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ITPOMJEHE TEMIIEPATYPE BA3/IYXA U ITAJABUHA Y COKOLLY (1961-2022)

Tarjana IMonos", Ciio6oxan I'bato’, F'opan Tpouh!, Mapko UBanumenuh’, Jlapko
Bopojesnh? u Musinua Hophepuh?

'Vuusepsurer y bawoj JIyun, [Ipupoaao-maremarnuku dakynret, bama Jlyka, Peryonuka Cprcka, buX
2PemyOauaKy XHAPOMETEOPOITOIIKHY 3aBox Penyonuke Cpricke, bama JIyka, Pemy6imka Cpricka, buX

Caskerak: Y paay cy aHaTU3UpaHe IPOMjeHE TeMIlepaType Basayxa u nagaBuHa y Coxorty (Pemy6nmka Cprcka, bocHa
u Xepuerosuna) y nepuoay 1961-2022. rogune. Knnmarcke npomjeHe Ha UCTPaKMBAHOM MIPOCTOPY JIETEPMUHUCAHE CY
Ha 0a3u JIMHeapHOT TpeHaa y nepuony 1961-2022. roguHe 1 Ha OCHOBY MPOMjCHA Koje Cy ce necuiie u3mel)y nocibeme
JBHje KIMMaTcKe HopMalle Koje mpemnopydyje Cpjercka MeTeopornomnka opranusamnmja (1961-1990. u 1991-2020. romgu-
He). YTBpheno je aa je y Cokolly MpHCyTHO 3HAYajHO 3arpHjaBamke KIMMATCKOT CHCTeMa. | OHIImha 1 Ce30HCKE CPebe,
MaKCHUMaJIHe U MHHUMAJIHE TeMIIepaType Basayxa loKasalie Cy CTaTHCTHYKH 3HauajHe Mo3UuTUBHE TpeHaoBe. [locmarpano
I10 Ce30HaMa, IopacT TeMIIepaType je MPUCYTaH TOKOM IHjelie TOANHE, alli je Haju3paKeHUjH y Ce30HHU 3uMa. PpekBeH-
1I{ja 110jaBe U MHTCH3UTET TEMIIEPaTypHHUX eKCTpeMa HapOYHUTO Cy rnoBehaH! MOCIbeABUX JeleHHja. Y CBUM Ce30HaMa
3a0MJBEKEHN Cy TIO3UTHUBHY TPSHIOBH ITaJJaBHHA, HAKO j€ 3HadajaH IMOpacT NPUCYTaH jeTUHO y ce30Hu mposbehe. Ocum
1opacTa yKyIlHe KOJIMYMHE MaJaBuHa, YTBpheH je ¥ MO3UTHBaH TPEH]| MHJIEKCa eKCTPEMHUX ajaBuHa (3a BehuHy HMH-
JIeKca ¥ CTaTUCTHYKH 3HauyajaH).

KibyuyHe pujeum: ximmarcke IMpoMjeHE, TEMIIEpaTypa BasdyXa, MaJlaBUHE, eKCTPEMHHU KIMMATCKH MHIEKCH, TPEHI,
knumarcke HopMaie, Cokomar (Pemry6nuka Cprcka, bocHa n Xepuerosuna).
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Abstract: The paper had analyzed changes in air temperature and precipitation in Sokolac (Republic of Srpska, Bosnia
and Herzegovina) during the 1961-2022 periods. Climate change over the researched area was determined based on a
linear trend for the 1961-2022 periods and based on the changes that occurred between the last two thirty-year standard
climatological periods recommended by the World Meteorological Organization (1961-1990 and 1991-2020). It was
established that a significant warming of the climate system is present in Sokolac. Annual and seasonal mean, but also
maximum and minimum air temperatures displayed statistically significant positive trends. Observed by seasons, the
temperature increase was present through the entire year, but was most pronounced in the winter season. The frequency
and intensity of temperature extremes have particularly increased in recent decades. Positive precipitation trends were
recorded in all seasons, although a significant increase was present only during the spring season. In addition to the rise
in the total precipitation, a positive trend in the extreme precipitation indices was also determined (for most indices,
increase was statistically significant).

Keywords: climate change, air temperature, precipitation, extreme climate indices, trend, climate normals, Sokolac
(Republic of Srpska, Bosnia and Herzegovina).

Aytop 3a kopecrnonaeHuujy: Tarjana Ilomos, Yuusepsuter y Bamoj Jlymwm, Ilpupogno-maremarudku ¢axynrer, MiageHa
Crojanosuha 2, 78000 bamwa Jlyka, Peryonuka Cprcka, bocHa u Xepuerosuna, E-mail: tatjana.popov@pmf.unibl.org
Corresponding author: Tatjana Popov, University of Banja Luka, Faculty of Natural Sciences and Mathematics, Mladena Stojano-
vica 2, 78000 Banja Luka, Republic of Srpska, Bosnia and Herzegovina, E-mail: tatjana.popov@pmf.unibl.org

1



TATJAHA TIOTIOB, CIOBOJIAH I'thATO, TOPAH TPEWR, MAPKO BAHUIIEBIR, JAPKO BOPOJEBUR U MUJIMLIA HOPBEBUHR
TATJANA POPOV, SLOBODAN GNJATO, GORAN TRBIC, MARKO IVANISEVIC, DARKO BOROJEVIC AND MILICA PORBEVIC

YBOA

I'moGanHa TeMmepaTypa Baziyxa y mopacty
je om xkpaja 19. Bujeka, a HAPOUUTO MOCIbETHUX
neuennja (IPCC, 2021; Shen et al., 2022; Wang
et al., 2018). IIpocjeuna rmobanHa Temmnepary-
pa Bazayxa TOKOM MOCJbEIbUX JIBAJIECET TOANHA
(2003-2022) 6una je 1.03°C Buma y nopehemy
ca nmepuogom 1850—-1900. (1j. ca mpeauHIycC-
tpujckuM nepuoaom) (IPCC, 2021; Forster et
al., 2023). Ilocipenma nenennja (2013-2022)
ounaje 1.15°C, a 2022. roguna 1.26°C Toruja
(Forster et al., 2023). IHTeH3UBHU W HATIU
TPEH]l 3arpyjaBama y CpeambuM reorpadckum
IIMpUHAMa Halle XeMucgepe 3aroueo je TOKOM
kacHux 1980-ux (Lo & Hsu, 2010). Ocum mo-
pacTa cpeme TeMIeparype KolHa U OKeaHa Ha
m100aTHOM HHUBOY, Ha 3arpujaBame ynyhyjy u
MIpOMjeHe UHIeKca eKCTPEMHUX TeMIeparypa (1
torux W xjaanHux) (Alexander, 2016; Gallant
et al., 2014; Dunn & Morice, 2022; Dunn et al.,
2020). Tormn TeMriepaTypHu HHACKCH, Kao IITO
CY CBH allCOJlyTHH TEMIEPATYpPHU UHIEKCH, TIep-
LEHTUJICKHA UHJEKCHU TOIJIe HONU U TOTLIN JaHH,
WHJIEKCU 3aCHOBaHU Ha (PUKCHUM BpPHjEIHOC-
THMa MparoBa TPoINcke HONM U JbeTHU JIaHU, T
WHJEKC AYKUHE Tpajarmba Tpajarme TOTUINX Taa-
ca, 3a0MJBEXKUITN CY U3pakeHEe MO3UTHUBHE TPEH-
JIOBE, JIOK Cy XJaJHH MHAEKCH (IEepPUEHTUIICKU
WHJEKCHU XJIaJHe HOhM U XJIaJIHU JJaHU, UHJEKCU
3aCHOBaHM Ha (PUKCHUM BPHjE€THOCTHMA MParoBa
Mpa3HU JIJaHU U JIICHU JaHU, T€ UHEKC TyKUHE
Tpajama Tpajame XJIaJHUX Tajgaca) 3a0MIbeKIIIH
HeraTUBHE TPEHOBE.

I'moGanHo 3arpujaBame MOTBphHEeHO je Opoj-
HUM CTyJjaMa IIMPOM CBHUjeTa, Ha Pa3INuUTUM
BPEMEHCKUM U IPOCTOPHUM CKajlaMa — OJ] KOH-
tuHeHtanHux (Bieli et al., 2015; Dominguez-
Castro et al., 2020; Overpeck & Udall, 2020;
Penia-Angulo et al., 2020; Twardosz et al.,
2021; Collazo et al., 2022), mpexo peruOHATHUX
(Vincent et al., 2018; Zittis et al., 2022; Kelebek
et al., 2021; Kpanou et al., 2021; Lakatos et al.,
2021; Ogrin et al., 2022; Salameh et al., 2019;
Todaro et al., 2022; Fan et al., 2022; Hu et al.,
2014) u nanmonanmaux (Amendola et al., 2019;
Begert & Frei, 2018; Kosanic et al., 2019; Kumar
et al., 2021; Mateus & Potito, 2022; Mullick et
al., 2019; Ribes et al., 2022; Salnikov et al.,
2023; Stanley et al., 2023; Tosi¢ et al., 2016,
2023; Trbi¢ et al., 2017; Finkel & Katz, 2017,
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INTRODUCTION

Global air temperature had been increasing
since the end of the 19th century, and especia-
lly in recent decades (IPCC, 2021; Shen et al.,
2022; Wang et al., 2018). The average global air
temperature during the last twenty years (2003—
2022) was 1.03°C higher compared to the 1850—
1900 periods (i.e. with the pre-industrial peri-
od’s level) (IPCC, 2021; Forster et al., 2023).
The last decade (2013-2022) was 1.15°C, and
the year 2022 was 1.26°C warmer (Forster et
al., 2023). An intense and abrupt warming trend
over the middle latitudes of the our hemisphere
began during the late 1980s (Lo & Hsu, 2010).
In addition to the increase in the average tem-
perature of land and oceans at the global level,
changes in extreme temperature indices (both
warm and cold) also suggest warming (Alexan-
der, 2016; Gallant et al., 2014; Dunn & Mori-
ce, 2022; Dunn et al., 2020). Warm temperature
indices, such as: all absolute temperature indi-
ces, percentile indices of warm nights and warm
days, fixed threshold values indices of tropical
nights and summer days, and the duration based
index of warm spell duration index, recorded
prominent positive trends, whereas the cold in-
dices (percentile indices of cold nights and cold
days, fixed threshold values indices of frost days
and ice days, and duration based index of cold
spell duration index) displayed negative trends.

Global warming has been confirmed by nu-
merous studies around the world, on different
temporal and spatial scales — from continental
(Bieli et al., 2015; Dominguez-Castro et al.,
2020; Overpeck & Udall, 2020; Pefia-Angulo et
al., 2020; Twardosz et al., 2021; Collazo et al.,
2022), through regional (Vincent et al., 2018;
Zittis et al., 2022; Kelebek et al., 2021; Kpanou
et al., 2021; Lakatos et al., 2021; Ogrin et al.,
2022; Salameh et al., 2019; Todaro et al., 2022;
Fan et al., 2022; Hu et al., 2014) and national
(Amendola et al., 2019; Begert & Frei, 2018;
Kosanic et al., 2019; Kumar et al., 2021; Mateus
& Potito, 2022; Mullick et al., 2019; Ribes et
al., 2022; Salnikov et al., 2023; Stanley et al.,
2023; Tosic¢ et al., 2016, 2023; Trbic¢ et al., 2017,
Finkel & Katz, 2017; Ciftci & Sahin, 2023) to
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Ciftci & Sahin, 2023) no nokanaux (Bonacci et
al., 2021; Buri¢ & Doderovi¢, 2021; Doderovié
et al., 2020; Gnjato et al., 2021; Nimac et al.,
2021; Popov et al., 2017a).

3a pa3nuKy of TeMIeparype, IpoMjeHe ma-
naBuHA (M CpEeImbUX U EKCTPEMHHX) HUCY Oue
jenHooOpasHe, U YITIaBHOM cy Ouiie Mame 3Ha-
yajHe, Kako Ha robanHoM HuBOY (Alexander,
2016; Gu & Adler, 2023; Sun et al., 2021), Tako
U Ha MamUM OpocTOpHUM ckajama (Buri¢ &
Doderovié, 2021; Zeder & Fischer, 2020; Zheng
et al., 2022; Kelebek et al., 2021; Komiisci &
Aksoy, 2023; Kpanou et al., 2021; Li et al.,
2019; Luppichini et al., 2022; MiloSevi¢ et al.,
2021; Ogrin et al., 2022; Popov et al., 2017b,
2018b; Portela et al., 2020; Senent-Aparicio et
al., 2023; Fan et al., 2023; Hénsel et al., 2022;
Harp & Horton, 2022; Ciftci & Sahin, 2023).
Nnak Tpeba HCTaKHYTH /1a je Yy MHOTHM J1jeJIo-
BHUMa CBHjeTa NMpUMHjeheH TpeH a mopacra uH-
TeH3uBHUX nangaBuHa (Alexander, 2016; Dunn
et al., 2020; Sun et al., 2021). Ha npuwmjep,
TOJUIIKha MaKCHMaHa JTHEBHA KOJMYMHA Ta-
naBuHa nosehana je y ckopo nBuje Tpehune
KOITHEHUX TNoBpIInHaA cBujeta (Sarkar & Maity,
2021). Y EBponu je npumujehen nopact yuec-
TaJIOCTH MMOjaBe EKCTPEeMHUX MaJaBUHA Y y3a-
cromanM nanuma (Du et al., 2022), kao u mo3u-
TUBHHU TPEHIOBU HHTCH3UBHUX MaJJaBUHA TOKOM
nocsjpeamux Tpugecerak roguna (1991-2018)
(Hénsel et al., 2022).

HaBenenu TpeHAOBH NMpOMjeHE KIUME yT-
BpheHU Cy W MPETXOIHUM HCTPAXKUBABLUMA Y
Peny6nuiin Cprickoj u bocHu u XepreroBuHu
(Gnjato et al., 2021; ITomos, 2020; Popov et al.,
2017a, 2017b, 2018a, 2019). OBaj pax npeacra-
BJbA HACTABAK TUX UCTPAKUBAIA, jep aHATH3UPA
YU TIEPHOJ Y OIHOCY Ha MPETXO/IHA HCTpa-
KUBama, a IITO je HAPOYUTO BaXXHO OOyxBa-
ta u nepuog 2016-2022. rogune, 1j. oOyxBara
17100aJIHO HajTOIIMje TOAMHE OJ] KaJia Ce BpIIe
MHCTpYMEHTalHa Mjepema (o 1880. rogune)
(NOAA National Centers for Environmental
Information, 2023). V pany ce nerajbHHje aHa-
nu3upajy npomjene Ha npoctopy Cokona. [maBuu
[IUJb UCTPAXKHUBAKA JECTE J1a CE HCIIUTA]y TPEHIO-
BU TEMIIepaTypa Ba3nyxa, MajgaBuHa U €KCTPEM-
HUX KJIUMaTCcKuX uHjAekca y CoKoly y nmepuomsy
1961-2022. roguHe 1 1a ce yTBp/IE IPOM]jEeHE Koje
cy ce aecuiie usMel)y nocsbeama 1Ba CTaHaapI-
Ha TPUJECETOTOIUIIHA KIIMMATOIOIIKA Teproaa

local (Bonacci et al., 2021; Buri¢ & Doderovic,
2021; Doderovi¢ et al., 2020; Gnjato et al., 2021;
Nimac et al., 2021; Popov et al., 2017a).

Unlike air temperature, changes in precipita-
tion (both mean and extreme) were not uniform,
and were mostly less significant, both on a global
scale (Alexander, 2016; Gu & Adler, 2023; Sun
et al., 2021) and on smaller spatial scales (Bu-
ri¢ & Doderovi¢, 2021; Zeder & Fischer, 2020;
Zheng et al., 2022; Kelebek et al., 2021; Komiis-
cli & Aksoy, 2023; Kpanou et al., 2021; Li et al.,
2019; Luppichini et al., 2022; MiloSevi¢ et al.,
2021; Ogrin et al., 2022; Popov et al., 2017b,
2018b; Portela et al., 2020; Senent-Aparicio et
al., 2023; Fan et al., 2023; Hénsel et al., 2022;
Harp & Horton, 2022; Ciftci & Sahin, 2023).
However, it should be noted that in many parts
of the world, an increasing trend of intense pre-
cipitation has been observed (Alexander, 2016;
Dunn et al., 2020; Sun et al., 2021). For exam-
ple, annual maximum daily rainfall has increa-
sed over almost two-thirds of the world’s land
area (Sarkar & Maity, 2021). In Europe, a rising
frequency of extreme precipitation on consecuti-
ve days (Du et al., 2022) and positive trends of
intense precipitation during the last thirty years
(1991-2018) (Hénsel et al., 2022) have been ob-
served.

The aforementioned patterns of climate
change were determined by previous research in
the Republic of Srpska and Bosnia and Herzego-
vina (Gnjato et al., 2021; ITomos, 2020; Popov et
al., 2017a, 2017b, 2018a, 2019). This paper is a
continuation of those studies, because it analyzes
a longer period compared to the previous studies,
and what is particularly important includes the
2016-2022 periods, which covers the warmest
years globally since instrumental measurements
have begun (i.e. from 1880) (NOAA National
Centers for Environmental Information, 2023).
The paper analyzes in more detail the changes in
the Sokolac area. The main goal of the research
was to investigate the trends of air temperature,
precipitation and extreme climate indices in So-
kolac during the 1961-2022 periods and to deter-
mine the changes that occurred between the last
two standard thirty-year climatological periods
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(kmumarcke HOopMane) — Tj. usMely mepuona
1961-1990. u 1991-2020. ronusxe.

MATEPUJAJIN U METOIE

[Ipoctop wucTpakuBama MPeNCTaBiba IMOJ-
pydje Coxora (Cn. 1), cMjemITeHO Y UCTOYHOM
mjerry Pemryormuke Cpricke (bocue u Xepiierosu-
He) Ha 43°50°—44°07’ c. . o m 18°31°-19°02’ u. .
1. (Opstina Sokolac & Regionalni centar za okoli$
za BiH, 2011). UctpaxxuBano noapydje oOyxBara
noBpIrHY ox 689 km?, Ha k0joj »xwuBu oko 12000
craHOBHHUKA. CMjEIITEeHO je Ha IJTaHWHCKO) BUCOPAB-
uu [tacunar, n3mel)y miannHa Pomanuja, O3pen u
Jegerax. [Tonpyuje npuraa yHyTpammsum JuHapu-
JIMMa, T€ UMa OJUTUKE OPJICKO-TUTAaHWHCKOT TIOZIpyYja
(Opacko-TutaHMHCKKM BUCHHCKH TI0jac Ha 800—1000
m H. B. 3ay3lMa MPEKO TIOJIOBUHE TOBPIIIMHE TCPH-
TOpHj€, a IUITAHUHCKO MOJPYYje ca BUCHHAMA TPEKO
1000 m H. B. HEeWITO BUILIE O TpehHHE TepUTOPH]E).

(climatic normals) — i.e. between the 1961-1990
and 1991-2020 periods.

DATA AND METHODS

The study area is Sokolac area (Fig. 1), located
in the eastern part of the Republic of Srpska (Bo-
snia and Herzegovina) at 43°50°—44°07’ N latitude
and 18°31°-19°02’ E longitude (Opstina Sokolac
& Regionalni centar za okoli§ za BiH, 2011). The
study area covers an area of 689 km? where about
12000 inhabitants live. It is located on the Glasinac
mountain plateau, between the mountains Roma-
nija, Ozren and Devetak. The area belongs to the
mner Dinarides, and has the characteristics of a hi-
lly-mountainous area (the hilly-mountainous altitu-
de belt at 800-1000 m a. s. l. occupies more than
half of the territory’s surface, and the mountain area
with heights over 1000 m a. s. 1. slightly more than
a third of the territory).

Cn. 1. I'eorpadcku mosoxkaj uctpaxuBanor nojapydja Coxora
Fig. 1. Geographical position of the study area of Sokolac

[MTonpyuje Cokoma ce OMJIHKYyje TPemd-
NJaHUHCKOM ¥ IIAaHUHCKOM KJIMMOM, KOjy
KapaKTEepHIIly Jyre ¥ XJIaJHe 3UuMe ca OOMITHUM
CHC)KHUM TaJlaBUHaMa U Kpaha U cBjexa JpeTa,
TE PEJIATUBHO PaBHOMjepaH pacropel NaJaBuHa
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The Sokolac area is characterized by a mon-
tane and mountain climate, which is marked by
the long and cold winters with abundant snowfall
and shorter and fresh summer seasons, and a rela-
tively even distribution of precipitation througho-
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TOKOM Iiujenie roune. Cperba oA TeMIepa-
Typa Bazayxa y nepuony 1961-2015. usnocuna je
6.9°C, a Temneparype HajxJIaJHHUjer U HajTOILTHjer
Mjecena -3.8°C u 16.7°C, penom (ITomnos, 2020).
Hajumxa temmieparypa 3a0M/beKeHa y HaBEICHOM
neproy nzHocuna je -34.6°C (u3mjepeHa y janya-
py 1985. ronune), a HajBuma 36.1°C (13Mjepena y
Jyny 2013. roqune). Cpenrba roauIImba KOJIMIuHA
najiaBuHa M3HOCcuia je 853.8 mm.

3a aHanmM3y MpoMjeHa TeMIieparype Basayxa 1
MaJlaBMHA Ha TIPEIMETHOM TOpYYjy KopHuTheHH
cy nopaiy PemyOmuyukor XuapoMeTeopoIOLIKOT
3aBozia PemmyOnuke Cpricke ca METEOpOJIOIIKE CTa-
nune Coxonall, koja ce Haja3u Ha 43.92611° c. .
1, 18.78917° u. . 1. u 913 m u. B. Kopumthenu cy
JTHEBHU nofauu o cpeamuM (Ta), MakcumanHuM
(Tmax) u munumanaum (Tmin) Temneparypama,
T€ JIHEBHU MOAALM O KOJIMYMHAMa IaJlaBUHamMa
(R). Xomorenuszanuja mojaraka HHje BpIICHA.
[Ipocjeune BpUjeTHOCTH U OCHOBHE CTaTHCTHUKE
OJTMIKE YJIa3HUX BapujabiIy y aHAJIM3UPAHOM Iie-
puony 1961-2022. ronune npukaszane cy y Tao0.
1. Ha ocHOBY yna3HuX BapHjaOiIu U3padyHaTH Cy
MHJIEKCH €KCTPEMHHUX TeMIlepaTypa U NajaBuHa
KOje Mpernopydyyje TUM eKCrepara 3a JICTEeKIIH]y
caBpeMeHNX KiauMarckux npomjena (ETCCDI).
Jedununyje kopurheHux MHAEKCA TOCTYITHE CY
Ha: http://etcedi.pacificclimate.org/list 27 indices.
shtml (mepreHTUICKK HHAESKCH MIPUKA3aHHU CY y Ja-
HHUMa, a He y TIpolieHTHMa). M3pauyHatu cy y cod-
tBepy RClimDex (Zhang & Yang, 2004). ITpocje-
YHE BPHjE€AHOCTH U OCHOBHE CTATUCTUYKE OJUTUKE
aHAJIM3MpAHUX MHAEKca y nepuony 1961-2022.
roauHe npukasade cy y Ta0. 2 u Ta0. 3.

ut the year. Mean annual air temperature in the
1961-2015 periods was 6.9°C, and the air tem-
peratures of the coldest and warmest month were
-3.8°C and 16.7°C, respectively (ITomos, 2020).
The lowest temperature recorded in the mentioned
period was -34.6°C (measured in January 1985),
and the highest 36.1°C (measured in July 2013).
The mean annual precipitation was 853.8 mm.

Data from the Republic of Srpska Hydromete-
orological Institute at the Sokolac meteorological
station, located at 43.92611° N latitude, 18.78917°
E longitude and 913 m a. s. I, were utilized for
the investigation of changes in air temperature
and precipitation over the study area. Daily data
on mean air temperatures (Ta), maximum (Tmax)
and minimum (Tmin) air temperatures, and daily
data on precipitation amounts (R) were used. Data
homogenization was not performed. Average va-
lues and other basic statistics of used input varia-
bles for the investigated 1961—2022 periods are
shown in Tab. 1. Based on the input variables, in-
dices of extreme air temperature and precipitation,
which are suggested by the team of experts for the
detection of contemporary climate changes (ETC-
CDI), were calculated. Definitions of the used indi-
ces are available at: http://etccdi.pacificclimate.org/
list 27 indices.shtml (percentile indices are shown
in days, not percentages). They were calculated in
RClimDex software (Zhang & Yang, 2004). Avera-
ge values and other basic statistics of the investiga-
ted indices for the 1961-2022 periods are shown in
Tab. 2 and Tab. 3.

Tab6. 1. OCHOBHE CTaTHCTHYKE OJJIMKE yia3HHUX napamerapa (mepuoxa 1961-2022. roqune)
Tab. 1. Basic statistical characteristics of input parametres (the 1961-2022 periods)

o
~ < éfn '§ % e = o =
2 5 =5 25 - 5 2cE | 8EL | Bog
S Q 5 > SAn 3 5 8 > g 8 > =9 3 =5 &
2 53 SoE | E2§5 | £Eg5 | EsE | 2gc
. .- &)
= o s o (oS S o S o
< é o g S & ‘2“ = ) = M8 M S
o Q
=
Ta (°C) 7.1 0.9 9.3 5.0 -0.519 0.324
Tmax (°C) 13.6 1.2 15.6 11.3 -1.185 -0.051
Tmin (°C) 1.3 0.9 3.7 -0.6 -0.262 0.141
R (mm) 860.6 143.1 1276.3 562 0.533 0.401

ul|
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Tab. 2. OcHOBHE CTaTHCTUYKE OJUIMKE aHAJIM3UPAHUX MHJIEKCA eKCTPEMHUX TEMIIeparypa Ba3ryxa

(mepuon 1961-2022. ronune)
Tab. 2. Basic statistical characteristics of analyzed extreme air temperature indices
(the 1961-2022 periods)

Wunexc ekctpemuanx temmeparypa / Index of TXx TNn TNx TXn
extreme temperature (°O) (°O) (°O) °O)
ApurmeTnika cpeanHa / Average 323 -24.1 16.0 -9.4
MaxkcumyMm / Maximum 36.1 -14.8 21.1 -3.0
Munnmy™M / Minimum 27.6 -34.6 12.0 -18.8
Cranpapana aesujanuja / Standard deviation 2.0 4.2 1.9 3.0
Koeduuujent acumerpuje / Skewness -0.127 -0.207 0.326 -0.631
Koedummjent 3ao65penoctr / Kurtoius -0.572 -0.118 0.291 1.111
Wnunexc ekctpemanx temmeparypa / Index of TX10p TN10p TX90p TN9Op
extreme temperature (man / day) | (man/day) | (man/day) | (man/day)
AputmeTndka cpeanHa / Average 30.6 29.7 59.4 53.7
MakcumyM / Maximum 65.5 54.8 110.3 102.0
MuaumyM / Minimum 6.0 10.0 13.1 9.9
Crannapana nesujanuja / Standard deviation 12.7 11.3 25.5 20.6
Koedummjent acumerpuje / Skewness 0.615 0.367 -0.080 0.157
Koedummjent 3ao05penoctr / Kurtoius 0.338 -0.466 -1.094 -0.409
WNupexc exctpeMunx temneparypa / Index of TR20 SuU25 SuU30 FDO
extreme temperature (man / day) | (man/day) | (man/day) | (mau/ day)
AputMmeTndka cpeanHa / Average 0.1 43.3 8.1 148.2
MaxkcumyMm / Maximum 1.0 92.0 43.0 177.0
Munumym™m / Minimum 0.0 6.0 0.0 99.0
Crannapana nesujanyja / Standard deviation 0.2 17.8 9.1 14.8
Koeduuujent acumerpuje / Skewness 4.156 0.388 1.659 -0.567
Koedummjent 3ao05menoctr / Kurtoius 15.821 -0.222 2.963 0.708
WHuneke ekctpemuux temieparypa / Index of 1IDO WSDI CSDI GSL
extreme temperature (man / day) | (man/day) | (manm/day) | (man/day)
AputMmeTnuka cpeanHa / Average 34.0 16.4 1.1 2243
Makcumym™ / Maximum 72.0 66.0 12.0 270.0
MunanmymMm / Minimum 7.0 0.0 0.0 178.0
Crannapana aesujanmja / Standard deviation 12.3 16.0 2.8 22.0
Koedunujent acumerpuje / Skewness 0.376 0.762 2.420 0.081
Koedummjent 3a005penoct / Kurtoius 0.535 0.047 5.124 -0.348
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Ta6. 3. OCHOBHE CTaTHUCTUYKE OJUTMKE aHATTM3UPAHUX UH/IEKCA CKCTPEMHHUX TaaBHHA (TIEPHO.
1961—-2022. rogune)

Tab. 3. Basic statistical characteristics of analyzed extreme precipitation indices

(the 1961—-2022 periods)

WHpexc excTpeMHUX nasaBuHa /Index of | PRCPTOT | RXlday RX5day (mSmD/LIaH R10mm
extreme precipitation (mm) (mm) (mm) mm/day) (man / day)
AputMmeTrndka cpeauHa / Average 841.7 49.8 79.1 7.7 27.3
MaxkcumyM / Maximum 1262.4 114.2 195.3 10.2 47.0
MunnmymMm / Minimum 540.6 26.0 36.8 5.8 14.0
Crannapana nesujanyja / Standard deviation|  145.9 19.4 28.6 1.0 6.9
Koedumujent acumerpuje / Skewness 0.448 1.693 2.268 0.253 0.658
Koeduuujent 3a00menoctu / Kurtoius 0.530 3.158 6.902 -0.533 0.380
Wnpexc excrpemunx nagasuna / Index of | R20mm R95p R99p CWD CDD
extreme precipitation (nau / day) (mm) (mm) (man / day) | (nan / day)
ApuTMmeTnuKa cpeanHa / Average 8.0 209.7 73.7 6.7 22.7
MaxkcumyMm / Maximum 14.0 468.8 227.6 14.0 41.0
MuanmyM / Minimum 1.0 294 0.0 4.0 12.0
Crannapana nesujanuja / Standard deviation 3.1 88.9 61.7 1.8 7.3
Koedumujent acumerpuje / Skewness 0.182 0.512 0.672 1.503 0.771
Koedwummjent 3aodspenoctu / Kurtoius -0.416 0.269 -0.425 4.364 -0.258

Hemnapamerapcku Man-Kennanos tect u
CeHoOB MeTOA YyNOTpeOJbEHH Cy 3a MPOIjEeHY
Haruba TPEHII0BAa U HbUXOBOT CTATHCTHYKOT
3Hauaja y mepuoay 1961-2022. Ananusa
npoMjeHa u3Mel)y mocsbeimhe IB1je KINMaTCKe
Hopmadie (1961-1990. u 1991-2020.) oOyxBa-
TUNa je yTBphuBame pasiuka y NpocjedyHUM
BpHjeHOCTHMA TapaMeTapa JBa HaBeJCHA
Nepuojia ¥ IpoMjeHa y AUCTpuOyIMjama Koje
Cy ucnuTuBaHe Hemnapamerapckum Koamoro-
poB-CMUPHOBUM TE€CTOM.

PE3VIITATU 1 JUCKYCUJA

JlekaqHu TPEeHJOBH TOAUIIHBUX U CE30H-
CKHUX TeMmIepaTypa mpukazanu cy y Ta0. 4
n Ha Cn. 2. Cpenmwa roauuima TeMIeparypa
Ba3ayxa 3HayajHo je mopacia 3a 0.40°C mo
neuneHuju. I makcuManHe 1 MUHUMAJIHE TEM-
rneparype 3HauajHO Cy Mopacie TOKOM ITHjelie

The non-parametric Mann-Kendall test and
Sen’s method were performed to assess the slo-
pe of the trends and their statistical significance
for the 1961-2022 periods. The analysis of the
changes between the last two climate normals
(1961-1990 and 1991-2020) covered determi-
ning the differences in the average values of the
parameters between the two stated periods and
determining the changes in the distributions,
which were examined by the non-parametric
Kolmogorov-Smirnov test.

RESULTS AND DISCUSSION

Decadal trends of annual and seasonal tem-
peratures are shown in Tab. 4 and Fig. 2. The
average annual air temperature rose significan-
tly by 0.40°C per decade. Both maximum and
minimum temperatures increased significantly
throughout the year. However, maximum tempe-
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roguHe. Mnak, MakcuMaliHe TeMmIieparype Cy
mopacJie Mo BHIIUM CTOTIaMa HEro MUHUMAaJTHE
(Ha mpuMjep, rouIIHa MAaKCUMaJIHA TEMIIEpary-
pa nopacia je 0.60°C no neneHuju, a ToauIba
muHUMaiHa Temneparypa 0.40°C o aereHujm)
— IITO je Y CarllaCHOCTH ca pe3yJiTaTuMa CTy/IHja
MPETXOAHO crpoBeeHnM y PenmyOmuiiu Cprickoj
u bocuu n Xeprerosunu (Gnjato et al., 2021;
[Tonos, 2020; Popov et al., 2017a, 2018a, 2019)
u peruony (Bonacci et al., 2021; Buri¢ et al.,
2015; Dominguez-Castro et al., 2020; ToSi¢ et
al., 2023). 3a pa3nuKy oJ HIXKUX MOJIpyYja y Te-
PHUIIAHOHCKOM M CYOMEIUTEPaHCKOM TOIPYY]y,
raje cy Hajehu mopacTd MakCHMajaHE U MH-
HUMAaJHE TeMIlepaType 3a0MIbeKEHN y CE30HH
sbeto (Gnjato et al., 2021; [Tonos, 2020; Popov
et al., 2017a, 2019), HaBeieHE EKCTPEMHE TEM-
neparype y OBoM OpJICKO-TDTAHHHCKOM MOJIPYY]y
HajBHIIE Cy mopacie y ce3onu 3uma (Tmax u
Tmin 3a 0.84°C u 0.60°C no neueHuju, peaom),
a 3atuM y ce30HM JbeTo (Tmax u Tmin 3a 0.68°C
u 0.51°C no aenenuju, penom). Maxko je y mHo-
ruM aujenosuma Peny6nuke Cpricke u boche
1 XepleroBuHe MopacT TeMIeparype y Ce30HH
jecen He3HaraH W nHcurHugukantad ([Tomos,
2020; Trbi¢ et al., 2017), y Cokorry cy Temmnepa-
Type Uy OBOj ce30HHU 3HauajHo nopacie (0.24°C,
0.39°C u 0.30°C mo neneHuju, peaom).

ratures increased at higher rates than minimum
temperatures (for example, the annual maximum
air temperature had risen by 0.60°C per deca-
de, and the annual minimum air temperature by
0.40°C per decade), which is in agreement with
the results obtained by studies previously condu-
cted in the Republic of Srpska and Bosnia and
Herzegovina (Gnjato et al., 2021; ITomnog, 2020;
Popov et al., 2017a, 2018a, 2019) and the region
(Bonacci et al., 2021; Buric et al., 2015; Domin-
guez-Castro et al., 2020; Tosi¢ et al., 2023). In
contrast to the lower areas in the Peripanno-
nian and sub-Mediterranean regions, where the
highest maximum and minimum temperatures
increases were recorded in the summer season
(Gnjato et al., 2021; ITomos, 2020; Popov et al.,
2017a, 2019), the stated extreme temperatures in
this hilly-mountainous area increased the most in
the winter season (Tmax and Tmin had risen by
0.84°C and 0.60°C per decade, respectively), and
then in the summer season (Tmax and Tmin had
risen by 0.68°C and 0.51°C per decade, respecti-
vely). Although in many parts of the Republic of
Srpska and Bosnia and Herzegovina the increa-
se in temperatures during the autumn season is
negligible and insignificant (IToros, 2020; Trbi¢
et al., 2017), in Sokolac the temperatures even
in this season increased significantly (0.24°C,
0.39°C and 0.30°C per decade, respectively).

Ta6. 4. IIpocjedne BpujenHOCTH 1 AekaaHu TpeHaoBU Ta, Tmax u Tmin (Ha ronuiImeM u
ce3oHckoM HUBOY) y Cokony y nepuoay 1961-2022. ronune
Tab. 4. Average values and decadal trends in Ta, Tmax and Tmin (on an annual and seasonal levels)
in Sokolac in the 1961-2022 periods

Bapujadna / Variable Topguna / HpOJL'ehe Jbeto / Jecen / 3I/I'Ma /
Year / Spring | Summer | Autumn Winter
[Tpocjex / Average 7.1 6.9 16.2 7.6 -2.5
(;F é) Haru6 tpenna / Slope 0.40 0.26 0.54 0.24 0.54
p-BpujenHoct / p-value | <0.0001 0.002 <0.0001 0.018 <0.0001
ITpocjek / Average 13.6 13.3 234 14.6 2.8
T(fg‘)x Haru6 Tpenna / Slope 0.60 0.43 0.68 0.39 0.84
p-BpujenHoct / p-value | <0.0001 0.000 <0.0001 0.002 <0.0001
' IIpocjex / Average 1.3 1.0 9.2 2.0 -7.0
E?g;l Haru6 tpenna / Slope 0.40 0.21 0.51 0.30 0.60
p-BpujenHoct / p-value | <0.0001 0.007 <0.0001 0.008 0.000
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Cn. 2. Oncrynama Ta, Tmax u Tmin y Coxolly o lbUXOBE IIPOCjE€UHE BPUjEIHOCTH y CTAHAAPIHOM
kauMmarosomkom nnepuoay 1961-1990. ronqune y nepuony 1961-2022. ronune (ncnpekuaana
JMHUja TpUKa3yje JUHEApHU TPEH 1)

Fig. 2. Deviations of Ta, Tmax and Tmin in Sokolac from their average value in the standard
climatological 1961-1990 periods in the 1961-2022 periods (dashed line shows a linear trend)

[Ipocjeune roguime BpujenHoct Ta, Tmax
u Tmin nopacne cy y nepuoay 1991-2020. y ox-
Hocy Ha pedepentHu nepuon 1961-1990. roqune
3a punie o 1°C — 1.2°C, 1.8°C u 1.3°C, penom
(Tab. 5). Ce3oHCKe cpenme TeMrepaType HajBH-

The average annual values of Ta, Tmax and
Tmin increased in the 1991-2020 periods in com-
parison to the reference periods (1961-1990) by
more than 1°C — 1.2°C, 1.8°C and 1.3°C, respe-
ctively (Tab. 5). Seasonal mean temperatures in-
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e cy nopaciue y ce3onama jbeto (1.7°C) u 3uma
(1.5°C). Ilpocjeuna TemriepaTypa y C€30HU 3UMa
y MOCJbEIH0] KIIMMATCKO] HOpMaJIi TOTOBO j€ V-
BOCTpYY€Ha y OIHOCY Ha npeTrxonny. [Ipocjeuna
MaKCHUMaJIHa TeMIIepaTypa HajBUIIIE je ropacia y
CE30HHU 3uMa, 3a yak 2.3°C (y Ce30HHU JbETO CaMo
HemTo Mame, 2.2°C), kao u MuHUManHa (y ce-
30HU 3uMa 32 1.6°C, a 'y ce3onu jbeto 3a 1.5°C).
Pesynraru nobujern Konmoropo-CMupHOBHM
TECTOM MOTBPIWIN Cy Jia ce n3Mely mocibe/mbe
JIBHj€ KIIMMATCKe HOpMaJie 3Ha4ajHO MPOMH]CHH-
Ja ¥ nucTpuOylirja roAUIIBUX U Ce30HCKUX Ta,
Tmax u Tmin — nomjepeHa nmpemMa BHUILUM TEM-
neparypamMa y KaCHUjeM IEepHOY.

creased the most during the summer (1.7°C) and
winter (1.5°C) seasons. The average temperature
in the winter season in latter climatic normal is al-
most doubled compared to the previous one. The
average maximum temperature increased the most
during the winter season, by as much as 2.3°C (du-
ring the summer season only slightly less, 2.2°C),
as well as the minimum temperature (during the
winter season increased by 1.6°C, and during the
summer season by 1.5°C). The results obtained by
the Kolmogorov-Smirnov test confirmed that the
distribution of annual and seasonal Ta, Tmax and
Tmin changed significantly between the last two
climatic normals — distribution shifted towards

higher temperatures in the latter period.

Tab. 5. Paznuka y nmpocjeurnm Bpujeaaoctuma Ta, Tmax u Tmin (Ha TOIUIIEBEM U CE30HCKOM

HuBoy) y Coxony y nnepuony 1991-2020. y nopehemy ca nepuonom 1961-1990. rogune
Tab. 5. The difference in the average values of Ta, Tmax and Tmin (on an annual and seasonal
levels) in Sokolac in the 1991-2020 periods in relation to the 1961-1990 periods

Ta Tonuua / [Ipossehe / Jbero / Jecen / 3uma /
Year Spring Summer Autumn Winter
IIpocjex / Average
1961-1990 6.4 6.4 15.2 7.1 -3.2
1991-2020 7.6 7.3 17.0 8.1 -1.8
Pasnuka / Difference
°C | 1.2 | 0.9 | 1.7 | 0.9 1.5
Konmoropos-CmupHoB Tect / Kolmogorov-Smirnov test
D 0.700 0.333 0.700 0.400 0.433
p-BpujenHoct / p-value <0.0001 0.071 <0.0001 0.016 0.007
[Ipossehe / Jbeto / Jecen / 3uma /
Tmax Tonuna / Year Iépring Summer Autumn Winter
IIpocjex / Average
1961-1990 12.6 12.6 22.2 14.0 1.6
1991-2020 14.4 13.9 24.4 15.1 3.9
Pasnuka / Difference
°C | 1.8 | 1.4 | 22 | 1.0 2.3
Konmoropo-CmupHoB Tect / Kolmogorov-Smirnov test
D 0.791 0.420 0.682 0.420 0.507
p-BpHujeaHocT / p-value <0.0001 0.014 <0.0001 0.014 0.002
. IIpossehe / Jbeto / Jecen / 3uma /
Tmin Tonuna / Year pSpring Summer Autumn Winter
IIpocjek / Average
1961-1990 0.6 0.6 8.4 1.4 -7.9
1991-2020 1.9 1.4 9.9 2.6 -6.3
Pasnuka / Difference
°C | 1.3 | 0.9 | 1.5 | 1.1 1.6
Konmoropos-CmupHoB Tect / Kolmogorov-Smirnov test
D 0.785 0.420 0.780 0.497 0.475
p-BpHjeaHocT / p-value <0.0001 0.014 <0.0001 0.002 0.004
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JlexaqHU TPEHIOBU MHJEKCAa EKCTPEMHHUX
temneparypa y Cokxony y nepuony 1961-2022.
roauHe npukazanu ¢y y Tab. 6 u na Co. 3. Pesyn-
TaTH aHaJIU3€e TPEHI0Ba Takolhe mokasyjy 11a je Ha
OBOM IPOCTOPY MPHUCYTHO 3arpujaBame. Muaekcu
TOIUTUX TEMIIEPaTYPHUX EKCTpeMa 3a0UIbEKIITH Cy
MIO3UTHBHE TPEH/I0BE, & MH/IEKCH XJIQJHUX TeMIIe-
paTypHHX eKkcTpema HeraruBHe. HaBezieHo je y ca-
IJIACHOCTH ca oOpacuyma poMjeHe yTBpheHnM Ha
mio6anHoMm HuBOY (Dunn et al., 2020), y EBponu
(Dominguez-Castro et al., 2020; Pefa-Angulo et
al., 2020), peruony (Bonacci et al., 2021; Buri¢ et
al., 2014, 2015; Malinovic-Milicevic et al., 2016;
Tosi¢ et al., 2023) u Perty6muim Cprickoj (bocau n
Xepuerosunn) (Gnjato et al., 2021; ITomos, 2020;
Popov et al., 2017a, 2018a, 2019). CBu ytBphe-
HU TPEHAOBH TeMITepaTypHHX uHAeKca y Cokolry
Cy CTaTUCTHYKH 3Ha4ajHu (ocuM TpeHaa TR20 u
CSDI koju ce u3y3eTHO PUjeTKO jaBibajy Ha UCTpa-
YKUBAHOM TIPOCTOPY).

Decadal trends of extreme temperatures in-
dices in Sokolac during the 1961-2022 periods
are shown in Tab. 6 and Fig. 3. The trend analysis
results also show that warming is present in this
area. Indices of warm temperature extremes re-
corded positive trends, whereas indices of cold
temperature extremes showed negative trends.
This is in agreement with patterns of change
found globally (Dunn et al., 2020), in Europe
(Dominguez-Castro et al., 2020; Pefia-Angulo
et al., 2020), the region (Bonacci et al., 2021;
Buric et al., 2014, 2015; Malinovic-Milicevic et
al., 2016; Tosi¢ et al., 2023) and the Republic of
Srpska (Bosnia and Herzegovina) (Gnjato et al.,
2021; ITomog, 2020; Popov et al., 2017a, 2018a,
2019). All of estimated temperature trends in
Sokolac were statistically significant (except for
trends of TR20 and CSDI, which occur extre-
mely rarely in the researched area).

Tab. 6. JlekagHu TpeHI0BH UHJEKCA eKCTpeMHUX Temneparypa y Cokolry y nepuoay 1961-2022. ronune
Tab. 6. Decadal trends in extreme temperature indices in Sokolac in the 1961-2022 periods

Hnnexc / Index TXx TNn TNx TXn
Haru6 tpenpa / Slope 0.54 0.89 0.64 0.87
p-BpHjenHocT / p-value 0.001 0.008 <0.0001 <0.0001
Wupexkc / Index TX10p TN10p TX90p TN9Op
Haru6 tpenna / Slope -5.13 -4.51 12.55 8.66
p-BpujenHoct / p-value <0.0001 <0.0001 <0.0001 <0.0001
Wnpexc / Index TR20 SuU25 SU30 FDO
Haru6 tpenna / Slope 0.00 7.20 2.17 -3.52
p-BpujenHoct / p-value 0.309 <0.0001 <0.0001 0.002
Wupekce / Index 1IDO WSDI CSDI GSL
Haru6 tpenna / Slope -4.88 7.35 0.00 3.50
p-BpujeaHocT / p-value <0.0001 <0.0001 0.957 0.026

On MHIEKca 3aCHOBaHUX Ha arcoNyTHUM
BpHjEHOCTUMA TeMIeparype Hajseha MarHuTyaa
TpeHaa 3abmbekena je 3a TNn (0.89°C no gerre-
uHuju) u TXn (0.87°C no nenenuju). [akme, Behu
MOpacT 3a0UJbEKEH j€ 34 MUHUMAJIHE BPH]jEIHO-
CTH MUHUMAJIHUX U MaKCUMAaJTHUX TeMIepaTypa,
HETO0 32 MaKCHUMallHe, IIITO je y CYIPOTHOCTH ca
pe3yaTrarumMa J00MJeHUM 3a MEPUINAHOHCKH M
cyomenutepancku peruos (Gnjato et al., 2021;
[Tomog, 2020; Popov et al., 2017a, 2019). Xnagau
nepuenTwicku nHaexkcu TX10p u TN10p 3Haqaj-
HO Cy cMamuiu (ppekBeHnjy mnojase (3a 5.13 u
4.51 maHa Mo JEUEHUjU, PeaoM), TOK je MarHu-

Of the indices based on absolute values of tem-
perature, the largest trend magnitude was recorded
in TNn (0.89°C per decade) and TXn (0.87°C per
decade). Thus, a greater increase was recorded for
the minimum values of the minimum and maximum
air temperatures than for the maximum, which is in
contrast to the results obtained for the Peripannonian
and sub-Mediterranean regions (Gnjato et al., 2021;
[Tonog, 2020; Popov et al., 2017a, 2019). The cold
percentile indices TX10p and TN10p significantly
reduced their frequency of occurrence (by 5.13 and
4.51 days per decade, respectively), whereas the ma-
gnitude of increase in the warm percentile indices
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Ca. 3. Oxncrynama oabpaHuX MHIEKca eKCTpeMHUX Temreparypa y Cokolly o]l lbMXOBE MPOCjeuHe
BPHjETHOCTH Y CTaHJapAHOM KiIuMaTosnomkoM nepuony 1961-1990. ronune y nepuony 1961-2022.
roauHe (MCcTpeKkuaHa JIMHUja TpUKas3yje JMHEeapHU TPEH)

Fig. 3. Deviations of selected extreme temperatures indices in Sokolac from their average value in the
standard climatological 1961-1990 periods in the 1961-2022 periods (dashed line shows a linear trend)

TyZla Topacra TOIuuX nepueHTwickux unaekca  TX90p and TN9Op was twice as large (12.55 and
TX90p u TN9O0p 6una nBoctpyko Beha (12.55  8.66 days per decade, respectively). Cold indices
u 8.66 naHa mo jaeueHuju, peaom). Xmaauu uH-  based on fixed threshold values of temperature
JieKcH 3acHOBaHU Ha (uxcHuM BpujenHoctuma  FDO and IDO showed negative trends (decline by
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nparosa temneparype FDO u IDO0 ucnosbumnu cy
HeraTuBHE TPeHJ0Be (cMameme 3a 3.52 u 4.88
JlaHa O JeleHuju, penom), a tormau SU25 u
SU30 no3utusHe (nopact 3a 7.20 u 2.17 nana no
JelieHuju, penoM). Hapounto je nzpakeH TpeHa
ojaBe TPOTICKUX JaHa, Koju cy ce 10 1990. roau-
HE jaBJbaJIM CBETA HEKOJIMKO ITyTa TOKOM TO/INHE,
JIOK je y mepuoy HakoH 1990. muxoBa ppeKkBeH-
1[Mja TOTOBO y4eTBOpOCTpydeHa. Tporcke HOhH
Ce M3Y3EeTHO PHJETKO jaBJhajy Ha monpy4jy Co-
KOIla, Tla HUje YTBpheHO mocTojamke TpeHaa y
BPEMEHCKO] cepujH. 3ampaBo, HUXOBa I10jaBa
OMJbEXKH ce TeK MOCJbEIHUX TOJMHA ca mopac-
TOM 3arpujaBama. Jlo moyeTka 21. BUjeka HUjE
3a0uJbeXKeHa HUjeHa 110jaBa TPOIICKUX HOhM Ha
oBoM mpoctopy. Tek je 2000, 2003. u 2007. roau-
He 3a0usbeXKeHa 10 je/iHa Tporicka Hoh 3a BpHjeme
M3y3€THO CHAYKHUX TOILIMX Taslaca KOju Cy y Ha-
BEJICHUM TIEpPUOANMA 3aXBaTHIIU TIpocTop bocHe
n XepuerosuHe, peruona u Espone. Pesynraru
MOKa3yjy Ja TOIUIM Tajacu MOCTajy cBe yenrhu Ha
anaimsupanoM nipoctopy (WSDI je mopacrao mo
JUHUJU TpeHJa 3a yak 7.35 naHa mo JeueHujn),
any My octanum nujenoBuma Pemy6nmke Cpn-
cke u bocue u Xepuerosune (Gnjato et al., 2021;
[Tomog, 2020; Popov et al., 2017a, 2018a, 2019),
Te y peruony u EBponu renepanno (Dominguez-
Castro et al., 2020; Pefia-Angulo et al., 2020).
HapounTto cHa)XHUM TOTIIIM TaJlack Y OBOM JIHjeTy
€BPOIICKOT KOHTHUHEHTA 3a0uibexkeHu cy: 1994,
2003, 2007, 2013, 2015. u 2018. rogune (Bastos
et al., 2020; Lhotka & Kysely, 2015; Spensberger
et al., 2020). [Ipojekuuje nokasyjy na he muxos
TopacT 710 Kpaja 21. Bujeka OUTH jOIII H3PaKCHHU]H
(De Luca & Donat, 2023; Perkins-Kirkpatrick &
Lewis, 2020; Tripathy et al., 2023; Fischer et al.,
2021).

[Ipocjeune rogumIme BPHjEAHOCTH TOTUTHX
WHJIEKCa eKCTPEMHHUX TeMIIeparypa, Kao IITo Cy:
TXx, TNn, TXn, TNx, TX90p, TN90p, TR20,
SU25, SU30 u WSDI, y cknany c¢ yrBphenum
TPEHOM 3arpHjaBama, mopacie cy y NoCbeam0]
kiuMmarckoj Hopmanu (1991-2020) y omHocy
nperxoany (1961-1990), nok cy cMameHe mpocje-
YHE TOIWIIHE BPHjETHOCTH XJIATHUX WHAEKCA
EKCTPEMHHX TeMIieparypa, kao mto cy: TX10p,
TN10p, FDO, IDO u CSDI (Ta6. 7). Ocum Tora,
n3Melyy Buje aHAM3UpaHe KIMMAaTCKE HOpMasie

3.52 and 4.88 days per decade, respectively), and
warm indices based on fixed threshold values of
temperature SU25 and SU30 showed positive
trends (increase by 7.20 and 2.17 days per deca-
de, respectively). The trend in the occurrence of
tropical days, which until 1990 occurred only a
few times during the year, is especially pronoun-
ced. In the period after 1990, their frequency has
almost quadrupled. Tropical nights occur extre-
mely rarely in the Sokolac area, so the existence
of a trend in the time series has not been esta-
blished. In fact, their appearance has only been
recorded in recent years with the increasing war-
ming. Until the start of the 21st century, no occu-
rrence of tropical nights was recorded over this
area. Only in 2000, 2003 and 2007 one tropical
night occurred each year during the extremely
strong heat waves that affected the area of Bo-
snia and Herzegovina, region and Europe during
those periods. The results show that heat waves
are becoming more frequent in the analyzed area
(WSDI increased according to the trend line by as
much as 7.35 days per decade), but also in other
parts of the Republic of Srpska and Bosnia and
Herzegovina (Gnjato et al., 2021; ITomos, 2020;
Popov et al., 2017a, 2018a, 2019), and in the re-
gion and in Europe in general (Dominguez-Ca-
stro et al., 2020; Pefia-Angulo et al., 2020). Par-
ticularly strong heat waves over this section of
the European continent were recorded in: 1994,
2003, 2007, 2013, 2015 and 2018 (Bastos et al.,
2020; Lhotka & Kysely, 2015; Spensberger et
al., 2020). Projections show that their increasing
tendency will be even more pronounced by the
end of the 21st century (De Luca & Donat, 2023;
Perkins-Kirkpatrick & Lewis, 2020; Tripathy et
al., 2023; Fischer et al., 2021).

Average values (on an annual level) of warm
extreme temperatures indices, such as: TXx,
TNn, TXn, TNx, TX90p, TN90p, TR20, SU25,
SU30 and WSDI, in accordance with the esta-
blished warming trend, increased during the last
climate normal (1991-2020) in relation to the
previous one (1961-1990), whereas the average
annual values of cold extreme temperatures indi-
ces, such as for example: TX10p, TN10p, FDO,
IDO0 and CSDI, decreased (Tab. 7). In addition,
between the two analyzed climate normals, the
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CTaTUCTUYKH 3HauyajHO (ocuM y ciydajy TR20 u
CSDI u3 Beh HaBeneHux pasiiora) npoMujeHUIIa
ce u aucTpulylrja BpUjeAHOCTH TOILINX U XJIa-
HUX WHJCKCA — TOILTUX TIPeMa BUIIIUM BPH]eIHO-
CTHIMA, a XJIQIHAX TIPeMa HIKUM BPHjSTHOCTHMA
nnaekca (Tab. 7).

distribution of warm and cold indices’ values has
changed statistically significantly (except in the
case of TR20 and CSDI for reasons already men-
tioned) — distribution of warm indices to higher
values, and distribution of cold indices to lower
index values (Tab. 7).

Tab. 7. Paznuka y mpocjedHIM BpHjeIHOCTHMA UHICKCA eKCTpeMHUX Temneparypa y Cokolty y
nepuoay 1991-2020. y nopehemy ca nepuogom 1961-1990. ronune
Tab. 7. The difference in the average values of extreme temperatures indices in Sokolac in the
1991-2020 periods in relation to the 1961-1990 periods

Wuneke / Index | TXx | TNn | TNx | TXn
IIpocjek / Average
1961-1990 31.5 -25.6 14.9 -10.7
1991-2020 33.0 -22.9 16.9 -8.3
Pasnuka / Difference
°C 1.5 2.8 2.0 2.4
% 4.7 10.8 13.7 22.4
Kommoropos-CmupnoB TecT / Kolmogorov-Smirnov test
D 0.361 0.374 0.598 0.361
p-BpHjenHOCT / p-value 0.052 0.040 <0.0001 0.052
Hupekc / Index TX10p TN10p TX90p TN90p
IIpocjek / Average
1961-1990 38.6 37.1 38.8 38.1
1991-2020 24.0 23.4 76.5 66.5
Paznuka / Difference
jganu / days -14.5 -13.7 37.7 28.4
% -37.7 -37.0 97.2 74.4
Komvoropos-CmupaoB Tect / Kolmogorov-Smirnov test
D 0.613 0.579 0.756 0.722
p-BpujeaHoct / p-value <0.0001 0.000 <0.0001 <0.0001
Hnnexc / Index TR20 SU25 SU30 FDO
IIpocjek / Average
1961-1990 0.0 31.3 34 155.1
1991-2020 0.1 52.9 11.5 141.9
Paznuka / Difference
Janu / days 0.1 21.6 8.1 -13.3
% 0.0 69.0 237.0 -8.5
Kosmmoropos-CmupsoB Tect / Kolmogorov-Smirnov test
D 0.103 0.637 0.539 0.425
p-BpujenHocT / p-value 0.998 <0.0001 0.001 0.013
Wunekc / Index 1D0 WSDI CSDI GSL
IIpocjex / Average
1961-1990 41.1 4.4 1.3 218.9
1991-2020 28.3 26.4 0.8 229.2
Pasnuka / Difference
nanu / days -12.9 22.1 -0.5 10.4
% -31.3 505.2 -36.2 4.7
Kommoropos-CmupnoB TecT / Kolmogorov-Smirnov test
D 0.470 0.754 0.111 0.401
p-BpHjeaHocT / p-value 0.004 <0.0001 0.995 0.022
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V¥ ananusupanom nepuony 1961-2022. ro-
nuHe y CoKoIly Cy KOJIMYMHE Ta/laBUHA Iopacie
TokoMm nujene roguHe (Ta6. 8 u Cn. 4). V cBuMm
ce30HamMa 3a0UJbEeKEHU Cy MO3UTUBHU TPEH-
JIOBU KOjU Cy Cce€ KpeTaju y pacrnoHny oxa 2.54
% 1o neneHuju y ce3onu jeceHn a0 4.06 % mo
JEIIeHU]U y ce30HU nposbehe (jeauuu cratuc-
TUYKH 3HadajaH nopact). Ha roqunimeM HUBOY
MajJaBuHE Cy 3Ha4ajHO mopacie 3a 28.70 mm
unu 3.34 % mno penenuju. Mako ce y Behunu
nonpyuyja Ha cjeBepy Pemy6nuke Cprcke (boc-
He ¥ XepLEeroBuHe) 1 Ha jyry, y XepLeroB1HH,
KOJINUMHA TaJlaBUHA CMamYyje Y CE30HU JbETO
(ITomos, 2020), y Cokony je 1 'y 0OBOj CE€30HHU
MPHUCYTaH TPEH/I OpacTa KOJIWYMHE 11alaBUHA.

During the analyzed 1961-2022 periods in
Sokolac precipitation increased throughout the
year (Tab. 8 and Fig. 4). The positive trends
were recorded for all seasons, ranging from 2.54
% during the autumn season to 4.06 % per deca-
de during the spring season (the only statistically
significant increase). At the annual level, preci-
pitation increased significantly by 28.70 mm or
3.34 % per decade. Although in most areas over
the northern part of Republic of Srpska (Bosnia
and Herzegovina) and in the south, in Herzego-
vina, the amount of precipitation is decreasing
during the summer season (ITomos, 2020), in So-
kolac there is also an increasing trend of precipi-

tation during this season.

Tab. 8. I[Ipocjeune BpHjeAHOCTH U JIEKaIHA TPEHIOBH MaaBHUHA (HA TOJUIIHEM U CE30HCKOM
HuBOY) y Coxony y nepuony 1961-2022. rogune
Tab. 8. Average values and decadal trends in precipitation (on an annual and seasonal levels) in

Sokolac in the 1961-2022 periods

[MapameTtap / Parametre Tonpuna / Year | IIpossehe / Spring | Jbeto / Summer | Jecen / Autumn | 3uma / Winter
Ipocjex / Average 860.6 207.1 237.4 234.7 181.7
Haru6 Tpenpa / Slope (mm) 28.70 8.40 8.00 5.96 5.00
Haru6 tpenna / Slope (%) 3.34 4.06 3.37 2.54 2.75
p-BpHjeaHocT / p-value 0.004 0.037 0.198 0.308 0.390

Cn. 4. Oacrynama roquiimbix najgasiuHa y Cokolly o1 BbUXOBOT MPOCjeKa y CTaHAApAHOM
KJIMMarosomkom nepuoay 1961-1990. ronune y nepuoay 1961-2022. ronune (Mcrpekuiana
JMHM]ja PUKa3yje JTMHEApHU TPEHT)

Fig. 4. Deviations of annual precipitation in Sokolac from their average in the standard
climatological 1961-1990 periods in the 1961-2022 periods (dashed line shows a linear trend)

Average precipitation, on an annual and se-
asonal levels, increased in the 1991-2020 period
in comparison to the reference 1961-1990 peri-

[Ipocjeune nagaBuHe, Ha TOUIIHLEM U CE30H-
CKOM HHBOY, Itopacie ¢y y nepuoay 1991-2020.
y opHocy Ha pedepeHTHH nepuoza 1961-1990.
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rO/IMHE y pacnoHy ox 9.6 % y ce30HH JbeTo 10
20.2 % y cezonu mposbehe (Tab. 9). Pesynraru
KomnmMoropoB-CMupHOBOT TeCTa IMOKa3alu Cy Ja
ce TUCTpuOyIMja TOMUINBLUX MaJaBuHa u3Melhy
MOCIBEITEHE JIBUjE KIIMMATCKe HOpMaJle CTaTUCTHY-
KM 3HaUajHO MPOMHU]jEHHIIA — MOMjepeHa mpema
Behoj xonmmuuMHM majgaBuHa y mepuoxy 1991-—
2020. ronune. O CE30HCKHX I1aJlaBUHA, 3HAYA]-
HO MOMjepame TUCTpUOyIHje Y UCTOM IpaBILy
yTBpheHo je camo y ce30HHU nposbehe.

ods — in the range from 9.6 % during the summer
season to 20.2 % during the spring season (Tab.
9). The results of the Kolmogorov-Smirnov test
confirm that the distribution of annual precipitati-
on between the last two climate normals changed
statistically significant — shifted towards more ra-
infall in the 1991-2020 periods. Of the seasonal
precipitation, a significant shift in distribution in
the same manner was found only for the spring
season.

Ta6. 9. Paznuka y npocjedHUM BpUjeIHOCTHMA MalaBUHA (HA TOAMIIHEM U CE30HCKOM HHUBOY) Y
Coxony y nepuony 1991-2020. y nopehemy ca nepuomom 1961-1990. romune
Tab. 9. The difference in the average values of precipitation (on an annual and seasonal levels) in
Sokolac in the 1991-2020 periods in relation to the 1961-1990 periods

R | lomuna / Year | IIposbehe / Spring | Jbero / Summer | Jecen / Autumn | 3uma / Winter
IIpocjex / Average
1961-1990 802.7 190.1 226.8 215.1 171.0
1991-2020 919.7 228.6 248.6 253.0 193.6
Pasnuka / Difference
mm 117.0 38.4 21.7 37.9 22.6
% 14.6 20.2 9.6 17.6 13.2
Kommoropos-CmupaoB TecT / Kolmogorov-Smirnov test

D 0.400 0.367 0.267 0.267 0.233
p-BpujenHoct / p-value 0.016 0.035 0.236 0.236 0.388

TpeHa0BY UHJIEKCAa EKCTPEMHHUX MaJjaBUHA Yy
Coxony y a”anmusupasHoM nepuoay 1961-2022.
TOJIHE TTOKAa3yjy Jia je MPUCYTaH TPEH I mopacTa
WHTCH3MBHUX MaJaBHHA, (MAKO HUCY MPOMjEHE
CBUX MHJEKCA joun cTatucTuuku 3Havajae) (Tao.
10 u Ca. 5). Ha 10 yka3yjy 3HauajHU MMO3UTHBHU
TPEH/IOBH I1a/1aBMHA Ha BEOMA BJIaXKHE U EKCTPEM-
HO BIIaXHe qaHe (mopact 3a 18.7 mm u 9.3 mm
0 JCTICHU]H, PEIOM), 3Ha4ajHU MO3UTHBHU TPEH-
noBu Opoja JaHa ca MJbYCKOBUTHUM I1a/1aBUHAMa
(R10mm 1.0 man no nenennju 1 R20mm 0.5 nana
T0 ICTIEHU]H ), T€ 3Ha4ajHU IO3UTUBHU TpeH 1 SDII
(0.3 mm/nan no nenennju). Haseneno moteplhyje
U aHajM3a IOPOCJEeYHMX BPHUjJEIHOCTH HHAEKCA
y Coxony y nepuony 1991-2020. y onHocy Ha
pedepentnu nepuoa 1961-1990. ronune, kao u
noMjepama y JucTpuOyiuju usmely nsuje xim-
Marcke HopmaJie Jokazana Kommoropo-CmupHoO-
BHUM TeCTOM (3HauajHa Ha HUBOY p<0.05 y cimyuajy
PRCPTOT, SDII u R95p, Te Ha HuBoy p<0.10 y
ciayudajy RX1day, R20mm u R99p) (Tab6. 11).
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Trends in the extreme precipitation indices in
Sokolac during the investigated 1961-2022 peri-
ods show that there is an upward trend of intense
precipitation (although not the changes in all of
the indices were yet statistically significant) (Tab.
10 and Fig. 5). This is indicated by the significant
positive trends in precipitation on very wet and
extremely wet days (increase by 18.7 mm and 9.3
mm per decade, respectively), significant positi-
ve trends in the number of days with downpours
(R10mm 1.0 day per decade and R20mm 0.5 days
per decade), and a significant upward trend of SDII
(0.3 mm/day per decade). This is confirmed by the
analysis of the indeces’ averages in Sokolac in the
1991-2020 periods in comparison to the reference
period (1961-1990), and by the analysis of shifts in
the distribution between the two climate normals,
which were determined by the Kolmogorov-Smir-
nov test (significant shifts at the p<0.05 level were
found in the case of PRCPTOT, SDII and R95p,
and at the p<0.10 level in the case of RXlday,
R20mm and R99p) (Tab. 11).
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Tab. 10. Jlexaquu TpeHI0BU MHIECKCA EKCTpeMHUX najaBuHa y Cokolty y nepuony 1961-2022. ronune
Tab. 10. Decadal trends in extreme precipitation indices in Sokolac in the 1961-2022 periods

Wunexe / Index PRCPTOT RXlday RX5day SDII R10mm
Haru6 tpenga / Slope 32.8 2.0 2.3 0.3 1.0
p-BpujenHoct / p-value 0.004 0.073 0.123 0.000 0.040
Wnpnexc / Index R20mm R95p R99p CWD CDD
Haru6 tpenpa / Slope 0.5 18.7 9.3 0.0 0.5
p-Bpujennoct / p-value 0.078 0.005 0.017 0.912 0.264
PRCPTOT (mm) R10mm (manu / days)

600

400
300
200
1

(=
o

-200
-300

| et II} |||I||| ||||I} ..

AT lguuigu 201 2n 20k

-10.0

25.0
20.0

15.0

10.0
5.0
0.0 i

o

-15.0

n y kst

80
70

50

RXl1day (mm)

H 1w |||||
:0191|||I|71| {Im ol 20|<I1|| g Mo

R95p (mm)

350
300
250
200
150

-100
-150
-200

1""| ||...I ......... |||tl |..| |||||

] ”t ol o] s o

i

3.5
3.0
2.5
2.0

0.0
o<1

-1.5
-2.0

| i
<ofl lﬂll

SDII (mm/nasn / mm/days)

991' 2001 20'11 2021

R99p (mm)

200

150

W
o

-100

m‘ ______ ||| [ ||I |“ H}

R G e

2)21

Cn. 5. Oncrynama ogabpaHux MHAEKca eKCTpeMHUX MafaBuHa y COKoIly 0/1 lbUXOBOT MpocCjeKa
y CTaHJIapJHOM KJIUMartosiomkoM nepuoay 1961-1990. rogune y nepuony 1961-2022. ronune

(uctpekuaHa JIMHKU]a pUKa3yje JIMHEAPHU TPEH.T)

Fig. 5. Deviations of selected extreme precipitation indices in Sokolac from their average values in the
standard climatological 1961-1990 periods in the 1961-2022 periods (dashed line shows a linear trend)
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Tab. 11. Paznuka y npocjeqHruM BpUjEeAHOCTHMA MHJIEKCA eKCTpeMHUX najaBuHa y Coxoly y
nepuony 1991-2020. y mopehemy ca nepuonom 1961-1990. ronune
Tab. 11. The difference in the average values of extreme precipitation indices in Sokolac in the
1991-2020 periods in relation to the 1961-1990 periods

Hrzexc / Index PRCPTOT | RXlday | RX5day SDII R10mm
[pocjex / Average

1961-1990 774.4 46.9 72.4 7.2 25.0

1991-2020 905.0 49.7 81.3 8.1 29.5
Paznuka / Difference
- 130.7 2.8 8.9 0.9 4.5
% 16.9 6.0 12.3 13.2 18.1
Komvoropos-CmupaoB Tect / Kolmogorov-Smirnov test
D 0.470 0.341 0.213 0.467 0.324
p-BpujenHocT / p-value 0.004 0.077 0.548 0.004 0.105
Wupexc / Index R20mm R95p R99p CWD CDD
ITpocjex / Average

1961-1990 6.9 172.3 55.0 6.6 23.5

1991-2020 9.2 244.0 86.0 6.7 21.8
Paznuka / Difference
- 2.3 71.7 31.1 0.1 -1.7
% 339 41.6 56.5 1.4 -7.2
Konmoropos-CmupnoB tect / Kolmogorov-Smirnov test

D 0.335 0.499 0.341 0.073 0.171
p-Bpujeanoct / p-value 0.087 0.002 0.077 1.000 0.807

YTBpheHu TemreparypHU U MaJaBUHCKU
TPEHIOBU CHAXKHO Cy MOBE3aHH ca oapeheHnm
oOpacnuMa 1upKyJanyja BeTMKUX pa3Mjepa (Te-
JeKOHEKIMjaMa) MPUCYTHUM Ha CjeBEPHO] Xe-
muchepu. MctounoarmanTcku oOpasar mokasyje
CHa)XHY ¥ 3Ha4yajHy MO3UTUBHY KOpElaIujy ca
TEeMIIepaTypoM (CpelboM, MAKCUMAIHOM, MU-
HUMAJTHOM U TOTUTUM TEeMIIEpaTypPHUM UHIEKCH-
Ma) M HETaTUBHY Ca XJIaJIHUM TeMIIepaTypHUM
MHJCKCHMa Ha IHjenoj Teputopuju PemyOmnmke
Cprncke (bocHe u XepleroBuHe) TOKOM Lijelie
rogune (Popov et al., 2018a; Trbi¢ et al., 2017).
3HavajHa HeraTuBHA Kopenanuja usmely Cjesep-
HOaTJaHTCKe ociuianuje u Temneparype (Ta,
Tmax u Tmin) npucyTHa je y ce30HH JbeTo. Ha
oOpacIie mpoMjeHa y ce30HU mpoJbehe 3HadajHo
yTH4Ye U ApKTHYKaA OCHMIAIMja — HHAEKC Ap-
KTHYKE OCI[WIIallM]je MOKa3yje MO3UTUBHY Kope-
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Determined temperature and precipitation
trends are strongly associated with certain lar-
ge-scale circulation patterns (teleconnections)
present over the Northern Hemisphere. The East
Atlantic pattern showed a strong and significant
positive correlation with temperature (mean,
maximum, minimum and warm temperature
indices) and a negative one with the cold tem-
perature indices over the entire territory of the
Republic of Srpska (Bosnia and Herzegovina)
throughout the year (Popov et al., 2018a; Trbi¢
et al., 2017). A significant negative correlation
between the North Atlantic Oscillation and tem-
perature (mean, maximum, minimum) is pre-
sent during the summer season. The patterns of
changes during the spring season are also signi-
ficantly influenced by the Arctic Oscillation —
the Arctic Oscillation index displays a positive
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Jalujy ca TeMIIepaTypoM U TOIUTUM HHICKCHMA
TeMIIEpaTypa, T HEraTUBHY ca XJIaJHUM UHJICK-
cuma temmneparypa (Popov et al., 2018a; Trbi¢
et al., 2017). CraTucTUYKM 3Ha4YajHAa HEraTUBHA
Kopenamja ca Apkrudkom ocumiamnujom, Cje-
BEPHOATIAHTCKOM ocimianujom u Mcrounoar-
JAHTCKUM/3anaIHOPyCKUM 00paciieM oCTOju 3a
BehMHy MHJIeKCa EKCTPEMHHUX TaiaBuHa y bocHH
1 XepleroBuHu, a moceOHO je jaka TOKOM CE30HE
3uma (Popov et al., 2017b).

3AKJbYHAK

Ha noapyyjy Coxona mpuCyTHH Cy 3Hauaj-
HHU TPEHIIOBHU 3arpujaBama. 10 je MOTBpAUIIA
aHaJN3a KaKo CPEmbUX U EKCTPEMHUX TEeMIIe-
paTypa, Tako M MHJEKCa EKCTPEMHHUX TeMIIe-
parypa Koju ce jJaHac KOPUCTE IIUPOM CBH]e-
Ta 3a JIETEPMUHUCAKHE KIMMATCKUX IPOMjEHA.
HaBenenu TpeHn 3arpujaBama MpUCyTaH je Ha
nonpyyjy nujene Penybnuke Cprcke (bocue
Xepuerosune). Mnak, mocroje paznuke y WH-
TEH3UTETYy 3arpujaBama y MOJeTHUM JIH]eJ0-
BUMa Teputopuje. Jlok je y mepurnaHoOHCKOM
peruony u cyOMequTepaHCKOM peruony Xep-
1eroBHHE HajBehn mopact MakcCMMaaTHUX U MU-
HUMaJTHHUX TEMIEpaTypa Bazayxa 3a0UIbeKeH y
CE€30HH JbETO, y OPACKO-TUTAHHHCKOM TOAPYY]jy
Cokona temneparype cy HajBUIIE mopacie y
ce30HU 3uMa. Takohe, mocToje pasznuke y 00-
paciuMa npoMjeHa najaaBuHa. Hajuzpakenuja
j€ cBakako Mo3uTHBaH TpeHxa nagaBuaa y Co-
KOIly Y CE30HH JbeTO, jep y BehuHu noxpyyja Ha
CjeBepy, a MOrOTOBO y XepIeTOBUHH, KOTUYHHE
MaJlaBuHa 01ajajy y oBoj cezonu. Ocum nopac-
Ta YKyITHE KOJIMYHUHE M1aJJaBHHA, Ha TOAUIIEHEM
HUBOY U Y CBUM ce30Hama, Ha pocTtopy Coko-
11a TIPUCYTHU CYy W 3HA4YajHU TO3UTUBHH TPCH-
JIOBU UHJEKCA EKCTPEMHHX I1a/laBHHAa.

C o03upom Ha TO Aa rodaTHe MPOjeKIuje
yKa3yjy Ha jOoIll MHTCH3UBHU]E TIPOMjCHE KIIH-
MAaTCKHUX yCJIOBa JI0 Kpaja BHjeKa, MOTPEOHO je
Oynyha ucTpakuBama yCMJEpUTH HA eTaJbHU]EC
aHaJIN3e MPOjeKIHja MPOMjeHa Ha OBOM TOJI-
py4jy, Kao U Ha aHaJU3y yTULaja IPOMHU]eHe-
HUX KJIMMAaTCKUX yCJIOBAa Ha NMPUPOJHE (BOIHE
pecypce, CHbeXHU MOKPUBad, OMOAMBEP3HTET,
XazapJe u Jp.) U COIMOCKOHOMCKE CHCTEME.

correlation with temperature and warm tempe-
rature indices, and a negative one with the cold
temperature indices (Popov et al., 2018a; Trbi¢
et al., 2017). A statistically significant negative
correlation with the Arctic Oscillation, the North
Atlantic Oscillation and the East Atlantic/West
Russian pattern exists for most of the extreme
precipitation indices in Bosnia and Herzegovina,
especially strong during the winter season (Po-
pov et al., 2017b).

CONCLUSION

The significant warming trends are present
in the Sokolac region. This tendency was confir-
med by the analysis of both mean and extreme
temperatures, but also of extreme temperature
indices that are used worldwide today to determi-
ne changes in climate. The aforementioned war-
ming trend is present over the entire territory of
the Republic of Srpska (Bosnia and Herzegovi-
na). However, there are differences in the inten-
sity of warming in certain parts of the territory.
While in the Peripannonian regions and sub-Me-
diterranean region of Herzegovina the highest
increase in maximum and minimum air tempe-
ratures was present during the summer season,
over the hilly and mountainous areas of Sokolac
the temperatures increased the most during the
winter season. Also, there are differences in the
patterns of precipitation changes. The most pro-
minent difference is certainly the positive trend
of precipitation in Sokolac during the summer
season, because in most areas in the north, and
especially in Herzegovina, precipitation decrea-
ses during this season. In addition to the increase
in the total amount of precipitation, on an annual
level and in all seasons, there are also significant
positive trends in the extreme precipitation indi-
ces in the Sokolac region.

Given that global projections indicate even
more intense changes in climate conditions by
the end of the century, it is required to focus fu-
ture researches on more detailed analyzes of pro-
jections of changes in this area, as well as on the
investigations of the impact of changed clima-
te conditions on natural (water resources, SNOw
cover, biodiversity, hazards, etc.) and socioe-
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Jlasba ncTpakuBama KIMMATCKUX MPOMjEHA Y
OpACKUM M TUTAaHUHCKHUM ToJipydjuma PermyOmnu-
ke Cpncke u bocHe n Xepleropuue cy HeEOI-
XO/IHa, jep cy Jocaj Ouia BeoMa OCKyAHA, C
0031poM Ha BeoMa MaJiid OpOj METEOPOJIOMIKUX
CTaHMIAa y OBOj 30HM.

conomic systems. Further research into climate
change in the hilly and mountainous areas of the
Republic of Srpska and Bosnia and Herzegovina
is necessary, because so far they have been very
scarce, given the very small number of meteoro-
logical stations in this zone.
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