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Abstract—The article describes problems of city centers with

regard to possibilities of their delimitation in@S environment.
First the definitions and delimitations of a citgntre which are in
use are mentioned, furthermore a chosen case §tieyhistorical
centre of Olomouc city in the Czech Republic) isptoyed to
describe the methods of delimitation in use. Iditoh to describing
the current state, the article also deals with ipdies of
delimitation of a city centre in GIS environment tmgans of several
chosen approaches. The authors describe, compdreiscuss the
chosen methods and assess the achieved resulédsarapplicability
of the designed methods for other cities.
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|. INTRODUCTION

Il. CITy CENTRE

Research of an inner structure of a city is onethaf
priorities of the current city geography. The tespatial
structure refers primarily to the individual pad$ a city —
centre, suburbs, city districts, functional zonas &here are
three basic parts of the inner spatial structureao€ity —
physical, functional and social. The physical sdatiructure
refers to a morphological spatial structure of &,cthe
functional spatial structure refers to a divisidrspecific parts
of a city according to their function and subsedukfferences
in utilization of buildings, land and areas. Theiab spatial
structure is a part of the functional spatial stute (residential
function-bound). It is usually evaluated by meahshe basic
demographic characteristics of residents.

ITY centre is a commonly used term which, however, can According to General Encyclopedia [19] a centeddfined

have more meanings. A person living right in thetee

has a different idea about Gty centre and especially its occupancy of an arem which shops, financial and cultural
institutions and branch offices of big companiese ar

delimitation than someone living in an adjacentidestial
district, a trading area, a periphery or in a ngavblage.

as a core district of a city with the most inteessommercial

concentrated. The most expensive land is to bedfchare;

Number of authors, some of which are mentioned hie t Mmost of the area is used as office and commerpedes; the

article, were trying to devise a method for delatign of cities
or their centers. Each of the methods, naturallgs lits
advantages but also many disadvantages and liomatiThe
most common problem lies in the applicability osjecific
method on cities other than the one it was devisedor a
structurally similar ones). Ideally, one would édish a tool
which would, reliably and objectively, delimitatecy and its
centre even without any knowledge of local envirenin(how
is a city and its structure currently delimitatesdhjely on the

residential function is suppressed.

Mayeh [10] in connection with city centers descsilze so
called “central business district” (CBD). He coresil it to be
a heart of a city, often located in a place a wapsportation is
directed to and which contains the highest pergentd shops
and offices. Due to high accessibility the pricédamd are
high and therefore the area is utilized most iritehg

Both the definitions stated above agree on thetfatta city
centre is a place in which there is the highestenftration of
services and business and the most expensive towever,

basis of defined parameters and data. An objectifg the conditions of the Czech Republic one canagpee with

delimitation of a city centre is important e.g. farstatistical
comparison of parameters and data from differetiesci
(number of inhabitants, migration between perigggeand the
centre, suburbanization, population density, coratiwm) in
different parts of a country. Research of variapproaches to
delimitation of a city centre, their comparisonakation and
their application on the city of Olomouc is the maubject of
this work.
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the statement that due to high prices of land tlera high
density of tall buildings in city centers. The aanst of Czech
cities consist mostly of historical core in whichoth
redevelopments and new developments are highlyiatest.

A. Delimitation of City Centre

A universally applicable method of delimitation af city
centre was dealt with e.g. by Murphy and Vance .[I1}heir
work the authors were aiming for an objective corigoa of
centers (or more precisely CBDs) of cities of thens size.
However, they found out that individual municipiaig have
different ways of delimitating CBDs which are usydlased
rather on knowledge of local environment than anlihsis of
measurable factors. Within the frame of the redearine
American cities were selected. They were roughly same
size (population of 150-250 thousand inhabitanis)) led
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Furthermore, Delimitation was carried out on thsidaf
two indexes — CBHI (Central Business Height Indexid
CBIl (Central Business Intensity Index).
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These were applied to blocks of houses. The autdmst
that this delimitation of CBD is not ideal becatise resulting
border of a city centre is in principle fuzzy andosld be
expressed rather by a zone than by a line. Howdvey, were
followed by a number of other authors.

Scott [14], with the help of their method, delinitd the
CBDs of six Australian cities and consequently sddheir
development and structure. Another applicatiorhisf method
is described in Bonhert and Mattingly[1].

The authors aimed at delimitation of CBD by meahs o
method applicable to CBD in the past, the presedt mear
future. The resulting index value was determinedhenbasis
of a research in five relatively small cities inetlstate of
lllinois with a similar structure. It is therefoppssible that to
delimitate CBDs in bigger or differently structuredties
another limit value would have to be used.

Another research which could be mentioned is eayvd&n
[2], in which the same method (with two minor machtions)
is used to study the development of a CBD in timethe
Carters and Rowleys work [3], in which the applicatof the
method on the city of Cardiff is described. Witlspect to the
fact that cities in Great Britain (or in Europe)dh&een
developing in a different way than those in the telhiStates,
the method had to be considerably simplified ancegaized
to yield an objective result.

Some of the European
mentioned are e.g. Centre for Advanced Spatial ysisl—

B. Delimitation of Olomouc City Centre Currently in Use

There are several delimitations of the city cenire
Olomouc: The city district Olomouc — centre; thedastral
district Olomouc — city; the basic settlement unihistorical
centre; historical town reserve; in the municipdanp the
functional area of the inner city is defined; Sztay [16]
delimitated the economic subcentre core. All théndgtions
are displayed in Fig. 1.

The City district, the cadastral district and thasio
settlement unit are component elements of the tsir@icof
communities. They were delimitated mainly on acc¢oah
administrative reasons. A Historical town reseyeaccording
to the Czech-Austrian-Slovak handbook of urban mleg
terminology [5], a coherent part of historical e#fj area of
which has a homogenous historical value and reptegbe
highest level of conservation.

In Fig. 1a the city district Olomouc — centre idihated.
It contains the historical centre (delimitated bty garks),
surrounding parks and in the east also the areasusuing
these parks. In Fig. 1b the cadastral district mh@uc — city
is delimitated. It mostly corresponds with the défation of
the city district but includes also the Olomoucirtratation,
Nova street and its surroundings and in the eaxi #ie
Senimo supermarket. Fig. 1c depicts the delimitatid the
economic subcentre core. This delimitation is digantly
smaller than the previous two and includes theohisl centre

institutions which could bef the city and the adjacent parks. In Fig. 1d oae see the

delimitation of the basic settlement unit calledstbiical

University College London which worked on the pmje centre. Fig. le shows the functional area of theririty taken

"Definition of City Centers" aimed at determiningnalitions
for delimitation of centers of British cities Bowu§].

from the municipal plan of Olomouc from the yea®2%nd in
Fig. 1f one can observe the delimitation of thedmnisal town

The pilot study was carried out in London [17]. Thd€serve. The last three delimitations do not difignificantly.

Statistical data related to ZIP codes were useth@ag data.
Thus an irregular network of points was establistmedhich
some of the points had zero value. To process dhta a
method of Kernel Density Estimation — KDE was used.
Central European authors deal with delimitation oitly

centers mostly on a theoretical level and if theydelimitate
it, they base it on a historical development of ia.c
Ouredntek [12] divides a city into a historical centre,ianer
city and an outer city. Nevertheless, it does nefing any
factors which would differentiate these parts.

Matlovi¢ [9] in Pt&ek et. al. [13] defines five basic zones

for the needs of the research of the transformatiocesses of
the communistic cities. A City centre (old town) &cording
to this research, usually represented by a mediema of a
city and its immediate surroundings. Sykora [15Vidks
Prague into five concentric zones: (1) historicahtee, (2)
inner city, (3) garden city belt, (4) belt of prbfecated
apartment complexes and (5) countryside. A hisabrientre
is usually delimitated by its surroundings, whisha belt of
blocks of houses built since the midgentury till the
Second World War.

Kotus [7] defines four parts of a socialist cityyeoof them
being a historical centre which is characterizec asedieval
core with a pre-war building development.

The differences consist mainly in whether theyudel the area
of Bezruc Gardens and the residential blocks betwibe
Hrdinu square and Cech and Smetana Gardens.

TABLE |
THE DEFINEDAREAS OFDELIMITATIONS OF CITY CENTRE INUSE
used delimitations of centre delimitated area [krf]
municipal plan — the functional area of the inner

city 0.59¢
the basic settlement unit — Olomouc historiczl

centre. 0.842
the historical town reserve 0.961
the economic subcele core 1.38¢
the city district Olomouc — centre 2.279
the cadastral district Olomouc — city 2.708

Ill.  POSSIBILITIES OFDELIMITATION OF CITY CENTRE USING

GIS

A.Used Data
The data used to delimitate the centre of the Olanmity

were provided by the Department of Conception and

Development of the Municipal Council of Olomouc.
It consisted of vector layers in dgn and shp fommatscales
from 1:2 000 to 1:10 000. The data concerning ses/iwere

created by means of GPS devices by students of the

Department of Geoinformatics as a part of theining.
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B. Used Software

All the map outputs and the spatial analyses wevegssed
by the ArsGIS 10 software developed by the Esri gamy.
Most of the calculations only required the defaeits of tools.
Some of the calculations were carried out by meafnthe
Repeating Shapes tool for ArcGIS created by theneken
Enterprise company. This tool enables creation oégular
network of points or polygons in a range specitigda user.
The output can be saved in the shapefile formaixported to
a personal geodatabase. The tool is availabledantbad and
installation on the company's webpage [6].

User can choose area of a newly generated laysudh a
way it covers the selected objects within the scopea
particular layer, all layers in the map or in thepthyed area.
User can choose from several different shapes tgatircles,
squares, triangles, hexagons) and layouts. Poimdscacles
can be placed in a square or a triangular grid aithitrary
gaps. Squares, triangles and hexagons can havmgylsizes
set either as a size of an area which should beredwy the
individual polygons or as a length of an edge pblgon. All
the shapes can be oriented in whatever direction.

C.Délimitation of City Centre According to Price Map

The centre was delimitated by means of the pricp ofa
Olomouc on the basis of the most expensive pieténd in
the city centre. An average price of land in Olomaul 109.5

The total area of the city centre delimitated iis tivay is
0.2 knf. The area of the individual delimitations is disypd
in Table II.

TABLE Il
THE AREA OF THECITY CENTRE DELIMITATED BY MEANS OF THEPRICE MAP

price [CZK/m?] delimitated area [km?]

more than 2 600 0.566
more than 5 000 0.81
more than 9 000 0.203

As one can observe in Fig. 2a, the resulting paiggaf the
delimitations of the city centre do not have smoedges, on
the contrary, they are very jagged. A possibletsmiuto this
would be a generalization of the polygons eitheobg of the
tools used in ArcGIS or by setting up certain rulHsese rules
could include removal of protrusions smaller thaspacific
area or inclusion of polygons price of which was set if at
least 60% of its edges meet the selected polygurthe same
time one should consider housing because it isdestrable
for the border to lead through buildings, which tre smallest
indivisible unit of a price map. The area of thentce
delimitated by means of the price map is the mosilar to
the functional area of the inner city from the nuipp@l plan of
Olomouc.

CzK/m? excluding the land for which the price was nat se

(mostly pieces of land which are not for sale anted by the
city). A minimum price is 100 CZK/fa maximum price is 9

D.Delimitation of City Centre According to Density of
Services

9770 CzK/m. To delimitate the city centre, pieces of land The second delimitation of the city centre wasiedrout on

with price higher than 2 600, 5000 and 9 000 CZkywere
selected. That represents approximately 5 %, 2 &ola% of
estimated land.

In the historical centre of the city there are salvpieces of
land price of which has not been set (e.g. the thactity hall
is on, churches and other historical monumentsgake these
pieces of land were completely surrounded by tHected
land they were also included in the selectionhis tvay three
different city centers were delimitated. The delations of the
city centre with price of land higher than 2 600d a6 000
CzK/m? differ only slightly (see Fig. 2a).

The area with the price of land higher than 2 6@K/n? is

the basis of the density of services. By meant@Repeating
Shapes tool several regular polygon grids of varishapes
and sizes were created (see Table Ill). These wseel to
cover the area encompassing roughly the city ofn®Olec
without the annexed villages. Covering the wholeaaof the
city would disproportionately increase the procegdime of
the individual analyses and would not contributgtiing new
to the results. For each individual polygon a numbé
services in it was counted (without dividing seedg@ccording
to qualitative criteria) and subsequently 5% of gadygons
with the highest concentration were selected. Quhase the

roughly delineated by Hrdinu Square, Svoboda AvenuBiggest continuous area of polygons comprisingcityecentre

marketplace, fortification walls running along Bezrgardens,
Jiri z Podebrad street, Vaclavske Square, RepulSifiyare,
Dobrovskeho Street and the Slavonic House. To delienthe
city centre only the pieces of land which formed thiggest
continuous area were selected (they were meetmgalygon
by at least one edge).

The total area of the city centre delimitated iis tvay is

was selected. In the end the selections from nkévidual
polygon grids were added up and only the area iolwh00 %
of input areas were added together was chosen.

Thus a final delimitation of the city centre acdaglto the
density of services was obtained.

To delimitate the city centre a triangular, a squand a
hexagonal regular grids with the area of the irdlial

0.57 knf. By selecting the pieces of land with price highepolygons ranging from 5 to 25 thousandSand a resolution
than 5 000 CZK/rhan almost identical area was created; it digf 5 000 mi were chosen. When using the polygon grid with
not include the part of the city between Sokolskad & the smallest polygon area the Horni Square was not
Dobrovskeho streets. The total area of the citytreen gelimitated as a part of the centre because thggpol
delimitated in this way is 0.48 KmThe selection of the pieces covering the inner space of the square includegt té city

of land with price higher than 9 000 CZKfimcludes the area
of Horni and Dolni squares and the adjacent streets

hall. When using the polygons with the biggest aesan parts
of the city in which there were no services weréndtated
(e.g. city parks).

2468



International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:6, No:9, 2012

The sizes of the individual delimitated areas ameraed up
in Table Ill. One can observe that the selectedhaheof

This tendency is also observed by the public trartagion
system which carries passengers towards the cédrtig fact

polygons did not change the results much; when gusilecame an impulse to attempt to delimitate the céptre

polygons of the same size, the resulting areas \aérest
identical. The most significant differences betwetre
delimitated areas occur when using the biggest #red
smallest polygons of different shapes. The bestalisesults
were achieved by using the hexagonal grid.

When comparing polygons of the same shape butreliffe
areas, the smallest differences in size is extlitetriangles;

between the smallest and the biggest delimitated #rere is a
difference of only 0.05 kfn With the square grid the

difference is 0.12 kfand in case of the hexagonal grid
amounts to 0.115 km

TABLE lll
SIZES OF THEDELIMITATED AREAS OF THECITY CENTRE

Area of delimitated centre [kn?]

Areas of polygons

[km? Triangles Squares Hexagons
0.005 0.250 0.180 0.260
0.01 0.280 0.290 0.300
0.015 0.285 0.270 0.270
0.02 0.300 0.280 0.300
0.025 0.275 0.300 0.375

Furthermore, a polygon representing the overlappieg of
all the delimitations stated above was createds Palygon
was not compact (this was caused by the gaps wducbrred
when delimitating the city centre by the polygoidgwith the
smallest area of polygon; in this case the surrimgsdof the
city hall were not included in the city), therefoie was
modified into a compact shape. Subsequently

according to the density of lines and stops of public
transportation system.

The method of delimitation was similar to the orsed for
delimitation according to the density of servic&$ie input
layer consisted of representations of the routesalbfthe
regular daily lines of the public transportationstgyn. For
each polygon a density of bus and tram lines perarsy
kilometer was calculated. Then the polygons with tiighest
density were selected. Lengths of lines in the viddial
polygons were calculated by the means of the Hafutalysis

i'[Tool.

This method of delimitating the city centre provied be
unsuitable for three reasons. The first one belmgfact that
the historical centre of Olomouc is a pedestriamezo
surrounded by parks.

Therefore the transportation system does not athessity
centre itself but only its outskirts; the highesndity of lines
can be found on the southeastern edge (betweehirtiau
Square and the city marketplace). The remainings pafrthe
city centre are, due to the parks, bypassed bylitles and
therefore can not be used to delimitate it.

The second reason lies in the low density of thesliof the
public transportation system which is sufficient r fo
transporting passengers but not for the delimitatibthe city
centre. When a polygonal grid with an area smalian 200

000 nf was used, too many polygons returned a zero \aflue

density of lines. When a larger area of polygons wsed, it
was not possible to delimitate the city centre; #rea of
polygons was too big.

The last reason is that even though Olomouc has a

monocentric character, the public transportatiodiriected not

it wamly towards the city centre but also towards tléntstation

generalized in the ArcGIS environment using the [@ifm  which serves as an interchange station for traims aity
Polygons tool (the BEND_SIMPLIFY algorithm and abusses bound both for the villages annexed to Qlenand
reference baseline of 50 m) in order to straighten edges other surrounding villages (these depart both ftoenfront of

which were too complex.

The resulting polygon (see Fig. 2b) covers the afégal191
km?, which is similar to the city centre delimitateg the
pieces of land with the price higher than 9 000 G#K(Fig.
2b).

As compared with the delimitation already in ussgs frea
is significantly smaller. It only covers The Horand The
Dolni squares and partially also the adjacent &tréehe area
of this polygon is the most similar to the delirtiba of the
centre by the square grid with the polygon are& 600 ni,
however its shape does not correspond. The shapeoss
similar to the delimitation by the hexagonal gridthwthe
polygon size of 15 000 ffsee Fig. 2c).

E. Delimitation of City Centre According to Density of
Public Transportation Stops

The city of Olomouc basically corresponds with
monocentric model of a city and most of its maiad® lead to
its centre.

the train station and from the nearby bus statidhg highest
density of the public transportation lines can ¢fiere be
found rather in the vicinity of the train statiohah near the
centre.

In Fig. 2d one can see an attempt to delimitate dibe
centre using the density of the public transpastatines in a
hexagonal grid, polygons of which have the are&B®000M

and 250000 f Neither of these grids succeeded in

delimitating the centre; they only included its vesm part
through which most of the lines run.

It is also apparent that the small polygons dedteitonly
the parts of the city in close proximity to the tesi of the
public transportation lines whereas the large pahgy
delimitate even the parts of the city which do betong to its
centre — for instance a quarter of family housesthnof
Dobrovskeho street. The figure also shows that ghblic

atransportation system basically bypasses the centre
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F. Delimitation of City Centre According to Mental Maps

A mental map is a graphic (cartographic or schegpati

interpretation of a person’s mental image of a gapigical
space, mostly concerning its quality or structdre Yozenilek
[18] distinguish between two basic types of memlps —
these are so called Gould's and Lynch’s types gisma@he
Gould's type (named after P.d Gould) presents aahetap as
an image of attractiveness of spatial preferencesrgther
defferences) obtained usually by a person’s chofcn ideal
place in an arbitrary area. The Lynch's type (naweuéer K.
Lynch) sees a mental map as a depiction of spagessing
one’s perception of dimension, location or shapelements
in a chosen environment, his spatial orientatiopptogy etc.
Mental maps (of Lynch's type) of inhabitants of @&uc tend
to differ significantly with respect to the bordes§ the city
centre. Therefore in this diploma thesis the meniaps of
inhabitants of the Olomouc city were not only congobwith
each other but also with the other results achiévelis work.
The group of respondents consisted of total of td@ents of
Palacky University whose task was to draw the céwtre in
an aerial photograph of the city according to thedividual
perception. The data were subsequently summed ing tie
tools of map algebra in the ArcGIS environment. Tasult
was divided into 5 categories; each of these reptssan

IV. DISCUSSION

Three different approaches were used to delimitagecity
centre. The delimitation of the city centre accogdio the
density of the public transportation network unfogtely did
not prove to be functional. However, the resulthef other two
methods were highly similar and, moreover, theyespond
with the delimitation of the city centre accorditngthe mental
maps of the students. As exemplified by the citydddmouc
the methods proposed in this thesis proved to babte in
delimitating the city centre. When delimitating acoding to
the price map the 1% of the most expensive pieédanal
proved to be the most accurate selection. To aehimv
accurate delimitation of borders it would be neaes$o apply
this method to more cities.

When delimitating the centre according to the dgnef
services, a relatively accurate result was achiewél the
polygon grid in which the size of the polygons wset to

15 000 M. The best result was achieved by combining all the

polygon grids of different sizes. However, this hwat of
analysis is relatively time consuming and impraadticThe
method of analysis of the density of services @& public
transportation system on a regular polygon gridvedoto be,
in its current form, inapplicable.

The delimitation according to the lines is not ideacause

accordance of a given percentage of the studentsaonit does not reflect intensity of transportationedquency of

particular delimitation. The category on which madtthe

stops, vehicle capacity etc. Utilization of thisfoinmation

students agreed (more than 80%) is the smallest tine requires relatively detailed data and would notvesothe

includes the Horni and the Dolni squares and thacadt

shortcomings caused by the fact that the transjammta

streets and has an area of 0.27°kifhe second smallest bypasses the centre.

delimitation on which more than 60% of studentseagr is
only slightly bigger — it has an area of 0.3%ufihe biggest
delimitation of the city centre has an area of 1k#¥. The

results can be seen in Fig. 2e, a comparison ointfigidual

delimitations is in Table IV.

TABLE IV
THE AREA OF THECITY CENTREACCORDING TO THEMENTAL MAPS

Accordance [%)] Area [km?]
0-20 1.473
21-40 0.880
41 - 60 0.540
61 -80 0.301
81 -100 0.273

Besides the methods tested and described by therapt

there are several different ways of delimitatingity centre.
Unfortunately, gathering the input data for thesalgses is
rather problematic. One of the possible methodgiisnitation
according to the density of commercial areas or riuo
between commercial and dwelling areas. Unfortugatkis
data is only accessible for the areas of basitesht units
which are too big to enable delimitation of a cenata from
statistical areas or, ideally, from address poivdasld be more
suitable. In case there would be accessible data &ddress
points it would be possible to apply them to a fagpolygon
grid and not only to arbitrarily created statistigaits.

Another possible way is delimitation according e aof
houses. According to Ptacek et. al. [13] more th&alf of the
houses (54,4 %) in the city centre were built beft®19.

Data about the age of houses can be obtained frem t

Both the appearance and the area of the two smallggsyits of the Population and Housing Census.lityacentre

delimitations is similar to the delimitations acdimg to the
price map and the density of services (Fig. 2eRigd2f) The
differences between those are caused mainly byatttethat
the borders of delimited mental maps consist maxiistreets
whereas the delimitation from the price map usegesdf
allotments and the delimitation according to thensity of
services uses edges of polygons. In comparison thieh
delimitation of the city centre which is currenthging used,
this delimitation is considerably smaller.

there is the largest number of public facilitiesdamany
companies or shops reside there. This draws a tangder of
people to it during daytime. At the same time tlhwnber of
inhabitants with permanent residence decreases dan&e.
Therefore, it should be possible to delimitate tg centre on
the basis of changes of daytime and night timekithats. In a
similar way a centre could be delimitated as am avith the
highest density of pedestrians. Both methods cusé for
example data from mobile network operators (BT Sicsta),
however accessibility of this data is rather retd.
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D City part Olomouc-stied

o 250 500 1000 m

Fig. 1 Delimitations of the city center currently in use
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Fig. 2 Suggested delimitations of the city center
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V.CONCLUSION

On the basis of the information gathered from the

specialized literature several methods of delinutabf a city

centre were designed. These were tested on the ofity [11]

Olomouc. The parameters of the individual methodsevset
experimentally and were influenced by knowledge tlo¢
environment.

By selecting the most expensive pieces of landards in
which services are accumulated (shops, nationahamicipal
institutions, restaurants) very similar areas weedimitated.
These areas also corresponded with the mental wiagse
inhabitants of the city. Appropriate methods ofimi&htion of
the city centre were found.

The best results were achieved when delimitatiegctimtre
according to the price map and the density of sesviIn
comparison with the delimitations already in exist (the
basic settlement unit, the cadastral district,Htstorical town
reserve) the delimitations acquired in this thesiere
significantly smaller. The delimitation of the citgentre
according to the density of the public transpootatiines
proved to be unsuitable because public transpondtypasses
the centre of Olomouc.

However, none of the methods are universally applie
because they were tested only on the city of Olandata
from other cities were not accessible. The estabtisnethods
might be applicable to cities of similar structued/or size.
To confirm this assumption a more detailed testirfigthe
designed methods would be required.
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