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TPEHAOBU NTHAEKCA EKCTPEMHUX TEMIIEPATYPA Y
BOCHMU U XEPHEI'OBUHMU - ITPUMJEP MOCTAPA

Tarjana ITonos', Cio6onan I'baro' u Fopan Tpouh'
"Vuusepsuret y bawoj JIyuu, [Ipupogno—marematnuku dakynrer, Pemy6muka Cpricka

Caxxerak: Y pany Cy aHaJIM3WpaHU TPEHAOBH HMHJEKCA EKCTPEeMHHX Temneparypa y bocun u Xepuerosunu. /[HeBHe
MHUHHMMAJIHE ¥ MakCUMajHe Temieparype y nepuoxay 1961-2016. romune ca mereoporomke cranuie Mocrap (koju
je m3abpan 3a cTyaujy citydaja) kopumhene cy 3a m3padyHaBame 18 munekca ynorpe6om RClimDex (1.0) codrsepa.
MakcumanaHe ¥ MUHUMAJIHE TeMIleparype IOoKa3yjy TEeHAEHIHMjy pacTa TOKOM nujene rogauHe. I1o3uTHBHU TpeHI0BH
TOIUTMX TEMIIEPaTypHHUX MHCKCA U3PXKEHHJU Cy O] o11a/1ajyhnx TpeH0Ba XIaJHuX TeMIIepaTypHHUX HHIeKca. MehyTum,
oba TpeHaa yKasyjy Ja je Ha OBOM HOJPYYjy IPUCYTHO 3arpujaBare KIMMAaTcKor cuctema. OCMOTPEHH TPEHIOBH
HajU3pakeHUjU Cy y CE30HU JbETO, 3aTHM Yy ce3oHama nposbehe n 3uma. YTBpheHa je 3HavajHa MO3WTHBHA/HETaTHBHA
kopenanuja u3Mely McrouHo-aTiaHTCKe OCHWIANMje W TOIUIMX/XJIAJHHUX TEMIIEpaTypHHUX HHIEKCAa TOKOM IIHjene
roguHe. 3uMcke H nposbehHe Temmneparype Takole cy nosesane ca CjeBepHO-aTIaHTCKOM M APKTHYIKOM OCIIHIIAIIH]OM,
PECTIEKTHBHO.

Kibyune pujeun: ekcrpeMHe TeMmeparype, HHAEKCH, TpeH I, Kinmarcke npomjene, Mocrap (bocha n Xepuerosuna).
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TRENDS IN EXTREME TEMPERATURE INDICES IN
BOSNIA AND HERZEGOVINA: A CASE STUDY OF MOSTAR

Tatjana Popov?, Slobodan Gnjato' and Goran Trbi¢!
"University of Banja Luka, Faculty of Natural Sciences and Mathematics, Republic of Srpska

Abstract: The study analyzes trends in extreme temperature indices in Bosnia and Herzegovina. Daily minimum and
maximum temperatures during the 1961-2016 periods from Mostar meteorological station (which was chosen as a
case study area) were used for calculation of 18 indices in the RClimDex (1.0) software. The maximum and minimum
temperatures displayed a warming tendency throughout the year. The positive trends in warm temperature indices were
stronger than the downward trends in cold temperature indices. However, both trends indicate that the climate system
warming is present. The observed trends were most prominent in summer, then in spring and winter. The significant
positive/negative correlation between East-Atlantic pattern and warm/cold temperature indices was determined throughout
the year. Winter and spring temperatures were also related to the North Atlantic Oscillation and Arctic Oscillation,
respectively.
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YBOA

[Ipocjeuna rnoOanHa TOBPIIMHCKA
TeMIIepaTrypa BasJyxa rmopacia je ox kpaja 19.
Bujeka (Hartmann, D. L. et al., 2013; IPCC, 2014).
OBaj TpeH 3arpmjaBarmba MoCceOHO je U3PAXKEH OJf
1970-ux romuna (Hartmann, D. L. et al., 2013).
HcTpaxuBama Ha T100aTHOM HUBOY YTBpAWIA
Cy BEOMa KOXEPEHTHE TPEHOBE EKCTPEMHHUX
TEMIIEpaTypHUX HHJEKca KOjU YKazyjy Ha
3arpjaBambe KIMMaTCKOI CHUCTeMa — OJ] CPEArHE
20. Bujeka y BehumHM moapydja NMPUCYTHO je
CMambemhe XJIATHUX TEMIIEPaTypHUX EKCTpeMa
u noBehame TOIIMX TeMIEpaTypHUX eKCTpema
(Alexander, L. V. et al., 2006; Donat, M. G. et al.,
2013; Hartmann, D. L. et al., 2013). Ha rmmo6anaom
HUBOY 3HauyajaHo je cMambeHa/moBehana ronuima
YUECTAJIOCT TI0jaBe XJIQJHUX/TOIUINX JJaHa ¥ HOhH
(Alexander, L. V. et al., 2006; Donat, M. G. et al.,
2013). AnicomyTHH TeMIiepaTypHH UHJIEKCH Takohe
NOKa3yjy TPEeH] mopacrta y Apyroj monoBuHu 20.
Bujeka (Alexander, L. V. et al., 2006; Donat, M. G.
etal., 2013). [moGaHO 3arpujaBame pe3yIToBajIo
je TpOIyXeHmEeM BEreTallMoHOr Tepuojaa y
yMjepeHUM ILIUpHHAMa CjeBepHE XeMmucdepe
(Frich, P. et al., 2002). IIpomjeHe uHaekca
3aCHOBAHUX Ha (PMKCHUM BpPHjEIHOCTHMA IIparoBa
(onmazmajyhu Tpena ropuiime mojaBe Mpa3sHUX H
JIEZICHUX J1aHa ¥ pacTyhu TpeH]I MojaBe TPOIICKUX
JaHa, TPOIICKMX HONM W JheTHUX JaHa) Takohe
noTBphyjy Tpenn 3arpujaBama (Alexander, L. V.
et al., 2006; Frich, P. et al., 2002). Taxohe, Bp:o0 je
BJEpOBATHO J1a j€ y OBOM IEPUOLTY y’KHHA Tpajarba
Torux Tajaca rmobanHo nmoehana (Hartmann,
D. L. et al., 2013). I'oguimma yuecTanocT nojase
TOIUTMX/XJIAJHUX Tajaca 3HAuajHO je mopacia/
cmameHa (Alexander, L. V. et al., 2006; Donat, M.
G. et al., 2013). ly>xuna Tpajama U y4ecTanocT
T0jaBe BEOMa TOILIOT BpeMEHa, YKIby4yjyhu Toruie
Tajace, nopacina je o cpenune 20. Bujeka y Behuxu
peruona ceujera u EBporie (Hartmann, D. L. et
al., 2013). CeoOyxBaTHa IpoIjeHa OCMOTPEHUX
MIPOMjeHa eKCTPEMHUX Jloral)aja mpeacTaBibeHa je
y Cneuujanaom usBjemrajy IPCC o ynpaBbamy
pU3UIMMa €KCTPEMHUX forahaja ¥ IpUpOIHUM
karactpodama y by yHanpehema ajanranuja Ha
kimmarcke npomjene (IPCC, 2012). Ceu ro6anHo
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INTRODUCTION

The globally averaged land surface air
temperature has risen since the late 19th century
(Hartmann, D. L. et al., 2013; IPCC, 2014). This
warming trend has been particularly marked
since the 1970s (Hartmann, D. L. et al., 2013).
Global scale studies found the large coherent
trends in temperature extremes consistent with
the climate system warming — a large majority
of global land areas had experienced decrease
in cold temperature indices and increase in
warm temperature indices since the middle of
the 20th century (Alexander, L. V. et al., 2006;
Donat, M. G. et al., 2013; Hartmann, D. L. et
al., 2013). Global land area showed a significant
decrease/increase in the annual occurrence
of cold/warm days and nights (Alexander,
L. V. et al., 2006; Donat, M. G. et al., 2013).
The absolute temperature indices have also
displayed an upward trend in the second half of
the 20th century (Alexander, L. V. et al., 2006;
Donat, M. G. et al., 2013). The global warming
resulted in a lengthening of the growing season
in most parts of the Northern Hemisphere mid-
latitudes (Frich, P. et al., 2002). The changes
in the threshold-based temperature indices (the
downward trends in the annual occurrence of
frost days and ice days and the upward trends in
the annual occurrence of tropical nights, tropical
days and summer days) also confirm warming
trend (Alexander, L. V. et al., 2006; Frich, P. et
al., 2002). In addition, globally averaged multi-
day heat events had likely exhibited increase
during this period (Hartmann, D. L. et al., 2013).
The annual occurrence of warm/cold spells
significantly increased/decreased (Alexander, L.
V. et al., 2006; Donat, M. G. et al., 2013). The
length and frequency of warm spells, including
heat waves, has increased since the middle of the
20th century in large parts of world and Europe
(Hartmann, D. L. et al., 2013). A comprehensive
assessment of observed changes in extreme
events was given in the IPCC Special Report
on Managing the Risks of Extreme Events and
Disasters to Advance Climate Change Adaptation
(IPCC, 2012). All of these globally observed
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OCMOTPEHHM TPEHJO0BU HHIEKCA EKCTPEMHHX
Temreparypa Takohe cy zanaxkeHu u y EBpornn
(Klein Tank, A. M. G. & Konnen, G. P., 2003;
Andrade, C. et al., 2012; Dankers, R. & Hiederer,
R., 2008).

OBa cTyauja TmpeAcTaBba HaACTaBaK
UCTpaXKHBama MpobieMa KIMMAaTCKUX MpoMjeHa
y bocuu u Xepnerosunu (Trbi¢, G. et al., 2017;
[Momog, T. & Tpbuh, I, 2015; Tp6uh, I, 2013). C
003upoM Ha To J1a cy nperxonHe cryauje (Giorgi, F.,
2006) ycranosuiie 1a he pernon Menurepana OuTH
JEIHO Ol MPUMAPHUX ,, KapUIITA™ KIMMATCKUX
npomjeHa (Tj. obnacT koja he cHaxxHO pearoBatu
Ha To0aHe MPOMjeHe), 3a aHAJIU3y TPEHI0Ba
MHJIEKCAa eKCTPEMHHX TeMmenparypa y bocHu u
XepueroBuHu u3abpa je mpoctop MocTapa 300r
CBOT' TIOJIOXKaja y JYXKHOM (CyOMeITuTepaHCKOM)
nujeny Teputopuje (peruoH XepleroBuHE).
Mocrap je cMjelITeH y CpeAuIlbeM Iujey
cjeBepHE ymjepeHe 30He, Ha 43°20'53" c. 1. o1 u
17°47'38" u. . 1. 1 Ha 99 m HaMOpCKE BUCHHE.
Hanasu ce y nonnu pujexe Heperse koja je mpema
JYTy LIUPOKO OTBOpPEHA U M3JI0KEHA CHAXHHUM
MapuUTUMHUM yTunajuma Menutepana. Crora,
crienMpuIHe KIMMaTCcKe KapakTepucTike MocTapa
JIOMUHAHTHO CY yCJIOBJbEHE OIM3UHOM JaipaHCKOT
MOpa, JOJUHCKUM IIOJIOKAjeM M T'EOJOIIKHM
cactaBoM TepeHa (obmact kapcra). M3mujemeHa
JampaHcka KiMMa KapaKTepUCTUYHA j€ 3a OBO
nozapyyje. OmuKyjy je 61are 1 KUILIOBUTE 3UME U
CyBa M BpeJa JbeTa. MakCuMyM I1a/1aBUHA U3ITy4YH
ce y 3UMCKUM Mjecenuma, J0K € MHUHHMAaJHa
KOJIMYMHA Ma/IaBUHA M3ITyYH Y CE30HH JHETO.

[T03UTUBHU/HETAaTUBHU TPEHIOBU TOILIUX/
XJIaJTHX TeMIIepaTypHUX WHIIeKca Beh ¢y yTBpheHH
OpOjHUM CTyAMjaMa IIMPOM peruoHa Menurepana
(Fioravanti, G. et al., 2016; Kioutsioukis, I. et al.,
2010; Varfi, M. S. et al., 2009; Kostopoulou, E.
& Jones, P. D., 2005; Fernandez—Montes, S. &
Rodrigo, F. S., 2012; Fonseca, D. et al., 2016;
Kenawy, A. E. et al., 2011; Espirito Santo, F. et
al., 2014). HUcrpaxuBama y MEIUTCPAHCKOM U
cyOMenuTepaHCKoM aujelry jyroucroune EBporne,
raje ce Hana3u bocHa u XeprieroBuna, yTBpauia
Cy TMOpacT TOIUIMX TEMIIEPAaTYpHUX HHJIEKCA U
CMambeHhe XJIaIHHUX, IITO YKa3yje Ha 3arpHjaBame
KJIMMATCKOI' CUCTEMa TOKOM Jipyre nonoBune 20.

trends in extreme temperature indices have also
been found in Europe (Klein Tank, A. M. G. &
Konnen, G. P, 2003; Andrade, C. et al., 2012;
Dankers, R. & Hiederer, R., 2008).

This study represents a continuation of
a research on climate change in Bosnia and
Herzegovina (Trbi¢, G. et al., 2017; ITomos,
T. & Tpbuh, I, 2015; Tpbuh, I, 2013). Given
that previous studies (Giorgi, F., 2006) had
found that the Mediterranean region would be
one of the primary hot-spots of climate change
(i. e. an area whose climate will be especially
responsive to global change), Mostar was chosen
as case study area for the analysis of trends in
extreme temperature indices in Bosnia and
Herzegovina due to its location in the southern
(submediterranean) part of the territory (in
Herzegovina region). Mostar lies in the middle
part of the northern temperate zone, at 43°20'53"
N latitudes, 17°47'38" E longitudes and at an
altitude of 99 m. It is located in the Neretva
River valley, which is widely open to the south
and exposed to the strong maritime influences
of the Mediterranean Sea. Therefore, the specific
features of Mostar climate are predominantly
conditioned by proximity of the Adriatic
Sea, location in the Neretva River valley and
geological composition (the karst area). The
modified Adriatic climate is typical for this area.
It is characterized by mild and rainy winters and
dry and hot summers. Maximum and minimum
precipitation occurs in winter and summer
months, respectively.

The upward/downward trends in warm/cold
temperature indices have already been determined
by numerous studies all over the Mediterranean
region (Fioravanti, G. et al., 2016; Kioutsioukis, 1.
etal., 2010; Varfi, M. S. et al., 2009; Kostopoulou,
E. & Jones, P. D., 2005; Fernandez-Montes, S. &
Rodrigo, F. S., 2012; Fonseca, D. et al., 2016;
Kenawy, A. E. et al., 2011; Espirito Santo, F.
et al., 2014). Studies in the Mediterranean and
Submediterranean part of the Southeast Europe
where Bosnia and Herzegovina is located have
also reported an increase in warm temperature
indices and a decrease in cold ones, thus
indicating the warming of climate system during
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BHjexa 1 Ha moueTky 21. Bujexa (Brankovié, C. et
al., 2013; Zaninovic, K. & Cindric, K., 2014; Buri¢,
D. etal., 2014; Buri¢, D. et al., 2015). [IperxomHo
HaBEJICHO HAMETHYJIO je HYXHY MoTpely
cnpoBohema ucTpakuBame oBe BpcTe y bocHu
U XepUEroBUHU. [ TaBHU LIMJBEBU MCTPAKUBABA
Oownu cy: 1. u3pauyHaTu WHIEKCE EKCTPEMHHX
temneparypa y bocau n Xepuerosunu (Mocrap)
y nepuony 1961-2016. rogune; 2. ananuzuparu
TPEHIIOBE MHJIEKCA EKCTPEeMHHX TeMIleparypa u
3. YTBpAMTH TOBE3aHOCT U3Mel)y ocMOTpeHuX
TpeHIoBa U oOpa3zana miodanHe LUPKYJalyje
arMocdepe Ha CjeBepHOj XeMuchepu.

TTIOJIALIM Y METOJIE

AHanu3a TpeH/I0Ba HMHJAEKCAa €KCTPEMHUX
TeMmreparypa y nepuoay 1961-2016. ronune
W3BpILICHA je HA OCHOBY KJIIMMATOJIOLIKHX ITOaTaKa
0 JHEBHUM MAaKCHUMaJlHUM WU MHUHUMaJIHUM
TEMIlepaTypaMa Ba3Jyxa ca METEOpPOJOIIKE
cranunie Moctap. [logatke je 00e36jenno
denepanHu XxuapoMeTeopiomku 3aso CapajeBo.
TokoM mocmaTpaHor mnepuoia CTaHUIA HUje
MUjemala JOKalMujy U HHUje OWIIO MpeKuaa y
MjepembruMa.

AHanmM3M UHIEKCA eKCTPEMHUX TeMIleparypa
MIPETXOIUIIA j€ aHAJIN3a TOIUIIBUX U Ce30HCKUX
cpeamux NHEeBHUX MakcumaiHux (Tmax) u
muHuMaiaHux (Tmin) temneparypa. CaBpemena
BapHjabMIHOCT EKCTPEMHHUX TeMmIlepaTypa
yTBpl)eHa je Ha OCHOBY TpPEHIOBa TOIUIUX H
XJIAJHUX TEMIIEpaTypHUX MHIAEKca. YKyNHO 18
kuMarckux uHnaekca (Tab. 1) koje je mpenopyduno
CCI/CLIVAR Tum excmeparta 3a ACTEKLH]Y
caBpemeHux knumarckux npomjena (ETCCDI)
onabpaHo je 3a aHanu3y. M3abpaHu HHIEKCH
oOyxBarajy: ancomytHe uuaekce (TNx, TNn, TXx
u TXn), UHAEKCE 3aCHOBAHE Ha MEPLEHTHINMA
(TN10p, TX10p, TN9Op u TX90p), unaekce
3aCHOBaHE Ha (DMKCHUM BPHjEIHOCTUMA IIParoBa
(FDO, IDO, SU25, TR30 u TR20), unnekce
3acHOBaHe Ha aykuHu Tpajama (WSDI, CSDI u
GSL) u unaexce BapujadumHoctu ekcrpema (DTR
u ETR).

WHpekcu cy wu3padyHaTu ynorpedbom

110

the second half of the 20th and at the beginning
of the 21st century (Brankovic, C. et al,, 2013;
Zaninovic, K. & Cindric, K., 2014; Burié, D.
et al., 2014; Buri¢, D. et al., 2015). Stated has
imposed a certain need of undertaking research
of this kind in Bosnia and Herzegovina. The main
aims of the study were: 1. to calculate extreme
temperature indices over Bosnia and Herzegovina
(Mostar) during the 1961-2016 periods; 2. to
analyze trends in extreme temperature indices
and 3. to investigate the correlation between
observed trends and the large-scale circulation
patterns over the Northern Hemisphere.

DATA AND METHODS

The analysis of trends in extreme temperature
indices during the 1961-2016 periods was
carried out using climatological data set of
daily maximum and minimum temperatures
from Mostar meteorological station. Data were
provided by the Federal Hydrometeorological
Institute Sarajevo. During the observed period
station did not change location and there were
no interruptions in measurements.

The analysis of extreme temperature indices
was preceded by an analysis of the annual and
seasonal mean daily maximum temperatures
(Tmax) and mean daily minimum temperatures
(Tmin). The recent extreme temperatures
variability was determined by trends in warm
and cold temperature indices. A set of 18
climate indices (Tab. 1) recommended by the
CCI/CLIVAR Expert Team for Climate Change
Detection and Indices (ETCCDI) was chosen for
the analysis. The selected indices cover: absolute
indices (TNx, TNn, TXx and TXn), percentile-
based indices (TN10p, TX10p, TN90p and
TX90p), threshold-based indices (FDO, IDO,
SU25, SU30 and TR20), duration-based indices
(WSDI, CSDI and GSL) and extremes variability
indices (DTR and ETR).

The indices were calculated using RClimDex
(1.0) software package that had been developed
at Climate Research Division Canada (Zhang, X.
& Yang, F., 2004). Before calculations, the data
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RClimDex (1.0) codTBepa koju cy pa3BHjeH
Ha Ojcjeky 3a KIMMaTcKa HCTPaKMBamba
Kanane (Zhang, X. & Yang, F., 2004). [Ipuje
n3padyHaBama uHnaekca, y RClimDex codrsepy
M3BpIICHA je KOHTPOJIa KBAJMTETa IMOAaTaKa.
Hexonuko BpHjeAHOCTH AHEBHUX MaKCHMAJIHUX
U MHUHUMaHUX TeMIiepaTypa OuWJIO je HU3BaH
neduHCcaHOT oricera o1 4 CTaHIapAHe IeBHjaIHje.
HaBeznene BpujeIHOCTH Cy 3aTUM MPOBjEpPEHE U
notBphene. Bpujennoct TpeHa0Ba M3padyHaTa
j€ JTMHeapHOM METOJIOM HajMamHUX KBajpara H
JIOKAJTHO MOHAEPUCAHOM JIMHEAPHOM PErPECH]jOM
(ucpexuaHa JUHHja Ha TpadUKOHUMA).
Craructuuka oOWJbeXja JIMHHjE JTHHEAPHOT
TpeHJa Takohe Cy mpukazaHa Ha rpadukoHuUMA.
CrarucTHyka 3HA4YajHOCT U3padyHaTHUX
BPHjEIHOCTH TPEHI0BA JAe(hMHNUCAHA j€ HAa HUBOY
99.9 % (p<0.001), 99 % (0.001 <p < 0.01), 95 %
(0.01 <p<0.05) 190 % (0.05 <p < 0.10).

quality control procedure in RClimDex was also
performed. The few outliers in daily maximum
and minimum temperatures (defined as values
outside a range of 4 standard deviations of the
climatological mean value for the day) were found
and then manually checked and confirmed. Trend
slopes in RClimDex were computed by linear
least square method and locally weighted linear
regression (dashed line on plots). The linear trend
fitting statistics was also displayed on the plots.
The statistical significance of the estimated trends
was defined at the 99.9 % (p value<0.001), 99 %
(0.001<p value<0.01), 95 % (0.01<p value<0.05)
and 90 % (0.05<p value<0.10) level.
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Tab. 1. depununyje remneparypuux unaekca kopuirhenux y pagy (ETCCDI, 2009)
Tab. 1. Definitions of the temperature indices used in the study (ETCCDI, 2009)

Wnnexc Hazus Jedbunnnmja Jenununa
Index Descriptive name Definition Units
MakcumanHa J1HeBHA °oC
MaKCHMaJHa TeMIeparypa  MakcuMaiHa TOUIlba THCBHA MAKCHMAJTHA TeMITEpaTypa
TXx . g . . .
Maximum value of daily Annual maximum value of daily maximum temperature oC
maximum temperature
MuHuManHa THeBHA °oC
MaKCHMaJHa TeMIIeparypa MuHrMaTHA TOIUIIHA THCBHA MAKCHMAJTHA TEMIIEpaTypa
TXn .. ; .. . .
Minimum value of daily Annual minimum value of daily maximum temperature oC
maximum temperature
MakcumanHa 1HeBHA oC
™™ MUHHUMAJIHA TEMIIeparypa MaxkcuMaHa To/IUIIka THEBHA MUHIMATHA TEMIIEPaTypa
X . 4 . ! -
Maximum value of daily Annual maximum value of daily minimum temperature oC
minimum temperature
MuHUMaNHa JHEBHA °C
MUHHMAJIHA TeMIIeparypa MuHiMaIHa TOMUINERA THCBHA MUHIMAJIHA TEMIIepaTypa
TNn . 4 . . L o
Minimum value of daily Annual minimum value of daily minimum temperature C
minimum temperature
TX10 XJagHu JaHu bpoj nana ca TX < 10. nepuenTiia JlaHU
p Cold days Number of days when TX < 10th percentile days
TX90 Tonnu nanum Bpoj mana ca TX > 90. mepuenTmia TaHI
p Warm days Number of days when TX > 90th percentile days
TN10 Xnagne Hohu Bpoj nana ca TN < 10. neprenTmia aHu
P Cold nights Number of days when TN < 10th percentile days
TNOO Tore Hohu bpoj nana ca TN > 90. nepuenTiia JTaHH
p Warm nights Number of days when TN > 90th percentile days
DO Bpoj nenennx mana Topnmsu 6poj gana ca TX < 0°C TaHI
Number of icing days Annual count of days when TX < 0°C days
FDO Bpoj mpazunx nana Tonummsu 6poj nana ca TN < 0°C JIaHU
Number of frost days Annual count of days when TN < 0°C days
SU25 bpoj jbeTHHX naHa Tomumbu 6poj nana ca TX > 30°C JIaHH
Number of summer days Annual count of days when TX > 25°C days
SU30 Bpoj Tponckux mana lopummsu 6poj maHa ca JTaHH
Number of tropical days Annual count of days when TX > 30°C days
TR20 Bpoj Tponickux Hohm Tomuurmsy 6poj nana ca TN > 20 JIaHU
Number of tropical nights Annual count of days when TN > 20°C days
Tpajatbe ToMHX NepHOTa Togumby Opoj aHa y nepuoauMa oj] HajMambe 6 -
y3actonHux gaHa ca TX > 90. nepueHrnia
WSDI . .
Warm spell duration index Annual count of days with at least 6 consecutive days davs
p when TX > 90th percentile Y
Tpajarbe X1AIHHX NepHOTA Tomummby Opoj aHa y nepuoamuMa oj] HajMarmbe 6 -
y3actonHux ga"a ca TN < 10. neprenTtuia
CSDI . :
Cold spell duration index Annual count of days with at least 6 consecutive days days
when TN < 10th percentile
. bpoj nana u3meljy npse nojase Hajmame 6 nana ca TG >
Jlyxuna Tpajaia BereTaunoHor 5°C u mpBe mojaBe HakoH 1. jyma 6 qana ca TG < 5°C flann
GSL nepuosa | N fatl h
Growing scason length Annual count between first span of at least 6 Qays with TG days
> 5°C and first span after July 1st of 6 days with TG < 5°C
DTR JlHeBHA aMIITUTYIA Cpeama Mjeceuna pasiuka usmehy TX u TN °C
Daily temperature range Monthly mean difference between TX and TN °C
ATICONTYTHA HHTPArOMIIIbA Paznuka usmel)y HajBuine u HajHIKE H3MjepeHe oC
TEeMIIEpaType y HeKOj TOJIMHU
ETR TCMHCpaTypHa]aMHIII/ITyZ(a
Intra—annual extreme Difference between the highest and the lowest temperature o
temperature range C

of the calendar year
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Jla 6u ce o0jacHMIM OCMOTPEHU TPEHIOBH,
aHaJM3UPAHU Cy 0Opacly I00aIHEe HUPKYIIaIHje
atmMocdepe H3HAI CjeBepHE XeMucdhepe.
AHanu3upaHa cy TpH MpUMapHa pexXUMa
BapujabuIHOCTH aTMOc(epcKke IUpKyIanuje
n3Haj cjeBepHOT ATinanTrka (CjeBepHO-aTIaHTCKa
ocuuminanuja (NAQO), HcTodHo-aTmaHTCKa
ocuwnayja (EA) u Uctouno-atnanrcka/3amnaaHo-
pycka ocmmnanuja (EAWR)), kao u ApkTuuka
ocumianyja (AO) (Barnston, A. G. & Livezey, R.
E., 1987; Thompson, D. W. J. & Wallace, J. M.,
1998). [lomarm 0 HaBEICHUM MHICKCUMA TII00ATHE
UpKynamuje armocdepe NpukyrbeHu oq NOAA
Climate Prediction Center (NOAA CPC, 2017).
3a kBaHTHU(UKOBamE Be3a U3Mel)y aHamM3upaHux
MHJIEKCAa EKCTPEMHUX TeMIeparypa U II00aIHuX
oOpazara mupkynanyje arMmocdepe kopuiheH je
[MupconoB koeduimjeHT kopenanyje. CTaTUCTHYKa
3Ha4ajHOCT YTBplEeHHNX Kopenaluja AeuHrcana je
Ha HUBOY 99.9 % (p < 0.001), 99 % (0.001 <p <
0.01), 95 % (0.01 <p<0.05) 1 90 % (0.05 <p <
0.10).

PE3VIITATU 1 AMCKYCUJA

[Tpocjeyne rofuImbe U CE30HCKE BPHjEIHOCTH
EeKCTPEMHUX TeMIleparypa y MOCMaTpaHOM
nepuoay 1961-2016. rogune npukazaHe cy y
Ta6. 2. Tonumme Tmax u Tmin y Mocrapy
nznoce 20.4°C u 10.5°C, pecnekTHBHO.
Ananmsa ce3oHcknx Tmax u Tmin nokasyje na
je meto HajTorumja ce3ona (30.9°C u 18.3°C,
PECHeKTHBHO), a 3uMa Hajxnaaauja (9.9°C u 3.0°C,
PECIEKTHBHO). Y OBOM jy>KHOM aujeny boche
1 XeplLeroBuHe, jeceH je ToIIMja of npoJbeha
(20.9°C u 11.3°C wnampema 19.7° u 9.1°C,
pecniekTuBHO). [Ipernen npocjeuHux roAuIImBUX
BPH]jEIHOCTH MHJIEKCA EKCTPEMHUX TeMIleparypa
y Mocrapy y nocmarpanom nepuoay 1961-2016.
ronuHe aat je y Tao. 3.

In order to evaluate the observed trends,
the large-scale atmospheric circulations
patterns over the Northern Hemisphere were
investigated. The three primary modes of
atmospheric circulation variability over the
North Atlantic (the North Atlantic Oscillation
(NAO), the East-Atlantic (EA) pattern and the
East Atlantic/West Russia (EAWR) pattern)
and the Arctic Oscillation (AO) were analyzed
(Barnston, A. G. & Livezey, R. E., 1987;
Thompson, D. W. J. & Wallace, J. M., 1998).
The data on these large-scale atmospheric
circulation pattern indices were collected from
NOAA Climate Prediction Center (NOAA CPC,
2017). For quantification of the links between
the analyzed extreme temperature indices and
the large-scale circulation patterns, the Pearson
correlation coefficient was used. The statistical
significance of the determined correlations was
defined at the 99.9 % (p value < 0.001), 99 %
(0.001 < p value <0.01), 95 % (0.01 < p value
<0.05) and 90 % (0.05 < p value <0.10) level.

RESULTS AND DISSCUSSION

The average annual and seasonal extreme
temperatures in the observed period (1961-2016)
are displayed in Tab. 2. The annual Tmax and
Tmin in Mostar area are 20.4°C and 10.5°C,
respectively. The analysis of seasonal Tmax and
Tmin showed that summer is the warmest season
(30.9°C and 18.3°C, respectively), whereas winter
being the coldest (9.9°C and 3.0°C, respectively).
In this southern part of Bosnia and Herzegovina,
autumn is warmer than spring (20.9°C and
11.3°C vs. 19.7°C and 9.1°C, respectively). An
overview of the average annual values of the
extreme temperature indices in Mostar during the
observed 1961-2016 periods is given in Tab. 3.
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Tab. 2. Ilpocjeune roauimke u ce3oHCcke Tmax u Tmin y nepuoay 1961-2016.
Tab. 2. Average annual and seasonal Tmax and Tmin in the 1961-2016 periods

[TapameTtap 3uma [Tposbehe Jbeto Jecen lonuna
Variable Winter Spring Summer Autumn Year
Tmax 9.9 19.7 30.9 20.9 20.4
Tmin 3.0 9.1 18.3 11.3 10.5

Tab. 3. IIpocjeune BpUjeTHOCTH HHIEKCA EKCTPEMHHX TeMIieparypa y nepuony 1961-2016.
Tab. 3. Average values of extreme temperature indices in the 1961-2016 periods

Wupnexc Bpujennocr Wnpexc Bpujennocr Wnpexc Bpwujennoct
Index Value Index Value Index Value
TXx 38.89 TN10p 32.30 TR20 28.86
TXn 0.51 TN90p 51.48 WSDI 14.05
TNx 24.81 IDO 1.13 CSDI 4.64
TNn —4.97 FDO 20.04 GSL 343.02

TX10p 33.88 SU25 127.00 DTR 9.92

TX90p 51.36 SU30 65.63 ETR 43.86

JlexasHu TPEHIOBU TOAUIIHLUX U CE30HCKHUX
Tmax u Tmin npukazanu cy y Ta6. 4 u Ha ['pad.
1. 3Havajau TpeHa0BU Topacta Tmax u Tmin
MIPUCYTHU Cy TOKOM IIH]jeJie TOAUHE (CTaTUCTUUKU
HUje 3HadajaH jeMHO TpeHJ Tmax y Ce30HH
jecen). lNogummwe Bpujeqnoctd Tmax u Tmin
3HauajHo cy mopacie 3a 0.32°C mo nmeneHuju
n 0.28°C mo neneHwju, pecneKTUBHO. TpeHn
3arpujaBama OYHUIVIEaH j€ Y CBUM Ce30HaMma,
aJM je Haju3pakeHUju y ce30HU Jbeto — 0.59°C
o nerieHuju 3a Tmax u 0.46°C no aeneHuju 3a
Tmin. Behe BpujennocTu Tperna pacta takohe cy
yTBpheHe 3a 3uMcke U npoJbehHe Temmeparype,
JIOK j€ Y CE30HH jeCeH 3a0MIbEKEH CaMO He3HATaH
MopacT TemIieparype.

The decadal trends in annual and seasonal
Tmax and Tmin in Mostar are shown in Tab.
4 and Fig. 1. The significant upward trends in
Tmax and Tmin were present throughout the
year (insignificant only for Tmax in autumn).
The annual Tmax and Tmin significantly
increased by 0.32°C per decade and 0.28°C
per decade, respectively. The warming
trend was apparent in all seasons, but most
prominent was in summer — 0.59°C per
decade for Tmax and 0.46°C per decade for
Tmin. Higher trend values were also obtained
for winter and spring temperatures, whereas
in autumn only a slight temperature increase
was determined.

Tab. 4. JlekanHu TPEHIOBU TOMUIITHUX M c€30HCKHX Tmax u Tmin y mepuoay 1961-2016.
Tab. 4. Decadal trends in annual and seasonal Tmax and Tmin in the 1961-2016 periods

[Tapamerap 3uma Ipossehe Jbero Jecen T'onnna
Variable Winter Spring Summer Autumn Year

Tmax 0.27¢ 0.30° 0.59* 0.12 0.32¢

Tmin 0.25° 0.25* 0.46° 0.18¢ 0.28*

CrarucTHYKU 3Ha49ajHo Ha HEBOY 99.9 % (%), 99 % (%), 95 % (%) 1 90 % (%)
Statistical significance at the 99.9 % (*), 99 % (®), 95 % () and 90 % (¢) level
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Cn. 1. TpernoBu romummux Tmax u Tmin y nepuoay 1961-2016.
Fig. 1. Trends in annual Tmax and Tmin in 1961-2016

JlekaJiHu TPEHIOBH TOMUIIBUX HHICKCA
eKCTPEMHHUX TeMIieparypa y nepuony 1961-2016.
roguHe mpukaszaHu cy y Tab6. 5 m nHa I'pad.
2-5. JlobujeHu pe3ynaTatd IMoKasyjy Ja je Ha
AHAJM3UPAHOM TPOCTOPY MPHUCYTHO 3arpHjaBabe
KIuMarckor cuctema. To moTBplyjy oba Tpenma
— MO3UTUBHHU TPCHJ TOIUIMX TEMIEPaTypPHHUX
MHJICKCA W HETaTHUBHHU TPEHJI XJaJHUX
TEeMIEpaTypHUX HHAeKca. Melhytum, Tpeba
HAINOMEHYTH JIa CY TOIUTH TEMIICPaTyPHHU UHICKCH
MOKa3alld jaue TPCHJIOBE 3arpHjaBarba KOJU CY
Taxol)e OWITM 3Ha4ajHUjU O/ HETaTUBHHUX TPEHI0BA
KOjU Cy MOBE3aHU Ca XJIaJHUM TEMIIePaTypPHUM
MHJICKCHMA.

The decadal trends in annual extreme
temperature indices in the 1961-2016 periods
are given in Tab. 5 and Fig. 2—5. The obtained
results indicate that the climate system
warming is present over the study area. Both
trends — the positive in warm temperature
indices and the negative in cold temperature
indices — suggest that. However, it should
be noted that the warm temperature indices
displayed stronger warming trends that were
also more significant than the negative ones
associated with cold temperature indices.

Tab. 5. JlekaiHu TPEHI0BU T'OJIUIBLUX HHAEKCA EKCTPEMHUX Temneparypa y nepuoay 1961-2016.
Tab. 5. Decadal trends in annual extreme temperature indices in the 1961-2016 periods

Wunexc Bpujennoct Wnnexc Bpujennoct Wnnexc Bpujennoct
Index Slope Index Slope Index Slope
TXx 0.50? TN10p —4.27* TR20 5.632
TXn 0.33 TNO9Op 9.28* WSDI 6.73
TNx 0.65° IDO —0.30 CSDI -0.80
TNn 0.43¢ FDO —-2.06° DTR 0.05

TX10p —3.38 SuU25 3.05° ETR 0.07

TX90p 8.97 SuU30 5.20° GSL 3.45%

CrarucTHYKY 3Ha4YajHo Ha HEUBOY 99.9 % (%), 99 % (%), 95 % (°) 1 90 % (%)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level
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CBH ancoilyTHH TeMIIEpaTypHH HWHICKCH
TMOKa3yjy 3Ha4ajHe TPEHIOBE MOPAcTa (CamMo TPEH T
TXn nuje 3nauajan) (I'pad. 2). Bpujennocru
TPEH/I0Ba MAKCUMAJIHUX JHEBHUX MAaKCHMAaTHUX
U MUHUMaJIHMX Temmeparypa — TNx u TXx
(0.65°C mo pmeuenuju u 0.50°C mo nenenwuju,
PECIEKTHUBHO) Oujie Ccy BHILIE O BPHjEIHOCTH
TPEH/I0Ba MUHUMAITHUX THEBHUX MUHUMAIHUX U
MakcuMaiiHux temrneparypa — TNn u TXn (0.43°C
o netierrju u 0.33°C 1o JetieHnju, PeCeKTHBHO).
YTBphenu nopact DTR je 3anemapsbu (cBera
0.05°C mo neueHujm).

All of the absolute temperature indices
displayed the significant upward trends
(only TXn trend was insignificant) (Fig. 2).
The estimated trends in maximum values of
daily minimum and maximum temperatures —
TNx and TXx (0.65°C per decade and 0.50°C
per decade, respectively) were higher than
those in minimum values of daily minimum
and maximum temperatures — TNn and TXn
(0.43°C per decade and 0.33°C per decade,
respectively). The determined increase in
DTR was negligible (0.05°C per decade).

Ca. 2. JIuneapHH TPEHI0BU allCOIyTHUX UHAEKca y iepuony 1961-2016.
Fig. 2. Linear trends in absolute indices in 1961-2016

CraTucTUYKy 3Ha4ajHU O3UTHUBHU TPEHIOBU
torux gaHa (TX90p) u torumx vHohu (TN90p),
Kao W 3HaYajHU HETaTHBHM TPEHJOBH XJIAJHUX
nana (TX10p) u xnaguux Hohu (TN10p), Takohe
Cyrepuily Ja jé Ha HCTPaXXMBAHOM IPOCTOPY
MPUCYTHO 3arpujaBambe KIMMATCKOI CHUCTEMa
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The statistically significant positive trends
in warm days (TX90p) and warm nights
(TN90p) as well as the significant negative
trends in cold days (TX10p) and cold nights
(TN10p) also suggest that climate system
warming is present over the study area (Fig.
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(I'pad. 3). Mehytum, TpennoBu nmopacta TX90p
(9.28 nmana mo meuennju) 1 TN9O0p (8.97 nana no
JICIICHUjN) T0CTa Cy U3PAKCHUJU HETO TPEHIOBU
cmamema TX10p (-3.38 nmana mo geneHuju) u
TN10p (-4.27 nana no AeLICHU]H).

3). However, the upward trends in TX90p (9.28
days per decade) and TN90p (8.97 days per
decade) were much more prominent than the
downward trends in TX10p (-3.38 days per
decade) and TN10p (-4.27 days per decade).

Cn. 3. JIuneapHu TpeH1 MHAEKCA 3aCHOBAaHUX Ha NEpLEHTUINMA y niepuony 1961-2016.
Fig. 3. Linear trend in percentile-based indices in 1961-2016

I[CKaI[HI/I TPCHAOBHU CC30HCKUX HWHICKCA
CKCTPEeMHHMX TeMIleparypa MpUKa3aHH Ccy Y
Tab. 6. AHanm3a CE30HCKHX arCOJYTHHX
TEMIIEpaTypHUX HHJACKCA IOKa3ana je na je
TPEH]I TOpacTa MPUCYTaH TOKOM IHjeJie TOANHE,
QM je Haju3pakeHUJU Y CE30HU JheTO (HajBUIIC
BpHjEIHOCTH TpeHa nodujeHe ¢y 3a TNx — 0.64°C
1o jetieHuju). Jennao TNn nokasyje Behu mopact
TOKOM XJIaJIHHjET JHjejia TOAMHE — Y Ce30Hama
jecen u 3uma (0.4°C o neennjun). TemmeparypHu
WHJICKCU 3aCHOBAHM Ha TIEPIICHTUIMMA Takohe
nokasyjy Hajsehm mopacT/cmMameme TOIuIHX/
XJIAIHAX JIaHa W HOhWM Yy HajTOTUIMjO] CE30HH.

The decadal trends in extreme temperature
indices calculated seasonally are shown in
Tab. 6. The analysis of seasonal absolute
extreme temperature indices showed that an
upward trend was present throughout the year,
but most prominent was in summer season
(the highest trend values were obtained
for TNx — 0.64°C per decade). Only TNn
displayed higher increase during the colder
part of the year — in autumn and winter (0.4°C
per decade). The percentile-based temperature
indices also presented the highest increase/
decrease in warm/cold days and nights in

117



TATJAHA I10IIOB, CJIOBOJAH I'thATO 11 TOPAH TPEh
TATJANA POPOV, SLOBODAN GNJATO AND GORAN TRBIC

ToxoMm Jsbera, Hapouuto cy TX90p u TN9Op
I0Ka3ajlu BEeOMa H3pakeHe TpeHaoBe — 4.94
naHa 1o nerneHuju U 4.41 naHa mo JACLCHH]H,
pecniektuBHO. [Ipema Tome, 3akibydyje ce na je
MopacT 3arpujaBama Behu TOKOM JbeTa HEro y
XJIaTHUjeM JIUjelTy TOAMHE.

the warmest season. In summer, TX90p and
TN90p showed the particularly pronounced
trends — 4.94 days per decade and 4.41
days per decade, respectively. Thus, it can
be concluded that warming was greater in
summer than in the colder part of the year.

Ta0. 6. JlexanHu TPEHIOBU CE30HCKUX MHEKCA EKCTPEMHUX TeMIeparypa y nepuony 1961-2016.
Tab. 6. Decadal trends in seasonal extreme temperature indices in the 1961-2016 periods

ATICOJYyTHH UHJIEKCH

Wnaexkcn 3acHOBaHU Ha NEPUCHTUINMA

Wnunexc Absolute indices Wnnexc Percentile—based indices

Index 3uma ITpossehe Jbeto Jecen Index 3uma Ipossehe Jbeto Jecen

Winter Spring Summer Autumn Winter Spring Summer Autumn
TXx 0.27¢ 0.42¢ 0.542 0.22 TX10p —1.00¢ -0.58 —-1.02° -0.15
TXn 0.27 0.18 0.52¢ 0.46¢ TX90p 0.95¢ 1.66¢ 4.94° 0.71
TNx 0.17 0.25¢ 0.64° 0.27¢ TN10p —0.43 —1.50° —1.60° -0.24
TNn 0.40¢ 0.25 0.20? 0.43¢ TN90p 1.22¢ 1.62° 4410 1.32¢

CTaTucTHYKY 3HauajHo Ha HUBOY 99.9 % (%), 99 % (°), 95 % (%) 1 90 % (9)
Statistical significance at the 99.9 % (%), 99 % (*), 95 % () and 90 % (¢) level
TpennoBu MHEKCA 3aCHOBAaHUX HAa (PUKCHUM Trends in threshold-based indices

BpHjE€THOCTHMA TparoBa Takohe cy Ownmm y
CKJIaJly ca OYEKWBabUMa y 3arpHjaHOM CBH]ETY
(I'pad. 4). Torumn Temmneparypuu uaaekcu SU2S,
SU30 u TR20 moka3zanu cy 3Ha4ajHE MMO3UTHBHE
tpenaose (3.05, 5.20 u 5.63 naHa Mo ACNCHU]H,
PECIEKTUBHO), JIOK Cy XJIaJHU TeMIIepaTypHHU
uaaekcu FDO u ID0 mokaszanu omanajyhe
tpenaose (FD u craructruku 3Havajan — -2.06
naHa mo aenenuju). loammma mojaBa TR20
yIBOCTpy4YeHa je ona mouyeTrka 21. BHjeka y
nopehewy ca craHAapIHUM KIMMAaTOJIOIIKUM
nieproaoM (1961-1990). Monako pujetka mojaa
IDO0 mocrana je jom pjeha. Ox moverka 2 1. Bujexa,
y MocrTapy je 3a0usbexeno camo 10 TakBux gaHa
(Jak 1mecT TOKOM eKCTpeMHO XJaaHe 3ume 2012.
TO/IMHE).

118

were also as expected in a warmed world
(Fig. 4). Warm temperature indices SU25,
SU30 and TR20 showed a significant
positive trend (3.05, 5.20 and 5.63 days
per decade, respectively), whereas cold
temperature indices FDO and IDO displayed
a downward trend (FD significant — -2.06
days per decade). The annual occurrence of
TR20 has doubled since the beginning of
the 21st century compared to the standard
climatological period (1961-1990). The
already rare occurrence of ID0O became even
more infrequent. Since the beginning of the
21st century, only 10 such days have been
recorded in Mostar (even 6 of them during the
extremely cold winter of 2012).
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Cn. 4. JluneapHu TPEHIOBU WHJIEKCA 3aCHOBAaHUX HAa (PMKCHUM BpPH]jETHOCTHUMA IIparoBa
y niepuonay 1961-2016.
Fig. 4. Linear trends in threshold—based indices in 1961-2016

Tokom mocmarpanor nepuoaa 1961-2016.
TrOJMHE, Tpajamke TOIUIMX Tajaca 3HadajHO je
MIPOJLYKEHO, I0K CY XJIaJJHU Tajacu 3aHeMapJbUBO
ckpahenu (I'pad. 5). WSDI je nmokazao Beoma
HU3paKEeH MO3UTUBaH TpeHa ox 6.73 gaHa mo
JICTICHH]H.

Pactyhu Tpena MakcMMaIHUX 1 MUHUMAITHUX
TeMIieparypa JI0Beo je J10 MPOoAy>KaBama Tpajarmba
BeretanuoHor nepuona (GSL) 3a 3.45 nana mo
JICTICHH]H.

During the observed 1961-2016 periods,
duration of warm spells has significantly
increased, whereas cold spell duration was
negligibly shortened (Fig. 5). The WSDI
displayed a highly prominent positive trend
in the range of 6.73 days per decade.

The upward trends in maximum and
minimum temperatures led to extension of the
growing season length. The GSL increased by
3.45 days per decade.
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Cn. 5. JluneapHU TPEH/IOBU WHJIEKCA 3aCHOBAaHUX HA TPajalby U BapHjaOMITHOCTH
ekctpema y nepuoay 1961-2016.
Fig. 5. Linear trends in duration—based indices and extremes variability indices in 1961-2016

Tpena 3arpujaBarma 10CTaje CBE U3PAKEHU]U
HakoH 1990. roguHe, a HApPOUYUTO O] MOYETKA
21. Bujeka. Tab. 7. mokasyje Ja Cy HajTOILIH]je
roauHe 3abusbexene nociuje 1990. ronune (a
jenuHo 1994. npuje 2000. ronune). Takohe, mehy
roflMHaMa ca HajBUILIM/HaJHI>KUM BPHjEHOCTUMA
TOIUIMX/XJAJHUX TEeMIEepaTypHUX HHJIEKCa
caMoO je HEKOJHMKO TOAMHA M3 IMepuoAa mpuje
1990-ux (Tpeda HarmoMeHyTH Ja je BehuHa mHuX
3abusberxxeHa y 21. sujexy) (Tab. 8). Ha mpumjep,
eKCTPEMHO BHCOKE/HHUCKE BPHjEHOCTU TOIIUX/
XJIAJHUX TeMIepaTypHUX HHJEKCa OCMOTpEHE
Cy Y HajTOIUIMJUM ropuHama. EKcTpeMHO HHCKe
BPHJEIHOCTH XJIQJHUX TeMIIEpaTypHUX HHJIEKCA
3abubexkene cy y 2015. roguHu, roaMHH ca
HajBUILIOM CPEHOM TOAMIIHOM TEMIIEPAaTypOM
(Ta) — y Toj romuuau 6uno je camo 14 TX10p, 9
TN10p, 2 FDO u 6e3 ujequor ID0 u CSDI. Heke
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The warming trend becomes more
prominent after 1990 and particularly since
the beginning of the 21st century. Tab. 7
shows that the warmest years have been
recorded after 1990 (only 1994 of them
before to 2000). Further, among years
with highest/lowest values of warm/cold
temperature indices, there were also just a
few years before 1990s (it should be noted
that the vast majority of them was recorded
in the 21st century) (Tab. 8). For example,
the extremely high/low values of warm/cold
temperature indices were observed during the
warmest years. The extremely low values of
cold temperature indices were recorded in
2015, year with the maximum annual mean
temperature (Ta) — in that year there were
only 14 TX10p, 9 TN10p, 2 FDO and without
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o071 HajBehMX BPHjEIHOCTH TOIUTHX TEMIIEPATypPHUX
WHJIEKCA PETUCTPOBaHE cy y Beoma Toruioj 2003,
2007. u 2012. ronuHH, y KOjuMa je 3a0ubekeHa
U 110jaBa MHTEH3UBHUX TOIUIMX Tayaca. Y 2012.
roguHu Omino je wak 112 TX90p, 91 TN9Op,
149 SU25, 108 SU30 u 72 WSDI. Behuna
HAJUHTEH3UBHUJUX M HAjAyroTPajHUX TOILIUX
tanaca ox 1951. romqune (Russo, S. et al., 2015)
y oBoM nujeny EBpome mecuna ce y 21. Bujexy
(na mpumjep, y 2003, 2007, 2010, 2012. u 2015.

TOIMHHM).

a single ID0 and CSDI. Some of the highest
frequencies of warm temperature indices were
observed in very warm 2003, 2007 and 2012,
with the occurrence of intense heat waves. In
2012, there were even 112 TX90p, 91 TN9O0p,
149 SU25, 108 SU30 and 72 WSDI. The vast
majority of the most intense and long-lasting
heat waves since 1951 (Russo, S. et al., 2015)
in this part of Europe occurred in the 21st
century (for example in 2003, 2007, 2010,
2012 and 2015).

Tab. 7. Hajroruje ronune y nepuoay 1961-2016.
Tab. 7. The hottest years in the 1961-2016 periods

Tmax Tmin Ta

11\312: Bpwujennoct T'onuna Bpujennocr Tonuna Bpwujennoct Tonuna
Value Year Value Year Value Year
1. 21.89 2008 11.77 2014 16.23 2015
2. 21.86 1994 11.60 2015 16.21 1994
3. 21.81 2015 11.51 2011 16.17 2011
4. 21.78 2007 11.51 2013 16.10 2003
5. 21.76 2000 11.50 2008 16.10 2007
6. 21.76 2012 11.48 2003 16.10 2008
7. 21.74 2011 11.42 2007 16.10 2012
8. 21.70 2003 11.40 2009 16.00 2000
9. 21.29 1990 11.30 2002 15.90 2013
10. 21.20 2013 11.29 2016 15.80 2002
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Ta6. 8. [onune ca HajeehuM/HajMakbUM BpUjEAHOCTHMA TOIUIUX/XJIaJHIUX TEMIIEPAaTyPHUX UHICKCA
y nepuony 1961-2016.
Tab. 8. Years with highest/lowest values of warm/cold temperature indices
in the 1961-2016 periods

TXx TNn TNx SuU25 SU30 TR20
No. Value | Year | Value | Year | Value | Year | Value | Year | Value | Year | Value | Year
1. 43.1 2007 -0.9 2007 28.5 2015 151 2000 113 2003 68 2012
2. 41.9 2015 -1.4 1974 28.4 2007 149 2012 108 2012 64 2003
3. 41.8 2000 -1.6 1997 27.7 2012 148 2009 95 1994 60 2015
4. 41.8 2012 -1.6 2011 27.6 1998 147 1986 90 2008 52 2008
5. 41.6 1998 -2.0 1972 27.5 1990 146 1999 89 2000 51 1994
6. 41.3 2001 2.1 1992 27.4 2016 146 2011 88 1987 45 2011
7. 41.2 1984 2.2 1995 27.0 1981 145 2003 86 2007 44 2013
8. 41.2 2006 2.4 1984 26.8 2001 143 2007 86 2015 43 2006
9. 41.1 2008 2.4 1988 26.8 2002 140 1973 85 2009 43 2016
10. 41.1 2013 2.4 2013 26.7 2004 139 1985 82 2011 41 1962

No. WSDI TX90p TN90p TX10p TN10p FDO
Value | Year | Value | Year | Value | Year | Value | Year | Value | Year | Value | Year
1. 72 2012 | 112.3 | 2012 94.0 2003 14.0 2015 9.0 2015 2 1997
2. 54 2008 | 105.3 | 2008 94.0 2007 15.0 2008 11.0 2014 4 2014
3. 53 2011 100.0 | 2007 91.2 2012 17.0 1994 13.0 1999 5 2007
4. 51 2007 87.0 2015 90.0 2011 17.0 2013 14.0 2011 8 1974
S. 49 1998 86.0 1994 88.2 2008 18.4 1990 16.9 1990 8 2011
6. 44 2015 86.0 2003 86.2 2009 21.0 2011 16.9 1975 8 2013
7. 32 2002 86.0 2011 83.0 2014 21.0 2016 17.0 2013 8 2015
8. 31 2013 82.0 2001 82.0 2013 21.4 1982 18.0 2002 9 1977
9. 29 2000 78.2 2000 81.0 2015 22.0 2014 18.0 2003 11 1984
10. 29 2003 77.2 2009 72.0 1994 23.4 1961 19.1 2008 12 1972
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Ca. 6. Oxncrynama eKCTpEeMHUX TeMIIepaTypHUX HHIEKCa OJl MPOCjeKa CTaHIapJHOT
KJmMarosomkor nepuoaa (1961-1990)
Fig. 6. Deviations of the extreme temperature indices from the standard climatological period
(1961-1990) averages
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AHanm3a oJcTynama roANIIBIX BPUjSIHOCTH
MHJIEKCa EKCTPEMHUX TEMIIepaTypa O MpocjeKa
CTAHJAPAHOT KJIUMATOJOIIKOT Tepuoaa
(1961-1990) (I'pad. 6) Takohe morBphyje na
j€ TpeH] 3arpujaBama MOCTA0 W3PAXKEHUJU O
noueTka 21. Bujexa. Ha npumjep, y oBoM niepuozy,
Toru TemmneparypHu unaekcu TX90p, TNO9Op,
SU25 u WSDI Hucy 3a0M/beKIITH HUjeAHY TOIUHY
ca BpPHUjeIHOCTHMMA MHJIEKCA MCIIOA IPOCjeKa
CTaHJAPAHOT KIMMATOJIOMIKOT Nepuoa, A0K Cy
TXx, TNx 1 TR20 3a01sbeKUIIN CaMO jeTHY TOIHHY
ca BpUjeHOCTUMA HCTof ripocjeka — 2014, ronuHy
(To je Ouna romMHA ca HAJBUIIOM TOIUIIEHOM
Tmin, anu 6e3 mojaBe WHTEH3MBHUX TOILIUX
Tajaca ca eKCTPEMHO BUCOKHM TEMIIEpaTypHUM
aHoMaiujaMa). XJaJHU TeMIepaTypHU HHICKCH
TN10p, TN90p u FDO 6unu cy yrimaBHOM HCIOA
npocjeka pedepeHTHOT mepuoja, MITO Takohe
noTBphyje mopact 3arpujaBama KIHMAaTCKOT
CHCTEMa Y OBOM IIE€PUOY.

VY uuspy ofjanrmeha OCMOTPEHUX TPEHI0BA,
U3BpILEHA je Kopenanuja u3mely MakcuMaHux
U MUHUMAJIHUX TeMIlepaTrypa, Kao ¥ HHJEKca
EeKCTPEMHHX TeMmIepaTypa, ca olpacuuma
no0altHe UpKyarwje armochepe u3Haj CjeBepHe
xemucgepe (Tad. 9. u Ta6. 10.). Ilo3utuBHE
TeMIIepaTypHe aHOMaJMjeé Y MHOTMM PErHOHUMA
EBpone (mehy xojuma u y nujeny KOHTHHEHTa
raje ce Hanmasu bocHa u XepleroBruHa) moeszaHe
cy ca EA ocummanujom (Rust, H. W. et al., 2015).
V¥ bocuu u Xepuerosunu (MocTap), Mo3uTHBHA
MOBE3aHOCT M3Mel)y roxumimer uHIekca EA
ocumwnanyje 1 Tmax u Tmin je jaka u 3Ha4ajHa
(yrBpheHnu koepuIMjeHTH KOopenanuje U3HOCce
0.656 u 0.725, pecnektuBHo). [lo3uTuBHA U
CTAaTHCTUYKM 3Ha4yajHa Kopeyanuja MPUCYTHA
je TokoMm 1wmjene roxuHe. MehyTtum, HajBUIIH
Koe(HIIMjeHTH Kopenanyje 1001jeHH Cy 3a CE30He
JbeTo M 3uMa. Ha BapHjaOMIIHOCT €KCTPEeMHHUX
TeMIieparypa cHaxHo ytude NAO, HapouuTo
sumu. Toxom mo3utuBHe NAO (ase, Tomnuje
MapUTHMHE Ba3IyIlIHE Mace TPaHCIOPTYyjy ce
jauuM ofi yoOuuajeHux 3amagHuM BjeTpPOBUMA
NpEeKO CpeaAmUX UIHpPHUHA, YCIOBAJHEHO
aHOMaJIMjaMa HUCKOT Ba3IyIIHOT IPUTUCKA U3HAT
Hcnanna u aHomanujamMa BHCOKOT Ba3AyIIHOT
MIPUTUCKA OKO CYNTPOIICKOT Mojaca ATIaHTHKA
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The analysis of the extreme temperature
indices deviations from the standard
climatological period (1961—1990) averages
(Fig. 6) also confirms that the warming trend
becomes stronger since the beginning of the
21st century. For example, in this period, the
warm temperature indices TX90p, TN9Op,
SU25 and WSDI registered not a single
occurrence below the standard climatological
period averages, whereas the TXx, TNx and
TR20 displayed only one year below the
average — 2014 (that was the year with the
highest annual Tmin, but with no intense
heat waves with extremely high temperature
anomalies). The cold temperature indices
TN10p, TN90p and FDO were mostly below
the reference period averages, thus confirming
the increasing climate system warming in this
period.

In order to evaluate the observed trends,
maximum and minimum temperatures and
extreme temperature indices were correlated
with large-scale atmospheric circulation
patterns over the Northern Hemisphere (Tab.
9 and Tab. 10). The positive temperature
anomalies in many regions of Europe (among
them in the part of the continent where Bosnia
and Herzegovina is located) were associated
with the EA pattern (Rust, H. W. et al., 2015).
In Bosnia and Herzegovina (Mostar), the
positive relation between annual EA pattern
index and Tmax and Tmin was strong and
significant (determined correlation coefficients
were 0.656 and 0.725, respectively). The
positive and statistically significant correlation
was present throughout the year. However,
the highest correlation coefficients were
obtained for summer and winter. The extreme
temperature variability is strongly influenced
by the NAO, especially in winter season.
During the positive NAO phase, the warmer
maritime air masses are advected to Europe
by stronger-than-average westerlies over the
middle latitudes associated with low pressure
anomalies over the region of the Icelandic low
and anomalously high pressures across the
subtropical Atlantic (Rust, H. W. et al., 2015;
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(Rust, H. W. et al., 2015; Hurrell, J. W. et al.,
2003). Beoma Brcok nozutuBad NAO unaekc on
novetka 1980-1x roauHa yCIOBHO je 3Ha4ajaH U0
OCMOTpEHOT 3arpujaBama nu3Hajx EBpomne y oBom
mujeny ronuHe (Hurrell, J. & Van Loon, H., 1997).
Ha ucTtpaxuBaHoM NpOCTOpY, Y OBOj CE30HH,
yTBpheHa je nmo3utuBHa kopenanuja uzmehy NAO
MHJIEKCA U CPEIbUX MAaKCUMAITHUX 1 MUHMAJTHIX
Temreparypa (3HadajHa 3a Tmax — koeduiujeHt
kopenanuje 0.640). ITopen mo3utuBHE Bese ca
oOpacima 100anHe MUpKynanuje arMmocdepe
W3HAJ CjeBepHOT ATIIaHTHKa, Takohe, yTBpheHa je
MO3UTHBHA MOBE3aHOCT €A MHJEKCOM APKTHYKE
ocuminanuje. Tmax moka3zyje TMO3UTUBHE
KOpeJalyje TOKOM Ifjese ToauHe (Huje 3HavyajHa
JenuHO y ce30HU JbeTo). HajBummm xoeduuujeHt
KOpelalyje YCTaHOBJbEH je€ Yy CE30HM IpoJbehe
(0.359), a 3atum y cesonu 3uma (0.515).
Kopenamuja ca Tmin 3Ha4ajHa je jeIUHO y CE30HH
nposbehe.

Hurrell, J. W. et al., 2003). The exceptionally
strong positive NAO index since the early
1980s accounted for a substantial part of the
observed warming over Europe in this time of
a year (Hurrell, J. & Van Loon, H., 1997). Over
the study area, the positive correlation between
NAO index and mean maximum and minimum
temperatures was determined in this season
(significant for Tmax — correlation coefficient
0.640). In addition to these positive links with
the large-scale atmospheric circulations over
the North Atlantic, the positive correlation
with the Arctic Oscillation index was also
determined. Tmax displayed significant
positive correlation throughout the year
(insignificant only in summer season). The
highest correlation coefficients were found
for spring season (0.359) and then for winter
(0.515). Relation to Tmin was significant only
in spring.

Tab. 9. [TupcoHoB KoeduIjeHT Kopenanuje u3Mel)y ronuImsuX 1 Ce30HCKUX UHICKCA TUPKYIainja
I00aTHUX pa3Mjepa M eKCTPEMHUX TeMmIeparypa y nepuony 1961-2016.
Tab. 9. Pearson correlation coefficient between annual and seasonal teleconection patterns indices
and extreme temperatures in the 1961-2016 periods

Tmax Tmin
Wunexc
Index 3uma IMposmehe Jberto Jecen Tonuna 3uma IMposmehe Jbeto Jecen Tonuna
Winter Spring Summer Autumn Year Winter Spring Summer Autumn Year
EA 0.640* 0.486* 0.641° 0.402° 0.656* 0.614 0.476* 0.658 0.487* 0.725*
NAO 0.359° 0.211 -0.417* 0.037 0.166 0.162 0.214 -0.337¢ -0.011 0.080
EAWR 0.121 0.194 -0.316¢ -0.045 -0.175 -0.206 0.156 -0.345° -0.171 -0.321¢
AO 0.359° 0.515* -0.081 0.296¢ 0.473° 0.006 0.489* 0.005 0.065 0.318

CrarucTuuky 3Ha4ajHo Ha HUBOY 99.9 % (%), 99 % (%), 95 % (°) u 90 % (%)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (°) level

Cau ariconrytHU Temnieparypuu uaaekcu (TXXx,
TXn, TNx 1 TNn) nokasyjy HO3UTHBY KOpearujy
ca EA ocriunanujom (3Ha9ajHa jeIMHO 32 HHICKCE
KOJU TIPENICTaBJhajy MAKCUMAHE BPH]CIHOCTU
JTHEBHUX MHUHHMAJIHUX U MaKCUMAaJIHUX
temrieparypa). Takohe, EA ocrmnanuja mokasyje
JaKy ¥ 3Ha4ajHy O3UTUBHY/HETATUBHY KOpEIaIjy
ca CBUM TOIUIUM/XJAJHUM TeMIEpaTypHUM
uHIekcuMa. HajBuim KoeuImjeHTH Kopemarmje
nobujenu cy 3a TX10p, TX90p, TN10p, TN9Op,
TR20 u WSDI. NAO uMa cHaxxaH yTHIa] Ha

All of the absolute temperature indices
(TXx, TXn, TNx and TNn) displayed positive
correlation with the EA pattern (significant only
for indices representing the maximum values of
a daily maximum and minimum temperatures).
Further, the EA pattern showed strong and
significant positive/negative correlation
with all warm/cold temperature indices. The
highest correlation coefficients were obtained
for TX10p, TX90p, TN10p, TN90p, TR20
and WSDI. The NAO had stronger influence
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XJIaJIHE TeMIIepaTypHe MHJAEKCE. 3a pa3jHKy Of
EA ocuunanumje, mo3uTuBHA Kopenanuja umely
alCOJIyTHUX TeMIepaTypHux uHuaekca u AO
3Ha4ajHa je JeIMHO 32 MHJIEKCE KOjH MPE/ICTaBIbajy
MHUHHMAITHE BPHjEIHOCTU JTHEBHIX MaKCUMATIHUX
U MHUHUMaTHUX Temmeparypa. AO mokasyje
3Ha4YajHy IMO3UTHBHY IOBE3aHOCT Ca TOIUIMM
TeMIepaTypHUM HHJICKCHUMA, JIOK je Kopearyja ca
XJIaTHUM TEMIIEpaTypHUM WHJIEKCHMa HEraTUBHA.

on the cold temperature indices. In constrast
to the EA pattern, the positive correlations
between the absolute temperature indices and
the AO was significant only for indices that
represent minimum values of a daily maximum
and minimum temperatures. The AO displayed
significant positive correlation with warm
temperature indices, whereas the determined
relation with cold ones was negative.

Tab. 10. [TupcoHoB KoeduLMjeHT Kopenannje n3Mel)y rolumbuX HHASKca HIUPKYIaluja rmMo0aTHUX
pasMjepa U MHJEKCa eKCTPEMHHX TeMIieparypa y nepuoay 1961-2016.
Tab. 10. Pearson correlation coefficient between annual teleconection patterns indices and extreme
temperature indices in the 1961-2016 periods

Nunexc

e TXx TXn TNx TNn  TX10p TX90p TNIOp TN9Op  DTR
EA 0335  0.175  0522*  0.158  —0.648  0.584°  —0.626° 0623 0233
NAO 20075 0303  —-0.066  0341c  -02419 0003  -0.162  —-0.010 0208
EAWR  -0326° —0.099 -0405% —0.031 0107 —-0271° 0174  —-0286°  0.112
AO 0.105  0341° 0190  0334°  —0479°  0321°  —0350°  0250°  0.461°
I/ﬁgzzc’ FDO DO SU25 TR30 TR20 CSDI  WSDI GSL ETR
EA —0.460°  —0.096  0.409 0491+ 0533  —0264°  0502* 0218 0.099
NAO 02524 —0312°  0.036 20016 -0.022  —0.189  —0.139  0.046  —0.320°
EAWR  0262¢  0.031 0.075 0154  —0315  —0.036 —0282¢  —0.168  —0.193
AO ~0.264°  —0296°  0.228¢ 0221 0295  —0.141 0204 0184  —0.194

CrarucTHYKM 3Ha4ajHo Ha HEBOY 99.9 % (%), 99 % (%), 95 % (%) 1 90 % (%)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level

Pesynrarn xopenanioHe aHann3e Ce30HCKUX
WHJIEKCA TEIIEKOHEKIIMja U WHJIEKCa eKCTPEMHUX
Temreparypa (arncoilyTHUX WHAEKCAa W WHIAEKCa
3aCHOBaHMX Ha MEepUEHTWINMA) 1atu ¢y y Taob. 11.
CesoHcku obpacuu EA ocummanyje v ancoiryTHi
WHJCKCH TI0Ka3yjy MO3UTUBHY M CTAaTUCTHUKH
3Ha4YajHy KOpeJalrjy TOKOM Iijese Tonune (Huje
3HadajHa jenuHo 3a TXn y ce3onm nposbehe u TNn
y ce30HU nposbehe U jbeto). Tormu TemreparypHu
WHJeKcH Oasupanu Ha nepueHtuauma TX90p u
TN90p noka3zyjy 3Ha4ajHy TO3UTUBHY KOpEJaI]y
ca EA ocimnarujom y ¢cBUM ce30HaMa (OCHUM 3a
TX90p y ce30HU jeceH), JIOK je Kopeamuja ca
XJIaTHIM TeMITepaTypHUM UHJEKCUMa Oa3upaHiM
Ha nepueHtTwinMa TX10p u TN10p HeratuBHa
U cTaTHCcTUYKU 3HavajHa. [loBe3anoct ca NAO
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The results of correlation analysis of the
seasonal teleconection patterns indices and
extreme temperature indices (absolute and
percentile-based indices) are given in Tab.
11. The seasonal EA pattern and the absolute
temperature indices showed the positive and
statistically significant correlation throughout
the year (insignificant only for TXn in spring
and TNn in spring and summer). Warm
percentile-based temperature indices TX90p
and TN90p displayed significant positive
correlation in all seasons (except for TX90p
in autumn), whereas cold percentile-based
temperature indices TX10p and TN10p were
negatively and significantly related to the
EA pattern. The links with the NAO were
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3HayajHa je y ce30HH 3uma (ocum 3a TNx, TX90p
1 TNO90p). 3nauajna nmose3aHoct ca AO Takohe je
yTBpheHa y ce30Hu npoJsbehe, 0K je Kopenaiuja y
CEe30HaMa JeCeH U 3UMa 3Ha4yajHa caMmo 3a I10je/IMHe
MHJICKCE.

significant in winter season (except for TNx,
TX90p and TN90p). The significant correlation
with the AO was also found in spring season,
whereas autumn and winter relations were
significant only for some indices.

Tab6. 11. IlupcoHoB koehuiMjeHT Kopeanuje u3mely Ce30HCKUX MHICKCa IUPKYIaluja IIo0aTHIX
pasMjepa 1 MHJEKCa eKCTPEMHUX TemIeparypa y nepuoay 1961-2016.
Tab. 11. Pearson correlation coefficient between seasonal teleconection patterns indices and extreme

temperature indices in the 1961-2016 periods

Mexc TXx TXn
Index 31'vma Hpon'aehe Jbeto Jecen 31./1Ma Hpogehe Jbero Jecen
Winter Spring Summer Autumn Winter Spring Summer Autumn
EA 0.339¢ 0.384° 0.443» 0.266° 0.460* 0.183 0.288¢ 0.348°
NAO 0.228¢ —0.191 —0.282¢ 0.075 0.248¢ 0.156 -0.211 0.081
EAWR 0.177 0.020 -0.317¢ —0.155 -0.037 —0.109 —0.088 —0.038
AO 0.324¢ 0.114 —-0.026 0.386° 0.151 0.333¢ —0.111 0.056
WHnexe TNx TNn
Index 3!flma Hpo:f;ehe Jbero Jecen 31'/1Ma Hpor&ehe Jbero Jecen
Winter Spring Summer Autumn Winter Spring Summer Autumn
EA 0.237¢ 0.340° 0.629* 0.243¢ 0.422¢ 0.155 0.205 0.397°
NAO —0.052 —0.032 —0.419* 0.066 0.390° 0.250¢ —0.118 —0.075
EAWR —-0.241¢ 0.028 —0.464* —0.283¢ 0.048 0.126 —0.089 —-0.180
AO —0.198 0.313¢ —0.020 0.320¢ 0.314¢ 0.386° —0.085 —0.256°
WHnexe TX10p TX90p
Index 31.4Ma HpOJT.,ehe Jbero Jecen 31./1Ma Hpo.l}ehe Jbero Jecen
Winter Spring Summer Autumn Winter Spring Summer Autumn
EA —0.525° —0.470 —0.533® —0.414° 0.481* 0.347° 0.658 0.193
NAO —0.378" 0.011 0.278 0.004 0.202 0.269¢ —0.498* 0.083
EAWR —0.154 —0.086 0.216° —0.067 0.038 0.165 —0.353° -0.197
AO —0.337¢ —-0.370° 0.081 —0.118 0.273¢ 0.474* —0.114 0.335¢
— TN10p TN90p
Index 31fxma Hponfehe Jbeto Jecen 31'4Ma Hpop;ehe Jbero Jecen
Winter Spring Summer Autumn Winter Spring Summer Autumn
EA —0.467* -0.461° —0.518* —0.499* 0.508* 0.385° 0.599* 0.256¢
NAO -0.260¢ —0.148 0.187 0.117 0.009 0.199 —0.384° 0.049
EAWR 0.074 —0.117 0.276¢ 0.101 —0.302¢ 0.108 —0.338¢ —0.175
AO —0.159 —0.370° 0.036 —0.021 —0.082 0.495° —0.026 0.176

CTaTucTHYKY 3HauajHo Ha HUBOY 99.9 % (%), 99 % (°), 95 % (%) 1 90 % (9)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level

[Topen naBemenux oOpaszamna miobanHe
LUpKynanuje armocdepe, HCTpaxeHa je H
MOBE3aHOCT BapHjaOMIHOCTU TEMIIepaType H
ATnanTcke BUIIeneleHrjcke ocumnanuje (AMO).
HctpaxuBama cy nokasana 1a je AMO unaekc y
MO3UTHUBHO] KOpETalHjy ca CPEIHOM IIT00ATHOM
Temneparypom nospiinHe kormHa (Muller, R. A.
et al., 2013). Tokom nepuosa UHCTPYMEHTATHUX
Mjepema (ox cpeaune 19. Bujexa), AMO (koju

In addition to the above-mentioned large-
scale atmospheric circulation patterns, the
correlation between the temperature variability
and the Atlantic Multidecadal Oscillation (AMO)
was investigated. Studies showed that the AMO
index is positively correlated with the global mean
annual surface land temperature (Muller, R. A.
et al., 2013). During the period of instrumental
measurements (since the mid-19th century), the
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npeJacTaBjba BapUjaOUIHOCT TeMIlepaTrype
MIOBPIIIMHE MOPA y CJeBEPHOM ATIAHTHKY ) TOKa3a0
je aBa muKiTyca ox 65 1o 80 ronuHa ca aMInTUTYAOM
ox 0.4°C uzmel)y eKcTpeMHUX MTO3UTUBHUX/TOTUTUX
u HerarBHUX/xnanHux ¢asa (Gray, S. T. et al.,
2004). AMO je y tomnoj dasu ox 1995. rogune
(Alexander, M. A. et al., 2014). On Tana, u mopact
TeMIieparype Basayxa y bocuu u XepuerosuHu
takohe mocraje mzpaxenuju (Trbic, G. et al.,
2017). Pesynraru kopeialuoHe aHaIn3e OKaszyjy
JaKy W 3Ha4ajHy NO3UTHBHY KopeJauujy ca Tmax
1 Tmin, ka0 u ca ancoxyTHUM TeMIepaTypHUM
MHJIeKcuMa (HUje 3HadajHa jeauHo 3a TXn u TNn)
(Tab. 12). Takole, 3HauajHa MO3UTHBHA KOpEJalyja
yTBpheHa je 3a ToImie TeMIepaTypHe MHIEKCE,
JIOK je TIOBE3aHOCT €a XJIQJHUM TeMIIepaTypHUM
WHJICKCUMa HETaTWBHA W Beoma ciaba. YTuiaj
AMO Ha eKCTpeMHEe TeMIIepaType HapOuuToO je
CHaXKaH TOKOM JheTa U jecenu (Tab. 13).

AMO (which referes to sea surface temperatures
variability in North Atlantic) showed two 65-80
years cycles with a 0.4°C amplitude between
extremes of positive/warm and negative/cool
phases (Gray, S. T. et al., 2004). The AMO has
been in its warm phase since 1995 (Alexander,
M. A. et al.,, 2014). Since then, the temperature
increase in Bosnia and Herzegovina also becomes
more pronounced (Trbic, G. et al., 2017). The
correlation analysis results showed the strong
and significant positive correlation with Tmax and
Tmin, as well as with absolute temperature indices
(only insignificant for TXn and TNn) (Tab. 12).
Further, the significant positive correlation was
found for warm temperature indices, whereas
relations with cold temperature indices were
negative and largely weak. The links between
AMO and extreme temperatures were particularly
strong during summer and autumn (Tab. 13).

Ta6. 12. IlupconoB koeduuujeHT Kopenanuje n3mely roqummer AMO uHIeKca 1 HHAeKca
eKCTPEMHHUX TemIieparypa y nepuoay 1961-2016.
Tab. 12. Pearson correlation coefficient between annual AMO and extreme temperature indices in
the 1961-2016 periods

Unpnexc Nunexc Nunexc Hnnekc Hnnekc
Index r Index r Index Index Index r
Tmax 0.493° TNx 0.642° TN10p -0.416° Su25 0.332¢ CSDI 0.003
Tmin 0.620° TNn 0.039 TN90p 0.633* TR30 0.491° DTR 0.074
TXx 0.447° TX10p -0.385% IDO -0.051 TR20 0.606* ETR 0.267¢
TXn 0.072 TX90p 0.530° FDO -0.128 WSDI 0.547° GSL 0.344°

CrarucTHYKY 3Ha4ajHo Ha HEUBOY 99.9 % (%), 99 % (%), 95 % (%) 1 90 % (%)
Statistical significance at the 99.9 % (¥), 99 % (®), 95 % () and 90 % (¢) level

Tab. 13. [TupconoB xoedunmjeHT Kopenanuje u3mely cezoackux AMO uHICKCa 1 UHICKCA
eKCTPEMHHUX TemIieparypa y nepuoay 1961-2016.
Tab. 13. Pearson correlation coefficient between seasonal AMO and extreme temperature indices in
the 1961-2016 periods

Hnnexe 3uma TIposbehe Jbero Jecen Wnnexc 3uma TIposbehe Jbero Jecen
Index Winter Spring Summer Autumn Index Winter Spring Summer Autumn
Tmax 0.021 0.129 0.512° 0.240¢ Tmin 0.083 0.173 0.576 0.418

TXx 0.071 0.173 0.375° 0.222¢ TX10p 0.116 -0.050 -0.403° -0.240¢
TXn -0.023 -0.069 0.095 0.186 TX90p 0.177 0.102 0.541* 0.236¢
TNx 0.243¢ 0.203 0.596° 0.314¢ TN10p 0.113 -0.103 -0.429* -0.327¢
TNn 0.010 -0.039 0.079 0.231¢ TN90p 0.198 0.219 0.580* 0.409°

CrarucTiiKy 3HauajHo Ha HUBOY 99.9 % (%), 99 % (°), 95 % (°) u 90 % (¢)
Statistical significance at the 99.9 % (%), 99 % (®), 95 % () and 90 % (¢) level
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3AKJbYYHAK

Pan amoctpodupa npomjeHe HUHIEKCA
EKCTPEMHUX TeMIieparypa y bocHu u Xeprierosuau
y nepuoay 1961-2016. rogune. Pesynrtaru
aHalu3e TpeHaoBa 3a mpoctop Mocrtapa (koju
je n3zabpaH 3a CTyAMjy cliy4aja) yKasyjy Ja je Ha
HCTPaKUBAHOM TIOJIPYYjy NPUCYTHO 3arpHjaBarbe
KJIMMAaTCKOT cuctema. [oaumima M Ce30HCKa
Tmax 1 Tmin 3Ha4ajHO cy mopacie, ajau je TPeH/
nopacra Tmax Ouo HewmTo jauu. Pesynratu
MoKa3yjy Ja Ccy TOIUIM TEMIIEpaTypHU MHICKCH
MOKAa3aJli 3HauajHe TIO3UTUBHE TPEH/IOBE KOJU CY
OuM octa U3pakeHUju y OJHOCY Ha omnanajyhe
TPEHJIOBE XJAJHMUX TEMIIEpAaTypHHX HHJEKcA.
MebhytumMm, ob6a TpeHna ykasyjy Ha TEHACHLU)Y
3arpujaBama. Hajsehe BpujenHOCTH TpeHI0Ba
no0HjeHe ¢y 3a TOIUIe TeMIIEpaTypHE HHICKCE:
TXx, TXn, TX90p, TN90p, TR30, TR20 1 WSDI.
HNaxo je 3arpujaBame OUUITIETHO Y CBU CE30HAMa,
HAjU3pAXKECHUJU TPEHJOBH YCTAHOBJbEHU CYy Y
CE30HH JBETO, a 3aTHUM y CE30HMMa 31Ma U Iiposbehe.
TpennoBu nmoBehama/cMambema  TOTUTHX/XJIaTHIX
TeMIIEpPaTypPHUX UHIEKCA MOCEOHO Cy M3PaKEHU O
noueTka 21. Bujeka. Mehy 15 najrorumjux roguHa
y Mocrapy, camo cy Tpu ToguHe M3 Iepuoia
npuje 2001. roqune (aBuje n3z 1990-ux — 1994.
1 1990. ronuHa ¥ jenHa ca moyeTka mocMaTpaHor
nepuona — 1961. ronquna). Ha mpumjep, ekcTpeMHO
HUCKE/BUCOKE BPUjEIHOCTU XJIATHHUX/TOILIHX
TeMIIEpaTypHUX MHAEKCA 3a0MIbEKEHE CYy TOKOM
HEKHX OJl HajTOIUIMjUX TOJMHA ca I0jaBOM
MHTEH3UBHUX TOIUIMX Tanaca —y 2012. u 2015.
roquuu. Y 2015. rogunan 6uio je camo 14 TX10p, 9
TN10P, 8 FDO u 6e3 ujequor CSDI u ID0. Heke on
HajBHIINX BPHjEJHOCTH TOIUIUX TEMIIEpPaTypHUX
uHzeKca 3a0ubexene cy 2012. ronune — Taja je
3a0mbekero 112 TX90p, 91 TN9Op, 149 SU25,
108 SU30, 68 TR20 u 72 WSDL.

Pesynratu 10o0MjeHH y OBOM UCTPaKUBAbY
CIWYHU Cy pe3yiaTaTuMma JApyTux CTyauja
CaBpEMEHUX TPEHJ0BAa MHJIEKCA EKCTPEMHHUX
TeMIIeparypa y CyCjeTHUM PETHOHIMA jyTOUCTOUHE
Espore.

Jlasba ncTpakuBama OBUX MPoOJieMa CBAKaKo
CY HEOIXO/THa, jep he KiMMarcke mpoMjeHe UMaTu
OrpOMaH yTHI[a] Ha HU3 JjeJIaTHOCTH Kao ILTO CY:

CONCLUSION

The paper addresses the extreme
temperature changes in Bosnia and
Herzegovina during the 1961-2016 periods.
The results of trend analysis for Mostar (which
was chosen as the case study area) indicate
that climate system warming was present over
the investigated area. The annual and seasonal
Tmax and Tmin significantly increased, but the
upward trend in Tmax was somewhat stronger.
Given the results, warm temperature indices
displayed the significant positive trends, that
were much more prominent than the downward
trends in cold temperature indices. However,
both trends suggest a warming tendency. The
highest trend values were obtained for warm
temperature indices: TXx, TXn, TX90p,
TN90p, TR30, TR20 and WSDI. Although
the warming was apparent in all seasons, the
most prominent trends were found in summer
season, and then in winter and spring.

The upward/downward trends in warm/
cold temperature indices have been particularly
pronounced since the beginning of the 21st
century. Among the 15 warmest years in Mostar
there are only three years prior to 2001 (two
from 1990s — 1994 and 1990 and one from
the beginning of the observed period — 1961).
For example, the extremely low/high values of
cold/warm temperature indices were recorded
during the some of the hottest years with the
occurrence of intense heat waves — in 2012
and 2015. In 2015 there were only 14 TX10p,
9 TN10P, 8 FDO and without a single CSDI
and ID0. Some of the highest frequencies of
warm temperature indices were recorded in
2012 — then there was 112 TX90p, 91 TN90p,
149 SU25, 108 SU30, 68 TR20 and 72 WSDI.

The results obtained in this survey are
similar to the results of other studies related
to recent trends in extreme temperatures in the
adjacent regions of the Southeast Europe.

Further research on these issues is certainly
necessary because climate change will have a
major impact on a range of activities such as:
agriculture production, forest management, fire
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3eMJbOPaiba, UTyMapCTBO, CTOYAPCTBO, PEKUM
nokapa, cHaOIuMjeBame BOJOM M EHEPTHjOM,
TypHu3aMm, 3allITUTA TIPUPOAE, 3APABIbE JbYIIHU, UT.
HctpaxxuBama Tpeba na oOyxBare M aHAIU3Y
MpPOMjeHa pPEKMMa TMaJaBUHA U EKCTPEMHHUX
naJaBUHCKUX norahaja, jep cy Mpojexiuje
nokasane jga he mIaBHM NMpaBIM KIUMATCKUX
MpOMjeHa y OBOM pPETHOHY (TIopes 3Ha4ajHOT
mopacra TemIepaTrype) uhu mpema cMambemby
pacroyiokuBe Bojae (IOCEOHO TOKOM JbeTa) U
npema mnosehamy y4ecTanocTd M MHTE3UTETa
eKCTPEMHHX KIIMMAaTCKUX Jorahaja.
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