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Abstract. One of the characteristic phenomena associated with the current development of civiliza-
tion is undoubtedly metropolisation. This article focuses on the strategically important problems
of the metropolisation of the Central European area with an emphasis on the Visegrad countries.
The introductory part is dedicated to the identification of Central European metropolises based on
three components: population size, economic profile and investment attractiveness. Designated me-
tropolises are then assessed from the point of view of integrative potential level, including economic
interactivity, tourist attractiveness and transport connectivity. Based on the synthesis of these com-
ponents, the most important axes of supranational importance were identified. It can be said that
within the established network of metropolitan axes connecting eastern with western parts of the
Central European region the Czech Republic is the best placed, followed by Poland. From a wider
geopolitical outlook this network creates favourable conditions for the integration of the Visegrad
countries, mainly driven by international trade.
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Introduction

From a long-term perspective, urbanization is probably the most visible manifestation of
global socio-economic development. Metropolisation can be understood as a higher stage
of urbanization, which is no longer primarily about the concentration of population, but
about the concentration of importance. This developmental tendency stimulates horizontal
and vertical cooperation of metropolises as an important tool for increasing national and
regional competitiveness. Overall, however, it is necessary to say that there is still no clear
consensus on the scientific definition of the metropolisation process. The main goal of this
paper is a consistent presentation and application of the theoretically anchored method of
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the identification of metropolises and follow-up analyses reflecting the integrative potential
of metropolises on the example of the Central European area. For a definition of this area the
publications World Factbook (Central Intelligence Agency, 2014), Encyclopeedia Britannica
(2011), Brockhaus Enzyklopédie (Brockhaus Enzyklopddie Jahrbuch 2009, 2010) and others
(e.g. Novacek, 2012) were used. The final region includes nine countries altogether: Germany,
Austria, Switzerland plus Liechtenstein, Slovenia and the Visegrad countries, hereinafter V4,
i.e. Poland, the Czech Republic, Hungary and Slovakia (in this context it is necessary to draw
attention to the relative informative ability of any definition given by the complicated history
of the studied area and the political and cultural links to its surroundings.

1. Methodological and conceptual starting points of the research

A characteristic feature of the elaborated methodical approach is the generalization of the
metropolitan processes, with a specific emphasis on the verified statistical data and the po-
tential synergic effects inducing the dynamic development of metropolitan networks of su-
pranational significance. From a practical point of view, it can be said that the innovative
approach used corresponds to the needs of integrated spatial planning whose main objective
is permanent strengthening of business, the residential and cultural attractiveness of the
regions, all of which creates the basic prerequisites for their sustainable development. Accord-
ing to Potschin, Klug, and Haines-Young (2010) this modern concept connects the planned
intentions with the relevant actors in the spirit of a holistic approach.

The utilization of integrated approaches in spatial planning is historically associated with
the idea of functionalism, which seeks effective land-use regulation through the controlled
allocation of investment. This idea became the mainstream view of the Athens Charter of
“modern urbanism” published in 1933. From the present-day documents it is necessary to
mention the Charter of European Planning (European Council of Spatial Planners, 2013),
whose leitmotiv is the support of integration and cohesion in space and time. A specific
example is then the “leitbild” concept, mainly used in German-speaking countries, which
was formed in the framework of modern landscape and spatial planning (Klug, 2012). From
a broader perspective, this concept can be considered as a search for the “perfect scenario’,
which extends the possibilities of its use e.g. in the planning of distribution networks and
tourist infrastructure (see Bieger, 2008).

As already mentioned, an important part of the elaborated method is the analysis of pro-
cesses related to the creation of networks of supranational metropolitan axes with significant
links to the development of large polycentric settlement systems. These development axes
expand the market for goods and services as well as increasing the average distance of com-
muting for work and therefore have a significant impact on the implementation of national
public policies and common policies of the European Union. Their potential impacts on the
development of V4 metropolises are evaluated on the basis of three complementary com-
ponents: general economic interactivity (with important links to economic cooperation and
territorial competitiveness), tourist attractiveness (with important links to social relations
and territorial cohesion) and transport connectivity (with important links to international
trade and territorial quality of life). The final synthesis is then based on the typology of the
identified metropolises that can be effectively used in the processing of long-term strategies
regarding their development.
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2. Research database

The identification of metropolises requires the application of a uniform methodology to
ensure international comparability. Accordingly, the OECD has developed a functional “eco-
nomic areas” method that overcomes distortions associated with administrative division (Or-
ganization for Economic Cooperation and Development [OECD], 2012, 2013). This method
is based on quantification of travel-to-work flows integrating metropolitan cores with their
hinterlands. Given that these data are usually collected only in the censuses, the latest rel-
evant GDP data in PPP are available for 2012 and the population data for 2014 (using the
GDP in PPP indicator takes into account different price levels of individual countries as the
primary factor of their competitiveness on international markets — see Table 1). The same
principle of international comparability also respects the assessment of tourist attractiveness
and transport connectivity. Regarding the component of tourism attractiveness, the primary
indicator of the evaluation was the number of foreign visitors in collective accommodation
facility per year. Most of the data come from the city statistics published by TourMIS. Some
missing information (selected Polish and German cities) was added from the regional data-
bases of the national statistical authorities (Statistics Poland, 2017; Statistisches Bundesamt,
2017). In the case of transport connectivity, metropolitan interconnection by air transport
was assessed through passenger capacity of flights, based on airport statistics from Eurostat
(2017) and data on relevant flights from www.flightradar24.com (Flightradar24, 2017). Time
comparison with road traffic connections is based on www.maps.google.com planning mod-
ule (Google, 2017).

3. Identification and positioning of metropolises

The approach used for the identification and positioning of metropolises takes into account
the knowledge of a series of regional development theories (Brender & Golden, 2007; Mc-
Cann, 2010; Stimson, Stough, & Roberts, 2006). In this context, we consider as inspiring the
theory of localization, of central places, of polarized development and of cumulative causality.
Moreover, we also consider the utilization of the theory of integrated and sustainable regional
development to be beneficial. This theory (Viturka, 2014) stresses that the characteristic
feature of human progress is the hierarchical differentiation of societal systems and their in-
tegration through the territorial division of labour. The resulting spatial arrangement ensures
the coherence of systems reflecting the achieved degree of balance between the economic,
social and ecological factors. Regarding the spatial integration of systems, the following driv-
ing forces are then considered to be decisive: labour interactions on a microregional level,
production interactions on a mesoregional level, administrative interactions on a macrore-
gional level and trade interactions on a global level. The ambiguity of the metropolisation
concept complicates the assessment of the metropolises, starting with the definition itself.
The elaborated and practically verified method of identifying them was therefore based on
three both quantitative and qualitative components:

1. population of the metropolises, a sufficient size of which is generally regarded as the

initial assumption for starting the metropolisation process;
2. economic profile emphasizing the share of knowledge-based industries;
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3. investment attractiveness as a reflection of the quality of the business and social en-
vironments.

In the case of population size, it should be mentioned that there is a lack of clear dis-
tinction between metropolises and other major cities (it is necessary to take into account
the comparability of their territorial delimitation). In this context, one million inhabitants
are considered as the basic size limit of supranational significant metropolitan regions. In
the case of metropolitan regions of secondary importance, the commonly used limit is half
a million inhabitants (Brezzi, Piacentini, Rosina, & Sanchez-Serra, 2012). In our case, a total
of 27 metropolises or metropolitan regions were identified.

The progressive economic profile is regarded as a typical feature of metropolises. The logic
of this classification is not significantly disputed (Globalization and World Cities [GaWC],
2014; Zitek, Klimovd, & Kralova, 2016). In this context, the metropolises were distributed
into the following groups (Kritke, 2006, 2014):

1. Group A: above average proportion of HTT (research-intensive high technology in-
dustrial branches) + MTI (research-intensive medium high technology industrial
branches) + TS (knowledge-intensive technology-related services).

2. Group B: above average proportion of ES (knowledge-intensive market-related en-
terprise services) + FS (knowledge-intensive financial services) + HEM (knowledge-
intensive services in healthcare, education and the media industry).

3. Group C: average proportion of knowledge-based industries with a better position of
technology-related branches (HTI + MTI + TS).

4. Group D: average proportion of knowledge-based industries with a better position of
service-related branches (ES + FS + HEM).

5. Group E: below average proportion of research and knowledge-intensive branches.

In order to assess the economic profile, the Eurostat Regio database was selected. The
final evaluation works with three classification groups, when metropolises of groups A and
B are included in the above-average category, metropolises of groups C and D in the average
category, and metropolises of group E in the below-average category. Based on the given
groups, regional employment was compared to total employment and the shares found were
used for the classification of national metropolises. The highest number of metropolises fall
in the above-average and average categories (the best category includes Stuttgart, Mannheim,
Hannover, Nuremberg, Hamburg, Munich, Frankfurt a. M. and all Swiss metropolises; the
below average category includes only the Polish metropolises with the exception of Warsaw
and Katowice).

The quality of the business environment (QBE) occupies a central position in the case
of the evaluation of the investment attractiveness of metropolises and its inclusion balances
a certain partiality of both previous components. Verified information from the European
Cities Monitor (Cushman & Wakefield, 2011), was used for its evaluation. Due to the lack of
geographic coverage of the whole examined region, this information was completed by data
obtained from the benchmarking of large cities created by the HWWI/Berenberg bank, the
results of the aggregate rating of localization advantages (Neumann, 2013) and the database
of GaWC, Loughborough University. The assessed metropolises can be divided from a broad-
er perspective into three categories:
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Table 1. Data about the population (2014) and GDP (2012) of Central European states and metropolises
(source: OECD, 2018; own calculations)

: Growth
mi:jtig}r)l(t)ﬁ/an Population P?;I:érdier?}f.l/t ! P(;Ill)étcr;(:?s‘:’:'i GDP-mil. GDP_U.SD of GDP
region km?) (2008-2014) USD/PPP | per capita | metro/state
(2008-2012)

Poland 38017 856 122 X 841 841 21 844 X
Warsaw 3037 890 353 1.03 138 448 46 013 1.05
Katowice* 2589 349 660 0.98 64791 24 837 0.96
Krakow 1362 740 363 1.02 35283 25997 0.99
Gdansk 1105 467 423 1.02 30 061 27 367 1.09
Lodz 939 568 555 0.98 23110 24 384 0.97
Poznan 950 596 309 1.03 33815 35900 1.00
Wroclaw 837995 318 1.01 25968 31084 1.05
Czech Rep. 10512419 136 x 286 885 27 350 x
Prague 1910 396 486 1.05 86 434 46 255 0.98
Hungary 9879 365 106 x 215424 21690 x
Budapest 2879601 475 1.03 102 940 35964 1.01
Slovakia 5415949 110 x 137 455 25434 x
Bratislava 729 157 280 1.03 40 168 55 626 1.03
Germany 80767 463 226 x 3363274 | 41094 x
Berlin 4399 542 712 1.03 165 377 37701 1.03
Rhine-Ruhr* | 7066 185 969 1.01 315059 44 439 0.99
Hamburg 3008 841 522 1.03 158 074 52748 0.96
Munich 2965 871 474 1.08 184701 63 592 1.04
Frankfurt/ M. | 2533311 652 1.03 143 516 56 828 0.94
Stuttgart 1965 942 989 1.03 108 877 55541 1.01
Mannheim 1230276 631 1.00 55014 44 525 0.98
Hannover 1217511 394 1.01 55136 45190 1.01
Nuremberg 1169 367 374 1.02 56 100 48 025 1.03
Bremen 1027 192 323 1.02 44 594 43 448 0.97
Leipzig 830318 391 1.00 27933 33 500 1.05
Dresden 847 600 494 1.04 26 969 32024 0.98
Austria 8506 889 103 x 363 549 43238 x
Vienna 2793631 307 1.04 129 516 47 307 0.99
Switzerland 8139631 204 x 413 368 51 966 x
Zirich 1246 968 1060 0.98 77 011 62798 0.99
Geneva 831 452 531 1.02 43 897 54 352 1.00
Basel 780 223 546 0.96 41 375 53 502 0.99
Slovenia 2061 085 102 x 55313 26910 x
Ljubljana 585 850 186 1.02 21567 37419 1.09

Notes: *The figure is related to the polycentric metropolitan region Rhine-Ruhr (consists of Diisseldorf,
Cologne, Dortmund, Duisburg, Essen, Bonn and Bochum) and Upper Silesia (Katowice, Sosnowiec

and other cities).
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1. Metropolises of global importance - five metropolises (Frankfurt a. M., Berlin, Mu-

nich, Zurich, Rhine-Ruhr).

2. Metropolises of European importance - seven metropolises (Geneva, Hamburg,

Prague, Vienna, Warsaw, Stuttgart, Budapest).

3. Metropolises of Central European importance - remaining fifteen metropolises.

For a comprehensive evaluation of metropolises, a typological method was chosen to
classify phenomena according to the similarity of the selected characteristics due to data
comparability problems. In our case, we dealt with the functional positioning of metropolises
according to components of population size, economic profile and investment attractiveness.
The metropolises were classified into dominant, established and elementary types (see Fig-
ure 1). The statistical analysis shows that the type classification of the metropolises has the
strongest link to the component investment attractiveness, with a correlation coeflicient k =
0.85. The results logically showed a significantly better position of western metropolises with
a threefold weaker representation of the elementary type in comparison with the eastern
metropolises.

4. Interactive analysis of Visegrad metropolises

As already indicated, the metropolises represent one of the main symbols of changes in the
scale and form of urbanization happening in the background of the globalization process
(Hanssens, Derudder, & Witlox, 2012). This development supports the strengthening of the
metropolitan axes, which thus become an ever more dominant part of urban systems (Parr,
2014). Spread effects stimulating a gradual transition from traditional monocentric systems
to cooperating polycentric systems are symptomatic for fully developed axes (Growe, 2012).
The corresponding objective of relevant analyses is then to assess their supranational integra-
tion potential. This analysis involves three components: general economic interactivity, tour-
ist attractiveness and transport connectivity. In this context, we will focus on the evaluation
of interactions between V4 metropolises and the western part of the Central European area.

4.1. General economic interactivity

The evaluation of economic interactivity (Matsumoto, Domae, & O’Connor, 2016; Calata-
yud, Palacin, Mangan, Jackson, & Ruiz-Rua, 2016) is based on a modified gravity model as
a standard tool of a qualified estimate of potential interactions, especially in conditions of

insufficient data availability:
m; xm;
G -——
LA P
Y
where G;; - the economic force acting between the metropolises, m;; — the economic impor-
tance of metropolises and d;; - the distance of concerned metropolises. For measuring the
importance, GDP data available for metropolitan regions in 2012 were used, and the distance
of the metropolises reflects the length of the fastest motorway/road connection (taking into

account the permitted daily driving time of trucks under the EU regulation, which cor-
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responds to a maximum distance of 600 to 700 km). The supranational metropolitan axes
defined on the basis of aggregated G,,,, values then occupy the most important position in
terms of integration potential. The used model shows the strongest supranational links of
Warsaw with Berlin, of Prague with Berlin and Munich, of Budapest with Vienna and of
Bratislava with Vienna. From a theoretical perspective, the development importance of me-
tropolises documents the creation and diffusion of urban or localization savings in the spirit
of agglomeration economies.

The economic importance of defined supranational axes confirm the decisive shares of
the German “Lindern” in the foreign trade of the Czech Republic after 1989- export/import:
Bavaria 29/16%, Baden-Wiirttemberg 19/14%, Nord Rhine-Westphalia 14/14%, Lower Sax-
ony 8/8%, Saxony 10/5% and Hesse 6/4%; to a large extent we come across a similar order
in the case of Poland, where the north eastern German regions are logically somewhat more
involved (see Statistisches Bundesamt, 2016; Wydziat Ekonomiczno-Handlowy - Ambasada
RP w Berlinie, 2005). In this context it is important to remember that Germany is the most
important economic partner not only for all V4 countries (the strongest position in this re-
spect is held by the Czech Republic with the best geographic position, followed by Hungary),
but also for all the remaining countries of the examined Central European area. A similar
spatial pattern can be assumed even in the case of foreign direct investment. In this context,
however, it is necessary to note that regional statistics related to international trade and direct
investment in all the countries concerned are highly fragmented or not available, with the
exception of Germany.

The defined metropolitan axes of supranational importance have been divided into three
statistical groups — axes of 1st, 2nd and 3rd order based on the generalized border values
Gy 40 and G,
first group comprises 8 out of a total of 18 axes (see Table 2). In this context, it is an impor-
tant finding that all major V 4 metropolises (especially Warsaw and Prague) are linked to the
closest German metropolises and further with Vienna by the historically constituted axes of

20 established in accordance with their integration significance, when the

the highest category. This fact can be seen as confirmation of their intensive involvement in
international economic cooperation.

Metropolitan axes of supranational importance naturally interconnect the most important
spatial concentrations of economic and social activities. Their two-way interactions create de-
velopmental impulses that ensure the external equilibrium of societal systems. The acquired
knowledge can be considered an important prerequisite for useful optimization of the terri-
torial division of labour through public support for competitive and sustainable development,
restricting the production of negative externalities (in particular, urban congestion of the
metropolitan regions degrading the quality of life). This support should respect the spatial
impact of diverse economic and non-economic measures and prioritise integrated approach-
es over isolated efforts to stimulate long-term development through partial policy motivated
measures (in this context, it is appropriate to mention a certain analogy with the system
approach to maintenance and support of the development of bio-centres and bio-corridors
as essential components of territorial systems of landscape ecological stability).

! Ljubljana was not included in the analyses due to marginal importance for economic integration of V4 countries.
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Figure 1. The metropolitan system of the Central European area from the point of view
of the V4 countries (source: Viturka, Patil, Tonev, Sasinka, & Kunc, 2017)

Table 2. Metropolitan axes of supranational importance (source: OECD, 2012, 2018; own calculations)

Metropolitan axis Goum Group
Prague — Nuremberg — Munich - Ziirich 58/68 1
Prague - Dresden - Berlin - Hamburg 57179 1
Prague - (Nuremberg) — Frankfurt a. M. - Rhine-Ruhr 36/73 1
Prague - (Nuremberg) - Stuttgart - Mannheim 29 2
Prague - (Dresden) - Leipzig - Hannover - Bremen 20/26 2
Prague - Vienna 35 2
Prague - Bratislava — Budapest 28 2
Prague — Wroclaw - Lodz - Warsaw 11/29 2
Prague - Katowice 12 3
Warsaw - Lodz - Poznan - Berlin 69 1
Krakow - Katowice — Wroclaw - Berlin 43 1
Warsaw - Katowice - Vienna 22/49 1
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End of Table 2
Metropolitan axis Goum Group
Katowice — (Wroclaw) — Dresden - Leipzig 12 3
Gdansk - Berlin 10 3
Warsaw — Katowice - Bratislava 7115 3
Budapest — Vienna — Munich 55/84 1
Budapest — Krakow — Katowice 24 2
Bratislava — Vienna 66 1

Notes: Gg,,, - metropolises in distance to 600 km; G,,,,, — metropolises in an extended distance up to
700 km (Nuremberg etc.) — relevant value G is assigned to another axis.

4.2. Tourist attractiveness

The intensity of the tourist flows is determined from the spatial point of view by the attrac-
tiveness of the destination, the population size of the source centres and the distance between
them. Modelling of tourist flows is based on information on the demand for metropolises un-
der investigation and identification of sources of this demand using the gravity model. From
the TourMIS database (Wober, 2003), which aggregates the data of the National Statistical
Offices, we gained an overview of the geographical structure of the metropolitan traffic for
2015. The next step was to estimate the volume of traffic that falls on the source metropolis.
Here we based our information on the share of the population of the origin metropolis in the
total population of the state. Using the gravity model for the distribution of relevant national
flows into the metropolises between the cities of origin and the estimating differences in
the purchasing power of the metropolitan population, the tourist flows between each of the
two investigated metropolises were determined. This analysis focuses on assessing the links
between the V4 metropolises and the remaining 16 Central European metropolises except
Ljubljana. According to the statistical offices of the respective countries, 40.5 million foreign
tourists were accommodated in all cities in 2015 (more than half have less than 1 million
foreign tourists). Just two metropolises, Prague (5.7 million) and Vienna (5.5 million), gener-
ate 28% of all traffic. In the V4 country, this is about 1/3 of the performance.

Based on the application of the gravity model, a total of 184 tourist international flows
were identified from the perspective of the V4 countries. Each interaction includes a two-way
flow of visitors. The total volume of interactions reaches 1.26 million visitors, which means
less than 10% of all Central European metropolitan traffic. Above-average links to these me-
tropolises were found in Wroclaw (16%), Poznan (14%) and Bratislava (11%). On the other
hand, Budapest and Krakow (Prague is slightly below average) showed the weakest links.
The geographical distribution of the most significant tourist flows is illustrated in the Table 3
and Figure 2. It can be said that the differences in the strength of the tourist flows are very
significant when roughly half of their volume is generated by the first 19 interactions. Prague’s
share of these flows is about 40%. About half of the value is achieved by Budapest, which is
significantly behind Prague in inbound tourism (on the other hand it has the strongest posi-
tion in outbound tourism within the V4 countries). Bratislava and Warsaw are significantly
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behind with a share of only 11% and 7% respectively. The attractive Krakow then occupies
the fifth position. A strong historical link with Prague is seen in the relatively stable position
of Bratislava as the smallest metropolis of V4.

The V4 countries show a positive balance of tourist flows with the Central European
metropolises. In total, more than 0.5 million visitors arrive than leave each country. This
balance is at the expense of “Western” metropolises (the only metropolis with a positive
balance is Vienna). Concerning individual tourist flows, nine of the ten most important ones
are related to visits to Prague with the only exception of the flow Budapest — Vienna, which
comes second after the Prague - Vienna flow. Besides Vienna, Prague still has strong tourism
links to Bratislava, Berlin, Rhine-Ruhr, Munich and Budapest. Somewhat weaker are links
to Frankfurt am M., Dresden and Hamburg. Prague’s spatial ties are oriented mainly to the
West-East direction, dominated by significant German metropolises along with Vienna (the
connection of Prague to Poland appears to be of little importance). Budapest also exhibits
a similar model of spatial ties with dominant links to Vienna, Prague, Berlin and Rhine-
Ruhr. In the case of Bratislava, traditional ties to Prague and Vienna prevail. Warsaw shows
significantly weaker links to the metropolis of the V4 countries and the German metropolis,
which are the most important for it.

Table 3. Inbound and outbound tourism in the metropolises V4
(source: TourMIS database, 2017; own calculations)

. Main source for Main destination for

Metropolises | Tnbound | Outbound | - Total inbound tourism flow | outbound tourism flow
Berlin, Vienna, Bratislava, Vienna,

Prague 496603 | 108593 | 605196 Bratislava, Rhine-Ruhr | Budapest
Vienna, Berlin, .

Budapest 185 654 126 950 | 312 604 Rhine-Ruhr Vienna, Prague

Bratislava 86153 | 75948 | 162101 |Prague, Vienna Prague, Budapest,

Vienna

Warsaw 57 230 48 294 105 524 | Berlin, Rhine-Ruhr Prague, Berlin

Krakow 66663 | 22181 | ssgas |Dudapest Berlin, Prague, Budapest,
Vienna Berlin, Vienna

Wroclaw 48 834 17 873 66 707 | Berlin, Rhine-Ruhr Prague, Berlin

Katowice 11391 | 44679 | 56070 |Berlin, Rhine-Ruhr | Lrogue Vienna, Berlin,

Budapest

Poznan 28087 | 20106 | 4103 |Berlin Rhine-Ruhr p b
Hamburg

Gdansk 29479 | 13068 | 42547 |Derlin Rhine-Ruhr p b
Hamburg

Lodz 9 376 13774 23 150 |Berlin, Rhine-Ruhr Prague, Berlin

Total 1019470 | 491466 |1510937

Notes: The total sum of the tourist flows includes duplicate information (for example, the departure
from the metropolis is also the arrival to another metropolis).
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The examined metropolitan links were divided into four groups based on the intensity
of the relationships, reflecting the strength of the individual tourist flows (see Figure 2). The
most important links were included in the first and second groups, which include 8 out of a
total of 42 tourist interactions of transnational significance. The third group consisted of 9
interactions and the remaining 25 interactions belong to the last group. With the exception
of the two interactions (the Prague — Bratislava and Prague - Budapest links), the strongest
tourist interactions logically refer to the richer and more populous “Western” metropolises.
Therefore, we find the more frequent occurrence of interactions between V4 metropolises in
the third and fourth groups. This clearly shows the economic power of Germany (or Austria
and Switzerland), which is the primary source market for almost all V4 metropolitan areas.

By the analyses carried out, the metropolitan tourist axes were identified at the final stage
(see Table 4). Similarly, to the general economic interactivity and transport connectivity
components, the metropolitan axes were divided into three groups according to the intensity
of accumulated tourist flows (TFsum). Compared to economic interactivity, tourist attrac-
tiveness is more diversified. The reason is primarily the nature of tourism, which benefits
from the uniqueness and specificity of destination. The most significant group contains only
5 out of a total of 18 defined axes. Except for the Prague — Bratislava - Budapest axis, all
the most important axes are oriented to the German metropolis, complemented by Vienna.

Country
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Figure 2. The tourist flows of the Central European area from the point of view of the V4 countries
(source: TourMIS database, 2017)

Notes: Continuous lines represents tourist flows with arrivals > departures to V4 metropolises,
dashed lines represents airlines with departures > arrivals.



230 M. Sauer et al. Integrative potential of Central European metropolises with a special focus ...

Table 4. Tourist metropolitan axes (source: own calculations)

Metropolitan axes TF,/TF g Group
Prague — Nuremberg — Munich - Ziirich 79194 1
Prague - Dresden - Berlin - Hamburg 128/165 1
Prague - (Nuremberg) — Frankfurt a. M. — Rhine-Ruhr 39/87 1
Prague - (Nuremberg) - Stuttgart - Mannheim 52 2
Prague — (Dresden) — Leipzig - Hannover — Bremen 48/63 2
Prague - Vienna 67 2
Prague - Bratislava — Budapest 109 1
Prague — Wroclaw - Lodz - Warsaw 10/24 3
Prague - Katowice 11 3
Warsaw — Lodz - Poznan - Berlin — Hannover — Rhine-Ruhr 38/57 2
Krakow - Katowice - Wroclaw - Berlin - Hamburg 34/46 2
Warsaw - Katowice - Vienna 8/17 3
Krakow - Katowice - (Wroclaw) — Dresden — Leipzig — Rhine-Ruhr 10/32 2
Warsaw - (Katowice) — Budapest 19 3
Budapest — Vienna - Munich - Zurich 71/98 1
Budapest — Krakow - Katowice 12 3
Bratislava — Vienna 31 2
Budapest — Nuremberg — Frankfurt a. M. - Rhine-Ruhr (new axis) 40 2

Notes: TF,,,,, - metropolises in distance to 600 km; TF,,,,, - metropolises in distance 600 km; (Nurem-
berg) relevant value of TF is assigned to another axis; metropolises not included in the axis in Table 2
are underlined.

There is a different situation in the Polish cities, which show weaker tourist links both to
Germany and other V4 metropolis. Budapest, on the other hand, boosted its tourist at-
tractiveness and, besides the traditional axis of Budapest — Vienna — Munich, a new tourist
axis is being set up for Nuremberg, Frankfurt and M. and Rhine-Ruhr. Overall, however,
the tourism processes in the Central European area result in a very similar picture of the
distribution of economic and social activities in the territory. It can be said that the tourist
attraction of the V4 metropolises through the development of tourism strengthens its links
with its natural economic partners, and the less attractive metropolises for tourists in this
direction tend to follow these links, with the importance of tourism for their economic de-
velopment usually being marginal.

4.3. Transport connectivity

Transport connectivity is generally understood as the degree of interconnection of urban
nodes by different types of transport network. In this case it is aviation (Arvis & Shepherd,
2016) and road (Liu, Dai, & Derudder, 2017) transport. In this regard, the location of a large
international airport (Duval, 2013; Suau-Sanchez, Voltes-Dorta, & Rodriguez-Deniz, 2016)
is considered to be a significant metropolitan symbol. The influence of dynamic spatial and
temporal organization of air transport in Central Europe has been researched in Kraft (2016).
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Table 5. Role of metropolises in the air transport sector in the Central European area (source: Eurostat,
2017; Flightradar24, 2017; own calculations)

Central European flights All flights
Metropolises |  Flights | Passengers | Flights | Capacity | Flights | Passengers | Flights |Capacity
(estimate) | (%) (%) (%)* | (%)*

Munich 211016 | 25549 954 14.0 14.8 361 288 | 40 860 798 58 63
Frankfurt/M | 174 653 | 22709 296 11.6 13.1 482899 | 63486473 36 36
Rhine-Ruhr | 135050 | 15894 108 8.9 9.2 358939 | 34 736 449 38 46
Diisseldorf 124191 | 14 268 033 8.2 8.2 202764 | 22448170 61 64
Cologne 3422 547 500 0.2 0.3 128 537 | 10 313 744 3 5
Dortmund 7437 1078575 0.5 0.6 27 638 1974535 27 55
Hamburg 111279 | 14417 318 7.4 8.3 158 197 | 15583 550 70 93
Berlin 97364 | 13343716 6.4 7.7 260274 | 29 507 852 37 45
Vienna 99919 | 13005 269 6.6 7.5 219762 | 22739777 45 57
Zurich 112968 | 12 808 215 7.5 7.4 231095 | 26 251 507 49 49
Warsaw 101 379 | 8216926 6.7 4.7 155045 | 13 807 622 65 60
Stuttgart 69 122 7 694 884 4.6 4.4 136 057 | 10488 111 51 73
Geneva 52013 5890 142 34 3.4 146 440 | 15682128 36 38
Budapest 42 021 4531749 2.8 2.6 92294 | 10228352 46 44
Prague 44 804 4004 278 3.0 2.3 117903 | 11 867 665 38 34
Hannover 28 698 3416 126 1.9 2.0 94 563 5433235 30 63
Nuremberg 35542 3149 631 2.4 1.8 59 304 3351902 60 94
Basel 28744 | 2972332 1.9 1.7 59110 | 6315329 49 47
Dresden 25459 2554 361 1.7 1.5 29310 2804 190 87 91
Krakow 27 968 2468 860 1.9 14 36302 4213036 77 59
Bremen 18022 | 2230698 1.2 1.3 40623 | 2657613 44 84
Leipzig 20942 2188 266 1.4 1.3 64 457 2304110 32 95
Gdansk 23999 2078128 1.6 1.2 40 261 3696 829 60 56
Wroclaw 19 893 1714268 1.3 1.0 24 510 2263358 81 76
Katowice 9901 1093 859 0.7 0.6 27 397 3047915 36 36
Poznan 11 041 717 773 0.7 0.4 21819 1483 810 51 48
Bratislava 2464 231319 0.2 0.1 23670 1555558 10 15
Lédz 2190 137970 0.1 0.1 13 302 288 567 16 48
Mannheim 3696 110 869 0.2 0.1 4115 121 811 90 91

Total 1510147 | 173130315 | 100.0 100.0 | 3258936 | 334777547 | 46.3 52

Note: *Indicative share of Central European flights on all flights.

In the air network of the 26 Central European metropolitan cities 269 airlines between 28
airports were registered (the Rhine-Ruhr metro region includes three airports — Diisseldorf,
Cologne and Dortmund) in February 2017. These regular airlines include approximately
1.51 million direct flights; the estimated number of passengers based on transport capacity
is about 173 million passengers. In total, according to Eurostat data, there were 3.26 million
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flights with a volume of about 335 million passengers in 2015 (see Table 5). It is not surpris-
ing that the most important airports are located in Germany: Munich (15% share of transport
performance), Frankfurt (13%) and Rhine-Ruhr (9%). Germany’s dominant position shows
63% share of departures and 68% share of arrivals. The second most important country
from this point of view is Switzerland, representing almost 12% arrivals and more than 13%
departures. The only V4 country with a more significant position than at least one “west-
ern” country (Austria) is Poland with adequate shares of 10% departures and 9% arrivals,
followed by the Austrian position with 6% departures and 8% arrivals. The Hungarian and
Czech share is about 2% and Slovakia has less than 1% share. Figure 3 shows the strongest
air links in the Central European region from the perspective of the V4 countries. Individual
flights are weighted by the annual capacity of the line, which is measured by the sum of all
arrivals and departures. The relevant traffic flow is then assigned to the metropolis whose
total arrivals on a given route are greater than the sum of departures (exceptions are where
flights are designated by dashed lines despite the greater number of arrivals to the German,
Austrian or Swiss metropolises). An important finding is the fact that internal transport of
persons within national structures is also essential in air transport. The fact of being locat-
ed in a more peripheral location that strengthens air transport appears to be a paradoxical
advantage for metropolises (e.g. Warsaw). The metropolis located in the central part of the
region, such as Prague, is in a less significant position. This finding corresponds to the fact
that in the central part of the region it is possible to carry out long-distance transport using
other modes of transport, especially road transport (high speed railways due to their absence
in V4 countries are not included here).

Yearly airlines capacity
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Figure 3. Air transport in the Central European area from the V4 point of view
(source: Flightradar24, 2017; own calculations)

Note: Continuous lines represents airlines with arrivals > departures,
dashed lines represents airlines with departures > arrivals.
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The overall assessment of aviation connectivity lays in the aggregate annual transmission
capacity of the relevant airlines. The follow-up road connectivity assessment (Park & O’Kelly,
2017) is then performed by determining the average time availability of the V4 metropolises
from the contact metropolises located on the axes examined (the map information on the
route map www.maps.google.com and www.mapy.cz.). The results of the road and air con-
nectivity evaluation as well as the overall transport connectivity according to the established
metropolitan axes are presented in Table 6. The best results are shown on two axes: Buda-
pest — Vienna - Munich and Prague - Nuremberg — Frankfurt am Mein - Ruhr. The second
group includes 10 axes with a strong position. The third group includes 6 axes.

Table 6. Transport connectivity (source: Google, 2017; Eurostat, 2017; OECD, 2018; Flightradar24,
2017; own calculations)

. . Road Air Cap. | Air- Total | Total

Metropolitan Axis (time) R-rank (%) rank | points | rank
Prague — Nuremberk — Munich - Zurich | 4.66 2 8.38 2 4 2
Prague - Dresden - Berlin - Hamburg 3.59 1 2.86 3 4 2
Prague - Nuremberk — Frankfurt a. M. -
Rhine-Ruhr 4.69 2 10.66 1 3 1
Prague - Nuremberk - Stuttgart — 416 ) 0.00 3 5 3
Mannheim
Prague — Dresden - Leipzig - 3.60 1 0.00 3 4 )
Hannover - Bremen
Prague - Vienna 3.45 1 3.70 3 4 2
Prague - Bratislava — Budapest 3.29 1 3.46 3 4 2
Prague - Wroclaw - Lodz - Warsaw 5.39 3 14.12 1 4 2
Prague - Katowice 4.27 2 0.00 3 5 3
Warsaw - Lodz - Poznan - Berlin -
Hannover - Rhine-Ruhr 4.34 2 845 2 4 2
Kralfow - Katowice — Wroclaw — 518 3 137 3 6 3
Berlin - Hamburg
Gdansk — Warsaw — Katowice — Vienna 5.74 3 16.71 1 4 2
Krakow - Katowice - Wroclaw —
Dresden - Leipzig — Rhine-Ruhr 432 2 7.03 2 4 2
Gdansk - Berlin - Rhine-Ruhr 6.20 3 1.35 3 6 3
Budapest — Vienna - Munich - Zurich 4.33 2 12.08 1 3 1
Budapest — Krakow - Katowice 5.64 3 0.00 3 6 3
Budapest — Nuremberk —
Frankfurt a. M. — Rhine-Ruhr 8.74 3 983 2 > 3
Bratislava - Vienna 0.83 1 0.00 3 4 2

Notes: Road time rank limit for an average group rank 2 are > 4 and < 5; air capacity limits for average
group are > 5 % and < 10 %; the total rank for an average group is 4 points.
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The overall results for air transport show the importance of large national transport mar-
kets (the two most important air connectivity axes include Polish metropolises (Prague -
Wroclaw - Warsaw and Gdansk - Warsaw — Vienna). The comparison of transport connec-
tivity results with TEN-T (European Union [EU], 2013) shows the comparable importance
of the two most important East-West metropolitan axes, namely Prague — Rhine-Ruhr and
Budapest - Munich, which corresponds with the corridor Rhineland-Danube. In the North-
South direction, there is a significant consensus, especially in the Gdansk - Warsaw - Vienna
axis which corresponds with the Baltic — Adriatic corridor, whose importance is not only for
V4 countries but also for Baltic states (the Prague — Berlin — Hamburg axis, however, appears
in the second importance group.

5. Synthesis and discussion of the positional evaluation

The final synthesis deals with the positional evaluation of developmental axes of suprana-
tional importance of integrating V4 countries within the Central European region. In this
context, the following meaningful order of analysed components was respected: general eco-
nomic interactivity — tourist attractiveness — transport connectivity. Based on the elaborated
approach the 15 most important axes were identified (see Table 7).

From the respective axes linking eastern and western parts of the region, six axes refer to
the Czech Republic, three axes to Poland and one axis to Hungary and Slovakia; the remain-
ing four axes concern only the eastern part of the region. The results show that the V4 have
good prerequisites for economic cooperation with the urban core of Europe, known as the
blue banana (Hospers, 2002). From a general point of view, the findings can be understood
as a spatial reflection of the functioning of the hierarchical organization of societal systems,
which represents a conditio sine qua non of their progressive development. In this respect,
the information on supranational systems of development poles and axes that meet the idea
of the well-known core-periphery concept is particularly valuable. These territorial links are
crucial factors determining the developmental differentiation of societal systems. It can be
said that positive development and dynamic balance of all the influencing factors create the
prerequisites for the sustainable development of human civilization.

The overall assessment of the most important axes connecting the V4 countries within the
Central European region shows that their greatest weakness is transport connectivity. From
the persistent discussion of this fact, it is clear that the primary cause is the slow pace of con-
struction of motorways, especially in the Czech Republic and Slovakia (missing motorway
links with Austria respectively Poland), while flat Poland and Hungary have made significant
progress over the last decade. The rapid development of air transport associated with de-
regulation of markets has stimulated the growth of tourist activities especially in peripheral
metropolises, where it significantly complements road transport. A stronger improvement
of transport connectivity can be then expected from the construction of high-speed rails
already launched by Poland.
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Table 7. Metropolitan axes — complex final ranking (source: OECD, 2018; Eurostat, 2017; own calcula-
tions)

Economic Tourist Transport |Aggregate
Metropolitan Axes . L attractive- por 5818
interactivity ness connectivity | ranking

Budapest — Vienna — Munich - (Zurich) 1 1 1 3

Prague - Nuremberg - Frankfurt a. M. - 1 1 1 3

Rhine Ruhr

Prague — Nuremberg — Munich - Ziirich 1 1

Prague - Dresden - Berlin - Hamburg 1 1

Bratislava — Vienna 1 2

Warsaw — Lodz - Poznan - Berlin - 1 ) ) 5

(Hannover — Rhine Ruhr)*

Prague - Bratislava - Budapest 2 1 2 5

Krakow - Katowice — Wroclaw - Berlin - 1 ) 3 6

(Hamburg)*

[Gdansk] — Warsaw — Katowice — Vienna 1 3 2 6

Prague — Dresden - Leipzig - Hannover —

2 2 2 6

Bremen

Prague - Vienna 2 2 2

Prague — Nuremberg - Stuttgart - Mannheim

Prague - Wroclaw - Lodz - Warsaw 2 3 2

Katowice — Wroclaw — Dresden - Leipzig - 3 ) ) -

(Rhine-Ruhr)*

Budapest — Krakow - Katowice 2 3 3 8
Note: *Text in brackets “(...)” represents metropolises included in tourist attractiveness and air trans-
port connectivity, text in brackets “[...]” represents metropolises included in transport connectivity.
Conclusions

The presented evaluation of the Central European metropolises covers the significant deter-
minants of their development with an emphasis on the creation of metropolitan networks,
which we consider to be one of the building blocks of territorial integration. The basis of this
evaluation was a thorough positional analysis of metropolises using theoretically anchored
research methods that were applied to proven data sets. The obtained results can be pur-
posefully used at creation of integrated scenarios of the future development. In this context,
we consider the strategic priority to be strengthening and deepening of metropolitan axes
of supranational importance. The indisputable dominant role of German metropolises then
can be seen as an opportunity to accelerate the development of less developed V4 countries
through international trade, production cooperation, transfer of know-how and other (e.g.
tourist) interactions. As far as suggestions for long-term research, it is an interesting ques-
tion to what extent these processes contribute to the fastening of “Central European roots”
of relevant countries. Furthermore, in connection with the identified importance of transport
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infrastructure, the next possible way of research is an issue of population mobility behaviour
in relation to the development of new high-speed connections between metropolitan areas.
In other words, how the technological development of transport systems will transform the
analyzed processes and, ultimately, the position of Central European metropolises.
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