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Cazxerak: Y 0BOM pajly IPHKa3aH j€ HHOBATUBHU METOIOJIOIIKY MOCTYIAK 33 KJIaCU(PHUKAIH]y KIIUMEe. AyTOPHU Cy pa3BUIIH
I'MC 6a3upanu Monen kiacudukaije KInmMe 3acHOBaH Ha xuaporepmuukoM koedurujenty I. T. Cespanuna (HTC).
Vina3Hu mapamMeTpu Ha OCHOBY KOjUX ce BpIid kiacudukaiuja cy Bpujennoctd HTC u 6poj Mjecenu ca mpocjedHuM
tTemneparypama Bazayxa Behum on 10°C. Passujenu ['MIC monen omoryhasa ayroMatn3oBaHy Kiacu(UKaIH]y KIHMME 32
OWJI0 KOje MOJIPyYje WITH BPEMEHCKO pa3nobibe. [lopes paspajie u omica Mojielia y pany je aar mpuMjep kKiacudukanumje
KIIMME Ha CTYJIjH ciiy4aja 3a bocHy n Xepuerosuy.
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Abstract: This paper presents an innovative methodological procedure for climate classification. The authors have
developed a GIS-based model of climate classification based on hydro-thermal coefficient of G. T. Selyaninov (HTC).
The input parameters based on which classification is done are the HTC values and the number of months with average air
temperatures higher than 10°C. The developed GIS model enables automated climate classification for any area or time
period. In addition to the elaboration and description of the model, the paper gives an example of climate classification on
a case study for Bosnia and Herzegovina.
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YBOA

PazBoj 'MIC TexHomnoOrMja y BEIUKOj] MjepH je
OJIaKILIA0 pa3BOj HOBUX U MpHMjeHY noctojehux
kumaronommkux mozena. ' IC mozeny 3acHOBaHH
Ha aHaJM3aMa U BU3yaJIM3alllju KOHTUHYHPAHUX
MIOBPIIH, IPUKA3AHUX Y BULy PACTEPCKUX MOJea
M0JlaTaka, He3aMjeHhHUBH CYy Y KIMMATOJIOMIKUM
ucTpaxupawmuma. l[IpoyuyaBame KiIuMe, Kao
KOHTMHYUpPaHE NPOCTOpPHE I0jaBe, 3aXTHjeBa

INTRODUCTION

The development of GIS technologies has
made the development of new and application
of the existing climatological models much
easier. The GIS models based on continuous
surface analyses and visualization, presented in
the form of raster data models are irreplaceable
in climatological research. Studying climate,
as a continuous spatial phenomenon,

* Ayrtop 3a kopecnonnenuujy: Jasopun bajuh, Yuusepsutrer y bBawoj Jlyum, Ilpupogno-maremarmuku (axynrer, Mnagena
Crojanosuha 2, 78000 bama Jlyka, Peryonuka Cpricka, bocHa u Xepuerosuna, E-mail: davorin.bajic@pmf.unibl.org

Corresponding author: Davorin Baji¢, University of Banja Luka, Faculty of Natural Sciences and Mathematics, Mladena Stojanovica
2, 78000 Banja Luka, Republic of Srpska, Bosnia and Herzegovina, E-mail: davorin.bajic@pmf.unibl.org



JIABOPVMH BAJU'R 1 TOPAH TPBUR
DAVORIN BAJIC AND GORAN TRBIC

NpUMjEHy Mojella KOju he JeTepMHHHCATH
KJIMMAaTCKe KapaKTEePUCTHKE HAa KOMILIETHOM
ucTpaxxuBaHoM mozapydjy. C 063upom Ha To aa ce
METEOpOJIOIIKa OcMaTparsa Beher Opoja mapamerapa
BpIIE HAa MameM M OTPAHUYECHOM IPOCTOPY
(MeTeopoJIolIKe CTaHHUIE), JAeTEepMHUHAIIM]ja
KJIMMAaTCKHUX KapaKTEePUCTHKA 3aXTHjeBa IPUMjEeHY
I'NC 6a3upaHux reoCTaTUCTUYKUX U TPOCTOPHUX
Mojiella WHTepronamnuje, momohy kojux ce
KIIUMATCKE KapaKTEPUCTHKE MPHUKA3yjy y BHIY
koHTHHYHpanux nospum. Ca 'MC peBomytujom
MOCJBEAIHHX JICIIEHH]a, 300T IPETXOTHO HAaBECHOT,
JIOILIO je u 10 peBonyuuje y npumjenn [ 1C-a y
MPOCTOPHUM MHTEPIIpETalijaMa KIMMATOIOIIKHAX
Tojasa.

I'NC ananu3e ce ocTBapyjy NMpeKo aHaIu3a
CeTOBa AWTUTAIHUX Mama, MPUKa3aHUX Yy BHUIY
CII0jeBa, y 00jeKTHO-OPHjEHTUCAHOM ITPOTPAMCKOM
OKpYyXemy, WTO omoryhaBa cTaBpame Yy
CTaTUCTUYKE M MaTeMaTHYKe OIHOCE CETOBE
MIPOCTOPHUX BapHjadiH, a TUME M MPOTYKOBAE
HOBHMX ceToBa IpocTopHux mnonaraka. ['MC
0asupaHu MOJENTH Kiacu(UKaluje KIuMe Cy
jemaH o mpuMmjepa NpPUMjeHE aHATUTHYKUX
¢ynkuuja 'MC-a. [IpuMjeHOM CTaTUCTUYKUX U
mareMarnukux ¢yakuuja ['MIC-a moryhe je ymazne
CeToBe ToJiaraka, Koju ce OJHOCE Ha ocMaTpaHe
MpoCTOpHE Bapujabie (TemmepaType Basayxa,
NaJJaBUHE UT/I.) CTABUTH y Mel)ycoOHe OTHOCE TaKo
Jla ce Kpeupajy MOJeNu KOju 1]y HOBU KBAJIUTET
Y KBaHTUTET Y BHUJy M3JIa3HUX CETOBA IOJaTaKa
(marie TUIIOBA KITUME).

Knacudpukanuja xnume je mpobiemaTuka
KOjJOM ce HayyHHIM OaBe ayxu mepuop. lIpy
KBAaHTUTATHBHY KIaCHU(PUKAIM]y KIUME U3BPIIHO
je Bramumup Kenen (1846-1940) 1900. roqune
(Kottek et al., 2006). [lo nanac je 6un0 pasHUX
MozieNia ¥ pa3IMIUTHX MIPUCTYTA Y KIIacU(pHKAIHjH
KJIMMe, IOroToBO je oBa mpoOieMaruka
aKTyeJIM30BaHa MOMeHYTUM paszBojem [UC
TEXHOJIOTHja. Y OBOM pajay mnpukazahemo
I'MC 6a3upanu mojen kiacupukanyje KiIume
3aCHOBaH Ha MOAM(UKOBAHOM XHUAPOTECPMHUYKOM
koedurjenty I. T. Cerpanuna. XuapoTepMUIKu
koepunujent Cespanuna (HTC), nedunucan
TPUIECETUX TOJJMHA MPOILIOr BHjEKa, JOII YBH]jEK
Jj€ aKTyenaH, 4eMy CBje1049e 1 MHOrOOPOjJHU PaioBU
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requires the application of a model that will
determine climate characteristics throughout
the research area. Given the fact that the
meteorological observations of a large
number of parameters are made on a small
and limited area (meteorological stations), in
order to determine climate characteristics, it
is necessary to apply GIS-based geostatistic
and spatial interpolation models that present
the climate characteristics in the form of
continuous surfaces. Due to the reasons
elaborated above, the GIS revolution of the
last decades has led to another revolution, in
the application of GIS in spatial interpretation
of climatological phenomena.

GIS analyses are accomplished through
the analyses of digital map sets, presented
in the form of layers, in an object-oriented
programming environment, which enables
placing the sets of spatial variables in
statistical and mathematical relationships,
and thus producing new spatial data sets.
GIS-based models of climate classification are
an example of application of GIS analytical
functions. With the application of statistical
and mathematical GIS functions it is possible
to correlate the input data sets relating to the
observed spatial variables (air temperatures,
precipitation, etc.) so that the models that give
new quality and quantity in the form of output
data sets (climate type maps) are created.

The climate classification is an issue
that the scientists have been dealing with
for a long time period. The first quantitative
climate classification was done by Wladimir
Koppen (1846-1940) in 1900 (Kottek et
al., 2006). So far there have been different
models and various approaches in climate
classification, and this issue has received
particular attention since the mentioned
development of GIS technologies. In this paper
we will present a GIS-based model of climate
classification based on the modified hydro-
thermal coefficient of G. T. Selyaninov. The
Selyaninov’s hydrothermal coefficient (HTC),
defined in the 1930s, is still valid, as evidenced
by numerous papers of more recent date that
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HOBHJET IaTyMa, y KOjiMa je KOpHIIINeH 1 OIMCHBaH
oBaj koedpuuujeHt (Antos, 2007; Auskalniené et
al., 2009; Dronin & Belinger, 2005; Gathara et
al., 2006; Kazadjiev et al., 2012; Zmudzka, 2014).
AKTYeIIHOCT XHUAPOTEPMUYKOT Koe(dulHjeHTa
CespaHnHA MPOM3MIA3H U3 HEKOJIHMKO HETOBUX
obmmbexja: 1. KoepHIMjeHTOM ce AETePMHUHUIIIE
OuaHc Biare y BEreTallMoHOM IIEPUO/LY, Kao jelaH
01 HaJOUTHHJUX TIPEITyCIOBa OUIBHE IPOH3BOIILE;
2. yna3He Bapujabie koje ce KopucTe y o0paciry
3a m3pauyHaBame HTC (Temmeparype Baszayxa
U TaJIaBUHE) HajIOCTYNHUJU Cy KJIMMAaTOJIOIMIKH
rapaMeTpH KOjU Ce PEIOBHO MyOIUKY]y; 3. H3padyH
Koe(uIrjeHTa peaTuBHO j€ jeTHOCTaBAH.

ITopen HTC y TNC moznen yKJbyYHian cMO U
Opoj Mjecery Koju UMajy Cpeimy TeMIeparypy
Bazayxa Behy on 10°C (Tpajame BereTanuoHOT
nepuona). Haume, mopen Ounanca Biare, Koju je
uckaszan nomohy HTC, Beoma BaxaH KIMMATCKH
rapaMmeTap je U Tpajarbe BereTallMOHOT MepUo/a.
On nyxuHe Tpajama BEreTallMoOHOT MEepHoaa
JMPEKTHO 3aBUCE YCIIOBH arpapHe MpPOHU3BOJIILE.
Ha ocnoBy HTC u nyuHe Tpajama BereTaluoHOT
Mepro/ia, KA0 OCHOBHUX KPUTEPHUjyMa y MOEINY,
kpeupan je 'MC anroputram Koju HU3BpIIaBa
Hapen0y 3a Ki1acu(pUKaIyjy KIume.

[Mpukazanu ['MC monen u neduHuUCcaHU
anroputam omoryhaBajy ayToMaTu30BaHy
NpUMjEHy M ofpehuBame KIMMATCKUX THUIIOBA
3a OWJIO KOje MPOCTOPHE LjjeJIMHE WU OHIIo
Koje mepuone. M3padyHaBambeM M H3BajambeM
KJIMMAaTCKUX THIIOBA 3a DPa3jIMYUTE MEPHOAC
Moryhe je mpaTuTH MHTEH3UTET U MPOCTOPHH
o0yxBaT KJIMMAaTCKHUX IpoMjeHa (Ha mpumjep,
HIHpeme CYHUX noapy4yja). C 063upom Ha TO Ja
je Mozen 6azupaH Ha KIMMAaTCKUM OOMIbEeXjUMa y
BETeTAIlIOHOM TIEPHOTY, FeTOBa MPHMjEHa MOXKe
MMaTH BEJIMKH 3Ha4yaj y IJIaHHpamy arpapHe
TIPOU3BOIHE.

use and describe this coefficient (Antos, 2007,
Auskalniené¢ et al., 2009; Dronin & Belinger,
2005; Gathara et al., 2006; Kazadjiev et al.,
2012; Zmudzka, 2014). The topicality of
Selyaninov’s hydrothermal coefficient stems
from a number of its characteristics: 1. The
coefficient determines the moisture balance in
growing season, as one of the most important
pre-conditions for crop production; 2. The
input variables used in the HTC calculation
form (air temperature and precipitation) are
the most accessible climatological parameters
that are regularly published; 3. Calculation of
the coefficient is relatively simple.

In addition to HTC, we included in GIS
model the number of months that have the mean
air temperature higher than 10°C (the length
of the growing season). Namely, in addition
to water balance, which is presented by HTC,
the length of the growing season is another
important climate parameter. The conditions
for agricultural production directly depend
on the length of the growing season. Based
on the HTC and the length of the growing
season, as the basic criteria in the model, a
GIS algorithm was created that executes the
command for climate classification.

The presented GIS model and the defined
algorithm enable the automated application
and determining of climate types for any
spatial unit or any time period. By calculating
and extracting the climate types for different
time periods it is possible to monitor the
intensity and spatial extent of climate changes
(e.g. spreading of arid regions). Given that
the model is based on climate characteristics
during the growing season, its application
can be of great importance when it comes to
planning the agricultural production.
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METO/] 1 OITNC MOJEJIA CA
AJITOPUTMOM

[IpBu kopak y JaepuHHCABY Mojena
Npe/ICcTaBIba Ae(HUHUCAE KPUTEPHjyMa Ha OCHOBY
Kojux he ce m3BpIIUTH Kiacupukanuja. Y3eracy y
pa3Marpame 1Ba Kpurepujyma. [IpBu kpurepujym
npencrasiba HTC, koju npukasyje oqHoc m3mehy
KOJIMYHMHE Ta/IaBIHA ¥V TOTESHITH]aJTHOT MCIIapaBaba,
IITO C€ MOXKE Y3€TH Kao yCJIOBHA Mjepa OuiaHca
Brare y Ty (Mihailovi¢, 2002). TTorenuujamHo
HCTapaBamke oipel)eHo je CyMOM CpeIbUX JHEBHUX
temrneparypa Bazayxa. HTC kao mjepy onmHoca
MaIaBUHA U TeMIIepaTypa BaszayXxa MaTeMaTUUKH
MOXEMO JIe(UHUCATH KAO:

uTC 10 X¢;210°¢ P;

2tiz10cT M
3Hauewe cuMOoIa y jeTHaYrHM je cibeaehe:
HTC — xumporepmuuku koeduuujent, P, —
MjeceuyHa KOJIMYMHA TaJaBUHA, [, — CPEIHE
MjeceuHe TeMIleparype Basayxa, 1 — cpeime
JTHEBHE TeMIepaType Bazayxa, | — Mjecer y
roaunu (I = janyap...nenem6ap). Koehuujenrt
Ce MOXKE OIUCATH Kao OJHOC CyMe TaJlaBUHA W
CyME CpeIbHX JTHEBHUX TEMIIepaTypa Bazayxa y
MIEPUOY KaJla Cy CPENIbe MjeCeuHe TEMITeparype

Baznyxa jennaxe uimu sehe on 10°C (t.> 10°C).

Cymy cpenmHuX ITHEBHUX TeMmIleparypa
Basayxa (Xt;210°cT) mOOMIM CMO MHOXKEHEM
CPEebUX MJECEYHUX TEMIIEpATypa Basyxa (£) ca
Opojem nana y onHocHoM mjeceny (ND):

Ytizt0cT = Ni21(t; x nD;) 2

bpoj manma y omnocHom Mmjecemy (nD,)
MpeicTaBjba KalleHJAapCKu Opoj maHa, M3y3eB
(hebpyapa 3a koju je yzera BpujeaHoct 28.25 360r
Opoja nana y ¢pebpyapy y NpecTyITHUM roliHaMa.

Jlpyru KpuUTEpUjyM KOJU CMO YBPCTHIU
y MOJIeJI OJTHOCH c€ Ha Opoj MjecenH KOjH
uMajy Cpelmby MjeceuHy TeMIepaTypy Basayxa
(t,) jenmaky wmmm Behy on 10°C (rpajame
BEreTaluoHor nepuoza). Tpajame BereTalinoHor
nepuojaa, u3zpaxeHo y Opojy mjecenu (nT),
MOXEMO TPHUKA3aTh Kao:

nT = Ztizw"ci 3)

METHOD AND DESCRIPTION OF THE
MODEL WITH ALGORITHM

The first step in defining the model is to
identify the criteria based on which classification
will be done. Two criteria were taken into
consideration. The first criterion represents HTC,
which shows the relation between precipitation
and potential evaporation, which can be taken
as a conditional measure of soil water balance
(Mihailovi¢, 2002). Potential evaporation
is determined by the sum of mean daily air
temperatures. HTC, as a measure of relations of
precipitation and air temperature can be defined
in mathematical terms as:

HTC = 10 Yi¢;210°c P; M
Ytiz10cT

The meaning of the symbols in the equation
is as follows: HTC — hydro-thermal coefficient,
P. — monthly precipitation, z, — mean monthly air
temperatures, 7 — mean daily air temperatures, | —
month in the year (i = January...December). The
coefficient may be described as the ratio of the
precipitation sum and the sum of daily mean air
temperatures during the period when the monthly
mean air temperatures are equal to or higher than
10°C (t.> 10°C).

We obtained the sum of daily mean air
temperatures (X ¢;2100cT) by multiplying the
monthly mean air temperatures (z) with the
number of days in the concerned month (nD,):

YtiztocT = Ni21(t; x nD;) (2)

The number of the days in the month in
question (ND,) represents the calendar number of
days, except for February, for which the value
28.25 was taken due to the number of days in
February in a leap year.

Another criterion that we included in the
model relates to the number of months that have
the monthly mean air temperature (¢) equal to or
higher than 10°C (the length ofthe growing season).
The length of the growing season, expressed in the
number of months (nT) can be shown as:

nT = Xtiz100ck (3)
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raje je | Mjecen; y rofuni (I = janyap...reriemoap).

Kox yBpmrTaBama Tpajama BEreTallMOHOT
nepuojia y Mojen y3era je y 003up UMeHHIIA
Jla Of1 Ty)KUHE Tpajarba BEreTalioHOT Mepuojaa
JMPEKTHO 3aBHCE YCIIOBHU y3roja OMIBHUX KYNTYDa,
OJHOCHO JuBep3u(UKaIuja y3roja OMIBHUX
kynrypa. LITo je nyxu BereranMoHu Mepuoi ca
MOBOJFHUM OWIJTAHCOM BJIare, TO j€ U M3paKeHUja
MOTEHIMjajlHa TUBEp3U(HKaIja y3roja OMIbHUX
KynTypa. Munubema cmo ga HTC mobuja
IIyHd CMHUCA0 TEK aKo Ce€ y3Me y 003up H ApPYTrH
neunucanu Kputepujym. Hamme, Teopercku je
Moryhe n1a mojerHe MPOCTOPHE I[jEeIMHE MOTY
umaru ucre BpujenqHoctu HTC, anu mehy mwuma
MOKe OWTH BEJHMKa pa3jidka y MOMICAy yKHHE
Tpajarba BEreTallMoOHOT TEepHO/ia, IITO JUPEKTHO
ofjpakaBa M PA3NIUYUTOCT yCIIOBAa 3a arpapHy
TIPOU3BOIEGY.

Haxon neduHucama kputeprjyma mpucTyIio
ce Kpeupamy anroputma 3a knacupukanmjy (Co.
1). Anroputam moxena kiacudukanmje KinMe
peamuzosad je y [ IC armmkarmju GRASS, Bep3uja
6.4.3 (moctymHo Ha http://grass.osgeo.org/). 3a
peanmzanujy anroputMa kopuithen je GRASS
Moyl zmapcalc (moctymHO Ha http://grass.osgeo.
org/grass64/manuals/r.mapcalc.html). Haznauenu
MOJIYJT 3aCHOBaH je Ha Mananredpu. Mamnanreopa
omoryhaBa MaHMITyJIMCalke MaraMa U ClIHKama
nyTeM Kopuiihema apuTMETHYKHX U JIOTHYKUX
omeparopa, Kao W MaTeMaTHYKuX (PyHKIH]a.
CBe Mare ¥ ClIMKe ca KOjuMa c€ MaHHITYJIHIIE Y
MOIyNy r.mapcalc Mopajy OUTH y pacTepcKOM
rpua ¢opmary y oONHKY TBOJUMEH3HMOHAIHUX
Mmarpuna. OCHOBHa CHHTaKca Monyna r.mapcalc
je result=expression, Tje Cy: expression — u3pas
KpenpaH KopuihemheM Maria, CJIMKa, aPUTMETHIKAX
Y JIOTHUKHX OTlepaTopa, MaTeMaTuuKuX (DyHKIIMja 1
NIPUBPEMEHUX Bapujaliu; result — xapra (M371a3HU1
CII0j) HACTAO eBaTyallljoM M3pa3a 3a CBaKy hemujy
(MMKcen) y MaTpuIy.

[IpBu KOpak y pealu3aluju alroputMa
NpeCTaBIba KPeUparme MPUBPEMEHHUX BapujalITH
X (HTC) u Y (nT). Yna3ne Bapujabie koje ce
KOpHCTE 3a Kpeupame MPUBPEMEHUX Bapujadiu
Cy CETOBH pACTEpPCKUX Mama y KOojuMa Cy
cajip>kane uHpopMaIje 0 CPeIHIM MjeCeTHUM
TeMIeparypamMa Ba3lyXa ¥ MjeCEYHO] KOIMIHHU

whereby i is the month in the year (i = January...
December.

When including the length of the growing
season in the model, we took into account that
the conditions for cultivating plant varieties,
i.e. the diversification of cultivation of plant
varieties, directly depend upon the length of
the growing season. The longer the growing
season with a favorable water balance, the
more prominent potential diversification of
crops production. We believe that the HTC
will make full sense only if the both defined
criteria are taken into account. Namely, it is
theoretically possible for certain spatial units
to have the same HTC values, however, there
can be a big difference between them in terms of
the length of the growing season, which directly
reflects the different conditions for agricultural
production.

Having defined the criteria, we proceeded
to creating the classification algorithm (Fig. 1).
The algorithm of climate classification model
was executed in GIS application GRASS,
version 6.4.3 (available at http://grass.osgeo.
org/). GRASS module rmapcalc (available
at http://grass.osgeo.org/grass64/manuals/r.
mapcalc.html) was used for the realization
of the algorithm. This module was based
on Map Algebra. Map Algebra enables the
manipulation of maps and images by using
the arithmetic and logical operators, as well as
mathematical functions. All maps and images
being manipulated in »mapcalc module must
be in raster grid format in the form of two-
dimensional matrices. The basic module syntax
is result=expression, whereby: expression
is created by using the maps, arithmetic and
logical operators, mathematical functions and
temporary variables; result — map (output layer)
obtained by the evaluation of the expression for
every cell (pixel) in the matrix.

The first step in the realization of the
algorithm is presented by creating temporary
variables X (HTC) and Y (nT). The input
variables that are used for creating temporary
variables are the sets of raster maps that
contain the information about the monthly

67



JIABOPVMH BAJU'R 1 TOPAH TPBUR
DAVORIN BAJIC AND GORAN TRBIC

Cn. 1. Anropuram Mozniena kiacudukaiyje Kiume (3a 1eTajbHuja 00jalibemha MojeIMHuX cuMOoma
U Kopaka y anroputmy Bugjetu Tab. 3)
Fig. 1. Algorithm of the climate classification model (for more detailed explanation of certain
symbols and steps in the algorithm please see Tab. 3)

nagaBuHa 3a cBe mjecere y romunu (T 1.T XII;
P _1..P_XII). Kopumhewem r.mapcalc monmyna
HaIMCaH je u3pa3 Koju pjeliaBa oBaj MPBU KOPaK
anroputma (Tao. 2).

IIpuje cmpoBohewma apyror Kopaka
W3 aJITOPUTMa, HEMXOJHO je AepUuHUCATH
ki1acu(uUKalMOHE MHTEpBajie pe3ylTara
nBa neduHEcaHa KpuTepujyma. Pesynraru
kputepujyma HTC knacudukoBaHu cy y Jecer
uaTepBaHUX rpyna (0.00-0.25; 0.26-0.50;
0.51-0.75; 0.76-1.00; 1.01-1.25; 1.26-1.50;
1.51-2.00; 2.01-2.50; 2.51-3.00; > 3.00), nok
cy pesynraru kputepujyma NT kimacuduroBaHu
y mect uHTepBamHux rpyna (0-2; 3-4; 5-6;
7-8; 9—-10; 11-12). 3nBajame WHTEPBAIHHUX
rpyIma 3aCHOBAHO je Ha CTAaTUCTUYKOM MPUHIIUITY
jenHakux wHTepBasa. CBaKO] MHTEPBAIHO] TPYITH
3a kpurepujym HTC nonjesseH je ci1oBHA cuMO0T,
JIOK j€ CBaKO] MHTEPBAIHO] TPYIIH 3a KPUTEPHjyM
NT nomjesben 6pojuanu cumo6on (Taob. 1).

mean air temperatures and monthly quantity
of precipitation for all the months in the
year (T I.T XII; P _I..P_XII). By using the
r.mapcalc module an expression was written
that solves this first step of the algorithm (Tab.
2).

Before executing the second step of
the algorithm, it is necessary to define the
classification intervals of the results of two
defined criteria. The results of the HTC criteria
are classified in ten interval groups (0.00-0.25;
0.26-0.50; 0.51-0.75; 0.76—1.00; 1.01-1.25;
1.26-1.50; 1.51-2.00; 2.01-2.50; 2.51-3.00; >
3.00), while the results of the nT criterion are
classified in six interval groups (0-2; 3—4; 5-6;
7-8; 9—-10; 11-12). Separation of the interval
groups is based on the statistical principle of
equal intervals. A letter symbol was assigned to
each interval group for criterion HTC, while a
numeric symbol was assigned to each interval
group for criterion nT (Tab. 1).
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Tab. 1. Monen knacudukanuje knume — KinacupukamoHu MHTEpBaIn
Tab. 1. Climate classification model — Classification intervals

HTC

WnTtepBanna rpymna /

Interval group 0-0.25 0.26-0.5 0.51-0.75 0.76-1

Cum601 /

Symbol A B C D

1

.01-1.25 1.26-1.5 1.51-2 2.01-2.5 2.51-3 >3

E F

nT

WuTepBanna rpymna /
Interval group
Cumbomn /

Symbol

0-2 3-4

5-6

3

HaxoH 1m1to cy nedunucanu KiaacupukanuoHu
WHTEpBaIH, yIoTpeOoM Mamanredpe y Moayiy
rmapcalc, HaTMCaH je KOJ KOjH pjeriaBa IpyTrH
KOpak y TIOCTaBJbEHOM anroputmy, y Tao.
2 o3naueH kao Classification. YBaxapajyhu
nebuHucane kiacupukKalMoHEe HUHTEpBale,
KJacupuKanuja U H3ABajarkbe TUIIOBA KIMME
W3BpILIEHA j€ M0 NPUHLUMUIY MPUNATHOCTH
nojenuHux henuja (MUKcena) U3 TPUBPEMEHUX
BapHjabiau U3ABOJEHUM MHTEPBAJIHUM Ipynama.
Knacudukamuja je ypahena mo mnpuHIUITY
“npeknanama’ hemuja cBake HHTEPBAIHE TPyIIe
ca CBaKOM.

Vna3ne Bapujabie koje ce KOpUcTe y u3pasy
Cy Cpelmbe MjeceuHe Temreparype Basayxa (T) u
MjecedHe KomuurHe najaBuHa (P) mpukaszane 1o
mjecenmma (I, II, I1...XII), nare y pactepckom
(rpun) dopmary. HTC (1) mw nT (3) kao
KpUTEPHUjyMH MoOJIeia Y U3pa3y Cy CaApKaHU Y
BUJTy IpUBpeMeHuX Bapujadmu X u Y. Y Kpenpamwy
u3pasa KopuIheHu Ccy apUuTMETHYKU U JIOTHYKH
oreparopu y Mmonyny r.mapcalc: “+” (addition),
“/” (division), “*” (multiplication), ‘> (greater
than), “>=" (greater than or equal), “<=" (less
than or equal) n “&” (and). Ilopen onepartopa
kopuithene cy u pynkuuje: “eval” (eval(/x,y,...,]
z,; evaluate values of listed expr, pass results to
z), u “if” (if(x,a,b); a if x not zero, b otherwise).
3aMjeHOM JHjenoBa KOJla KOjH C€ OJHOCE Ha
yna3ne Bapujabne (T u P) ca onrosapajyhum
3aMj€HCKUM Bapujabnama moryhe je U3BpIIUTH
kiacuuKalujy KIMMe 3a pa3induTe MPOCTOPHE
1[jeJIMHE U BpEMEHCKe UHTepBaJIe.

PjemaBameM MOCTAaBJLEHOT aJlTOPUTMA, KPO3
rmapcalc u3pas, noduje ce marna y rpuz popmary Ha
KOjOj Cy U3/IBOjeHE KITacH(PUKAIIOHE TPYTIC (TUIOBH
KJIMMeE) ca Ie(UHICAHUM TPHUJT KOTOBUMA.

After the classification intervals were
defined, using the Map Algebra in nmapcalc
module, a code that solves the second step in
the set algorithm was written, which is marked
in Tab. 2 as Classification. By taking into
account the defined classification intervals, the
classification and singling out the climate types
was done according to the principle of belonging
of individual cells (pixels) from temporary
variables to separated interval groups. The
classification was done according to the principle
of “overlapping” of cells of each interval group
with another interval group.

The input variables that are used in the
expression are the mean monthly air temperatures
(T) and the monthly precipitation (P) presented
by months (I, II, III...XII), given in raster (grid)
format. HTC (1) and nT (3) as the model criteria
in the expression are contained in the form of
temporary variables X and Y. In creating the
expressions, the arithmetic and logical operators
in nmapcalc module were used: “+” (addition),
“/” (division), “*” (multiplication), ‘“>" (greater
than), “>=" (greater than or equal), “<=" (less
than or equal) and “&” (and). In addition to the
operators, the following functions were used too:
“eval” (eval([x,y,...,]z; evaluate values of listed
expr, pass results to z) and “if” (if(x,a,b); a if x
not zero, b otherwise). By replacing the parts
of the code that relate to the input variables (T
and P) with appropriate replacement variables,
it is possible to do the climate classification for
different spatial units and time intervals.

By solving the set algorithm, through the
rmapcalc expression, a map in the grid format is
obtained, on which the classification groups are
separated (climate types) with the defined grid codes.
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Ta6. 2. Monen knacuduxanuje knume — GRASS r.mapcalc uzpas
Tab. 2. The model of classification climate — GRASS r.mapcalc expression

Climate_types = \

Wttt TC #itttit

eval(x = ((if(T_I>=10, P 1, 0)+if( T II>=10, P_II, 0)+if(T_III>=10, P_III, 0) +if(T_IV>=10, P IV, 0) + if(T_V>=
10, P_V, 0) + if(T_VI>=10, P_VI, 0) + if(T_VI[>=10, P_VII, 0) + if(T_VIII>=10, P_VIIL, 0) + if(T_IX>=10, P_IX, 0) +
If(T_X>=10, P_X, 0) + if(T_XI>=10, P_XI, 0) + if(T_XII>=10, P_XIL, 0)) / (i T_[>=10, (31 * T _I), 0) + if(T_II>= 10,
(2825 * T 1), 0) + if(T_II>=10, (31 * T_III), 0) + if(T_IV>=10, (30 * T IV), 0) + if(T_V>=10, 31 * T V), 0) + if(T_
VI>=10, (30 * T_VI), 0) + if(T_VII>=10, 31 * T_VI), 0) +if(T_VII>=10, (31 *T_VIID), 0)+if(T_IX>=10, (30 * T_IX),
0)+if(T_X>=10, (31 * T_X), 0) + if(T_XI>=10, (30 * T_XI), 0) + if(T_XI>=10, (31 * T_XII), 0))) * 10, \

##### nT #HHH
= if(T I>=10, 1, 0) + if(T_II>=10, 1, 0) + if(T_III>=10, 1, 0) + if(T_IV>=10, 1, 0) + if(T_V>=10, 1, 0) + if(T_
VI>= 10 1,0)+if(T_VII>=10, 1,0) + if(T VII>=10, 1, 0) + if(T_1X>=10, 1, 0) + if(T_X>= 10, 1, 0) + if(T_XI>=10, 1, 0)
+if(T_XI>=10, 1, 0), \

#itH Classification ##H#H#H#

(if((x<=0.25) & (y<=2), 1, 0)) + (if((x<=0.25) & (y>2) & (y<=4), 2, 0)) + (if((x<=0.25) & (y>4) & (y<=6), 3, 0)) +
(if((x<=0.25) & (y>06) & (y<=8), 4, 0)) + (if((x<=0.25) & (y>8) & (y<=10), 5, 0)) + (if((x<=0.25) & (y>10) & (y<=12), 6, 0))
+ (f((x>0.25) & (x<=0.5) & (y<=2), 7, 0)) + (if((x>0.25) & (x<=0.5 ) & (y>2) & (y<=4), 8, 0)) + (if((x>0.25) & (x<=0.5) &
(y>4) & (y<=6), 9, 0)) + (if((x>0.25) & (x<=0.5) & (y>6) & (y<=8), 10, 0)) + (if((x>0.25) & (x<=0.5) & (y>8) & (y<=10),
11, 0)) + (if((x>0.25) & (x<=0.5) & (y>10) & (y<=12), 12, 0)) + (if((x>0.5) & (x<=0.75) & (y<=2), 13, 0)) + (if((x>0.5) &
(x<=0.75) & (y>2) & (y<=4), 14, 0)) + (if((x>0.5) & (x<=0.75) & (y>4) & (y<=6), 15, 0)) + (if((x>0.5) & (x<=0.75) & (y>6)
& (y<=8), 16, 0)) + (if((x>0.5) & (x<=0.75) & (y>8) & (y<=10), 17, 0)) + (if((x>0.5) & (x<=0.75) & (y>10) & (y<=12), 18,
0)) + (if((x>0.75) & (x<=1) & (y<=2), 19, 0)) + (if((x>0.75) & (x<=1) & (y>2) & (y<=4), 20, 0)) + (if((x>0.75) & (x<=1) &
(y>4) & (y<=6), 21, 0)) + (if((x>0.75) & (x<=1) & (y>6) & (y<=8), 22, 0)) + (if((x>0.75) & (x<=1) & (y>8) & (y<=10), 23,
0)) + (if((x>0.75) & (x<=1) & (y>10) & (y<=12), 24, 0)) + (if((x>1) & (x<=1.25) & (y<=2), 25, 0)) + (if((x>1) & (x<=1.25)
& (y>2) & (y<=4), 26, 0)) + (if(x>1) & (x<=1.25) & (y>4) & (y<=0), 27, 0)) + (if(x>1) & (x<=1.25) & (y>6) & (y<=8), 28,
0)) + (if((x>1) & (x<=1.25) & (y>8) & (y<=10), 29, 0)) + (if((x>1) & (x<=1.25) & (y>10) & (y<=12), 30, 0)) + (if((x>1.25)
& (x<=1.5) & (y<=2), 31, 0)) + (if(x>1.25) & (x<=1.5 ) & (y>2) & (y<=4), 32, 0)) + (if((x>1.25) & (x<=1.5) & (y>4) &
(y<=6), 33, 0)) + (if(x>1.25) & (x<=1.5) & (y>6) & (y<=8), 34, 0)) + (if((x>1.25) & (x<=1.5) & (y>8) & (y<=10), 35, 0))
+ (if(x>1.25) & (x<=1.5) & (y>10) & (y<=12), 36, 0)) + (if((x>1.5) & (x<=2) & (y<=2), 37, 0)) + (if((x>1.5) & (x<=2) &
(y>2) & (y<=4), 38, 0)) + (if(x>1.5) & (x<=2) & (y>4) & (y<=6), 39, 0)) + (if((x>1.5) & (x<=2) & (y>6) & (y<=8), 40, 0))
+ (if((x>1.5) & (x<=2) & (y>8) & (y<=10), 41, 0)) + (if((x>1.5) & (x<=2) & (y>10) & (y<=12), 42, 0)) + (if((x>2) & (x<=2.5
) & (y<=2), 43, 0)) + (if(x>2) & (x<=2.5) & (y>2) & (y<=4), 44, 0)) + (if(x>2) & (x<=2.5) & (y>4) & (y<=0), 45, 0)) +
(1f(x>2) & (x<=2.5) & (y>6) & (y<=8), 46, 0)) + (if(x>2) & (x<=2.5) & (y>8) & (y<=10), 47, 0)) + (if(x>2) & (x<=2.5)
& (y>10) & (y<=12), 48, 0)) + (if((x>2.5) & (x<=3 ) & (y<=2), 49, 0)) + (if((x>2.5) & (x<=3) & (y>2) & (y<=4), 50, 0)) +
(1f((x> 2.5) & (x<=3) & (y>4) & (y<=6), 51, 0)) + (if((x>2.5) & (x<=3) & (y>0) & (y<=8), 52, 0)) + (if((x>2.5) & (x<=3)
& (y>8) & (y<=10), 53, 0)) + (if((x>2.5) & (x<=3 ) & (y>10) & (y<=12), 54, 0)) + (if((x>3) & (y<=2), 55, 0)) + (if((x>3) &
(y>2) & (y<=4), 56, 0)) + (if((x>3) & (y>4) & (y<=6), 57, 0)) + (if((x>3) & (y>6) & (y<=8), 58, 0)) + (if((x>3) & (y>8) &
(y<=10), 59, 0)) + (if((x>3) & (y>10) & (y<=12), 60, 0)))

Y cucremy on 6 x 10 wuHTEepBaIHUX In the system of 6 x 10 interval groups it is

rpyna Teopercku je moryhe wuzasojutu 60
KJacu(UKaIMOHUX Tpyna, ogHocHO 60 TumoBa
kmme. CBakoj Kiacu(UKaIMoOHO] TPYIH A0jebeHa
j€ BpHjeIHOCT muKcena (Tpuj Kou) y WHTEepBaTy
1-60, Taxo 1a CBaKK IpyJ1 KOZ IPEZICTaBIba jeIaH TUIT
xkmme (Ta6. 3). Y Tab. 3 HTC (1) u nT (3) o3nadeHn
cy ca Xu Y. CBaKkoM KIMMAaTCKOM THITY JIO/jeJbeHa je
03HaKa, K0ja Ce CaCTOj! O JeTHOT CJIOBHOT | J&THOT
Opojuanor cumoOosa. CIIOBHH MO O3HAKE YKa3yje Ha
ounanc piare mpema HTC, ok Opojuanu 110 03HaKe
yKazyje Ha Tpajame BEereTallMoHOT TIeproja rmpema
NT (na mpumjep, cumOoI “A” 03Ha4aBa BPHjETHOCT
HTC <= 0.25 nok cumboi “3” y o3HaIu ykasyje Ja
CE pay O MoAPYYjy Ha KOjeM BEeTeTaIliOHH TIEPHO.T
Tpaje 46 mjecery). O3HaKe KITMMATCKUX THITOBA U3

Tab. 3 oxroBapajy 03HaKaMa HHTEPBATHUX IPyTia U3
Tao. 1.

theoretically possible to separate 60 classification
groups, i.e. 60 climate types. The pixel value
(grid code) in the interval 1-60 was assigned to
each classification group, so that every grid code
represents one climate type (Tab. 3). In Tab. 3, HTC
(1) and NnT (3) are denoted with X and Y. A code
was assigned to each climate type, consisting of one
letter and one numerical symbol. The letter part of
the code indicates the moisture balance according to
HTC, while the numeric part of the code indicates
the duration of the growing season according to
nT (e.g. symbol “A” signifies the value of HTC <=
0.25, while symbol “3” in the code indicates that
this is an area in which the growing season lasts for
4-6 months). The designations of climate types in
Tab. 3 correspond to the interval group designations
in Tab. 1.
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Tab. 3. Kpurepujymu, kiacupukaimoHe rpyre, OMuc U 03HAKE THIIOBA KIMME
Tab. 3. Criteria, classification groups, description and designations of climate types

Xugpotepmu Tpajame BereTamoHor
Koe(bngnj et / . Du?aetri)c())rllI tf]vtlfleeczgl“fing pr«.m xon/ Kﬂm.waTCKH run/ Onuc knume / Climate Description
HYdrOt?[r{anlé Ei;e)fﬁment season, months Grid Code Climate Type
(T (y))

x<= 025 y<=2 ! Al O oemety doy el extromely ol st
x<=025 y>D&G <=4 : A2 ety iy aad onl o
x<=025 (>4 & (<=6 3 A3 ey doy st modentely o e
x<=0.25 (y>6) & (y<=8) 4 Ad EKCTPEZ;S;?; ;r;(;ﬁa\:;rﬁy;g
x<= 025 (y>8)&y<=10 s AS e ey iy o very bt s
x<=025 (> 10 & (y <= 12) 6 A6 D ety dey s cxtrmly e o
(x>029) & (x<=05) | y<=2 7 BI Y tecptionaly dry and cxsemely eole s
(x>025) & (x<=05) | (y>2) & (y<=4) 8 B2 HSY;ZESJOYIES ’Eﬁiﬂaﬁiﬁﬁiﬁ
(x>029) & (x<=05) | 1>H&E <O 9 B3 Excopfionmily dhy st medemtely wanm e
(x>025) & (x<=05) | (v>6) & (y<=8) 10 B4 eeptionaly dry and s eiae
(x>025) & (x<=0.5) | (y>8)&(y<=10) 1 BS H3y321’221)65?;“151365’?%“355 ii‘iﬂ?iiﬁ
(x>025) & (x<=0.5) | (v>10) &(y <= 12) 12 B6 H3y?5e;::p:1}(l)?12ﬁ; Ei;iir::;;ﬂ:l; iiliy;fai
(x>0.9) & (x<=075) | y<=2 13 ci O ot g el scoeanly ool s
(x>05) & (x<=0.75) | (y>2) & (y<=4) 14 2 Beova Cyf]";r’; ’;ﬁ;ﬂa‘i‘l‘;ﬁlgi‘i zg
(x>0.5) & (x<=075) | 4>H&G <=6 Is < PN e dry o modrately s s
(x>0.5) & (x<=0.75) | (y>6)&(y<=8) 16 C4 Be"Ma\‘nya é‘r;‘;‘l‘;av‘:;rfﬁy;gg
(x>0.5) & (x<=0.75) | (y>8) & (y<=10) 17 cs Beowa CYBi/:rsegrh;aafl(ziHj:r;(})gt)};i 1:
(x>05)& (x<=0.75) | (y>10) &(y <= 12) 18 C6 Beowa CyB&?Eﬁ;ﬁ?&iﬂ;ﬁﬁﬂ Zg
x>075) & (x<=1) | y<=2 19 D1 Cymar eﬁi_ff:ﬂ;fﬁﬁ?ﬁﬂﬁiﬁ
x>075)& (x<=1) | (y>2)&(y<=4) 20 D2 Cyma ’B’;;Zi‘za;‘l’gz:i ;
(x>079&(x<=1) | (>H&(y<=06) 21 D3 O ooy ot modemicly o as
(x>075) & (x<=1) | (y>6) & (y<=8) 2 D4 Cy‘”ﬁi;‘:ﬁﬁ:fﬁﬁﬁﬂiﬁ
(x>075) & (x<=1) | (y>8) & (y<=10) 23 D5 Cysan Bg’g::é“f:;iﬁggé
(x>075) & (x<=1) | (y>10) &(y<=12) 24 D6 Cysan eggi?;f;ﬂ:;ﬁ%ﬂ:
(> D& x==125) | y<=2 25 El T eoutitent wet oot xvomely coM st
x>D&(x<=125) | (y>2)&(y<=4) 26 E2 HemBmH;ﬂ%ﬁ;ﬁ ﬂiﬁiiﬂﬁ‘apﬁ;
(>D&E==125) | G>H&E <0 27 E3 O eniient wet st odermtely oo pons
(>D&E==125) | 3>60&F <3 28 B4 o enhient wot o o
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HenoBoJbHO BiIa)KHA U BEOMa TOIUIA rloz[pyqja/

(x>1) & (x<=1.25) (y>8) & (y<=10) 29 E5 Insufficient wet and very hot areas
(x>1) & (x<=125) | (y>10) & (y<=12) 30 E6 HeﬂoBOmH01igi?(ﬁi?eitengeTtienh:iH:xfroe?:; Tﬁyﬁ:
(x>125)& (x<=15) | y<=2 31 Fl D eteraily et and emely eoliamaas
(x>125) & (x<=15) | (y>2) & (y<=4) 32 F2 y“j“’e“iiii’f;*él’; i?faﬁ’liﬁlgﬁii
(>129)& (K< 15) | (>4 & (1 <=6) 3 3 T Hdemtsly et e orleaely e s
(x>125) & (x<=15) | (y>6) & (y<=8) 34 F4 Wjefffif;?f?@i ZEH;;SEI;Z:;: ;
(x>125) & (x<=1.5) | (y>8) & (y <= 10) 35 5 Shepeno 353’2’51?1; i(v)rtaaﬁnj:r; (I)lIcL)It));rU;:
(x>125) & (x<=15) | (v>10) &(y <= 12 3 F6 e oderaicly et el extremely g et
(19 &x<2) | y2 37 Gl et and cxtanely e mas
(> 1H&E=2) | (22 &y <=4 38 a2 o el
(x>15) & (x<=2) (y>4) & (y <= 6) 39 G3 Bnm\lfze]: foéiii*é‘éé?&i%?ﬁiﬁya‘iié
>15&(x=2) | 1>6&y <= 40 G4 et o e
(15 &x<=2) | (>8)&(y<=10) 41 Gs B vy rot e
(x>15 & (x<=2) (y>10) &(y <= 12) 42 Go P %;T Zﬁﬁztﬁ;ﬁ;ﬁoﬂf ya?eaaé
x>D&(x<=25) | y<=2 43 1 et o sty sole s
(> &(K<25) | (y>2&(y<=4) - H2 e ey st wnl ool
(>D&6<=25) | GEHEE<6) 45 3 e ony et el ot s
(> &E<=25) | 4>O&(<8) 46 H4 ey wet and wavts st
x>D&x<=25) | (>8&y<=10) a7 Hs B very et
(D &(<=25) | (710 &(y <= 12) 48 e D ey et aad ox el by s
x>25&Ex=3) | y=2 49 I e ally et oty oot
(29)&K<=3) | (4> &(y<=4) 50 2 R wcsptionaly wet sad ool mone
(>29&(x=3) | (>HEGH) 51 3 ceptonslly et sad modemtely s s
(x>25) & (x<=3) (y>6) & (y <=8) 52 14 H3y§i?:;tffr?:ff{yageﬁﬁagjﬁﬁgg
(>29)&6<=3) | 28 &(y<=10) 53 15 e Exorptionally met sl very et meas
x>25&Kx<=3) | (> 10 &y <= 12) 54 16 O ionally et sty b
o3 g2 55 1 ExcTpeMHO BiIaXKHa M €KCTPEMHO XJIa/{Ha MOApyYja /

Extremely wet and extremely cold areas
‘>3 (4> & (y <=4 6 n O eeemely wetuad ool e
x>3 6> 4 & <=0) 57 3 D teancly e s modrtely e e
x>3 6>6) & (y<=8) 58 1 D vl wot aad e s
x>3 (4> & (y<=10) 59 ss D ol wet nd very b sst
=3 (v> 10) &(y <= 12) 60 16 EkcTpeMHO BiIa)KHA U €KCTPEMHO TOILIA TOpy4ja /

Extremely wet and extremely hot areas
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CTYIUJA CIIYHAJA — KITACUOUKAILIUJA
KJIMME bOCHE 1 XEPLIETOBHUHE

[lpukazanu mozpen kiacudukanuje KIuMe
NPUMU]jEbEH je 3a mpoctop bocHe n XeprieroBuse.
Knumaronomku mepuojs ocmarpama, 3a KOjH
je ypabhena kmacudukanuja KiIuMme, je TEpHOA
1961-1990. rommue. Kao yma3ne Bapujabie
MoJiesia KOpHUIheHe Cy Marie CpeambiX MjeCeuHUX
TeMIIepaTypa Ba3lyXa M MPOCjSUHHX MjeCEUHUX
xonmanHa naiasuHa y ['YC pacrepekom dopmary,
npeysere u3z Knumamckoe amaaca bochne u
Xepyeeosune (Baji¢ & Trbi¢, 2011, 2016).

[Tpema nedurrcaHoM Mozemy Kiacu(ukaimje
Ha nipoctopy bocHe u XepreroBune, y nocMaTpaHoM
niepuory 1961-1990. ronuue, HACHTU(PUKOBAHO je
14 xnumarckux tunosa (Ci. 2). [Ipema 6unancy
BJIare THUIIOBH KJIMME JUCTPUOYHpPAHH Cy Of
YMjEpeHO BIXHUX O BeoMma BIaKHHX. IOk cy
npemMa Opojy Mjecen y BEereTallMOHOM TEePHOLY
TUTIOBU KIUME IUCTPUOYHpPAHH OJf €KCTPEMHO
XJIaJTHUX JI0 BEOMa TOTLTHX.

CASE STUDY — CLASSIFICATION OF
BOSNIA AND HERZEGOVINA CLIMATE

The presented model of climate classification
was applied to the area of Bosnia and
Herzegovina. The observed climatological period
for which the climate classification was done
is 1961-1990. The maps of mean monthly air
temperatures and average monthly precipitation
in GIS raster format, taken from the Climate
Atlas of Bosnia and Herzegovina (Baji¢ & Trbi¢,
2011, 2016), were used as input variables for the
model.

According to the defined classification model
in the area of Bosnia and Herzegovina, during
the observed period 1961-1990, 14 climate types
were identified (Fig. 2). According to the humidity
balance, the climate types were distributed from
moderately humid to very humid. According to
the number of months during the growing season,
the climate types were distributed from extremely
cold to very warm.

Cx. 2. bocna u XepiieropuHa — Ki1acuukaimja Kiume
Fig. 2. Bosnia and Herzegovina — climate classification
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3AKJbYYHAK

[IpencraBbeHn Moaen KiacupuKaiuje
KIuMe cyOnuMmupa Bapujallie Koje ce OgHOoCce
Ha TeMIIepaTypy Basdyxa, MaJlaBUHE U Tpajarbe
BereTanyoHor nepuoja. Mozaen u aedunucanu
anroputam omoryhaBajy ayToMaru3oBaHy
npuMjeHy U oapehuBame TUIIOBa KIIMME, 3a OMII0
KOjJH IIPOCTOP MJIH IEPHOI.

Knacupukanmjom KJIUME ONHUCAHOM
METOIOJIOTHjOM 32 Pa3jMyYuTe KIMMATOJIOIIKE
nepuozie Moryhe je mpaTuTH NpaBlie U IPOCTOPHH
pacmoH KJIMMAaTCKUX NpOMjeHa, Ha HpHUMjep
HIMPEE CYITHUX TOPYYja U CIIMYHO.

Temneparype Ba3ayxa, MaJaBUHE U
Tpajambe BETreTAlMOHOT Iepuoaa Cy BeoMa
OUTHU KIMMATOJOIIKKA €JIEeMEHTH arpapHe
npousBoame. C 003UpOM Ha Ty UYHMEHCHUILY
neduHncana Ki1acuduKanmja KIMMe je CBOjeBpCHa
arpoKJMMaTCKa pejoHu3anuja TAje CBaKH
W3/IBOjEHH KIIMMATCKH TUTI MIPECTaBIba TOIPYYje
ca ofpeh)eHnM arpoKIIMMaTCKUM YCIIOBUMA.

[paxTuyuHa npumjeHa Moziena Kiacupukaruje
KJIMME H3BplICHA je Ha mnpumjepy bocHe u
Xepueroune. Ha ocHOBy noOHjeHUX pesyirara
MOKE C€ N3BECTHU 3aKJbyUaK Ja U3/[BOjeHU TUIIOBH
kniuMe Ha monpyyjy bocue m Xepuerosune
y BEJIHMKOj Mjepu OAroBapajy MpOCTOPHO]
midepeHImjaujy arpapHe MPOU3BOIILE.

CONCLUSION

The presented model of climate
classification sublimates the variables relating
to air temperature, precipitation and the
length of the growing season. The model and
the defined algorithm enable the automated
application and identification of the climate
type, for any area or time period.

By classifying the climate by the described
methodology for different climatological
periods, it is possible to trace the directions
and spatial range of climate change, e.g. the
spread of arid areas, etc.

Air temperatures, precipitation and
the duration of the growing season are
very important climatological elements of
agricultural production. Given that fact, the
defined climate classification is a kind of
agro-climatic zoning where each designated
climate type represents an area with specific
agro-climatic conditions.

Practical application of the climate
classification model was made on the example
of Bosnia and Herzegovina. Based on the
obtained results, one may conclude that the
designated climate types in Bosnia and
Herzegovina largely correspond to the spatial
differentiation of agricultural production.
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