nu MuiaxocToBy, 10K je TOAUIIEHA
KoinnuuHa nagasuHa Beha. [Ipema pesynraruma
nobujenum nomohy moxena CropSyst, mpuHOCH
KyKypy3a U3HOCHIHU cy camo 2—3 t/ha y 3aBucHOCTH
071 BPEMEHCKHUX YCJI0Ba Ha M0jeJMHIM JIOKaI[hjama.
OBo ucTpaxuBame 1Mokasajo je aa he repuropuja
[IIBajuapcke BjepoBaTHO OMTH MOTOJHA 32 Y3TO]
KyKypy3a, alu moj ycioBoM ga ce go 2050.
TO/IMHE W3BPIIM aJarnTalyja Ha MPOjeKTOBaHE
npomjene (Holkdmper et al., 2015). Ha pe3ynrare
Hallle CTynuje, MehyTum, yTUIao je U pa3IuyuT
IUIOJIOPE HA EKCTIEPUMEHTAIHUM 3acauMa KOju

DISCUSSION

The model predicted a significant
decreasing trend in both locations. Thus, the
adaptations will be necessary for securing the
economic value. Outages in crop production
could lead to a higher price of agricultural
commodities. One of the studies expected an
increase in prices by 45 % by 2050 (Trnka,
2015). The production will not only be affected
by changes in long term climate normal but also
by severe weather, for instance heavy rains,
flash floods, high wind velocity and drought.
Changes could lead to a spread of invasive
pests or further expansion of existing species,
which can significantly affect grain yields of
maize varieties. The advantages of increasing
concentrations of carbon dioxide for plants,
described in the introduction, is replaced by
serious impacts of weather conditions (severe
weather) which is also shown in the model's
results.

Many studies evaluated the effects of
climate change on the productive potential.
AquaCrop and STICS models simulated
(scenario RCP 4.5 — eq. A1B) production
decreased by 17 % by 2080 in Portugal in
comparison to the 1986-2005 average (Yang et
al., 2017). The same assumption of decreasing
yields is also simulated in Switzerland
(Holkdmper et al., 2015). The impact of climate
change was evaluated at three locations to
2050. The sites were similar in air temperature
but with a higher precipitation sum compared
to Nitra and Milhostov. According to CropSyst,
the maize yield was only 2—3 t/ha depending on
the weather conditions of locations. The study
argues that the territory of Switzerland will
probably be suitable for maize production but
it will be necessary to use adaptations by 2050
(Holké@mper et al., 2015).

However, results of our study were
influenced by different rotations provided on
the experimental fields in comparison to real
production and field conditions. The results
should not be shown as predictions, but only
for trendsetting purposes.
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Ce pa3NuKyje y OZIHOCY Ha CTBAPHY MPOU3BOIHY Y
peanHuM ycnoBuma. Jlobujenu pesynraru, npema
ToMe, He Tpeba ma Oyny cxBaheHH Kao uBpCTa
npeasuhama, Hero je HBUXOB IIMJb MPEBACXOAHO
yo4aBame TPEH/I0Ba.

3AKJbYYAK

[IpoBeneHO HCTpaxHBamke MOKA3alo je Ja
nosehawe ronuenrpauuje CO, y armochepu
HUje MMaJo TO3WTHUBAH yYMHAK HAa MPUHOCE
KyKypy3a. YCjeBH TMOIYT KYyKypy3a YTpOXKEHH
Cy KJIMMAaTCKHUM IIpOMjeHaMa M EKCTPEMHHM
BPEMEHCKUM TpWiIMKama. TpeHIoBH HpUHOCA
MOKa3yjy MaJl y CBUM aHAJIM3UPAHUM MIEPUOIUMA
Kako Ha noapy4jy Hurpa—Jlonmna MananTe, Tako
u y MunxocroBy. Cumynanuja Daisy mopena
3a moxapydje Hwurtpe mnokaszama je cMameme
npousBoame 3a 8§ % y mepuomy 2021-2050.
roivHe y oaHocy Ha mnepuon 1961-1990.
ronuHe, 10K je y nepuoay 2071-2100. roqune To
cMameme n3Hocwio 35 %. CnudHo je yTBpheHo
1 32 MUJIXOCTOB — IPUHOCH Cy OMiy MambH 3a 3.5
% wu3mehy nepuoga 1961—-1990. u 2021-2050.
roiuHe, OMHOCHO 3a 26 % y mopehemy ca
nepuogom 2071-2100. ronune. be3 cipoBohema
Mjepa ajanTaiyje Kao IITO Cy HaBOAHABAILE
U mubaHo hyOpeme, KIMMarcke IpoMjeHe
he wumaru morybaH yTHLA) HA TPOU3BOIILY

KyKypy3a.

3axBajanuua: OBaj paja je HACTA0 Y3 MOIAPIIKY
rpanTta y okupy mnpojekra VEGA 1/0767/17:
Pervonanuu yTunaju KIMMaTrcKUX MpoMjeHa Ha
EKOCHUCTEMCKE yCIIyTe Y 3eMJbaMa y3rajuBadnma
rpoxha — mpomjeHa (yHKIMja y alanTHUBHOM
MOTEHIIH]aITy.

CONCLUSION

We showed that the increasing
concentration of CO, in the atmosphere did
not have a positive effect on the maize yields
in simulations. The crops such as maize were
threatened by climate change and severe
weather. The yield trends were decreasing
in each period in Nitra—Dolna Malanta
and Milhostov. Model Daisy simulated the
production output lower by 8 % between
1961-1990 and 2021-2050 and by 35 %
compared to 2071-2100 in Nitra—Dolna
Malanta. Similarly, the production output
was lower by 3.5 % between 1961-1990
and 2021-2050 and by 26 % compared to
20712100 in Milhostov. Without adaptations
such as irrigation and targeted fertilizing for
the most productive regions with topsoil,
the climate changes are expected to have an
adverse impact on the maize production.

Acknowledgement: This paper was
made with a support of grant project VEGA
1/0767/17: Response of ecosystem services
of grape growing country to climate change
regional impact — change of functions to
adaptation potential.
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Cazxkerak: HaceoOuncku cucrem I'paga HMcrouno CapajeBo kapakrepuiny oxpehene creruduyanocty, a meh)y muma ce
U3/1Baja 1 TO Jia POCTOP HOCHU ENUTET Ipaja, a BehnHcku je pypasian. Yunu ra 216 HacesbeHUX MecTa y 6 OIIITHHA Ipajia
ca 59916 cranosHuka 1o nonucy 2013. ronune. Y pany he ce Hajipe npeacTaBUuTH HEKU O] KPUTEPHjyMa 3a JIe(HHUCAE
ypOaHKUX ¥ pypajHUX MOAPYYja U ONPEAUTH HajOoosbn KpuTepujyM 3a ['pax Mcrouno CapajeBo, ¢ 003UpoM Ha JJOCTYIHE
noaatke. [{usb ucTpaxuBama je 1a ce U3BPIIU KiIaCH(pHKallja HACe/beHUX MECTa Ipajia Ha ypOaHa u pypajHa.
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URBAN AND RURAL SETTLEMENTS IN THE AREA OF THE CITY OF EAST
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Abstract: The settlement system of the City of East Sarajevo is characterized by certain specifics, and among them is the
fact that the space carries the city’s epithet and is mostly rural. It consists of 216 populated places in 6 townships with
59916 inhabitants according to the 2013 census. The paper will first introduce some of the criteria for defining urban and
rural areas and determine the best criteria for the City of East Sarajevo, given the available data. The aim of the research
is to carry out the classification of urban settlements in urban and rural areas.

Key words: East Sarajevo city, settlements, urban, rural.

YBO/] INTRODUCTION

I'pan Uctouno CapajeBo Hamazu ce y
LHEHTPAJIHOM M HCTOYHOM Jeny bochHe wu
XepleropuHe. YKyInHa MOBpPILIMHA Ipaja U3HOCU
1449.2 km?. Teputopuja rpaga cacToju ce Of
nBa nena: Beher cesepuor nmena (1405.3 km?) u
3HATHO Mamber jykHor jena (cera 43.9 km?).
I'pag kapakrTepuine rycra yCUTHEHA Mpeka
Hacesba. CacToju ce of mecT onmTHHa: FicTouHo
Hogo CapajeBo, Uctouna Mnuya, ITane, Cokomnar,
TpuoBo u Uctounu Crapu I'pag u 216 HacesbeHNX

The city of East Sarajevo is located in
the central and eastern part of Bosnia and
Herzegovina. The total area of the city is
1449.2 km?. The territory of the city consists of
two parts: a larger northern part (1405.3 km?)
and a significantly smaller southern part (only
43.9 km?). The city is characterized by a dense
fragmented network of settlements. It consists
of six municipalities: Isto¢no Novo Sarajevo,
Isto¢na Ilidza, Pale, Sokolac, Trnovo and Isto¢ni
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Mecta. Ilpema nonucy craHoBHumTBa 2013.
roguHe rpaja uma 59916 craHoBHUKa.

Onnoc ypOaHUX M pypajdHUX MNOIpYYja,
TepUTOPHUjaHO-YIIpaBHA OpTaHHU3alUja H
¢yHKIIMOHANIHA U3TPa)eHOCT OMIITUHCKHUX
CpeAMIITa, T0Ka3aTesb Cy JOCTUTHYTOI CTENEeHA
pa3Boja, OpraHU30BaHOCTH JIpXKaBe U U3rpaheHoCTH
JOKaTHUX (PYHKUIMOHATHUX KananuteTa. [Ipema
nonucy 1991. rogune, bocna u XepuerosuHa
“MaJa je BUCOK CTEIeH PypPaTHOCTH, jep je OKO
90 % meHe TepUTOPHje YNHUO PypaTHH IIPOCTOP,
OAHOCHO Tpeko 50 % CTaHOBHUINITBA KHBEJO j€
y CEOCKUM HacesbrMa. Y bocHu u Xeprerosunu,
npemMa 3akoHy O mpocTopHoM ypehemy 1974.
TOJIMHE, METOJ0JIOTHja THIIOJIOTHje Hacesba TyOu
AQHAIMTUYKY KapaKTep U CBAKO YIIPABHO CPETUILITE
nobwuja craryc rpajackor Hacesba (Mannuh, 2012).

C 003upoM Ha MPOMEHE aJIMUHHUCTPATHBHO-
TepUTOpHjalIHE OpraHu3alyje OMIITHHA Ha
npocropy bocHe u XepueroBuHe, OJHOCHO
Penry6ruke Cpricke, a Koje Cy 3aXBaTUIIE ¥ IIPOCTOP
I'pana Ucrouno CapajeBo, 1Jb OBOT UCTPAKUBAHA
je 1a ce onxpenu HajIpUMEHHUBHja TUIOIOTH]jA
HaceJba Ha pypajiHa M ypOaHa U M3BPIIN HHX0OBA
noziena.

Haceobuncku cuctem Ipana Hcrouno
CapajeBo je mo MHOro uemy crenuduyat,
MPBEHCTBEHO IO TOME IITO UCTPAKMBAHU ITPOCTOP
HOCH €MUTeT Tpaja, mMTO OU OHO CUHOHUM
yp6aHoM, a 0Baj TOCTOp je BehuHCKH pypajiaH.

Takohe, jemna on cnenuUIHOCTH OBOT
MPOCTOpa je U Ta IITO je HakoH para 1992—1995.
roAMHEe HeKajga jeAUHCTBEeH mpoctop I'pana
CapajeBa TO/AEJbEH CHTUTETCKOM JIHUHH)OM
pasrpannuema u3melhy PenyOnuke Cprcke u
®enepanuje bocHe n XeprieroBune, npu 4yemy je
JIOILJIO JI0 A€3UHTErpaltje Haceba.

HenomroBame HaceoOMHCKOT cHCTEMa U
aIMUHHCTPAaTUBHUX TI'PAaHMIIA HAaceJba JIOBEJO
j€ 0 ne3uHTerpaiuje, oJHOCHO IMoJele Hacesba
n3mMel)y eHTuTeTra, cTBapama ,,IyIiux " Hacesba,
,HEpa3yMHe" mnojene ypOaHHX IeJuHa, TJe
rpaHHLIa ceue YIHLE U CTaMOeHY HH(PPACTPYKTYPY.
Ha nipocropy npenparnor CapajeBa eHTUTETCKOM
I'PaHUIIOM TIO/IeJbEHO je 43 HacesbeHa MecTa.
Oxo 30 % nespeHHX Hacesba cy Hacesba 10 S0
CTAaHOBHHUKA, pypajiHa Hacesba TAE je JaHac
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Stari Grad and 216 settlements. According to the
population census in 2013, the city has 59916
inhabitants.

The relation between urban and rural
areas, territorial-administrative organization
and functional building of municipal centers,
is an indicator of the level of development,
organization of the state and the building of local
functional capacities. According to the census in
1991, Bosnia and Herzegovina had a high degree
of rurality, as about 90 % of its territory was
rural, or more than 50 % of the population lived
in rural settlements. In Bosnia and Herzegovina,
according to the Physical Planning Act of 1974,
the methodology of typology of settlements loses
its analytical character and each administrative
center gets the status of a city settlement
(Mannuh, 2012).

Considering the changes in the administrative
and territorial organization of municipalities in
the territory of Bosnia and Herzegovina, that
is, the Republic of Srpska, which affected the
area of the City of East Sarajevo, the aim of this
research is to determine the most appropriate
typology of settlements in rural and urban areas
and divide them.

The urban system of East Sarajevo is in
many ways specific, primarily because the
explored area has the city’s epitaph, which would
be synonymous with urban, and this posture is
mostly rural.

Also, one of the specifics of this space is
that after the 1992—1995 War, once the unique
space of the City of Sarajevo was divided by
the entity line of demarcation between the
Republic of Srpska and the Federation of Bosnia
and Herzegovina, where the settlement was
disintegrated.

Disregard for the settlement system and the
administrative boundaries of the settlement led to
the disintegration, ie the division of settlements
between the entities, the creation of “double”
settlements, “unreasonable” division of urban
units, where the border cuts the streets and
housing infrastructure. In the area of pre-war
Sarajevo, 43 settlements were distributed to the
entity border. About 30 % of the settlements
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U3pakeHa JeTonyaluja 1 HecTajambe Hacesba,
a CUTypHO Ja je jelaH OJ pasjiora TaKBOT
crama nuHuja pasrpannuema (Luki¢ Tanovi¢ &
Marinkovi¢, 2017).

KPUTEPUJYMMU 3A IEOUHNCABE
PYPAJIHUX U YPBAHUX ITO/IPYUJA

Jeman on TpaaUIMOHAIHUX HauWHA TOJENe
HaceJba Ha IpaJicka U ceocka je metoa M. Maitype
IJe Cy, Ha OCHOBY Opoja CTaHOBHHMKA U YyJena
HEIMOJFONPHUBPEHOT CTAHOBHHILITBA, HAaceJba
To7IeJbeHa Ha TPaJICKa, MEILIOBUTA U ceocka. Jloma
rpaHuiia Opoja CTaHOBHMIIITBA 32 TPAJICKO HACEIhE
je 2000 (CreBanoBuh, 2008).

MHoru ayTopu W JAp)KaBHE HMHCTUTYIIH]E,
MIPBEHCTBEHO CTAaTUCTUYKE, TIOCIIEABUX JICIICHUja
6aBe ce 0oBOM npobnemMaTukoM. J(p>kaBHU 3aBOJ
3a cTarucTuky PemyOmuke XpBaTcke Mpeiiokuo
je ,,Moznen 3a nedpunucame ypOaHUX, PypaTHUX
U TIpena3HuxX Hacesba y PermyOnmumm XpBarckoj”,
I7Ie Ce KOPUCTE YEeTUPH BapHjallie: yIpaBHH CTaTyC
HaceJba, BeJIMYMHA Hacesba (Opoj CTaHOBHHUKA),
COIIMO-€KOHOMCKA CTPYKTypa CTaHOBHMILITBA
(3amocneHn MEITaHH y MECTy CTaHOBama IO
cekTopuMma) U MopQosomKo-(HU3NOHOMCKA
obenexja Hacespa (Drzavni zavod za statistiku
Republike Hrvatske, 2011).

EBporicke 3eMJbe KOpPUCTE pa3IUUYUTE
KpUTepHujyMe 3a Ae(hHHICAE PYPATHUX U YPOaHHX
nozpyyja. Y 3aBUCHOCTH Of1 IpoOieMa U I1JbeBa
UCTPaKUBAA, PA3JIMKY]Y Ce U Ie(UHHUI]E OBUX
nozapyyja. Ha nmokannom HuBoy, Opranusanyja 3a
EeKOHOMCKY capaamy U pa3Boj (Organisation for
Economic Cooperation and Development — OECD)
neduHHIIE pypasiHa MojApydYja MpemMa TyCTHHH
HaceJbeHOCTH. PypanHuM HacesbuMa cMarpajy ce
HaceJba ca TyCTMHOM HaceJbeHocTH ucrof 150 c1/
km? (I'ajuh, 2015).

Kon jacHor nedunucama ypOaHuX 1 pypaTHUX
Hacesba [paga Ucrouno CapajeBo, IJaBHH
npobaeM MpeacTaB/ba HENOCTAaTaK aJeKBaTHUX
nojataka. Ilomuc cTaHOBHMINTBA M KOHAYHH
pe3yiTaTd IMOmuca MO HAaCeJbeHUM MeCTHMa

are settlements of up to 50 inhabitants, rural
settlements where depopulation and the
disappearance of settlements are expressed
today, and certainly one of the reasons for such
a state of demarcation lines is (Luki¢ Tanovi¢ &
Marinkovi¢, 2017).

CRITERIA FOR DEFINING RURAL
AND URBAN

One of the traditional ways of dividing
settlements into urban and rural is the method
of M. Macura where, based on the number of
inhabitants and the share of non-agricultural
population, settlements are divided into urban,
mixed and rural. The lower limit of the population
for the urban settlement is 2000 (CreBanoBuh,
2008).

Many authors and state institutions,
primarily statistical, deal with these issues in the
last decades. The State Statistical Office of the
Republic of Croatia has proposed a “Model for
defining urban, rural and transitional settlements
in the Republic of Croatia”, using four variables:
the administrative status of the settlement, the
size of the settlement (population), the socio-
economic structure of the population (employed
locals in the city housing by sector) and
morphological and physiological characteristics
of settlements (Drzavni zavod za statistiku
Republike Hrvatske, 2011).

European countries use different criteria for
defining rural and urban areas. Depending on the
problem and research objectives, and definitions
of these areas are different. At the local level,
the Organization for Economic Co-operation
and Development (OECD) defines rural areas
according to the density of population. Rural
settlements are considered settlements with a
population density below 150 st/km? (I'ajuh,
2015).

With a clear definition of urban and rural
settlements of the City of East Sarajevo, the main
problem is the lack of adequate data. Population
census and final census results in populated
areas satisfy one criterion for classification of
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3a/10BOJbABA]Y je/IaH KPUTEPH]yM 110 KOME CE BPIIH
Kinacudukanyja Hacesba Ha pypaiHa u ypOaHa.
VYrnaBHOM, Ha Hama OJMCKUM IPOCTOpPHUMA Kao
rpanuna u3Mehy pypaiHux ¥ ypOaHUX Hacesba
y3uMma ce 2000 craHOBHUKA.

VKOJHKO ce YKEeITH MPUMEHUTH TPaJULIOHATHA
Mmeton M. Manype, uiam HEKU JOPyrd MOJEI
KOjU TOJpa3yMeBa yI€O TMOJbONPUBPEIHOT/
HETOJHOIPUBPEIHOT CTAHOBHUIIITBA, TPOOJIEM je
y HEMOTYRHOCTH MpHUCTyNa Mojanuma o yaeny
MOJHOTIPUBPEHOT CTAHOBHHIITBA 110 HACEJbEHUM
MecTuMma. Takohe, Koi mHpUMEHE HEKOT Of
Mojiesa KOjH MoJjpa3yMeBa MO3HABABE CTPYKTYpe
CTAaHOBHUIIITBA MpEMa CEKTOPHMa JAETaTHOCTH,
MocToju mpobieM 300T 3aIITHTE MOAATaKa.
VYxkomuko je 6poj cranoBHHKA ucnof 10, momarak
ce cMaTpa MOBEPJbUBUM, a TOJAIHU Cy 3alITHheHn
y CKJany ca onpendama 3akoHa O CTaTUCTHUIIH
Peny6nuke Cprcke (CayxO0eHU TIaCHUK
Penyomke Cpricke, 6poj 85/03). Tome ce monaje
1 TIpo0JIeM HETIOCTOjarba CTaTUCTUYKE eBUICHIIN]e
0 JHEBHUM MHIpalfjama, Ia ce Ha MpUMjep He
01 MOTao OIPEeIUTH YO 3aMOCICHHUX Y MECTY
CTaHOBaHa M0 HEKOM O] CEKTOpa JICIATHOCTH.

Kpurepujym OECD (rme je rpanuma
u3Mely pypaiHux U ypOaHUX Hacesba IyCTHHA
HacesbeHocT on 150 ct/km?) Ttemko je
IIPpUMEHJBUB Ha npoctop bocHe n Xepuerosune
300r KOMIUIEKCHOCTH TpUpOAHOreorpadcke
OCHOBE M HACEOOMHCKHUX NPUIIMKA, HACTAJIUX
Kao TMoclenuia partHe aectpykuuje. JlocioBHa
NpUMEHAa OBOT KpUTEpHjyMa Yy Ipakcu Ou
pesynrtrpaia (popMalHUM U CTaTyCHUM pa3jiuKaMa
y MpexH Hacesba. [IpuMeHa oBor KpuTepujyma,
Takohe, He Om Morna OWUTH yTeMmesberma Ha
KBAJIMTATUBHUM ITOKa3aTeJbuMa 300T HCKPUBIHEHE
CITHKE TeonpocTopHe cTBapHocTH (Manuh, 2012).

VYKOUKO O ce MPUMEHHO OBaj KPUTEPHUjyM,
12 HacespeHUX MecTa Ha nipoctopy I'paga Mcrouno
CapajeBo umano Ou craryc ypOaHOT Haceba.
Mebhytum, TO HUje peajHa CIUKa CTama 300T
YCUTHEHOCTH HaceJba, OTHOCHO MaJie TMOBPIINHE
Hacespa. Tako M3pa3UTO Maya Hacesba, UCIOA
1 km?, a MCKJBYYMBO pypasiHa, UMajy BEIHKY
I'YCTHHY HaceJbeHOCTH. Ha mpumep, Hacesbe
Homwa Jbyboromra, ommrtuna [lame, ca 393
CTAaHOBHHMKA MMa I'yCTHHY HacesbeHocTu 279.9
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settlements in rural and urban areas. Basically,
we have 2000 inhabitants in close proximity
to us as the border between rural and urban
settlements.

If one wishes to apply the traditional method
of M. Macura, or another model that implies
a share of the agricultural/non-agricultural
population, is a problem in the inability to access
data on the share of the agricultural population in
populated areas. Also, when applying one of the
models that implies knowledge of the structure
of the population by sectors of activity, there is a
problem due to data protection. If the population
is below 10, the data is considered confidential
and the data is protected in accordance with the
provisions of the Republic of Srpska Statistics
Act (Sluzbeni glasnik Republike Srpske, No.
85/03). This adds to the problem of the lack of
statistical records on daily migration, so, for
example, he could not determine the share of
employees in the place of residence by one of
the sectors of activity.

The OECD criterion (where the border
between rural and urban settlements is a
population density of 150 st’km?) is difficult to
apply to the territory of Bosnia and Herzegovina
due to the complexity of the natural geographic
base and the hostile circumstances arising from
the war destruction. The literal application of this
criterion in practice would result in formal and
status differences in the network of settlements.
The application of this criterion could also
not be based on qualitative indicators due to
the distorted image of the geospatial reality
(Manauh, 2012).

If this criterion were applied, 12 settlements
in the area of the City of East Sarajevo would
have the status of an urban settlement. However,
this is not a real picture of the situation due to the
fragmentation of the settlement, or small area of
the settlement. Such extremely small settlements,
below 1km?, and exclusively rural, have a high
density of population. For example, the village
of Donja Ljubogosta, municipality of Pale, with
393 inhabitants has a population density of
279.9 st/km*. However, apart from the criteria
of population density, this settlement does not
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cr/km?. MelhyTum, oCUM KpUTEpUjyMa T'yCTHHE
HACeJbEHOCTH, OBO HaceJbe HeMa HHUTU jeIIHO
obenexje ypbaHocTH. 3akjpyuyje ce Ja OBaj
KPUTEPUjyM HHj€ CaMOCTAJHO NPUMEHJBUB 32
KaTeropusalujy Hacesba Ha ypOaHa U pypajiHa Ha
npocropy I'paga Hcrouno Capajeso.

[TaBkoB (2008) 3a momuce oko 2010. rogune
HABOIMW Ja ,,ce Mpenopyuyje ApkaBama J1a, y
by MehyHapoaHe yrnopeauBoCTH, AehuHHUITY
ypOane obmactu kao Hacesba ca 2000 u Buie
CTaHOBHHMKA, a pypajiHe 00JacTh Kao Haceba ca
Mame o011 2000 cTaHOBHHMKA U PETKO HACEJbEHE
obmactu. Heke apskaBe MOTy IMOXKENETH J1a Ha
Ipyru HayuH neduHuimry ypbane obmactu, Ha
MpUMep Y CMUCITY aJMHUHUCTPAaTUBHHUX I'PAaHMIIA,
u3rpaheHux 00IacTH; TEPUTOpHjE 3a KOje CY
obe30ehene ycimyre Kao 1ITO Cy pajbe, yCTAaHOBE
3a eqyKalujy, peKpealnonu o0jexTH, nperys3eha
UT/, WIH Y CMUCITY (DyHKIIMOHAJTHOCTH TEPUTOPH]a.
Koju rox na je mpuctyn y3et, moTpeOHO ra je jacHo
OIUCATH Y TPUKJIQJHOM TIONMCHOM M3BELITa]y W/
ni y Meta nopauuma’” (I1aBkos, 2008, ctp. 175).

[Toumame ypOaHOT Hacesba Ka0 KOMITAKTHO
n3rpal)eHoT EeHTPATHOT HAceJha KOje 32/10BOJhaBa
cBOje moTpebe M moTpede HIMper OKpyXKema
pPa3NIMYUTHM Yyclyrama, JOBOJAU Y NHUTame
ypOaHOCT HOBONPOTJIANICHUX OMNIITHHCKHUX
cpenuita y bocan u Xepueropunu. Haceobuucke
npuwinke Hamehy mnoTpedy mnpeucnuTUBaBbA
ypOaHOCTH | IPyTrUX ONMIITHHCKUX IIEHTapa KOju
(YHKIIMOHAIHAM KarauTeToM HE 33/10BOJbaBajy
KUBOTHE TMOTpede JOKAaJTHOT CTaHOBHHILITBA
(Mangwuh, 2012).

VY Mpexu Hacesba Perryomike Cpricke pa3Buo
ce AMcIiep3aH pa3MelITaj TPaJCKuX Hacesba ca
BUCOKHM CTEIIEHOM PYPAJHOCTU M H3BECHHUM
cnenuduynoctuma. O 62 Hacesba Koja UMajy
aIMUHUCTPATHUBHO-YIIPAaBHY (QYHKIHU]Y, Camo
46 uma enemente ypOanoctu. akie, 16
aJIMUHHUCTPATUBHUX CPEIUINTA IPEICTaBIbAjy
CacTaBHHU J€0 PYypajHOT MPOCTOpa, IITO je Y
CaBPEMEHOM pa3Marpamy HaCEOOMHCKOT CHCTEMA
CBOjeBpcCTaH Mapazokc. To cy 1eI0BU MpeapaTHUX
OIIITHHA, TJIe j& OMIITHUHCKO CPEAMIITE OCTAJIO
W3BaH aJMMHUCTPAaTHUBHUX TpaHuua PemyOmuke
Cprcke, a Penyonumm Cprickoj Cy HpHUIIOjeHH
camo pyOHu nenosu teputopuje (Majuh, 2016).

have a single feature of urbanity. It is concluded
that this criterion is not self-applicable for the
categorization of settlements in urban and rural
areas of the City of East Sarajevo.

For the 2010 census, ITaBkoB (2008) states
that ,,it is recommended that, for the sake of
international comparability, they define urban
areas as settlements with 2000 and more
inhabitants, and rural areas as settlements with
less than 2000 inhabitants and rarely populated
areas. Some countries may wish to define urban
areas, for example in terms of administrative
boundaries, built areas; territories for which
services are provided such as shops, educational
institutions, recreational facilities, enterprises,
etc., or in terms of the functionality of the
territory. Whatever approach is taken, it needs
to be clearly described in a suitable census report
and/or metadata® (ITaBkoB, 2008, p. 175).

The perception of an urban settlement as
a compactly built central settlement that meets
its needs and the needs of a wider environment
with different services, calls into question the
urbanization of newly-established municipal
centers in Bosnia and Herzegovina. The non-
monetary situation imposes the need to review
urbanism and other municipal centers that do not
satisfy the living needs of the local population
with functional capacity (Manauh, 2012).

In the network of settlements of the Republic
of Srpska, a dispersive arrangement of urban
settlements with a high degree of rurality and
certain specifics developed. Of the 62 settlements
that have administrative and administrative
function, only 46 have elements of urbanity. So,
16 administrative centers are an integral part of
the rural area, which is a kind of paradox in the
contemporary consideration of the settlement
system. These are parts of pre-war municipalities,
where the municipal center has remained outside
the administrative boundaries of Republic
of Srpska, and only the marginal parts of the
territory are attached to the Republic of Srpska
(Majuh, 2016).
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KIIACU®UKAIIMIA HACEJbA TPAJIA
MICTOYHO CAPAJEBO HA PYPAJIHA U
VPBAHA

Knacudukanuja Hacesba Ha pypajiHa H
yp6ana Ha npocropy ['paga Mcrouno CapajeBo
nepunucahe ce Ha OCHOBY Opoja CTaHOBHHKA,
rae he ce Hacespa ca Bume ox 2000 craHOBHUKA
cmarparu ypbanum. OBoM Kkputepujymy nonahe
Ce U I'yCTHHA HAaCeJbEHOCTH.

JIBa o1 miecT OMUTHHCKUX cpenuiuTa, TpHOBO
(omrruna TpHOBO) 1 Xpema (onrtuHa Mctounu
Crapu ['pan), umajy mame o1 2000 cTaHOBHHKA, U
TI0 TOM KpUTEpHjyMy He cliajiajy y ypOaHa Hacesba,
a OYeKyje ce Ja OMIITHHCKO CPeIulITe HMa
OTHKe ypOaHOT Hacesba. 3a OBa JIBa HaceJba HUje
WCIIPABHO MTPUMEHUTH KPUTEPH]yM JIa OIIITHHCKO
CpenuINTe Mo ayToMaru3My Tpeda Ja je 1 ypoaHo
HaceJbe.

OnmTruHCKO Hacesbe Xpemia ce 0e3 aumeme
MOXKE CBpPCTaTH y PypaJlHO Hacesbe, jep MMa
ucnop 300 cTaHOBHUKA U I'YCTHHY HaCEJbEHOCTH
Mamy o 30 c/km? U ommruna Ucrounn Crapu
I'pan ,,otuersbenu™ je neo ommrune Crapu [pan,
yuje je cpeaumte octano y Penepanuju bocHe
u XepueroBuHe. Majuo apyrauuja je cuTyaluja
ca ONITHHCKUM cpeauinreM TpHoBo. OHO je
Behum nporienToM npunano Pemyomumum Cpckoj
(MHCIH ce Ha pepaTHO Haceske TPHOBO), altu je
nernornynanuono noapyyje. [lo momucy u3 2013.
ronuHe uma ucnox 1000 craHoBHMKA, a TYCTUHY
HacesbeHocTH mpeko 150 cr/km?. Mebhytum,
OBO Hacesbe je (YHKIMOHATHO Hewu3rpaleHo
ca HEIOCTaTKOM MpOH3BOAHE (QYHKIHU]E,
KapakTepHIlle T'a HEJOCTaTaK jaBHUX YCIyra,
OCHM OCHOBHOILIKOJICKOT 00pa30Bama 1 IpUMapHe
3apaBcTBeHe 3amrTuTe. 3 HaBeneHux pasiora,
OMIITHHCKO cpeauiute TpHOBO CBpPCTAaHO je Y
pypajHa HaceJba.

THE CLASSIFICATION OF THE
SETTLEMENT OF THE CITY OF EAST
SARAJEVO INTO RURAL AND URBAN

The classification of the settlement into
rural and urban, in the area of the City of East
Sarajevo, will be defined based on the number
of inhabitants, where settlements with more than
2000 inhabitants will be considered urban. This
population density will be added to this criterion.

Two of the six municipal centers, Trnovo
(Trnovo municipality) and HreSa (Isto¢ni
Stari Grad municipality) have less than 2000
inhabitants, and according to this criterion do not
belong to urban settlements, and the municipal
center is expected to have the characteristics of
an urban settlement. For these two settlements
it is incorrect to apply the criterion that the
municipal center should be an urban settlement
in automation.

The HreSa municipal settlement can be
classified as a rural village without dilemma
since it has under 300 inhabitants and the
population density is less than 30 st/km?. The
Municipality of Isto¢ni Stari Grad “secluded”
is part of the Municipality of Stari Grad, whose
center remained in the Federation of Bosnia and
Herzegovina. The situation with the municipality
center of Trnovo is a little different. This is due to
the greater percentage of the Republic of Srpska
(it is thought of the prewar settlement of Trnovo),
but it is a depopulation area. According to the
2013 census, it has less than 1000 inhabitants,
and the population density is over 150 st/
km?. However, this settlement is functionally
undeveloped with a lack of production function,
characterized by lack of public services, except
for primary education and primary health care.
For the above reasons, the municipality center of
Trnovo is placed in rural settlements.
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Ta6. 1. YpOana u pypanna Hacesba 1o onmruHama ['paga Uctouno CapajeBo 2013. ronune
Tab. 1. Urban and rural settlements by municipalities of the City of East Sarajevo in 2013

VYp6ano / Urban Pypainno / Rural
Tepuropuja / Hacerma IMoepimnua / | CTaHOBHUIITBO Hacerma [oBpmuna / CTaHOBHHIIITBO
Municipality / Area / Population / Area / Population
Settlements (kmz) (%) (%) Settlements (kmz) (%) (%)
Mctouna Uy / Istocna 2 | 130 | 444 93.7 3 163 | 556 6.3
Ilidza
Heroumn Crapu ['pan / - - | o 0 19 88.0 | 100 100
Isto¢ni Stari Grad
Hcrouro Hoso Capajeso / 1 68 |17.9 73.0 7 3.1 | 821 27
Isto¢no Novo Sarajevo
ITane / Pale 1 125 | 2.5 61.7 62 479.5 97.5 38.3
Coxouary / Sokolac 1 3.2 0.5 473 95 689.0 99.5 52.7
Tpuoso / Trnovo - - 0 0 25 109.8 100 100
Ipax Herouno Capajeso / 5 | 3551 24 65.4 211 | 14137 | 97.6 34.6
Grad Isto¢no Sarajevo

W3Bop / Source: PemyOnuuku 3aBoj 3a craructiky Penyonuke Cpricke (2017)

I'pan Uctouno CapajeBo uma mnet ypOaHux/
IrpaJCKUX Hacesba YKyIHE NOBpPUIMHE OKO 35
km?, mto unan 2.4 % o1 yKynHe TepuTopuje
rpana (Ta6. 1 u Cn. 3). Ha Tom mpocropy y 2013.
TOJIMHU XHB]elo je 65.4 % momynaruje. Ocrammx
211 Hacespa cnazajy y pypaiHa/ceocka Haceba,
koja unHe 97.6 % Tepurtopuje rpaaa ca 34.6 %
cranoBHuITBa (Tab. 1 u Ci. 2).

JBe ommrtune rpaga, TprHoBo u Mcrtounum
Crapu I'pan, Hemajy ypOaHHX Hacesba, TaKo Ja Cy
To 100 % pypanHa moapydja.

Hajsehu crenen ypOanuzanuje uma OmnimTuHa
Uctouna Wmuya, 93.7 %. OmgHocHO, y 1Ba
HaceJheHa MecTa O]l YKYITHO IeT, Ha oko 44 %
MOBPIITMHE OIMITHHE XUBHU 93.7 % CTaHOBHHUIIITBA
(Ta6. 1 u Ca. 1). ¥V onmrunu HMctouno Hoso
CapajeBo, y jenHOM HaceJbeHOM MecTy Ha 17.9 %
MOBPIIMHE ONIITHHE XUBU 73 % CTAaHOBHUILITBA.
Hajumwxu nponenar ypb6anuszanuje mehy ose
yeTupu onmThuHe uMa ommtuHa Coxomnar, 47.4
%, anu je crenudUYHA MO TOME IITO CKOPO
MOJIOBMHA CTAHOBHUIITBA OMIUTUHE KKUBH Ha 0.5
% Teputopwuje.

Crenen ypOaHu3anuje Ha JaHAIIKO]
teputopuju PenmybOmuke Cprcke 1991. ronune
OMO je 3HaTHO MCTOJ Mpoceka Tafamme bocHe n
XepueroBuse. Y rpanosuma Pemyomnuke Cpricke

The city of East Sarajevo has five urban/city
settlements with a total area of about 35 km?,
which makes up 2.4 % of the total territory of the
city (Tab. 1 and Fig. 3). In this area, in 2013 lived
65.4 % of the population. The remaining 211
settlements belong to rural/village settlements,
which make up 97.6 % of the city’s territory with
34.6 % of the population (Tab. 1 and Fig. 2).

The two municipalities of the city, Trnovo and
Isto¢ni Stari Grad, have no urban settlements, so
these are 100 % rural areas.

The municipality of Isto¢na IlidZza has the
highest degree of urbanization, 93.7 %. Namely,
in two populated places out of a total of five, at
about 44 % of the municipality’s territory lives
93.7 % of the population (Tab. 1 and Fig. 1). In
the municipality of Isto¢no Novo Sarajevo, in
one inhabited place, 17.9 % of the municipality
area is inhabited by 73 % of the population.
The lowest percentage of urbanization among
these four municipalities has the municipality of
Sokolac, 47.4 %, but it is specific in that almost
half of the population of the municipality lives
on 0.5 % of the territory.

The degree of urbanization in the territory
of the Republic of Srpska, today, in 1991, was
significantly below the average of the then
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XKuBena je ceera TpehuHa craHoBHUIITBA (33.6
%), 3a paznuky on denepannor nena boche
n XepIleroBuHe Inue je y IpaJcKUM HacesbHuMa
KUBEJIO HEWTO Mamwe o1 43 % CTaHOBHHMIITBA.
OBakBa HepaBHOMEpHa TUCTPUOYLIHja TPAICKOT
CTAQHOBHUILITBA TIOCIIEMIIA j€ UCTOPHjCKOT Hacleha
u Hacnehene mpesxe Hacesba (Majuh, 2016).

Bosnia and Herzegovina. Only a third of the
population lived in the cities of the Republic
of Srpska (33.6 %), unlike the Federal part of
Bosnia and Herzegovina, where less than 43
% of the population lived in urban settlements.
This uneven distribution of the city population is
a consequence of the historical heritage and the
inherited network of settlements (Majuh, 2016).

Ca. 1. Iuctpubynuja ypoaHe NOBPIIMHE U yPOAHOT CTAHOBHHINTBA MO onmTHHaMa [ pana Mcrouno
CapajeBo 2013. rogune
Fig. 1. Distribution of urban area and urban population by municipalities of the City of East
Sarajevo in 2013

Ha mpocropy Ipama Hcrouno CapajeBo
1991. ronuHe n3Bajana cy ce YeTHpHU HaceJbeHa
MecTa Kao ypOaHa Hacesba. Y HHUMA je KUBEIO
43.1 % nomynauyje, MWTO 3HAYU /1A j€ BHILIE Of
MI0JIOBHHE MOITyJIalkje I'pajia Craajo y pypaiHo
cTaHOBHUIITBO. CTeneH ypOaHU3alMje y AyroM
MehynonucHoM nepuony nosehao ce 3a 22.3 %.
CBakako J1a je Ha npolec ypoaHu3auuje yTuiuao
MIPUBPEIHU Pa3BOj, Pa3BOj HEMOJHOIIPUBPEIHUX
JIeTaTHOCTH, MUTPALje CeJI0O—Tpasl, ajau U paTHe
MUTpanyje ¥ nporec u30eruiuTBa cy, Takohe,
yTHULAIK Ha yOp3aH rnopact ypbaHe nomynaiyje.

In the area of the City of East Sarajevo in
1991 were allocated four settlements as urban
settlements. They accounted for 43.1 % of the
population, which means that more than half
of the city's population belonged to the rural
population. The degree of urbanization in the
long interdepartmental period increased by
22.3 %. Certainly the economic development,
the development of non-agricultural activities,
the migration of the village, but also the war
migration and the refugee process, also affected
the accelerated growth of the urban population.
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Ca. 2. Iuctpulbynuja pypajiHe MOBPIIMHE U PypaTHOT CTAaHOBHUIITBA 1O onTuHama ['paga
Hctouno CapajeBo 2013. ronuue
Fig. 2. Distribution of rural area and rural population by municipalities of the City of East Sarajevo
in 2013

Cn. 3. Pypanna u yp6ana Hacesba Ha nmpoctopy I'paga Mcrouno CapajeBo
Fig. 3. Rural and urban settlements in the City of East Sarajevo
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Onmrtuna Hcrouno Hoso CapajeBo je
cierpuana — 1991. roauHe HYje Mana ypOaHux
HaceJba M HEHO CTaHOBHUIITBO Omio je 100 %
pypaJHo.

[To3utuBHY AMHAMUKY ypOaHH3aluje UMajy
ommrune Mcrouna Mnuya, nopact ypOanusarmje
3a 25.1 %, Coxonan 3a 11.6 % u Ilane 3a 10.6
%. OnmruHa TpHOBO MMa HEraTUBHY JIWHAMUKY
ypOanuzanuje.

[Tponec ypbanusanmje MOXxe ce carienaTu
U Ha OCHOBY IPOMEHE Yy Torjeny Kopuiihema
36MJBHUIITA, Y OBOM KOHTEKCTY YypOaHHX
noppmuHa. Ilpema Corine Land Cover
reorpadckoj 6a3u nogaraxa, y nepuoay oxa 2000.
no 2012. ronune, Ha npocropy I'paga Mcrouno
CapajeBo youeHe Cy 3HayajHe NMPOMEHE Kaja je
ped o kopuiherwy 3eMJbUILTa. YpOaHa NOBpIIMHA
nosehana ce 3a rotoBo jenHy Tpehuny. CBakako
Jla je TO TOoCJIeAUIla MUTpalija CTaHOBHUIIITBA
u3Mmely ommrtuHa rpaga u u3Mely eHTHTETa
Bocue n Xeprieropuse, ajau U Mociaeaula eTHUIKE
xoMmorenu3zamuje. @opMupajy ce HOBa Hacesba,
MHIYCTPHU)CKU U KOMEPIHjaTHA UHPACTPYKTYPHH
o0jexTH, moceOHo y ommruHama Mcrouna Unmiia
u Hctouno HoBo CapajeBo — mompydjy koje ce
rpannun ca ypOanum aenom rpaga Capajesa.
YTBpheHo je na ce MHTEH3UTET ypOaHHU3alyje
MOCTENEHO cMamyje Uy OyayhHOCTH ce Moxke
OYEKHMBATH HacTaBak omaaajyher Tpenaa, jep cy
MUTpaIije CTAHOBHUIITBA 3HATHO CMAambEHE Y
OJIHOCY Ha IpBYy AeueHnjy X XI Beka.

Kanma je peu o TpeHIoBHMa MPOCTOPHOT
pa3Boja, BeoMa je 3HaAuyajaH mopacT ypOaHUX
noapy4ja o 29.2 % (nepuon 2000—2012. ronune).
Amnanusa /Ba rnepuoaa ykasyje 1a je HHTCH3UTET
yp6anmuzamnuje y nepuoxny 2000—2006. rogune
u3nocuo 20.1 %, a y mepuoxy 2006—2012.
rogune 11.3 %. [Tocmarpajyhu rmoGanHu TpeHa
ypOaHu3amuje, yoyaBa ce aa cy aBa (axropa
yTHUIIaJIa HA CMAabEHhe NHTEH3UTETa ypOaHu3alyje
y IpyroM nocMmarpatom nepuofy. To cy cMmamembe
MHTEH3UTETAa MUTpAIlFja U €KOHOMCKA KpH3a y
Bocan u XepleroBuHu, mTO je Pe3yaTHPAIO
ycIopaBameM eKOHOMCKOT pa3Boja (DraSkovic et
al., 2016).

[Tocmarpajyhu HajBuIIM HUBO ypOaHU3aIH]je
[0 ONIITHMHAaMAa, yoyaBa C€ Ja HajBUIIU HUBO
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The Municipality of Isto¢no Novo Sarajevo
is specific — in 1991, it did not have urban
settlements and its population was 100 % rural.

The positive dynamics of urbanization have
the municipalities of Istocna Ilidza, the growth
of urbanization by 25.1 %, Sokolac by 11.6 %
and Pale by 10.6 %. Municipality of Trnovo has
a negative dynamics of urbanization.

The process of urbanization can also be
seen on the basis of changes in the use of land,
in this context of urban areas. According to the
Corine Land Cover geographical database, in the
period from 2000 to 2012, significant changes
were observed in the area of the City of Sarajevo,
regarding the use of land.

Urban area increased by almost one-third.
Certainly this is due to the migration of the
population between the municipalities of the
city and between the entities of Bosnia and
Herzegovina, but also the consequence of ethnic
homogenization. New settlements, industrial
and commercial infrastructure facilities are
being formed, especially in the municipalities
of Isto¢na Ilidza and Isto¢no Novo Sarajevo —
a border that borders the urban part of the city
of Sarajevo. It was determined that the intensity
of urbanization is gradually decreasing and in
the future, a continuing trend may be expected
as migration of the population is significantly
reduced compared to the first decade of the 21st
century.

When it comes to trends of spatial
development, it is very significant increase
in urban areas by 29.2 % (in the 2000—2012
periods). The analysis of two periods indicates
that the intensity of urbanization in the
2000—2006 periods was 20.1 %, and in the
2006—2012 periods 11.3 %. Observing the
global trend of urbanization, it is noted that
the two factors influenced the reduction of the
intensity of urbanization in the second observed
period. These are the reduction of the intensity of
migration and the economic crisis in Bosnia and
Herzegovina, which resulted in a slowdown in
economic development (Draskovi¢ et al., 2016).

Looking at the highest level of urbanization
in municipalities, it can be seen that the highest
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ypOanu3zanuje umajy ommrune Mcrouna Mnuia
ca 72.3 % u Ucrouno HoBo CapajeBo ca 67.6 %.
Hajumm crenen ypOanuzanuje 3a0ernexeH je
Ha rpaHuIM ca ypbaHoM 30HOM rpana CapajeBa
(®buX). Onmrruna Cokonail uMa nopact o 17.9
% y yp6anoj 30uH, a [Tane ox 11.8 % (Draskovi¢
etal., 2016).

Melyy cTpyumarmma, CBe je BUIIIE 3aCTyIJLEHO
MUIIUBEHE 1a ypOaHHU3alrja Hije caMo POCTOPHO
HIMPE-E IPaioBa U TpaHC(HOpMaIja pypaTHUX Y
ypOaHna Hacesba, Beh /1a je To mporiec npu KoM ce
Jien1aBajy OpojHe COLMjaIHe U KyJITypHE TPOMEHe
KOje je MOTpeOHO carienaTd U aHaTUu3UpaTu
(Lynch, 2005).

3AKJbYYHAK

ITonuc cranoBHumrTBa 2013. rogune
omoryhuro je aHanu3y M KIacU(pHKaIUjy Hacesba
Ha ypbaHa 1 pypaiHa Ha npoctopy I'pana Mctouno
CapajeBo. 3a knacudukanujy Hacesba Mo OBOM
KpHUTEpUjyMy y 003up je y3eT Opoj CTAaHOBHHUKA U
I'yCTHHA HACEJHEHOCTH.

[Tponiec yp6anuzanuje Ha mpoctopy I'pama
Hcrouno CapajeBo je UTEKAKO MPUCYTaH H
U3paXKeH, alli Ha Mamwe o1 3 % HCTpakHBaHOT
MpOCTOpa, OJHOCHO y CBE€ra 5 HAaceJbEHHX
MecTta. Y MehynomucHoM nepuonay CTeneH
ypbanmsanuje noehao ce 3a 22.3 % Ha mra cy
HajBHIIIE yTUIIAJIC MUTPALIUje CeN0—Tpaj, pa3Boj
HETIOJHOTPUBPEHUX JETTaTHOCTH, aJTH U TIPUCHITHE
MHTpalfje CTAHOBHHUILITBA U MPOLIEC N30CTIUILITRA.

HcTtpaxxuBame je mokaszano aa dak 97 %
TEPUTOpPUjE Tpaja YUHU PYpPaIHU IMPOCTOP
IJe je CMemTeHo cBera 35 % CTaHOBHUINITBA
I'pana Ucrouno CapajeBo. On ykynHo 216
HaceJbeHUX MecTa 211 cmamajy y Kareropujy
pypannux. Kapakrepuctuka pypaiHor mpocropa
je CTalHO OJCeJbaBalke CTAHOBHUILTBA H
HEraTUBaH NPHUPOAHU IMpHUpPAIITaj, OTHOCHO
Jeronynanyja U CTapeme CTAaHOBHUIITBA.
C o03upoM Ha TO 1a ce pypaJHH MPOCTOP
cycpehe ca HaBegeHuMm mpobireMuma, a Ja
YMHM HajBehu yneo MCTpaxMBaHOT MPOCTOpa,
HEONXOJHO j€ paJuTH Ha pPEeBUTAIU3ALUjH
pypaiHor mpoctopa. PeBuranusanuja pypanHor

level of urbanization of the municipalities of
Istocna Ilidza with 72.3 % and Isto¢no Novo
Sarajevo with 67.6 %. The highest level of
urbanization was recorded at the border with
the urban zone of Sarajevo (FB&H). Sokolac
Municipality has an increase of 17.9 % in the
urban zone, while Pale increased by 11.8 %
(Draskovi¢ et al., 2016).

Among the experts, there is more and more
opinion that urbanization is not just the spatial
expansion of cities and the transformation of
rural to urban areas, but rather as a process in
which numerous social and cultural changes that
need to be seen and analyzed occur (Lynch, 2005)

CONCLUSION

The 2013 Population Census enabled the
analysis and classification of settlements in urban
and rural areas of the City of East Sarajevo. For
the classification of settlements according to this
criterion, the number of inhabitants and density
of population is taken into account.

The process of urbanization in the area
of the City of East Sarajevo is quite present
and expressed on less than 3 % of the
surveyed area, that is, in only 5 settlements.
In the interdepartmental period, the degree of
urbanization increased by 22.3 %, mostly due to
the village—town migration, the development of
non-agricultural activities, but also the migration
of the population and the process of refugees.

The research has shown that as many as 97 %
of the city’s territory is rural, where only 35 % of
the population of the City of Sarajevo is located.
Out of a total of 216 settlements, 211 are in the
rural category. The characteristic of the rural area
is the constant emigration of the population and
the negative natural increase, ie depopulation and
aging of the population. Given that rural areas
encounter these problems and make the largest
share of explored space, it is necessary to work
on the revitalization of rural areas.

The revitalization of rural areas would
include encouraging the development of
agriculture (animal husbandry), forestry and
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MAPUAHA JIYKUR TAHOBWR U JIPAILIKO MAPMHKOBUR
MARIANA LUKIC TANOVIC AND DRASKO MARINKOVIC

MpoCTOpa TMojpazymMeBaia O MOJACTUIA] pa3Boja
M0JbOIIpUBpPENE (CTOYApPCTBA), LIyMapcTBa H
TypU3Ma, 3aTHUM 3al0LIJbaBakEe y NMPUMAPHOM
CEKTOpY, PEeIUCTPUOYIHjy CTAHOBHHUIITBA W3
ypOaHuX y pypajiHe IpocTope, OAHOCHO MOCTHLIA]
MJIaJUX J1a OCTaHy WIM Ja C€ BpaTe Ha CeJo, U
MIOKpETare Mpolleca aKTUBHOT CTapeha
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I'OPHBE U JOBE BAPE — HEKH EJIEMEHTHU OAPKUBOCTHU
N KBAJIMTETA JE3EPCKE BOJE
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Caxerak: Toxom Jeeta 2016. ronuHe 006aB/beHa Cy UCTpaXKMBama MaujaitHux jesepa [opme u lome bape Ha muiaHnHN
3eneHropn y Iuiby yTBphHBama KBaJUTETa je3epcKe BoAE M yTBphHBama KapaKTEPUCTHYHHUX IPOIEca Y je3epCKUM
6azennma. CeM MOP(OMETPHjCKHX Mjeperba, U3BPIICHO j€ Mjeperhe TeMIIepaType Boje je3epckrX 0a3eHa Ha pa3IniyuTuM
nyOomHaMa. Y3eTH Cy y30pIIM BOjA€ Kako OM ce YTBPIWIN (DPU3WIKO-XEMHU)jCKH, MUKPOOHOJOIIKH M CarpOOHOIONIKA
napaMmeTpu. PesynTtati uctpakuBama Cy OKas3ail u3pakeHe mporece eyrpoduzamnuje jesepa lopme bape. uTen3nBHa
nprMapHa MPOAYKIMja y TMOBPIIMHCKOM CJIOjy OBOI je3epa Oriiena Ce y HM3PaKEHO] XHIEepPCaTypaluju Kao pe3ysrar
(hOTOCHHTETCKE AKTUBHOCTH (PUTOIUIAHKTOHA W Makpoduta. Ha nHY jesepa m3paxkeHa je XHUIOcCAaTypaluja ycJbel
MHUKPOOHOJIONIKE Pa3rpajime oprancke Marepuje. Takohe, HcTpaxuBame je 00yXBaTHIIO TapaMeTpe KICEOHUYHOT PeKIMa
u pH BpujenrocT: Ha ocHOBY Bux Bozia jezepa [opme bape cBpcerana je y 111 kitacy u ApeKTHA je ITOCIheUIa HHTCH3HBHOT
pa3Boja QUTOIIIAHKTOHA Y IEPHOAY y30pKoBama. CacTaB (YUTOTUTAHKTOHCKE 3ajeIHUIIC YKa3yje Ha J-Me30canpoOHy BOIY.
Bpujennoctn pu3NUKO-XEMHjCKUX MapaMeTapa je3epcke BoJe Cy Y OKBHUPY I, a cCaHUTapHO-MUKPOOHOIOMIKUX Y OKBHPY
II knace. Jezepo Jlowe bape uma onurocarnpoOHy Boay ouiMuHOr KBanureTa. CeM HElTO MOBHIIEHUX BPHjEAHOCTH
KOHIICHTpAIIM]e CyCIICHJOBaHUX MaTepHja, 3aciieHOCT BOJIE KNCEOHHKOM, OPOjHOCT aepOOHHX XETEPOTPO(HUX M YKYITHUX
konupopMumx Oakrepuja oxrosapa Il kmacu noBpmmHCKHX Boja. Bpujennoctn ocranux npahennx napamerapa ouie cy
y okBupy I kiace. M3Bop KojuM ce je3epo Haraja BOIOM, pemMa (pU3NYKO-XeMUjCKUM M CAaHUTAPHO-MUKPOOHOIOIIKIM
rapameTpuma, ofrosapa I Kiacu, 0K OTOKa MMa HEIITO IMOBHIIEHY KOHIIEHTPAIH]y CyCIICHJOBaHNX MaTtepHja. bpojHoct
Oaxrepuja oxrosapa Il kmacwm mMOBpPIIMHCKUX Boma. VMHTEH3MBAaH pa3Boj (PUTOILTAHKTOHA M MaKpO(HTa JOBOAU 10
HaroMujIaBamba OpraHcKe Marepuje Ha JHy U yOp3aBa Ipolec cTapema je3epa.

KibyuHe pujeun: kBaquTeT Bojie, IIalujaiHa jesepa, [opmwe u ome bape, 3eneHropa.
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GORNJE BARE AND DONJE BARE LAKES — SOME ELEMENTS
OF SUSTAINABILITY AND LAKE WATER QUALITY
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Obren Gnjato® and Tatjana Popov?
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Abstract: During the summer of 2016, a research was carried out at the glacial lakes of Gornje Bare and Donje Bare at
the Zelengora Mountain in order to determine the lake water quality and to find out typical processes in the lakes. Apart
from morphometric measurements, the lake water temperature at different depths was measured. The water sampling
was conducted to determine physical-chemical, microbiological and saprobiological parameters. The research results
discovered distinctive eutrophication processes in the Gornje Bare Lake. The intense primary production in the lake
surface layer is reflected in a pronounced hypersaturation as a result of phytoplankton and macrophytes photosynthetic
activities. At the bottom of the lake, hyposaturation is evident due to microbiological decomposition of organic matter.
In addition, the survey included the parameters of the oxygen regime and the pH value: based on these parameters, the
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water of Gornje Bare Lake was classified in Class III, which was a direct consequence of the intensive phytoplankton
development during the sampling periods. The composition of the phytoplankton community indicated B-mesosaprobic
water. The values of the physical-chemical parameters of the lake water were within the scope of Class I, whereas the
values of the sanitary-microbiological parameters were within Class II.

Donje Bare Lake has oligosaprobic water of an excellent quality. Except slightly elevated concentrations of suspended
matter and water saturation with oxygen, the number of acrobic heterotrophic and total coliform bacteria corresponds
to Class II of surface water quality. Values of other monitored parameters were within Class I. According to physical-
chemical and sanitary-microbiological parameters, the water source which feeds the lake water corresponds to Class I,
whereas the distributary which drains water from the lake has a somewhat elevated concentration of suspended matter.
The number of bacteria corresponds to Class II of surface water quality. The intense development of phytoplankton and

macrophytes leads to the accumulation of organic matter at the lake bottom and accelerates the aging of the lake.
Key words: water quality, glacial lakes, Gornje Bare and Donje Bare Lakes, Zelengora Mountain.

YBOA

Ha jyroncrounom qujeny ruiaHuHe 3eeHrope,
Ha JIMHUJU KOja JUjenu CyOallMUHCKU U TOPCKH
mojac, CMjelITeHa Cy IanyjaiHa jeepa lopme
u Jlowme bape. 3ajenno ca Llpuum, bujenum,
OpnoBaukuM, Komnannukum u ItupuHckum
OoBa JICAHUYKA je3epa, y HapoAy IO3HaTa
Kao ,,;OpCKe OuYM‘, MPEJICTaBJbajy HU3Yy3ETaH
TYPUCTHUKH MOTEHIM]jaJl IJIAHUHE 3eJICHrope.
VY HEeKuM je3epuma AOUUIO j€ A0 WHTCH3UBHOT
pasBoja CyOMEp3HHX M eMEp3HHUX Makpodwura
ITO AONPUHOCH TMpolecy eyTpodusamnmje.
Eyrpodwusanmja je nmpupoaaHn mporec crapema
BOJAHOT EKOCHUCTEMa Yy KOM je3epo YycJbea
noBehaBama KONMYHMHE OPTaHCKE MaTrepuje u
noBehaHe npruMapHe NPOIYKIIMje U3 OIUroTpodHOr
npejas 'y Me30TpogHO OIHOCHO eyTpodHO
CTame, HAKOH Yera ciujenu 3a0apuBare, Ia 4ak
U HECTaHaK BOJHOTr ekocucTtema. Cnupamem
OPraHCKHMX M MUHEpAIHUX MaTepuja U3 CIUBHOT
nojipydyja oja3u 10 noehama KOIWYHHE a30Ta,
dbochopa u npyrux OHOreHUX elleMeHaTa y
Jj€3epCKoj BOMIH, IITO IOBOAU A0 MoBehaHoT pacta
aJITy ¥ BOJICHHUX Onsbaka. HakoH lBUXOBOT yridama
Ha JHY C€ TaJO)XM 3HaTHA KOJIMYMHA OpPraHCKe
Marepuje y ¢asu pacnanama, ITO JOBOIU 10
cMamelha JyOMHE je3epa U pacTa clioja MyJba
(Petrovi¢ et al., 1998). Eyrpoduzanuju Hapoanuto
JOMPUHOCH U CEMHAKBaTUYHA Bereraiuja, Kao
LITO Cy TPCKA M 1A, KOja He KOPUCTH YIJbEHUK
u3 Bozie Beh U3 Bas3ayxa, M KOja CBOjy OpPIaHCKY
NPOAYKIIHU]Y IpeJiaje BOAHOM €KOCUCTEMY, ITa HEMa
Kpy’Kema MaTrepuje Ha HUBOY XHIPOEKOCHCTEMa
(hupxosuh et al., 2002). Ha Taj HaunH c10j MyJba
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INTRODUCTION

Glacial lakes Gornje Bare and Donje Bare are
located in the southeastern part of the Zelengora
Mountain, on the borderline between the
subalpine and mountain belts. Together with the
Crno, Bijelo, Orlovacko, Kotlani¢ko and Stirinsko
Lakes, these glacial lakes known as ,,mountain
eyes” represent the extraordinary tourist potential
of the Zelengora Mountain. In some lakes, there
has been an intensive development of submerged
and emergent macrophytes, which contributes
to the eutrophication process. Eutrophication
is a natural process of the aquatic ecosystem
aging, in which lake due to the increase in the
amount of organic matter and the increased
primary production transitions from oligotrophic
to mezotrophic or eutrophic states, followed
by lake turning into swamp and even by the
disappearance of the aquatic ecosystem. The
washing out of the organic and mineral matters
from the catchment leads to an increase in the
amount of nitrogen, phosphorus and other
biogenic elements in lake water, which leads to
an increased growth of algae and aquatic plants.
After they die, a considerable amount of organic
matter in the decay phase decomposes at the lake
bottom, which leads to the lake depth reduction
and to increasing sludge layer (Petrovi¢ et al.,
1998). Eutrophication is also especially fastened
by semiaquatic vegetation, such as reed and
sedge which do not use carbon from the water
but from the air and which transfer its organic
production to the aquatic ecosystem, so there is no
circulation of matter at the hydrocosystem level
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ce nosehaBa mTO BOAM KOHAYHOM HECTAHKY
BOJIHOT €KOCHCTEMA.

Kan jesepo jemHom pocturHe eyTpodHO
CTame IEroB IMOBpATaK y Me30TPO(HO TELIKO
j€ OCTBapJbHB, jep CE€ OCHOBHH HYTPUjCHTH
MOCTEINeHo ocinobalhajy U3 cemuMeHTa 4ynuMme ce
omoryhasa Jjasby pa3Boj MPUMapHUX MPOAyLIEHATa
(Gajin et al., 2004). /Ta O6u ce cripujeursio yop3aHo
CTapee U3PA3UTO OCjETIBUBHUX EKOCHCTEMA, KAo
IITO Cy IUIUTKA JIETHUYKA je3epa, HEOIIXOIHO je
BPLIUTH KOHTHHYMPAHU MOHUTOPUHT Kako OH ce
Ha BpHjeMe MOIJIe POBECTHU aIeKBAaTHE 3aITHTHE
Mjepe. Y OKBHpPY OBOT paja Mpe3eHTOBAHU Cy
pe3yiTaTu UCTpaXkuBama (HU3HMUKO-XEMHU]CKHX,
MHKPOOHMONOIMKUX U CanpoOUOJOMIKUX
KapakTepucTuka jesepa [opwme u lome bape Ha
KOJUMa j€ YOUCH CBE MHTEH3UBHU]U PA3BOj BOJICHE
BEreTalyje YuMe je HIX0Ba OJPKUBOCT JOBEICHA
y TIUTAIbE.

MATEPUJAJI 1 METO/IE PAJTA

Jezepo ['opwe bape (Cn. 1) nanazu ce na 1517
m HaJMopcke BucuHe, Ha 43°19'12.73" cjeBepHe
reorpadcke mupuHe u 18°36'26.68" ucroune
reorpadcke ayxuHe. Jly>KuHa jezepa H3HOCH OKO
150 m, mmpuna oxo 80 m, a HajBeha u3MjepeHa
nyomHa 3.6 m.

(hupkosuh et al., 2002). In this way, the sludge
layer increases leading to the final disappearance
of the aquatic ecosystem.

When the lake reaches its eutrophic state, its
return to mesotrophic is difficult to achieve since
the basic nutrients are gradually released from
the sediment which enables further development
of primary producers (Gajin et al., 2004). In
order to prevent accelerated aging of highly
sensitive ecosystems, such as shallow glacier
lakes, it is necessary to carry out continuous
monitoring so that adequate protective measures
can be implemented on time. This paper
presents the results of the research on physical-
chemical, microbiological and saprobiological
characteristics of Gornje Bare Lake and Donje
Bare Lake, where an ever-growing development
of aquatic vegetation, which puts their
sustainability into question, was determined.

MATERIAL AND METHODS

Gornje Bare Lake (Fig. 1) is located at 1517
meters above sea level, at 43°19'12.73" north
latitude and 18°36'26.68" east longitude. The
length of the lake is about 150 m, the width is
about 80 m, and the largest measured depth is
3.6 m.

Cn. 1. Jezepo I'opme bape (Doto: exuh, 2016. 1)
Fig. 1. Gornje Bare Lake (Photo: Deki¢, 2016)
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Ha naamopckoj Bucuuu ox 1486 m, Ha
43°19'05.00" cjeBepHe reorpadcke IIUpPUHE
u 18°37'50.33" ucroune reorpadcke AyKUHE
cMjemTeHo je jesepo Jome bape (Ci. 2). [yxuna
jesepa u3Hocu oko 200 m, a mupuHa oko 140 m,
JI0K je HajBeha u3MjepeHa qyOouHa n3HOCKIa 5 m.

Donje Bare Lake is located at 1486 meters
altitude, at 43°19'05.00" north latitude and
18°37'50.33" east longitude (Fig. 2). The
length of the lake is about 200 m, and the
width is about 140 m, whereas the largest
measured depth is 5 m.

Cn. 2. Jezepo lomwe bape (Doro: [lekuh, 2016. r.)
Fig. 2. Donje Bare Lake (Photo: Deki¢, 2016)

VY3opuu Boje 3a aHanm3y, ca oba jesepa,
y3etu cy 02. jyna 2016. rogune. Y30pKoBame je
M3BPIICHO y aCENTHYHUM YCIOBHMA Ca 4YamIia
Ha ynasbeHocTu of oko 30 metapa oj obasie. Ha
jesepy lopme bape y3opiu cy cakynsbeHU Ha
JIBa pa3IM4MUTa JOKAJUTETa (JIOKAIUTETH A U
B), u T0 u3 cnoja 20—30 cm wcnon MOBpIIUHE,
kao u u3 cnoja 30—50 cm u3Han qHA. Ha jesepy
Homwe bape y3opuu cy Takohe CakylJbeHH U3
MOBPIIMHCKOT CJI0ja M CJ0ja U3HAA JHA U TO Ha
TPHU pa3In4uTa JIOKAIUTETa (JIoKaauTeTd A, B u
(), Kao 1 13 U3BOpa KOJUM C€ je3epo Haraja BOAOM
TE U3 OTOKE KOjOM je3epo ryou Bofy. 3a GU3NIKO-
XeMHUJCKY U OaKTEPHOJIOMIKY aHAJIU3y Y30pIH
Cy CaKyIlJb€HU y CTEpHJIHE CTaKJeHEe OouuIle
3anpemune 500 ml. 3a ananu3y QUTOIIAHKTOHA
npodpuntpupano je 20 nuTapa BoJE KpoO3
IJJAHKTOHCKY Mpexulny npeyHuka 20 um u
KOHIICHTPOBAHH Y30pIH Cy (PUKCUPAHU KUCETHM

Water samples for analysis from both
lakes were taken on July 2, 2016. Sampling
was performed in aseptic conditions from the
boat at a distance of about 30 meters from
the lakeshore. At Gornje Bare Lake, samples
were collected at two different sites (sites
A and B), from a layer 20—30 cm below the
surface, and from a layer 30—50 cm above the
bottom. At Donje Bare Lake, samples were
also collected from the surface layer and the
layer above the bottom, at three different sites
(sites A, B and C), as well as from the water
source that feeds the lake water and from the
distributary that drains water from the lake. For
physical-chemical and bacteriological analyses,
the samples were collected in sterile glass
bottles of 500 ml volume. For phytoplankton
analysis, 20 liters of water were filtered through
plankton net of 20 pm diameter mesh, and the
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JyTOJIOBUM pacTBopoM. Ha camum nokanuteTuma
j€ U3BPIICHO Mjepeme TemIeparype, 1yOouHe u
MIPOBUIHOCTHU BOJIE U ofpel)eHe cy BpHjeqHOCTH
pH, enexkTponpoBOAJBUBOCTH, KOHIEHTpPAILH]je
pacTBOPEHOT KHCEOHHKa, caTypauuja W
Typouauter. Y mnaboparopujama IlpupomHo-
Matematuykor ¢akynrera y bamoj Jlyuu cy
nomohy cnekrpodoromerpa HACH DR2800
ozipel)eHe KOHIIEHTpalije pacTBOPEHOT aMOHH]jaKa,
HUTpaTa, HUTPUTA, opTrodocdara u cyindara, Kao 1
ykymHe cycnennoBane Mareprje (HACH LANGE,
2009). bpojHocT mojenMHUX Tpyna OakTepuja
onpeheHa je HMHAMPEKTHUM OJATajUBAYKUM
Meronama (Benson, 1998; McKane & Kandel,
1996; Skunca-Milovanovi¢ et al., 1990; Wistreich,
2003) Ha XpamMUBHM MOJJIOramMa MpousBohada
BioM¢érieux u Torlak. 3a unenrudukauujy
(HUTOMIAHKTOHA KOPHUIITEHH Cy CIbeiehy Kiby4yeBH:
Hindéak (1978, 2005 u 2008), John et al. (2005),
Lazar (1960), Pal (1998) u Guiry, M. D. & Guiry,
G. M. (2018). Crenen canpobroctu onpeheH je
Ha OCHOBY peJaTUBHE OPOJHOCTH MHIUKATOPCKUX
opraHusama, IpH 4eMy je KOpHIITeHa Mahapcka
moaudukarmja Pantle-Buck merone (MSZ-12749,
1993).

PE3VIITATU 1 AMCKYCUJA

Temnieparypa Bozie jezepa [opme bape kperana
ce y uaTepBaiy ox 19.1°C, KonmKo je u3MjepeHo y
Haj1y0Jb0j Tauku Ha 3.6 Metapa qyoune, 10 23.9°C
y noBpurHCcKoM ciojy (Tab. 1). Konnenrparmja
PacTBOPEHOT KMCEOHHKA Y TIOBPIIMHCKOM CIIO]Y je
Ha 00a JjoKanureTa n3Hocuna usHan 9 mgO./1, mro
Jj€ TIpU U3MjepeHoj TeMIIepaTypH BOJIE OJIr0BapalIo
carypauuju on 128.4 % onmnocHo 129.8 %.
OBakBo npecuheme enuIMMHUOHA KUCEOHHUKOM
j€ pe3yiaTaT MHTEH3WBHUX (DOTOCHHTETHUKHUX
npolieca Koju ce OJUrpaBajy y BOIHOM CTyOy H
yKa3yjy Ha [ojadyaHy puMapHy MPOIyKIIHjy, IITO
JI0BOJM J10 yOp3aBama mpolieca eyTpodusaimje
U CTapema caMor BOJIEHOT exocuctema (Sigee,
2004). Ha nokanutety A je Uy CJ0jy U3HAJ THA
3a0uibekeHO Tnpecuheme BOJE KHCEOHUKOM,
JIOK je Ha JokanuTeTy B m3Han nHa u3MjepeHa
KOHIICHTpAIIMja paCTBOPEHOT KUCEOHNKA U3HOCHIIA

concentrated samples were fixed with acidic
Lugol's solution. At the sites, temperature, depth
and water transparency were measured, and
pH value, electroconductivity, concentration
of dissolved oxygen, saturation and turbidity
were determined. In the laboratories of the
Faculty of Natural Sciences and Mathematics
in Banja Luka, the concentration of dissolved
ammonia, nitrate, nitrite, orthophosphate and
sulphate, as well as the total suspended matter,
were determined using the HACH DR2800
spectrophotometer (HACH LANGE, 2009). The
amount of specific bacteria was determined by
using indirect breeding methods (Benson, 1998;
McKane & Kandel, 1996; Skunca-Milovanovié
et al., 1990; Wistreich, 2003) using BioMérieux
and Torlak nutrient bases. The identification
of phytoplankton was carried out using the
following keys: Hindak (1978, 2005 and 2008),
John et al. (2005), Lazar (1960), Pal (1998)
and Guiry, M. D. & Guiry, G. M. (2018). The
degree of saprobity was determined based on
relative number of indicator organisms and
using the Hungarian modification of the Pantle-
Buck method (MSZ-12749, 1993).

RESULTS AND DISCUSSION

At Gornje Bare Lake, the water temperature
ranged between 19.1°C, as measured at the
deepest point at 3.6 meters depth, and 23.9°C
in the surface layer (Tab. 1). The concentration
of dissolved oxygen in the surface layer at both
sites was above 9 mgO,/l, which corresponds
to the saturation of 128.4 % and 129.8 % at the
measured water temperature. This epilimnion-
like oxygenation is the result of intense
photosynthetic processes that take place in the
water column and indicate an enhanced primary
production, which leads to an accelerated
eutrophication process and to aging of the
aquatic ecosystem itself (Sigee, 2004). At
the site A, the oxygen water saturation was
recorded in the bottom layer, whereas the
measured concentration of dissolved oxygen at
the site B in the bottom layer was 3.74 mgO, /I,
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3.74 mgO,/l wTo oxrosapa carypamMju Ol CBera
48.3 %. Ha oBOM JIOKaJIUTETY j& THO MYJHEBUTO,
Bofa je 3amyhena (Typouaurer 13.2 NTU) u oBako
HHUCKa 3aCMNEHOCT BOJIE KUCEOHHKOM Y OIHOCY
Ha TOBPIIMHCKH CJIO0] YKa3yje Ha MHTEH3HBHE
MHUKPOOHOJIOIIKE MPOIece OKCHIAIN]E OPTaHCKe
marepuje (Heinonen, 2000), mro morsphyje u
MOBUIIIEHA BPHjEIHOCT OMOJIOLIKE MOTPOIIHE
kuceonnka (5.28 mgO,/1). Bpujennoct BPK,,
noBehana carypanyja y HOBPIIMHCKOM CJOJY,
Kao0 M HHUCKE BPHUjEIHOCTH OBOT mapameTpa
y CJOjy BOAE HM3HAJ JHA, mpema Yperdu o
Kiacu(UKaIuju Boaa U KaTeropu3aliyju BOIOTOKA
(Crryx0enu rnacauk PermyOnuke Cprcke, 2001),
ykazyjy Ha Il knmacy kBanmurera, oqHOCHO [opme
Bbape cBpcTaBajy y ymjepeHo eyrpodHa jesepa.
[ToBumena pH BpujenHOCT y HOBPIIMHCKOM
ciojy Ha o0a JIOKaJIMTeTa yKa3yje Ha ajlKaJlHy
Boxy III xnace. Ilpema eBpOIICKOj AUPEKTUBU O
KBAJIUTETY MOBPIIMHCKUX BOJIA KOj€ C€ KOPUCTE 32
pekpeannjy (76/160/EEC) (European Economic
Community, 1976) I'opwe Bape ce 360r Bucoke pH
BpHjEIHOCTH HE OM CMjesie KOPHCTHUTH 32 KyTIarbe.
Bpujeanoctu ocrtanux (U3HIKO-XEMH])CKHX
napaMmerapa KBaJHTeTa Boje Cy onaronapaie I
KJIaCH MOBPIIMHCKHUX Boa. M3MjepeHe cy u3pazuto
HUCKE BPUjETHOCTH €JIEKTPOIPOBOIJBUBOCTH, K0
Y HUCKE KOHLICHTpAllMje OCHOBHUX HYTpHjEHATa,
a30THUX U (POCPOPHUX jeTHIbEba, JOK IPUCYCTBO
cyadara y BOau HHje yTBphEeHO.

Ha noxanutery A u3MjepeHa je ayouHa on
2.8 merapa, Ha nokanutety B 3.6 merapa. Ha o6a
JIOKaJIUTeTa BOZIA je Oula MpOBUIHA 0 CAMOT JIHA.
JloOpa MpOBUIHOCT BOJE MOCJHEIUIA j€ HUCKE
KOHIICHTpAllMje HEPACTBOPECHUX OPTaHCKUX H
muHepanHux marepuja (Dalmacija & Ivancev-
Tumbas, 2004), Ha WTO yKa3zyjy U HU3MjepeHE
HUCKE KOHIIEHTpAIMje CyCIIEHI0BAaHUX MaTepHja
Ka0 U BPUjENHOCTH TypOuauTeTa. Y Y30pPKY
KOJU je MPUKYIJbEH M3HAJ JHA Ha JIOKanuTeTy B
3a0MJbEIKEHE Cy HEIITO BHIIE BPUjEIHOCTH OBa
J7IBa TapaMeTpa, LITO je MOCIbEANIIA TN3akha MYyJba
MIPUJIMKOM y30PKOBamba.

which corresponds to saturation of only 48.3
%. At this site, the lake bottom is muddy, the
water is turbid (turbidity of 13.2 NTU), and
the low saturation of water with oxygen in
relation to the surface layer indicates intense
microbiological processes of organic matter
oxidation (Heinonen, 2000), which is also
confirmed by the increased value of biological
oxygen demand (5.28 mgO,/1). The BPK, value,
the increased saturation in the surface layer,
as well as the low values of this parameter in
the bottom layer, according to the Regulation
on water classification and categorization of
watercourses (Cnyxx0enu rmacHuk PemyOnuke
Cprcke, 2001), indicate Class III of surface
water quality, i.e. Gornje Bare Lake is
classified as a moderately eutrophic lake.
The elevated pH value in the surface layer
at both sites indicates the alkaline water of
Class III. According to the European directive
on the quality of surface waters used for
recreation (76/160/EEC) (European Economic
Community, 1976), Gornje Bare Lake should
not be used for swimming due to high pH
value. The values of other physical-chemical
parameters of water quality corresponded to
Class I of surface water quality. Extremely
low values of electroconductivity, as well as
low concentrations of basic nutrients, nitrogen
and phosphorus compounds were measured,
whereas the presence of sulfates in water was
not determined. Measured depth was 2.8
meters at the site A and 3.6 meters at the site
B. At both locations, the water was transparent
to the bottom. Good water transparency
is a consequence of the low concentration
of undissolved organic and mineral matter
(Dalmacija & Ivancev-Tumbas, 2004), which
is also confirmed by low concentrations of
suspended matter and turbidity values. In the
sample collected at the bottom layer of the
site B, slightly higher values of these two
parameters were recorded, as a consequence
of sludge rising during sampling.
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Tab. 1. du3nvKo-XeMHjCKe KapaKTepUCTHKE Bojie jesepa [opme bape
Tab. 1. Physical-chemical characteristics of Gornje Bare Lake water

Jlokanurer Jlokanutet Tokamurer B Jlokanuter
[Tapamertap / Parameter A/ A nHo / Site / Site B B nno / Site
Site A A bottom © B bottom

temmeparypa Bozae (°C) /
e e (°C) 23.9 21.9 22.8 19.1
KOHLIEHTpanuja pactBopenor O,
(mg/1) / dissolved O, concentration 9.05 8.03 9.36 3.74
(mg/l)
carypanmja (%) / saturation (%) 128.4 109.9 129.8 48.3
BPK, (mgO,/1) / BODs, (mgO,/1) 2.49 221 2.01 5.28
pH 9.21 8.63 9.31 7.57
€JIEKTPOTPOBOIBUBOCT (LS/cm) /

.. 102.1 88.5 90.0 175.8
electroconductivity (uS/cm)
typoumutet (NTU) / turbidity
(NTU) 1.03 1.01 3.17 13.2
cycrnieHaoBane marepuje (mg/l) / ) 3 1 4
suspended matter (mg/1)
AMOHMjaHH a30T (mg/l) / ammonia 0.01 0.02 0.01 0.01
nitrogen (mg/1)
HUTPATHU a30T (mg/1) / nitrate 0.5 0.5 0.5 0.6
nitrogen (mg/1)
suTpuTaY 3ot (mg/l) /nitrite 0.005 0.006 0.004 0.004
nitrogen (mg/1)
cyndaru (mg/l) / sulphate (mg/1) 0 0 0 0
optodocdaru (mg/l) /
T o 0.04 0.05 0.03 0.05
nyouna (m) / depth (m) 2.8 3.6
npoBuAHOCT (M) / turbidity (m) 2.8 3.6
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Ta6. 2. Mukpobuosonke kapakTepucTuke Bojie jesepa [opme bape
Tab. 2. Microbiological characteristics of Gornje Bare Lake water

Jlokanurer Jlokanurer
.. Jlokamurer A nHO Jlokamurer B quo /
Kapakrepucrtuka / Characteristic A/ Site A / Site A B/ Site B Site B
bottom bottom
aepoOHe xerepoTrpodHe ncuxpoduine
oakrepuje (kol/ml) / aerobic heterotrophic 2200 5300 3030 5700
psychrophilic bacteria (CFU/ml)
KJraca Bojue / water class* 1 1 I 1
aepoone me3opunne 6akrepuje (kol/ml) /
aerobic mesophilic bacteria (CFU/ml) 500 2333 400 2430
ykymnHe xkonupopmue 6axrepuje (kol/100 ml) /
total coliform bacteria (CFU/100 ml) 2230 200 500 200
KJaca Boje / water class™ 1| I 1 I
¢exanne xonmupopmue 6axrepuje (kol/100 ml)
/ fecal coliform bacteria (CFU/100 ml) <1 100 <1 <1
KJaca Bojie / water class™ I ] | |
¢exanne crpentokoke (kol/100 ml) / fecal
streptococcus (CFU/100 ml) 30 100 >0 <1
KJaca Bojue / water class* 1 ] I I

* Hamomena: Knacudukarija Boge n3BpieHa je mpema Ypendu o KIacH(pHUKANWji BoIda W KaTeTOPH3AIMjU BOJOTOKA
Peny6muke Cpricke (Cory:x6enu rmacauk Pemyomike Cpricke, 6p. 42/2001)

Note: Water quality classification was performed according to the Regulation on water classification and categorization
of watercourses (Official Gazette of the Republic of Srpska No. 42/2001)

CaHuTapHO-MHUKPOOHMOJIOUIKH TapaMeTpu
yKa3yjy Ha Boay Il kimace kBanuTera, Tj. Ha BOIY
yMmjepeHo omnrtepeheHy opraHcKkuM MaTepujama
(Tab. 2). bpojaocT aepoOHMX XeTEepOTpODHHHUX
ncuxpouitHuX 0akTepuja U OPOJHOCT YKYITHHUX
konuopMHUX OakTepwja y CBUM y30pIHMa
oxrosapa I kjacu mMOBPIIMHCKKUX BOJIA, C THM J1a j©
y CJI0jy M3HA]I THA 300T U3amka MyJba 3a0UIbEKECH
3HaTHO Behu yKymnaH Opoj 6akTepuja y oJHOCY Ha
MOBPIIUHCKH ¢J10j. OHOC OPOJHOCTH aepOOHMX
MICUXPOPHITHUAX U ME30(PHITHUX OaKTepHja y CBUM
y30pIIMMa yKaszyje Ha JIOMHUHAIM]y ayTOXTOHE
BoAgHe Oaktepuodiope. Mel)y yKymHUM
konupopMuMa GeKaTHu KOTU(GOPMHU CY Y MambeM
Opojy HM30JI0BaHW CaMO Ha JIHY Ha JIOKAJIUTETY
A, 0K cy (ekaaHe CTPENTOKOKE M30J0BaHE Y

Sanitary-microbiological parameters
suggest Class II of surface water quality, i.e.
water moderately loaded with organic matter
(Tab. 2). The number of aerobic heterotrophic
psychrophilic bacteria and the number of total
coliform bacteria in all samples corresponds
to Class II of surface water quality; however it
should be noted that there is a considerably higher
total number of bacteria in the bottom layer due to
sludge rising compared to the surface layer. The
aerobic psychrophilic and mesophilic bacteria
ratio in all samples indicates the dominance of
autochthonous aquatic bacteria flora. Among
the total coliforms, fecal coliforms are in lesser
numbers isolated only at the bottom layer of the
site A, whereas fecal streptococci are isolated in



[TTACHUK - HERALD 22

MameM Opojy Ha 00a okanureTa. tbuxosa HuCKa
opojuoct (100 kol/100 ml) yka3syje na Bona Huje y
3HaTHO] MjepH ontepeheHa (hexaTHUM MaTrepHjama.

Ha cy y jesepy lopwe bape mpucyrHu
WHTEH3UBHHJU TIPOLIeCU eyTpodusaiuje Hero
IITO CE€ TO OYEKUBAJIO MOKa3yjy U CarpoOHOIONIKH
napametrpu (Ta6. 3). UnentudukoBana cy
YKYNHO 24 pa3iuyuTa TaKCOHA alild 3ajeTHO
ca uujaHobaxkrepujama y OKBHUPY S5 pazfjena.
Ha ocHOBY WUXOBE y4ecTalOCTH HM3payyHaT je
WHIEKe campoOHocTy of 1.85, mro mokasyje
na je Boga [opmux bapa mpemia y xareropujy
B-me3ocanpooHux Boma (MSZ-12749, 1993).
KBanuTtaruBHO, HajBUILIE je OUIO CHIMKATHUX
anry, ca 12 pa3nuyuTux TakcoHa, Mehy Kojuma
Cy KBaHTUTAaTUBHO nomuHupaine Cocconeis,
Navicula v Cymbella. Bucoky 6pojHOCT HMaie cy
u uujaHobaxrepuja Oscillatoria n BaTpeHa anra
Peridinium.

N3Bop kojum ce jesepo Jlome bape namaja
BOJIOM MMa BOJy OUIMYHOT KBanurteta. OHa je
10 BpUjeaHOCTHMA MTpaheHuX mapamerapa, Kako
¢duznuko-xemujckux (Tab. 4), Tako U caHUTAPHO-
Mukpobuonomkux (Tab. 5), oarosapama I
KJIacu MOBPIIMHCKUX Boja. Bona je u y jbeTHUM
MjecenuMa XJiajHa. Y Jyly je u3MjepeHa
temrieparypa oz ceera 11.3°C, Boza je 6una 6m1aro
ajKajlHa U TOTIYHO caTypucaHa pacTBOPEHUM
kuceoHnkoM. Huje omtepehena opranckum
HUTH MUHEpAJIHUM Marepujama, Huje yTBpleHo
MPUCYCTBO CYCIICHJOBAaHUX Marepuja HUTH
cyngara, a U3MjepeHe Cy U HUCKE BPUjEAHOCTH
€JIEKTPOITPOBOIJLUBOCTH M HUCKE KOHIICHTpALIH]e
a30THUX M ¢ochopHUX jenumema. [la Bona
n3BOpa HUje ontepeheHa OpraHcKuM MaTtepujama
yKa3yje U HUCKa BPUjETHOCT OMOJIOIIKE ITOTPOIIIEHE
kuceonnka (0.81 mgO,/1), kao u mMana GpojHOCT
yKymHor Opoja xerepoTpoduux Oakrepuja (850
kol/ml). Escherichia coli n hexanHe cTpenToKoOKe,
KOje Cy HMHIUKAaTOpH KOHTakTa ca (pexaaHuM
OTMaJHUM MaTepHjama, HUCY H30JI0BaHe.

smaller numbers at both sites. Their low number
(100 CFU/100 ml) indicates that water is not
considerably affected by fecal matter.

Values of saprobiological parameters
show that there are more intense processes
of eutrophication in Gornja Bara Lake than
expected (Tab. 3). A total of 24 different algae
taxa along with Cyanobacteria in 5 divisions
have been identified. Based on their frequency,
the saprobity index value of 1.85 was calculated,
indicating that the water of Gornje Bare Lake
transitioned into the category of f-mezosaprobic
water (MSZ-12749, 1993). Qualitatively, silica
algae were most frequent, with 12 different taxa,
among which Cocconeis, Navicula and Cymbella
were quantitatively dominated. Cyanobacteria
Oscillatoria and Pyrrophyta Peridinium also had
high numbers.

The water source that feeds Donje Bare Lake
is water of an excellent quality. Based on values
of both physical-chemical (Tab. 4) and sanitary-
microbiological (Tab. 5) parameters monitored,
it corresponds to Class I of surface water quality.
Water is cold even during summer months. In July,
water temperature of only 11.3°C was measured,
the water was slightly alkaline and fully saturated
with dissolved oxygen. It is not loaded with
organic or mineral substances, the presence of
suspended matter or sulfates was not determined,
whereas low values of electroconductivity and
low concentration of nitrogen and phosphorus
compounds were measured. The low biological
consumption of oxygen (0.81 mgO./1), as well
as low total number of heterotrophic bacteria
(850 CFU/ml) also suggest that water source is
not loaded with organic matter. Escherichia coli
and fecal streptococci, which are indicators of
contact with fecal wastes, were not isolated.
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Ta0. 3. KBanutaruau cactas anru jesepa [opme bape u Jlome bape
Tab. 3. Qualitative composition of Gornje Bare and Donje Bare Lakes

Topwme bape / | Home bape /
Takcon / Taxon Gornje Bare | Donje Bare
s G h h
Cynobacteria
Chroococcus sp. 1.60 3 5 5
Gloeotrichia natans 1.70 4 3
Microcystis sp. 2.00 3 3 3
Lyngbya sp. 2.00 3
Oscillatoria sp. 2.30 3 5 3
Bacillariophyta
Cocconeis placentula Ehr. 1.60 3 5 5
Cyclotella sp. 1.50 3 1 5
Cymbella ventricosa Agardh. 1.80 4 5 5
Cymbella lanceolata (Ehr.) V. Heurck 1.60 5 3 3
Cymbella sp. 1.70 3
Fragillaria capucina Desm. 1.60 3 3 5
Fragillaria crotonensis Kitton 1.70 3 3 3
Gomphonema sp. 2.20 3 3
Melosira varians Ag. 2.00 2 3 2
Navicula sp. 2.00 3 5 5
Pinnullaria viridis Ehr. 1.70 5 1 3
Stauroneis phoenicentron Welheim 1.80 2 3 1
Surirella elegans Ehr. 1.40 4 3
Synedra acus Kiitz. 1.70 3 3 3
Euglenophyta
Euglena oblonga F. Schmitz | 2.00 | 4 | 3 2
Chlorophyta
Characium gracile Schiller 1.60 3 5
Closterium setaceum Ehr. 2.20 3 5 3
Cosmarium sp. 1.80 3 2 2
Crucigenia tetrapedia (Kirchner) Kiitz 2.10 3 3
Eudorina elegans Ehr. 2.20 3 3 1
Mougeotia viridis Wittrock 1.60 3 3 7
Pediastrum boryanum (Turp.) Menegh 1.90 3 2 1
Scenedesmus serratus Bohlin 2.00 3 2 1
Pyrrophyta
Peridinium sp. | 1.40 | 3 5 7
NHAEKC CATTPOBHOCTHU / SAPROBITY INDEX 1.85 1.71

Hamowmena: s — canpo6Ha BpujeHOCT Bpete, G — HHAMKATOPCKa TeXKHA, h — penatiuBHa OPOjHOCT TAaKCOHA.
Note: s —species saprobic value, G — indicator weight, h — the relative abundance of taxa.
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Tab. 4. du3nuko-xeMHjCcKe KapakTepucTuke Boje jezepa lome bape
Tab. 4. Physical-chemical characteristics of Donje Bare Lake water

=~ = o~ I
s2ls | E2|% | €22 | &
2 SEo | B, | Eo | B, | Eo| B, | S
S | B2 | o8| B8 | B EE| S8 2
= ] A o S M o S =
2 S22 | R- | ga | B2 | €3 | A2 2
IMapamerap / Parameter = 52 < g ;m m g 5 < | o g A
2 | =2 | B8 | =8| 88| =2 | 8| g
|| 55|52 50| 52| B° | £
S .- & S .-, [ S . X
2'5 g 29 g 25 S o
=S | B =3 | 5 =S | 5
Temneparypa soxe (‘C)/ 113 | 227 | 21.6 | 219 | 21.8 | 21.7 | 19.6 | 21.3
water temperature (°C)
KOHIIEHTpAITHja PaCTBOPEHOT
O, (mg/1) / dissolved O, 939 | 852 | 887 | 810 | 7.20 | 791 | 7.60 | 7.71
concentration (mg/1)
carypanuja (%) / saturation (%) | 102.1 | 117.8 | 120.0 | 110.3 | 97.8 | 107.4 | 98.9 | 103.7
mg s. (mg : : : : . . . .
BPK, (mgO,/1) / BODs, O/)| 0.81 | 1.96 | 298 | 1.83 | 329 | 1.63 | 2.17 | 1.68
pH 7.88 | 853 | 844 | 837 | 7.76 | 837 | 7.80 | 8.04
CICKTPONPOBOABHBOCT (WS/em) | g | 145 | 109 | 109 | 110 | 110 | 110 | 1119
/ electroconductivity (uS/cm) ’
rypouarer (NTU) /turbidity | 14 | 388 | 796 | 158 | 782 | 0.54 | 6.5 | 44
(NTU) : : : : . . : :
cycrnienaoBane marepuje (mg/l) /
suspended matter (mg/1) 0 2 21 2 18 ! > >
amonujasik asot (mg/l) 0.04 | 0.02 [ 0.03 | 0.02 | 0.04 | 0.04 | 0.04 | 0.03
ammonia nitrogen (mg/1)
HUTpaTHU a30T (mg/1) / nitrate 0.6 0.4 0.6 0.5 0.5 0.3 0.4 0.4
nitrogen (mg/1) ' ’ ) ' ' i ) '
sutputinit asor (mg/l) /mitrite 1 506 | 0009 | 0.011 | 0.003 | 0.005 | 0.002 | 0.003 | 0.000
nitrogen (mg/1)
cyndaru (mg/l) / sulphate (mg/1) 0 0 0 0 0 0 0 0
oprodocdaru (mg/l) /
orthophosphate (mg/1) 0.14 | 0.06 | 0.08 | 0.11 | 0.10 | 0.04 | 0.04 | 0.09
nyouna (m) / depth (m) 2.5 3.8 5.0
npoBugHOCT (M) / turbidity (m) 2.2 2.8 32
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Temneparypa Boze jesepa [lome bape kperana
ce y uaTepBaity ox 19.6°C, konuko je n3mMjepeHo Ha
5 merapa ny6une, na g0 22.7°C y noBpIIMHCKOM
ciojy. OBakBe, peJIaTUBHO BHCOKE TeMIIEpaType
BOJIE JIOTIPUHOCE OprkeM MeTaboIm3My OakTepuja,
TIOTOJTYjy FbUXOBOM YMHOXKABakby M UHTCH3UBHU]EM
pa3Bojy ¢utorutankroHa. Ilponecu oxcunamyje
OpraHcke Marepuje Cy M3paKeHUjU y CIIOjy BOAE
W3HAJ1 THA Ha IITa YKa3yjy HOBHIIIEHE BPH)SIHOCTH
BPK., ka0 1 6pojHOCT aepOOHMX XETEPOTPOPHHUX
ncuxpopuiaHux U Me3opuiHux Oaxrtepuja,
YHja je OpPOJHOCT Y OBOM CJIOjy HEKOJIUKO IyTa
IpeMalnBajila HBbUXOBY OpPOJHOCT HEMOCPEIHO
WCIOJ| MOBpPILINHE. Y YHUTAaBOM BOJIHOM CTYyOy
BO/Ia je OJJIMYHO CaTypHUCaHa pPAaCTBOPEHUM
KHCEOHHKOM. [TOBpIIMHCKM CII0j KapakTepule
XHIIEpcaTypaiifja Koja je rmoka3aresb HHTCH3MBHUX
nporeca GOTOCHHTE3E, alli j€ UIAK 3HATHO Makbe
u3paxeHa y OJHOCY Ha XHIlepcaTypalujy Koja ce
jaBipa y jezepy T'opme bape.

KoHueHTpaluje OCHOBHUX HyTpHUjeHaTa y
BOJIM Cy HUCKE, KaKO a30THHUX Tako U pochaTHux
jenumbena, 0K MPUCYCTBO cyldara yommTe
HUje 3a0mbexeno. On cBux npaheHux (puU3NIKo-
XEMH]jCKHX TMapamMeTapa camo Cy KOHIICHTpaIuja
CYCIIEHJOBaHUX MarepHja U 3acuheHocT Boje
KHCEOHUKOM oxrosapaiie Il kinacu moBpIIMHCKUX
BOJa, JOK Cy BPHjJETHOCTH CBUX OCTaIHX
napaMmerapa npema Ypenou o KiacH(pHUKaIuju
BoJla M KaTteropuzauuju Bogoroka (CiyxOeHu
macHuk Perry6muke Cpricke, 2001) 6usie y okBupy
I xnace. Bucoke BpHjeqHOCTH KOHIIEHTpallHje
CYCIICH/IOBaHMX Marepuja y CJ0jy BOJE H3HA]
JHa Cy TOCJbeaulla IU3amka MyJba MPHINKOM
Y30pKOBaba.

VYesben pa3Boja (UTOIUIAHKTOHA HM3MjepeHa
J€ ¥ pelaTHBHO HUCKA MPOBHIHOCT BOJIE KOja je
Ha HajayOJbeM JoKanmuTeTy (qyOnHa 5 meTapa)
n3Hocuia 3.2 Metpa.

The water temperature in Donja Bara Lake
ranged between 19.6°C, as measured at 5 meters
depth, and 22.7°C in the surface layer. These
relatively high water temperatures contribute
to faster bacteria metabolism; favor their
reproduction and the more intense development
of phytoplankton. The processes of organic
matter oxidation are more pronounced in the
water bottom layer, as indicated by elevated
values of BOD,, as well as the number of aerobic
heterotrophic psychrophilic and mesophilic
bacteria, whose number in this layer several times
exceeded their number in the surface layer. Over
the entire water column, the water is perfectly
saturated with dissolved oxygen. The surface
layer is characterized by hypersaturation, which is
an indicator of intense photosynthesis processes,
but is still considerably less pronounced compared
to the hypersaturation occurring in the Gornja
Bara Lake.

Concentrations of basic nutrients in water,
both nitrogen and phosphate compounds, are
low, whereas the presence of sulfates was
not recorded at all. Of all physical-chemical
parameters monitored, only the concentration
of suspended matter and the water saturation
with oxygen corresponded to Class II of surface
water quality, whereas the values of all other
parameters according to the Regulation on water
classification and categorization of watercourses
(Crryx6enu rmacuuk Pemy6nuke Cprcke, 2001)
were within Class 1. High concentrations of
suspended matter in the water bottom layer are
the result of sludge rising during sampling.

Due to development of phytoplankton, the
relatively low transparency of the water was
measured — at the deepest location (5 meters
depth) it was 3.2 meters.
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Tab. 5. MukpoOuosnonike kapakrepuctuke Boae jesepa JJome bape
Tab. 5. Microbiological characteristics of Donje Bare Lake water
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aepobOHe xerepoTpodHe
ncuxpogunne 6akrepuje (kol/
ml) / aerobic heterotrophic 850 2800 | 6100 | 1100 | 3600 | 1450 | 2250 | 1950
psychrophilic bacteria (CFU/
ml)

KJraca Bojue / water class* | 1 | 1 | | ] 1

aepobHe Me3oduHe
6axrepuje (kol/ml) / aerobic 200 200 | 2500 [ 200 | 500 100 150 100
mesophilic bacteria (CFU/ml)

YKYITHE KOJIM(OpPMHE
6akrepuje (kol/100 ml) / total

coliform bacteria (CFU/100 25 250 | 1000 | 90 450 45 | 2400 | 1200
ml)

KJaca Bojie / water class™ I I 1 I I I I I
(dhekaHe komdopmMHe

6axtepuje (kol/100 ml) / fecal <1 <1 <1 <1 <1 <1 10 <1

coliform bacteria (CFU/100
ml)

Kiaca Boje / water class* | | I I I I I I

(eKaHe CTPENTOKOKE
(kol/100 ml) / fecal <1 80 540 <1 <1 <1 <1 200
streptococcus (CFU/100 ml)

KJaca Boue / water class* I 1 1 I I I I 1

* Hanomena: Kitacudukanuja Boze je u3BpIleHa npema Ypendou o kiacu(UKaluju BoJa M KaTeropu3aluju BOJOTOKa
Penybnuke Cpricke (CityxxOenn macHuk Penyonuke Cpricke, 6p. 42/2001)

Note: Water quality classification was performed according to the Regulation on water classification and categorization
of watercourses (Official Gazette of the Republic of Srpska No. 42/2001)
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[Ipema ykynmHOM Opojy aepoOHHUX
xereporpodHux OakTepuja, Kao U mpema 0pojy
YKYITHHX KONM(pOPMHUX OakTepHja, BoAa jezepa
Jome bape cmama y Il kmacy HOBpIIMHCKHMX
Bofa. LljenokynHa caHUTapHO-MHKpPOOHOJIOIIKA
aHaJM3a yKasyje Ha BOIY y K0jOj Cy Y Mamb0j Mjepu
MIPUCYTHE OpraHCKe MaTepHje y (a3u pacrajama,
HApOYHUTO Y CJIOjy M3HAJ JIHA, rIje je OpojHOCT
O6akrepuja 300r qU3ama MyJba HEKOJIUKO MyTa
Beha Hero y moBpIIMHCKOM CII0jy. Mehytum, mehy
YKYITHUM KOIM(pOpMHUMa HUCY H30JI0BaHE (peKaIHe
konmupopmue Oakrepuje, Escherichia coli Huje
M30JI0BaHa HUTH Yy jeTHOM Of y30paka, a (hexayiHe
CTPENTOKOKE Cy M30JIOBaHE Y MambeM Opojy camo
Ha JIOKQJIUTETY A, TIa Ce MOXE 3aKJbYUYHTH J1a BOJA
jesepa Huje onrtepeheHa ormamHuM (hexaHEM
Marepujama.

Bona oroke jeszepa [lome bape je Omaro
ankainHa, a00po 3acuheHa pacTBOpEHUM
KHCEOHUKOM, C€a HHCKOM BpHUjeqHOIIhyY
€JIEKTPONPOBOABLUBOCTH U  HUCKHM
KOHLIEHTpallljaMa OCHOBHHUX HYyTpHjeHATa.
[IpucycTBO HUTPHUTHOT a30Ta U cyndara y BOAH
yorite HUje 3a0uibexkeHo. CeM KOHIeHTpaluje
CYCIEHJOBaHUX Marepuja, Koja je oxrosapaina II
KJIaCH MOBPLIMHCKUX BOJA, BPH]EIHOCTH CBUX
ocTaluX mapaMetapa cy ouie y okBupy I kmace.
CaHuTapHO-MHUKPOOMOJIOMIKM TOKa3aTeJbH
KBAJIUTETAa BOJIE HAa OCHOBY OpPOJHOCTH CBHX
M30JI0BaHUX rpymna 0akrepuja ykasyjy Ha Boxy Il
KJiace, u3y3eB OpojHOCTH (peKaTHUX Koirudopma
YHje MPUCYCTBO y BOJIM YOIIIITE HHUje 3a0UIBEHKEHO.

VY Boau jesepa [lome bape nnentudukoBaHo
je 26 pa3nMuMTHX TAaKCOHA aJrd 3ajeqHo ca
1jaHobakTepujama, y okBupy S pasznjena (Tao. 5).

Ha ocHOBY KBaJuUTaTHUBHOI cacTaBa ajrd
U HUXOBE YYECTAJIOCTH M3payyHaT je MHAEKC
carpoOHOCTH Koju m3HOCH 1.71, ITo je mokasaresb
JOII YBHjEK OJUTOCANpoOOHE BOJE BHCOKOT
caripoOHor craryca (MSZ-12749, 1993).

KBanuratuBHo, HajBume je Owuio
CWJIMKATHUX aJlru, ca 13 pasnuuuTuX TakCOHA.
ujanobakrepuje cy Oumie 3acTymbeHe ca 4,
3eJIeHe aire ca 7, a BaTpeHe ajre W eyrjeHe ca
no 1 TakcoHOM. Y KBAaHTUTATUBHOM CMUCIY
JOMHUHHpAJIE Cy 3eJieHa KoH4acTa anra Mougeotia
viridis v BaTpeHa MoHaIouHa anra Peridinium sp.

74

According to the total number of aerobic
heterotrophic bacteria, as well as the number
of total coliform bacteria, the Donje Bare Lake
water corresponds to Class II of surface water
quality. The overall sanitary-microbiological
analysis indicates water in which organic matter
is present in the decay phase, particularly in
the bottom layer, where number of bacteria
due to sludge rising is several times higher
than in the surface layer. However, among the
total coliforms, fecal coliform bacteria are
not isolated, Escherichia coli is not isolated
in any of the samples, and fecal streptococci
are isolated in smaller numbers only at site A,
so it can be concluded that the lake water is
not loaded with waste fecal matter.

The water of Donje Bare Lake
distributary 1is slightly alkaline, well
saturated with dissolved oxygen, with a low
electroconductivity and low concentrations of
basic nutrients. The presence of nitrite nitrogen
and sulfate in water was not recorded at all.
Apart from the concentration of suspended
matter, which corresponded to Class II of
surface water quality, the values of all other
parameters were within Class I. Sanitary-
microbiological indicators of water quality
based on the number of all isolated groups of
bacteria indicate water of Class II, except for
the number of fecal coliforms whose presence
in water is not recorded at all. In the Donje
Bare Lake water, a total of 26 different algae
taxa along with Cyanobacteria in 5 divisions
were identified (Tab. 5).

Based on qualitative composition of algae
and their frequency, a saprobity index of 1.71
was calculated which was an indicator of the
still oligosaprobic water of high saprobic
status (MSZ-12749, 1993).

Qualitatively, silica algae were most
frequent, with 13 different taxa. Cyanobacteria
were represented by 4, the green with 7, and
pyrophyta and euglenes with 1 taxon each.
In quantitative terms, the green thread algae
Mougeotia viridis and the monoid Pyrrophyta
Peridinium sp. (Fig. 3) dominated. Unlike
the Black Lake at the Zelengora Mountain,
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(Cn. 3). 3a paznmuky ox LlpHor jesepa Ha 3eneHropu
TJIje HUje YOUCHO MPUCYCTBO THITMYHUX TAKCOHA 32
jesepa Penybmuke Cpricke, kao mto cy Pediastrum
u Scenedesmus (Dekic et al., 2016), npencraBHUIH
00a TakcoHa Cy 3a0MJbEKEHH ca 110 jeJHOM BPCTOM

(Cn. 4) y Bonama u I'opwux u Jlomux bapa.

-

where presence of typical taxa for lakes in
the Republic of Srpska, such as Pediastrum
and Scenedesmus was not registered (Deki¢ et
al., 2016), representatives of both taxa were
recorded with one species in the waters of
Gornje Bare and Donje Bare lakes (Fig. 4).

4 N

Nmajyhu y BUy UnmbeHULLY J1a je y je3epuma
oOyxBaheHUM ca cBa YeTHpHU TOIHUIIKA J00a
yTBph)eHa ce30HCKa JWHAMUKA IUIAHKTOHA Te
Jla ce HEeKe BpPCTe ajlrM MOry Hahu MCKIJbYy4uBO
y xnanHujeM nepuoay roauHe (Sigee, 2004)
TO OpOj TAaKCOHA alrM KOje HacesbaBajy jesepa
Topwe u [lowe bape je nanexo Behu. Jla Ou ce
y THM je3epuMma Mpeluu3Huje yTBPJUO CacTaB
(UTOIIAHKTOHA y30pKOBambe O Tpedasio BPIIUTH
TOKOM YHMTaBE FOJIMHE.

3AKJbYHAK

Ha ocHOBY U3BpILIEHUX (PH3HYKO-XEMH]CKUX,
MHUKPOOHOJIOIIKHX U CApOOMOIIOIIKUX aHaIIu3a
MOXe€ Cce 3aKJby4uTH Ja jezepo [lome bape, kao
U U3BOpP KOJUM C€ je3epo Hamaja, uMajy BOIY
ommuHor KBanurera. On npahennx mapamerapa
caMo KOHIIGHTpalMja CyCIEeHIOBaHUX MaTepHja,
3acrheHOCT BOJIE KUCEOHMKOM, OpOJHOCT aepOOHMX

Having in mind the fact that in the lakes
monitored in all four seasons, the secasonal
dynamic of the plankton was determined, and that
some types of algae can be found solely during
the colder part of the year (Sigee, 2004), the
number of algae taxa inhabiting the Gornje Bare
and Donje Bare lakes is far higher. In order to
determine the precise phytoplankton composition
in these lakes, sampling should be carried out
throughout the year.

CONCLUSION

Based on the performed physical-chemical,
microbiological and saprobiological analyzes,
it can be concluded that the Donje Bare Lake,
as well as the water source which feeds the lake
water, has water of an excellent quality. Of all
parameters monitored, only the concentration
of suspended matter, water oxygen saturation,
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XeTEePOTPOGHUX M YKYNHHUX KOJIHPOPMHHUX
OakTepuja y Boau ofarosapa Il kinacu moBpIImHCKUX
BOJIa, JIOK Cy BPMjEJHOCTH OCTalIMX npaheHux
napamerapa oune y oksupy | kiace. Muaexc
canpoOHOCTH yKa3yje Ha OJMIoCcanpoOHy BOIY
BHCOKOT' canpoOHor craryca. M3Bop oBor jesepa
npemMa BpHUjeAHOCTHMA (DUZHIKO-XEMU]jCKHUX
U CAaHUTApPHO-MUKPOOHMOJOIIKUX TapaMmerapa
oarosapa | kmacu, 10K OTOKa, 300T MOBHIICHE
KOHIICHTpAIMje CyCHEHJOBAaHUX Marepuja H
Opojuoctu Oaktepuja,  oxrosapa Il kmacu
KBaJIUTETA MOBPIIMHCKUX BOJA.

Jezepo I'opme bape y onnocy Ha [lome bape
3HATHO je TThe U BUIIIE je U3JI0KEHO Mporiecuma
eyTpoduszanuje. IlapameTpu KHUCEOHUYHOT
pexuma 1 pH BpHjeHOCT, y IEpHOY Y30pKOBamba,
onrosapajy III kmacu Boma u cBpcTaBajy ra
y ymjepeHo eyrpodna jesepa. bymyhu na cy
BPUjEIHOCTH OCTANUX (PUZMUKO-XEMHU]CKHUX
napamerapa y okBupy | kiace, a caHuTapHo-
MuKpoOuoiomkux y okBupy Il kiace, crame
OBOT' BOJIHOT CHCTEMa je 3aoBosbaBajyhe. Cam
WHJIEKC canpoOHOCTH HM3pauyyHaT Ha OCHOBY
KBaJUTATUBHOT M KBAHTUTATUBHOT CacTaBa
(UTOIIIAHKTOHA yKa3yje Ha J-Me30canpoOHy BOY.
MelhyTum, UHTEH3UBaH pa3Boj (PUTOMIAHKTOHA
JIOBO/IM 10 HaroMHWJIaBama YTUHYJIE OpPTraHCKe
Marepuje Ha JHy, IITO yOp3aBa MpoLec cTapemha
jesepa, ma je HeONXOJHO BPIIMTH KOHTHHYHpaH
MOHUTOPHHT Kako OM ce Ha BpHjeMe MOTIe
CIIPOBECTH OAiroBapajyhe 3amruTHe Mjepe.
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Cazkerak: Paj ananu3upa npoMjeHe eKCTPEeMHUX KITMMaTCKuX nHaekca y Mocrapy (BocHa u Xepiieropuna) y mepuomy
1961-2015. ronune. dynkiuje rycruHe BjepoBaraohe 3a 30 HHAECKCAa SKCTPEMHUX TEMIIEPATypa U MaJaBUHA U3padyyHaTe
cy 3a asa notnepuoza: 1961-1990. u 1991-2015. ronune. Pesynraru nokasyjy na je BehrnHa TOIUTUX TEMIIEPATypHHUX
WHJICKCa 3a0MIbeKIIIA 3HAYAJHO TIOMjeparbe JUCTPHOYIHje IpeMa BUIIIMM BPHjEIHOCTAMA HHACKCA Y JPYTrOM MEPHUOLY.
Mame u3pakeHo MoMjepame IpeMa HWKAM BPHjeIHOCTUMA MHJeKca YTBPhEHO je 3a XiajHe TeMIepaTypHe HHJEKCe.
Mebhytum, oba obpaciia mpoMjeHa ykasyjy 1a je Ha UCTPakKuBaHOM HoApydjy o 1990-ux mpucyTaH U3paKeH TPCHI
3arpujaBama. AHajau3e Cy IOKasaje Ja Cy HajU3paKCHUje MPOMjeHE 3a0MJbEKEHE y Ce30HH JheTo. JucTpuOynmja
MHJIEKCa EKCTPEMHHUX MaJlaBUHA HUjE TMOKa3aja jeHOCTaBaH o0pasall oMjeperha y pacroajein n3Mel)y nBa HaBemeHa
nepuoza. [Ipomjene BpujesHOCTH napameTapa AucTpudyuje ['eHepaan30BaHuX eKCTPEMHUX BPHjEJHOCTH (JIOKALIU]CKOT
napameTpa, napaMerpa JMcIep3uje U napamerpa oOluKa) Cyrepuily Jia Cy y MOCMaTpaHOM IEpUOy WHTEH3UTET U
BapyjaObUIHOCT TEMIeparypa | najaaBruHa mosehanu.
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YBOA

[moGamHO OCMOTpEHU TPEH[ 3arpujaBamba
noceOHO je wu3paxeH onx 1970-ux roguHa
(Hartmann et al., 2013; Intergovernmental Panel on
Climate Change [IPCC], 2014). VcTpaxxuBamuma
Ha TI00ATHOM HUBOY YTBpPHEHU Cy H3paKeHH
TPEHJIOBU EKCTPEMHHUX TeMIleparypa, KOju Cy
KOH3UCTEHTHU Ca 3arpujaBambeM KIMMAaTCKOT
cuctemMa — y HajeheM Jujeny KONMHEHHX
MOBPIIMHA CBUjETa 3a0MIJbEKEHO je CMambCHE
XJIQJHUX TEMIEpaTypHUX MHIEKca U nosehame
TOIJIUX TEMIIEPaTypHUX HHJAEKCA Of CPeIuHe
20. Bujeka (Alexander et al., 2006; Donat et al.,
2013; Hartmann et al., 2013). ®yHK1mje rycTiHe
BjepoBaTHOhEe MaKCUMaJTHHUX M MUHUMAJTHUX
TeMIIepaTypa IMoMjepuiie Cy ce mpemMa TOIUIjUM
TEeMIlepaTypaMa TOTOBO Y LIHjEJIOM CBH]jETY
(Donat & Alexander, 2012). V Behunu peruona
cBUjeTa yTBpheHe cy mpomjeHe KoeuIiujeHTa
acUMETpHje pacrojjene mpeMa TOIUIUjUM
mujenoBumMa nuctpudynuje (Donat & Alexander,
2012). OBu TpeHnoBu Taxkohe cy motBphenu y
EBpornu Ha konTHHEHTaHOM HUBOY (Klein Tank
& Konnen, 2003). MctpaxuBama cy yTBpanIa 1a
he pernon Menurepana OUTH jeJHO Ol IPUMAPHUX
KapUIITa KIMMATCKUX MpPOMjeHa (Tj. PerHoH y
KojeM he KIMMarcku cucTeM MmoceOHO pearoBaTH
Ha Tiiobanuae npomjene) (Giorgi, 2006). 3HauajHO
noBehame TOIUIMX TeMIepaTypHUX HHIECKCa H
CMambemhe XJIaTHuX Beh je 3a0uibeKeHO MIMpPOM
perrnona Menutepana (Buri¢ et al., 2015; Espirito
Santo et al., 2014; Fernandez-Montes & Rodrigo,
2012; Fioravanti et al., 2016; Fonseca et al.,
2016; Kioutsioukis et al., 2010). 3a paznuky ox
KOH3UCTEHTHOT TpPEHJAa 3arpujaBama KOjU je
[I00ATHO YCTaHOBJBEH 32 EKCTPEMHE TEMIIEparype,
BehuHa yTBpleHNX TpeH10Ba MHIEKCA eKCTPEMHUX
nanaBuHa (arp. RX5day, R10mm, R95p u SDII)
HUje Ouila MPOCTOPHO M BPEMEHCKHU (CE30HCKH)
koxepeHTHa (Donat et al., 2013). Nnak, Behuna
OBHUX HMHJEKCa IMOKasala je 3Ha4ajHe MPOMjeHe
IpeMa MHTEH3WBHUJUM MaJaBUHAMa y MHOTHM
pernonnma cBujeta. CamyHu oOpaciy mpoMjeHe
eKCTPEeMHHUX TMaJaBuHa (Tj. M0jaBa TPEHIOBA
Pa3IUYUTOr 3HAaKa) pErUCTpOBaHu ¢y 1y EBporn,
y peruony Menutepana (de Lima et al., 2015;
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INTRODUCTION

The globally observed warming trend
has been particularly marked since the 1970s
(Hartmann et al., 2013; Intergovernmental
Panel on Climate Change [IPCC], 2014). Global
scale studies found prominent coherent trends
in temperature extremes consistent with the
warming of the climate system — 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 et al., 2006; Donat et al.,
2013; Hartmann et al., 2013). The probability
density functions of both maximum and
minimum temperatures have shifted towards
warmer temperatures almost all over the world
(Donat & Alexander, 2012). In most regions
of the world, changes in skewness towards the
hotter part of the distribution were detected
(Donat & Alexander, 2012). These trends were
also confirmed in Europe at continental scale
(Klein Tank & Konnen, 2003). Research found
that it is the region of the Mediterranean that
would be one of the primary hot-spots of climate
change (i.e. a region whose climate system will
be particularly responsive to global change)
(Giorgi, 2006). Significant increase in warm
temperature indices and decrease in cold ones
was already detected all over the Mediterranean
region (Buri¢ et al., 2015; Espirito Santo et al.,
2014; Fernandez-Montes & Rodrigo, 2012;
Fioravanti et al., 2016; Fonseca et al., 2016;
Kioutsioukis et al., 2010). In contrast to the
consistent warming trends globally reported
for the extreme temperature indices, most of
the extreme precipitation indices (e.g. RX5day,
R10mm, R95p and SDII) displayed changes that
were not spatially and temporally (seasonally)
coherent (Donat et al., 2013). However,
majority of these indices showed significant
changes towards more intense precipitation
over numerous regions in the world (Donat
et al., 2013). Similar patterns of change (i.e.
occurrence of trends mixed in sign) in extreme
precipitation were found in Europe over the
Mediterranean region (de Lima et al., 2015;
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Gaji¢-Capka et al., 2015; UnkaSevi¢ & Tosié,
2011).

OBa cTyauja TmpeAcTaBba HaACTaBaK
UCTpaKUBamka KIMMATCKUX TpoMmjeHa y bocau u
XepleroBuHH, a MoceOHO MPOMjeHa eKCTPEMHUX
kimuMarckux ycnosa (Popov et al., 2017a; Popov et
al., 2017b; Trbi¢ et al., 2017). [Ipoctop Mocrapa
onabpaH je 3a aHanu3y 300T CBOT IOJIOXKaja
y cyOMeIuTepaHCKOM pEeruoHy 3a KOju Cy
MPOjeKTOBaHe Haju3pasuTuje npomjene. [onumma
cpelba, MaKCMaliHa 1 MUHUMAJIHA TeMIIeparypa
Ba3/lyxa Ha OBOM IOJIPYY]jy MOKa3yjy TPEeH pacTa
ox 1960. romune 3a 0.31°C, 0.32°C u 0.28°C no
nenenuju, pecriektuBHO (Popov et al., 2017a; Trbi¢
etal., 2017). TenneHnuja 3arpyjaBama MPUCYTHA je
y TOKY LIfjeJie TOMHE, aJT HAjU3pKEHH]a j€ TOKOM
sera (0.52°C, 0.59°C u 0.46°C mno aeueHuju)
(Popov et al., 2017a; Trbi¢ et al., 2017). [To3utuBaN
TPEH/I0BH TOIUIMX TEMIIEPATYPHHUX WHIEKCA OUIH
Cy MHOTO M3paX€HHjH o7 omnaaajyhux Tpenmona
XJaJHUX WHAEKca. HajBume BpujeqHOCTH
TPEeHJ0Ba J00MjeHe Cy 3a TOIUIE TeMIlepaTypHe
unnekce: TNx (0.65°C mo neuenmju), TXx
(0.50°C mo genenuju), TN90p (9.28 mana mo
nenenuju), TX90p (8.97 mana mo neueHwjm),
WSDI (6.73 nana no nenienunju), TR20 (5.63 nana
o nereanju) 1 SU30 (5.20 nana mo neneHuju)
(Popov et al., 2017a). Mehytum, o6a Tpenna
notBphyjy Aa je 3arpujaBame KIMME MPUCYTHO
Ha oBOM moapyd4jy. CynpoTHO TeMIieparypH,
BehMHa TpeHII0Ba €KCTPEeMHMX IaJaBUHA HHje
CTaTUCTUYKU 3HavyajHa. TpeHnoBH mopacta
MHJEKCa WHTCH3UBHUX Ma/aBHHA, Kao IITO CY
RX1day, RX5day, SDII, R95p u R99p, ykazyjy
Ha MPOMjeHE Ka MHTEH3WBHUJUM Ia/laBUHAMA; C
Jpyre CTpaHe, CMabEeH je TOIUILBH Opoj JaHa ca
nagaBuHaMa R1mm, R10mm u R20mm (Popov
et al., 2017b).

C 063upoM Ha TO Ja Cy NPETXOAHE CTyAH]je
(Popov et al., 2017a; Popov et al., 2017b) yrBpawie
TPEHIOBE EKCTPEMHUX KIMMATCKHX MHIEKca Ha
noapy4jy Mocrapa, IIaBHH IIJb OBE CTYAH]E je
UCTPAXXUTH MPOMjeHE Y AUCTPUOYIM]U HMHICKCA
EKCTPEMHUX TEMIIepaTypa U MalaBiHa, Kako Ou ce
JI0IaTHO TIOTBPJIMJIM YOUSHH 00pacliy poMjeHa.

Gaji¢-Capka et al., 2015; Unkagevié¢ & Tosié,
2011).

This study represents a continuation of
a research on climate change in Bosnia and
Herzegovina, and particularly on changes in
climate extremes (Popov et al., 2017a; Popov et
al., 2017b; Trbi¢ et al., 2017). Mostar area, due
to its location in the submediterranean region,
which is projected to exhibit most pronounced
changes, was chosen as the case study area for
the analysis. The annual mean, maximum and
minimum temperatures over this area have
displayed upward trends since the 1960 in
the range of 0.31°C, 0.32°C and 0.28°C per
decade, respectively (Popov et al., 2017a; Trbi¢
et al., 2017). A warming tendency was present
throughout the year, but most prominent was in
summer (0.52°C, 0.59°C and 0.46°C per decade,
respectively) (Popov et al., 2017a; Trbi¢ et al.,
2017). The positive trends in warm temperature
indices were much stronger than the downward
trends in cold ones. The highest trend values
were obtained for warm temperature indices:
TNx (0.65°C per decade), TXx (0.50°C per
decade), TN90p (9.28 days per decade), TX90p
(8.97 days per decade), WSDI (6.73 days per
decade), TR20 (5.63 days per decade) and SU30
(5.20 days per decade) (Popov et al., 2017a).
However, both trends confirm that the climate
warming is present over this area. In contrast
to temperature, most of the trends in extreme
precipitation indices were not statistically
significant. However, upward trends in heavy
precipitation indices such as RX1day, RX5day,
SDII, R95p and R99p indicate changes towards
more intense precipitation; on the other hand,
annual number of days with precipitation RImm,
R10mm and R20mm decreased (Popov et al.,
2017b).

Given that previous studies (Popov et al.,
2017a; Popov et al., 2017b) already determined
trends in extreme climate indices over the
Mostar area, the main aim of this study is to
investigate changes in distributions of extreme
temperature and precipitation indices, in order to
further confirm the observed patterns of changes.



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

TIOJIALI 1 METOJIE

AHanu3za TmpoMjeHa EKCTPEMHHUX
KJIMMAaTCKUX UHJeKca y nepuony 1961-2015.
TOJIMHE M3BPIIICHA j€ HA OCHOBY KJIMMATOJIOIIKHX
nmojaraka O JHEBHHM MaKCHUMalHHUM
temmneparypama (Tmax), JHEeBHUM MUHUMAaTHUM
temneparypama (Tmin) W JHEBHUM
nanaBuHaMma (R) ca mereoposoiike craHuie
Mocrap. [logarke je 06e30jeqno dDeaepainu
xunpomereoposouiku 3aBoa CapajeBo. Tokom
MIOCMAaTPaHOT MEePHO/Ia CTAHULIA HUJ€ MH]jeHbaja
JIOKaIMjy ¥ HUje OWJIo MpeKuaa y MjepermhruMa.
OCHOBHM CTaTHCTHYKH TapaMeTpH yIa3HUX
BapHjadIu Koje cy KopuliheHe y UCTPaKUBaby
natu ¢y y Ta6. 1. T'omumma Tmax 1 Tmin Ha
nonpy4jy Moctapa u3noce 20.4°C u 10.5°C,
pecniektuBHO. Cpenmpa TONUIIKbA KOIHYUHA
nagaBuHa je oko 1500 mm. Y mocmarpaHom
niepuozny, 1 Tmax 1 Tmin 3Ha4ajHO Cy mopaciie 3a
0.3°C o neneHuju, 0K je TOMUIIIba KOTHIuHA
najjaBuHa HECUTHU(UKAHTHO CMameHa 3a 22.7
mm 10 JACTICHU]H.

DATA AND METHODS

The analysis of changes in extreme
climate indices during the 1961-2015
periods was carried out using climatological
data set of daily maximum (Tmax), daily
minimum temperatures (Tmin) and daily
precipitation (R) collected at 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. Basic
statistical parameters of the input variables
used in the study are given in Tab. 1. The
annual Tmax and Tmin in Mostar area are
20.4°C and 10.5°C, respectively. Mean annual
precipitation is about 1500 mm. During
the observed period, both Tmax and Tmin
displayed significant upward trends in the
range of 0.3°C per decade, whereas the annual
precipitation decreased insignificantly by 22.7
mm per decade.

Ta6. 1. OCHOBHHM CTaTUCTUYKH ITapaMeTPH BPEMEHCKUX CEepHja yIa3HUX BapHjalin

y nepuony 1961-2015. ronune

Tab. 1. Basic statistical parameters of the input variables time series in the 1961-2015 periods

Wnnexe / Index X MAX MIN STDEV SKEW KURT TREND
Tmax 20.39 21.89 18.66 0.84 0.150 -0.594 y=0.0327x + 19.473
Tmin 10.46 11.77 9.35 0.61 0.442 -0.542 y=0.0276x + 9.6843
R 1496 2491 840 337 0.253 0.418 y=-2.2702x + 1559.3

Hamomena: x —apurmernuka cpequaa, MAX — makcumy™m, MIN — vuanmym, STDEV — crannapana nesujarmja, SKEW — xoedunumjent
acumerpuje, KURT — xoedunnjent 3ao6smenoctn, TREND — JIuneapan tpenn.
Note: x — mean, MAX — maximum, MIN — minimum, STDEV - standard deviation, SKEW — Skewness, KURT — Kurtosis, TREND

— Linear trend.

HaBenene yna3ne Bapujadie KopuiheHe cy
3a M3payyHaBame 27 eKCTPEMHHUX KIMMATCKUX
nHaekca koje je mpernopyuno CCI/CLIVAR
TUM €KcIepara 3a ACTeKIH]y CaBPEMEHHX
kiumarckux npomjena u uajekce (ETCCDI) 3a
NPOIfjeHy KJIMMAaTCKUX mpoMjeHa. Jlepunummje
WHJIEKCAa EKCTPEMHUX TEMIIePaTypa U TTaJaBHHA
KOopuIheHuX y UCTPaKUBaKy AOCTYIHE Cy Ha

The input variables were used for
calculation of 27 extreme climate indices
recommended by the CCI/CLIVAR Expert
Team for Climate Change Detection and
Indices (ETCCDI) for climate change
assessment. Definitions of the extreme
temperature and precipitation indices used
in the study are available at http://etccdi.
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http://etcedi.pacificclimate.org/list 27 indices.
shtml (ETCCDI, 2009). [Topen Tora, koputrheHo
j€ JOII HeKOJIMKO MHICKcA Ie(PUHUCAHUX Ka0 y
Alexander et al. (2006).

N3abpanu nHaekcu o0yxBarajy:

- afcoNlyTHEe WHJCKCE: MaKCHMajHa THEBHA
MuHUMaiHa TeMieparypa (TNx), MuHuManHa
nHeBHa MuHUManHa temneparypa (TNn),
MaKcuMajHa JHEBHAa MaKCHMaliHa
temreparypa (TXx), MUHUMaJIHa JHEBHA
MakcuMaiHa Temneparypa (TXn), roqumma
KOJIMYMHA TaJaBUHA Ha BIAXHE JaHE
(PRCPTOT), najseha 1-mHeBHa KOTWYMHA
nanasuHa (RXl1day), najseha 5-nHeBHa
kormmanHa nagaBrHa (RXS5day) u cranmapaau
THEBHU UHTEeH3UTET nagasuHa (SDII);

- HHJIEKCE 3aCHOBaHE Ha MEPLEHTUIIMMA:
xnanHe Hohu (TN10p), xmamHu maHU
(TX10p), Torute Hohu (TN90p), Torun maHu
(TX90p), Beoma Biaxkuu panu (R95p) u
M3y3€eTHO BIakHH JaHu (R99p);

- MHJIEKCE 3acHOBaHe Ha (QPHUKCHUM
BpHjeIHOCTHMA TIparoBa: Opoj JeIeHHUX
nana (IDO0), 6poj mpasnux gana (FDO),
Opoj speTHHux manHa (SU2S5), 6poj Tpornckux
nana (SU30), 6poj Tponckux Hohu (TR20),
BiaxHu JaHu (R1mm), qanu ca IHTEH3UBHUM
nagaBuHama (R10mm), manu ca Beoma
WHTEH3UBHUM NajaBuHamMa (R20mm) u nanu
ca rnajgaBuHama Bumum o1 25 mm (R25mm);

- HHJEKCE 3aCHOBaHE HA JIy)KUHU Tpajama:
Tpajame Torux nepuona (WSDI), tpajame
xnagaux nepuona (CSDI), ny>xuHa Tpajama
Beretanonor nepuoaa (GSL), y3acronHu
cyBu nanu (CDD) u y3acTOITHM BIayKHU JaHU
(CWD);

- UHAEKCEe BapHjaOMIHOCTHU: JHEBHA
temneparypHa ammiutyna (DTR) u
aricolyTHa MHTPAaroJulllikba TeMIepaTypHa
ammuutyna (ETR).

WHnekcu cy wu3padyyHaTu yHoTpedom
RClimDex (1.0) codtBepa (Zhang & Yang,
2004). OCHOBHHM CTaTUCTUYKH MapaMeTpu
BPEMEHCKHUX cepuja ofgabpaHuX EKCTPEMHUX
KJIMMAaTCKUX MHeKca faatH ¢y y Tao. 2.

pacificclimate.org/list 27 indices.shtml
(ETCCDI, 2009). In addition, a few more
indices defined as in Alexander et al. (2006)
were calculated.

The selected indices cover:

- absolute indices: maximum value of
daily minimum temperature (TNx),
minimum value of daily minimum
temperature (TNn), maximum value
of daily maximum temperature (TXx),
minimum value of daily maximum
temperature (TXn), annual total wet-day
precipitation (PRCPTOT), highest 1-day
precipitation amount (RX1day), highest
5-day precipitation amount (RX5day)
and simple precipitation intensity index
(SDII);

- percentile-based indices: cold nights
(TN10p), cold days (TX10p), warm
nights (TN90p), warm days (TX90p),
very wet days (R95p) and extremely wet
days (R99p);

- fixed threshold-based indices: number
of icing days (IDO0), number of frost
days (FDO), number of summer days
(SU25), number of tropical days (SU30),
number of tropical nights (TR20), wet
days (R1mm), heavy precipitation days
(R10mm), very heavy precipitation days
(R20mm) and number of days above 25
mm (R25mm);

- duration-based indices: warm spell
duration index (WSDI), cold spell
duration index (CSDI), growing season
length (GSL), consecutive dry days
(CDD) and consecutive wet days (CWD);

- variability indices: daily temperature
range (DTR) and intra-annual extreme
temperature range (ETR).

The indices were calculated using
RClimDex (1.0) software package
(Zhang & Yang, 2004). Basic statistical
characteristics of the selected indices time
series are given in Tab. 2.



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

Ta6. 2. OCHOBHHM CTaTUCTUYKH MapaMeTPHU BPEMEHCKUX CEpHja EKCTPEMHHX KIMMATCKUX HHICKCA Y
nepuony 1961-2015. ronune
Tab. 2. Basic statistical parameters of the extreme climate indices time series
in the 1961-2015 periods

Wupexe / Index X MAX MIN STDEV | SKEW KURT TREND
TXx 38.91 43.10 34.60 1.90 -0.015 -0.583 y=0.0541x +37.389
TXn 0.47 4.80 -6.60 2.46 -0.595 0.317 y =10.0305x - 0.3879
TNx 24.76 28.50 21.60 1.69 0.422 -0.704 y =0.063x +22.999
TNn -4.99 -0.90 -10.90 2.25 -0.390 -0.237 y =0.0432x - 6.2004
TX10p 34.12 64.82 14.02 11.25 0.486 0.088 y =-0.3242x + 43.194
TX90p 51.28 93.99 16.58 21.34 0.444 -0.635 y=0.9018x +26.034
TN10p 32.54 56.91 9.02 11.98 0.040 -0.682 y =-0.4242x + 44.42
TN90p 51.28 93.99 16.58 21.34 0.444 -0.635 y=0.9018x +26.034
1IDO 1.15 15.00 0.00 2.64 3.877 16.792 y=-0.0291x + 1.9616
FDO 20.18 37.00 2.00 8.74 -0.060 -0.778 y=-0.2013x + 25.818
SU25 126.96 151.00 94.00 12.91 -0.300 -0.040 y=0.3174x + 118.08
SU30 65.51 113.00 26.00 17.86 0.263 0.283 y=0.5357x + 50.509
TR20 28.60 68.00 8.00 14.49 0.693 0.167 y=0.5661x + 12.749
WSDI 14.04 72.00 0.00 17.21 1.515 1.883 y=0.7084x - 5.8
CSDI 4.73 25.00 0.00 6.99 1.348 0.669 y =-0.0747x + 6.8202
GSL 342.71 364.00 304.00 14.82 -0.758 0.605 y=0.3302x + 333.46
DTR 9.92 10.93 8.96 0.44 -0.045 -0.181 y =0.005x +9.7814
ETR 43.90 49.60 38.40 2.83 0.087 -0.609 y=0.0109x + 43.59
PRCPTOT 1485 2484 834 337 0.262 0.437 y =-2.2469x + 1548.2
RX1day 80.80 127.00 51.30 19.53 0.720 -0.091 y =0.2523x + 73.735
RXS5day 153.86 269.90 90.90 35.92 0.941 1.650 y=0.0983x + 151.1
SDII 14.32 19.10 9.80 1.96 0.151 0.343 y =0.0099x + 14.044
R1mm 103.05 134.00 74.00 15.20 0.031 -0.794 y =-0.2489x + 110.02
R10mm 48.38 74.00 25.00 10.93 -0.065 -0.410 y =-0.0785x + 50.58
R20mm 24.82 51.00 10.00 7.57 0.568 1.688 y =-0.0587x + 26.461
R25mm 18.44 34.00 6.00 6.08 0.063 -0.145 y=-0.043x + 19.64
R95p 331.74 766.50 54.10 147.04 0.727 0.690 y=0.3743x + 321.26
R99p 109.86 374.10 0.00 101.96 1.112 0.653 y=1.6201x + 64.499
CDD 29.89 67.00 17.00 11.35 1.393 1.570 y =-0.0235x + 30.549
CWD 8.51 18.00 5.00 2.60 1.690 4.843 | y=0.0072x + 8.3071

Hamomena: Kao y Ta6. 1./ Note: As in Tab. 1.

C o003upoM Ha TO Ja Cy MpPEeTXOJHA
uctpaxusama (Popov et al., 2017a; Popov et
al., 2017b) yTBpauia TPEHIOBE EKCTPEMHHUX
KJIMMATCKHUX MHAEKCA HA aHAITM3UPAHOM MOZIPYY)Y,
oBa cTyaMja (OKycHpa ce Ha HCTPaXKUBAHE
MPOMjeHa BbUXOBUX AUCTPUOYIIHjaA. Y UIBY TaJber
UCIIUTHBAKA TIPOMjEHA EKCTPEMHUX KITMMaTCKUX
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Given that previous studies (Popov et al.,
2017a; Popov et al., 2017b) determined trends
in extreme climate indices over the study
area, this survey focuses on investigation
of changes in their distributions. In order
to further examine changes in extreme
climate indices (and to confirm observed
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uHzekca (M moTBphHBama youeHUX TPEHIOBA) Yy
nepuony 1961-2015. rogune, 3a cBaku MHAEKC
u3padyHare cy (pyHKIHje TyCTHHE BjepoBarHohe
(PDFs) 3a aBa mormepuoma: 1961-1990. u
1991-2015. ronune. Pe3ynraru cy npuka3zaHu Ha
rpadukoHrMa. /IBOCMjepHH HemapameTpujCKu
Konmoropos-CMupHOB TecT 3a [Ba y30pKa
npumujewseH je y XLSTAT Bep3uju 2014.5.03
Kako OM ce TECTHpAJIO Jia JIi Cy Ce AUCTPUOYIHje
MHJEKCAa 3Ha4ajHO MpOMHUjeHuIe u3Mmely aBa
HaBeJIeHA MePUo/Ia.

Konmoropos-CmupuoB Ttect (K-C Tecr)
HEMapaMeTPHUjCKU je TeCT KOjU C€ KOPUCTH
na Ou ce yTBpIOWIO J1a JIM C€ paclofjeiie /Ba
y30pKa pasiuKyjy. JenaH je on HajkopHITheHHjuxX
HemapaMeTpHjCKUX MeToia 3a ynopehupame
JIBa y30pKa, IMOILITO je OCJeT/bUB Ha pPa3jIMKe
U y JIOKallMjCKOM TapaMeTpy U y Mapamerpy
o0JIMKa eMIUPHjCKUX KyMyJaTUBHUX (pyHKIM]ja
pacrionjene aBa y3zopka (Dodge, 2010). Tect
KBaHTHU(HKY]je pacTojame n3Mel)y eMIupujcKux
¢yHkuja auctpulynuje aBa y30pKa — ako
MPETIOCTAaBUMO Ja NPBU Y30paK UMa yTBpheHy
KyMyJlaTuBHy pacnogjeny ¢ynkuuje F(x), a ga
npyru y3opak G(x), D ce neunume kao Hajsehe
BEPTHUKAIHO pacTojame u3Mel)y nBuje eMnupujcke
¢ynkmje nuctpudyumje (Dodge, 2010):

D = ™2 |F(x) — G(x)|

Hcnmtuana Hynra xunoreza HO mmacu: oba
y30pKa uMajy ucty auctpuoynujy: F (x) = G(x)
3a cBako X. Hynra xumoresa oxmbairyje ce ako je
W3padyHara p-BpHUjeIHOCT HIKa of Ae(hUHUCAHOT
HHBOA 3Ha4YajHOCTH aya (y OBOM CiTy4ajy 3a HUBO
anda oapehen je a = 0.05).

Takohe, ananm3upane cy mpoMjeHe BpHjeIHOCTH
napamerapa auctpubyuuje [eHepannzoBaHUX
exctpemHux BpujenHoctd (I'EB muctpubynmja)
(JToKarMjcKor MmapaMmeTpa, mapamerpa JTUcCTep3nje
U mapamerpa oOJMKa) MAaKCUMAaTHUX TOJUIIEUX
BpujenHoctr Tmax, Tmin u R. C o063upom Ha
TO 1a je Teopuja ekctpemue BpujenHoctu (TEB)
(Ha xojoj je 3acHoBana I'EB) rpana crarucruke
KOja OIMHCYje TIOHAIamke HajBehuX BpUjETHOCTH
y cepuju (Coles, 2001; Kioutsioukis et al., 2010),
MOTOJIHA je 3a aHaJu3y MPOMjeHa KIMMAaTCKUX
ekctpema. CBe je Behm Opoj HCTpakuBama

trends) during the 1961-2015 periods, the
probability density functions (PDFs) for
each index were calculated for two sub-
periods: 1961-1990 and 1991-2015. The
results were displayed on plots. Two-tailed
nonparametric Kolmogorov-Smirnov test
for two samples was performed in XLSTAT
Version 2014.5.03 to test whether the indices’
distributions changed significantly between
the two specified periods.

The Kolmogorov-Smirnov test (K-S test)
is a nonparametric test used to determine
whether two distributions differ. It is one of
the most useful nonparametric methods for
comparing two samples, as it is sensitive to
differences in both location and shape of the
empirical cumulative distribution functions of
the two samples (Dodge, 2010). It quantifies
a distance between the empirical distribution
functions of two samples — suppose that the
first sample has an observed cumulative
distribution function of F(x) and that the
second sample has an observed cumulative
distribution function of G(x), the D is defined
as the greatest vertical distance between two
empirical distribution functions (Dodge,
2010):

D = ™% |E(x) — G(x)|

The tested null hypothesis HO is: both
samples follow the same distribution: F (x)
= G(x) for each x. The null hypothesis is
rejected if the computed p-value is lower than
the significance level alpha (in this case level
alpha was set at a =0.05).

Further, changes in Generalized Extreme
Value (GEV) distribution parameters
(location, shape and scale) of the annual
maximum Tmax, Tmin and R were analzyed.
Given that the Extreme Value Theory (EVT)
is the statistics branch that describes the
behavior of the largest observations in a
dataset (Coles, 2001; Kioutsioukis et al.,
2010), it was suitable for the analysis of
changes in climate extremes.

There is a growing number of research
using the EVT to examine changes in extreme
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koja kopucte TEB 3a yrBphuBame mpomjeHa
eKcTpeMHHX Kimumarckux norahaja (Fischer et al.,
2012; Furi6 & Meneu, 2011; Goubanova & Li,
2007; Kharin et al., 2007; Kioutsioukis et al., 2010;
UnkaSevi¢ & Tosi¢, 2009). ITpema teopemu Fisher-
Tippett, xkoja unnu cymruny TEB, acummnToTcka
pacnonjena makcumyma npunana Fréchet, Weibull
i Gumbel muctpuOyuuju, 6e3 o03upa Ha
OPUTHHAIIHY AUCTPUOYLIHN]y KOpUITNEHHX M0/1aTaKa
— CTOra ce IMOHAIIake KpajeBa cepuje rmojaraka
MOXe ofpeuTy 13 oBe Tpu auctpudyimje (Coles,
2001; Kioutsioukis et al., 2010). daekcuOmIHOCT
I'EB-a 3a onucuBame cBa TpU THUIIA NTOHAIAKA
KpajeBa QUCTpHOYIMje YMHU j€ YHUBEP3ATHUM
ajaToM 3a MOJENOBame OJIOKOBa MaKCHMyMa
(amp. rogummer) (Kioutsioukis et al., 2010). ¥V
OBOM HCTpaXkuBamy, oljeHa mapamerapa ['EB
TUCTPUOYyIMje TOOUIIBUX MakCUMyMa Tmax,
Tmin u R uzBpuiena je xopumhemeM MeTona
MakcuMaiHe Bjepogoctojuoctu (MLE). Mopen
I'EB auctpubyumje nma GpyHKImjy 1uctpulymje
cibeneher ooOnmmka:

o= o e

neunucany 3a {z:1 + §(z — pn)/o > 0},
rJje mapaMeTpH 3aJ0BOJbaBajy —© < U < ©, G
>0wu -0 <E<oo, rgecy |, o u & yrBphenu
nmapamMeTpu AUCTpuOyunuje koju onpehyjy
JIOKaIHjy, TUCIIeP3Ujy U OOJIUK AUCTpUOyIIH]e,
pecnextuBHO (Coles, 2001). Jlokamujcku
mapamMeTap [ W Imapamerap IUCIEep3Hje ©
OJITOBapajy CpeamOj BPUJETHOCTH U BapHjaHCU
eKcTpeMa, pecrnekTuBHO. [lapamerap ob6nuka
§ IOUKTUpa TMOHAallake Kpaja MaKCHMyMa
pacrojijernie, Tj. ONMUCYje HETOB OOIHK — aKo je
¢ meratuBan (Weibull nuctpubynuja), ropmu
Kpaj je orpanmueH; ako je & Hyma (Gumbel
IUCTpUOYyIMja), CBH MOMEHTH Cy OTpaHUYCHH;
ako je & mosutmBaH (Fréchet muctpubyrmuja),
TOPH:H KPaj j€ HEOTPAHWUEH, aJIA BUIIIA MOMEHTH
eBeHTyanHo nocTajy Oeckonaunu (Coles, 2001;
Kioutsioukis et al., 2010).

Y1BpheHn <Ccy MOBpaTHH MEPHOAU
MakcuMmaiaHuX Tmax, Tmin u R. TloBparam
neproj P-ronuna neduHncaH je Kao BpUjeTHOCT

climate events (Fischer et al., 2012; Furi6
& Meneu, 2011; Goubanova & Li, 2007,
Kharin et al., 2007; Kioutsioukis et al., 2010;
UnkaSevi¢ & Tosi¢, 2009). The Fisher-Tippett
theorem, which is in the core of the EVT,
suggests that the asymptotic distribution of
the maxima belongs to a Fréchet, Weibull,
or Gumbel distribution, regardless of the
original distribution of the observed data —
therefore, the tail behavior of the data series
can be estimated from one of these three
distributions (Coles, 2001; Kioutsioukis
et al., 2010). The flexibility of the GEV to
describe all three types of tail behavior makes
it a universal tool for modeling block maxima
(e.g. annual) (Kioutsioukis et al., 2010). In
this study, fitting of the GEV distribution to
the stated samples of annual maximum Tmax,
Tmin and R was performed using the method
of maximum likelihood estimation (MLE).
The GEV distribution model has distribution
functions of the form:

o= o 2]

defined for {z:1 + {(z — n)/c > 0}, where
the parameters satisfy —o < pu < o0, 6 > 0,
and —oo < § < o, where y, o, and § are the
adjustable parameters of the distribution that
determine the location, scale, and shape of
the distribution, respectively (Coles, 2001).
The location parameter p and the scale
parameter ¢ are respectively, proportional to
the mean and the variance of extremes. The
shape parameter & dictates the tail behavior of
the maximum distribution, i.e. describes the
shape of the tail — if & is negative (Weibull
distribution), the upper tail is bounded; if &
is zero (Gumbel distribution) all moments are
finite; if & is positive (Fréchet distribution),
the upper tail is still unbounded but higher
moments eventually become infinite (Coles,
2001; Kioutsioukis et al., 2010).

Further, return levels of Tmax, Tmin
and R maxima were determined. The P-year
return level was defined as the value that is
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KOJy TOJIUIIIHa BPUJEAHOCT EKCTpeMa y POCjeKy
npeBazuhe cBakux P-roguna (Tj. BpHjEIHOCT KOjy
TOJUIIIELM MAKCUMYM HaJIMAIIU y HEKOj ofipeheHo)]
roguau ca BjepoBarHohom p) (Coles, 2001). ¥
OBOj CTYIUjU U3padyHare cy BpujeqHocT Tmax,
Tmin u R 3a noBparne nepuoze ox 2 u 20 roguHa.
R maker extRemes (Gilleland & Katz, 2016)
KopHIlNeH je 3a ONMUCaHy aHaU3y eKCTPEMHHUX
BPH]jETHOCTH.

PE3VIITATU 1 AMCKYCUJA

[Ipocjeune roauImbe BPHjeTHOCTH YITa3HUX
Bapujabnu Tmax, Tmin u R koje cy xopunthene
3a M3pauyHaBame EKCTPEMHUX KIMMAaTCKHX
WHJIEKCA y LUjeJIOM MTOCMATPAHOM IEPHONLY U
y nBa notnepuoga: 1961-1990. u 1991-2015.
npukazase cy y Tao. 3. Y mocmarpanoM repuoy,
u Tmax u Tmin 3a0ubexuiie cy U3paxeHy
TeHJCHILIM]y TopacTa, JOK Cy IMpPOCjeuHe
TOAMIIIELE KOMUKMHE majiaBuHa (R) cmamene.

exceeded by an annual extreme on average
once every P years (i.e. the value exceeded
by the annual maximum in any particular
year with probability p) (Coles, 2001). In
this study, 2- and 10-yr return levels were
calculated for Tmax, Tmin and R. extRemes
package for R (Gilleland & Katz, 2016)
was used for performing this extreme value
analysis.

RESULTS AND DISCUSSION

Average annual values of input variables
Tmax, Tmin and R, used for calculation
of extreme climate indices, for the full-
observed period and the two sub-periods
1961-1990 and 1991-2015 are shown in
Tab. 3. During the observed period, both
Tmax and Tmin displayed prominent
upward tendency, whereas average annual
precipitation (R) decreased.

Tab. 3. [Ipocjeune roauIIme BPHjeTHOCTH YIa3HUX BaprjabiIH y IHjEI0OM MOCMaTPaHOM MEPUOTY U
y aBa notrnepuoja u pesynraru K-C Tecra
Tab. 3. Average annual values of input variables for the full-observed period and the two sub-
periods and the results of K-S test

Ipocjek / Average K-C rect / K-S test
Bapwujabma / Variable
1961-2015 1961-1990 1991-2015 D p-Bpujentoct / p-value
Tmax 20.39 19.94 20.93 0.66 <0.0001
Tmin 10.46 10.08 10.91 0.6667 <0.0001
R 1495.75 1522.74 1463.36 0.3067 0.1244

Cn. 1 u pesynratu K-C Tecra npukazanu
y Tab. 3 jacHo mokasyjy aa cy PDFs u Tmax
u Tmin 3abmwbexune 3Ha4ajHO (p<0.0001)
MoMjepame NpeMa BHUIIUM BpPHUjETHOCTHMA
Temneparype (Tj. TOIUIMjUM  YCIOBUMA).
[ToceObHO wm3pakeHEe TpOMjeHE 3a0MIBEKECHE

Fig. 1 and the K-S test results given in
Tab. 3 clearly show that PDFs of both Tmax
and Tmin displayed a significant (p<0.0001)
shift towards higher temperature values (i.e.
warmer conditions). Particularly pronounced
changes were recorded in the upper tail of
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Cy y TopmeM Kkpajy mauctpuOyrnumje. PDFs
MaJlaBUHA HUCY IOKa3aje 3HayajHe MpPOMjeHe
mmelhy mepuoma 1961-1990. u 1991-2015.
rogune. Mehytum, npumujeheHo je nosehame
TOPHET Kpaja AUCTPUOYIIH]E.

distribution. Precipitation PDFs did not exhibit
significant changes between the 1961—1990
and 19912015 periods. However, increase in
upper tail of distribution is noticed.

Ca. 1. dyHkuyje rycTuHe BjepoBaTHOhe roIUIIBUX yiaa3HUX Bapujadiau y nepuony 1961-1990.
(uctipexnana nunuja) u 1991-2015. (nyHa nuHuja)
Fig. 1. Probability density functions of annual input variables for the 1961-1990 (dashed line) and
1991-2015 (solid line) periods

[Ipocjeune roaumime BPHUJETHOCTH
EKCTpEeMHUX KJIMMAaTCKUX HWHAEKca Yy
nujenomM mocmarpanom mepuony (1961—
2015) u y aBa nornepuona: 1961-1990. u
1991-2015. rogune nare cy y Ta6. 4. Co.
2 moka3syje na cy u3Mmel)y aBa HaBejeHa
nepuoja mopacie mpocjedyHe BPUjEIHOCTH
TOTJIMX TEMIIEpaTypHUX HHAeKca (HIp.
TXn, TX90p, TN90p, SU25, SU30, TR20
u WSDI), nok cy mpocjeune BpUjeIHOCTH
XJIaTHUX HWHIeKca cmameHe (Hmp. TNn,
TX10p, TN10p, IDO u FDO). Hapouuto
BHCOKa CTOIIa IopacTa 3a0HUJbeKeHa je 3a
WHJEKC Tpajame TOIUIUX Tajlaca — u3Mehy
JBa Tiepuoja mpocjedda Bpujeqaoct WSDI
noehana je roroBo 5 myrta. Y HaBeJAECHOM
nepuony, Opoj naHa ca maaaBuHaAMa
R1Imm, R10mm, R20mm u R25mm Onaro
je cmameH. C npyre cTpaHe, CBU HHJCKCH
WHTCH3UBHHUX TMaJaBUHA, Kao IITO CYy
RX1lday, RX5day, SDII, R95p u R99p,
NoKa3aliu Cy TCHIACHIIU]Y ImopacrTa.
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Average annual values of extreme
climate indices for the full-observed
1961-2015 periods and the two sub-
periods: 1961-1990 and 1991-2015 are
given in Tab. 4. Fig. 2 shows that between
the two specified periods average values
of warm temperature indices increased
(e.g. TXn, TX90p, TN90p, SU25, SU30,
TR20 and WSDI), whereas average values
of cold ones decreased (e.g. TNn, TX10p,
TN10p, ID0O and FDO). Particularly high
growth rate was recorded in the duration
of warm spells — between two periods
WSDI increased almost 5-fold. During that
period, number of days with precipitation
RImm, R10mm, R20mm and R25mm
slightly decreased. On the other hand, all
intensity indices such as RX1day, RX5day,
SDII, R95p and R99p displayed an upward
tendency.
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Ta6. 4. IIpocjedHe ToIUIIHE BPUjEIHOCTA EKCTPEMHUX KIMMATCKUX MHIEKCA Y IIH]jEeTIOM
MOCMaTPaHOM TEPHOY M Y JIBa MOTIEPHOIA
Tab. 4. Average annual values of extreme climate indices for the full-observed period and the two
sub-periods

HE?;;‘; " | 19612015 | 1961-1990 | 1991-2015 H?f;é‘; " | 19612015 | 1961-1990 | 1991-2015
TXx 38.91 38.14 39.83 GSL 34271 336.73 349.88
TXn 0.47 0.30 0.66 DTR 9.92 9.84 10.01
TNx 24.76 2391 25.79 ETR 43.90 43.61 44.24
TNn -4.99 -5.48 441 PRCPTOT | 1485.29 1511.93 1453.33

TX10p 34.12 37.99 29.47 RX1day 80.80 76.61 85.82
TX90p 51.28 37.97 67.26 RX5day 153.86 152.74 155.20
TN10p 32.54 37.90 26.11 SDII 14.32 14.13 14.55
TN9Op 51.28 37.97 67.26 R1mm 103.05 106.43 99.00
DO 1.15 1.50 0.72 R10mm 48.38 49.33 47.24
FDO 20.18 21.97 18.04 R20mm 24.82 26.00 23.40
SU25 126.96 122.00 132.92 R25mm 18.44 19.23 17.48
SU30 65.51 57.27 75.40 R95p 331.74 315.97 350.67
TR20 28.60 20.27 38.60 R99p 109.86 84.24 140.61
WSDI 14.04 5.23 24.60 CDD 29.89 30.23 29.48
CSDI 473 5.00 4.40 CWD 8.51 8.47 8.56

Cn. 2. TIpomjeHe MpoCjeyHHX TOTUIIBLIX BPHjEIHOCTH €KCTPEMHHX KIIMMATCKUX MHACKCA Y
nepuoay 1991-2015. y ogaocy Ha nepuoa 1961-1990. (y %)
Fig. 2. Changes in annual extreme climate indices average values in the 1991-2015 periods
compared to the 1961-1990 periods (in %)
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[Ipomjene PDFs roagummux uHACKCA
EKCTPEeMHUX TeMIleparypa W TaJaBHHA Y
nepuony 1991-2015. rogune y oaHoCcy Ha
nepuon 1961-1990. ronune npukasase cy Ha
Cn. 3 u Ca. 4. Pesynratu nBocMmjepror K-C
TEeCTa 3a CBE MHJICKCE TEMIIepaTypa U aJaBHHA
npukazanu cy y Tao. 5.

Amnanu3za rpadukona PDFs nokasyje na cy,
KaKko Ce€ M OYEKHBAJIO, TOIIM TEeMIIepaTypHU
WHAEKCHU TOMjepHIM CBOje IUCTPUOYyIIH]E
npeMa BHIIMM BpHjeIHOCTUMA HHJIEKCA,
JOK je oaroBapajyhe momjepame Ka HUKUM
BPH]jEIHOCTIMA MHJIEKCA YTBPHEHO KO XJIaHIX
unjekca. Pesynraru K-C Tecra norBpaunm cy
na BehnHa TeMmepaTrypHUX MHJEKCA MOKa3yje
3Ha4yajHEe MpPOMjEeHE y AUcTpuOyuuju usmelhy
nBa nepuoaa. HesnatHe mpomjeHe yTBpheHe
Cy caMmo 3a MUHUMAIIHE BpHjeIHOCTH Tmax u
Tmin (TXn u TNn), 3a uHIEKCE BapHjaOMUITHOCTH
temreparype DTR u ETR u 3a xmagne
temneparypHe uniaekce FDO, IDO u CSDI
300T BUXOBE BPJIO PUJETKE TI0jaBe Ha MOAPYY]y
Mocrtapa. Cn. 3 mokasyje na je JOILIO [0
noMjepama ka Behoj yuecTalocT TOIUIUX JaHa
u torumx Hohm (TX90p m TN9O0p) kpajem 20.
BHjeKa U Ha TIOUETKy 2 1. BUjeKa, I1ITO je TIOBE3aHO
ca ToMjepameM Ka Marm0j YIeCTaJIOCTH T10jaBe
xnagaux gaHa u xuaaaux Hohu (TX10p wu
TN10p). Pesynraru K-C tecra motBphyjy aa
cy PDFs oBa uernpu temneparypHa MHAEKCA
MoKa3aje CTAaTUCTUYKH 3HadyajHE IPOMjeHE.
Haj3nauajuuje npomjene yTBpheHe cy 3a ropmu
Kpaj] AUCTpUOYyIHje TOIIMX JaHAa W TOIUIUX
Hohu. OcuM TOTra, YMHHU ce€ Ja ce€ U OOJIHK
mucTpuoOymje npomujeHno. Cnuaan oOpaciu
MpOMjeHa yTBphEHU 3a TOIUIE JaHE U TOIUIE
HONM yCTaHOBJEHU Cy W 3a JUCTPUOyLHjE
MaKCUMAITHHUX TOJHIITBHUX BpUjenHOCTH Tmax u
Tmin (TXx u TNx). Hacympor Tome, pacriomjena
MUHHUMAJTHUX TOJMIIBAX BPUjeTHOCTH Tmax u
Tmin (TXn u TNn) HUje 3Ha9ajHO MPOMH]jCHEHA
n3mely nBa aHanu3upaHa nepuoaa. 3HayajHo
noBehame ropmer Kpaja IMCTpuoOyIje yTBpheHo
je 3a Torute Temrieparypse uaaekce SU30, TR20
u Hapouuto WSDI.

90

Changes in PDFs for each annual extreme
temperature and precipitation indices in the
1991-2015 periods compared to the 1961—
1990 periods are displayed in Fig. 3 and Fig.
4. The results of a two-tailed K-S test for
all temperature and precipitation indices are
summarized in Tab. 5.

The analysis of PDFs plots showed
that, as expected, warm temperature indices
shifted their distributions towards higher
values, whereas the corresponding shift
to lower index values was determined for
cold ones. The K-S test results confirm that
majority of temperature indices displayed
significant distributional changes between
the two periods. The insignificant changes
were determined only for the minimum
values of Tmax and Tmin (TXn and TNn),
for temperature variability indices DTR and
ETR and for cold temperature indices FDO,
ID0 and CSDI due its very rare occurrence
over the Mostar area. Fig. 3 shows that there
was a shift towards higher frequency of warm
days and warm nights (TX90p and TN90p)
occurrence at the end of the 20 century and
the beginning of the 21st century, associated
with a shift towards the occurrence of fewer
cold days and cold nights (TX10p and
TN10p). The K-S test results show that PDFs
of these four temperature indices exhibited
statistically significant changes. The most
notable changes were found for the upper
tail of the warm days and warm nights
distributions. In addition, it seems that shape
of distribution also changed. Similar patterns
of change as for the warm days and warm
nights were detected for maximum annual
values of Tmax and Tmin (TXx and TNx).
In contrast, distribution of minimum annual
values of Tmax and Tmin (TXn and TNn) did
not changed significantly between the two
observed periods. A marked increase in the
upper tail of the distribution was determined
for warm temperature indices SU30, TR20
and particularly WSDI.



[TTACHUK - HERALD 22




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

Ca. 3. dyHkuyMje rycTUHE BjepoBaTHONE rOIUIIBUX HHIEKCA EKCTPEMHUX TEMIIEparypa y Nepuoay
1961-1990. (uctipeknana nunuja) u 1991-2015. (nmyna nuauja)
Fig. 3. Probability density functions of annual extreme temperature indices for the 1961-1990
(dashed line) and 1991-2015 (solid line) periods

Ta0. 5. Ilpomjene nuctpulylrja TOIUIIBUX EKCTPEMHUX KIMMATCKUX MHIEKca n3Mel)y nepuona
1961-1990. u 1991-2015.
Tab. 5. Changes in distribution of annual extreme climate indices between the 1961-1990 and
1991-2015 periods

Unpnexc /

p-BpHjeaHocr /

Unpexc /

P-BpHUjeaHOCT

Uunexe /

P-BpHjeaHOCT

Index D p-value Index D / p-value Index D / p-value
TXx 0.4667 0.0032 SuU25 0.4200 0.0109 RXS5day 0.1867 0.6823
TXn 0.1200 0.9836 SU30 0.4667 0.0032 SDII 0.1667 0.8067
TNx 0.6400 <0.0001 TR20 0.6133 <0.0001 R1mm 0.2933 0.1575
TNn 0.2400 0.3628 WSDI 0.6067 <0.0001 R10mm 0.3200 0.0972
TX10p 0.4400 0.0066 CSDI 0.1000 0.9985 R20mm 0.4133 0.0129
TX90p 0.7267 <0.0001 GSL 0.4333 0.0078 R25mm 0.3600 0.0435
TNI10p 0.4667 0.0032 DTR 0.2400 0.3628 R95p 0.2200 0.4724
TN9Op 0.7267 <0.0001 ETR 0.2333 0.3975 R99p 0.3067 0.1244
IDO 0.1800 0.7251 PRCPTOT 0.3067 0.1244 CDD 0.1933 0.6391
FDO 0.2600 0.2710 RXl1day 0.3000 0.1402 CWD 0.0867 0.9999
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HucTpubynuje wWHIEKCA EKCTPEMHHUX
najjaBMHa HE TOKa3yjy jelIHOCTaBHE oOpaciie
roMjepama y pacrnoajenu usmely aBa HaBeneHa
nepuona (Ci. 4). Pesynraru K-C tecta nokazyjy
na cy ce camo PDFs nnnekca R10mm, R20mm u
R25mm crarucTiyku 3Ha4ajHO IOMjepuJie mpema
HWKMM BPHjETHOCTHMA UHJIEKCA, Tj. K& MAabEM
M0jaBJbUBARY JaHA Ca HABEIICHUM KOJTMYMHAMA
najaBuHa y IpyroM nepuony. [Ipomjene cBux
OCTaJIMX UH/IEKCA M1aJJaBUHA HUCY OWJIe 3HaYajHe.
WHnexcu MHTEH3WBHUX TajJaBUHA IOKa3yjy
noBehame BapujaHce AUCTPUOYIIHjE U TIPOMjEHE
obmuka auctpudynuje. Pedynraru ykasyjy Ha
noBehame ropmer Kpaja TucTpulyLyje nHaeKca
WHTEH3UBHUX NajaBuHa kao mrto cy SDII,
RX1day, RX5day, R95p u R99p (acumerpuja
y TpoMjeHamMa kpajeBa auctpuoOymmje). PDFs
unekca CDD u CWD nokasyjy aa ¢y ce BbUXOBe
TUCTpUOYIIHje BeoMa Majio IPOMHjEHHIIE.

The extreme precipitation indices did
not show a simple shift in the distribution
between the two specified periods (Fig.
4). The K-S test results showed that only
the PDFs of R10mm, R20mm and R25mm
exhibited statistically significant shifts
towards fewer days with these precipitation
amounts in the latter period. Changes
in all other precipitation indices were
insignificant. Heavy precipitation indices
displayed increase in distribution variance
and changes in shape of the distribution.
The results showed particularly pronounced
increase in the upper tail of heavy
precipitation indices such as SDII, RX1day,
RX5day, R95p and R99p (an asymmetry
in the changes of the distribution tails).
PDFs of CDD and CWD showed that little
changes in the distribution occurred.
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Cn. 4. ®yHKIMje TyCTHHE BjepOBaTHONE TOMUIIHLUX WHIEKCA CKCTPEMHUX MaJaBHHA Y TICPUOIY
1961-1990. (ucnipexumana muanja) u 1991-2015. (myna nuHMAja)
Fig. 4. Probability density functions of annual extreme precipitation indices for the 1961-1990
(dashed line) and 1991-2015 (solid line) periods

[Topen yTBpheHux MpoMjeHa y
pacriomjeiaMa  TOMUIIEBLUX  BPEMEHCKHX
cepuja, JTOJATHO Cy HMCTPaXUBAHE TPOM]jCHE
PDFs ce3onckux yma3Hux Bapujabmu Tmax,
Tmin u R, ka0 u ogabpaHuX EKCTPEeMHHX
xmmMarckux wHAekca (TX10p, TX90p wu
RX1day). IIpocjeune ce30HCKE BPHjEIHOCTH
yJIa3HUX Bapujabiau U ogabpaHuX eKCTPEMHHX
KIIMMATCKUX WHJCKCA 3a IMjeJI TIOCMaTpaHu
TIEPHOJ U 32 JIBa MoTnepuosa aare cy y Tao. 6.

In addition to determined shifts in
distribution of annual time series, changes in
PDFs of seasonal input variables Tmax, Tmin
and R as well as selected extreme climate
indices (TX10p, TX90p and RXlday) were
further investigated. Average seasonal values
of input variables and selected extreme climate
indices for the full-observed period and the
two sub-periods are given in Tab. 6.



[TTACHUK - HERALD 22

Tab. 6. [Ipocjeune ce30HCKE BPUjEIHOCTH YIa3HUX BapHjaliiu 1 ofabpaHuX eKCTPEMHUX
KJIMMAaTCKUX WHJIEKCA Y IHjEJIOM TIOCMAaTpaHoOM MEPHOLy U Y JBa MOTHEpUOIa
Tab. 6. Average seasonal values of input variables and selected extreme climate indices for the full-
observed period and the two sub-periods

Wuneke / Index 1961-2015 19611990 1991-2015 Wupnekce / Index 1961-2015 1961-1990 1991-2015
Tmax — 3/w 9.82 9.54 10.18 TX10p —3/w 8.68 9.82 7.25
Tmax — n/sp 19.66 19.21 20.21 TX10p — n/sp 8.52 9.19 7.72
Tmax — sb/su 30.90 29.96 32.02 TX10p — sb/su 7.68 9.57 5.40
Tmax — j/a 20.94 20.81 21.11 TX10p —j/a 9.36 9.59 9.08
Tmin — 3/w 2.98 2.75 3.27 TX90p — 3/w 11.24 9.63 13.25
Tmin — n/sp 9.11 8.75 9.55 TX90p — n/sp 12.29 9.62 15.48
Tmin — sb/su 18.30 17.61 19.12 TX90p — 5b/su 16.43 9.48 24.76

Tmin — j/a 11.28 11.04 11.56 TX90p —j/a 11.43 9.33 13.96
R—-3/w 482.84 495.25 467.95 RXl1day — 3/w 59.24 60.65 57.47
R —m/sp 356.08 379.37 328.14 RXlday — n/sp 51.16 49.94 52.62
R —1/su 190.93 196.32 184.45 RX1day — m/su 41.75 42.53 40.82

R—j/a 467.85 450.03 489.23 RX1day —j/a 71.35 67.64 75.80

Ananmuza npocjeunux BpujenHoctu (Tao.
6) u PDFs (Cn. 5) ce3onckux Tmax u Tmin
MoKasyje 3HavyajHa NoMjepama IpemMa BUIINM
BpHjeTHOCTUMA TeMIIEpaTypa y IpyroM Mmepuosy
(mpomjeHe koje HHCY 3Ha4yajHe yTBpheHe cy
camo 3a Tmax y jecern u Tmin y 3umy) (Tab.
7). IlpomjeHe cy moceOHO Ouiie U3paKeHEe Y
CE30HM JbeTO (MOTPEeOHO je HAOMEHYTH Jia Cy
y OBOM MEpHOAY TOIWHE yTBpleHE H3paKeHe
MpoMjeHe y TopwmeM Kpajy pacmopjene). PDFs
TOILIOT TemieparypHor wunzaekca TX90p
MOMjepeHe Cy IMpeMa BHIIUM BPHjEIHOCTUMA,
1ok cy PDFs xnagHor temmnepaTypHOT MHIEKCA
TX10p momjepeHe kKa HUXKHUM BPHjeIHOCTHMA
unaekca (Cn. 6). Pesyntatu K-C tecra (Tab. 7)
MOKa3yjy Aa cy MPOMjeHe XJIaJHOT TeMIIEpaTypHOT
MHJIEKCa 3Ha4YajHe caMo y ce30HH JbeTo. Hacympor
TOME, 3HayajHEe MPOMjeHE TOIUIOT HHJIEKCa
YCTaHOBJbEHE Cy TOKOM IMjeNie TOAMHE, OCUM
y ce3oHu 3uma. Ce30HCKe MalaBUHE TOKa3yjy
Mame M3paKEHE MPOMjeHe. 3HauajHa IoMjeparba
IpeMa HWKHUM BpHjeTHOCTHMA (Tj. Ka CYyBJBHM
ycIIOBHMA) yTBpheHe cy camo y ce30HH TpoJbehe.
3a0uspeKeHe MPOMjeHE MAKCUMATHUX TOTUTITEHRIX
nanaBuHa (RX1day) Hucy 3HauajHe HU y jelHO]
CE30HM.

The analysis of averaged values (Tab.
6) and PDFs (Fig. 5) of both seasonal Tmax
and Tmin showed a significant shift towards
higher temperature values in latter period
(insignificant changes were detected only for
Tmax in autumn and Tmin in winter) (Tab.
7). Changes were particularly pronounced
in summer season (it should be noted that
in this time of the year prominent changes
were detected in upper tail of distribution).
The PDFs of warm temperature index TX90p
shifted towards higher values, whereas the
PDFs of cold temperature index TX10p
shifted to lower values (Fig. 6). The K-S
test results (Tab. 7) showed that changes in
cold index were significant only in summer
season. In contrast, warm index displayed
significant shifts throughout the year, except
in winter. Seasonal precipitation exhibited
fewer changes. Significant shift towards
lower values (i.e. drier conditions) was
detected only in spring season. Changes
observed for maximum annual precipitation
(RX1day) were insignificant in all seasons.
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Cn. 5. dyHKIMje TYCTHHE BjepOBaTHONE CE30HCKHUX BPH]EIHOCTH YIa3HUX Bapujadiu y IEPHOIY
1961-1990. (ucnpexnaana muuuja) u 1991-2015. (myna nunuja)
Fig. 5. Probability density functions of input variables seasonal values for the 1961-1990 (dashed
line) and 1991-2015 (solid line) periods
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Tab. 7. [Ipomjene auctpudyIja Ce30HCKUX BPUjEAHOCTH yIa3HUX Bapujabiu U onadpaHux
EKCTPEMHHX KIMMATCKHX MHJeKca u3Mehy nepuona 1961-1990. u 1991-2015.

Tab. 7. Changes in seasonal values of input variables and selected extreme climate indices

distributions between the 1961-1990 and 1991-2015 periods

Unpnexc / Index

Tmax

Tmin

R

p-BpHjemHOCT

p-BpHjemHOCT

p-BpHjemHOCT

b / p-value b / p-value b / p-value
3uma / Winter 0.3250 0.0944 0.2500 0.3270 0.1600 0.8441
[posbehe / Spring 0.4267 0.0093 0.5200 0.0007 0.3600 0.0435
Jbero / Summer 0.6200 0.0000 0.7933 0.0000 0.2600 0.2710
Jecen / Autumn 0.1867 0.6823 0.4200 0.0109 0.1667 0.8067
TX10p TX90p RX1day
Munekc / Index . . .
P-BpHjeaHOCT P-BpHjeHOCT P-BpHjeHOCT
D D D
/ p-value / p-value / p-value
3uma / Winter 0.2167 0.5061 0.3000 0.1483 0.2333 0.4109
[possehe / Spring 0.1467 0.9085 0.4600 0.0039 0.2400 0.3628
Jbero / Summer 0.4467 0.0055 0.7400 0.0000 0.2200 0.4724
Jecen / Autumn 0.1333 0.9555 0.4467 0.0055 0.1800 0.7251
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Cn. 6. dyHK1IM]e TYCTHHE BjepOBaTHONE CE30HCKHUX BPHjEIHOCTH 01a0paHUX eKCTPEMHUX
KJIMMAaTCKUX uHAekca y nepuoay 1961-1990. (ucnpexunana nunuja) u 1991-2015. (nmyna aunuja)
Fig. 6. Probability density functions of selected extreme climate indices seasonal values for the
1961-1990 (dashed line) and 1991-2015 (solid line) periods

VYTBphene BpujeaHoctu mapamerapa I'EB
TUCTpUOyLIHje 3a MHjeIu TMOCMaTpaHu TMEePUO.
W 3a JIBa MOTIEpHojJa mnpukazaHe cy y Tab. 8.
3a nujenu aHanusupanu nepuox 1961-2015.
ronuHe, yrBphenu napamerpu 3a Tmax (W, o, §) =
(38.27, 1.89, -0.313), ca cranmapITHIM rperrkaMa
0.28, 0.20 u 0.09, pecnekTuBHO, a 3a Tmin (L,
o, &) = (24.05, 1.46, -0.112), ca crangapaHumM
rpemkama oa 0.23, 0.17 u 0.13, pecnexkTuBHO.
[Mapamerap obnuka () HeratuBaH je u 3a Tmax
u 3a Tmin; ctora, Weibull nuctpubynuja mo6po
oJIroBapa OBUM cepHjama nogaraka. 1 Tmax u
Tmin umajy ropmy rpaHuiLy, Tj. HOCTOje KOHAYHE
BPHjEIHOCTH KOj€ C€ HE MOTY MPEKOPAYUTH.
[Tapamerpu oxpehenu 3a R (u, o, &) = (71.83,
15.36, -0.0004), ca crangapaHum rpemrkama 2.41,
1.79 u 0.12, pecniektuBHO. Buie BpujenHoctu
Jokanujckor nmapamerpa Tmax u Tmin (3a oko
2°C) y nepuony 1991-2015. rogune y ogHocy Ha
niepuof 1961—1990. roqune cyrepurity TeHICHIIN]Y
nopacta 3arpujaBama oa 1990-ux. Bume
BPH]ETHOCTH MapaMeTapa IUcrep3nje mokasyjy aa

The estimated GEV distribution
parameters for the full-observed period and
for the two sub-periods are shown in Tab. 8.
For the full-observed 1961-2015 periods,
the Tmax parameter estimators (u, o, &) =
(38.27, 1.89, -0.313), with standard errors
of 0.28, 0.20 and 0.09, respectively; whereas
for the Tmin parameter estimators (U, ¢, &) =
(24.05, 1.46, -0.112), with standard errors of
0.23, 0.17 and 0.13, respectively. The shape
parameter (&) is negative for both Tmax and
Tmin; therefore, the Weibull distribution
fits these data sets well. Both Tmax and
Tmin have an upper limit, so there are finite
values that cannot be exceeded. For the
R parameter estimators (u, o, §) = (71.83,
15.36, -0.0004), with standard errors of 2.41,
1.79 and 0.12, respectively. Higher values of
location parameter for both Tmax and Tmin
(for about 2°C) in the 1991-2015 periods
compared to the 1961-1990 periods suggest
increasing warming tendency since 1990s.
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ce BapujadwIHOCT AUCTpulyIHje Takohe nmosehasna
y IpYTOM TepHOTy. AHaJH3a IOBPAaTHUX TIEPHOIa
MoKasana je Aa cy 2-roauiimu U 20-roauiimu
norahaju u Tmax u Tmin nmocranu yoOuyajeHuju
on 1990-ux. HaBeneno mosehame BpUjeTHOCTH
TIOBPATHUX MepHoa OUIIO je HEeIlITO U3pakeHH]e 3a
Tmax. Ananmusa mapamerapa ['EB nuctpubytmje
TOIMIIBUX MAaKCUMAJIHUX TaJlaBUHA IOKa3aja
j€ J1a ce BpHjeIHOCT JIOKAIMjCKOT MapaMerapa
noBehana y mepuony 1991-2015. rogune y
OJTHOCY Ha pedepeHTHH NEpUoI, MTO yKazyje Ha
nosehame MHTEH3UTETa NajaBuHa. M3pauyHate
BPUjENHOCTH 2-roaumimer u 20-ToauIimer
MOBpaTHOT mepuoaa Takohe cy moehane y
oqHOCY Ha pedepeHTHH nepuoj. Hasemeno
jé y carmacHOCTH ca pe3yiTaTuMa J00HjeHHM
3a EBpomy. AHanu3a U3BpIIEHA 3a MEPUOA
1951-2010. roquHe ToKa3ana je aa cy, YIpKoc
3HA4YajHO] JIeKaJHO] BapujabmiHocTu, 5-, 10- u
20-romumbu gorahaju RX1day (amm m RX5day)
y npBoM 20-roguIIBbeM MEepUoLy TI'e€HEPATHO
noctanu yemhu TokoM mepuona ox 60 roauHa
(Van den Besselaar et al., 2013). 3narno Beha
BPH]jEIHOCT MapamMeTpa AUCIep3uje ykaszyje Ha TO
Jla ce U BapHjaOWUITHOCT TMajaBuHa Takohe Beoma
npomujenuna. [ToBehana BpujeqHoCT mapamerpa
JMCTIep3Uje y JAPYTOM TEpHOAY y CKIamay je ca
npomjeHama PDFs romummsux PRCTOT, RX 1day,
RX5day, R95p u R99p. Ha npumjep, 1owu kpaj
muctpudynuje PRCTOT momjepro ce ka CyB/bHM
YCJIOBHMA, JIOK C€ TOPHH Kpaj IUCTpHOyIHje
MIOMjepHO MpeMa BIaKHUJUM YCIOBUMA.

Higher scale parameter values indicate that
distribution variability also increased in latter
period. The analysis of estimated return levels
showed that the 2-year and 20-year events of
both maximum Tmax and Tmin have become
more common since the 1990s. This increase
in return levels values was somewhat stronger
for Tmax. Analysis of annual maximum
precipitations GEV distribution parameters
showed that location parameter value
increased in the 19912015 periods compared
to the reference period, which indicates an
increase in precipitation intensity. Estimated
2-year and 20-year return levels values also
increased compared to the reference period.
This follows the results obtained for Europe.
Study carried out for the 1951-2010 periods
found that, despite considerable decadal
variability, 5-, 10- and 20-year events of 1-day
(but also 5-day) precipitation for the first 20-
year period generally became more common
during the analyzed 60-year period (Van den
Besselaar et al., 2013). Much higher value
of scale parameter suggests that precipitation
variability was also very affected. Increased
scale parameter in latter period is consistent
with changes observed for the PDFs of annual
PRCTOT, RX1day, RX5day, R95p and R99p.
For instance, the lower tail of PRCTOT
distribution shifted towards drier conditions,
whereas the upper tail of distribution shifted
towards wetter conditions.

Ta6. 8. ITapamerpu 'EB aucTpuly1uje u MoBpaTHU MEPUOIU U3PATYHATH 32 TOAUIIHE MAKCUMAITHE
Tmax, Tmin u R
Tab. 8. Estimated GEV distribution parameters and return levels fitted to annual maximum Tmax,

Tmin and R
[Tapamerap / Parameter Tmax Tmin R
1961-2015 | 1961-1990 | 1991-2015 [ 1961-2015 | 1961-1990 | 19912015 | 1961-2015 | 1961-1990 | 1991-2015
Jloxamuja / Location 38.269 37.597 39.341 24.051 23.308 25.318 71.836 69.895 76.645
Hucnepsuja / Scale 1.889 1.595 1.899 1.459 1.020 1.451 15.363 11.984 20.408
O6nuk / Shape -0.313 -0.309 -0.445 -0.112 0.008 -0.327 0.000 -0.023 -0.162
[oBparau nepuonu / Estimated return levels:
2-r. / 2-year 38.923 38.150 39.983 24.575 23.682 25.819 77.466 74.269 83.908
20-r. / 20-year 41.922 40.697 42.470 27.736 26.376 28.074 117.443 | 104.315 | 124.778
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3AKJbYYHAK

V pany cy aHaJM3UpaHe MpoMjeHe eKCTPEMHUX
TeMIieparypa U najaBuHa Ha noapydjy Moctapa
(bocHa m XepuerosuHa) TOKOM IIepHojJa
1961-2015. rogune. Cryauja ce ¢okycupa Ha
UCTPaXXMBambE MPOMjeHa y TUCTPUOYIIMjU HHAEKCA
EKCTPEMHHX TeMIIepaTypa U najaBuHa u3Mmelhy
nepuona 1961-1990. u 1991-2015. ronune.
@DyHKIMje TYCTUHE BjepoBaTHONE 3a CBAKU MHJIEKC
u3padyHare Cy 3a JiBa HaBe/leHa MOTIEepPHOna, a
JBOCMjepHH Hemapamerapujcku Kommoropos-
CMHpHOB TeCT NIPUMHUjEH-EH je J1a Ou ce yTBpAUO
CTATUCTUYKH 3Ha4aj youeHUX npomjeHa. JlooujeHu
pe3yaTar Mokasyjy Jia Cy TOIUTH TEeMIIEpaTypHU
WHJIEKCU TIOKa3ajdu 3HauajHO TMoMjepame Ka
BehrM BpHjeAHOCTUMA HMHJEKCA, Koje je OmIo
MHOT'O M3pa)KeHHje OJ1 TIOMjeparba MpeMa HIKUM
BPHjEJHOCTHMA HMHJAEKCA YTBPHEHUM 3a XJIaJTHe
ungekce. Mebhyrtum, obGa obpacma mpomjeHa
TUCTpUOyIMja MHIIEKCa YKa3yjy Ja je Ha MoApYYjy
Mocrapa mpHucyTHa TEHJEHIMja 3arpHjaBamba.
Hajuspaxenuje mnpomjeHe mnpumujehene
Cy y ce30HH JbeTo. MHIOEKCH EeKCTpEeMHHUX
NaJlaBUHa HUCY TOKa3alld jeJHOCTaBHE oOpaciie
nomjepama IucTpuOyIHje u3mel)y aBa HaBeneHa
nepuona. [Ipomjene mapamerapa qucTpuOyIuje
I'eHepann30BaHUX EKCTPEMHUX BPHjEAHOCTH
(moxamuja, nucnep3uja W OONMK) yKasyjy Ha
noBehame WHTEH3UTETa WU BapUjaOMIIHOCTH
EKCTPEMHHUX TeMIIepaTypa 1 Ma/IaBUHa.

Pesynratu 1o0MjeHH y OBOM HCTPaXHBAY
carlacHU Cy ca pe3ylTaTHMa JIPYTHX CTyauja
eKCTPEMHHX KIMMAaTCKUX yCJIOBa y OBOM JIHjely
EBpome. J[lajba ucTpakuBama CBaKaKO Cy
HEOITXO/IHa, jep he youeHe mpoMjeHe KIMMATCKUX
EKCTpeMa HMaTH BEJIHMKE COLIMOEKOHOMCKE MU
npupoaHe nocsbenune. IlpomjeHe KIMMaTCKUX
eKCTpeMa 3HaTHO he yTHWLaTH HAa YUTaB HU3
JBbYJICKUX aKTUBHOCTH Ka0 LITO CY: MOJBOIIPUBPEIHA
TIPOM3BO/IEHA, YIIPABIHALE ITyMaMa, PEXKUM MOKapa,
notpede 3a BOJIOM, MPOM3BO/Ha U CHAO/IM]eBabe
€HEeprujoM, TypH3aMm, 3paBJbe JbYIH, 3aIITHTA
OuoauBep3uTeTa UTA. McTpaxknuBama y HapeTHOM
nepuony Tpeba ma ce (okycupajy Ha cTyauje
NpolLjeHe YTHIIAja, OMHOCHO Ha aHAJIM3Y YTHLaja
MpOMjeHa KIIMME Ha HaBEJICHE CEKTOpe.
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CONCLUSION

The paper addresses the issue of changes
in extreme temperature and precipitation over
Mostar area (Bosnia and Herzegovina) during
the 1961-2015 periods. The study focuses
on investigation of changes in distribution
of extreme temperature and precipitation
indices between the 1961-1990 and 1991
2015 periods. The probability density
functions for each index were calculated for
the two specified sub-periods and two-tailed
nonparametric Kolmogorov-Smirnov test was
applied to determine statistical significance
of the observed changes. Given the obtained
results, warm temperature indices displayed
a significant shift towards higher index
values, which was much more prominent
than the shift towards lower index values
determined for the cold ones. However,
both patterns of change suggest a warming
tendency over the Mostar area. The most
prominent changes were detected in summer
season. The extreme precipitation indices did
not show a simple shift in the distribution
between the two specified periods. Changes
in the Generalized Extreme Value (GEV)
distribution parameters (location, scale and
shape) suggest that intensity and variability
of extreme temperature and precipitation
increased.

The results obtained in this survey
are similar to the results of other studies
in this part of Europe related to climate
extremes. Further research on these issues
is certainly necessary given that observed
changes in climate extremes will have a
wide socioeconomic and natural impact.
Changes in climate extremes will affect a
range of human activities such as agriculture
production, forest management, fire regime,
water demands, energy production and
supply, tourism, people health, biodiversity
conservation, etc. They should focus on the
impact assessment studies, i.e. the analysis of
climate change effects on these sectors.
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VBOJI

TokoM MPOTEKINX HEKOJIUKO JeleHH]ja,
OpojHEe CTyauje IIMPOM CBHjeTa aHaIU3Upalie
Cy BapujaOUJIHOCT pHJEUHUX MpOTULAja ¥y
KOHTEKCTY PEIeHTHHX KIMMATCKUX IPOMjeHa
(Bai et al., 2013; Castino et al., 2017; Szolgayova
et al.,, 2014; Xu & Luo, 2015). I'mo6anna
HCTpaXMBama MpPOMjeHe KiauMe ymyhyjy Ha
HEOCTIOPHO 3arphjaBame KIMMATCKOT CHUCTEMa
(Intergovernmental Panel on Climate Change

INTRODUCTION

Over the past few decades, many studies
have analyzed the variability of river discharge
within the context of recent climate change (Bai
et al., 2013; Castino et al., 2017; Szolgayova
et al., 2014; Xu & Luo, 2015). Global studies
on climate change indicate definite warming
of the climate system (Intergovernmental
Panel on Climate Change [IPCC], 2014).
Analyses of air and ocean temperatures all
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[IPCC], 2014). Ananu3ze Temneparypa Ba3yxa 1
OKeaHa IIMPOM CBHjeTa MOKa3yjy KOH3UCTEHTaH
TPEH]l 3arpHjaBama KOjU TOCTaje U3PaXKECHUjH
kpajem 20. u mouetkoMm 21. Bujeka (Foster &
Rahmstorf, 2011). HenaBHe kmumarcke npomjeHe
Beh cy yTurane Ha o6anHu XUAPOOIIKH [UKITYC,
a e(eKkTH npomjeHa MaHuecTyjy ce y u3MjeHama
CE30HCKUX pEKHMMa NpPOTHIAja M ToBehaHO]
y4ecTaJOCTH TojaBe noriasa u cyma (European
Environment Agency [EEA], 2017). AxryenHu
npobieMu y ynpaBjbamby BOJHUM pECypcHMa y
JMPEKTHO] Cy BE3H ca KIMMATCKUM IIPOMjeHaMa,
a OJJHOCE C€ Ha HUXOBY JOCTYIMHOCT, KBAHTUTET
U KBaJMTET, K0 ¥ Ha pU3UKe TOBE3aHE ca BhUuMa
(Li et al., 2016). dyropouno npaheme pujeqHOTr
MPOTHUIaja UMa BEJIMKM 3HAuUa] 3a HU3ydaBambe
BapyjaOMIIHOCTH KJIUME Ha CyOKOHTHHEHTAJIHOM
HHUBOY. Y TOM CJIy4ajy, IPOTUIIQjH UMajy IIPEIHOCT
y OJHOCY Ha M30JI0BAHO OCMAaTpame IMaJaBUHA
Ha METEOPOJIOIIKUM CTAaHUIAMa, jep MPOTHIA]
npencTaBiba pedaekcujy He caMmo majgaBuHa Beh
U €BaloOTpaHCIUpalNje, JUTOJOLIKE IMOJJIore,
Mopdororuje pesbeda 1 BEreTallMOHOT MOKpUBava
(Pasquini & Depetris, 2007). lyropouHa aHanm3a
MPOTHIIAja HA HUBOY pUjedHNX OaceHa HEOMX0IHa
je 3a e(puKacHO IUIAHMpPAKE MU YIPaBJbabE
BogHNM pecypcuma (Croitoru & Minea, 2014).
[TpeTxonHe cTynuje Koje Cy CIIPOBEICHE y PETHOHY
jyroucroune EBporie yTBpauie cy na cy ce y
HEKHUM TMO/IPYYjuMa JOTOAMIIE 3HAYajHE TPOM]jEHE
PHjEeUHUX MpOTUIaja. 3HAYajaH HEraTuBaH TPEH]
TOJUIIIELUX U CE30HCKHX MPOTHUIIAja 3a0UIBEIKEH j€
Ha yKynHoM nipoctopy Cp6uje (y CBUM FOUIITEHUM
nobuma, ocuM y ce3ouu jeceH) (Kovacevic-Majkié
& Urosev, 2014). 3HayajHO CMambemHEe CPelbUX
npoTtunaja yrepheno je Ha BehuHu pujeka y
Crnosennju (Ulaga et al., 2008). ¥V Xpsarckoj,
TeHJIeHLIMja ToBehama NpoTHIIaja MPUCYTHA je Yy
ce30HaMa jeceH M 3MMa, JIOK je onanajyhu Tpena
KapaKTepUCTHYaH 3a ce30ny Jhero (Canjevac &
Oresi¢, 2015). Pesynraru uctpaxxuparmba TPEHI0BA
nportunaja y MakeJoHHjU TMOKa3alu Cy 3Ha4ajHe
HEraTUBHE CE30HCKE TPEHIOBE LIMPOM 3EMJbE
(Radevski et al., 2018).

[{wb pana je yTBpAUTH CaBpeMeHe POMjeHe
TOIUIIBUX U CE30HCKUX CPEImBbUX MPOTHIIAja
Ha pujer Canm. Taxole, nnsb je aHATU3UpPATH
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over the world showed a consistent warming
trend, which has become even more prominent
in the late 20th century and at the beginning
of 21st century (Foster & Rahmstorf, 2011).
Recent climate change has already affected
the global hydrological cycle and effects of
changes are manifested through changes in
the seasonal discharge regime and the growing
frequency of floods and droughts (European
Environment Agency [EEA], 2017). Current
issues in water resource management are
directly related to climate change, or to be
more specific to the availability, quantity,
quality and risks regarding the resources (Li
et al., 2016). Long-term monitoring of water
discharge is highly pertinent for the studies
of climate variability at the sub-continental
level. In this regard, discharges are more useful
than the isolated precipitation monitoring at
meteorological stations because the discharge
reflect not only the precipitation but also
the evapotranspiration, basin geology, relief
morphology and vegetation cover (Pasquini
& Depetris, 2007). The long-term analysis
of the river basin discharges is crucial for an
efficient planning and management of water
resources (Croitoru & Minea, 2014). Earlier
studies conducted in South-East Europe
confirmed that some areas had been affected
by significant changes in river discharges. A
significant negative trend in annual and seasonal
discharges has been determined over the entire
territory of Serbia (in all seasons except in
autumn season) (Kovacevi¢-Majki¢ & Urosev,
2014). A major decrease of mean discharges
was detected for most Slovenian rivers (Ulaga
et al., 2008). In Croatia, there has been a
tendency of increased discharge in autumn
and winter, whereas the decreased discharge is
typical of summer (Canjevac & Oresi¢, 2015).
Studies on discharge trends in Macedonia have
determined large negative seasonal trends over
the entire country (Radevski et al., 2018).

The aim of the paper is to investigate recent
changes in mean annual and seasonal water
discharges on the Sana River. In addition, the
aim is to analyze how discharge changes are
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IbUXOBY YCIIOBJBEHOCT IIpPOMjeHaMa KIHUMe
Ha HaBeJIEHOM MOJpPYyYjy, Ka0 M MOBE3aHOCT C
arMoc(epcKuM IUpKyalyjaMa BeJIUKUX pasMjepa
Ha CjeBEpPHOj XeMHUC]EpPH.

TIOJIALIM Y METOJIE

Pujexa Cana uzBupe y Jomwoj Ileukoj u
HajBeha je mpHuToKa pHujeke YHe, y KOjy ce YIuBa
ko Hosor I'pana.

conditioned by climate change in the target
area and to which extent are connected to
large atmospheric circulation patterns over the
northern hemisphere.

DATA AND METHODS

The Sana River originates in Donja Pecka
and it is the largest tributary of Una River in
which it flows near Novi Grad.

Cn. 1. I'eorpadcku nonoxaj cinuBa pujexe CaHe
Fig. 1. The geographical location of the Sana River watershed

[MToBpuHa cnuBa u3Hocu 3782 km?, mok
nykuHa pujeke uzHocu 146 km. Cpenma
HaJMOpCKa BHCHHA ciuBa u3HocH 505 m, a
MIPOCjE€UHH Ma/I0BH TepeHa y ciuBy nzHoce 10.9°.
PasBohe crnuBa pujexe Cane yrBpheHo je momohy

The watershed surface covers 3782 km?, and
the river is 146 km long. The mean altitude of
the watershed is 505 m and the average terrain
slope is 10.9°. The catchment of the Sana River
basin was determined by using DEM (Digital
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JEM-a (JlururaiaHor Mozena TepeHa) yrnorpeoom
I'MC rexnuxe. [Ipema knacuduxarmju C. Mnemmua
pujeky CaHy KapakTepuIlle TI0CaBCKa BapHjaHTa
TUTYBHO-HUBAJTHOT BOHOT PEXKHMA, KOjer OITHKY]Y
HAjBUIIU BOJOCTAjU y amnpuiy, a HajHWKU Y
aBrycry. Kiiuma y ciuBy Bapupa ofl IJIaHUHCKE,
y TOPHEM JMjeNly CIUBa, 10 KOHTUHEHTAJIHE U
YM]E€pPEHO-KOHTUHEHTAIHE Y CPEIHbEM U J0HhEeM
ToKy pujeke Cane. XuIpOJoOIIKa CTaHUIIA
[Ipujenop nmo3unMOHMpaHA je y JIOHEM JH]jeny
ciuBa Ha 31 km ox ymtha y pujexy Yay. Knumy
OBOT MOHEOsba OUTUKY]Y XJIaJHEe 3UME U TOIUIa
JbeTa.

AHanu3a TPEeHI0Ba MPOTHIAja Y TEPUOLY
1961-2014. ronuHe W3BpIICHA jeé HA OCHOBY
XUJPOJIOUIKHX TMOJaTaka O CPEAHUM MjEeCeUHUM
NpoTHIajuMa Cca XHUJPOJOUIKE CTaHUIE
[Mpujenop. VYV pamy cy kopumrheHu momanu
PenyOnuukor XUAPOMETEOPOIOMKOT 3aBOJA
Penrybnuke Cprcke. C 003upoM Ha TO na Ha
XUAPOJIONIKO] CTAaHUIM TMOCTOj€ TPEKUIU y
MjepemhruMa y paTHOM U MOCIIHj€PaTHOM TIEPUOLY,
M3BpIIEHA je eKcTpamojanuja Hexoctajyhux
mojaTaka Ha OCHOBY IojaTaka ca Hajonmmxe
XHUJPOJIOIIKE CTAHUIIE Ca JIOCTYITHUM Mjepermhuma
y onroBapajyhem mnepuony — [enubamuno
Ceno (Bpbac). CaBpemMeHHN TPEeHAOBHU CPEIHHUX
TOJMIIBUX M CE30HCKUX MPOTHLIAja YTBphEeHH Cy
HenapaMmeTpujckuM MaH-KeHnanoBuM tectom
KOjH c€ KOPHCTH 32 yTBP)UBAHE ITOCTOjarba TPEH 1A
y BPEMEHCKUM CepHjama U FlbUXOBOT CTAaTHCTUIKOT
3Ha4yaja ¥ HemapaMeTpHjckuM CEeHOBHM METOIOM
KOjUM je W3BpIIEHO onpehuBame MarHutyze
TpeHaa. CTaTUCTHYKAa 3HAYajHOCT TPEHAOBA
nedunucana je Ha HUBOy 90 %, 95 %, 99 % u
99.9 %. CBu npopadyHU U3BPILIEHH Cy yIIOTPEOOM
cratuctuukor mnporpama XLSTAT (version
2014.5.03).

OcuM TpeH10Ba, aHAJIM3UPaHE Cy MPOMjeHe
TUCTPUOYIIHja CPEIBbUX TOMUIIBIX H CE30HCKUX
npoTtuiaja u3Mehy /1Ba BUILIETOAMIIHA TIEPHOIA:
pedepentHor mepuona 1961-1990. rogune u
nepuona 1991-2014. ronune. OyHKIH]e TYCTHHE
BjepoBaTHOhe M3padyHaTe Cy 3a JIBa HaBEICHA
nepuoja M TPEJCTaBJbeHe Ha TpapUKOHHMA
n3pahernM y craructuyukom nporpamy RStudio
(version 1.1.383). JIBocMjepHHM HEMapaMeTPHjCKH
KonmoropoB-CmupHoB TecT KopuirheH
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elevation model) in GIS technique. According
to classification of S. IleSi¢, the Sana River has
typical Posavina pluvio-nival water regime
characterized by highest water levels in April
and lowest in August. The climate of the Sana
River basin varies from mountain climate in
the upper part of river basin to continental and
moderate continental in the mid and lower part
of river basin. Prijedor hydrological station is
located in the lower river basin, 31 km from its
mouth into the Una River. The climate in the
area is characterized by cold winters and warm
summers.

The analysis of the discharge trends in
the 1961-2014 periods was performed based
on the hydrological data on mean monthly
discharges collected from Prijedor hydrological
station. Data were provided by the Republic
Hydrometeorological Service of the Republic
of Srpska. Given that there were interruptions in
measurements at the hydrological station during
the war and post-war periods, the missing data
extrapolation was performed based on data from
the nearest hydrological station with available
measurements for target periods — Delibasino Selo
(the Vrbas River). Recent trends in mean annual
and seasonal river discharges were determined
by using the nonparametric Mann-Kendall test,
which is commonly used for the trend detection
in time series and its statistical significance, and
the non-parametric Sen’s method, which was used
in order to determine the trend magnitude.
The statistical significance of the trends was
defined at the 90 %, 95 %, 99 % and 99.9 %
level. All calculations were performed in the
XLSTAT program (version 2014.5.03).

In addition to trends, the changes in
distribution of mean annual and seasonal
river discharges between the two periods:
the reference 1961—1990 periods and the
1991-2014 periods have been analyzed.
Probability density functions were calculated
for the two specified periods and shown on
graphs created in RStudio program (version
1.1.383). The nonparametric Kolmogorov-
Smirnov test for two-samples was used to
assess the significance of differences in
distributions between the two periods.
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je 3a TecTHUpame 3HAYajHOCTH pas3iuKa y
muctpulynujamMa u3Mel)y aBa nepuoza.

VY by yTBphHBama OACTyIamba TOAUIIbHE
BPUJEHOCTH TPOTHUIIaja O] NpOCjeuHe,
OYEKMBaHe, BPUjeIHOCTH (OHOCHO yTBphUBama
na au ce yemhe jaBipajy Mame BOAHE WIH
BHUIIIE BOJHE TOJMHE) M3BPIICHO j& paHTHpambe
ronvHa 1mo BogHocTd. Ha oBaj HaumH moryhe je
MPATUTH MPOMjEHE y BOJHOM DPEKUMY pHjeKa.
VYnorpeba oBOr MeToja y XHIPOJOIIKHUM H
reorpad)ckiuM mpoydaBambHMa yKas3yje Ha TPeH]
y BULICTOJUIIHEM PEXKUMY BOJHOCTH jEIHOT
toka (Langovi¢ et al., 2017; Mycraduh, 2012).
Ha ocHOBy mnpocjeyHe rofuiime BpHjeIHOCTH
MPOTHLIAja Y aHAJTU3UPAHOM TEPHOAY U HETrOBE
CTaH/ap/He JICBHjallH]je, U3BPIICHO je paHTHpambe
TOJIHA TI0 BOJAHOCTH, 110 npuHImiy (Onokossuh,
1994):

In order to estimate the deviations
of annual river discharge from the mean,
expected value (i.e. to estimate which is more
frequent — years with less or more water),
years were ranked based on wateriness. In this
manner, it is possible to monitor changes in
the water regime of the rivers. The usage of
this method in hydrological and geographical
studies can indicate a trend in a long-term
water regime of a single river basin (Langovi¢
et al., 2017; Mycracduh, 2012). Based on the
mean annual discharge values during target
periods and the standard deviations, the years
were ranked based on wateriness according to
the following principle (Ouoxossuh, 1994):

<-30 Karactpodanno cymna roguna / Catastrophically dry year
-38 —-20 Beowma cymna roguna / Very dry year
-28 —-10 Cymna roguna / Dry year

-16 — 1 6 Cpenme BogHa roguHa / Average wateriness

16 —2 & Bonna roguna / Watery year

26 — 30 Beoma BogHa ronuHa / Very watery year
> 36 Karacrpodanno Bogna roguna / Catastrophically watery year

VY unsby yTBphHUBama yTHIlaja KIMMAaTCKUX
npoMjeHa Ha npoTHiaj pujeke Cane, H3padyHaTH
CYy TPEHJIOBH CPEIbHUX TOAUIIBUAX U CE30HCKUX
TeMIlepaTypa Ba3lyxa U CpeIbuX BUCHHA MTaJaBUHA
Ha MeTeopoJoIkoj ctanunu [Ipujenop y nepuony
1961-2014. ronune. TokoM mocMaTpaHor Mepuosa,
MeTeoporonika ctanuna [Ipujenop Huje Mujemana
JIOKaIMjy, a HeJoCcTajyhn mogamy u3padyHaTH Cy
EKCTpamnojalnujoM IojaTaka ca METEOPOJIOIIKE
cranune bamwa Jlyka. 3a nerepMuHUCamE
MelhyzaBucHoCcTH n3Mel)y HaBeIEHUX KITMMATCKUX
eJeMeHaTa M mpoTuIiaja, kopumiheH je [Iupconos
KOe(UIMjEHT Kopearuje.

Kako Oum ce yodeHe mpomjeHe MPOTHIIAja
mTo 6osbe 0OjacHWIIe, aHAIM3UPAHA je HUXOBa
MOBE3aHOCT ca aTMOC(epCKUM IUpPKYyIalujama
BEJIMKUX pa3Mjepa Ha CjeBepHO] XeMHC(epH.
AHanu3upana cy TpH NpUMapHa peXUMa
BapujabUIHOCTH arMocdepcke IUPKyIaIuje
n3Haj cjeBepHOr ATnanTrka (CjeBepHO-aTIaHTCKa
ocuunanuja (NAQO), HcToyHo-aTmaHTCKa

In order to estimate to which extent the climate
change affects the Sana River water discharge,
trends of mean annual and seasonal air temperatures
and mean precipitation at Prijedor meteorological
station were calculated for the 1961-2014 periods.
During the observed periods, there was no change
in location of Prijedor meteorological station, and
the missing data were extrapolated based on data
from Banja Luka meteorological station. Pearson
correlation coefficient was used to determine
interdependency between these climate elements
and the river discharges.

In order to evaluate the observed river
discharge changes, their connections with the
large atmospheric circulation patterns over the
northern hemisphere were analyzed. Three primary
modes of atmospheric circulation patterns were
analyzed (the North Atlantic Oscillation (NAO),
the East Atlantic pattern (EA), the East
Atlantic/West Russian pattern (EAWR)), as
well as the Arctic oscillation (AO). Data on
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ocuunanuja (EA) u MHWcrouHo-atmaHTcka/
3anmanHo-pycka ocnmiaanuja (EAWR)), kao
nu Apktuuka ocruinamnuja (AO). Ilomanmm o
HaBEJCHUM WHJACKCHMMa oOpa3ana riao0aiHe
LHUpKy/anuje arMocdepe NPUKYIJbEHU CY Of
National Oceanic and Atmospheric Administration
Climate Prediction Center (National Oceanic and
Atmospheric Administration Climate Prediction
Center [NOAA CPC], 2017). 3a xBaHTU(UKOBaHE
Be3a u3Mel)y TpeHJ0Ba MpoTHuIiaja U mI00AITHUX
oOpazara nmupkysamnuje armocdepe KopuimiheH je
ITupconoB koeduimjeHT Kopenaruje. CTaTucTuuka
3Ha4ajHOCT YTBplEeHNX Kopemaluja neduHncana 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 11 JUCKYCUJA

[Ipocjeynn TOMUIIHE U MjECEUHH JICKaIHU
TPEHIOBH Ka0 M CPEIHbE BPHjETHOCTH MPOTHIIAja
Ha XHUJIpOJIoKoj ctanuiy [lpujenop y nepuony
1961-2014. ronune mpukazanu cy y Tab. 1.
Hajsehe BpujenHoctu mporuiaja 3abusbexeHe
cy y cesonu mposbehe (119.7 m’/s), a Hajmame
y ce30HHU JbeTo (42.6 m¥/s). Pesynraru mokasyjy
Ja Cy Y CBHM TOJIHUIIBUM Ce30HamMa MPHUCYTHU
HETaTUBHU TPEHIOBU mpoTuinaja. Hnak,
cTaTUCTUYKU 3Ha4ajaH (p = 0.015) HeraTtuBan
TPEH]I MPOTHUIIaja YTBPHEH j€ jJeNMHO Y CE30HH
JbeT0. YTBpHEHO CMameme MPOTHIIaja Y CE30HH
seeto u3HocH 0.4 m*/s o penenuju. HeratuBuu
WHCUTHU(HUKAHTHU JCKATHU TPEHJOBU IIPOTHIIAja
3a0UJbEKEHU Cy Y CBUM OCTAJIUM CE€30HaMa, Kao
Y Ha TOAMIIHEM HUBOY.

these global atmospheric circulation patterns
indices were collected from the Climate
Prediction Center of National Oceanic and
Atmospheric Administration (National
Oceanic and Atmospheric Administration
Climate Prediction Center [NOAA CPC],
2017). Pearson correlation coefficient was used
to quantify relationships between discharge trends
and the global atmospheric circulation patterns. The
statistical significance of the estimated correlations
was defined at the 99.9 % (p < 0.001), 99 %
(0.001 <p<0.01), 95 % (0.01 <p <0.05) and
90 % (0.05 <p <0.10) level.

RESULTS AND DISCUSSION

The mean annual and monthly decadal
trends as well as mean values of river
discharges at Prijedor hydrological station
in the 1961-2014 periods are displayed in
Tab. 1. The highest discharge values were
registered in spring season (119.7 m?/s), and
the lowest in summer season (42.6 m?/s).
Results indicate that in all seasons there
are negative river discharge trends. Still, a
statistically significant (p = 0.015) negative
discharge trend was registered only in
summer. Discharge decreased in summer by
0.4 m?/s per decade. Negative insignificant
decadal discharge trends were registered in
all other seasons and at annual level.

Ta6. 1. Cpentbu rOAMIIBY U CE30HCKU POTUIIAJU U BbUXOBHU JCKATHH TPSHIOBH Ha XUIPOJIOIIKO]
cranuiy [Ipujenop (Cana) y neproay 1961-2014. rogune (m?/s)
Tab. 1. Annual and seasonal mean river discharges at Prijedor hydrological station and their decadal
trends in the 1961-2014 periods (m¥/s)

Cesona / Seasaon [Ipocjex / Average Haru6 tpenna / Trend slope
3uma / Winter 97.7 -3.45
[Ipossehe / Spring 119.7 -1.16
Jbero / Summer 42.6 -3.9¢
Jecen / Autumn 59.5 -0.7
loguna / Year 79.7 -2.65
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I'padukonu pyHKIMja TycTHHE BjepoBaTHOhe
TOIUIILUX U CE30HCKUX NPOTHIAja HA pHjelH
Cann y mepuomy 1961-1990. u 1991-2014.
ronuHe mnpukazaHu cy Ha Cn. 2. Pesynraru
JIBOCMjEepHOT HemapaMmeTrpujckor Kommoropos-
CMUpHOB TecTa TMOKaszyjy Ja Ha TOAMIIHEM
HUBOY M Y CBUM C€30Hama (OCHM Yy CE30HH JHETO)
HUCY 3a0uJbe)XKEHa 3HauajHa MOMjepame Mpema
HIDKAM WU BHIIUM BPHjETHOCTUMA Y TIEPUOILY
1991-2014. romuHe y omHOCYy Ha pedepeHTHU
nepuox (1961-1990). VrBphena mnomjepama
IUCcTpuOyIija TPOCJEUHUX MPOTHIAja Tpema
HIDKUM ~ BPUJEAHOCTHMA  CTAaTHUCTUYKH  CY
3HauajHa jeJJMHO y ce30Hu JbeTo (p < 0.0034).

Probability density functions of annual
and seasonal discharges of the Sana River for
the 1961-1990 and 1991-2014 periods are
displayed in Fig. 2. Results of the nonparametric
two-sample Kolmogorov-Smirnov test confirm
that there were no registered shifts toward either
lower or higher values in the 1991-2014 periods
when compared to the reference 1961-1990
periods at either annual or seasonal levels (except
in summer). The registered shifts in distribution
of mean discharge towards lower values were
only significant in summer season (p < 0.0034).

Cn. 2. ®yHKIMje TYCTHHE BjepoBaTHONE TOIUIITHLUX M CE30HCKHX MPOTHIIaja Ha XUIAPOIIOIIKO]
cranunu [Ipujenop y mepuony 1961-1990. (ucnipexkuana JuHuja) 1
1991-2016. (myHa nuHUja) ToaUHE
Fig. 2. Probability density functions of annual and seasonal discharges at Prijedor hydrological
station in the 1961—1990 (dashed line) and 1991-2016 (full line) periods

Panrupame roaumHa IO BOJAHOCTH Ha
xuaponomkoj cranunu Ilpujenop (Cana) y
nepuonay 1961-2014. ronune nprkazano je y Tao. 2
u Tab. 3. Y HaBeleHOM Meproy HUje 3a0IbekeHa
HHjeTHA KaTacTPO(aIHO CyIIHA HA KaTacTpodaiHo
BogHa ronuHa. Hajsehum yamo y ykymHOj

Ranking years based on wateriness at
Prijedor hydrological station (the Sana
River) for 1961-2014 periods is displayed in
Tab. 2 and Tab. 3. During the target periods,
there were no catastrophically watery and
catastrophically dry years. Mean watery years
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pacnofjen uMajy cpemame BonHe roaune (70.4
%). Panrupamem roguHa 1Mo BOAHOCTH YTBpheHA
Cy /iBa HajIy’Ka KOHTHHYUpaHa TIepPHUO/ia CPEIEbUX
BOJZIa KOJH CY TpajaJii 10 JeBeT rofuHa (y nepuomy
1961-1969. n 1981—1989. ronune). Beoma BoHa
6una je 2014. roquna kaja cy mupoM PerryOmike
Cpricke n pernoHa 3a0HJbexxeHe KaracTpodaiHe
TIOTUIABE, JIOK Cy BeoMa CyIIHe rofauHe oue 1994.
u 2011. roquna. HajekcTpemMHUje BpUjeTHOCTH
npoTuiaja 3abmbexene cy HakoH 1990. ronune
Ka/1a KJIMMAaTCKe MPOMjeHe M0CTajy HHTCH3UBHH]E.

hold the largest ratio in the total distribution
(70.4 %). Ranking years based on wateriness,
the two longest continuous periods of average
wateriness that lasted nine years each were
estimated (in 1961-1969 and 1981-1989
periods). The year of 2014 was very watery
and catastrophic floods were recorded across
the Republic of Srpska and the region. On
the other side, 1994 and 2011 were extremely
dry. The most extreme discharge amounts
were registered after 1990 as climate change
became more and more intensive.

Ta6. 2. bpojuanu u MPOLIEHTYAIHU YIUO TOIUHA MTPEeMa KaTeroprjama BOTHOCTH 32 XUAPOJIOMIIKY
cranuny [Ipujenop y nepuony 1961-2014. ronune
Tab. 2. Number and percentage of years by water richness at Prijedor hydrological station in the
1961-2014 periods

Xunponomka cranuna [pujenop (Cana) / Hydrological station Prijedor (Sana)
Panr / Rank Nllslfr?kj)erroi[? ;:a/rs v
Karactpodanuo cymna / Catastrophically dry - -
Beoma cymna / Very dry 2 3.7
Cymna / Dry 6 11.1
Cpenme BonHa / Average wateriness 38 70.4
Bonana / Watery 7 13
Beoma Bogna / Very watery 1 1.9
Karactpoganno Bonna / Catastrophically watery - -
VYkynHo / Total 54 100
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Ta6. 3. Panrupame roguHa 1o BOAHOCTH Ha XUAPOIIONIKOj cranuiiu [Ipujenop y nepuony
1961-2014. roqune
Tab. 3. Classification of years by water richness at Prijedor hydrological station in the
1961-2014 periods

[Mporumnaj /
Panr / Rank Discharge lonuna / Year
Qsr (m?/s)
Karactpodanno cymna / B
Catastrophically dry <249
Beoma cymna / Very dry | 25.0—43.2 1994, 2011
Cymna / Dry 43.3-61.5 1971,1990,2000,2003,2007,2012
1961,1962,1963,1964,1965,1966,1967, 1968,
Crenme BomHa | Averace 1969,1972,1973,1975,1977,1978, 1979,1981,1982,
D e 50| 61.5-97.9 | 1983,1984,1985,1986, 1987,1988,1989,1992,1993,
1996,1997, 1998,1999,2001,2002,2004,2005,2006,
2008,2009,2013
Bonna / Watery 98.0-116.2 1970,1974, 1976,1980,1991,1995,2010
Beowa poaua fVery | 4¢3 134 2014
watery
Karactpodanuo BogHa / _
Catastrophically watery ~134.6

[Ipocjeune BpUjEeAHOCTH TOAULIBHUX U
CE30HCKHMX TeMIeparypa W TaJaBUHA, Ka0 U
HUXOBH JICKaTHN TPEHOBH Ha METEOPOJIOIIKO]
cranuru Ilpujenop matu cy y Tab6. 4. VY
nocmarpanoM nepuoay 1961-2014. romuue
noapyuje [lpujeqopa omInMKyjy CTaTUCTHYKH
3HAYajHU TMO3UTUBHU TPEHIOBH TONUIIHBUX H
CE30HCKHUX TeMIleparypa Ba3ayxa. Hajuspaxxenuju
pact temmeparype 3a0HJbeXKeH je Yy Ce30Hama
sbeto u nposbehe — 0.58°C u 0.44°C o neneHuju,
pecnektuBHo. C npyre cTtpaHe, 3a0HIbEKEHH
Cy HMHCUTHU(HUKAHTHH TPEHIOBH CMambema
MPOCjeYHUX TOMUIIBUX M CE30HCKHX BUCHHA
najgaBuHa (OCUM y CE30HHU JeCeH y K0joj Cy
najgaBuHe nopacie 3a 10.7 mm no AereHuju).
CrartucTuiky 3Ha4ajaH TPEH]] CMambErba MaJaBuHa
3a0MJBEKEH € JeIMHO y Ce30HH JheTo (13.6 mm 1o
JICTICHU]H).

Mean values of annual and seasonal air
temperatures and precipitation as well as their
decadal trends at Prijedor meteorological
station are given in Tab. 4. During the target
1961-2014 periods, statistically significant
positive trends in annual and seasonal air
temperatures were registered in Prijedor area.
Most evident temperature increases were
registered in summer and spring — 0.58 °C
and 0.44°C per decade, respectively. On the
other hand, insignificant decreasing trends in
mean annual and seasonal precipitation were
found (except in autumn when precipitation
increased 10.7 mm per decade). A statistically
significant negative trend in precipitation
was registered only in summer (13.6 mm per
decade).
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Tab. 4. Cpenme roqunime U ce30HCKe BpujeqHocTr Temmeparype (°C) u magaBuHa (mm) U lbUXOBU
JIeKa/IHU TPEHIOBH Ha MeTeopoJonikoj cranuim [pujenop y nepuony 1961-2014. ronune
Tab. 4. Annual and seasonal mean temperatures (°C) and precipitation (mm) and their decadal
trends at Prijedor meteorological station in the 1961-2014 periods

Temneparypa / Temperature [TamaBune / Precipitation
Cesona / Season ITpocjek / Haru6 tpenna ITpocjek / Haru6 tpenna
Average value | /Trend slope | Average value | /Trend slope
3uma / Winter 0.9 0.39° 194.2 -2.9
[Tpossehe / Spring 11.3 0.44° 230.6 -0.52
Jbero / Summer 20.5 0.582 246.4 -13.6¢
Jecen / Autumn 11.2 0.22¢ 260.7 10.7
Tloguna / Year 11 0.46° 931.3 -8.02

Hanomena: Craructiuuku 3ua4ajuo Ha HUBOY 99.9 % (%), 99 % (°), 95 % (°) 1 90 % (%)
Note: Statistical significance at the 99.9 % (%), 99 % (°), 95 % (¢) and 90 % (¢) level

C 003upom Ha TO J1a Cy pUjEYHH MPOTHIIAJH
CHQ)XHO YCIIOBJBEHH TEMIIEPATypOM Basayxa W
BHCHHOM TaJaBUHA, U3BOAM CE 3aKJbydak aa
KIIMMATCKe MPOMjeHe 3HATHO YTUYY Ha PEKUME
pujeka. YTBpheHa je CTaTUCTHYKHM 3HavyajHa
MO3UTHUBHA Kopenanuja usMmely romummux
BpHjEIHOCTH MpoTHUlaja u nagasuHa (+0.769, p <
0.0001), ka0 ¥ CTaTUCTHYKM 3HAYajHA HEraTUBHA
Kopenanuja usMmel)y TOAMIIBUX TeMIeparypa
u nporumaja (-0.387, p = 0.004). Craructuyuku
3HaYajHa TMO3WTHBHA Kopejamuja wuisMmehy
MPOTHIIAja U TIaJIaBUHA YTBPhEHA je TOKOM Irjee
roguae. KoepuumjeHTH Kopenainuje KpeTaiu
cy ce y uateppaiy ox 0.626 no 0.763 (Tab. 5).
Hajcnaxnuja xopenanuja u3mely magaBuHa u
MpoTHIlaja 3a0MJbEXKEHA j€ y Ce30Hama 3uMa H
seero. [Topact Temmieparype Bazmyxa peduiekToBao
Ce Y CMambCHy TOMUIIHIX i CE30HCKUX MPOTHIIA)ja
Ha xuaposonikoj cranuiy [Ipujenop. Kao mro ce
Y OYEKMBAJIO, TEMIIEpATypa je UMalla jaud yTHIIA]
Ha TIPOTHIIA] Y TOIUIMJEM JHjeITy TOIMHE — HaJBUIIIN
koe(uIjeHT Kopenanuje yTBpheH je y ce30HH
mero (-0.491, p <0.0001).
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Given that the river discharge is highly
conditioned by air temperature and precipitation,
climate change has highly affected river regimes.
A statistically significant positive correlation
between annual discharge and precipitation
was determined (+0.769, p < 0.0001) as well
as a statistically significant negative correlation
between annual air temperature and river
discharge (-0.387, p = 0.004). The statistically
significant  positive  correlation  between
discharge and precipitation was found throughout
the year. Correlation coefficients were in the
range of 0.626—0.763 (Tab. 5). The strongest
links between precipitation and discharge
were registered in winter and summer. The air
temperature increase reflected in the decrease
of annual and seasonal discharge at Prijedor
hydrological station. Expectedly, temperature
affected the discharge more in a warmer part of
the year — the correlation coefficient was highest
in summer season (-0.491, p < 0.0001).
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Tab. 5. [TupcoHoB KoepuIjeHT Kopenanuje u3mMel)y romuimsuX 1 Ce30HCKUX MPOTHIIA]a,
Temrneparypa u naaasuna y Ilpujenopy y nepuony 1961-2014. ronune
Tab. 5. Pearson correlation coefficients between annual and seasonal discharges, temperatures and
precipitation in Prijedor in the 1961-2014 periods

Bapujabna / 3uma / ITpossehe / Jbeto / Jecen / lonuna /
Variable Winter Spring Summer Autumn Year
Tewnepatypa /| 17 -0.424° -0.491 -0.172 -0.3870
Temperature
Manazute / 0.763 0.626° 0.718" 0.717° 0.769*
Precipitation

Hanomena: CratucTUUKK 3Ha4ajHO Ha HUBOY 99.9 % (%), 99 % (°), 95 % (%) 1 90 % (%)
Note: Statistical significance at the 99.9 % (%), 99 % (°), 95 % (%) and 90 % (¢) level

[TosutuBHe @¢aze CjeBepHO-aTIAHTCKE,
HcTouno-arnanrcke/3anaiHo-pycke U ApKTHUKe
OCIMJIAIH]jE TIOBE3aHE Cy ca CyITHHM MeprHoIuMa
y jy’kKHOM U 1ieHTpasiHoM aujerny EBpore (NOAA
CPC, 2017). Crora, yrBphene Beze usmely oBux
oOpa3zana nupkynanuje atMmochepe 1 pujedHux
MpOTULaja HAa HUCTPAXKUBAHOM IMOJPYY]y CY
neratuBHe (Tab. 6). BapujabmiHocT Kiume y
EBponu momunaHTHO je ycnoBibeHa CjeBepHO-
aTIIAHTCKOM OCIMJIAINjOM, HapOYUTO TOKOM
ce3one 3uma (Hurrell et al., 2003). YV oBom aujeny
roauHe, TokoMm no3uTuBHe NAO dasze, Toruie u
BIT&)KHE Ba3/TyIITHE Mace aJIBEKTUBHHUM CTPYjabeM
nmpeHoce ce ka EBponu CHaXHUM 3amaJHUM
BjETPOBHMA M3HA]] CPEIGUX Te0rpad)CKHUX MHPHHA
LITO j€ NIOBE3aHO ca aHOMajMjaMa Ha MOAPYY]Y
WCJIaH/JICKOT HUCKOT Ba3AyIIHOT TMPUTUCKA H
BHCOKOT IPUTUCKA U3HA CYTITPOTICKOT ATITaHTHKA
(Hurrell et al., 2003; Rust et al., 2015). OBo noBonu
710 00pa30Bamka TOTUTUX U BIAKHH]UX BPEMEHCKUX
yclioBa IIUPOM cjeBeposananne Espone u cyie
y peruony Menutepana (Ionita, 2014; Krichak
& Alpert, 2005). Tokom ceszone 3uma, NAO u
EAWR o0pactuu 3HauajHO yTHYYy Ha TPOTHUIIA]
CaHe Ha MOCMAaTPaHOM XHJIPOJIOMIKOM MpohuiTy
(yTBpheHu koe(uIjeHTH Kopenaluje H3HOCUIN
cy -0.499 u -0.286, pecnektuBHO). CHaXXHA U
3HauajHa HeratuBHa Kopenanuja usmehy EA
oOpacuia u nporunaja Ha Canu yTBpheHa je y
CE€30HM JbeTo. ApkTHuka ociuianyja (AO) nma
BEJIMKH YTHIA] HAa KMy y EBporm, moceOHO y
HeratuBHO] (a3u KaJia ce XJ1aHe U CyBe Ba3/lyllIHe

Positive phases of the North Atlantic
Oscillation (NAO), the East Atlantic/West
Russia (EAWR) pattern and the Arctic
Oscillation (AO) are connected with dry
periods in South and Central Europe (NOAA
CPC, 2017). Hence, the relation between
these atmospheric circulation patterns
and river discharge in the observed area is
negative (Tab. 6). Climate variability in
Europe is dominantly conditioned by the
North Atlantic Oscillation, particularly in
winter (Hurrell et al., 2003). In this part of the
year, during the positive NAO phase, warm
and moist air masses circulate and transfer
towards Europe through strong west winds
above the mean altitudes, which is further
connected with anomalies in Icelandic low
air pressure area and sub-tropic Atlantic high
pressure area (Hurrell et al., 2003; Rust et
al., 2015). This causes the formation of warm
and moist weather in north-west Europe and
drought in the Mediterranean (Ionita, 2014;
Krichak & Alpert, 2005). In winter, the NAO
and the EAWR pattern largely affect the Sana
River discharge at the observed hydrological
profile (determined correlation coefficients
are -0.499 and -0.286, respectively). A
strong and significant negative correlation
between the EA pattern and the Sana River
discharge was registered in summer. The
Arctic oscillation (AO) highly affects climate
in Europe, particularly in the negative phase
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Mace M3 IMOJAPHUX U CyONOJNIApHHUX CjeBEPHUX
00JIacTy CIylITajy npema jy>KHOj M JyTOUCTOYHO]
EBpormu, ycioBsbaBajyhu CHHKEHE TeMIleparype
U cMameme pujeyHor mporunaja (Mihdila &
Briciu, 2015). 3nauajHa HeraTuBHa KopeJaluja
usmel)y AO u nporunaja Ha Canu yTBpheHa je
TOKOM I[UjeJIe TOJUHE, OCUM Yy CE30HHU JHETO.
HajcHaxxnuja kopenanuja 3a0usbexeHa je y Ce30HH
3uma (-0.652).

as the cold and dry air masses from polar and
sub-polar northern areas shift towards South
and Southeast Europe, causing the decrease in
air temperature and river discharge (Mihaila
& Briciu, 2015). A significant negative
correlation was determined between the AO
and discharge of the Sana River throughout
the year, except in summer season. The
strongest correlation was found in winter
season (-0.652).

Ta0. 6. [TupcoHOB KOehUIMjEeHT Kopenalyje u3mel)y roauImBuX U Ce30HCKUX HHIEKCa
[UPKYJallyja Io0aIHUX pa3Mjepa U CpelbUuX MPoTUliaja Ha XUAPOIIoNKoj ctanunu [Ipujenop y
nepuony 1961-2014. ronune

Tab. 6. Pearson correlation coefficients between the dominant Northern Hemisphere
teleconnection patterns indices and river discharges at Prijedor hydrological station in the
1961-2014 periods

Bapwujabna / 3uma / [Tpossehe / Jbeto / Jecen / Topuna /
Variable Winter Spring Summer Autumn Year
EA -0.098 -0.013 -0.431° -0.262 -0.259
NAO -0.499¢ -0.212 0.162 0.001 -0.279¢
EAWR -0.286° -0.098 0.172 -0.073 -0.156
AO -0.6522 -0.4712 0.140 -0.468? -0.4992

Hanomena: Craructiuky 3Ha4ajHo Ha HuBoy 99.9 % (%), 99 % (°), 95 % () u 90 % (%)
Note: Statistical significance at the 99.9 % (*), 99 % (°), 95 % (¢) and 90 % (¢) level

3AKJbYHAK

Pexxum mportuiaja pujeke CaHe CHaXXHO je
YCJIOBJbEH BapujabwmiHoNIhy Kiaume. Pesynraru
KOpeJalMoOHe aHalu3e IoKazalu Ccy Ja cy
MPOMjeHEe KJIMMAaTCKUX Bapujadiau (MMPBEHCTBEHO
TeMIeparype U NaJaBHHA) HMalle CHaXaH
YTHUIIA] Ha MPOTHUIIR]. Y aHAIM3UPAHOM IEPUOTY
1961-2014. rommHe, u3y4YaBaHO MOAPYYje
KapaKTepuIlly 3Ha4ajHU MO3UTHUBHU TPEHIIOBU
TOMIITILUX U CE30HCKUX TEMIIEpaTypa Ba3lyxa, 10K
Cy TPEH/IOBM Ia/laBUHA OWJIM HETaTUBHU Y CBUM
ce30HaMa, OCHM y ce30HHU jeceH. OBe mpoMjeHe
KJIUME CHAa)KHO Cy YTHUIIaJie Ha MPOTHIIA] pUjEeKe
Cane Ha xunposomkoM tnpodwmry [lpujemop.
W3paxen tpena mnosehama Ttemmeparype u
CMamhelhe JHETHHUX MaJaBUHA YCIOBUIU CY
3HAYajHO CMAamCHE MPOTHIIAja Ha XUAPOJIOIIKO]
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CONCLUSION

The discharge regime of the Sana River
is highly conditioned by climate variability.
Results of the correlation analysis showed that
changes in climate variables (air temperature and
precipitation, first and most) strongly affected
the discharge. During the analyzed 1961-2014
periods, the target area was characterized
by significant positive trends in annual and
seasonal air temperature, whereas precipitation
trends were negative in all seasons except in
autumn. Climate change highly affected the
Sana River discharge at Prijedor hydrological
profile. The prominent increasing trend in
air temperature and decrease in precipitation
resulted in a significant decrease of discharge
at Prijedor hydrological station. Although the
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cranunuu [Ipujenop. Maxo je TokoM 1iujesie ronuHe
NpUCyTaH omanajyhu TpeHJ, Haju3pakeHUjH
naji IpoTUIaja 3a0MIbEKEH y CE30HU JHETO.
PanrupameM rogrHa o BOJHOCTH YCTAaHOBJBEHO
je Ila cy ce BeoMa BOJIHE M BEOMa CYIIIHE TOANHE
jaBuie HakoH 1990. rogmHe mITO yKa3yje Ha
nosehame BapujaOMIIHOCTH MPOTHUIIAja TIOBE3AHO
ca KJIMMAaTCKUM IpoMjeHama. YOoueHe MpoMjeHe
mpoTuiiaja Takohe cy moBe3aHe ca oOpacmuma
aTMOC(epCKUX LUPKYyJaIHja BEIUKHX pa3Mjepa
Ha cjeBepHOj xemuchepu. 3HauajHa Kopeayja
u3mehy AO 1 pHjedHOr MPOTHIIAja YCTAaHOBJbEHA
j€ Y CBUM TOIUIIKBUM J00MMa (OCUM y CE30HH
Jb€TO0). 3UMCKH TMPOTUIAJU TIOKa3yjy 3HauyajHy
HeratuBHy kKopenanujy u ca NAO u EAWR
oOpaciuma. 3anakeHa TEHACHIHM]a CMambema
MPOTHILIAja 3acUTypHO he nmatu OpojHe HeraTUBHE
COIMO-eKoHOMCKe uMILTKanuje. C 003upom Ha TO
Jla UCTpaKMBamba MpoMjeHa rpotunaja y EBpornu
nokazyjy na he y 6ynyhnoctu nohu 1o cMamema
NpoTHIIaja y jy»Hoj 1 jyrouctouHoj EBporu (EEA,
2017), naspa UCTpakuBama Tpeda yCMjepuTH Ha
MpoyyaBame MpOjeKIlfja PUjeyHUX MPOTHUIIAja
3a cimuB pujexe CaHe 10 kpaja 21. BHjeka, Kao
Ha MoryhHOCTH TpuiarohaBama U yOiaakaBarmba
HEraTUBHOT YTHIIaja KITMMAaTCKUX MIPOMjEHa.
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Caxerak: lwpb pana je ma ce mpukaxke biaymoBa TakcoHOMHja OOpa30BHHX IUJbEBA, MOCEOHO HEHO KOTHUTHBHO
nojipyYje U HeH 3Hayaj 3a yHanpeleme kBamuTeTa HactaBe reorpaduje y ycioBuMa Kypukyinapae pedopme y bocHu
u XepueroBuHu. Y paay je KopumiheH METOI TEOpHjcKe aHann3e. AHAIM30M Pa3IHYUTE METOANYKE, THIAKTHUKE U
TICHXOITOIIKE JTUTeparype yTBpheHo je aa ce BirymoBa TakcOHOMHMja MOXKe KOPUCTHTH KOJI KpeHparha HACTABHHUX TPOTrpama
3a reorpadujy, Ko oneparroHaIn3alije [HbeBa y HacTaBH reorpaduje (MCXoan), Kao U Ja OJaKIiia HACTABHUKY IPOLIEC
Bepudukanuje. [Ipumjena biaymoBe TakcoHOMHje MOXKE JIONPUHH]ETH NpPEBa3HIaXKEHy HEAOCTaTaKa TpPaJWIMOHAIIHE
HACTaBe KPO3 Pa3B0j KPUTHUYKOT M KPEATHBHOT MHIILJBCHA U AKTUBHOT yUCHa/HACTaBe.
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Abstract: The aim of this paper is to present Bloom’s Taxonomy of educational objectives, especially its cognitive
field and its importance for the quality improvement of Geography teaching during curriculum reforms in Bosnia and
Herzegovina. In this paper, we will use the method of theoretical analysis. By the analysis of different methodical,
didactic and psychological references, we have concluded that Bloom’s Taxonomy can be used in creation of Geography
syllabuses, for aim operationalization in Geography teaching (outcome), as well as to make the process of verification
easier for teachers. Usage of Bloom’s Taxonomy can contribute to overcoming the lack of traditional teaching through
development of critical and creative thinking as well as active learning/teaching.
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YBO INTRODUCTION

Y bocHu u XepueroBuHu, Kao 3€MJbHU y
TPaH3ULHUjU, JIOLUUIO je A0 NPEUCIHUTHUBABA
CTapor TPaJUIMOHAIHOT MEeIaromKor KOHIenTa
1 yBoh)ema HOBUX KOHIICMIIMja BacCMUTama U
oOpasoBama. b mokpeHyTHX pedopMu je
yCIoCTaBJbamhe e(PUKACHUJEr U KBAJIUTETHHjET

In Bosnia and Herzegovina, the country
in transition, it is very present re-examination
of old traditional pedagogical concept and
implementation of new concepts in education.
The main goal of these reforms is the introduction
of more efficient and more quality educational
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00pa30BHO-BACIIUTHOT CHCTEMa KOju OH
O0MO y CKJady ca €BpPOINCKHM CTaHIapIuMa.
Pedopmcke npomjene y oOpazoBamy y bocHu
n XepLUeroBUHH Cy HWHTEH3UBHpPAHE HEHUM
npujemoM y Casjetr EBpome 2002. romune.
Te nmpomjene cy noapasymujeBaje U yBoheme
KypUKyJIapHor npuctyna. Konnenrt Kkypukyinyma
j€ aHIIOCAKCOHCKM OOpa30BHU KOHIIENT KOje
ce y apyroj mosoBuHH 20. BHjeKa MOCTENECHO
MPOIIMPHO Ca AMEPUUKOT KOHTHHEHTa y EBporty.
A. bexxeH HaBo/M J1a je OBaj KOHLIENT puxBaheH
y Hbemaukoj, 7OMOBHHM Hay4yHE Ienaroruje,
T€ y JPYTHUM TPaAUIUOHAIHO TMEIaronIku
yCTpPOjeHUM O0O0pa3oBHUM cHUCTeMHMa 300T
CBOj€ MPWJIATOAJbMBOCTU PA3HUM >KUBOTHUM
u obOpa3oBHHMM mnoTpebama Te epUKACHOT
MIOBE3MBama ylla3a y 00pa30BHHU MPOLIEC U U3J1a3a
u3 wera (Bezen, 2013). YBohemwe Kypukymyma
y BacmuTHO-00pa3oBHU cucTeM y bocHu nu
XepueroBunu ce, Mehytum, BHIIE OJBMja HA
(hopMaTHOM HUBOY, jep CYIITHHCKH OH 3aXTH]jeBa
3HauajHe MpOMjeHEe y HAuMHy IUIaHUpama,
opraHu3anuju u u3zBohemy HacrtaBe. Kputuka
pedopMu Ha HUBOY OCHOBHOT 00pa3oBama,
npema Mukanosuhy (2014), mokasyje aa ce jour
YBH]jEK BUIIE Pl O HOPMAaTUBHO-CTPYKTYPHOM,
a Mame O CaJIPKUHCKO-TIPOIIECHOM KapakTepy
pepopmu. CBe TO IONPHHOCH CTBapamy
packopaka u3Mel)y mpakce M OHOra mITO ce
Hyau kao moryhe pjememe. Kaga ob6jammaa
HEOCTaTKEe TPaJUIMOHAIHE HACTaBE, y OJHOCY
Ha KypuKymnapHu npuctyn Marinovi¢ (2014)
HaBOJM Ja je KOJ TpaaWLMOHAJIHE HacCTaBe
NpUCYTHA JKeJba HACTAaBHUKA Ja HHUXOBH
YUYEHUIIM YyCBOj€ WITO BHUIIE TpajauBa, Ia
HacTaBa IOCTaje MpeHaTphaHa cajapikajuMa, a
ydeHuu nepunutapHu ¢ BpemeHoMm. Hacrasa
ce CBOJAM Ha o0jalImaBambe U MEMOPHUCAHE
YHHCHUIIA, A BJCIITHHE CE YIIIABHOM 3aHEMapY]y.
KypukynapHu nprcTyn 0Baj HECKJIA/1 YKIIamba T3B.
YPaBHOTEXKEHEM TPHjy €JeMeHaTa KypuKyJIyMa —
BaCIHUTHO-00Pa30BHUX IIMJbEBA HCKA3aHUX KPO3
UCXO/Ie YUeHa, OHOTA IITO C€ Pajaul y pazpeny
OHOTa IITO CE MPOBjepaBa U OljewmYje.
Kypukynapau o00pa30BHHM KOHIIENT Ce€
M10jaBHO CPEUHOM IPOIILJIOT BHUjEKa Y paJoBUMa
amepuukux rcuxonora booura (Bobitt), Xepuka
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and pedagogical system, which would be
in accordance with the European standards.
Reforms and changes in education sector in
Bosnia and Herzegovina are intensified when
Bosnia and Herzegovina becomes a member
of Council of Europe in 2002. These changes
imply introduction of curriculum approaches.
The concept of curriculum approach is an
Anglo-Saxon education concept, which started
to spread from the American continent to
Europe in the second half of 20th century. A.
BezZen states that this concept was accepted in
Germany, a homeland of scientific pedagogy,
as well as in many other education systems
traditionally based on pedagogical postulates due
to its adaptability to various life and educational
needs, and efficient attachment of entrance into
and leaving from an education process (Bezen,
2013). The process of curriculum introduction
in pedagogical and education system in Bosnia
and Herzegovina is in progress more on a formal
level, because in essence this process requires
significant changes in the way of planning,
organisation and teaching realization. Criticism
of reforms on the level of primary education,
according to Mukanosuh (2014), shows that it
is still paid much more attention to normative-
structural, and less to contentual and procedural
character of reforms. All these aspects help in
creation of discrepancy between practice and
what has been offered as a possible solution.
While explaining the disadvantages of traditional
teaching in comparison to curriculum approach,
Marinovi¢ (2014) states that traditional teaching
is characterised by a wish of a teacher for his
students to acquire the more and more information
provided by syllabus, and thus teaching becomes
stuff with contents while students are suffering
a severe deficit of time. Teaching is reduced to
explanation and memorization of the facts, while
skills remain neglected. Curriculum approach
eliminates this discrepancy by so-called balancing
of three elements: curriculum -pedagogical
and educational aims shown through learning
outcome, what has been done in a classroom and
what is tested and graded.

Curriculum educational concept emerged
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(Herrick) u Tajnepa (Tyler), a ycko je moBe3an
u ca baymoBom (Bloom) m KpejTBomoBom
(Krathwohl) TakcoHoMujom 1uIbEBa y4eHa,
OZTHOCHO 0Opa30BHUX M BACIIUTHHUX MCXO/A KOJH
oapelyjy caznpikaje yuema 1 ycloBe y KojuMma ce
OHH HajycIljelIHyje nocpenyjy. Xepuk u Tajiuep
cy jour 1950. ronune yBenau mojaM KypuKyJIapHHU
CHUCTEM KOjer YMHE EJIEMEHTU KYpPUKYIapHOT
CHUCTEMA, a TO Cy LUJbEBH yuema, CaApKaju
yuema, METOJIe M OpraHHu3alfja U BPEIHOBAE
(Bezen, 2008). Jlakne, kaga TOBOPUMO O
KYpHUKyJIapHOM 0O0pa30BHOM KOHIIENTY HeE
MOKEMO a Jla He CTIOMEHEMO jeJlaH of] Hajuemrhe
KOpUIINEeHUX TEOPUjCKUX OKBHUpPAa KOJjH Ce
KOPHUCTH 32 IUTaHUPabe, TIPUIIPEMY U BPEIHOBAHE
oOpasoBama, a To je biymoBa TakcoHOMUja
00pa30BHUX IIUJHEBA.

[{usb oBor paga je na ce npukaxe biymosa
TaKCOHOMHU]ja OOpa30BHHUX IUJbEBA, MOCEOHO
IBEHO KOTHUTUBHO TOJpYy4Yje, HEH 3Hauaj 3a
yHanpeheme kBanuTeTa HacTaBe reorpaduje
y ycioBuMa KypukynapHe pedopme y bBocuu
u XeplLeroBuHu, y3 HaBohemwe mpumMjepa mbeHe
npUMjeHe y HacTaBu reorpaduje. Meron koju je
KopHuIIheH y paay je MeToJ] TEOPHjCKe aHaJIN3e.

3HAYAJ BJIYVMOBE TAKCOHOMMUIJE

[{nsbeBH yuerma OIHOCE C€ Ha CTHLIALE 3HAA
U BjCIITHHA, T€ YCBajamhe¢ CTABOBA U BPHUjEIHOCTH.
Jla 6u mocTH3ame THX IKUJbeBa OMII0 ePHUKACHO
NoTpeOHO je Ae(hUHUCAbE UCXOA YUCHa OJHOCHO
TBPIH O OYeKHBaHUM nocturnyhuma. Kako 6u
IITO TMPEUU3HHUje U jaCHU]Ee OJIPEIUIIU HCXOHe
yuema, u3adpain mUMa oarosapajyhe HacTaBHe
aKTUBHOCTH, U Ha KPajy, Kako O IITO MpeLu3Huje
U3MjepUIN pe3ylTare noydaBama HOTpebaH
je cBojeBpcTaH ,anat. U3 Te morpebe cy y
o0pazoBamy HacTaJle pa3InunTe KiIacudukarmje
00pa30BHMX M BaCHUTHUX IUJbEBA M HCXOIa
yuema. JeHa oJ] Hajllo3HaTHjUX KiIacupukaimja
KOja ce KOPHUCTH 3a IUIaHHpame, MPHUIPEMY
U BpeaHoOBame oOpas3oBama jecte biymona
TaKCOHOMHja 00pa3oBHUX IuJbeBa. JKuBKOBHh

in the middle of the previous century in the
works of the American psychologists Bobitt,
Herrick and Tyler, and is tightly connected with
Bloom and Krathwohl’s taxonomy of learning
objective, i.e. educational and pedagogical
outcomes, which determine content of learning
and conditions under which they interfere
most successfully. Herrick and Tyler in 1950
introduced a term curriculum system, which
consists of the elements of curriculum system:
learning objectives, methods, organisation and
evaluation (BeZen, 2008). So, when we are talking
about curriculum educational concept we cannot
avoid to mention one of the most frequently used
theoretical patterns used for planning, preparation
and evaluation of education and that is exactly
Bloom’s Taxonomy of educational objectives.

The aim of this paper is to present Bloom’s
Taxonomy of educational objectives, especially
its cognitive field, its importance for the
improvement of quality in Geography teaching
in the light of curriculum reform in Bosnia
and Herzegovina, and stating examples of its
implementation in Geography teaching. In this
paper, we have used the method of theoretical
analysis.

THE SIGNIFICANCE OF BLOOM’S
TAXONOMY

Learning objectives are related to gaining of
knowledge and skills, as well as acquisition of
attitudes and values. In order to acquire efficient
realization of those goals, it is very important to
define learning outcome, i.e. claims regarding
expected achievements. In order to define learning
objectives more precisely and more clearly,
to choose adequate a during-school program,
and finally, in order to measure the results of
teaching it is necessary to have an adequate
kind of “tool”. These needs in education result
in different classifications of educational and
pedagogical objectives and learning outcomes.
One of the most important classifications used
for planning, preparation and evaluation of the
education is Bloom’s Taxonomy of educational
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(2015) maBomu ma je To Hajpaspahenuja u
Hajuyemrhe kopuntheHa kiacugukalyja MUIbEeBa
oOpa3oBama, a npema bophesuhy (2016) oBy
TaKCOHOMHU]Y je NpuxBaTuo u HajBehum 0Opoj
CTpy4HbaKa KOjH Cy Mpejylarajiu 1 KOHIUIUPAIHA
CBOj€ TAKCOHOMHU]E.

biymoBa TakcoHOMHja je KpeupaHa
nenecetnx roguHa 20. Bujeka, Taunuje 1956.
ronuHe, a aytop je beryamun biym (Benjamin
Bloom; 1913—-1999) amepuuku mncuxoIoT
3ajeqHo ca capanHunuma Enrenxaprom (M.
D. Engelhart), ®ypctom (E. J. Furst), Xumom
(W. H. Hill) u KpejrBonom (D. R. Krathwohl).
IIpema Koren (2014, ctp. 75) nojam TakcoHOMHja
O3HauaBa KJIACU(UKAIM]CKU CUCTEM WIIH CKYTI
KJIacU(UKALMjCKUX Hayejda Koja CIyXe 3a
KaTeropusalujy ¥ CBPCTaBame KOHIIEMaTa,
opraHusamMa M ci. y rpyrne koje cy Hajuenthe
xujepapxujcku opranuzoBane. [Topen baymose
TAaKCOHOMHj€ OOpa30BHUX LUJbEBA KOPHUCTE CE
U Apyre TakcoHomwuje, a Hajueuthe cy SOLO
(Structure of the Observed Learning Outcomes)
TAKCOHOMHja UCXO/Ia yUerha KOjy Cy OCMUCIIMIN
burc (J. Biggs) u Komuce (K. Collis) 1982. ronune
1 Map3aHoBa TaKCOHOMHja 00pa30BHUX LIUJbEBA
Kojy je kpeupao Pobeptr Map3ano (R. Marzano)
2000. rongune.

biym 1 capagHuIy cy M3BOpHOj TAKCOHOMU]jU
KOJy CY Kpeupaau HAMHUjCHWIH Pa3IHIUTe yIore:
Tpebasa je MOCTYKUTH Kao 3aj€THUYKH JEe3UK O
JbEBUMA yUeHa Te HAUMHUMA U KPUTEPHjyMUMa
OlljelbMBamkba KOJU OJIAKIIABa KOMYHHMKALIH]Y
Mel)y HaCTaBHMLIMMA U IPYTUM CTpyUHhalliMa 3a
obpazoBame. Takole, Tpedana je moCIyKUTH Kao
KOHIICTITyaJTHU OKBHP 32 yTBphHUBame U Pa3Boj
Kypukyinyma. Mako je y modeTrky cTBOpeHa 3a
BHCOKOIIIKOJICKM HUBO, MPUMjEHUBA je 3a CBE
BpCTE€ M HUBOE ydema Ma ce JaHac HIMPOKO
ynotpebsbaBa y o0pazoBamy. CBOjy MOMyIapHOCT
AyTyje TOMe IITO HyAW jacaH, eHUKacaH H
PENaTUBHO jeIHOCTAaBaH MOJIEJ 32 00jallIbaBabe
U CTENEHOBamE IMJbEBA M HCXOJa yuyemwa, 3a
00JIMKOBamk-E METO/A TIOyUaBaka, TE 32 MjEpeHe
pesynrara noyuyasawa (Koren, 2014, ctp. 75).
[Tpema bpankosuhy (2009), ncxony UMITIHLIAPA]Y
pasnuuuTe HUBOE 3Hama. Kama roBopumo o
HacTaBH reorpaguje, birymoBa TakcoHomuja ce
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objectives. XXuBkouh (2015) states that this
is the most elaborate and most frequently used
classification of educational objective, and
according to Bophesuh (2016) this taxonomy is
accepted by the largest number of scholars who
have suggested and designed their taxonomies.

The Bloom’s Taxonomy is developed in 1956,
and the author is Benjamin Bloom (1913—1999),
an American psychologist together with co-
workers M. D. Engelhart, E. J. Furst, W. H. Hill
and D. R. Krathwohl. According to Koren (2014,
p. 75) the term taxonomy denotes classification
system or a set of classification principles used
for categorization and classifications of concepts,
organisms, etc. into groups which are most
frequently hierarchically organized. Apart from
Bloom’s Taxonomy of educational objectives
other taxonomies can be used as well, and the
most frequently used is SOLO (Structure of the
Observed Learning Outcomes) taxonomy of
learning outcome, developed by J. Biggs and
K. Collis in 1982, and Marzano’s Taxonomy of
educational objectives created by Robert Marzano
in 2000.

Bloom and his co-workers had intentions
for the original Taxonomy to have various
roles: it should serve as a common means of
understanding regarding learning objective as
well as ways and criteria for grading which is
supposed to create easier communication between
teachers and other experts for education. Also,
the taxonomy is intended to serve as a conceptual
framework for determination and development of
curriculum. Although at the very beginning the
taxonomy was created only for higher education,
it is applicable for all other kind and levels of
learning, so today it is widely used in education.
The primary reason for the popularity is the fact
that is offers a clear, efficient and relatively simple
model for explanation and gradation of learning
objective and learning outcome, for modelling of
teaching methods, and for measuring the results
of teaching (Koren, 2014, p. 75). According to
Bpankosuh (2009), outcome implies the different
levels of knowledge. When it is about Geography
teaching, Bloom’s Taxonomy today can be used
in Geography curriculum creation (the objective
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JlaHaC MOYKEe KOPUCTUTHU KOJI KpeHpara HaCTaBHUX
nporpama/KypHKyiyma 3a reorpadujy (IIUbEBH
HacTaBe), KOJ ONepalnuoHanu3aluje Mubesa y
HacTaBH reorpaduje (MCXonun), Kao U Ja oJlakiia
HACTaBHUKY Ipollec BepupUKaIrje OTHOCHO Kao
anar 3a Mjepeme pesyaTara yuyemwa. [IpegHoct
HacTaBe reorpaduje koja je ycMjepeHa Ha HCX0/e
WK OYeKMBaHa rocTuruyha je y tome mro he Ha
OCHOBY JIe(pMHHCAHUX UCXOJa HACTAaBHUIM MOohu
JaKIe aa youe koje he cagpikaje nmoyuyasaru, Koje
HACTaBHE CTpaTervje U Meroze he KOpucTuTu u
Koje 3a/aTke he mpuMUjeHUTH KOJ BpETHOBAbA.
OcuMm 3a HacTaBHHKE, jacHO Ae(uHUCAHU
MCXOJU Cy OJ] BEJIMKE NMOMONM M 3a YUCHHKE U
poauTesbe jep IpyXkKajy jacHy CIMKY O 3HambHMa,
CIOCOOHOCTHMA M CTAaBOBMMAa KOj€ YUYEHHULH
Tpeba /1a CTeKHY 3a CBaKy HACTaBHY TEMY, pa3pes
Y IIKOJICKH HUBO.

Jenan on kpajmux 1ubeBa biaymose
TaKCOHOMH]jE jecTe MUEepeHIUPaHu MPUCTYT
U WHAWBUJyalu3oBaHa HacTaBa. HactaBy
O6u Tpebano MPUIATOJUTH CBAKOM YUYEHUKY
MojeAUHavYHo, y CKJIaay ca HbEeroBUM
MoryhHOCTHMa, Kako OU ce JOBEO Ha BUIIIA HIUBO
KOTHUTHBHOT pa3Boja. OBako 100po paspahena
TakcoHOMHja Ou Tpebanma moMohu He camo
CTUIIaBby TPAJHOT U KBAIMTETHOI 3Hama, Beh
u e(pUKACHO] MHIMBHUIYyaIH3alHUju Mpoleca
Hacrase (CrojakoBuh, 1999, ctp. 46). Mehytum,
na OM ce WHIWBHIyanHu3alja pajga y HacTaBU
reorpaduje crnpoBesna ycHjelHo, NoTpedHo je
YCTAaHOBUTH HHUBO 3HAIA, UHTEICKTYaJHUX H
JIPYTUX CHOCOOHOCTH CBAaKOI y4eHHKa. TakaB
MPHUCTYI 3axTHjeBa Behe aHraxoBame U Behe
KOMIIETeHI[Mje caMor HacTaBHUKa. Hapouuto
je BenukHu mpoOieM Kajaa ce y ofjesbemHuMa
Hanasu Behu 6poj yueHuKa, ITo T0JaTHO CTBapa
Temkohe y pajy HaCTaBHHUKA.

[Ipema biymMoBOj TaKCOHOMHjH Pa3IUKY]jy
ce TpU KaTeropuje MoHallama Koja ce KOPUCTe
TOKOM Y4€Ha, OJJHOCHO TPHU MOJApYyYja IHIbEeBa
yu€ma a TO Cy: KOTHUTUBHO (3HaK€ U MULLUBEHE),
agexTuBHO (ocjehaju UK CTaB) U ICUXOMOTOPHO
(pu3muke BjemITUHE UM OHO IITO YYEHUK MOXKE
yuHuTH). KorHutuBHO mnoxapydje oOyxBara
LIMJbEBE YUYCHa KOJU C€ OJIHOCE Ha yCBajame
3Hakba M pPa3B0j MHUIbEHA, aPEKTHUBHO

of teaching), in cases of operationalisation of aims
in Geography teaching (outcomes), and to make it
easier for teachers in the process of verification,
i.e. as a tool for measuring learning results.
Advantages of Geography teaching oriented
towards outcomes or expected achievements is
in the fact that, on the basis of defined outcomes
teachers could easier spot the content they will
teach, which teaching strategies and methods
they will use and what kind of tasks they will
use for gradation. Apart for teachers, clearly
defined outcomes are of great importance for both
students and parents because they provide a very
clear picture about knowledge, skills, abilities and
attitudes students should gain for each training
unit, grade and school level.

One of the final aims of Bloom’s Taxonomy
is differentiated approach and individualized
teaching. Teaching should be adjusted to every
single student, in accordance with his/her
possibilities in order to reach a higher level of
cognitive development. A taxonomy developed
according to those postulates should help not
only in gaining of lasting and quality knowledge,
but also in more efficient individualization
of the teaching process (CrojakoBuh, 1999,
p. 46). In order for a successful realization of
individualization in Geography teaching, it
is necessary to check the level of knowledge,
intellectual and other abilities of every student.
Such approach requires more engagement and
more authorities of every teacher. Great problem
and an additional obstacle for a teacher can be
present in cases when there are too many students
in one class.

According to Bloom’s Taxonomy, there
are three different categories of behaviour,
which are used during learning, i.e. three fields
of learning objective: cognitive (knowledge
and thinking), affective (feelings and attitude)
and psychomotor (physical abilities or what a
student can do). Cognitive filed includes learning
objectives related to knowledge acquisition
and the development of thinking, the affective
field includes learning objectives related to
attitudes, interests and values estimation, while
psychomotor field includes learning objectives
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nojipyyje o0yxBara IIUJbEBE YUCHa MMOBE3aHe ca
CTaBOBHMMA, UHTEPECOBAIMA U MPOLjCHUBABEM
BpUjEHOCTH, JIOK NCHUXOMOTOPHO TOApYyYje
o0yxBara IIJbEBE yUeH>a II0BE3aHe Ca MaHyEITHUM
Y MOTOPUYKHM BjeIITHHaMa. Tpeba HaoOMeHyTH
Jla Cy cBa TpHU nojapydja MehycoOHO moBe3aHa u
7ia ce, y IpaKkcH, He MOTY ITOCMAaTpPaTH OJIBOjECHO.

Kao mpumjep 3a HacraBy reorpaduje,
HaBemrheMo UJbEBE Y CBa TPH MO/PYYja Koja ce
OJIHOCE Ha KapTorpacky MUCMEHOCT M TOjaM
reorpadcke kapre (Tao. 1).

related to manual and motor skills. It should be
mentioned that all these three fields are mutually
connected and that in practice they cannot be
treated separately.

As an example for Geography teaching, we
will refer to learning objective in all three fields
and their relation to cartographic literacy and the
term geographical map (Tab. 1).

Tab. 1. [Ipumjep nnibeBa yuema o reorpadckoj KapTu y OCHOBHO] IIKOJIHM, KPO3 TPU pa3IuIuTa

noJipyyja yuemwa

Tab. 1. An example of learning objectives about geographical map in primary school, through three

different fields of learning

[Monpyyje yuema

[{nsbeBu yuewa

KornutusHo nonpydje —
,,MUCJTUTH
(3HaKBE ¥ MUIJBEHE)

VYyenunu tpeba 1a CTEKHY 3Hama O Teorpadckoj KapTH, KaKko ce
kiacuuKyjy Kapre, KOjU Cy €JIeMEHTU M caapiaju reorpadcke
KapTe, KaKo ce BPIIIHM OpHjeHTaIl]ja KapaTa, /1a 3Hajy Ja U3padyHajy
pasMjep, Aa aHAIM3uPajy, ynopehyjy u 3akibydyjy y3 momoh kapre.

AdexTuBHO MoApy4je —
»ocjeharu*
(ocjehaju nnu cTaB)

VYyenuru tpeba Aa pa3BHUjy MHTEpECOBame 3a reorpad)cKy Kapry,
MOTHBAIM]y 3a Kopullheme reorpadcke Kapre, pajgo3HaIOCT O
MoryhHOCTMMa TNpUMjEHE KapTe, Ja cXBaTe 3Ha4aj reorpadcke
KapTe | CII.

[IcuxomoTOpHO MOApPYYje —
,, AHUHUTH"
(bu3uUKe BjeIITHHE)

Yyenunu Tpeba Aa pa3BHjy MOTOPUYKE BjEIITHHE Kao INTO je
CITOCOOHOCT J1a HAIpTajy KapTy, CIOCOOHOCT J1a YIIPTajy capikaje
KapTe | CII.

Field of learning

Learning objectives

Cognitive filed — “to think™
(knowledge and thinking)

Students should gain knowledge about geographical map, its
classification, the elements and contents of geographical maps,
how to determine orientation on geographical maps, how to learn
to calculate scale, to analyze, compare and conclude with the help
of the map.

Affective filed — “to feel”
(feelings or attitude)

Students should develop interest in geographical map, motivation
for the usage of geographical map, curiosity about possibilities
in usage of geographical map and to realize the importance of
geographical map, etc.

Psychomotor field — “to do”
(physical skills)

Students should develop motor skills, like ability to draw a map,
ability to chart contents and so on.
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CBa Tpu mozpyyja ydema Cy IOJjeTHAKO
Ba)KHA 32 Pa3BOj JUYHOCTH, alM je A0 caaa
HajBUlIe pazpalleHO KOTHUTUBHO mojapyyje. Y
OKBUPY KOTHUTHBHOI' TOApYyYja MOCTOje, KAKO
je Beh HaBeneno, u3BopHa (UT) u peBuaupana
(PT) bnymoBa Takconomuja. Haume, m3zBopHa
biymoBa TakcoHOMHja y KOTHUTHBHOM TOZPYYjy
u3 1956. roqune je, Kao U CBaKu JPYTH TEOPH)CKH
OKBHP, OMJIa MOAJIOKHA KPUTHUIIM U YKa3UBaby Ha
ICHE HEJIOCTATKe, TAKO Jla Ce HameTasa rnorpeda
3a BEHOM peBH3MjoM. PeBH3Mja opuUrHMHAIHE
baymose Takconomuje ypahena je 2001. roqune,
a ypaawiu cy je biaymMoBu capaqHUI U yYSHUIH
. KpejrBon (D. Krathwohl) u JI. Aunepcon (L.
Anderson) (Anderson et al., 2001). V okBupy
adexkTUBHOT moxpydyja biaym u capannunm cy
o0jaBunn TakcoHomMH]y aeKTUBHOT MOJIpYyYja
1964. roauHe, anum HHCY HUKaJa Ypaauiu
TaKCOHOMHJY 3a IICHXOMOTOPHO IMOApYyYje.
Spijunovi¢ (2007) cmatpa 11 je poGiiem campikaja
yuerma y adeKTUBHOM HOAPYYjy U3PAKEHH]U O
TOr TIpoOiieMa y KOTHUTHBHOM monpyyjy. OBo
MOZIpYYje TAKCOHOMM]E HEIOBOJBHO j& TEOPH)CKH
pa3pahuBaHO M Mame je MO3HATO y HACTaBHO]
npakcu. [IlcuxoMoTopHO Moapyyje, Koje o0yxBara:
UMUTAIM]y, MaHUIYIALHjy, TMperu3aiujy,
apTUKyJalyjy ¥ HaTypajlu3alujy, HoCceOHO je
3Ha4ajHO 3a MPOIIeC yuera oipel)eHnX BjeITHHA 1
criocoonocty (Mukanosuh, 2014). Tpu Hajuenthe
KopumheHe TaKCOHOMHjE 3a ICHUXOMOTOPHO
noJpydje Cy TaKCOHOMHjEe KOje Cy HampaBUIH
HejB (R. H. Dave) 1970. ronune, Cumncon (E.
J. Simpson) 1972. ronune u Xapoy (A. Harrow)
1972. ronune (Koren, 2014).

HMaxo cy cBa Tpu ozipydja MoJIjeIHAKO BayKHA
3a pa3BOj IMYHOCTH, KOJ TPAUIIOHATHE HACTABE,
KOja je joul yBHjeK NPUCYTHA Y OOpa30OBHHUM
cucremuMa y bocuun u Xepuerosunu, Hajseha
Naxma ce MpHAaje KOTHUTHBHOM NOIAPYY]Y,
JIOK je a)eKTHBHO MOAPYYje AOCTa 3aHEMAPEHO.
Y TpaaMIMOHAIHO] HacTaBU ce, Hajuemihe,
3aHeMapyjy ocjehama ydeHuKka, HUXOBE KeJbe
u norpede u wuxoBe MoryhHoctu. Ox yueHuka
ce OYeKyje Aa ciylla, MEMOpHILE YHIEHUIIE U
OJIrOBapa Ha MOCTaBJbEHA MHTama. 300T TOTa
j€ y mpoliecy HacTaBe MOTPEOHO pa3BHjaTH H
adexTuBHO noapyyje. To 3HauM aa Koj yUEeHUKa,

All three learning fields are of equal
importance for personality development, but
until now, attention was paid to cognitive field.
In the frame of cognitive field there are, as
we have already mentioned, the original (OT)
and revised (RT) Bloom’s Taxonomy. Namely,
the original Taxonomy in cognitive field from
1956, as any other theoretical framework,
has been subject to criticism and putting
stress on the imperfections, so it seems that a
revision was a necessity. The revision of the
original Bloom’s Taxonomy was finished in
2001 by Bloom’s co-workers and students, D.
Krathwohl and L. Anderson (Anderson et al.,
2001). In the framework of the affective field,
Bloom and co-authors published Taxonomy
of Affective Domain in 1964, but they did
not finish taxonomy of Psychomotor Domain.
Spijunovié (2007) argues that the problem of
learning content in affective domain is more
dominant than the same problem within
cognitive domain. This domain of taxonomy
is insufficiently researched and developed
and at about the same time is less known
in teaching practice. Psychomotor domain,
which includes imitation, manipulation,
precision, articulation and naturalization,
is especially important for the process
of learning of certain skills and abilities
(Mukanosuh, 2014). Three most frequently
used taxonomies for psychomotor domain are
taxonomies invented by R. H. Dave in 1970,
E. J. Simpson in 1972 and A. Harrow in 1972
(Koren, 2014).

Although all three domains are of equal
importance for personality development, in
traditional teaching, still present in education
system in Bosnia and Herzegovina, the
cognitive domain has a priority, while affective
domain stays aside. Traditional teaching,
in most cases, neglects students’ feelings,
their wishes, needs and their abilities. Pupils
are expected to listen, memorize facts and
answer the questions. This is why affective
domain should be developed in the process of
teaching. This means that students, apart from
acquisition of knowledge and development of
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MOpe yCBajama 3Hama U pa3Boja COCOOHOCTH,
Tpeba pa3BujaTH 3aMHTEPECOBAHOCT, MOTHBALIH]Y,
MOJICTULATH WX Ja IOCTaBJbajy MUTamA, Ja
(opMupajy CTaBOBE U yCBajajy BPHjEIHOCTH.

C o063upom Ha TO Aa je u3BopHa biymona
TaKCOHOMHja y KOTHUTHUBHOM MOJAPYY]Y
peBuAMpaHa, y JajbeM Jaujeny pana Ouhe
npukazane pasnuke umely UT u PT.

PA3JIMKE U3MEDBHY U3BOPHE (M1T)
N PEBUJIMPAHE (PT) BJIVMOBE

TAKCOHOMMUIJE

W3BopHY biiyMOBY TakcOHOMH]Y KapaKTEpHUILLy
HUBOHM KOTHUTHBHHX IIpOIIeCa TAje je M3/IBOjEHO
IecT KOTHUTUBHUX HUBOA. Kao ocHOBa 3a m3pany
TakcoHOMHUje, biaymy je mocmyxkuina aHamuza
MHTENEKTYallHUX IOHallamka MOMONy KOjuX
YUCHHIIM yCBajajy 3Hama (3eueBuh et al., 2014).
IIpema UT npBu HHUBO mIpeacTraBjba 3HAWE, A
ocTaJie HUBOE YHMHE 110jeAMHA MEHTAJIHH TPOLIECH.
HuBou cy mopenaHu OBUM pEAOM: 3HamE,
pasymujeBame, MPUMjeHa, aHAIN3a, CHHTE3a U
eBajyalyja Win BpeaHosame (Blum, 1965).

Ca3Hama W3 KOTHUTHBHE IICHXOJIOTH]E,
Kao M UCTpaxuBama 0 BIyMOBOj TaKCOHOMHjH
(Fairbrother, 1975; Seddon, 1978), yka3uBaina
Cy Ha HeKe HeqocTaTke biiymMoBe TakcoHOMHUje.
Kputuke UT cy ce HajBuIIe OJHOCWIE Ha
KyMyJIaTHBHY XHje€papXxHjy Koja je Ouiia TakBa
Jla CBaK{ HApeIHU CIIOKEHUJH KOTHUTUBHH HHUBO
yKJbydyje TMOHAIIAlkE U3 MPETXOJHOT HHUBOA.
3atumM, 1a cy oapel)eHun 3axTjeBr Ha HUBOY 3Harba
CJIIOKEHHjH Hero oapelheHH 3axTjeBU HAa HHUBOY
Ananuze win Esanyayuje, nox Eeanyayuja Huje
cinoxxeHuju HUBO on Cumnmese, Beh Cunmesa
ykibyuyje FEsanyayujy (Krietzer & Madaus,
1994). 3nauajua cnaboct UT omHocuna ce Ha
JEAHOIMMEH3MOHAIHOCT KOTHUTUBHHX IpoIieca
(Furst, 1994). 360r cBera HaBeneHor ypaheHa je
peBu3uja bryMmoBe TakCOHOMUjE Y KOTHUTHBHOM
nozpyjy.

VY kpatkum 1prama, Hajsehe pasnuke umehy
UT u PT ornenajy ce y:

1. mpomjeHu pemociujesa nojeAMHUX KaTeropuja
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abilities, should develop interests, motivation,
should be encouraged to ask questions, to
form attitudes and acquire values.

Having on mind the fact that Bloom’s
Original Taxonomy in cognitive domain is
revised in the following parts of the paper
we will present the differences between the
original Taxonomy and revised Taxonomy.

THE DIFFERENCES BETWEEN
ORIGINAL TAXONOMY (OT) AND
REVISED TAXONOMY (RT)

The original Bloom’s Taxonomy is
characterized by the levels of cognitive processes
and six of them are separated. As a basis for
the creation of the Taxonomy, Bloom uses the
analysis of intellectual behaviour thanks to which
students acquire knowledge (3eueBuh et al.,
2014). According to the original Taxonomy, the
first level is knowledge, while other levels refer to
certain mental processes. Levels are stated in this
order: knowledge, comprehension, application,
analysis, synthesis and evaluation (Bloom, 1965).

Knowledge from cognitive psychology
and researches about Bloom’s taxonomy
(Fairbrother, 1975; Seddon, 1978) point out some
imperfections of Bloom’s Taxonomy. Criticism
of the original Taxonomy primarily refers to
cumulative hierarchy, which is created in such
a way that every next cognitive level involves
behaviour from the previous level. Also, it
refers that certain demands are on the level of
Knowledge more complex than demands on the
level Analysis or Evaluation, while Evaluation is
not more complex than Synthesis, but Synthesis
integrates Evaluation (Krietzer & Madaus, 1994).
Significant weakness of the original Taxonomy
is related to one-dimensionality of cognitive
processes (Furst, 1994). All mentioned above
are the main reasons for the revision of Bloom’s
Taxonomy in cognitive domain.

Shortly, the largest differences between the
original Taxonomy and the revised Taxonomy can
be seen in:

1. The change of sequence of certain categories
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y XHjepapXHju KOTHUTUBHHX ITpoIieca,
2. yBohemy IBOAMMEH3MOHATHOCTH (JMMEH3Hja
3Haa U JMMEH3H1ja KOTHUTHBHUX TIPOIIeca) U
3. yBohemy METaKOTHUTHBHE AUMEH3H]E 3HAMmA

(Krathwohl, 2002).

Koxg UT mocToju CTpUKTAaH XHjepapXHjCKH
penocinujes; CBUX HUBOA 3HAWA, Ije Cy BUIIH
HUBOM YCJIOBJBEHU HM)KMM HHUBOMMA 3Hama, JIOK
ko PT He mocToju Tako CTPUKTHA XHjepapXuja.
[IpBa Tpu, HajHM)KAa HHBOA, Cy TIOpeIaHa
XHjEPapXHjCKU U KOJ| FIbUX ITOCTOjU YCIOBJHEHOCT,
JOK TpH BHIIA HUBOA 0O0yXBarajy KPHTHUYKO
U KpEaTHBHO MHUIJbeHe U MelycoOHO cy
PaBHOMpPABHU. 32 Pa3NHKy O] N3BOPHE TAKCOHOMH]E
KOjy KapakTepulle jeIHOJUMEH3UOHAIHOCT,
KOJl peBHJIMpaHE TAaKCOHOMHjE je, y CKIaIy
ca JOoCTUTHyhMMa KOTHUTHBHE IICHXOJIOTH]E,
yBEJ€Ha JIBOJMMEH3MOHATHOCT. JleTasbHuUM
pasnukama u3Mely oBe JBHje TaKCOHOMH]eE
6aBuna ce Biimen (2007), xoja je u31BojuiIa TpH
BPCTE Pa3jMKa, a TO Cy Pa3jIMKe y HarjalaBamby
MOjeTMHUX KOMIIOHEHTH TaKCOHOMHUjE, pa3jIhKe
y TEPMHHOJOTHjU U pa3lUKe Y CTPYKTypH
TAKCOHOMH]je. Y OKBHpY CBaKe BPCTE Pa3iIMKa
U3/IBOjEHE Cy 10 YETUPH IIPOM]jEHE.

Humensuja 3narwa, NpeMa pPEeBUIUPAHO]
brymoBOj TakcoHOMHjH, O00yXBaTa YETHpPH
BpCTE 3HaWma: YMHECHUYHO, KOHIIENTYaTHO,
NpoLEeAypaIHO U MeTakorHUTHBHO (Tao. 2).

in the hierarchy of cognitive processes,

2. Introduction of two-dimensionality
(dimension of knowledge and the dimension
of cognitive process) and

3. Introduction of metacognitive dimension of
knowledge (Krathwohl, 2002).

In the original Taxonomy, there is a strict
hierarchical order of all knowledge levels, where
higher levels are conditioned by lower levels
of knowledge, while in the case of the Revised
Taxonomy there is no so strict hierarchy. The first
three, lowest levels are hierarchically ordered and
there is no mutual dependency, while three higher
levels include critical and creative thinking and
are mutually equal. While the original Taxonomy
is characterised by one-dimensionality, the
Revised Taxonomy is, in accordance with
achievements of cognitive psychology, introduced
with two-dimensionality. Details regarding the
differences between those two taxonomies have
been in the focus of Bliimen (2007) research. She
pointed out three types of differences and they are
differences in emphasizing of certain components
of taxonomy, differences in terminology and
differences in taxonomy structures. Four changes
are single out in the frame of every kind of
differences.

Knowledge Dimension, according to the
Revised Bloom’s Taxonomy involves four kinds
of knowledge: Factual Knowledge, Conceptual
Knowledge, Procedural Knowledge, and
Metacognitive Knowledge (Tab. 2).
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Tab. 2. CtpykTypa AuMeH3uje 3Hama npema PT
Tab. 2. Structure of the Knowledge Dimension of the Revised Taxonomy

A. YUHBHEHNYHO 3HABE: OcHoBHe unmeHUIle Koje Tpeba Mo3HaBaTH Ja Ou ce yro3Haia
onpeleHa AMCIUTUTMHA WITH PUjEIIHo Tpo0IeM.

A.a. Ilo3HaBame TEPMHUHOIIOTH]E

A.0. Ilo3HaBame ciermupUIHNX JeTaba U eJleMeHaTa

b. KOHLEIITYAJIHO 3HABE: Onnocu mel)y TeMesbHUM eneMeHTuMa  (YMIbeHULaMa) KOjH
M oMoryhaBajy na QyHKIIMOHUIITY Kao IjjeInHa YHyTap Heke Behe IjeuHe.

b.a. [lo3HaBame kinacudukanyja u Kareropyja

b.0. [To3HaBame npuHIMNA U TeHepau3anyja

b.B. [lo3HaBame Teopuja, MoJIeIa U CTPYKTypa

B. ITPOUEYPAJIHO 3HAKE: Kako HampaBuTH HEMITO CIIeIU(DUIHO YHYTap IPEeaIMeTa: KaKo
Y KaJla KOPUCTHTH onpeleHe mpomenype, TEXHUKE M METONE WCTPAKUBAha; KakO OAPEIUTH
KpUTepHje 3a KopHuITheme BjemTHHa.

B.a. [lo3HaBame BjemTHA CIeMU(UIHNAX 32 TPEIMET

B.0. [lo3HaBame TEXHUKA U METO/IA CIICITU(UIHUX 32 PEAMET

B.B. I[lo3naBame kpuTepuja 3a kopuiiheme oapeleHnx mpoueaypa

I METAKOI'HUTUBHO 3HAIE: 3name 0 crio3Haju yOIIIITE TE CBH]ECT U 3HAE O BIACTHUTO]
CIIO3HAjH.
Ia. Ctpareiiiko 3Hame
I'6. 3Hame O TOME Kako pjeliaBaTH pa3IM4YUTe BPCTE KOIHUTHBHUX 3alaTaka,
yKIJbydyjyhu u onroBapajyha 3Hama 0 KOHTEKCTY U yCIIOBHMA pjelliaBama THX 3aj[aTaKa
I'B. 3Hame 0 cebu

A. FACTUAL KNOWLEDGE: The basic elements a student must know in order to be to be
acquainted with a discipline or solve problems in it.

A.a. Knowledge of terminology

A.b. Knowledge of specific details and elements

B. CONCEPTUAL KNOWLEDGE: The interrelationships among the basic elements (facts)
within a larger structure that enable them to function together, as a whole within a larger whole.
B.a. Knowledge of classification and categories
B.b. Knowledge of principles and generalizations
B.c. Knowledge of theories, models, and structures

C. PROCEDURAL KNOWLEDGE: How to do something specific within the subject: how
and when to use certain procedures, techniques and methods of inquiry; how to determine
categories for using skills.

C.a. Knowledge of subject-specific skills

C.b. Knowledge of subject-specific techniques and methods

C.c. Knowledge of criteria for determining when to use appropriate procedures

D. METACOGNITIVE KNOWLEDGE: Knowledge of cognition in general as well as
awareness and knowledge of one’s own cognition
D.a. Strategic Knowledge
D.b. Knowledge about cognitive tasks, including appropriate contextual and conditional
knowledge
D.c. Self-knowledge

WzBop / Source: Krathwohl (2002)
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Jpyra numeH3uja peBUANPaHE TAKCOHOMHU]E
je oumensuja xoenumusHux npoyeca. Kon PT je
M3/IBOjEHO LIECT KaTeropyja/HuB0a KOTHUTUBHUX
nporeca, kao u kox WUT, anu cy usnBojeHe u
notkareropuje (ykynHo 19 morkareropuja)
(Tab. 3).

The second dimension of the revised
Taxonomy is the Cognitive Process Dimension.
There are six sub-categories/levels of cognitive
process in the revised Taxonomy, as well as in
the original Taxonomy, but the revised Taxonomy
points out and sub-categories (total number of
sub-categories is 9) (Tab. 3).

Ta6. 3. CtpykTypa JUMEH3Mje KOTHUTUBHUX Iporieca mpema PT
Tab. 3. Structure of the Cognitive Process Dimension of the Revised Taxonomy

1.0. 3anamTtutH
1.1. IIpeno3naBame
1.2. Ilpucjehame

2.0. Pazymjetn
2.1. Murepnperupame
2.2. HaBohemwe npumjepa
2.3. KnacudukoBame
2.4. Caxxumame
2.5. 3akJpyunBame
2.6. Ynopehusame
2.7. OGjammaBame

3.0. Ilpumujenutu
3.1. U3BpluaBame
3.2. UMnnemeHTHpame

4.0. Ananusuparu
4.1. Iudepenuupame
4.2. OpranuszoBame
4.3. Ilpunucusame

5.0. Bpeanosaru
5.1. IlpoBjepaBame
5.2. KputukoBame

6.0. CrBapatu
6.1. I'enepucame
6.2. [Inanupame
6.3. IlpousBoheme

1.0. Remember
1.1. Recognizing
1.2. Recalling

2.0. Understand

2.1. Interpreting
2.2. Exemplifying
2.3. Classifying
2.4. Summarizing
2.5. Inferring

2.6. Comparing
2.7. Explaining

3.0. Apply
3.1. Executing
3.2. Implementing

4.0. Analyze
4.1. Differentiating
4.2. Organizing
4.3. Attributing

5.0. Evaluate
5.1. Checking
5.2. Critiquing

6.0. Create
6.1. Generating
6.2. Planning
6.3. Producing

WzBop / Source: Krathwohl (2002)
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Ono mTo je 3HauajHo uctahu 3a HUBOE
KOTHUTHUBHHX IIpOIieca jecTe Ja UX je TMOTpeOHO
MO3HABATH M KOPUCTUTHU MIPUIUKOM JIe(hUHHUCAbA
ucxona u onpehuBama HACTABHUX aKTHMBHOCTH.
Ha Taj HauumH ce yueHunuma omoryhama na
Hampenyjy O HIDKMX Ka BHUIIMM MHCAOHHUM
BjemTuHaMa. HapouuTo je 3HayajHO pa3BUjaTH
BUIIIE HUBOE jep OHM YMHE OCHOBY KPUTHYKOT M
KpeaTuBHOT MHUIIUbewa. Kopuiheme paznuuntux
HHBOA KOTHUTHBHHX Tpolieca oMoryhasa u Jlakiry
MIPOI]jeHy YICHUYKOT 3HAbA.

Kao mto je Beh pedeno, kox peBuaupane
TaKCOHOMHjE je, y CKiIaay ca JocTUrHyhuma
KOTHUTHBHE  ICUXOJOTUje, YyBeICHa
JIBOIMMEH3NOHAIHOCT. [IpokumMameM TuMeH3uje
3Haka W JUMEH3Hje KOTHUTHBHHUX IIpoleca,
HacTana je TakcoHoMcka Tabmuma (Tab. 4). OBa
TalIuIa je HaMjelheHa HACTABHUKY U ITIOMayKe My
Jla yTBP/AM M aHAIM3Mpa KOje KaTeropuje 3Hama
Tpeba moyyaBaTh: YUHCHUYHO, KOHLIENTYaJHO,
MpOLEIYypaTHO WM METAKOTHUTHUBHO 3HAME.
Ipyra nuMeH3uja, JUMEH3Mja KOTHUTHUBHHUX
nporieca HaCTABHUKY yKa3yje Ha HUBO KOTHUTHBHOT
mporieca Koju YUYeHUIH KOPUCTe JAa OU TOCTUTIN
3ajare mubeBe. Ha mpecjexy oBe JBUje AUMEH3H]je
Hajaze ce henuje (ykynmHo 24 henmje) koje
ciyxe 3a knacudukanujy ucxona. Ha taj naunn
HACTaBHHUK MOXKE J]a YTBPAM J1a JIU Cy UCXOIH KOje
je neuHmCcao paBHOMjepHO pacniopehenu u npema
BpcTama 3Hama M IpeMa HUBOMMa KOTHUTHBHUX
nporieca. TakcoHOMCKa TaONuIIa je 3Ha4YajHa U KO
oljjemhHBamba, jep oMoryhasa Kpajie Iperu3Ho U
KOPHCHO oljjemuBame. [Ipema oBoj Tabmuuu ce
NuTamba Koja ce MOCTaBJba]y YUCHUIIUMA MOTY
OLIMJEHUTH Ha 24 pa3nIuyuTa HaYMHA, 3aBUCHO
K0jOj BPCTH 3Hama M KOjeM HUBOY KOTHHUTHBHUX
mporieca MpuIaaajy.

AMep HaBOIM BHIIECTpyKe MOTyhHOCTH
kopuurhewa TakcoHoMcke Tabnutie (Amer, 2006).
TakconoMcka TabnuIa MoXe MoMohu Ko aHaJu3e
L[MJbEBA HACTABHE jEIMHUIIEC I HACTABHOT ILIaHA
U TIporpama, MoJke MoMohu HacTaBHUIMMA J1a He
MHUjellajy IUbEBE ca aKTUBHOCTHMA, Jla CXBaTe
07IHOC U3Mel)y MpoljeHe 1 HACTaBHUX aKTUBHOCTH,
a Moke MM 1oMohu 1 Kofi mpoBjepe yckiahupama
ca HaCTaBHUM ILIaHOM U niporpamom. Koren (2014,
ctp. 101) HaBoau 12 M3a30B KOjU CTOjU TMpen
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It is important to mention that levels of
Cognitive Process should be known and used for
defining outcome and determination of teaching
activities. In this way, students are given a chance
to advance from lower towards higher thinking
skills. It is especially important to develop higher
level because it presents the basis of critical and
creative thinking. Usage of different levels of
cognitive processes provides an easier assessment
of students’ knowledge.

As we have already mentioned, in the case
of the revised Taxonomy, in accordance with the
achievements of cognitive psychology, a principle
of two-dimensionality is introduced. Interferences
between dimension of knowledge and dimension
of cognitive processes help the invention of the
taxonomy table (Tab. 4). This table is aimed for
teachers and can help them to determine and
analyze the categories, which should be taught:
factual, conceptual, procedural or metacognitive
knowledge. The other dimension, the dimension
of cognitive processes, points out to a teacher
a level of cognitive process used by students in
order to acquire determined aims. There are cells
(24 cells in total) on the intersection of these two
dimensions, which serve for the classification of
learning outcome. Thus, a teacher can determine
if learning outcome he/she previously defined
is evenly distributed in accordance to the types
of knowledge and in accordance with the levels
of cognitive processes. Taxonomy table is very
important for grading, too, because it enables
highly precise and useful grading. According to
this table, students are asked questions which can
be graded in 24 different ways, depending on what
kind of knowledge and what level of cognitive
process they belong.

Amer (2006) states multiple possibilities
in the usage of the Taxonomy table (Amer,
2006). The Taxonomy table can help in
the analysis of the objectives of a unit or a
syllabus, can help teachers not to confuse
activities with objectives, to realize the
relationship between assessment and teaching/
learning activities, and examine Curriculum
alignment. Koren (2014, p. 101) states that
a challenge in front of a teacher is how to
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Tab. 4. TakcoHoMcKa TabnMIa (AMMEH3H]je 3Hakba 1 HUBOM KOTHUTUBHHX IpoOIleca)
Tab. 4. The Taxonomy Table (The Knowledge Dimension and Levels of Cognitive Process)

[llecT HUBOA KOTHUTUBHUX MPOIECA
Mmsensuje snama 1. 2. 3. 4, 5. 6.
3anaMTUTH Pasymjetn Ipumjenntn | Anammsuparu | BpenHosaru CrBaparu
A. YumbeHUYHO 3Hamke Al A2 A3 A4 AS A6
b. Konuentyaso Bl B2 B3 B4 BS B6
3Hambe
1. Ilponierypanuo
sHAme 11 12 13 114 s 116
JI. MeTakorHUTUBHO
B il e E T4 e 116
Six Levels of Cognitive Process Dimension
The Knowledge
Dimension 1. 2. 3. 4. 5. 6.
Remember Understand Apply Analyze Evaluate Create
A. Factual Knowledge Al A2 A3 A4 AS A6
B. Conceptual BI B2 B3 B4 BS B6
Knowledge
C. Procedural
Knowledge Cl C2 C3 C4 Cs C6
D. Metacognitive
Knowledge D1 D2 D3 D4 D5 D6

W3Bop / Source: Krathwohl (2002)

HACTaBHHUKOM jecTe OOJIMKOBAaTH TaKBy HACTaBY
koja he 00yXBaTHTH pa3IMUUTE KaTeTOPH]e 3HAbA,
BHUIIIC HUBOE KOTHUTHBHHX IpoIeca U Ha Kpajy,
MIPHUIOHHU]E€TU TYOMHCKOM pa3yMH]jEBaby U YUCHyY.

MOI'YRHOCTHU U ITPEJHOCTH
ITPUMJEHE BJIYMOBE TAKCOHOMMUMIE Y

HACTABU I'EOI'PAONIE

N y reorpaduju kao HaydyHO-HACTABHO]
JTVCIHUIIMHKA MTOCTOj€ YETUPH HAaBEICHE BPCTE
3Hama KOje je MOTPEOHO TOyUYaBaT: YUHCHUYHO,
KOHIIETITYaJTHO, TIPOLIETYPATHO M METAKOTHUTHUBHO.
Jenau oy HemocTaTaka TPaAUIIMOHATIHE HACTABE je
JOMUHAHTHO ITPUCYCTBO YNEHCHIYHOT 3HAHa, TAKO
1a je moTpeOHO OMOTYNUTH yUeHHUITMMa JIa YCBOje
W OCTaJIe TPU BPCTE 3HAMA.

organise such lessons which would include
different categories of knowledge, higher
levels of cognitive processes and, in the end,
contribute in a deeper understanding and
learning.

POSSIBILITIES AND ADVANTAGES
OF THE BLOOM’S TAXONOMY
APLICATION IN GEOGRAPHY

TEACHING

In Geography, as a scholar and scientific
discipline, there are four mentioned kinds of
knowledge, which should be researched: factual,
conceptual, procedural and metacognitive. One
of the disadvantages of traditional teaching is
dominant presence of factual knowledge, so
it is necessary to provide students a chance to
acquire and the other three kinds of knowledge.
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Yurwenuuno 3uarwe 0OyxXBaTa IO3HABaHE
OCHOBHHX II0jMOBa, YHIHLCHUIIA M OBJIA/IaBAHC
TEPMUHOJIOTHjOM. [ eorpa)cko YM-EHUYHO 3HAE
oOyxBaTa 3Hame O reorpad)cKuM 00jeKTHMA,
nojaBama, mpoiecuma W ogHocuma. [Ipema
Pomenmhy (2003) reorpadcku 00jeKTH Cy OCHOBHE
jenunuiie y reorpad)ckoj CpeAwiHU, Kao HIIP.
TUIAaHWHE, KOTIHMHE, PUjeKe, MOpa, TPAIOBH | CII.
I'eorpadcke mojaBe ce HagmoBe3yjy Ha 00jeKTe,
a HW3paxkeHe Cy Kao TemIepaTypa Ba3ayxa,
MHCOJAIM]ja, BOJOCTAj, Tallacame, TpaHCTpecH]ja,
3eMJbOTpec, BylkaHCke epymnuuje. ['eorpadeku
MPOIIECH O3HA4YaBajy TOK, MyT M HAYHH KOjUM
HEIIITO T0CTaje, OuBa U pa3BHja ce y reorpadckoj
cpenunu. To cy Hmp. neduanuja, 6ouHa epo3uja,
TEKTOHCKU TOKpeTu U Jip. [eorpadcku ogHOCH
yrHe ()CHOMEHE KOjU Ce M3pakaBajy oapeheHoM
MO3UIMjOM FCHUX OMTHHX €JIEMEHETa, Kao IITO
Cy T'YCTHHA HaCEJLCHOCTH, IPUPOIHU PUPAIITa],
cpenma TemIeparypa Bas3lyxa, pellaTHBHA
BJIQKHOCT Baznyxa, oomaunoct (Pomenuh, 2003,
ctp. 17). CactaBHe 1ujenoBe CTPYKType HEKUX
reorpad)ckux oOjekara, mojaBa U MpoIeca YUHE
reorpadcku eneMeHTu. IlocToje nBuje rpyrme
reorpadgckux enemenara. To cy ¢u3uyko-
reorpadcku (pesbed, KarMa, Bojie, 3eMIBHIITE,
BEreTalja v >KUBOTHILCKHU CBHJET) U JIPYIITBEHO-
reorpadcku (Hacesba, CTAHOBHHUILITBO U TIPUBPEA).
VYcBajame OCHOBHHMX Treorpa()CKux MOjMOBa M
ycBajame onpehene konmuumHe ¢akrorpadckor
reorpad)cKor Marepujaia je HeOmXoIaH U BakaH
MPEAYCIIOB 3a Mpeia3ak Ha BHIIEC KOTHHUTHBHE
HHBOE.

Konyenmyanno 3namwe TpencTaBiba
M03HaBabE OJJHOCA Mel)y TeMeJbHUM eJIeMeHTHMA
(uumeHnIamMa) kKoju uM omoryhamajy na
(GYHKIMOHMITY Kao IjjeIiHA yHyTap Heke Behe
njenuHe. To moapa3yMujeBa MO3HABAKE OIIITHX
HadJeJa, Be3a, CTPyKTypa u oOpazara y reorpaduju.
VY reorpaduju ka0 HayYHO-HACTABHO] AUCIIUTUTUHA
071 TOCEOHOT je 3Hayaja Cro3HaBamke reorpadcekux
B€3a M 3aKOHUTOCTU. Y Mel)yHapoaHO) MOBEIbH
3a reorpadcko oOpazoBame u3 2016. romune
(International Geographical Union, 2016) croju
na reorpaduja Kao MpeaMeT MpeacTaB/ba MHOTO
BUILIC O] y4CHa MHOIITBA YHH-CHHUIIA U TI0jMOBA.
dokyc Tpeba 1a je Ha obpacuuMa U TporiecuMa
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Factual knowledge involves knowledge
of the basic terms, facts and terminology
acquisition. Geographical factual knowledge
includes the knowledge about geographical
objects, figures, processes and relations.
According to Pomenuh, geographical objects
are basic unit in geographical surrounding, like
mountains, basins, rivers, seas, cities/towns
and so on. Geographical phenomena follow up
the objects and are distinct as air temperature,
insolation, water level, sway, transgression,
earthquake, volcano eruptions. Geographical
processes denote flow, way and means how
something is created, exists and developed in
the geographical environment. Those are, for
example, deflation, lateral erosion, tectonic
movements and so on. Geographical relations
make phenomena, which are expressed by
certain position of its essential elements,
just like population density, natural increase,
average air temperature, relative humidity of air,
cloudiness (Pomenuh, 2003, p. 17). Geographical
elements are components of structure of certain
geographical objects, figures and processes.
There are two groups of geographical elements.
Those are physical geographical (relief, climate,
water, soil, vegetation and animal world) and
socio-geographical (settlements, population
and economy). Adoption of basic geographic
terms and the adoption of certain amount
of factographic material is a necessary and
important precondition for transcending to
higher cognitive levels.

Conceptual knowledge is the knowledge
of the relations between basic elements
(facts) which provide them to function as a
whole within a bigger whole unity. It implies
knowledge of knowing general principles,
relations, structures and patterns in Geography.
In Geography, as a scientific and teaching
discipline, the knowledge of geographical
relations and validities is of great importance.
The 2016 International Charter on Geography
Education (International Geographical Union,
2016) states that Geography is much more
than learning many facts and concepts. The
focus should be on patterns and processes



[TTACHUK - HERALD 22

KOJU HaM TIOMaxKy Jia pasyMHjeMO IUIaHETy Koja
ce crasiHO Mujemwa. [Ipema Pomenuhy (2003, ctp.
17) reorpadcke Be3e unHE CyIITHHY reorpadceke
HayKe, a reorpa)cke 3aKOHUTOCTH MPE/ICTaBIbAjy
OopraHmu3anujy reorpadCkux YUIBEHHUIA Ha
HAjBUIIEM HHUBOY, TaKO Ja MO3HABAmhE HHUXOBE
CYILLUTHHE OJ CTPaHE YYCHHKA IPEACTAaBIba HajBUILIH
BpPEIHOBaHHM PAHT YCBOJEHOI 3Hama. [ Hharo u
CramenxoBuh (2002, ctp. 15) uzaBajajy nsuje
rpyIe 3aKoHa reorpadckor pa3Boja U pazMjeriraja
o0jekara, rmojasa u rpoiieca: onire (OCHOBHE) KOjU
Cy CBOjCTBEHH reorpaduju kao HayIy 1 moceoHe
(cnenu¢puyHe) KOjU Cy MNpeAMeT H3ydyaBamba
MOjeAMHUX Teorpad)CKuX AUCHUILUTUHA. Y TPYIy
OCHOBHHX Teorpa)CKUX 3aKOHUTOCTH yOpajajy:
reorpaMuHoOCT, MHTETPAIHOCT, PUTMUYHOCT,
30HAJHOCT, a30HAJTHOCT, TEOCUCTEMHOCT U JIp.
IIpoyedypanno 3nare o0yxBaTa MO3HABAHE
BjelITHHA, TEXHUKAa U METoAa CHelu(PpUIHUX
3a MpeAMET, Ka0 U KpUTepuja 3a KopHinheme
oapehenux npouenypa. Kuskosuh et al. (2015,
ctp. 40) HaBoje ma reorpadcke BjeLITHHE
MOTy OUTH pa3HOBpPCHE, HIIP. paj ca TEKCTOM
U JUTepaTypoM, reorpa)CKuM Kaprama
u rpadUUKHM MaTepHjaiuMa, MpHUMjeHa
cratuctuukux meroga u [MIC TexHomorwje,
TEPEHCKUX U KapTorpad)cKuX METo/1a, CIIpoBOlere
aHkeTa, Kopuinheme NPAKTUYHUX METOJA
U KOMYHUKAIIMOHMX CpEACTaBa, y CTHIAY
reorpad)CKHUX 3Hamba Pa3InIuTOr TEPUTOPH]ATTHOT
oOyxBata — oJ] JIokajgHor a0 TiobanHor. Kana
pasmarpa reorpadceke Bjemtiuae Pomenuh (2003,
ctp. 19) HaBoauM cTuname OPOjHUX BjEIITHHA KAO
IITO Cy BjeIITHHA YUTama reorpackux Kapara,
KaKO ONIUTUX TAaKO U TEMAaTCKUX, CIIOCOOHOCT
aJleKBaTHOT Kopuinhema CTAaTUCTHUYKOT
Marepujasa, IpaBUJIHO Teorpadcko mocMarpame,
OBJIaJ[aBakb-¢ BJEHITHHOM Teorpad)cKor HauMHa
UCTpaXXMBamka M HHTEpPHpeTalyje MpocTopa,
OBJIQJIaBab€ BjEIITHHOM PYKOBaHbha PazIHuYUTHM
MjEpHUM HHCTPYMEHTHMa. YUYeHHUIM Tpeba jaa
OBJIa/1ajy ¥ YNOTpeOOM HACTaBHUX M MOMONHUX
TEXHUYKHX CPEICTaBa y MpOIeCy HacTase, Kao
IITO Cy HIIp. yrnorpeda TEeKCTa y yIIOSHUIIMMA U
NpUpPYYHHULIIMA, YIOTpeba KOMIjyTepa u CJl.
[To3HaBame HCTPaXMBAYKHUX IOCTyIaKa,
METOJa W TEXHHMKAa je BaXaH CErMEHT

that help us to understand an ever-changing
planet. According to Pomenuh (2003, p. 17),
geographical relations are the essence of
Geography as a science, while geographical
validities are organisation of geographical facts
on the highest level, so that students’ knowledge
of its essence represents the highest valuation
rank of acquired knowledge. I'mato and
Cramenkouh (2002, p. 15) point out two groups
of principles for geographical development
and arrangement of objects, appearances and
processes: general (basic) which are specific for
Geography as a science and special (specific)
which are subject of research within certain
geographical disciplines. The group of the basic
principles includes geographicality, integrity,
rhythmicity, zonality, azonality, geosystems,
and so on.

Procedural knowledge includes knowing
the skills, techniques and methods specific for
the subject, as well as criteria for the usage of
certain procedures. )Kuskosuh et al. (2015, p.
40) state that geographical skills can be various,
for example work with text and literature,
geographical maps, graphical materials, usage of
statistical methods and GIS technology, terrain
and cartographic methods, survey research,
usage of practical methods and communication
means, in acquiring of geographical knowledge
of the different territorial coverage — from local
to global. While examining geographical skills,
Pomenuh (2003, p. 19) mentions acquisition of
numerous skills such as a skill of geography
map reading, general ones as well as thematic
maps, ability for the adequate usage of statistical
material, adequate geographic observation,
to engross the skills of geographical way of
research and space interpretations, to engross
the skill of handling of different measuring
instruments. Students should develop skills
for usage of teaching and additional technical
means in teaching process like, for example, the
usage of texts from textbooks and handbooks,
usage of computers and so on.

Knowing the research procedures, methods
and techniques is a very important segment of
procedural knowledge. This is the knowledge
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npoleaypailHor 3Hama. To je 3Hame Koje
omoryhaBa na ce pgohe 10 HOBUX 3Hama.
HctpaxkuBauku paj je 3HayajaH Ha CBHUM
HUBOUMA reorpadckor oopazoBama. [loTpedHo je
oMOryhHTH J1a ce y4EeHHIIH jOI y OCHOBHO] IIIKOJIH,
y3 MOMONh HacTaBHHUKA yBOJAE Y HMCTpPaXKMBAYH
paa. Ha BummM HHBOMMa oOpa3oBama TO Cy
3Hama Koja cy notpebHa Ja Ou ce caMOCTaHO
MIPOBEJIO UCTPAXKHUBAKE, pjelIaBad MpoOIeMH
KOJU C€ jaBJbajy MPUIMKOM POBONEHa BIACTUTOT
UCTPaKUBAMA U CII.

Memaxoenumueno 3Harwe TPEACTaBIbA
3HAE O CMIO3HAJU YOIIIITEe, T€ CBUJECT U 3HAE O
BJIACcTHTO]j crio3Haju. [Tonkareropuje oBor 3Hama cy
CTPATEIIKO 3HAE, 3HAKE O TOME KaKO pjelaBaTH
pa3IUUuTE BPCTE€ KOTHUTUBHUX 33/1aTaKa U 3HAHE
o cebu. [Ipema Koren (2014, ctp. 86) yueHunu
Tpebajy KOPUCTUTH METAKOTHUTUBHA 3HAa KaKoO
OM Ha NPUKJIAJaH HAUYMH HAATNIEAANIU IpOLeC
CBOT yueHha, MPaTUJIM CBOj€ HAIIPEI0BAkE IpeMa
3aJaHOM IIMJbY, JTIOHOCWJIM OJUTYKE O TOKY CBOT
yuera U JjeJIOBAIM Ha Hera oMohy opabpaHux
ctpareruja. OBo 3Hame UM omoryhasa na BuIe
Hayye U MOCTHXKY 00Jbe pesyirare.

MeTakOTHUTUBHO 3Hame Yy HACTaBHU
reorpaduje oOyxBaTa 3HAKE O TOME KaKO
ce Hajbosse yum reorpadwuja. Ilpu Tome je
HEOIXO/IHO JIa YYCHHUIIH [T03HAjy HEKe CTpareruje
3a e(uKacHO ydeme reorpadckux caapikaja, 3a
pa3Boj reorpadckor MUIIIBEHA, KAO U CTPATETH]|e
3a pjemaBame npobnema. Tpeba na 3Hajy koja
cTpareruja je HajepuKacHuja M HajOospa 3a
pjemaBame onpehenux 3anmaraka. U Ha Kpajy,
Tpeba a MMajy CIIO3HAjy O CONICTBEHUM 3HAIMa
U CIOCOOHOCTHMA KOja Cy UM HEONXOAHA KOA
o0aBJbara HEKUX ofipel)eHNx 3a1araka.

JMMEH3UNJA KOTHUTUBHUX ITPOLECA U
HACTABA I'EOI'PAOUJE

Jpyra nuMmensuja y peBuanpanoj biaymoBoj
TaKCOHOMMjU 3Hama Ce OJHOCHU Ha HUBoe
KoeHumugHux npoyeca. Kana mecr pasimauTux
HUBOA KOTHUTHUBHHX TpoIieca MPUMHUjEHUMO Ha
yueme reorpa)CKux caapxaja, oHga OucMo ux
MOIVIM ONMCATH Ha ciberieh HaYuH:

132

that enables the acquisition of new knowledge.
Researching is very important for all levels of
Geography education. It is necessary to provide
that students in primary school, with teachers’
help, become familiar with researching. On
the higher levels of education, this is the
knowledge necessary in order to realize research
independently, to solve problems that occur in
the process of one’s own research.

Metacognitive knowledge is the knowledge
about cognition in general, as well as a
consciousness and knowledge about one’s own
cognition. Subcategories of this knowledge
are strategic knowledge, the knowledge how
to solve different kinds of cognitive tasks
and the knowledge about oneself. According
to Koren (2014, p. 86) students should use
metacognitive knowledge in order to adequately
supervise the process of their learning, follow
the advancement according the given goal,
make conclusions about the process of their
learning and influence it by chosen strategies.
This knowledge provides students a possibility
to learn more and achieve better results.

Metacognitive knowledge in Geography
teaching includes the knowledge how
Geography is taught in the best way. It is
necessary that students know some strategies
for efficient learning of geographical units,
for development of geographical thinking, as
well as strategies for problems solving. Also,
students should know which strategy is the most
efficient and the best for solving of certain tasks.
And in the end, students should have cognition
about their own knowledge and skills necessary
for doing some particular tasks.

DIMENSION OF COGNITIVE PROCESS
AND GEOGRAPHY TEACHING

The second dimension of the revised
Bloom’s Taxonomy of knowledge deals with
the cognitive process dimension. When six
different levels of cognitive processes are
used in Geography education, then they can be
described like this:
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3anammumu: Ha oBOM TpPBOM HHUBOY
Harjmacak je Ha namhemy. YUYEHHUIM MOKa3yjy
jecy M MeMopHucali reorpacke YUHEHHUIIE U
neuHuITy HaydyeHe IOjMOBE Majia UX HE MOpPajy
HYKHO ¥ pa3zymjeTu. Jlakie, y4eHUIN PEenpoayKy]y
Beh HayueHe reorpadcke uHpoOpMmamuje y
M3BOpPHOM 00nuKy. Ilopen unmeHnna yuyeHuIu
yue U reorpacke TepMUHE, 3aKOHE, MTPUHIUIIE
u nedpununuje. Tako HIOp. MOTy Ja UMEHY]Y
HEKM reorpadCky IojaM M J1a ra MoKaxy Ha
reorpadckoj kapTH, 1a HaOpoje win aAeHuHUITY
Heke reorpad)Cke OjMOBE OHAKO KaKO Cy HAyUWIIN
U cJ1. YYEHUIIM O/IrOBapajy Ha MHTama: Ko, IITa,
T7je ¥ Kaja.

Pazymjemu: Jlpyru HUBO ce€ TeMeEJbU Ha
pasymujeBamy reorpadckux uHpopmanuja u
IUXOBOj TpaHC(hOpMAIMjU U3 JeTHOT OONMUKA Y
Jpyru. YUEHHUIM MOKa3yjy Jia JId Cy MPaBUIIHO
npuMuiIn reorpadceky uHpopmanujy u ga Ju
MOTY JIa je UHTepIIpeTHpajy u yommre. Ha oBom
HUBOY YYCHHUIIM MOTY HIIp. J]a OIHIITY reorpa)CKu
MOJIOXKA] HEKOT 00jeKTa, Jia CBOjUM pHjeunMa
neuHUIIY HEKH MojaM, Ja o0jacHe HEeKy
reorpadcky nojasy u ci. OBaj HUBO MpeCTaBIba
MPETIOCTAaBKy 3a ynorpeOy 3Hama. YUYeHUIH
O/ITOBapajy Ha MUTama: 3aIITO U KaKo.

Ilpumujenumu: OBaj HUBO MpeACTaBJba
MIPUMjeHy CBeTa OHOTa LITO Cy YYCHUIIM HAYIHIIH
Y CXBaTHJIM OJJHOCHO YHOTpeOy OIIITHX MpaBHia
u noctymnaka. CTedeHO 3Hambe MOXE J1a C€ KOPUCTH
3a pjemaBame mpodiema, ynorpedy reorpadceke
KapTe U 1I00yca, rpaduyuko MpeacTaBibame
noJlaTaka, padyHame U IMpuMjeHy (opmyna,
NMpUMjeHy onaroBapajyhux Hadena, kopuinheme
oJIroBapajyhux WHCTpyMeHara 3a Mjeperne U CIl.

Ananuzupamu: Ha HUBOY aHanmm3e ce BPILU
panrwiamuBame reorpagckux nHpopMamja uim
pacraBJbame HeKe reorpad)CKe 1mojaBe Ha CacTaBHE
JMjeroBe Kako OW ce yTBpIuiIN MelhycoOHH
OZIHOCH U Be3e M3Mel)y THX JWjeNnoBa, y3pouu H
MOCJbETUIIE U Ha OCHOBY TOTa JIOHHjENId HEKH
3aKJpydlid. BeoMma je BaXXKHO J1a IPUIIMKOM aHAIIN3e
YYCHHUIIM 3HAjy J1a OJIBOj€ Ba)KHE OJI HEBAXKHUX
nnpopmanuja. Takohe je BaxkHO Na ydyeHUIIH
3HAjy YOUHTH CIIMYHOCTH U pas3iiuke namely parux
reorpad)CKHX Mojaraxa.

Bpeonosamu: To je HUBO TJje YYEHUK HMa

Remember: On this first level, the stress
is on remembering. Students show if they
memorize geographical facts and define learnt
terms, but it is not necessary to understand
them. So, students reproduce already learnt
information in the original form. Apart from the
facts, students learn geographical terms, laws,
principles and definitions. So, for example, they
can name some geographical term and show it
on the geographical map, count or define some
geographical terms in the way they have learnt
them, and so on. Students answer the questions:
who, what, where and when.

Understand: The second level is based on
understanding of geographical information and
its transformation from one shape to another.
Students show if they correctly received
geographical information and if they could
interpret it. On this level, students can, for
example, describe geographical location of some
object, define some term in their own words,
and explain some geographical phenomena
and so on. This level represents hypothesis for
the usage of knowledge. Students answer the
questions: why and how.

Apply: This level represents the usage of all
what students have learnt and understood, i.e.
the usage of all general rules and procedures.
Acquired knowledge can be used for problem
solving, the usage of geographical maps and
globe, graphical presentation of data, calculating
and the usage of formulas, usage of adequate
principles, and usage of adequate instruments
for measurement and so on.

Analyze: On the analysis level, there is
the process of decomposition of geographical
information or decomposition of some
geographical phenomenon to its constituent
parts in order to determine their mutual relations
between the parts, causes and consequences, and
these parameters produce certain conclusions.
It is very important that during the analysis
students know how to make distinction between
important and unimportant information. Also,
it is very important that students are able to
spot similarities and differences between given
geographical data.
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CIIOCOOHOCT mpocyhuBama M MPOI]jCHUBAKA.
VY4eHuK Ha OCHOBY ojpeheHuX Kpurepujyma u
CTaHJapja Ipoljemyje oapehene BpUjeaHOCTH.
Ha oBoM HUBOY je HajBaXXHUJU pa380j KPUMUUKO2
Muuibersa, CocoOHOCT IMCKYTOBama, oJ0paHa
BJIACTUTHUX CTABOBA U CII.

Cmeapamu: Ha oBOM HMBOY pacTaBJbEHU
JIMjeTI0BU MH(OpPMAIFje ce CacTaBibajy y jeIHy
HOBY IjenuHy. Ha OCHOBY aHasm3e 1 BpeIHOBamba
JOHOCE C€ 3aKJbydllW, TeHepaln3aiuje,
CY[IOBH, CTaBOBH, oljeHe, cpel)yjy u KOMOUHY]Y
nHopManuje y CMHUCIEHY LjeIuHy U CI.
VY4YeHuIIM KpeaTUBHO KOPUCTE 3Hame Koje Beh
¥Majy M Ha Ta] HAYMH JI0J1a3e 10 HOBHX pjellemha
WIN 70 CTBapama HOBUX ujeja. Harmacak je Ha
KpeamusHOM MUUL/berhy U Cmeaparsy Tako Ja
YUEHHIIM Y HAcTaBU reorpaduje MOry Ja, OCUM
CMHUIIUbaFa HOBUX HJI€ja, POPMYIHUIITY XUTIOTE3E,
npenBuhajy U MpOrHO3Upajy TOK HeKe reorpadcke
T0jaBe WM MPOILIeca, a YONIITAaBajy, 1a HalpaBe
TUIaH WIN CKHILY U CJI.

Y Tab. 5 HaBeaeHU cy HpUMjepH
aKTUBHOCTH HACTaBHMKA M YYCHHUKA y HACTaBH
reorpaduje 3a MojequHe HHUBOEC KOTHUTUBHHUX
mporeca, OJHOCHO ImpuUMjepH Imrta Ou Tpebanu
Jla pajJie YYCHUIM U HACTABHUIM HA I10jeIUHUM
HUBOMMAa. AKTHBHOCTH HAacTaBHHKa Cy OJ
roceOHOT 3Hauaja, jep Ofl ’eTOBE 0CIIOCOOLEHOCTH
U aKTUBHOCTH KOje TMPOBOJM Ha Yacy 3aBHCH
KoNMMKo he W y4eHHWIM OUTH OCTIOCOOJBEHU J1a
MIPOBOJIE AKTUBHOCTHU HA TI0jeIMHUM HUOUMA.
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Evaluate: This is the level where a student
has ability to conclude and evaluate. Student
evaluates particular values on the basis of
certain criteria and standards. On this level, the
most important is the development of critical
thinking, ability to discuss, defend one’s own
attitudes, etc.

Create: On this level, stripped parts of
information are being put in a new whole.
Based on analysis and evaluation, conclusions
are made, as well as generalizations, judgments,
attitudes, marks, information is arranged and
combined in a meaningful whole. Student use
the knowledge they already have in a creative
way in thus they come to new solutions or new
ideas. The accent is on the creative thinking
and creation so that students in Geography
education can, apart from inventing new ideas,
formulate hypothesis, predict and forecast the
progress of some geographical phenomenon or
process, generalize, create a plan or sketch, etc.

Tab. 5 describes examples of a teacher and
student’s activities in Geography education
for certain levels of cognitive processes, i.e.
examples what students and teachers should do
on certain levels. Teacher’s activities are of a
special importance because his competence and
class activities influence students’ competences
for realising activities on certain levels.



[TTACHUK - HERALD 22

Ta6. 5. [IpuMjepu akTUBHOCTH HACTAaBHUKA U yYEHHKA y HACTaBH reorpaduje Ha pa3IuuuTHM
HUBOMMA KOTHUTUBHUX mnpoueca PT

Huso IIpumjepu
KOTHUTHBHHX AKTHBIOCTH [Tpumjepu akKTUBHOCTH YUCHHKA Y HAaCTaBH reorpaduje
nporeca HacTaBHMKa
reorpaduje
IMura Ko? [lIta? Jedunuiie nojam pesbeda; HMeHyj§ o0nuKe peJ}eq)a, HaBOZH
Tje? Kaja? HauWHE II0CTaHKa IUIaHuHA; mnpucjeha ce mozjene; HaOpaja
3anamMTUTH ’ OCHOBHE reorpa)cke KapaKTepPUCTUKE BjEHAYHUX IUIAHUHA;
TYMETH, TIOMEKE, MpOHAJIa3u Ha KapTu oO0Jiuke pesbeda; UACHTUPUKYje MIIaje
HAaBOJIU, yCcMjepaBa. | .
BjEHAYHE TJIAHWHE H CII.
ObjammaBa reorpadcku monoxaj; odpasiaxe yTUIA] pejbeda
IMura 3amro? u Ha xuaporpadujy, OM/bHH M KUBOTUECKH CBHjET; NPETO3Haje
Kaxo?, o6jammasa, y3pOUHO-TIOCJbeIUUHE Be3e u3Mely HpI/IpO,Z[HOFeO.l“pa(l)CKI/I.X
HABOIH, yoMjepasa, u z[pyIHTBeﬂoreorpa(bCKgx ellemMeHara 1 (baKTopE.l, omucyje
. reorpad)cku TpOLEC CBOJUM pHjeunMa; Kiacudukyje HeOecka
Pazymjetn AHCKYTY]E, TIoMazxe. THjena; HaBOOW TNpHMjep BpcTe HeOeckor THjena; ymnopehyje
pa3IMYKUTE TUIIOBE KIMME U CII.
Sanaje, mra, [Iponamazu Ha KapTH; Hajasu nmpuMjepe; mnpra rpadukoHEe H
Tpumjenara | ynyhyie, Kapre; padyyHa pasmjep; MjepH yn.afberfocm Ha KapTI/I;.HOCMaTPa
HpoBjepaBa. u (otorpaduimre reorpadcke 00jeKTe; MpaBu MakeTe; u3pahyje
MojIeTe.
VYnyhyje Ha
CTPYKTYpY, BaxkHo | Pasnukyje nmpupojgHe M ApYIITBEHE pecypce, aHalu3upa 3Hauaj
Anamusupari 1 HEBAKHO, I10jSTUHUX pecypea 3a pasBoj npuspene; oapehyje npHOpHTETE;
3HAYajHO U Tpara 3a pjelieleM MpodieMa; YHOCH HOBE CIEeMEHTE; cliaja
0e3Ha4yajHO, CJIMYHO | CTApO Ca HOBUM; aHAJIU3Upa rpa)uKOHE U iujarpame u Cil.
U pa3JIn4MTO.
Ouxpebyje
KpHUTEpHje [Ipoujewyje 3Ha4Ya] MOjEAMHUX NPUPOAHUX U JIPYIITBEHUX
Bpemoarn BPE/IHOBAbA, pecypea; KpUTHYKH carieasa HOCT(?jehe CTame; XUIOTETHYKU
npocyhyje, 3aKJpydyje; mpeaBuba IasbM pa3Boj onapeheHMX NpHUBPEIHUX
KPUTHKY]e, NjeTIaTHOCTH; carlie/iaBa TOCIbEANIE PEUIOKEHIX Mjepa U CII.
oljemyje.
3akspyuyje,
cyMmHpa, IpaBu YoninTaBa HCKyCTBa; CMHCIICHO MHUjerba, TNpeIiaxe HOBA
Creaparn penocnﬂjez{., pjermema W aKTUBHOCTH, IPaBU TYPUCTHYKH BOIHM, an6yy1,
Knacudukyje, MaHo, 3HWJHE HOBHHE, W3JIOKOy, TIAH Tpajia, MPe3cHTAIH]Y,
TeHEepaHuIIe, BHUJICO-3aITUC; MTUIIIE ecej; KPeupa KBU3 U CII.
afncTpaxyje.
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Tab. 5. Examples of teachers and students’ activities in Geography education on different cognitive
processes (Revised Taxonomy)

Examples for

Cognitive Geography Examples of Student’s Activities In Geography Education

Process Level | Teacher’s
Activities

Remember Aks Who? What? | Define the term relief;, name kinds of relief, states the
Where? When?, ways of mountain creation; recalls divisions; enumerates
Interprets, helps, | the basic geographical characteristics of mountain range;
states, directs finds forms of relief on the map; identify young mountain

ranges, and so on.

Understand Asks Why? and Explains geographical location; reasons the influence of
How?, explains, relief on hydro geography, flora and fauna; recognises
states, directs, causal connection between natural-geographic and socio-
discusses, helps geographic elements and factors; describes geographical

process in his/her own words; classifies celestial bodies;
gives an example for kinds of celestial bodies; compares
the different types of climate, and so on.

Apply Assigns, asks, Finds on the map; finds examples, draws graphs and
directs, checks maps; counts proportions on the map; observes and takes

a photograph of geographical objects; make dummies,
creates models.

Analyze Directs to the Makes distinction between natural and social resources,
structure, to analyzes the importance of certain resources for economy
important and development; determines priorities; searches for problem
unimportant, solution; introduces new elements; combines old with new;
significant and analyzes graphs and diagrams, etc.
insignificant,
similar and
different

Evaluate Determines Evaluates the importance of certain natural and
criteria for social resources; critically perceives the current state;
evaluation, makes | hypothetically concludes; predicts further development of
judgements, certain economic activities, perceives the consequences of
criticizes, grades | suggested criterion and so on.

Create Concludes, sums, | Generalizes experiences; meaningfully changes, suggests
creates sequence, | new solutions and activities; makes a tourist guide book,
classifies, album, wallpaper, exhibition, town map, presentation,
generalize, videos; writes an essay; creates a quiz and so on.
abstracts
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Kon mpumjeHe HaBeAeHMX KOTHUTHBHUX
HHUBOA, Hajuemhe ce MpUMjeHYjy HajHUKE
KaTeropuje (3Hame U pa3yMjeBame), 10K C€ BUIIH
HUBOU 3Hama (IIpUMjeHa, aHaIW3a, eBalyaluja,
cuHTe3a) pjehe octBapyjy. Pasnor 3a To Hanaszu
ce y JOMHUHALMjU TPaTUIMOHAIHE HACTAaBE U Y
HHUCKOM KBQJIUTETY OCTBAPEHUX PE3YATATA Y H0j.
300r TOra je Ba)KHO J1a Ce Of] YYCHUKA Y HACTAaBOM
nporiecy yenthe 3axTjeBa fa: mocMarpa, yrnopehyje,
TyMauH, Tpara, KI1acupukyje, 3aMHIILIba, TOCTaBIba
XUIoTe3e, MpoBjepaBa, KPUTUKYje, pjeliaBa
npobieMe M M3BOIM 3aKkibydke. M30cTaBibameM
HaBEJICHUX MHUCAOHUX M METOAWYKHUX MOCTyIaKa
yMamyje ce aKTHBM3allhja YYCHHMKA y HACTaBH
U ydewmy YHME Cce OCTBapyjy camMo 3Hama
penponyKTUBHOT KapakTepa (Mukanosuh, 2014).
JaHr HaBOM Ja CBpXa KypUKYJIyMa Y MOJCPHOM
JPYIITBY HUje caMo INpeHomieme Beh mocrojeher
3Hama, Beh 1a ce HOBUM reHeparjama omoryhu na
y3 oMoh TOT 3Hama Kpenpajy HOBa 3Hamba, jep ce
TaKo pa3BHja JbYACKO JPYIITBO M U MOjEAUHIIH
(Young, 2013).

3AKJbYYHAK

[Tpumjena biymoBe TakcoHOMHjE 00pa30BHUX
IMJbEBA y YCIIOBUMAa KypHKyJapHe pedopme
y bocuu u XepreroBuHu Moxe TOTNPUHU)ETH
noBehamwy KBalUTETa HACTABHOT MpoOIeca H
KBAJINTETa HAaCTaBHHX IUIAHOBA W Iporpama.
Kao najuenrhe npumjemuBaHa TaKCOHOMHU]ja
OJUIMKYyje c€ MpaKTHUYHOLINY M pa3HOIHMKOIIhy
npumjeHe. OBa TAKCOHOMH]jA CE MOXKE KOPUCTUTH
Ha CBUM HHUBOMMa reorpadckor obpas3oBama
Uy pa3nuyuTHM (hazamMa HACTaBHOI Ipolieca.
Hapouwnro je 3HauajHa kox aeduHuCcama ucxoaa
yuemwa. [IpeqnocT HacraBe reorpaduje koja je
yCMjepeHa Ha MCXOJIe WM OYeKHUBaHa OCTUTrHyha
je'y ToMe 1T ie(HHICAE NCX0/1a HACTaBHUIIIMA
IpyXa jacHy CIMKY O ToMe Koje he caapxkaje
MIOy4aBaTH, Koje HacTaBHE CTpareruje u Meroze he
KOPHCTUTH U Koje he 3a1aTke IpUMH]EHUTH KOJ
BPEIHOBAIbA.

PeBumupany biymMoBy TakcOHOMU]Y OTHKYje
JIBOJMMEH3MOHANHOCT. JlMMeH3Uja 3Hama
oOyxBaTa YETHUPHM BPCTE 3HAMA: YUHEHUYHO,

In the usage of mentioned cognitive levels, the
lowest categories (knowledge and understanding)
are most frequently used, while higher knowledge
levels (application, analysis, evaluation, synthesis)
are rarely realised. The main reason can be found in
the domination of traditional education and in the
very low level of realised results within it. For all
these reasons, it is very important that students in
the education process are more frequently expected
to: observe, compare, interpret, research, classify,
imagine, think of hypothesis, check, criticize,
solve problems and make conclusions. The lack
of the mentioned thinking and methodological
approaches lessens students’ activation in learning
and teaching which enables only knowledge of
reproductive character (Mukanosuh, 2014). Young
states that the purpose of curriculum, at least in
modern societies, is not only to transmit past
knowledge; it is to enable the next generation to
build on that knowledge and create new knowledge,
for that is how human societies progress and how
individuals develop (Young, 2013).

CONCLUSION

The usage of the Bloom’ Taxonomy of
Education Objectives in the process of curriculum
reform in Bosnia and Herzegovina can improve
the quality of education and curriculum. As the
most frequently used taxonomy, it is characterised
by practical and various usage. This taxonomy
can be used on all levels of Geography teaching
and in different phases of teaching process. The
taxonomy is of great importance especially in
defining learning outcome. The advantages of
Geography education focused on the outcomes
or expected accomplishments are in the fact that
defining outcomes provides teachers with a clear
picture about the contents they will teach, about
teaching strategies and methods they will use and
what kind of tasks they will choose for valuation.

The revised Bloom’s taxonomy is
characterised by two-dimensionality. The
dimension of knowledge consists of four kinds of
knowledge: factual, conceptual, procedural and
metacognitive. These four kinds of knowledge
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KOHLIETITYaJTHO, TIPOLIETyPAITHO M METAaKOTHUTHUBHO.
OBe ueTHpHu BpCTE 3HaMHA MOCTOj€ U Y Teorpaduju
Ka0 Hay4YHO-HACTaBHO] AMCLHIUIMHU U MOTPEOHO
UX je paBHOMjEpHO Moy4aBaTu. [[pyra numeHs3uja
OZTHOCH C€ Ha HUBOE KOTHHUTHMBHHUX Ipoueca. Y
HAcTaBu reorpaduje MOTpeOHO je TMO3HABaHE
u Kopuirheme KaTreropuja/HUBoa KOTHUTUBHUX
mpoleca NPWIMKOM JAepuHUCAmba HCXO0Ja |
onpehuBama HacTaBHUX aKTUBHOCTH. HapounTo
j€ 3HauajHa U HEOIXOJHA 3aCTYIUBEHOCT BHIITUX
HHUBOA KOTHUTHMBHUX MpolLieca jep OHU YHHE
OCHOBY KPUTHUYKOT ¥ KPEaTHBHOT MUIILJbEHA, U
nonpuHoce Behoj akTuBu3anuju yueHuka. Kao
BEOMa KOPUCTaH ,,alaT’ y canieiaBamby KBaJIUTETA
HACTaBHOT MpOIeca KOPUCTH C€ TaKCOHOMCKa
tabnuia. OHa omoryhaBa HaCTaBHHKY J1a JIAKIIIe
carena ae(uHUCAHEe UCXOAE U HACTaBy YCMjepH
Ka KBaJIUTETHHU]EM U e(HUKacHUjeM yuewy H
pasymujeBamy reorpaduje.

300r cBera HaBeIEHOT, OMIIO OM MOXKEJLHO 1a
HACTAaBHUIM Treorpaduje mo3Hajy u npumjemyjy
BiryMOBY TakCOHOMH]y 3Hama, IITO OU CE TIOCTHIIIO
KpO3 eAyKalujy U CTPY4YHO YyCaBplIaBame.
Konkperno, kopuctehu Pesuaupany bmymoBy
TaKCOHOMH]Y, HACTaBHUIU Teorpaduje wu3
Penybnuke Cprncke u ®Pepepaunje bocHe u
XeprueroBune 6u Tpebaiio:

- J1a 3Hajy J1a 1e(HHUILY UCXOJIC YUCH:a 3a CBAKY
HacTaBHY jenuHMIly kopuctehu oaroBapajyhe
IJIaroJie 3a CBaKM HUBO KOTHUTHUBHHX TIpOIeca,

- 1a koA JeduHHCama UCXOJa ydema BOJE
padyHa O 3aCTYIIJbEHOCTH Pa3IMYUTHX BPCTa
3HaWka U Pa3IMYUTHUX HHUBOA KOTHUTHBHHX
nporieca,

- Jla 3Hajy J1a Ha OCHOBY TaKo AC(PUHHCAHUX
ucxona ongabepy, mno wmoryhHocTH,
Haje(prkacHUje HACTaBHE METOJE U CPEJICTBA,
Kako O Te UCXOJIe peaT30Baly,

- 1a 3Hajy Kako Jna aeduHHCcaHE HCXOJe
yueHha TIOBEXY Ca BPEIHOBABEM YUCHUUKUX
nocturayha.

[Topen HacTaBHMKa reorpaduje, Mo3HaBame
U MIPUMjeHa TaKCOHOMM]a 3Hamba HEONXOHA je U
KOJI CBUX OHHUX KOjU ce 0aBe M3paJ oM HACTaBHUX
IUIAHOBA U TIporpama u3 reorpaduje u neduHucama
MJBEBA HACTaBe reorpaduje.
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are present in Geography, as a scientific and
educational discipline, and they should be evenly
studied. The second dimension relates to the levels
of cognitive processes. Knowledge and usage of
categories/levels of cognitive processes are very
necessary in Geography education, especially for
defining of learning outcome and determination of
teaching activities. Representation of higher levels
of metacognitive processes is very important and
necessary because they form the basis of critical
and creative thinking and contributes the better
activation of students. The taxonomy table is
used as a very powerful “tool” in considering the
quality of the teaching process. The table provides
a teacher to consider defined outcomes easier and
to direct education towards more quality and more
efficient learning and understanding of Geography.

Because of all mentioned above, it would be
very preferably for Geography teachers to know
and use the Bloom’s taxonomy which would be
achieved through education and professional
development. Concretely, using revised Bloom's
taxonomy, Geography teachers from the Republic
of Srpska and the Federation of Bosnia and
Herzegovina, should know:

- how to define learning outcomes for each
teaching unit, using the appropriate verb for
each level of the cognitive process,

- that the definition of learning outcomes should
represent different types of knowledge and
different levels of cognitive processes,

- based on the defined learning outcomes, if
possible, choose the most effective teaching
methods and tools, to realize these outcomes,

- how the defined learning outcomes link out to
the assessment of student achievement.

Apart from Geography teachers, the
knowledge and usage of the taxonomy is
necessary for everyone who is in charge of making
Geography curriculum and defining objectives of
Geography teaching.
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APXUTEKTYPA U ) KUBOIIUC HPKBE CBETOI' KIUMEHTA
Y MOCTARUMA KO/l TPEBUIHA

Huna JlojoBuh Musmmanh'*
'Brcoka IIKoJIa 3a TypHU3aM U XOTeIHjepcTBo, Tpebume, Penybnuka Cpricka

Caxkerak: LlpkBa Ceeror Kiiumenra y Mocrahinma xox Tpebuma carpaljena je u xxuBonucana nouetkom X VII Bujeka.
[Tpunana n31B0jeHOj CKyIIMHY [IPKaBa CKPOMHHX JJMMEH3H]a, KOj€ Cy TOKPHBEHE KAMEHHM IIJI0YaMa, Ca KapaKTepUCTHUHUM
MIPEKJIONIOM IUIOYa Ha CJbeMEHY. YHyTap OBUX jeIHOOpDOAHHUX IpKaBa Hajla3e Ce NPHCIOHEHHU JIYKOBH Iy OOYHHX
3WI0Ba W TOAYKHU ToryoOimmdgacTi cBoja. Kox oBakBor Thma mpkaBa 00jeUECHE CY OPTOJOKCHE HIIeje HapydHola u
€IIEMEHTH 3aIlaJHOXPUITNAHCKOT CTHIIA, KOje YHOCE TpaauTesbu. JKUBOIIC y IPKBH H3paano je 3orpad Bacummje 1623.
rofMHe NOIITYjyhu TpaauIMOHAIHU PACIIOpPe]] KaKaB je OHO YCTa/beH Y MambHM XEepIICroBauKUM LpkBama TokoM X VI u
XVII Bujeka. JleTajbHUjOM aHAIM30M CTHIA YTBphEH je cimkapcku kBaiauteT 3orpada Bacunmja. OBaj 3orpad, mopen
yoOMuajeHnX MKOHOTpadCKUX cXeMa, YHOCH M HeKe MKOHOrpadcke moceOHOCTH — TponuKy npezcraBy Ceere Tpojurie,
10jaBy TPHOBHX BHjE€HAlla HA IJIaBaMa CBETHTEJba M HEyoOWYajeH Inpuka3 cueHe Mpras Xpucroc y rpoly (Imagio
pietatis). LIy oBOT pafa jecTe Ja yKake Ha OBE HKOHOTpadcKe MoCeOHOCTH U /1a C€ pa3MOTpe MOTYhH yTHIIAjH KOjH Cy
JIOBEJH JI0 TI0jaBe OBUX M3y3€TaKa y CIMKAPCTBY XEpILEroBavyke enapxuje, Kao ¥ aHAIM3Upame CTuiIa 3orpada Bacummja
U yTBphHBame MPOBEHU]CHIIM]E apXUTEKTOHCKHUX 00JiMKa Ha mpoctopy XepueroBadke enapxuje y XVI u XVII Bujexky.
Kibyune pujeun: upksa Ceeror KitumenTa, apxutekrypa, xuBonuc, 3orpad Bacuiuje, nkoHorpadcke moceGHOCTH.
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ARCHITECTURE AND WALL PAINTING OF THE CHURCH OF
ST. KLIMENT IN MOSTACI IN THE VICINITY OF TREBINJE

Nina Lojovi¢ Milinié¢'*
!College of Tourism and Hotel Management, Trebinje, Republic of Srpska

Abstract: The church of St. Kliment in Mostaci, in the vicinity of Trebinje, was built and wall painted at the beginning
of the 17th century. It belongs to the detached group of churches which are of moderate dimensions, with roofs cladded in
stone slabs with distinctive slab overlapping at the gable. Within these single-nave churches there are leant arches along
side-walls and longitudinal half-arched ceiling. In these types of churches, the orthodox ideas of the ordering party and
elements of the West-Christian style, introduced by very builders, have been incorporated. The wall painting in this church
was done by zograph Vasilije in 1623 who respected and obeyed the traditional pattern and scheme which had already been
used and known in minor Herzegovinian churches during the period of the 16th and 17th century. The painting quality
of zograph Vasilije's work has been stipulated by means of the detailed style analysis. This zograph, beside common
iconographic schemes, introduces some iconographic individuality and singularities — presentation of the Holy Trinity
in the form of three-faces image, appearance of the thorn wreaths on the heads of the saints and unusual presentation of
the scene Dead Christ in the Grave (Imagio pietatis). The aim of this work is to pinpoint these iconographic individuality
and singularities and to examine the possible influences which led to appearance of these exceptions in painting of the
Herzegovinian Eparchy, as well as analysing of zograph Vasilije's style and stipulation of origins of architectural forms in
the area of the Herzegovinian Eparchy in the 16th and 17th century.

Key words: The church of St. Kliment, architecture, church wall painting, zograph Vasilije, iconographic individuality
and singularities.
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YBOA

Tema oBoOr pajia ycMjepeHa je Ha apXUTEeKTypy
n xuBonuc 1pkee Cseror Kinumenra y
Mocrahuma kon TpeOuma, y Hapoay mo3Hara
kao Knummentuna. OBa xepleroradyka ILpKBa
Ha OCHOBY apXUTEKTOHCKOT CKJIOTMA, NMpHUIaaa
U3JIBOjEHO] CKYNUHHU jeAHOOPOJHUX LpPKaBa,
CKPOMHHUX JMMEH3H]a, Ca MOIYKPY>KHOM ariCHI0M
Ha UCTOYHO] CTPaHU. YHYTap LIPKBE j& MOMYKHH
MOJTYOOIUYacTH CBOJ, a MOCEOHY 3aHMMJBUBOCT
YUHE YHYTpAUIkhU NPUCIOHEHU JTYKOBU YK
60ounux 3ujoBa. LlpkBa je MOKpHBEHAa KaMEHUM
riouyama. Ha ocHOBy Harmnmca yHyTap IpKBe, H3Ha
yJa3HHUX Bpara, ca3HajeMo Ja je IPKBY KHUBOITHUCAO
3orpadg Bacummje 1623. rogmne mnomryjyhu
TpaJMIMOHAJIAH PACTIOPE KaKaB je OMO YCTalbeH y
MambUM LIPKBaMa, a KOjH j€ OCIIOIEH Ha Paciopes
KakaB je OMo 3acTyIUb€H Y MamUM I[pKBaMa Ha
npoctopy Ilehke narpujapimje Tokom XVIu XVII
BUjeka. 3orpad Bacunuje momtyje u ycrajbeHe
nukoHorpadcke odpaciie KakBe MOKEMO BHIIJETH Y
XEpLETOBaYKUM I[PKBaMa U3 OBOT IIEPHO/IA, Al Ce
3anakajy M HeKe M3y3€THOCTU. TpONMKU MpHKa3
Cgete Tpojurie, kao 1 HeyoOHUajeH MPUKa3 CLICHE
MprtaB Xpuctoc y rpo0y (/magio pietatis) y upkBu
Caeror Kimmenra npezcraBibajy HKOHOTpadCke
pujetkoctu. Heyobuuajen je u mpukasz cumOosa
MYYEHUIITBA y BUAY TPHOBHUX BHjeHAIa Koje
Bacunuje nocTtasiba Ha I1aBe CBETUTEIhA.

JATALIMIJA U3I'PAIBE U )KUBOITMCA
[PKBE CBETOI' KIIMMEHTA

pxea Ceetor KnmmmenTa, y Hapoy mo3HaTa
kao KimMeHnTuia, Hana3u ce OKo 2 KAJIOMETpa
cjeBepo3anajaHo on TpeOuma, y mpaBOCIaBHOM
rpo6sby Hacesba Moctahu. M3nax ymasHux
BpaTa y LPKBY HaJla3u ce€ HATMHC KOjU IpyKa
mogaTtaKk O BPEMCHY XKHUBOIIMCamka LPKBE IIa
ce TPEeTIOCTaBJha J1a j€ TO M BpHjeMe HEHOT
rpahema. Y HaTmHCy je HaBEACHO Ja je IPKBa
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INTRODUCTION

Topic of this piece of work has been directed
at the architecture and the wall painting of the
church of St. Kliment in Mostac¢i in the vicinity
of Trebinje, which is known as Klimentica among
local people. According to the architectural design,
this Herzegovinian church belongs to the detached
group of the single-nave churches which are of
moderate dimensions and with a semicircular
apse in the east. Inside this church, there is a half-
arched ceiling while the distinctive singularity
is the existence of inner leant arches along side-
walls. The church roof was cladded in stone slabs.
Thanks to the inscription inside the church, which
is actually above the very entrance church door,
we find out that the very wall painting was done
by zograph Vasilije in 1623 who respected the
traditional arrangement which was common in
churches of smaller dimensions, and which relied
on the arrangement which was common in churches
of smaller dimensions in the area of Patriarchate
of Pe¢ in the 16th and 17th century. Although
zograph Vasilije respected iconographic patterns
which can be seen in Herzegovinian churches from
this period, some distinguished singularities can
be noticed as well. The presentation of the Holy
Trinity as well as the unusual presentation of the
scene Dead Christ in the Tomb (Imagio pietatis) in
the church of St. Kliment represent iconographic
rarity and singularity. The presentation of the
symbol of martyrdom- thorn wreaths- that Vasilije
put on the saints' heads is also uncommon.

DATATION OF BUILDING AND WALL
PAINTING OF THE CHURCH OF ST.
KLIMENT

The church of St. Kliment, known as Klimentica
among local people, is located about 2 kilometres
away from Trebinje in the north-west direction, in the
Orthodox graveyard of the suburb called Mostaci.
Above the very entrance church door, there is the
inscription which provides a piece of information
about the church wall-painting which consequently
leads to the conclusion that this is the year of its
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Ci. 1. Hpksa Ceeror Kimmmenra
Fig. 1. Church of St. Kliment

JKUBOIMCaHa y 100a nehkor marpujapxa Ilajcuja
(1614—1647) u xepueroBaukor MUTPOIOIUTA
Cumeyna (1615-1630) u w™jecHor mnomna
Hparojna. Krutop xuBonmca 6uo je Pamoje
MuxaspeBuh, a xwuBomuc je 1623. romumue
ypanuo 3orpad Bacummje. C o03upom Ha TO 1a
J€ OBO jJeIMHU MO3HATU JOKYMEHT KOJU CIIOMUE-E
Panoja MuxasseBuha u xuBonucua Bacunuja
(KajmakoBuh, 1971, ctp. 277; Muneruh,
1954, ctp. 284) npernocrasiba ce na je Pamoje
MuxaspeBuh mpunagao MCTAKHYTO] CEOCKO]
MOPOJIMIM C 003UPOM Ha TO J1a je y TELIKO 100a
MOTA0 Hapy4YHTH U TUIATHTH U3paay >KUBOIHCA
upkse. [louerkom XVII Bujeka rpaguie cy ce
CEOCKE IPKBE MaJIUX AUMEH3HUja, a KTUTOpU
MOCTAjy JIOKAaJTHU IPKBEHU BEJIMKOIOCTOjHUIIH,
CEOCKHM KHE30BHU U BOJBOJIE WIIH ce€ocKa OparcTBa
(Kopah & bBypuh, 1964, ctp. 562).

building as well. The inscription contains the
information that the church wall painting was done in
the period of patriarch Pajsije from Pe¢ (1614—1647)
and Herzegovinian archbishop Simeun (1615—-1630)
and the local priest Dragojlo. The bestower of the
wall painting was Radoje Mihaljevi¢, while the very
wall painting was done by zograph Vasilije in 1623.
Taking into consideration the fact that this is the only
known and existing document which mentions the
name of Radoje Mihaljevi¢ and zograph Vasilije
(Kajmakosuh, 1971, p. 277; Munetuh, 1954, p. 284),
it is assumed that Radoje Mihaljevi¢ belonged to a
distinguished village family because he was able to
order the church wall painting and pay for it at that
hard time. At the beginning of the 17th century, the
village churches were built in moderate dimensions,
while their financial supporters and donors were local
church dignitaries, village headmen and dukes or
village fraternity (Kopah & Bypuh, 1964, p. 562).
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JOCAJJAIIBA NCTPA’KNBAIBHA 1IPKBE
CBETOI' KIIMMEHTA

Hpksa Ceeror Knumenra y auteparypu ce
MpBU MyT criomuie 1888. roqune y Buecmuuxy,
rgje je Bynmeruh-BykacoBuh B. o6jaBuo nuo
HaTIIMCa KOjU Ce HaJa3M M3HAJ 3alaJHuX BpaTa
upkBe. OBaj ayTop y MOTIYHOCTH 00jaBibyje
HATIHC, Y3 KPaTKe 3a0MJbEIKE O IIPKBU U H-EHOM
xuBomnucy, 1890. roqune. Harnue, y njenunan
1oHoBO 00jaBibyje CtojanoBuh Jb. ,,Xpaw Ceemoe
Knumenma y Mocmahuma*, moMmume ce y3 ocraiie
upkse IIporonpessurepujara Tpedumckor 1890.
roguHe, kao u 1901. ronuue y3 ocrane IpKBe
TIOMHIbE CE€ U OBa IIPKBA ca HEKOJIMKO MOJIaTaKa 13
Harnuca. Mnapuon Pysapari, Takohe oBe roaune,
HABOJIM JIATyM KHBOITHCaba OBE LpKBe. Biaaumump
hopoBuh HEKONMMKO IMyTa MOMUELE OBY LPKBY, Y3
ocTaJIe XepLeroBayke MaHacTipe, HaBoaehu camo
TOJIMHY JKUBOIHKCama, yBUujek 1630. roguny, 3a
BpHujeme narpujapxa Ilajcuja u xeprieropayxor
mutpornonura Cumeyna (1615—1630). OBa ronuna
ce NOMH-E M 'y HOBH]jOj JIUTEPATypH.

[IpoyuaBajyhu OBy XepueroBauky IPKBY
Muntetuh H. neraspHHje muie o pacrnopeny H
MKOHOTpa(Uju )KUBOIKCA, KA0 U aHATIM3H CTHUIIA.

KajmakoBuh 3. mnpoyuaBajyhu 3unHo
cimKapceTBO Y bocHu n XepreroBuHu aHaiusupa
u paz 3orpada Bacunuja unju ce moTnuc Hajmasu
W3HAJl Bpara y yHyTpalmbocTH pkse. [Ipodecop
ap Cserozap Pamojumh npjeno osor 3orpada
OLjemY]je Kao ,,KIACUYHU NPUMjEp PYCIUYUUPaHe
YMjemnocmu‘, anu UctHde U cienehe ,,necnpemnu
upmedic u opeuehe boje oajy 3anamy majcmopa
Bacunuja cnazy u ceexcuny xoja nooceha nonexaoa
HAQ CMeNIoCmu U eKCnepUMenmucare MOOepHUxX
majemopa nocie umnpecuonusma’ (Kajmaxosuh,
1971, crp. 278). KajmakoBuh ce nasse OaBu
uKoHorpadckoMm ananm3zoM BacunumjeBor gjena y
Mocrahuma u 3akipyuyje aa ce 6e3 CTpy4HHUjer
CJIIMKAPCKOT MPHUPYYHUKA, KAKO j€ Paauo OBaj
3orpad), He MOXe OCTBApHUTHU J100ap pas.
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FORMER RESEARCHES OF THE
CHURCH OF ST. KLIMENT

The church of St. Kliment was mentioned in
the references for the first time in 1888 in Viestnik,
in which V. Vuleti¢-Vukasovi¢ made the part of the
inscription above the west church door public. This
author made the entire inscription, with some short
notes about the very church and its wall painting,
public in 1890. The entire inscription was again
published by Stojanovi¢ L. ,,The church of St.
Kliment in Mostaci* and it was mentioned together
with other churches of archpriest's area in Trebinje
in 1890, as well as in 1901 when this church,
with some information from this inscription, was
mentioned together with some other churches.
Also, Ilarion Ruvarac, mentioned the date of this
church wall painting in this same year. Vladimir
Corovi¢ mentioned this church a few times,
together with other Herzegovinian monasteries,
stating only the year of the church wall painting,
which was always 1630, during the period of
patriarch Pajsije and Herzegovinian archbishop
Simeun (1615—1630). This year has also been
mentioned in the recent references.

While studying this Herzegovinian church,
Mileti¢ N. also analysed and wrote in details
about the organization and iconography of the wall
painting, as well as about the style analysis.

While studying the wall painting in Bosnia
and Herzegovina, Kajmakovi¢ Z. also analysed
the work of zograph Vasilije, whose inscription
is above the door inside the church. Professor
Doctor Svetozar Radoj¢i¢ evaluated the work
of this zograph as ,, the classical example of
the rusticized Art“, but he also emphasized that
., awkward drawing and garish colours give the
master Vasilije's craft power and freshness which
sometimes remind of boldness and experimenting
of modern masters after Impressionism*
(Kajmaxosuh, 1971, p. 278). Kajmakovi¢ dealt
further with the iconographic analysis of Vasilije's
work in Mosta¢i and made conclusion that without
existence of a more competent painters' book of
reference, a good work cannot be done upon the
way how this zograph worked.
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APXUTEKTYPA IIPKBE

IIpxBa Cseror KnuMmeHTa npumana Tuimy
I[pKaBa Koju je Ouo 3actyrsbeH y Jlanmauuju u
jyxxHoM [Ipumopjy jour y nepuoay ox IX no XI
BHj€Ka, OJJaKJIe CE MPOILIUPUO Y YHYTPAIIHOCT
nyTeM ayOpoBaukux Tpaautesba. Koj oBaksor
TUTIA IPKaBa 00jeTUEHE CY OPTOJOKCHE HJIEje
Hapy4uolla U eJIEMEHTH 3araJHoXpHUIIhaHCKOT
CTHJICKOT Koje yHoce rpaautessn (Kopah &
‘Bypuh, 1964, ctp. 562—563). [Ipunana nu3aBojeHoj
CKYIIMHH L[PKaBa, KOje Cy ce HapOuMUTO Tpajauiie
y UCTOYHO] XEpIETOBUHH — IPKBE jeJHOCTaBHE
OCHOBE, CKPOMHHUX JHMMEH3Hja, MOKpHUBEHE
KaMEHUM IuIOYaMa, ca KapaKTEePUCTUYHUM
IIPEKIIONOM Iuto4a Ha cibemeny (LlymyT, 1984, ctp.
155). V yHyTpammoCTu ce Hajla3e MPUCTIOmhEHU
JTYKOBU JyX OOYHUX 3HUAOBA U TMOAYKHH
MOTyOOINYACTH CBOJI, OjauyaH MOMPEYHUM JIyLIuMa
i 0e3 \buX.

IpxBa Cgeror Knumenrta je jennoOpomHa
npaBoyraoHa rpaleBuHa, ca NPUCIOHEHUM
JTyKOBHMa, MUJIACTPUMA, Ty’K OOYHHX 3UI0BA U
ca mosryoOnuyacTuM cBosioM. LIpkBa ce Ha HCTOKY
3aBplIaBa MOJXYKpPY>KHOM arncuaoMm. [lunactpu
Cy TIOBE3aHH JIyKOBUMa KOjU 00pa3zyjy HHIIE.
VY 00YHMM 3HMJI0OBUMa CMjEIITEHE Cy HUIIE 3a
MIPOCKOMU/IN]Y U haKOHUKOH. Y ILIPKBU C€ Haja3u
JpBEHA OJTapcKa mperpana ca asepuma u3 XVII
Bujeka (ILleBo, 2002, ctp. 186). ITox je mokpuBeH
TECaHUM KaMEHUM IUI0YaMa.

3UI0BU LIPKBE HANPABJHEHH CY OJ1 JIOMJHEHOT
KaMeHa, OJJHOCHO Of] KPYITHUX KaMEHHUX KBajepa
CIIOXKEHUX Y XOpPU3OHTaJHE penoBe. M3nan
3amaJHoT 3UJAa IPKBE Halla3d CE€ MaJld 3BOHUK
Ha TpEeCIHIly, HalpaBJbeH o (puHo oOpahenux
KoMana kpeumaka. Cynehu mo HaumHy oOpaze
KaMeHa, MPETIOCTaB/ba Ce Ja jé 3BOHUK HACTao
HemTo KacHuje, y XIX Bujeky. 3BOHUK je jeqHa
O/l TYIaBHUX KapaKTEPUCTHKA L[PKBUIIA OBOT THIIA
y XepueroBunu. CBjeTIOCT y LIPKBY IPOIUPE KPO3
MaJIi MPO30p Ha JY)KHOM 3UAY U KpO3 KacHHje
npoOMjeHrn OTBOp Ha amcuiau. Bpara mpkse Ha
3armagHoM 33Uy, HalpaBJbeHa Cy O KaMEHUX
JOBpAaTHUKA U HAJBPAaTHUKA. Y HaJBPATHHKY, ca
YHYTpalllihe CTPaHe, HaJla3u Ce HaTIIUC.

VY upkBeHoM rpo0spy Moryhe je BUajeTH

THE ARCHITECTURE OF THE CHURCH

The church of St. Kliment belongs to the type
of churches which was represented in Dalmatia
and South Seaside even in the 9th to 11th century,
and from which it spread towards the inland
thanks to builders from Dubrovnik. In this type
of churches, the orthodox ideas of the ordering
party and elements of the West-Christian style,
introduced by very builders (Kopah & DBypuh,
1964, p. 562—563), have been incorporated. It
belongs to the detached group of churches which
were particularly built in East Herzegovina — the
churches which are of simple base, moderate
dimensions, with roofs cladded in stone slabs with
distinctive slab overlapping at the gable (ILlymyT,
1984, p. 155). Inside these churches, there are
leant arches alongside-walls and longitudinal
half-arched ceiling, strenghtened with transversal
arches or without them.

The church of St. Kliment is a single-nave
rectangular church with leant arches, pilasters,
alongside-walls and with half-arched ceiling. The
church ends in the east with a semicircular apse.
Pilasters are joined by means of the arches which
form niches. In the side walls there are niches
for The Liturgy of Preparation (Proskomedia —
Prothesis) and the Apsid. In the church there is
the wooden altar partition with altar door from the
17th century (IleBo, 2002, p. 186). The church is
floored with hewn stone slabs.

The church walls were made of the broken
stone, or to be more precise of huge stone blocks,
arranged in horizontal rows. Above the west
church wall there is a small ,,distaff belfry*, made
of nicely cut pieces of lime-stone. According to the
applied method of the stone treatment and cutting,
it is asumed that the belfry was made a little bit
later, in the 19th century. The belfry is one of the
main characteristics of the churches of this type in
Herzegovina. The light enters the church through a
small window on the south wall and through later
cut-through opening in the apse. The church door
on the west wall was made of stone door posts and
lintels. In the linteln, from the inner side, there is
the inscription.

In the church graveyard, a few gravetombs can

145



HUHA JIOJOBUR MUJINHUR
NINA LOJOVIC MILINIC

HEKOJMKO HAATPOOHUX CIOMEHUKA KOJH CY
0 BpPCTH MaTepujana, HauuHy oOpane u
JIEKOpaTHBHHUM €JIEeMEHTHMA BPJIO CJIMYHH 3BOHUKY.

PACIIOPEZl U UKOHOI'PA®CKE
ITOCEBHOCTH XMBOITMCA

IIpxBa Ceetor KiimmenTa nako cCkpoMHa 110
CBOJUM JTMMEH3HjaMa, 3aHMMJbHBA j€ TI0 CBOM
MPUIMYHO OYyBaHOM >KuBomucy. M3 Harmuca y
I[PKBH Ca3HAjeMO J1a j€ ,,pyKa epeuiHoaa uzyepaga
Bacunuja “ n3Bena oaj xuBonuc 1623. roaune.

3orpad Bacumnmje je ycrmjemHo pujenimo
npo0ieM CKydYeHOI MpocTopa IpkBe. Manu
IPOCTOP MYy j€é HaMETHYO OrpaHHuYeHma y
n300py KOMIIO3MIIMja U TOjeMHAYHUX (PUTypa.
[Momryjyhu Tpanunmonanau pacnopen, ¢ppecke
je Tmoaujenuo y Tpu 30He, Tako 1a ce Tpeha 30Ha
HaJIa3u Ha CBOY.

Hajumxa 30Ha ykpameHa je (IopajaHuM
yKpacoM y Bufy maiamMerte. Mctu ykpac Hanasu ce
Ha 3arajHoM 3HJy U y HMIIaMa, a Ha CTyOOBHMa
1y OJITAPCKOM MPOCTOPY OCIHKAHE Cy Apariepuje
y BUJIy 3aBjE€CHIIa OKQUCHUX Ha aJIKe.

VY 10®0j 30HU TPENICTABIbEHH Cy CBETHTEIHH
U3 LApCKe JI03€, CPICKU CBETHUTEJbH, JhEKaApH,
paTHULIM, MyYEHHULH, HakoHU. Y HUILIU CPEIHEer
nyka je nonpcje Ceemoe Knumenma. Y TjeMeHy
CpedmEr JIyKa, ca CjeBEepHE CTpaHe, je MoIpcje
Cgeme Tpojuye y BUTy TpH JIMKA, IOK C€ y TjEMEHY
Cpenmber JiyKa ca jy>KHe CTpaHe Hasla3u IoTpcje
Xpucma Emanyuna.

VY ancuam yobuyajeHo je HaciaMKaHa CIeHa
Iloknowemwa apxujepeja Xpucmy Aeneyy.
XpHucToc ArHel je NpeACTaB/beH Ha YacHO]
TpIE3H Koja je y BHIY CTyOa, IOK je y KOHXH
oJTapcke arcuzie Haciukana boeopoouya Opanma
ca apxanbhenuma [aspurom u Muxaunom. Y
MIPOCTOPY MPOCKOMHUIHjE je KoMTo3ulirja Busuja
Csemoe Ilempa Anexcanopujckoz U KOMIIO3HIIHja
curaupana kao Cruemue Xpucmogo, OIHOCHO
Mpmae Xpucmoc y epoby (Muneruh, 1954, ctp.
287).

VY ropm0j 30HM MpHUKa3aHe Cy HajBaXKHHU]E
clieHe n3 XpucToBOr KUBOTa: Poherve, Kpuimerse,
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be seen and according to the type of material, the
applied method of stone treatment and decorative
elements they are rather similar to the belfry.

THE ARRANGEMENT AND
ICONOGRAPHIC INDIVIDUALITY AND
SINGULARITIES OF THE WALL PAINTING

The church of St. Kliment, although moderate
in its dimensions, is interesting because of its rather
preserved wall painting. We find out by means of
the inscription in the church that ,,the hand of sinful
zograph Vasilije did the wall painting in 1623.

Zograph Vasilije successfully solved the
problem of the cramped and restrained church
room. Small room limited his the choice when it
comes to the option of compositions and individual
figures. Respecting the traditional arrangement, he
divided frescos into three zones, so that the third
zone is set on the dome.

The lowest zone is decorated with floral
ornament in a form of a palmette. The same
decoration can be seen on the west wall and niches,
while the draperies in a form of the curtains, which
seem to be hung by rings, have been illuminated
on the pillars and in the altar area.

In the lower zone, there are presented saints
belonging to the imperial lineage, Serbian saints,
medical men, warriors, martyrs and deacons. In
the niche of the middle arch, there is the bust of St.
Kliment. In the vertex of the middle arch, on the
north side, there is the bust of Holy Trinity, in the
form of three-faces image, while the bust of Christ
Emmanuel is in the vertex of the middle arch on
the south side.

As it is common, the scene of Obeisance of the
Archbishops to the Christ the Lamb (Agnus Dei)
has been painted in the apse. Christ the Lamb is
presented at the Holy Table which is in the form of
a pillar, while Holy Mother Oranta with archangels
Gabriel and Michael has been painted in the konha
of altar apse. In the area where The Liturgy of
Preparation (also Prothesis or Proskomedia) is
done, there is a composition Vision of St. Peter of
Alexandria and the composition marked as Christ's
Death, actually Dead Christ in a Tomb (Munetuh,
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Cpememe, Pacnehe, Cunazax y ao u Baszuecerve.
N3mely oBux kommo3uiuja 3orpad Bacummje je
YCIIjeTHO YKOMIIOHOBAO U MPEICTAaBE NPOPOKA
y MeaasboHMMa. Ha 3amasiHoj cTpaHU je clieHa
Yenerwa Bozopoouye.

Tpeha 30Ha, OJHOCHO CBOJ I[PKBE OCIHMKAH
je nmukoBuma Xpucra: Xpucmoc Ilanmoxpamop,
Xpucmoc kao Cmapay Januma w Xpucmoc
Anheo Benuxoe Casjema. Y cpeluimbeM JTUjeTy
CMjeILTEH je MK Xpucma Ilanokpamopa OKpyxeH
mempamopghom M aHTPOTIOMOPGHHUM TTpeicTaBamMa
cynya u mjeceya. IMIeHTHYHE TIPE/ICTaBE CYHIIA U
Mjecella puKa3aHe Cy y IPKBU MaHACTHpa 3aBasie.

CarnenaBameM pacmopena cIeHa U
nojeiMHayHuK ¢urypa y upksu Cegemoe
Knumenma y Moctahuma Moxe ce KOHCTAaTOBAaTH
na je yobuuajeH. 3orpad Bacumnuje crnujenu
pacmiopes; koju je Hajuenthe OMO 3aCTYIUBEH y
MambUM I[pPKBaMa Ha IMPOCTOPY XepIEeroBauyke
ernapxuje.

Pasmarpamem ukoHOrpaduje u cxema Koje
3orpad Bacuimje KopucTy MpUIIMKOM OCITHKABabha
upkBe Ceror Knumenra y Moctahuma mory
ce 3ama3uTH YTULAJU U HEKe HMKOoHOorpadcke
MOCEOHOCTH.

3anuMibuBa je nipencraBa Ceeme Tpojuye y
BUJIy TPHU JIMIIA KOja MPEACTaBba UKOHOTPA(CKy
PHjETKOCT y XepLEeroBaukoj enapxuju. Tpoauku
tunn Ceere Tpojuile mpencTaB/beH je paHUje
y BH3AHTHJCKO] U CPEIHOBJEKOBHO] CPIICKO]
ymjetHocTH — boropoauna IlepusienTta y
Oxpuay (1295.), Marenuy oxo 1350. rogune
(dumurposa, 2002, ctp. 196—197; Bypuh, 1974,
ctp. 71; Ipyjuh, 1955, ctp. 100—102). OBakas TaI
Cgete Tpojulle 4ecTo ce jaB/hao y UTAIHjaHCKO]
ymjetHoctH XV—XVI Bujeka, a HakoH 3a0paHe
OBAaKBOT IIprKa3uBama 1628. ronuHe, HacTaBsba 1a
ce MmprKazyje y 0apoKHO] yMjeTHOCTH, HAPOUUTO HA
rpaBupama aHTBeprieHckor kpyra (Tumorujesuh,
1996, ctp. 305). Bacunuje ce HajBjepoBaTHUje
OJITy4HO 3a OBaj TUN Ja OW KOMILJTUKOBaHY
TEOJIOMIKY CaJpXKUHY O jJeAMHOCYUIHOCTH H
jennakoctu Csere Tpojure mpubINKUO H
CIIMKOBUTO 00jaCHHUO HEIOBOJFHO OOpPa30BaHO)]
cpenuau. HajBjepoBarHuje je U3 UCTOT pasiora
OBy (ppecKy MOCTaBUO HA BUJHO U MPUCTYIIAYHO
MJECTO 3a BjepHHKE.

1954, p. 287).

In the upper zone, the most important scenes
from Christ's life are presented: The Birth of
Christ, Baptism of Christ, Presentation of Jesus
at the Temple, Crucifixion, Descent into Hell, and
Ascension. Between these compositions, zograph
Vasilije sucessfully fitted presentations of Prophets
in medallions. The scene of Ascension of Holy
Mother is on the west side.

The third zone, actually the dome of the
church, has been painted with the images of Christ:
Christ Pantrocator, Christ as Ancient of Days and
Christ Angel of the Great Council. In the central
part, there is the image of Christ Pantrocator
surrounded by fetramorph and anthropomorphic
presentations of the sun and the moon. Identical
presentations of the sun and the are presented in
the church of the Zavala monastery.

While observing the arrangement of the
scenes and individual figures in the church of St.
Kliment in Mostaci, it can be concluded that it is
the common one. Zograph Vasilije follows the
arrangement which was mostly used in moderate
churches in the area of the Herzegovinian Eparchy.

When observing the iconography and schemes,
which were used by zograph Vasilije while doing
the wall painting of the church of St. Kliment in
Mostacdi, the influences and some iconographic
singularities can be noticed.

The presentation of the Holy Trinity in the
form of three-faces image, is interesting and it
represents the iconographic singularity in the
Herzegovinian Eparchy.

The three-faces image of the Holy Trinity had
been presented earlier in the Art of Byzantium and
Medieval Serbian Art — church of Holy Mother
Perivlepta in Ohrid (1295), Matejce about 1350
(Aumutposa, 2002, p. 196—197; Dypuh, 1974,
p. 71; I'pyjuh, 1955, p. 100—102). This type
of presentation of the Holy Trinity frequently
appeared in the Italian Art of the 15—16th century,
and after the ban on this presentation in 1628,
it continued to appear in the Art of Baroque,
especially on engravings of Antwerpen circle
(TumotujeBuh, 1996, p. 305). Vasilije probably
opted for this type in order to make the complex
theological content upon unity and equality of the
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Ha rmaBama cBeTHTEIhA KOjU CY M0jeIMHAYHO
NpUKa3aHu Hajla3e ce TPHOBH BUjEHIIM, OTIET jeIHa
UKOHOTrpagcka HeyoOn4ajeHoCT. TpHOBU BUjEHIIH,
Kao cuMOoJ MyuyeHHUIITBA, Ha BacuiamjeBum
(dpeckama BjepoOBaTHO Cy TOCJBEAMIIA YTHUIA]ja
nyopoBaukor ciaukapcra u3 XV u XVI Bujexa.
Hy6poBauku cinukapu Hukona boxkupapesuh
u brnax JypjeB Ha rmiaBama cBeTuTesba Takohe
cnukajy TpHoBe Bujenie. C 003upoM Ha TO J1a
cy ce obojunia 1mkojoBaia y Beneuuju, oBakas
CIIMKApCKH JIeTajb Cy MOIJIH Jia TIPEy3My ca Jjena
BEHEIMjaHCKUX CIIMKapa MO3He TOTHKE U paHe
penecance, Hp. Paola Venecijana wu Giovannia
Belinnia (Graham-Dixon, 2012, ctp. 126; Prijatelj,
1968, cn. 1, ctp. 18).

VY LIpKBH ce 3araxa joII jeHa HKOHOrpagcka
oceOHOCT. Y MPBOj 30HH OJITAPCKOT IPOCTOpa Ha
CjeBepHOM 3y, Halla3u ce KoMIo3ulja Mpmas
Xpucmoc y epody (Imagio pietatis), carHupana
kao CHuemue Xpucmoso. Ilpey3zumajyhu
eJIEMEHTe U3 BHIlE n3Bopa Bacunyje je mpukazao
JEIHO HOBO HMKOHOTPA)CKO M KOMITO3UI[MOHO
pjememse. [lpukazanu cy nukoBu boropomuie u
arocroja JoBaHa Koju OIUIaKyjy XpHcTa Tako Ja
je HaroBjemTeHa crieHa Oniakugarbd, OMHOCHO
Ckudame ca Kkpcma xoja je Hajuemrhe o3Ha4eHa
kao Cuuemue (Llleso, 2010, ctp. 130). OBo je
MpOUIMpPEHa Bep3Hja IMPeICcTaBe BU3AHTU]CKOT
Nopujeka, nozHare kao Pieta. Y XV BUjeKy jaBiba
ce yrunaj Uranuje u dpaniycke y 3amnagHuM,
BU3aHTHJCKHUM M OPHUJEHTAIHUM CIUKAPCKUM
IKOJIama, Ta He 3adyhyje XpHucTOB MOJI0XKaj] HA
pyOy capkodara, Koju je pe3ynrar MOMEeHYTOr
yruiaja (Maguire, 1977, ctp. 162). Jlerasb y kome
je boropoauiia npusey6sbeHa y3 Xpucra Moxe ce
BUJIJ€TH U Y APYTUM CIOMEHHUIIIMA Ha MPOCTOPY
[lehke mnarpujapmuje. Jlune bBboropoauue
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Holy Trinity approachable and understandable,
and to explain it picturesquely and vividly to the
people who were not very well educated. Most
likely, for the same reason this fresco was set in
the visible place, the one which can be easily seen
by the believers.

On the heads of the saints, who are presented
individually, there are thorn wreaths — again one
unusual iconographic individuality and singularity.
Thorn wreaths, as the symbol of martyrdom, in
Vasilije's frescos are probably the results of the
influence of painting from Dubrovnik from the
15th and 16th century. Painters from Dubrovnik
Nikola Bozidarevi¢ and Blaz Jurjev also painted
thorn wreaths on the heads of the saints. Taking
into consideration the fact that both of them were
educated in Venice, suchlike painter's detail could
have been overtaken from the works of painters
of Venice-late Gothic and early Renaissance —
from, e.g. Paolo Veneziano or Giovanni Belinni
(Graham-Dixon, 2012, p. 126; Prijatelj, 1968, pt.
1, p. 18).

Another iconographic individuality and
singularity can be noticed in the church. In the
first zone of the altar area, on the north wall there
is te composition Dead Christ in the Tomb marked
as Christ's Death. Taking the elements from more
sources, Vasilije showed one new iconographic and
composition solution. There is a presentation of
the images of Holy Mother and Apostle John who
mourn over the dead Christ's Body, so the scene
of Pieta, was announced, or to be more precise
Removing of the Christ's Body from the Cross
which is most frequently denoted as Christ's Death
(IlIeBo, 2010, p. 130). This is an extended version
of presentation which is originally from Byzantium,
known as Pieta. In the 15th century, the influence
of Italy and France appears in west schools, schols
of Byzantium and oriental schools of painting, so
consequently the Christ's position at the edge of the
sarcophagus is not surprising at all, since it is the
result of the already mentioned influence (Maguire,
1977, p. 162). The detail in which Holy Mother
is cuddling Christ with her face pressed lovingly
to Christ's face can be seen in other monuments
in the area of Patriarchate of Pe¢. Holy Mother's
face is pressed lovingly to Christ's face in Christ's
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je mpuiby6speHo y3 XpuctoBo y Cmarujy y
npockomuanju Csere Tpojune y I[libeBbrma
(ITerkoBuh, 1974, ctp. 180). ¥V npockomuauju
upkBse y bymucasimma xon [ehn Hanasu ce cruna
komnosunyja u3z 1568. ronune (Ilerkosuh, 1965,
ctp. 101). Cnukame boropoautie u Imago pietatis
Ha JIBOCTPaHUM MKOHaMa WM JUITUCHMA YECTO Ce
cpehe y Buzanrtujckoj ymjernoctu ox XIII Bujexa.
Hajpanuja cauyBana mpeacraBa MOTHBa [mago
pietatis jecte nBocTpaHa nkoHa u3z Kacropuje u3
XII Bujexa.

[Tonynapuoctun BacunujeBux ¢Qpecaka y
MocTahuma ca mTamMnaHuM WIycTpanujama
u3 Ilpasununor muueja boxuaapa Bykosuha
u3 1538. ronuHe Mory ce youutu Ha (ppeckama
XpucroBor Pohewa, Ycnewa, Kpwmerwa u
Cpemera, 3aTUM JIjeTUMHYHO Ha MOPTPETUMA
Ceemoe Knumenma, Ceemoe Cage Cpnckoe,
Kao M Ha HEKUM JIEKOPAaTUBHUM eJIEMEHTHMA.
Canuna nkoHorpagcka cxema YCrema MOXe ce
Bugjetd u 'y Apanbhenony. Cnukajyhu Cseror
CaBy Cprckor 3orpag ce ocinama Ha rpapuuxy
WIIyCTpalfjy Ha KOjoj je CBETall MPE/ICTaBIbEH Cca
palLIMpeHnM pyKaMa 1 KOJEKCOM Y JIMjEBOj PYLH.
Melytum, 3orpad Bacunuje CaBy npencrasiba ca
TOH3YpOM Ha IJIaBH, IIITO HHUj€ CITy4a)j Ko rpaduke
u3 Musneja. OpHaMeHTe U JleTajbe Ha OACKAU
TpeTHpa ciodoanuje, He cibeaehu rpaduke, Mmaga
HEKe JIeKOpaTuBHE elleMeHTe, 1Bujehe y mocynwy,
Koje ce JiBa ImyTa jaBjba y Mocrahuma, npeyzuma
ca mirycrpauyje raje cy npukasanu Cseru Capa u
Cumeon.

CTHUJI 30I'PA®A BACUJINTA

Ctun 3orpada Bacunuja MmoxxemMo carnenatu
KpO3 IPTEkK, MOAETALHN]Y, KOJIOPUT, (DUTyparmjy,
MOPTPET, Kao M CHOCOOHOCT YyKJamama H
KOMOHMHOBAamba CIICHa M CAaMOCTATTHHUX (PUTypa.

BacunuijeB cimMKapcku MOCTYIAK 3aM0YHibe
ype3uBameM I[pTexa TAaHKOM ajaTKOM y 3.
Jlanac ce TakaB IOCTyIaK jacHO BHMJIM Ha
3UJIHUM TOBpIIMHAMA Ca KOjUX j€ BPEMEHOM
umrye3ao kuBonuc — Jlewsuc. Bacunuje kao
1pTay He nocjeayje nocedHe kBanurere. Maxo je
ErOB LIPTEXK HENpPEeLU3aH, JUIIEH eJeTaHIHje

Death in Proskomedia of Holy Trinity in Pljevlja
(ITetkoBuh, 1974, p. 180). in Proskomedia of the
church in Budisavci near Pe¢ there is a similar
composition from 1568 (IlerkoBuh, 1965, p. 101).
Painting of Holy Mother and Imago pietatis on
double-sided icons or dyptichs are frequently seen
in the Art of Byzantium from the 13th century. The
oldest preserved presentation of the motif of /mago
pietatis is the double-sided icon from from the 12th
century.

Congruities of Vasilije's frescos in Mostaci
with printed illustrations from Festive Liturgical
book (minej) done in 1538 by Bozidar Vukovi¢
can be noticed on frescos of The Birth of Christ,
Ascension, Baptism of Christ and Presentation
of Jesus at the Temple and also partially on the
portraits of St. Kliment, St. Sava Serbian, as well
as in some other decorative elements. The similar
iconographic scheme of Ascension can be seen
in Arandelovo. While painting St. Sava Serbian,
the zograph relied on the graphic illustration on
which the Saint was presented with outstretched
arms and Codex in his left hand. However, the
zograph Vasilije presented Sava with tonsure on his
head which is not the case in the graphic in Festive
Liturgical book (minej). Ornaments and details on
the vestment were treated more freely, without
following the graphics, although some decorative
elements — flowers in the holder, the motif which
already appeared twice in Mosta¢i, had been taken
from the illustration on which St. Sava and Simeon
are presented.

ZOGRAPH VASILIJE'S STYLE

Zograph Vasilije's style can be looked upon
through the drawing, modeling, colour, figuration,
portrait, and the ability to fit in and combine scenes
and individual figures.

Vasilije's painting action starts with incision
of the drawing by means of a thin tool in the wall.
Nowadays, suchlike treatment can be clearly seen
on the wall surfaces from which the wall painting
— Deisis — disappeared over the period of years.
Vasilije, as a drawer, does not possess special
qualities. Although his drawing is imprecise,
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u Jnakohe, mpenacraBe BuUIIEPUTYpPATHHUX
KOMIIO3HUIIMja U3/IBajaMO Kao IPTAYKH YCITjelIHe
njenune. KoHType M3BOAM TaMHOKECTEHACTOM,
TaMHOILJIABOM, TIIOHEr/Aje 3eleHOM 00joM.
JlekopaTuBHE 3aBjece COKJIa UCI[PTaBa T'OTOBO
L[PHUM JIMHUjaMa.

BeroB paj mpeno3HaTJbUB je MO jaKUM
KOHTpacTUMa CBUJETVIMX M TaMHHUX MOBPIIUHA.
Ha nunmma cBerurtesba JOMHUHHpAjy cpracTe,
nebene u IpHE OOpBE, KOHIICHTPHUYHE Owujerne
JHMHUjE Y OYHUM JyIlJbaMa, KIMHACTE CjeHKe Ha
MoJ0UkhalliMa. Yo4aBajy ce€ U MyTHOOKepacTa
OCBjeTJbCHba Ha JIpanepHjH, H3IYKEHa CIIOBa
Ha HATMHCUMAa U CBULHU Ca KapaKTePUCTUYHOM
o3HakoM 3a cioBo T (III). KajmakoBuh 3amaxka
TEXHOJIOUIKY TpemIKy Kojy 3orpad Bacunmje
MIpaBH, 1A HETOBH JIMKOBH U3IVIENAjy CIIMjEIH,
HaMMe 3jeHHIe 0uHjy 00ju IIpHOM 00joM Koja Ha
KECTEHhaCTO] MOAI031 BPEMEHOM I10CTaje CBUjeTIa
(KajmakoBuh, 1971, ctp. 282). Tperman nuia Huje
yjennaden. KajmakoBuh je yTBpAMO CIMKapCKH
MOCTYTIAaK KOjUM ce Bacummje ciry>Ku MpuiIMKOM
o0pasie nuia — U3 TaMHUX cMehUX 1 3eJIeHKacTuX
TOHOBA U3Parbajy OKEp CBHjETIIC TIOBPIIMHE JIHIIA.
OncTyname ol OBaKBOI' MOCTYIIKA CE€ 3araka Ha
JIMKY LIapHLie JeneHe, Yiju je MHKapHaT MOJICJIOBaH
CYNTHJIHU]€ CBHUjEeTIMM TOHOBHMMA. Cpriactu
TMIO/IOYHHAIIM TOTOBO JIa HE MOCTOj€ HA FeHOM JIUILY.
3anaska ce Ja je Bacunuje mocBeTro MHOTO BHIIE
MK MOJIETIOBAIbY JIMIIA OBE CBETUTEIBKE, JIOK je
KOJI OCTaJIMX CBETUTEJhA IIPUCYTHA CTEPEOTUITHOCT.

Crnmkapcka majieta CBEICHA je Ha HEKOJIMKO
00ja ma ce CTHYe YTHCAaK KOJOPHCTUYKE
MoHoToHHMje. [IpeoBnanaBajy LpBeHHU, IUIABH,
3esnieHn, okep u cmehu ToHOoBHM. Hemocraje
rpanamuje 0oja koja 61 OBO CIMKAPCTBO YUHHUIIO
KBIMTETHUJUM M KOJOPHUCTHYKH OOTaTHjUM.
Cejetninje TOHOBe A00HWja [0/aBamEM OKep
unu Oujene 6oje, a TamMHE TOHOBE ao00HWja
MHjelIambeM OCHOBHE 00je ca TaMHOILIABOM HJIH
TaMHOKeCTeHmhacToM 0ojoM. L[pBeHe moBpinHe,
KOje mpeoBiaaaBajy Ha ¢peckama, Takohe
orjieMemYyje ca OKep M OWjeluM TOHOBHMA 32
CBHjeTIIMj€ WU cMehuM 3a TaMHH]je TIOBPILUHE.
[InaBy koja mopen 1pBeHe 00je JOMHHHMpA Ha
BacunujeBum Qpeckama, omiemMemyje OKepoM
u OujenoMm 0O0joM 3a CBHjeTNIMje TOHOBE, a
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deprived of elegance and lightness, we select the
presentations of compositions with more figures as
successful ensembles in the drawing context. He
outlines contours with dark brown, dark blue and
somewhere with green colour. Decorative curtains
of the stand are drawn almost in black lines.

His work is recognizable by strong contrasts
between bright and dark surfaces. Sickle-like,
thick black eyebrows stand out on the saints'
faces, as well as concentric white lines in the eye
sockets and wedge-like shadows on the rings
under the eyes. Some vague-ochre lightings can
be noticed on the drapery, as well as elongated
letters on the inscriptions and rolls with distinctive
characteristic for letter T (III). Kajmakovi¢
notices a technological mistake which was made
by zopgraph Vasilije — his characters seem to be
blind since he paints apples of the eyes black which
becomes brighter over the time on the dark brown
base. (KajmakoBuh, 1971, p. 282). The treatment
of face is not balanced. Kajmakovi¢ stipulated the
painting procedure used by Vasilije while treating
the face — ochre bright surfaces of the face emerge
from dark brown and greenish tones. Divergence
from suchlike procedure is noticed on the face of
tsarina Jelena, whose incarnate was modelled more
subtly with brighter tones. Sickle-like rings under
the eyes almost do not exist on her face. It can
be noticed that Vasilije paid greater attention to
modelling of this Saint woman, while the sterotype
is present when other saints are in question.

Painting palette has been reduced to a few
colours, so the impression of the colouristic
monotony is obtained. Red, blue, green, ochre
and brown tones prevail. Gradation of colours
is missing — gradation which would make this
painting of better quality and in the colouristic
context richer. Brighter tones are obtained by
adding ochre or white colour, while dark tones
are obtained by mixing of basic colour with dark
blue or dark brown. Red surfaces which prevail
on frescos are also enriched with ochre and white
tones for the brighter surfaces or with brown for
darker surfaces. Blue, which beside red, dominates
on Vasilije's frescos, was enriched with ochre
and white colour for brighter tones, and dark
blue for darker surfaces. Suchlike combinations



[TTACHUK - HERALD 22

TaMHO IIJIaBOM 3a TaMHHUje noBpinHe. OBakBe
KOMOWHAIMje ce KOHCTAaHTHO TOHAaBJbajy 0Oe3
Ha3HaKa eKCIIEPUMEHTHCAba, 11a KOJIOPHT IOCTaje
MOHOTOH U CHPOMAIIIaH.

Cujenke Ha JpamepujaMa HCLpTaBa
HEKOHTPOJIMCAHO U JIOHEKJIE HEOCMHIIIJBEHO TaKO
Jla U30CTajy PUTMHYHO pacropehenn Habopu
IITO C€ MOXKE 3aIa3uTH Ha MambHM JO0NOjaCHUM
MOpTpeTUMa, Ha ipuMjep Ha UKy Cetor CamoHa.
Bume naxme nocsehyje cnukamy Qurypa y
1jennHy, kao Ha ¢urypama Ceerux Kosme u
HNawmjana. [Ipamepuje koje mpernase MpeKo PykKy,
4ecTo Jjeryjy Kao 3aMazaHa 0oja mTo moTephyje
MOBPEMEHY TOBPIIHOCT y pajay OBOI' CIMKapa,
MIOTOTOBO KO j€ PUjey O I0TI0jaCHUM ITOPTPETUMa
y TIPBOj 30HHU.

Bumedurypanne KoMmMmo3uiuje KpacH
CKJIaHOCT, COJIUJIHA PUTMUYHOCT U MPUMjEpaH
uprex. CTHue ce yTucak Jia 30rpad) BUILIE MaKmbe
MOKJIaha KOMIIOHOBAbY OBHX TEMa, HETO MPHKazy
nojeArHavHuX (urypa u3 npse 30He. Ha Hexum
npuKa3uMa Gurypa Wi JO0NO0jaCHUX MOpTpeTa
CBETUTEJbA 3amaka ce Op3MHAa W TOBPUIHOCT
y CIUKapckoj oOpaad, AOK TPUKA3ZUBAY
BUIIEUTYpATHUX MIyCTpalHja MpUCTyIa
030uIBHH]E.

Jenna on OWUTHHX KapakKTepUCTHKA
BacunujeBor yMmjeTHHUYKOT CTBapama jecrte
HEeNpelr3Ha aHaToMcKa oOpaja Tujena. [aBa
Ceetor apxanhena Muxauna HecpasMmjepHa
je y omHocy Ha tujeno. OBaj HemocTarak y
BacunujeBom pajny, ka0 M U3BjeCHE IpTayke
HECIOCOOHOCTH, OYMTYje ce, MpHUje cBera, Ha
npukasy pyky. Ha Hexum wmimyctparujama oHe
Cy HecpasMjepHO BEJIMKE Y OHOCY Ha OCTaje
JIMjeNIOBE THjena, Ha MpuMjep Ha JTukoBuMa CBeTor
Cage Cprckor y ontapckoMm aujeny u Cetor
KnumeHnTa Ha cjeBepHOM 3uay Haoca. Bacunuje
TpUjeld U TPWIMKOM ClIMKama ctonana. boca
cToIasa, Ko IMOjeIMHUX CBETUTEIha Cy aHATOMCKHU
HEeTauHa M 0/1ajy YTHCAK KapUKaTypalHOCTH, Kao
Ha ¢urypu Ceeror CumMeoHa U3 KOMITO3UIIH]jeE
Cperema.

[Torpcja mpopoka y MenabOHUMa U37Bajajy
Ce MO JBEMOTH Yy CIHUKApPCKOM pemneproapy
upkBe y Mocrahuma. IloceGHy maxmmy majcTop
nocsehyje oxjehn u cBuIMMa Koje MPOPOIH

are constantly repeated without any signs of
experimenting, so colour image becomes dull and
poor.

He draws shadows on draperies uncontrollably
and to a certain extent without any plan, and
consequently rhytmically arranged folds are
missing, which can be noticed on smaller half-
length portraits, for example on the St. Samon's
image. He pays greater attention to painting of the
entire figures, such as the figures of St. Cosma and
Damian are. Draperies which go over the hands
often seem to be nothing but smeared colour
which confirms the occasional superficiality in
the painter's work, especially when half-length
portraits in the first zone are in question.

Compositions with more figures are adorned
with harmony, decent rhythmicality and adequate
drawing. The impression a man can get is that the
zograph pays a greater attention to composing
of these topics, rather than to the presentation
of the individual figures from the first zone. On
some presentations of the figures or half-length
portraits of saints, swiftness and superficiality in
the painting treatment can be noticed, while he
approaches more seriously the presentation of
illustrations with more figures.

One of the important characteristics of
Vasilije's artistic creation is imprecise anatomical
treatment of the body. The head of St. Archangel
Michael is disproportionate when compared to the
body. This flaw in Vasilije's work, as well as certain
drawing incapability, is evident primarily, at the
presentation of the hands. On some illustrations
they are disproportionately big when compared
to the other parts of the body, e.g. on the images
of St. Sava Serbian in the altar part and of St.
Kliment on the north wall of naos. Vasilije also
makes a mistake while painting feet. Bare feet of
some saints are anatomically wrong and leave the
impression of caricature, as on the figure of St.
Simeon from the composition of Presentation of
Jesus at the Temple.

Prophets' busts in medallions are distinctive
due to their beauty in the painting repertoire of
the church in Mosta¢i. The master pays a special
attention to clothes and rolls kept in prophets'
hands. Vasilije breaks monotony by painting

151



HUHA JIOJOBUR MUJINHUR
NINA LOJOVIC MILINIC

Ipxe y pykama. Bacunuje pa3duja MOHOTOHH]Y
cnukajyhu Heka morpcja OKpeHyTa y CTpaHy
BjemTo ux yknanajyhu y kpyr. Ilpu Tom Boau
padyHa 0 pUTMHYHOCTH Jparepuja, a ToroToBo O
noJoxkajy ceutaka. Omjeha Ha OBIM CBETUTEIbHIMA
6oraro je aexopucana. Koiopur, mHKapHaTu u
Jpariepyje OBUX CBETUTEIha UCTOBJETHU Cy OHUMA
Ha ctojehuM ¢urypama u3 rpse 30He. MenaboHu
Cy OMBHYEHHU TaHKUM OHjeTUM Tpakama 0K Cy
CIIeHEe OMBUYEHE IIMPOKKUM LIPBEHUM Tpakama 6e3
YKpacHUX O0opaypa.

3AKJbYYHAK

IpxBa Ceror Kimmmenta y Mocrahuma xox
TpeOuma xuBonMcaHa je pykom 3orpada Bacunuja
1623. ronusxe.

Haj3acTynspeHUju THII TNPaBOCIABHUX
rpaljeBuHa Ha MozIpy4jy XepIleroBauke enapxuje
y XVI u XVII Bujexy cy jenHoOpoaHe LpKBe,
MambUX JUMEH3Mja, ca [OoJIyoOIuyacTum
CBOJIOM, TIOJIYKPYKHOM aIrlCHIOM Ha UCTOKY H
3BOHHMKOM ,,Ha MPECIHIY" Ha 3aMajHOj CTPaHH
pkBe. OBakaB apXUTEKTOHCKH CKIION je M3pa3
TPaJIUIIMOHAIIHAX Be3a XepIeroBadkor 3aineha
ca JlyopoBHuKOM. M31BOjeHy CKYNHHY I[pKaBa
y XepLeroBUHH MpPEACTaBJbajy jEIHOOPOIHE
IPKBE Ca MPUCIOBCHUM JIyKOBUMA Ty’ OOUHHX
3UJI0Ba U MOIYXHUM TMOJTYOOIUYaCTHM CBOJOM,
0jadaH TONPEYHOUM JIyMMa Wiu 0e3 mHUX
(upxBa Cseror Kimmenta y MocTtahnuma).
AHanusupameM jkuBomuca y IpkBu Ceror
Knmumenra yodasa ce pacnopes KOMIO3UIHja U
nojeIMHaYHuX (PUrypa Kakas je 6uo yoOuuajeH
Yy MamUM IpKBaMa Ha MPOCTOpY XepIeroBadyke
ernapxuje. AHaIN30M UKOHOTPa(CKUX cXeMa Koje
je kopuctro 3orpad Bacuimije Moxe ce 3aK/byIUTH
71a je FerOBO CIMKAPCTBO CHHTE3a MKOHOTpa(CKuX
oOpazala Koje MOXEMO BHUJJETH Y OOIMKEHM
MaHacTUpckuM 1pkBama Jloopuhesa, 3aBaie u y
1pkBu Ceetor apxanhena Muxauna y Apanhenopy
Kao U rpaduukux wiyctpanuja u3 [IpasaumuHor
muneja boxunapa BykoBuha u3 1538. ronune.
Takohe ce Mory 3ama3uTi 1 HeKe MKOHOTpadCke
noceOHOCTH Koje 3orpad Bacunmje Huje morao
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some busts turned aside fitting them skilfully
into a circle. While doing it, he pays attention
to rhythmicality of draperies, particularly to the
position of the rolls. Clothes worn by these saints
are lavishly decorated. Colours, incarnate, and
draperies of these saints are identical to those ones
belonging the standing figures from the first zone.
Medallions are rimmed with thin white ribbons
while the scenes are rimmed with wide red ribbons
without decorative edging.

CONCLUSION

The church of St. Kliment in Mostaci, in
the vicinity of Trebinje, was wall painted by
zograph Vasilije in 1623. The most common and
represented type of the Orthodox buildings in the
area of the Herzegovinian Eparchy in the 16th and
17th century are single-nave churches, of smaller
dimensions with half-arched ceiling, a semicircular
apse in the east and belfry classified as a ,,distaff
belfry* in the west side of the church. Suchlike
architectural form is the expression of traditional
bonds between Herzegovinian hinterland and
Dubrovnik. The detached group of churches in
Herzegovina are denoted and presented by single-
nave churches with leant arches alongside-walls
and longitudinal half-arched ceiling, strengthened
with transversal arches or without them (the church
of St. Kliment in Mosta¢i). During the wall painting
analyzing process of the church of St. Kliment, the
pattern and scheme of compositions and individual
figures have been noticed, the pattern and scheme
which were common and known in minor churches
in the area of the Herzegovinian Eparchy. By
means of analysis of the iconographic schemes
used by zograph Vasilije, it can be concluded
that his painting is the synthesis of iconographic
patterns which can be seen in the nearby monastery
churches of Dobri¢evo, Zavala and in the church
of St. Archangel Mihail in Arandelovo, as well as
in the graphic illustrations in the Festive Liturgical
Book (minej) done in 1538 by Bozidar Vukovi¢.
Some iconographic individuality and singularities
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npoHah# y TOMEHYTUM H3BOPUMA, a BjepOBATHO
Cy yTullaj JyOpOBauKOT CIMKapacTBa.
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