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Cawxeraxk: Hajuemhe kopunihen noka3zaressr mereopostonike cyuie je Ctannapau3oBanu uHaeke nagasuxa (SPI). V oBom pany
anamusupad je SPI 3a 8 mereoponomkux cranuna y bocuu u Xepuerosunu. IIpopauynu cy ypaheHu 3a kajleHIapcKy TOAUHY
U METEOpOJIOIKe ce30He, 3a nepuoa 1961-2010. {obujenu pesynraru ykasyjy na je Tpenn roauuimer SPI12 3Hauajan camo
Ha jEeJIHOj CTaHWIIM, ajli je MO3UTHUBHOT 3HAKa, IITO 3HAYM Jia je JIOIUIO JI0 oBehama BIaKHOCTH. Y MOCMAaTPaHOM IMEPUOIY
HPUCYTHA je CTONA pacTa Opoja CTaHMIA HA KOjUMa Cy 3a0eNIe)KEHE eKCTPEMHO BIAXKHE M €KCTPEMHO CYIIHE TOIUHE, ajH CY
W Te MpoMeHe cTatUcTHuku OeszHauajHe. Tpenn SPI3 3a ¢ebpyap (3uMy) Ha CBHM CTaHHWIIAMa je CTaTHCTHYKH Oe3HadajaH,
anu je y BehuHHM rmocMaTpaHux MecTa jonuio Ao nosehama cymuocti. Hu tpena SPI3 3a nponehe He mokasyje CTaTUCTHYKY
3HAYAjHOCT HU HA jeJHOj CTaHWIM, a HeMa HU oapeljeHe reorpad)cke MpaBHIHOCTH Y 3HAKY TeHACHIWje. JIeTH je nomuio 1o
nosehama cynmHocTH y BefinHE MecTa, a P TOME je HeraTHBHa BpenHoCT TpeHaa SP13 3a aBryct (1eTo) craTucTHYKY 3Ha4ajHa
Ha 2 cranuie (buxah u buneha). V nocnenmwoj nexkaan (2001-2010) y BehuHu Mecta peructpoBaH je Hajpehu Opoj ¥ CYyUTHUX U
BJIQJKHHUX JICTA, IITO HECYMIUBO ITOKa3yje noseharme y4ecTaloCTH eKCTPEMHUX JieTa y noniey najasuna. Ha 7 ox 8 cranuia
jeceH je cBe BIaKHU]a, aju je camo y bujesbunu no3utuan TpeH SPI3 3a HoBeMOap (jeceH) CTaTUCTUYKKM CUTHU(DUKAHTAH.
Hajgehu Opoj cyIHuX ronquHa perucTpoBaH je y nekaau 1981-1990., kaga cy NAO u AO uHAEKC NMajH HajBHHIe BPEIHOCTH.
C npyre crpane, nekaza 2001-2010. n3nBaja ce ca Hajsehum 6p0_]eM BIIXKHUX TOMHA, @ y ToM mepuony je NAO unzexc
JIOCTHIao HajHIKe BpeHoCTH. M Mehyrozmumse Bapujaliije a aBuHa Cy Y BEMKO] MEPH IOJ] yTHIIAjeM HPOMEHE aTMOC(hepeke
nupkyiandje. Ha ce30HCKOM HUBOY, HajOosba Kopenanuja ca napamerpuma nupkynanuje NAO u AO nobujeHa je 3a 3umy.
Kibyune peun: ITanasune, SPI, tpern, NAO, AO, Bocha u XepreroBuna, cyuia.
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Abstract: Most frequent indicator of the meteorological draught is the standardized precipitation index (SPI). This paper
analyses SPI at 8 weather stations in Bosnia and Herzegovina. The calculations were perfomred per a calendar year and weather
seasons between 1961 and 2010. The results indicate a trend of annual SPI12 to be rel;evant for only one weather station, but
it was still positive refering to increased humidity. During the observed period, there was an increase in number of stations
indicating extremely humid and extremely dry years but the changes were statistically irrelevant. The SPI3 trend for February
(winter) was statistically immaterial at all stations but most observed locations showed increased draught. Not even SPI3
spring trend was statistically important nor did it have specific geografical regularities showing tendencies. In summer, there
was an increased draugth at most locations and the negative value of SPI3 trend for August (summer) was statistically relevant
at two weather stations (Biha¢ and Bileca). Over the last decade (2001-2010), at most locations there was a largest number of
both dry and humid summers, which certainly shows more frequent extreme summer priods with reference to precipitation.
At 7 of 8 stations, autumn was getting more humid but it was only in Bijeljina that SPI3 trend for November (autumn) was
statistically significant. Most dry years were within 1981-1990 decade as NAO and AO indexes were the highest. On the other
hand, 2001-2010 decade had most humid years and NAO index reached lowest values. In addition, the interannual precipitation
variations were also largely affected by changes in atmospheric circulation. At season level, the best corelation with NAO and
AO circulation parameters was in winter.

Key words: precipitation, SPI, trend, NAO, AO, Bosnia and Herzegovina, drought.
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YBOIHA PASMATPABA

Y npBom Hammonanmaom usBemtajy boche
u XepueroBuHe y ckiaany ca OKBHUpHOM
KOHBEHITH]OM YjeTUI-CHAX HAllM]a O KIIMMATCKHM
pOMEHAaMa, AaHAJIM3UPAHE Cy EKCTPEeMHE H
MPOCEYHE MECEUHE KOJIMUMHE MajiaBuHa y Ty3u,
CapajeBy u Mocrapy. KorcraroBano je na ce
3HauajHe MPOMEHe MOTy BuaeTH y Mocrapy, rie
Cy IpOoceyHe KOJMYMHE MMaJaBUHA y MEPUOIY
1982-2007. 3naTtHO HUXE HEro y nepuony 1956-
1981. y cBUM MecenuMa, OCUM y CenTemMopy.

Anammsa cyme je ypaheHa MeTogoMm
,,OyUETUpaha BOZIE 3€MJBHINTA , KOja UCTOBPEMEHO
y3uMa y 003up u arMochepCcKy Cylly U CyIly
semspumTa. KoHcraryje ce na je mpocedHa
rofuiImba JeUIUjeHIja BOIE Y 3eMJBHILTY Y
buX oko 125 mm. Hajseha je y jy>xaum nenoBuma
(300mm), 3HaTHO HIKaA y ceBepHUM (100 mm) a
HajHIDKA Y [IEHTpaTHUM JesoBuMa (S50mm).

Spasova et al. (2007), koHCTaTyjy /1a 1alaBHHE
y XX Beky y buX, a noce6HO y UCTOUHOM Jienny U
XepIIeroBUHH MMOKa3yjy CUIIA3HU TPEH]L Y JICTHHM,
nposichHUM ¥ 3UIMCKHM MECEIIMA.

VY HeBecumy je IOILIO J0 CMamema 3a
6 10 7%, anu Ta MpoMeHa HHUje CTATHCTHUYKH
curHu(ukanTHa. YpaleHu cy mnpopayyHH
nanaectromeceunor SPI 3a bamwa Jlyky
(ceBepozanaaau peruoH), CapajeBo (LeHTpaIHA
peruon) u jyrouctounu aeo (Mocrap, HeBecume
u TpeOume). YoueHo je /1a je MOCIeabuX JeleHu]a
Ouna yemha mojaBa yMEpEeHUX M EKCTPEMHHUX
CyIIa HETO EKCTPEMHO BIIaKHUX TOJAMHA.

Tp6uh et al. (2009) cy ananu3upanu npoMeHe
KOJIMYMHA TMaJlaBUHa U HbUXOB PETrHOHATHH
pacriopen y PemyOmuiu Cprickoj 3a mepuoje
1961-1990. u 1999-2008. lobujenu pe3ynraTu
yKa3yjy Ha HECHTHH(HKaHTHA OJCTymHama 3a
BehuHy craHuna. Y HEHTPaTHOM IUIAHUWHCKOM
1ojacy nmpucyTaH je TpeHja nosehama majgaBuHa
Ha TOJUILH-EM HUBOY U 110 C€30HaMa, J0K j€ JIETH
Ha BehMHU CTaHMIA NPUCYTAH TPEH CMambCHha
1a/1aBHUHA.

VY wm3Bemrajy apyre paane rpyme [PCC
(Working Group II: Impacts, Adaptation and
Vulnerability (2007) xoHcTraryje ce ma je y
TOIUIMjO] KIWMH TNpUCyTHa Beha KiammaTcka
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INTRODUCTION

The first National report of Bosnia and
Herzegovina in compliance with the UN
Framework Convention on Climate Change
analyzed the extreme and mean monthly
precipitation in Tuzla, Sarajevo, and Mostar.
The result was the significant change in
Mostar where mean precipitation values in
1982-2007 periods were largely poorer in
comparison with 1956-1981 periods for all
months except September. Still, ,,based upon
the designed diagrams, it was not possible to
reach conclusions on significant changes in
precipitation regime*.

The draught analysis was performed via
»S01l water budget” method, which covers
both the atmosphere draught and soil draught.
The mean annual water soil deficit in Bosnia
and Herzegovina was around 125 mm. It was
largest in southern parts of the country (300
mm), much poorer in northern parts (100 mm),
and poorest in central parts (50 mm).

Spasova et al. (2007) concluded that
20th century precipitation in Bosnia and
Herzegovina, especially the eastern parts
and Herzegovina, had the tendency to yield
in summer, spring, and winter months. In
Nevesinje, there was a 6- 7% decrease but
this shift was not statistically relevant. The
12 month SPI calculations were performed
for Banjaluka (north-west region), Sarajevo
(central region) and south-east region (Mostar,
Nevesinje and Trebinje). It was inferred that
over the last decades moderate and extreme
draughts were more frequent than extremely
humid years.

Tp6uh et al. (2009) analyzed change in
precipitation amount and its spatial distribution
in the Republic of Srpska for 1961-1990 and
1999-2008 periods. The results displayed
insignificant deviations at most weather
stations. There was a trend of increased
annual and seasonal precipitation in the central
highland belt whereas in summer most stations
displayed the trend of precipitation decrease.

In IPCC Working Group II Report: Impacts,
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BapHjabMITHOCT U J1a pacTe PU3MK U OJ] MOIjIaBa
u ox cyma (tabena SPM2) (http://www.ipcc.ch/
publications_and data/ar4/wg2/en/ch3s3-4-3.
html).

Y 0BOM pajiy MpeACTaBIbLEHU Cy PE3YyNITaTH
peruoHanHor kiaumarckor moxaena EBU-POM
U3 eKcnepuMmeHara npoMmene Oyayhe kiume,
n00UjeHn METOJIOM JAMHAMUYKOT CKaJIHpamba
pesyarara mIOOAJIHOT KIMMATCKOT Mojena
armoc¢epe u okeana SINTEX-G (bByphesuh u
ap., 2012).

Pesynraru moznena 3a A1B SRES cuenapuo
3a MPOMEHE aKyMyJUpaHUX MagaBuHa y % y
onHocy Ha mepuox 1961-1990. moxasyjy 3a
npojekroBanu nepuoa 2001-2030. u HeratuBHE
Y TIO3UTHBHE IIpOMeHe oBe BenuuuHe. [lo3utusne
IIPOMEHE TaIJaBUHA, OJJHOCHO IUXOBO NoBehame,
MOJKE c€ BUJETH 3a ce30Hy MAM (mapr-anpui-
Maj, omHOCHO mposiche), U To 3a ceBepHU H
CEBEPOUCTOUHH J1€0, 5%, u 3a JJA ce3ony (JieTo)
CKOPO Ha LIEJI0j TEPUTOPHUjHU, Ca MAKCHMYMOM OfI
+15%, uzy3eB jyroucroka. Hajsehu nepunur je
IyXk jyro3amnaaae rpanuiie BUX ca MmakcumamHuM
oactynameM of -20%.

VYpahene cy u npojeknuje u 3a A1B crierapuo
3a nepuoxa 2071-2100. Toxom oBor mepuojna
CKOpO JIa HE MOCTOjU CE30HA MU 00JaCT Koja
j€ OKapakTepucaHa MO3UTUBHOM aHOMAJIH]OM
najaBuHa. Benwke HeraruBHE aHOMAJIHjEe UMajy
cezone DJF (3uma) u SON (jecen) ca mpomMeHama
on -15 1o -50%. MAM ce30Ha okapakTepucaHa
je ca BpenHocTHMa Of1 TpuOImKHO -10% Ha 11emoj
teputopuju. lepuuut TokoMm ce3oHe JJA Behu je
y jy’)KHUM HEro y CEBEpHHUM oOiacTuma u kpehe
ce y oricery of -30 1o 0%. IIpomena rogummux
CyMa IaJIJaBMHa je HeraTMBHA Ha 11eJ10j TEPUTOPHjH
u xpehe ce ox -30 10 -10%.

Wilhite and Glantz (1985) cy nedpunucanu
YeTHPHU OCHOBHA MPHUCTYTA Y MEPEHY CylIa (UIIH
4 Tuna cyma): METEOPOJIOUIKH, XUAPOJIOLIKH,
MOJFONPUBPEIHN M COLMOEKOHOMCKH. [IpBa
TPH MpHCTyNa 0aBe ce HAUMHOM MEpema Cylle
ka0 Gu3NYKuM (GEHOMEHOM, a MOCIeAmbU
je mocmarpa ca acmeKkTa MOHYIe M Tpaxmbe,
oHOCHO Tipahema edexara MamKa BOJIC U C TUM
y BE3H JIeCTa0MIIM3AaLI]j€ IPYIITBEHO-EKOHOMCKOT
cucTeMa. Y 3aBUCHOCTH OJ1 THIIA CYIIIe, TIOCJICIUIIC

Adaptation and Vulnerability (2007), it says
that in warmer climate there is a larger climate
variability and a growing risk of floods and
draughts (table SPM2). (http://www.ipcc.ch/
publications_and data/ar4/wg2/en/ch3s3-4-3.
html)

This report displays the results of the EBU-
POM regional climate model based upon the
experiments on future climate change, all of
which were gained via the SINTEX-G method
of dynamic ranking of results of global climate
atmosphere and ocean model (Byphesuh u ap.,
2012).

Results of the model for the A1B SRES
scenario for % changes of accumulated
precipitation in comparison with 1961-1990
periods indicate that during the projected
2001-2030 period this quantity shift will be
both positive and negative. Positive changes of
precipitation, i.e. its increase, may be visible
for MAM season - +5% in north-northwest
and JJA season -+15% maximum in the whole
of the territory except southeast. The largest
deficit was along the southwest BiH borderline
with -20% maximum.

A1B scenario projections for the 2071-
2100 periods were also performed. During this
period, there is almost no season or region
characterized by a positive precipitation
anomaly. Large negative anomalies were
typical of DJF and SON seasons with
deviations of -15 to -50%. MAM season had
values approximately -10% in the whole of
the territory. The JJA season deficit is larger
in south that in north and ranges from -30 to
0%. The change of the annual precipitation
sum is negative in the whole of the territory
and ranges from -30 to -10%.

Wilhite and Glantz (1985) defined four
basic approaches to draught measurement
(i.e. 4 types of draught): meteorological,
hydrological, agricultural, and social-
economic. The first three approaches focus on
measuring draught as a physical phenomenon
and the last one considers draught from the
offer-demand aspect, i.e. monitoring the
effects of water shortage and the consequential
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OBE I0jaBe MOTY OUTH €KOHOMCKE, €KOJIOIIKE U
COIIMjajTHe.

Tpeba ucrahu yumeHHUIy Ja ce Of cylle
HajOp>Ke ONOpaBIbajy CEKTOPU KOjU IPBH U pearyjy
Ha Y (I0JHOTIPUBPENA), 10K HIIP. XUAPOrpadCcKoj
MpeXH, Koja crmopuje pearyje, Tpeba Buiie
BpPEMEHA J1a C€ OMOPaBH. Y JbY/ICKO] MEPLEIIIHjH
HajoTIaCHUje Cy JIETHE CYIIe, ajldi HEeCTAIIUIIe
BOJI€ TOKOM JIPYT'MX TOAULIBUX J100a Takohe Mory
MMaTH 3HayajaH COLMjaTHO-€KOHOMCKHU yTHIIA]
(European Environment Agency, 2001).

Jlakne, TepMUH cylla c€é MOXXE OJHOCUTH
Ha METEOpOJIOUIKY cymly (IMaJaBUHE HCIO
Ipoceka), XUAPOJIONIKY Cylly (Malau NpOoTULIAjU
U HHUCKU BOJOCTAjH), MOJbONPHUBPEAHY CYLIY
(HEOBOJBHO BJIare y 3€MJbUILTY) U MPEACOHY
cymy (koMOMHaLMja MPETXOAHUX). Y Halloj
ananu3u Ouhe oOpalena mMereoporoiika cyiia
npexo CTaHIapAM30BaHOr MHJEKCA I1aJlaBHHA
(SPI).

[uss pan je 610 na ce ucnura aa Jiv je 010
70 moBehama y4ecTaaoCcTd 1 MHTEH3UTETa CyIIe
Ha OBUM IPOCTOPUMA.

CTAHAPIM30OBAHU MHJIEKC
TIAJIABUHA (SPI)

ITokazaress CTaHgapAU30BaH MHAEKC MaJaBUHA
(SPI) pa3Bujen je 3a morpebe nepuHUCAmA U
ocmarpama cymie (McKee et al. 1993). Ha ocHoBy
JTYTOpOYHHMX OCMarpama Moryhe je aHaausuparu
T0jaBy cylle y ofpel)eHoM BpeMEHCKOM HHTEPBAITY
(Mecer, ce30Ha, TOMHA, UT/.), U T BPEIHOCTU
yrnopehuBaru ca BpeTHOCTHMa OHJIIO KOT PErHOHa.
Jly¥u BpeMEHCKH WHTEPBad MPUMEHY]y c€ 3a
aHaNM3y eKCTPeMHHUX MajaaBuHa. [lodyerak cyre
ce UIASHTH(HUKY]je TaKo IITO Ce IocMarpa ,,Kopak
Ha3axa"“. Hamme, mojasa cyiie nMa CBOjy MOTBPIY
caMoO aKo Ce jaBjba KOHTHMHYHMPAHO y CEpPHjH ca
BpenHoctuma SPI<=-1. Cyminu nepuoa npecraje
kajg BpenHocT SPI mocrtane mo3utuBHa. CBaka
CylIlla ce KapaKTepuIlie:

* Bpemenckum nntepanom (1, 2, 3, 6, 12, 24
Mecena), Tj. OpojeM y3acTOMHHX I0jaBJbUBabA
BpenHoctu SPI<=-1.

» Tpajamem cyire, mMTO MPEACTaBIba BpeMe
u3Mel)y moyeTka u Kpaja cy1ie;
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destabilization of the social-economic system.
Depending on the draught type, its consequence
may be economic, ecological, or social.

We should point out that those sectors
that first respond to draught are most easily
recovered (agriculture). On the other hand, e.g.
hydrographical network that responds more
slowly takes more time to recover. Human
perception believes summer draught to be most
dangerous but water shortage in other seasons
may also have a large social-economic effect
(European Environment Agency, 2001).

Thus, the term draught may refer to
meteorological draught (precipitation below
the average), hydrological (poor streams and
low water levels), agricultural (lack of soil
humidity) and regional draught (combination
of these three). Our analysis shall process the
meteorological draught via the standardized
precipitation index (SPI).

The aim of this paper was to examine whether
there has been an increase in the frequency and
intensity of droughts in this region.

STANDARDIZED PRECIPITATION INDEX
(SPI)

Standardized precipitation index (SPI)
was designed for the purpose of defining and
monitoring the draught (McKee et al. 1993).
Based upon the long-term observations, it is
possible to analyze the draught phenomenon
with a specific time interval (month, season,
year, etc.), and match the values with any
region. Long time intervals are applied for the
extreme precipitation analysis. The beginning
of draught is identifying by analyzing “one step
back”. Namely, the draught phenomenon is valid
only if there is a continuous value of SPI<=-1.
The draught period stops once the SPI values
are positive. The following is typical of each
draught:

* Time interval (1, 2, 3, 6, 12, 24 months),
i.e. the number of consecutive values of SPI<=-
1.

* Draught duration, the timeline between the
start and end of draught;
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» Kareropujom cymie, koja ce oapehyje
Bpennomthy SPI unaexca (Tabena 1);

* BemmunHoM cyliie, Koja ce n3padyHaBa CyMOM
unekca SPI 3a cBaku Mecerr of1 mo4YeTka J10 Kpaja
CYIIHOT TIepHO/Ia;

MHTEH3UTETOM CyIIIe, IITO MPEICTaBIba OTHOC
nu3Mel)y BeJIMuuHe U Tpajama Mojase.

SPI ce pauyna Ha ocHOBY 'ama pacronene
MaJIaBUHA, Koja ce aeduHuIe (GyHKIINjoM TyCTUHE
BepoBarHohe. Cranmapan3aiuja METOJO0JIOTH]e
MpopavyHa je HEeOMXOIHO, Aa OM ce Ha OCHOBY
AYTOPOYHUX OCMaTpama MOIVIa aHAJIH3UPATH
1ojaBa CylIle 1 ynopehusaru 1001jeHn pe3yaTaTH
ca JIOKaIja pa3IuduTuX KInMara.

HcrpaxuBama cy ToOKaszajna Ja NaJaBUHE
nojuiexky 3akoHy lama pacmonene. Jla Ou ce
OJpEeIUIN TapaMeTpu CKalupama H O00JIuKa
¢byHKIIMje TycTUHE BepoBaTHohe majaBuUHA,
KOPUCTU C€ CTaHJApJHU WM YHUTAB TEPHOJ
ocMarpama Ha JeIHO] METEOPOJIOINIKO] CTAHMIIH.
3a cBaKy CTaHHUILYy U IIEpUOJ ce moceOHo oapelyjy
napamMeTpu cKanupama U o0nuka (yHKIHje
ryctuHe BepoBaTHohe nmagaBuHa. ['ama pacrmozgena
najgaBuHa ce naedunHuIre (QyHKIUjOM TYCTHUHE
BepoBarHohe, koja racu (Lloyd-Hughes and
Saunders, 2002; Cancelliere et al., 2007):

—X

1 xu—l F
Br@)

g(x)= ; 3a x>0, rje je:

o -mapaMmeTap oOnuka; (- mapamerap
BeIMYMHE; X — KonmnunHa magasuHa > 0; G(a) je
rama (pyHKIHja Koja ce aeduHHUIIe 1Mo 00pasiry:

(o) :Jyoc—le—y‘
0

N3pauynaBawe SPI 3axTeBa mopemaBame
'ama ¢ynknuje ryctune BepoBaTHohe 3a
nary ¢pekBeHLH]y AUCTpuOylMje MaJaBUHA U
KaJMOpaIMOHU TIEPHOJT, TAKO JIa CE M MapaMeTpH
o 1 P onpelyjy mocebHO 3a CBaKy METEOPOIIOIIKY
CTaHHILY, OJTHOCHO OZJa0paH! BPEMEHCKH HHTEPBAIT
(1, 2, 3, 6, 12, 24... mecena). [TapameTpu o u B
onpeheHr cy MeToioM MaKCUMAITHE BEPOIOCTOJHOCTH
KOja IIacu:
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-

S
—
+
N
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SN———
>
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71 - UHTEPBAJI OCMaTparba IailaBuHa.

* Draught category, which is determined by
SPI values (table 1);

* Draught size calculated via the sum of SPI
values for each month from start to end of dry
period;

» Draught intensity, i.e. the ratio between
the size and duration of draught.

SPI is calculated upon the Gama precipitation
distribution, which is defined by the function
of density probability. Standard methodology
of calculations is necessary in order to use the
long-term observations, analyze the draught,
and match the results from different climate
locations.

The researches indicate that precipitation
falls under the law of Gama distribution. In
order to set the parameters to rank and shape
the function of precipitation probability density,
we use a standard or total period of observation
at a single weather station. For each station
and period, parameters to rank and shape the
function of precipitation probability density are
set. Gama precipitation distribution is defined by
using the density probability function which says
(Lloyd-Hughes and Saunders, 2002; Cancelliere
et al., 2007):

—-X

1 a-l
B”F(Oc)x eﬁ; for x > 0, in which :

g(x) =

o -shape parameter; - size parameter; X —
precipitation amount > 0; G(a) Gama function
defined by the following pattern:

(o) :Iy‘He—y
0

In order to calculate SPI, it takes setting the
Gama density probability function for a given
distribution frequency and period of calibration,
so that o and B parameters are set separately for
each weather station, i.e. a target time interval
(1,2,3,6,12, 24... months). Parameters referred
to as a and P are set by using the maximum
credibility method which says:

p X
~_ 1 44 B==
o =—[I1+ [— —

4A( 3) o

A=1In(x)- 2, 1)

n  n-interval of precipitation observation.
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JloGujenn mapameTpu ce Jajbe MpUMemYjy
3a oapehuBame KymylaTHBHE BepoBaTHohe
NaJIaBUHCKUX CyMa 3a JJaTH TIEPHOJT U BPEMEHCKY
cKkally u3abpaHe METEOpOJIOIIKEe CTaHUIIE.
KymynaruBHa BepoBaTHOha ce MOXKE TpUKa3aTH
U3pa3oM:

. -
)J-x e b dx
0

G(x)= j glxde= g

Ao ce ycBoju 1a je t=x/ p, cnencha jexnadunna
MOCTaje HEKOMILIETHA raMa (yHKIIHja:

C o063upom Ha TO na je rama (QyHKIH]a
HenepuHucana 3a x =0, a maJaBuHe MOTY U3HOCHTH
HyIla, KyMyJaThBHa BepoBaTHOha rocraje:

H=q+(1-q)-G(x), q — BepoBaTHOha magaBuHa
BrucuHe 0 mm.

Ako je m Opoj koju 03Ha4aBa KOJHMKO ITyTa
Cy HaJaBUHE W3HOCHIIE HyJa Yy BPEMEHCKOM
HU3Y, a n — Opoj ocMaTpama najiaBuHa, OHJa ce q
MOX€ OIPEIUTH Ka0 OJHOC OBa JIBa IMapaMeTpa:
q=m/n. KymynatuBaa BepoBaTHoha H(x) ce
TpaHcopMmuIIe y CTaHAApAHY HOPMAIHY
ClTy4ajHy IPOMEHJBUBY 3 ca CpeAOoM BpeaHohy
HYJIa ¥ BApUjaHCOM 1, Koja IpezicTaBiba BPEAHOCT
SPI.

Jakiie, npBu Kopak 3a u3padyHaBamwe SPI
je omabup pacmnonene BepoBarHohe (["ama,
HernoriiyHa bera pacmoaemna, Pirson III uth),
KOja oJlroBapa BPEMEHCKO] CepHjH MaJaBhHA. 3a
nyroroauimky nepuo (He kpahu ox 30 ronuHa),
HCTpaXKMBama Cy IMOKasaja Jla ce MaJaBUHCKE
cyMe (Ce30HCKe, TOMIIHE) HajOOJhe TTIOKOPaBajy
I'ama pacnozenu, koja ce Hajuemhe U KOPUCTH
(Cancelliere et al., 2007).

Hpyru xopak je TpaHcdopmanmja
(bpexBeHImja y Apyry pactoeny —y OBOM CIIy4ajy
y Hopmanny (I'aycoBy wnu Z- nuctpulyuyjy).
HajjennoctaBuuje, SPI je crTaructuuku
MoKa3aresb OJCTYyIama najaBuHa. Ykoiauko SPI
¥UMa MO3UTHUBHY BPEIHOCT, OHJAA Cy MajJaBUHE
Behe o HOpMaJe, JOK HeraTuBaH 3HAK yKazyje
Ha ne¢unut. Kajga je HopManu3oBaHa BpEIHOCT
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The obtained parameters are further applied
in order to set the cumulative probability of
precipitation sum for a given period of time and
the timeline of a chosen weather station. The
cumulative probability may be represented by
the following equation:
~ 1 N Ixz’_lef’ dx
Br(a);

G(x) = [g(x)dx=

If we assume that t=x/ B, the following
equation becomes an incomplete Gama function:

G(x) = j e dt

F()

As the Gama function id undefined for x
= 0, and precipitation value may be zero, the
cumulative probability becomes as follows:

H=q+(1-q)-G(x), q — probability of 0 mm
precipitation.

If we assume that m is the number
showing how many times precipitation was
zero within a time interval and n is the number
of observations, then q is the ratio of these two
parameters: g=m/n. the cumulative probability
H(x) is transformed into the standard normal
accidental variable Z with zero mean value
and variable 1, which represents the SPI value.

Thus, the first step to calculate the SPI is
the choice of probability distribution (Gama,
incomplete Beta distribution, Pirson III,
etc.) which complies with the time series of
precipitation. For a long-term period (not less
than 30 years), the research showed that the
precipitation sum (seasonal, annual) best obey
the Gama distribution, which is also most
frequently used one (Cancelliere et al., 2007).

The second step is the frequency
transformation into another distribution —
in this instance the normal one (Gauss or
Z-distribution). In simple words, SPI is the
statistical indicator of precipitation deviations.
If SPI is positive, then the precipitation is
larger than normal and if it is negative, it
means deficit. When the normalized SPI value
is zero, it means the precipitation is stagnant.
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SPI jennaka HysH, TO 3Ha4H J1a CE€ ca NalaBUHaMa
HUIITA HE JiellaBa (HeMa OJICTyNama).

3a motpebe oBor paja KopuiheHa je H3BOpHa
KaTeropu3aliyja yclioBa BIAXXHOCTU HA OCHOBY
SPI (tabena 1), kojy cy npemnoxmnu McKee et al.
1993. ronune. Tako je, Ha mpuMep, 3a JaTO MECTO
U BPEMEHCKY jeJMHHMILY, BepoBaTHoha mojaBe
ymepene cyme (SPI<-1) 15,9% (9,2+4,4+2,3), a
exctpemHue (SPI<-2) 2,3%. Hcra je BepoBarHoha
TI0jaBe yMEpEHe, OJHOCHO €KCTPEMHE BIIa)KHOCTH.

VY mpakcu ce Hajuenthe pauyna SPI za 1,
3, 6,91 12 mjecenu (SPI1, SPI3, SPI6, SPI9 i
SPI12), moceOGHO 3a CBaKy BPEMEHCKY CKaly.
[Togpazyme ce na mperxoaHo Tpeda ypaauTu
TpaHc(hopMaInjy y HOpMaJIHy pacrlojiely, TaKko
na je cpeama BpenHoct SPI 3a paty nokanujy u
BPEMEHCKH MHTEpBAJ HyJa, IITO 3HAYU Ja CY Y
50% cmydajeBa cyme maJiaBuHA OWIIE UCTION U Y
MCTO TOJIMKO M3HAJI IIPOCEKa.

For the purpose of the paper, we used
the authentic categorization of humidity
conditions based upon SPI (table 1) as was
suggested by McKee et al. in 1993. Therefore,
for a given location and time unit, the
probability of moderate draught (SPI<-1) is
15, 9% (9,2+4,4+2,3), and for the extreme
draught (SPI<-2) it is 2, 3%. The same is the
probability of moderate or extreme humidity.

Practically, we usually calculate SPI for 1,
3, 6,9 and 12 months (SPI1, SPI3, SPI6, SPI9
and SPI12) separately for each time scale. It
goes without saying that previously we should
have performed the transformation into the
normal distribution so that the mean values for
SPI of a target location and time interval are
equal to zero. This would mean that in 50%
of cases the sum of precipitation was below
and above the average equally.

Tab. 1. Knacugpuxayuja nadasunckux npuiuxa va ocHogy epeotocmu SPI
Tab. 1. Classification of precipitation based upon SPI values

Kareropwuja/ Category

Bpujennoct SPI/ SPI values

KymynaruBaa BjepoBaTtHOha
H (x)/
Cumulative probability H(x)

KymynaruBaa BjepoBaTtHOha
(%)
Cumulative probability (%)

ExcTpemHO BnaxHO

Extremely humid SPI>2,00 0,977 —-1,00 23
Jaxo BnaxxHO
Very humid 1,50 <SPI1<2,00 0,933 -0,977 4.4
YMjepeHo BIIaKHO
Modrately humid 1,00 <SPI< 1,50 0,841 -0,933 9,2
Hopwmainuu yciosu
BIIQKHOCTH -1,00 <SPI1< 1,00 0,159 -0,841 68,2
Normal humidity conditions
VYmjepena cyma
Moderate draught -1,50 <SPI<-1,00 0,067 - 0,159 9,2
Jaxa cyma
Strong draught -2,00 <SPI <-1,50 0,023 - 0,067 44
Ekctpemna cyma
Extreme draught SPI1<-2,00 0,000 — 0,023 2,3
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BA3A ITOOATAKA 1 METOJOJIOTUJA

AHaIu3upaHu Cy MOAAlM 3a MPEKY O1 &
METEOPOJIOIIKUX CTaHuIa 1 T0: buxah, bamanyky,
Jo60j u bujespuny y Ilepunanonckom obony,
JIuno, Mocrap u bunehy y XepueroBunu u
CapajeBo y LIeHTpaTHOM Op/ICKO-TIAHMHCKOM ey
boche u Xepuerosune. bawa Jlyka 0 44,80 ,17,21
h153m, JTo60j © 44,73 ,18,09 h147m, buneha o
42,86 ,18,42 h443m, bujessuna o 44,75 419,20
h97m, buxah o 44,48 ,15,51 h246m, CapajeBo
o 43,52 ,18,25 h630m, JIusuo o 43,49 ,17,00
h724m, Mocrap 0 43, 20 ,17,47 h99m. Cranwuie
TaKo NOKpHBAjy Behe (pu3uuko reorpadcke LeInHe
y bocuu n Xepnieropunu. Hajpehu 6poj cranuia
je y Ilepunanonckom obony (4), y kome ce H
Hana3u Behu €0 0OpaguBOT MOJFONIPUBPEIHOT
3eMJBHMINTA U TJAE Cyllla uMa HajBehu 3Hauaj] 3a
npuHoce. 3a BehrHy cTaHHIIA TOJIAIH 32 MECEUHE
KOJIMYMHE MaJJaBUHA Cy KOMIUIETHH, & TaMO TJI€ TO
HUje OMO CiTydaj, MHTEPIOJIMCAHU CY HAa OCHOBY
CycemHMX cTaHWma oj cTtpaHe denepamHor
XuapomeTeoposionikor 3apoaa buX.

3a cBe cTaHulle Kao peepeHTHU MEepPHOoJ 3a
SPI y3er je uctu vu3 oz 50 roguna (1961-2010.).
VYpahenu cy npopauynu 3a SPI1, SPI3 1 SP112. C
003UpPOM Ha CIIO)KEHOCT 00pajie U BEIIUKHU OpO]
yIa3HUX MojaTaka, HampaBJbeHa je momohHa
codBepcka noapika. OOuIbe ojaTaka u3HYIHIO0
je moTpeldy 3a CEeNEeKINjOM, TaKO J1a Cy y aHaJInu3y
y3etu 3a SPI12 noganu 3a kajaeHAapCcKy T'OIMHY,
a 3a a SPI3 nogauum 3a Mmereoposioiike ce3one. Y
oOpany cy y3ere cBe cymHe (SPI<=-1) u Brnaxxue
(SPI=>1) Bpennoctu oapeheHe BpeMeHCKe Ty>KUHE
(3a SPI1, SPI3 1 SPI12).

PE3VIITATU U ANCKYCUJA SPI 3A
I'OJUHY -SPI12

V¥ nocmarpanom nepuony on 1961 no 2010.
Ha cranunaMa y Xepuerosunu (JIlusno, Mocrap
u buneha) muueapuu Ttpenn SPI12 Ouwo je
HeraTuBaH (0110 je A0 noBehawa CyHIHOCTH),
aJIi TIPOMEHE HUCY OMJIE CTAaTUCTUYKM 3HA4ajHE.
Ha ocranum cranuiiama 3a0enexeH je Mo3uTHBaH
JIUHEApHU TPEH]I, aJU je jennHo y bujessran 61o
cTaTucTUUKU 3Ha4yajaH Ha p=0.05 (rpaduxon 1).
Llooyd-Huges u Saunders (2002) xoncraryjy aa
ce mporeHar noapydyja y EBpornu koja cy Ouia
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DATABASE AND METODOLOGY

The eight weather stations were observed
as follows: Biha¢, Banjaluka, Doboj and
Bijeljina in the Peri-Pannonian range; Livno,
Mostar and Bile¢a in Herzegovina, and
Sarajevo in the central highland part of Bosnia
and Herzegovina. Banja Luka o 44,80 ,17,21
h153m, Doboj 0 44,73 ,18,09 h147m, Bile¢a o
42,86 ,18,42 h443m, Bijeljina 0 44,75 ,19,20
h97m, Biha¢ o 44,48 ,15,51 h246m, Sarajevo
0 43,52 ,18,25 h630m, Livno o0 43,49 ,17,00
h724m, Mostar 0 43,20 ,17,47 h99m. Hence,
the stations cover larger physical-geographical
region in the country.

Most stations were within the Peri-
Pannonian range (4) where most cultivated soil
was located and where the draught effects were
most relevant for the crops. Data on monthly
precipitation at most stations were complete,
and in cases where it was not possible they were
inter-poled based upon the neighboring stations
as provided by the Federal Weather Institute
of BiH.

The referent SPI time period for all stations
was a fifty-year range (1961-2010.). The SPII,
SPI3 and SPI12 calculations were run. As the
processing was complex and the data were vast,
an additional software support was designed. The
amount of data called for a necessary selection
so that we took SPI12 data for a calendar year
and SPI3 data for a meteorological season. We
processed al the draught (SPI<=-1) and humid
(SPI=>1) values for a certain time duration (for
SPI1, SPI3 and SP112).

RESULTS AND DISCUSSION
SPI FOR -SPI12 YEAR

During the observed 1961-2010 period, there
was a linear negative SPI12 trend at weather
station in Bosnia and Herzegovina (there were
the increased draughts) but the changes were
not statistically relevant. Other stations marked
a positive linear trend but it was only in Bijeljina
that it was statistically important at p=0.05
(graph 1). Llooyd-Huges and Saunders (2002)
concluded that the percentage of European areas
struck by extreme or moderate draught did not
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3axBaheHa EKCTPEMHOM WJIM YMEPEHOM CYIIOM
HUje CUTHU(UKAHTHO MEHao TOKoM 20-0r Beka.
Hajsehu mpoctop cymia je 3ay3umana 1983.
u 2003. ronuHe Kaja je 7 cTaHula UCTOBPEMEHO
nokasuBaso BpeaHoctu SPI12 Huke uim jeHaKo
on -1. IlpoctopHy mucTpuOyuujy cyme cMo
aHaAJIM3MpaJId U Ha OCHOBY Kapara Koje ce MOry
Kpeupatu Ha cajty Drought Management Center for
South Eastern Europe (DMCSEE) (http://dmcsee.
org/). Ilpopauynu 3a u3pay kapara cy ypahenu Ha
OoCHOBY pedepentHor nepuona 1961-1990.
PenaruBHO Manu 6poj ciTydajeBa eKCTPEMHUX
BpenHoctu SPI mo nekanu orexxkaBa Tymauerma
MehyaekagHuX TpOMEHa MO TOjeAUHAYHUM
cranunama. Tako, y JIuBHy y mocieame Tpu
IocMaTpaHe JIeKajie jaBujie cy ce Mo 2 eKCTPEMHO
CyLIHE TOAMHE, JIOK y TpBE ABE HHUje OMio
HUJEe/IHE, TAaKO J1a HUje MoTyhe pehu Koja fexana je
HAajCyIIIHH]a, jep Cy TPH JeKaJIe TIO/IjeHAKO CYIITHE.

significantly change in 20th century.

The draught was most severe in 1983 and
2003 as seven stations simultaneously displayed
SPI12 values lower or equal to -1. The spatial
distribution of draught was analyzed based
upon the maps that may be created at Drought
Management Center for South Eastern Europe
(DMCSEE) (http://dmcsee.org/). The calculation
for map design was done in compliance with the
referential 1961-1990 period.

A relatively small number of cases of
extreme SPI values per decade make it difficult
to interpret the inter-decade changes at each
station. Thus, in Livno over the last three
decades there were two extremely dry years
and during the first two there was none so it is
not possible to say which decade was most dry
as all three decades were equal.

]

Ipag. 1. Mehyzoouwre npomene SPI12 na memeoponowkoj cmanuyu bujemuna
Graph 1. Interannual change of SPI112 at Bijeljina weather station

Bpoj MeTeopoomknx craHua Ha KOjuMa je
perucTpoBaHa cyma je y y nepuoxy 1961-2010.
pactao no cronu ox 1,3 mo Beky (rpaduxoH 2,
rope JieBo), TO OM yKa3uBajloO Ha TO Ja pacrte
npocTopHu o0yxBaT cymia. MehyTum, npomena
HUje CTAaTUCTHYKHU 3Ha4yajHa. C npyre cTpaHe, U
OpOj eKCTPEeMHO BIaKHHUX rofnHa (TpauKoH 2,
rope JIecHo), je y mopacty (1,7 mo Beky, Takohe
CTaTUCTUUYKH HecurHudukantHo). [Ipoct 36up
Opoja cTaHHIIa Ha KOjuMa Cy 3a0ei1e)KeHe CKCTPEMHO
BJIQXKHE U EKCTPEMHO CYyIIHE TOAMHE yKasyje
Ha noBehame Opoja cTaHHMIAa ca E€KCTPEMHHUM
BpeaHocTUMa 01 1,1 cTaHwmIIe O BEKy, ajiy HHU OBaj
MOPAaCT HHje CTaTUCTHYKU 3Ha4ajaH (TpaduKoH 2,
JI0JI€ JIEBO).

The number of weather stations that
registered draught within 1961-2010 period
grew at the rate of 1, 3 per century (graph
2, upper left), which might indicate that the
draught regions are becoming larger. On the
other side, the number of extremely humid
years is growing (graph 2, upper right) (1,
7 per century, also statistically irrelevant).
The simple sum of stations that registered
extremely humid and extremely dry years
indicates and increase in number of stations
with extreme values of 1, 1 station per century
but is also statistically insignificant (graph 2,
lower left).
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Ipag. 2. Mehyeoouwree npomene bpoja memeoponowkux cmanuya ca: SPI12<=-1 (ecope neso),
SPI12=>1 (eope decno) u SPI12<=-1i SPI12=>1 (done)
Graph 2: Interannual change in number of weather stations: SP112<=-1 (upper left),
SPI12=>] (upper right) and SP112<=-1and SP112=>1 (lower)

Ha 5 cranuma ce jacHo uznBaja aekana 1981-
1990. xao najcymnuja (buxah, bamanyka, /1060j,
Mocrap u buneha). ¥ CapajeBy nexane 1981-1990.
u 1991-2000. Mmajy o 3 cymiHe roauHe, JI0K je
y bujessunn HajcymHMja mocnenmpa aekaaa ca 2
CyILIHE TOJIMHE.

Ha nonoBunm cranuina (4) MakcuMamias 0poj
BIQXXHUX TOAMHA 3a0€NexeH je y MOCIeAmO]
nekaau 2001-2010. (y buxahy, J1o60jy, bujessunmu,
CapajeBy). Y bunehu je 6uo momjennak Opoj
BiIakHUX roguHa y 2001-2010. u 1971-1980., a y
bama Jlyuu u JIuBHY HajBUILIE UX je OWIIO Y IeKaIH
1971-1980. Camo je y MocTapy HajBHILIE BIaXXHUX
roauHa Ouo y aekaau 1961-1970.

JHakre, jacHo ce u3nBajajy aekama 1981-
1990. ca Hajehum 6pojem cymraux u 2001-2010.
ca Hajehum OpojeM BIKHUX TonuHa. Y JIeKaau
1981-1990. cy u Bpennoctn CeBEpHO aTIaHTCKE
ocinanyje (NAO) u Apkruuke ocimnanmje (AO),
Kao JIOMUHAHTHUX MOJa Koiebama IMaJaBUHA Y
EBpormu, omHOCHO CeBepHO] xeMuchepn umaie
HajBue Bpegoctu. Y nekamu 2001-2010. NAO
MHJIEKC je JOCTUTa0 HajHM)KE BPETHOCTH. (Tabena
2). ApKTHYKa OCLMJIALMja IPEACTaBba PA3IUKY
y Ba3IyIIHOM MPUTHCKY Ha HUBOY Mopa u3Mely
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At five stations, the 1981-1990 decade
was most dry (Biha¢, Banjaluka, Doboj,
Mostar, and Bileca). In Sarajevo, 1981-1990
and 1991-2000 decades had 3 dry years each,
and in Bijeljina the driest was the last decade
with two dry years.

At half stations (4), the maximum number
of humid years was in the last decade 2001-2010
(in Biha¢, Doboj, Bijeljina, and Sarajevo). In
Bilec¢a, there were an equal number of humid
years in 2001-2010 and 1971-1980. In Banja
Luka and Livno, most humid years were in
1971-1980. It was only in Mostar that most
humid years were 1961-1970.

Hence, 1981-1990 had most dry years
and 2001-2010 had most humid ones. During
1981-1990 decade, the values of North Atlantic
Oscillation (NAO) and Arctic Oscillation (AO)
being the dominant model of precipitation
fluctuation in Europe (north atmosphere) were
the highest. During 2001-2010, NAO index
reached the lowest values (table 2). Arctic
Oscillation is the difference in air pressure at
the sea level between the 37-45N0Arctic belt
(http://jisao.washington.edu/ao/), and NAO
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Apkruukor mojaca mojaca 37-45NO0. (http:/
jisao.washington.edu/ao/), nox ce NAO uHIeKC
TPaJMIIMOHAITHO Jie(DUHHUIIIE KAa0 HOPMAIIU30BaHA
pasiuKa y MpuTHCKY n3mel)y jeHe MeTeopoIoIIKe
cranuile Ha Azopuma u apyre Ha Mcnanny (http://
www.cru.uea.ac.uk/cru/data/nao/).

index is traditionally defined as a normalized
difference in pressure between a weather
station in Azure and the other one in Iceland
(http://www.cru.uea.ac.uk/cru/data/nao/).

Tab. 2. Jlexaone epeonocmu Cesepro amaanmcke ocyunayuje (NAO)! u Apxmuuxe ocyunayuje (A0)?
Tab. 2. Decade values of North Atlantic Oscillation (NAO)! and Arctic oscillation (AO)?

Apkrruka ocumnaiuja (AO)/ CeBepHO aTyIaHTCKa OCIMIaldja

Hexane/ Decade Arctic oscillation (AO) (NAO)/North Atlantic Oscillation
(NAO)
1961-1970 -0.321 0.000
1971-1980 -0.109 -0.003
1981-1990 0.074 0.224
1991-2000 0.027 0.061
2001-2010 -0.130 -0.495

! http.//'www.cpc.ncep.noaa.gov/products/precip/CWlink/daily ao_index/monthly.ao.index.b50.current.ascii.table;

’h ttp://www.cru.uea.ac.uk/cru/data/nao/

Hurrell u van Loon (1997) yrBpaunu cy na
NAO uma yrtunaja Ha kauMmy Epone. Curnan
NAO y UMKIMYHOCTH NajnaBuHa y PemyGmuim
Cprckoj younnu cy u Hymwh et al. (2008).

Ha wmehyroaumme Bapwujaunuje, Takohe,
y BEJMKO] YTUUy NpPOMEHE Yy LUpPKYyJaluju
armocepe. [Ipopauynu cy nokazanu HajOOIbY,
CTaTUCTUYKU 3HayajHy Be3y u3Mmely ApkTuuke
ocumnanyje (AO) u SPI12 3a Mocrap (r=-0.72).
Makcumanne Bpujennoct SPI 6une cy 2010.,kana
je Owmna HajHmka BpujeaHocT AO, a cCeKyHAapHH
muHumMyM SPI nonynapa ce ca ceKkyHIapHUM
MakcumymoM AO (rpadukoH 3).

Hurrell and van Loon (1997) proved that
NAO affected Europe climate. NAO signal in
precipitation cycle in the Republic of Srpska
was also observed by Duci¢ et al. (2008).

The interannual variations also largely
affect the shift in atmosphere circulation.
Calculations indicate the best, statistically
relevant connection between AO and SPI12
for Mostar (r=-0.72). Maximum SPI values
were in 2010 with the lowest AO value, and
the secondary SPI minimum matched the
secondary AO maximum (graph 3).

LU TH]
=

I'pagh. 3. Mehyzoouwre npomene SPI12 y Mocmapy u Apkmuuka ocyunayuja
Graph 3. Interannual changes of SPI112 in Mostar and Arctic Oscillation
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SPI 3A CE3OHE - SPI3

Ananu3za nuHeapHor Tpennaa 3a SPI3 3a
(dhebpyap (mereoposomka 3uMa — nerneMoap
nporekie — (edpyap Tekyhe rogune) mokasyje
73 je y TIOCMaTpaHoOM TIepHOJy Ha CTaHUIaMa y
Xepuerosunu (JIuBno, Mocrap u buneha), kao u
y CapajeBy u J1000jy npucyTan cunazau Tpes SPI
(momwto je o moBehama CyIHOCTH), aJTi TPOMEHE
HUCY OuJle CTaTUCTUUKY 3HavyajHe. Y buxahy bama
Jlyuu u bujesbuHu TpeH je HeCUTHU(DUKAHTHO
MO3UTHBAH.

Hajsehu npoctop cyma je 3ay3umana y 3umy
1975., 1989. u 1990. rogune kxana je cBuX 8
CTaHMIIa UICTOBPEMEHO MOKa31Bajio BpenHocTH SPI
HWKE WIH jeTHAKO o] - 1. 3aHUMIBHUBO j€ J1a Cy JIBe
eKCTPEMHO CYyIIIHE 3UMe 3a0esexeHe y 2 cycenHe
ronuHe (1989 u 1990.), mpu uemy cy cyuiHe 3ume
1990. na tpu cranune (bama Jlyka, CapajeBo u
Mocrap) 3abenexxeHne HajHIke BpeqHocTH SPI
y nocMmarpanHoM nepuonay. Y nomaim DMCSEE
nokasyjy na cy y sumy 1990. Benuku nenosu JU
EBporie 6mm 3axBahenu cy1iom, a J1a je Ha TOTOBO
nenoj repuropuju buX oHa mMana ekcTpeMHH
KapakTep (ciuka 1, rope 1eBo).

[Tocmarpano 1o fekaama, Ha BehrHu cTaHuIa
ce m3aBajajy 1971-1980. u 1981-1990. xao nexane
ca HajBehuM Opojem CyITHUX 3UMa, JI0K je HajBehu
Opoj BnaxxHux 0mo y npBoj nekamu (1961-1970).
VYrpaBo y 3MMCKOj CE30HH 3a0enexeHe Cy Hajoosbe
Kopesanuje ca napamerpuma mupkynanuje NAO
i1 AO, npu uemy je IlupcoHoB KoeduLMjeHT
KOpeJalyje IIOHOBO JIOCTHTA0 HAjBHIIIE BPEAHOCTH
m3mehy AO u SPI3 3a Mocrtap on -0.73 (rpadukon
4). Lopez-Moreno u Vicente-Serrano (2008)
no6wu cy cauyse pesyntare 32 NAO v najaBuHe

y jykHoj EBpornu.

SPI FOR SEASONS - SPI3

The analysis of linear SPI3 trend for
February (meteorological winter — December
of the previous year — February of the current
year) indicates that during the observed period
in Herzegovina weather stations (Livno,
Mostar, and Bile¢a) and in Sarajevo and
Doboj the SPI trend was decreasing (draught
increase) but the changes were not statistically
relevant. In Biha¢, Banja Luka, and Bijeljina,
the trend was insignificantly positive.

Draught expansion was largest in winters
of 1975, 1989, and 1990 as all eight stations
simultaneously measured SP3 values lower or
equal to -1. It is interesting that there were
two extremely dry winters in two consecutive
years (1989 and 1990) and in winter of 1990
three stations (Banja Luka, Sarajevo and
Mostar) registered the lowest SPI values for
the observed period. Even DMCSEE data
showed that in winter of 1990, large parts
of SE Europe were struck by draught and in
almost whole of BiG territory that draught was
extreme (Picture 1, upper left).

From the decade point of view, most
weather stations indicated 1971-1980 and
1981-1990 to have had most dry winters, and
1961-1970 periods was most humid. It was
the winter season that marked best correlation
with NAO and AO parameters, in which Pirson
correlation coefficient again reached highest
values between AO and SPI3 for Mostar (-0.73)
(graph 4). Lopez-Moreno and Vicente-Serrano
(2008) obtained similar results for NAO and
south Europe precipitation.
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I'pagh. 4. Mehyeoouwre npomene SPI3 3a ¢hebpyap y Mocmapy u Apkmuuka ocyunayuja
Graph 4. Interannual SPI3 changes in Mostar in February and Arctic oscillation
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Jluneapuu Tpenn SPI3 3a Maj (METEOPOIIOIIKO
nposniehe) HY Ha jeTHO] CTAHUITY HUjE CTATUCTUYKH
3Ha4yajaH, a Hema HU ojapehene reorpadcke
NPaBHJIHOCTH y 3HAKY TPEH/IA.

Hajsehu npocrop cyma je 3ay3umana 2003. Tor
nponeha cya je 3a0enexeHa Ha CBUX 8 CTaHMIIA,
a 4ak Ha 7 je 3a0enexXeH arncolyTHU MHUHUMYM
BpenHocTu SPI, Tako a ce y cBakoM MOIIEAY MOXKE
cmarpatu ekctpemHoM. DMCSEE kapra takobe
MOKasyje J1a Cy U cycenHe 3eMJbe Omie 3axBaheHe
cymoM (u3y3umajyhu ucrouny Cp6wujy), a na je
Ha 11e710] TepuTopuju buX oHa MMmaa eKCTpeMHU
kapakrep.(ciuka 1, rope necHo). 'y CrnoBenuju je
cymra 2003., Onira HajeKCTpEeMHU]ja 3a TIOCIE X
50 roaMHa, a MOJHONPUBpPEAHA Cylia je Ouia
npahieHa 1 eKCTPEMHO BHCOKHM TeMIIeparypama
u nosehanom eBanorpancnuparujom (Ceglar et
al. 2008).

Hajsehu 6poj cymnmx nponeha je Ha cTaHuIama
Ha cesepy (bama Jlyka, [1060j, bujespuna) 6uo
y nexkaau 1971-1980. ¥V Huckoj XepreroBuHu
(Mocrap u buneha) Hajpuie cymHux mposeha je
owno y nexamu 1991-2000. Ha ocranum cranuiiama
HEMa M3pa3uTe KOHICHTpaIHje CyITHuX mposeha
y jemHoj nekamu. Y TOTIeAy BIaKHUX mpoieha
U3pa3uTa KOHLICHTpalMja Ce 3araka Ha CTaHhIaMa
bama Jlyka, /1060j 1 JIuBHO (ca 1o 4) y nociemoj
nekaau (2001-2010.).

Jluneapuu Tpena SPI3 3a asryct
(METeopOJIONIKO JIETO) je HeratuBaH Ha BehuHu
cranuna (5), makie, gouuio je mo moBehama
CYIIHOCTH,IIpY yeMy je 3a buxah u bunehy tpenn
CTaTHCTUYKU CUTHU(DHKAHTAH. Y TP rOMHE CyIlia
je 3abenexxena Ha mo 6 cranuna (1971, 2000 u
2003.) Hajehu nnaTesutet je umana 2000. kana je
Ha crannnama bama Jlyka, bujessuna, CapajeBo u
JIuBHO 3a0ernexeHa arcoyTHO HajHIKA BPETHOCT
SPI. Ha DMCSEE kpeupaHnoj KapTé BUAM C€ Ja
j€ Ha TOoTOBO 11eI10j TepuTopHuju buX 3adenexena
eKCTPEMHA, & CaMO y YCKOM I10jacy Ha KpajibeM
JYTOHMCTOKY CyIllIa je OKapakTepucaHa Kao jaka
(cnuka 1, gone 1eBo).

Hajsehu Opoj cymHux jiera je Ha MOJOBHHU
cranuna 6uo y nexaau 2001-2010. (buxah, bama
Jlyka, JIusno u buneha), nox je y Mocrapy nopen
MOCJIehe, TOjeTHAK OpOoj CYIIHUX JeTa OHO Yy
nekaau 1981-1990. (no 3), ay bujesbunn y nexaau

SPI3 May linear trend (meteorological
spring) was statistically significant at no
station and there was no trending geographical
regularity.

The year of 2003 had most draught. In
spring, draught was observed at all eight
weather stations and seven stations had the
absolute SPI minimum so we can refer to this
year to have been extreme. DMCSEE map also
indicates that the neighboring countries were
also struck by draught (except east Serbia) and
the whole of BiH territory suffered extreme
draught (picture 1, upper right). Even in
Slovenia, 2003 draught was most extreme
in the last fifty years, and the agricultural
draught was accompanied by extremely high
temperatures and increased evapotranspiration
(Ceglar et al. 2008).

Most dry springs were registered in north
(Banja Luka, Doboj, and Bijeljina) in 1971-
1980. In Herzegovina (Mostar and Bileca),
most dry springs were registered in 1991-
2000. Other stations did not have any extreme
concentration of dry springs within a single
decade. Humid springs were typical of stations
in Banja Luka, Doboj, and Livno (4 each) over
the last decade (2001-2010).

The linear SP13 August trend
(meteorological summer) was negative for
most stations (5) so there was a draught
increase and it was statistically relevant for
Biha¢ and Bilec¢a. In three years draught was
typical for six stations (1971, 2000 and 2003).
The intensity was strongest in 2000 as weather
stations at Banja Luka, Bijeljina, Sarajevo and
Livno measured absolutely lowest SPI values.
DMCSEE map displays extreme draught in
almost whole of BiH and it was only in a
narrow southeast belt that the draught was
strong (picture 1, lower left).

At half the stations, most dry summers
were during the 2001-2010 decade (Biha¢,
Banja Luka, Livno and Bile¢a) and in Mostar
the same number of dry summers was in 1981-
1990 (3) and in Bijeljina in 1971-1980 (2).
Therefore, 6 of 8 weather stations showed that
the last decade had most summer draughts.
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1971-1980. (mo 2). dakie, Ha 6 on 8 craHuua
MOCTIEba JIeKala CaMOCTAITHO MIIM €2 jJOII HEKOM
¢burypupa kao aekasa ca Hajpehum 6pojeM CyIHIx
JIeTa, IITO HECYMEbUBO ITOKA3Yje 11a j€ Y TOCIIEH0]
JIeKa]TH JOIIUIO J10 oBeharba y4eCTaloCTH JICTHHX
cymia.

Mehytum, ako ce y pasmarpame y3My U
BJI&YKHA JIeTa, BUAM ce Aa Ha 5 cranuna ( bama
Jlyka, J1060j, bujersuna, CapajeBo u Mocrtap)
MOCTIEba JISKala CAMOCTATHO MIIM €2 JOIII HEKOM
YMHU JIeKay ca HajBehum OpojeM BIaKHHX JIeTa.
Jlakjie, OCUM CYyIIHHX, y TOCIEI0j ACKAIN Ce
nosehasia ¥ y4ecTajaocT BIaXHHX JIeTa, IITO je
nonpuHeno Tome na je aekaga 2001-2010. Ha 6
CTaHUIIa UMaja HajBehu OpOj EKCTPEMHHUX JIeTa y
NaJABUHCKOM TOTJISITY.

Jluneapuu tpenn SPI3 3a nHoBembap
(MeTeopoIIoIIKa jECeH) je TO3UTUBHOT 3HAKa Ha
CBHM CTaHMIaMa, ocuM y JIMBHY, mpu yemy je
y bujesbunn u craructuuku curaudukantad. 1
TMIOpE/] TOTa IITO j€ TPEH I 32 [Ie0 IIOCMATPAHHU IIEPHOJT
OMO TIO3UTHBAH, je/IIHA JECEH KaJla Cy CBE CTAaHUIIC
OerexuIIe CyIry, Ouiia je Ipy Kpajy Mmeprojia u To
2006. ronune, pu yemy je y bama Jlymm u J1060jy
3aberne)keHa arcoryTHO MUHUMasIHa BpeqHocT SPI.
Kapra xpeupana na cajry DMCSEE mnokazyje na
je Behu nieo 3amagHoOr Aena 3eMibe, Kao U Kpajibu
JYTOMCTOK MIMA0 €KCTPEMHO CYIIHY jeceH (CIUKa
1, monme necHo). Ce craHule Cy 3abenexuiie
eKCTPEMHO BIaxkHy jeceH 1974. u 1996. ronune.

Nevertheless, if we consider the humid
summer, we shall see that for five stations (
Banja Luka, Doboj, Bijeljina, Sarajevo, and
Mostar) the last decade (separately or in a
combination) had the largest number of humid
summers. Hence, except dry summers, the
last decade saw a higher frequency of humid
summer periods, which caused 6 stations in
2001-2010 decade to have had most extreme
summers with reference to precipitation.

The linear SPI3 November trend
(meteorological autumn) was positive for all
stations except in Livno. In Bijeljina, it was
statistically relevant. Even though the trend
was positive during the whole observed period,
the only autumn that all stations registered as
dry was in 2006 — Banja Luka and Doboj had
the absolute SPI value minimum. DMCSEE
map indicated that most west parts of the
country and far southeast had extreme autumn
(picture 1, lower right). All weather stations
have extremely humid autumn in 1974 and
1996.



AHAJIN3A TAZJABIHA U CYIIA HA TEPUTOPUIN BX HA OCHOBY CTAHZAPAN30BAHOI" THJIEKCA ITAJTABIHA (SPI)

ANALYSIS OF PRECIPITATION AND DRAUGHTS ON BIH TERRITORY BASED UPON STANDARDIZED PRECIPITATION INDEX (SPI)

| SP1 Feb 183 (3 row Tha

SR By o0 I:L'l. i s )

Cn. 1. Ilpocmopnu pacnopeo cywie y jyeoucmounoj Eeponu 3a:
T'ope neBo - SPI3 3a ¢ebdpyap 1990. (http://www.dmcesee.org/en/spi/?year=1990&month=Feb& TimeScale=3&DataType=GPCC),
T'ope necHo - SPI3 3a maj 2003. (http://www.dmcsee.org/en/spi/?year=2003 &month=May& TimeScale=3&DataType=GPCC),
JHome neBo - SPI3 3a aBryct 2000. (http://www.dmcsee.org/en/spi/?year=2000&month= Avg& TimeScale=3&DataType=GPCC) i
JHome necno - SPI3 3a HoBemOap 2006. (http://www.dmcsee.org/en/spi/?year=2006&month=Nov&TimeScale=3&DataType=GPCC)

Pic. 1. Spatial distribution of draught in SE Europe:
Upper left - SPI3 February 1990. (http://www.dmcsee.org/en/spi/?year=1990&month=Feb& TimeScale=3&DataType=GPCC),
Upper right - SPI3 May 2003. (http://www.dmcsee.org/en/spi/?year=2003&month=May& TimeScale=3&DataType=GPCC),
Lower left - SPI3 August 2000. (http://www.dmcsee.org/en/spi/?year=2000&month= Avg& TimeScale=3&DataType=GPCC) and
Lower right - SPI3 November 2006. (http://www.dmcsee.org/en/spi/?year=2006&month=Nov&TimeScale=3&DataType=GPCC).

[Tocmarpano mo jaexkajgama, HajBedu Opoj
CYIIHUX jecenu je Ouno y nexaau 1981-1990., kana
je Ha 5 cranuiia 3a0esnexeH MaKCUMyM CaMOCTAJTHO
WK Ca JOIII HEKOM JICKaJIOM. Y TIOCIIeIH0] IeKaIH
HU Ha JeZIHOj CTaHHULIU HUje 3a0eNIeKeH MAKCUMYM
CYILIHUX jECEHH, ]I j€ HAa CBUM CTaHMI[aMa HajBehn
Op0j BIQXKHUX jeCeHH 3a0eJIe)EH Y JeIHO] Wi 00e
JieKazie pu Kpajy nocmarpasor Hu3za (1991-2000.
u 2001-2010).

3AKJbYYHAK

Amnanuzupanu cy nozgau 3a SPI 3a mpexy o
8 mereoposomkux cranuna (buxah, bamanyky,
JHlo60j bujemuny, Jlusno, Mocrap bunehy u
CapajeBo). Cranune nokpusajy Behe Quznuko
reorpadcke nennHe y bocan n Xepreropunu. 3a
CBe cTaHuIle kao pedepertnu nepuoy 3a SPI yzer
je uctu Hu3 on 50 romuna (1961-2010.). O6ume
MOJIaTaKa j€ 3aXTEeBAJIO CEJIEKIIH]jy, TaKO Jia Cy 3a

Prom the decade point of view, driest
autumns were in 1981-1990 as five stations
had maximum values. Over the last decade,
no station registered maximum dry autumn
but that all had the largest number of humid
autumn in one or two last decades of the
observed period. (1991-2000 and 2001-2010).

CONCLUSION

The SPI data were analyzed for eight
weather stations (Biha¢, Banjaluka,
Doboj, Bijeljina, Livno, Mostar, Bileca,
and Sarajevo). The stations covered large
physical-geographical regions in Bosnia and
Herzegovina. The referential period for all
weather stations was the same, i.e. a fifty-year
range (1961-2010). The vast data demanded



BJIIAJIAH VLUK, JPATAH BYPUR, TOPAH TPEU'R U PAJIYIIIKA LIVIIAR
VLADAN DUCIC, DRAGAN BURIC, GORAN TRBIC AND RADUSKA CUPAC

SPI12 obpalenn nopam 3a KaJeHIApCKy TOIUHY,
a 3a SPI3 momamm 3a meteoposnomike ce3one. ¥Y
o0pany cy y3ere ce cymHe (SPI<=-1) u Bnaxxne
(SPI=>1) BpenHoctu onpeheHe BpeMeHCKe Ay>KUHE
(3a SPI1, SPI3 u SPI12).

V nepuony on 1961 no 2010. Ha cranunama
y XepueroBunu (JIluBHo, Moctap u buneha)
mmHeapHu Tpen SPI12 je 6ro Herarusa (0110 je
10 moBehama CyIHOCTH ), aJTi IPOMEHE HUCY Ouie
CTAaTHCTUYKH 3HadajHe. Ha ocranmM ctaHniama
3a0eIIeKEH je TIO3UTHBAH JIMHEAPHU TPEH/I, aJlH je
jenuHo y bujesbuHM OHMO CTATUCTUYKK 3HAuYajaH.
Hajsehu npoctop cyma je 3ay3umana 1983. n 2003.
TO/IMHE Ka/1a j€ 7 CTaHWI[a HICTOBPEMEHO MTOKa3HBAJIO
BpenHoctu SPI12 Hike nmm jeanako ox -1.

bpoj MeTeoponomKkux craHulia Ha Kojuma je
peructpoBana cyma je y y nepuoay 1961-2010.
pacrao no ctonu of 1,3 no Beky. C nipyre crpane,
1 OpOj EKCTPEMHO BJIAKHUX TOJMHA € Y MOPACTY
(1,7 mo Bexy), 36up Opoja cTaHuIla HA KOJUMA CY
3a0elieKeHEe eKCTPEMHO BIIAXKHE M EKCTPEMHO
CYIIIHE TOJIHE yKa3yje Ha oBehame Opoja cranuia
ca eKCTpEeMHUM BpenHoctuMa of 1,1 cranuiie no
BeKy. MelhyTuM, HujeJHa 071 OBUX NMPOMEHA Huje
CTaTHCTUYKH 3HAYAjHA.

JacHo ce m3nBajajy mexama 1981-1990. ca
HajBehum Opojem cyraux 1 2001-2010. ca Hajeehum
OpojeM BrnaxkHux roauHa. Y aexaau 1981-1990. cy u
BpenHocty CeBepHo amtanTcke ocuuanyje (NAO)
u Axtruke ocitanyje (AO), ka0 JOMHUHAHTHUX
MoJia konebama nagaBuHa y EBporu, oIHOCHO
CeBepHOj xeMucepy uMaie HajBUIIIe BPEIHOCTH.
VY nexaau 2001-2010., NAO unAeKc je JOCTUTrao
HajHKe BpenHocTu. Ha mehyromumime Bapujaryje,
Takole, y BEeIMKO] yTHUY NIPOMEHE Y ITUPKYJIAIH]H
arMocdepe. IlpopauyHu cy mokazanu HajoOIbY,
CTAaTUCTUYKH 3Ha4ajHy Be3dy m3Mehy AO u SPI12
3a Mocrap (r=-0.72). Makcumainse Bpeaaoct SPI
cy owmre 2010., kama je Owiia HajHUKA BPEIHOCT
AO, a cexynnapuu MuHumyMm SPI ce nogynapa
ca cekyHIapHuMm MakcumymoMm AQO. Y npBom
HanmonanHoM u3BenITajy je iHaye KOHCTaTOBaHO je
Jla ce 3Ha4YajHe POMEHe MOTy BUzeTH y Mocrapy,
I7ie Cy NMPOCEYHE KOJIWYMHE MaJaBUHA Y MEpHOLY
1982-2007. 3HaTHO HMXKE HETO y mepuony 1956-
1981. y cBuM Meceruma, OCHM y CenTemMopy.

Amnanu3za nuHeapHor Tpenaa 3a SPI3 3a
¢bebpyap (MeTeoposolIka 3UMa) MOKasyje Ja
jé y mocMmaTrpaHOM IEpHOAYy Ha CTaHUIama y
Xepuerosunu (JIuBHo, Mocrap u buneha) , kao u
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a selection criterion so that the processed
data for SPI12 covered a calendar year and
SPI3 data covered a meteorological season.
The processing included all the dry (SPI<=-1)
and humid (SPI=>1) values of a specific time
interval (for SPI1, SPI3, and SPI12).

During the 1961-2010 periods, all stations
in Herzegovina (Livno, Mostar, and Bileca)
had a negative linear SPI12 trend (increased
draught) but the changes were not statistically
significant. Other stations had a positive
trend and only in Bijeljina it was statistically
relevant. Draught covered most area in
1983 and 2003 as seven weather stations
simultaneously displayed SP12 values lower
or equal to -1.

The number of weather stations with
draught during the 1961-2010 period grew
per 1, 3 in a century. On the other hand, the
number of extremely humid years grew (1,
7 per a century). The sum of stations having
registered extremely dry and extremely humid
years indicated that the stations with extreme
values grew 1, 1 per a century. Nevertheless,
none of the changes was statistically relevant.

1981-1990 decade had most dry and
2001-2010 decade had most humid years.
During 1981-1990, values of North Atlantic
Oscillation (NAO) and Arctic Oscillation
(AO) along with the dominant European
precipitation fluctuations were highest for the
north atmosphere. In 2001-2010, NAO index
reached its lowest values. The interannual
variations also largely affected the atmosphere
circulations. Calculations showed the best
statistically relevant difference between AO
and SPI12 for Mostar (r=-0.72). Maximum SPI
values were in 2010 when AO was the lowest
and the secondary SPI minimum matched the
secondary AO maximum. The first National
report concluded that changes were significant
in Mostar where mean precipitation in 1982-
2007 was lower than in 1956-1981 for all
months except September.

Analysis of linear SPI3 February trend
(meteorological winter) showed that the SPI
trend decreased at all stations in Herzegovina
(Livno, Mostar, and Bile¢a) and in Sarajevo
and Doboj but it was not statistically important.
In Biha¢, Banja Luka, and Bijeljina, the trend
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y CapajeBy u J1060jy nipucyran cunasau Tpers SPI
(momwo je 1o moBehama CYIIHOCTH ), aJTi IPOMEHE
HUCY OWJIe CTaTUCTUYKK 3HadajHe. Y buxahy, bama
Jlyuu n bujesbuHM TpeHA je HeCUTHU(UKAHTHO
MO3UTHBAH. Y 3MMCKOj CE30HHU 3a0eJeKeHe CY
Haj00JbE KOpealyje ca mapaMeTpruma UpKyJaluje
NAO u AO, mpu ueMy je KoehUIIjeHT Kopealyje
MIOHOBO JIOCTUTA0 HajBHUIIE BpetHOCTH u3mehy AO
u SPI3 3a Moctap oz -0.73.

Jluneapuu Tpena SPI3 3a maj (MeTeoposnomko
niposiehe) HY Ha jJeHOj CTAaHWIIA HUJ€ CTAaTUCTHYKH
3Ha4yajaH, a HemMa HM ojpeheHe reorpadcke
MPaBUJIHOCTH Yy 3HaKy TpeHaa. Hajsehu nmpocrop
cyuia je 3aysumaina 2003. Tor nponeha cyma je
3a0ene)keHa Ha CBUX 8 CTaHWIA, a Yak Ha 7 je
3a0enexeH arcoiyTHU MUHUMYM BpeaHoct SPI,
TaKO J1a C€ y CBAKOM HOIVIETy MOXE CMaTpaTH
EKCTPEMHOM.

Jluneapuu Ttpenn SPI3 3a aBrycr
(METeopoIOIIKO JIETO) je HeraTuBaH Ha BehuHU
cranuna (5), makie, nouwio je mo moBehama
CYIIHOCTH mpu 4emy je 3a buxah u bunehy
TPeHl cTaTuCTHYKU curHudukantad. Hajpehu
MHTE3UTET cyla je uuresuret umaina 2000. kazia je
Ha crannnama bama Jlyka, bujessuna, CapajeBo u
JIuBHO 3a0emnexeHa arcoyTHO HajHIKa BPETHOCT
SPI).

Ha 6 oxg 8 cranuma mocienma aekana
CaMOCTAJIHO WJIM Ca joUl HEKOM (urypupa Kao
nekana ca Hajpehum OpojeM CyIIHMX JieTa, IITO
HECYMIbHMBO TIOKa3yje Jia je y MOCIeI’0] JCKaIN
JI0ILTO 710 TToBehama y4ecTaJoCTH JICTHUX CyIla.
MelhyTum, ako ce y pa3Marpame y3Mmy U BIaKHA
JieTa, BUJIW CE J]a Ha 5 CTaHMWIIA MOCIIeha IeKaIa
CaMOCTaJIHO MJIM Ca jOII HEKOM YMHHM JeKaly ca
Hajehum Opojem BnaxHux jera. [lakie, ocum
CYIIHHX, y TOCIEH0j AeKkaau ce mnosehana u
YYECTAIOCT BIAXHHX JIETa, IITO j& JOMPUHEINO
Tome 1a je nekana 2001-2010. Ha 6 cranuia nmana
HajBehu Opoj eKCTpeMHUX JieTa y MaJaBUHCKOM
norneny. Jluneapuu tpenn SPI3 3a HoBemOap
(MeTeopoJIolIKa jeceH) je MO3UTUBHOI 3HaKa Ha
CBUM CTaHMIIaMa, ocuM y JIuBHY, rpu yemy je y
bujessunu M cratucTMuku curHugukantad. U
TIOpEJ] TOTa IITO j€ TPEH]T 3a [IE0 TIOCMATPAHHU ITEPHOJT
01O MO3UTHBAH, je/IMHA JECEH Kajla Cy CBE CTAHMIIC
Oenexue cyry, Ouia je mpu Kpajy rneprosaa u To
2006. rogune, npu uemy je y bama Jlyuu u J1o60jy
3aberne)keHa arcoryTHO MUHUMasIHa BpeHocT SPI.

Y bocHu u XepueroBUHM je AOLUIO 0

was slightly positive. In winter, the best
correlation was with NAO and AO circulation
parameters and the correlation coefficient
reached highest values between AO and SPI3
in Mostar (-0.73).

The linear SPI3 May trend (meteorological
spring) was statistically irrelevant at all
stations and there was no trending geographical
regularity. Draught expanded most in 2003.
That spring, all 8 weather stations registered
draught and 7 had the minimum SPI values,
which is why we may consider the year to
have been extreme.

The linear SPI3 August trend
(meteorological summer) was negative
for most stations (5) meaning there was an
increase of draught and it was statistically
significant for Biha¢ and Bileca. The intensity
of draught was strongest in 2000 as stations
in Banja Luka, Bijeljina, Sarajevo and Livno
had the absolutely lowest SPI values).

Over the last decade, 6 of 8 weather stations
witnessed the largest number of dry summers,
which undoubtedly showed the increase of
dry summer frequency. Nonetheless, if we
consider humid summers as well, 5 stations
registered the last decade to have had the
largest number of humid summers. Therefore,
the last decade was characterized with both
dry and humid summer increase. Therefore,
the 2001-2010 decade had most extreme
summer precipitation at sic weather stations.

The linear SPI3 November trend
(meteorological autumn) was positive for all
stations except in Livno, and it was statistically
significant only in Bijeljina. Even though the
trend was positive during the whole of the
observed period, the only autumn that all
stations registered as dry was in 2006 as Banja
Luka and Doboj had absolute minimum SPI
values.

In Bosnia and Herzegovina has been
an increase in the dry and wet years, or an
increase in extremes. Although it requires
more research, there has been an Arctic
oscillation signal shift in the dry and wet years
in some meteorological stations



BJIIAJIAH VLUK, JPATAH BYPUR, TOPAH TPEU'R U PAJIYIIIKA LIVIIAR
VLADAN DUCIC, DRAGAN BURIC, GORAN TRBIC AND RADUSKA CUPAC

noBehama CyIIHUX W BIQXHHUX TOAMHA, OHOCHO
noehama excTpeMHOCTH. Maga TO 3axTHjeBa
JI0[IaTHA HCTPaXKMBaHha, YOUEH je CUTHAJI APKTHUYKE
OCLIMJIAlMj€ Y CMjE€HH CYITHUX U BJIaXHUX TOIMHA
KOJI TI0j€AMHUX METEOPOJIOLIKIX CTAHHUIIA
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