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INPOMJEHE TEMIIEPATYPE BA3/ITYXA Y UICTOYHOJ XEPIHET'OBUHH
Y IHEPHUOAY 1961-2016. 'OJJUHE

Tartjana ITonos!", Cro60nan I'mwato!, I'opan Tpouh' u Mapko UBanumesuh'

"Vuusepsuret y bamoj JIyiu, [lpupoano-maremaruuku dakynrer, bamwa Jlyka, Pemy0miuka Cpricka

Caskerak: Y pagy ce aHAIH3HPajy MPOMjeHe TeMIlepaType Baszayxa y Mcrounoj Xepuerosunu y nepuoay 1961-2016.
roauHe. Ha ocHOBY moaTaka o MjeCeqHHM CPeIbIM, CPEIIHM MaKCUMAITHIM U CPEII-MM MUHUMAITHAM TeMIIepaTypaMa
Baz/yxa ca METCOPOJIOMIKHUX M MaIaBUHCKNX CTaHuIa y McTounoj XepreroBuHu aHalu3upaHu Cy TPEHIOBH, PacTiopest
mpeMa MepIeHTIINMA U TIPOMjeHe Y OJHOCY Ha MPOCjedHe BPHUjETHOCTH y pedepeHTHOM rmepuoay 1961-1990. romgm-
He. Pesynratn nctpaxusama 1moka3syjy Aa je Ha npoctopy Mcroune XepiieroBuHe nprucyTHa TEHACHIN]A 3arpHjaBamba.
3HavajHe TO3UTHUBHE TPEHIOBE Ha TOAUIIHLEM HUBOY HCI0JbaBajy kKako cpenme (0.1—0.3°C mo neneHuju), Tako u CpeIme
Makcumanse (0.3—0.4°C mo neniennjn) u cpeame MuanManHe (0.1—0.4°C mo mernennjn) remmnepatype Ba3ayxa. [loBehame
TeMIlepaTypa Ba3jyxa MPHUCYTHO je€ TOKOM IIHMjele TOANHE, AN je HajU3PaKEHHUjE y CE30HU JHETO (Cpelmba M Cpeama
MUHUMaJHa TeMmepaTypa mopacia je 3a 0.3—0.6°C mo nenenuju, a cpenma mMakcuManHaa 3a 0.5—0.6°C), a HapoduTO
TOKOM JIBa HajTOTLITHja Mjecella, jyia 1 aBrycTa.

Kibyune pujeun: cpeama, cpeama MaKCUMaIHA M Cpeba MUHUMAIHA TEMIIEpaTypa Bas3ayXa, KIMMaTCKe MPOMjeHE,
Hcrouna Xepueropuxa.

Original scientific paper

CHANGES IN AIR TEMPERATURE OVER THE EAST HERZEGOVINA
IN THE 1961-2016 PERIODS

Tatjana Popov'’, Slobodan Gnjato', Goran Trbi¢' and Marko IvaniSevi¢!

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

[Tpoctop ucrounor Menurepana je o 3Hat-
HUM yTHUIa]eéM CaBPEMEHUX KINMAaTCKUX IpOMje-
Ha, KOj€ ce MPBEHCTBEHO OIJIe1ajy y OpacTy TeM-
nepaType Basayxa, Te y nosehamy yuecTanocTu
Y UHTEH3UTETa TOINX Tajaca u cyma (Lelieveld
etal., 2012). 3nayajHu NO3UTUBHU TPEHIOBU KAKO
CPeAbUX TaKO U EKCTPEMHHUX TeMIIepaTypa Ba3-
Iyxa MpHCYTHHU Ha riobGaiHoM HuBOY (Dunn et
al., 2020), yrBphenu cy u UCTpakuBambUMa IIH-
pom Menurepana (Buri¢ et al., 2015a; Di Bacco
& Scorzini, 2020; Fioravanti et al., 2016; Fonseca
et al., 2016; Kioutsioukis et al., 2010; Scorzini
et al., 2018). Ocum noBehama MOBPIIUHCKE TEM-
neparype KomHa, y nepuony 1982-2016. ronune
MIPUCYTaH je U KOHCTAHTaH TPEH/ moBehama mo-
BPILMHCKE TEMIIEpaType MOpa y YUTaBOM peru-
ony Memurepana (Pastor et al., 2018; Pisano et
al., 2020). Crynuje Ha 1100aTHOM HHMBOY YTBp-
JHJIE Cy J1a ce TII00ATHO 3arpyujaBamke MOXKe Ipu-
MUCAaTH aHTPOIOTEHOM JIOJaTHOM KJIMMAaTCKOM
¢dopcupamy (yOUJbHUBOM U JaCHO OJBOjEHOM OfI
npupoanux curnana) (Kim et al., 2016; Mann et
al., 2017). 3a paznuKy off MO3UTUBHUX TPEHI0BA
TeMIIeparype Ba3ayxa, y OBOM PETHOHY JOMHUHU-
pajy HeraTMBHM TpeHIOBH najaBuHa (Alpert et
al., 2002; Philandras et al., 2011). Ocum Tora,
y peruoHy Meaurepana MnpHucyTHO je rnoBehame
Ty’KMHE Tpajama cymHux nepuosaa (Raymond et
al., 2019). HaBenenu TpeHIOBU TemIepaType u
11a/1aBUHA TIPUCYTHU CY Y CYyOMETUTEPAHCKUM U
MeIUTEepaHCKuM noapydjuma Jyroucroune EBpo-
1e, K0joj mpunajaa u npocrop Mcroune Xepuero-
sune (Buri¢ et al., 2015a, 2015b; Gajié-Capka et
al., 2015; Trbi¢ et al., 2017).

[TperxoaHa UCTpakuBamba Koja Cy ce 1eTajb-
HUje 6aBMIIa aHATM30M KIMMAaTCKUX IPOMjeHa Ha
npocropy Mcroune XepuerosuHe yriaBHOM Cy
Ousa Be3aHa 3a MpOMjeHe TUTyBHOMETPH]CKOT pe-
KHMa, Tj. IpOMjeHe YKyNHUX najaasuna (Popov et
al., 2019a) u mpomjeHe y4ecTaloCTH U UHTCH3H-
TeTa magaBuHCKUX ekctpema (Popov et al., 2019b,
2019c).

[TpeTxoqHUM UCTpaKMBaKBUMa KIMMATCKUX
MIPOMjEeHa Ha OBOM IPOCTOpPY YTBphHEHO je 11a je Ha
UCTPa)XMBAHOM IPOCTOPY NPUCYTHA TEHICHIIN]a
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INTRODUCTION

The eastern Mediterranean region is sig-
nificantly influenced by recent climate change,
which is primarily reflected in the increasing air
temperatures and in the increasing frequency
and intensity of heat waves and droughts (Le-
lieveld et al., 2012). Significant positive trends
in both mean and extreme air temperatures pres-
ent globally (Dunn et al., 2020) have also been
identified by research across the Mediterranean
region (Buri¢ et al., 2015a; Di Bacco & Scorzi-
ni, 2020; Fioravanti et al., 2016); Fonseca et al.,
2016; Kioutsioukis et al., 2010; Scorzini et al.,
2018). In addition to the increase in surface air
temperatures over the land, during the 1982-2016
periods a constant increasing trend of sea surface
temperature over the entire Mediterranean re-
gion was determined (Pastor et al., 2018; Pisano
et al., 2020). Studies at the global scale have es-
tablished that global warming can be attributed
to the additional anthropogenic climate forcing
(observable and clearly separated from natural
signals) (Kim et al., 2016; Mann et al., 2017). In
contrast to the positive trends in air temperature,
this region is dominated by the negative precip-
itation trends (Alpert et al., 2002; Philandras et
al., 2011). In addition, an increase in duration of
the dry periods over the Mediterranean region
was also determined (Raymond et al., 2019). The
stated air temperature and precipitation trends are
present in the sub-Mediterranean and Mediterra-
nean areas of the Southeast Europe, which also
includes the area of East Herzegovina (Buri¢ et
al., 2015a, 2015b; Gajié-Capka et al., 2015; Trbi¢
etal., 2017).

Previous research that dealt in more detail
with the analysis of climate change in the East
Herzegovina region were mainly related to the
changes in the pluviometric regime, i.e. changes
in total precipitation (Popov et al., 2019a) and
changes in frequency and intensity of precipita-
tion extremes (Popov et al., 2019b, 2019c¢).

Previous research on climate change over
this area have shown that there is a warming
tendency over the study area (Popov et al., 2017,
2018a, 2018b, 2019b; Trbi¢ et al., 2017). The
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3arpujaBama (Popov et al., 2017, 2018a, 2018b,
2019b; Trbi¢ et al., 2017). UctpaxuBamem je
yTBpheHo na je y nepuony 1961-2016. ronune
yak 77 % excrpeMHo xyagHux Mmjecenu (< 10.
MEPLEHTHIIA CPEABUX MjeCeUHUX TeMIIepaTrypa)
3abusbekeHo y nepuoay 1961—1990. ronune, a 67
% exkcTpeMHO ToIuUX Mjeceru (> 90. nepueHTH-
J1a CpeIIIbIX MjECEUHHUX TEMIIEPaTypa) y IePHOIY
1991-2016. ronune (Popov et al., 2019b). Ocum
CPEelBUX TeMIeparypa, MO3UTHBHE TPEHI0BE
Ousbexe U TeMrneparypHu ekcrpemu. Y MocTta-
py cy, Ha mpuMmjep, y nepuoay 1961-2015. ronu-
HE cpe/ba MaKCUMallHA M Cpelliba MHHUMAaHA
Temreparypa 3HadajHo nopacie 3a 0.3°C mo ne-
uenuju (Popov et al., 2017, 2018a), nox cy an-
COJYTHO MaKCHMallHa M aricolyTHO MUHHMMAJIHA
TeMIlepaTypa Ba3ayxa 3HadajHo nopacie 3a 0.5°C
o aenennju u 0.4°C 1o Ae1eHuju, pECIEKTUBHO
(Popov et al., 2018b). McTpaxuBama cy yTBpAnIa
Jla Cy TPEHIOBU MHJEKCA EKCTPEMHUX TeMIepa-
Typa OWIIN U3paKeHUjU 32 HAEKCE J0OMjeHe Ha
OCHOBY MakCHUMaJIHUX Temreparypa (Popov et al.,
2017), mro ykasyje 1a je Ha OBOM IIPOCTOPY TO-
pacT MakCUMallHUX TeMIieparypa Bas3ayxa Behu
0] IopacTa MMHMMAJIHUX Temneparypa. Hage-
JICHO je Y CYIPOTHOCTH ca TII00aTHUM TPEHIOM,
jep Cy Ha rmo0aTHOM HUBOY MUHUMAIIHE TEMIIe-
parype Bazayxa ropacie BHIe HET0 MakCUMall-
He (Dunn et al., 2020), anu je y carmacHOCTH ca
TPEeHJ0BUMA yTBpheHUM y oBoM aujery EBpone
(Bartholy & Pongracz, 2007; Buri¢ et al., 2015a;
Popov et al., 2018b; Ruml et al., 2017; UnkaSevi¢
& Tosi¢, 2013).

C 003upoM Ha CHa)KaH yTHIIA] 3arpHjaBama
KIIUMATCKOT' CUCTEMa Ha CBE NMPHUPOJIHE U COLHO-
€KOHOMCKE CHCTEME, a TOTOTOBO Ha EKOCHUCTEME
MEIUTEPAHCKOT THUIA KOJU MpPENCTaBibajy *Ka-
pumre kaumarckux npomjena (Tuel & Eltahir,
2020), oBa cTyauja ce eTajbHUje OaBU aHAIU30M
MIPOMjEeHa TEMIIEPaTypHOT peXUMa Ha POCTOPY
Hcroune Xepuerosuse. [maBHu 11uib UCTpaXu-
Bama je Jla ce YTBpJE MPOMjeHe MjeceyHHX, ce-
30HCKUX U TOTUIIBLUX CPEIHbUX U EKCTPEMHUX
(cpenmwe MaKCUMaJIHUX U CPEIhe MUHUMATHUX )
TeMIlepaTypa Basayxa Ha npoctopy Mctoune
Xepuerosuse y nepuony 1961-2016. ronune.

study found that during the 1961-2016 periods
even 77 % of extremely cold months (< 10th
percentile of mean monthly temperatures) were
recorded in the 1961-1990 periods, whereas 67
% of extremely warm months (> 90th percentile
of mean monthly temperatures) were recorded in
the 1991-2016 periods (Popov et al., 2019b). In
addition to the mean air temperatures, tempera-
ture extremes also displayed positive trends. For
instance, during the 1961-2015 periods, mean
maximum and mean minimum air temperatures
in Mostar increased significantly by 0.3°C per
decade (Popov et al., 2017, 2018a), and the
absolute maximum and absolute minimum air
temperatures increased significantly by 0.5°C
per decade and 0.4°C per decade, respectively
(Popov et al., 2018b). The research found that
the trends in extreme temperature indices were
more pronounced for indices obtained based on
maximum temperatures (Popov et al., 2017),
which indicates that over this area the increase in
maximum air temperatures was higher than the
increase in minimum air temperatures. This is in
contrast to the trend observed globally, because
on the global scale the minimum air tempera-
tures have risen more than the maximum ones
(Dunn et al., 2020); however, it is in accordance
with the trends observed over this part of Eu-
rope (Bartholy & Pongracz, 2007; Buri¢ et al.,
2015a; Popov et al., 2018b; Ruml et al., 2017;
Unkasevi¢ & Tosi¢, 2013).

Given the strong impact of global warming
on all natural and socio-economic systems, and
particularly on the Mediterranean-type ecosys-
tems which are climate change hotspot (Tuel &
Eltahir, 2020), this study focuses in more detail
on the analysis of air temperature changes over
the East Herzegovina region. The main goal of
the research is to determine the changes in month-
ly, seasonal and annual mean and extreme (mean
maximum and mean minimum) air temperatures
over the East Herzegovina during the 1961-2016
periods.
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MATEPUJAJIA 1 METOIE

[Tpenmer uctpaxuBama Mpe/cTaBsba MPOCTOP
Hctoune Xepuerosune, neuHUCAHE Kao JHO pe-
ruje XepleroBuHa UCTOYHO of pujeke Hepetse, Tj.
Kao JIMO pervje XepleroBuHa y oOKBUpY IpaHuIa
Peny6nuke Cpricke. YKynHa MOBPIIMHA Ha OBAj
HauuH aeuHuCcane peruje usHocu 3756 km* Hc-
TouHa XepIeroBuHa CMjeIITeHa je Y jyrTOUCTOYHOM
mjeny Penyonuke Cprcke u bocue u Xepiero-
BuHe, u3mehy 42°33°23” ¢. r. . w43°29°22”c. .
1., Te mmehy 17°55°23” u. . 0. u 18°43°3” u. .
1. HaBenieHo nmoapyyje kapakTepuile BEIUKU pac-
MIOH HAIMOPCKHX BUCHHA, O HU3U]JCKOT MOApyYja
Xymuna Ha jyry peruje (Tpebume 276 m u Mo-
crap 99 m) 70 IUITAHUHCKOT TOJpyYja Ha CjeBepy
(Yemepuo 1304 m).

3a aHaNTM3y TEMIIEpaTypHOT PeXHUMa y NepH-
oxy 1961-2016. ronune xopuirheHu cy IoxaIu o
MjecedHuM cpenmuM (Ta), cpeamuM MakcuMal-
HuM (Tmax) u cpenmpum MuHUMaTHUM (Tmin)
TeMIlepaTypama Ba3iyxa ca MeT MEeTeOpPOIOIIKIX
Y TIAJJaBUHCKUX CTAHUIIA 32 KOj€ MOCTOje Tyroro-
nuiba Mjepera (Ci. 1). C 063upom Ha Maiu Opoj
CTaHMIA Ca JyTOTOIHIIHUM MjepehbuMa y aHaTIN3Y
CY YKJbYYEHH U TOJIALl Ca METEOPOJIOUIKE CTa-
Hurie MocTap, Hako ce MeTeOpOJIOIIKa CTaHUIIA
HE HaJla3u Ha noapyyjy ommutuae Mcrounu Mo-
cTap, Hero y QenepasHoM aujeray HpeapaTHOT
rpaga Mocrapa. 3a aHanuzy cy KopuirheHu mo-
nany PermyOnuukor XuIpoMeTeopoIONIKOT 3aBoa
Peny6nuke Cpricke, JaBaor npemyseha Xumpoe-
nexkTpaHe Ha TpeOummuuu a.a. u PenepaaHor
XUJPOMETEOPOIIOIIKOT 3aBozia. C 063upom Ha TO
Jla Ha CBUM METEOPOJIOIIKUM CTaHHUIaMa (OCHM
y Mocrapy) nocroje nmpekuau y Mjepemuma y
paTHOM M TOCIIMjepaTHOM TEPHOLY, U3BpIICHA je
eKCTparnosalnyja mnojaraka rnpeMa rnogaiuMa ca
cranune Mocrap ([ymuh u Anhenxosuh, 2004).

ITomohy Man-Kenpman Tecra u3BpieHa je aHa-
J13a TPEH0BA MjECEUHHX, CE30HCKUX M TOIMIIIEHLUX
BpujeqHoct Ta, Tmax u Tmin y nepuoxy 1961—
2016. romuHe. AHAIM3UpaHa Cy ONICTYTIamha BPUje/I-
HOCTH HaBEJICHHX TapameTapa of1 rpocjeka y pede-
pentHoM nieprony 1961-1990. roqune, kao U BHUXOB
pacropes rnpema NepLeHTUINMA. 3aTUM j€ U3BpIIe-
Ha KOMIIapaTHBHA aHAJIN3a POCjEUHNX BPH)jEIHOCTH

4

MATERIALS AND METHODS

The subject of research is the area of East
Herzegovina, defined as part of the Herzegovina
region east of the Neretva River, i.e. as part of
the Herzegovina region within the borders of the
Republic of Srpska. Thus defined, the region has
a total area of 3756 km?*. The East Herzegovina
region is located in the southeastern part of the
Republic of Srpska and Bosnia and Herzegovina,
between 42°33°23”” N and 43°29°22”° N, and be-
tween 17°55°23” E and 18°43°3” E. This area is
characterized by a wide range of altitudes, from
the lowland area of Humine in the southern part
of the region (Trebinje 276 m and Mostar 99 m)
to the mountainous area in the north (Cemerno
1304 m).

For the analysis of the air temperature regime
during the 1961-2016 periods, the data on month-
ly mean (Ta), mean maximum (Tmax) and mean
minimum (Tmin) air temperatures from five mete-
orological and rain gauge stations for which there
were available long-term measurements were used
(Fig. 1). Given the small number of stations with
long-term measurements, the analysis also includ-
ed data from the meteorological station Mostar,
although the meteorological station is not located
on the territory of the East Mostar municipality,
but it is in the part of the pre-war city of Mostar in
Federation of Bosnia and Herzegovina. Republic
Hydrometeorological Institute of the Republic of
Srpska, Public Company Hidroelektrane na Tre-
bisnjici a.d. and the Federal Hydrometeorological
Institute provided the data. Given that at all mete-
orological stations (except at Mostar station) there
were interruptions in measurements in the war and
post-war periods, the data were extrapolated ac-
cording to the data from the Mostar station ([{yruh
& Anbenkosuh, 2004).

Man-Kendal test was performed in order to
analyze trends in monthly, seasonal and annual Ta,
Tmax and Tmin during the 1961-2016 periods.
Deviations of the stated parameters from their av-
erage values in the reference 1961-1990 periods
were analyzed, as well as their percentiles ranks.
Then, a comparative analysis of the average val-
ues of these parameters in the 1991-2016 periods
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Cn. 1. T'eorpadcku nosnoxaj aHaTu3UpPaHUX METEOPOJIOUIKUX U MaJaBUHCKUX cTaHula y McTouHO]
XepieroBuHu
Fig. 1. Geographical position of analyzed meteorological and rain-gauge stations in East
Herzegovina

HaBeIEHMX NapaMeTapa y nepuony 1991-2016. ro-
JIMHE y OJTHOCY Ha MPOCje4He BPUjETHOCTH y pede-
penTHOM nepuoay 1961-1990. ronuse.

Haname, ananu3upaH je yTHIla] HEKOJIHKO
[JIaBHUX 00pasalia miodaaHe IUPKYIaIije aTMOC-
¢bepe Ha cjeBepHOj Xemuchepu Ha TeMIeparype
Basayxa Ha npocropy Mcroune Xepuerosuse:

in relation to their average values in the reference
1961-1990 periods was performed.

Furthermore, the influence of several main
patterns of global atmospheric circulation over
the northern hemisphere on air temperatures
in East Herzegovina was analyzed: The North
Atlantic Oscillations (NAO) (Hurrell & Van

5
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CjeepHo-atnanrcke ocipmanuje (NAO) (Hurrell
& Van Loon, 1997), WcTo4yHo-atiaaHTCKe OCIuIa-
mmje (EA) (Barnston & Livezey, 1987) u Apkrudke
ocumnanyje (AO) (Thompson & Wallace, 1998).
Amnanusa je u3BpIlIeHa HAa OCHOBY MOJlaTaka o MH-
JieKCUMa MPUKYTIUBeHNM 071 KitmMarckor 1ieHTpa 3a
npenBubhame HarmoHamHe METeOposIoIIKe CITyK-
6e npu HanmonanHoj yripaBu 3a okeaHe U aTMOC-
¢depy CA/I-a (Climate Prediction Center, 2019).
KBantugukanuja Be3a mmehy Ta, Tmax u Tmin
Ha npocropy Mcroune XeprerosuHe u MHIEKCA
oOpaszara mobaaHe HUpKyIalyje arMocdepe 13-
BpIlIeHA je Ha OCHOBY [InpcoHOBOT KOeduUIjeHTa
kopenanyje. CTaTuCTUYKa 3Ha4ajHOCT yTBpheHnx
Kopenauuja aeduHrcana je Ha HuBoy 95 %.

PE3VIITATU 1 JUCKYCHUJA

[Ipocjeune MjeceyHe, CE30HCKE U TOIUIILE
Ta, Tmax u Tmin y Hctounoj XepreroBunu y
a”Hanu3upaHoM nepuony 1961-2016. ronune npu-
kazane cy y Ta6. 1. Hajsume temneparype Bas-
JyXa KapakTepHIlly HUCKY XepLeroBrHy, a mpema
BUIIIUM TIpeJijesiumMa XepLeroBuHe TemMreparypa
omaza. Ha mujenom npocropy Hcroune Xepiiero-
BUHE 3MMa j€ HajXJIaJHUja Ce30Ha (HajXJIaIHUjH
Mjecell je jaHyap), a HajTOIUTH]a JbeTO (HajTOTLTH]H
Mjecell je jyau). JeceH je Ha Ljesoj TEpUTOPHUjH
TOIUIHja o IpoJbeha.

HajBuie Temmneparype Ba3ayxa Ha HCTPaXKH-
BaHUM cTanunama Vcroune Xepueropuse y nepu-
oxy 1961-2016. roqune u3MjepeHe cy 3a Bpujeme
M3y3€THO CHAXHOT M TYTOTPajHOT TOILIOT Tajlaca
koju je y seeto 2007. rogune 3axBaruo EBpory.
MakcumarnHa Temreparypa Basayxa u3MjepeHa y
Mocrapy uzHocuna je 43.1°C (y Tpebumy 42.5°C,
a Ha HajBu1IOj craHuiy Ha Yemepny 33.8°C). Haj-
HIDKA MU3MjepeHa TeMIeparypa Ba3lyxa y HaBejie-
HOM Tepuoay u3Hocuna je -22.5°C, a u3mjepeHa
je Ha YemepHy y janyapy 2006. ronune. ¥ jaHy-
apy 1963. ronune 3a0usbeKeHa je arncoayTHO MU-
HuUMasiHa Temrneparypa y Mocrtapy (-10.9°C). ¥
bunehu je MuHMMaNHA BpUjEIHOCT TeMIIEpaType
usMjepeHa y janyapy 1968. ronune (-15.4°C), a
y Tpebumy y neuemopy 1973. u janyapy 1985.
rogune (-10.5°C).

6

Loon, 1997), the East Atlantic Oscillations (EA)
(Barnston & Livezey, 1987) and the Arctic Os-
cillations (AO) (Thompson & Wallace, 1998).
The analysis was performed based on index data
collected from the Climate Prediction Center of
the U. S. National Oceanic and Atmospheric Ad-
ministration (Climate Prediction Center, 2019).
The quantification of the connections between
Ta, Tmax and Tmin in the East Herzegovina and
the indices of global atmospheric circulation pat-
terns was performed based of Pearson’s correla-
tion coefficient. The statistical significance of
the determined correlations was defined at the
level of 95 %.

RESULTS AND DISCUSSION

Average monthly, seasonal and annual Ta,
Tmax and Tmin in the East Herzegovina during
the analyzed 1961-2016 periods are shown in
Tab. 1. The highest air temperatures character-
ize a lowland part of the Herzegovina, where-
as towards to the higher parts of the region, the
temperature decreases. Over the entire area of
the East Herzegovina, winter is the coldest sea-
son (the coldest month is January), whereas the
warmest season is being summer (the warmest
month is July). Autumn is warmer than spring
over the entire territory.

The maximum air temperatures at the stud-
ied stations in the East Herzegovina during the
1961-2016 periods were recorded during an ex-
tremely intense and long-lasting heat wave that
spread over Europe in the summer of 2007. The
maximum air temperature of 43.1°C was mea-
sured in Mostar (in Trebinje 42.5°C and at the
highest-located station Cemerno 33.8°C). The
minimum air temperature recorded in the stat-
ed period was -22.5°C, and it was measured in
Cemerno in January 2006. In January 1963, the
absolute minimum air temperature was recorded
in Mostar (-10.9°C). In Bile¢a, the minimum tem-
perature was measured in January 1968 (-15.4°C),
and in Trebinje in December 1973 and January
1985 (-10.5°C).
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Ta0. 1. IIpocjeune mjeceune, cezoHcke U roguime Ta, Tmax u Tmin y Mcrounoj XepueroBunu y
nepuony 1961-2016. ronune (y °C)
Tab. 1. Average monthly, seasonal and annual Ta, Tmax and Tmin in the East Herzegovina in the
1961-2016 periods (in °C)

Ta

“lzlslalzlala]l [Zz]2)s]g] |22z
B B! - e | =
= =) =
200 B B e B IR U S IR g (2 I T T Il B © | v | X o
~ | | = | S| =& | | < ~ | | | S| < ~ | = | | © | ©
RN N Bl Bal L S a]al e - i E i B B
(=¥ o, Q.
VJ:."?N.@N;. Viggq—g A [ en | = | ©of —
BERN AR - :
Elslalel2| =]« Zl2lsl=]|a Zlsl=z|2|<
S| S| | o | @ | Q| S ~ | 2| 0| = | & ~ || @ | 9| e
o ™ ™
“lslalalzlelsl [Zl2l2)sg]2] |Z)slz]z|2
Sl Tz ElZl2] 2| ® Sl 29|
<o | | | | 7| © X |l = | = | X || o T o
sl S|lalalx|lal I il VA B B A S|l e =<
Xl S|l ol o | | a2 ||l ol o | Xl S| «a| 8| &
<|la|ldla|le|ls]|a x| 2| 2| 2|2 < || S| 3|2
—_ | — —
—1v—lv—4°\l\v—1 o | — | — | & v—tl\v!—1
x\o.ﬂ‘.l\.l\.l\."‘. ><°°."’.°°.°\. N | | o | T
Nl | & & en | = | Nl vy | | 6| © 5<r~l\-m,
- | == | —= | — | — | & | < (\](\]—4(\]: —_— ] —
< 4=
g =
2lo|le|le|lals|=Flglx|ala|l=Flzslal=|a]|a«
= | [ = | = | >~ | v | Tl ol ol — | a = | o | v | — | &
>l a |l a |l a| =] =] & >l A & | oen >l = = | = =
= | = | S| R || 2] X =l 2| T | == =] 2| <=2 | A
><r<'\lv—00lntn >omo~ >ootr>v—40\
A | 8| | =] = |« Al N Q| e = | = | =] =
— | | T 2| xR | 0| — | Q| | 2| % — | e | | —~ [
— | N | &N | v | o oo | o0 :
N T R T = S = | =S| v | = -l 2| o | <=
= T S Y W IS W I T A I > | en | = | < | < >l | S| w | @
_— ] e e | e — N | N | == | —_— ] - —
S| S22 || S S S| 2 =] 3 > || 2| |
sl |l =] =|=]|S =l 3|1 & ez AN
S - N B SN S L =T = eI I I B R e H |l | | Q] w
= |lelala| 2| | = T T A B = | Tl 2|9
— o | x| | @ | Q| < =l Z | | = | = =l || W | e
— | Sl 2R R I T I — a2 2|
AWl el T w S|l =] S| © — | @ | v | «
| = |m | <] m| O | =] | O | = mm| O
E|l R | m|O |0 | = E | R0 | = |l RO | =

\]|
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On npyre nonosute 20. BUjeka y CBUM JHje-
noBuMa Vctoune XeprieroBuHe mprucyTaH je TPEHT
3arpujaBama (Tal. 2). Y aHanmu3upaHoM TEepHOLY
1961-2016. ronune Ta 3Ha4ajHO Cy Mopacie — Of
0.1°C mo nmenenuju y lanky no 0.3°C mo nmere-
Huju Ha Yemepny, Te y Mocrapy u bepkoBuhuma.
CraTucTuyKy 3Ha4ajaH MopacT 3a0UIbEXKUIIe Cy U
roguibe Tmax (0.3—0.4°C no genenuju) 1 Tmin
(0.1-0.4°C mo menenuju). Y HIDKMM TIpefjenuma
XepueroBrHe rofuima Tmin nopacna je rmo cromna-
Ma jerHakuM nopacty Tmax (y Tpebumy 3a 0.4°C
1o AerieHuju, a y Mocrapy 3a 0.3°C no netieauju). Y
BUILIMM TOZpY4jiMa opacT Tmin 1o JIMHUjU TpeH-
Jia OMO je HEeIlIToO HIKH Off oBeharma yTBpheHor 3a
Tmax (Hapounto Ha nonpyyjy bunehe — 0.1°C mo
netiennju Hactipam 0.3°C 1o neteHujm).

Ha mmjenom npocropy Hcroune XeprieroBu-
HE TIPUCYTaH j€ CTATUCTHYKY 3Ha4YajaH MO3UTHBaH
tpenn Ta y ce3onu jpeto — on 0.3°C mo nenenuju
y lariky 10 0.5°C no nenenuju y Mocrapy (Ha oc-
tamuMm ctanunama 0.4°C o nenenuju). Y ce30HHA
nposbehe Ta je Takohe 3HaYajHO Mopacia — Hopact
no JmHUjU TpeHaa uzHocuo je 0.2-0.3°C mno ne-
teHrju. CTaTUCTHYKY 3Ha4YajaH MO3UTHUBAH TPEH/T
Ta y ce30HUM 3uMa yTBpheH je jeTMHO Ha IPOCTOpPY
Uemepna u Mocrapa (0.3°C mo netieHuju), 10K
je y ocranum noapyyjuma Mcroune Xepreropute
TeMIeparypa HeCUrHupukaHTHo nopacia 3a 0.1°C
o neuenuju. Hajuspaskenuju tpen noseharma ce-
30HCKMX Tmax u Tmin Takolhe je 3a0uibexkeH y
ce3onu Jbeto (0.5—0.6°C no nenennju u 0.3—0.6°C
10 JICLICHU]U, PECTIEKTUBHO), a 3aTUM y C€30Hama
npossehe (0.3—0.4°C mo nenenunju u 0.1-0.3°C o
neteHuju, pecriektuBHO) u 3uMa (0.2—0.3°C o nie-
LICHU]H 3a 00a mapameTpa).

Cpenme mjeceune Ta, Tmax u Tmin HajBuIe
Cy Topacie TOKOM J[Ba HajTOIUINja Mjecela y ro-
auHY — Y jyiy ¥ aBrycty (0.3—0.6°C no neuenuju,
0.5—0.7°C no penennju u 0.2—0.6°C no neueHuju,
pecniekTiBHO). [T03UTHBHU TPEHJOBU 3a0HIbexke-
HU Cy y TOTOBO CBHM MjecelMa — jeJJHHO Y Cell-
TeMOpy ¥ HOBEMOpPY Y HEKHM BHIIIUM ITpEIjenuma
HUje YTBpl)EHO MPHUCYCTBO TPEHIA Y BPEMEHCKO]
cepuju. Y ce30HHU jeceH yTrBphenn mopact Tmax
0uo je 3HayajaH jeMHO Ha mpoctopy UemepHa
(0.2°C no nmenenuju), a Tmin Ha TPOCTOPY HUCKE
Xepruerosusre (0.2—0.3°C no aenenuju). Tpebda Ha-
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During the second half of the 20th century,
a warming trend has been present in all parts of
East Herzegovina (Tab. 2). During the analyzed
1961-2016 periods, Ta have increased signifi-
cantly — from 0.1°C per decade in Gacko to 0.3°C
per decade in Cemerno, Mostar and Berkoviéi.
Annual Tmax (0.3—0.4°C per decade) and Tmin
(0.1-0.4°C per decade) also recorded a statistically
significant increase. Over the lower parts of the
East Herzegovina, the annual Tmin increased at
rates equal to those of Tmax (in Trebinje by 0.4°C
per decade, and in Mostar by 0.3°C per decade).
At the higher altitudes, the Tmin trend values were
slightly lower than the ones determined for Tmax
(especially in the Bilec¢a area — 0.1°C per decade
versus 0.3°C per decade).

Over the entire area of East Herzegovina,
there is a statistically significant positive trend in
the summer season — from 0.3°C per decade in
Gacko to 0.5°C per decade in Mostar (at other sta-
tions 0.4°C per decade). In the spring season, Ta
also increased significantly — the increase was in
the range of 0.2—0.3°C per decade. A statistically
significant positive trend in the winter season was
found only in the areas of Cemerno and Mostar
(0.3°C per decade), whereas in other parts of East
Herzegovina the temperature increased insignifi-
cantly by 0.1°C per decade. The most prominent
increase in seasonal Tmax and Tmin was also
recorded in the summer season (0.5—0.6°C per
decade and 0.3—0.6°C per decade, respectively),
followed by the spring season (0.3—0.4°C per de-
cade and 0.1-0.3°C per decade, respectively) and
the winter season (0.2—0.3°C per decade for both
variables).

The average monthly Ta, Tmax and Tmin in-
creased the most during the two warmest months
of the year — in July and August (0.3—0.6°C per
decade, 0.5-0.7°C per decade and 0.2—0.6°C per
decade, respectively). The positive trends were re-
corded in almost all months — only in September
and November at some higher areas the presence
of the trend in the time series was not determined.
In the autumn season, the determined increase in
Tmax was significant only in the area of Cemerno
(0.2°C per decade), and Tmin in thelowland area
of Herzegovina (0.2—0.3°C per decade). It should
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Ta6. 2. JlekagHu TPEH] MjECEUHUX, CE30HCKUX U ronummbux Ta, Tmax u Tmin y McTouHoj

Xepuerosunu y nepuoay 1961-2016. ronune (y°C)

Tab. 2. Decadal trend of monthly, seasonal and annual Ta, Tmax and Tmin in the East Herzegovina

in the 1961-2016 periods (in °C)

Ta

CrarucTryky 3Ha4ajHO Ha HUBOY 99.9 % (a), 99 % (b) u 95 % (c) / Statistically significant at the 99.9 % (a), 99 % (b) u 95 % (c) level
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MIOMEHYTH J1a Cy ce30HCcKe Tmin renepaiHo pacie
10 HELITO HIKUM CTormamMa Hero Tmax.

Tpenn 3arpujaBamba Ha UCTPAKUBAHOM MTPOC-
Topy Mcroune XeprieroBuHe u3paxeHHju ocTaje
o nocibeame nernenuje 20. Bujexa. Ha Behunn
aHaJIM3MpaHUX cTaHuIa y MctouHoj XepreroBu-
HU JICBET O]1 IeCET HajTOIUIMjUX TOIMHA Y TIOCMa-
TparoM neproay 1961-2016. ronune 3a0MIbeXEHO
jey 21. Bujexy. Mebhy necer HajTOIUIMjUX TOANHA
Hamuia ce jenuHo 1994. ronuHa, xoja je u Ouia
HAajTOIUIMja TOAMHA Y HABEACHOM IIEPHOLTY. JETMHO
je Ha YemepHy TO Omiia ipyra HajTOILIMja TOANHA
HaxoH 2014. roqune. Mel)y HajxsiaiHIjUM TOIMHA-
Ma y MicTounoj XeplLeroBuHu Hasase ce yrJIaBHOM
ronuHe u3 nepuona npuje 1990. rogune. [IBuje
HajXJIaIHUje TOIMHE HA OBOM TPOCTOPY OUIIe Cy
1976. u 1980. ronquna. 13 nepuona nakon 1990-te
ronuHe jeauHo ce 2005. roauHa (1 Ha M0jeTUHIM
cranuiama 1995. umn 1996. ronquna) Hanuta meh)y
HAajXJIaJJHUjUM TOIMHAMa y TIOCMAaTpaHoOM MEPHO/TY.

Amnarnu3a pacriope/ia TemIieparypa Basayxa npema
MIEPLICHTIIMMA TIOKa3yje 1a je HakoH 1990. roause,
rouiba Ta TokoM camo 2—4 rofHe Ouiia y Karero-
puju < 25. nepreHTinia — yraBHoM 1995, 1996, 2005.
i 2006. romuHa (Co1. 2). AHanmm3a romaibsux Tmax
1 Tmin nokazyje 71a cy ce TOKOM caMo 3 TOAMHE Ha-
nute y kareropuju < 25. neprentuna (Tmax yrmaBHOM
1995, 1996 u 2005. romune, y TpeOumy jemuno 1996.
romuHa; a Tmin ymasHOM 1991, 1993, 1995, 2005 v
2006. romuse). C apyre CTpaHe, IPOCjeuHo CBaKa JIpy-
raTO/MHA HaJla3kIa ce y KaTeropuju > 75. epleHTH-
na. Ha nmpumjep, 6poj romrHa ca Tmax y 0Boj Karero-
puju kpehe ce o 11 romuna y bunehu o 15 romuna
y Tpebumy (na Yemepny u y Mocrapy 13 romuna
HAIILIO Ce y 0BOj Kareropuju). CBera jeHa Win JABHje
romrHe ca Tmax (mpema Tmin HujenHa) U3 eprona
1961-1990. roquHe HamwIe cy ce y 0BOj KATETOpHjH —
uTo 1961. romHa ¢ nmovyeTka aHaIM3UPAHOT MEPHOIA
n'y HkuM npejermma Microune Xeprierosuse 1990.
romuHa. Mel)y roniHama ca HajBUIIMM MaKCUMyMUMa
TEMITeparype Ba3lyXa Hala3e ce JOMHHATHO TOIMHE
HakoH 1990. ronuHe, a HAPOUUTO TOAMHE Of TIOUET-
ka 21. Bujexa — 2007, 2015, 2000, 2012, 2001, 2008,
2013, 1998 utn. HaBenenn MakcumMyMu 3a0MIbEKEHH
Cy 3a BpHjeMe CHOKHUX TOIUIMX Tajlaca Koju Cy y HaBe-
JICHUM roIiHaMa 3a01bekeHH Ha ripoctopy Mcroune
Xepuerosure. [Tocsemmpux nereruja (Tj. o 1970-mx)
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be noted that seasonal Tmin generally increased at
slightly lower rates than Tmax.

The warming trend over the studied area
of East Herzegovina has become more pro-
nounced since the last decade of the 20th cen-
tury. At most of the analyzed stations in East
Herzegovina, nine of the ten warmest years in
the observed 1961-2016 periods was record-
ed in the 21st century. Among the ten warmest
years was only 1994, which was the warmest
year during the stated period. It was only in
Cemerno that it was the second warmest year
(after 2014). Among the coldest years in East
Herzegovina are mostly years before 1990. The
two coldest years in this region were 1976 and
1980. Since the 1990, only 2005 (and at some
stations 1995 or 1996) was among the coldest
years in the observed period.

Analysis of the air temperatures percentiles
ranks shows that since 1990, the annual Ta was
in the category of the < 25th percentile for only
2—4 years — mainly 1995, 1996, 2005 or 2006
(Fig. 2). The analysis of annual Tmax and Tmin
shows that in only 3 years they were in the cate-
gory of < 25th percentile (Tmax mainly in 1995,
1996 and 2005, in Trebinje only 1996; and Tmin
mainly in 1991, 1993, 1995, 2005 or 2006). On
the other hand, every other year on average was
in the > 75th percentile category. For instance,
the number of years with Tmax in this category
ranges from 11 years in Bilec¢a to 15 years in Tre-
binje (in Cemerno and Mostar 13 years belong to
this category). Only one or two years with Tmax
(for to Tmin none) from the 1961-1990 periods
were in this category — 1961 at the beginning of
the analyzed period and 1990 in the lower parts
of East Herzegovina. Among the years with the
highest maximums of air temperature are domi-
nantly years after the year 1990, and especially
the years since the beginning of the 21st century —
2007,2015, 2000, 2012, 2001, 2008, 2013, 1998,
etc. These maxima were recorded during intense
heat waves that were recorded in these years over
the area of East Herzegovina. In recent decades
(i.e. since the 1970s), in Europe there has been a
trend of increasing extreme summer heat waves

(Zhang et al., 2020).
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Cx. 2. Paciopen ronumimux 1 ce30HCKUX Ta y Mcrounoj XepueroBuHu rnpema
nepueHTwinMa y nepuony 1961-2016. rogune
Fig. 2. Percentile rank of annual and seasonal Ta in the East Herzegovina in the
1961-2016 periods
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y EBpomu je npucyTtan TpeH[] mopacta eKCTpeMHHX
JBETHHHX TOIUHX Taiack (Zhang et al., 2020).
AHanu3za oncrynama roguimux Ta, Tmax u
Tmin y McTounoj XepueroBuHu of] MpocjeuHe TeM-
neparype y pedepentaom nepuony 1961-1990.
ronuHe (Ci. 3) motBphyje Aa TpeH 3arpujaBama
10cTaje MHTEH3UBHU)U HaKoH 1990-Te roguue.
[Tpomjene cezoHckux Ta aHanmu3upaHe Kpo3
OZICTyHame 0] Ipocjeka y peepeHTHOM NEePHOLY

Analysis of deviations of annual Ta, Tmax
and Tmin in East Herzegovina from their average
values in the reference 1961-1990 periods (Fig.
3) confirms that the warming trend became more
intense after 1990.

Changes in seasonal Ta analyzed through de-
viations from the average values in the reference
1961-1990 periods and their percentiles ranks
also confirm that the warming trend in the area
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Cn. 3. Oncryname roqumimux Ta, Tmax u Tmin ox npocjeka y nepuony 1961-1990. ronune —
npumjep Tpebuma u bunehe
Fig. 3. Deviation of annual Ta, Tmax and Tmin from the 1961-1990 periods averages — the example
of Trebinje and Bile¢a

1961-1990. ronuHe 1 BHUXOB PacOpe] Ipema rnep-
LEHTUIMMa Takol)e MOTBphyjy 1a TpEeH 3arpuja-
Bama Ha npocropy Vcroune XepleroBuxe nocraje
u3paxkeHuju ox 1990-ux roauHa, a MOroTOBO O
noyeTka 21. Bujeka — HApoOuUTO y Ce30HaMa JHETO
u iposbehe. Ha mpumjep, o 1990. roqune y Tpe-
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of East Herzegovina has become more prominent
since the 1990s, and especially since the begin-
ning of the 21st century — particularly during the
summer and spring seasons. For instance, since
1990 in Trebinje, no summer season has been
colder than the reference period average nor has
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OuIby HUjeTHa Ce30Ha JHETO HUje Omiia XJaaHuja
o7l Ipocjeka peepeHTHOT ieproia HUTH Ce Halll-
na y xareropuju < 25. nepuenrtuia. Jbero 2003,
2007, 2012 u 2015. ronune 6uno je yak 3—4°C
Toruje o npocjeka (Ci. 4). Y nepuony HakoH
2001. romune, jemunao ce mposbehe 2006. roauHe
y lanky Hamwio y kareropuju < 25. mepreHTHIa.
Xnagauje of mpocjeka pedepeHTHOr meproaa

it been in the < 25th percentile category. The sum-
mers 0f 2003, 2007, 2012 and 2015 were as much
as 3—4°C warmer than average (Fig. 4). Since
2001, only spring of 2006 in Gacko has been in
the category < 25th percentile. The spring of 2006
in Trebinje and Cemerno was also colder than the
reference period average, as well as the spring of
2005 in Gacko.
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Cn. 4. Oncryname ce3oHCKuX Ta on mpocjeka y nepuoay 1961-1990. rogune (J1jeBo) u pacniopes
npemMa MepleHTIINMa (JIecHO) — npumjep Tpebuma
Fig. 4. Deviation of seasonal Ta from the 1961-1990 periods averages (left) and percentile rank
(right) — the example of Trebinje
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ouno je u mposbehe 2006. ronuue y TpeOumy 1 Ha The example of seasonal Tmax and Tmin
UYemepHy, kao u mposbehe 2005. ronune y 'anky.  in Bilec¢a (Fig. 5 and Fig. 6) confirms that since
[Tpumjep cezonckux Tmax 1 Tmin y bunehun 1990 only a few spring (4 and 3, respectively)
(Cn. 5 u Cn. 6) notBphyje aa je ox 1990. romune  and summer (5 and 1, respectively) seasons have
camo HEKOJIMKO ce30Ha rnposbehe (4 u 3, pecriek-  been colder than the reference period averages
THBHO) U JbeTo (5 u 1, peciektuBHO) 6mio xman- — and have found itself in the < 25th percentile cat-
HUje of] Ipocjeka pe)epeHTHOT MEePHO/Ia U HAIIIO  €gorYy.
ce y Kareropuju < 25. nepueHTuiIa.
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Cn. 5. Oncryname ce30HCKUX Tmax o mpocjeka y nepuoay 1961-1990. rogune (JiujeBo) u
pacriopen mpeMa nepreHTuwIMMa (IecHo) — npumjep bunehe
Fig. 5. Deviation of seasonal Tmax from the 1961-1990 periods averages (left) and percentile rank
(right) — the example of Bilec¢a
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Cn. 6. Oncryname ce3oHckuX Tmin on pocjeka y nepuoay 1961-1990. rogune (JujeBo) u
pacriopes nmpeMa nepreHTuIMMa (IecHo) — npumjep bunehe
Fig. 6. Deviation of seasonal Tmin from the 1961-1990 periods averages (left) and percentile rank
(right) — the example of Bileca

KomnaparuBHa aHain3a MpPOCjEYHHX TO-
mmwux Ta y nepuony 1961-1990. ronune u y
nepuony 1991-2016. rogune, Takohe mokasyje
nopacT crore 3arpujaBama (Tab. 3). [Ipocjeuna
rofuiimka Ta mopacia je Ha CBUM aHaJIM3UPAHUM
cranunama mmely nBa nepuosna, a Hajsehu mopact
3a0MJbEKEH je Ha HaJHIDKO] CTaHUIM Y MocTapy

The comparative analysis of average annual
Ta in the 1961-1990 periods and 1991-2016 peri-
ods, also confirms an increase in the warming rates
(Tab. 3). The average annual Ta increased at all
analyzed stations between the two periods, and the
highest increase was recorded at the lowest-locat-
ed station in Mostar (0.9°C) and at Cemerno, the

15
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Tab. 3. Paznuka n3mely npocjeyHnx MjeceqHnx, Ce30HCKHUX U roauimbux Ta, Tmax u Tmin
y Uctounoj Xeprerosunu y nepuony 1991-2016. ronune y onnocy Ha peepeHTHH epHoa
1961-1990. rogune (y°C)
Tab. 3. The difference between the average monthly, seasonal and annual Ta, Tmax and Tmin in the
East Herzegovina in the 1991-2016 periods in relation to the reference 1961-1990 periods (in °C)
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(0.9°C) u Ha YemepHy, HajBUILO] aHATU3UPAHO]
cranuiy (0.8°C), kao u y beprosuhuma (1.0°C).
lomumma Tmax nopacina je uzmely nBa HaBene-
Ha repuoja 3a oko 1.0°C Ha cBUM aHaIM3UpPaHUM
cranurama (jenuno y bunehu 3a 0.7°C). l'ogumima
Tmin HajBume je mopacna y Tpebumy 3a uak
1.3°C, nok je moBehame Ha OCTATUM CTaHUIIAMA
nzHocuio 0.7-0.8°C.

Hajsehu mopact npocjeqyHnx C€30HCKUX TeM-
neparypa Bazayxa (Ta, Tmax u Tmin) 3a0usbexeH
j€ y HajTOIUTHjeM JHjey TOJMHE, Y Ce30HU JHETO
(1.1-1.9°C, 1.6-2.1°C u 1.3-2.1°C, pecnekTus-
HO), a 3aTuM y ce3oHama mpoteehe (0.5-0.9°C,
0.8-1.1°C n 0.6-1.2°C, pecnekTuBHO) U 3uUMa
(0.2-0.7°C, 0.4-0.8°C 1 0.6-0.8°C, pecIeKTUBHO).

[Tpocjeune MjeceyHe TeMIiepaType Ba3ayxa
(Ta, Tmax u Tmin) nmopacie Cy Ha CBUM aHaJU-
3UpaHUM CTaHHUIIaMa (OCHUM y cenTeMOpy Ha He-
KHUM CTaHHIama), a Hajehu mopact 3a0usbekeH
je y jerHuM Mjeceruma. Ha mpumjep, Ta, Tmax
u Tmin y aBrycry nopacine cy 3a gak 1.3—-1.9°C,
1.9-2.3°C u 1.5-2.2°C, pecieKTUBHO.

Pesynraru kopenaiione aHajau3e MoBEe3aHOCTH
oOpazama IMpKyIanyja modamTHuX pa3Mjepa Ha
cjeBepHOj xeMucdepr U TeMIleparype Ba3ayxa Ha
HCTPaXMBaHOM IpocTopy Mcrtoune Xepuerosune
npukaszanu cy y Ta0. 4-6. BapujaGunHoct Teme-
parype (Tj. MO3UTHBHE TEMIIEpATypHE aHOMAIHje) Y
EBporu (Rust et al., 2015), ma Tako 1 Ha IPOCTOPY
Hcroune XeprieropuHe, HajCHAKHHU]E j& YCIOBIbE-
Ha EA ocumnanujom. Y Mcrounoj XepieroBuHu

highest-located of the analyzed stations (0.8°C),
as well as in Berkovi¢i (1.0°C). The annual Tmax
increased between the two stated periods by about
1.0°C at all analyzed stations (only in Bile¢a by
0.7°C). Annual Tmin increased the most in Tre-
binje by as much as 1.3°C, whereas the increase at
other stations was in the range of 0.7-0.8°C.

The largest increase in average values of
seasonal air temperatures (Ta, Tmax and Tmin)
was recorded in the warmest part of the year,
in the summer season (1.1-1.9°C, 1.6-2.1°C
and 1.3-2.1°C, respectively), and then in spring
(0.5-0.9°C, 0.8-1.1°C and 0.6-1.2°C, respec-
tively) and winter (0.2-0.7°C, 0.4-0.8°C and
0.6-0.8°C, respectively).

Average monthly air temperatures (Ta, Tmax
and Tmin) increased at all analyzed stations (ex-
cept in September at some stations), and the largest
increase was recorded in the summer months. For
instance, Ta, Tmax and Tmin in August increased
as much as 1.3-1.9°C, 1.9-2.3°C and 1.5-2.2°C,
respectively.

The results of the correlation analysis of the
relationship between the global circulation patterns
over the northern hemisphere and the air tempera-
tures over the studied area of East Herzegovina are
shown in Tab. 4-6. Temperature variability (i.e.
positive temperature anomalies) in Europe (Rust et
al., 2015), as well as in the area of East Herzegovi-
na, is most strongly conditioned by the EA oscilla-
tion. In East Herzegovina, the positive correlation

Tab6. 4. [TupconoB koeduIrjeHT Kopenanuje u3Mel)y rouIbUX BPpHjeTHOCTH HHIEKCa
nupkyianuja rioodannux pasmjepa (EA, NAO u AO) u remnepatypa Ba3ayxa (Ta, Tmax u Tmin)
Ha nipoctopy Ucroune Xepueropune y nepuony 1961-2016. ronune
Tab. 4. Pearson correlation coefficient between annual values of teleconection patterns indices (EA, NAO
and AQO) and air temperatures (Ta, Tmax and Tmin) in the East Herzegovina in the 19612016 periods

EA NAO AO
Ta Tmax Tmin Ta Tmax Tmin Ta Tmax Tmin
TR 0.615 0.694 0.599 0.135 0.253 -0.105 0.416 0.484 0.141
BI 0.619 0.647 0.383 0.126 0.272 -0.039 0.330 0.496 0.043
CE 0.713 0.717 0.691 0.202 0.238 0.084 0.365 0.447 0.285
MO 0.726 0.648 0.723 0.155 0.156 0.084 0.406 0.460 0.318

CraTtucTuuky 3Ha4ajHo Ha HUBOY 95 % / Statistically significant at the 95 % level
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No3uTHBHA noBe3aHocT mMehy EA ocrmnanyje u
temneparype Bazayxa (Ta, Tmax u Tmin) je jaka u
CTATUCTUYKH 3Ha4ajHa TOKOM Iujerne roaute. Koe-
¢bunujeHTH Kopenanyje u3Mel)y ToAuIIber nHie-
kca EA u Ta, Tmax u Tmin u3noce 0.615-0.726,
0.647-0.717 u 0.383-0.723, pecnektuBno (Tab.
4). Vako je CTaTUCTUYKH 3Ha4ajHa TIO3UTHUBHA KO-
penaiyja mprucyTHa TOKOM IMjesie TOIUHE, HajBUILIN
Koe(HILIMjeHTH Kopenalyje yTBpheHH! Cy 3a Ce30He
sbeTo 1 3uMa (Tab. 5 u Tab. 6).

NAO TOoKOM mo3uTHBHE (haze ycloBJbaBa
TPAHCIOPT TOIUIMJUX MAapUTUMHHUX Ba3IyIIHUX
Maca 3amaJHuM BjeTPOBHMA, ja4uM Off yoOudaje-
HUX, IPEKO YMjepeHHX MIUPUHA, IITO Ha TOM MO/
Py4jy yCIOBJbaBa HO3UTHBHE aHOMAJIH]E TEMIIEpa-
type (Hurrell & Van Loon, 1997; Rust et al., 2015).
[Iperxonna uctpaxusawma y bocuu n Xepuerosu-
HU yTBpamia cy Aa NAO uMa CHaXHUjU yTHUIA]
Ha BapHjaOMIIHOCT KJIUME y CjeBEPHOM JIM]jeIy
TEPUTOPH]je, HAPOUUTO Y CE30HU 3MMa, HETO Ha
jyry (Trbi¢ et al., 2017). V ce30Hu 3uMa 3Ha4ajHA
no3uThBHA Kopenaiuja ca NAO yrBphena je camo
Ha ipoctopy Mocrapa. Maxko cy panuja uCTpaxu-
Bama YIIABHOM YyKa3HMBajia Ha 3HayajaH yTHIA]
NAO 3umH, MOCIBEIHUX JCLEHHU]ja TI0jaBUIIA Cy
ce UCTpakuBama Koja Joka3zyjy yrumnaj NAO Ha
BapujaOMITHOCT KIIMMeE U Y ce30HH JheTo (Blade et
al., 2012; Chronis et al., 2011; Folland et al., 2009).
HctpaxkuBama cy uaeHtuduxonana yrumaj NAO
Ha KJIMMaTcKe BapHjadie y uctounom Meaurepa-
HY, KOjH C€ OIVIe/Ia Y TOME J1a BUCOKE BPUjETHOCTH
NAO uHzAeKca ycrnoBjbaBajy pelaTUBHO Xi1aheme
MOBPIINHE (10B€ Tponocgepe), ojayany IUPKy-
JaI|jy MEpU/IMjaHCKoT TpaBLia 1 mosehany oomay-
Hoct (Chronis et al., 2011). Ha mpoctopy Mctoune
XeplieroBuHe Takohe je y ce30HH JbeTo yTBpheHa
3HayajHa HeraTuBHa kopenanyja usmehy NAO u
Ta, Tmax u Tmin — u3zpauyHatu KoepHUINjEHTH
kopenaruje uzHoce -0.376—0.426, -0.412—0.457
u -0.250—0.386, pecnextuBHo (Tab. 5 u Tab. 6).

Kopenarmonom ananu3om yTBpheHa je 1 3Ha-
YajHa nmo3uTUBHA noBe3aHocT Ta u Tmax ca AO
Ha roguimbeM HuBoy (0.330-0.416 u 0.447-0.496,
PECIEKTUBHO), JIOK je Kopenaiuja ca Tmin 3Ha-
yajHa camo Ha aujeny tepurtopuje (Tao. 4). ITozu-
THBHA Kopenaiuja ca AO yTBpheHa je u y ce30HH
nposbehe (Tab. 5 u Tab. 6).
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between the EA oscillation and air temperatures
(Ta, Tmax and Tmin) is strong and statistically
significant throughout the year. The correlation
coefficients between the annual EA index and Ta,
Tmax and Tmin are 0.615-0.726, 0.647-0.717 and
0.383-0.723, respectively (Tab. 4). Although a sta-
tistically significant positive correlation is present
throughout the year, the highest correlation coeffi-
cients were determined for the summer and winter
seasons (Tab. 5 and Tab. 6).

During its positive phase, the NAO conditions
the transport of warmer maritime air masses with
westerly winds, stronger than usual, over moderate
latitudes, which causes positive temperature anom-
alies over this area (Hurrell & Van Loon, 1997;
Rust et al., 2015). Previous research in Bosnia and
Herzegovina has found that the NAO has a stron-
ger impact on climate variability in the northern
part of the territory, especially during the winter
season, than in the south (Trbi¢ et al., 2017). In the
winter season, over the studied area a significant
positive correlation with the NAO was found only
in the area of Mostar. Although previous studies
have generally indicated a significant impact of
NAO in winter, research in recent decades have
demonstrated the impact of NAO on climate vari-
ability in the summer season as well (Blade et al.,
2012; Chronis et al., 2011; Folland et al., 2009).
Studies have identified the impact of NAO on cli-
mate variables in the East Mediterranean — high
values of NAO index cause cooling of relative
surface (in lower troposphere), increased meridian
circulation and increased cloud cover (Chronis et
al., 2011). In the area of East Herzegovina, a sig-
nificant negative correlation between the NAO and
Ta, Tmax and Tmin was also found in the summer
season — the calculated correlation coefficients are
-0.376—0.426, -0.412—0.457 and -0.250—0.386,
respectively (Tab. 5 and Tab. 6).

Correlation analysis also determined a sig-
nificant positive correlation of Ta and Tmax with
the AO, on an annual basis (0.330-0.416 and
0.447-0.496, respectively), whereas the correla-
tion with Tmin was significant only in parts of the
territory (Tab. 4). A positive correlation with the
AO was also found in the spring season (Tab. 5
and Tab. 6).
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Tab. 5. [TupcoHoB KoePUIHMEHT KOpenalyje u3Mel)y Ce30HCKUX BPHjeTHOCTH HHIEKCa

nupkynanyja rinodamaux pasmjepa (EA, NAO u AO) u Ta na npocropy Mctoune Xepueropuse y
nepuony 1961-2016. ronune

Tab. 5. Pearson correlation coefficient between seasonal values of teleconection patterns indices

(EA, NAO and AO) and Ta in the East Herzegovina in the 1961-2016 periods

EA
3/W M/ Sp Jb/Su J/A
TR 0.641 0.456 0.701 0.381
BI 0.628 0.472 0.674 0.343
CE 0.696 0.472 0.591 0.430
MO 0.672 0.535 0.670 0.452
NAO
3/W M/ Sp Jb/Su J/A
TR 0.142 0.164 -0.423 -0.021
BI 0.081 0.135 -0.426 -0.044
CE 0.241 0.150 -0.376 -0.057
MO 0.290 0.215 -0.384 0.023
AO
3/W I/ Sp Jb/Su J/A
TR 0.077 0.498 -0.050 0.170
BI 0.032 0.432 -0.098 0.092
CE 0.099 0.425 -0.120 0.042
MO 0.181 0.500 -0.037 0.212

CraTucTH4KM 3Ha4YajHO Ha HUBOY 95 % / Statistically significant at the 95 % level
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Tab. 6. [TupconoB xKoeduimjeHT Kopenanuje n3mel)y ce30HCKUX BpHjeTHOCTH MHJEKCa HUPKYyJIalnja
rnobannux pasmjepa (EA, NAO u AO) u Tmax u Tmin Ha npoctopy Hcroune Xeprieropuse y
nepuony 1961-2016. ronune
Tab. 6. Pearson correlation coefficient between seasonal values of teleconection patterns indices
(EA, NAO and AO) and Tmax u Tmin in the East Herzegovina in 1961-2016

Tmax Tmin
EA EA
3/W I1/Sp Jb/Su J/A 3/W I1/Sp Jb/Su J/A
TR 0.700 0.501 0.677 0.483 TR 0.643 0.529 0.622 0.394
BI 0.591 0.440 0.678 0.380 BI 0.517 0.314 0.521 0.270
CE 0.686 0.461 0.642 0.508 CE 0.656 0.444 0.657 0.478
MO 0.647 0.449 0.633 0.394 MO 0.616 0.458 0.662 0.484
NAO NAO
3/W II/Sp Jb/Su J/A 3/W II/Sp Jb/Su J/A
TR 0.359 0.269 -0.414 0.074 TR 0.015 0.048 -0.382 -0.055
BI 0.320 0.274 -0.457 0.033 BI -0.056 0.038 -0.250 -0.160
CE 0.318 0.202 -0.412 -0.014 CE 0.176 0.110 -0.386 -0.123
MO 0.368 0.212 -0.432 0.083 MO 0.178 0.212 -0.336 -0.016
AO AO
3/W I1/Sp Jb/Su J/A 3/W I1/Sp Jb/Su J/A
TR 0.377 0.525 -0.044 0.335 TR -0.139 0.345 -0.101 0.067
BI 0.383 0.514 -0.119 0.262 BI -0.179 0.270 -0.021 -0.221
CE 0.218 0.465 -0.114 0.200 CE 0.020 0.416 -0.105 -0.059
MO 0.372 0.523 -0.086 0.344 MO 0.024 0.488 0.007 0.067

CrarncTH4kH 3Ha4ajHO Ha HUBOY 95 % / Statistically significant at the 95 % level

3AKJbYYAK

PesynTatu ucTpaxkuBama Mokasyjy aa je
Ha npocropy Mcroune XepueroBuHe MpucCyTHa
TEHJICHIIMja 3arpHjaBama KIUMATCKOI CHCTEMA.
3HayajHEe O3UTHBHE TPEH/I0BE UCTIOJHABAJy KAKO
Cpenbe, TAaKo EKCTPEMHE TeMIIepaType Bazayxa.
JloOujeHu pe3ynrTaTy Cy y cariacHOCTH ca pe3yll-
TaTuMa JPYTHX CTyAMja crpoBeneHnx y bocHu u
Xepuerosuny, Jyroucrounoj EBponu u pernony
Menurepana reHepaHo.

YoueHU TPEHIOBU yKa3zyjy Ha HEONXOJ-
HOCT IIPUMjEHE Mjepa ajanTtanyje Ha KIMMaTKe
npomjeHe, koje he HapoynTO OUTH HY)KHE YKO-
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CONCLUSION

The research results show that over the area of
East Herzegovina there is a tendency of climate sys-
tem warming. The significant positive trends were
displayed by both mean and extreme air tempera-
tures. The obtained results are in agreement with
the results of other studies conducted in Bosnia and
Herzegovina, the Southeast Europe and the Med-
iterranean region in general. The observed trends
indicate the need to implement adaptation measures
to climate change, which will be especially neces-
sary if the projections of climate change by the end
of the century are taken into account.
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JIMKO C€ y3MYy Yy 003Hp IMpOojeKlHje MpoMjeHa J10
Kpaja BHjeKa.

Toxom 21. BUjeka mobamHo 3arpujaBame he ce u
JlaJbe HACTABUTH, Kao U roBeharse Temmeparypa y pe-
ruoHy Memurepana (Barcikowska et al., 2020; Brogli
etal., 2019; Giorgi & Lionello, 2008), anm o cTomna-
Ma 20 % Burmm of rmobarsor mpocjeka (Lionello &
Scarascia, 2018). Takohe, mosehahe ce ydecranoct
u uHTeH3uTeT Torumx tanaca (Diffenbaugh et al.,
2007). 3arpujaBame he HAPOIUTO OUTH MHTCH3UB-
HO JheTu — npudmmkHo 50 % Behe ox ToGamHOT
3arpujaBamba, ako ce rocMarpa O0aceH y IjesMHe, a
y KOITHEHHM TOZIpyYjuMa Koja ce Hajla3e CjeBEpHO
on CpenozemHor mopa Jiokainso u 10 100 % Behe
(Lionello & Scarascia, 2018). [TpuTrcak Ha exocu-
CTeMe U JbY/ACKE JjenarHocTy Ouhe join CHaKHUjU
aKo ce y3Mme y 003up 1a he ce magaBrHe cMambHBaTH
(ca MakCHMaJTHUM CMambCHEeM Y TOIpydjuMa JIyxK
CjeBepHE TPaHMIIC MEIUTEPAHCKOT PEruoHa y ce-
30HU JbeTO) (Alessandri et al., 2014; Kelley et al.,
2012; Lionello & Scarascia, 2018). Cse npojekiuje
KJIMMAaTCKUX MPOMjEHa ClIaxy ce Ja he y perrony
Menurepana 1ohu 10 noehaHe y4ecTanocTy U UH-
tensurera cyma (Tramblay et al., 2020). Ogekyje ce
na he jemHa on mocseequiia moBehama TeMmeparype
U cMamema MajiaBiHa (a moBehama yyecTalocTH
cymie) 6utu noBehaHa aKTUBHOCT MOYKapa IIMPOM
Menautepana 300r HaBeACHUX KIIMMATCKUX TPOMje-
Ha. [Ipojeximje okazyjy 1a Ou ce yuecTanocT Imoxa-
pa morua moseharu 3a 14 % 1o xpaja Bujeka (2071—
2100) npema cuenapujy RCP4.5, omHocHo 3a yak 30
% npema cuienapujy RCP8.5 (Ruffault et al., 2020).

Hagenene npomjene kimume, nosehame Tem-
nepatype ¥ CyIIHOCTH, yTuliahe u Ha HU3 BeoMa
BO)XHUX COLIMOEKOHOMCKHX aKTUBHOCTH y McTou-
HOj XepLEroBUHH, Kao IITO Cy TypHU3aMm, HOJbOIPHU-
BpeZa, EHEPreTHKa, 3PaBCTBEHH PU3HUIIM, BOTHU
pecypcu Ut 300T TOra je HEOXOIHO CIPOBONCHE
aJICKBaTHUX Mjepa MHUTHUTAIIMje U aJanTaiyje Ha
yO4YeHE U TIPOjEKTOBAHE MPOMjEHE KIIHME.

3axBajaHuNa: Pe3ynrarté MpeacTaB/beHU Y Paay IHO CY
HAy4YHO-UCTPAKUBAYKOT MPOjEKTa ,,AHANIK3a TUTyBHOME-
TpHUjCcKOT pexxuMa Ha noxapydjy Vcroune XepueroBuHe y
KOHTEKCTY CaBPEeMEHHX KIMMaTcKux npomjeHa” (bpoj yro-
Bopa: 19/6-020/961-18/18) dpunancupanor ox crpane Mu-
HHUCTapCTBa 38 HAYYHOTEXHOJIOIIKH Pa3BOj, BHCOKO 00pa3o-
Bambe M MHPOpMaIMOHO pymTBo Pemyonmke Cpricke.

During the 21st century, global warming will
continue, as will rising temperatures in the Medi-
terranean region (Barcikowska et al., 2020; Brogli
et al., 2019; Giorgi & Lionello, 2008), but at rates
20 % higher than the global average (Lionello &
Scarascia, 2018). Also, the frequency and inten-
sity of heat waves will increase (Diffenbaugh et
al., 2007). Warming will be particularly intense
in summer — approximately 50 % higher than
warming at the global scale, if we observe the
basin as a whole, and in terrestrial areas north
of the Mediterranean locally up to 100 % higher
(Lionello & Scarascia, 2018). Pressure on eco-
systems and human activities will be even stron-
ger if we take into account that precipitation will
decrease (with maximum reduction in the areas
along the northern border of the Mediterranean
region in the summer season) (Alessandri et al.,
2014; Kelley et al., 2012; Lionello & Scaras-
cia, 2018). All climate change projections agree
that frequency and intensity of droughts in the
Mediterranean region there will increase (Tram-
blay et al., 2020). It is expected that one of the
consequences of the increasing air temperatures
and decreasing precipitation (and the increasing
frequency of drought) will be increased fire ac-
tivity across the Mediterranean region due to the
above stated climate changes. Projections show
that the fire frequency could increase by 14 % by
the end of the century (2071-2100) according to
the RCP4.5 scenario, or by even 30 % according
to the RCP8.5 scenario (Ruffault et al., 2020).

The stated climate changes, increasing air
temperatures and drought, will affect a number of
very important socio-economic activities in East
Herzegovina, such as tourism, agriculture, ener-
gy, health risks, water resources, etc. Therefore,
it is necessary to implement adequate measures
of mitigation and adaptation to the observed and
projected climate change.
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