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CABPEMEHE KIIMMATCKE ITPOMJEHE HA 1IOAPYUYJY
CEMBEPUJE — YTULHAJU HA ATPAPHY ITPOU3BOAY

Tatjana [Monos'* u Iparnna Jleauh’

"Vuusepsuret y bamoj Jlyuu, [IpuponHo-maremarndku dakyntet, bama Jlyka, Pemy6nuka Cpricka

Cawxerak: Paj anaimsupa caBpeMeHe KJIMMarcke NpomMjeHe Ha noapydjy CemOepuje M HUXOB yTHIA] Ha arpapHy
npou3Boakby. Ha 0CHOBY MjecedHHX mNoparaka O TeMIIepaTypH W IaJaBHHAMa ca METeopoJonike craHuue bujespuHa,
YTBp)EeHH Cy TpPEHIOBH TeMIlepaType Ba3myXa, IMaJaBHHA, XHUAPOTEPMUUYKOT KoedwuimjeHta mpema CerbaHUHOBY
u nHAekca cyme npema Jle Maprony y mepuoxy 1961-2017. rogune. Pe3ynraru mokasyjy Aa Temmeparypa Baszmyxa
UMa TCH/CHIIM]Y pacTa TOKOM IIHjeie TOAUHE, JOK Cy TPEHIOBH IaJaBUHA CE30HCKH MPOM]jCHbUBH (HAjU3PAKCHHU]H CY
HEraTUBaH TPEH/I y CE30HH JHETO U MO3UTHBAH y jeceH). HeraTuBHM TpeHI0BH XUIPOTEPMHYKOT KOS(HUIINjEeHTa U HHIIEKCa
Cylle y Ce30HH JbETO yKasyjy Ha noBehame apuaHocTu KimuMme. [IprHOCH MOJBONIPUBPEAHUX KYITypa I0Ka3yjy CHaXKHY
3aBHCHOCT KJIIMMATCKUX yCJIOBA, @ IPBEHCTBEHO OJ TEMIIEpaType Ba3ayXa U JOCTYITHE KOJMYMHE NaJlaBUHa Y KPHTHYHUM
(azama BUXOBOT pa3Boja. YTBpheHa je 3HauajHa HETaTHBHA Kopenanuja m3Mely mpuHOca Kykypys3a y CemOepuju u
TEMIIepaType y BereTalliOHOM TIEPHOIy (a HApOUUTO Y CE30HH JHETO), Te 3HaUajHa MO3UTHBHA KOpeNaIija ca KOTHINHOM
naJaBuHa U BPUjeTHOCTHMA XUAPOTEPMHUUKOT KOS(HIIUjeHTA 1 HHIIEKCa CyIlle y HaBeIeHUM nepronuma rogune. Ouexyje
ce na he ximmarcke IpoMjeHe HEraTHBHO YTHILIATH Ha MPHHOC yCjeBa M II00aNHy NMPOW3BOAMY XpaHe, ctora he outn
HYKHO TIPEy3€TH HU3 Mjepa ¥ aKTUBHOCTHU y LIMJbY aJaNTalyje 1 MUTUTAIH]je MT0JbOIIPUBPEAHE IIPOU3BOIE Y JEHOM
071 HajBXKHUJHUX arpapHUX noapy4ja y Pemyonuim Cprickoj u bocHu n XepueroBuau.

KibyuHe pujeun: kIuMaTcke poMjeHe, arpapHa IIpou3Bo/Iba, IIPHHOCH KyKypy3a, Cembepuja.
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Abstract: The paper analyzes recent climate change over the Semberija region and their impact on agricultural
production. Based on monthly temperature and precipitation data from the Bijeljina meteorological station, trends in
temperature, precipitation, Selyaninov hydrothermal coefficient and De Marton drought index in the period 1961-2017
were determined. The results showed increasing temperature tendency throughout the year, whereas the precipitation
trends were seasonally variable (the most prominent were a negative trend in summer season and a positive trend in
autumn). Negative trends in the hydrothermal coefficient and drought index in the summer season indicate an increase in
climate aridity. Crop yields show a strong dependence on climatic conditions, primarily on temperature and the available
precipitation in the critical stages of their development. A significant negative correlation between the corn yields in
Semberija and temperatures in the growing season (and particularly in the summer season) was determined, as well as a
significant positive correlation with the precipitation, the hydrothermal coefficient and the drought index in these parts
of the year. It is expected that climate change will negatively affect crop yields and global food production. Therefore, it
will be necessary to undertake a range of measures and activities aimed at the adaptation and mitigation of agricultural
production in one of the most important agrarian areas in the Republic of Srpska and Bosnia and Herzegovina.
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YBOA

['moGanHe npomjeHe cpembHUX TeMIieparypa u
TeMIIEpaTypHUX eKCTpeMa (FbHX0BE YUeCTaIOCTH,
MHTEH3UTETa W/WIN Ty)KUHE Tpajama), Koje HUCY
3a0MIbEKEHE TOCIBEIIbUX JICHICHU]a U BUjEKOBa,
yTBplheHe cy TokoM npyre nonoBuHe 20. BHjeka 1
noueTkoM 2 1. Bujeka (Intergovernmental Panel on
Climate Change, 2014). C apyre ctpaHe, mpomjeHe
CpeImbUX M eKCTPEMHHUX IaJaBUHA T€HEPaTHO
Mame Cy KOXEepeHTHE (IIPOCTOPHO U BPEMEHCKH
MIPUCYTHH Cy TPEHIOBU Pa3IMUUTOr 3HAKA), ajIH
yIJIaBHOM €Ja00r MHTEH3UTETAa M Ca HUCKHUM
HUBOOM CTaTUCTHUYKe 3HauajHocTH (Alexander
et al., 2006). Cnu4yaM TPEHAOBHU MPHUCYTHU CY
u Ha noapyyjy Pemy6nuke Cprcke u boche u
Xepuerosune (Popov, Gnjato, & Trbi¢, 2018a,
2019b; Popov, Gnjato, Trbi¢, & Ivanisevi¢, 2018c;
Trbi¢, Popov, & Gnjato, 2017; Vidi¢ & Deli¢,
2019). [Ipomjene Temmieparype U IajaBUHA, ajaH
Y EKCTPEMHHUX KJIMMAaTCKUX Aorahaja, Kao mro cy
TOIUIU TaJacH, CyIlle, MOIIaBe, IUKJIOHH, Oyje U
IIYMCKH OapH, OTKPUBAjy 3HAYajHy pParmbHBOCT
U U3JI0KEHOCT OpOjHUX MPHUPOTHUX U COILHO-
exoHOMCKuX cuctema (Intergovernmental Panel
on Climate Change, 2014). Kiiumarcke npomjeHe
CHaXHO he yTHUIaTh Ha CBE Ha KJbyYHE CEKTOpe
exoHomuje y Penmybmumu Cprckoj u bocHu u
XepleroBuH, Kao INTO Cy IMOJbONPUBpENA,
IIyMapcTBO, eHepreTuka u typusam (Radusin et
al., 2013).

OBa cTyauja TmpeAcTaBba HACTaBaK
UCTpaXHBamba KIMMATCKUX MpoMjeHa y bocHu
n Xepuerosunu (Popov et al., 2018a, 2018c,
2019b; Trbi¢ et al., 2017) u wUXoBOT yTHUIIaja HA
noJponpuBpenHy npousBoawy (Popov, Gnjato, &
Trbi¢, 2019a), koja pezcTaBIba jeaH o1 KIbyYHHUX
cekropa npuBpene y bocuu u Xepueropunu. 3a
ucTpaxuBame omabpana je CemOepwuja, jeqHO
0/ HajBAXKHUJUX TOJHOIPUBPEAHUX TOApYYja Yy
Penry6mumn Cprickoj u bocHu u XepiieroBuHu.
Panuja ucrpaxuBarma y nepunaHOHCKOM PEruoHy
yTBpauia cy aa je Ha noxapyyjy CemOGepuje
MPHUCYTHO 3arpujaBambe KIMMATCKOT CHUCTEMA.
Y nepuony 1961-2016. ronune cpeame,
MaKCHUMaJIHE U MUHUMAITHE TeMIIepaType ropacie

cy 3a 0.3°C-0.5°C, 0.4°C—0.6°C un 0.3°C=5°C no
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INTRODUCTION

Global changes in mean temperatures
and temperature extremes (their frequency,
intensity and/or duration) that have not been
observed in recent decades and centuries have
been determined during the second half of
the 20th century and at the beginning of the
21st century (Intergovernmental Panel on
Climate Change, 2014). On the other hand,
changes in mean and extreme precipitation
were generally less coherent (spatially and
temporally trends of different signs occured),
but mostly weak and with a lower level of
statistical significance (Alexander et al., 2006).
Similar trends were also present in the Republic
of Srpska and Bosnia and Herzegovina (Popov,
Gnjato, & Trbi¢, 2018a, 2019b; Popov, Gnjato,
Trbi¢, & Ivanisevié¢, 2018c; Trbi¢, Popov, &
Gnjato, 2017; Vidi¢ & Deli¢, 2019). Changes
in temperature and precipitation, but also
extreme climate events, such as heat waves,
droughts, floods, cyclones, storms and forest
fires, reveal a significant vulnerability and
exposure of many natural and socio-economic
systems (Intergovernmental Panel on Climate
Change, 2014). Climate change will strongly
affect all key economy sectors in the Republic
of Srpska and Bosnia and Herzegovina, such
as agriculture, forestry, energy and tourism
(Radusin et al., 2013).

This study is a continuation of research
on climate change in Bosnia and Herzegovina
(Popov et al., 2018a, 2018c, 2019b; Trbi¢ et
al., 2017) and their impact on agricultural
production (Popov, Gnjato, & Trbi¢, 2019a),
which is one of the key economy sectors in
Bosnia and Herzegovina. Semberija, one of the
most important agrarian areas in the Republic
of Srpska and Bosnia and Herzegovina, was
selected as the study area. Previous research in
the Peripannonian region found that the climate
system warming is present over the Semberija
region. During the period 1961-2016, mean,
maximum and minimum temperatures increased
by 0.3°C-0.5°C, 0.4°C—0.6°C and 0.3°C—-5°C
per decade, respectively (Popov et al., 2019b;
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nenenuju, pecriektisHo (Popov et al., 2019b; Trbi¢
etal., 2017). Mako je TpeHa mopacra Temreparype
MIPUCYTaH TOKOM IIHMjeJie TOAMHE, 3arpujaBame je
HajU3paKEHH]jE Y CE30HU JHETO, a 3aTHM y CE€30HaMa
3uMa U riposbehe, TOK Cy MpoMjeHe y CE30HH jeCeH
3HaTtHO ciabujer uHTeHsutera (Popov et al.,
2019b; Trbi¢ et al., 2017). [To3uTuBHU TPEHIOBU
MHJIEKCA TOIIMX eKCTPeMa U HeTaTUBHU TPEHIOBH
WHJIEKCA XJIaJHUX eKcTpeMa Takohe morBplhyje
TEHJCHIM]y mopacta 3arpujaBama (Popov et
al., 2019b). TpeH10BH CpenmbUX U €KCTPEMHUX
aJIaBUHA IPOCTOPHO M CE30HCKU CY Pa3IU4UTOr
3HaKa ¥ YIJIABHOM jOII HUCY CTATUCTUYKH 3HAYajHH
(Popov et al., 2018a). Mnak, Tpeba uctakHyTH aa
Cy YOUEHH TPEHIOBH KOjH YKa3yjy Ha IIPOMjeHe Ka
MHTeH3MBHUjUM nagaBuHama (Popov et al., 2018a).

[ToreHnujanHu yTHIAJU KJIMMATCKHUX
MIPOMjeHa Ha MIPUHOCE MOJHOIIPUBPEIHUX KYATypa
MOCTajy CBE BaXHUj€ NHUTAmE, KOje H3a3MBa
BEIIUKY 3a0pHHYTOCT Y CBHJETY MOCJbEIHUX
JetieHrja 300T YOUeHUX HETaTUBHMX yTHIaja Ha
MIPOM3BO/IIbY YCj€Ba U CUTYPHOCT CHaOAMjeBamba
yoBjeuancTBa xpanoMm (He et al., 2018; Zhang,
Zhao, Chen, Guo, & Wang, 2015). bpojue ctynuje
UCTpaXkuBaje Cy epeKTe KIMMATCKUX MpoMjeHa
Ha npousBonwy ycjea (Cai, Wang, & Laurent,
2009; Ceglar & Kajfez-Bogataj, 2012; Deryng,
Conway, Ramankutty, Price, & Warren, 2016;
He et al., 2018; Kang, Khan, & Ma, 2009; Knox,
Daccache, Hess, & Haro, 2016; Lobell & Gourdji,
2012; Matiu, Ankerst, & Menzel, 2017; Olesen et
al., 2011; Rosenzweig et al., 2014; Ummenhofer
et al., 2015; Zhang et al., 2015). Unak, y bocau
1 XepLEeroBUHU OBO MHUTAHE jOII je HEJOBOJHHO
UCTPaXKEHO.

3HauajaH MO HANpeTKa y MOJHOIPUBPEIHO]
MIPOM3BOIEBH PE3YIITAT j€ TEXHOJIOIIKOT Iporpeca
y TEHETHLIM, arPOHOMUJU U HauMHY Kopuirhema
pecypca (mpumjena hyopursa, HaunHu 0OpahjuBamba,
celeKIrja Xuopuaa, yrpaBibambe HaBOAHABABEM,
I0fopen, BpujeMe 1 1youHa cujama uth.) (Kukal
& Irmak, 2018). Mnak, u Bpujeme u kiaumMa Taxohe
Cy BaXHH (PaKTOPH KOJU YTHUY Ha MOJbONPHUBPEIHE
MIPOM3BO/IHE CUCTEME, jep Cy HCTPaKUBaAHA
MoKasaja Jia Cy HeJJaBHE NMPOMjEeHE KIMMATCKUX
Bapujaliiu yTHIAJIe Ha TPEHI0BE MPHHOCA yCjeBa
ynpkoc Hanpetky texHonoruje (Kukal & Irmak,

Trbi¢ et al., 2017). Although the increasing
temperature trend was present throughout
the year, warming was most prominent in the
summer season, and then in winter and spring
seasons, whereas changes in autumn were with
a considerably lower rates (Popov et al., 2019b;
Trbi¢ et al., 2017). Positive trends in the warm-
related extreme indices and negative trends in
the cold-related extreme indices also confirm
a warming tendency (Popov et al., 2019b).
Trends in mean and extreme precipitation were
spatially and seasonally incoherent, but yet not
statistically significant (Popov et al., 2018a).
However, it should be noted that observed
trends indicate changes towards more intense
precipitation (Popov et al., 2018a).

The potential impacts of climate change
on crop yields are becoming an increasingly
important issue, which has been a source of
great concern in the world in recent decades
due to the observed negative effects on crop
production and the security of global food
supply (He et al., 2018; Zhang, Zhao, Chen,
Guo, & Wang, 2015). Numerous studies have
analyzed the effects of climate change on
crop production (Cai, Wang, & Laurent, 2009;
Ceglar & Kajfez-Bogataj, 2012; Deryng,
Conway, Ramankutty, Price, & Warren, 2016;
He et al., 2018; Kang, Khan, & Ma, 2009;
Knox, Daccache, Hess, & Haro, 2016; Lobell
& Gourdji, 2012; Matiu, Ankerst, & Menzel,
2017; Olesen et al., 2011; Rosenzweig et al.,
2014; Ummenhofer et al., 2015; Zhang et al.,
2015). However, in Bosnia and Herzegovina,
this issue has not yet been sufficiently
researched.

A significant portion of the advances
in agricultural production is a result of
technological advances in genetics, agronomic
and resource use practices (fertilizer
applications, tillage, crop hybrid selection,
irrigation management, plant rotation, planting
date and depth, etc.) (Kukal & Irmak, 2018).
However, weather and climate are also
prominent drivers of agricultural production
systems; hence, studies showed that recent
climate change substantially affected crop
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2018). Kniumarcke npoMjeHe yTudy Ha MPUHOCE
ycjeBa Ha pa3iIM4rTe HaulHe, 3aBUCHO O] TOZIpYYja,
BpcTe ycjeBa u MoryhHocTH HaBonmaBama (Kukal
& Irmak, 2018). Mehyroaumima BaprjabUITHOCT
MPUHOCA yCjeBa Yy BEJIHMKO] MjepH y3pOKOBaHa
je BapujabunHomhy KIMMaTCKUX YyCIOBa
(IpBEHCTBEHO TeMIEpaType MU MaJaBHUHA).
[ToBehame Temmneparype 1 HEZOBOJbHA BIaXKHOCT
3HauajHO Cy CMamUINW NPHUHOCE KYKypy3a,
MIIeHUIe U coje Ha rmobamHoM HUBOY (Matiu
et al., 2017). Cymie u eKCTpeMHH TOIUIA TaJlaCH
3HAYajHO Cy CMAIWIN HALMOHAIIHY MTPOU3BOMALY
xutapuna 3a 9—10 % — ryOunu y npou3BoImHH
ycJbell cylia OMiIM cy TOBE3aHU Ca CMAmbCHEM
U TOXIEBEHE TMOBPIIMHE M MPHUHOCA, JIOK je
eKCTpEMHa TOIIOTA YITIABHOM CMambuIIa MPUHOCE
xwurapuiia (Lesk, Rowhani, & Ramankutty, 2016).
Kmmmarcke nmpoMjene u noehame KOHIIEHTpaluje
armocepckor  yriben-guokcuaa (CO,) vy
MPOTEKIIMX HEKOJIMKO JICTICHH]a MK Cy PUITYHO
Op3u Y MHOTUM IOJHONIPUBPEAHUM PErHOHMMA
ceujera (Lobell & Gourdji, 2012). Ouekyje ce
na he mpojekroBaHe MPOMjeHE y4ecTaJoCTU U
MHTEH3UTETa eKCTPEMHHX KIMMATCKuX jaorahaja
HETaTUBHO YTHLIATH Ha PUHOC yCjeBa U III00aIHy
npousBoamy xpane (Deryng et al., 2016).

Jlakne, raBHH LWJb OBE CTYAHjE j€ Ja ce
aHAJIM3MPajy CaBpeMEHE KJIMMAaTCKe MPOMjeHE Ha
noapyyjy Cembepuje u 1a ce pazmorpe epexTH
yTBpheHnx oOpa3aria mpoMjeHa KIMMe Ha arpapHy
MPOU3BO/AIbY, NPBEHCTBEHO HA MPOHU3BOAIY
KyKypy3a, HajBayKHH]€ KYJITYpe Ha OBOM HOZPYY]Y,
a 3a Kojy cy uctpaxkusama (Deryng et al., 2016; He
etal., 2018; Knox et al., 2016; Olesen et al., 2011;
U JIp.) oKa3aja 1a he y oqHOCy Ha Jpyre KyaType
OWUTH 3HATHO YIPOXKEHH]ja MPOMjeHaMa KIIUME.

MATEPUJAJIN U METOIE

AHanu3a CaBpPEMEHHX KJIMMATCKUX
npomjeHa Ha noapyyjy CemOepuje y nepuomy
1961-2017. ronuHe M3BpIICHA jeé HA OCHOBY
nojiaTaka O CpeIlbMM MjECEYHUM TeMIIeparypama
U TaJaBUHaMa ca METEOPOJIOIIKE CTaHHIIE
bujessuna nouupane Ha 44°47' c. r. m., 19°16'
u. . a1 u 90 M. H. B, Koje je o0e30mjenno
PenmyOnuuyku XUIPOMETEOPOIIOIMIKH 3aBOJ
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yield trends despite the advances in technology
(Kukal & Irmak, 2018). Climate change
effects on crop yields are highly dependent
on location, crop type and irrigation (Kukal &
Irmak, 2018). Interannual crop yield variability
is driven in large parts by climate variability
(particularly temperature and precipitation).
Increasing temperatures and insufficient
moisture significantly reduced corn, wheat
and soy yields globally (Matiu et al., 2017).
Droughts and intense heat waves significantly
reduced national cereal production by 9-10
% — production losses due to droughts were
associated with a reduction in both harvested
area and yields, whereas extreme heat mainly
decreased cereal yields (Lesk, Rowhani,
& Ramankutty, 2016). Climate change and
increases in atmospheric carbon dioxide (CO,)
over the past few decades have been very rapid
in many agricultural regions around the world
(Lobell & Gourdji, 2012). Projected changes in
the frequency and severity of extreme climatic
events are expected to negatively affect crop
yields and global food production (Deryng et
al., 2016).

Given the stated, the main aim of this
study is to analyze recent climate change in the
Semberija region and to investigate the effects
of the determined climate change patterns
on agricultural production, primarily on the
production of corn, the most important crop
over this area, and for which studies (Deryng
etal., 2016; He et al., 2018; Knox et al., 2016;
Olesen et al., 2011; etc.) found that it will be
much more vulnerable to climate change in
relation to other crops.

MATERIALS AND METHODS

Analysis of recent climate change over the
Semberija region for the period 1961-2017 was
carried out based on data on average monthly
temperatures and precipitation at the Bijeljina
meteorological station, which is located at
44°47' N, 19°16' E and 90 a. s. 1. Data were
provided by the Republic Hydrometeorological
Institute of the Republic of Srpska. Given that
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Peny6bnuke Cprcke. C 003upomM Ha TO 1a Ha
METEOPOJIONIKO] CTAHULM TOCTOj€ MPEKHUAH
Mjeperma y paTHOM M TOCIHjepaTHOM HEpUOTY
(1991-1996), ekcrpanonanuja Hexocrtajyhux
T0/1aTaKa U3BpILIEHA je KOpUIIhemkeM Mmoaraka ca
HajOITIKe CTAaHULIE Ca PACTIONIOKUBUM MjepemhuMa
y oxrosapajyhem mepuony (Jlozuuna). Ocum
TEeMIlepaType M MajaBUHA, aHAJIU3UpaHa Cy
JIBa MHJEKCA KOja ce M3padyHaBajy Ha OCHOBY
TeMIlepaType Ba3lyxa M KOJIWYMHE NaJaBHHA, Ia
Ha 100ap Ha4YMH OJIpakaBajy HBUXOB KOMOMHOBAHH
yTHLaj. XUAPOTEPMUUKH KOCPHUIMjEHT Mpema
CespannnoBy (CenssHuHOB, 1966) u3pauyHar je
npema (hopMyIIH:

105
HTC=—— =

>'T.(T >10°C)

i=1

rije cy: P, cyma nanasuna u T, cyma Temmeparype
3a Mjecelle ca cpeamoM Temreparypom > 10°C.
3a onpehuBame Tuma kiaume kopuinheHa je
KJIacuQuKalmja Maiao Moau(pUKOBaHA 3a Hallle
yciose: < 0.5 — cyBo, 0.5-0.7 — Bpno cyuHo,
0.7-1.0 — cymno, 1.0—-1.3 — HEAOBOJLHO BIIAXKHO,
1.3—1.5 — ymjepeno BnaxHo, 1.5-2.0 — BiaxHo,
2.0-3.0 — Bpno BnaxHo, > 3.0 — mpexoMjepHO
BnaxkHo (Otorepec, 1991).

lomuime 1 MjecedHe BpHjeAHOCTH WHJIEKCa
cyue npema Jle Maprony (De Martonne, 1926)
u3padyHare cy mnpema opmysaama:

P I 12 Py
mpM "~ T +10

Ipm = T+10
raje cy: I v Im_ ronumimy u MjecedHr MHIEKC
cyme, P u P cpenma romumma M Mjecedna
konuunHa nanasuna, T u T cpenma roxumima
U MjecedHa TemrepaTypa Ba3ayxa. Tunm KinMme
onpehen je mpema cibenehoj kmacudukanuju:
< 10 — apugna, 10-20 — cemuapuana, 20-24 —
MeauTepaHcka, 24—28 — ceMuxymuasa, 28—35 —
XyMHJIHA, > 35 — MepXyMHHA.

3a cBe mapameTpe H3BpIICHA je aHalu3a
TpeH/Ia y 1I1jeJIOM aHATU3UPAHOM MIEPHOLTY, Kao Uy
JIBa MOTHEPHO/A: Y CTAHAAPTHOM KIMMATOIOIIKOM

there were interruptions in measurements at
the meteorological station in the war and post-
war period (1991-1996), the extrapolation
of missing data was performed using data
from the nearest station with the available
measurements in the corresponding period
(Loznica). In addition to temperature and
precipitation, two indices calculated based
on temperature and precipitation were used
because they well reflect their combined
effect. Selyaninov hydrothermal coefficient
(CensuunoB, 1966) was calculated following
the formula:

105
HTC=—— =

>'T,(T >10°C)

i=1

where: P, is precipitation and T, is temperature
sums for months with mean temperature > 10°C.
For determination of climate type, a slightly
modified to our conditions classification was
used: < 0.5 — extremely dry, 0.5-0.7 — very
dry, 0.7-1.0 — dry, 1.0-1.3 — insufficiently wet,
1.3—1.5 — moderately wet, 1.5-2.0 — wet, 2.0-3.0
— very wet, > 3.0 — extremely wet (Otorepec,
1991).

The annual and monthly values of the De
Marton drought index (De Martonne, 1926) were
calculated according to the following formulas:

P I 12 Py
MDpM "~ T,+10

Iom = 1355
where 1 and Im_  are annual and monthly
drought indices, P and P_ are mean annual
and monthly precipitation, T and T _ are mean
annual and monthly temperatures. The climate
type is determined according to the following
classification: < 10 — arid, 10-20 — semiarid,
20-24 — mediterranean, 24-28 — semihumid,
28-35 — humid, > 35 — perhumid.

For all parameters, trends were estimated
for the full analyzed period, and for two
subperiods: standard climatological period
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nepuony (1961-1990) u y mnepuony HakoH
obHaBbama Mjepema (1997-2017). 3a
yTBphHBame MOCTOjaba TPEHAa Y BPEMEHCKO]
CepHju, T€ HEroBe CTATHUCTUYKE 3HAYaJHOCTH,
kopuirheHu cy Hemnapamerpujcku Man-Kennan
TecT 1 CeHOB METOI.

[TpuHoCH KyKypy3a, HajBaKHHje paTapcke
kyarype y Cembepuju, y nepuony 1997-2017.
TOIMHE aHAJIM3UPAHU Cy Ha OCHOBY IOJaTaKa
npeyszeTux u3 nybnaukanuja PemyOmmykor
3aBoja 3a crtaructuky PemyGnuke Cpricke —
Cmamucmuuxu 2ooumreax Penyonuxe Cpncke
3a 2009, 2014. u 2015. romuny u I padosu u
onmwmune Penyonuke Cpncke, 2018. Y1Bphenu cy
TPEHI0BH MIPOM3BOAE U MPHHOCA y bujesbuHwy,
y K0jOj C€ Haja3u METEOPOJIOIIKa CTAaHHIIA, KaKO
O ce aHamU3Mpao yTHIA] YOUCHUX IPOMjeHa
KJIMME Ha arpapHy npousBoamy. l[lpunocu
MOJBONIPUBPEIHUX KYITypa IMOKa3yjy CHaXHY
3aBUCHOCT OJ1 TEMIIEpaType Ba3ayXa U JIOCTYITHE
KOJIMYMHE TMaJaBUHa y KPUTHUYHUM (Qazama
IbUXOBOT Pa3Boja. Y IMJbY UCIUTHBAA HHHXOBE
MOBE3aHOCTH, KOPENallMOHOM aHAJIN30M yTBpheHa
j€ 3aBHCHOCT IMpPHHOCA KYKypy3a Of TOAMIIHE
TeMIIepaType Basdyxa, TeMIeparype Ba3ayxa y
BETeTallMOHOM IIEPUOAY U Y CE30HHU JbETO, TE OJf
KOJIMYMHE TaJlaBUHA y HABEICHUM NEPUOIUMA
TOJIMHE, Ka0 U OJf XUAPOTEPMHUYKOT KOS(UIIHjEHTA
Y MHJIEKCA CyIIe Y BEreTallMOHOM MEPUOIY U Y
CE30HHU JbETO. 3a KBAaHTU(UKAIM]y 3aBHCHOCTHU
koputitheH je [TupcoHoB KoeuIjeHT Kopenalyje.
CBu u3pauynu usspiienu cy y XLSTAT Bep3uju
2014.5.03.

PE3VIITATU 1N AMCKYCUJA

Cpenma rouIIma TeMIeparypa Bazayxa y
bujesbunn y ananuzupanom nepuoay 1961-2017.
ronuHe u3Hocu 11.5°C (Tab. 1). Hajxmaguuju
Mjecer] je janyap (0.3°C), a HajTOIIUjU jynu
(21.9°C). Hajeha rogumma aMIIUTyaa
TeMIeparypa Ha 1ujeiaoM noapydjy PemyOmuke
Cprcke npucyTtHa je ynpaso y Cembepuju, koja
U TpeJCTaB/ba HEH HAJKOHTHMHEHTAIHUJU JIHO
(ITomog, 2017). Makcumym ox 43.0°C usmjepen
je y jymy 2007. roqune, a MUHUMYM of -28.2°C
3abuibexken je 24. janyapa 1963. roxuse.
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(1961-1990) and the period after the re-
establishing the measurements (1997-2017).
To determine the possible existence of a
trend in the time series and its statistical
significance, the nonparametric Man-Kendal
test and Sen’s method were used.

Yields of corn, the most important
crop in the Semberia region, in the period
1997-2017, were analyzed based on data from
the publications of the Republic of Srpska
Institute of Statistics — Statistical Yearbook
of the Republic of Srpska for 2009, 2014
and 2015 and the Cities and Municipalities
of the Republic of Srpska, 2018. Trends in
corn production and yields were determined
for Bijeljina, where the meteorological
station is located, in order to analyze the
impact of observed climate change on
agricultural production. Crop yields show
a strong dependence on temperature and
available precipitation at critical stages of
their development. In order to examine their
relationships, the correlation analysis was
performed to determine the dependence of
corn yields on annual, growing season and
summer temperature and precipitation, as well
as the hydrothermal coefficient and drought
index in the growing season and in the summer
season. Pearson correlation coefficient was
used to quantify these relationships. All
calculations were made in XLSTAT version
2014.05.03.

RESULTS AND DISCUSSION

Mean annual temperature in Bijeljina in the
analyzed period 1961-2017 was 11.5°C (Tab.
1). The coldest month was January (0.3°C) and
the hottest July (21.9°C). The highest annual
temperature amplitude over the entire territory
of the Republic of Srpska is a characteristic of
the Semberija region, which represents its most
continental part (ITomos, 2017). Maximum
temperature of 43.0°C was recorded in July 2007,
whereas minimum of -28.2°C was recorded
on January 24, 1963. Analysis of seasonal
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AHanu3a Ce30HCKHMX TeMIepaTypa IoKasyje Ja
je Jjpeto HajToruja ce3oHa (21.2°C), a 3uma
Hajxnagauja (1.4°C) (Tab. 2). Y cjeBepHOM ujery
PenyOnuke Cpricke, HE MOCTOje BEJIMKE PA3ITUKE
y TeMIieparypH y cezoHama nposeehe u jecen (y
bujessunn 11.8°C nanpema 11.7°C). Cpenma
TO/IMILIEHa KOJIMYMHA NaJJaBUHa y brjesbiHN n3HOCH
741.4 mm. MakcuMaiHa KOJIMYHHA MaJaBHUHA
U3IY4YH C€ KpajeM IpoJbeha M MOYeTKOM JheTa
—y jyay (90.0 mm), 70K ce MUHUMYM jaBjba y
¢bebpyapy (45.6 mm). [TagaBune cy penaTuBHO
paBHOMjepHO pacniopeleHe TokoMm roaune. Mnak,
HajBeha KOJIMUMHA MaJaBUHa M3TY4d CE€ Y CE30HH
JbeTo (29 % yKynmHUX TOIMIIKBUX MaJaBUHA), a
HajMama y ce30HU 3uma (21 %). YV BereranrioHoM
Nepuoy, Kaja cy MOoJbONPUBPEAHUM KyaTypama
u HajnoTpeOHuje, m3nyuyu ce 412.2 mm, mro
npeacraBsba 55 % yKyIlHE TOAUIIHE KOJTUYHHE
nafaBuHa. [ogummu nHaekce cyme (34.5) ykasyje
na je Ha Teputoprju CemOepuje Kirma XyMU/IHa, Tj.
J1a Ha HaBEZCHOM IOZIPYY]jy IOMHHHPA €T30pEn3aM,
ca CTaJTHUM Nepru(epHUM OJIBOIIbABABEM, a Kajla
J€ pHjed o pUPOTHO]j BEreTaluju, Hajehu nmpoctop
3ay3umajy crabe mryme. MjeceyHu MHIEKC Cylie
MoKasyje Ja je KiIuMa MepXyMHIHA U XyMHIHA
TOKOM Beher aujena roauHe (NMEepXyMuiaHa y
Neproly HOBEMOAp—MapT, a XyMHIHA Y MIEPHOLY
arpuiI—jyHU Uy OKToOpY). Kinma je ceMuxymuiia
JjenuHo y nepuony jynu—centemoap. Bpujennoctu
XUIPOTEPMHUUKOT KOC(PUIMjEHTA MOYETKOM H
KpajeM BereTalyoHOr mnepuoja (y ampuiy |
OKTOOpY) yKa3yjy Ha BJIa)KHE YCIIOBE CPEAUHE Y TOM
neprony. Biaxxau ycnoBu Biaaajy 10 jyHa, 10K je
NepHoI jylnu—centeMOap HEeIOBOJHHO BIIAYKaH.

temperature showed that the warmest season is
summer (21.2°C), and the coldest is being winter
(1.4°C) (Tab. 2). Over the northern part of the
Republic of Srpska, there are no major differences
in temperature in spring and autumn seasons (in
Bijeljina 11.8°C vs. 11.7°C). The average annual
precipitation in Bijeljina was 741.4 mm. Maximum
precipitation occurs in late spring and early summer
— in June (90.0 mm), whereas the minimum is a
characteristics of February (45.6 mm). Precipitation
is relatively evenly distributed throughout the year.
However, the highest precipitation occurs in the
summer season (29 % of total annual precipitation),
and the lowest in the winter season (21 %).
During the growing season, when most needed
to agricultural crops, there are on averege 412.2
mm, which represents 55 % of the total annual
precipitation. The annual value of drought index
(34.5) indicates that over the Semberija region the
climate is humid, i.e. that this area is dominated by
external runoff, with constant peripheral drainage,
and when it comes to natural vegetation, the largest
area is covered by forests. The monthly drought
index shows that the climate is perhumid and
humid during most of the year (perhumid in the
period November—March and humid during the
period April-June and in October). The climate
is semihumid only in the period July—September.
The values of the hydrothermal coefficient at the
beginning and at the end of the growing season (in
April and October) indicate humid climate during
that period. Humid conditions prevail until June,
whereas the period July—September is insufficiently
humid.

Tab. 1. Cpenme Mjecedne U roauiime Temneparype (t), nagasune (P), xunporepmuuku
koepuumnjent (HTC) n unnexc cyme (I, ) y bujesbunn y nepuony 1961-2017. ronune
Tab. 1. Average monthly and annual temperatures (t), precipitation (P), hydrothermal coefficient
(HTC) and drought index (I ;) in Bijeljina in the period 1961-2017

Wnpexc / Index | | I i v V | VI | VIl |V IX X | XI | XII | r/y

t(°C) 03|25 |68 | 11.8 | 168 (202|219 |214| 17 |11.7| 64 | 1.6 | 115

P (mm) 51.8 1456|550 | 62.5 | 73.7190.0 | 69.9|59.1 |569|54.6 |63.9|593|741.4
HTC 1.8 151151109 |12 1.6

lom 66.8 | 47.7 | 40.6 | 349 | 335|363 |26.6| 23 |257|30.747.8| 64 | 345
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Tab. 2. Cpenme cezoHcke Temneparype (t) u magasune (P) y bujessunn y nepuoxy 1961-2017. roqune
Tab. 2. Average seasonal temperatures (t) and precipitation (P) in Bijeljina in the period 1961-2017

Minexe / Index 3uma / [Iposmehe / Jbeto / Jecen / Ber. nepuon /
A Winter Spring Summer Autumn Growing season
t (°C) 1.4 11.8 21.2 11.7 18.2
P (mm) 157.7 191.2 219.0 175.4 412.2

VY ananuszupanom nepuony 1961-2017.
TOJIMHE TIPUCYTHH Cy 3Ha4ajHU TPEHAOBU MopacTa
TEMIIepaType Ba3ayxa y CBUM FOAUIIBUM J00MMa
(Tab. 3). logumma Temmeparypa mopacia je 3a
0.4°C o nenenuju. TpeHn 3arpujaBama OUUIIeaH
j€ y CBHM ce30HaMa, ajH je Haju3pakeHUju y
ce3onu Jbeto — 0.6°C mo neueHuju, a 3aTuM y
cezoHama 3uma 1 npoJsbehe (0.4°C no neneHujm),
JIOK je y CE30HH jeceH 3a0UIbEeKEH caMO He3HaTaH
nopact temneparype (0.2°C no nenenuju) (Tab.
4). Ocum noBehama cpemux TeMIeparypa, Ha
nozapy4jy CemOepuje NpUCYTHU CY U MO3UTHBHU
TPEHAOBH EKCTpeMHUX Temmeparypa. Cpenme
TOJIUIITH-E MAKCUMAJTHE | MUHUMAITHE TEMIIEpaType
Ba3/lyxa 3HadajHo cy nopacie 3a 0.4°C u 0.3°C o
JICLICHUj |, PECTIEKTUBHO, a aliCOTyTHO MaKCUMAITHE
n muHuMmanHe temneparype 3a 0.6°C u 0.5°C
no aereHuju, pecnektuBHo (ITomos, 2017). 3a
pa3NuKy O TeMmIeparype Ba3lyxa, TPEHIOBHU
MaJaBUHa CE30HCKU Cy BeoMa IMPOMjEHIbUBH,
any YIJIaBHOM HECUTHU(UKAHTHU. Y ce30Hama
JbETO U 3UMa MPUCYTaH je HeraTuBaH TPEH, 0K
Cy TMaJlaBUHE y MOpacTy y jeceH u mposbehe. Ha
TOAUIIKHEM HUBOY, MaJaBUHE OHIbEKE TPEH]
nopacra 3a 7.1 mm 1o JeteHuju, 0K Cy MaJiaBuHe
y BEreTalruoHOM MEepHoAy CMameHe 3a 2.4 mm
no neueHuju. [lopact Temmneparype Baszayxa u
CMambeHhe KOJMYMHE MaJaBUHA y CE30HU JHETO,
MMajy Cy 3a MOCJhEANIly HETaTUBHE TPEHIOBE
HTC u I, y nepuony jynu—asryct. To ykasyje
Jla y OBOM TEepHOAY TOAMHE A0sa3u 10 noehama
apuaHOCTH Kiamme. Herarusuu tpenmosu I,
yTBpheHu cy U TOKOM HOBeMOpa u nenembpa. C
JpyTe CTpaHe, MOYETKOM U KpajeM BEereTalloOHOT
nieprioa oBehasa ce BnaxkHoct kiaume (Tao. 5).

During the analyzed period 1961-2017,
significant positive temperature trends in all
seasons were determined (Tab. 3). Annual
temperature increased by 0.4°C per decade.
The warming trend was apparant in all seasons,
but most prominent was in the summer season
(0.6°C per decade), then in winter and spring
seasons (0.4°C per decade), whereas in
autumn only a slight increase in temperature
was recorded (0.2°C per decade) (Tab. 4). In
addition to the mean temperatures increase,
positive trends in extreme temperatures were
also found in the Semberija region. Annual mean
maximum and minimum temperatures increased
significantly by 0.4°C and 0.3°C per decade,
respectively, whereas the absolute maximum
and minimum temperatures increesed by 0.6°C
and 0.5°C per decade, respectively (Ilomos,
2017). Unlike temperature, precipitation
trends were seasonally very incoherent, but
mainly insignificant. During the summer and
winter seasons, the negative trend was found,
whereas precipitation increased in autumn and
spring. Annual precipitation increased by 7.1
mm per decade, whereas precipitation during
the growing season decreased by 2.4 mm
per decade. The increase in temperature and
decrease in precipitation in the summer season
resulted in negative trends in HTC and I, in
the period June—August. This indicates that in
this part of the year aridity is increasing. The
negative I trends were also determined in
November and December. On the other hand,
at the beginning and at the end of the growing
season humidity was increasing (Tab. 5).
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Ta6. 3. JlekanHu TPEHIOBH MjECEUHUX U TOAUIIBUX Temiieparypa (t) u nagasuna (P) y bujessunu y
nepuony 1961-2017. ronune
Tab. 3. Decadal trends in monthly and annual temperatures (t) and precipitation (P) in Bijeljina in
the period 1961-2017

Hupexc / Index | | I m | v | v VI | VIE | VI IX X XI XII | r/y
t(°C) 0.6°| 03 | 04°|04°| 03|05 |07°|07| 01|02 02 | 04° | 04
P (mm) 23 | 1513126 51437 |-12|-02] 06| 6.8 | -24 | -3.4 7.1

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

Tab. 4. JlekaHu TPEHIOBH CE30HCKUX Temreparypa (t) u nanaBuna (P) y bujessunu y nepuony
1961-2017. ronune
Tab. 4. Decadal trends in seasonal temperatures (t) and precipitation (P) in Bijeljina in the period

1961-2017
Wrzexc / Index 3I/I.Ma / Hpon,.ehe / Jbeto / Jecen / Ber. nepron /
Winter Spring Summer Autumn Growing season
t(°C) 0.4¢ 0.4 0.6 0.2¢ 0.5*
P (mm) -2.1 8.5¢ -6.4 6.0 -2.4

CrarucTHYKy 3Ha49ajHo Ha HEUBOY 99.9 % (%), 99 % (°), 95 % () 1 90 % (¢)
Statistical significance at the 99.9 % (*), 99 % (®), 95 % () and 90 % (¢) level

Ta6. 5. Jlekaguu TpeHI0BH MjecedHor xuaporepMuukor koepuiujenra (HTC) u nnaekca cyie

(IDM

) y bujessunn y nepuony 1961-2017. ronune

Tab. 5. Decadal trends in monthly hydrothermal coefficient (HTC) and drought index (I,,,) in
Bijeljina in the period 1961-2017

e [ e [, [N e |, e e |,
| 0.42 Vv 0.078 1.92 IX 0.017 0.22
i 1.48 VI -0.097¢ -2.09 X 0.152¢ 3.33¢
1 1.47 VIl -0.05 -0.99 XI -2.19
v 0.012 0.86 VI -0.03 -0.59 XII -5.05¢

CrarucTHYKy 3Ha49ajHo Ha HUBOY 99.9 % (%), 99 % (°), 95 % (%) 1 90 % (¢)
Statistical significance at the 99.9 % (*), 99 % (®), 95 % () and 90 % (¢) level

TpeHa0BH TemIepaType Ba3ayxa U MajaBuHa
Ha TOMIIEHEM HUBOY, Y BET€TallMOHOM MEPHOTY U
y CE30HH JbETO (KaJla Cy HajBKHH]JU 32 ONTUMAIIHH
pa3Boj MOJBONIPUBPEIHUX KyNTypa) y bujessunu
y nepuony 1961-1990. u 1997-2017. ronune
npukazanu cy Ha Ci1. 1 u Ci. 2. Tlpuka3zas je Haruo
TpeHaa (Slope), leroBa cTaTUCTUYKA 3HAYQJHOCT
(p-value) u xoepunmjent nerepmunanuje (R?).

Trends in annual, growing season and summer
season temperature and precipitation (when
they are crucial for the optimal development
of agricultural crops) in Bijeljina in the periods
1961-1990 and 1997-2017 are shown in Fig. 1
and Fig. 2. Trend estimate (Slope), its statistical
significance (p-value) and determination
coefficient (R?) are displayed.
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Cn. 1. TpennoBu temmeparype y bujessunan y nepuoay 1961-1990. u 1997-2017. rogune
Fig. 1. Temperature trends in Bijeljina in the 1961-1990 and 1997-2017 periods
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[onumme nagaBuHe / Annual precipitation
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Ca. 2. TpennoBu nagaBuna y bujessunu y nepuony 1961—1990. u 1997-2017. ronune
Fig. 2. Precipitation trends in Bijeljina in the 1961-1990 and 1997-2017 periods

Pesyrrrary okasyjy na je y nepuomy 1961—1990.
TOIIMHE TEMITEpaTypa caMmo HE3HATHO Paciia, a y HEeKUM
JIMjeJI0BUMA IOIMHE Yak je OMo MpUcyTaH onajiajyhu
tpena. C apyre ctpane, y nepuony 1997-2017.
TO/IMHE MPUCYTaH je BeoMa U3PaXKeH U CTAaTUCTHYKU
3HauyajaH MMO3UTUBAH TPEH[. Y HABEICHOM IIEPUOLY,
TeMIIepaTypa Ba3yXa y CE30HH JbETO Mopacya je

The results show that in the period 1961-1990
temperature only slightly increased, and in some
parts of the year there was even a downward trend.
On the other hand, in the period 1997-2017, very
prominent and statistically significant positive
trends were found. During this period, temperature
in the summer season increased by even 0.8°C per

45
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3a yak 0.8°C mo genenuju. [Ipocjeuna roaumma
TeMneparypa usmMely jaBa meprona mopacia je 3a
1.4°C (Cn. 3). Y nepuomy 1997-2017. ronumne,
rioBehaHe Cy pOCjeuHe TeMITEpaType Ba3ayxa y CBUM
ce3oHaMa (y Ce30HHM JbeTo 3a yak 2.4°C).

Y HaBejeHa JBa TMepuoia YTBpheHU cy
TPEH/IOBH MaJIaBUHA Pa3IMUMTOr 3HaKa. 3a PasiIiKy
o1 pedepeHTHOT Tieproa, y nepuory 1997-2017.
TOJIMHE MPHCYTHH CY HETAaTUBHHU TPEHIOBH TOIMIITHHHX
MaJIaBUHA ¥ TIA/IaBHHA Y CE30HU JhETO, o 24.6 mm
u 30.0 mm no aenenuju, pecnekruBHO. [Ipocjeuna
KOJIMYMHA TIaJ]JABUHA y CE30HU JHETO CMambCHA je
n3mel)y 1Ba nepuosa 3a roroso 10 %.

decade. The average annual temperature between
the two periods increased by 1.4°C (Fig. 3). In the
period 1997-2017, average temperatures increased
in all seasons (in the summer season by even
2.4°C).

In these two periods, trends of different sign
were determined for precipitation. In contrast to
the reference period, during the period 1997-2017
negative trends in annual and summer precipitation,
in the range of 24.6 mm and 30.0 mm per decade,
respectively, were determined. The average
precipitation in the summer season had been
reduced between two periods by almost 10 %.

o)
25 +2.4°C
1@1961-1990 +1.7°C

20 1@m1997-2017

s | s B +0.8°C +1.4°C

10 1
_|_ Q

5 | L.22C

0 T T T T L T
3uma/  IIpomehe/  Jbero/ Jecen / Ber. ./ Tomuna/
Winter Spring Summer  Autumn G.s. Year

mm +4.5 %

800 -

700 | ®1961-1990

600 1 m1997-2017 +2.4 %
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400 1 iz 0 9.6 %

300 | +ago TIOO% +17.6 %

200 A

100

0 T L T T L] T

3uma/ Ilpomehe/  Jbero/ Jecen / Ber. ./ Tonnna/
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Ca. 3. Pa3nuka usmel)y npocjeyHux BpUje€AHOCTH CE30HCKUX U TOUIIBLUX TEMIEpaTypa 1
najgaBuHa y bujessunn y nepuony 1997-2017. ronune y ogunocy Ha niepuon 1961—1990. rogune
Fig. 3. The difference between the average values of seasonal and annual temperatures and
precipitation in Bijeljina in the period 1997—2017 in relation to the period 1961-1990

Tpennosun HTC u I, y bujesbunn y nepuomny
1961-1990. u 1997-2017. ronuHe npUKa3aHu Cy
Ha Ci11. 4. 3a 00a MHAEKCA y HaBEICHUM MIEPHOIIMA
yTBpheHH Cy HE3HaTHM NO3UTHUBHHU TPEHIAOBH
y BEreTalyoHOM Inepuoay (kKao mnocibeauna

Trends in HTC and [, in Bijeljina during the
periods 1961-1990 and 1997—2017 are shown in
Fig. 4. During these two periods, slight positive
trends in the growing season (as a consequence
of trends of different signs in spring and summer
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TPEH/I0Ba PA3IMYMTOTr 3HaKa y nposbehe u jbeto).
[Toce6Ho je 3a0pumaBajyhn HETaTUBHU TPEHIT U
HTC n I, y ce30HM JbETO MPUCYTaH y NEPHOLY
1997-2017. ronuHe.

seasons) were determined for both indices.
Particularly worrying is the negative trend in the
summer season in both HTC and I, determined
in the period 1997-2017.
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Cn. 4. Tpennosu HTC n I, y bujesbunn y nepuony 1961-1990. n 1997-2017. ronune
Fig. 4. Trends in HTC and I, in Bijeljina in the 1961-1990 and 1997-2017 periods
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C 003upom Ha TO Ja KIMMa UMa TUPEKTaH
yTuIlaj Ha OUJbHU CBH]ET, HAjOCjeTIHUBH]U CEKTOD
NpHUBpEAE Ha KIUMAaTcKa Kojiebama ymnpaBo je
MOJHONPUBpEIHA Tpou3Boama. CembOepuja Kao
B)XHO arpapHo noxpyyje y Pemy6nunu Cprickoj
1 bocHu 1 XeprieroBUHN HApOUYUTO j€ U3JIOKEHO
CaBpEMEHUM U TMPOjeKTOBAHUM KIUMATCKUM
poMjeHama.

VKynHa MOJbONPUBpPEHA MOBPIIMHA Y
Cembepuju u3nocu 818,907,279 ha — ox tora
oOpanuBe moBpmMHE 3ay3umajy 96.9 %, a
nammaiy ceera 3.1 %.

Y cTpykTypu O0OpaguBUX MOBpPIIMHA
JIOMUHMPAJy opanutie u 6amrre (90 %), 10K 3HATHO
Mame MOBpUIMHE 3ay3uMajy Bohmauu (9 %) u
muBazie (1 %). On patapckux KynTypa HajBHILE ce
y3rajajy kykypy3 (103,096 t), nmenura (78,968 t)
u jeuam (14,421 t), a o7 TOBPTIIAPCKUX KPOMITUD
(20,057 t).

Haj3zactymibeHnja xuTapuia Ha MOAPYY)Y
bujessune je Kykypy3. 3HaTHO Mame y3rajajy
ce MIIEHMIIa, jedyam, oBac, pax u ap. [Ipocjeuna
IIPOU3BOAKA KyKypy3a y mepuony 1997-2017.
roguHe u3Hocwia je 114,950.7 t rogumme.
lognmme ce mpocjeuno mpoussene 47,187.4 t
rreHutia u 6,721.1 t jeuma. Herrro 6061 ipuHOCH
ca jeTHOT XeKTapa 3acrjaHe MOBPIINHE OCTBAPY)Y
ce y Mpou3BONU KyKypy3a (4.48 t/ha) y omHOCy
Ha muenuity (3.81 t/ha) u jedam (4.03 t/ha).

On moBpTIapCKHX KYNTypa HajBHUILIE CE y3raja
Y TIPOU3BOJIM KPOMITUP — TOIUIIIHE CE MPOC)EUHO
npoussese 23,953.0 t, o npeacTaBiba Mpocjedan
npuHoc of 21.23 t/ha. 3HaTHO Mame TOBPIITIHE
3ay3uMajy marpuka, napanaj3, Kpacrasall, KyIryc
u JIp.

VY ananusupanoMm nepuony 1997-2017.
roJriHe y bujesbuHM nprcyTaH je TPeH I CMaberha
IIPOU3BOAKE KyKypy3a (3a 1,148.3 t rogumme),
Kao ¥ Oaru HeCUrHU()MKAHTHU TPEH]T CMambEHha
npuHOCa KyKypy3a 3a 17.2 kg/ha roqumimse (Co. 5).

Given that climate has a direct impact on
the plants, the most sensitive economy sector
to climate change is precisely agricultural
production. Semberija as an important
agrarian region of the Republic of Srpska
and Bosnia and Herzegovina is particularly
vulnerable to the recent and projected climate
change.

The total agricultural area in Semberija
covers 818,907,279 ha — out of which arable
land covers 96.9 %, and pastures only 3.1 %.

The arable land is dominated by arable
land and gardens (90 %), whereas orchards
and meadows cover considerably smaller
areas (9 % and 1 %, respectively). Of the field
crops, most are grown corn (103,096 t), wheat
(78,968 t) and barley (14,421 t), and of the
vegetables potatoes (20,057 t).

The most common cereal in the Bijeljina
area is corn. Considerably less are grown
wheat, barley, oats, rye, etc. In the period
1997-2017, average annual corn production
was 114,950.7 t. Annually, an average
47,187.4 t of wheat and 6,721.1 t of barley
was produced. Somewhat higher yields from
one hectare of sown area are obtained for corn
(4.48 t/ha) compared to the wheat (3.81 t/ha)
and barley (4.03 t/ha).

Of the vegetable crops, most produced and
grown are potatoes — annually 23,953.0 t was
produced on average, with an average yields
of 21.23 t/ha. Peppers, tomatos, cucumbers,
cabbage, etc. are grown on considerably
smaller areas.

In the analyzed period 1997-2017, a
decreasing trend in corn production (1,148.3
t per year), as well as a low insignificant
negative trend in corn yields (17.2 kg/ha per
year) were determined in Bijeljina (Fig. 5).
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Cn. 5. Tpenn nmpousBonme y t (1) u mpuHOCa KyKypy3a y t/ha (2) y bujessunu y nepuony
1997-2017. ronune
Fig. 5. Trend in corn production in t (1) and corn yield in t/ha (2) in Bijeljina in the period
19972017

HaBenenu TpeHI0BH PHHOCA U TIPOU3BOIEHE
KyKypy3a CHa)KHO Cy YCJIOBJBEHH TEMIIEPATyPOM H
JOCTYITHOM KOJIMYMHOM BJIare y KpUTHIHUM (hazama
BETOBOT pa3Boja. [IpuHOC KyKypy3a YITIaBHOM
3aBUCH OJ BPEMEHCKHX YCJIOBa y TEpPUOIY O
90 no 110 nana HaKOH CjeTBE, MITO CE€ MOAyIapa
ca MepuosioM MeTinuewma u ceuiama (Ceglar &
Kajfez-Bogataj, 2012). Bucoke temmeparype,
HHUCKa peNlaTMBHA BIAXKHOCT M Majla KOJMYMHA
MaJIaBMHA Y OBOM II€PUOJY HEraTHBHO yTUUYYy Ha
pact kykypy3a (Ceglar & Kajfez-Bogataj, 2012).
[lanaBuHe y BereTalnvoHOM MEPUOLY (2 HAPOUUTO
y JbeTHUM MjecelrMa) UMajy oTy4yjyhu yTuiiaj Ha
Mmehyronuimy BapujaduHocT npuHoca (Ceglar &
Kajfez-Bogataj, 2012; Milosevi¢, Savi¢, Stojanovic,
& Popov-Ralji¢, 2015). HermoBoJbHE BpeMeHCKe
yCIIOBE 3a pa3Boj KyKypy3a IMpeacTaBlbajy
Temneparype Baznyxa npeko 30°C (u penaTtuBHA
BIaXHOCT Bazayxa ucnop 60 %) (Ceglar & Kajfez-
Bogataj, 2012; MiloSevi¢ et al., 2015).

[TupcoHoB Koe(huIIMjeHT Kopenatyje (1), ’eroBa
CTaTUCTUYKA 3Ha4ajHOCT (p-value) 1 koeduijeHT
nerepmunaije (R?) usmely npocjeunux npuHoca
KyKypy3a y bujesbuHu U TemmepaTrype Bazayxa
U magaBuHa y nepuony 1997-2017. romguue
npukazany ¢y Ha Ci1. 6 u C11. 7. 3HavyajHa HeraruBHA
KopeJnanyja noctoju u3Mely nprHoca Kykypysa
TeMIlepaType Ba3ayXa y BEreTalMOHOM MEPUOIY
(r = -0.566), xao u Temneparype y CE30HHU JHETO
(r =-0.695). C npyre ctpaHe, IPUHOCH KYKypy3a
JIPEKTHO 3aBUCE O IOCTYITHE KOJIMIMHE Ta[aBIHA
y OBUM MEpUOAMMA KPUTHYHUM 3a Pa3Boj KyKypy3a
(cTarucTUUKY 3HaYajHU KOS(PUIM]EHTH KOopemaiuje
mzHoce r = 0.577 u r = 0.690, pecieKTHBHO).

These trends in corn yield and production
are strongly influenced by the temperature and
available moisture in the critical stages of its
development. Corn yields mainly depend on
weather conditions during the period from 90 to
110 days after sowing, which coincides with the
silking and tasseling period (Ceglar & Kajfez-
Bogataj, 2012). High temperatures, low relative
humidity and low precipitation during this
period negatively affect the corn growth (Ceglar
& Kajfez-Bogataj, 2012). Precipitation during
the growing season (and particularly during the
summer months) have a crucial impact on the
interannual variability of corn yields (Ceglar
& Kajfez-Bogataj, 2012; MiloSevi¢, Savic,
Stojanovi¢, & Popov-Ralji¢, 2015). Temperatures
above 30°C (and relative humidity below 60 %)
represent the unfavorable weather conditions for
the corn development (Ceglar & Kajfez-Bogataj,
2012; Milosevi¢ et al., 2015).

The Pearson correlation coefficient (r), its
statistical significance (p-value) and the coefficient
of determination (R?) between the average corn
yields in Bijeljina and temperature and precipitation
in the period 1997-2017 are shown in Fig. 6 and
Fig. 7. A significant negative correlation was
determined between corn yield and temperature in
growing season (r = -0.566), as well as in summer
(r = -0.695). On the other hand, corn yields are
directly dependent on the available precipitation
during these for corn development critical periods.
Statistically significant correlation coefficients in
the range of r = 0.577 and r = 0.690, respectively,
were determined.
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Cn. 6. Kopenanuja uzmel)y mpocjeuHux roaquiIsBuxX IpruHOCa KyKypy3a U TeMIlepaType, majaBuHa,
HTC u I, y Bereranuonom neprony y bujesbunn y nepuony 1997-2017. ronune
Fig. 6. Correlation between the average annual corn yields and temperature, precipitation, HTC and
I\, in the growing season in Bijeljina in the period 1997-2017
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Cn. 7. Kopenanuja u3mel)y npocjedHuX roUIImBUX MPUHOCA KYKypy3a U TeMIieparype, alaBuHa,
HTC u I, y ce3onu jbeto0 y bujesbunn y nepuony 1997-2017. ronune
Fig. 7. Correlation between the average annual corn yields and temperature, precipitation, HTC and
I ,,, in the summer season in Bijeljina in the period 1997-2017
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VY ananusupanom nepuony 1997-2017.
rOAMHE MAaKCUMAaJlHU TPHHOCHU KYKypy3a y
bujesunu 3abuspesxenu cy y 2016. roaunu, Koja
ce Hasazu Mel)y HajBIXHUJUM M HajTOILIH]HUM
rongdHama y mocMaTpaHoM rnepuoay. HajHuxu
NPUHOCH 3a0MJbEXKEHU Cy y TOoJuHaMa ca
HajBUIIUM TeMmIepaTypaMa U HajHUKUM
najgaBuHama y ce3onu Jbeto — 2017, 2015, 2012,
2011, 2007, 2003, 2000. u 1998. rogune. ¥V
HaBEJICHUM TOJMHaMa JAyTOTPajHH TOIUTH TaJlacH
ca TeMIeparypama 3HaTHO BUILIUM OJ1 IPOC)jeIHUX
U M3Y3€THO MaJldM KOJIMYMHAMa IaJaBUHA H
[10jaBOM CYIII€ HETaTHBHO Cy C€ OAPA3UIN Ha
IIPUHOCE KyKypy3a. MuHnmanuu npunocu (1.36
t/ha — 70 % HKM 07 TPOCjEUHUX y aHATTM3UPAHOM
nepruoay) octeapenu cy y 2012. roqunu, roquHu
ca HajBUIIOM TEMIIEPaTypoOM y CE30HH JHETO
(3a 4.7°C Tomnujoj on mWpocjeka y MEepUoIy
1961-1990. roguHe) W TOOWHH TEPIHjapHOT
MUHHMYMa Ta/IaBUHA Y OBOM IE€PHONY TOJIUHE
(cBera 80 mm). Yeiben eKCTPEMHUX BPEMEHCKHUX
norahaja Koju Cy y TOM NEpUONY 3aXBaTHIIH
EBporty, HICKM IPUHOCH KYATYypa 3a0MIbEXKEHH Cy
u 'y npyrum nujenoBuma boche n XepreroBune
(Trbi¢, Baji¢, Popov, & Oprasi¢, 2013) u pernona
(Kovacevi¢, Kovacevi¢, Pepo, & Markovi¢, 2013).
[IpuHOCH KyKypy3a mmokasyjy Behy 3aBUCHOCT 071
HEONXOIHOT MHHUMYMa NaJaBUHA Y KPUTUYHUM
(azama pa3Boja HEroO 0] MAKCUMAJTHUX T1aJaBUHA.
Cekynnapau muHuMyM npunoca (1.5 t/ha — 67
% HWXU O] IPOCjeKa) OCTBAPEH je y TOIWHU
MIPUMapHOT MUHUMYMa T131aBUHA Y CE30HU JHETO
U CEeKYHJApHOT MHUHHUMYyMa y BETe€TallMOHOM
nepuoay (y 2000. romuuu). C apyre crpane,
CEeKyHJIap/IHHU 1 TePLUjapHA MAaKCUMYMH IIPHHOCA
KyKypy3a 3a0UJbeXKEHHU Cy y YETBPTO] U IETOj
HajBnaxHujoj romuuu (y 2004. u 2005. ronunn).
XuApOTepMUUKH KOe(PULIMjEHT U MHJIEKC CyIIE,
¢ 003UpoM Ha TO Ja ce M3payyHaBajy Ha OCHOBY
TeMIlepaType Ba3lyxa M KOJIWYMHE NaJaBHHA, Ha
no0ap HaYMH OJpakaBajy HUXOB KOMOMHOBAHH
yTUIa) Ha OpuHOCE KyaTypa. CTaTHCTUUYKH
3Ha4YajHa MO3UTHBHA Kopeianuja yTBpheHa je
u3Mel)y mpuHOca KyKypy3a M BpUjeIHOCTH 00a
MHJ/IEKCA y BETeTAallMOHOM IEPHOAY M Y CE30HH
Jjbero. IlpumapHu M CeKyHAapHH MHHUMYM
MPUHOCA 3a0MIbEKEHH Cy Y TOIMHAMA TePLIUjapHOT
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During the analyzed period 1997-2017,
the highest corn yields in Bijeljina was
recorded in 2016, which is among the wettest
and hottest years in the observed period.
The lowest yields were recorded during the
years with the highest temperatures and the
lowest precipitation in summer season —
2017, 2015, 2012, 2011, 2007, 2003, 2000
and 1998. During these years, long-lasting
heat waves with temperatures significantly
higher than average and with the extremely
low precipitation and drought occurrence had
a negative impact on corn yields. The lowest
yield (1.36 t/ha — 70 % lower than averaged
in the analyzed period) was recorded in 2012,
the year with the highest temperature in the
summer season (by 4.7°C warmer than the
period 19611990 average) and the year of
tertiary precipitation minimum in this part
of the year (only 80 mm). Due to extreme
weather conditions that affected Europe in that
period, low crop yields were also recorded in
other parts of Bosnia and Herzegovina (Trbi¢,
Baji¢, Popov, & Oprasi¢, 2013) and the region
(Kovacevi¢, Kovacevié¢, Pepo, & Markovic,
2013). Corn yields show greater dependence
on the necessary precipitation minimum
during the critical development stages than on
maximum precipitation. The secondary yield
minimum (1.5 t’/ha — 67 % lower than the
average) was recorded during the year of the
primary precipitation minimum in the summer
season and the secondary precipitation
minimum during the growing season (in
2000). On the other hand, the secondary and
tertiary corn yields maximums were recorded
in the fourth and fifth wettest years (in 2004
and 2005). Hydrothermal coefficient and
drought index, given that they are calculated
based on temperature and precipitation, in a
good way reflect their combined impact on
crop yields. A statistically significant positive
correlation was determined between the corn
yield and both indices in the growing season
and in the summer season. The primary and
secondary yields minimums were recorded in
the years of tertiary and secondary (primary)
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u cexyHaapHor (mpumapHor) muHumyma HTC
u Iy cesonu jbeto. TepuujapHu MakCHMyM
MPUHOCA OCTBApeH j€ y TOJUHH CEKYHIapHOT
makcumyma HTC u I,y ce3onu sbero (v y
TOIMHU TPUMApPHOT MAaKCHMyMa OCTBApPEHH CY
W3HAIIPOC]EUHH IPUHOCH).

Wmajyhu y Buy yTBphEeHy 3aBUCHOCT IPUHOCA
KyKypy3a O]l BapujaOMIIHOCTH KJIMMAaTCKHX
BapHjabiu, Hapo4yHuTO je 3abpumaBajyh TpeHn
3arpujaBama (MOCEOHO M3paXKeH Yy JhETO) U
HETaTUBHM TPEHJ NaJaBUHA y CE30HH JbETO.
OcuM TOTa, HEMOBJEHY OKOJHOCT IPECTABIbAjY
3HauajHU TPEHOBU MoBehama roaummer 0poja
JHETHUX JaHa (3.8 maHa 1o JEIeHuj ) U TPOTICKUX
nana (5.2 nana o geuenuju) (Popov, Gnjato, &
Trbi¢, 2018b), ka0 ¥ MO3UTHUBHYU TPEH]I AYKHHE
Tpajama TOIUIMX Tajaca (OKO 5 1aHa o JISTICHHU) )
(Popov et al., 2019b). bujespuna ciaga y noapydja
KOja Cy HajBHILE MOroheHa HECTAIIUIIOM BOJE Y
semspHinTy (Radusin et al., 2013). Ocum Tora,
noBehame TtemmepaTypa y3poKyje IMIHpEHme
WHBa3UBHUX TEPMO(UIHUX KOPOBA Kao IITO CY
Amorpha fructicosa, Ambrosia artemisiifolia,
Helianthus tuberosus u np. (Radusin et al., 2016).

Ca nosehameM Temrieparype 1 IpoMjeHIbUBIM
NaJiaBUHaMa, JOCTYIHOCT BOJIE U TMPOHU3BO/HHA
ycjeBa y Oynyhnoctu he ce cmamutu (Kang et
al., 2009; Rosenzweig et al., 2014). Ouekyje ce
na he mpojekToBaHe MPOMjEHE y4YeCTaJoCTU U
MHTEH3UTETa eKCTPEMHHX KIMMATCKuX jorahaja
(HOp. TOIUIM Tamacu, Cylle, MHTEH3UBHE U
IYTOTpajHe NajaBHHE, MPEKOMjepHe xJsagHohe
u BpyhuHe, oiyje ca rpajom, UT/I.) HETaTUBHO
yTULATH Ha MPHUHOC YycjeBa M TIoOanHy
npousBoamy xpane (Deryng et al.,, 2016).
[Ipojexuuje mokasyjy aa he, yciben KIMMaTCKuX
MpOMjeHa, MPUHOCH KyKypy3a J0 Kpaja BHjeKa
OWUTH CMarkb-EHH U Y CBUM HAjBXHUJUM 00IacTUMa
y3rajama — y KyKypy3HoM nojacy CjeaumeHux
Awmepnukux [Ipxasa u Kanane (Cai et al., 2009;
He et al., 2018; Ummenhofer et al., 2015), EBponu
(Knox et al., 2016; Olesen et al., 2011) u Kunu
(Zhang et al., 2015).

Bbynyhe mpomjene temmeparype, najgaBuHa
U BIQXHOCTH 3EMJBMILITA MOTY Ja yrpose
MoryhHoctu kopunihema HTOBOTPUBPEIHOT
3eMJBHINTA U MPOIYKTUBHOCT ycjeBa y EBporu,

minimum of HTC and I, in the summer
season. The tertiary yield maximum was
achieved in the year of secondary maximum
of HTC and I, in the summer season (in the
year of primary maximum, the above-average
yields were also recorded).

Given the determined corn yield
dependence on climate variability, a warming
trend (particularly during summer) and a
downward precipitation trend in the summer
season are concerning. The unfavorable
circumstances also represent the significant
upward trends in the annual number of
summer days (3.8 days per decade) and
tropical days (5.2 days per decade) (Popov,
Gnjato, & Trbi¢, 2018b), as well as a positive
trend in the warm spell duration (about 5 days
per decade) (Popov et al., 2019b). Moreover,
Bijeljina area is most affected by the soil
water shortage (Radusin et al., 2013). In
addition, the increase in temperature causes
the spread of invasive thermophilic weeds
such as Amorpha fructicosa, Ambrosia
artemisiifolia, Helianthus tuberosus and
others (Radusin et al., 2016).

With increasing temperature and variable
precipitation, water availability and crop
production will be reduced in the future
(Kang et al., 2009; Rosenzweig et al., 2014).
Projected changes in the frequency and
intensity of extreme climate events (e.g.
warm spells, droughts, intense and long-term
precipitation, excessive cold and heat, hail
storms, etc.) are expected to negatively affect
the crop yields and global food production
(Deryng et al., 2016). Projections show that,
due to climate change, corn yields will be
reduced in all major growing areas — in the
corn belt of the United States of America and
Canada (Cai et al., 2009; He et al., 2018;
Ummenhofer et al., 2015), Europe (Knox
et al., 2016; Olesen et al., 2011) and China
(Zhang et al., 2015).

Future changes in temperature,
precipitation and soil moisture may endanger
the use of agricultural lands and the crop
productivity in Europe, with significant
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ca 3HaAYajHUM MocJbeauIama mo 6e30jeaHoCT
cHabnujeBama xpanoM (Knox et al.,, 2016).
[ToBehawe mnpuHOCa YycjeBa MOBE3aHO ca
KIIMMaTCKUM TPOMjeHaMa OYeKyje C€ JeTUHO Y
cjeBepHoj EBpomnu, mokx ce Hajpehe cmameme
IPUHOCA OYEKyje y pernoHy Menurepana u Ha
jyrozamanHoM bankaHy, Te Ha jyry eBpOIICKOT
mujena Pycuje (Olesen et al., 2011). ¥V jyxHoj
EBpomnu, HapounuTO BENMKA CMamema MpPUHOCA
04eKyjy ce 3a mposbehHe ycjeBe (HIp. KyKypys3,
CYHIIOKpeT U cojy) (Olesen et al., 2011).
[Ipojexunje mokasyjy na he kimmmarcke
MpPOMjEeHe J0JaTHO NOTOpIIaTH YCJIOBE 3a
MPOU3BOAKY KYyKypy3a, MHOTO BHIIE HETro
nmrenune, kako y caujery (Deryng et al. 2014)
tako u y bocau u Xepuerosunu (Radusin et al.,
2016). Obnactu y3rajama KyKypy3a kpajem 21.
BUjeKa KapakTepucahe Mama y4ecTalocT I0jaBe
nposbeNHUX U jecemHUX Mpas3eBa, Opke cTore
aKyMyJaiyje cymMa akTHBHHX TeMIepaTrypa y3
CMameHhe BpeMeHa MOTPEOHOTr 3a MOCTU3AE
3penocTH, Beha (pekBeHIrja 1aHa ca BUCOKUM
temneparypama (npeko 35°C) TOKOM KJbYYHHX
(aza pacra (Kao IITO Cy Ka0 CBUJIAHE-1BjETAE)
u Behu neduuT Boe TOKOM PENpPOTyKTHBHUX
¢aza (Prasad et al., 2018). Cmameme npocjeqyHor
IpPUHOCA KYKypy3a IMPOJEeKTOBAHO 3a CPEIbY
EBpony nznocu 9 % no 2020. roqune u 15 % no
2080-ux; 3a jyxHy EBpony Takole ce nmpojekryje
HaIIM MaJl IpUHOCa KyKypy3a, nocedno mo 2080-
ux roauHa (3a 28 %) (Knox et al., 2016). IIpema
npojekuujama, y Mahapckoj he y Hapenne tpu
JelieHnje OMTH MPUCYTaH TPEeH/ O1aror cMamemba
npuHoca kykypy3a (Fogarasi et al., 2016). ¥
CroBenuju ce ouekyje na he ce mpuHOCH CMambUTH
y mpocjeky 10—16 % no 2050-ux ronuHa u 27-34
% mo 2090-ux ronuHa; Takohe odexyje ce na he ce
Melhyroauima BapujaOMITHOCT npuHOca noseharu
y onHocy Ha pedepentHu nepuon (1961-1990)
(Ceglar & Kajfez-Bogataj, 2012). Pesynraru
cuMyInaluja nokasyjy nay bocau u Xepueropunu
10 2020. roqune Hehe OMTH 3HAYajHUX MTPOMjEHA
notrpeba 3a HaBOAWABAKEM U IPOMjeHA
IpUHOCa 300T paHHjer JaTyMa CjeTBE U YKYITHOT
roMjepama BereTaiuje y paHo nposbehe; Hemro
BehM HEraTMBHU YTHUIA] KIMMATCKUX MPOMjeHa
nmoroxuhe ce no 2050-ux ronuna, a 3Harad 10 2080-
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consequences for the safety of food supplies
(Knox et al., 2016). The increase in crop
yields associated with climate change is
expected only in the northern Europe, whereas
the highest yield reductions are expected
to occur over the Mediterranean region,
the southwestern Balkans and the southern
European part of Russia (Olesen et al., 2011).
In the southern Europe, particularly high yield
reductions are expected for spring crops (e.g.
corn, sunflower and soy) (Olesen et al., 2011).

Projections show that climate change
will further exacerbate the conditions for
the corn production, much more than for
wheat, globally (Deryng et al., 2014) and
in Bosnia and Herzegovina (Radusin et al.,
2016). Corn growing regions near the end of
the 21st century will experience fewer spring
and fall freezes, faster rate of growing degree
day accumulation with a reduction in time
required to reach maturity, greater frequencies
of daily high temperature (above 35°C) during
key growth stages such as silking-anthesis
and greater water deficit during reproductive
stages (Prasad et al., 2018). Projections for
Central Europe show that the average corn
yields would decrease 9 % by 2020 and 15 %
by 2080; for southern Europe, a sharp decline
in corn yields is also projected, particularly
by the 2080s (by 28 %) (Knox et al., 2016).
According to projections, a mild decreasing
trend in the corn yields will be present in
Hungary in the next three decades (Fogarasi
et al., 2016). In Slovenia, yields are expected
to decrease by an average of 10—16 % by the
2050s and 2734 % by the 2090s; it is also
expected that interannual yield variability will
increase in relation to the reference period
1961-1990 (Ceglar & Kajfez-Bogataj, 2012).
The simulation results show that in Bosnia
and Herzegovina until 2020 there will be
no significant changes in the corn irrigation
needs as well as in corn yields due to earlier
sowing date and the overall shifting of the
growing season early in spring; a slightly
larger negative impact of climate change
will occur by the 2050s, and larger by the
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uX 300T CMambeba NaJJaBuHa y JbeTHUM Mjeceluma
(Stricevic, Stojakovic, Vujadinovic-Mandic, &
Todorovic, 2018). YV nopehemy ca pedepeHTHIM
nepuoaoM, a0 2080-ux, ouekyje ce noBehame
norpeda 3a HaBoAmaBameM 3a ckopo 100 %
(Stricevic et al., 2018). IIpojekuuje Cjercke OaHke
yKa3yjy Ja Ou ce IIPUHOC KyKypy3a HaBOIH-aBaHOT
CaMo KHILIOM Y HajBXHUJUM PETHOHUMA Y KOJUMa
ce y3raja (y cjeBepHOM JHjelTy TepUTOPH]E IIje ce
Hanasu u CemOepuja) 1o 2025. u 2050. ronune
Mo cMamuTH 3a 10-25 % (Radusin et al., 2016).
CBu HaBeIeHH POLIECH AUPEKTHO he ce onpasuTH
Ha [MjeHy KYKypy3a, alll U LHjeHy CTOKE Y 4Hjoj
UCXPaHU KyKypy3 MMa BEJIUKH YIIHO.

3AKJbYYHAK

Bbynyhe Tenaennuje npuHoca u IPOU3BOIHE
KYKypy3a, Haj3acTylJbeHHU]E IKUTApHULE Y
CeMbepuju, y H3MHJCHEHUM KINMATCKUM
yCJIOBUMa HETraTWBHO he ce Opa3uTH Ha yKyIlaH
pa3Boj oBor nojpyyja. CeKTop MOJONPHUBPEIE
nMa Benuku yauo (oko 30 %) y yKymHOM
Opojy 3amocieHor craHoBHumTBa Cembepuje.
[IpepahuBauka mHAYCTpUja, YCKO MOBE3aHA ca
MOJFONPUBPEIHOM TPOU3ZBOJIKBOM, O0OyXBara
oko 11 % 3anocnenux. [lakie, nojbonpuBpenHa
MPOU3BO/IbA TPENICTaBha 0a3Hy IjelaTHOCT Y
Cembepuju. On epuKacHOCTH MOTY3ETUX Mjepa
ajanranyje ¥ MuTuranuje 3asucuhe OyayhHoct
OBOT' TOJHOTPUBPEAHOT TMOJAPYYja, BAKHOT 32
YKYIIHY NTOJbOTIPUBPEIHY MTPOU3BOIIY PemyOnuke
Cprcke u bocHe u Xepreropuse.

[Toctoju mupokx cmekrap MoryhHocTH
npuinarohaBama Kako Ou ce yOmaxuiau
HEraTUBHU €(EeKTH KIUMATCKUX MPOMjeHa Ha
MIPOU3BO/IBY yCjeBa Kao MITO Cy: MPOMjeHE Y
BpEMEHY y3roja (yKJbyuyjyhu cjeTBy M JKETBY);
MpPOMjeHE y HauyMHHMa o0paje 3eMJbUIITA,
YyIIaBHOM YCMjE€PEHUM Ha OuYyBame BOJE Y
3eMJBHMILTY M 3AIITUTY OF €pO3Uje; MPOMjeHE
npakcu geprunmsanyje; yBoheme HOBUX ycjeBa
y 1iogopeny (yBoheme HOBUX U TOTOIHH]HX
COPTHU CaJallllbUX KYJITypa); 3aIITUTa OMJbaka U
MOHHUTOPHUHT IITETOYMHA M OOJECTH; CE30HCKA
MIPOrHO3a BpeMeHa (MPOMHUjEHEHU KIMMAaTCKH
yciioBH 1 Beha BjepoBaTHONA 1ojaBe HeyoOH4ajeHUX

2080s due to reduced precipitation during
the summer months (Stricevic, Stojakovic,
Vuyjadinovic-Mandic, & Todorovic, 2018).
Compared to the reference period, by the
2080s, an increase in irrigation requirements
is expected to be almost 100 % (Stricevic
et al., 2018). The World Bank’s projections
suggest that the rainfed corn yields in the
most important growing regions (in the
northern part of the territory where Semberija
is located) could decrease by 10—-25 % by
2025 and 2050 (Radusin et al., 2016). All of
these processes will directly affect the corn
price, but also the price of corn-fed livestock.

CONCLUSION

Future tendencies in yield and production
of corn, most prevalent cereal in the Semberija
region, in changed climate conditions will
negatively affect the overall development of
this area. The agriculture sector has a large
share (about 30 %) in the total number of
employed people of Semberija. Manufacturing
industry, closely linked to agricultural
production, accounts for about 11 % of
employees. Therefore, agricultural production
is the core activity in Semberija. The future of
this agrarian area, one of the most important
for the overall agricultural production of
the Republic of Srpska and Bosnia and
Herzegovina, will depend on the efficiency of
implementation of adaptation and mitigation
measures.

There is a wide range of adaptation
options to mitigate the negative effects of
climate change on crop production, such as:
changes in timing of cultivation (including
sowing and harvesting); changes in soil
cultivation methods, mainly aimed at soil
water conservation and erosion protection;
changes in fertilization practices; introduction
of new crops to the crop rotation (introduction
of new and more favorable cultivars of current
crops); crop protection and pest and disease
monitoring; seasonal weather forecasting
(changed climatic conditions and higher
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BPEMEHCKHX MpPHJIMKA MCTUYY HHXOB 3HAUAj
Kao ajiaTa 3a aJjamnTaiujy); OCUTypame ycjeBa
u ap. (Olesen et al., 2011). I'maBHe Mjepe
ajanranyje cekTopa mnoJbonpuBpene y bocuu
n XepleroBuHu tpeba na oOyxBare: MpPOMjeHE
BpeMeHa OJONPHUBPEIHUX OTIEpalyja; Ipyradynju
n300p copTU W BpCTa; yHnorpely BjeIITAYKUX
cucTeMa 3a I000JbIIIaBake KOpUIINemha BOAE UITH
JOCTYTIHOCTH BOJIE (M3rpa/itha WIH MPOIINPHBAGE
CHCTEMa 32 HaBO/[HhaBarbe); oBeharme Mpon3BoImbe
y IUTACTEHUIIMMA; MPOMjeHE MOJbOIPUBPEIHUX
cucTteMa M Mpakcu (IJI0Jopel, MpOMjeHe Y
MjeIIaBHHU YpOoAa | Jp.); IPOMjeHE Y MPHM]jEeHH
¢depTunmnzanmje; apyrauvje METOIE U HOBH
MPUCTYTHN Y 00pa Iyl 3eMJBHILTA U JpYyTe Mjepe Ha
TepeHy; HOBE MOJIEJI€ arPOKIMMATCKOT 30HUPAba;
UCTPaXKMBak€ HOBUX TEXHOJIOTHja; IMOAU3AE
CBUJECTH jJaBHOCTH M JIOHOCHWJIAIA OAJyKa Y
IpoLecy Kpeupama pPa3BOjHUX IOJHUTHKA 3a
aJlanTanyjy v yonaxaBame KIMMaTCKUX ITPOMjeHa
y CEKTOpY HOJBOIPUBPE/IE U IPOU3BOIHE XpPaHE U
ap. (IToro, 2017; Radusin et al., 2013).

probability of unusual weather patterns
highlight their importance as an adaptation
tool); crop insurance, etc. (Olesen et al.,
2011). The main adaptation measures for the
agriculture sector in Bosnia and Herzegovina
should include: changes in timing of
agricultural operations; a different selection of
cultivars and species; use of artificial systems
to improve water use or water availability
(irrigation systems construction or expansion);
increase in greenhouses production; changes in
agricultural systems and practices (seedlings,
changes in the plant rotations, etc.); changes
in fertilization practices; different methods and
new approaches in soil cultivation and other
measures in the field; new models of agro-
climatic zoning; research on new technologies;
raising awareness of the public and decision-
makers in creating policies on adaptation and
mitigation of climate change on agriculture and
food production, etc. (IToros, 2017; Radusin
etal., 2013).
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