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ITPOMJEHE BPUJEJHOCTHU KNIMMATCKHUX EJIEMEHATA U IbUXOB YTHLAJ
HA BOJHU PEXKUM I'OPILEI' TOKA TAPE

Toay6 Jb. hyaaguh!’, Anua Muaanosuh IMemuh? u Jeaena Loaujanun®

13aBoj1 3a xuapoMeTeopoorujy u censamonorujy Lpue Tope, [Moaropuria, [paa T'opa
Teorpadcku uHCTHTYT ,,JoBan L[Bujuh CAHY, Beorpan, Cp6uja
3Vuausepsurer y Mcrounom Capajesy, ®umozodeku paxyrer, [ame, Peryomuka Cpricka, bBuX

Caxerak: Pujexa Tapa ca cBojux 146 km Toka Hajayxa je pujeka y Lipaoj ['opu. Mma npoctpanu cius, nopiuunae 2040
km? (o npoduna Ilhenan IToske), ca g0cTa pasBHjeHOM XHAPOrpad)cKOM MPEkKOM (TIOCEOHO Yy TOPHEM JHjely), Ha KOjy
je OMTHO yTHIIa0 TEOJIONIKM cacTaB TepeHa. AHanm3a je palhena 3a ciuB pujexe Tape 10 npoguiia XUIposIomIKe CTaHuIe
TpebasbeBo. Kimma Ha HCTpaKMBAHOM ITPOCTOPY j€ YMjePEHOKOHTHHEHTAIHA, Ca XJIaJHIM 3uMamMa 1 Onarum Jeetuma. Cpelmpa
TOAMIITHFA TEMITepaTypa Ba3ayxa 3a aHaam3upanu neproa y Komammnay m3nocn 7.4°C, IOK je TOMUIITHa KOJMIMYIHA [1a/IJaBUHA
2126 mm. CnuB mpumaza HUBAJTHO-TUTYBHjaTHOM BOJAHOM PEKUMY, AWHAPCKO-MAKEAOHCKOM TOATHUITY. Bumeroaumimu
NPOCjEYHH MPOTHUIIAj Ha XHUAPOJIOIIKO]j cTaHuIM TpebasbeBo nzHocu 24.6 m3/s. AHanusa pe3yarara oKasyje CTaTUCTHYKA
3HAYajHC HEraTHBHE TPCHOBE CaMO y CE30HHU JheTo (Ha HUBOY 99.9 %) u Ha romuuimeM HUBOY (Ha HHBOY 95 %), 10K
octana Bumeroaumimba (1966-2014) cezoHcka Kosebama CpeAmnX MPOTHIAja HEMajy CTaTUCTHUKK 3Havaj. [IpoyuaBano
HOZIPYYje KapaKTepHIy 3Ha4ajHH IIO3UTUBHHU TpeHI0BH roaunimix (0.04°C roauiime) U Ce30HCKUX TeMIlepaTypa Ba3ayxa
(majm3paxennju y ce3onn jpeto — 0.07°C romumse). C apyre cTpaHe, TPSHIOBH MafaBUHA OWIIN Cy HETaTUBHH, TIOCEOHO Y
JbETH0] Ce30HU (cMamerse 3a 0.55 mm roauime), Kaja Cy ¥ caMe BpHjeJHOCTH TeMIepaType HajBHIIE ITopacie.
Kibyune pujeuun: pujeka Tapa, mpoTHIaj, TemMreparypa, najgaBuHe, CHUjeT, TPCH.
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CHANGES IN THE VALUES OF CLIMATE ELEMENTS AND THEIR IMPACT ON THE
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Abstract: The Tara River with its 146 km course is the longest river in Montenegro. It has a large watershed, with an catch-
ment area of 2040 km? (up to the Séepan Polje), with a well-developed hydrographic network (especially in the upper part),
which was significantly influenced by the geological composition of the terrain. The analysis was done for the Tara River
basin at the hydrological station Trebaljevo profile. The climate in the researched area is moderate-continental, with cold
winters and mild summers. The average annual air temperature for the analyzed period in Kolasin is 7.4°C, while the annual
amount of precipitation is 2126 mm. The basin belongs to the nival-pluvial water regime, Dinaric-Macedonian subtype.
The perennial average flow at hydrological station Trebaljevo is 24.6 m*/s. The analysis of the results shows statistically
significant negative trends only in the summer season (at the level of 99.9 %) and at the annual level (at the level of 95 %),
while the other perennial (1966-2014) seasonal mean flow fluctuations have no statistical significance. The studied area
is characterized by significant positive trends in annual (0.04°C per year) and seasonal air temperatures (most pronounced
in the summer season — 0.07°C per year). On the other hand, precipitation trends were negative, especially in the summer
season (decrease by 0.55 mm per year), when the temperature values themselves increased the most.

Keywords: Tara River, flow, temperature, precipitation, snow, trend.
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YBOA

Y HOBHWje BpHjeMe, jaBJbajy CE€ CBE 030MJb-
HUjU TpoOJIeMH ca BOAaMa, KOjU IOCTajy jOII
CIIOKEHM]H 300T cBe Beher cmamuBama MpPOTH-
1[aja Ha BOJOTOIIMMA, IMOCEOHO TOKOM JHETHHX
Mjecely, IOK Ce Yy OCTaJIUM TOAMIIBIM Jo0uMa
jaBibajy Oyjuue, normiase uti. (Berghuijs et al.,
2017; Bloschl et al., 2019; EEA, 2017). [Tutame
BOJIHUX pecypca, BUXOBE JOCTYIMHOCTH, KBaH-
TUTETa U KBAJIUTETAa, Ka0 M HUXOBE BapHjaOuJI-
HOCTH y KOHTEKCTYy CaBPEMEHHX KIMMATCKUX
MpOMjeHa, jeJHa je O Haj3acTyIUbEHUX Haydy-
HUX U CTPYYHUX T€Ma Ha I7100aTHOM HUBOY, KOja
320KYIJba MaXKkhy HAyYHUKA MOCIHEIHUX JeLe-
Huja (Szolgayova et al., 2014; Hu & Luo, 2015;
Castino et al., 2017).

3HAaKOBU HEJAaBHUX KIMMATCKUX TPEHJIOBA
BUJIC C€ Y HEKOJHMKO PETHOHATHUX U TIIOOAITHUX
TPEH0Ba, YKJbY4yjyhu: moBehany Temmneparypy
KOIIHa M OKeaHa (1MoceGHO y peruoHuma Onu-
UM €KBaTopy); NoBehaHy yuecTanocT eKCTpeM-
HUX BPEMEHCKHX I10jaBa (OOWJIHE I1aJlaBHHE,
MoTJIaBe, CyIIe — XUAPOJIOIIKE U METEOPOJIONI-
K€ WUT/A.); MPOMjeHEe CE30HCKUX LMKIyca — Ha
npuMjep, paHuja mojaBa mposbeha (eBHIEHTHO
KpO3 paHWje IIBjeTame OWJbaka W T0jaBy pa-
HUX MpoJbehHUX TOKOBa) U MoBehaHO Tpajame
BereTatuBHOT nepuoja ousbaka (EEA, 2017).

[MmoGamHu KIMMATCKU MPOIECH U TMpOMje-
HE CBE CE BUIIIC M3pakaBajy Kpo3 pexkHM Tajia-
BHHA M OTHIAja. J[yrOpOYHO M KOHTHHYUPAHO
Mjeperme U mpaheme mpoTuiiaja Ha pujekama
MMa M3Y3€THO BEIMKH 3HAuaj 3a H3ydYaBarbe
BapujabMIHOCTU KiInMe, uMajyhu y Buay aa
CE30HCKH W TOAMIIBH NPOTHLAJU PHjeKa MOTY
Ja ce KOPUCTE Kao WHAWKATOPH KIMMATCKUX
MIPOMjeHa, jep MPeCTaBIbajy PEaKLN]y PUjeIHOT
ClIMBa Ha TPOMjEHY METEOpOJIOMIKUX (aKTopa
(IpBEHCTBEHO TeMIlepaType Bas3lyxa W Iaja-
BUHA). AHanmu3upajyhu mnoMmeHyTe eJeMeHTe,
3aKJbydyje c€ Ja MPOTHIAjU MMajy TMPETHOCT,
jep MpeacTaBibajy peakinjy u pediaekcujy cBUX
¢usnuko-reorpadckux Qaxropa (Temmeparype
Ba3qyxa, eBalOTPaHCIUpPAIUje, JHTOJOIIKE
nojiore, Mopdoinoruje pebeda U Bereranuo-
HOT TOKpHUBaua), a He camo magaBuHa (Pasquini
& Depetris, 2007). Jlyropouna aHajau3a MpOTH-
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INTRODUCTION

In recent times, more and more serious prob-
lems with water are occurring, which are becom-
ing even more complex due to the rising de-
crease in flow on watercourses, especially during
the summer months, while torrents, floods, etc.
occur in other seasons (Berghuijs et al., 2017;
Bloschl et al., 2019; EEA, 2017). The question
of water resources, their availability, quanti-
ty and quality, as well as their variability in the
context of contemporary climate change, is one
of the most represented scientific and profession-
al topics at the global level, which has occupied
the attention of scientists during the last decades
(Szolgayova et al., 2014; Hu & Luo, 2015; Cas-
tino et al., 2017).

Signs of recent climate trends are seen in
several regional and global variables, including:
increased land and ocean temperatures (particu-
larly in regions closer to the equator); increased
frequency of extreme weather events (heavy
rainfall, floods, droughts — hydrological and me-
teorological, etc.); changes in seasonal cycles —
for example, the early appearance of spring (ev-
ident through the early flowering of plants and
the appearance of early spring flows) and the
increased duration of the plants growing season
(EEA, 2017).

Global climate processes and changes are
increasingly expressed through the rainfall and
runoff regime. Long-term and continuous mea-
surement and monitoring of river flows is ex-
tremely important for the study of climate vari-
ability, having in mind that seasonal and annual
river flows can be used as indicators of climate
change, as they represent the reaction of the riv-
er basin to the changes in meteorological factors
(primarily air temperature and precipitation).
Analyzing the mentioned elements, it is con-
cluded that flows have an advantage, because
they represent the reaction and reflection of all
physical-geographical factors (air temperature,
evapotranspiration, lithological substrate, relief
morphology and vegetation cover) and not only
precipitation (Pasquini & Depetris, 2007). Long-
term flow analysis at the level of river basins is
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11aja HA HUBOY PUJEYHUX CIMBOBA HEOMXOJHA je
3a e(pUKACHO IIAaHUPAHE U YIIPABIbAE BOTHUM
pecypcuma (Croitoru & Minea, 2014).

300r yodeHor mopacra TeMIlepaType Bas-
nyxa, T€ POMjeHa pexxrmMa majlaBuHa, 101a3u 10
M3paKeHHUjer Kojiebama MpOTUIlaja Ha pHjeKaMa
TOKOM TOJIMHE, OJ TIOTUIaBa U TUIABJBEHHA Ta JI0
JIPAacTUYHUX CMambUBama NPOTHIAja. AHAIU3e
ca miobamnor (Do et al., 2017; Kleinen &
Petschel-Held, 2007; Milly et al., 2005), pe-
ruonanHor (Bloschl et al., 2019; Bouwer et al.,
2008; Dankers & Feyen, 2008; Kundzewicz et
al., 2013; Lehner et al., 2006) 10 HaITMOHAIHOT U
nokaiHor HuBoa (Gnjato et al., 2019; Kovacevic-
Majki¢ & UroSev, 2014; Oblak et al., 2021;
Pandzi¢ et al., 2009) mokasyjy aa cy ce y He-
KHM permoHuMa M o0llacTUMa Jiecuiie 3HavajHe
(dbykTyanuje pujeuHor pexuma (OuIo y mpaBIly
noBehaHe ydecTasoCTH IMOTIaBa MM CMambEermha
MPOTHIIAja), a TAME M Ha HIMPEM MOAPYYjy HUC-
TPaKUBAHOT MPOCTOpa. AHAIN3E MTPOMjeHa MPo-
THIIaja BPIICHE Cy Ha OpOJHUM pHjeKama y pe-
ruony — Jlynas (Dolinaj et al., 2019; Rimbu et
al., 2002; Canjevac, 2012), Casa (Gnjato et al.,
2021; LesceSen et al., 2021; Oblak et al., 2021;
Oresi¢ et al., 2017; Pandzi¢ & Trnini¢, 1998;
Pandzi¢ etal., 2009; Stojkovi¢ et al., 2014), Mypa
(Oblak et al., 2021; Frantar & Hrvatin, 2005;
Canjevac & Oresi¢, 2015), Hpasa (Bonacci &
Oskorus, 2010; Oblak et al., 2021), Coua (Ulaga
et al., 2008), Bpbac (Gnjato et al., 2019), Cana
(Gnjato, 2018), Tpeoummuna (Gnjato et al.,
2023), 3anagna Mopasa (Langovi¢ et al., 2017),
Torumma (Marti¢ Bursa¢ et al., 2016, 2022),
Tumoxk u Jyxna Mopasa (Kovacevic-Majki¢ &
Urosev, 2014), Hummasa (Poki¢ et al., 2022), xao
u y LpnHoj I'opu — Mopaua (Buri¢ et al., 2016),
JInm (Culafi¢ et al., 2017) uta.

Y peruony jyroucroune EBpome (kojem
npunana u Llpaa T'opa) Beh je youen m3paken
TPEHJI TTopacTa TEMIIepPaType Ba3ayXa y CBHUM Io-
JUILIBAM 100MMa, Kao U IIPOMjeHe y Paco/ljeiu
najaBuHa TOKOM rojauHe. Takohe, yodena je
WHTEH3WBHHY]ja W Yelrha IojaBa MoIriaBa M Cylia
(Trbi¢ et al., 2018). CnuuHe KapaKTepUCTUKE
rmopacta TeMIIepaType CBHICHTHPAHE CY Y CBHM
njenoBuMa jyrorcrouHe EBpone — Ha nmpumjep,
y Cpouju (Radivojevi¢ et al., 2015; Tosi¢ et al.,

necessary for efficient planning and management
of water resources (Croitoru & Minea, 2014).

Due to the observed increase in air tempera-
ture and changes in the precipitation regime,
there is a more pronounced fluctuation in river
flows during the year, from floods and inundation
to drastic reductions in flow. Analyzes from the
global (Do etal., 2017; Kleinen & Petschel-Held,
2007; Milly et al., 2005), regional (Bldschl et al.,
2019; Bouwer et al., 2008; Dankers & Feyen,
2008; Kundzewicz et al., 2013; Lehner et al.,
20006) to national and local levels (Gnjato et al.,
2019; Kovacevi¢-Majki¢ & Urosev, 2014; Oblak
et al., 2021; Pandzi¢ et al., 2009) show that in
certain regions and areas there have been signif-
icant fluctuations in the river regime; and there-
fore in the wider area of the researched area.
Analyzes of flow changes were carried out on
numerous rivers in the region — Danube (Dolinaj
etal.,2019; Rimbu et al., 2002; Canjevac, 2012),
Sava (Gnjato et al., 2021; LesceSen et al., 2021;
Oblak et al., 2021; Oresic¢ et al., 2017; Pandzi¢ &
Trnini¢, 1998; Pandzi¢ et al., 2009; Stojkovi¢ et
al., 2014), Mura (Oblak et al., 2021; Frantar &
Hrvatin, 2005; Canjevac & Oresic, 2015), Drava
(Bonacci & Oskorus, 2010; Oblak et al., 2021),
Soca (Ulaga et al., 2008), Vrbas (Gnjato et al.,
2019), Sana (Gnjato, 2018), Trebisnjica (Gnjato
et al., 2023), Zapadna Morava (Langovi¢ et al.,
2017), Toplica (Marti¢ Bursa¢ et al., 2016, 2022),
Timok and Juzna Morava (Kovacevi¢-Majki¢ &
Urosev, 2014), Nisava (Poki¢ et al., 2022), as
well as in Montenegro — Moraca (Buri¢ et al.,
2016), Lim (Culafi¢ et al., 2017), etc.

In the region of Southeast Europe (to which
Montenegro also belongs), a prominent trend of
increasing air temperature has already been ob-
served in all seasons, as well as changes in the
distribution of precipitation during the year. Also,
a more intense and frequent occurrence of floods
and droughts was observed (Trbi¢ et al., 2018).
Similar characteristics of the temperature rise
have been recorded in all parts of Southeast Eu-
rope — for example in Serbia (Radivojevi¢ et al.,
2015; Tosi¢ et al., 2023), Croatia (Bonacci et al.,
2021; Vrsalovi¢ et al., 2023; Ogrin, 2015), Slo-
venia (Ogrin, 2015; Tosi¢ et al., 2016), Romania
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2023), XpBatckoj (Bonacci et al., 2021; Vrsalovi¢
et al., 2023; Ogrin, 2015), CnoBennju (Ogrin,
2015; Tosi¢ et al., 2016), Pymynuju (Barbulescu,
2023; Birsan et al., 2014), byrapckoj (Alexandrov
etal., 2004), bocuu u Xepuerosunu (Popov et al.,
2018; Trbi¢ et al., 2017), Te Lproj 'opu (Buri¢ et
al., 2014; Buri¢ & Doderovi¢, 2021; Doderovié
et al., 2020). [IpocTopHa 1 BpeMeHCKa (TOAMIIHA
U CE30HCKA) XETEPOreHOCT Y pacrojijesy Iajia-
BHHA 3a0MJBEKEHA j€ Y JyroucTo4Hoj EBpomnw,
ykibyayjyhu bocny u Xepuerosuny (Popov et al.,
2017), Cpomjy (Lukovi¢ et al., 2014; Milovanovi¢
et al., 2017; MiloSevi¢ et al., 2021), XpBarcky
(Gaji¢-Capka et al., 2015; Ogrin et al., 2022),
Crnosennjy (de Luis et al., 2014; MilosSevic¢ et
al., 2016), Pymynunjy (Dumitrescu et al., 2015;
Croitoru et al., 2016), Byrapcky (Bocheva et al.,
2009; Nikolova, 2007), na u Lpnay ['opy (Buri¢
et al., 2015).

[Tocirenwux roguHa y LlpHoj N'opu moverno
ce ca JETaJbHUJUM TPOyYaBamkbEM OCLMIIAIM]ja
BOJHHX peXUMa U MOTyhux yTHIlaja KIMMaTCKUX
npoMjeHa Ha wux. Cryauje magaBuHa y LlpHoj
l'opu yrmaBHOM cy ce (okycupane Ha HeAdaBHE
TPEH/I0BE €KCTPEMHUX MaJlaBHHA IIUPOM 3eMJbE
(Buri¢ et al., 2015) unu Ha oxpehenom nujemy
Tepuropuje, Ha npumjep, y Ioaropumm (Burié
& Doderovi¢, 2019, 2021), cjeBepy apkaBe
(Doderovi¢ et al., 2020) u Kpupommujama (menu-
Tepancka peruja) (Ducié et al., 2012). Culafi¢ et
al. (2020) ananmu3upanu cy MpOCTOPHE U BPEMEH-
cke obpactie manaBuna y L{paoj ['opu. Buri¢ et al.
(2019) ucrpaxkuanu cy ogHoc usmelhy npomjene
Temreparype Bazayxa Ha nonapydjy Lpue ['ope u
BapyjabMIIHOCTH LMpKyJauuje atmochepe u ot-
KpWJIH Cy 3Ha4ajHy Kopenanujy u3mely yruimaja
HEKOJIMKO oOpasana TeiekoHekuuja. Buric et al.
(2016) uctpaxuBanu cy Besnuke noriase y LipHoj
Topu xpajem 2010. roguHe u Konedame MPOTH-
naja pujexe Mopaue, a Culafié et al. (2017) yurraj
KITUMATCKUX TIPOMjE€Ha Ha BOJHH pexuM Jlnma.

CaBpeMeHa XHIPOJIOIIKA M KIMMAaTOJOLIKA
UCTpaKUBamba 3aCHUBAJy C€ HAa aHAIM3U M KOM-
napanuju OpOjHUX TIOKa3aTeshba XHUAPOJIOMIKHX
U KIMMAaTCKUX eneMeHara. L{ub oBor ucTpaxu-
Bama je Jla ce aHAJM30M OCHOBHMX KJIMMATCKUX
(TeMmniepaTypa, MagaBUHE, CHH-EKHU MOKPHUBAY) U
XHIPOJIOIIKUX TapameTapa (MpOTUIaj) YTBpIE
MpOMjeHEe KIMMATCKUX €JIeMEHaTa y IMepUOIy
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(Barbulescu, 2023; Birsan et al., 2014), Bulgaria
(Alexandrov et al., 2004), Bosnia and Herzegov-
ina (Popov et al., 2018; Trbi¢ et al., 2017) and
also in Montenegro (Buri¢ et al., 2014; Buri¢ &
Doderovi¢, 2021; Doderovi¢ et al., 2020). Spa-
tial and temporal (annual and seasonal) hetero-
geneity in the distribution of precipitation was
observed in Southeast Europe, including Bosnia
and Herzegovina (Popov et al., 2017), Serbia
(Lukovi¢ et al., 2014; Milovanovi¢ et al., 2017;
Milosevié et al., 2021), Croatia (Gaji¢-Capka et
al., 2015; Ogrin et al., 2022), Slovenia (de Luis
et al., 2014; Milosevi¢ et al., 2016), Romania
(Dumitrescu et al., 2015; Croitoru et al., 2016),
Bulgaria (Bocheva et al., 2009; Nikolova, 2007)
and Montenegro as well (Buri¢ et al., 2015).

In recent years, a more detailed studies of
the oscillations of water regimes and the possi-
ble impact of climate change on them have been
started in Montenegro. Precipitation studies in
Montenegro mostly focused on recent trends in
extreme precipitation across the country (Buri¢
et al., 2015) or in a certain part of the territory,
for instance, in Podgorica (Buri¢ & Doderovi¢,
2019, 2021), the northern part of the country
(Doderovi¢ et al., 2020) and Krivosije (Medi-
terranean region) (Duci¢ et al., 2012). Culafi¢ et
al. (2020) analyzed the spatial and temporal pat-
terns of precipitation in Montenegro. Buri¢ et al.
(2019) investigated the relationship between the
changes in air temperature in the area of Monte-
negro and the variability of atmospheric circula-
tion and found a significant correlation with the
influence of several patterns of teleconnections.
Buri¢ et al. (2016) investigated large floods in
Montenegro at the end of 2010 and fluctuations
in the flow of the Mora¢a River, whereas Cu-
lafi¢ et al. (2017) analyzed the impact of climate
change on the water regime of the Lim River.

Contemporary hydrological and climatolog-
ical research is based on the analysis and com-
parison of numerous indicators of hydrological
and climatic elements. The goal of this research
is, based on analysis of the basic climatic (tem-
perature, precipitation, snow cover) and hydro-
logical parameters (flow) to determine changes
in climatic elements in the 1966-2014 periods
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1966-2014. ronuHe U HUXOB yTUIA] HA BOJHU
PEKUM Topmer ToKa pujeke Tape.

ITPOCTOP UCTPA’KBAILA

Ha manoj nmopmmHmM kojy 3ay3uma IlpHa
T'opa (13812 km?) Mory ce cpecTu u3y3eTHO pas-
HOBPCHHU U crieniuuaan oonunu pesbeda, Kao u
M0jaBe U MPOIIECH Ha HEMY, IIITO j€ MOCIbeaHIIa
JIyTe TEOJIOIIKE €BOMYIIMje TEPeHa U U3PAKEHUX
€H/IOTeHUX U €r30TeHUX CuJa.

Boge y Llpuoj I'opu otnuy y nBa cimBa —
ciuB Jagpanckor u ciuB LlpHor mopa. CrnuBy
puor mopa (Tj. ciuBy pujeke JlyHaB) mpumnama
7545 km? wnu 54.6 %, 10K ciuBy JaapaHCKOT
Mopa mpunagaa 6267 km? wiu 45.4 % tepuro-
puje Lpue T'ope (Sekuli¢ & Radulovi¢, 2019).
Cnus LpHor Mopa y pernoHaIHOM TOTJIeAy 3ay-
3UMa TMPOCTOP CPEAMIIHLUX BUCOKUX 3apaBHU
(1200—-1800 m) u ob6mact cjeBepouctoune Llpue
T'ope (600-1500 m). OBaj mpocTop KapakTepH-
ury Bucoke muanuHe (Komoswu, Ilpoknetuje,
Hypmurop, bjenacuna, CumajeBuHa UTI.) KOje
Cy paurdjamkeHe W HCIpecHjellaHe CIMBOBHMA
pujexa Jluma, Tape, [TuBe, Komapuuie, hexo-
tuHe U MOpa, Kao M BUXOBUX MPUTOKA. 3HATHU
JjeJIOBU TepeHa u3rpaljeHu cy o KIacTUYHUX U
(IUIIKOIMKUX TIIMHOBUTO-ITj€CKOBUTO-JIAIIOPO-
BUTHUX CEIMMEHaTa y KOjuMa ce jaBJbajy MojaBe
yOp3aHOT crupama, japyKama, Kiuaama U KIH-
3ama.

W3Bopuiinu ajenosu pujeke Tape Hanaze ce
Ha kaTyHy bymart, ncnoz Bpxoa Marmuha (2142
m H. B.), TOK IJIJaBHU TOK HacTaje crnajameM Omna-
canunie u Bepyme y mjecty Xan ['apanumha
(1080 m H. B.). On m3BOpHIITa N0 yirha [[pike,
JleCHa cTpaHa ciuBa Tape MHOTO je pa3BHjeHH]ja
on nujeBe. Hajsehe nmputoxke cy: Jpuka, CkpOy-
ma, [Tunmwa, Ceumwayva, [namnuna, Jezepuruiia,
[turapuna, bjenojeBuhka pujexa, bucrpuia,
PaBmak, Cenauka pujeka, Jbytuna, /Ipara u Cy-
IIMIIa, @ MHOTO U3BOPA U BpeJia jaBJbajy ce 000-
JoM KamoHa. CIMB IpUIiaa HUBATHO-TUTYBHjal-
HOM BOJHOM PEXHUMY, THHAPCKO-MAKEJOHCKOM
noaruny (Duki¢ & Gavrilovi¢, 2008). Knuma Ha
OBOM IIPOCTOPY j€ YMjePEHOKOHTHHEHTAIHA, ca
XJIATHUM 3UMamMa | OJIarvM JbeTHMA.

and their influence on the water regime of the
upper stream of the Tara River.

STUDY AREA

On the small area which Montenegro occu-
pies (13812 km?), one can encounter extremely
diverse and specific forms of relief, as well as
phenomena and processes on it, which is a con-
sequence of the long geological evolution of the
terrain and pronounced endogenous and exoge-
nous forces.

The waters in Montenegro flow into two ba-
sins — basin of the Adriatic Sea and basin of the
Black Sea. The Black Sea basin (i.e. the Danube
River basin) covers 7545 km? or 54.6 %, while
the Adriatic Sea basin covers 6267 km? or 45.4 %
of the territory of Montenegro (Sekuli¢ & Rad-
ulovi¢, 2019). In regional terms, the Black Sea
basin occupies the area of the central high plains
(1200-1800 m) and the region of northeastern
Montenegro (600—1500 m). This area is charac-
terized by high mountains (Komovi, Prokletije,
Durmitor, Bjelasica, Sinjajevina, etc.) which are
dissected and intersected by the basins of the riv-
ers Lim, Tara, Piva, Komarnica, Cehotina and
Ibar as well as their tributaries. Considerable
parts of the terrain are made of clastic and fly-
sch-like clayey-sandy-marly sediments in which
phenomena of accelerated washing, dredging,
tearing and sliding occur.

The headwaters of the Tara River are located
on the Busat ridge, below the peaks of Magli¢
Mountain (2142 m a. s. 1.), while the main stream
is created by the confluence of Opasanica and
Verusa in the village of Han Garancic¢a (1080 m
a. s. 1.). From the source to the mouth of the Drc-
ka, the right side of the Tara River basin is much
more developed than the left. The largest tributar-
ies are: Drcka, Skrbusa, P¢inja, Svinjaca, Plasni-
ca, Jezerstica, Stitarica, Bjelojevicka rijeka, Bis-
trica, Ravnjak, Selacka rijeka, Ljutica, Draga and
SuSica, and many springs and hot springs appear
along the edge of the canyon. The basin belongs
to the nival-pluvial water regime, Dinaric-Mace-
donian subtype (Duki¢ & Gavrilovi¢, 2008). The
climate in this area is moderate-continental, with
cold winters and mild summers.
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MATEPUJAJIA U METO/IE

Kama ce roBopm o moryhum mnpomjeHama
KIIMMAaTCKUX M XHUJPOJIOLIKUX eJIeMEHaTa Kao
U HUXOBUM Yy3poIlMMa, MPBO je Tpebdamo ma
ce MCIUTa Jia JHU MPOMjeHe KOJUYMHE BOJE Y
pujekama, 3ajelHO ca MOpPacTOM TeMIIepaType
Ba3yXxa U CMamemheM KOJIWYMHE IaJaBuHa
YOIIIITE IOCTOj€, U aKO OCTOj€ y KOjeM Cy 00umy
Y HMBOY 3HAYajHOCTU. Y pajay Cy aHAIM3UpaHU
CaBpPEMEHH TPEHIOBH CE30HCKHX M TOTUIIHUX
MPOTHIIaja Y TOPHEM TOKY pujeke Tape.

TpeHIoBH TMPOTHIAja aHATM3UPAHU Cy Ha
npoduny TpebasbeBo Ha pujern Tapu. Xuapo-
nomka cranuna (XC) Tpebdameso (kota ,,0° =
894.1 m H. B.) Haja3|u ce€ y UICTOUMEHOM CeJTy U
yaasbeHa je ox yirha oxo 106 km. HuzBoanuje
cranune (XC Mojkosan, XC byphesuha Tapa,
XC BbpurranoBuIa) UMajy MpeBeluKe MPECKOKe
y pany, Aa Ou ce Ha OCHOBY HbHUX MOTIIA aHAJU-
3UpaTy ¥ JOOUTH aJIeKBaTHU MOJAIM 32 IIH]jeIH
TOK. BUTHO je HamoMeHyTH Ja HaBeJeHa XHUIIPO-
JIONIKAa CTaHWIA HHUjE MHU]jeHalia CBOj IMOJIOXKA],
1ITO OMOryhaBa aJieKBaTHY U MOY3/laHy aHaJIu3y
XHUJIPOJIOIIKUX €JIeMEHaTa.

AHanu3a TpeHJOBa H3BpIICHA je YIHOTpe-
6om craructuukor nporpama XLSTAT (Free
version 2019.4.2.), a mocTynak je 3aCHOBaH Ha
Hernapamerapckom Mann-Kendall Tecty, koju ce
KOPHUCTH 3a YTBphUBame TPEHI0BAa Yy BPEMEHC-
KM CepHjaMa U HHXOBOI' CTaTUCTUYKOT 3HA4aja,
KOpHUIINEHEM T3B. MYJITH-BPEMEHCKOT TIPHCTyIIa
KOjH [0JIpa3yMHjeBa pOpauyH TPEHIA y MOKpeT-
HUM Ipo3opumMa pazmuuTte ayxune (Kundzewicz,
2004; Kundzewicz & Robson, 2004). Mann-
Kendall tect (u Sen meron) xopumiheH je 3a
MIPOIjjeHe MPOMjeHa MPOTHIIaja, MTaJaBUHA U TEM-
neparypa y nocmarpaHom nepuony 1966-2014.
roquHe. CTaTHCTHYKM 3HA4ya] IOCMAaTpaHuX
TpeH/I0Ba JIe(UHUCAH je HAa HUBOY 3HAYajHOCTH
0199.9 % (p <0.001), 99 % (0.001 <p<0.01)u
95 % (0.01 < p <0.05). YrBphuBame mocrojama
,[IPEJIOMHE™ TOWHE, KaJa A0Ja3u 0 H3pPaKeHE
MpOMjeHe TPOCjeuHe BPHUJETHOCTH MPOTHUIIAja,
TeMIiepaType U MajaBuHa, YCTAHOBJbEHO j€ YIO-
Tpebom Pettit Tecra.

VY mwpy yrBphuBama yTHilaja KIMMaTCKUX
IpoMjeHa Ha Kosiebame npoTuiaja pujexe Tape,
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MATERIALS AND METHODS

When talking about possible changes in cli-
matic and hydrological elements as well as their
causes, it was necessary to first examine wheth-
er changes in the amount of water in rivers, to-
gether with an increase in air temperature and a
decrease in the amount of precipitation, exist at
all, and if they do exist, to what extent and to
what level of significance. The paper analyzes
the contemporary trends in seasonal and annual
flows in the upper stream of the Tara River.

Flow trends were analyzed on the Trebalje-
vo profile on the Tara River. Hydrological station
(HS) Trebaljevo (elevation “0” = 894.1 m a. s.
1.) is located in the village of the same name and
is about 106 km from the mouth. Downstream
stations (HS Mojkovac, HS Purdevica Tara, HS
Brstanovica) have too large jumps in operation,
so that it would not be possible to analyze them
and obtain adequate data for the entire river
course. It is important to note that the mentioned
hydrological station did not change its position,
which enables us to perform an adequate and re-
liable analysis of the hydrological elements.

The trend analysis was performed using
the statistical program XLSTAT (Free version
2019.4.2), and the procedure is based on the
non-parametric Mann-Kendall test, which is
used to determine trends in time series and their
statistical significance, using the so-called the
multi-temporal approach, which implies the cal-
culation of the trend in moving windows of dif-
ferent lengths (Kundzewicz, 2004; Kundzewicz
& Robson, 2004). The Mann-Kendall test (and
Sen’s method) was used to estimate changes in
flow, precipitation and air temperature during
the observed 19662014 periods. The statistical
significance of the observed trends is defined at
the significance level of 99.9 % (p < 0.001), 99
% (0.001 <p <0.01) and 95 % (0.01 <p <0.05).
Determining the existence of the “change point”
year, when there is a pronounced change in the
average value of flow, air temperature and pre-
cipitation, was performed using the Pettit test.

In order to determine the impact of climate
change on the flow fluctuations on the Tara Riv-
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U3pauyHaTH Cy TPEHIOBU CPENHUX TOTUIIBUX
U CE30HCKUX TeMIIepaTypa Ba3ayXxa U KOJIWIHHA
11a/1aBHUHA, a TIO/IALU Cy Y3€TH Ca METEOPOJIOLIKE
cranune Komamma (42°50° c. . 1., 19°31’ u. 1.
1. 1 944 m H. B.) 32 UCTU pedepeHTHH MEePHO.
Kao ¥ KOJl aHAJIN3€ XUAPOJIOIIKUX M0/IaTaKa.

Kako Ou ce Ha aziekBaTaH HauYUH YTBPAMIIO
OJICTYTIaFh¢ TOAMIIGE BPHUJESAHOCTH TPOTHUIIA]a
OJ IPOCjeyHe, OYEeKHBaHE, BPHjEHOCTH, Tj. Ja
ce yTBPIHU J1a i ce yenihe jaBjbajy Mame BOJIHE
WINA BHILIE BOJHE TOJUHE, M3BPIICHO j€ paHru-
pame roiMHa Mo BOJHOCTH, IITO MOXE OUTH U
MoKa3aTeJb peakiiyja L1jesIor CIMBa Ha KojeOambe
pexuMa pujeka ycsbea mpomjeHe kinume. Oa
METOI0JIOTHja Ce KOPUCTU U MpHUM]je’Yje y Xu-
JPOJIOIMIKUM U TeorpadCKUM MpoydaBambHUMa
panu yka3uBama KpeTama TpPEeHJa Yy BHUIIETro-
TUTITHEM PEKUMY BOTHOCTH jeHoT Toka (Gnjato,
2018; Langovi¢ et al., 2017; Myctaduh, 2012).
[IpuinkoM OBakBUX HCTpakMBama YBHJEK ce
MOCTaBJba NMHUTakE KOjU je HajO0OJbM HAYMH 3a
OBAaKBY aHAJINU3y M DPAHTUPABE, jep Ce MOKe
NPUMHUjEHUTH BHIIE ojapeheHnx pacnopjena
(Pearson type III, Gumbel...) y 3aBuCcHOCTH
on oOpahuBaya. Y oBOM pajy MpHUMHjCHECHA je
Log-Pearson Il pacmnogjena 3a panrupamme ro-
JIMHA TIpeMa BOJHOCTH, KOjJy jé UCKOPHUCTHO H
Omnoxosprh (1994), roje je roauHe y 3aBUCHOCTH
O]l TIOBPATHOT TIEpUOJa BEIUYMHE IMPOTHUIA]ja,
MOAM]eINO Ha KaTacTpodallHO CyITHEe, BeoMa
CyIIHE, CyIHe, Cpelme BOJHE, BOJHE, BEOMa
BOJIHE U KaTtacTpodanHo BoaHe roaunae (bokuh,
2015). Bognoct oxpehene ronune je, y cTBapi,
MPHUKa3 BUILIKA UM MamKa BOAE Y BOAOTOKY, Y
oJIHOCY Ha opeheHy Hopmaiy.

PE3VIITATU U JUCKYCUJA
AHanu3a npoTuiiaja

loguimy npoTUIaj je MHIUKATOp 3a KOJHU-
YHHY BOJC y JaTOM PHjEYHOM CIUBY. AKO TO-
IWIIBY TPOTHUIA] pacTe, PU3MK OJ TOIIaBa
takole pacre. Hu3ak rogummu mpoTumaj Morao
OW JTOBECTH JI0 CepHje y3pPOUHO-TIOCIbEITUTHIX
norahaja Koju ce HETaTUBHO OJ[pakaBajy Ha
JbYACKE aKTUBHOCTH U BOJIHU €KOCUCTEM.

Bumerogummu npocjeunu npotunaj Ha XC
TpebasseBo usnocu 24.6 m’/s (Tab. 1). Bpujen-

er, the trends in mean annual and seasonal air
temperatures and precipitation were calculated,
and the data were taken from the meteorological
station Kolasin (42°50° N latitude, 19°31” E lon-
gitude and 944 m a. s. 1.) for the same reference
period as in the analysis of hydrological data.

In order to adequately determine the devia-
tion of the annual flow value from the average,
expected value, i.e. in order to determine wheth-
er the years with less water or more water occur
more often, the years were ranked by wateriness,
which can also be an indicator of the reactions of
the entire basin to fluctuating river regimes due
to climate change. This methodology is used and
applied in hydrological and geographical studies
in order to indicate the trend in the multi-year wa-
ter regime of a stream (Gnjato, 2018; Langovi¢
et al., 2017; Mycraguh, 2012). During such re-
search, the question always arises as to what is
the best way for this kind of analysis and ranking,
because several specific distributions (Pearson
type III, Gumbel, ...) can be applied depending on
the processor. In this research, the Log-Pearson I1I
distribution was applied to rank years according
to wateriness, which was also used by Ormoxossuh
(1994), where he divided the years into cata-
strophically dry, very dry, dry, medium watery,
watery, very watery and catastrophically watery
years depending on the return period of the flow
(bokuh, 2015). The wateriness of a given year is
actually a representation of excess or deficiency
of water in the watercourse, in relation to a certain
normal.

RESULTS AND DISCUSSION
Analysis of Flow

The annual flow is an indicator for the
amount of water in a given river basin. If the
annual flow increases, the risk of flooding also
increases. Low annual flow could lead to a se-
ries of causal events that adversely affect hu-
man activities and the aquatic ecosystem.

The perennial average flow at HS Tre-
baljevo is 24.6 m?/s (Tab. 1). The values of
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HOCTH CpEJIIbUX MjECeUHUX MPOTHULIAja MIPUKa3aHH
cy Ha C. 1. HajBumu cpensmby MjecedHu poTULaju
jaBipajy ce y nposbehe (ampui—maj), a HajHKH y
ce30HaMa JbeTo U jeceH. OBakaB pexXuM MPOTHUIIaja
jaBJba ce Kao TOCIJbEUIIA CYBOT JHETHET TIEPHO/Ia,
KOjer KapaKTepHIIly HajBHUIIEC TEMIIEparype Ba3my-
Xa ¥ MHUHUMaJHa KOJMYMHA nasnaBuHa. Hajsehn
MPOTHIIAJU jaBJbajy C€ y CE30HHU Iposbehe, mITo
Jj€ YCIIOBJ/bEHO TOIUBEHEM CHEKHOI IMOKpHBaya
u nagaBuHa. OCMOTPEHH CE30HCKH W TOAWIIIHH
TpeHnoBu y nepuoay 1966-2014. ronqune Ha aHa-
JIM3UPAHOM  XMJPOJIOLIKOM Mpouily TMOKazyjy
onpehene neraruae TpeHaose (Tab. 1). Moxe ce
NPETIOCTaBUTH JIa C€ HETaTUBHU TPEHIOBH IIPOTH-
11aja jaBJbajy Kao MOCJbEAMIIA pacTa TeMIeparypa
Ba3/lyxa U HEPAaBHOMjEpHE PACIIOJjesie KOJIMYHHE
najaBuHa of kpaja 20. Bujeka.

mean monthly flows are shown in Fig. 1. The
highest mean monthly flows occur in spring
(April-May) and the lowest in the summer and
autumn seasons. This flow regime occurs as a
consequence of the dry summer period, which
is characterized by the highest air temperatures
and the minimum amount of precipitation. The
highest flows occur in the spring season, which
is conditioned by the melting of the snow cov-
er and precipitation. The observed seasonal
and annual trends in the 1966-2014 periods on
the analyzed hydrological profile show certain
negative trends (Tab. 1). It can be assumed that
negative flow trends occur as a result of rising
air temperatures and uneven distribution of pre-
cipitation since the end of the 20th century.

Cn. 1. Bpujennoctu cpenmeroauimnux nporunaja Ha XC TpebasbeBo y nepuoay 1966-2014. ronune
Fig. 1. Average annual discharge values at HS Trebaljevo in the 19662014 periods

Ta0. 1. Tomumime 1 ce3oHCKe npocjeure BpujeaHocty npotuiaja Ha XC TpebarbeBo (m?/s), Harub TpeHaa
(M?/s TOUIIIELE) ¥ FherOBa CTATUCTHYKA 3HAYajHOCT U IpesioMHe rouHe (3a nepuon 19662014, roaume)
Tab. 1. Annual and seasonal average discharge values (m*/s) at HS Trebaljevo, trend values (m?/s per year)

and their statistial significance and change point years (for the 19662014 periods)

Tpocjeunn Tpenn / Trend
Ces3ona / Season  [mpoturaj / Average Haru6 / p-BpujenHocT / [Iperouna ?"I‘“Ha
. Change point year
discharge Slope p-value
lNoguna / Year 24.6 -0.120 0.027 1981
[Iposeehe / Spring 41.0 -0.323 0.129 1987
Jbero / Summer 8.7 -0.124 <0.001 1989
Jecen / Autumn 20.0 -0.093 0.555 1980
3uma / Winter 28.4 -0.018 0.086 1988
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Pesynratu ananuze 3a XC TpebasbeBo mo-
Ka3yjy CTaTUCTHUKH 3Ha4yajHe, Ha HUBOY 99.9 %,
HETaTHBHE TPEHIOBE MPOTHIAja CAMO y CE30HH
JbETO, JIOK OCTAJM CPEIIbU CE30HCKU MPOTUILIAJU
HE TIOKa3yjy OMTHM]y CTATUCTHUKY 3HA4ajHOCT. Y
CE30HHU JbeTo, Ha Tpodmny TpebasbeBo, cpenmu
NPOTHIIJH omasany ¢y npocjedro 3a 0.124 m'/s
ronutbe (Taod. 1).

Jlaksie, aHanM30M OCMOTPEHMX TpPEHA0BA
NPOTHILIAja, MOKE CE€ 3aKJbYUUTH Jia YIIaBHOM
npeoBnal)yjy HETaTUBHH TPEHIOBH, KOJU HHUCY
CTAaTUCTUYKHU 3Ha4ajHU (OCHM TOIUILIIBGUX U IIPO-
THUIIja y CE€30HU JbeTo). [la Ou ce yTBpauo eBeH-
TyaJIHH Y3pOK U TIOCJbEIMIIA OBAaKBUX TPEH/IOBA
KpeTarma MPOTHIIja, IIOTPEOHO je OMII0 YTBPAUTH
MIOCTOjambe ,,[IPEJIOMHE"* TOAMHE, KaJia J10J1a3u JI0
W3paKeHEe MO3UTHBHE WM HEraTHBHE MPOMjEHE Y
BpHjE€HOCTHMA NIPOTHIIAja. Y aHAIU3UPAHOM CIU-
BHOM TOJIpY4jy, Tauka Tj. TOJIMHA IOCIIHje KOoje je
nonuio 10 onpehenux npomjeHa jecte 1989. ronu-
Ha (32 JbETHC MPOTUIIAje, Ha HUBOY 3HAYQJHOCTH OJT
99.9 %), ok je 1981. roguHa npenoMHa y noriey
rogummker Tperaa (Tao. 1).

Panrupame roguHa 1o BOJHOCTH 3a UCTpa-
XKHUBaHO Tofpyvje Aato je y Tab. 2, Ha OCHOBY
gera ce MOXE 3aKJBYUHTH Ja Yy aHAJIM3UPAHOM
MEpUOAy HHUje OWI0 EKCTPEeMHO CYIIHUX HUTH
€KCTPEMHO BOJIHUX TOJIHA. JaKo CyIIIHE TOJIMHE
3a0mbexkeHe ¢y 3 myta (1990, 2002. u 2011. ro-
nuHa). Hajsehu mpoueHTynanu yauo uMajy 61aro
cymHe (41 %) xao u 6maro BoxHe roaune (27 %).
Hajmy>xu KOHTHHYHTET 10jaBJbUBaba IMajy 011aro
cymHe roguHe u TO 1987/°88/°89/°90/°91/°92,
1997/°98/°99. u 2006/°07/°08°/°09. ropuHe, NOK Cy
oCTajia TOjaBJbHBamka HEMPABUIHO pacnopeheHa.
Jako Bomue roauue 6une cy 1970, 1979. u 2010.
TOIMHA — Kaja je MOIDIO JI0 BEJMKHUX IOTUIaBa y
ciuBy Tape n 'y mmjenoj Lpraoj ['opw.

The results of the analysis for HS Trebalje-
vo show statistically significant, at the level of
99.9 %, negative flow trends only in the sum-
mer season, while the other seasonal mean flows
do not show statistical significant trends. In the
summer season, on the Trebaljevo profile, mean
flows decreased by an average of 0.124 m?*/s per
year (Tab. 1).

Therefore, by analyzing the observed flow
trends, it can be concluded that mostly negative
trends prevail, which are not statistically signif-
icant (except for annual and summer flows). In
order to determine the possible cause and effect
of such flow trends, it was necessary to deter-
mine the existence of a “change point” year,
when there is a pronounced positive or negative
change in flow values. In the analyzed basin
area, the point, i.e. the year after which certain
changes occurred was 1989 (for summer flows,
at a significance level of 99.9 %), while 1981
was a turning point in terms of the annual trend
(Tab. 1).

The ranking of years by wateriness for the re-
searched area is given in the Tab. 2, based on which
it can be concluded that there were no extremely
dry or extremely wet years in the analyzed period.
There have been three very dry years here (1990,
2002 and 2011). Mildly dry (41 %) and mildly wa-
tery years (27 %) have the highest percentage share.
The longest continuity of occurrence have slight-
ly dry years, namely 1987/°88/°89/°90/°91/°92,
1997/°98/°99 and 2006/°07/°08°/°09, while the oth-
er occurrences were irregularly distributed. Strong-
ly watery years were 1970, 1979 and 2010 — when
there were large floods in the Tara River basin, and
also in the entire Montenegro.

Ta0. 2. Knacudukanuja rogusa no BogHocTH (3a nepuop 1966-2014. roqune)
Tab. 2. Classification of years by wateriness (for the 1966-2014 periods)
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[TpoMjeHe KIMMATCKHUX eleMeHaTa —
TeMIlepaTypa Ba3lyXa U [1alaBuHe

Cpenma TOIMIIGA BPHUjEIHOCT TEMITEpaType
Bazyxa 3a aHanusupanu nepuon 19662014, ronu-
He y Konmammny nznocu 7.4°C (Ta0. 3). Hajmame
Cpelllbe MjeCeuHe BPUjEeTHOCTH 3a0MIbEKEHE CY
y janyapy (-1.6°C), a najsehe y jyny (16.5°C).
ATICOTyTHO MakCHUMayHa TemIieparypa 3abuibe-
xeHa je y aBrycry 2012. roqune (37.1°C), 1ok je
aricolyTHO MUHUMAaJTHA 3a0MJbEKEHA Y jaHyapy
1985. romune (-29.8°C). Ilpocjeuna komm4mHA
NaJlaBUHa y MCTPaXMBAHOM IIPOCTOPY H3HOCH
2126 mm. MakcuMymH TNaJaBUHA jaBJbajy ce Y
HOBeMOpY (mpocjedno 128 mm), a MUHUMYMH Y
Mjecelry aBrycrty (mpocjedro 49 mm).

[Ipocjeune BpujeTHOCTH TOAMIIBUX U CE30H-
CKHX TeMIIeparypa W MaJaBUHA, Ka0 U FHHXOBH
TpeHaoBH, Aath cy y Tab. 3. HaBenene Bpujen-
HOCTH TIOKa3yjy Jla Ce jaBJbajy CTaTUCTUYKU 3HA-
YajHU MO3UTUBHU TPEHIOBU TOAUIIBUX U CE30H-
CKHX TeMIIepaTypa Bazayxa. Hajuzpaxenuju pact
Temreparype 3a0UJbEKEH j€ Yy Ce30Hama JbETO
U jeceH. 3a JbETHH MEPHOJ] BPUJEIHOCT TPEHIA
m3Hocu 0.07°C romumme, a y jecern 0.04°C ro-
e, C apyre cTpaHe, 3a0HIbeKEHU CYy TPEH-
JIOBU CMambemha TOIUIIBUX U Ce30HCKUX BHCHHA
1a/1aBUHA (3HAYajHU y CE30HU JBETO).

Changes in Climate Elements —
Air Temperature and Precipitation

The average annual value of the air tempera-
ture for the analyzed 1966-2014 periods in Ko-
lasin is 7.4°C (Tab. 3). The lowest mean monthly
values were recorded in January (-1.6°C) and the
highest in July (16.5°C). The absolute maximum
air temperature was recorded in August 2012
(37.1°C), while the absolute minimum was re-
corded in January 1985 (-29.8°C). The annual
amount of precipitation in the researched area is
2126 mm. Maximum precipitation occurs in No-
vember (128 mm on average) and minimum in
August (49 mm on average).

The average values of annual and seasonal
air temperatures and precipitation, as well as their
trends, are given in the Tab. 3. These values show
that there are statistically significant positive
trends in annual and seasonal air temperatures.
The most pronounced increase in temperature was
recorded in the summer and autumn seasons. For
the summer season, trend slope is 0.07°C per year,
and for autumn season it is 0.04°C per year. On
the other hand, negative trends (i.e. reduction) in
annual and seasonal precipitation were recorded
(significant in the summer season).

Tab. 3. 'oguime u ce30HCKe MPOCjeuHe BPUjeIHOCTH TeMIIEpaType Bas3ayxa U najaBuHa y
Konamuny y nepuony 1966-2014. ronuHe u BUXOBU TPEHAOBU
Tab. 3. Annual and seasonal average values of air temperature and precipitation in Kola$in in the
1966-2014 periods and their trends

Temmneparypa / Temperature (°C) [MagaBune / Precipitation (mm)
Cesona / Season - -
[Ipocjex / Average | Tpenn/Trend |IIpocjek /Average | Tpenn/Trend
T'onuua / Year 7.4 0.04a 2126 -1.50
IIpossehe / Spring 6.7 0.03 169 -0.14
Jbero / Summer 15.7 0.07* 85.7 -0.55¢
Jecen / Autumn 8.0 0.04° 224.4 0.82
3uma / Winter -0.8 0.02 230.3 -0.46

Hamomena: CraTucTryka 3Ha4ajHOCT Ha HUBOY 99.9 % @, 99 % ® 1 95 % ©,
Note: Statistical significance at the level of 99.9 % @, 99 % ® and 95 % ©.

Ha oCHOBY TONUIIEBUX €KCTPEMHUX BPHje/I-
HOCTH TIaJIaBHHA MOXE C€ OJIpeIUuTH Koe]u-
nMjeHT kosiebama 1o XelMaHy, KOju Tpyka
MOTYhHOCT ca3Hamba O CTENEHY IOCTOjaHOCTH
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Based on the annual extreme values of pre-
cipitation, the coefficient of fluctuation accord-
ing to Hellman can be determined, which pro-
vides the opportunity to learn about the degree
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TOIMIIBUX CyMa NafaBUHA Yy JIyTOTOJHIIEEM
nepuoy. Koedunmjent konebGama mpencraBba
EKCTPEMHO TO/IUIIHE KOIeOame TOAUIIBIX CyMa
MajiaBuHa, a J00Mja ce Kao OJHOC TOJMHE ca
HajBehoM ¥ roIMHE ca HajMak-OM CYMOM I1a/IaBUHA
3a mocMmarpanu nepuoj. KoeduimjeHt konedama
3a KomammH u3HocH 2.6, mITO yKasyje Ha J0CTa
M3paKEeHY TPOMJEHJBUBOCT y  BHUILIETOIUIIHO]
BapHjalyjy, OJHOCHO JIa j& SKCTPEMHO TOJIHIITEHEC
KOJIe0amke TOMUIIBUX CyMa TaJaBHHA BEIUKO Y
OJTHOCY Ha BPH]EHOCTH Y TIOJEIMHUM MjeCTUMA Y
pnoj ['opwm.

Wmajyhu y BuIy Ja Ha pexuM NpoTUIlaja
CHA)KHO YTUYY I1aJIaBUHE U TeMIIepaTypa Ba3ayxa,
yTBpheHa je cratuctuuka kopemnanuja (Pearsonov
Koe(HIMjeHT) n3Mel)y WBHX, Ma Tako eBHICHTHH
TPeHJ TIPOMjeHa y FHbUXOBOM PEXHUMY HE MOXKE
Outn 3aHeMapeH. Ha ropummeM HHBOY, Kopena-
urja u3Mmely npotuiiaja u nagasuHa uzHocu 0.74
(p=0.01), ok je m3mely npoTuIIaja U TEMIEpAType
Bazayxa Ta BpujenHoct -0.18.

[TpomjeHe KITMMaTCKUX eleMEeHaTa — CEEKHU
IIOKpHUBaY

CHyjer je BeoMa BakaH €JIEMEHT, KOjU Jlaje U
ozpehyje KapakTepucThKe U Kapakrep onpeheHor
reorpa)CcKor TMpoCTOpa, TPBEHCTBEHO IUIAHUH-
CKHX Cpe/iHa (KaKaB je aHaJIM3UpaHU reorpadcku
MIPOCTOP), 300T" CBOT' BEJIMKOT 3Ha4aja 3a XUAPOJIo-
TH]y, BETETAIM]y U COIMJATHO-SKOHOMCKU CEKTOP.
Hapounto je OuTHa mWeroBa BenMYKMHA (BUCHHA
CE@KHOT TIOKpUBaya), Opoj 1aHa ca 10jaBoM CHHje-
ra u Opoj JaHa ca CHeKHUM IMOKPHUBAYEM, Kao U
MOCTOTaK BOJIE y CHHUjEry (EKBHBAICHT CH-EXKHE
BOJIE). 3a MOY3/IaHH] € aHAJTN3E CHEKHOT TIOKpHBavya
HEMNOCTOjake Tojaraka 3a Behe BHCHHE Mpe/-
craBJba npooneM. Hamme, y LlpHoj ['opu HajBuia
JIOKaIHja Ha KOjOj C€ MjepH CHHJET je METEOPOJIOLI-
ka cranuia JKabspak (1450 m H. B.), Tako Ja CcBe
W3HAJ] OBE BUCHHE TPEJICTaBIba MOJaTKe J100UjeHe
CTOXaCTUYKUM METOJ[aMa.

[MpunmkoM aHas3e PBO Cy yTBpheHe OCHOB-
HE KapaKTePUCTHKE CHHjEra Tj. UICHTH(PHKOBAHE
Cy MakCMMaJHe M MHHUMAJIHC BUCHHE CHHUjera
(MjeceyHe M TOAMIIELE), Kao M Opoj JaHa ca
caujerom o 0—10 cm, 10-30 cm, 30-50 cm, 50-100
cm, 100-150 cm u > 150 cm. [la Ou ce ucrpaxmuie
Y aHaJIM3Upajie eKCTPEMHE BPUJEIHOCTH, YTBphEeH
j€ arcoIyTHU THEBHU MAaKCHMYM 3a CBaKH Mjecer]
Tpajama CEE)KHE CE30HE U TaKkohe je u3padyHaTo u
CTaHJIap/IHO OJICTYTIAhE — JIeBHjaIrja (G) U MHIIEKC

of stability of annual precipitation sums over a
long period of time. The coefficient of fluctuation
represents the extreme annual fluctuation of the
annual amount of precipitation, and it is obtained
as the ratio of the year with the highest amount of
precipitation and the year with the lowest amount
of precipitation for the observed period. The fluctu-
ation coefficient for Kolasin is 2.6, which indicates
a rather pronounced variability in the multi-year
variation, that is, that the extreme annual fluctuation
of annual precipitation amounts is large compared
to these values in some places in Montenegro.

Having in mind that the flow regime is strong-
ly influenced by precipitation and air temperature,
a statistical correlation (Pearson’s coefficient) was
established between them, so the evident trend of
changes in their regime cannot be ignored. At the
annual level, the correlation between flow and pre-
cipitation is 0.74 (p=0.01), while between flow and
air temperature, this value is -0.18.

Changes in Climate Elements —
Snow Cover

Snow is a very important element, which
gives and determines the characteristics and
character of a certain geographical area, primari-
ly mountainous areas (such as the analyzed geo-
graphical area), due to its high importance for
hydrology, vegetation and the socio-economic
sector. Its size (the height of the snow cover), the
number of days with the appearance of snow and
the number of days with snow cover, as well as
the percentage of water in the snow (snow water
equivalent) are particularly important. For more
reliable analyzes of the snow cover, the lack of
data for higher altitudes is a problem. Namely, in
Montenegro, the highest location where snow is
measured is the meteorological station Zabljak
(1450 m a. s. 1.), so everything above this height
represents data obtained by stochastic methods.

During the analysis, the basic characteris-
tics of the snow were first determined, i.e. the
maximum and minimum snow heights (monthly
and annually) as well as the number of days with
snow of 0—10 cm, 10-30 cm, 30-50 cm, 50-100
cm, 100-150 cm and > 150 cm were identified.
In order to investigate and analyze extreme val-
ues, the absolute daily maximum was determined
for each month of the snow season and also the
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BapujabunmHocTH (%). [lodyeTak ce30He CH-EKHHX
TaJaBUHA je Ie(UHICAH Kao IaTyM JI0 KOjer Ce aKy-
Mmymupa 10 % roguiime cyme, 3a JOTUYHY FO/MHY,
a ICH Kpaj Kao JaTyM J0 Kojer ce akymymupa 90 %
BPHjETHOCTU TOJMIIIIHHX TaaBuHA. [IpeHocT oBe
METOJIe je IITO WTHOPHILE CIOPAANYHE CH-EIKHE
norabaje, Ha MMOYETKY, YHyTap U Ha Kpajy Ce30HE.
VY KonammHy, cpenmba MjeceyHa TyOMHA CH-EX-
HOT' TIOKpHBaya (y TPOCjeKy 3a YHMTaB MpOydaBa-
HU Tiepro) oBehasa ce o HoBemOpa (18 cm) 1o
amnpuiia, a 3aTuM ce 6p30 cmamyje (Tao. 4). [1peu
U TIOCJbE/IEbH MjECelr 3ME OJUTHKY]Y CE BEJTMKOM
pazHomuKomhy y Cpeamo] BUCHHM CHHjEra, Tj.
MOYeTAaK M Kpaj Mepuojia Ca TPAJHUM CHEKHUM
MIOKpUBAYeM Bapupa O] TOJMHE JI0 TOIUHE, a pa3-
JMKa CE MOXKE jaBUTH M Y HEKOJIMKO JECEeTHHA
naHa. Munekc BapujaOunmHOocTH je HajBehn y Ok-
TOOpY, HOBeMOpY M anpwiay. JIHEBHM U MjECEUHU
CpPeIbl MAaKCHUMyM CH-@KHOT TOKpHBaya jaBJba
ce y (elpyapy Mjecelry. ANOCITYTHH MaKCUMyM
3abuibexkeH je 13. 02. 2012. ronuHe U U3HOCHO je
192 cm. MehyTiM, 1 OBIIje BUIUMO YECTO BEITUKE
OCIIWJIAIMje YHYTap Mjecelld W CaMUX TOJMHA.
BpujenHoctu cranmapaHe AeBHjamMje J10cTa Cy
BHCOKE, a TO 3Ha4H J1a je yoOuvajeHa rmojaBa 3umMa
3HATHO CH-E)KHHJUX O] IPOCjeKa, Kao M OHHMX 3HAT-
HO Mambe CH-EKHHX.

standard deviation — deviation (o) and variability
index (%) were calculated. The beginning of the
snowfall season is defined as the date by which 10
% of the annual sum is accumulated, for the year in
question, and its end as the date by which 90 % of
the annual precipitation value is accumulated. The
advantage of this method is that it ignores sporadic
snow events, at the beginning, within and at the end
of the season. In Kolasin, the mean monthly snow
cover depth (averaged over the entire studied peri-
od) increases from November (18 cm) to April, and
then rapidly decreases (Tab. 4). The first and last
months of winter are characterized by great diver-
sity in the average snow cover height, i.e. the be-
ginning and end of the period with permanent snow
cover varies from year to year, and the difference
can occur in several tens of days. The variability
index is highest in October, November and April.
The daily and monthly mean maximum of snow
cover occurs in the month of February. The abso-
lute maximum occurred on February 13, 2012 and
was 192 cm. However, here too we often see large
oscillations within months and years. The values
of the standard deviations are quite high, and this
means that it is a common phenomenon that we
have significantly snowier than average winters, as
well as significantly less snowy ones.

Ta0. 4. [maBHEe KapaKTEPUCTHKE CHEXKHOT MokpuBava y Konamuny
Tab. 4. Main characteristics of snow cover in Kolasin

KapakrepcTrune Bpujennoct / MaxkcunmalHa n3MjepeHa BpHjeaHocT /
Characteristic values Maximum measured value
Mjecen / Month HH.ILCKC
Tpociex / Bapujadmi-
AveI;a e (cm) c HOCTH / Max (cm) Jatym / Date
& Variability
index (%)

Oxrobap / October 6 7 117 27 31.10. 1974.
Hosembap / November 18 15 83 62 09. 11. 2004.
Jenembap / December 26 19 73 77 28.12. 1980.

Janyap / January 42 32 76 135 11. 01. 1985.
®ebpyap / February 44 36 82 192 13.02. 2012.
Mapr / March 42 34 81 156 07. 03. 2005.
Ampni / April 18 20 111 100 01. 04. 1995.
Maj / May 3 1 33 4 07.05. 1989.
lonuna / Year 65 35 54 192 13.02. 2012.
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Tpeba jomr u CIOMEHYTH 1@ je MOCIhEeIEbUX
roguaa (ox 2000-Te) mpucyTHa Onara TeHJIEH-
nyja moBehama MaKCUMalTHE BHCHHE CHbEKHOT
MOKpHBaya Y TOKY 3UMCKHUX MJECELH, alli j& UCTO
MPUCYTHO CMamelke Opoja aHa ca CHHUjeroM
TOKOM HOBeMOpa W Mmapra. Jla Ou ce HampaBmo
YBUJ y €BEHTyaJHe MPOMjEHE Yy BHCHHHU CH-EXK-
HOT TIOKpHBaua, HaKOH aHaimm3e Opoja jaHa ca
CHHjeroM 3a ojjpel)eHe BucuHe cHujera, ypalheHo je
ynopehuBame asa nepuona (1966-1990. u 1991—
2015.), y ognocy Ha 1wmjenu nepuona 1966-2015.
Pesynratu cy nmpukazanu y Ta6. 5. Ha ocHoBy
HaBezieHe Talelle BUIMMO Jia Cy Haj3acTyIbe-
HUJU CHEroBH ca BucuHoM 10 10 cm (67 %), 3a-
THM caujenie onu ca BucuHoM 10-30 cm (18 %),
30-50 cm (9 %), 50-100 cm (7 %), nok oHM ca
BpujeanoctiMa o 100150 cm u >150 cm umajy
yuerthe o 3 %. Y nepuomy 1991-2015. mpucytHo
je cMameme Opoja nana ca cuujerom y Konamuny,
y ofiHOCY Ha npetxoauu nepuo (1966-2015).

It should also be mentioned that in recent
years (since 2000) there is a slight tendency to
increase the maximum height of the snow cover
during the winter months, but there is also a de-
crease in the number of days with snow during
November and March. In order to gain insight
into possible changes in the height of the snow
cover, after analyzing the number of days with
snow for certain snow heights, a comparison of
two periods (1966—-1990 and 1991-2015) in re-
lation to the entire 19662015 periods was made.
The results are shown in Tab. 5. Based on the
result shown in table, we can see that the most
common snow is snow up to 10 cm of height
(67 %), followed by ones with height of 10-30
cm (18 %), 30-50 cm (9 %), 50-100 cm (7 %),
while those with height values of 100-150 cm
and > 150 cm have a share of 3 %.

Ta0. 5. bpoj kapakTepucTHyHHX J1aHa ca cHujeroM y Konammny y nepuony 1966-2015. (1), 1966—
1990. (IT) u 1991-2015. (III) ronuue
Tab. 5. Number of characteristic days with snow in Kolas$in in the 19662015 (I), 1966—1990 (1I)
and 1991-2015 (II) periods

2 . 5
= = o
g | 5 5 5 s 2 5 4
el |28 |28 |28 ¢
@) hn | | - | —

= | 4 = = & = A =
[P) i —
=

| 119 | 67 31 18 16 13 5 3 3 178
I 123 | 68 31 17 16 13 7 2 1 0 0 180
" 116 | 66 32 18 16 13 7 12 7 6 3 176

3AKJbYYHAK

Anamuzupajyhu TpeHIoBe MNpOTHLAja, TeM-
nepatype U TaJaBUHA, MOXKE CE 3aKJbYUHTH Ja
HUXOBE MPOMjCHE yTHUUY Ha BOIHH peKUM Tape.
lomuumby MpOTUIIAJU MMajy HEraTUBaH TPEH]L
(-0.120 m’/s romummse). Mctu Tpena npumujehen
j€ Kpo3 Ce30He, a Haj3HaudajHUju je Ouo y ce3o-
HH JbeTo (-0.124 m’/s romuumse). [TagaBuHe, Kao
HajBXHUjU (HAKTOP KOJU YTHYE HA BOJHHU PEKUM
pUjeka y TMpoydaBaHOM IOAPYY]y, MOKazyjy H3-
BjecHa Kosebama. Jlakie, eBUCHTaH je HeraTUBaH

CONCLUSION

Analyzing the trends of flow, temperature and
precipitation, it can be concluded that their chang-
es affect the water regime of Tara River. Annual
flows have a negative trend (-0.120 m*/s per year).
The same trend was observed throughout the sea-
sons, and the most significant was in the summer
season (-0.124 m®/s per year). Precipitation, as the
most important factor affecting the water regime
of the rivers in the studied area, shows certain
fluctuations. Therefore, a negative trend of -1.50
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TpeHn o -1.50 mm roguiime (3Ha4ajHO HA HUBOY
95 %). YV ananu3upaHoM MepUOy OBO MOJApYdje
KapakTepuIlly 3HAa4YajHH TO3UTUBHU TPEHIOBH
TONUILIBLUX U CE30HCKUX TeMIIepaTypa Bazayxa
(HapouuTO y JheTH0j ce30HH). [IpomjeHe 10 kojux
j€ OIIIO Y UCTPAKUBAHOM TIOJIPYU]y, @ OTHOCE CE
Ha Tieproy ca kpaja 20. BUjeka, oayaapajy ce ca
u3BjemTajumMa U nporuo3ama MelyHapoaHor ma-
Hena 3a kimmarcke npomjene (IPCC, 2014).

OBakBU TpPEHIOBU WMajy HETaTUBHE YTH-
[jaje Ha EKOCHUCTEME, MOJHOTPUBPENY H CaMO
OJIP’KUBO U PALMOHAIHO YIPABJbAE BOJAaMa U
y OynyhHoctn mopa ce mocBetutr Beha maxkma
CHCTEMCKOM YIIpaBJbatby CBHM BOJHUM PECYp-
CHUMa, a He caMo ciIuBOM Tape.

mm per year is evident (significant at the 95 %
level). In the analyzed period, this area is char-
acterized by significant positive trends in annual
and seasonal air temperatures (especially in the
summer season). The changes that occurred in the
study area, and refer to the period from the end of
the 20th century, are in agreement with the reports
and forecasts of the Intergovernmental Panel on
Climate Change (IPCC, 2014).

These trends have negative effects on eco-
systems, agriculture and sustainable and rational
water management itself, and in the future, great-
er attention must be paid to the systemic manage-
ment of all water resources, not just the Tara River
basin.
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