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Summary: The choice of a cadastral
municipality  for  agricultural land
management by land consolidation is a
task set upon every local self-
management unit where projecting and
realization of land consolidation pro-
jects are planned. It is very important to
perform the prioritization of specific
cadastral municipalities for land
management via land consolidation on
a regular and objective manner, i.e. not
to perform the launching of land
consolidation projects randomly, but to
choose areas where the effects of land
consolidation would be the greatest.
Solving of this problem is portrayed in
the appliance of multicriteria optimi-
zation method. Accordingly, this paper
covers the issue of ranking cadastral
municipalities  for agricultural land
management by applying different
multicriteria  analysis methods and
presents the evaluation of the defined
model in the Municipality of Ruma. The
final goal of the research is to establish
the relation of ranks provided by
different methods of multicriteria
analysis and to create a final list of
cadastral municipalities in  which
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Pe3ume: PelwaBamwe npobnema nsbo-
pa katacTtapcke onwTuHe 3a ypehere
norbLONpMBpeaHOr 3emrbuiiTa Komaca-
uvMjom npefctaBrba 3ajartak Koju ce
CTaBrba npeq CBaKy jeAuHuLy fnokanHe
camoynpaBse Y KOjoj Ce mraHupa npo-
jekToBarbe W peanusaumja komacaum-
OHUX npojekaTta. Beoma je BaxHo aga ce
AaBakbe npuoputeTa nojeAuHUM Katac-
Tapckum OnwTuHama 3a ypehewe
norbLONpuBpeaHOr 3emrbuiiTa Komaca-
LMjom BpLUM Ha KOpeKTaH u objekTmeaH
Ha4MH, OOHOCHO [Ja ce MOoKpeTawe
KOMacauMoHMX npojekata He BpLuM
ctuxujckm, Beh Tamo roe 6u edekTn
komMacauuvje 6unu Hajsehu. PeliaBare
oBor npobrnema ornega ce y npumeHu
MeToAa BULLEKPUTEPUjyMCKe ONTUMn3a-
umje. Y cknagy ca Tum, y pagy je
obpaheHa npobnemartvka paHrupana
KaTacTapckux OnwTuHa 3a Yypehewe
NoSbONPMBPEAHOr 3emrbuliTa Komaca-
LMjoM NPUMEHOM pasnuunTUX meTtoda
BULLEKPUTEPUjyMCKE aHanuM3e W npe-
3eHTOBaHa eBanyauuja AeduHucaHor
mogena y OnwTuHn Pyma. Kpajwu unre
uUcTpaxvBamwa jecTe [a ce YTBpPAM
O[HOC paHroBa A0OWjeHUX pasnuunTum
MeToJama BULLEKPUTEPUjyMCKE aHanu-
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launching and realization of land
consolidation projects should be made,
based on obtained solutions.

Keywords: land consolidation, land
consolidation projects, cadastral
municipality

1. INTRODUCTION

Land consolidation has been applied in
praxis as a method of support for
agricultural development for several
decades. Besides its primary function -
to group separated properties, land
consolidation may also have a far-
reaching impact on the development of
entire regions, and as such, it may
contribute to the overall state
development. For this reason, a great
amount of attention is provided to land
consolidation in developed countries
and it is applied whenever it can
contribute to developmental agricultural

goals.
According to [1], [2], [3], [4], land
consolidation has fundamental

significance for providing economic
sustainability for rural areas, facilitating
environmental management and for the
urban growth rationalization. According
to [5], land consolidation process is
more often seen as an opportunity for
resolving much more complex problems
related to land management.

Local self government units, with state
support, have to invest in order to
realize the established developmental
goals. Likewise, land consolidation
projects represent the foundation for
reaching of these goals, because
through them agricultural development
is prospered. This has a positive effect
on local communities in general.
Municipalities with good developmental
plans would launch and realize land
consolidation  projects in  several
cadastral municipalities, but that is not
possible because of objective factors.
The most common factor is the lack of

3e U Oa ce Ha OCHOBY [oGWjeHUX pe-
Wwewa opMMpa KoHayHa  nucTa
KaTacTapckux onwTuHa y kojuma Tpeba
U3BPLUNTM MOKpPEeTawe M peanusauujy
KOMacaLMOHKX npojekarTa.

Krby4He peun: komacauwja, komacaum-
OHM NPOjeKTU, KaTacTapcka onwTuHa

1. yBOA4

Komacauuja kao metoga 3a nocne-
lWmBake NpuUBpPEdHOr passoja nojeau-
HUX pervoHa npvMekyje ce y Mpakcu
Beh gyrm Hu3 pdeueHunja. [Mopen oc-
HOBHe (OyHKUMje, Oa rpynuile ycuThse-
He nocefe, komacauuvja MoXe MmMaTh U
JanekocexHuju  yTuuaj Ha  pasBoj
UMTaBUX PErnoHa, a Kao TakBa MOXe
OOMPUHETU 1 YKyMHOM pa3eojy [Opxasa.
M3 TOr pasnora ce Yy pasBujeHUM
[OpxaBama, komacauuju nocsehyje
BEINUKa Naxwa M oHa ce npuMmekryje y
CBUM cuTyauumjama kaga Moxe pJa
JonprvHece pasBOjHUM  MPUBPELHUM
unrbesuma. [lpema [1], [2], [3], [4],
KOMacauuvja 3emrbuliTa je o Cyl-
TMHCKOr 3Hayaja 3a obesbehuBane
€KOHOMCKE OAPXXMBOCTU pyparHunx nog-
pyyja, onakwaBare ynpaBrbara X1Bo-
THOM CPEAMHOM W1 pauunoHanu3auujy
ypbaHor pacta. [pema [5], npouec
Komacauuvje ce cBe dYewhe BMAW Kao
lWaHca 3a pellaBake MHOMo CroXe-
HMjux nNpobnema BesaHux 3a ypehewe
npocTtopa. JeguHuue nokanHe camo-
ynpase, y3 nomoh gpxase, Mopajy ga
WHBECTMPajy Aa Gu peanusoBane noc-
TaBrbeHe pasBojHe uurbese. MNpu Tome
KOMacauWOoHM MpOjekTn MpeacTaBrbajy
OCHOBY 3a [OCTU3ake TUX LUILEBA, jep
Ce Kpo3 HMUXOBY peanu3auujy mnoc-
newyje paseBoj norbonpuBpene, a
caMMM TWUM, W JOKanHWX 3ajegHuua
yonwTe. OnwTuHe koje umajy pobpe
pa3BojHe nnaHoBe OW MNOKpeHyne u
peanusoBarne KomacauuoHe MNpojekTe y
BMLUE KaTacTapCcKMx onwTuHa, anu 36or
06jek-TnBHMX hakTopa To Huje moryhe.
Hajuewhu caktop je HegocTatak HOB-
YaHUX cpefacTaBa 3a peanu3auujy CBUX
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funds for the realization of all projects.
In order to perform the choice of
cadastral municipalities in which land
management with land consolidation
will be performed, they need to be
ranked according to specific criteria
The ranking can be performed with
multicriteria  methods based on real
data about cadastral municipalities,
collected from relevant institutions
(Republic geodetic authority, Statistical
office, Municipalities, etc) [6].

This paper defines the model of
multicriteria  decision  making by
applying AHP, VIKOR and COPRAS
method, with the goal of establishing
the relation between different methods
and checking the possibility of using
several methods in the goal of obtaining
the final ranking list of alternatives, that
is cadastral municipalities for the
management of land territory with land
consolidation. The use of proposed
model, as a unique support tool for the
process of decision making, has a goal
to decrease the risk of wrong decision
making. Impartial and  objective
decision making about giving priority for
land management with land
consolidation surely represents an
important link in the initiation and
realization of land consolidation
projects. This way, the process of
choosing cadastral municipalities in
which land consolidation projects
should be made becomes significantly
more objective and efficient.

2. MATERIAL AND METHODS
2.1. Material

With the goal of ranking the cadastral
municipalities in the Municipality of
Ruma, data considering the state of
both property and lots in the analyzed
cadastral municipalities have been
gathered. The data have been obtained
by relevant institutions and facilities like
Republic Geodetic Authority, Ministry of
Agriculture, Forestry and Fisheries,

npojekata. OnwTuvHe cy Taga nNpUMO-
paHe ga opabepy oOHe komacauuoHe
npojekte koju he Ha Hajborbn HaumH
pocehn nocrtaBibeHe uurbeee. [a 6u
ce wusBpwuo u3bop wmsmMehy karac-
TapCkMx onwTtuMHa Yy kojuma he ce
cnpoBecTu ypehewe norbonpuBpegHor
3emsbulITa NyTeM Komacauwuje, noT-
pebGHO uX je paHrupatvM npema oppe-
heHum kputepujymmma. PaHrupare ce
MOXe BpLIMTU MOMONY BULLEKPUTE-
pYjCKMX MeToAa Ha OCHOBY pearHux
nopataka O katacTapCKuM OnTMHaMa,
KOju Cce MNpuKynibajy of peneBaHTHUX
nHctutyumja (Penybnuykn reogetckm
3aBog, 3aBog 3a cratucTuky, Onuw-
TWHe, 1 ap.) [6]. Y paay je neduHucaH
MOZen BULLEKPUTEPYjYMCKOr OAnyYnBa-
a, npumeHom AHP, VIKOR wu
COPRAS wmeToge, ca uurbem ga ce
YTBPAM OAHOC u3MeRy pasnMunTnx
mMeToga v npoBepu MOryhHOCT KopwL-
hewa BuLe MeToAa Y UMby oobujarsa
KOHa4yHe paHr nucTe anTepHaTtuBa Tj.
KaTacTapckux OnwTuHa 3a Yypehewe
3eMJbULLHE TEPUTOpUje KoMacaLujoMm.
Kopuwherwe npegnoxeHor moaena,
Kao CBOjeBPCHOr CpeacTBa noAapLUKe
npouecy AOHOWeHa oarnyka, MMa 3a
UMb Aa CMakbu PU3NK Of MOrpeLuHor
JoHowewa oanyka. HenpuctpacHo wu
06jeKTMBHO ~ [OHOLLEe-He Oanyka o
JaBawy npuoputeTa 3a ypehewe no-
rbONpUBPEaHOr 3eMrbuLliTa Komacalu-
jOM, CUIypHO npeacTaBrfba BaXHy Ka-
PUKY Y WHULMpawy W peanusauuju
KOMacauuoHunx npojekata. Ha oBaj Ha-
YMH, cam npouec m3bopa kaTtacTapcKmx
onwTMHa y kojuma Tpeba peanusoBaTu
KOMacaLMOoHe NpojekTe nocrtaje 3HaTHO
06jeKTUBHUjU 1 ecbuKacHmjn.

2. MATEPWJAN U METOQOE
2.1. Marepujan

[a 6un ce n3BpWMNO paHrupare KaTa-
CTapckux onwTuHa 3a ypehewe 3em-
bULLIHe TepuTopuje komacaumjom y On-
WTnHM Pyma, npukynrbeHn cy GpojHu
nogauu O cTawy nocega, napuena u
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Ministry of Public Administration and
Local Self-Government, Statistical
Office, and the Local Self-Government
Unit of Ruma. Because of the
complexity of the problematic itself,
large amount of data was obtained from
cadastral municipalities during the
research. Thus, their presentation here
will be left out.

2.2. Optimization model of land
consolidation projects

In order to formulate the optimization
model, it is necessary to define the
goal, criteria, and the alternatives. The
model's goal is to rank cadastral
municipalities (alternatives — 18 cada-
stral municipalities) in the Municipality
of Ruma, i.e. to determine the order of
the priorities for agricultural land
management with land consolidation in
the  mentioned municipality. An
approach described in the paper was
used to define the optimization model
[71.

Defining of the model was conducted
through several steps:

1. Defining of goal functions (criteria).

2. Defining of the weights of individual
criteria.

3. Defining of the decision matrix for the
ranking of cadastral municipalities.

4. Applying of the mathematical models
of AHP, VIKOR anf COPRAS method.

2.2.1. Defining of goal functions
(criteria)

In the goal of determining of the optimal
cadastral municipality, that is of their
ranking for the realization of land
consolidation projects in the Muni-
cipality of Ruma, and based on the
analysis of numerous research and
scientific literature, a team of experts
from the field of land consolidation from
the Faculty of Technical Sciences in
Novi Sad defined and suggested
relevant criteria for the ranking:

f1 : Share of arable land in the total
agricultural land surface;

aKTMBHOCTM CTaHOBHMLITBA Yy obrnactu
norbonpuBpeae y aHanuManpaHuMm kKata-
cTapckvm onwTtuHama. Mogaum cy npe-
y3eTU Of HM3a pEerneBaHTHUX WHCTU-
TyuMja W YyCTaHOBa, Kao LWTO Cy
Penybnunukn reogetckn 3aBop, MuHu-
CTapCTBO NOSLONPUBPELE LLYMapCTBa U
Bogonpuepene, MwuHucTapcTtBO  3a
OpXaBHY ynpaBy W IOKanHy camo-
ynpaBy, 3aBog 3a CTaTUCTUKY W
JeanHuua nokanHe camoynpase Pyma.
Y npouecy ucTpaxusara NpuKynrbeHa
je BenuKa KONMMyuHa noJaTtaka no
KatactapckuMm onwTuHama, na he
HMBOX NpuKa3s oBae OUTK N30CTaBIbEH.

2.2. DechmHucawe mogena
onTuMu3auuje

[a 6u ce cdopmynucao mogen ontu-
Mu3aumje notpebHo je paeduHucaTu
unrb, Kputepujyme u anTtepHaTuBe.
LUurs mogena je paHrmpatm  kaTac-
Tapcke onwTuHe (antepHatnBe — 18
KaTactapckux onwTuHa) y OnwTuHu
Pyma, ogHocHO oppeavTu pegocnep,
npuoputeta 3a ypeherwe norbonpue-
pefHor 3emrbuwTa KOmacauujom y
noMeHyToj onwTunHu. 3a AeduHncarme
MoZena onTuMM3auuje KOpULLTEH je
NPUCTYN, KOju je npuKasaH y pagy [7].
JeduHucarwe mopena cnpoBefeHo je
KPO3 HEKONWKO Kopaka:

1. HeduHncamwe UUIBHUX YyHKLMja
(kpuTepujyma).

2. [edumHncare TexunHa MNojeAnHUX
Kputepujyma.

3. JeduHucarwe matpuue oanydmsata
3a paHrvpane KaTacTapCcKvx OnTUHA.
4. [lpumeHa MaTemMaTWyKkMx mMogena
AXI1, VIKOR n COPRAS meToaa.

2.2.1. [OedmHucawe UUrbHUX
dyHkumja (kpuTepujyma)

[a 6un ce n3BpWMNO paHrupare KaTa-
cTapckux onwTtuHa u pobuna nucra
npuopuTeta 3a ypefewe 3emrbullHe
TepuTOopuje komacaumjom, notpebHo je
AedurHMcaTn CKyn jedMHCTBEHUX Kpu-
Tepujyma, npema kojuma he ce u3B-
pWWTK paHrMpare. Y Ty uBpXy, Ha oc-
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f2 . Average lot surface in out-of-
construction area;

f3 : Number of lots per real estate
folio;

f4 : Average property surface in out—
of—construction area:

f5 : Percent of individual agricultural
manufacturers with property size larger
than 5ac;

f6 : State property share in the total
out—of—construction area surface;

f7 : Size of the state property land,
given in lease;

f8 : Surface under channel network;

f9 : Active agricultural population;

f10 : State of land consolidation.

2.2.2. Defining of the weights of
individual criteria

When there are several unequally
important criteria involved in the
process of decision making, it is
necessary to assign them weights
(weight factors, i.e. values), which
reflect their relative importance. The
weights serve for defining the
significance of the participation of
individual criteria while making a
decision on the choice of the most
favorable alternative solution of the
problem.

In this paper, weight values of the
criteria are determined with applying
AHP consensus model. Mathematical
model of the applied method is
described in the paper [8], so its
detailed description is hereby left out.

2.2.3. Defining of the decision
matrix for the ranking of
cadastral municipalities

After collecting a large amount of data,
the data were processed and presented
in the decision matrix, which represents
the input matrix for all the methods that
will be applied in the work. The matrix is
formed by the numerical parameter
representing a certain criterion for each
cadastral municipality according to the
defined criterion.

HOBY aHanuse OpojHe cTyaujcke U
HayyHe nuTepaType, TUM ekcriepaTta u3
obnactm komacaumje ca akynrteTa
TeXHUYkux Hayka u3 Hosor Capa je
AednHMCcao 1 Npeanoxuo perneBaHTHe
KpuTepujyme 3a paHrmpame:

f1 : Ypeo obGpagumBor 3emrbuwita y
YKYMHO] MOBPLUMHM MOSbOMNPUBPEAHON
3eMIbULLITE;

f2 :Ypeo gpxaBHe CBOjUHE Y YKYMHO]
NOBPLUMHN norLonpvBpeaHor
3eMIbULLITE;

f3 : MNoBpwwnHa ApXaBHOr 3eMsbuLITa
Koja ce oaje y 3akynm;

f4 : lpocevyHa kaTacTtapcka knaca
3eMIbULLITE;

f5 : MpoceyHa nospLUnHa napuene;

/6 : bpoj napuena no nucty
HEMNOKPETHOCTY;

f7 . TlpoceyHa noBpwKMHaA nocena
y4YecHuKa Komacauuje;

/8 : [poueHaT unHAOMBMAYaAMNHUX
norbonpuepedHMx npoussofaya ca
BrnacHuwTBOM Behum o 5 xa ;

19 :  AKTMBHO nOSbOMpPMBPESHO
CT@HOBHULUTBO;

f10 : Ctame komacauuje.

2.2.2. [OedumHucamwe TexumHa
nojeAvHUX KpuTepujyma

Kapa npu OoHolwewy ofnyke MocToju
BULLE pasNUYNTUX KPUTEPUjyMa, KOju
HeMajy UCTY BaXHOCT, NOTpPebHO um je
[ofjenuTu TeXuHe, Koje oapaxasajy
HBNX0BE penaTtnBHe BaXXHOCTU. Texune
Cnyxe 3a geuHucawe 3Hadaja yde-
wha nojeavHnx KpuTepujyma npu
JOHoLLEY oanyke O n3bopy HajnoBo-
IbHUWjer anTepHaTUBHOr pellera npob-
nema. Y OBOM papy, TEXWHCKE Bpen-
HOCTU KpuTepujyma oppeheHe cy npu-
meHom AXI1 koHceH3yc mogena Mate-
MaTtuykn mModen npuMmeweHe metona
onucaH je paay [8], na je weH geTarbHu
ONnC OBAE U30CTaBIbEH.

2.2.3. [OedmHucawe matpuue
oAsyyYMBaka 3a paHrupame
KaTacTapCKUX ONwWTUHA

HakoH NpuKyn/baka Berike Konn4dnHe
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The decision matrix is shown in Table 1
together with the weight criteria
determined by applying the AHP
method.

2.2.4. Applied methods

In order to rank cadastral municipalities
in the Municipality of Ruma,
mathematical models of three different
methods of multi-criteria optimization
were applied in this paper.

The mathematical models of the
applied AHP, VIKOR and COPRAS
methods are described in papers such
as [6], [8], [9], [10], [11], [12], soO its
detailed description is hereby left out.

3. RESULTS

In this paper weight values of the
defined criteria were determined by
applying the AHP consensus model. In
the defined model, obtained
consistency index values 0,0095, which
suggests that the result is not accurate
enough so there is no need for
corrections in  comparisons  and
repeating of calculations. Mathematical
models AHP, VIKOR, and COPRAS
method were applied on the decision
matrix with weight coefficients (Table
1).

3.1. Analysis of the obtained results

Analysis of the obtained ranks of
alternatives, suggests that the applied
methods provided quite different results
so accordingly, two variants of possible
solutions are suggested:

nogataka, nogauu cy obpaheHn u
NPe3eHTOBaHNW y MaTpuuM  OAnyYu-
Baka, Koja nNpeacTaBrba  ynasHy
MaTpuuy 3a cBe meTtode koje he 6utu
npumeweHe y pagy. Matpuua je
dopmMMpaHa Tako LWTO je 3a CBaky
KaTacTtapcKky OMwTUHY npema pedu-
HUCaHOM KpUTEPUjyMy MpuKasaH Hy-
MEPUWYKN NapameTap Koju penpeseHTyje
oapeheHun kpuTepujym.

MaTtpuua ognyymBamwa npukasaHa je y
Tabenun 1, 3ajeqHO gHa TeXuHama
Kputepujyma, ogpefeHnx npumMeHoM
AXI1 meTope.

2.2.4. Mpumew-eHe meToae

Y uurby paHrvpawa KatacTtapCkux
onwtnHa y OnwTtuHM Pyma, y oBoMm
pagy npuUMEHeHM Cy MaTeMaTUyKu
MoZenu Tpu pasnuyuTe mMeTode Bulle-
KpuUTepujymcke ontuMmmsaumje.
Matematnykn Mogenu MnpUMeHeHnx
metoga AHP, VIKOR u COPRAS
onucaHu cy y pagosrMmMa Kao LTo cy [6],
[8], [9], [10], [11], [12], na je HMxOB
OnnC OBAE N30CTaBIbEH.

3. PE3YNTATHU

Y OBOM pagy TeXWHCKE BpeaHOCTU
JeduHucaHnx kputepujyma opgpeheHe
cy npumeHom AXIT koHceH3yCc moaena.
Y peduHucaHom mogeny, [obujeHun
MHAOEKC KOH3McTeHuuje usHocu 0,0095,
WTO 3Ha4M Aa je pesynTaT AOBOSLHO
TayaH 1 Hema notpebe 3a Kopekuujama
y nopefhewnma u noHaerbaky npopa-
YyHa. Ha wmaTtpuuy opnyuuBawa ca
TEXWHCKMM  KoeduupmjeHTuMa (Tabena
1), NpUMeHEHN Cy MaTemMaTU4kn Moae-
nm AHP, VIKOR n COPRAS meToaa.

3.1. AHanu3a pobumjeHux pesynTarta

AHanusoMm AoGWjeHMX paHroBa anTep-
HaTUBa, MOXe Ce YyouuTu ga cy
npuMerweHe MeTode Aane  jocta
pasnuunTe pesynTaTe, Na ce y cknagy
ca TWM npeanaxy [fABe BapwujaHTe
Moryhux peLuema:
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1. Common appliance of two methods

with the most similar results, and

2. Common appliance of all three used

Koje Aajy HajcnuuHuje pesynrtare, u

1. 3ajegHuyko kopuwhewe aBe MeToae

2. 3ajegHuyko kopuwhewe cBe Tpu

methods. KOpULLITEHE MeTOAE.
Tabena 1 — MaTtpuua oanyynBama
Table 1 - Decision making matrix
Criteria F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
Unit % % % n. br. Ha br/In Ha % % n. br.
Weight 0.198 | 0.071 | 0.119 | 0.030 | 0.198 | 0.119 | 0.0712 | 0.119 | 0.045 | 0.030
Goal max max Max min min max Max max max min
Alternative
ZARKOVAC 99.6 56.6 53.6 5.9 2.9 3.1 8.9 10.0 64.7 5.0
BUDANOVCI 97.9 12.2 9.6 3.7 1.4 3.1 4.4 23.0 81.1 5.0
DOBRINCI 97.7 9.3 9.6 2.4 0.7 34 2.5 13.0 75.6 1.0
D. PETROVCI 94.3 11.4 6.3 1.6 1.6 2.5 4.0 18.0 74.7 5.0
GRABOVCI 98.2 25.9 8.0 4.0 3.3 3.4 11.3 16.0 50.0 5.0
HRTKOVCI 99.6 19.6 19.1 3.8 1.2 2.6 3.1 7.0 65.6 5.0
KLENAK 96.3 2.6 0.2 35 1.5 2.5 3.7 3.0 44.3 5.0
KRALJEVCI 96.8 18.5 18.4 2.3 0.6 4.3 2.8 10.0 74.3 1.0
M. RADINCI 95.8 3.2 2.6 2.5 1.4 2.2 3.0 12.0 77.3 5.0
MARDELOS 98.6 8.2 5.5 2.0 0.8 3.1 2.4 10.0 60.3 1.0
NIKINCI 99.2 334 32.9 4.1 24 2.2 5.3 7.0 55.5 5.0
PAVLOVCI 78.0 23.1 14.8 3.2 0.7 3.4 2.3 7.0 50.0 1.0
PLATICEVO 99.0 13.1 5.9 3.8 1.8 2.3 4.2 10.0 63.2 5.0
PUTINCI 98.9 7.6 6.7 1.8 1.2 2.0 2.4 7.0 50.8 5.0
RUMA 93.2 16.8 19.5 1.3 0.8 3.2 2.4 6.0 12.6 1.0
Tabena 2 - Pe3yntatv npumMeweHMX MeToaa
Table 2 - Results of applied methods
Rank Results of applied methods
AHP VIKOR COPRAS
1 ZARKOVAC KRALJEVCI ZARKOVAC
2 KRALJEVCI STEJANOVCI KRALJEVCI
3 STEJANOVCI DOBRINCI STEJANOVCI
4 BUDANOVCI VOGAN; BUDANOVCI
5 GRABOVCI BUBDANOVCI DOBRINCI
6 DOBRINCI ZARKOVAC VOGAN;
7 MARDELOS MARDELOS D. PETROVCI
8 RUMA RUMA HRTKOVCI
9 NIKINCI HRTKOVCI MARBDELOS
10 HRTKOVCI D. PETROVCI NIKINCI
11 VOGAN; NIKINCI M. RADINCI
12 D. PETROVCI VITOJEVCI PAVLOVCI
13 PAVLOVCI GRABOVCI VITOJEVCI
14 PLATICEVO PLATICEVO GRABOVCI
15 VITOJEVCI PUTINCI PLATICEVO
16 M. RADINCI M. RADINCI PUTINCI
17 PUTINCI PAVLOVCI RUMA
18 KLENAK KLENAK KLENAK
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3.1.1. Common use of two

methods

If we start from the assumption that the
final ranking list of alternatives can be
provided with the use of two methods,
then the starting parameter (criteria)
can be the average rank difference
between used methods (Table 3).

3.1.1. 3ajeaHunuko kopuwhewe

nBe metoae

Ako ce nohe of npeTnocTaBke da ce
KOHa4YHa paHr nuicta anTepHatTuBa
Moxe 0obuTu NpyMeHoM ABe MeToae,
oHOAa ce Kao norasHM napameTap
(KpUTEPUjyM) MOXeE YCBOJUTU MpoceyHa
pasnuka paHra wusmely KopULTEHMX
meTona (Tabena 3).

Tabena 3 - [poceyHe pasnuke paHroBa antepHaTuBa
Table 3 - Average variation of the ranking of an alternative

Combination of AHP -VIKOR | AHP-COPRAS | VIKOR - COPRAS
methods
Average difference 222 2.44 2.33
in rank

The analysis of gained results reveals
that the lowest average difference of
ranks was acquired with the appliance
of AHP and VIKOR methods.
Considering this is the chosen criteria
for the choice of combination of
methods, the final ranking list will be
determined based on the combination
of ranking results obtained with these
methods.

In order to make the final decision,
considering these two methods, a
definitive matrix was formed where the
ranks obtained with AHP un VIKOR
methods were set as new criteria with
equal weights.

The final ranking list of alternatives
(Table 4) was formed based on the
values obtained by ranks summation
with the new criteria, so that the smaller
sum defines a better position, i.e. a
better rank of a cadastral municipality
for launching of land consolidation
projects on the territory of Municipality
of Ruma.
3.1.2.  Common use of AHP, VIKOR
and COPRAS method

Considering that the chosen methods
provided quite different ranks of
alternatives and that average
differences of ranks between used
methods are quite similar (Table 3), a

AHanusom gobuvjeHux pesynrtaTta, MOXe
ce younTuM da je Hajmawa npoceyHa
pasnuka paHrosa AobujeHa npumeHom
AHP 1 VIKOR meTtopa. O63upom ga je
TO wu3abpaHu kpuTepujym 3a wusbop
KombuHauuje meToda, KOHayHa paHr
nucta he 6uTn oppefeHa Ha OCHOBY
KombuHauuje pesynTata paHrupama
0BMM MeToAama.

Jda 6u ce poHena KoHayHa opnyka,
y3umajyhin y 063mpom oBe OBe MeToae,
dopmupaHa je gedvHUTMBHA MaTpuua,
roe cy padrosn pobujeHn meTtogama
AHP un VIKOR, y3etn kao HoBU
KpUTEpUjyMn ca jegHaknm TexnHama.
KoHayHa paHr nucra anTepHaTuBa
(Tabena 4) dopmupaHa je Ha OCHOBY
BpegHocTu Kkoje ce p[obujajy cabu-
pakeM paHroBa MO HOBUM KpuTe-
pvjymmuma, Tako WTO Mawun  36up
aedvHuwe 6orby nosvuujy, OOHOCHO
6orbu paHr katacrtapcke OnwTuHe 3a
roKpeTawe KoMacauMoHWX MpojekaTa
Ha TepuTopuju OnwTtuHe Pyma.

3.1.2. 3ajepHuyko kopuihere
AHP, VIKOR n COPRAS

MeToae

O63vpoM Ha uYMHkEeHULY [da cy Wu3a-
GpaHe meToae pane gocta pasnuyuTe
paHroBe anTepHaTuBa, Kao W fa cy
npoceyHe pasnuke paHra wusmely
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combination of all three methods would
provide the best solution. This way the
choice of cadastral municipalities in
which land consolidation process will be
launched, is both objective and regular.
To make the final decision, considering
all three methods, like in the previous
variance a definitive matrix was formed,
where the ranks obtained with the
methods AHP, VIKOR and COPRAS,
were taken as the new criteria with
equal weights. After that, the final
ranking list of alternatives was formed
based on the values provided by
summating ranks with the new criteria,
so that the smaller sum defines a better
position that is a better rank of the
cadastral municipality for launching of
land consolidation projects on the
territory of the Municipality of Ruma.

KOPULUITEHNX MeToga [ocTa ChuyHe
(Tabena 3), kombuHauuja cBe Tpu
MeToge pana 6w Hajborbe pelueme,
OOHOCHO Ha OBaj HauuMH 6u ce nsbdop
KaTacTapCKux OMWTMHa 3a MOKpeTawe
rnocTynka Komacauuje W3BpLIMO Ha
objekTMBaH 1 KOpeKTaH HauvH.

Jda 6u ce poHenma KoHayHa opnyka,
y3umajyhu y o63vpom cBe Tpu MeToae,
Ka0 W Yy NPeTXOA4HOj] BapujaHTw,
dopmupaHa je gedvHUTMBHa MaTpuua,
roe cy paHroBu [obujeHn metopama
AHP, VIKOR n COPRAS, y3etu kao
HOBW KPUTEPUjyMU Ca jefHaKNM Texu-
Hama. HakoH Tora, KoHa4yHa paHr nucra
antepHatusa copmmupaHa je Ha OCHOBY
BpegHoCcTU Kkoje ce p[obujajy cabu-
patem paHroBa MO HOBUMM KpuTe-
pujyMMma, Tako LWTO Mawu 36up
aeduHuwe 6Gorby NoO3vuUMjy, OAHOCHO
OorbM paHr kaTactapcke OfNWTUHE 3a
roKpeTawe KoMacauMOHWX MpojekaTa
Ha Teputopuju OnwTrHe Pyma.

Tabena 4 - KoHayHa paHr nMcTa KaTacTapCckux OnLTUHA 3a NoKpeTake KoMacalunoHNX
npojekata (BapuvjaHta 1 1 BapujaHTa 2)
Table 4 - The final ranking list of cadastral municipalities for starting commis- sion
projects (variant 1 and variant 2)

1. VARIANT (AHP i VIKOR) 2. VARIANT (AHP, VIKOR, COPRAS)

Cadastre Municipality Final rank Cadastre Municipality Final rank
KRALJEVCI 1 KRALJEVCI 1
STEJANOVCI 2 ZARKOVAC 2
ZARKOVAC 3 STEJANOVCI 3
BUDANOVCI 4 BUDANOVCI 4
DOBRINCI 5 DOBRINCI 5
MARDELOS 6 VOGAN;j 6
VOGAN;j 7 MARDELOS 7
RUMA 8 HRTKOVCI 8
GRABOVCI 9 D. PETROVCI 9
HRTKOVCI 10 NIKINCI 10
NIKINCI 11 GRABOVCI 11
D. PETROVCI 12 RUMA 12
VITOJEVCI 13 VITOJEVCI 13
PLATICEVO 14 PAVLOVCI 14
PAVLOVCI 15 PLATICEVO 15
M. RADINCI 16 M. RADINCI 16
PUTINCI 17 PUTINCI 17
KLENAK 18 KLENAK 18
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4. DISCUSSION

Chosen methods of multicriteria opti-
mization - AHP, VIKOR and COPRAS
provided quite different ranks of
alternatives. The average differences
between the obtained ranks are small
and cover the interval from 2.22 — 2.44.
However, practical experience suggests
these differences can also be treated
as very significant. Accordingly, this
paper suggests two variants of possible
solutions.

The first variant implies that the final
ranking list of alternatives is formed by
using two methods, which provided the
most similar results. Based on ranking
results, the solution of the problem is
provided by AHP and VIKOR methods.
Maximum difference of the ranks
between these two methods is 8, while
the average difference in ranks
between used methods is 2.22.

In percent, the differences have the
following values:

» The percent of equally ranked
cadastral municipalities is
27.8% (5 CM),

» With a difference in one
position there is 22.2% (4
CM),

» With a difference in two
positions there is 16.7% (3
CM),

» With a difference in three
positions there is 1.1% (2 CM),

» With a difference in four and
more positions there is 22.2%
(4 CM).

According to the final rank provided
with a combination of AHP and VIKOR
methods, the priority for launching land
consolidation projects in the
Municipality of Ruma should be
provided to cadastral municipality of
Kraljevci, followed by Stejanovci,
Zarkovac and Budanovci. Cadastral
municipalities with the lowest rank are
Pavlovci, Mali Radinci, Putinci and
Klenak.

The second variant is to take all three

4. AUCKYCUJA

M3abpaHe meToade BULLEKPUTEPUjYMCKE
ontummsaumje AHP, VIKOR n COPRAS
jane cy pocra pasnuMyMTe paHroee
anTepHatuBa. [lpoceyHe  pasnuke
namehy nobujeHnx paHrosa cy mare,
Kpehy ce y uHTepsany og 2.22 - 2,44,
ann ce Ha OCHOBY MpaKTUYHUX
MCKycTaBa MOry cmaTpaTv 3HayajHo
BENMKMM. Y cknagy ca TuMm, y pagy cy
npeanoxeHe OBe BapwjaHTe Moryhux
peLiema.

MpBa BapujaHTa nogpasymeBa ga ce
KOHayHa paHr nucrta anTepHaTuMBa
cdopmmpa kopuwhewem OBe MeTone,
Koje cy pane HajcrnvyHuje pesynTaTe.
Ha ocHoBYy pesyntata paHrupawa,
pelwene npobnema gajy metone AHP
n VIKOR. MakcmmarnHa pasnuka paHra
n3mehy oBe ABe meTode M3HOCU 8, OOK
je mpoceyHa pasnuka paHra u3meny
KOPULLITEHUX MeToaa 2.22.
MpoueHTyanHo, pasnuke ce Mory
npukasaTtu Ha crnegehun HaumH:

» JepgHako paHrmpaHmx
KaTacTapckMx OnwTuHa uma
27.8% (5 KO),

Ca pasnukoM y  jedHo]
nosuumju uma 22.2% (4 KO),
Ca pasnukom y ABe nosuuuje
uma 16.7% (3 KO),

Ca pasnukom y Tpu nosuuuje
uma 11.1% (2 KO),

Ca pasnukom y 4eTvpu u
BuWe no3uuja uma 22.2% (4
KO).

v V VYV V

Mpema KOHa4YHOM paHry Koju je AobuvjeH
koMmbuHauujom AHP n VIKOR meTogaa,
npuopuTeT 3a MOKpeTake Komacauu-
OHMX npojekata y OnwTuHK Pyma
Tpeba paTn KaTacTapckoj OMWTUMHU
KparbeBuu, 3atum cnege CrejaHoBuM,
XKapkosay n byhaHoBumn. Hajnowwje
paHrMpaHe KaTacTapcke OrnwTuHe Ccy
Masnosuun, Manu PaguHun, MyTnHUM n
KneHak.

[Opyra BapujaHTa nogpasymeBa fa ce y
063np y3my cBe Tpu MeTode, U aa ce
KOHa4YyHa paHr nucta anTepHaTMBa
nobuje pobuje kombuHaumjoMm noje-
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methods into consideration, and to
acquire the final ranking list of
alternatives with a combination of
individual ranks. According to the final
rank obtained with combined AHP,
VIKOR and COPRAS method, the
priority  for  launching of land
consolidation projects in the
Municipality of Ruma should be given to
cadastral municipality of Kraljevci,
followed by Zarkovac, Stejanovci and
Budanovci. The lowest ranked
cadastral municipalities are PlatiCevo,
Mali Radinci, Putinci and Klenak.

5. CONCLUSION

While giving priority to one project from
a group of land consolidation projects,
the decision maker (Municipality) faces
a problem of the existence of several
factors which affect the final decision. In
order to avoid wrong decision making,
all of the criteria relevant for the given
problem have to be taken into
consideration. Later the problem should
be described with the same set of
criteria, so that the result is an objective
and concrete solution to the problem. In
the field of research, the solution of the
problem is to choose a cadastral
municipality which, according to the
defined criteria, has the greatest need
for launching and realization of land
consolidation projects. Impartial and
objective decision making about giving
priority for land management with land
consolidation is certainly the most
important link in the initiation and
realization of land consolidation
projects. The simplest way to
accomplish that is to apply the method
of multicriteria optimization.

Optimization model defined in this
paper was used for determining which
cadastral municipalities have the
priority for land management with land
consolidation in the Municipality of
Ruma. Comparison of the alternatives
according to certain criteria was
performed by wusing the defined

OVHa4YHMX paHroea. lpema KoHa4yHOM
paHry koju je nobwjeH kombuHaumjom
AHP, VIKOR un COPRAS wmeTOge,
npuopuTeT 3a MOKpeTawe Komaca-
LUMOHMX npojekata y OnwTtuHn Pyma
Tpeba paTn KaTacTtapckoj OMWTUMHU
KparbeBun, 3atum cnege Xapkosau,
CrejaHoBuM u byhaHoBun. Hajnowwuje
paHrMpaHe KaTacTapcke OnwTuHe cy
MnatuyeBo, Mann PaguHun, MNyTnHUmM
n Knenak.

5. 3AKIbYYAK

Mpunukom gaBara npuvopuTeTa jeaHOM
NpojekTy ©3 rpyne KomacauuoHMX
npojekata, goHocunay oanyke (Onw-
TMHa) ce cyoyaBa ca npobnemom
noctojawa Buwe akTopa Koju yTuyy
Ha JOHOoLWeHe KoHadyHe oanyke. [la 6u
ce un3berno MOrpewHo [OOHOLEHE
oanyke, mMopajy ce usetn y obaup csu
KpUTEpUjyMn Koju Cy perneBaHTHM 3a
aatm  npobnem, 3atum  npobnem
onMcaTtu UCTUM CKYNoM KpuTepujyma u
Ha Kpajy OoOuTW KOpekTHO U objek-
TMBHO pellewe npobnema. Y obnactu
ucTpaxwvsara, pelwewe npobnema je
n3bop OHe kaTacTapcke OnwTuHe Yy
Kojoj je, npema  gedUHUCaHUM
KpuTepujymuma, Hajpeha notpeba 3a
roKpeTaweM W peanv3aumjom Komaca-
LUMOHMX npojakata. HenpuctpacHo u
0objeKTMBHO  [JOHOWEHe oaflyka o
JaBaky npuoputeTa 3a ypehewe
norLONpMBpPeaHOr 3emrbuiTa Komaca-
LUMjoM, CWUrypHO npeacTaBiba BaXHY
KapuKy Yy WHAUMpawy U peanusaumju
KOMacaumoHuX npojekaTa.
HajjegHocTaBHMjU HauvH fa ce TO
NocTWUrHe jecte NpMMeHa MeToga BuLue-
KpuUTEepmjymcke ontumMmusaumje.

Mogen ontumusaumje, koju je pedwm-
HucaH y pagy, ynotpebrbeH je 3a
pelwasawe npobrnema Aasawa MpUO-
puTeTa KaTacTapckum ornwTuHama 3a
ypefiene norbonpmBpeaHor 3eMrbuLLTa
komacauujom y OnwtuHn Pyma. MNope-
Newe anTepHaTMBa NO KpUTepWjymmma
je usBpweHo kopuwhewem aedUHMU-
caHor mopena onTMMU3auuje paHru-
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optimization  model of cadastral
municipalities ranking as well as
mathematical models of multicriteria
AHP, VIKOR and COPRAS methods.
The research goal was to determine
relation of ranks provided with the use
of different  multicriteria  analysis
methods and to form a final list of
cadastral municipalities in  which
launching and realization of land
consolidation projects should be made,
based on provided solutions.

The applied methods provided different
ranks of some alternatives in a range
that is somewhat worse than expected.
The reasons for this can be found in
different mathematical models, but also
in a high (or very low) disproportion of
the values for the same criteria for
certain alternatives [6].

By comparing the results a conclusion
has been made about the extent of
similarities between ranks obtained with
the formatted model and also about the
appliance of previously mentioned
methods.

Although ranks of certain alternatives
matched in some cases, they mostly
differed. Drastic differences were
spotted with the rank of cadastral
municipality of Grabovci. The use of
AHP and VIKOR method resulted with
a rank that differs in 8 positions and the
use of AHP u COPRAS methods
provided ranks that differ even more - 9
positions. Drastic difference was also
registered for the rank of cadastral
municipality of Ruma, which for the
combination of methods AHP and
COPRAS, and VIKOR and COPRAS
differs in nine positions.

Considering there are significant
differences in the ranking between used
methods, the possibility of using only
one method for obtaining the final rank
is excluded.

Second option that imposed itself was
the possibility to use two methods for
gaining the final rank. With the analysis
of all combinations, it is concluded that
the combination of AHP and VIKOR
methods provided the most similar

patba  KaTacTapCKMx OMwWTuHa U
MaTeMaTU4Kux Mogena BULLEKpUTEpU-
jymckux  AHP, VIKOR wun COPRAS
mMeToAa.

LUns wuctpaxuBawa je OvMo ga ce
yTBPAN OOHOC paHroBa [[obujeHnx
pasnMyMTMM MeTogama BULLEKPUTEPU-
jyMcKe aHanuse M ga ce Ha OCHOBY
[obujeHnx peluewa hopmmpa KoHayHa
nMcTa KaTacTapckux OMWTMHA Y Kojuma
Tpeba wn3BpWMTN MNOKpeTawe W pea-
nusauujy komacauuoHux npojekara.
KopuwrteHe meToge cy pane pasnu-
YuTe paHroBe NnojeAnHUX antepHaTuBea,
y Mepu Koja je HewTo nowuja of
ovekuBaHe. Pasnore Tpeba Tpaxutu y
pasnMyMTUM MaTemMaTUyKuM MoAenu-
Ma, ca jefHe CTpaHe, U BEenukoj (Mnu
BeOMa Manoj) Aucnponopumju Bpea-
HOCTW WCTOT KpuUTepujyma 3a nojefuHe
anTepHaTtuBe, ca gpyre ctpaHe [6].
Ynopeherwem pesynrata AoWNO ce A0
3aKkrbydaka Yy Kojoj Mepu  MoCToju
CMMYHOCT paHroBa AobujeHMX Ha oc-
HOBY chopMmMpaHOr mogena u npuMexHe
rnomeHyTe Tpu MeToge.

PaHroBn nojegnHux antepHaTuBa Oo0-
OunjeHnx pasnMyMTUM metogama cy ce 'y
nojeavHVM cry4ajeBnma noknananu, a
y BehvHU pasnukoBanun. YoyeHe cy u
ApacTUYHe pasfnuke, Kao HMp. paHr
KaTacTapcke onwTuHe [pabosum, Ao-
oujeH npumeHom AHP un VIKOR
MeTofde, pasnukyje ce 4Yak 3a 8
nosvumja, a npumeHom AHP wu
COPRAS wmeToge 3a yak 9 nosuuuja.
OpactnyHa  pasnuka je  Takohe
pernctposaHa W 3a paHr Katactapcke
onwTtuHe Pyma, koja 3a KoMOWHaLMjy
metoga AHP n COPRAS, un VIKOR u
COPRAS u3Hocu Yak AeBeT nosuuuja.
O63upom ga nocToje Benuke pasnuke y
paHrupamy, usmehly  kopuwheHmx
meToaa, moryhHocT kopuwhera jegHe
MeTode 3a gobujarbe KOMavyHOr paHra
je nckrbyyeHa.

Kao pgpyra onuuja HameTHyrna ce
moryhHocT kopuwhera ABe meTode 3a
pobujarbe KOHayHoOr paHra. AHanmnsom
CcBMX KoMbuHaumja powno ce Ao
3aKkrbyyka [da koMbGuHauuwja AHP n
VIKOR w™mepoga paje  HajcnuuHuje
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results. If the decision maker would
option that the final rank is determined
based on two methods, then this
combination would be the most
LSuitable®, that is the most objective.
Likewise, since the used methods
provided quite different ranks of
alternatives, it is suggested that the
final decision about giving priority to
cadastral municipalities for land
consolidation projects launching in the
municipality of Ruma, should be based
on the ranking results acquired with the
use of all three methods.

For that reason, and according to the
final results (all three methods AHP,
VIKOR and COPRAS), the priority for
launching of land consolidation projects
in the municipality of Ruma should be
attributed to the municipality of
Kraljevci, followed by Zarkovac,
Stejanovci and Budanovci. The lowest
ranked cadastral municipalities are
Platic¢evo, Mali Radinci, Putinvi and
Klenak. This being said, we can
conclude that the goal of the research
is accomplished, i.e. accuracy and
objectivity in the process of setting
priority to cadastral municipalities for
the launching and realization of land
consolidation projects were enabled.
The defined optimization model can
also be applied on some other test-
area, and the Ilist of criteria and
methods can be expanded, so that an
upgrade of this model directs future
research.
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