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Abstract: This paper represents the attempt to map and analyze spatial distribution of illegal landfills in the City of
Belgrade. To make this happen the main tasks were to form the geospatial database of illegal landfills in the study
area and to analyze the patterns in their spatial distribution. The data on the landfill locations were obtained from
the Agency of Environmental Protection of the Republic of Serbia, while the ArcGIS software was used for their
spatial analysis. The City of Belgrade, respectively the public utility companies use five landfills, which cover up
the area of 89 ha. On the other hand, in the study area there are 223 illegal landfills. The spatial analysis showed
two patterns: (1) increasing of the number of illegal landfills with distancing from the city urban center, and (2)
increasing of their number with distancing from the municipal centers. This paper also showed that there is landfill
clustering, or that their spatial distribution is not random.
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Introduction

Solid waste consists of items that man uses in everyday life, and then disposes
them when they become unusable (product packaging, furniture, clothing, bottles, food
scraps, newspapers, batteries). The sources of solid waste are households, schools, hospitals,
and businesses. In attempt to satisfy his everyday needs, man engages in the production of
goods or services, and as the consequence of this process, the waste is generated. All aspects
of man’s activities involve the generation of waste. The way this products are stored,
collected and disposed can pose great risk to the environment and public health (Danbuzu
L.A.S. etal., 2014).

Most city governments are confronted by problems regarding the collection and
disposal of solid wastes. In high-income countries the problems usually center on the high
costs of disposing the large volume of waste. In lower-income countries the main problems
are related to collection, with between one-third and one-half of all solid wastes generated in
Third world countries remaining uncollected. In many urban centers of the lowest-income
countries only 10-20 per cent of solid waste is collected.

Urban waste may be viewed from two aspects: (1) as a health and environmental
hazard, and (2) as an economic resource from which marketable products can be derived.
Despite evidence of a trend in favor of recycling, the dumping of urban waste in landfill
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sites remains the main means of disposal in the cities of Western Europe and the United
States. In London, for example, less than 10 per cent of household waste is recycled. The
level of waste recycling is generally higher in Third world cities. The low levels of resource
use and waste generation and high levels of waste reuse (recycling) are indicative of the
inadequate incomes and poor living standards of a large proportion of the urban population.
High levels of recycling are the result of tens of thousands of people eking out a precarious
living on city waste dumps, often with serious health risks (Pacione M., 2009).

Waste generation is experiencing a fast growth throughout the whole world as a
result of economic growth, urbanization and industrialization. As the world hurtles towards
its urban future, the amount of municipal solid waste, one of the most important by-products
of an urban lifestyle, is growing. Ten years ago there were 2.9 billion urban residents who
generated about 0.64 kg of municipal solid waste per person per day (0.68 billion tonnes per
year). In 2012 these amounts have increased to about 3 billion residents generating 1.2 kg
per person per day (1.3 billion tonnes per year). By 2025 this will likely increase to 4.3
billion urban residents generating about 1.42 kg/capita/day of municipal solid waste (2.2
billion tonnes per year) (Hoornweg D., Bhada-Tata P., 2012).

Belgrade, the capital of Serbia, is experiencing the continuing population growth.
As a result of demographic expansion there is also growth of the areas used in residential,
commercial, industrial and institutional purposes. Parallel population and settlement growth
have resulted in the increase of the amounts of municipal solid waste.

Collection and disposal of municipal solid waste in the territory of the City of
Belgrade is the principal activity of the Public utility company “Gradska cistoca”. Except
this company, this activity is operated also by independent utility companies of the
municipalities of Barajevo, Grocka, Mladenovac, Lazarevac, Obrenovac and Sopot. These
seven companies collected and disposed around 614,500 tonnes of waste on five legal
landfills during 2012 (Vin¢a, BaroSevac, Vlaska, Grebaca and Nemenikuée) (Zavod za
informatiku i statistiku grada Beograda, 2013).

Possibilities of GIS in the municipal solid waste management process

Geographic location is an important attribute of many activities, strategies and
plans. Geographic information systems are a special class of information systems that keep
track not only of events and activities, but also of where these events and activities happen
or exist. Because location is so important, it is an issue in many of the problems society
must solve. Problems that involve an aspect of location are termed geographic problems.
Some examples of the areas in which GIS finds its use are: health, transportation,
geodemographics, forestry, local government (Longley P.A. et al., 2005).

Municipal solid waste management process is one of the greatest challenges large
cities face. This is the consequence of the fact that settlements have potential to generate
huge amounts of waste. Collection, transportation and disposal of waste are in the municipal
and city authorities’ competence. The waste management process represents serious
problem for spatial planners all around the world. The most serious problem is in the
developing countries where rapid urbanization, lack of planning documents and lack of
resources lead to inadequate management in this process.

The role of geographic information systems in the waste management process is
very large, and some of the application roles in this area are (Oyinloye M.A., 2013; Eedy
W., 1995; Shahabi H. et al., 2012):

(1) selection of the waste disposal locations,

(2) analysis of the illegal landfills spatial distribution,

(3) planning of the vehicle route from residential, commercial and industrial

zones to landfills,
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(4) landfill monitoring,

(5) real-time communal vehicles monitoring,

(6) the environmental impact assessment.

The selection of micro-sites for municipal solid waste landfills is the most
important step in the spatial organization of the physical elements of waste management.
The purpose of GIS in this process is reflected in the rapid separation of favorable and
unfavorable locations, for this purpose. During this process, the most important step is to set
the criteria and value scale for selection of possible locations. After the elimination of
unfavorable locations, the remaining sites are being taken into account. And, afterwards they
are included in the process of detailed analysis (Josimovié¢ B., Kruni¢ N., 2008).

Analysis of the spatial distribution of landfills involves primarily the use of
different geostatistical methods and models. This aspect of GIS application has special
significance especially in spatial planning and spatial development. By using spatial analysis
we can determine the distribution of the landfills, and the subsequent analysis shows their
negative impact on the infrastructure systems and housing: obstruction of the free water
flow, transport routes, air pollution, surface and groundwater pollution, multiplication of
pests that may be the cause of infectious diseases (Benedine A. et al., 2011).

Hazardous waste management system, as a seperate segment, includes the
transportation of hazardous waste, which specifically involves its transport from the place of
origin to the place of storage, treatment or final disposal. This function includes all transport
modes, but experience has shown that the most prevalent is road traffic, which also includes
a very high risk of possible accident and endangering the local population, material
resources and the environment. For that reason, it is necessary to establish control over
transport and risk, which is achieved through the implementation of risk assessment, and
then selecting the optimal transportation route. GIS has found its indispensable application
in each of these phases (Pani¢ M. et al., 2010).

Combined application of remote sensing and geographic information systems
creates very favorable conditions for landfill monitoring. In this system, remote sensing is
used to detect anomalies in landfills, while geographic information systems have found
application primarily in the analysis of potential risks to humans and animals, based on the
distribution of atmospheric or other pollution (Jensen J.R. et al., 2009).

The increase in the number of cars increases environmental pollution and the
number of accidents, and also passengers spend longer period of time in traffic jams. These
jams are harmful for two reasons: economic (time-consuming) and environmetal (pollution).
For transportation of waste, especially hazardous one, it is very important that the time spent
on the road is as short as possible. Using geographic information systems, for this purpose,
can bring significant savings in transportation. But it is also very important that the transport
time should be as short as possible, so that the pollutant emissions should be brought to a
minimum. GIS has been applied in the allert system of occurrences of traffic jams on the
roads, so that they would be avoided, and also points out to the routes that should be avoided
(Daunoras J. et al., 2008).

Geographic location of the study area

Spatial analysis in this paper covers the administrative area of the City of
Belgrade. The City of Belgrade is situated between 44°16° N and 45°06" N, and also 19°59°
E and 20°52" E and it covers an area of 3,226.93 square kilometers. According to the census
of 2011, City of Belgrade has 1.65 million inhabitants. The city of Belgrade is
administratively divided into 17 municipalities.

The study area has very favorable geographical position, and it represents the
intersection of Western, Central and Eastern Europe. Very important corridor X passes
through the territory of the City of Belgrade, which goes through Morava-Vardar and
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Nisava-Marica valleys, leading to Asia Minor. The Danube river (Corridor VII) is an
important traffic artery that connects this part of Europe with Western and Central European
countries and the countries of Southeast and Eastern Europe.

Research methodology

Spatial analysis is the systematic use of the geographic locations of objects of
interest as an important variable in description, analysis and prediction (Unwin D.J., 2008).
Point patterns represent the simplest possible spatial data. Nevertheless, this does not mean
that they are especially simple to analyze. It is vital to be able to describe the patterns made
by the point events and to test whether or not there is either some concentration of events, or
clustering, in particular areas or, alternatively, some evidence that the objects are randomly
spread in space (O’Sullivan D., Unwin D.J., 2010).

Among many methods of spatial point pattern analysis, we will use the Mean
Nearest Neighbor method. The Average Nearest Neighbor tool measures the distance
between each feature centroid and its nearest neighbor’s centroid location. The mean nearest
neighbor distance is given by (Lloyd C.D., 2010):
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where n is the number of events and d,,;, is the distance from the nearest event. In words, the
distance of each event i at location x; to its nearest neighbor and the average of these
distances are computed.

It then averages all these nearest neighbor distances and if the average distance is
less than the average for a hypothetical random distribution, the distribution of the features
being analyzed is considered clustered. If the average distance is greater than a hypothetical
random distribution, the features are considered dispersed (Lloyd C.D., 2010).

A = » B

Figure 1. Spatially dispersed (A) and clustered (B) point features
(Source: http://resources.arcgis.com/en/help/main/10.1/index.html#//005p00000008000000)

Most statistical tests begin by identifying a null hypothesis. The null hypothesis
for the pattern analysis is Complete Spatial Randomness (CSR), either of the features
themselves or of the values associated with those features. The z-scores and p-values
returned by the pattern analysis tell you whether you can reject that null hypothesis or not.
P-value is the probability that the observed spatial pattern was created by some random
process, while the z-scores are simply standard deviations (Esri, 2013a, 2013b).

Table 1. Critical p-values and z-scores for different confidence levels

z-scores (st_dev) p-value Confidence level
<-1,65 or>+1,65 <0,10 90%
<-1,96 or >+1,96 < 0,05 95%
<-2,58 or>+2,58 <0,01 99%

Source: Esri, 2013b
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The analysis process included several phases. Base map was obtained from
ArcGIS Online Base, and then georeferenced in ArcGIS software (version 10.2.1). Landfill
locations were obtained from the Agency of Environmental Protection of the Republic of
Serbia, then imported into the GIS environment as a text file, and converted to shape file, to
show their spatial distribution on a digital map. Illegal landfill locations were shown as point
features. Then, the spatial statistics method was conducted in the analysis, respectively the
mean nearest neighbor, followed by the analysis of the results.

Results and discussion

Spatial distribution of illegal landfills shown on Map 1 shows that their number
increases in two directions, respectively that two spatial patterns were determined:
(1) with distancing from inner city core towards suburban area of the city, and
(2) with distancing from the City of Belgrade’s municipal centers towards the
periphery of those municipalities.

J

Legend
® illegal landfills

|:| districts

l:l municipalities

Map 1. Spatial distribution of the illegal landfills in the City of Belgrade

This fact leads to conclusion that the inner city core has greater number of places
for legal waste disposal (garbage disposals), and also that the public utility company
responsible for waste disposal is better organized. Also, in densely populated areas there are
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fewer places for illegal waste disposal. Similar trend is determined also in centers of the
municipalities (Mladenovac, Lazarevac, Obrenovac): with distancing from the municipal
center the number of illegal landfills increases.

The absence of adequate waste management can endanger not only public health
but also infrastructure systems (road network, drainage channels, sewer lines), because
people dispose waste in these places. Also, in rural areas of the City of Belgrade, people
burn down waste in their backyards or farming lands, which can lead to environmental
endangerment. Large number of factors affects this condition in Belgrade, primarily
insufficient financing and inadequate institutional support. Public utility service companies
are facing the lack of vehicles and equipment in order to cover all parts of the City of
Belgrade. The service is better organized in the inner city core, while with the distancing
from this zone the intensity of service reduces. In suburban areas of the city utility service
companies collect the municipal solid waste once a week, and as a result the area around
garbage disposals turn into small landfills.

Mearest Neighbor Ratio: 0,637794 Significance Level Critical Value
Z-score: -10,347575 te valoe) (z-scare)
0.01 mm <-2.58
p-value: 0,000000 0.05 [ -2.58--1.96
010 [ -1.96--1.65
— [J -1.65-1.65
010 [ 1.65-1.96
005 [E3 1.96-2.58
0.01 EE »2.58
{—l {Random) l—.}
Significant Significant

Clustered Randem Dispersed

Figure 2. Results of the mean nearest neighbor analysis

The spatial analysis was performed using the mean nearest neighbor analysis in
the ArcGIS. With the fact that the study area has only five legal landfills, the analysis was
performed in one phase and included only the illegal landfills. The results of the spatial
analysis show that (Figure 2) there is clustering with the R-value of 0.64 and Z-score of
-10.35, while the result ranges on the scale within the critical value of -2.58 and the
significance level of 0.01. The result indicates that there is less than 1% likelihood that this
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clustered pattern could be the result of random chance. The R-value is given as the ratio of
the observed mean distance between each feature and their nearest neighbor, and the
expected mean distance for the features. If the R-value is less than 1, the pattern shows
clustering, and if its value is greater than 1, the trend shows dispersion.

Identifying geographic patterns is important for understanding how geographic
phenomena behave. Although you can get a sense of the overall pattern of features and their
associated values by mapping them, calculating a statistic quantifies the pattern. The
analysis starts with the null hypothesis that the features exhibit a spatially random pattern,
and then by applying the different methods, the null hypothesis is confirmed or rejected.

Conclusion

The use of geographic information systems in the analysis of spatial patterns
facilitates the interpretation of their spatial distribution. GIS has important role in the
municipal solid waste management process. This paper represents the attempt to analyze
spatial distribution of illegal landfills in the City of Belgrade. Average nearest neighbor
analysis showed clustering in their spatial distribution. The spatial analysis results indicate
that inner city core has better communal service organization and therefore has smaller
number of illegal landfills. On the other hand, in peripheral zones of the study area their
number increases. General recommendation is better organization of the communal services
in peripheral zones, with higher frequency of these services. Also, it is important to include
the population number and population density in the process of communal services
planning.

The use of GIS in the municipal solid waste management process has to be
institutionalized, to help the city and municipal authorities’ better access to the geospatial
information. Also, GIS should be consulted in the process of future landfills localization
planning. In order to facilitate the decision making process it is of great importance to keep
updating the databases.
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INPUMEHA I'IC-a Y AHAJIN3U ITPOCTOPHOT PASMEIITAJA
JUBJBUX JEINOHUJA Y BEJIMKUM I'PAJIOBUMA - I[IPUMEP
T'PAJA BEOTPAJIA

CTE®AH [TAYHOBUR"", ®uaun KpCcTuh'

! Yuueepsumem y beoepady — I'eocpaghcku paxyamem, Cmyodenmcku mpe 3/3, beoepao, Cpbuja

Cazkerak: OBaj paJ| Ipe/CTaBIba MOKYIIAj ]a C€ KapTUPa U aHAJIU3Mpa MPOCTOPHU Pa3MEINTaj JUBJBUX JCTIOHH]jA
Ha nipocTopy I'paga beorpana. Jla 6u ce Taj HJb IOCTHUTA0 TNIABHU 33Jally OMIH Cy Ja ce (JopMHUpa reonpoCTOpHa
6a3a rmojartaka JICIIOHMja HA TIPOYy4aBaHOM IIPOCTOPY U Jia C€ aHAIM3UPAjy MPABHIHOCTH Y HUXOBOM IPOCTOPHOM
pasmenrrajy. I[Togamu o jokanujaMa ISHOHH]ja PEY3ETH Cy 0]l ATCHIHjE 3a 3allITHTY )XUBOTHE cpeanHe PemyOnmke
Cpbuje, DOk je 3a BUXOBY HPOCTOpHY aHammsy kopumiher mporpam ArcGIS. I'paxg beorpan, omnocHo JaBHa
KOMyHaJHa mpefy3eha KkopucTe mHeT jAemoHWja, uWja je ykynHa mospimmHa 89 ha. Ca npyre crpade, Ha
IPOY4YaBaHOM MPOCTOPY PErHCTPoBaHO je 223 nuBJBUX JenoHuja. [IpocTopHa aHammM3a ykasajga je Ha JBa
mnpocTopHa obpacma: (1) mosehaBame Opoja AUBJBUX JCMOHHja ca yIaJbaBambeM O] YXKeT TPajCcKor jesrpa, u (2)
nosehaBame HBUXOBOI Opoja ca yna/baBameM oA IeHtapa ommtuHa All rpaga Beorpama. Crymuja je taxohe
TI0Ka3aJia Jia OCTOj! KJIACTEPHHT ACTOHH]a, OJHOCHO JIa BbHXOB IMPOCTOPHH Pa3MEIlTaj HHje NPOU3BOJ CIIydaja.

Kibyune peun: otnaj, nueise aenonuje, ' UC, npoctopHa aHam3a, IpOCTOPHU pa3MellTaj, beorpan
YBoa

Ortmaz ce cacToju of MpeaMera Koje YOBEK KOPUCTH y CBAaKOJAHEBHOM JKHUBOTY, a
3aTHM MX OJUIaKe Kaja I0cTaHy HeynoTpeOsbrBe (KapToHCKa amOanaka, HamemTaj, oneha,
¢uame, ocraun ox XpaHe, HoBHMHe, Oatepuje). M3Bopu ornana cy nomahuHCTBa, mIKOJIE,
GonHMLEe M GpupMe. Y HOKyIIajy Aa 33J0BOJbM CBaKOJAHEBHE NMOTpede, YOBEK Ce YKIbyUyje Yy
NPOM3BO/BY A00apa WM yciayra, a Kao IOCJIEAWIa TOr Ipoueca Hacraje ormaa. CBu
aCIeKTH JbYICKUX aKTHBHOCTH YKJbYUyjy CTBapame OTmajga. HaumH Ha KOju ce oTmaj
CKIIAUINTH, MPHUKYIJha W OJUIaXKEe MOJXKE IPENCTaBJhaTH BEIUKHA PU3UK MO HPUPOIHY
cpenuHy u jaBHO 3apaBibe (Danbuzu L.A.S. et al., 2014).

Behmnna rpaackux BiacTH cyodaBa ce ca MpoOJeMOM IPUKYIUbamka M OfJiarama
oTmaza. Y BHCOKO-Pa3BHjEHUM 3eMJbaMa OBaj MPOOJIEM OIHOCH CE Ipe CBEra Ha BHCOKE
TPOIIKOBE OJIarara BEIWKHUX KOJMYUHA OTmana. Y cialbuje pa3BHjeHHM 3eMJbaMa TJIaBHU
npoOJieM TpeacTaBiba NMPUKYILUbakhe OTHana, 1ok ce usmelhy tpehune u nonoBuHe oTmana
HacTaJlor y 3emJpama ,,rpeher cBera“ u He NpUKyIsba. Y ypOaHuUM cpenuHama ciabuje
pa3BHjeHHX 3eMasba NpuKynu ce ceera 10-20% ornana.

Ha ypGann ornany moxxe ce riepaTu ca aBa acrekra: (1) Kao 31paBCTBEHH H
€KOJIOIIKM Xa3ap], W (2) Kao €KOHOMCKM pecypc OJf KOra ce MOTry HalpaBUTH JpPYTH
mpousBoau. Mako mocToje MO3UTHBHU TPEHIOBH y 00JACTH PEIUKINPAa, OIJIarame
ypOaHOT OTIaza Ha JETIOHHjE OCTaje jOII YBEK IIaBHM HAUWH yKIamamka OTMAada U3 TPpajoBa
3amagnae EBpornie u CA/l-a. YV JloHmoHy ce Ha mpuMep penukinpa mMame of 10% otmana m3
nomahnHctaBa. HuBo penmkmupama je, melyrum, Behu y rpamoBuma T3B. Tpeher cBera.
Huzax cremen kxopumhema pecypca W CTBapama OTIaga W BHCOK HHBO ITOHOBHOT
kopumrhema oTmaga (PeUUKIUpAmke) CYy MHINKATOPU HEAICKBATHHUX NpUMama M HUCKOT
KMBOTHOT CTaHJap/ia BEJIMKOI Jeia IOINyJaluje OBUX ypOaHuUX cpeanHa. Bucok HHBO
peLuKInpama je pesynraT YMIEHHLE Ja JECEeTHHE XWibala JbYIH JIONyHYyje HeCHrypaH
KMBOTHH CTaHJapJ Ha IpajCKuM JeNoHHjama, 4ecTo pu3ukyjyhu cBoje 3apassbe (Pacione
M., 2009).

CrBapame oTHajga JOXKMBJbaBa Op3 IOPAcT IIMPOM IIEJOT CBETa Kao pe3yJiTar
€KOHOMCKOT pacTa, ypOaHu3aluje U HHAyCTpUjanu3anyje. YIopeao ca KpeTameM CBeTa Ka
yp6anoj 60ynyhaoctn, mosehaBa ce KOIMYMHA YBPCTOT KOMYHAIHOT OTmana (eHr. municipal

*
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solid waste), ka0 jemHOT O] TIABHHX MpoOJyKaTta ypOaHOr HauymHA XuBOTa. [Ipe necer
roAvHa y ypbaHuM cpexnHama Oumiio je 2,9 Muiujapay CTaHOBHHMKA KOjJH CY CTBapajd OKO
0,64 kg uBpcTOor KOMyHAJTHOT OTMaAa THEBHO Mo ocobm (0,68 mmmmjapam t/rox.). Ioxnae
2012. oBe BpemHocTH Cy ce moBehame, Tako Ja ce TpoIemyje Ja OKO 3 MuiIHjapae
CTaHOBHHMKa ypOaHHMX cpeamHa ctBapa 1,2 kg mo ocobm mmeBro (1,3 mummmjapam t/rom.).
IIpouene cy aa he mo 2025. romuHe Ha cBeTy OWTH OKO 4,3 MWIMjapAd CTaHOBHHUKA Y
ypbannMm cpenmHama koju he crtBapatm 1,42 kg 9UBpcTOr KOMYHAIHOT OTIaga 1o 0coOu
nmHeBHO (2,2 mumjapae t/ron.) (Hoornweg D., Bhada-Tata P., 2012).

Beorpan, rimaeau rpag CpOuje, cyouaBa ce ca KOHTHHYHPaHHM MOpacToMm Opoja
cranoBHHKa. Kao mociemuna nemorpadcke ekcraH3mje jaBjba ce M nopchame moBpiinHa
KOje ce KOpHCTEe y cramOeHe, KOMepIHjalHe, WHAYCTPUjCKE W MHCTUTYLIMOHAIIHE CBpPXE.
Ynopensau mopact Opoja CTaHOBHMKA M IIMPCHC HAcesha MMAjy 3a MOCIeauIly noBehame
KOJIMYHMHA YBPCTOT KOMYHAITHOT OTIIajIa.

OfHOIICHE W JCTIOHOBAKE YBPCTOI KOMYHAIHOT OTIaJa Ha TEPUTOPHUjU rpaja
Bbeorpana ocHOBHa je enaTHOCT JaBHOT KOMyHaTHOT Tnpeny3eha ,,I'pancka auctoha®. Ocum
oBor mpexy3eha, oBoM menarHomrhy OaBe ce W caMOCTalHa jaBHA KOMYyHaJHa mpexyseha y
ommrrHama bapajeBo, I'porka, Mmanmenosan, JlasapeBan, OOpenoBanm u Comot. OBHX
cemaM KOoMyHanHHMX mpexy3eha Toxom 2012. roawHe NPHUKYIWIO jé M JIETOHOBAJIO OKO
614.500 t otmama Ha mert jeranHuX AenoHuja (BuHua, Bapomesan, Bnamka, I'pebaua u
Hewmenukyhe) (Zavod za informatiku i statistiku grada Beograda, 2013).

Moryhnoctu T'C-a y npouecy ynpaB/bamba YBpCTHM KOMYHAJTHHM OTHAIOM

l'eorpadcka mokammja (mMosiokaj) BakKHO je o0Oeekje MHOTHX aKTHBHOCTH,
cTpaTerdja W T1IaHoBa. [eorpadckm HMHPOPMAIMOHM CHCTEMH Cy TIOCEOHH IO
MHPOPMAIMOHNX CHUCTEMa KOjH ,,BOJIE pauyHa' HE caMO O aKTHBHOCTHMA W Joralajuma,
HETO W T/Ie Ce Te aKTUBHOCTH | Joral)aju IemmaBajy WiH ocToje. YIpaBo U3 pasjora mro je
JIOKallMja BaXKHa, TO j€ jeJjaH O] acrekaTa noceOHOT APYIITBEHOT HHTepecoBama. [Ipobiemu
KOJH YKJbY4Yyjy aclekaT JIOKallije Ha3uBajy ce reorpadcku npodiemu, kox kojux 'MC
Jonasu o mspaxaja. Hexe ox obmactu y xojuma je 'MC Hamao mupoKy NpHMEHY Cy:
3IpaBCTBO, caodpahaj, reogeMorpaduja, IryMapcTBo, JokainHa camoymnpasa (Longley P.A. et
al., 2005).

VYnpaBirame YBPCTHM KOMYHAJIHHM OTIIAJOM jelaH je oX HajBehnx u3a3zoBa
BEJIMKHX TpazioBa. 1O je TOCNIeanla YHI-CHHUIE 1a HaceJba MMajy MOTEHIMjal Ja CTBOPE
OTpOMHE KOJIMYMHE OTHana. [IpuKyIubame, MPeBO3 M OJylaramhe KOMYHAIHOI OTMajaa Y
HA/UIC)KHOCTH j€ OMNIITHHCKMX M TPajiCcKUX Biactu. IIpolec yrpaBibama OTNAJA0M
IpecTaBjba BEIMHKH MPOOJIeM 3a MPOCTOpHE IUIaHepe MIUpOM cBeTa. Hajo30msbHujn
npobieM je y 3eMJjpama y pa3Bojy Iae yOp3aHa ypOaHM3aIdja, OICYCTBO IUIAHEPCKHX
peryJaTiBa U HeIocTaTak pecypca JOBOJM 10 HeaJleKBaTHOT yIIPaBJbakba y OBOM IIpOLECy.

Viora reorpadckux HHPOPMALMOHUX CHCTEMA Yy YIpaBibalby OTIAIOM je
OTpOMHa, a HEKH BHUJIOBU HEeroBe NpuMene y oBoj oomactu cy (Oyinloye M.A., 2013; Eedy
W., 1995; Shahabi H. et al., 2012):

(1) omabup JroKalMja MOTOJHUX 32 OJJIarame OTIAAA,

(2) ananm3a MPOCTOPHOT pa3MeIlTaja AUBJBHX ACIOHU]a,

(3) mnanmpame MapmpyTa KOjUMa BO3WIAa TPAHCHOPTYjy OMACHU OTHAX W3

pe3UICHIMjaTHAX, KOMEPIMjalHUX W WHIYCTPHUjCKUX JelioBa Tpaja a0
JIETIOHM]a,

(4) MOHHTOpPHHT JIETIOHH]a,

(5) MOHHTOPHHI TPEHYTHOT KpeTarha KOMYHAIHUX BO3MIIA,

(6) mporeHa yTUIaja Ha )KUBOTHY CPEIUHY.

W360p Mukpo-jiokanyje 3a ACTOHU]e YBPCTOI KOMYHAIHOT OTIaJa MpEACTaBba
HajOCETJbMBUJU KOPaK y IPOCTOPHO] OpraHu3auuju (QU3MYKuX eneMeHaTa cHcTeMa
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ynpasjbama oTrnagoMm. Yiora ['MC-a y oBom mpouecy oriena ce y Op3oM pasiBajamy
MOTOJHUX M HENOTOJHMX JIOKalMja 3a OBy HaMeHy. Y TOM IIpOLeCy HajBaXKHHUje je
MTOCTaBUTH KPHUTEPUjyME€ M BPEAHOCHY CKaly 3a omabup Moryhe moxkamuje. Haxon
eIMMUHANYje HETOBOJEHUX JIOKAaIlMja, Y3UMajy ce y 003up mpeocTaie JOKaluje, Koje cy
MIOTOM yKJbydeHe Yy Tpoliec aetajbHe aHammse (Josimovié¢ B., Kruni¢ N., 2008).

AHanm3a TMPOCTOPHOT pasMellTaja JeloHHja OTHaxa MOoJpa3yMmMeBa IIpe CBera
MpPUMEHY pPa3TUYUTHX TEOCTaTHCTHYKMX MeToja M Moaena y aHammsu. OBaj acmekat
npumere [MIC-a mma moceOHOT 3Ha4aja Ipe CBera y MPOCTOPHOM IUIAHHpamy U ypehemy
npocropa. IIpocTopHOM aHamu30M YTBphyje ce pa3MelnTaj JICNoHHja, a HaKHAJHOM
aHAJIM30M HHMXOB HEraTHBaH YTHI@] Ha MHQPACTPYKTYypHE cHCTeMe M cTamOeHe o0jexTe:
OIICTPYKLIMja c1000JHOT NpOTOKa Boje M caoOpahaja, 3araleme Ba3myxa, HOBPLUIMHCKUX H
MOJ3€MHUX BOJA, MHOXEHE LITETOYMHA KOje MOTy OWTH Y3pOUHHMIM II0jaBe 3apa3HUX
6onectu (Benedine A. et al., 2011).

CucreM ympaBjbamba ONACHUM OTNAJAOM Kao nocebaH CcerMeHT oOyxBara
TPAHCIOPT OMACHOT OTMaja, KOju KOHKPETHO IOIpa3yMeBa H-ETOB TIPEBO3 O MecTa
HaCTaHKa 10 MeCTa CKIaJUINTeha, TPeTMaHa Win (UHATHOT oiarama. OBa QyHKIHja
MoJIpa3yMeBa CBE BHJIOBE TPAHCIIOPTA, ajlll Cy MCKYCTBA MOKa3aja Ja je HajIpHCyTHHjU
IpyMCKH caoOpahaj, Koju yjeaHo ca coOOM HOCH HM3Y3€THO BHCOK PH3HK ox Moryhe mojaBe
aKIMACHTa W YrpoKaBama JIOKATHOT CTAaHOBHHUINTBA, MaTepHjalHUX J00apa M >KUBOTHE
cpenuHe. YIpaBo W3 TOT pa3jiora, HEOIXOAHO j€ YCIIOCTAaBUTH KOHTPOIY HaJ TPAHCIIOPTOM,
a CaMUM THM W PHU3UKOM, LITO CE€ IIOCTHXKE CIIPOBOhEH-EM MNPOLICHE PU3HKA, a IOTOM H
0/1a0MpOM ONTHUMAIHUX TPAHCIIOPTHUX Mapuipyra. Y cBakoj o moMmeHytux ¢aza I'MC je
Halao cBojy 3HauajHy npumMeny (Pani¢ M. et al., 2010).

Kom0OnHOBaHOM  NpUMEHOM  JaJbMHCKE  JAETeKuHje W reorpadckux
nH(OpPMALMOHNX CHCTEMa CTBapajy ce BeoMa MOBOJHHHU YCIIOBH 33 MOHUTOPHHI JICTIOHU]a.
Y oBOM cucTeMy [aJbMHCKA JETEeKIMja KOPHUCTH C€ 3a JETEKTOBame aHoMaldja Ha
JIETIOHUjaMa, TOK Cy reorpadCcki WHPOPMAIMOHA CHCTEMH NMpPHUMEHY HAIUIN TIpe CBEera y
aHAJN3W TOTEHIMjalTHUX PHU3HKA 10 JbYIE W KUBOTHIHE, 3aCHOBAHO] HA PACIPOCTPAIbCHY
atMocdepckux wim Apyrux 3arahema (Jensen J.R. et al., 2009).

ITopacTt 6poja ayromoOmina yrrde Ha nmoBehame 3aral)eHOCTH KUBOTHE CpEIUHE U
Opoja yaeca, a Takol)e cBe BUIIIe BpeMeHa ITyTHUITN ITPOBOJIE Y T3B. 3aKpUuemuMa caodpahaja.
OBa 3akpuema Cy IITETHA U3 JIBa pa3jiora: eKOHOMCKOT (yTpOILIaK BpeMeHa) M €KOJIOMIKOT
(3araheme). Kox TpaHcmopra ornazna, a mnoceOHO OHOT' ONACHOT, BeoMa je OMTHO l1a Bpeme
npoBeJieHo y myTy Oyzae mro kpahe. Kopunitheme reorpagcknx nHPOpMaMOHUX CHCTEMA Y
Ty CBPXy MOXXE JIOHETH 3HauajHe YIUTeJe y TPAaHCIIOPTY, aJIM Takohe je Beoma OMTHO Ja
BpeMe TpaHcropTa Oyje mTo kpahe kako OM eMHCHja IITETHUX Marepuja Ouia IITO Mamba.
I'"C je namao npuMeHy y cucteMy obaBelITaBama O MojaBama caoOpahajHuxX 3aryniema Ha
IMyTeBHUMa, Kako Ou ce oHM m30eriy, a Takohe yKasyje ¥ Ha MapuIpyTe Kojuma ce m3beranajy
(Daunoras J. et al., 2008).

I'eorpadckn moJioxaj Npoy4aBaHor NpocTopa

[IpocropHom aHanuzom y oBOM paay oOyxsaheHo je AJMHUHHCTPaTHBHO
noapydje rpana beorpama. I'pan Beorpan cmemren je usmelhy 44°16° N u 45°06° N,
oxnocHO 19°59” E u 20°52" E, u uma nmoBpmuny ox 3.226,93 km?. Ilpema pesynratuma
mormca craHoBHumTBa 2011. rommue, Ha Tepuropuju AlIl rpama beorpama xuBm 1,65
MHJIMOHA CTaHOBHHKA. [ 'pan beorpax anMuHUCTpaTHBHO je oAesbeH Ha 17 onmTHHA.

[IpoyuaBanu nmpocTop MMa BeoMa MOBOJbaH caoOpahajHO-reorpadCKu MON0Xaj, 1
MpeACcTaBJba PACKPCHUILY 3amaiHe, uneHtpainHe u uctoune Eppome. Kpos I'pan beorpan
mponasu Beoma BaxkaH Kopmmop X, KOju MOpaBCKO-BapIapCKOM M HHIIIABCKO-MAPHYKOM
JI0JIMHOM Boan ka Manoj Aszuju. Pexa JlynaB (Kopunop VII) mpexacrtaBiba BeoMa BaxHY
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caoOpahajuy aprtepmjy, Koja oBaj neco EBpome mnoBesyje ca 3amaJHOCBPOIICKAM U
CPEIOCBPOIICKIM 3eMJbaMa | ca 3eMJbaMa JYTOMCTOYHE U ucTouHe EBporie.

MeTononornja HCTPaA)KUBaAbA

[Ipocropna anamm3a (eHr. spatial analysis) TIpencTaBiba CHCTEMATCKO
Kopumheme reorpadCKux JOKaruja objekara HHTEpecoBama Kao BakHE BapHjabie y
omnucHBamYy, aHanu3u u npeasuhamy (Unwin D.J., 2008). TaukacTu 00jeKTH TIPENCTaBIbajy
HajjeJHOCTaBHHUjU OOJIMK TI'€ONPOCTOPHHUX Mojaraka. MehyTum, To He 3Ha4M Ja Cy OHH
jeaHocTaBHHU 3a aHanu3y. Beoma je BaxkHO JOOpO omucaTH NPOCTOpHE oOpacie TauKacThuX
o0jekaTa W TECTHpATH Jda JIA IIOCTOjU HEKHM OOJMK FHUXOBE KOHIICHTpAIHje, WIH
KJIacTepHHIa Ha HEKUM IpPOCTOpHMa WM, MOXIa JI0Ka3 Ja Cy OO0jeKTH HAaCyMHUYHO
pacrpuienu y npocropy (O’Sullivan D., Unwin D.J., 2010).

Mel)y 6pojHrM MeTOAaMa IPOCTOPHE aHalIn3e TayKacTuX oOjekaTa, y OBOM pany
NPUMEHCH j€ METOJ NpOoceyHOr Hajommker cycena (eHr. Mean Nearest Neighbor). OBaj
METOJ MEpH pacTojame n3Mel)y ImEeHTpouaa CBaKOT 00jeKTa M FETOBOT HAjONMKEr cycena.
Mertox mpocevTHOT HajONmKer cycena Moxke ce npukazatu Gpopmynom (Lloyd C.D., 2010):

_ Z:Izl yin (77) (M

{f””_” = .

re je n Opoj TauKacTWX 10jaBa, a d,,, pacTojame N0 HajOommwke mojase. [pyrum pedmma,
onpelyjy ce pacrojame CBake MmojaBe i Ha JIOKALHU)HU X; 0 HAjOJIDKET cycela U MPOCEK OBUX
pacrojama.

VY ananm3u ce motoM onpel)yjy MpoceuHe BPEAHOCTH CBUX OBHX HajONMKHX
cycela M aKko je pe3yiraT MamM OJ IpOoceKa 3a HACYyMHUYHHM pa3MeIlTaj, cMmarpa ce jaa
qucTpulynuja TaukacTux objexara uMa o0aMK kiacrepa. Ca ipyre crpaHe, ako je pOCeYHO
pacrojame Behe on HacymMmyHe TUCTpHOyNHje, OHAA Ce cMaTpa Ja Cy TadKacTH 00jeKTH
pacnpmenu y npoctopy (Lloyd C.D., 2010).

Cuamnka 1. [IpocTopHo pacnpuieHe Taukacre nojase (A) u kjaacrep (B)

BehnHa CTaTHCTHYKMX TECTOBA IMOYHMIbE Ca WACHTH()UKOBamEM MOYETHE
xunote3e. [lormyna mpocropHa ciy4ajHoct (eHr. Complete Spatial Randomness) camux
objekara mpoyuyaBama WM HUXOBUX KBAHTUTATHBHUX OO0eNeXkja MPEACTaB/ba I[OYETHY
XHUIIOTE3y KOJ aHau3e MPOCTOPHUX oOpasara. Z-0070BH M P-BPEIHOCTH HU3PAYYHATH Yy
MOCTYIKY OPOCTOPHE aHAIM3€ FOBOPE HAM Jia JIM MOXEMO Jia 0J0aIlMMO MMOYETHY XHUIIOTE3Y
Wi He. P-BpelHOCT mpejcTaB/ba BEpOBATHONY 1a je mpoy4yaBaHH MPOCTOPHU OOpasail
HACTAO MOJ[ YTHIAjeM HEKOT CIy4ajHOr MpoIlieca, JOK z-00I0BU MPEACTaBsbajy BPEIHOCT
cragapane aesujaryje (Esri, 2013a, 2013b).

Ta6esa 1. KpurnuHe BpeaHocTH 3a opel)eHe HUBOE TOBEP/bUBOCTH

[Ipomec ananmuze o0yxBaTHo je HeKoIuKo ¢aza. Kaprorpadcka nmomiora npeysera
je n3 ArcGIS Online 6a3ze, a notom yHera y mporpam ArcGIS (Bepsuja 10.2.1) rue je
M3BpLICHO HeHO reopedepenimpame. Jlokanuje nernoHuja mpeysere cy ox AreHiuje 3a
3alITUTY JKUBOTHE cpenune PernyOnnke CpoOuje, notom yHere y ['MIC okpyxeme Kao text
file, a 3atum konBeproBaHe y shape file ¢opmar, kako Oum Omna npukazaHa HBUXOBa
NPOCTOPHA AUCTPHUOYLMja HAa IUTUTAIIHOj KapTH. Jlokaluje qUBJbNX ACTIOHH]a IPUKa3aHe Cy
Ka0 TAa4yKacTH O0jeKTH. Y aHalM3M je MOTOM IPUMEHEHA METO/a NPOCTOPHE CTATHUCTHKE,
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OJIHOCHO oOJpehuBama MPOCEYHOr HAjONMKEr Cycela, HAKOH 4Yera je OWJI0 HEONXOIHO
U3BPIIUTH aHAIK3Y TOOM]CHHUX pe3yiTara.

Pe3yaraTu ucrpaxkuBama U JTHCKYCHja

[Ipocropuu pa3meniraj AMBJbHX AeNoHHUja npuka3aH Ha Kaprtu 1 nokasyje na ce
BUX0B Opoj moehasa y /1Ba npaslia, OJHOCHO Aa Cy yTBpheHa Ba npocTopHa obpacua:
(1) ca ynasmaBameM Of1 yKeT IpajcKor je3rpa ka cyoypOaHoM mojacy rpana, u
(2) ca ynamaBameMm on 1ieHTapa omuruna All rpaga Beorpana xa nepudepujn
THX OMNIITHHA.

Kapra 1. IIpocTopHa quctpudyuuja ausibux genonuja y AIl rpaga beorpaaa

OBa 4umHECHMIIA HABOIM Ha 3aKJbyUakK /1a y yXKeM I'paJCKoM je3rpy moctoju sehu
0poj MecTa 3a JIETATHO OJJIarame OTHajxa (KOHTejHepa), Kao W Ja je ciryk0a HaJIexHa 3a
yKJIamame oTmaga 0oJbe opraHu3oBana. IlputoM, y rymhe Hace/bEHOM MPOCTOPY HMa
3HATHO Mame MECTa 3a HeJerajlHo ojyiarame ornaaa. CiauyaH TPeHI jaBjba CC M KOJ
ommTHHCKAX INeHtapa (MumanenoBan, JlazapeBan, OOpeHoBam): ca mnoBehaBameM
yIAJbEHOCTH OJ1 IICHTpPA OMIITHHE MoBehaBa ce Opoj MUBJHHX JICHIOHU]A.

OzcycTBO alleKBaTHOT YIpPaBJbarha OTHAIOM MOXE Ja YIPO3U HE caMo 3/IPaBJbe
Jpymu Beh u uHQpacTpykTypHE cucteme (ITyTeBH, OBOJIHHM KaHaJM, KMIIHA KaHaJIu3aluja),
jep JbyIM JIEMOHYjy OTIaj yNpaBO HAa OBHM MecTUMa. Y3 TO, V pypanHuMm nemosmma All
rpaga beorpaga, jbynu cnajbyjy OTHAJL Y CBOJUM JABOPHUIITHMA WM HOJbONPUBPEIHUM
moceimMa, IITO MOKe JOBECTH JI0 yrporkaBama )KMBOTHE cpeauHe. Bemnku je 0poj gaxropa
KOjU yTHYy Ha OBakKBO CTame y beorpany, mpe cBera HEJOBOJbHO (DHMHAHCHpAbE U
HeaJleKBaTHa WHCTUTYIMOHAIIHA MOJpUIKA. JaBHa KOMyHaiHa npenyseha cyo4asajy ce mpe
CBera ca MamKOM BO3WIIA M onpeMe J1a Ou mokpwin cBe aeiose ['pana beorpaga. Cinyx0a je
00JbC OpPraHW30BaHA y ICHTPAIHUM TPAJICKUAM JCIIOBHMA, JJOK CE Ca YIaJbaBameM O]l OBE
30HC MHTCH3UTET IMPYXama yclyra cMamyje. Y cyOypOaHuM JAeioBMMa Tpajia KOMYHAJTHA
npeayseha YBpCTH KOMyHallHM OTIaJ OJHOCE YIJIaBHOM jEJIHOM HEJEJbHO, Ia Ce MPOCTOp
OKO KOHTEjHEpa IpeTBapa y IpaBe Maje JCIOHH]e.

IIpocTopHa aHanm3a W3BpIICHA jE¢ MPHUMEHOM METOJE MPOCECYHOT HajOImKer
cycena y mporpamy ArcGIS. C 003mpoM aa Ha mpoydaBaHOM MPOCTOPY MMa CBera MeT
JIETATHUX JCTIOHMja, aHam3a je o0aBjbeHa y jenHoj ¢a3u m oOyxBaTHia jeé caMO IHMBJbE
nenoHuje. Pesynratm mpoctopHe aHanmm3e ykasyjy na je (Cm. 2) yrBpheHo mocrojame
knactepa ca R-Bpegnomhy ox 0,64 u Z-spemnomhy ox -10,35, y3 kpeTame Ha CKaJd O
KpUTHYHE BpeaHOCTH <-2,58 mo HuBOa 3HavajHoctH ox 0,01. PesynTar mokasyje ma mocroju
Mame o1 1% ImaHce Ja je MPOCTOPHH Pa3MeEINTaj JUBJBHX ICTOHHja PE3yNTaT CIydajHOCTH.
R-BpesHOCT TpencraBiba OAHOC YOUEHOI IPOCEYHOT pacTojamba M3Mel)y cBake mojaBe H
BUXOBOT HajONMKeTr Cycesia, U OYCKUBAHOT MPOCEYHOT pacTojama u3Mely mojaBa. YKOJIHUKO
je R-Bpennoct mama ox 1, mpoctopHn oOpasal] nokasyje OOJHMK KiacTepa, a YKOJHMKO je
Behu o1 1, oHza ce kpehe ka nucnepsuju.

Cuinka 2. Pe3y/ITaTi IpocTOpHE aHAJIN3e IPHMEHOM MeTo/Ie MPOCeYHOT HAjOIMIKeT cyceia

NnentudukoBame reorpadCKuX MPOCTOPHUX oOpa3zaria BayKHO je 3a pazyMeBambe
IUXOBOI TPOCTOPHOT IOHAIIama. Mako ce caMiM KapTHpameM MPOCTOPHHUX I0jaBa H
IbUXOBUX BPEJHOCTH MOXE JOOWTH HEKH YOMIITEHH YTHUCAK HUXOBOTI IMPOCTOPHOT
[I0jaBJbHBamkha, NMPHUMEHOM T€OCTATUCTHYKMX METOJa OBE IOjaBe ce KBAaHTHDUKYjy. Y
aHaAM3W CE MOJIa3W O] XWIOTe3¢ Ja MOjaBe UMajy ClydajaH MPOCTOPHHU Pa3MEIITaj, a
MIPUMEHOM Pa3IMYUTHX METO/a IOYETHA XHUIIOTE3a CE MMOTOM MOTBplyje mium ogoaiyje.



54

3akbydak

[Tpumena reorpadckux HHPOPMAIMOHUX CHCTEMA Y aHAJIH3H IPOCTOPHUX T10jaBa
nmoMaxke ymnpomrhaBamky HHTEpPIIPETaIfje MPOCTOPHOT pa3MemTaja Tux mojaBa. [ MC nma
Ba)XXHY YJIOTY Y CHCTEMY YIIpaBJbaba KOMYHAJIHUM OTIagoM. OBUM paZioM IOKYIIAIHA CMO
Jla aHAIM3MpaMO AWCTPUOYIMjy HOWBJBMX JETOHHWja Ha TMpocTopy Tpaaa beorpana.
[IpuMeHoM MeTome MPOCEYHOT HAjONMKEr cyceaa yTBphEeHO je Ina HBHXOB MPOCTOPHHU
pa3mermnTaj Tokasyje oONMK Kiactepa. PesyiraTHm mpocTopHE aHanmm3e yKasyjy na yke
IpaJICKo NoApyyje MMa 00Jbe OpraHu30BaHy Ciyk 0y yKiIamama KOMYyHAIHOT OTIIa/ia U Ja ce
CcTora Ha TOM HpPOCTOpY jaBjba MamM Opoj aAmBBMX JHenonuja. Ca ngpyre crpaHe, y
nepudepHUM JeJOBMMa IpoydyaBaHe TepuTopuje mnoBehaBa ce Opoj OBHX JENOHUja.
IIpenopyka je na ce y o0oqHMM JenoBuMa rpaga 00Jbe opraHusyje KOMyHajHa CiIyk0a, y3
Behy (pekBeHTHOCT mpykama KOMYHAJIHHMX yciyra. Takohe, BeoMa je BaXHO nga ce
NPWIMKOM IUIAaHHpamka OpraHu3aluje KOMYHAJTHHMX JeJIaTHOCTH y3My y 003up Opoj
CTaHOBHHKA U TYCTHHA HACEJHCHOCTH.

IMpumena 'MC-a y mporiecy ynpaBjbamba YBPCTUM KOMYHAITHHM OTIAJOM MOpa
ma Oyne WHCTHUTYIIMOHATW30BaHA, KAako OM TpajcKe W ONIITHHCKE BIACTH JIAKIIe
pacmonaraie reonpocTopHuM HH(popmarjama. Takole, IpMINKOM IUIaHHpama JIOKaldja
Ooynyhux nermonnja 'MC 6u Tpebano na Oyae koHCynToBaH. [IpuTOM, HEOIIXOIHO je CTAaTHO
axypupame 0aza mojaraka kako OM ce OJIaKIIao MpoIeC JOHOMICHa OTyKa.

Jlutepatypa
Jluteparypy BuneTu Ha cTpaHu 47



