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Cazkerak: Paj ananu3upa npoMjeHe eKCTPEeMHUX KITMMaTCKuX nHaekca y Mocrapy (BocHa u Xepiieropuna) y mepuomy
1961-2015. ronune. dynkiuje rycruHe BjepoBaraohe 3a 30 HHAECKCAa SKCTPEMHUX TEMIIEPATypa U MaJaBUHA U3padyyHaTe
cy 3a asa notnepuoza: 1961-1990. u 1991-2015. ronune. Pesynraru nokasyjy na je BehrnHa TOIUTUX TEMIIEPATypHHUX
WHJICKCa 3a0MIbeKIIIA 3HAYAJHO TIOMjeparbe JUCTPHOYIHje IpeMa BUIIIMM BPHjEIHOCTAMA HHACKCA Y JPYTrOM MEPHUOLY.
Mame u3pakeHo MoMjepame IpeMa HWKAM BPHjeIHOCTUMA MHJeKca YTBPhEHO je 3a XiajHe TeMIepaTypHe HHJEKCe.
Mebhytum, oba obpaciia mpoMjeHa ykasyjy 1a je Ha UCTPakKuBaHOM HoApydjy o 1990-ux mpucyTaH U3paKeH TPCHI
3arpujaBama. AHajau3e Cy IOKasaje Ja Cy HajU3paKCHUje MPOMjeHE 3a0MJbEKEHE y Ce30HH JheTo. JucTpuOynmja
MHJIEKCa EKCTPEMHHUX MaJlaBUHA HUjE TMOKa3aja jeHOCTaBaH o0pasall oMjeperha y pacroajein n3Mel)y nBa HaBemeHa
nepuoza. [Ipomjene BpujesHOCTH napameTapa AucTpudyuje ['eHepaan30BaHuX eKCTPEMHUX BPHjEJHOCTH (JIOKALIU]CKOT
napameTpa, napaMerpa JMcIep3uje U napamerpa oOluKa) Cyrepuily Jia Cy y MOCMaTpaHOM IEpUOy WHTEH3UTET U
BapyjaObUIHOCT TEMIeparypa | najaaBruHa mosehanu.

KibyuHe pujeun: ekCTpeMHHU KIMMATCKH MHAEKCH, (DYHKIMja rycTHHE BjepoBaTHohe, muctpubynuja ['eHepanu3oBanux
excrpemuux Bpujeanoctu (I'EB), kmumarcke npomjene, Mocrap (bocua u XepiierosuHa).
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Abstract: The study analyzes changes in extreme climate indices in Mostar (Bosnia and Herzegovina) during the 1961—
2015 periods. The probability density functions for 30 extreme temperature and precipitation indices were calculated for
the two sub-periods: 1961-1990 and 1991-2015. Given the results, majority of warm temperature indices displayed the
significant distributional shifts towards higher index values in latter period. Less prominent shifts towards lower index
values were determined for cold temperature indices. However, both patterns of change indicate a prominent warming
trend over the study area since the 1990s. Seasonal analysis showed that most pronounced changes were detected during
the summer season. The extreme precipitation indices did not exhibit a simple shift in the distribution between the two
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that temperature and precipitation intensity and variability increased during the observed period.
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YBOA

[moGamHO OCMOTpEHU TPEH[ 3arpujaBamba
noceOHO je wu3paxeH onx 1970-ux roguHa
(Hartmann et al., 2013; Intergovernmental Panel on
Climate Change [IPCC], 2014). VcTpaxxuBamuma
Ha TI00ATHOM HUBOY YTBpPHEHU Cy H3paKeHH
TPEHJIOBU EKCTPEMHHUX TeMIleparypa, KOju Cy
KOH3UCTEHTHU Ca 3arpujaBambeM KIMMAaTCKOT
cuctemMa — y HajeheM Jujeny KONMHEHHX
MOBPIIMHA CBUjETa 3a0MIJbEKEHO je CMambCHE
XJIQJHUX TEMIEpaTypHUX MHIEKca U nosehame
TOIJIUX TEMIIEPaTypHUX HHJAEKCA Of CPeIuHe
20. Bujeka (Alexander et al., 2006; Donat et al.,
2013; Hartmann et al., 2013). ®yHK1mje rycTiHe
BjepoBaTHOhEe MaKCUMaJTHHUX M MUHUMAJTHUX
TeMIIepaTypa IMoMjepuiie Cy ce mpemMa TOIUIjUM
TEeMIlepaTypaMa TOTOBO Y LIHjEJIOM CBH]jETY
(Donat & Alexander, 2012). V Behunu peruona
cBUjeTa yTBpheHe cy mpomjeHe KoeuIiujeHTa
acUMETpHje pacrojjene mpeMa TOIUIUjUM
mujenoBumMa nuctpudynuje (Donat & Alexander,
2012). OBu TpeHnoBu Taxkohe cy motBphenu y
EBpornu Ha konTHHEHTaHOM HUBOY (Klein Tank
& Konnen, 2003). MctpaxuBama cy yTBpanIa 1a
he pernon Menurepana OUTH jeJHO Ol IPUMAPHUX
KapUIITa KIMMATCKUX MpPOMjeHa (Tj. PerHoH y
KojeM he KIMMarcku cucTeM MmoceOHO pearoBaTH
Ha Tiiobanuae npomjene) (Giorgi, 2006). 3HauajHO
noBehame TOIUIMX TeMIepaTypHUX HHIECKCa H
CMambemhe XJIaTHuX Beh je 3a0uibeKeHO MIMpPOM
perrnona Menutepana (Buri¢ et al., 2015; Espirito
Santo et al., 2014; Fernandez-Montes & Rodrigo,
2012; Fioravanti et al., 2016; Fonseca et al.,
2016; Kioutsioukis et al., 2010). 3a paznuky ox
KOH3UCTEHTHOT TpPEHJAa 3arpujaBama KOjU je
[I00ATHO YCTaHOBJBEH 32 EKCTPEMHE TEMIIEparype,
BehuHa yTBpleHNX TpeH10Ba MHIEKCA eKCTPEMHUX
nanaBuHa (arp. RX5day, R10mm, R95p u SDII)
HUje Ouila MPOCTOPHO M BPEMEHCKHU (CE30HCKH)
koxepeHTHa (Donat et al., 2013). Nnak, Behuna
OBHUX HMHJEKCa IMOKasala je 3Ha4ajHe MPOMjeHe
IpeMa MHTEH3WBHUJUM MaJaBUHAMa y MHOTHM
pernonnma cBujeta. CamyHu oOpaciy mpoMjeHe
eKCTPEeMHHUX TMaJaBuHa (Tj. M0jaBa TPEHIOBA
Pa3IUYUTOr 3HAaKa) pErUCTpOBaHu ¢y 1y EBporn,
y peruony Menutepana (de Lima et al., 2015;
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INTRODUCTION

The globally observed warming trend
has been particularly marked since the 1970s
(Hartmann et al., 2013; Intergovernmental
Panel on Climate Change [IPCC], 2014). Global
scale studies found prominent coherent trends
in temperature extremes consistent with the
warming of the climate system — 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 et al., 2006; Donat et al.,
2013; Hartmann et al., 2013). The probability
density functions of both maximum and
minimum temperatures have shifted towards
warmer temperatures almost all over the world
(Donat & Alexander, 2012). In most regions
of the world, changes in skewness towards the
hotter part of the distribution were detected
(Donat & Alexander, 2012). These trends were
also confirmed in Europe at continental scale
(Klein Tank & Konnen, 2003). Research found
that it is the region of the Mediterranean that
would be one of the primary hot-spots of climate
change (i.e. a region whose climate system will
be particularly responsive to global change)
(Giorgi, 2006). Significant increase in warm
temperature indices and decrease in cold ones
was already detected all over the Mediterranean
region (Buri¢ et al., 2015; Espirito Santo et al.,
2014; Fernandez-Montes & Rodrigo, 2012;
Fioravanti et al., 2016; Fonseca et al., 2016;
Kioutsioukis et al., 2010). In contrast to the
consistent warming trends globally reported
for the extreme temperature indices, most of
the extreme precipitation indices (e.g. RX5day,
R10mm, R95p and SDII) displayed changes that
were not spatially and temporally (seasonally)
coherent (Donat et al., 2013). However,
majority of these indices showed significant
changes towards more intense precipitation
over numerous regions in the world (Donat
et al., 2013). Similar patterns of change (i.e.
occurrence of trends mixed in sign) in extreme
precipitation were found in Europe over the
Mediterranean region (de Lima et al., 2015;
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Gaji¢-Capka et al., 2015; UnkaSevi¢ & Tosié,
2011).

OBa cTyauja TmpeAcTaBba HaACTaBaK
UCTpaKUBamka KIMMATCKUX TpoMmjeHa y bocau u
XepleroBuHH, a MoceOHO MPOMjeHa eKCTPEMHUX
kimuMarckux ycnosa (Popov et al., 2017a; Popov et
al., 2017b; Trbi¢ et al., 2017). [Ipoctop Mocrapa
onabpaH je 3a aHanu3y 300T CBOT IOJIOXKaja
y cyOMeIuTepaHCKOM pEeruoHy 3a KOju Cy
MPOjeKTOBaHe Haju3pasuTuje npomjene. [onumma
cpelba, MaKCMaliHa 1 MUHUMAJIHA TeMIIeparypa
Ba3/lyxa Ha OBOM IOJIPYY]jy MOKa3yjy TPEeH pacTa
ox 1960. romune 3a 0.31°C, 0.32°C u 0.28°C no
nenenuju, pecriektuBHO (Popov et al., 2017a; Trbi¢
etal., 2017). TenneHnuja 3arpyjaBama MPUCYTHA je
y TOKY LIfjeJie TOMHE, aJT HAjU3pKEHH]a j€ TOKOM
sera (0.52°C, 0.59°C u 0.46°C mno aeueHuju)
(Popov et al., 2017a; Trbi¢ et al., 2017). [To3utuBaN
TPEH/I0BH TOIUIMX TEMIIEPATYPHHUX WHIEKCA OUIH
Cy MHOTO M3paX€HHjH o7 omnaaajyhux Tpenmona
XJaJHUX WHAEKca. HajBume BpujeqHOCTH
TPEeHJ0Ba J00MjeHe Cy 3a TOIUIE TeMIlepaTypHe
unnekce: TNx (0.65°C mo neuenmju), TXx
(0.50°C mo genenuju), TN90p (9.28 mana mo
nenenuju), TX90p (8.97 mana mo neueHwjm),
WSDI (6.73 nana no nenienunju), TR20 (5.63 nana
o nereanju) 1 SU30 (5.20 nana mo neneHuju)
(Popov et al., 2017a). Mehytum, o6a Tpenna
notBphyjy Aa je 3arpujaBame KIMME MPUCYTHO
Ha oBOM moapyd4jy. CynpoTHO TeMIieparypH,
BehMHa TpeHII0Ba €KCTPEeMHMX IaJaBUHA HHje
CTaTUCTUYKU 3HavyajHa. TpeHnoBH mopacta
MHJEKCa WHTCH3UBHUX Ma/aBHHA, Kao IITO CY
RX1day, RX5day, SDII, R95p u R99p, ykazyjy
Ha MPOMjeHE Ka MHTEH3WBHUJUM Ia/laBUHAMA; C
Jpyre CTpaHe, CMabEeH je TOIUILBH Opoj JaHa ca
nagaBuHaMa R1mm, R10mm u R20mm (Popov
et al., 2017b).

C 063upoM Ha TO Ja Cy NPETXOAHE CTyAH]je
(Popov et al., 2017a; Popov et al., 2017b) yrBpawie
TPEHIOBE EKCTPEMHUX KIMMATCKHX MHIEKca Ha
noapy4jy Mocrapa, IIaBHH IIJb OBE CTYAH]E je
UCTPAXXUTH MPOMjeHE Y AUCTPUOYIM]U HMHICKCA
EKCTPEMHUX TEMIIepaTypa U MalaBiHa, Kako Ou ce
JI0IaTHO TIOTBPJIMJIM YOUSHH 00pacliy poMjeHa.

Gaji¢-Capka et al., 2015; Unkagevié¢ & Tosié,
2011).

This study represents a continuation of
a research on climate change in Bosnia and
Herzegovina, and particularly on changes in
climate extremes (Popov et al., 2017a; Popov et
al., 2017b; Trbi¢ et al., 2017). Mostar area, due
to its location in the submediterranean region,
which is projected to exhibit most pronounced
changes, was chosen as the case study area for
the analysis. The annual mean, maximum and
minimum temperatures over this area have
displayed upward trends since the 1960 in
the range of 0.31°C, 0.32°C and 0.28°C per
decade, respectively (Popov et al., 2017a; Trbi¢
et al., 2017). A warming tendency was present
throughout the year, but most prominent was in
summer (0.52°C, 0.59°C and 0.46°C per decade,
respectively) (Popov et al., 2017a; Trbi¢ et al.,
2017). The positive trends in warm temperature
indices were much stronger than the downward
trends in cold ones. The highest trend values
were obtained for warm temperature indices:
TNx (0.65°C per decade), TXx (0.50°C per
decade), TN90p (9.28 days per decade), TX90p
(8.97 days per decade), WSDI (6.73 days per
decade), TR20 (5.63 days per decade) and SU30
(5.20 days per decade) (Popov et al., 2017a).
However, both trends confirm that the climate
warming is present over this area. In contrast
to temperature, most of the trends in extreme
precipitation indices were not statistically
significant. However, upward trends in heavy
precipitation indices such as RX1day, RX5day,
SDII, R95p and R99p indicate changes towards
more intense precipitation; on the other hand,
annual number of days with precipitation RImm,
R10mm and R20mm decreased (Popov et al.,
2017b).

Given that previous studies (Popov et al.,
2017a; Popov et al., 2017b) already determined
trends in extreme climate indices over the
Mostar area, the main aim of this study is to
investigate changes in distributions of extreme
temperature and precipitation indices, in order to
further confirm the observed patterns of changes.
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TIOJIALI 1 METOJIE

AHanu3za TmpoMjeHa EKCTPEMHHUX
KJIMMAaTCKUX UHJeKca y nepuony 1961-2015.
TOJIMHE M3BPIIICHA j€ HA OCHOBY KJIMMATOJIOIIKHX
nmojaraka O JHEBHHM MaKCHUMalHHUM
temmneparypama (Tmax), JHEeBHUM MUHUMAaTHUM
temneparypama (Tmin) W JHEBHUM
nanaBuHaMma (R) ca mereoposoiike craHuie
Mocrap. [logarke je 06e30jeqno dDeaepainu
xunpomereoposouiku 3aBoa CapajeBo. Tokom
MIOCMAaTPaHOT MEePHO/Ia CTAHULIA HUJ€ MH]jeHbaja
JIOKaIMjy ¥ HUje OWJIo MpeKuaa y MjepermhruMa.
OCHOBHM CTaTHCTHYKH TapaMeTpH yIa3HUX
BapHjadIu Koje cy KopuliheHe y UCTPaKUBaby
natu ¢y y Ta6. 1. T'omumma Tmax 1 Tmin Ha
nonpy4jy Moctapa u3noce 20.4°C u 10.5°C,
pecniektuBHO. Cpenmpa TONUIIKbA KOIHYUHA
nagaBuHa je oko 1500 mm. Y mocmarpaHom
niepuozny, 1 Tmax 1 Tmin 3Ha4ajHO Cy mopaciie 3a
0.3°C o neneHuju, 0K je TOMUIIIba KOTHIuHA
najjaBuHa HECUTHU(UKAHTHO CMameHa 3a 22.7
mm 10 JACTICHU]H.

DATA AND METHODS

The analysis of changes in extreme
climate indices during the 1961-2015
periods was carried out using climatological
data set of daily maximum (Tmax), daily
minimum temperatures (Tmin) and daily
precipitation (R) collected at 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. Basic
statistical parameters of the input variables
used in the study are given in Tab. 1. The
annual Tmax and Tmin in Mostar area are
20.4°C and 10.5°C, respectively. Mean annual
precipitation is about 1500 mm. During
the observed period, both Tmax and Tmin
displayed significant upward trends in the
range of 0.3°C per decade, whereas the annual
precipitation decreased insignificantly by 22.7
mm per decade.

Ta6. 1. OCHOBHHM CTaTUCTUYKH ITapaMeTPH BPEMEHCKUX CEepHja yIa3HUX BapHjalin

y nepuony 1961-2015. ronune

Tab. 1. Basic statistical parameters of the input variables time series in the 1961-2015 periods

Wnnexe / Index X MAX MIN STDEV SKEW KURT TREND
Tmax 20.39 21.89 18.66 0.84 0.150 -0.594 y=0.0327x + 19.473
Tmin 10.46 11.77 9.35 0.61 0.442 -0.542 y=0.0276x + 9.6843
R 1496 2491 840 337 0.253 0.418 y=-2.2702x + 1559.3

Hamomena: x —apurmernuka cpequaa, MAX — makcumy™m, MIN — vuanmym, STDEV — crannapana nesujarmja, SKEW — xoedunumjent
acumerpuje, KURT — xoedunnjent 3ao6smenoctn, TREND — JIuneapan tpenn.
Note: x — mean, MAX — maximum, MIN — minimum, STDEV - standard deviation, SKEW — Skewness, KURT — Kurtosis, TREND

— Linear trend.

HaBenene yna3ne Bapujadie KopuiheHe cy
3a M3payyHaBame 27 eKCTPEMHHUX KIMMATCKUX
nHaekca koje je mpernopyuno CCI/CLIVAR
TUM €KcIepara 3a ACTeKIH]y CaBPEMEHHX
kiumarckux npomjena u uajekce (ETCCDI) 3a
NPOIfjeHy KJIMMAaTCKUX mpoMjeHa. Jlepunummje
WHJIEKCAa EKCTPEMHUX TEMIIePaTypa U TTaJaBHHA
KOopuIheHuX y UCTPaKUBaKy AOCTYIHE Cy Ha

The input variables were used for
calculation of 27 extreme climate indices
recommended by the CCI/CLIVAR Expert
Team for Climate Change Detection and
Indices (ETCCDI) for climate change
assessment. Definitions of the extreme
temperature and precipitation indices used
in the study are available at http://etccdi.
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http://etcedi.pacificclimate.org/list 27 indices.
shtml (ETCCDI, 2009). [Topen Tora, koputrheHo
j€ JOII HeKOJIMKO MHICKcA Ie(PUHUCAHUX Ka0 y
Alexander et al. (2006).

N3abpanu nHaekcu o0yxBarajy:

- afcoNlyTHEe WHJCKCE: MaKCHMajHa THEBHA
MuHUMaiHa TeMieparypa (TNx), MuHuManHa
nHeBHa MuHUManHa temneparypa (TNn),
MaKcuMajHa JHEBHAa MaKCHMaliHa
temreparypa (TXx), MUHUMaJIHa JHEBHA
MakcuMaiHa Temneparypa (TXn), roqumma
KOJIMYMHA TaJaBUHA Ha BIAXHE JaHE
(PRCPTOT), najseha 1-mHeBHa KOTWYMHA
nanasuHa (RXl1day), najseha 5-nHeBHa
kormmanHa nagaBrHa (RXS5day) u cranmapaau
THEBHU UHTEeH3UTET nagasuHa (SDII);

- HHJIEKCE 3aCHOBaHE Ha MEPLEHTUIIMMA:
xnanHe Hohu (TN10p), xmamHu maHU
(TX10p), Torute Hohu (TN90p), Torun maHu
(TX90p), Beoma Biaxkuu panu (R95p) u
M3y3€eTHO BIakHH JaHu (R99p);

- MHJIEKCE 3acHOBaHe Ha (QPHUKCHUM
BpHjeIHOCTHMA TIparoBa: Opoj JeIeHHUX
nana (IDO0), 6poj mpasnux gana (FDO),
Opoj speTHHux manHa (SU2S5), 6poj Tpornckux
nana (SU30), 6poj Tponckux Hohu (TR20),
BiaxHu JaHu (R1mm), qanu ca IHTEH3UBHUM
nagaBuHama (R10mm), manu ca Beoma
WHTEH3UBHUM NajaBuHamMa (R20mm) u nanu
ca rnajgaBuHama Bumum o1 25 mm (R25mm);

- HHJEKCE 3aCHOBaHE HA JIy)KUHU Tpajama:
Tpajame Torux nepuona (WSDI), tpajame
xnagaux nepuona (CSDI), ny>xuHa Tpajama
Beretanonor nepuoaa (GSL), y3acronHu
cyBu nanu (CDD) u y3acTOITHM BIayKHU JaHU
(CWD);

- UHAEKCEe BapHjaOMIHOCTHU: JHEBHA
temneparypHa ammiutyna (DTR) u
aricolyTHa MHTPAaroJulllikba TeMIepaTypHa
ammuutyna (ETR).

WHnekcu cy wu3padyyHaTu yHoTpedom
RClimDex (1.0) codtBepa (Zhang & Yang,
2004). OCHOBHHM CTaTUCTUYKH MapaMeTpu
BPEMEHCKHUX cepuja ofgabpaHuX EKCTPEMHUX
KJIMMAaTCKUX MHeKca faatH ¢y y Tao. 2.

pacificclimate.org/list 27 indices.shtml
(ETCCDI, 2009). In addition, a few more
indices defined as in Alexander et al. (2006)
were calculated.

The selected indices cover:

- absolute indices: maximum value of
daily minimum temperature (TNx),
minimum value of daily minimum
temperature (TNn), maximum value
of daily maximum temperature (TXx),
minimum value of daily maximum
temperature (TXn), annual total wet-day
precipitation (PRCPTOT), highest 1-day
precipitation amount (RX1day), highest
5-day precipitation amount (RX5day)
and simple precipitation intensity index
(SDII);

- percentile-based indices: cold nights
(TN10p), cold days (TX10p), warm
nights (TN90p), warm days (TX90p),
very wet days (R95p) and extremely wet
days (R99p);

- fixed threshold-based indices: number
of icing days (IDO0), number of frost
days (FDO), number of summer days
(SU25), number of tropical days (SU30),
number of tropical nights (TR20), wet
days (R1mm), heavy precipitation days
(R10mm), very heavy precipitation days
(R20mm) and number of days above 25
mm (R25mm);

- duration-based indices: warm spell
duration index (WSDI), cold spell
duration index (CSDI), growing season
length (GSL), consecutive dry days
(CDD) and consecutive wet days (CWD);

- variability indices: daily temperature
range (DTR) and intra-annual extreme
temperature range (ETR).

The indices were calculated using
RClimDex (1.0) software package
(Zhang & Yang, 2004). Basic statistical
characteristics of the selected indices time
series are given in Tab. 2.
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Ta6. 2. OCHOBHHM CTaTUCTUYKH MapaMeTPHU BPEMEHCKUX CEpHja EKCTPEMHHX KIMMATCKUX HHICKCA Y
nepuony 1961-2015. ronune
Tab. 2. Basic statistical parameters of the extreme climate indices time series
in the 1961-2015 periods

Wupexe / Index X MAX MIN STDEV | SKEW KURT TREND
TXx 38.91 43.10 34.60 1.90 -0.015 -0.583 y=0.0541x +37.389
TXn 0.47 4.80 -6.60 2.46 -0.595 0.317 y =10.0305x - 0.3879
TNx 24.76 28.50 21.60 1.69 0.422 -0.704 y =0.063x +22.999
TNn -4.99 -0.90 -10.90 2.25 -0.390 -0.237 y =0.0432x - 6.2004
TX10p 34.12 64.82 14.02 11.25 0.486 0.088 y =-0.3242x + 43.194
TX90p 51.28 93.99 16.58 21.34 0.444 -0.635 y=0.9018x +26.034
TN10p 32.54 56.91 9.02 11.98 0.040 -0.682 y =-0.4242x + 44.42
TN90p 51.28 93.99 16.58 21.34 0.444 -0.635 y=0.9018x +26.034
1IDO 1.15 15.00 0.00 2.64 3.877 16.792 y=-0.0291x + 1.9616
FDO 20.18 37.00 2.00 8.74 -0.060 -0.778 y=-0.2013x + 25.818
SU25 126.96 151.00 94.00 12.91 -0.300 -0.040 y=0.3174x + 118.08
SU30 65.51 113.00 26.00 17.86 0.263 0.283 y=0.5357x + 50.509
TR20 28.60 68.00 8.00 14.49 0.693 0.167 y=0.5661x + 12.749
WSDI 14.04 72.00 0.00 17.21 1.515 1.883 y=0.7084x - 5.8
CSDI 4.73 25.00 0.00 6.99 1.348 0.669 y =-0.0747x + 6.8202
GSL 342.71 364.00 304.00 14.82 -0.758 0.605 y=0.3302x + 333.46
DTR 9.92 10.93 8.96 0.44 -0.045 -0.181 y =0.005x +9.7814
ETR 43.90 49.60 38.40 2.83 0.087 -0.609 y=0.0109x + 43.59
PRCPTOT 1485 2484 834 337 0.262 0.437 y =-2.2469x + 1548.2
RX1day 80.80 127.00 51.30 19.53 0.720 -0.091 y =0.2523x + 73.735
RXS5day 153.86 269.90 90.90 35.92 0.941 1.650 y=0.0983x + 151.1
SDII 14.32 19.10 9.80 1.96 0.151 0.343 y =0.0099x + 14.044
R1mm 103.05 134.00 74.00 15.20 0.031 -0.794 y =-0.2489x + 110.02
R10mm 48.38 74.00 25.00 10.93 -0.065 -0.410 y =-0.0785x + 50.58
R20mm 24.82 51.00 10.00 7.57 0.568 1.688 y =-0.0587x + 26.461
R25mm 18.44 34.00 6.00 6.08 0.063 -0.145 y=-0.043x + 19.64
R95p 331.74 766.50 54.10 147.04 0.727 0.690 y=0.3743x + 321.26
R99p 109.86 374.10 0.00 101.96 1.112 0.653 y=1.6201x + 64.499
CDD 29.89 67.00 17.00 11.35 1.393 1.570 y =-0.0235x + 30.549
CWD 8.51 18.00 5.00 2.60 1.690 4.843 | y=0.0072x + 8.3071

Hamomena: Kao y Ta6. 1./ Note: As in Tab. 1.

C o003upoM Ha TO Ja Cy MpPEeTXOJHA
uctpaxusama (Popov et al., 2017a; Popov et
al., 2017b) yTBpauia TPEHIOBE EKCTPEMHHUX
KJIMMATCKHUX MHAEKCA HA aHAITM3UPAHOM MOZIPYY)Y,
oBa cTyaMja (OKycHpa ce Ha HCTPaXKUBAHE
MPOMjeHa BbUXOBUX AUCTPUOYIIHjaA. Y UIBY TaJber
UCIIUTHBAKA TIPOMjEHA EKCTPEMHUX KITMMaTCKUX

84

Given that previous studies (Popov et al.,
2017a; Popov et al., 2017b) determined trends
in extreme climate indices over the study
area, this survey focuses on investigation
of changes in their distributions. In order
to further examine changes in extreme
climate indices (and to confirm observed
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uHzekca (M moTBphHBama youeHUX TPEHIOBA) Yy
nepuony 1961-2015. rogune, 3a cBaku MHAEKC
u3padyHare cy (pyHKIHje TyCTHHE BjepoBarHohe
(PDFs) 3a aBa mormepuoma: 1961-1990. u
1991-2015. ronune. Pe3ynraru cy npuka3zaHu Ha
rpadukoHrMa. /IBOCMjepHH HemapameTpujCKu
Konmoropos-CMupHOB TecT 3a [Ba y30pKa
npumujewseH je y XLSTAT Bep3uju 2014.5.03
Kako OM ce TECTHpAJIO Jia JIi Cy Ce AUCTPUOYIHje
MHJEKCAa 3Ha4ajHO MpOMHUjeHuIe u3Mmely aBa
HaBeJIeHA MePUo/Ia.

Konmoropos-CmupuoB Ttect (K-C Tecr)
HEMapaMeTPHUjCKU je TeCT KOjU C€ KOPUCTH
na Ou ce yTBpIOWIO J1a JIM C€ paclofjeiie /Ba
y30pKa pasiuKyjy. JenaH je on HajkopHITheHHjuxX
HemapaMeTpHjCKUX MeToia 3a ynopehupame
JIBa y30pKa, IMOILITO je OCJeT/bUB Ha pPa3jIMKe
U y JIOKallMjCKOM TapaMeTpy U y Mapamerpy
o0JIMKa eMIUPHjCKUX KyMyJaTUBHUX (pyHKIM]ja
pacrionjene aBa y3zopka (Dodge, 2010). Tect
KBaHTHU(HKY]je pacTojame n3Mel)y eMIupujcKux
¢yHkuja auctpulynuje aBa y30pKa — ako
MPETIOCTAaBUMO Ja NPBU Y30paK UMa yTBpheHy
KyMyJlaTuBHy pacnogjeny ¢ynkuuje F(x), a ga
npyru y3opak G(x), D ce neunume kao Hajsehe
BEPTHUKAIHO pacTojame u3Mel)y nBuje eMnupujcke
¢ynkmje nuctpudyumje (Dodge, 2010):

D = ™2 |F(x) — G(x)|

Hcnmtuana Hynra xunoreza HO mmacu: oba
y30pKa uMajy ucty auctpuoynujy: F (x) = G(x)
3a cBako X. Hynra xumoresa oxmbairyje ce ako je
W3padyHara p-BpHUjeIHOCT HIKa of Ae(hUHUCAHOT
HHBOA 3Ha4YajHOCTH aya (y OBOM CiTy4ajy 3a HUBO
anda oapehen je a = 0.05).

Takohe, ananm3upane cy mpoMjeHe BpHjeIHOCTH
napamerapa auctpubyuuje [eHepannzoBaHUX
exctpemHux BpujenHoctd (I'EB muctpubynmja)
(JToKarMjcKor MmapaMmeTpa, mapamerpa JTUcCTep3nje
U mapamerpa oOJMKa) MAaKCUMAaTHUX TOJUIIEUX
BpujenHoctr Tmax, Tmin u R. C o063upom Ha
TO 1a je Teopuja ekctpemue BpujenHoctu (TEB)
(Ha xojoj je 3acHoBana I'EB) rpana crarucruke
KOja OIMHCYje TIOHAIamke HajBehuX BpUjETHOCTH
y cepuju (Coles, 2001; Kioutsioukis et al., 2010),
MOTOJIHA je 3a aHaJu3y MPOMjeHa KIMMAaTCKUX
ekctpema. CBe je Behm Opoj HCTpakuBama

trends) during the 1961-2015 periods, the
probability density functions (PDFs) for
each index were calculated for two sub-
periods: 1961-1990 and 1991-2015. The
results were displayed on plots. Two-tailed
nonparametric Kolmogorov-Smirnov test
for two samples was performed in XLSTAT
Version 2014.5.03 to test whether the indices’
distributions changed significantly between
the two specified periods.

The Kolmogorov-Smirnov test (K-S test)
is a nonparametric test used to determine
whether two distributions differ. It is one of
the most useful nonparametric methods for
comparing two samples, as it is sensitive to
differences in both location and shape of the
empirical cumulative distribution functions of
the two samples (Dodge, 2010). It quantifies
a distance between the empirical distribution
functions of two samples — suppose that the
first sample has an observed cumulative
distribution function of F(x) and that the
second sample has an observed cumulative
distribution function of G(x), the D is defined
as the greatest vertical distance between two
empirical distribution functions (Dodge,
2010):

D = ™% |E(x) — G(x)|

The tested null hypothesis HO is: both
samples follow the same distribution: F (x)
= G(x) for each x. The null hypothesis is
rejected if the computed p-value is lower than
the significance level alpha (in this case level
alpha was set at a =0.05).

Further, changes in Generalized Extreme
Value (GEV) distribution parameters
(location, shape and scale) of the annual
maximum Tmax, Tmin and R were analzyed.
Given that the Extreme Value Theory (EVT)
is the statistics branch that describes the
behavior of the largest observations in a
dataset (Coles, 2001; Kioutsioukis et al.,
2010), it was suitable for the analysis of
changes in climate extremes.

There is a growing number of research
using the EVT to examine changes in extreme
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koja kopucte TEB 3a yrBphuBame mpomjeHa
eKcTpeMHHX Kimumarckux norahaja (Fischer et al.,
2012; Furi6 & Meneu, 2011; Goubanova & Li,
2007; Kharin et al., 2007; Kioutsioukis et al., 2010;
UnkaSevi¢ & Tosi¢, 2009). ITpema teopemu Fisher-
Tippett, xkoja unnu cymruny TEB, acummnToTcka
pacnonjena makcumyma npunana Fréchet, Weibull
i Gumbel muctpuOyuuju, 6e3 o03upa Ha
OPUTHHAIIHY AUCTPUOYLIHN]y KOpUITNEHHX M0/1aTaKa
— CTOra ce IMOHAIIake KpajeBa cepuje rmojaraka
MOXe ofpeuTy 13 oBe Tpu auctpudyimje (Coles,
2001; Kioutsioukis et al., 2010). daekcuOmIHOCT
I'EB-a 3a onucuBame cBa TpU THUIIA NTOHAIAKA
KpajeBa QUCTpHOYIMje YMHU j€ YHUBEP3ATHUM
ajaToM 3a MOJENOBame OJIOKOBa MaKCHMyMa
(amp. rogummer) (Kioutsioukis et al., 2010). ¥V
OBOM HCTpaXkuBamy, oljeHa mapamerapa ['EB
TUCTPUOYyIMje TOOUIIBUX MakCUMyMa Tmax,
Tmin u R uzBpuiena je xopumhemeM MeTona
MakcuMaiHe Bjepogoctojuoctu (MLE). Mopen
I'EB auctpubyumje nma GpyHKImjy 1uctpulymje
cibeneher ooOnmmka:

o= o e

neunucany 3a {z:1 + §(z — pn)/o > 0},
rJje mapaMeTpH 3aJ0BOJbaBajy —© < U < ©, G
>0wu -0 <E<oo, rgecy |, o u & yrBphenu
nmapamMeTpu AUCTpuOyunuje koju onpehyjy
JIOKaIHjy, TUCIIeP3Ujy U OOJIUK AUCTpUOyIIH]e,
pecnextuBHO (Coles, 2001). Jlokamujcku
mapamMeTap [ W Imapamerap IUCIEep3Hje ©
OJITOBapajy CpeamOj BPUJETHOCTH U BapHjaHCU
eKcTpeMa, pecrnekTuBHO. [lapamerap ob6nuka
§ IOUKTUpa TMOHAallake Kpaja MaKCHMyMa
pacrojijernie, Tj. ONMUCYje HETOB OOIHK — aKo je
¢ meratuBan (Weibull nuctpubynuja), ropmu
Kpaj je orpanmueH; ako je & Hyma (Gumbel
IUCTpUOYyIMja), CBH MOMEHTH Cy OTpaHUYCHH;
ako je & mosutmBaH (Fréchet muctpubyrmuja),
TOPH:H KPaj j€ HEOTPAHWUEH, aJIA BUIIIA MOMEHTH
eBeHTyanHo nocTajy Oeckonaunu (Coles, 2001;
Kioutsioukis et al., 2010).

Y1BpheHn <Ccy MOBpaTHH MEPHOAU
MakcuMmaiaHuX Tmax, Tmin u R. TloBparam
neproj P-ronuna neduHncaH je Kao BpUjeTHOCT

climate events (Fischer et al., 2012; Furi6
& Meneu, 2011; Goubanova & Li, 2007,
Kharin et al., 2007; Kioutsioukis et al., 2010;
UnkaSevi¢ & Tosi¢, 2009). The Fisher-Tippett
theorem, which is in the core of the EVT,
suggests that the asymptotic distribution of
the maxima belongs to a Fréchet, Weibull,
or Gumbel distribution, regardless of the
original distribution of the observed data —
therefore, the tail behavior of the data series
can be estimated from one of these three
distributions (Coles, 2001; Kioutsioukis
et al., 2010). The flexibility of the GEV to
describe all three types of tail behavior makes
it a universal tool for modeling block maxima
(e.g. annual) (Kioutsioukis et al., 2010). In
this study, fitting of the GEV distribution to
the stated samples of annual maximum Tmax,
Tmin and R was performed using the method
of maximum likelihood estimation (MLE).
The GEV distribution model has distribution
functions of the form:

o= o 2]

defined for {z:1 + {(z — n)/c > 0}, where
the parameters satisfy —o < pu < o0, 6 > 0,
and —oo < § < o, where y, o, and § are the
adjustable parameters of the distribution that
determine the location, scale, and shape of
the distribution, respectively (Coles, 2001).
The location parameter p and the scale
parameter ¢ are respectively, proportional to
the mean and the variance of extremes. The
shape parameter & dictates the tail behavior of
the maximum distribution, i.e. describes the
shape of the tail — if & is negative (Weibull
distribution), the upper tail is bounded; if &
is zero (Gumbel distribution) all moments are
finite; if & is positive (Fréchet distribution),
the upper tail is still unbounded but higher
moments eventually become infinite (Coles,
2001; Kioutsioukis et al., 2010).

Further, return levels of Tmax, Tmin
and R maxima were determined. The P-year
return level was defined as the value that is
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KOJy TOJIUIIIHa BPUJEAHOCT EKCTpeMa y POCjeKy
npeBazuhe cBakux P-roguna (Tj. BpHjEIHOCT KOjy
TOJUIIIELM MAKCUMYM HaJIMAIIU y HEKOj ofipeheHo)]
roguau ca BjepoBarHohom p) (Coles, 2001). ¥
OBOj CTYIUjU U3padyHare cy BpujeqHocT Tmax,
Tmin u R 3a noBparne nepuoze ox 2 u 20 roguHa.
R maker extRemes (Gilleland & Katz, 2016)
KopHIlNeH je 3a ONMUCaHy aHaU3y eKCTPEMHHUX
BPH]jETHOCTH.

PE3VIITATU 1 AMCKYCUJA

[Ipocjeune roauImbe BPHjeTHOCTH YITa3HUX
Bapujabnu Tmax, Tmin u R koje cy xopunthene
3a M3pauyHaBame EKCTPEMHUX KIMMAaTCKHX
WHJIEKCA y LUjeJIOM MTOCMATPAHOM IEPHONLY U
y nBa notnepuoga: 1961-1990. u 1991-2015.
npukazase cy y Tao. 3. Y mocmarpanoM repuoy,
u Tmax u Tmin 3a0ubexuiie cy U3paxeHy
TeHJCHILIM]y TopacTa, JOK Cy IMpPOCjeuHe
TOAMIIIELE KOMUKMHE majiaBuHa (R) cmamene.

exceeded by an annual extreme on average
once every P years (i.e. the value exceeded
by the annual maximum in any particular
year with probability p) (Coles, 2001). In
this study, 2- and 10-yr return levels were
calculated for Tmax, Tmin and R. extRemes
package for R (Gilleland & Katz, 2016)
was used for performing this extreme value
analysis.

RESULTS AND DISCUSSION

Average annual values of input variables
Tmax, Tmin and R, used for calculation
of extreme climate indices, for the full-
observed period and the two sub-periods
1961-1990 and 1991-2015 are shown in
Tab. 3. During the observed period, both
Tmax and Tmin displayed prominent
upward tendency, whereas average annual
precipitation (R) decreased.

Tab. 3. [Ipocjeune roauIIme BPHjeTHOCTH YIa3HUX BaprjabiIH y IHjEI0OM MOCMaTPaHOM MEPUOTY U
y aBa notrnepuoja u pesynraru K-C Tecra
Tab. 3. Average annual values of input variables for the full-observed period and the two sub-
periods and the results of K-S test

Ipocjek / Average K-C rect / K-S test
Bapwujabma / Variable
1961-2015 1961-1990 1991-2015 D p-Bpujentoct / p-value
Tmax 20.39 19.94 20.93 0.66 <0.0001
Tmin 10.46 10.08 10.91 0.6667 <0.0001
R 1495.75 1522.74 1463.36 0.3067 0.1244

Cn. 1 u pesynratu K-C Tecra npukazanu
y Tab. 3 jacHo mokasyjy aa cy PDFs u Tmax
u Tmin 3abmwbexune 3Ha4ajHO (p<0.0001)
MoMjepame NpeMa BHUIIUM BpPHUjETHOCTHMA
Temneparype (Tj. TOIUIMjUM  YCIOBUMA).
[ToceObHO wm3pakeHEe TpOMjeHE 3a0MIBEKECHE

Fig. 1 and the K-S test results given in
Tab. 3 clearly show that PDFs of both Tmax
and Tmin displayed a significant (p<0.0001)
shift towards higher temperature values (i.e.
warmer conditions). Particularly pronounced
changes were recorded in the upper tail of
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Cy y TopmeM Kkpajy mauctpuOyrnumje. PDFs
MaJlaBUHA HUCY IOKa3aje 3HayajHe MpPOMjeHe
mmelhy mepuoma 1961-1990. u 1991-2015.
rogune. Mehytum, npumujeheHo je nosehame
TOPHET Kpaja AUCTPUOYIIH]E.

distribution. Precipitation PDFs did not exhibit
significant changes between the 1961—1990
and 19912015 periods. However, increase in
upper tail of distribution is noticed.

Ca. 1. dyHkuyje rycTuHe BjepoBaTHOhe roIUIIBUX yiaa3HUX Bapujadiau y nepuony 1961-1990.
(uctipexnana nunuja) u 1991-2015. (nyHa nuHuja)
Fig. 1. Probability density functions of annual input variables for the 1961-1990 (dashed line) and
1991-2015 (solid line) periods

[Ipocjeune roaumime BPHUJETHOCTH
EKCTpEeMHUX KJIMMAaTCKUX HWHAEKca Yy
nujenomM mocmarpanom mepuony (1961—
2015) u y aBa nornepuona: 1961-1990. u
1991-2015. rogune nare cy y Ta6. 4. Co.
2 moka3syje na cy u3Mmel)y aBa HaBejeHa
nepuoja mopacie mpocjedyHe BPUjEIHOCTH
TOTJIMX TEMIIEpaTypHUX HHAeKca (HIp.
TXn, TX90p, TN90p, SU25, SU30, TR20
u WSDI), nok cy mpocjeune BpUjeIHOCTH
XJIaTHUX HWHIeKca cmameHe (Hmp. TNn,
TX10p, TN10p, IDO u FDO). Hapouuto
BHCOKa CTOIIa IopacTa 3a0HUJbeKeHa je 3a
WHJEKC Tpajame TOIUIUX Tajlaca — u3Mehy
JBa Tiepuoja mpocjedda Bpujeqaoct WSDI
noehana je roroBo 5 myrta. Y HaBeJAECHOM
nepuony, Opoj naHa ca maaaBuHaAMa
R1Imm, R10mm, R20mm u R25mm Onaro
je cmameH. C npyre cTpaHe, CBU HHJCKCH
WHTCH3UBHHUX TMaJaBUHA, Kao IITO CYy
RX1lday, RX5day, SDII, R95p u R99p,
NoKa3aliu Cy TCHIACHIIU]Y ImopacrTa.
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Average annual values of extreme
climate indices for the full-observed
1961-2015 periods and the two sub-
periods: 1961-1990 and 1991-2015 are
given in Tab. 4. Fig. 2 shows that between
the two specified periods average values
of warm temperature indices increased
(e.g. TXn, TX90p, TN90p, SU25, SU30,
TR20 and WSDI), whereas average values
of cold ones decreased (e.g. TNn, TX10p,
TN10p, ID0O and FDO). Particularly high
growth rate was recorded in the duration
of warm spells — between two periods
WSDI increased almost 5-fold. During that
period, number of days with precipitation
RImm, R10mm, R20mm and R25mm
slightly decreased. On the other hand, all
intensity indices such as RX1day, RX5day,
SDII, R95p and R99p displayed an upward
tendency.
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Ta6. 4. IIpocjedHe ToIUIIHE BPUjEIHOCTA EKCTPEMHUX KIMMATCKUX MHIEKCA Y IIH]jEeTIOM
MOCMaTPaHOM TEPHOY M Y JIBa MOTIEPHOIA
Tab. 4. Average annual values of extreme climate indices for the full-observed period and the two
sub-periods

HE?;;‘; " | 19612015 | 1961-1990 | 1991-2015 H?f;é‘; " | 19612015 | 1961-1990 | 1991-2015
TXx 38.91 38.14 39.83 GSL 34271 336.73 349.88
TXn 0.47 0.30 0.66 DTR 9.92 9.84 10.01
TNx 24.76 2391 25.79 ETR 43.90 43.61 44.24
TNn -4.99 -5.48 441 PRCPTOT | 1485.29 1511.93 1453.33

TX10p 34.12 37.99 29.47 RX1day 80.80 76.61 85.82
TX90p 51.28 37.97 67.26 RX5day 153.86 152.74 155.20
TN10p 32.54 37.90 26.11 SDII 14.32 14.13 14.55
TN9Op 51.28 37.97 67.26 R1mm 103.05 106.43 99.00
DO 1.15 1.50 0.72 R10mm 48.38 49.33 47.24
FDO 20.18 21.97 18.04 R20mm 24.82 26.00 23.40
SU25 126.96 122.00 132.92 R25mm 18.44 19.23 17.48
SU30 65.51 57.27 75.40 R95p 331.74 315.97 350.67
TR20 28.60 20.27 38.60 R99p 109.86 84.24 140.61
WSDI 14.04 5.23 24.60 CDD 29.89 30.23 29.48
CSDI 473 5.00 4.40 CWD 8.51 8.47 8.56

Cn. 2. TIpomjeHe MpoCjeyHHX TOTUIIBLIX BPHjEIHOCTH €KCTPEMHHX KIIMMATCKUX MHACKCA Y
nepuoay 1991-2015. y ogaocy Ha nepuoa 1961-1990. (y %)
Fig. 2. Changes in annual extreme climate indices average values in the 1991-2015 periods
compared to the 1961-1990 periods (in %)
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[Ipomjene PDFs roagummux uHACKCA
EKCTPEeMHUX TeMIleparypa W TaJaBHHA Y
nepuony 1991-2015. rogune y oaHoCcy Ha
nepuon 1961-1990. ronune npukasase cy Ha
Cn. 3 u Ca. 4. Pesynratu nBocMmjepror K-C
TEeCTa 3a CBE MHJICKCE TEMIIepaTypa U aJaBHHA
npukazanu cy y Tao. 5.

Amnanu3za rpadukona PDFs nokasyje na cy,
KaKko Ce€ M OYEKHBAJIO, TOIIM TEeMIIepaTypHU
WHAEKCHU TOMjepHIM CBOje IUCTPUOYyIIH]E
npeMa BHIIMM BpHjeIHOCTUMA HHJIEKCA,
JOK je oaroBapajyhe momjepame Ka HUKUM
BPH]jEIHOCTIMA MHJIEKCA YTBPHEHO KO XJIaHIX
unjekca. Pesynraru K-C Tecra norBpaunm cy
na BehnHa TeMmepaTrypHUX MHJEKCA MOKa3yje
3Ha4yajHEe MpPOMjEeHE y AUcTpuOyuuju usmelhy
nBa nepuoaa. HesnatHe mpomjeHe yTBpheHe
Cy caMmo 3a MUHUMAIIHE BpHjeIHOCTH Tmax u
Tmin (TXn u TNn), 3a uHIEKCE BapHjaOMUITHOCTH
temreparype DTR u ETR u 3a xmagne
temneparypHe uniaekce FDO, IDO u CSDI
300T BUXOBE BPJIO PUJETKE TI0jaBe Ha MOAPYY]y
Mocrtapa. Cn. 3 mokasyje na je JOILIO [0
noMjepama ka Behoj yuecTalocT TOIUIUX JaHa
u torumx Hohm (TX90p m TN9O0p) kpajem 20.
BHjeKa U Ha TIOUETKy 2 1. BUjeKa, I1ITO je TIOBE3aHO
ca ToMjepameM Ka Marm0j YIeCTaJIOCTH T10jaBe
xnagaux gaHa u xuaaaux Hohu (TX10p wu
TN10p). Pesynraru K-C tecra motBphyjy aa
cy PDFs oBa uernpu temneparypHa MHAEKCA
MoKa3aje CTAaTUCTUYKH 3HadyajHE IPOMjeHE.
Haj3nauajuuje npomjene yTBpheHe cy 3a ropmu
Kpaj] AUCTpUOYyIHje TOIIMX JaHAa W TOIUIUX
Hohu. OcuM TOTra, YMHHU ce€ Ja ce€ U OOJIHK
mucTpuoOymje npomujeHno. Cnuaan oOpaciu
MpOMjeHa yTBphEHU 3a TOIUIE JaHE U TOIUIE
HONM yCTaHOBJEHU Cy W 3a JUCTPUOyLHjE
MaKCUMAITHHUX TOJHIITBHUX BpUjenHOCTH Tmax u
Tmin (TXx u TNx). Hacympor Tome, pacriomjena
MUHHUMAJTHUX TOJMIIBAX BPUjeTHOCTH Tmax u
Tmin (TXn u TNn) HUje 3Ha9ajHO MPOMH]jCHEHA
n3mely nBa aHanu3upaHa nepuoaa. 3HayajHo
noBehame ropmer Kpaja IMCTpuoOyIje yTBpheHo
je 3a Torute Temrieparypse uaaekce SU30, TR20
u Hapouuto WSDI.

90

Changes in PDFs for each annual extreme
temperature and precipitation indices in the
1991-2015 periods compared to the 1961—
1990 periods are displayed in Fig. 3 and Fig.
4. The results of a two-tailed K-S test for
all temperature and precipitation indices are
summarized in Tab. 5.

The analysis of PDFs plots showed
that, as expected, warm temperature indices
shifted their distributions towards higher
values, whereas the corresponding shift
to lower index values was determined for
cold ones. The K-S test results confirm that
majority of temperature indices displayed
significant distributional changes between
the two periods. The insignificant changes
were determined only for the minimum
values of Tmax and Tmin (TXn and TNn),
for temperature variability indices DTR and
ETR and for cold temperature indices FDO,
ID0 and CSDI due its very rare occurrence
over the Mostar area. Fig. 3 shows that there
was a shift towards higher frequency of warm
days and warm nights (TX90p and TN90p)
occurrence at the end of the 20 century and
the beginning of the 21st century, associated
with a shift towards the occurrence of fewer
cold days and cold nights (TX10p and
TN10p). The K-S test results show that PDFs
of these four temperature indices exhibited
statistically significant changes. The most
notable changes were found for the upper
tail of the warm days and warm nights
distributions. In addition, it seems that shape
of distribution also changed. Similar patterns
of change as for the warm days and warm
nights were detected for maximum annual
values of Tmax and Tmin (TXx and TNx).
In contrast, distribution of minimum annual
values of Tmax and Tmin (TXn and TNn) did
not changed significantly between the two
observed periods. A marked increase in the
upper tail of the distribution was determined
for warm temperature indices SU30, TR20
and particularly WSDI.
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Ca. 3. dyHkuyMje rycTUHE BjepoBaTHONE rOIUIIBUX HHIEKCA EKCTPEMHUX TEMIIEparypa y Nepuoay
1961-1990. (uctipeknana nunuja) u 1991-2015. (nmyna nuauja)
Fig. 3. Probability density functions of annual extreme temperature indices for the 1961-1990
(dashed line) and 1991-2015 (solid line) periods

Ta0. 5. Ilpomjene nuctpulylrja TOIUIIBUX EKCTPEMHUX KIMMATCKUX MHIEKca n3Mel)y nepuona
1961-1990. u 1991-2015.
Tab. 5. Changes in distribution of annual extreme climate indices between the 1961-1990 and
1991-2015 periods

Unpnexc /

p-BpHjeaHocr /

Unpexc /

P-BpHUjeaHOCT

Uunexe /

P-BpHjeaHOCT

Index D p-value Index D / p-value Index D / p-value
TXx 0.4667 0.0032 SuU25 0.4200 0.0109 RXS5day 0.1867 0.6823
TXn 0.1200 0.9836 SU30 0.4667 0.0032 SDII 0.1667 0.8067
TNx 0.6400 <0.0001 TR20 0.6133 <0.0001 R1mm 0.2933 0.1575
TNn 0.2400 0.3628 WSDI 0.6067 <0.0001 R10mm 0.3200 0.0972
TX10p 0.4400 0.0066 CSDI 0.1000 0.9985 R20mm 0.4133 0.0129
TX90p 0.7267 <0.0001 GSL 0.4333 0.0078 R25mm 0.3600 0.0435
TNI10p 0.4667 0.0032 DTR 0.2400 0.3628 R95p 0.2200 0.4724
TN9Op 0.7267 <0.0001 ETR 0.2333 0.3975 R99p 0.3067 0.1244
IDO 0.1800 0.7251 PRCPTOT 0.3067 0.1244 CDD 0.1933 0.6391
FDO 0.2600 0.2710 RXl1day 0.3000 0.1402 CWD 0.0867 0.9999
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HucTpubynuje wWHIEKCA EKCTPEMHHUX
najjaBMHa HE TOKa3yjy jelIHOCTaBHE oOpaciie
roMjepama y pacrnoajenu usmely aBa HaBeneHa
nepuona (Ci. 4). Pesynraru K-C tecta nokazyjy
na cy ce camo PDFs nnnekca R10mm, R20mm u
R25mm crarucTiyku 3Ha4ajHO IOMjepuJie mpema
HWKMM BPHjETHOCTHMA UHJIEKCA, Tj. K& MAabEM
M0jaBJbUBARY JaHA Ca HABEIICHUM KOJTMYMHAMA
najaBuHa y IpyroM nepuony. [Ipomjene cBux
OCTaJIMX UH/IEKCA M1aJJaBUHA HUCY OWJIe 3HaYajHe.
WHnexcu MHTEH3WBHUX TajJaBUHA IOKa3yjy
noBehame BapujaHce AUCTPUOYIIHjE U TIPOMjEHE
obmuka auctpudynuje. Pedynraru ykasyjy Ha
noBehame ropmer Kpaja TucTpulyLyje nHaeKca
WHTEH3UBHUX NajaBuHa kao mrto cy SDII,
RX1day, RX5day, R95p u R99p (acumerpuja
y TpoMjeHamMa kpajeBa auctpuoOymmje). PDFs
unekca CDD u CWD nokasyjy aa ¢y ce BbUXOBe
TUCTpUOYIIHje BeoMa Majio IPOMHjEHHIIE.

The extreme precipitation indices did
not show a simple shift in the distribution
between the two specified periods (Fig.
4). The K-S test results showed that only
the PDFs of R10mm, R20mm and R25mm
exhibited statistically significant shifts
towards fewer days with these precipitation
amounts in the latter period. Changes
in all other precipitation indices were
insignificant. Heavy precipitation indices
displayed increase in distribution variance
and changes in shape of the distribution.
The results showed particularly pronounced
increase in the upper tail of heavy
precipitation indices such as SDII, RX1day,
RX5day, R95p and R99p (an asymmetry
in the changes of the distribution tails).
PDFs of CDD and CWD showed that little
changes in the distribution occurred.
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Cn. 4. ®yHKIMje TyCTHHE BjepOBaTHONE TOMUIIHLUX WHIEKCA CKCTPEMHUX MaJaBHHA Y TICPUOIY
1961-1990. (ucnipexumana muanja) u 1991-2015. (myna nuHMAja)
Fig. 4. Probability density functions of annual extreme precipitation indices for the 1961-1990
(dashed line) and 1991-2015 (solid line) periods

[Topen yTBpheHux MpoMjeHa y
pacriomjeiaMa  TOMUIIEBLUX  BPEMEHCKHX
cepuja, JTOJATHO Cy HMCTPaXUBAHE TPOM]jCHE
PDFs ce3onckux yma3Hux Bapujabmu Tmax,
Tmin u R, ka0 u ogabpaHuX EKCTPEeMHHX
xmmMarckux wHAekca (TX10p, TX90p wu
RX1day). IIpocjeune ce30HCKE BPHjEIHOCTH
yJIa3HUX Bapujabiau U ogabpaHuX eKCTPEMHHX
KIIMMATCKUX WHJCKCA 3a IMjeJI TIOCMaTpaHu
TIEPHOJ U 32 JIBa MoTnepuosa aare cy y Tao. 6.

In addition to determined shifts in
distribution of annual time series, changes in
PDFs of seasonal input variables Tmax, Tmin
and R as well as selected extreme climate
indices (TX10p, TX90p and RXlday) were
further investigated. Average seasonal values
of input variables and selected extreme climate
indices for the full-observed period and the
two sub-periods are given in Tab. 6.
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Tab. 6. [Ipocjeune ce30HCKE BPUjEIHOCTH YIa3HUX BapHjaliiu 1 ofabpaHuX eKCTPEMHUX
KJIMMAaTCKUX WHJIEKCA Y IHjEJIOM TIOCMAaTpaHoOM MEPHOLy U Y JBa MOTHEpUOIa
Tab. 6. Average seasonal values of input variables and selected extreme climate indices for the full-
observed period and the two sub-periods

Wuneke / Index 1961-2015 19611990 1991-2015 Wupnekce / Index 1961-2015 1961-1990 1991-2015
Tmax — 3/w 9.82 9.54 10.18 TX10p —3/w 8.68 9.82 7.25
Tmax — n/sp 19.66 19.21 20.21 TX10p — n/sp 8.52 9.19 7.72
Tmax — sb/su 30.90 29.96 32.02 TX10p — sb/su 7.68 9.57 5.40
Tmax — j/a 20.94 20.81 21.11 TX10p —j/a 9.36 9.59 9.08
Tmin — 3/w 2.98 2.75 3.27 TX90p — 3/w 11.24 9.63 13.25
Tmin — n/sp 9.11 8.75 9.55 TX90p — n/sp 12.29 9.62 15.48
Tmin — sb/su 18.30 17.61 19.12 TX90p — 5b/su 16.43 9.48 24.76

Tmin — j/a 11.28 11.04 11.56 TX90p —j/a 11.43 9.33 13.96
R—-3/w 482.84 495.25 467.95 RXl1day — 3/w 59.24 60.65 57.47
R —m/sp 356.08 379.37 328.14 RXlday — n/sp 51.16 49.94 52.62
R —1/su 190.93 196.32 184.45 RX1day — m/su 41.75 42.53 40.82

R—j/a 467.85 450.03 489.23 RX1day —j/a 71.35 67.64 75.80

Ananmuza npocjeunux BpujenHoctu (Tao.
6) u PDFs (Cn. 5) ce3onckux Tmax u Tmin
MoKasyje 3HavyajHa NoMjepama IpemMa BUIINM
BpHjeTHOCTUMA TeMIIEpaTypa y IpyroM Mmepuosy
(mpomjeHe koje HHCY 3Ha4yajHe yTBpheHe cy
camo 3a Tmax y jecern u Tmin y 3umy) (Tab.
7). IlpomjeHe cy moceOHO Ouiie U3paKeHEe Y
CE30HM JbeTO (MOTPEeOHO je HAOMEHYTH Jia Cy
y OBOM MEpHOAY TOIWHE yTBpleHE H3paKeHe
MpoMjeHe y TopwmeM Kpajy pacmopjene). PDFs
TOILIOT TemieparypHor wunzaekca TX90p
MOMjepeHe Cy IMpeMa BHIIUM BPHjEIHOCTUMA,
1ok cy PDFs xnagHor temmnepaTypHOT MHIEKCA
TX10p momjepeHe kKa HUXKHUM BPHjeIHOCTHMA
unaekca (Cn. 6). Pesyntatu K-C tecra (Tab. 7)
MOKa3yjy Aa cy MPOMjeHe XJIaJHOT TeMIIEpaTypHOT
MHJIEKCa 3Ha4YajHe caMo y ce30HH JbeTo. Hacympor
TOME, 3HayajHEe MPOMjeHE TOIUIOT HHJIEKCa
YCTaHOBJbEHE Cy TOKOM IMjeNie TOAMHE, OCUM
y ce3oHu 3uma. Ce30HCKe MalaBUHE TOKa3yjy
Mame M3paKEHE MPOMjeHe. 3HauajHa IoMjeparba
IpeMa HWKHUM BpHjeTHOCTHMA (Tj. Ka CYyBJBHM
ycIIOBHMA) yTBpheHe cy camo y ce30HH TpoJbehe.
3a0uspeKeHe MPOMjeHE MAKCUMATHUX TOTUTITEHRIX
nanaBuHa (RX1day) Hucy 3HauajHe HU y jelHO]
CE30HM.

The analysis of averaged values (Tab.
6) and PDFs (Fig. 5) of both seasonal Tmax
and Tmin showed a significant shift towards
higher temperature values in latter period
(insignificant changes were detected only for
Tmax in autumn and Tmin in winter) (Tab.
7). Changes were particularly pronounced
in summer season (it should be noted that
in this time of the year prominent changes
were detected in upper tail of distribution).
The PDFs of warm temperature index TX90p
shifted towards higher values, whereas the
PDFs of cold temperature index TX10p
shifted to lower values (Fig. 6). The K-S
test results (Tab. 7) showed that changes in
cold index were significant only in summer
season. In contrast, warm index displayed
significant shifts throughout the year, except
in winter. Seasonal precipitation exhibited
fewer changes. Significant shift towards
lower values (i.e. drier conditions) was
detected only in spring season. Changes
observed for maximum annual precipitation
(RX1day) were insignificant in all seasons.
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Cn. 5. dyHKIMje TYCTHHE BjepOBaTHONE CE30HCKHUX BPH]EIHOCTH YIa3HUX Bapujadiu y IEPHOIY
1961-1990. (ucnpexnaana muuuja) u 1991-2015. (myna nunuja)
Fig. 5. Probability density functions of input variables seasonal values for the 1961-1990 (dashed
line) and 1991-2015 (solid line) periods
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Tab. 7. [Ipomjene auctpudyIja Ce30HCKUX BPUjEAHOCTH yIa3HUX Bapujabiu U onadpaHux
EKCTPEMHHX KIMMATCKHX MHJeKca u3Mehy nepuona 1961-1990. u 1991-2015.

Tab. 7. Changes in seasonal values of input variables and selected extreme climate indices

distributions between the 1961-1990 and 1991-2015 periods

Unpnexc / Index

Tmax

Tmin

R

p-BpHjemHOCT

p-BpHjemHOCT

p-BpHjemHOCT

b / p-value b / p-value b / p-value
3uma / Winter 0.3250 0.0944 0.2500 0.3270 0.1600 0.8441
[posbehe / Spring 0.4267 0.0093 0.5200 0.0007 0.3600 0.0435
Jbero / Summer 0.6200 0.0000 0.7933 0.0000 0.2600 0.2710
Jecen / Autumn 0.1867 0.6823 0.4200 0.0109 0.1667 0.8067
TX10p TX90p RX1day
Munekc / Index . . .
P-BpHjeaHOCT P-BpHjeHOCT P-BpHjeHOCT
D D D
/ p-value / p-value / p-value
3uma / Winter 0.2167 0.5061 0.3000 0.1483 0.2333 0.4109
[possehe / Spring 0.1467 0.9085 0.4600 0.0039 0.2400 0.3628
Jbero / Summer 0.4467 0.0055 0.7400 0.0000 0.2200 0.4724
Jecen / Autumn 0.1333 0.9555 0.4467 0.0055 0.1800 0.7251
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Cn. 6. dyHK1IM]e TYCTHHE BjepOBaTHONE CE30HCKHUX BPHjEIHOCTH 01a0paHUX eKCTPEMHUX
KJIMMAaTCKUX uHAekca y nepuoay 1961-1990. (ucnpexunana nunuja) u 1991-2015. (nmyna aunuja)
Fig. 6. Probability density functions of selected extreme climate indices seasonal values for the
1961-1990 (dashed line) and 1991-2015 (solid line) periods

VYTBphene BpujeaHoctu mapamerapa I'EB
TUCTpUOyLIHje 3a MHjeIu TMOCMaTpaHu TMEePUO.
W 3a JIBa MOTIEpHojJa mnpukazaHe cy y Tab. 8.
3a nujenu aHanusupanu nepuox 1961-2015.
ronuHe, yrBphenu napamerpu 3a Tmax (W, o, §) =
(38.27, 1.89, -0.313), ca cranmapITHIM rperrkaMa
0.28, 0.20 u 0.09, pecnekTuBHO, a 3a Tmin (L,
o, &) = (24.05, 1.46, -0.112), ca crangapaHumM
rpemkama oa 0.23, 0.17 u 0.13, pecnexkTuBHO.
[Mapamerap obnuka () HeratuBaH je u 3a Tmax
u 3a Tmin; ctora, Weibull nuctpubynuja mo6po
oJIroBapa OBUM cepHjama nogaraka. 1 Tmax u
Tmin umajy ropmy rpaHuiLy, Tj. HOCTOje KOHAYHE
BPHjEIHOCTH KOj€ C€ HE MOTY MPEKOPAYUTH.
[Tapamerpu oxpehenu 3a R (u, o, &) = (71.83,
15.36, -0.0004), ca crangapaHum rpemrkama 2.41,
1.79 u 0.12, pecniektuBHO. Buie BpujenHoctu
Jokanujckor nmapamerpa Tmax u Tmin (3a oko
2°C) y nepuony 1991-2015. rogune y ogHocy Ha
niepuof 1961—1990. roqune cyrepurity TeHICHIIN]Y
nopacta 3arpujaBama oa 1990-ux. Bume
BPH]ETHOCTH MapaMeTapa IUcrep3nje mokasyjy aa

The estimated GEV distribution
parameters for the full-observed period and
for the two sub-periods are shown in Tab. 8.
For the full-observed 1961-2015 periods,
the Tmax parameter estimators (u, o, &) =
(38.27, 1.89, -0.313), with standard errors
of 0.28, 0.20 and 0.09, respectively; whereas
for the Tmin parameter estimators (U, ¢, &) =
(24.05, 1.46, -0.112), with standard errors of
0.23, 0.17 and 0.13, respectively. The shape
parameter (&) is negative for both Tmax and
Tmin; therefore, the Weibull distribution
fits these data sets well. Both Tmax and
Tmin have an upper limit, so there are finite
values that cannot be exceeded. For the
R parameter estimators (u, o, §) = (71.83,
15.36, -0.0004), with standard errors of 2.41,
1.79 and 0.12, respectively. Higher values of
location parameter for both Tmax and Tmin
(for about 2°C) in the 1991-2015 periods
compared to the 1961-1990 periods suggest
increasing warming tendency since 1990s.
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ce BapujadwIHOCT AUCTpulyIHje Takohe nmosehasna
y IpYTOM TepHOTy. AHaJH3a IOBPAaTHUX TIEPHOIa
MoKasana je Aa cy 2-roauiimu U 20-roauiimu
norahaju u Tmax u Tmin nmocranu yoOuyajeHuju
on 1990-ux. HaBeneno mosehame BpUjeTHOCTH
TIOBPATHUX MepHoa OUIIO je HEeIlITO U3pakeHH]e 3a
Tmax. Ananmusa mapamerapa ['EB nuctpubytmje
TOIMIIBUX MAaKCUMAJIHUX TaJlaBUHA IOKa3aja
j€ J1a ce BpHjeIHOCT JIOKAIMjCKOT MapaMerapa
noBehana y mepuony 1991-2015. rogune y
OJTHOCY Ha pedepeHTHH NEpUoI, MTO yKazyje Ha
nosehame MHTEH3UTETa NajaBuHa. M3pauyHate
BPUjENHOCTH 2-roaumimer u 20-ToauIimer
MOBpaTHOT mepuoaa Takohe cy moehane y
oqHOCY Ha pedepeHTHH nepuoj. Hasemeno
jé y carmacHOCTH ca pe3yiTaTuMa J00HjeHHM
3a EBpomy. AHanu3a U3BpIIEHA 3a MEPUOA
1951-2010. roquHe ToKa3ana je aa cy, YIpKoc
3HA4YajHO] JIeKaJHO] BapujabmiHocTu, 5-, 10- u
20-romumbu gorahaju RX1day (amm m RX5day)
y npBoM 20-roguIIBbeM MEepUoLy TI'e€HEPATHO
noctanu yemhu TokoM mepuona ox 60 roauHa
(Van den Besselaar et al., 2013). 3narno Beha
BPH]jEIHOCT MapamMeTpa AUCIep3uje ykaszyje Ha TO
Jla ce U BapHjaOWUITHOCT TMajaBuHa Takohe Beoma
npomujenuna. [ToBehana BpujeqHoCT mapamerpa
JMCTIep3Uje y JAPYTOM TEpHOAY y CKIamay je ca
npomjeHama PDFs romummsux PRCTOT, RX 1day,
RX5day, R95p u R99p. Ha npumjep, 1owu kpaj
muctpudynuje PRCTOT momjepro ce ka CyB/bHM
YCJIOBHMA, JIOK C€ TOPHH Kpaj IUCTpHOyIHje
MIOMjepHO MpeMa BIaKHUJUM YCIOBUMA.

Higher scale parameter values indicate that
distribution variability also increased in latter
period. The analysis of estimated return levels
showed that the 2-year and 20-year events of
both maximum Tmax and Tmin have become
more common since the 1990s. This increase
in return levels values was somewhat stronger
for Tmax. Analysis of annual maximum
precipitations GEV distribution parameters
showed that location parameter value
increased in the 19912015 periods compared
to the reference period, which indicates an
increase in precipitation intensity. Estimated
2-year and 20-year return levels values also
increased compared to the reference period.
This follows the results obtained for Europe.
Study carried out for the 1951-2010 periods
found that, despite considerable decadal
variability, 5-, 10- and 20-year events of 1-day
(but also 5-day) precipitation for the first 20-
year period generally became more common
during the analyzed 60-year period (Van den
Besselaar et al., 2013). Much higher value
of scale parameter suggests that precipitation
variability was also very affected. Increased
scale parameter in latter period is consistent
with changes observed for the PDFs of annual
PRCTOT, RX1day, RX5day, R95p and R99p.
For instance, the lower tail of PRCTOT
distribution shifted towards drier conditions,
whereas the upper tail of distribution shifted
towards wetter conditions.

Ta6. 8. ITapamerpu 'EB aucTpuly1uje u MoBpaTHU MEPUOIU U3PATYHATH 32 TOAUIIHE MAKCUMAITHE
Tmax, Tmin u R
Tab. 8. Estimated GEV distribution parameters and return levels fitted to annual maximum Tmax,

Tmin and R
[Tapamerap / Parameter Tmax Tmin R
1961-2015 | 1961-1990 | 1991-2015 [ 1961-2015 | 1961-1990 | 19912015 | 1961-2015 | 1961-1990 | 1991-2015
Jloxamuja / Location 38.269 37.597 39.341 24.051 23.308 25.318 71.836 69.895 76.645
Hucnepsuja / Scale 1.889 1.595 1.899 1.459 1.020 1.451 15.363 11.984 20.408
O6nuk / Shape -0.313 -0.309 -0.445 -0.112 0.008 -0.327 0.000 -0.023 -0.162
[oBparau nepuonu / Estimated return levels:
2-r. / 2-year 38.923 38.150 39.983 24.575 23.682 25.819 77.466 74.269 83.908
20-r. / 20-year 41.922 40.697 42.470 27.736 26.376 28.074 117.443 | 104.315 | 124.778




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

3AKJbYYHAK

V pany cy aHaJM3UpaHe MpoMjeHe eKCTPEMHUX
TeMIieparypa U najaBuHa Ha noapydjy Moctapa
(bocHa m XepuerosuHa) TOKOM IIepHojJa
1961-2015. rogune. Cryauja ce ¢okycupa Ha
UCTPaXXMBambE MPOMjeHa y TUCTPUOYIIMjU HHAEKCA
EKCTPEMHHX TeMIIepaTypa U najaBuHa u3Mmelhy
nepuona 1961-1990. u 1991-2015. ronune.
@DyHKIMje TYCTUHE BjepoBaTHONE 3a CBAKU MHJIEKC
u3padyHare Cy 3a JiBa HaBe/leHa MOTIEepPHOna, a
JBOCMjepHH Hemapamerapujcku Kommoropos-
CMHpHOB TeCT NIPUMHUjEH-EH je J1a Ou ce yTBpAUO
CTATUCTUYKH 3Ha4aj youeHUX npomjeHa. JlooujeHu
pe3yaTar Mokasyjy Jia Cy TOIUTH TEeMIIEpaTypHU
WHJIEKCU TIOKa3ajdu 3HauajHO TMoMjepame Ka
BehrM BpHjeAHOCTUMA HMHJEKCA, Koje je OmIo
MHOT'O M3pa)KeHHje OJ1 TIOMjeparba MpeMa HIKUM
BPHjEJHOCTHMA HMHJAEKCA YTBPHEHUM 3a XJIaJTHe
ungekce. Mebhyrtum, obGa obpacma mpomjeHa
TUCTpUOyIMja MHIIEKCa YKa3yjy Ja je Ha MoApYYjy
Mocrapa mpHucyTHa TEHJEHIMja 3arpHjaBamba.
Hajuspaxenuje mnpomjeHe mnpumujehene
Cy y ce30HH JbeTo. MHIOEKCH EeKCTpEeMHHUX
NaJlaBUHa HUCY TOKa3alld jeJHOCTaBHE oOpaciie
nomjepama IucTpuOyIHje u3mel)y aBa HaBeneHa
nepuona. [Ipomjene mapamerapa qucTpuOyIuje
I'eHepann30BaHUX EKCTPEMHUX BPHjEAHOCTH
(moxamuja, nucnep3uja W OONMK) yKasyjy Ha
noBehame WHTEH3UTETa WU BapUjaOMIIHOCTH
EKCTPEMHHUX TeMIIepaTypa 1 Ma/IaBUHa.

Pesynratu 1o0MjeHH y OBOM HCTPaXHBAY
carlacHU Cy ca pe3ylTaTHMa JIPYTHX CTyauja
eKCTPEMHHX KIMMAaTCKUX yCJIOBa y OBOM JIHjely
EBpome. J[lajba ucTpakuBama CBaKaKO Cy
HEOITXO/IHa, jep he youeHe mpoMjeHe KIMMATCKUX
EKCTpeMa HMaTH BEJIHMKE COLIMOEKOHOMCKE MU
npupoaHe nocsbenune. IlpomjeHe KIMMaTCKUX
eKCTpeMa 3HaTHO he yTHWLaTH HAa YUTaB HU3
JBbYJICKUX aKTUBHOCTH Ka0 LITO CY: MOJBOIIPUBPEIHA
TIPOM3BO/IEHA, YIIPABIHALE ITyMaMa, PEXKUM MOKapa,
notpede 3a BOJIOM, MPOM3BO/Ha U CHAO/IM]eBabe
€HEeprujoM, TypH3aMm, 3paBJbe JbYIH, 3aIITHTA
OuoauBep3uTeTa UTA. McTpaxknuBama y HapeTHOM
nepuony Tpeba ma ce (okycupajy Ha cTyauje
NpolLjeHe YTHIIAja, OMHOCHO Ha aHAJIM3Y YTHLaja
MpOMjeHa KIIMME Ha HaBEJICHE CEKTOpe.

100

CONCLUSION

The paper addresses the issue of changes
in extreme temperature and precipitation over
Mostar area (Bosnia and Herzegovina) during
the 1961-2015 periods. The study focuses
on investigation of changes in distribution
of extreme temperature and precipitation
indices between the 1961-1990 and 1991
2015 periods. The probability density
functions for each index were calculated for
the two specified sub-periods and two-tailed
nonparametric Kolmogorov-Smirnov test was
applied to determine statistical significance
of the observed changes. Given the obtained
results, warm temperature indices displayed
a significant shift towards higher index
values, which was much more prominent
than the shift towards lower index values
determined for the cold ones. However,
both patterns of change suggest a warming
tendency over the Mostar area. The most
prominent changes were detected in summer
season. The extreme precipitation indices did
not show a simple shift in the distribution
between the two specified periods. Changes
in the Generalized Extreme Value (GEV)
distribution parameters (location, scale and
shape) suggest that intensity and variability
of extreme temperature and precipitation
increased.

The results obtained in this survey
are similar to the results of other studies
in this part of Europe related to climate
extremes. Further research on these issues
is certainly necessary given that observed
changes in climate extremes will have a
wide socioeconomic and natural impact.
Changes in climate extremes will affect a
range of human activities such as agriculture
production, forest management, fire regime,
water demands, energy production and
supply, tourism, people health, biodiversity
conservation, etc. They should focus on the
impact assessment studies, i.e. the analysis of
climate change effects on these sectors.
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