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EKCTPEMHMU TEMIIEPATYPHU U TAJJABUHCKHA
MJECEIIM Y UCTOYHOJ XEPLHEI'OBUHU

Tatjana I[lonos'*, Cno6oxan I'maro' u l'opan Tpouh'

"Vuusepsuret y bamoj Jlyuu, [IpuponHo-maremarndku dakyntet, bama Jlyka, Pemy6nuka Cpricka

Caxerak: Y pajy ce aHauM3Mpajy NPOMjeHE YUYECTaJOCTH I10jaBe EKCTPEMHUX TEMIIEPaTypHHX W EKCTPEMHHX
MaIaBUHCKNX Mjecen y pernony Mcroune Xepuerosune y nepuoay 1961-2016. roqune. ExcTtpeMHu TemriepaTypHu 1
TaIaBMHCKHU Mjecely JeprHICcaHu Cy Kao Mjecelly ca TeMIieparypama 1 naJlaBiHama ucroz/u3naa ayrorogumniser 10./90.
nepueHTIwIa. J100MjeHu pe3yaTaTi mokasyjy aa je 77 % eKCTpeMHO XJIaJHUX Mjeceld 3a0uibeskeHo y epuory 1961—1990.
ronuue, a 67 % eKCTPEeMHO TOIUTHX Mjecern y iepuoay 1991-2016. roqune. To yka3syje f1a je Ha UCTPaKUBAHOM HOAPYY]Y
MIPUCYTHA TEHCHIIM]a 3arpyjaBama. 3a pa3IuKy O]l TeMIeparype, IPOMjeHe MajiaBuHa HUCY jeIH000pa3He HUTH 3HATHO
n3paxkeHe. YOUeHe MPOMjEHE y MOjaBH €KCTPEMHHX TEMIIEPaTypHHUX U EKCTPEMHHUX MaJaBHHCKHX Mjecelld CHaXHO he
YTUIATH Ha TPUPOJTHE U COLMO-eKOHOMCKe cucteme. C 003MpoM Ha HaBe/IeHO, HEOITXOAHO je MMIUIEMEHTHPATH epHUKacHe
cTpaTeruje yoaxkaBama u mpuiarohaBama Ha KIMMATCKE TIPOMjEHE.

Kibyune pujeun: ekcTpeMHH TeMIlepaTypHHU M aJlaBUHCKH Mjeceny, rpar 10. u 90. nepuenTuiia, KIMMarcke mpoMjeHe,

Hcrouna XepuerosuHa.
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Abstract: The paper analyses changes in the occurrence of extreme temperature and extreme precipitation months over
the East Herzegovina region during the period 1961-2016. Extreme temperature and precipitation months are defined as
months with temperature and precipitation below/above the long-term 10th/90th percentile. The obtained results showed
that 77 % of the extremely cold months was registered in the period 1961-1990, whereas the 67 % of the extremely
warm months occurred in the period 1991-2016. This indicates that a warming tendency is present over the study area.
Unlike the temperature, changes in extreme precipitation months were not uniform and so much prominent. The observed
changes in the occurrence of extreme temperature and precipitation months will have a strong impact on both natural and
socio-economic systems. Given the stated, implementation of efficient adaptation and mitigation strategies will certainly
be necessary.
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YBO/

Pernon Menutepana jeiHO je Ol IPUMapHUX
KapHIlITa KIMMAaTCKUX TNpoMmjeHa (Tj. peruja
ca KJIMMAaTCKUM CHUCTEMOM Koju he HapouuTo
pearoBaTu Ha rnobamne mpomjene) (Giorgi,
2006). Ilompyuje umctouHor MenutepaHa y
BEJIMKO] MjepH IOJA YTHUIAjeM je KIMMaTCKUX
MpoMjeHa, TPBEHCTBEHO MoBehama yuecTaaocTu
1ojaBe M MHTEH3UTETa Cylla M TOIUIMX Tajaca
(Lelieveld et al., 2012). 3HauajHe mpomjeHe
CpeAmUX U EKCTPEMHHX TeMIIeparypa y MpaBily
3arpujaBama yTBpheHe cy mmpom MenutepaHa
(Alexander et al., 2006; Buri¢, Duci¢, Mihajlovi¢,
Lukovi¢, & Dragojlovi¢, 2015; Donat et al., 2013;
Espirito Santo, de Lima, Ramos, & Trigo, 2014;
Fioravanti, Piervitali, & Desiato, 2016; Fonseca,
Carvalho, Marta-Almeida, Melo-Gongalves, &
Rocha, 2016; Kioutsioukis, Melas, & Zerefos,
2010; Popov, Gnjato, & Trbi¢, 2017). Y peruony
Menutepana mpeoBiiajaBajy HETaTHUBHHU
TPEHI0BH YKYITHUX TOAMIIBUX NagaBuHa (Alpert
et al., 2002; de Lima, Santo, Ramos, & Trigo,
2015; Gajié-Capka, Cindri¢, & Pasari¢, 2015;
Hatzianastassiou, Katsoulis, Pnevmatikos, &
Antakis, 2008; Kelley, Ting, Seager, & Kushnir,
2012; Philandras et al., 2011). Mehytum, y
BehnHM moapyyja MHTEH3UTET MajJaBUHA Ce
nosehasa (Alpert et al., 2002).

[IpeTxoqHa MCTpaKMBama CIPOBEACHA HA
noapy4jy HMctoune XepueroBuHe yTBpIuiIa Cy
MO3UTUBHE TPEHAOBE CPEIAHUX, MAKCUMAITHUX
U MUHHMMAJIHUX TeMIepaTrypa TOKOM ILHjele
roAMHE — MpPOMjeHe Cy Ouie Haju3pakeHuje
JHETH, a 3aTHUM y C€30HaMa 31uMa 1 nposbehe, 10k
CY TPEHJOBH Y CE30HHU jeCEeH CIadu U YIIIaBHOM
uncurnuukantau (Popov, Gnjato, & Trbi¢,
2018; Trbi¢, Popov, & Gnjato, 2017). ITpomjene y
TeMIIepaTypHUM eKCTpEMHUMa Takohe cy y CKiany
ca TEHJACHIIMJOM 3arpujaBama — Y4YecTalocT
0jaBe U BPHjETHOCTH TOIJINX UHIEKCA TTOPACITH
Cy, IOK Cy XJaJHU HHJIEKCU 3a0UJbEKUIU
HeraruBHe TpeHaose (Popov et al., 2018). Tpebda
HAIJIACUTH J1a Cy TPEHI0BU TOIUIUX MHJEKCA OUIIH
M3pakeHUju — HajBehe BpHjeIHOCTH TPEeHI0BA
no0ujeHe Ccy 3a MaKCHUMajHE BpPHjEJHOCTH
THEBHUX MaKCHUMaJHUX HM MHUHHUMAaIHUX

74

INTRODUCTION

Mediterranean region is one of the primary
hotspots of climate change (i.e. a region with
climate system particularly responsive to
global change) (Giorgi, 2006). The Eastern
Mediterranean region is greatly affected by
climate change, associated with increases in
the frequency and intensity of droughts and
hot weather conditions (Lelieveld et al., 2012).
Significant changes in mean and extreme
temperatures, consistent with a warming
tendency were found all over the Mediterranean
region (Alexander et al., 2006; Buri¢, Duci¢,
Mihajlovi¢, Lukovi¢, & Dragojlovié, 2015;
Donat et al., 2013; Espirito Santo, de Lima,
Ramos, & Trigo, 2014; Fioravanti, Piervitali,
& Desiato, 2016; Fonseca, Carvalho, Marta-
Almeida, Melo-Gongalves, & Rocha, 2016;
Kioutsioukis, Melas, & Zerefos, 2010;
Popov, Gnjato, & Trbi¢, 2017). Over the
Mediterranean region decreasing trends in
total annual precipitation were predominant
(Alpert et al., 2002; de Lima, Santo, Ramos,
& Trigo, 2015; Gaji¢-Capka, Cindri¢, &
Pasari¢, 2015; Hatzianastassiou, Katsoulis,
Pnevmatikos, & Antakis, 2008; Kelley, Ting,
Seager, & Kushnir, 2012; Philandras et al.,
2011). However, in numerous regions, rainfall
intensity has been increasing (Alpert et al.,
2002).

Previous studies carried out for the East
Herzegovina region determined positive
trends in mean, maximum and minimum
temperatures throughout the year — changes
were most prominent in summer season, and
then in winter and spring, whereas autumn
trends were low and mainly insignificant
(Popov, Gnjato, & Trbi¢, 2018; Trbi¢, Popov,
& Gnjato, 2017). Changes in temperature
extremes were also consistent with a warming
tendency — warm-related indices increased,
whereas cold-related indices showed a
downward trend (Popov et al., 2018). It should
be noted that, warm-related indices showed
much more prominent trends — the highest
trend values were obtained for maximum value
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TemIeparypa, Torsie Hohu, Torie JaHe, Tpajambe
TOILJIMX MEPHOMA, JhETHE JaHE M TPOIICKE JaHe
(Popov et al., 2018). Pe3ynraru noka3syjy aacy y
1I1j€JIOM PETHOHY IPUCYTHH HETaTUBHU TPEHIOBH
ronummux nagasuHa (Popov, Gnjato, & Trbic,
2019a). CyurHu mepuoj 3armo4eo je MoYeTKOM
1980-ux u jom Tpaje. AHamM3a CE30HCKHUX
TPEH/I0BA MOKa3aja je J1a Cy HEeraTHBHU TPEHI0BH
MIPUCYTHU TOKOM ITHjeJie TOANHE (OCHM y C€30HH
jecen) (Popov et al., 2019a). Nnak, nobujene
BPHjEIHOCTH TPEH0BA OMIIE Cy YITIaBHOM HUCKE
u uHcurHu¢ukanTHe. Ha nosehame apuanocTu
yKa3zyjy U CMambeme KOJIMYMHE NaJaBUHE Ha
BEOMa BJIAKHE JaHE M CMambCHhE yUeCTaJOCTH
naHa ca ¢ukcHUM mnparosuMma manasuHa (0.1
mm, | mm, 10 mm u 20 mm), Te TpoayKEHO
Tpajame CyIIHUX MEepHOa Y IHjeJIOM PErHoHY
Ucroune Xepuerosune (Popov, Gnjato, Trbi¢, &
Ivanisevi¢, 2019b). Pactyha tenaeniuja nuexca
Jakux majaBUHA (Kao IITO Cy MaKCHMAallHE
JEIHOIHEBHE 13/1aBUHE, MAKCUMAJIHE MIETOHEBHE
najaBuHE, CTAHAAPIHU JTHEBHU WHTEH3UTET
najjaBuHa M BeoMa BIAXKHHM JaHU) yKaszyje Ha
IpoOMjeHe MpeMa WHTEH3UBHHU]UM MNaJaBUHaMa
(Popov et al., 2019D).

OBa cTyauja mpeacTaBba HAacCTaBakK
UCTpaXuBama KIMMATCKUX IMpOMjeHa Yy
HcTtounoj XepreroBuHu, a moceOHO MpoMjeHa
EKCTPEMHHUX TeMIleparypa M najaBuHa. [aBHU
IWJb paja jecTe Ja C€ aHalu3upa I0jaBa
EeKCTPEMHHUX TEMIIepaTypHUX U MaJaBUHCKHUX
Mjecern y peruony Mcroune XepueroBuHe y
nepuony 1961-2016. ronune. Uctpaxkusame
NpoOMjeHa EeKCTPEeMHHUX TemIeparypa H
T1a/1aBUHA OJ1 BEJIUKE j€ BAXKHOCTH 300T lbUXOBOT
HECpa3MjepHO BEJIMKOT yTHIlaja Ha MPUPOAHE
U COILIMO-€KOHOMCKE CHCTEME Yy OJHOCY Ha
MPOMjEHE CPEIbUX BPHjEAHOCTH KIMMATCKUX
Bapujadiu. C 003upoM Ha HaBECHO, CTy/IHja OBE
BpPCTE€ MOXKE OMTH KOPUCTaH M3BOP MOJAATAKA Y
Pa3IMYUTUM NPUMHUjCHEHUM UCTPaKMBabUMa,
npuje cBera y oOJacTd MOJHOIPUBpPENE,
IIyMapcTBa, yNpaBjbakba XazapAuMa, 3alITHTE
OMOIUBEP3UTETA, XUAPOCHEPTH]E, OIPKHUBOT
TypHU3Ma UTI.

of daily maximum and minimum temperatures,
warm nights, warm days, warm spell duration,
summer days and tropical days (Popov et al.,
2018). Results showed that a downward trend
in annual precipitation was present over the
entire region (Popov, Gnjato, & Trbi¢, 2019a).
A dry period started in the early 1980s and
it is still going on (Popov et al., 2019a).
Seasonal trend analysis showed that negative
trends prevailed throughout the year (except
in autumn) (Popov et al., 2019a). However, a
majority of estimated trend values were weak
and insignificant. Decrease in precipitation
on wet days and reduced frequency of days
with fixed precipitation thresholds (0.1 mm,
I mm, 10 mm and 20 mm) and increasing
duration of dry spells also suggest the increase
in aridity over the entire East Herzegovina
region (Popov, Gnjato, Trbi¢, & IvaniSevic,
2019b). The upward tendency of heavy
precipitation events (such as maximum 1-day
precipitation, maximum 5-day precipitation,
simple precipitation intensity index and very
wet days) indicates changes towards more
intense precipitation (Popov et al., 2019b).
This study represents a continuation of
the research on climate change in the East
Herzegovina, and in particular the changes
of extreme temperatures and precipitation.
The main aim of this study was to analyze
occurrence of extreme temperature and
precipitation months over the East
Herzegovina region in the period 1961-2016.
Study on changes in extreme temperature and
precipitation events is of great importance
because of their disproportionately large
impact on natural and socio-economic
systems compared to changes in mean
climate variables. Given the stated, study
of this kind can be a useful source of data
in a variety of applied research, primarily
in the fields of agriculture, forestry, hazard
risks management, biodiversity conservation,
hydropower, sustainable tourism, etc.
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MATEPUJAJIA 1 METOIE

HUctpaxuBano mnoxapydje Hcroune
XepueropuHe Hajla3M Cc€ Yy jyrOMCTOYHOM
nujeny Penybnuke Cprncke u bocHe wu
XepuerosuHe, Ha 42°33'23"-43°29'22" c. 1.
m. u 17°55'23"-18°43'3" u. . 1. OGyxBara
MO0 peruje XepreroBuHa UCTOYHO OJ] pUjeKe
Hepetse, ynytap rpanuna PemyOnuke Cprcke.

3axBara yKynHy noBpmuHy of 3,756 km?, mro

npeacrasba 7 % ykynHe nospimuHe bocHe n

Xepuerosune u 15 % mnoBpmmne PemyOGuuke

Cpricke.

AHanu3a eKCTPEMHHX TEMIIEpaTypHUX U
NaJaBUHCKUX Mjecenu y nepuony 1961-2016.
TOAMHE HM3BpILEHA j€ Ha OCHOBY I0JaTaka o
JTHEBHUM TeMIlepaTypaMa M IaJaBUHaMa ca
14 MeTeopoNOWKUX U MaJaBUHCKUX CTAaHULA,
JOLMPAHUX Y CBE TPU MOP(OJIOUIKE IIjeTHHE
Ucroune Xepuerosune (Cin. 1):

— Xymune (no oxko 400 m): I'opuna (GO),
Tpebume (TR) u I'panuapeso (GR);

— Pynune (400600 m): Mocko (MK), buneha
(BI) u bepxoBuhu (BE);

— TUIAHUHCKO TOJpYyYje Yy CjeBEpHOM U
jyrouctouHoM nujeny peruje (mpexo 600
m): Tyna (TU), Yona—borojesuh ceno (UB),
Mexka I'pyna—Xouuhu (MG), Crenen (ST),
lNanko (GA), Oyak—Pact (OR), HeBecume
(NE) u Yemepso (CE).

OnaOpane cTaHUIIE TOKPHUBA]Y IMIMPOK PACTIOH
HaJIMOPCKHX BUCHHA. PeraTvBHa BUCHHCKA pa3ivKa
n3Mel)y HajHIKe totpane cranuie Tpeoume (276
m) 1 HajBuIe cranuiie YemepHo (1,304 m) uzHocu
1,028 m. [loxatke cy o6e36ujenumu Permyomndku
XUJAPOMETEOpOJIOMKH 3aBoa PemyOnuke
Cpncke u JaBHO mpenysehe XwuupoenekTpaHe
Ha Tpebummuim a. 1. C 063upoM Ha TO 1a je Ha
BehMHU CcTaHUIIa JOILIO 10 ofpeheHnx mpekuaa y
MjeperMa (HapOYUTO y paTHOM U MIOCIIH]€pPaTHOM
NepHOTy), HeOCTajyhn MoAaIy eKCTparoaucaHu
cy nomohy monaraka ca cranune Mocrap,
HajOMOKe CTAHUIIE Ca KOHTUHYHPAHUM MjepermhuMa
y IOCMaTpPaHOM TIEPUOTY.

ExcTtpemMHun wMjecenu nedpuHUCAHU CY
Kao Mjecenu ca BpujeqHOINy HCIOJ/U3HAA

MATERIALS AND METHODS

Study area covers the East Herzegovina
region located at 42°33'23"—43°29'22" N and
17°55'23"—18°43'3" E, in the southeastern
part of Republic of Srpska and Bosnia and
Herzegovina. It encompasses the part of
the Herzegovina region east of the Neretva
River, within the boundaries of the Republic
of Srpska. It covers a total area of 3,756
km?, which represents 7 % of the Bosnia
and Herzegovina territory and 15 % of the
Republic of Srpska total area.

Analysis of extreme temperature and
precipitation months during the period
1961-2016 was carried out based on data
sets of daily temperature and precipitation
from 14 meteorological stations and rain-
gauge stations located in all parts of the East
Herzegovina region (Fig. 1):

— Humine (up to about 400 m): Gorica (GO),
Trebinje (TR) and Grancarevo (GR);

— Rudine (400-600 m): Mosko (MK), Bile¢a
(BI) and Berkovi¢i (BE);

— mountainous area in the southeastern and
northern part of the region (over 600 m):
Tula (TU), Ubla—Bogojevi¢ selo (UB),
Meka Gruda—Hodzi¢i (MG), Stepen (ST),
Gacko (GA), Odzak—Rast (OR), Nevesinje
(NE) and Cemerno (CE).

Selected stations cover a wide range of
altitudes. A relative height difference between
the lowest-located station Trebinje (276 m) and
the highest-located station Cemerno (1,304 m)
is being 1,028 m. Data were provided by the
Republic Hydrometeorological Service of the
Republic of Srpska and the Public Company
Hydropower Plants on the TrebiSnjica
River A.D. Given that there were certain
interruptions in measurements at majority of
stations (particularly in the war and post-war
periods), missing data were extrapolated using
data from the Mostar station, nearest station
with continuous measurements during the
observed period.

Extreme months are defined as months with
a value below/above the long-term 10th/90th
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Cx. 1. T'eorpadcku 1monoxaj METCOPOJIOIIKAX CTAaHHUIIA KOPUITNEHUX Y UCTPAKHBAKY
Fig. 1. Geographical location of meteorological stations used in the study

ayropounor 10./90. mepuentuna (Nikolova,
Laporte, & Tomova, 2018). Kako 6u ce onpeaunu
ekctpeMan Mjecery, 10. u 90. mepueHTUIH
EMITMPHjCKE PACIOfjelie MoJaTaka O MjeceyHO)]
TEMIEPaTypu U MaJaBUHaMa y nepuony 1961—
2016. roguHe M3padyyHaTH Cy 3a CBaKy CTAHUILY.
ExcTpeMHO XJaJHUM MjecelMa CMaTpaHu Cy
MjecCelr ca TeMITepaTypoM HIKOM OJ1 BPHjeIHOCTH
10. mepueHTHna, 0K Cy €KCTPEMHO TOILIUM
MjecelrMa CMaTpaH Mjecellr ca TeMIIEpaTypoM
BUIIOM 071 BpujenHoctu 90. meprentuia. Mcro
TaKo, EKCTPEMHO CYIIIHU Mjecely Cy Mjecelu
ca majJaBMHaMa HIDKUM on BpujeaHoctu 10.
MIepIIEHTUIIA, a EKCTPEMHO BIIAYKHU Ca ITaJJaBUHaMa
u3Haq BpujenHoct 90. nepuentuna. ExcrpemMun
TEMIIEpaTypHU Mjecely aHaJIU3UPaHU Cy Ha
OCHOBY TojlaTaka ca 6 CTaHWIa, a MaJaBUHCKH

percentile (Nikolova, Laporte, & Tomova,
2018). To determine the extreme months,
the 10th and 90th percentiles of empirical
distribution of the monthly temperature
and precipitation data were calculated for
each station for the period 1961-2016. As
extremely cold months were considered
months with monthly temperature lower than
the 10th percentile and as the extremely warm
ones the months with the temperature higher
than the 90th percentile value. Similarly,
extremely dry months are the months with
precipitation below 10th percentile and
extremely wet ones with precipitation above
90th percentile. Extreme temperature and
extreme precipitation months were analyzed
based on data from 6 and 14 stations
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Mjecel Ha OCHOBY Imojaraka ca 14 cranuma ca
JOCTYITHUM JyTOTOIUIIIELAM MjepermhuMa. AHaIu3a
YUYECTaJIOCTH T10jaBe eKCTPEMHHUX TEMIIEPaTypHUX
Y MaJaBUHCKUX Mjeceln Ha monapy4djy Mcroune
XeprieropuHe u3BpILeHa je 3a nepuon 1961-2016.
roguae. OcuM Tora, UCTpaKUBaHE Cy IpPOMjeHe
y BHXOBOj yYeCTaJIOCTH IojaBe Hu3Mely aBa
MOTHEPHOJA: CTAaHJAPAHOT KIMMATOJOLIKOT
nepuosna (1961-1990) u neproaa HAKOH HETOBOT
3aBpuietka (1991-2016).

PE3VIITATU U JUCKYCUJA

[Ipocjeuna roaumma TeMmIepaTypa Ha
noapydjy HWcroune XepieroBuHe pacte of
oko 6°C y cjeBepHOM IUIAHUHCKOM JHjeny (Ha
HajBuoj cranuiy Yemepno) go 14-15°C y
HIDKAM TIpefjenuma Ha jyry peruona (Tab. 1).
Hajxnanuuju Mjecen je jaHyap ca MpOCje€dHOM
temreparypom m3mely -2.8°C—-1.1°C y Bummm u
3.3-5.7°C y HwxuM noapydjuma peruona. Jyi je
HAajTOTUIMjH Mjecell ca MPOCjeYHOM TEMITEPaTypoM
on 15.5-18.3°C y BUIIUM IUJIAHHHCKHM O
22.1-24.1°C y HIKUM JT1jeIOBHMA.

with available long-term measurements,
respectively. Analyses of occurrence of
extreme temperature and precipitation months
over the East Herzegovina region was carried
out for the period 1961-2016. Moreover,
changes in their occurrence between two
subperiods were investigated: the standard
climatological period (1961-1990) and period
thereafter (1961-2016).

RESULTS AND DISCUSSION

Average annual temperature in the East
Herzegovina region increases from about
6°C in the northern mountainous area (at the
highest-located station Cemerno) to a 14—15°C
in lowlands in the south (Tab. 1). The coldest
month is January with an average temperature
between -2.8—1.1°C in the upper part of the
region to 3.3—5.7°C in the lower areas. July is
the warmest month with an average temperature
of 15.5—18.3°C in the higher mountainous areas
and 22.1-24.1°C in the lower areas.

Tab. 1. Ilpocjeune MjeceyHe U TOAUIILE TeMIieparype y nepuony 1961-2016. roqune
Tab. 1. Average monthly and annul temperatures in the period 1961-2016

I I Il v \% VI VIE | VI | IX X XI XII | r/y
CE | 28 | 21 | 08 4.8 99 | 133 | 155 | 157 | 11.7 | 74 29 | -14 | 63
GA | -1.1 | -0.1 | 3.1 73 | 123 | 158 | 183 | 179 | 13.7 | 93 4.4 1.3 8.5
BE | -28 | -2.1 | 0.8 4.8 99 | 133 | 155 | 157 | 11.7 | 74 29 | -14 | 63
BI 3.3 4.2 72 | 11.0 | 157 | 194 | 22.1 | 21.8 | 174 | 129 | 8.2 44 | 123
GR | 38 4.9 7.8 | 11.6 | 162 | 20.0 | 22.8 | 22.4 | 18.0 | 13.5 | 89 49 | 129
TR 5.7 6.6 92 | 127 | 173 | 21.2 | 24.1 | 24.0 | 19.6 | 152 | 10.7 | 6.9 | 144

Ha Behunu cranuna 3a0usbexeHa je mojaBa
HajMame jJeTHOI M3Yy3eTHO XJIAJHOI Mjecela y
CBaKOj T'OIMHU, OCUM Y HEKOJMKO HajTOIIHjUX
roauHa (yriiaBHOM y niepuoay HakoH 1990. ronune)
(Ca. 2). l'onuee Oe3 mojaBe EKCTPEMHO XJIaTHUX
Mjecerm 6une cy 2015, 2014, 2013, 2011, 1994,

The occurrence of at least one extremely
cold month in each year was observed at most
stations, except in the few warmest years (mostly
in the period after the 1990) (Fig. 2). Years with
no single occurrence of extremely cold months
were 2015, 2014, 2013, 2011, 1994, 1993, 1992
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1993, 1992. u 1982. roguna. Behuna roguna ca
HajBehuM OpojeM eKCTPEeMHO XJIaJHUX Mjeceru
(3—4 mjecera y ToKy rouHe) 3a0HIbEKEHa je Ipuje
1990-ux. Ha cBuM aHanu3upaHuUM CTaHULIAMA,
1979. ronune 3a0usbekeHA Cy BHUIIE O TPH
EKCTPEMHO XJIaJ{Ha Mjecelia, a Ha BehuHu cTaHuia
u y nepuony 1971-1973, 1976. u 1980—1981.
TOJIMHE.

TokoM AeBeT TofMHA HHUje OMIIO EKCTPEMHO
Tormmux mjecenu (y camo naBuje HakoH 1990.
ronune) (Cn. 3). V nujenom peruony, eKCTpeMHO
TOIUIE TOJMHE Ca BHIIE O TPU EKCTPEMHO TOILIa
Mjecena Ouine cy 2012, 2003, 2001. u 2000.

TroJuHa.

and 1982. Majority of years with the highest
number of extremely cold months (3—4 months
during the year) were recorded before 1990s. In
1979, more than three extremely cold months
were recorded at all analyzed stations. At most
stations, the extremely cold years with more than
three extremely cold months were also registered
in the period 1971-1973, 1976 and 1980—1981.

During the nine years, there were no
extremely warm months (only two of them have
occurred since the 1990) (Fig. 3). Over the entire
region, extremely warm years with more than
three extremely warm months were 2012, 2003,
2001 and 2000.

[FS]
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Cn. 2. Bpoj cTanuIa ca HajMamke jeTHUM €KCTPEMHO XJIaJHUM MjecenioM (1) u HajMame Tpu
EKCTPEMHO XJIa/IHa Mjecena (2) y TOnuHU
Fig. 2. Number of stations with at least one extremely cold month (1) and at least three extremely
cold months (2) in the year
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Ca. 3. bpoj cTanuna ca HajMame jeTHUM eKCTPEMHO TOILTHM MjeceroM (1) n HajMame Tpu
EKCTPEMHO ToIuIa Mjecena (2) y roquHu
Fig. 3. Number of stations with at least one extremely warm month (1) and at least three extremely
warm months (2) in the year

Ha mer ox mect craHuna, Tpu WIK BUILIE
EKCTPEMHO TOILUIUX Mjecelr 3a0uibekeHo je 1994.
1 2007. romune. [onuna 1994. 6una je Hajrormja
roauHa Ha nonpy4djy Mcroune Xepuerosuse y
a"anu3upanoM nepuoay (ITonos, 2017). Jenan ox
HaJUHTEH3MBHUJUX M HajAyKUX TOIUIMX Tajnaca y
oBoM nujeny EBpone 3a6mbexeH je 2007. ronune
(Unkasevi¢ & Tosi¢, 2015). YV oBuM roguHama
yTBpheHo je 3—7 eKCTpPEeMHO TOIUIUX Mjecelu
(Cn. 4 uTab. 2). Y 2012. ronuuu 6mio je yak 5—7
eKCTPEMHO TOIUIMX Mjecenu (jeauHo y bunehu
4 mjecena) — Ha BehuHM cTaHMIa, W3Y3€THO
TOIJIM OWJIM Cy JbETHU M JeCeHhH Mjeceld, Te
MapT. Tpu wim BUIle €KCTPEMHO TOIUIA Mjecera
pPErucTpoBaHa Cy Ha JIBUj€ WJIM BUILE CTAHHUIA
tokoMm 10 romuna (cBe HakoH 1990. ronune) u
TOKOM 4 ronuHe Ha jenHoj cranuuu (y 2013.
TOJIMHU U TOKOM TpH roauHe npuje 1990. ronune).

At five out of six stations, three or more
extremely warm months were also registered
in 1994 and 2007. Year 1994, was the hottest
year in the East Herzegovina region during
the observed period (ITomos, 2017). In 2007,
one of the most intense and long-lasting heat
waves in this part of the European continent
occurred (UnkasSevi¢ & Tosi¢, 2015). In these
years, there were 3—7 extremely warm months
(Fig. 4 and Tab. 2). In 2012, there were 5—7
extremely warm months (only in Bile¢a 4
months) — at majority stations, extremely
warm were summer and autumn months and
March. Three or more extremely warm months
were registered at two or more stations in 10
years (all since the 1990) and in 4 years at one
station (in 2013 and during the three years
prior to 1990).
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Fig. 4. Annual number of extremely cold (left) and warm (right) months
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Ta0. 2. I'onuHe ca HajBHILIEe EKCTPEMHO XJaaHuX (1) 1 ekcTpeMHO ToruuX (2) Mjecenu
Tab. 2. Years with the highest number of extremely cold (1) and extremely warm (2) months

CE GA BE BI GR TR

1)

r/y N r/y N r/y N r/y N r/y N r/y N
1. 1962 3 1980 4 1976 4 1973 4 1971 4 1980 5
2. 1968 3 1984 4 1980 4 1976 4 1972 4 1976 4
3. 1969 3 1962 3 1969 3 1971 3 1974 4 1971 3
4. 1971 3 1969 3 1971 3 1974 3 1970 3 1972 3
5. 1972 3 1979 3 1972 3 1979 3 1973 3 1973 3
6. 1973 3 1981 3 1973 3 1980 3 1976 3 1978 3
7. 1974 3 1985 3 1978 3 1995 3 1979 3 1979 3
8. 1976 3 1995 3 1979 3 1997 3 1980 3 1981 3
9. 1979 3 1965 2 1981 3 1965 2 1962 2 1987 3
10. 1981 3 1967 2 1962 2 1968 2 1965 2 1965 2
2 CE GA BE BI GR TR

r/y N r/y N r/y N r/y N r/y N r/y N
1. 2012 6 1994 5 2000 7 2001 5 2012 6 2012 6
2. 2003 4 2000 5 2012 7 1994 4 2001 5 2001 4
3. 1977 3 2007 5 2001 5 2000 4 2003 5 2007 4
4, 1987 3 2012 5 2002 4 2003 4 2000 4 1990 3
5. 1990 3 1961 3 2003 4 2012 4 2002 4 1994 3
6. 2000 3 2001 3 2007 4 1990 3 2007 4 2000 3
7. 2001 3 2003 3 1994 3 1966 2 1994 3 2003 3
8. 2007 3 2014 3 2013 3 1968 2 1961 2 2014 3
9. 2014 3 2016 3 1966 2 1977 2 1966 2 2016 3
10. 1966 2 1963 2 1968 2 1982 2 1968 2 1961 2

On yxkymHOor O6poja €KCTPEeMHO XJaJHUX
Mjecenu y Uctounoj Xepuerosunu, 72—82 %
3abusbexeHo je y mepuony 1961-1990. rogune
(Cn. 5). C npyre ctpane, 60—74 % ekcTpeMHO
TOIJIUX Mjeceln 3abusbexeHo je HakoH 1990.
ronuHe. JloOujeHu pesynTatu o y4ecTaloCTH
M0jaBe EKCTPEMHO TOIIUX M XJIATHUX MjeCeIH
y ZBa aHanu3upana nornepuozaa (1961-1990.
n 1991-2016. ronune) noTBphyjy pesynrare
nperxonuux cryauja (Ilomos, 2017; Popov et
al., 2018; Trbi¢ et al., 2017) na je y bocuu
n XepueroBMHW TNPHCYTHAa TEHJACHIIHU]ja
3arpujaBama, HapoO4YUTO u3paxeHa oxa 1990-
uX ronuHa. TpeHa 3arpujaBama OUYHITICIaH je
TOKOM ITH]jeJie TOJIUHE, Al HajU3paKEeHU]H j& Y
CE€30HU JheTO. [OuIIIkhe 1 JheTHE TeMITepaTrype
nopacie cy 3a 0.2—0.3°C u 0.4-0.5°C mo
neuenuju, pecrnektusHo (ITomos, 2017; Trbic
et al., 2017).

Out of the total number of extremely cold
months in the East Herzegovina region, 72—82
% was recorded in the period 1961—-1990 (Fig.
5). On the other hand, 60—74 % of extremely
warm months were recorded after 1990. The
obtained results on variability of extremely
warm and cold months occurrence during the
two analyzed subperiods (1961-1990 and
1991-2016) follow the results of the previous
studies (ITomos, 2017; Popov et al., 2018;
Trbi¢ et al., 2017) that determined a warming
tendency (particularly prominent since the
1990s) all over the East Herzegovina region.
The warming trend was apparant throughout
the year, but most pronounced in summer
season. Annual and summer temperatures
increased by 0.2—0.3°C per decade and
0.4—0.5°C per decade, respectively (ITomos,
2017; Trbi¢ et al., 2017).
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Ca. 5. bpoj eKCTpeMHO XJIaIHUX U eKCTPEMHO TOILTHX Mjecel y nepuony 1961—1990. u 1991-2016.
rouHe (y %)
Fig. 5. Number of extremely cold and extremely warm months in 1961—1990 and 1991-2016 (in %)

[TocmaTpaHo 1O TONMIIKBLUM CE30HAMA,
HajBehe cMambehe YUeCcTaIoCTH M0jaBe eKCTPEMHO
XJIaTHUX Mjecenu, kKao u Hajsehe momehame
Y4ECTaJIOCTH M0jaBe €KCTPEMHO TOIUTHX MjeCellH,
npucyTHO je y ce3onu Jbeto (Tabd. 3). Y oBom
JMjery ronuHe, Opoj eKCTPEMHO TOILIMX MjeCelH
nosehan je m3mehy 4 u 16 myra y onHocy Ha
pedepenTHH TIepuoA. [0TOBO CBH E€KCTPEMHO
TOILJTM MjE€CEIH y CE30HU JhEeTO 3a0UIbEKECHH CY
HakoH 1990. rogune — y nepuoay 1961-1990.
TOJIMHE PETHUCTPOBAHO je caMo 1—3 eKCTpPEeMHO
TOIUIA Mjecella, a HakoH Tora 15—17 mjecenm.

Seasonally, the greatest reduction in the
occurrence of extremely cold months as well
as the highest increase in the frequency of
occurrence of extremely warm months was
present in summer season (Tab. 3). In this part of
the year, the number of extremely warm months
increased between 4-fold and 16-fold in relation to
the reference period. Almost all extremely warm
months recorded in summer season occurred after
the 1990 — during the period 1961-1990 only 1-3
extremely warm months were registered, whereas
thereafter 15—17 such months occurred.
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Tab. 3. [Ipomjene O6poja eKCTPEMHO XJIaJHUX U €KCTPEMHO TOIUIMX MjECELHt M0 Ce30HaMa y TIepUOAY
1991-2016. y ogrocy Ha niepuoxa 1961—-1990. rogune (y %)
Tab. 3. Changes in seasonal number of extremely cold and extremely warm months in 1991-2016
compared to 1961-1990 (in %)

ExcrpemHo xnagHu Mjecer / Excrpemuo tomm mjecenn /
Extremely cold months Extremely warm months
- o -~ B - - 0 ~ B -
fz | & | B2 | &2 £z | & | 22 | 22
= =

CE -50 -87 -100 -11 0 -200 1200 400
GA -58 =71 -88 0 367 13 400 25
BE -50 -86 -100 -50 100 100 700 160
BI -45 -86 -85 -36 -11 25 1500 25
GR -50 -71 -100 -80 100 100 700 160
TR -20 -62 -100 -36 -20 83 1600 29

Hajsume nmanasuna y Peny6nunu Cprickoj
n bocHr m XeprieroBuHM M3IMy4H Ce yIpaBo Ha
noapyyjy Vicroune XepreroBuHe — MpocjeqHo
mmehy 1,500 mm u 2,500 mm (Tab. 4).
[TagaBuHe cy BeoMa HepaBHOMjepHO pacniopelene
TOKOM TOJMHE — MaKCHMyM Ia/IaBHHA jaBJba
ce y HOBeMOpy U JaenemMopy, 10K je MUHUMYM
KapaKTEepUCTUYAH 32 CE30HY JHETO (Tj. JyIIH).

The highest precipitation in the Republic
of Srpska and Bosnia and Herzegovina occur
precisely in the East Herzegovina region. Over
this region annually occurs between 1,500 mm
and 2,500 mm (Tab. 4). Precipitation is very
unevenly distributed throughout the year —
precipitation maximum occurs in November and
December, whereas minimum is characteristic of
summer season (i.e. July).

Tab. 4. [Ipocjeune MjeceuHe U roAuIIbE NajaBuHe y nepuoay 1961-2016. roqune
Tab. 4. Average monthly and annul precipitation in the period 1961-2016

I I Il v \Y VI VIlL | VI IX X XI XII | rly
CE 160 | 144 | 151 | 157 | 125 | 107 69 79 138 | 195 | 247 | 224 | 1796
NE | 178 | 152 | 146 | 161 118 87 69 74 126 | 173 | 234 | 214 | 1732
OR | 155 | 130 | 127 | 136 97 86 56 72 121 | 175 | 219 | 194 | 1568
GA | 170 | 136 | 137 | 140 | 106 92 54 68 134 | 194 | 239 | 212 | 1682
BE 155 | 141 129 | 128 99 85 54 68 124 | 184 | 216 | 175 | 1557
ST 154 | 137 | 131 | 133 | 100 85 64 66 122 | 171 | 205 | 190 | 1558
MG | 168 | 145 | 138 | 140 | 102 80 61 67 128 | 191 | 223 | 205 | 1648
BI 157 | 148 | 138 | 134 95 83 55 67 126 | 176 | 220 | 197 | 1597
MK | 206 | 184 | 165 | 167 92 83 47 74 143 | 210 | 276 | 245 | 1893
GR | 155 | 143 | 122 | 117 81 65 46 61 122 | 166 | 232 | 183 | 1493
TR | 175 | 151 | 143 | 138 89 80 48 73 140 | 192 | 234 | 215 | 1678
GO | 172 | 158 | 148 | 135 89 66 44 61 131 | 171 | 242 | 203 | 1619
TU | 248 | 215 | 189 | 168 99 75 52 69 142 | 210 | 306 | 283 | 2057
UB | 358 | 296 | 264 | 222 | 117 89 55 76 171 | 250 | 411 | 386 | 2695
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Ha Behunu cranuma ocMoTpeHa je mojaBa
HajMamke JeTHOT €KCTPEMHO CYITHOT M BJIAKHOT
Mjecena y cBakoj roqunu (Cin. 6 u Cn. 7). Behuna
TOIMHA Ca TPU WU BHIIE €KCTPEMHO CYIIHA
Mjecena 3a0MibexeHa je HakoH panux 1980-ux
ronuHa kaaa je y Mcrounoj XeprieroBuHu moyeo
cymrHu nepuoj. Ha monoBuHM miam TpehuHu
CTaHMIIA, EKCTPEMHO CYIIIHE TOANHE (Ca HajMambe
3 ekcTpeMHO cyIlHa Mjecena) ouie cy 1982, 1985,
1986, 1993, 2000, 2003, 2007, 2011, 2012. u 2015.
ronuHa (Cn. 8 u Tab. 5).

The occurrence of at least one extremely
dry and wet month in each year was observed
at most stations (Fig. 6 and Fig. 7). Most of the
years with three or more extremely dry months
were recorded after the early 1980s when a dry
period began in the East Herzegovina region
(Popov et al., 2019a). At the half or third of
the station, extremely dry years (with at least 3
extremely dry months) were 1982, 1985, 1986,
1993, 2000, 2003, 2007, 2011, 2012 and 2015
(Fig. 8 and Tab. 5).
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Cn. 6. bpoj cTaHuIa ca HajMamEe JeTHUM EKCTPEMHO CYyITHUM MjecenioM (1) u HajMame Tpu
€KCTPEMHO CyIITHa Mjecera (2) y ToauH!
Fig. 6. Number of stations with at least one extremely dry month (1) and at least 3 extremely dry
months (2) in the year
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Tab. 5. onuHe ca HajBUILIE EKCTPEMHO CYIIHUX MjeCeIH
Tab. 5. Years with the highest number of extremely dry months

CE NE OR GA BE ST MG

r/y |[N| rly r/y r/y r/y r/y r/y
1. 1972 | 5 1984 1994 2015 1982 1993 1961
2. 1997 | 4 | 1983 1995 1961 2009 1961 1972
3. 2003 | 4 | 1986 2012 1972 1961 1972 1982
4. 2011 | 3 1961 1985 1993 1994 1986 1983
5. 2015 | 3 1982 1993 2011 2000 1990 1986
6. 1961 | 3 | 1985 1997 2012 2012 2003 1989
7. 1962 | 3 1993 1961 1962 1962 2007 1967
8. 1965 | 3 | 2007 1962 1965 1965 2012 1973
9. 1967 | 3 | 2012 1965 1968 1967 1963 1985
10. 1968 | 2 | 1962 1973 1973 1970 1965 1990

BI MK GR TR GO TU UB

r'’ly |N| r/y r/y r/y r/y r/y r/y
L. 1986 | 3 1962 1982 1985 2000 1982 1982
2. 1991 | 3 1982 1972 1987 1982 2011 1961
3. 1994 | 3 1990 1985 1972 1986 2015 1962
4. 1965 | 3 | 2003 1992 2000 1993 1985 2003
5. 1993 | 3 | 2007 1961 2003 2003 2003 2011
6. 2000 | 3 | 2012 1962 2007 2015 2012 2012
7. 2011 | 2 | 1961 1965 2012 1961 1961 1964
8. 1967 | 2 | 1963 1973 2015 1962 1962 1965
9. 1972 | 2 | 1965 1975 1961 1972 1972 1971
10. 1973 | 2 | 1967 1984 1962 1973 1973 1973
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Cn. 7. bpoj cTaHuIa ca HajMamke jeTHUM eKCTPEMHO BIKHUM Mjeceriom (1)

EKCTPEMHO BJIaXKHA Mjecerna (2) y TOquHI

U HajMambe TPU

Fig. 7. Number of stations with at least one extremely wet month (1) and at least 3 extreme wet

months (2) in the year

Ta0. 6. I'onuHe ca HajBHILIE EKCTPEMHO BIAKHUX MjE€CElH
Tab. 6. Years with the highest number of extremely wet months

CE NE OR GA BE ST MG

N r/y N r/y N r/y N r/y N r/y N r/y N r/y
1 | 4 1979 4 1969 4 1978 5 2010 3 1962 5 2010 5 2010
2 | 4 2010 4 2010 4 1979 4 1979 3 1969 4 1978 4 1976
313 1969 3 1979 3 1969 4 2009 3 1976 4 1979 3 1962
4 3 1977 3 1980 3 1980 3 1969 3 1978 4 2005 3 1969
513 1984 3 1987 3 1986 3 1970 3 1979 3 1969 3 1978
6 | 3 2002 3 2013 3 1987 3 2013 3 1987 3 1996 3 2016
713 2004 3 2014 3 1995 2 1963 3 2006 2 1962 2 1963
8 |2 1962 2 1962 3 2010 2 1964 3 2007 2 1964 2 1964
9 |2 1963 2 1964 3 2016 2 1965 3 2011 2 1967 2 1966
10| 2 1964 2 1966 2 1962 2 1968 2 1963 2 1968 2 1970

BI MK GR TR GO TU UB

N r/y N rly N r/y N r/y N rly N r/y N r/y
1| 4 1978 6 2010 4 1979 6 2010 5 1969 5 1963 4 2014
2 | 4 2010 3 1969 4 2010 4 2014 4 2010 4 1969 3 1970
314 2014 3 1971 4 2014 3 1962 4 2014 4 1979 3 1974
4 13 1966 3 1976 3 1976 3 1963 3 1979 4 2010 3 2004
513 1969 3 1978 3 2005 3 1969 3 1987 4 2014 3 2009
6 | 3 1970 3 1987 3 2013 3 1979 3 1996 3 1962 3 2010
713 2016 3 2014 2 1962 2 1964 3 2005 3 1964 3 2013
8 | 2 1962 2 1962 2 1963 2 1966 2 1962 3 1970 2 1962
9 |2 1963 2 1963 2 1964 2 1972 2 1964 3 2009 2 1963
10| 2 1964 2 1964 2 1965 2 1974 2 1965 2 1966 2 1964
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Fig. 8. Annual number of extremely dry months
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Fig. 9. Annual number of extremely wet months
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Iogune ca HajsehuM OpojeM eKCTpeMHO
BII&XKHUX Mjecell 10 CTaHWI[aMa MPHKa3aHe Cy y
Tab. 6. Ha Behunu cranuiia, eKCTpeMHO BIaXKHE
ronuHe oune cy 1969, 1978, 1979, 1987, 2010.
u 2014. ronuna (Cn. 9). T'onuna 2010. 6una je
rofvHa ca HajBehoM KOJMYMHOM NaJaBUHA Y
aHaJIM3UPAHOM IIEPUOJLY, TOKOM KOj€ Cy Y MHOTHM
nozapy4juma Mcroune XeprieroBiHe 3a01ibexxeHe
BEJIMKE TOIUIABE.

Y4ecTanocT mojaBe EKCTPEMHO CYLIHUX
U BIAXHUX Mjecenu y nepuony 1991-2016.
TOIMHE y OAHOCY Ha pedepeHTHH Mepuoi He
nokaszyje jeaHooOpasHe mpomjene (Ciu. 10). C
003UpOM Ha TO Jla IPOMjEHE HUCY OMJIC BEJIUKOT
WHTEH3UTETa, TpeOa y3eTH y 003up U Ja je ApyTH
nepuoa kpahu 3a net roguna. Mnak, mamwu 6poj
eKCTPEMHO BJIaKHUX Mjecelr 3a0uJbeKeH je Ha
CBHMM CTaHHIIaMa y APYTOM IEPHOTY.

Years with the highest numbers of
extremely wet months by stations are shown
in Tab. 6. At most meteorological stations,
extremely wet years were 1969, 1978, 1979,
1987,2010 and 2014 (Fig. 9). Year 2010 was
one of the years with the highest precipitation
in the observed period. During this year,
in many areas of the East Herzegovina a
significant flooding has been reported.

Frequency of occurrence of extremely
dry and wet months in the period 1991-2016
compared to the reference period do not show
uniform patterns of change (Fig. 10). Given
that the changes were not of high intensity,
it should be noted that the second period is
five years shorter. However, a lower number
of extremely wet months was registered at all
stations in latter period.

100 4 EKCTPEMHO CYIIHM MJECEIM / EXTREMELY DRY MONTHS

63

53
16 50 50

47 4991

CE NE OR GA BE ST MG
m1961-1990

CE NE OR GA BE ST MG BI MK GR R GO U UB  REGION
m1961-1990 m1991-2016
100 1 EKCTPEMHO BJIAXKHM MJECEIM / EXTREMELY WET MONTHS

BI MK GR TR GO TU UB
m1991-2016

Cn. 10. Bpoj ekcTpeMHO CyIIHUX U eKCTPEMHO BIOKHUX Mjeceru y nepuony 1961—1990. u
1991-2016. rogune (y %)
Fig. 10. Number of extremely dry and extremely wet months in 1961-1990 and 1991-2016 (in %)

Ha nmnonoBuHM cTaHuma y MEpUOLY
1991-2016. romune 3abumibexxkeH je Behu Opoj
EKCTPEMHO CYUTHUX MjeCeIH Y CE30HH JbETO, 0K
j€ Ha CBUM CTaHMIIaMa CMameH OpOj eKCTPEMHO
Brnaxxuux Mjeceuu (Tab. 7). To je y cknany ca
pesynratuma nperxoauux cryauja (Popov et al.,

At half of the stations, a higher number of
extremely dry months in summer season were
recorded in the period 1991-2016, whereas at
all stations number of extremely wet months
was reduced (Tab. 7). This is in accordance with
results of the previous studies (Popov et al.,
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2019a; Popov et al., 2019b), koje cy yrBpauie
JIa Cy Haju3pak€HHjHU HETaTUBHU TPEHIOBU
CE30HCKHMX TaJlaBUHa TPUCYTHH YIPaBO Y
CE30HU JBETO.

2019a; Popov et al., 2019b), which determined
that most prominent negative trends in seasonal
precipitation were found particularly in summer
season.

Tab. 7. IIpomjene 6poja EKCTPEMHO CYIIHUX U €KCTPEMHO BIQXKHUX MJECELH 110 ce30Hama y
nepuony 1991-2016. y onnocy Ha nepuoa 1961—1990. rongune (y %)
Tab. 7. Changes in seasonal number of extremely dry and extremely wet months in 1991-2016
compared to 1961-1990 (in %)

ExcrpemHo cyniau mjcenu / ExcrpemHo BiaxkHu mjcenu /
Extremely dry months Extremely wet months
- o -~ 5 - g - ) ~ B - g
o o N S 5 2 < o B a 2 =] (2 2 2
= =
CE 43 160 0 -50 -36 25 -20 -20
NE -22 -20 -20 -71 0 -36 0 -50
OR 13 100 25 -50 -20 -50 -50 -20
GA 0 25 0 -50 -20 -20 -50 -36
BE -40 25 0 -20 -20 -50 -36 -36
ST 0 57 25 -62 25 -20 -36 25
MG 0 -30 -20 -36 -20 -50 -36 0
BI 13 0 57 -36 25 -36 -36 -20
MK 0 0 -20 -50 0 -36 -50 -20
GR -55 25 0 -20 43 25 -62 -36
TR -22 25 100 -50 100 -50 -50 -50
GO -11 -20 57 -50 25 0 -20 -36
TU -40 25 100 -20 0 -50 -50 -50
UB -40 -20 -50 -50 57 -50 -36 0
3AKJbYYAK CONCLUSION

Heynuthne miobajiHe KiIMMAarcKke MpoMjeHe
TOKOM Jipyre nosioBuHe 20. BHjeKa U Ha MOYETKY
21. Bujexa MaHugectyjy ce y npomjeHaMa Kako
CPelbUX, TAKO U EKCTPEMHHMX TeMmIeparypa u
najaBuHa. Y paay Cy aHaJM3HpaHE MPOMJEHE Y
Y4ECTaJIOCTH 110jaBE €KCTPEMHHUX TEMIIEPATyPHUX
Y MaJaBUHCKUX Mjecenu (AeduHUCcaHUX Kao
Mjecely ¢ TeMIIEpaTypoM M IajJiaBuHama Ucop/
u3Hag ayropouynor 10./90. mepuentmia) y
pernony Hcrtoune XepueroBuHe y NEpUOLY
1961-2016. rogune. JloOujeHu pesynraru
nokasanu cy na je 77 % eKCTpeMHO XJIaJHUX

Unequivocal global climate change during
the second half of the 20th century and at the
beginning of the 21st century is manifested in
widespread changes in both mean and the extreme
temperature and precipitation events. The paper
analyses changes in occurrence of extreme
temperature and precipitation months (defined
as months with a temperature and precipitation
below/above the long-term 10th/90th percentile)
over the East Herzegovina region during the period
1961-2016. The obtained results showed that 77
% of the extremely cold months was registered in
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Mjecely perucTpoBaHo y nepuoay 1961—1990.
ToNIuHe, 0K je 67 % eKCTPEeMHO TOILINX MjeCern
3a0uspexeno y nepuony 1991-2016. rogune.
[ToBehame ydecTanocTH MojaBe EKCTPEMHO
TOTUIMX MjECel U CMambeHmhe YUYeCTAIOCTH
MojaBe E€KCTPEMHO XJAJAHHMX Mjecely yKazyjy
Ha TEHJICHLIM]Y 3arpHvjaBama Ha UCTPAXKHUBAHOM
Nozpy4jy. 3a pa3uKy o7 TeMIeparype, IpoMjeHe
1a/laBiHa HUCY TONHUKO M3paxkeHe. Mnak, Tpeba
HaIOMEHYTH J1a j€ Ha CBUM CTaHUIAMa y TIEPHOY
1991-2016. ronuHe cMameH Opoj €KCTPEMHO
BIQXHUX MjECEId, a Ha IOJOBUHM CTAaHMIA
noBehan Opoj EKCTPEMHO CYUIHUX MjeCellH.
[TpomjeHe yuecTanocTy ojaBe Kako eKCTPEMHUX
TEMIEPATYPHUX MjeCelr TaKO U EKCTPEMHUX
MaJAaBUHCKUX MjEeCEIl HajU3PaXKEHH]E Cy Y CE30HH
JBETO.

YTBpheHe mpomjeHe ydecTaIoCTH IMOjaBe
E€KCTPEMHUX TEMIEPaTypHUX M EKCTPEMHHX
MaJaBUHCKUX Mjeceln nMahe CHa)kaH yTHUIQ]
Ha TPUPOJHE M COIMO-E€KOHOMCKE CHCTEME.
Nmajyhu y BUy HaBeIeHO, HEOTIXOIHA CY AO/IaTHA
UCTpaKuBama Koja he ce pokycuparu Ha cTynuje
NpoLjeHe YTUI[aja, @ HAPOUUTO Ha aHATIM3Y YTUIIaja
KJIIMMAaTCKUX TpPOMjeHa Ha KJbYYHE CEKTOpe
npuspezne y Mcrounoj XepueroBuHu Kao MTo cy
SHepreTuKa, Typu3am, MoJLOIPUBPENa U JIp.

3axBanHuua: McrpaxuBame MpecTaB/beHO
y OBOM paay Iuo je TMpojexTa ,,AHanu3a
MJIYyBUOMETPUJCKOT pEXHMa Ha MOAPYY]jY
Hcroune XepreroBuHe y KOHTEKCTY CaBpEMEHUX
kiumaTckux mnpomjena” (bp.19/6-020/961-
18/18) koju ¢unancupa MuHHCTApCTBO 32
HayYHOTEXHOJIOIIKH Pa3B0j, BUCOKO 00pa3oBame
u uHpopmaono apymrso Penmybnuke Cpricke.

the period 1961—-1990, whereas the 67 % of the
extremely warm months occurred in the period
1991-2016. Increase in the annual occurrence
of extremely warm months and decrease in
frequency of extremely cold ones indicate
that a warming tendency is present over the
study area. Unlike the temperature, changes
in precipitation were not so much prominent.
However, it should be noted that at all stations
number of extremely wet months was reduced
in the period 1991-2016. During this period,
at half of the stations number of extremely dry
months increased. Changes in both extreme
temperature and extreme precipitation months
were most prominent in summer season.

Observed changes in the occurrence of
extreme temperature and extreme precipitation
months will have a strong impact on both
natural and socio-economic systems. Given the
stated, a further research focusing on impact
assessment studies, particularly on the analysis
of climate change effects on key economic
sectors in the East Herzegovina region such
as energy, tourism, agriculture etc. Moreover,
adoption and implementation of efficient
adaptation and mitigation strategies is certainly
necessary.
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