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Abstract: Ecotourism can be defined as responsible travel to natural areas that conserves the environment and
cultural heritage and improves the well-being of local people. Sustainable planning and management of ecotourism
development are important and necessary for increasing positive and decreasing negative effects on the complex
environment. This paper analyses the suitability of selected protected natural areas in the Serbian Danube region for
the purposes of ecotourism development. The multi-criteria analysis includes several natural and socio-economic
factors and criteria which influence ecotourism development. The integration of Geographic Information System
(GIS) and Analytic Hierarchy Process (AHP) greatly facilitates the decision-making process in the ecotourism
destination planning. A suitability map of the analysed protected natural areas for ecotourism development as one
of the sustainable tourism types is highlighted as a result of this paper. Such analysis assists in the objective
promotion of ecotourism destinations and thus contributes to the improvement of Serbian tourism development.
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Introduction

The contemporary world, which respects the ideas of sustainable tourism
development and ensures the development of this sector in smaller and larger areas, is
fostering a growing notion that tourism should only be developed to the level at which it
does not jeopardize other sectors or degrade the space and at which it is a source of proper
income for domicile population (CramkoBuh C., 2004). Sustainable tourism implies a
challenge of developing good quality tourism products without adverse effects on the
natural and cultural environment, which it maintains and cherishes (Lugonja A., 2014).

The interrelationship between nature and tourism thus understood is of particular
importance to our country, as it possesses numerous and diverse nature tourism motifs,
which often carry the original and exclusive temporal and spatial marks, and as such have a
singular value in domestic and foreign tourist markets (CrankoBuh C., 2003). Tourism
policy is focused on directing tourism development at all levels (international, national,
regional, local), namely, it needs to create a long-term development perspective (Jopmuuh /1.
etal., 2012).

Ecotourism is a form of sustainable tourism that occurs in protected natural areas
(Yyuymosuh, P. et al., 2012). Ecotourism is an ideal component of the sustainable tourism
strategy, where natural resources can be used as tourist attractions, without impairing the
tourist areas (Jegdi¢ V., 2010). According to Steti¢ and SimiGevié¢ (2008), sustainable
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tourism development also needs to be sustainable from economic, environmental, cultural
and political standpoints. The sustainability indicators are grouped into economic, social and
environmental ones, but they are very different in specific locations, so taking them into
account in a sustainability evaluation depends on the character of the space as well as on its
amenities and the aims of the development strategy (Hal 1., 2008).

Consideration and valorisation of various natural and socio-economic factors that
affect ecotourism development is largely facilitated by using a method of multi-criteria
decision-making. Multi-criteria decision-making provides both mechanisms for detecting
the decision makers’ preferences and for identifying and exploring compromise alternatives
(Malczewski J., 2000).

One of the widely used models of multi-criteria decision-making is the Analytic
Hierarchy Process (AHP), which ranks the alternatives or selects the optimal alternatives on
basis of the hierarchical structure of the goals, criteria and subcriteria (Saaty T., 1980). The
AHP consists of several pre-existing but unrelated techniques that Saaty combined and
harmonised in order to produce a process whose total strength would exceed the strength of
the sum of its individual parts (Forman E., Selly M., 2001). This is a compensatory method
of decision-making as alternatives that are not in accordance with one or more goals can be
compensated for by their positive influence on achieving some other goals.

The contemporary literature abounds with examples of effective uses of the AHP
in the environment management (Strager M., Rosenberger R., 2006; Tiwari D. et al., 1999;
Nekhaya O. et al., 2009; Sharifi M., Retsios V., 2004; Hamadouche M. et al., 2014; Deng F.
et al., 2014; JlakuheBuh M., Cphesuh b., 2011). The AHP is a proven, effective instrument
for making complex decisions and it can assist in identifying and determining the
importance of the selection criteria, by analysing the gathered data for those criteria and by
expediting the decision-making process (Hamadouche M. et al., 2014).

Nowadays it can be freely said that such decisions are impossible to reach
without the use of GIS. According to Mani¢ (2006), Geographic Information System has
been an acknowledged technique and a tool for solving spatial problems in many areas of
life and work for a long time. The application of GIS in ecotourism development has been
an inevitable topic for many authors (Ryngnga P., 2008; Minh N., 2007; Delavar, B. et al.,
2010; Ahmadi, M et al., 2015; Bunruamkaew, K., Murayama, Y., 2012; Dashti, S. et al.,
2013).

Multi-criteria decision-making analyses can help users understand the results of
GIS-based decision-making procedures, including trade-offs among policy objectives and
the use of those results in a systematic and justifiable way to develop policy
recommendations (Malczewski J., 2006). GIS provides support to the decision-making
process by ensuring a flexible environment for the analysis of various alternatives based on
their criteria, by integrating systems for management of databases, graphic outputs and
tabular reports, as well with expert knowledge of the users (Cmmmpanuh C., Byphuh C.,
2006).

This paper presents the application of the AHP methodology in a GIS
environment for selecting the most appropriate protected natural area for ecotourism
development in the Danube region. The analysis does not include all the protected natural
areas in this territory due to the insufficient quality of the input data used in the paper as the
criteria and subcriteria for selecting the most appropriate one. The advantage of the used
methodology in a GIS environment is the possibility of adding new alternatives in a simple
way, as well as different criteria and subcriteria, when the issue of easily accessible and
good quality geodata has been solved.
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The study area

The Danube region, in its broadest sense, is the subject of cooperation between
various areas — economic and tourism development, infrastructure development, and
primarily the protection of natural values and the environment (Tomuh b., XXusanosuh 3.,
2011).

The tradition of formation and management of protected natural areas along the
course of the Danube through Serbia is several decades long. Since the foundation of Fruska
Gora National Park in 1960, two national parks, two nature parks, four special nature
reserves, a landscape protected area and over twenty natural monuments, mostly botanical,
have been protected along this naturally predisposed environmental corridor. The course of
the Danube through Serbia as an example of ecological corridor, with spatial and functional
connection of its aquatic and riparian habitats and their respective communities, is
illustrative in the context of a potential integrated approach to environmental protection. An
approach to protected natural areas management along a naturally predisposed corridor,
such as the course of the Danube, is complex and it calls for a coordinated application of
measures and activities aimed at protection and its improvement, not only on a national
scale, but also on the international. The Danube ecological corridor through Serbia is an
example of already established international cooperation which strengthens the coherence
and resilience of biological and landscape diversity (Purdi¢, S. et al., 2011).
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Figure 1. Geographic position and national and international protection status of the study area
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Research methodology

As in every research, the first methodological step in this work was defining the
aim. The aim of this study was to choose among the selected protected natural areas those
with the highest potential for ecotourism development. As the achievement of thus defined
objective is influenced by numerous different factors, the next step in this work was to select
a large number of physical-geographic, ecological and socio-economic criteria. Considering
that all those criteria do not have the same effect on the achievement of the overall objective
and that they can even be conflicting, it is necessary to use one of multi-criteria
methodologies, in order to take all of them into account objectively to make the right
decision.

This paper used the AHP methodology, whose primary advantage is that all the
criteria that influence the achievement of the aim, are grouped and stored at different levels
of hierarchy, which facilitates the determination of their relative importance observed with
respect to the initial goal. After defining a hierarchical diagram with the criteria and
subcriteria, a coefficient of importance is calculated for each criterion at all levels hierarchy
with the help of comparison matrices. To define a comparison matrix, the Saaty's scale of
relative importance is used (Table 1).

Table 1. The fundamental scale of absolute numbers (Saaty T., 2008)

Intensity of

Importance Definition Explanation

1 Equal importance Two activities contribute equally to the objective

2 Weak or slight

3 Moderate importance Expepence and judgement slightly favour one
activity over another

4 Moderate plus

5 Strong importance Expepence and judgement strongly favour one
activity over another

6 Strong plus

7 Very strong or demonstrated importance An aCtlYlty is favoured very .strongly. over another;
its dominance demonstrated in practice

8 Very, very strong

9 Extreme importance The evidence favouring one activity over another

is of the highest possible order of affirmation
Reciprocals of  If activity i has one of the above non-zero numbers assigned to it when compared with activity j, then j
above has the reciprocal value when compared with i

The comparison matrix is defined for each level of hierarchy by comparing
various criteria or subcriteria (7, j),

a . . a
11 12 1n
a a . . a
21 2 2n
A= (1)
a a a
Ll n2 m |

where the value of a; is determined on the basis of Table 1, and the value of a;;
represents the reciprocal value of a;;.
The coefficient of importance or weight coefficient for each criteria and

subcriteria (w;) is calculated according to the following formula:
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1 n (2)
wW. = — a.:-
LY =
where a;; is obtained by dividing each value in the matrix by the sum of the
corresponding column, i.e. according to the following formula:

' ai-
@ = (3)
i=1%j

To test the consistency of thus obtained results, the consistency ratio is calculated
(CR) when there are more than two different relations. According to Saaty (Saaty T., 1980),
the consistency ratio is satisfactory if the obtained value is lower than 0.1. However, when
the obtained value is higher than 0.1, new comparisons should be made in the matrix.

The consistency ratio is calculated according to the following formula:

Ccl
CR =— 4
RI
where the random index (RI) is taken from Table 2, and CI is calculated

according to the formula:

A _
cy = Zmax — " (5)
n-1

Table 2. Random indices (Saaty T., 1980)

Row of the matrix 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Random indices 0.0 0.0 058 09 1.12 1.24 132 141 145 149 151 148 1.56 1.57 1.59

To obtain the value 4,,,, it is necessary first to multiply the comparison matrix
with the obtained importance coefficients,

a a . . a b
11 12 1n w |
a a . . a b
2 2 2 w2 2
w0 | = . (6)
a a . . a Wn bn
L nl n2 nn _|

then to divide the obtained results by these coefficients

bl /Wl /11
bz / wy ﬂz

- . (7
b, w, 2n

and finally to apply the formula:
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Amax =— 2 A 8)
mi=1'

The next step in this analysis involves assigning points to each alternative for
each of the criteria and subcriteria, and subsequently creating the final suitability map for
ecotourism development. The use of GIS software GeoMedia Professional 6.1 (Intergraph
Corporation) has largely facilitated not only the process of creating thematic maps, but also
the creation of a synthetic suitability map by using cartographic algebra and spatial
overlapping (Spatial Intersection).

The data used as criteria and subcriteria in this analysis have been collected
through the study of both existing literature and field research, as well as on the basis of the
following cartographic sources: Erosion map of the Republic of Serbia
(http://indicator.sepa.gov.rs/), Map of first and second category state road network
(http://www.putevi-srbije.rs), Natural heritage  protection map  (http://danube-
cooperation.com), Map of conservation and sustainable use of cultural heritage (http://
danube-cooperation.com)..

The study results and discussion

For the purposes of this paper, 19 different criteria and subcriteria have been
analysed, including physical-geographic, ecological and social-economic factors that
influence ecotourism development. The alternatives considered in this paper are protected
natural areas selected for their importance, both national and global, since they are all
internationally protected. The chosen criteria, subcriteria and alternatives can be seen in the
hierarchical diagram (Figure 2).

Figure 2. AHP hierarchy

According to the established methodology, the next step in this analysis is
pairwise comparison for each hierarchy level and calculation of the consistency ratio
(Tables 3-10).
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Table 3. Comparing the pairs on the third level of hierarchy — Infrastructure

C411 C412 C413 Welght coefficients (W) CR
Can 1 7 5 0.724 0.057
Cuz 1/7 1 1/3 0.083
Cuiz 1/5 3 1 0.193

Table 4. Comparing the pairs on the third level of hierarchy — Accommodation facilities

C421 C422 C423 Welght coefficients (W) CR
Can 1 1/5 173 0.106 0.032
Cin 5 1 3 0.634
Cas 3 1/3 1 0.260

Table 5. Comparing the pairs on the third level of hierarchy — Ecotourism activities

C431 C432 C433 Welght COCffiCiel’ltS (W) CR
Cai 1 5 3 0.634 0.032
Cun 1/5 1 173 0.106
Cuys3 1/3 3 1 0.260

Table 6. Comparing the pairs on the second level of hierarchy — Wildlife

Cn Cp Ci; Weight coefficients (w) CR
Cy 1 3 5 0.634 0.033
Ci, 1/3 1 3 0.260
Cys 1/5 1/3 1 0.106

Table 7. Comparing the pairs on the second level of hierarchy — Landscape features

Ca Cn Cy Weight coefficients (w) CR
Cy 1 5 7 0.724 0.056
Cx 1/5 1 3 0.193
Cy 1/7 1/3 1 0.083

Table 8. Comparing the pairs on the second level of hierarchy — Cultural features

Cy Cxp Cs; Ciy Weight coefficients (w) CR
Cy 1 5 5 1/3 0.280 0.088
Cx, 1/5 1 1/3 /7 0.055
Css 1/5 3 1 1/7 0.099
Csy 3 7 7 1 0.566

Table 9. Comparing the pairs on the second level of hierarchy — Social-economic features

Cy Csp Cy Weight coefficients (w) CR
Ca 1 7 3 0.650 0.057
Ca 1/7 1 1/5 0.070
Cy3 1/3 5 1 0.280

Table 10. Comparing the pairs on the first level of hierarchy — Goal

C, C, C; Cy Weight coefficients (w) CR
C; 1 1/5 5 3 0.230 0.094
C, 5 1 7 5 0.590
Cs 1/5 177 1 1/3 0.060
Cy 1/3 1/5 3 1 0.120
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After determining the importance for each criteria and subcriteria to the
achievement of the overall goal, it is necessary to assign the value (points) to each of them
by alternatives (Table 11).

Table 11. Assigned points to alternatives for criteria and subcriteria

Cu|Ci[Ci3[Cai|Cn[Cr3|Ci31|C32 | C33| C3a| Cai1 [ Cain| Ca13 | Cani | Cann | Ca3 | Ca31 [ Caza | Casa
A6 [S[3[7[3[7 (3131|5731 ][3[3|5][3]35
A2l S {33 [S5[3[7 3133|5531 ]3]1]5]3
A3[ 7| 716|51 7317317117517 [|5[5]5[5][3]5
A4l 6 [ S[3[7[3[7 53|31 7|3 |7|1]1]1|3]3]S5
AS5[ 6|5 [S| 75|53 (1311751713 [3[3[3[3]5
A6l 7717517333757 717|5]|5]7|5]3]5

Spatial overlapping of thematic maps, i.e. logical overlapping with the
intersection of objects and phenomena with particular characteristics, as well as the map
algebra is greatly facilitated by the use of GIS software. For each level of hierarchy, there is
an intersection of thematic maps, which have been assigned value points for each criteria
and subcriteria, subsequently multiplied with coefficients of relative importance for the
achievement of the goal. A result of thus conducted analysis is a suitability map (Figure 3),
where the obtained summary values are grouped into three suitability classes.
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Figure 3. Map of suitability for ecotourism development

On the basis of the conducted multi-criteria analysis, the obtained results are
observed for the purpose of selecting the most suitable protected natural area for ecotourism
development in the Danube region. The class of the most suitable protected natural areas for
ecotourism development includes Fruska Gora National Park (A3) and Perdap National

58



Park (A6), as well as the Koviljsko-Petrovaradinski Rit Special Nature Reserve (A4) and
Deliblatska Pesc¢ara Special Nature Reserve, moderately suitable is Gornje Podunavlje
Special Nature Reserve (Al), and the only unsuitable is Karadordevo Special Nature
Reserve (A2).

Conclusion

Ecotourism development planning is a very complex activity and as such it
requires funds that would assist in the efficient decision-making process and enable the
achievement of, occasionally conflicting, economic, social and environmental goals. This
paper provides an example, in the Danube region, that with the use of multi-criteria
decision-making methods in a GIS environment, the decision-making process in planning
ecotourism destinations can be facilitated. Such analysis can be relevant for the promotion
of ecotourism destinations, which may be a great opportunity for ecotourism development in
Serbia.

Finally, the limitations of this analysis are to be considered. Firstly, the choice of
criteria and subcriteria that were used in this analysis largely depended on the available
input data and secondly, the preferences of different stakeholders were not taken into
account. Therefore, this paper can serve as a guideline for further research which will
provide more details for this methodological approach to decision-making in ecotourism
development.
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HNPUMEHA BUIIEKPUTEPUJYMCKE AHAJIM3E UTUC-A'Y PA3BOJY
EKOTYPU3MA (CTYAUJA CJIYYAJA: IOAYHABJBE, CPBUJA)

CAA CTOJKOBUR!", CHEXAHA BYPBUR', TOPAH AHBEJIKOBUH!

Yuueepsumem y beoepady — ['eocpagpcru gpaxynimem, Cmyoenmcxu mpe 3/3, 11000 Beoepao, Cpbuja

Casxerak: Exorypusam ce mMoxe JepMHHCATH Kao OJTOBOPHO IyTOBamE y OOJACTH 3amTHREHHX HMPUPOIHUX
nobapa Koje 4yBa jKMBOTHY CPEAHHY U KyNTypHE BPEAHOCTH THX 00JAacTH y3 MOOOJBIIAE TOOPOOUTH JOKAIHOT
craHoBHUIITBA. OIPXKUBO IUIAHUPAKE M YIIPaBJbamkhe Pa3BOjeM EKOTYPH3Ma je HEONXOAHO Kako Ou ce mopehamm
MO3UTUBHH €()CKTHU, a CMAFLUIA HETaTHBHY €(DEeKTH Ha )KUBOTHY CPEJMHY. Y OBOM pajly aHAIM3UPAHA j€ OTOJHOCT
ogabpanux 3amrtuheHHX NpUPOAHHX pobapa Ha Tepuropuju IlomyHaBiba 3a moTpebe pasBoja eKOTypH3Ma.
Bumekpurepujymcka ananuza je o0yxBaTuia Behit 6poj MpUPOAHHUX U COLMOCKOHOMCKHX (DaKTOpa M KpUTEpHjyMa
KOjU yTHYy Ha pa3Boj ekoTypusMma. MuTerpanujom reorpadekor nuadopmarnponor cucrema (I'MC) u ananutHykor
xujepapxujckor npoueca (AXII) yBenuKo je onakmiaH mpolec JOHOMICHA O/UIYKa Y IIAHHPakhy eKOTYPHCTHYKUX
nectuHanuja. Kao pesynrar oBor pana u3aBaja ce KapTa MOTOJHOCTH M3a0paHUX NPUPOJHHUX Aobapa 3a pa3Boj
exorypusma. OBaKkBe aHaiM3e MMajy 3HaYaja y MPOMOIMjH EKOTYPUCTHUKHMX JECTHHAIMja INTO MOXeE
IpeCTaB/bAaTH BENUKY HIAHCY 3a pa3Boj ekoTypusma Cpouje.

Kibyune peun: Bumekpurepujymcka anaimmsa, 'UC, ekoTypusam, )HUBOTHA CPEIHA, KYJITYpHO Haciehe

YBoa

VY caBpeMEHOM CBETY, KOjU YBakaBa HE€je Op>KUBOT pa3Boja Typu3Ma U crapa ce
0 pa3BOjy OBE JICJATHOCTH HAa MambMM U BehuM IpocTopuMa, CBE BUILE Ca3peBa CXBaTambe Ja
Typu3am Tpeba pa3BHjaTH CaMO TaKO M TOJIMKO Jia OH HE YrpoXaBa JApyre JeNaTHOCTH, He
Jerpagupa MOpocTOp ¥ JOMHUIIMIHOM CTaHOBHHUILITBY IOHOCH ojroBapajyhe mnpuxone
(Crankosuh C., 2004). OnpxuBU Typu3aM IOJpa3yMeBa HM3a30B Ja pa3BHja KBAIUTETHE
TYpPUCTHYKE MMPOM3BOJE 0€3 HEraTHBHOT yTHI[dja HAa MPUPOJAHY M KYJITYPHY CPEAHHY, KOjy
onpxasa u Heryje (Lugonja A., 2014).

OBako cxBahieHa yCIIOBJBEHOCT MPHPOJEC M TypH3Ma O]l IMOCEOHOT je 3Hadaja 3a
Hally 3€MJbYy, jep OHa pacrojaxe OpOjHUM W Pa3sHOBPCHHM INPHPOIHUM TYPHUCTHUKUM
MOTHBHMa, KOjU YECTO HOCE N3BOPHO M HEMOHOBJBMBO O0EJIEKje Y BPEMEHY U IIPOCTOPY, TE
Kao TakBM MMajy NOCeOHy IieHy Ha aomalieM M WHOCTPAHOM TYPHUCTHYKOM TPXKUILUTY
(CrankoBuh C., 2003). Typucruuka noiutuka je (QoxycupaHa Ha ycMepaBame pa3Boja
Typu3Ma Ha CBUM HuBouMa (Mel)yHapOHH, HAMOHAIIHHU, PETHOHATHH, JIOKAJTHH), OJTHOCHO,
OHa MOpa KpeupaTty JyropoyHy pa3sojHy nepcuekrusy (Josuuuh /1. u np., 2012).

Exotypuzam, mpencTaBiba jemaH BUI OJPXKHBOT TypH3Ma, KOjU ce peanusyje y
3amrrhernM npupoxauM pobpuma (Yyuaynosuh, P. u ap., 2012). Exorypusam je mmeanHa
KOMITOHEHTa CTpaTerdje OAPXKHUBOT pa3Boja, TIJe TNPUPOJHH pPEecypcu MOry OuTH
ACKOpHIMNEHH Kao TYPHUCTHYKE aTpakmuje, 0e3 HaHOIIeHka IITeTe TYPUCTHIKUM
monpygjuma (Jegdi¢ V., 2010). IIpema [lrternh u Ilmvugesuh (2008) oxpxuBU pa3Boj
Typu3Ma Mopa OWTH OJIPKHB U EKOHOMCKH, €KOJIOIIKH, KYJITYpPOJIOIIKHA H IMOJUTHYKH.
Wumukaropy oap>KMBOCTH TypH3Ma ce IPYNHUINY Ha €KOHOMCKE, COLMjaJlHE M EKOJIOLIKE,
alM OHM Cy BEOMa pa3IM4YMTH KOJ IIOjeIMHUX AECTHHAlHWja, T€ IHLMXOBO YBa)KaBambe
NPWINKOM OLICHE OJP)KMBOCTH 3aBHCH M OJ KapakTepa IpOCTOpa Kao M OJ caapikaja u
LuIbeBa cTpareruje passoja (Hah 1., 2008)

CarnenaBame W BaJOpH3aldja Pa3IMYUTHX HPUPOJHHUX U COLMOCKOHOMCKHX
(akTopa KOju yTHYYy Ha pa3Boj €KOTypH3Ma YBEIHKO CE OJIaKIIaBa yIOTPeOOM HEKOT Of

" E-mail: sanja@gef.bg.ac.rs
Part of this work is included in a project No. 176008, financed by the Ministry of Education, Science and
Technological Development of the Republic of Serbia.
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MeToJla 32 BHUIIEKPUTEPHjYMCKO JIOHOLICHE OJUIyKa. BHIIEKPUTEPHjyYMCKO JOHOILICHE
OJUTyKa Npy’ka Kako MEXaHH3Me 32 OTKPHBAIE MPUOPHUTETA JOHOCHOLA OJJIYKa, TAKO M 32
uAeHTH()HUKAIN]Y U UCTpaKUBAHE KOMITPOMHUCHHX antepHaTtuBa (Malczewski J., 2006).

Jeman ox HamMpoko KOpHITNEHHUX MOJENa 3a BUIIEKPUTEPHjYMCKO TOHOIICHHC
OIUTYKa je M aHAIMTHYKU Xujepapxujcku npouec (AXII) xojuMm ce paHrmpajy aaTepHaTHBE
wi Oupajy ONTHManHE alTepHATHBE Ha OCHOBY XHjepapXHjcKe CTPYKType IIHJbEBa,
Kputepujyma u mnoakputepujyma (Saaty T., 1980). AXII ce cactoju OO HEKOIHKO
MPETXOIHUX Al HEMOBE3aHMX TEXHHKa Koje je Saaty 00jeIMHUO M XapMOHHM30Ba0 Kako O
Kpenpao IIpoleC YWja YKylHa CHara YBEJMKO IIpEeBa3wiia3d CHary 30upa HEeroBUX
nojennnaynux xaenoa (Forman E., Selly M., 2001). OBo je xomnensupajyhu meron
JIOHOIIICHa OJUTyKa IOLITO C€ aITEepHATUBE KOje HUCY Y CarjacHOCTH Ca jeHUM WM BHIIC
UJbEBA MOTY KOMIICH30BAaTH HUXOBUM IMO3UTHBHHM YyTHUIAjeM HA OCTBApUBAIEC HEKHUX
JPYTUX [IUJbEBA.

CaBpemena mnureparypa oOwiyje mpumepuma edukacue ymnorpedbe AXII-a y
yIpaBJbamy XHUBOTHOM cpeamHoM (Strager M., Rosenberger R., 2006; Tiwari D. et al.,
1999; Nekhaya O. et al., 2009; Sharifi M., Retsios V., 2004; Hamadouche M. et al., 2014;
Deng F. et al., 2014; Jlakuhesuh M., Cphesuh b., 2011). AXII je nokaszano, epuKacHO
CPEICTBO 3a JOHOMICHE CIOXKECHHX OJUIyKa W MOXe moMohm mpu HAeHTHUKAIMH U
onpehuBamy 3Havaja M3abpaHUX KPUTEPHjyMa, aHATH3Mpajyhl IpUKYIUbEHE ITOAaTKE 32 T
KpHuTepujyme u yop3asajyhu npouec nonomema omnyka (Hamadouche M. et al., 2014).

VY nanamme Bpeme cIo00IHO ce Moxe pehu Ja oBakBe OJIyke HHje Moryhe
noHeru 6e3 ynorpede I'MC-a. [Ipema Manuh (2006) reorpadckn HHPOPMALIMOHN CUCTEMH
JYro TOJWHA YHa3aJ I[OCTOje Kao IpErno3HAaT/bUBAa TEXHWKAa M ajaT 3a pelIaBambe
NPOCTOPHUX Npo0OJieMa y MHOTUM objacTuMa xuBoTa U pazna. [Ipumena 'MC-a y pa3Bojy
exorypusMa je Beh Heko Bpeme He3aoOminazHa Tema MHorux ayropa (Ryngnga P., 2008;
Minh N., 2007; Delavar, B. et al.,, 2010; Ahmadi, M et al., 2015; Bunruamkaew, K.,
Murayama, Y., 2012; Dashti, S. et al., 2013).

AHanu3e 3a BHUIIEKPUTEPHjYMCKO JIOHONIICHE OJJIyKa MOTy TOMOhH
KOpHCHHIIMA Ja pa3yMejy pe3yiTaTe mporenypa JOHOIIeHka OJIyKa Koje cy 3aCHOBaHEe Ha
T'UC-y, ykspyuyjyhu pasmeny u3mel)y MONMTHYKKAX IHJbEBA M KopuIIheme THX pe3yiaTara
Ha CHCTEeMaTWYaH M ONpaBJaH HA4YWH Kako OM ce pa3BWiIe IOJIUTHYKE IPETOpyKe
(Malczewski J., 2006). TUC npyxa noapiiky Ipouecy AOHOIICHAa OJJIyKa, TAaKO IITO
00e30ehyjy ¢aexkcnOminHO OKpyXKeme 3a aHaIu3y pPa3IMYUTUX AITEpHATHBA HA OCHOBY
BUXOBUX KpHUTEpHjyma, HHTErpuInyhu cucTeMe 3a yopaBjbame 0Oa3ama IMOJaTaka,
rpadMYKUM TpUKa3uMa W Ta0CIapHUM H3BEHITajUMa, KA0 U Ca EKCICPTCKUM 3HAKEM
kopucHuka (Cmussanuh C., Byphuh C., 2006).

VY oBoMm pany je nat npuka3 npumene AXII merononoruje y I'UC oxpyxkemy 3a
n300p HAJIOTOAHHjeT 3amTHREHOT NPUPOAHOT M00pa 3a pa3BOj EKOTypH3Ma Ha MPOCTOpPY
ITogynaBspa. AHamm3oMm HHCY oOyxBaheHa cBa 3amruheHa mnpupomHa n00pa Ha OBOj
TEPUTOPHjH YCIIeA HEJOBOJPHO KBATHTETHUX YIa3HHUX IOAaTaka KOju Cy y paay KopuimheHn
Kao pa3IMIuTH KPYTePUjyMH H TOIKPUTEPHjyMH 3a u300p Hajmoromwmjer. IIpemHoct
npumemeHe Metoponoruje y ['YC okpykemy je y ToMe IITO ce Ha jeJHOCTaBaH HAYWH MOTY
JIOJJATA HOBE AITCPHATHBE, ajM W PA3JIUYUTH KPUTCPUjYMH U TOJKPUTEPHUjyMH, Kaaa ce
NHUTabE JIAKO JOCTYIHHUX U KBAIUTETHUX reonojaraka y Cpouju Oyae pemmuo.

HcrpaxuBano noapyuije
[MonyHaBibe, Y HMIMPEM CMHUCIY, jé MPEAMET capajimbe Pa3HOBPCHUX OONACTH —
MIPUBPEIHOT W TYPUCTHUYKOT pa3Boja, pa3Boja MH(PpACTPYKType, a Ipe CBera 3alITHTE

MPUPOJAHHUX BPEIHOCTH U kuBOTHE cpenune (Tomuh b., dKusanosuh 3., 2011).
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Tpagnuuja dopmupama W ynpasjbama 3alITHNEHHMM NPUPOAHUM H00pHUMa JIyK
toka JlynaBa kpo3 CpOujy je Bumexnenenujcka. On ocuuBama HIT ®pymka ropa 1960.
TOIWHE 1O JaHac, Ha OBOM IIPUPOJHO NPEIUCIIOHUPAHOM EKOJOIIKOM KOPHIODY,
3amTrhieHa cy JBa HAl[MOHAJIHA MapKa, J(Ba Iapka IpUpoJe, YeTHPHU CIeLHjaiHa pe3epBaTa
IPUPOAE, NMPEAeO U3Y3eTHUX OIJIMKA M INPEKO [BaJeceT CIIOMEHHKA NPUPOJE YIIIaBHOM
6oTaHMYKOT KapakTepa. [Ipumep exonomkor kopuaopa Toka Jlynasa kpo3 Cpbujy, 0oZHOCHO
HPOCTOPHO U (PYHKIMOHAIHO [OBE3UBahE B-eTOBUX aKBATHYHHUX U PUIIAPHjTHUX CTAHUIITA
1 BUMa Mpunanajyhnx 3ajefHuIa, WIyCTPaTHBaH je y KOHTEKCTY Moryher MHTerpasHoT
npuctyna 3amTuTi npupone. [Ipucryn ynpasspama 3amTiheHUM IPUPOIHUM 100puMa Ty X
NPUPOJHO IPEIUCIIOHNPAHOT KOpUAOpa, Kao INTO je TOK JlyHaBa, CIIOKEH je M 3axTeBa
yckiaheHy HMMIUIEMEHTAalWjy Mepa M aKTUBHOCTM KOje BOJE Ka 3aIUTHTH U HEHOM
yHanpehewy, He camMo y HalMOHAIHUM pa3Mmepama, Beh n mehynapomumm. JlyHaBcku
eKOJIOIIKKH Kopumop kpo3 CpOujy, mpumep je Beh u cajma ycnocrtaBjbeHe MelyHaponHe
capajmbe Koja jaya KOXEPEHTHOCT M eJIACTUYHOCT OMOJIOIIKE M TpelicOHEe Pa3sHOBPCHOCTH
(Purdi¢ S. idr., 2011).

Canka 1. I'eorpadcku mos10:kaj H cTaTyc 3alITHTE HCTPAKHUBAHOT NMOApPYYja
MertonoJiornja HCTpakKUBama

Kao u y cBakoM HCTpakuBamy, NPBH METOJOJOIIKH KOPaKk M y OBOM paay je
nedunmucame nmiba. Llwb oBOr HMCTpakuMBama je Ja ce 0o opabpaHuX 3amTHheHHX
NpUPOTHUX ao0apa n3abepy OHM ca HajBMILE NMOTEHIMjala 3a pa3Boj ekoTypusMa. Kako Ha
OCTBapeHE OBAKO Je(PUHWCAHOT MHMJba YTHYE MHOINTBO PA3NMUIUTHX (akTtopa, cieachu
KOpak y OBOM panxy je m30op Beher Opoja Qusmukoreorpad)Ckux, EKOJOMKUX U
JIPYIITBEHOCKOHOMCKUX KpuTepujyma. C 003UpOM lla CBU TH KPUTEPHUjYMH HEMajy HCTH
YTHIAj Ha OCTBAPHUBAF-E OMIITET IMJbA W J1a YaK MOTY OWTH M KOH(DIUKTHH, HEOIXOIHO je
KOPHCTUTH HEKY OJ] METOJOJIOTHja BHIISKPUTEPHjYMCKUX aHajiu3a, Kako OM ce CBH OHH
00jeKTUBHO y3eTH Y 0031p, OJHOCHO KaKo OW ce TOHEea MpaBa OJUTyKa.

VY oBomM pany je kopuihena AXII meronosoruja, 4nja je OCHOBHA IPEIHOCT TO
IITO Ce CBU KPUTEPUjyMH KOjU yTHUY Ha OCTBApUBAIE IMJba, I'PYNUIIY M CMELITajy Ha
pa3yMuuTe HUBOE XHjepapxHje, LITO OJlaKilaBa ojxpehuBambe HUXOBOI PEJaTUBHOT 3Hauaja
nocMarpaHor y (QyHKIOUMjH IOJIa3HOr Iuiba. HakoH mTO ce NeduHUIIE XHjepapXujcKH
JyjarpaM ca KpUTEpHjyMHMa M IOJIKPHTEpHjyMHMa, y3 nomMoh MaTpuua nopehema
n3pavdyHaBa ce KOe(HIHUjeHT 3Ha4yaja CBAaKOI KpUTEPHjyMa Ha CBUM HUBOMMA XHjepapXxuje.
3a nmepunmcame matpure nopehema xopucti ce CaTmjeBa cKajga pelaTHBHOT 3Hadaja
(Tabena 1).

Ta6ena 1. @ynaamMeHTaJHA cKaJla peJIaTUBHOT 3Ha4aja (Saaty T., 2008)

Marpuna nopehema ce neduHMIIEe 3a CBAaKM HUBO XHjepaxHje, TaKko INTO ce
HOpeJie PasIMYUTH KPUTEPHjyMH WK TTOJKpUTEPHjyMH (7, f),

21 2 — 2n

A= . : )

a a . .oa

nl n2 nn

opu 4eMy je BpeaHocT a; oxpehena Ha ocHoBy Tabene 1, a BpeaHocT aj
HPEeCTaBIba PEUUIPOIHY BPETHOCT aj;.

63



KoedunujeHr 3Hauaja WiIM TEXWHCKM KOS(UIMJEHT CBAaKOr KpUTEpHjyMa W
noakpurepujyma (w;) ce n3padyHasa npema cieaehoj popmysu:

1 % '
L= — a.-:
ni=1 Y

rae ce a; 1o0Hja Tako IITO Cce CBAaKa BPEAHOCT y MAaTPHIH IOJEIH ca 30MpoM
npumnaznajyhe KosoHe, 01HOCHO npema cienehoj popmynnu:

w.

i (10)

' aij
i=1"j

Kako Ou ce mcruTana KOH3UCTEHTHOCT TAaKO JOOHMjEHHMX pe3yaTaTa, TAE TOX
MOCTOje BUINE OJ [1BAa PAa3IMYHMTa OJHOCA, M3padyHaBa ce CTeNeH KOH3UCTeHTHOCTH (CR).
[Ipema Carujy (Saaty T., 1980) crenen xoH3ucreHuyje je 3a10BosbaBajyhu ako je noodujeHa
BpenHoct Mawa oxn 0,1. Mnak, u y ciydajeBuma kana je pobujena Bpeanoct Beha ox 0,1
Tpebano OM M3BPLIMTH HOBa Nopehema y MaTpHUIy.

CrerneH KOH3UCTEHTHOCTH C€ M3padyHaBa Ha OCHOBY ciezehe dpopmyie:

CR == (12)

pu 4eMmy ce ciydajuu wuHaekc (R[) npeysuma u3 Tabene 2, a CI ce
n3padyHaBa Ha OCHOBY (opMyJie:

Amax — "

n—1

cI = (13)

Tabena 2. Caxyuajuu ungexc (Saaty T., 1980)

Kako 0u ce nobmina BpEeAHOCT Ay, HEOIXOJHO j€ MPBO IMOMHOXXUTH MaTpPHILy
nopehema ca 1o6ujeHuM KoeduIMjeHTUMA 3Havaja,

a a . . a
112 In w b
a a . . a b
2 2 2 w2 2
a a .. a Wy bn
L nl n2 nn _|

ITOTOM JI00HMjeHe pe3yJiTaTe MOACIUTH ca OBUM KoeduIijeHTnmMa

[ by 7w, A

b2 /W2 12
= . (15)

b, /w, .

1 Ha Kpajy IPUMEHUTH HOpMYyITy:
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2. (16)
1 l

1
Amax =~
n

\YE

i

Cnenehu xopak y OBOj aHaJlM3M MNOJApasyMeBa HOJe/bHBame 00/0Ba CBAKO]
ANTEpHATHBH 33 CBaKW OJ KpPUTEpUjyMa M NOJKPUTEPHjyMa, a HaKOH TOTa Ce NpPUCTYyIa
cTBapamy (PMHAIHE KapTe IOTOJHOCTHU 3a pa3Boj ekoTypusma. Ynorpebom I'MC codreepa
GeoMedia Professional 6.1 (Intergraph Corporation) yBENHKO je OJIAKIIaH HE CaMo
mpolec u3paje TEMAaTCKHX Kapara, Bel W cTBapame CHHTE3HE KapTe IOTOJHOCTH
kopumhemeM KapTorpadcke anredpe U MpoCTOPHOT npeknanama (Spatial Intersection).

IMoganm kopumheHH Kao KPUTEPUjYMU U MOJIKPUTEPHjYMH y OBOj aHAIW3H CY
NPUKYIUBEHH Ha OCHOBY IIpOydaBama Kako IIocTojehie nuTepaType M TEpeHCKUX
HCTpaXXWBama, TaKo W Ha OCHOBY cienehux kaprorpadckux ocHoBa: Kapra eposuje CP
Cpouje (http://indicator.sepa.gov.rs/), Kapra wmpexe npxaBunx nyreBa | u II pena
(http://www.putevi-srbije.rs), Kapra 3amrute npupomnor Hacneha (http://danube-
cooperation.com), Kapra 3amrute u oxpxuBor Kopumhema KynrypHor Hacieha
(http://danube-cooperation.com).

Pe3ysiTaTn HeTpakuBama U JHCKyCHja

3a moTtpebe oBOr pama aHaNM3WpaHO je 19 paznmuMTHX KpUTEepHjymMa M
MOJIKPUTEPH]jyMa, KOjH oOyxBaTajy ¢dusmukoreorpadceke, €KOJIOITKE u
JIPYIITBEHOEKOHOMCKE (DakTope KOjU YTHIy Ha pa3Boj EKOTypm3Mma. AJTepHAaTHBE
pasMarpaHe y OBOM paly Cy 3amTuheHa nmpupoaHa qoopa ogadpana 300T BUXOBOT 3HaYaja
HE CaMmoO y JIOKaJTHMM OKBUpuMa Beh W y Tio0amHHM, jep Cy cBa oHa MehyHapomHO
samruhena. M3a0paHu KpuTepHjyMu, TOAKPUTCPUjYMA U alNTEPHATUBE CE MOTY BHJICTH HA
xujepapxujckoM aujarpamy (Ciuka 2).

Cianxka 2. AXII xujepapxujcku qujarpam

[Ipema ycTaHOBIbEHO] METOJOJIOTHjH clieichn KOpak y 0BOj aHANU3H je opeheme
IapoBa 3a CBaKM HUBO XMjepaxHje U U3pauyHaBambe creneHna konsucrenuuje (Tabene 3-10)

Tabena 3. Ilopeheme maposa Ha Tpehem HuBoy xujepapxuje — Hupacrpykrypa

Tabena 4. Ilopeheme naposa Ha Tpehem HuBoy xujepapxuje — CMelITajHH KaNALUTETH
Tab6ena 5. [Topehewe naposa Ha Tpehem HUBOY xujepapxuje — ExoTypucTHuke akTHBHOCTH
Tabena 6. Ilopeheme maposa Ha Apyrom HuBOY Xujepapxuje — ®jopa u payna

Tabena 7. Ilopeheme maposa Ha Apyrom HuBoy xujepapxuje — Ilpeneone onuke

Tab6ena 8. [lopehewe naposa Ha 1pyrom HuUBoOY xujepapxuje — Kyiarypue oniiuke

Tabena 9. Ilopeheme mapoBa Ha ApyroM HHBOY XHjepapxuje — JIpylITBeHOEKOHOMCKe O/IJINKe

Tabena 10. Ilopeheme naposa Ha npBoM HUBOY xujepapxuje — Ilub

Hakon ogapehuBama 3Hauaja cBakor KpuUTEpHjymMa H MOAKPUTEpHjyMa 3a
OCTBapHBAam-E OMIITET UJba, HEOMXOIHO j& TOJCIUTH BpeTHOCTH (00IOBE) 3a CBAKHU O] BBUX
o antepHatuBama (Tabemna 11).
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TaGena 11. lone/benn 6070BH aJTePHATHBAMA 32 CBAKH KPHTEPHjyM H NOAKPUTEPHjyM

IIpocTopHO IpeKIamame TEMATCKUX KapaTa, OJHOCHO JIOTHYKO MPEKIIANamke MPu
yeMy ce Tpaxu Ipecek ofjekata M 1ojaBa ca onapeheHMM KapakTepucTuKama (T3B.
TEOCHTUTETA), Kao W Kaprorpadcka anredpa Cy yBedHko osakmane ymorpedom ['MC
codTBepa. 3a cBaKM HUBO XHjepapXuje ce MPeKIanajy TeMaTcke KapTe KojuMma Cy AojAeJbeHe
BpeIHOCTH 00J0Ba 3a CBakk OJ KpUTEpPHjyMa U TOIKPUTEpUjyMa, a 3aTUM Cy
MYJTHIDIAKOBAaHE ca KOe(HUIMjEHTHMa pEIaTHBHOI 3Hadaja 3a OCTBapHBame Imyba. Kao
pe3ysITaT OBaKO CIpOBEJeHE aHAIM3e 100uja ce kapTa nmorogHoctu (Cnuka 3), Ipu 4emy cy
Jo0ujeHe cyMapHe BpeJHOCTH NOJC/beHE Y TPH KJlace MOTOAHOCTH.

Ciuka 3. KapTa noroanocTts 3a pa3Boj eKoTypu3Ma

Ha ocHOBY m3BpIIeHe BHUIIEKPUTEPHjYMCKE aHAJHM3€e MOOHMjEHH pEe3yNTaTH Cy
nocMaTpanu y GyHKIHMjH n300pa HajIoTOAHHjer 3alTHNeHOT MPHUPOIHOT 100pa 3a pasBoj
exorypusMa Ha npocropy [logyHaBiba. YV Kiacy HajHoOrofHHjMX 3alITHNEHNUX NPUPOIHUX
nobapa 3a pa3Boj ekoTypusMa cnajajy Hanmonanuu napkosu @pyka ropa (A3) u Bepran
(A6), xao n Crenujanuu pesepatu npupozne Kouibcko-nerpoBapaauHcku put (A4) u
Henubnarcka nemryapa (AS), ymepeHo noronat je Cneuunjannu pesepsar npupozae ['opme
[onynasibe (Al), 10K ce Kao jeMHU HENOBOJbAH M3/Baja CHELUjalIHU pPe3epBaT IPHPOJC
Kapahopheso (A2).

3ak/byuak

[Tnanupame pa3Boja €KOTypU3Ma je BeOMa CJIOKEHA aKTHBHOCT M Kao TaKBa
3axTeBa CpeACTBa Koja he mpyxurtu momoh y epuKacHOM AOHOMICHY OANyKa W Koja he
OMOryhuTH OCTBapeme MOHEKa] KOH(JIMKTHUX CEKOHOMCKHX, COLHMjaTHUX H LUJbEBA
3aIITHTE KUBOTHE CPEIUHE. Y OBOM pany je IaT mpumep, Ha Teputopuju [logyHaBiba, Kako
ce y3 ymoTpeOy MeToJa 3a BHIICKPUTCPUjYMCKO AoHOmewe omiyka y TUC okpyxemy
MOJKE OJIAKIIATH MPOLEC JOHOIICHA OUIyKa y IUIAHUPAKY CKOTYPUCTUYKUX JCCTUHAIIH]A.
OBakBe aHaNM3e MOTY MMATH 3Hayaja y MPOMOIMjU EKOTYPHCTHUYKHX ICCTUHAINMja IITO
MOJKE MPEJICTaBJhATH BEIUKY IIAHCY 3a Pa3Boj ekoTypusma Cpouje.

Ha xpajy, Mopajy ce carnemaTh u orpaHuWYema oBe aHamuze. I[IpBo, u3bop
KpUTEpHjyMa U TNOIAKPUTEPHjyMa KOjU Cy KOpHITNEHHN Y OBOj aHAIM3H YBEJHKO j& 3aBHUCHO
O] IOCTYIHUX yJa3HUX MOJaTaka U APYro, npedepeHiipje pasauduTHX HHTEPECHUX Ipyra
HUCY y3eTe y 003up. CTora, 0Baj paj MOXe J1a TIOCTYKH Kao IyToKa3 3a Jajha HCTPKUBAHA
koja he mpyXuTH BHIlIE JeTajba OBOM METOJOJOIIKOM MPUCTYILY 3a JAOHOIICHE OIIyKa Y
Pa3BoOjy EKOTypH3Ma.

Buneru nurepatypy Ha ctpaHu 59
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