OpuruHajaHU HayYHU paj UDC 628.1.033(497.6):502.51(282)
DOI 10.7251/HER2226001T
COBISS.RS-ID 137072129

IMPOJEKIIUJE KIIMMATCKHUX ITPOMJEHA Y CJIUBY PUJEKE BPBAC

Topan Tpouh'', Baagumup BypheBuh?, Tatjana Ilonos’, CteBan CaBuh® u [Iparan Bypuh*

"Vuugepsutet y bawoj Jlyim, [IpuponHo-maremarnyku akyntet, bama Jlyka, Pemy6muka Cpricka
2Vuusepsurer y beorpany, ®usnuku ¢pakynret, beorpan, Cpbuja
3Vuusepsurer y Hosom Cany, [Tpupoano-maremaruuku ¢axynret, Hosu Can, Cpbuja
“Vuusepsuret Lpue Tope, ®unozopeku pakynrer, Huxmmh, [{paa Topa

Caxerak: Y pajy cy npuKasaHe IpOjeKTOBaHE NPOMjeHE TeMIIepaTrypa Ba3jiyxa M KOJIMYMHE NaJaBHHA y CIUBY pHje-
ke Bpbac mpema ximmarckom creHapujy RCP8.5. Ha ocHOByY carennTckux mojgataka uspaleHe Cy marie 3a MpocjeuHe
MjecedHe, CEe30HCKE U TOAUIILE BPHjEAHOCTH TEMIIepaType Baslyxa, CyMe MaJJaBiHa U BUCHHE CH-EKHOT IIOKpHBaya 3a
Tpu niepuoxaa: 2011-2040, 2041-2071. u 2071-2100. y ogrocy Ha 6a3uu nepuox 1971-2000. Pesynararn uctpaxxnBarma
NOKa3yjy Jia ce Ha IPOCTOpY CIIMBa pHrjeke Bpdac More OueKHBATH ITOPACT TEMIIEPATYPEe U CMabHBAbE CyMa MaIaBHHA 1
CHEXHOT 1okpuBaya 10 kpaja XXI Bujeka. IToehame Temneparypa Basayxa MoXe ce OYEKHBATH Y CBUM MjeceluMa To-
KOM TOJIMHE, aJIM je Haju3paKeHHuje y jaHyapy, aBr'ycTy, HOBeMOpy H jaeneMopy, kaaa nosehame moxxe noctrhu u 10 5 °C
110 Kpaja oBor Bujeka. OuekuBaHo KojicOame nagasuna he ouru Buie uspaxeno. JJo 2040. moske ce ouekuBatu nosehame
najiaBuHa 3a nepuox nposbehe 3a 10 % y ognocy Ha nepuon 1971-2000. Jlo kpaja BUjeka KIMMAaTCKU CLEHAPU)U yKa3y]jy
Ha KOHCTaHTHO CMamHBambe MajaBuHa 1 10 20 % Ha TOAWIIHEM HUBOY, alli HA BEJIMKY HEPAaBHOM]EPHOCT y PacIOfjen
TOKOM CE30Ha, IITO MOXKE YCIIOBUTH MPOOJIeMe ca CYIIOM U MOIIaBama.

Kibyune pujeun: ximmarcke npojexuuje, kiumarcku cueHaprj RCP8.S, temneparypa Basyxa, magaBuHe, CEEXHH 110-
KpHUBa4, KIIMMATCKe MIPOM]jCHE, CIIUB pHjeke Bpoac.
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Abstract: The paper presents projected changes in air temperature and precipitation in the Vrbas River basin according to
the RCP8.5 climate scenario. Based on satellite data, maps were created for average monthly, seasonal and annual values
of air temperature, total precipitation and snow cover height for three periods: 2011-2040, 2041-2071. and 2071-2100.
compared to the base period 1971-2000. The results of the research show that in the area of the Vrbas river basin, an
increase in temperature and a decrease in precipitation and snow cover can be expected until the end of the 21st century.
An increase in air temperatures can be expected in all months throughout the year, but it is most pronounced in Janu-
ary, August, November and December, when the increase can reach up to 5 °C by the end of this century. The expected
fluctuation of precipitation will be more pronounced. By 2040, an increase in precipitation for the spring period can be
expected by 10 % compared to the period 1971-2000. By the end of the century, climate scenarios indicate a constant
decrease in precipitation of up to 20 % on an annual basis, but a large uneven distribution during the seasons, which can
cause problems with both drought and floods.
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YBOA

Jocanamma ucTpaxkuBama MOTBPAMIA
cy nma je mpocrop PemyOnuke Cpricke u boche
u XeplueroBMHe BeOMa H3JIO0XKEH YTHUIA]y
KJIMMAaTCKUX npomjeHa. Taj yTuiaj ce Mmanugecryje
Kpo3 noBehame Temreparypa Ba3iyxa, CMambemhe
najJaBUHa, ajd M T0jauyarme WHTEH3UTEeTa H
(bpekBeHIMja eKCTPEMHUX KIMMaTcKuX norahaja
O/l KOjUX CYy HajBOKHHMjU: WHTEH3UBHE IaJaBUHE,
norviaBe, cyuie, IojaBa OJIYJHHMX BjE€TPOBa,
IYTOTpajHU TOIUIOTHM TajacH, demrha mojaBa
rpajgoHocHuX obnaka u ap. (Dejanovic et al., 2019;
Djurdjevic et al., 2019; Oprasic¢ et al., 2016; Popov
et al., 2018a, 2018b, 2019a, 2019b, 2019c; Trbic
et al., 2018; Trbi¢ et al., 2017). UcTpaxuBame
KJIMMaTCKUX yTUIaja MoXe ce Hahu U y pajioBuma
Baji¢ u Trbi¢ (2016), Gnjato et al. (2019) u Tpouh
(2011). o cana Huje 6uito myOIMKOBaHUX HAYYHHUX
pazoBa KOjU Cy C€ OJHOCHJIM Ha KJIMMAaTCKO
MOJIEJIOBALE U TIPOjEKIIHje y CIUBY pujeke Bpoac.

VY mpotekie aBHje aeueHuje nosehaH je u
PH3HK O] TI0jaBe pUjeYHUX 1 OYjUYHUX IOTIJIaBa y
cimBy pHjeke BpOac koje cy Beh ycioBuiie Bemrke
TIOCJBEMIIE 32 JbYIIE M FbUXOBA MaTepHjaiHa 100pa
u uHppacTpyktypy. [locmarpano ca Tor acrekra,
yIIpaBJbamkhe BOAHUM PECypCHMa U Ha aJieKBaTaH
Ha4YMH CIIPeuaBambe epo3uje MpeCcTaBiba jelaH OJf
OWUTHMX 33/1aTaKa MPHUIMKOM ITaHUparbha O10paHe
on morutaBa (Topalovi¢ et al., 2018; Lovri¢ &
Tosi¢, 2018; Tosi¢ et al., 2018; Tosi¢ et al., 2022).

ToxoM mocibeAme JACleHUje EKCTPEMHH
KJIMMaTCKu Jorahaju cy jako H3pakeHH, a
MOTUIABHE W CYIITHE TOJMHE CE TOTOBO CMjCHY]Y
(Djurdjevic et al., 2019; Trbic et al., 2021).
[Toehame BapujaOMIHOCTH KIMMATCKHX
eKCcTpeMa 3a0MJbEKEHUX Yy CBUM TOIUIIBUM
nobuma, ¢ 6p3uM MpoMmjeHama Koje ce jorahajy
TOKOM KpaTKux mnepuoja (meT A0 JeceT JaHa)
— eKCTPEMHO XJIAJHO y TOIUIO BpHjeMe WIH
U3 Tepuoja eKCTPEMHO BHCOKHMX IaJaBUHA Y
n3pasuto cymse nepuone. Ox 2000. roaune,
nmocMaTrpaHo nojpydje ouio je 3axBaheHo ca
HEKOJIMKO 3HA4YajHUX EKCTPEMHHUX KIMMATCKUX U
BPEMEHCKHX €MU30/1a KOje Cy yCIOBHUIIEC 3HAYajHE
MaTepujaiHe U (UHAHCHjCKE, Ka0 M TYOHTKe
JbY/ICKUX JKMBOTA. /[Ba Haj3HauajHUja eKCTpeMHa
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INTRODUCTION

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

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

During the last decade, extreme climatic
events are very pronounced, and flood and
drought years almost alternate (Djurdjevic
et al., 2019; Trbic et al., 2021). Increasing
variability of climate extremes recorded in all
seasons, with rapid changes occurring over
short periods (five to ten days) — extreme cold
to warm weather or from periods of extremely
high precipitation to extremely dry periods.
Since the year 2000, the observed area has
been affected by several significant extreme
climate and weather episodes that caused
significant material and financial losses,



[TTACHUK - HERALD 26

norabaja cy cyma tokom 2012. rofuHe 1 oriaBe
TokoM 2014. romune. Cyme y 2011. u 2012. ronuan
Oue cy eKCTpEeMHO jake, TOAMIIAa KOJTMYMHA
najaBuHa Omna je Mama 1 10 50 %. OBo cMameme
je Behe 071 cBUX MPOjeKTOBAaHUX CMambCHa MpeMa
MPETXOJHUM KIMMAaTCKuUM cleHapujuma. Cymia
j€ JOTNpHUHHUjeNa CMambeby MPUHOCA T0jeANHUX
kyatypa 1o 50 % (kykypy3) (Trbi¢ et al., 2013).
[Mommae y 2014. rogunu oGopwuiie Cy CBe
HCTOPH]jCKE PEKOPJIE Y MHCTPYMEHTATIHOM TIEPHO/TY.
Makcumanan Bonoctaj Bpbaca y Jenubamuaom
ceny (bama Jlyka) 16. maja 2014. uznocuo je 8§16
cm ¥ OMO je TOTOBO 2 m BHIIMU O AOTAJAIIHET
MakcuMaiHor BozpocTaja (Oprasic et al., 2016).
Knumarcke npomjene Hajehu ytuiaj Bpuie Ha
cibeziehe cexTope: MoJbONPHUBPEA, BOAOTIPUBPEAA
U yIpaBJbamkbe BOIHUM PECypCUMa, CTAaHOBAIbE,
IIyMapcTBO U TypU3aM, a CBE UHTEH3UBHUJH je U
yTHUIIa] Ha JBYJCKO 31paBibe. [0TOBO CBU yTHLAjH
MMajy HEraTHBaH KapaKTep, OCUM Yy CIyd4ajy
MIOJHOTIPUBPE/IC TIIj€ CY €BUACHTHU U MO3UTUBHU
yTHULAju KIuMarckux npomjeHa (Ostoji¢ et al.,
2019; Trbic et al., 2021; Zurovec et al., 2017). Jera
o1 Moryhux nocsbeuna KIMMaTcKUX MpoMjeHa cy
U TIOIUIaBe M MpoMjeHa pexkuma nanasuna (Klein
et al., 2014). Kiimmarcko MoJIe/IOBa-€ KIIMMATCKUX
eJIeMeHara, a TOMHUHAHTHO TEMIIEpaType Ba3ayxa
U KOJIMYMHE MaJaBHHA, MOXKE MPYKUTH BEOMa
outHe uHpopmanuje o Moryhum npomjeHama y
Oyayhaoctu. 360r cBera Hampujel HaBEICHOT,
CTparteryje v INIaHuparse aanTalyje Ha KITMMaTcKe
npoMjeHe y ciamBy pujeke Bpbac Tpebarne 6u ce
TEMEJbUTH TpeMa MOryhum mpomjeHama KiIume
Koje he ce oBHjaT mpema KIIMMaTCKOM CLIEHapHjy
RCP8.S.

[maBHM 1IMJb UCTpaAKUBama j€ 1a ce YTBPIC
MPOMjEHE MjECEYHHX, CE30HCKHX M TOIUIIHUX
CpPelUX TeMIleparypa, MajJaBUHAa U BHCHHE
CIbE)KHOT' TOKpHBauYa y CIMBY pujeke BpOac
1o kpaja XXI Bujeka nmpema HajeKCTPEMHH]eM
RCP8.5 cuenapujy KIUMaTCKUX IPOMjEHA.
JloOujeHu pe3ynTaT Mory UMaTtH (pyHIaMeHTaIHH
U TIPAKTHUYHH 3HA4a] KOJ M3pajie CTPATEIIKUX U
IUTAHCKHUX JOKyMeHarta, Te Ae(uHucama Mjepa
y 60pOH TPOTHB KIMMATCKUX MPOMjEHA Y CIIMBY
pujexe Bpbac.

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

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

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

3a peruoHanu3alyjy pesyarara rio0alHux
knumarckux mozena (Global Climate Models
— GCMs) u mpoljeHy HpoMjeHa PEerHOHATHUX
KJIMMAaTCKUX ycioBa y OynyhHoctu Hajuemrhe
KOpUIINEHH ajaTu Cy PEerHOHAIHM KIUMAaTCKH
monenu (Regional Climate Models — RCMs)
(Giorgi et al., 2001; Giorgi & Lionello, 2008).
Merton pernonanuzanyje omoryhasa noOujame
peneBanTHUX MH(popManuja o Oyayhoj kmumu
Ha oAroBapajyhum mpoCTOPHUM M BPEMEHCKHM
pasMjepaMa HEONXOJHHUM 3a CIHpoBoheme
CTy/lWja yTHUIIaja U PALUBOCTH, MOCEOHO Kala Cy
(doKycupaHe Ha pEeTMOHAIIHE W CyOpernoHaIHe
nomene (Jacob et al., 2007). 3a moTpebe oBor
HCTpaXXUBama KOpHIIheHH Cy pe3yiaTarH
peruoHanm3anuje Knmmarckor ciuenapuja RCPS8.5
3a TepuTopujy cimBa pujexe BpOac. Cxanupame
j€ M3BeNeHO HEXHIPOCTATUYKUM PErHOHATHUM
(Nonhydrostatic Multi-scale Model — NMMB)
MojaenoM. Permonamnu momen NMMB je
HEXHUJAPOCTATUYKH MoJeN arMocdepe Koju ce,
MopeJl oneparuBHE ymoTrpede 3a BPEMEHCKY
nporHo3y y HarmmoHanHoj MeTeoposIomKoj CIry 0ou
CAJl (Janjic, 2003; Janjic & Gall, 2012), kopuctu
U y MHOTUM HUCTPaKMBAUKMM HHCTUTYIHMjaMa
y EBporu (Pérez et al., 2011). Yumenuma na je
NMMB wmonen HexuapocTaTHuaH oMoryhasa
ETOBY NPUMjEHY y MHTETpalfjama ca u3y3eTHO
BEJIMKUM XOPH30HTAIHUM TNPOIIMPEHUMA HCIION
10 km (nuMeH3HWje TUNIUYHE 32 KOHBEKTHUBHE
nporece). HMHTerpammje OBaKO BHCOKHUX
XOPHU30HTAJHUX JIEKOMIIO3HIIMja oMoryhasajy
60spy cumynanujy oarosapajyhux armochepckux
HEXUAPOCTATCKUX MPOLeca U3Y3eTHO BAKHUX Y
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MATERIALS AND METHODS

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

For the regionalization of the results
of global climate models (GCMs) and the
assessment of changes in regional climate
conditions in the future, the most commonly
used tools are regional climate models
(RCMs) (Giorgi et al., 2001; Giorgi &
Lionello, 2008). The regionalization method
enables obtaining relevant information about
the future climate at the appropriate spatial
and temporal scales necessary for conducting
impact and vulnerability studies, especially
when focused on regional and subregional
domains (Jacob et al., 2007). For the purposes
of this research, the regionalization results
of the RCP8.5 climate scenario for the
territory of the Vrbas river basin were used.
Scaling is performed by the non-hydrostatic
regional (Nonhydrostatic Multi-scale Model
— NMMB) model. The NMMB regional
model is a non-hydrostatic atmospheric
model that, in addition to operational use
for weather forecasting in the US National
Weather Service (Janjic, 2003; Janjic &
Gall, 2012), is also used in many research
institutions in Europe (Pérez et al., 2011). The
fact that the NMMB model is non-hydrostatic
enables its application in integrations with
extremely large horizontal extensions below
10 km (dimensions typical for convective
processes). Integrations of such high
horizontal decompositions enable a better
simulation of corresponding atmospheric non-
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Pa3Bojy KOHBEKTMBHHX CHCTEMa KOjU Cy Hajuenrhu
y3pOK €KCTPEMHHUX aKyMmylalldja TajJaBUHA Yy
KpPaTKUM BPEMEHCKUM HHTEpBaIMMa, TOCEOHO
TOKOM TOorUIHjer nujena roxuue (Djurdjevic &
Krzic, 2013; Trbic et al., 2021). ¥ oBom mozaemny
(NMMB) Beptukanna pesonynuja je Ouna 64
HHUBOA 071 MOBpIIKHE 3emibe 10 BucuHe 10 mb, a
pacrojame n3Mel)y BEepTUKaIHUX HUBOA 3aBHCUIIO
je on BucuHEe. biu3y MOBpIIMHE je HEKOJIUKO
JeCeTUHa MeTapa, a y CpelIuHH arMmocdepe
HEKOJIMKO CTOTMHa Mertapa. HMHTerpamuje
NMMB wmonena cy ypaheHe y okBupy mpojeKkTa
ORIENTGATE (moctynno Ha http://www.
orientgateproject.org) (Djurdjevic & Krzic, 2013).
NMMB Mopnen je pernoHaau30Ba0 KIMMATCKU
cuenapuo RCP8.5 nedpunucan y Ilerom
u3Bjemrajy MehyBiaaauHor naHena o KIIMMaTCKUM
npoMjenama (IPCC-ARS) (Moss et al., 2008).
XopuszoHTanHa pezonyija NMMB monena 6una
je 8 km. Kao pedepentnu nepuon nzadpas je
nepuoy 1971-2000. roguHe, TOK Cy MHTErparmje
oynyhe ximume nokpusaie nepuon 2011-2100.
I'mobanuu xnumarcku mogen CMCC-CM je
KopHUIINeH 3a TpaHUYHE YCIIOBE y MHTErpaIHjH
cuenapuja RCP8.5 (Djurdjevic & Rajkovic, 2008;
Djurdjevic et al., 2014; Scoccimarro et al., 2011).

[Ipema kimumarckom cueHapujy RCPS8.5
aHAITM3KpPAHE Cy OYEKMBAHE IPOMjEHE TEMITEpaType
Ba3jlyxa M nagasuHa 3a nepuoze ox 2011. no 2100.
rouHe y ofgHocy Ha 6a3uu nepuoxa 1971-2000.
Amnanuse cy U3BpIICHE 32 HUBOE Mjecela, Ce30Ha
U TOJUHA 3a BpeMeHcke XxopuzoHte: 2011-2040,
2041-2071. 1 2071-2100.

Hajexctpemuunju crienapuo RCP8.5 u3abpan je
y ogHocy Ha octaine (RCP2.6, RCP4.5 u RCP6.0)
U3 TPAKTUYHOT pasjora IITO C€ KIMMAaTCKe
MpOMjeHe U KIIMMAaTCKH eKCTpeMu Beh jeriaBajy
npema HajekcTpemHHjeM cueHapujy RCPS8.5.
[IpoMjeHe KIMMaTCKUX eKCTpeMa Cy cBe uerrhe u
M3pAKEHH]€ U MOTY 3HaTHO YTUIIATH Ha OYEKUBAHH
neUIuT Boje, MOCeOHO Y JheTHoj ce30Hu. OBe
nmpomjeHe cy ce Beh ocTBapwiie y MOjeIHHUM
roguHama (Oprasi¢ et al., 2016). 36or Tora,
CMaTpaHo je JOTMYHHUM Jia c€ TPOjeKIIrje MpaBe
[0 HajeKCTPEMHM]EM OYEKHBAHOM CLEHApH]y
(RCP8.5). OBa outyka nMa 1 IpakTH4YaH KapakTep,
Jjep Moxke OUTH KoprcHa MH(OpMaIHja 3a Kpeatope

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

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

The most extreme scenario RCP8.5 was
chosen over the others (RCP2.6, RCP4.5 and
RCP6.0) for the practical reason that climate
change and climate extremes are already
occurring under the most extreme scenario
RCP8.5. Changes in climatic extremes are
becoming more frequent and pronounced and
can significantly affect the expected water
deficit, especially in the summer season. These
changes have already been achieved in certain
years (Oprasi¢ et al., 2016). Therefore, it was
considered logical to make the projections
according to the most extreme expected scenario
(RCP8.5). This decision also has a practical
character, because it can be useful information
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MOJINTHKA U JOHOCHOIE OJJIyKa MPUIUKOM
JIOHOIICHA CTPATEIIKUX JOKyMEHATa M yCBajamba
Mjepa 3a mpuiarohaBame Ha KIIMMaTCKe IPOMjeHe
y cnuBy pujeke BpOac u Ha HuBOy PemyOnuke
Cpricke.

PE3VIITATU 1 ANCKYCUJA

[IpojekToBaHe MpoMjeHe TeMIieparypa
Ba3lyxa

[IpojexkToBaHe TpOMjeHE TeMIepaTypa
Ba3/lyxa y CIMBY prjeke Bpbac nmpema KimMarckoM
cuenapujy RCP8.5 mpukazane cy na Ci. 1-6.
OdekuBaHE TPOMjEHE CPEIBHUX TOJUIIHUX
TeMIleparypa y CIuBy pujeke Bpbac Ouhe y
unTepBany o 1.8 °C (2011-2040), 3 °C (2041—
2070) no 5.4 °C (2071-2100). Hajsehe npomjeHe
TI0 Ce30HaMa 3a CBa TPH MIEpUOJIa Cy 3a CE30HY 3UMa
(DJF), 3a kojy je anomanuja y mpocjexy Beha on
aHoManije roxuimer npocjeka ox 0.5 °C mo 0.8
°C, 1ok je cezona nposbehe (MAM) ca HajMamOM
AHOMAJTH]OM TeMITEpaType, IpeMa OBOM CIICHAPH]Y.
INojenuuaunn Mjecer ca HajBehoM aHOMAJIMjOM Cy
jaHyap, HOBeMOap | JieriemMoap, 0K 3a TOCIhEImha
nBa niepuona 2041-2070. u 2071-2100. najsehy
AQHOMAJIH]y TOKOM JHETH-HX MjeCEI MMa aBryCT.
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for policy makers and decision makers when
adopting strategic documents and adopting
measures for adaptation to climate change in the
Vrbas river basin and at the level of Republic of
Srpska.

RESULTS AND DISCUSSION

Projected changes in air
temperatures

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

SRR 300 5-2040 AOEES
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Cn. 1. Ilpomjena cpenmux mjeceunux temreparypa (TG) npema cuenapujy RCP8.5 3a nepuog
2011-2040. ronune y onnocy Ha nepuon 1971-2000. (y °C)
Fig. 1. Change in mean monthly temperatures (TG) according to the RCP8.5 scenario for the
2011-2040 periods compared to the 1971-2000 periods (in °C)

WA 3071303

_ |
Cn. 2. IlpoMjena cpenmux ce30HCKHX U roguinmux temmeparypa (TG) npema cuienapujy RCP8.5 3a
nepuoj 2011-2040. ronune y ognocy Ha niepuon 1971-2000. (y °C)
Fig. 2. Change in mean seasonal and annual temperatures (TG) according to the RCP8.5 scenario
for the 2011-2040 periods compared to the 1971-2000 periods (in °C)
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Cn. 3. Ilpomjena cpenmux Mjeceunux temmneparypa (TG) npema cuenapujy RCP8.5 3a nepuon
2041-2070. ronune y ogHocy Ha niepuoj 1971-2000. (y °C)
Fig. 3. Change in mean monthly temperatures (TG) according to the RCP8.5 scenario for the 2041—
2070 periods compared to the 1971-2000 periods (in °C)
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Cx. 4. IlpomjeHa cpenmux Ce30HCKUX U roauimux Temneparypa (TG) npema cuenapujy RCPS8.5 3a
nepuon 2041-2070. ronqunae y ogrocy Ha niepuoa 1971-2000. (y °C)
Fig. 4. Change in mean seasonal and annual temperatures (TG) according to the RCP8.5 scenario
for the 2041-2070 periods compared to the 1971-2000 periods (in °C)
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Cn. 5. Ilpomjena cpenmwux Mjeceunux temmneparypa (TG) npema cuenapujy RCP8.5 3a nepuon
2071-2100. rogune y ognocy Ha niepuoa 1971-2000. (y °C)
Fig. 5. Change in mean monthly temperatures (TG) according to the RCP8.5 scenario for the 2071—
2100 periods compared to the 1971-2000 periods (1n 0]
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Cn. 6. IIpoMjena cpenmux ce30HCKHX U roauinmux temieparypa (TG) nmpema cuienapujy RCP8.5 3a
nepuoj 2071-2100. roqune y ognocy Ha nepuog 1971-2000. (y °C)
Fig. 6. Change in mean seasonal and annual temperatures (TG) according to the RCP8.5 scenario
for the 2071-2100 periods compared to the 1971-2000 periods (in °C)
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IIpojekToBaHe poMjeHe MagaBuHa

[TpojexToBaHe MPOMjeHE KOJIMIHUHE MaJaBUHA
y cauBy pujeke Bpbac mpema KiuMarckom
cueHapujy RCP8.5 mpukasane cy na Ci. 7-12.
Toxom mpBor pasmarpanHor nepuoxa 2011-
2040. roguHe, rOAMIIKHA MTPOMjEHA MaJaBUHA Y
CJIMBY MMa IMO3UTHBAH 3HaK o +5 % y omHOCy
Ha nepuon 1971-2000. Cesona ca HajBehom
MO3UTUBHOM aHOMaiujoM je mposbehe (MAM),
MoceOHO y MomeM aujeny ciuba, ox +10 %, a
ce3oHa ca HajBehoM HeraTMBHOM aHOMAJIHjOM
je jecen (SON) ox -10 %. Mjecenu ca HajsehoM
MO3UTHBHOM aHOMAJMjOM Cy aBrycT, ¢edpyap
u anpui ca anomanujama ox +10 % u Behum, a
Mjeceny ca HajsehoM HEraTMBHOM aHOMAJIMjOM
cy jyn u geuemOap. Toxom nepuona 2041-2071.
TOJIMHE, TOIUILHA MPOMjeHa MAJaBUHA Y CIUBY
MMa HEeraTuBaH 3HaK 1 u3Hocu oko -10 %. Ce3one
ca HeraTHBHOM aHOMAJTHjoM ¢y JbeTo (JJA) u jecen
(SON), moce6Ho JJA ca anomanujom Behom of -20
%, nok ce3one 3uma (DJF) u npossehe (MAM)
MMajy POMjEHJbUBY aHOMAJIH]Y Y 3aBUCHOCTH OJ1
nujena ciuBa. Mjecery ca HajBehoM Mo3UTHBHOM
aHomasgjoM cy (ebpyap, MapT U HoBemOap, a
Mjeceny ca HajsehoM M 3Ha4ajHOM HETaTMBHOM
aHOMAJIIMjOM Cy JyYH M jyJl, ca aHOMalujama
Behum ox -20 %. Toxom mepumoma 2071-2100.
rOJIMHE, TOIUILHA MPOMjeHa MAJAaBUHA Y CIUBY
je y medpuruty u uzHocu no -20 %. Cesone
ca HeraTMBHOM aHomanujom cy MAM, JJA u
SON, nocebno JJA ca anomanujom BehoMm of
-20 % y Hexum aujenoBuma, A0k cezoHa DJF
¥Ma MPOMjCHJbUBY aHOMAJIH]y Y 3aBHCHOCTHU OJf
nujena ciauBa. Mjecer ca HajeehoM MO3UTHBHOM
aHomainujoM je (ebpyap, a Mjeceru ca Hajehom
Y 3Ha4YajHOM HETaTHBHOM aHOMAJHjOM Cy Maj,
JYH, jyl, aBTYCT U cenTeMOap ca aHoMajujama
1o u Behum ox -20 %. IIpema oBuM pesynraruma
jacHo je nma ce ce3oHa JJA ucTuue Kao cezoHa
TOKOM Koje he ce MHTEH3UBHpATH MOTCHLIUjaTHH
po0JeM HeraTUBHUX TajiaBuHa, oK ce30He DJF
1 MAM noTeH1#jaTHO MOTY UMaTH U MIO3UTHBHE
aHoMalije MoceOHO y MPBOj MOJIOBUHU BHjEKa,
JOK y JIPyroj TOJOBUHH Ie(PUIUT TaJaBUHA
KapakTepucTuyaH 3a ce3oHy JJA moxe OuTH
IIPOIIMPEH U Ha ce30Hy MAM.

Projected changes in precipitation

Projected changes in the amount of
precipitation in the Vrbas river basin according
to the RCP8.5 climate scenario are shown in Fig.
7—12. During the first considered period 2011—
2040. year, the annual change in precipitation in
the basin has a positive sign of +5 % compared to
the period 1971-2000. The season with the largest
positive anomaly is spring (MAM), especially
in the lower part of the basin, of +10 %, and
the season with the largest negative anomaly is
autumn (SON) of -10 %. The months with the
largest positive anomaly are August, February
and April with anomalies of +10 % and higher,
and the months with the largest negative anomaly
are July and December. During the period 2041—
2071. year, the annual change in precipitation
in the basin has a negative sign and amounts
to about -10 %. The seasons with a negative
anomaly are summer (JJA) and autumn (SON),
especially JJA with an anomaly greater than -20
%, while the winter (DJF) and spring (MAM)
seasons have variable anomalies depending on
the part of the basin. The months with the largest
positive anomaly are February, March and
November, and the months with the largest and
significant negative anomaly are June and July,
with anomalies greater than -20 %. During the
period 2071-2100. year, the annual change in
precipitation in the basin has a negative sign and
amounts to -20 %. The seasons with a negative
anomaly are MAM, JJA and SON, especially JJA
with an anomaly greater than -20 % in some parts,
while the DJF season has a variable anomaly
depending on the part of the basin. The month
with the largest positive anomaly is February, and
the months with the largest and most significant
negative anomaly are May, June, July, August
and September with anomalies up to and greater
than -20 %. According to these results, it is
clear that the JJA season stands out as a season
during which the potential problem of negative
precipitation will intensify, while the DJF and
MAM seasons can potentially have positive
anomalies, especially in the first half of the
century, while in the second half the precipitation
deficit characteristic of the JJA season can be
extended to the MAM season as well.
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Cn. 7. Ilpomjena Mjeceunux akymyimpanux nagaasuaa (RR) npema cuenapujy RCPS8.5 3a nepuon
2011-2040. romuue y ogrocy Ha niepuog 1971-2000. (y %)
Fig. 7. Change in monthly accumulated precipitation (RR) according to the RCP8.5 scenario for the
2011-2040 periods compared to the 1971-2000 periods (in %)
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Cn. 8. [IpomjeHa Ce30HCKHX M TOAMIIBLUX akyMyupanux magasuHa (RR) npema ciiernapujy RCP8.5
3a nepuon 2011-2040. roqune y onnocy Ha nepuoa 1971-2000. (y %)
Fig. 8. Change in seasonal and annual accumulated precipitation (RR) according to the RCP8.5
scenario for the 2011-2040 periods compared to the 1971-2000 periods (in %)




TOPAH TPEIh, BJIAJJUMIP BYPBEBI R, TATJAHA ITOITOB, CTEBAH CABUR U JIPATAH BYPITh
GORAN TRBIC, VLADIMIR DPURBEVIC, TATJANA POPOV, STEVAN SAVIC AND DRAGAN BURIC

Ca. 9. [Ipomjena mjeceunux akymynupanux najgasusa (RR) npema cienapujy RCP8.5 3a nepuon
2041-2070. ronune y ogHocy Ha niepuox 1971-2000. (y %)
Fig. 9. Change in monthly accumulated precipitation (RR) according to the RCP8.5 scenario for the
2041-2070 periods compared to the 1971-2000 periods (in %)

SO8 493070 RO L
Ca. 10. ITpomjeHa ce30HCKUX M TOAMIIBLUX akyMynupanux nagasuHa (RR) nmpema cuenapujy
RCPS8.5 3a mepuon 2041-2070. roqune y ogrocy Ha niepuoxa 1971-2000. (y %)
Fig. 10. Change in seasonal and annual accumulated precipitation (RR) according to the RCP8.5
scenario for the 2041-2070 periods compared to the 1971-2000 periods (in %)
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Ca. 11. Ilpomjena mjeceunux akymynupanux nagasuta (RR) npema cuenapujy RCP8.5 3a nepuon
2071-2100. rogune y ognocy Ha niepuon 1971-2000. (y %)
Fig. 11. Change in monthly accumulated precipitation (RR) according to the RCP8.5 scenario for

the 2071-2100 periods compared to the 1971-2000 periods (in %)
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Cn. 12. IlpomjeHa CE30HCKHMX M TOAMIIBUX akyMynupaHux nagasuHa (RR) mpema ciienapujy
RCPS8.5 3a mepuon 2071-2100. rogune y ogrocy Ha niepuon 1971-2000. (y %)
Fig. 12. Change in seasonal and annual accumulated precipitation (RR) according to the RCP8.5
scenario for the 2071-2100 periods compared to the 1971-2000 periods (in %)

[IpojexToBaHe MPOMjeHE BUCHHE CHEKHOT
MOKpYBaya

Ha Cn. 13 u Cn. 14 npukasane cy npomjeHe
Cpelbe BUCHHE aKyMYJIMPaHOT CHHjera 3a Ce30HY
DJF, 3arum nepuoj HoBemOap—anpui (N—A) u
MIPOMjeHE Ha TOAMIIILEM HUBOY, U3paxkeHe y %
y omHocy Ha pedepentnu nepuox 1970-2000.
rozuHe, 3a Oynyhe neproze 2011-2040, 2041-2070.
n 2071-2100. romune, mpema cuieHapujy RCP8.5. 3a
niepuon 2011-2040. roquHe, IPOMjeHE Y CPEIH0j
BHCHHH CH-€XKHOT TIOKpHUBaya 3a reproy N—A kpehy
ce of -40 % y ueHtpanHOM aujeny ciaua 110 -80
% Ha KpajieM jyTy, Y OJTHOCY Ha BPHU]CIHOCTH U3
pedepentror neprona 1971-2000. Y cezonu DIJF
nipomjene ¢y ox1 -60 % Ha cjeepy 1o Buiire o1 -90 %
y TOjeIMHUM 00JIacTiMa Ha jyry. 3a iepuoe 2041—
2070. 1 2071-2100. mpomjeHe cy jor U3pakeHuje,
Tako aa 3a nepuon 2071-2100. romuHe, O4eKuBaHE
MPOMjeHe y Cpe/ih0j BUCHHU CH-EKHOT TIOKpHBaya
3a mepuon N—A kpehy ce on -70 % y ueHTpamTHiM
JIMjeJIOBMMA CITUBA JI0 BPUJETHOCTH Koje cy Behe o
-90 % Ha Jy>KHO] TPaHHUIIH CIIHBA.

16

Projected changes in the height of the snow
cover

On Fig. 13 and Fig. 14 shows the changes in
the average height of the accumulated snow for the
DIJF season, then the period November—April (N-A)
and the changes at the annual level, expressed in %
compared to the reference period 1970-2000. year,
for the future periods 2011-2040, 2041-2070. and
2071-2100. according to the RCP8.5 scenario. For
the period 2011-2040. year, changes in the average
height of the snow cover for the period N—A range
from -40 % in the central part of the basin to -80 % in
the extreme south, compared to the values from the
reference period 1971-2000. In the DJF season, the
changes range from -60 % in the north to more than
-90 % in certain areas in the south. For the periods
2041-2070. and 2071-2100. the changes are even
more pronounced, so that for the period 2071-2100.
year, the expected changes in the average height of
the snow cover for the period N-A range from -70
% in the central parts of the basin to values that are
greater than -90 % at the southern border of the basin.
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[Ipomjena Opoja nmaHa ca CHBEXKHHM
nokpuBaueM 3a npBu nepuon 2011-2040. je
HEeraTUBHA U 3a LUjEJIH CIHUB y MPOCjEeKY U3HOCH
oko -40 %, oK ce 3a TOCIbEAHY TIEPUOJ IPOMjEHA
kpehe y untepBaiy on -70 % 10 -90 %. Y cBa tpu
aHaJM3UpaHa Meprosia CMamemke Opoja aHa ca
CEb@KHUM MOKPHBAYEM je& U3PAKEHH]C Y TOHEM
nujeny civBa Bpbaca.

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

oBcnja Luka oEunja Luka

oEunja Luka

=30
—40
-50
—60
=70
-80
-90

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

HewussjecHoct y pesynraruma
U oricer Moryhux mpomjeHa

HeusBjecHocT y pesyiaraTuma MpOMjeHE
TeMIeparype M MaJlaBuHa IMpeMa KIUMaTCKOM
cuenapujy RCP8.5 3a ciauB pujexke BpOac
MIPOIHje-EHA j€ aHAIM30M pe3ynTara TI00aTHUX

18

Uncertainty in results and range of
possible changes

Uncertainty in the results of changes in
temperature and precipitation according to the
climate scenario RCP8.5 for the Vrbas river basin
was assessed by analyzing the results of global
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KJIMMATCKUX MOJIelia Koju ¢y yuaectBoBas y CMIPS
npojekry (Taylor et al., 2012), a xoju cy kopumtheHu
u y Iletom u3Bjemrajy MelyBnaausor naxena 3a
kiumarcke npomjene (IPCC, 2013). Ha ocnoBy
pe3yntara Mojena MpolrjemheH je Moryhu orcer
MIPOMjEHE CPEAbe BPUjeTHOCTH TEMIIEpaType U
naJlaBuHa. Y aHaJIM3U Cy KOpUIINeHU pe3yaTaTH
39 paznuuutux mozaena 3a nepuon 2011-2100.
Pesynraru cy gocrynHu kpo3 cepBuc Climate
Explorer (http:/climexp.knmi.nl/start.cgi).

Ha Cn. 15. u Cn. 16 mpukasaH je ormcer
Moryhe aHoMmamnuje cpelme TeMmIeparype u
najJaBMHA 332 TEPUTOPHjy ciuBa pHjexe Bpbac
3a nepuon 2011-2100. y ogHocy Ha mepuon
1971-2000. mpema cuenapujy RCP8.5. Cpenma
aHOMaJIMja TeMIIepaType H MaJaBuHa U3padyHara
Jj€ 3a CyKILIECUBHE TPH/IECETOTOIUIIHE ePUOe
noueBmn on nepuoga 2011-2040. Omcer je
MIPOIHjEH-CH Ha OCHOBY pe3ynTara 39 pa3muauTux
MoJienia Koju cy yuectBoBaiu y npojexty CIMIPS,
Cpella BpUjeJHOCT OBUX pe3y/TaTa MpHKa3aHa je
nebenoM 1jpHOM JIMHUjoM. bpaoH 30Ha je omcer
neduHCaH ca 66 %, TOK je chBa 30HA OITCET ca
95 % ananuzupanux pesynrara. Llpena munmja je
pe3yirar pernoHanHor moaena NMMB.

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

On Fig. 15 and Fig. 16 shows the range of
possible anomalies in mean temperature and
precipitation for the territory of the Vrbas river
basin for the period 2011-2100. in relation to
the period 1971-2000. according to the RCP8.5
scenario. The mean anomaly of temperature and
precipitation was calculated for successive thirty-
year periods starting from the period 2011-2040.
The range was estimated based on the results of 39
different models that participated in the CIMIPS
project, the mean value of these results is shown
as a thick black line. The brown zone is the range
defined by 66 %, while the gray zone is the range
with 95 % of the analyzed results. The red line is
the result of the NMMB regional model.
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Cn. 15. Oncer moryhe anomainuje cpembe TeMIeparype Ba3ayxa 3a cliuB pujexe Bpbac 3a nepuon
2011-2100. y omrocy Ha niepuon 1971-2000. roqune npema cuenapujy RCP8.5
Fig. 15. Range of possible anomaly of mean air temperature for the Vrbas River basin for the 2011—
2100 periods in relation to the 1971-2000 periods according to the RCP8.5 scenario
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IIpema npuxazanuMm pesynratuma (Ca. 15)
cpenma BpujenHoctT 39 monena 3a MpOMjeHY
temneparype y nepuoay 2071-2100. mpema
cuenapujy RCP8.5 y omgHocy Ha mnepuon
1971-2000. je memTo mamu ox 5 °C. Omcer
BjepoOBaTHE BPH]EIHOCTH (ca BjepoBaTHONOM OJ1
66 %) npomjene 3a uctu nepuon je ox 3.2 °C
1o 6 °C, nok ce y omcery o 2.9 °C no 6.9 °C
Hanasu 95 % aHanu3upaHux pesyirara. Pesynrar
pernonaigHor monena NMMB ce y uwmjenom
NEepUOJy Halla3u y BjepoBaTHOM oricery (66 %)
MIPOMjEHE TeMITepaType u rnociuje nepuona 2041—
2070. HEWTO je BUILU O CPEIe BPUjEAHOCTH
39 monena. 3a MOCIbEAHUX TPUIECET TOJUHA
BPHjE€AHOCT pernoHaiaHor mozena je 5.5 °C u Beha
je 3a mpubmxHO 0.8 °C y oHOCY Ha MOJEIICKH
cpenmax. 3a nepuoje mpuje nepuona 2041-2070.
TOJIMHE, pe3y/ITaT PErHOHAIHOT MOJIENA j& BeoMa
O1M3aK CpeNib0j BPUjeTHOCTH.

[Tpema npukazanum pesyataruma (Cia. 16)
cpeama BpujeaHOCT 39 Mojena 3a IpoMjeHy
aKyMyJHMpaHUX najgaBuHa y nepuoxy 2071-2100.
npema cueHapujy RCP8.5 y ogHOoCcy Ha mepuosn
1971-2000 je oxo -6 %. Ormcer BjepoBaTHE
BpujeaHoCcTH (ca BjepoBaTHOohoM om 66 %)
npomjeHe 3a uctu nepuon je ox +1 % mo -12 %,
JoK ce y oncery o +5 % 1o -22 % nanazu 95 %
aHaNM3upaHuXx pesynrara. Pesyarar peruoHaiHor
Mozena NMMB ce TokoM 111jesior aHaJIu3upaHor
nepuoja Haja3M y BjepoBaTHOM orcery (66 %)
MIpOMjeHe TNaJaBuHa, a nociauje nepuoga 2031—
2060. HeratuBHa aHOMalnyja je Beha of cpenmbe
BPHUjEIHOCTH OCTaJNX aHAIM3HPAHUX MOJENa.
[Ipen kpaj ananu3upaHoT MEPHOJA BPUjEITHOCT
NMMB wmogena je 3a Koju IpOILIEHAT Mamba Of
JIOE-E TPaHUIIe pacrioHa o1 66 %, 3a MOCIbEABUX
TpUJECeT TroAMHA BPUJEAHOCT PETHMOHATHOT
MojieJa je BeoMma OJIMCKa [0WO0] TPaHULHU
oor omcera. Ilocnuje nmepuoma 2031-2050.
TO/IMHE, MOJEJICKH CPEIhak UMa HCKIbYYUBO
HeraTuBHE BpuUjenHOCTU. Takohe, jacHO je ma
TOKOM IIjeJIOKYITHOT TOCMAaTpaHor Iepuojaa
(2011-2100) 1 MomeNCKU Ccpefmak U pe3ysTar
pEruoHAIHOT MojIena, Kao 1 66 % u 95 % orice3n
MMajy HeTaTUBaH TPEH/, LITO YKazyje Ja y Cydajy
cuenapuja RCP8.5, u masper mopacra rimobanxe
TeMIlepaType, MpocjeyHe BPHUJEAHOCTH KIHUME
cnuBa pujeke Bpbac Ou mompumarne apuiHuje
KapaKTepPUCTHKE.
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According to the results shown (Fig. 15),
the mean value of 39 models for temperature
change in the period 2071-2100. according to
the RCP8.5 scenario in relation to the period
1971-2000. is slightly lower than 5 °C. The
range of probable value (with a probability of
66 %) of change for the same period is from 3.2
°C to 6 °C, while 95 % of the analyzed results
are in the range from 2.9 °C to 6.9 °C. The result
of the NMMB regional model is in the probable
range (66 %) of the temperature change after
the period 2041-2070. it is slightly higher than
the mean value of 39 models. For the last thirty
years, the value of the regional model is 5.5 °C
and is higher by approximately 0.8 °C compared
to the model mean. For the periods before the
period 2041-2070. year, the result of the regional
model is very close to the mean value.

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



[TTACHUK - HERALD 26

— MEDIAN [] 95%
— NMMB [ 68%

&
o

2011-2040
2021-2050 —
2031-2060 —

2041-2070 |~
2051-2080 |-
2061-2090 [~
2071-2100

PERIOD

Cx. 16. Oncer moryhe anoManuje cpeamUX MajaBuHa 3a cuB pujeke Bpbac 3a nepuon 2011-2100.
y onHocy Ha nepuoz 1971-2000. npema cuenapujy RCP8.5
Fig. 16. The range of possible mean precipitation anomaly for the Vrbas River basin for the
2011-2100 periods in relation to the 1971-2000 periods according to the RCP8.5 scenario

[Ipema npukazaHuMm pesyinrarumMa Moryhux
oricera IpoMjeHe TeMIieparype 1 naJjaBiuHa npeMa
cuenapujy RCP8.5 BuisbHBO je a ce pesyararu
peruonamnor NMMB wmogena 3a mpomjeHe
CpellbUX TeMIlepaTypa M NaJaBUHA Hauase y
BjepoBaTHOM oricery Moryhux mpomjena (66 %).
Toxom apyre mosioBuHe XXI BHjeka ClieHaApHO
pPErHoHANHOT MOJeNa j€ HEeLITO ,,TOIUIHjU* |
,»CYBJBH'* O] MOJICJICKOT Cpe/ilbaka, C 003UpOM Ha
TO J1a Cy pa3jMKe Y OTHOCY Ha MOZAEJICKH CPEIHAK
pENaTUBHO MaJle, pe3yaTaT pErMOHAIHOT MOJEa
Ce MOXE CMaTpaTH JOOpUM DPErpe3eHTOM OBOT
cIieHapuja.

3AKJbYHAK

VY paay cy npukasaHe O4eKHBaHE IPOMjeHE
TEeMIIepaTrype Ba3ayxa, KOJIMYWHE MaJaBUHA U
CHe)KHOT TOKpHBaua y CIUBY pujeke BpOac
no kpaja XXI Bujeka, mpema KIUMaTCKOM
cuenapujy RCPS8.5. TIpojekiuje KIMMaTCKuX
IpoMjeHa YyKa3dyjy Ja ce Ha TEpUTOpHUjH
ciuBa pujeke Bpbac Mory ouekmBaTH mopact
TEMIepaType U CMambUBAbE CyMa MaJaBUHE U
CHeXHOT mokpuBava. Orcer Moryhux mpomjeHa

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

CONCLUSION

The paper presents the expected changes in
air temperature, precipitation and snow cover
in the Vrbas river basin until the end of the 21st
century, according to the RCP8.5 climate scenario.
Projections of climate change indicate that in the
territory of the Vrbas river basin, an increase in
temperature and a decrease in precipitation and
snow cover can be expected. The range of possible
changes in air temperatures (with a probability of
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TeMIeparypa Ba3yxa (ca BjepoBarHohoM oz 66 %)
kpehe ce y uarepsany oz 3.2 °C o 6 °C, 1ok je y
orncery oz 2.9 °C 10 6.9 °C 95 % ananusupaHux
pesynrata. IlpemMa mpuKazaHuM pe3yaTaTHMa
cpelma BPHjeIHOCT aKyMYJIUpPaHUX TaJaBHHA
y mepuoxy 2071-2100. je oxo -6 %. Omcer
BjepoBaTHE BpHUjeIHOCTH (ca BjepoBaTHOhOM 07
66 %) mpomMjeHe 3a uctu nepuon je ox +1 % 1o
-12 %, nok ce y oncery ox +5 % 10 -22 % Hanazu
95 % ananu3upaHux pe3yiTara.

HeomnxomHa cy gonaTHa UCTpaKUBamba Koja
O6u yTBpauia Moryhe npomjeHe KIMMaTCKUX
MHJIEKCa KOje Ce OIHOCE HAa MHTCH3MBHE MaJJaBUHE
U eKcTpeMHe Temneparype. OBo je ToceOHO OUTHO
u3 pasnora mro ce 3a nepuon 2011-2040. ouekyje
noBehawme magaBuHa. JlomaTHa HCTpakuBamba
YHOTHYHWIA OM CIIMKY KJIMMAaTCKUX IPOMjeHa
y cnuBy pujeke Bpbac u cTBOpuia 060Jby
(byHIaMEHTaIHy OCHOBY 3a IUIAaHUpAmE Mjepa U
AKTHBHOCTH KOj€ C€ OTHOCE Ha MpujIarohaBame Ha
KITUMATCKe MPOMjeHE.

3axBajgHuma: AyTopH ce€ 3axBalbyjy
MuHHCTapCTBY 32 HAyYHO-TEXHOJIOUIKH Pa3Boj,
BHCOKO 00pa3oBame U MHPOPMAITHOHO APYIITBO
y Brnamu PenyGmuke Cpricke Ha momohm y
UCTpakuBamwy. Pykomuc je pesyirar HaydHO-
MCTPaXUBAYKOT MPOjeKTa MoJI Ha3uBoM JInHAMUKa
KJIMMaTCKHUX IIpoMjeHa 1 MOryhHOCT afganrarje y
PenyGmuim Cprickoj (Bpoj: 19.0321/961-741/19).

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

Additional research is necessary to determine
possible changes in climate indices related to
intense precipitation and extreme temperatures.
This is particularly important for the reason that
for the period 2011-2040. expects an increase in
precipitation. Additional research would complete
the picture of climate change in the Vrbas river
basin and create a better fundamental basis for
planning measures and activities related to
adaptation to climate change.
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