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Abstract: The paper analyzes the mean annual and monthly water discharge at the Sana River. Trends in the river discharge
for the 1961-2014 periods were analyzed based on data collected from Prijedor hydrological station. Next to the trends,
alterations between the two long-term periods (1961-1990 and 1991-2014) were analyzed as well. In order to identify humid
and dry periods, the years were ranked based on wateriness. Further, it was analyzed how discharge changes are conditioned
by climate change (changes in air temperature and precipitation). The relationships between the discharge variability and the
large atmospheric circulation patterns over the northern hemisphere were examined.
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VBOJI

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

INTRODUCTION

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

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

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

TIOJIALIM Y METOJIE

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

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

DATA AND METHODS

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

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

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

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

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

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

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

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

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

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

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

-16 — 1 6 Cpenme BogHa roguHa / Average wateriness

16 —2 & Bonna roguna / Watery year

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

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

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

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

In order to evaluate the observed river
discharge changes, their connections with the
large atmospheric circulation patterns over the
northern hemisphere were analyzed. Three primary
modes of atmospheric circulation patterns were
analyzed (the North Atlantic Oscillation (NAO),
the East Atlantic pattern (EA), the East
Atlantic/West Russian pattern (EAWR)), as
well as the Arctic oscillation (AO). Data on
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ocuunanuja (EA) u MHWcrouHo-atmaHTcka/
3anmanHo-pycka ocnmiaanuja (EAWR)), kao
nu Apktuuka ocruinamnuja (AO). Ilomanmm o
HaBEJCHUM WHJACKCHMMa oOpa3ana riao0aiHe
LHUpKy/anuje arMocdepe NPUKYIJbEHU CY Of
National Oceanic and Atmospheric Administration
Climate Prediction Center (National Oceanic and
Atmospheric Administration Climate Prediction
Center [NOAA CPC], 2017). 3a xBaHTU(UKOBaHE
Be3a u3Mel)y TpeHJ0Ba MpoTHuIiaja U mI00AITHUX
oOpazara nmupkysamnuje armocdepe KopuimiheH je
ITupconoB koeduimjeHT Kopenaruje. CTaTucTuuka
3Ha4ajHOCT YTBplEeHNX Kopemaluja neduHncana je
Ha HUBOY 99.9 % (p < 0.001), 99 % (0.001 <p <
0.01), 95 % (0.01 <p<0.05) 1 90 % (0.05 <p <
0.10).

PE3VIITATU 11 JUCKYCUJA

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

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

RESULTS AND DISCUSSION

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3AKJbYHAK

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

The discharge regime of the Sana River
is highly conditioned by climate variability.
Results of the correlation analysis showed that
changes in climate variables (air temperature and
precipitation, first and most) strongly affected
the discharge. During the analyzed 1961-2014
periods, the target area was characterized
by significant positive trends in annual and
seasonal air temperature, whereas precipitation
trends were negative in all seasons except in
autumn. Climate change highly affected the
Sana River discharge at Prijedor hydrological
profile. The prominent increasing trend in
air temperature and decrease in precipitation
resulted in a significant decrease of discharge
at Prijedor hydrological station. Although the
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cranunuu [Ipujenop. Maxo je TokoM 1iujesie ronuHe
NpUCyTaH omanajyhu TpeHJ, Haju3pakeHUjH
naji IpoTUIaja 3a0MIbEKEH y CE30HU JHETO.
PanrupameM rogrHa o BOJHOCTH YCTAaHOBJBEHO
je Ila cy ce BeoMa BOJIHE M BEOMa CYIIIHE TOANHE
jaBuie HakoH 1990. rogmHe mITO yKa3yje Ha
nosehame BapujaOMIIHOCTH MPOTHUIIAja TIOBE3AHO
ca KJIMMAaTCKUM IpoMjeHama. YOoueHe MpoMjeHe
mpoTuiiaja Takohe cy moBe3aHe ca oOpacmuma
aTMOC(epCKUX LUPKYyJaIHja BEIUKHX pa3Mjepa
Ha cjeBepHOj xemuchepu. 3HauajHa Kopeayja
u3mehy AO 1 pHjedHOr MPOTHIIAja YCTAaHOBJbEHA
j€ Y CBUM TOIUIIKBUM J00MMa (OCUM y CE30HH
Jb€TO0). 3UMCKH TMPOTUIAJU TIOKa3yjy 3HauyajHy
HeratuBHy kKopenanujy u ca NAO u EAWR
oOpaciuma. 3anakeHa TEHACHIHM]a CMambema
MPOTHILIAja 3acUTypHO he nmatu OpojHe HeraTUBHE
COIMO-eKoHOMCKe uMILTKanuje. C 003upom Ha TO
Jla UCTpaKMBamba MpoMjeHa rpotunaja y EBpornu
nokazyjy na he y 6ynyhnoctu nohu 1o cMamema
NpoTHIIaja y jy»Hoj 1 jyrouctouHoj EBporu (EEA,
2017), naspa UCTpakuBama Tpeda yCMjepuTH Ha
MpoyyaBame MpOjeKIlfja PUjeyHUX MPOTHUIIAja
3a cimuB pujexe CaHe 10 kpaja 21. BHjeka, Kao
Ha MoryhHOCTH TpuiarohaBama U yOiaakaBarmba
HEraTUBHOT YTHIIaja KITMMAaTCKUX MIPOMjEHa.
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