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AHANU3A NMAJABUHA U CYLIA HA TEPUTOPUNIN BUX HA OCHOBY
CTAHIAPIN30OBAHOI MHAEKCA MALABVIHA (SPI)

BnagaH OQyunlAl, fparan BypulA2, Mopan Tp6ulA3 n Pagyuika Llynald4

reorpadckn takynteT, YHuBep3uTeTy beorpagy, Peny6auka Cpbuja
23aB0oj 3a xuagpomeTeoponorunjy n censmonorunjy LipHe Mope, Peny6nuka LipHa Mopa
3MpupogHo-mMaTeMaTUUKN akynTeT, YHuBep3nTeT y bawoj /lyumn, Penybnuka Cpncka
4YH/[M BocHe n XepuerosuHe, KaHuenapujay bawoj Syum

CaxeTaK: Hajuewhe KopuiiheH nokasaTe/b MeTeOpo/oLiKe cylle je CTaHaapAM30BaHN UHAeKC nagasuHa (SPI). Y oBom pagy
aHanusupaH je SPI 3a 8 MeTeoponowWwKNx cTaHnuay bocHu n XepuerosuHu. MpopayvyHu cy ypaheHun 3a kaneHAapcKy roguHy
N METeoposioLKe ce3oHe, 3a nepuog 1961-2010. [obujeHn pe3ynTaTu yKasyjy fAaje TpeHA roguwmer SPI12 3HauvajaH camo
Ha jefIHOj CTaHMLUK, anu je MO3UTUBHOI 3HaKa, WITO 3Ha4M faje Jowno o nosehawa BNAXKHOCTU. Y nocMaTpaHOM nepuogy
npucyTHa je cTona pacta 6poja cTaHWUa Ha Kojuma Ccy 3abenexxeHe eKCTPEMHO BNaXHE W eKCTPEMHO CYLUHe roAuHe, anu cy
N Te NPOMeHe CTaTUCTMYKKM Ge3HavajHe. TpeHa SPI3 3a ebpyap (3uMy) Ha CBMM CTaHMLaMa je CTaTUCTMYKKM Ge3HauvajaH,
anu je y BehMHM nocMaTpaHuUx MecTa AOwWno Ao noseharwa cywHocTu. Hu TpeHg SPI3 3a nponehe He nokasyje CTaTUCTUUKY
3HA4YajHOCT HM Ha jefHOj CTaHMLUM, a HeMa HW ofpeheHe reorpag)CKke NMPaBUIHOCTW Y 3HaKy TeHAeHUWje. JleTu je gowno Ao
noeehara CyLWHOCTM y BENMHW MecTa, a NPU TOMe je HeraTvBHa BpPeLHOCT TpeHAa SPI3 3a aBrycT (neTo) cTaTUCTUYKK 3HaYajHa
Ha 2 cTaHuue (bnxah n buneha). ¥ nocneghoj gekagn (2001-2010) y BehnHu mecTa pernctpoBas je Hajsehn 6poj u CyWwHUX n
BNAXHWX NeTa, LWTO HECYMHbUBO NOKa3dyje noBehare yuecTanocTn eKCTPEMHUX flieTa 'y nornedy nagasuHa. Ha 7 og 8 ctaHuua
jeceH je cBe BnaxHuja, anu je camo y bujesnHm nosutmneaH TpeHg SPI3 3a HoBem6ap (jeceH) CTaTUCTUUKKN CUTHUDUKAHTaH.
Hajsehu 6poj cywHMX roguHa pernctposas je y gekaan 1981-1990., kaga cy NAO n AO MHAEKC MManun HajBuLle BPeAHOCTMW.
C pgpyre cTpaHe, gekaga 2001-2010. m3gBaja ce ca Hajsehum OpojemM BRaXHWUX roauHa, a 'y Tom nepuogy je NAO nHAekc
[oCTUraB HajHWKe BpefHOCTU. A Mehyroaniwbe BapujaLnje nagaBnHa cy y BeIMKOj MEPU MOA yTULLajeM NpoMeHe aTMochepcke
umpkynaymje. Ha ce3oHCKOM HMBOY, Haj6o/ba Kopenaumnja ca napametpmuma ympkynaumnje NAO n AO agobujeHaje 3a 3umy.
K/byuHe peun: MagasuHe, SPI, TpeHa, NAO, AO, bocHa 1 XepLerosuHa, cylia.
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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 SPI112 to be relevant 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 Bileé¢a). 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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YBOAHA PASMATPAHBA

Y npsoMm HauuoHanHoM u3Bew Tajy bocHe
n XepuerosuHe y cknagy ca OKBUPHOM
KOHBEHUMjOM Y jenHbeHUX HalKnja 0 KMMATCKUM
npomeHama, aHanu3npaHe Cy eKCTpeMHe MK
npoceyHe MeceyHe KO/IMUYNHe nagasuHay Tysnu,
CapajeBy n MocTtapy. KoHcTaToBaHO je fga ce
3HayajHe NMpomeHe mory BugeTn y Mocrtapy, rae
Cy MpOCeYHe KO/MW4YMHe najaBuHa y nepuopy
1982-2007. 3HaTHO HWXe Hero y nepuogy 1956-
1981. y cBUM MeceuMma, 0CUMM Yy cenTemobpy.

AHanusa cyuwe je ypafheHa MeTOoLOM
,,OYyLIeTMparba BOAe 3eM/bULLTA", KOja UICTOBPEMEHO
y3uma y 063up “ aTMOC(EPCKY cyly K cyuy
3em/mpuwita. KoHcTaTyje ce fa je npoceyHa
rogviitba geuunjeHunja Boge y 3eM/bULLTY Y
BnX oko 125 mm. Hajsehaje yjy>XHuM fenosuma
(300mm), 3HaTHO HWXa y ceBepHUM (100 mm) a
HajHWXa y ueHTpanHumM genosuma (50mm).

Spasova et al. (2007), KOHCTaTyjy Aa nafaBuHe
y XX Beky y buX, a nocebHO y HETOUHOM Aeny un
XepLeroBuHM Nokasyjy CunasHn TpEHA Y NETHUM,
nponehHUM 1 3MMCKUM Meceuunma.

Y HeBecuwy je [OWN0 A0 CMakewa 3a
6 Lo 7%, ann Ta MPOMeEHa HWje CTaTUCTUYKK
CUTHU(UKaHTHA. YpaheHW cy npopayvyyHu
LBaHaectomeceyHor SPl 3a bakwa Jlyky
(ceBeposanagHu pernoH), CapajeBo (UeHTpanHu
PErnoH) njyromctoyHu geo (Mocrtap, Hesecuwe
N Tpebuibe). YoueHoje Aaje nocnefmunx geteHnja
6una yewha nojaBa yMepeHUX U eKCTPEMHUX
CyLla Hero eKCTPEMHO BNAXHUX rofAuHa.

Tpbuh et al. (2009) cy aHanu3npanu NpomeHe
KOMMYMHa nafaBuHa W HWUXOB PermoHanHu
pacrnopes y Peny6nuuu Cpnckoj 3a nepuopge
1961-1990. n 1999-2008. Lo6ujeHn pesyntatu
yKasyjy Ha HecurHuimkaHTHa oOfcCTynarwa 3a
BeNWHY cTaHuua. Y LEeHTpPalHOM MIaHUHCKOM
nojacy npucyTaH je TpeHg nosehawa najasuHa
Ha rofuLWbeM HMUBOY 1 NO Ce30Hama, foKje netu
Ha BENWHM CTaHuLUa NPUCYTaH TPeH[ CMakbera
nafasuHa.

Y wusBewTajy pgpyre pagHe Ttpyne IPCC
(Working Group II: Impacts, Adaptation and
Vulnerability (2007) KoHcTaTyje ce jpa je y
TONAMjOj KAUMW MpucyTHa Beha KaummaTcka
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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
»S0il 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.

Tpbuh 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 Il Report: Impacts,
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BapujabUNHOCT M Aa pacTe pU3NK U Of nornnasa
n of cywa (tabena SPM2) (http://www.ipcc.ch/
publications_and_data/ar4/wg2/en/ch3s3-4-3.
html).

Y 0BOM pagy MpefcTaB/beHU Cy pe3yntaTtu
pernoHanHor knumarckor mogena EBU-POM
M3 ekcrnepumMmeHaTta npomeHe 6yayhe knuwme,
Jo6ujeHN MeTOLOM [AMHAMWYKOT CKanupara
pesyntata rnobanHor KaumaTtckor mojena
atmocepe n okeaHa SINTEX-G (hyphesuh u
ap-, 2012).

Pesyntatn mogena 3a A1B SRES cueHapuno
3a NMPOMeHe akKyMynumpaHux nagasuHa y % y
ogHocy Ha nepuop 1961-1990. nokasyjy 3a
npojektosaHn nepuog 2001-2030. 1 HeraTuBHe
1 NO3NTUBHE NPOMEHE 0BE BENNYMHE. [03NTNBHE
npomeHe nafasnHa, 04HOCHO HUX0BO NoBehatbe,
MOXe ce BuAeTu 3a ce3oHy MAM (mapT-anpun-
Maj, OLHOCHO mnposiehe), U TO 3a CEBEPHU K
CEeBEPOUCTOYHM feo, +5%, 1 3a JJA ce30HY (n1eT0)
CKOPO Ha Lenoj Teputopuju, ca MakCMMyMOM 0Of
+15%, un3yses jyrouctoka. Hajsehu gedpuuur je
AyxjyrasanagHe rpaHuue bBX ca makcumanHum
oactynatem of -20%.

YpaheHe cy 1 npojekumje nsa A1B cueHapuo
3a nepuopg 2071-2100. Tokom oBOr nepuoja
CKOpPO fa He NnocToju ce3oHa uam obnaeT Koja
je okapakTepucaHa MO3UTUBHOM aHOManujom
nagasvHa. Bennke HeraTuBHe aHoManuje nmajy
ce3oHe DJF (3uma) n SON (jeceH) ca npoMeHama
og -15 go -50%. MAM ce30Ha oKapakTepucaHa
je caBpegHocTMMa of npnbnv>xHo -10% Ha uenoj
Teputopuju. dedununt Tokom cesoHe JJA Behu je
YJYXHVUM Heroy cesepHuM obnactuma v Kpehe
ce y oncery of -30 go 0%. NpomeHa rognLbnx
CyMa nafijaBunHaje HeraTMBHa Ha Lief1oj TepuTopujm
n kpehe ce og -30 fo -10%.

Wilhite and Glantz (1985) cy geuHucanm
4yeTUpY OCHOBHA MPUCTYNay Mepewy cywa (unu
4 Tna cyLwa): MeTeoposIoWKMN, XUAPONOLLKN,
no/bONPUBPEAHM W COLMOEKOHOMCKMU. [1pBa
Tpu npuctyna 6ase ce HAYMHOM Mepena Cylle
Kao (M3NYKUM (EeHOMEHOM, a nocnefhu
je nocmaTpa ca acnekTta MoHyfe W Tpaxe,
OLHOCHO npahewa egpekata MmarbKa Bofe U C TUM
y Be3n gectabunusauuje ApyLITBEHO-eKOHOMCKOT
cucTema. Y 3aBUCHOCTM Of TUMa CyLue, nocneguue

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 (hyphesuh u gp.,
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 MojaBe MOry 6UTWM eKOHOMCKE, eKOJOLIKe U
counjanHe.

Tpeba nctahum ynwbeHuLy fAa ce 0Of Cylue
HajopyKe onopas/bajy CeKTOPM KOoju NpBu 1 pearyjy
Ha by (Mo/bonpuepesa), 40K HIP. XMAPOrpagcKoj
MpPEeXu, Koja crnopuje pearyje, Tpeba Bulle
BpeMeHa Aa ce ornopasun. Y JbYACKOj Mepuenuuju
HajonacHuje cy fieTke Cylle, ainM HecTawuue
BOZe TOKOM [pyrux roguiiwunx foba takohe mory
MMaTn 3HayajaH CouMjasIHO-eKOHOMCKMN YyTuLaj
(European Environment Agency, 2001).

[akne, TepMUH cyla ce MOXe OLHOCUTK
Ha MeTeoposIoWKY cywy (nagaBuHe uUCMNoj
npoceka), XMAponowky cywy (manu npotuuajm
M HUCKW BOAOCTaju), NO/bONPUBPEAHY CYLUYy
(HeLOBO/LHO Bnare y 3emM/bULLTY) W NPeLeOoHY
cywy (KombuHaumja NpeTxogHux). Y Hawoj
aHanm3n 6uhe obpafeHa MeTeoposoWKa cylwa
npeko CrtaHAapAv30BaHOr MHAEKCa najaBuHa
(SPI).

Llnmb pagje 6uo ga ce ncnuta aa nuje Aowno
[0 nosehara yuyectanoCcT U UHTEH3UTETA CyLLe
Ha OBMM MPOCTOpMMA.

CTAHIAPIVN30BAHU UHAEKC
NALABUHA (SPI)

MokasaTes/b CTaH4apAW30BaH MHAEKC NafaBuHa
(SP1) pa3BujeH je 3a noTpebe gedhuHUCara U
ocmatpata cywe (McKee etal. 1993). Ha ocHoBy
[yropo4yHmnx ocmatparwa Moryhe je aHanmampatu
nojasy cyLuey ogpefjeHOM BPEMEHCKOM MHTepBany
(Meceu, ce3oHa, roguHa, UTA.), U Te BPeLHOCTM
ynopefusaTu ca BpegHoCcTUMa 6110 KOr permoHa.
[y>X1 BPEMEHCKM MHTEPBaNN MPUMeRYjy ce 3a
aHanu3y ekCTpeMHUX nagasuHa. lNMoyeTak cylle
ce UAeHTU(KKYje Tako LUTO ce mocmarpa ,,Kopak
Haszag“. Haume, nojasa cylle uma CBOjy NoTBpay
CaM0 aKo Ce jaB/ba KOHTUHYMpPaHO y Cepuju ca
BpegHocTMMa SPI<=-1. CyllHM nepuog npecrtaje
Kag BpegHocT SPI nocTtaHe nosuTtuBHa. CBaka
Cylla ce KapakTepuLue:

* bpemMeHCKMM nHTepBanom (1, 2, 3, 6, 12, 24
meceua), Tj. 6pojem y3acTOMHUX MNOjaB/bUBaHa
BpefHOCTU SPI<=-1.

» Tpajatbem cylle, WTO NpeacTaB/ba BpeMe
n3Mehy no4vetka un Kpaja cyuue;
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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.qg.
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 ofthis 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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* KaTeropmjom cyle, Koja ce oppehyje
BpegHowhy SPI nHagekca (tabena 1);

* BennynHOM cyLLe, Koja ce n3padyHaBa CyMOM
nHgekca SPI 3a cBaky Mecel, of NoYveTka 40 Kpaja
CYLLHOT neprosa;

WHTEH3UTETOM CyLUe, WTO NpeacTaB/ba 04HOC
n3mehy BennmynHe 1 Tpajarba rnojase.

SPI ce payyHa Ha ocHoBy [lama pacnopgene
nagasBuHa, Koja ce gednHuLle QYHKLMjOM IYCTUHE
BepoBaTHohe. CTaHfapAusauuja mMeTogosoruje
npopayyHa je HeonxofHo, fa 6u ce Ha OCHOBY
OYTOPOYHMX OCMaTpawa Morfa aHanmsupatu
nojasa cyLue v ynopehusatu gobujeHun pesynratu
ca /loKaumj a pasnnumnTux Knmmara.

WcTpaxusawa Cy nokasana fa najaBuHe
nognexy 3akoHy [ama pacnogene. [a 6u ce
oApeannn napameTpbl cKanupawa W 06/1uKa
(DyHKuMje TrycTuHe BepoBaTHohe nagaBuHa,
KOPUCTW Ce CTaHAapAHW WAW 4YnTaB Mepuos
ocmaTtpakwa HajefHOj MeTeopoJIOLKOj CTaHULN.
3a cBaKy CTaHWULY 1 nepuoj ce nocebHo oapehyjy
napameTpbl CKanuMpawa 1 06/1MKa (yHKUKje
ryctuHe seposatHohe nagasuHa. 'ama pacnogena
nagaBuHa ce geuHULLIE (YHKUUJOM TYCTUHE
BepoBaTHohe, Koja rnacu (Lloyd-Hughes and
Saunders, 2002; Cancelliere et al., 2007):

gy =$aLl)xa/le* m3ax >0, rajeje:

a -napametap o6nuka; P- napameTtap
BEMYMHE; X - KOMW4YMHa nagasuHa > 0; G(a) je
rama pyHkLMja Koja ce gedmHULLIE NO 06pasuy:

F(a):jbyaAe-y

M3pauyHaBawe SPl 3axTeBa nojelLaBare
Nama ¢yHKUKMje TrycTMHe BepoBaTHohe 3a
faTty (hpekBeHUMjy AUCTpUbyunje nagaBuHa wu
KannbpauunoHu nepuog, Tako Aa Ce 1 napameTpbl
a u p ogpehyjy nocebHO 3a CBaKy METEOPOOLLKY
CTaHuLy, 0AHOCHO ofabpaHyi BDEMEHCKMN MHTepBa
1, 2, 3, 6, 12, 24... meceua). MapameTpbl a U P
ofpefheHn cy MeTO40M MaKCUMa/He BEPO0CTOj HOCTK
Koja rnacu:

" M- WHTEpBa/1 OCMaTpaka nagasnHa.

» Draught category, which is determined by
SPI1 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.

SPIis 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):

sW =pa(a)xaleP; for X> 0, in which :

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

M(a) =j y~e-r
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 a and P 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:

::zé 1+ P ;(
S5>W

A = In(jc) - . Lo .
nGe) n n-interval of precipitation observation.
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[obunjeHn napameTpun ce fasbe NpuUMeryjy
3a ofpehuBawe KymynaTuBHe BepoBaTHOhe
nafaBMHCKUX Cyma 3a fiaTu Nepuos 1 BPeMEHCKY
CKany un3abpaHe MeTeOpONOLWIKe CTaHuue.
KymynaTusHa BepoBaTHONha ce MOXe npukasatu
13pasom:

G(x) = fg(jo)u&e= ., \xale " dx

AKo ce ycBoj 1 aaj et=x/|3 cnegehajegHaumHa
nocraje HeKOMMeTHa rama yHkKumja:

1

C o063upom Ha TO fa je rama ¢yHkumja
HefeduHncaHasa x = 0, a nagasnMHe MOry N3HOCUTH
Hyna, KymynaTuBHa BepoBaTHoha nocTaje:

H=qg+(I-q) G(x), g - BepoBaTHOha NagasnHa
BMcuHe 0 mm.

Ako je m 6poj Koju 03HayaBa KO/MMKO MyTa
Cy nafjasvHe W3HOCW/IE Hyna Yy BPEMEHCKOM
HW3y, a n - 6poj ocMaTpara najaBuHa, oHga ce q
MOXe OfpeAnTV Kao OAHOC OBa ABa napameTpa:
g=m/n. KymynatusHa BepoBaTHoha H(x) ce
TpaHchopMmule Yy CTaHfapAHY HOPMasnHy
CNyyajHy NpoMeH/bUBY 3 ca cpefHhoM BpedHoWwhy
Hyna v BapujaHCcoM 1, Koja npeAcTaB/ba BpegHOCT
SPI.

Jakne, npeu Kopak 3a m3payyHaBawe SPI
je opabup pacnopgene BepoBaTHohe ([ama,
HenoTnyHa beta pacnopgena, Pirson Il wntg),
KOja ofroBsapa BPEMEHCKOj cepuju najgaBmHa. 3a
ayrorognwbiy nepuof (He kpahu of 30 rogunHa),
NCTpaxunsBarwa Cy nokasana fa ce najaBUHCKe
CyMe (Ce30HCKe, rofuitbe) Hajbosbe nokopasajy
lama pacnogenu, Koja ce Hajuelthe M KOPUCTM
(Cancelliere et al., 2007).

Opyrn kKopak je TpaHchopmaumja
(hpekBeHLMjay Apyry pacnogeny - y 0BOM ciyuajy
y HopmanHy (laycoBy mnu Z- guctpubyuyjy).
HajjegHocTtaBHuje, SPIl je cTaTUCTUYKM
nokasaTes/b OACTYyNawa nagaBuHa. YKonvmko SPI
MMa NO3UTMBHY BPefHOCT, OHAA Cy MnajaBuHe
Behe of Hopmane, AOK HeratMBaH 3HaK yKasyje
Ha getuunt. Kaja je HopMannsoBaHa BpegHOCT
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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:

G(x) = X[g(jt)6&c= - X[rra_ le jl':dx

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

G*)=A-T/'Nr'A
r (aH

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

H=q+(I-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 I,
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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8P1ljenHaka Hynu, TO 3HaUu fa ce ca najaBuHama
HULWTa He Aaewasa (Hema OACTyMamwa).

3a noTpebe oBOr paja KopuiheHaje N3BopHa
Kateropusaumja ycriosa BNaXHOCTM Ha OCHOBY
SPI (tabena 1), kojy cy npegnoxunn McKee et al.
1993. roamHe. Takoje, Ha npuMep, 3a JaTO MECTO
N BPEMEHCKY jeAuHuuy, BepoBaTHoha nojase
yMepeHe cyuwe (SPI<-1) 15,9% (9,2+4,4+2,3), a
ekcTpemHe (SPI<-2) 2,3%. W cTaje BepoBaTHOha
nojaBe yMepeHe, OLLHOCHO eKCTPEMHE B/IAXKHOCTM.

Y npakcu ce Hajuewhe payyHa SPI za 1,
3, 6, 91 12 mjeceuymn (SPIL, SPI3, SPI6, SPI9 i
SP112), nocebHO 3a CBaKy BPEMEHCKY CKasy.
Mogpasyme ce fa nNpeTxofHo Tpeba ypaguTu
TpaHcopmaLlnjy y HOpManHy pacnogeny, Tako
faje cpefha BpefHocT SPI 3a gaTy nokauunjy u
BPEMEHCKW WMHTepBas Hyna, WTO 3Hauu fa cy y
50% cnyuajeBa cyme nagaBuHa 6une mucrnog ny
NCTO TOJINKO M3HA[ MpOoCeka.

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, SP16, 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. Knacudmkaumja nagaBnHCKMX Npunnka Ha OCHOBY BpeaHoCTU SPI
Tab. 1 Classification ofprecipitation based upon SP1values

Kateropuja/ Category BpujegHocT SPI/ SPI values

EKCTpeMHO BnaxHo

Extremely humid SPI1> 2,00
Jako BnaxkHo
Very humid 1,50 < SPI < 2,00

YMjepeHo BaXXHO

Modrately humid 1,00 < SPI < 1,50

HopmanHu ycnosu
B/IXKHOCTM
Normal humidity conditions

-1,00 < SPI < 1,00

YMjepeHa cyla

Moderate draught -1,50 < SPI <-1,00

Jaka cyLwia

Strong draught -2,00 < SPI < -1,50

EkcTpemHa cywa

Extreme draught SPI < -2,00

KymynaTueHa BjepoBaTHOha KyMynaTuBHa BjepoBaTHoha

H(x)/ (%)/

Cumulative probability H(x) Cumulative probability (%)

0,977 - 1,00 2,3
0,933-0,977 4,4
0,841-0,933 9,2
0,159-0,841 68,2
0,067-0,159 9,2
0,023 - 0,067 4,4
0,000 - 0,023 23
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BA3A NMOJATAKA N METOAOJIOIMJIA

AHanusnpaHu cy nogauun 3a mpexy og 8
METEOPOIOLLKNX CTaHMLa 1 TO: buxah, barwanyky,
[o060j v BujebuHy y MepunaHoHCKOM 0604y,
NveHo, MocTtap v bunehy y XepuerosuHu u
CapajeBoy LieHTpasIHOM 6pACKO-NIaHNHCKOM feny
bocHe 1 XepuerosuHe. bawa Jlyka ©44,80 x17,21
h153m, [do6oj ¢ 44,73 A8,09 hl47m, buneha ¢
42,86 z18,42 h443m, bujernHa o 44,75 219,20
h97m, buxah & 44,48 x15,51 h246m, CapajeBo
¢ 43,52 08,25 h630m, JiIuBHO ¢ 43,49 x17,00
h724m, MocTap ¢ 43, 20 47,47 h99m. CtaHuue
Tako NokKpmBajy Behe hn3nuko reorpacke LennHe
y bocHn n XepuerosuHu. Hajsehu 6poj ctaHuua
je y MepunaHoHcKom o604y (4), y KOMe ce U
Hanasn sehu feo obpaguBOr NosLONpUBPesHOr
3eM/bMLWITA M rhe cywa uma Hajsehu 3Hadvaj 3a
npuHoce. 3a BehHy cTaHMUa nojaLy 3a MeceyHe
KO/SIMYMHE NajaBnHa cy KOMMJIETHU, a TaMOo r4e To
Huje 6MO Cnyyaj, MHTEPMNOaMCaHU CYy Ha OCHOBY
CyCeflHUX cTaHuua of cTpaHe ®PepepanHor
XUApomeTeoponowKor 3aeoga buXx.

3a cBe CTaHMLUEe Kao pedepeHTHU nepuog 3a
SPly3eTje uctu HM3 o 50 roguHa (1961-2010.).
YpaheHu cy npopauyHu 3a SPI1, SPI3 i SPI12. C
003MpPOM Ha C/MIOXEHOCT 06paje 1 BENMKKN 6poj
ynasHUx nojaTtaka, Harnpas/beHa je nomohHa
copTeepcka nogpika. Obumse nogaraka M3Hyanno
je noTpeby 3a cefleKuunjom, Tako Aa cy y aHanmsy
y3eTun 3a SPI12 nojaun 3a KaneHaapcKy roguHy,
a 3a a SPI3 nogauy 3a MeTeoposioLlKe ce3oHe. Y
obpagy cy y3eTe cBe cywHe (SPI<=-1) u BnaxHe
(SP1=>1) BpegHOCTM 0fpefeHe BPEMEHCKE AyXUHe
(3a SPI1, SPI3 i SPI12).

PESYNTATU N JNCKYCWIA SPI 3A
roAnNHY -SPI12

Y nocmartpaHom nepuogy og 1961 o 2010.
Ha cTaHuuama y XepuerosuHu (JinsHo, MocTap
n buneha) nuHeapHu TpeHa SPI12 6uo je
HeraTusaH (Zowwno je A0 nosehawa CYLWHOCTH),
ann npomeHe HUCY Bune CTaTUCTUYKMN 3HAYajHe.
Ha octanum ctaHuuama 3abenexkeHje nosntrneaH
NVHEapHN TPeHa, anujejeanHO y bujesnHm 6mo
CTaTUCTUYKM 3HayajaH Ha p=0.05 (rpadukoH 1).
Llooyd-Huges n Saunders (2002) koHcTatyjy Aa
ce npoueHart nogpydja y EBponu kKoja cy 6una
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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 ¢ 44,80 z17,21
h153m, Doboj ®44,73 218,09 hl47m, Bile¢a ®
42,86 z18,42h443m, Bijeljina® 44,75 219,20
h97m, Biha¢ ®44,48 21551 h246m, Sarajevo
®43,52 218,25 h630m, Livno ®43,49 z17,00
h724m, Mostar ®43, 20 z17,47 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
ofBiH.

The referent SPI time period for all stations
was a fifty-year range (1961-2010.). The SPI1,
SPI3 and SPI12 calculations were run. As the
processing was complex and the data were vast,
an additional software supportwas 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 SPI12).

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 WU YMEPEeHOM CYyLUOM
HUje CUTHU(UKAHTHO MeHao TOKOM 20-0r BeKa.
Hajsehu npoctop cywa je 3ay3umana 1983.
n 2003. rognHe Kafaje 7 cTaHULA UCTOBPEMEHO
nokasmeano spegHocTn SPI12 HKe nnunjegHako
o4 -1. MpocTopHy AuCTpubyunjy cywe cmo
aHanuM3upann n Ha OCHOBY Kaparta Koje ce mory
KpeupaTu Ha cajTy Drought Management Center for
South Eastern Europe (DMCSEE) (http://dmcsee.
org/). MpopayyHu 3a U3pagy Kapara cy ypaheHu Ha
OCHOBY peepeHTHOr nepuoga 1961-1990.
PenaTuBHO Manu 6poj cny4ajeBa eKCTPEMHUX
BpegHocTU SPIl no gekagun oTexkaBa Tymauera
MehygekagHUX MpoMeHa MO MoOjeAMHAYHUM
cTaHuuama. Tako, y JIMBHY Yy nocneftwe Tpu
nocmaTpaHe fekajejaBune cy ce no 2 eKCTPEMHO
CyllHe rofuHe, LOK Yy npBe [Be Huje 6uUI0
HWj efHe, Tako fa Huje moryhe pehu Koja fekagaje
Haj CyLLUHWj &, jep Cy TpM feKafe NofjefHaKo CyLLHe.

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.

Mpah. 1. Mehyroguwre npomeHe SP112 Ha MeTEOPONOLLKOj CTaHuLbl bujebmHa
Graph 1 Interannual change ofSPI112 atBijeljina weather station

Bpoj mMeTeoposoWKMX CTaHMLA Ha Kojuma je
perucTpoBaHa cylwa je y y nepuogy 1961-2010.
pactao no crtonu o4 1,3 no Beky (rpatymkoH 2,
rope neso), WTO 6K yKasMeano Ha TO Ja pacTte
NPOCTOPHU 06yxBaT cywa. MehyTum, npomMmeHa
HUWje CTaTUCTUYKK 3HavajHa. C apyre cTpaHe, U
6poj EeKCTPEMHO BNaXKHUX rofguHa (rpakoH 2,
rope fecHo), je y nopacty (1,7 no Beky, Takohe
CTaTUCTUYKN HECUTHUPMKAHTHO). MpocT 36up
6poj a cTaHMLa Ha KojMa Cy 3abeieXKeHe eKCTPEMHO
BNaXHE W eKCTPEMHO CYLIHe rofuHe ykKasyje
Ha nosehawe 6poja CTaHMLUA Ca eKCTPEMHMM
BpegHocTMMa 0f 1,1 cTaHuLe No BeKy, anun HK 0Baj
nopacTt Huje CTaTUCTUYKM 3Ha4ajaH (rpadiMKoH 2,
[lone neBo).

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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Mpath. 2. Mehyroguwbe npoMeHe 6pojameTeoponowKMx cTaHmua ca: SP112<=-1 (rope neso),
SP112=>1 (rope gecHo) n SP112<=-1i SPI112=>1 (gone)
Graph 2: Interannual change in number o fweather stations: SP112<=-1 (upper left),
SP112=>1 (upper right) andSP112<=-landSP112=>1 (lower)

Ha 5 cTaHuua cejacHO 13ABaja gekaga 1981-
1990. kao HajcywHuja (buxah, bawanyka, [1060j,
Moctap nbuneha). ¥ CapajeBy gekage 1981-1990.
n 1991-2000. Mmajy no 3 cyliHe roguHe, AoK je
y Buje/buHN HajcylwHWja nocnegtba fekaja ca 2
CYLUHE rounHe.

Ha nonosuHu ctaHnua (4) makcumanaH 6poj
BNAXHUX TofAuMHa 3abenexeH je y nocnefoj
nekagmn 2001-2010. (y buxahy, Oo60jy, Bujersnuu,
CapajeBy). Y bunehu je 6uo nogjegHak 6poj
BNaXXHMX rognHay 2001-2010. n 1971-1980., ay
Batba Slyum v JInBHy HajBuLLEe UXje 6UN0Y fekaaun
1971-1980. Camojey MocTapy HajBuLLE BAXKHUX
rognHa 6uno y gekaan 1961-1970.

Jakne, jacHO ce wu3aBajajy pekaga 1981-
1990. ca HajsehuM 6pojem cyLwHux 1 2001-2010.
ca Hajsehum 6pojeM BNaXHUX roguHa. Y aekagu
1981-1990. cy u BpegHocTy CeBepHO aTnaHTCKe
ocumnaumje (NAO) n Apktunuke ocumnaunje (AO),
Kao [OMWUHAHTHUX Mofa Konebawa nafaBuHa y
EBponun, 04HOCHO CEBepHOj XeMuchepu umane
HajBuLwe BpegocTu. Y pekaan 2001-2010. NAO
MHAEKCje LOCTMUrao HajHWKe BpeagHocTH, (Tabena
2). ApKTuuKa ocumnauunja npefcras/ba pasinky
y Ba3fyLIHOM NPUTUCKY Ha HWBOY Mopa u3mehy
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At five stations, the 1981-1990 decade
was most dry (Biha¢, Banjaluka, Doboj,
Mostar, and Bileéa). 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
ofhumid years was in the last decade 2001 -2010
(in Biha¢, Doboj, Bijeljina, and Sarajevo). In
Bileca, 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 (NAQO) 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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ApkTunukor nojaca nojaca 37-45N0. (http://
jisao.washington.edu/ao/), gok ce NAO wnHAekc
TpagMunMoHanHo gehmHuULLE Kao HOpMann3oBaHa
pasfnkay npuTUCKY nsmehyjesHe MeTeoposoLlKe
cTaHuue Ha Asopuma v gpyre Ha Ucnangy (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://Iwww .cru.uea.ac.uk/cru/data/nao/).

Tab. 2. lekaaHe BpeaHocT U CeBepHo aTnaHTCcKe ocumnauunje (NAO)LmApkTuuke ocumnaumje (AO)2
Tab. 2. Decade values ofNorth Atlantic Oscillation (NAO)landArctic oscillation (AO)2

ApkTnuka ocymnayuja (AO)/
Arctic oscillation (AQO)

[ekapge/ Decade

CeBepHO aTnaHTCKa ocumnayumja
(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

Thttp://www.cpc. ncep. noaa.gov/products/precip/CWIink/daily_ao_index/monthly. ao. index.b50. current, ascii, table;

Zhttp://www.cru. uea. ac. uk/cru/data/nao/

Hurrell n van Loon (1997) yTtBpaunu cy ga
NAO uma yTunuaja Ha knumy EBpone. CurHan
NAO y UMKAMYHOCTM NagaBuHa y Peny6nuuu
Cpnckoj younnu cy n Ayuuh et al. (2008).

Ha wmehyroguwmwe Bapujaumje, Takohe,
Yy BE/INKOj YTWYy MpoMeHe Yy UUpKynauunju
atmocgepe. MpopayyHu cy nokasann Hajbéosby,
CTaTUCTUUKKN 3HAYajHy Be3y Mn3Mehly ApPKTMUKe
ocuunaymje (AO) n SPI12 3a MocTtap (r=-0.72).
MakcumanHe spujegHocTu SPI 6une cy 2010.,kaga
je 6buna HajHwxKa BpujegHocT AO, a CeKyHAapHM
MUHUMYM SPl nogypapa ce ca CeKyHAapHUM
makcumymom AO (rpadgukoin 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).

Mpap. 3. Mehyroaumwibe npomeHe SPH2y MocTapy nApKTUYKa ocumnaumja
Graph 3. Interannual changes ofSP112 in Mostar and Arctic Oscillation
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SPI 3A CE3OHE - SPI3

AHannsa nuHeapHor TpeHpa 3a SPI3 3a
(bebpyap (meTeoposiowka 3uma - feuembap
npoTekne - (ebpyap Tekyhe roguHe) nokasyje
[la je y mocmartpaHoOM nepuofy Ha cTaHuuama y
XepuerosuHu (JinsHo, Moctap 1 buneha), Kao u
y CapajeBy 1 [1060jy npucyTaH cunasHu TpeHs SPI
(zownoje go nosehaka CyLLIHOCTH), anun MPOMeHe
HUCY 6une CTaTUCTUYKM 3HaYaj He. Y Buxahy bawa
Nyun n bnjerbHM TpeHa je HECUTHUPUKAHTHO
MO3UTUBAH.

Hajsehu npoctop cylwaje 3aysmmanay 3umy
1975., 1989. mn 1990. roguHe Kaja je cBux 8
CTaHuLa NCTOBPEMEHO NnokKasnsano spegHocTu SPI
HWKe nnnjefiHako og -1. 3aHUM/bUBOje fa cy ABe
EKCTPEMHO CYLUHe 3uMe 3abenexeHe y 2 cycefHe
roguHe (1989 n 1990.), Npu Yemy Cy CyLLUHE 3UMe
1990. Ha Tpu cTaHuue (bawa Jlyka, CapajeBo u
MocTap) 3abenexeHe HajHWxe BpefHocTu SPI
y nocmarpaHom nepuogy. M nogaunm DMCSEE
nokasyjy ga cy y saumy 1990. Benukun genosu JU
EBpone 6vnun 3axsaheHn cyLIOM, a aje Ha roToBo
uenoj teputopuju BuX oHa mmana eKCTpemHu
xapakTep (cnvka 1, rope neBo).

MocmartpaHo no gekagama, Ha BehvHu cTaHuLa
censppajajy 1971-1980. n 1981-1990. kao aekane
ca HajBehum 6pojem CyLLHMX 31Ma, A0Kje Hajsehm
6poj BnaxHux 6mo y npeoj aekaan (1961-1970).
YnpaBo y 3MMCKOj CE30HM 3a0efeXeHe Cy Hajoorbe
Kopenaumje ca napameTtpuma yupkynaymje NAO
i AO, npu 4yemy je TnUpCcCOHOB Koe(hULUjeHT
Kopenauuje NOHOBO AOCTMUIA0 HajBuLLE BPeAHOCTH
n3mefy AO n SPI3 3aMocTap og -0.73 (rpagmkoH
4). Lopez-Moreno n Vicente-Serrano (2008)
po6unu cy cnuuHe pesyntate 3a NAO 1 nagaBnHe

y jy>kHoj EBponu.

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 Bihaé, 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.

Mpa. 4. Mehyroguwie npomeHe SPI3 3a thebpyapy MocTapy nApKTHYKa ocumnaumja
Graph 4. Interannual SP13 changes in Mostar in February and Arctic oscillation
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NvHeapHn TpeHa SPI3 3a Maj (MeTeoposoLWKo
nponehe) HX HajeJHOj CTAHULW HUje CTATUCTUUKM
3HayajaH, a Hema HuW oppefeHe reorpadcke
MPaBUIHOCTU Y 3HAaKy TpeHAa.

Hajsehu npocTop cywaje 3ay3umana 2003. Tor
nponeha cylwaje 3abenexeHa Ha CBUX 8 cTaHULa,
a Yak Ha 7 je 3abefieXXeH anconyTHU MUHUMYM
BpegHocTu SPI, Tako fa ce y CBakOM Mnorfeny Moxe
cmatpaTtun ekctpemHom. DMCSEE kapta Takohe
nokasyje fa cy u cycefiHe 3em/be 6une 3axsaheHe
cywom (usysmmajyhu nctouHy Cpbujy), a aa je
Ha uenoj Teputopuju buX oHa mana eKCTpPeMHU
KapakTtep.(cnuka 1, rope gecHo). My CnoseHujunje
cywa 2003., 6una HajeKcTpeMHujasa nocneHbunx
50 roguHa, a nos/bonpuBpefHa cylwa je 6una
npaheHa n eKCTPEMHO BWCOKUM TemmepaTtypama
n nosehaHom esanoTtpaHcnupaunjom (Ceglar et
al. 2008).

Haj Behu 6poj cylHuX nposehaj e Ha cTaHML,ama
Ha cesepy (baka Jlyka, [060j, Buje/snuHa) 6uo
y fgekagn 1971-1980. Y HWUCKOj XepLerosuHU
(MocTtap v buneha) Hajsuwie cywHux nponehaje
o6unoy fekaam 1991-2000. Ha octanmMm cTaHMLaMa
Hema n3pasnTe KOHLEHTpauuje CcywHmx nponeha
y je4HOj fekagwn. Y nornefy BnaxHux nponeha
“3pas3nTa KOHLEHTpaLMja ce 3anaxa Ha cTaHuLama
Bana Jlyka, [,060j v JInsHO (ca no 4) y nocneanoj
fekagn (2001-2010.).

NuHeapHn TpeHpg SPI3  3a  asryct
(MeTeoposIOWKO N1eT0) je HeraTueaH Ha BehuHM
ctaHuua (5), pakne, gowno je fo noeehawa
CYWHoOCTU,NpK Yemyje 3a buxah n bunehy TpeHg
CTaTUCTUYKN CUTHU(UKAHTAH. Y TpU rofnHe cyLua
je 3abenexeHa Ha no 6 ctaHuua (1971, 2000 wn
2003.) Hajsehu nHTesntetje nmana2000. kagaje
Ha cTaHuuama bawa Jlyka, bujersnta, Capajeso un
NnBHO 3a6enexxeHa anconyTHO HajHUXa BpeHOCT
SPI. Ha DMCSEE KpeupaHoj KapTu Buau ce ga
je Ha rotoso uenoj Teputopmujn buX 3abenexeHa
EKCTPeMHa, a caMo Y YCKOM nojacy Ha Kpajiem
JYroucToky cylla je okKapakTepucaHa Kao jaka
(cnuka 1, gone neBo).

Hajsehu 6poj CyLIHUX fieTa je Ha NoJIOBUHU
cTaHuua 6mno y gekaan 2001-2010. (buxah, bawa
Nyka, JlnBHo n buneha), fokje y Moctapy nopeg
nocnefmwe, nofjefHak 6poj cywHux neta 6uo y
fekaan 1981-1990. (no 3), aybuje/bMHU y gekaau

SPI13 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 évapotranspiration
(Ceglar et al. 2008).

Most dry springs were registered in north
(Banja Luka, Doboj, and Bijeljina) in 1971-
1980. In Herzegovina (Mostar and Bilec¢a),
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 Bile€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 (Bihat,
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. (no 2). Oakne, Ha 6 of 8 cTaHuua
nocnejma fekafa caMoCTasiHO UK CajoLL HEKOM
(hmrypupa Kao gexkaja ca Hajsehunm 6pojem CyLHUX
NeTa, LWTO HECYMHUBO MOKasyje faje y nocnefHoj
[eKaan [oLwno Ao nosehama yyecTanocTu IeTHUX
cyLua.

MefyTum, ako ce y pasmaTpamwe y3my u
BNaXKHa neta, BuAn ce ga Ha 5 ctaHuua ( bawa
Nyka, [060j, bujemsnHa, Capajeso n MocTtap)
nocnejma fekafa caMoCTasiHO UK CajoLL HEKOM
YMHK feKany ca Hajsehnm 6pojeM BRaXKHUX neta.
[akne, ocuM CyLWHUX, Y MOCNeiH0j AeKkagun ce
nosehana n y4yecTtanocCT BNAXHUX fleTa, WTO je
fonpuHeno Tome aaje fekaga 2001-2010. Ha 6
CTaHWUa nmana Hajsehn 6poj eKCTPEMHUX fieTay
nafaBvHCKOM Morneay.

NuHeapHun TpeHg SPI3 3a HoBembap
(MeTeoposiOLIKA jeceH) je NO3UTUBHOT 3HAKa Ha
CBMM CTaHuuama, ocum y JIMBHY, nNpu yemy je
y Bujes/buHN 1 CTaTUCTUUKM CUTHUGUKAHTaH. U
nopez ToraLToj e TPEH/ 38 Lieo MocMaTtpaHu nepuog,
6110 No3nTMBAH,jefiJHajeCeH Kaja Cy CBe CTaHuLe
6enexune cywy, 6unaje npu Kpajy nepuoga v 1o
2006. roguHe, npu yemyje y bawa flyun n lo6ojy
3abenexxeHa arnconyTHO MUHMUMaNHa BpegHocT SPI.
KapTta KpevpaHa Ha cajty DMCSEE nokasyje fa
je Behu feo 3anagHor Aena 3emMsbe, Kao U Kpajiu
JYroucTOK MMao eKCTPeMHO CYLUHY jeceH (Cnuka
1, none pecHo). CBe cTaHuue cy 3abenexwune
eKCTPeMHO BNnaxHyjeceH 1974. n 1996. roauHe.
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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.
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Cn. 1. MpocTopHbI pacnopej cywey jyroncTo4Hoj EBponsbl 3a:
["ope neBo - SPI3 3a thebpyap 1990. (http://www.dmcsee.org/en/spi/?year=1990&month=Feb&TimeScale=3&DataType=GPCC),
"ope gecHo - SPI3 3a maj 2003. (http://www.dmcsee.org/en/spi/?year=2003&month=May&TimeScale=3&DataType=GPCC),
[one neBo - SPI3 3a aBryct 2000. (http://www.dmcsee.org/en/spi/?year=2000&month= Avg&TimeScale=3&DataType=GPCC) i
[one gecHo - SPI3 3a HoBeMbap 2006. (http://www.dmcsee.org/en/spi/?year=2006&month=Nov&TimeScale=3&DataType=GPCC)

Pic. 1. Spatial (M3Mbwliion o fdrabight 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 - SP13 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).

MocmaTpaHO no fekajama, Hajseun 6poj
CYWHMXjeceHnjebunoy aekaan 1981-1990., kaga
je Ha 5 cTaHuua3abenexeH MakCMyM CamMOCTa/THO
WK cajoLl HEKOM AeKaoMm. Y nocneawoj aekaan
HW HajelHOj CTaHMLUM HUje 3a0eNeXXeH MaKCMMyM
CYLLHWUX] €CEHWN, anunje Ha CBUM CTaHuLama Haj Behin
6poj BnaXkHMXjeceHw 3abenexeH yje4Hoj nnm obe
[lekage npu Kpajy nocmarpaHor Hu3a (1991-2000.
n 2001-2010).

3AK/bYYAK

AHanusunpaHu cy nogaum 3a SPI 3a mpexy of
8 meTeoposiowkux craHuua (buxah, bakwanyky,
[o6oj bujemunHy, JiueHo, MocTtap bunehy wu
Capajeso). CtaHuue nokpueajy Behe (n3MyKo
reorpad)cke uenvHe y bocHu n XepuerosmHu. 3a
CBe CTaHuLe Kao petpepeHTHU nepuof 3a SPI yset
je mctn Hm3 of 50 roamHa (1961-2010.). O6umwe
nojlataka je 3axTeBano Cenekuujy, Tako ga 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. afifty-year
range (1961-2010). The vast data demanded
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SPI112 o6paheHun nogauu 3a KaneHAapcKy rofuHy,
a 3a SPI3 nopgaumn 3a METEOPONOLLIKe ce30He. Y
obpagy cy y3eTe cBe cywHe (SPI<=-1) n BnaxHe
(SPI1=>1) BpegHoCTU ofpehieHe BpeMeHCKe AyXUHe
(3a SPI1, SPI3 n SPI12).

Y nepuogy of 1961 po 2010. Ha cTaHuMuama
y XepuerosuHu (JiusHo, MocTtap un buneha)
NnHeapHN TpeHp SPI12je 6uo HeraTuBaH (gowwnoje
[0 noBehata CyLHOCTH), ann NpoMeHe HUCY bune
CTaTUCTUYKM 3HayajHe. Ha ocTanum ctaHuuama
3a6enexeHje No3UTUBAH TIMHEAPHW TPEHA, anu je
jeanHo y buje/buHM 61O CTaTUCTUYKK 3HaYajaH.
HajBehu npocTop cyLuaj e 3ay3umana 1983. n 2003.
roAviHe Kajaje 7 ctaHuLa MCTOBPEMEHO MOKa3bIBaI0
BpegHocTu SPI12 HuXKe nnujegHako of -1.

Bpoj MeTeoposiIoWKNX CTaHULUA Ha KojuMa je
permcTposaHa cylwa je y y nepuogy 1961-2010.
pacTao no ctonu of 1,3 no Beky. C Apyre cTpaHe,
1 6p0j EKCTPEMHO BNAXHUX FOfMHa je y nopacty
(1,7 no Beky), 36up 6poja cTaHMLa Ha KOjuMa cy
3abeniexxeHe eKCTPEMHO BJlaXKHE U EeKCTPEMHO
CYLLUHe rogmHe ykasyje Ha nosehame 6poja cTaHMUa
ca eKCTpeMHUM BpegHocTMMa of 1,1 ctaHuue no
BeKy. MehyTum, HMjefHa 0f 0BMX NPOMeHa Huje
CTAaTUCTUYKM 3HAYajHa.

JacHo ce m3pgBajajy fekaga 1981-1990. ca
Haj Behm 6poj em cyLHMX 1 2001-2010. ca HajBehum
6pojem BNaxkKHNX roavHa. Y aekaapbl 1981-1990. cy u
BpefHoCTU CeBepHO aTnaHTcke ocuunnaumje (NAO)
n Aktnuke ocumnaumnje (AO), Ka0 JOMUHAHTHUX
mMoja Konebawa nagasuHa y EBponu, ofHOCHO
CEeBEpPHOj XxeMuchepun nMane HajsuLle BPeLHOCTU.
Y nekagun 2001-2010., NAO unHAeKc je fOCTMrao
HajHWKe BpeaHoCTU. Ha Meflyroauniure Bapujaumje,
Takohe, y BeNMKOj YyTUUy NpoMeHe y LnpKynauuju
aTmocgepe. MNpopayyHu cy nokasann Hajbosby,
CTATUCTUYUKM 3Ha4ajHy Be3dy uamehy AO u SPI12
3aMocrTap (r=-0.72). MakcumasnHe spegHocTu SPI
cy 6une 2010., Kaga je 6una HajHMXa BPeAHOCT
AQO, a cekyHpapHun muHumym SPI ce nogypapa
ca cekyHgapHum makcumymom AO. Y npsom
HauvoHanHOM n3BeLLTajyje nHaye KOHCTaToBaHoje
[,a ce 3Hayaj He NpomeHe Mory Bugetny MocTapy,
rAe Cy npoceyHe KOMMYMHE MajasuHa y nepuogy
1982-2007. 3HaTHO HWXe Hero y nepuogy 1956-
1981. y cBMM MeceLuma, OCUM Y cenTemobpy.

AHannsa nuHeapHor TpeHpa 3a SPI3 3a
(bebpyap (mMeTeoponowkKa 3Mma) nokasyje fa
je y mocmartpaHOM Mepuoay Ha cTaHuuama y
XepuerosuHu (SinsHo, Moctap n buneha) , kao n
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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 (NAQ) 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 SPI112 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 Bileéa) 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 n [1060jy npucyTaH cunasHu TpeHs SPI
(zownoje go nosehara CyLLHOCTH), ann NPOMeHe
Hucy Bune cTaTUCTUYKU3HaYajHe. Y buxahy, bawa
Nyumn n BujerbuHN TPeHS je HECUTHU(UKAHTHO
Nno3nTMBaH. Y 3MMCKOj Ce30HW 3abenexeHe cy
Haj 60/be Kopenauuj e ca napameTpuMma LypKynauuje
NAO n AO, npu yemyje KoemLMjeHT Kopenauuje
MOHOBO JOCTUTa0 HajBuLle BpeAHOCTU n3mehy AO
n SPI3 3a MocTap og -0.73.

NvHeapHn TpeHA SPI3 3a Maj (MeTeoposIoLWKO
nponehe) HX HajeJHOj CTAHULW HUje CTAaTUCTUUKM
3HayajaH, a Hema HuU ojpeheHe reorpadgcke
NpaBWIHOCTKU Yy 3HaKy TpeHga. Hajsehu npoctop
cywa je 3aysmmana 2003. Tor nponeha cywa je
3abenexeHa Ha cBMX 8 cTaHWUa, a 4Yak Ha 7 je
3abenexxeH anconyTHNU MUHUMYM BpegHOCTU SPI,
TaKo [a Ce y CBaKOM [Mornesy MOXe cmarparu
EKCTPEMHOM.

NnHeapHn TpeHpg SPI3  3a  aBrycrt
(MeTeoponoLWKO N1eT0) je HeraTuBaH Ha BehWHU
ctaHmua (5), fakne, gowno je Ao nosehawa
CYLWHOCTM npu 4yemy je 3a Bbuxah wu Bunehy
TPeHA CTaTUCTUYKKM curHugmnkaHtaH. Hajsehu
NHTEe3NTeT cyLlaje uHTeanteT umana 2000. kagaje
Ha cTaHuuama bawa Jlyka, bujersuHa, Capajeso u
JInBHO 3a6e/1eXkeHa anco/lyTHO HajHMXKa BpeLHOCT
SPI).

Ha 6 opg 8 craHuMua nocnegkwa Agekaga
CaMOCTa/IHO WM Ca jow HeKoM (urypupa Kao
[lekaja ca Hajsehum 6pojem CYLUHUX NeTa, WTo
HecyMibMBO MoKasyje faje y nocnefHoj agekagm
[oLwwno fo nosehara y4ecTanocTu NeThUX CyLla.
MefyTum, ako ce y pasmaTpare y3my ¥ BraxHa
neta, BUAW Ce Aa Ha 5 CTaHuua rnocnefha gekaja
CaMOCTa/IHO WM/ Ca j Ol HEKOM YMHW feKagy ca
HajsehuMm OpojeM BnaxHux neta. [akne, ocum
CYWHUX, Yy MoCneawoj Aekaau ce nosehana u
YyUecTasocT BNaXHWUX feTa, LWTO je LOMPUHeno
ToMe faje gekaga 2001-2010. Ha 6 cTaHMUa MMana
Hajsehy 6pOj eKCTPeMHUX neTa y nafaBMHCKOM
nornesy. SlnHeapHu TpeHg SPI3 3a HoBembap
(MeTeoposIOLLKa jeCeH) je MO3UTUBHOT 3HaKa Ha
CBMM CTaHuWUama, ocuM y JIMBHY, Mpu Yemy je y
BujerbMHN 1M CTaTUCTUYKKU CUTHU(MKaHTaH. U
nopes Tora LwToj e TPeH/ 3a Lieo nocmaTtpaHu Nepuog,
610 NO3UTMBAH,jefJHajeCeH Kafa Cy CBe CTaHULe
6enexxune cywy, 6unaje nNpu Kpajy nepruoga u 1o
2006. roguHe, npu yemyjey bara Slyun n o6ojy
3abenexxeHa ancoyTHO MUHUMaHa BpegHocT SPI.

Y BbocHu n XepuerosuHu je [owno Ao

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 Bile¢a. The intensity
of draught was strongest in 2000 as stations
in Banja Luka, Bijeljina, Sarajevo and Livno
had the absolutely lowest SPI values).

Overthe 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 exceptin 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

69



BNAOAH OYUWR, IPATAH BYPUTR, TOPAH TPEUT U PAAYLLKA LLYNAT
VLADAN DUCIC, DRAGAN BURIC, GORAN TRBIC AND RADUSKA CUPAC

nosehara CYLIHNX U BNAXHUX FOAWMHA, OLHOCHO
nosehatwa ekcTpemHoCTM. Maga TO 3axTujeBa
[0faTHa CTPaXKBama, YOoUeHje curHan ApKTuYKe
ocumnnaunje y CMjeHu CyLWHNX U BaXXKHUX rogunHa
Koz NojefIMHNX METeoPOOLLIKUX CTaHuLa
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