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ABSTRACT:

The definition and delimitation of metropolitan areas has been the focus of many
geographers and other specialists for quite a few decades. The complexity and diversity of
the methods and techniques used, and the differing attitudes of those working in this area
have brought considerably different, and often controversial, results. The EU has introduced
a tool, Integrated Territorial Investments (ITI), to support study in this area by motivating
EU member states to define their metropolitan areas. This article will introduce the
methodological approaches related to the functional integration of regional units and to
inter-regional relations, used with ITI to delimit the metropolitan areas in two large cities,
Brno (monocentric system) and Ostrava (polycentric system), and will compare the results
with those achieved using our own method. Through a comparison of the results this article
will examine the efficacy of the methods previously used and their possible transferability
to studies of metropolitan areas with completely different settlement systems. Finally, this
article will consider whether a unification of previously fragmented approaches is possible.

Key words: Metropolitan areas, Methods of Delimitation, Integrated Territorial Investment,
Czech Republic

1. INTRODUCTION

Defining metropolitan areas is a relatively complicated technical and statistical matter
in the geographical sciences. The method, or methods, used depend on not only the
availability of statistical data, spatial perspective and other area specifics, but also on the
author’s original approach. If certain methodical rules are maintained, even considerably
different approaches can be considered relevant.

The first studies by the American Bureau of the Census published in the first two
decades of the twentieth century, introduced a system for the territorial classification of the
so-called Metropolitan districts. Metropolitan districts were defined as cities with over 200
thousand inhabitants, or rather as cities with over 50 thousand inhabitants when redefined
in the 1940s (Berry, 1973). After the Second World War further distinctions were made
with new definitions for Standard Metropolitan Areas (SMA), or rather Standard
Metropolitan Statistical Areas (SMSA) along with some other revisions in the second half
of the twentieth century (Dahmann, 1999). It was the work of the American geographer,
B.J.L. Berry (1968 et al., 1973), in the 1960s and 1970s which laid the foundations for the
more detailed expansion of the city-region concept as a daily urban system (DUS), or more
precisely a functional urban region (FUR). Hall et al. (1973) continued Berry’s work and
the concept of FUR spread to Great Britain and Europe particularly to researchers in two
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institutions — the University of Reading and International Institute for Applied Systems
Analysis (IIASA) in Laxenburg, Austria. The latter aimed to establish a framework for
FUR to provide a better understanding of the impact of public policy on the fields of
population distribution and economic development. Partial studies done in western
European countries (e.g. Great Britain, Sweden) became the basis for monograph by Hall &
Hay (1980), which was extended by Cheshire & Hay (1989). Case studies of other
countries, processed in Laxenburg, became part of a publication by Kawashima & Korcelli
(1982), or were published separately, i.e. by Sherill (1976, 1977). Coombes et al. (1978,
1982) were working on the concept of FUR in parallel with these studies. The papers
mentioned here defined the borders of city-regions per their extensive daily influx of
commuters (that is if the data were available, if not, models of interactions were used). Two
main factors determined the choice of work-related commuting: firstly, there was
insufficient other data representing inter-regional links; and secondly, work commuting
appropriately reflected the space structures of inter-regional contact, especially in the
tertiary sector.

More modern literature includes particularly case studies of selected metropolitan areas
from across most continents. Western Europe represents for example Garcia-Palomares
(2010) that analyses the relationship between urban sprawl and commuting to work in the
case of Madrid, with three elements of urban sprawl considered: metropolitan expansion;
low-density of work and leisure facilities in suburban areas. Veneri (2013) uses functional
approach with stress on morphological criteria (a similar approach as ours) to delimit sub-
centres in Rome and Milan metropolitan areas. To identify functional urban regions within
traffic flow in London, Manley (2014) applies community detection algorithms to a
topological representation of the road network formed through observed routing behaviour.
Boix et al. (2012) attempt to show that there is a homogenous suggestion of delimitation for
polycentric metropolitan areas in Europe. They are hampered by insufficient data and the
inconvenience of administrative borders when defining metropolitan areas, however, they
do attempt to define the so-called Dynamic Metropolitan Areas (DMAs) using European
capitals as examples, primarily on the grounds of work commuting between centre parts of
metropolitan areas. Brezzi et al. (2012) successively compare selected metropolitan areas in
the countries of the OECD and introduce the concept of Metropolitan Regions. Using
special BBSR Accesibility Model, Goddecke-Stellmann (2011) defines 125 metropolitan
areas in Europe (polycentric spatial segments), whereas prioritises regional level than LAU
2 level. A car travel time of one hour is fixed around all cores defining the external border
of a metropolitan area. New method of delineation U.S. metropolitan and micropolitan
statistical areas (collectivelly core-based statistical areas - CBSA) was published by Tong
& Plane (2014). Their approach is based on clustering of counties with regard to the
strength of commuting interactions between outlying areas and urban cores. Model seeks to
find the boundaries that maximize the containment of entire webs of intra-CBSA
intercounty commuting. South America is represented, for example, by the works of
Duranton (2015a, 2015b). In both studies of the urban environment of Colombia, the author
notes the necessity of defining metropolitan areas and subsequently argues for the use of a
simple algorithm that exploits cross-municipality commuting patterns.

Many scholarly studies were initiated in recent years in Asia. Kanemoto & Kurima
(2006) use the example of Japan to demonstrate an increasingly important and formerly
almost unaddressed problem connected to the emergence of many subcenters because of
increasingly complex commuting patterns. Liu et al. (2010) use a method of quantitative
delimitation of the metropolitan area (Lanzhou, Northwest China), which is based on a
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synthetic method in conjunction with geographical information system (GIS) technology.
This method were applied according to the analysis of spatial attenuating tendency,
economic gravity, network, civil interest and potential effect. Almost a pioneering method
implemented in his paper Zhen et al. (2017). Delineation of an urban agglomeration
boundary in Yangtze River Delta Metropolitan region (East China, biggest city Shanghai)
they based on one of the most popular website in China, Sina Weibo microblog (hybrid of
Twitter and Facebook), and 1,5 million valid ,,check-in“ records analyzing activity data
(activity intensity, closeness and connection). Although the authors are aware of number of
methodological limits (especially data bias), they determined much smaller space of
research area than that based on the administrative division.

Regional politics and spatial planning systems have an increasingly important role in
the delineation of metropolitan areas or regions. Benedek (2016) and Torok (2015) in their
studies concern about evaluation the process and outcome of establishing the urban growth
poles as key elements of the new Regional policy in Romania. Swianiewicz & Lackowska
(2007) again draw attention to the passive role of the state (Poland) in the formation of
metropolitan governance. Despite the relatively frequent criticism of the contemporary EU
territorial cohesion policy coming especially from Central and Eastern Europe, mentioning
its late outset and some of its aspects being reminiscent of socialist central planning (e.g.
Torok, 2015; Maly & Mulicek, 2016), we side with the opinion of other authors on the
importance and the necessity of supporting regional policy in its efforts to define and
delineate metropolitan areas and gradually institutionalize them.

In the Czech Republic defining of metropolitan areas was not any common in the past.
In the last two decades situation has been changing, specialists have shown increasing
interest in this issue, for example, Dostil & Hampl (2002), Kostelecky & Cermak (2004),
Hampl (2005), Cermak et al. (2009), Fixel et al. (2009), Sykora & Muli¢ek (2009), Hruska-
Tvrdy (2012), Mulicek et al. (2013), Pafil et al. (2015), Kladivo et al. (2015), Dvorak
(2015) or Klapka et al. (2016). Despite certain differences in the results obtained (see Table
1. with data from the metropolitan areas of Brno and Ostrava), all the studies are based
upon statistically relevant data. The differences come from the method selected and the
interpretation of the applied indicators.

The European Union played (e.g. final report of ESPON: “The Role of Small and
Medium-Sized Towns”; OIR, 2006) and recently plays an important role in motivating
member states to define their metropolitan areas through ITI tool. This shows how current
policy can strengthen territorial dimensions using integrated tools to develop urban and
rural regions (i.e. Oufednicek et al., 2015). As stated in the “Methodological directive for
the use of integrated tools during the period 2014-2020” (Ministry of Regional
Development of the Czech Republic), there are four metropolitan areas with a number of
inhabitants over 300 thousand in the Czech Republic: Praha, Brno, Ostrava and Plzef. Each
area choses its methods individually, which contributes to the problem of fragmentation in
the current approach to defining metropolitan areas. It is obvious that many of the above
mentioned authors occupy two basic problems with which we also identify in our paper: 1)
own definitions of metropolitan areas (with regard to the specifics of the territory), and ii)
the existence and relevance of the statistical data. The aim of this article is to introduce the
methodological approaches and results obtained through the ITI tool to define the
metropolitan areas of Brno and Ostrava, and compare them with the results of our method.
The efficacy of both of these methodological approaches, as well as their interpretation and
possible transferability to completely different settlement systems will be discussed based
on a comparison of the results obtained.
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2. METHODS AND RESULTS

As mentioned in the opening chapter, for ITI it is necessary that the member states or
chosen metropolitan areas fulfil certain conditions, such as giving an individual definition
of the metropolitan area based on an adequate method and the formulation of Integrated
strategies for the development of metropolitan areas. The authors of this article are going to
present their own method, with the ambition that it might help to unify and universalise the
so far rather fragmented methods. The method of Mulicek et al. (2013), who have defined
Brno’s metropolitan area (BMA), and the method of Kladivo et al. (2015), who have
defined Ostrava’s metropolitan area (OMA), both using ITI, will be introduced and
compared with our approach. These two areas were chosen for their diversity so that the
methods could be compared and tested effectively. Their centres are the second (Brno) and
the third (Ostrava) largest cities in the Czech Republic, and are about the same size
(approximately 380 and 300 thousands of inhabitants respectively), while the settlement
structure of these cities is completely different. In Brno, there is a considerable lack of a
rival centre; the outskirts are formed by more or less rural areas and so the inter-settlement
bonds are of a rather radial structure. On the contrary, thanks to massive industrialization,
Ostrava and its surroundings represent a highly-urbanized region with a vast concentration
of cities, some with a specific role in the settlement system (residential, working or
services). Relations between the settlements are intensive and bidirectional with a different
degree of asymmetry.

The basic spatial unit for defining metropolitan areas, used in all three of these
methods, is a municipality. This is the smallest territorial unit for which we can find data
connected to work and school commuting, or migration. The Czech Republic has
approximately 6,250 municipalities, with average areas and populations among the smallest
in Europe.

Mulicek et al. (2013) have selected the following indicators:

1. work commuting (TTWA? analysis of the significant flows; and the share of

economically-active citizens commuting to Brno),

2. school commuting (the share of children aged from 6 to 14 years commuting to Brno;
and the direction and volume of the significant flow towards schools outside of Brno),

3. migration flows (the spatial gathering of municipalities based on the biggest
migration relationship, using the method of INTRAMAX; and the identification of
important immigration and emigration flows),

4. accessibility of public transport (the frequency and number of connections),

5. frequency of transport by personal car.

It is possible to divide these indicators into two groups. Numbers one to three show
real interactions between the centre area and the surrounding areas, while numbers 4 and 5
indicate potential interaction. The process leading to the definition can be described as:

-narrowing down the area based upon the analysis of work commuting,

-calculating the synthetic indicator of functional interaction, choosing the set of
municipalities forming the metropolitan area based on functional interaction levels
and the rules of areal integrity, with migration as a controlling function in this process.

Kladivo et al. (2015) have used a combination of quantitative and qualitative indicators
to define OMO. Their process can be divided into two steps. The first step is to define

% Travel to work areas — for more extensive information see Coombes et al. (1986).
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centres from a given area. Using quantitative indicators and work commuting data, six
centres were gradually determined (Ostrava, Havifov, Karvina, Opava, Frydek-Mistek and
Ttinec): a fairly large area. The qualitative indicators used are: educational distribution;
employment in the high-tech sector; and selected strategic documents concerning the
development of the area. Consequently, three more centres of this metropolitan area were
determined: Kopfivnice; Novy Ji¢in; and Pfibor. The second step was to assign a
background to each centre on the grounds of the following indicators:

1. work commuting,

2. the elimination of suburban and rural areas,

3. regionalization principles transforming the identified areas into continuous ones.

The methods of defining metropolitan areas using ITI in the Czech Republic are
individually tailored to each area. However, this does not necessarily undermine the
relevance, thoroughness and difficulty of the process. As stated above, this is, to a large
extent, a question of methodical approaches.

Now we will focus on our own method, the presentation and comparison of which is
the purpose of this article. The following indicators have been used to define the
metropolitan areas of Brno and Ostrava:

I. work commuting to the centre area on a daily basis (Czech Statistical Office 2011),

II. overall commuting to high schools in the centre area (Czech Statistical Office, 2011),

III. the migration of the population from municipalities into the centre area or vice versa

(during the period from 2010 until 2012)°.
1.Within each indicator, municipalities were individually assigned to a commuting or
migration destination based on the strongest commuting/migration flow. This eliminated
municipalities with insufficiently significant commuting/migration connections®. The
process differentiated municipalities and cities into various hierarchic levels, as shown in
the following model (Fig. 1).
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Fig. 1 Model of connections and hierarchic arrangement of municipalities and cities
(Source: original work)
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? Unlike work and school commuting, which are still mainly of a centripetal character (i.e. most
commuting is from suburban areas), in the case of migration this trend stopped after 1989, and now,
primarily due to suburbanization, the prevailing migration is out of the centres (though not necessarily
for every municipality). For this reason, we have taken into consideration both directions of travel
between municipality and centre.

* While under normal circumstances the first step is to define the metropolitan areas based on
population size or other characteristics (or a combination of the two), in this case, the centres were
determined by the Ministry of Regional Development of the Czech Republic.
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A centre of the 1% order is considered to be a municipality that is for at least three
municipalities simultaneously:

. the main centre of work commuting,
. the main centre of high school commuting,
. and the main centre of migration connections.

If a municipality was the centre for one or two other municipalities, or for more than
three municipalities for just one of the mentioned indicators, it was considered a local
centre. A municipality with interactions with one or more centres of the 1% order was
considered a municipality of the 2" order.

2. In this phase, to accurately define a metropolitan area, it was necessary to evaluate
whether the centre of the metropolis was more or less autonomous (monocentric system) or,
due to strong connections with other important centres (in this case centres of the 2™ order),
whether it was part of a polycentric system. It is necessary to mention, that daily work
commuting was of crucial importance, because it concerned the largest share of the
population (basically all employees), while the other two indicators helped to complete the
picture about space interactions (for the available data) in a given area since they either
covered a smaller part of the population or were not so intensive (unlike commuting,
migration happens in one direction). To assess the area type (whether mono- or polycentric)
it was sufficient to use the daily commuting indicator. If the area was of a polycentric
structure, a potential secondary centre (in this case a centre of the 2™ order) would comply
with following criteria’:
e it must be connected to the main centre by the strongest commuting influx, and
this must be sufficiently significant. (at least 5% of employees have to commute to the
main centre),
e relations within a polycentric system must be two-way, i.e. there must be
significant reciprocal commuter flow from the main to the secondary centre (if
commuter flow to the main centre = N, reciprocal flow out of the main centre must
exceed 20% from N),
e  connections within a polycentric system must be intensive (the number of
reciprocally commuting people on a lkm stretch of road between the main and
secondary centre must be more than 50)°.
In the case of Brno, none of the surrounding centres complied with these criteria, while in
case of Ostrava two secondary centres were identified: Karvind and Frydek-Mistek.
Based on this method, Ostrava was evaluated as polycentric with three centres: Ostrava,
Karvind, and Frydek-Mistek. Subsequently, these three centres have been subjected to the
same analysis as described in point one, this time being considered as one centre with
aggregated commuting and migration streams.

> The criteria were assessed empirically on the grounds of extensive analysis concerning
commuting and migration connections within the settlement system of the Czech Republic.
To transfer and use the method for other conditions/countries it is possible to adjust
particular figures, while maintaining the same principle of criteria.

® For the evaluation of reciprocal connections between centres, Hampl (2005) used the
value of 75 persons per one km in a straight line, however most people commute by bus or
personal car so it is more precise to consider the real road distance and reduce the limit to
50 people.
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3. This phase admitted only such municipalities that complied with the condition of the
main commuting/migration flow to the centre area from step one and that complied, at the
same time, with the percentage requirements of indicators I-III. In the case of work
commuting from a municipality to the centre, an indicator limit was set to 10% of the
employed inhabitants of the municipality, and in the case of high school commuting, a
limiting age of 15 to 19 was used. For migration, the limit was set to 1% of people
(inhabitants of a given municipality) moving in both directions between the municipality
and the centre. In order to determine the extent of the functional interaction between the
municipality and the centre for a certain set of municipalities, each indicator was
thoroughly analysed on two levels (altogether there are three pairs of sub-indicators):
I. The share of municipality inhabitants commuting/migrating to the centre, according to:

a) the ratio of those commuting to work to the total number of working inhabitants in

a given municipality,

b) the ratio of those commuting to high school to the total inhabitants of a given

municipality aged 15 to 19,

c) an aggregated value of the migration flows between a municipality and the centre

to the total number of inhabitants of that municipality.

II. An analysis of the five strongest flows for each municipality based on each of the three
indicators mentioned above. This analysis measured the degree of municipality
polarization, i.e. to what extent municipalities were tied by commuting or migration to
one or more centres (for more details see Van Nuffel, 2007). The five strongest
commuting/migration flows for each municipality were chosen and their volume
relativized (%) according to the total number of commuting/migrating people.
Subsequently, these ratios were correlated with model distribution ratios (100-0-0-0-0;
50-50-0-0-0; 33-33-33-0-0; 25-25-25-25-0; 20-20-20-20-20), which were in accordance
with having 1, 2, 3, 4 or 5 significant flows going out of a municipality. The number of
significant flows was determined on the grounds of this model distribution and the
tightest correlation with the real flows. Municipalities had a value from 0.2 — 1
assigned. If there was only one important flow (i.e. the tightest correlation was with the
first model of 100-0-0-0-0), the value assigned was 1; if there were two flows the value
was 0.8; three flows = 0.6, four flows = 0.4 and five flows = 0.2.

Afterwards, the values of these six sub-indicators were normalized with help of a Min-
Max normalization formula: x = (x-min,)/(max,-miny); so that their value would range
between 0.0 to 1.0.

By adding together the corresponding sub-indicators, three partial pairs of functional
integration were obtained — for work commuting, high school commuting and migration
— each one in the interval of 0.0-2.0. A value was added to each of these three indicators
according to their importance. The value was determined on the grounds of the
ratio/proportion of the number of people who are part of the given process in the Czech
Republic:’

e work commuting 2.20
¢ high school commuting 0.35
e migration 0.45

7 The number of people who commute daily to work and to high school (aged 15-19) across
the border of their village was, in 2011, approximately according to the following ratio:
73:12:15 (100 in total).
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The three partial pairs of functional integration were multiplied by these coefficients
and then added together to obtain a value of overall functional integration in the range
of 0.0 to 6.0, while the threshold for municipalities to be included in the metropolitan
area was set to a value of 3.0 (according to the number of indicators -3).

4. The next step was to match the surrounding areas to the centre of the 1% order or to local
centres. If during the previous step such centres reached the value of functional integration
of 3.0 or higher, the surrounding municipalities were added to the metropolitan area (even
if their strongest commuting or migration connections were not directed towards the centre
area).

5. The final definition of the two metropolitan areas was created by the integration of
enclaves/exclaves based on the principle of territorial integrity; the resulting area has to be
continuous.

Based on this procedure, BMA can be described as monocentric with its centre situated
in Brno, with 289 municipalities in the surrounding area, and a total number of inhabitants
of 711 thousand. The OMA can be defined as polycentric with three centres, 100
municipalities in the surrounding area and a total of 769 thousand inhabitants (see Fig. 2,
Fig. 3 and Table 1.).
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Fig. 2 Brno's metropolitan area (Source: original work)
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Fig. 3 Ostrava's metropolitan area (Source: original work)

As shown in Table 1., individual methods achieve — at least when considering the
number of municipalities and inhabitants — different results. Setting a unified method to
define such a complex organism as a metropolitan area, which could be used without
attending to the differences between monocentric and polycentric structures, is potentially
very problematic.

Table 1.
Metropolitan areas of Brno and Ostrava, based on other comparative methods

and selected works.

BMA OMA
.. Related to the
Definition based on year (date) Number of Number of Number of Number of
municipalities inhabitants municipalities inhabitants
Proposed method by us 2011 290 711 091 103 768 853
Mulicek et al. 2011 167 609 114 - -
Kladivo et al. 2011 - - 124 970 558
Dvorak 2011 305 719 271 49 436 076
Hrugka-Tvrdy 2010 - - - 1013912
OECD 2010 245 639 026 67 564 380
Fixel et al. 2009 96 507 088 - -
Hampl 2004 292 589 637 251 891 759
Cermak a Kostelecky 2001 133 514 869 54 671947

Source: original analysis based on the data from the Czech Statistical Office (2011), Dvotak (2015),
Kladivo et al., (2015), Mulif:ek et al. (2013), Hruska-Tvrdy (2012), OECD (2013), Fixel et al. (2009),
Maly lexikon obci (2004), Cermak and Kostelecky (2004).

Based on the comparative analysis of these methods, we can highlight and discuss the
following differences, even deficiencies, in the methods of Muli¢ek etal.(2013) and Kladivo
et al.(2015) when compared with our method. Mulicek et al.(2013) versus our method:

o Use additional indicators connected to potential areas; our method uses only indicators
related to existing strong connections within an area;



Petr TONEV, Zdenék DVORAK, Petr SASINKA, Josef KUNC, Markéta CHALOUPKOVA ... 117

e Use primary school commuting, which has only a small/local spatial range. Commuting
to high school better reflects the connections on a higher hierarchic level;

e Do not deal with the possibility of a polycentric area, nor the possible presence of
secondary centres;

e Their procedure is more complicated; the method requires specialized software
(INTRAMAX) and even the programming of a special application (TTWA).

Kladivo et al. (2015) versus our method:

e Use a subjective choice of centres, based on population size and some other qualitative
characteristics without setting a limit, thus it is not clear which method applies to which
area;

¢ Add some secondary centres without sufficiently clear justification, giving an artificial
impression of their position and significance as work commuting centres;

o Their choice of centres assumes the polycentric character of the area without reflecting
the reciprocal, and often rather asymmetrical, connections between them;

e Do not deal with the level of functional integration of municipalities within the
metropolitan area, and therefore do not consider the strength of the relation between a
municipality and the centre/centres.

3. CONCLUSION

The countries of CEE, Czech Republic including, lack an established, unified method
for defining metropolitan areas. In the current programming period, 2014-2020, the
approach to each definition has been individual. The extent and structure of metropolitan
areas defined using the ITI tool are considerably changeable which cannot be considered
ideal, i.e. in terms of comparing indicators and evaluating developing effects. It is possible
to apply the new method presented in this article to any area with diametrically different
settlement structures (monocentric or polycentric), as shown using Brno and Ostrava
metropolitan areas as case studies. Verifying the existence of a greater number of centres
interconnected functional relationship leads, in the case of a polycentric settlement system,
to a significantly more accurate definition of a metropolitan area. The application of the
method is also fairly straightforward; it does not require either the use of special software,
or any programming of special algorithms. Certain disadvantages seem to be that the
method does not consider less significant connections within a metropolitan area (usually of
a tangential character i.e. heading out of the centre of a metropolitan area); or control the
level of self-containment (the ratio of interactions within the area to the interactions at its
borders); as are considered by some of the more complex procedures. The method is not
limited to using commuting to work as an indicator, but can be used for other available
indicators too if these have sufficient corresponding value in terms of inter-settlement
connections in the researched area (migration, commuting for a certain type of service and
so on). In this case, the result would be not just the definition of a metropolitan area, but
also of the functional interactions of the territorial unit used (in this case the municipality),
and this has the potential to be used in other, more detailed analyses of the area -area not
primarily bound to the territory of given country, but with respect to the settlement system
and territorial specifics. Comparison and discussion of the presented methodological
approaches are not an a priori criticism of the methods used. Their authors were often
forced to adapt to the "recommendation" of the sponsoring institutions and to alter the
results achieved based on correct data and approaches according to their preferences. Our
criticism is, therefore, directed both towards the inability of both central (state)
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coordination of the ITI and towards the municipal and regional authorities which are
supposed to apply them to the metropolitan areas in the territory. Clearly, the process will
be very difficult and lengthy in transitive economies that are not used to the functionality
and potential institutionalization of metropolitan areas.
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