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Abstract: The aim of this paper is to evaluate the influence of metropolitan areas
on the development of regional disparity results in Visegrad Group countries.
The methodological framework is based on the neoclassical growth model. In particular,
the approaches of beta- and sigma convergence have been used to examine the development
of regional disparity between 2000 and 2016. The analysis results suggest that the influence
of metropolitan areas on the results of regional disparity is large in many fields
of development like: GDP, income, unemployment, education and expenditures on research
and development. In fact, inclusion, or exclusion, of metropolitan area is very often
the decisive reason for considering the convergence, or divergence, process to be statistically
significant. However, the metropolitan areas do not bias only the results about tendency.
The analysis suggests they are much more important in terms of intensity of particular
processes. The results of intensity differ by hundreds of percent between the samples with and
without the metropolitan areas. On the other hand, the results have been usually biased only
in terms of intensity and significance. In general, the effect of metropolitan areas in Visegrad
Group countries is not strong enough to change the results from convergence to divergence,
and vice-versa.

Keywords: disparity measurement, metropolitan areas, Visegrad Group, regional
development, regional policy.

JEL Classification: R11, O47.

Introduction

The interest in the field of detailed assessment of regional disparity does not belong
among the long-standing and well explored topics of regional development; however, more
and more attention is currently being focused on this area. It can be argued that in the last
decades it has inherently gained its place in extensive discussions about the potential
and limits of economic growth and regional development. Nowadays, the issue of measuring
and evaluating of regional development became very important, especially at the level
of the European Union. The reason is that there is a need to defend and improve
the mechanism of annual redistribution of tens of billions of EUR from the European
structural and investments funds (European Commission, 2015; Dyba et al., 2018). In fact,
the challenge of directing of existing disparity belong among pivotal and outstanding
objectives of the European regional policy or the European Cohesion Policy respectively,
which has long been pursuing the so-called “growth oriented convergence” for a very long
time (Kraftova, Matéja, 2015).

One can consider the area of growth is dominant for the assessment of disparity across
the European regions, due to the assumption of a correlation between economic performance
and the welfare of the population (Barca et al., 2009). However, considering the “Beyond
GDP indicators” discussion, it is appropriate to focus more attention on indicators that have
amore evident link to the quality of life of population in regions (Constanza et al., 2009).
In this framework, it is therefore appropriate to evaluate development aspects and disparity



in other relevant areas such as income, investment, (un)employment, etc. (Capello, Nijkamp,
2009).

As it is not appropriate to focus on a single indicator in the detailed assessment of regional
disparity to understand the wider context and the shaping process of the regional policy,
it is literally necessary to consider the socio-economic space as a heterogeneous entity,
which has a decisive influence on regional development (Greenhut, Smith, 2006). The entity
in which the distribution of population and economic activity is very uneven due
to the several reasons like natural assumptions, as well as random deviations, the effect
of agglomeration economies and the underlying reality of imperfectly competitive markets,
at least. In other words, where a significant share of economic life is concentrated
and performed mainly in a few cities and regions (Krugman, 1996; Fujita et al., 1999).

The metropolitan areas are very often the extreme cases of such regions. In fact,
these areas usually concentrate tens of percent of the national economic potential
and performance, making them a major element that is responsible for the level of regional
disparity in a particular country (Fujita, Thisse, 2002). Moreover, metropolitan areas often
have significant benefits exceeding the other regions on both the demand side (Morris et al.,
2018) and the supply side (Henderson, 1987; Rosenthal, Strange, 2004). Hence, they are
usually “tuned” on completely different development trajectories than the other regions.
Moreover, the relative weight of metropolitan areas can also make a significant impact on the
results of the assessment of the development of regional disparity, especially in smaller
countries. For instance, the results of examination in samples involving metropolitan areas
and samples without these areas are different by tens of percent, in terms of regional
variability of selected indicators of social and economic development in the Visegrad Group
countries (Reifova, 2018). Moreover, some partial conclusions on the issue of influence of
metropolitan areas on the development of regional disparity in Visegrad Group countries are
also revealed by other studies (Zdrazil, Applova, 2016).

With all the above in mind, the aim of this paper is to evaluate the influence
of metropolitan areas on the development of regional disparity results in Visegrad Group
countries. In particular, the paper will focus on the assessment of disparities in terms
of selected indicators that represent traditional themes of economic and social development,
and that are usually considered and influenced by the regional policy. One can suggest
the knowledge on potential biases caused by the effect of metropolitan areas is very important
for evaluation of the development of regional disparity and shaping of further development
interventions and strategies. In fact, it allows to avoid the risks of inappropriate development
policy interventions.

1 Methods

To fulfil its aim, this paper has been based on the following methods and assumptions.
The analysis at the NUTS 2 level of regions has been conducted to capture the effect
of metropolitan areas on the development of regional disparity in Visegrad Group countries.
In particular, it focused on 35 regions, of which 8 were Czech (CZ), 7 Hungarian (HU),
16 Polish (PL) and 4 Slovak (SK). In addition, the development of disparities across all
regions of the Visegrad Group (V4) has been examined as well. In order to assess the effect
of metropolitan areas, the results of measurements were compared between the samples with
the metropolitan areas — full samples, supplemented by the suffix “a”; and non-metropolitan
area samples — excluding the regions of capital cities, i.e. Prague, Central Hungary
(Budapest’s regions), Mazovian Voivodeship (Warsaw’s region) and Bratislava region,
supplemented by the suffix “b”.



The conventional framework of disparity measurement that is based on the neoclassical
growth model has been applied. In particular, the paper employs a combination of beta
convergence approach, which is based on the assumption of an inverse relationship between
the initial value of the respective indicator and its growth (Mankiw et al., 1992; Delong,
1988; Barro, Sala-i-Martin, 2004), and sigma convergence, which is, on the contrary,
asynonym for measuring disparities via the development of variability (Baumol, 1986;
Quah, 1996; Barro, Sala-i-Martin, 2004).

The beta-convergence approach has been used only to illustrate the existing differences
interms of level of development and growth patterns among the regions and countries
of Visegrad Group. However, the sigma convergence approach has been used to assess
the development of regional disparities, since it offers a more comprehensive view and,
at the same time, easier comparability of results from the measurement of different samples.
Moreover, the beta convergence is formally necessary, but not a sufficient condition
for the sigma convergence (Monfort, 2008; Islam, 2003). In fact, the applications of the beta
convergence principles are used for obtaining the information about the structure of samples
under examination. Moreover, it has been also used for a more comprehensive interpretation
of the results of the sigma convergence, that may one suggest as a proportionate enhancement
of both approaches (Zdrazil, Applova, 2017).

Based on the beta convergence principle, the logarithmic transformation has been applied
on the indicators assessed. This helped to eliminate the positive asymmetry of the distribution
and reduce the issue of outliers (Minafik et al., 2013). Therefore, the logarithms of the initial
values (yo) and the average growths (k) in terms of the following equation (1) were calculated,
where (y,) means the value of last examined year and (n) is the length of period under
examination. In the next step, based on the knowledge of logarithmic initial positions (yo) and
growth patterns (k), the X-Y graphs were constructed, where the initial values were plotted
against the average growth coefficients of particular indicators (the graphical parts of Fig. 1
to 5).

loghk = %(log Ya = log yo) (1)

In terms of disparity development measured with the approach of sigma convergence
(the tabulated parts of Fig. 1 to 5), the standard approach of assessing the coefficient
of variation (CV) has been used, see equation (2), where (o) means the standard deviation
and (x) means the average.

_ ldl
CV = . 2

The significance of the regional disparity development trends or the slopes of the variation
coefficients (B) respectively, were verified by the standard approach for testing
the significance of trends in time series. In particular, it has been based on the assessment
of the statistical significance of the correlation coefficients (R).

To assess the impact of metropolitan areas on the development of regional disparity
in the Visegrad Group countries, 5 relevant indicators were selected. These represented
the traditional themes of economic and social development on which the regional policy is
usually aimed. In fact, the knowledge on potential biases caused by the effect of metropolitan
areas is very crucial for assessing the development of disparity in these indicators and shaping
of further development interventions and strategies. In particular, this analysis examined
the following indicators: gross domestic product per capita (GDP), disposable income
of households per capita (Disposable income), long-term unemployment rate of active
population (Long-term unemployment), tertiary education attained in population aged 25-64
(Tertiary education) and gross intramural expenditures on research and development per



capita (GERD). Finally, the indicators that could be influenced by the different developments
of price levels are assessed in purchasing power standard, to increase the relevance
of particular results.

The disparity development has been examined between 2000 and 2016. However,
the examination of Disposable income has been limited to 2000-2015 and examination
of GERD to 2001-2015. The reason for such limitations followed from the availability
of data. All the data have been linked from the Eurostat’s public regional accounts databases.
(2017).

2 Analysis results and discussion

The analysis results of regional disparity development in all 5 indicators for both samples
“a” (full sample) and “b” (except the metropolitan areas) are summarized in the following
Fig. 1 to 5. The graphical part illustrates the initial positions and the average rate of growth
in particular regions. This provides a specific view of the composition and development
patterns of the samples analyzed, but also of their differences. The graphical part is divided
into 4 segments, where the average values of both variables were used to determine
the segment borders. Such a splitting up allows an easier orientation in results presented.
This information is quite crucial for interpreting the disparity of both “a” and “b” samples
evaluated through the sigma convergence approach (tabled part). Based on the p parameter
of the linear regression equation of the development of CV, one can determine
the predominant tendency of the development of regional disparity — regional convergence
(trend of CV has a negative slope) or regional divergence (trend of CV has a positive slope),
and the intensity of such a process. The correlation coefficient R then helps to evaluate the
statistical significance of the trend observer and to formulate a conclusion on the development
of regional disparity in the terms of the indicator under examination.

As shown in Fig. 1, the metropolitan areas of all the Visegrad Group countries are
significantly more developed than the other regions, and at the same time, their average
speeds of growth are high, within particular countries. Similarly, it is clear that such
a distinction of metropolitan areas can influences the findings on the development of regional
GDP disparities measured through the approach of sigma convergence, in some countries
at least.

While in the case of full samples, the divergence is confirmed only among regions
of Poland and Slovakia, the exclusion of metropolitan areas shows a slight divergence among
the Hungarian regions as well. Moreover, among all the regions of Visegrad Group, then,
in the sample “b”, convergence is measured instead of an inconclusive result of sample “a”.
However, one can suggest the more significant result is revelation of the influence
of metropolitan areas on the intensity of particular process. For instance, in the case
of Slovakia, the intensity of divergence of sample “a” is approximately twice as large
as the intensity of divergence of sample “b”. Furthermore, for Polish regions, this difference is
ca one third.

Although beyond the primary purpose of this paper, another undoubtedly an interesting
finding follows from the GDP analysis results; in particular, from the segmentation of regions
in the Czech Republic where the more developed regions of Bohemia formed a so-called
“club” (see Baumol, 1986; McCann, 2013). In this club, the regions experience pretty large
divergence. On the contrary, the 3 generally less developed regions of Moravia converge
to these regions, due to the higher growth rates. These opposite processes, however, in total
reduce each other; and hence, one cannot conclude on the general tendency of disparity
among the regions of the Czech Republic for neither of the samples examined.



Fig. 1: Analysis results of the GDP indicator (2000-2016)
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Source: Reifova (2018) and own processing based on Eurostat (2017)

The results of the Disposable income indicator, which are summarized in Fig. 2, can be
considered to some extent analogous to the results of the GDP indicator. From a development
level point of view, the metropolitan regions can, once again, be labeled as the most
developed. However, they are not significantly different in terms of average growth rates from
other regions in their country. In fact, there is only one exception from this rule — the region
of Budapest, which is very distinct from the other regions of the Visegrad Group with a very
low average growth rate.

The sigma convergence approach does not confirm any clear tendencies of disparity
development among the regions of the Czech Republic in both samples “a” and “b”.
Nevertheless, the both results of Hungary and the Visegrad Group coincide with the reduction
of regional disparities or convergence respectively. In the case of Hungary, however, a large
difference in the intensity of this process is identified. In particular, the convergence intensity
is ca 3.5 times lower when the metropolitan area is not involved in the analysis measurement.
Considering the left part of Fig. 2, one can interpret such important difference as a catching-
up process of the Hungarian regions to the very slowly growing metropolitan region
of Budapest. However, in the whole Visegrad Group, the convergence intensity measured
for sample “b” is about a quarter higher than for sample “a”. Finally, the unclear results of full
samples were specified as a weak divergence for samples “b” in the cases of the Polish
and Slovak regions.



Fig. 2: Analysis results of the Disposable income indicator (2000-2015)
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Before presenting the results of another indicator — Long-term unemployment; it is worth
recalling that in terms of perception and development targeting, the nature of this indicator is
different from the others in this analysis. In particular, the criterion of positive development
of unemployment is not maximization of values but minimization instead. Although this
difference does not affect the results and conclusions derived from the approach of sigma
convergence, it has a major influence on the evaluation of the graphical part of Fig. 3,
which compares the initial levels of unemployment and the average speed of growth rate
in the regions.

Fig. 3: Analysis results of the Long-term unemployment indicator (2000-2016)
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The Fig. 3 shows clearly also in the case of Long-term unemployment that the initial
positions of metropolitan areas are either significantly better (Prague and Bratislava)
or at least above average (Budapest and Warsaw), within particular country. However,
in terms of growth rate, or the desired decrease respectively, these regions are rather weaker
(except the region of Warsaw). On the other hand, it seems quite logical that, even with
a higher job vacancy rate of metropolitan regions, no significant declines are measured
in terms of a very low or even virtually non-existing unemployment.

One can consider the differences in results of the sigma convergence between the samples
“a” and “b” for the Long-term unemployment are the least significant throughout the analysis.
In both samples, only the convergence of the regions of the Czech Republic is found.
Moreover, even in terms of the intensity of the process there is no noticeable difference
in results. In fact, the only significant change is measured among the Hungarian regions,
which show divergence for the sample with the metropolitan area, while there is no
unambiguous tendency after excluding of that. The analysis results of Poland, Slovakia
and Visegrad Group coincide with the uncertainty of the process.

The effect of metropolitan areas is, on the contrary, rather significant in the results of the
evaluation of the Tertiary education disparity development, which are summarized in Fig. 4.
The convergence is identified among the regions of the Czech Republic and Slovakia while
analyzing sample “a”, but the results of sample “b” are ambiguous in all the countries.
Considering the entire Visegrad Group, the convergence tendency within the sample
including the metropolitan areas is the result. However, after exclusion of metropolitan areas,
the results show a slight divergence. Hence, there is only agreement between the results
of Hungary and Poland that suggest ambiguous conclusions on the development of regional
disparity.

Fig. 4. Analysis results of the Tertiary education indicator (2000-2016)
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Similarly to the GDP and Disposable income indicators, the metropolitan regions are
the most developed in terms of Tertiary education within their countries. However,
while the growth of the metropolitan areas of Hungary and Poland can be characterized
as slightly above average rate, in respect to particular countries, the growth rates of the Prague
and Bratislava regions are rather lagging behind. This can be, to some extent, explained



by the findings of convergence among the Czech and Slovak regions within the sample “a”
and the ambiguity of the results within the sample “b”. In fact, the strength of the ongoing
catching-up process between metropolitan areas and the other regions is reflected
in the conclusions of general trends of regional disparity.

The results of the last indicator under examination — GERD, which are captured in Fig. 5,
once again, confirm the general conclusions of the analysis above. In particular, the effect
of metropolitan area often plays an important role in the evaluation of regional disparities.
Inthe case of the Czech regions, the convergence is apparent in both cases, however,
the value of sample “a” is ca one half of that measured for “b”, in terms of the process
intensity. An analogous conclusion follows from the analysis of all regions of the Visegrad
Group, where the difference in intensity of convergence processes is only slightly lower.
Moreover, there is no unambiguous tendency in disparity development for regions of Hungary
and Poland when excluding the metropolitan areas. However, there are results of convergence
for the samples with metropolitan areas. In addition, the opposite conclusion applies
to the regions of Slovakia where the effect of the metropolitan area changes the conclusion
on the development of regional disparities from convergence to the inconclusiveness result.

From the initial positions point of view, the metropolitan areas are definitely the most
developed, but in terms of growth rates they rank from average to below average values
within their own countries (except the Bratislava region). Particularly in the case
of metropolitan areas with lower growth dynamics (regions of Budapest and Warsaw),
there can be no doubt about significant catching-up processes that trigger the convergence
tendencies identified by the measurement of the sigma convergence approach.

Fig. 5: Analysis results of the GERD indicator (2001-2015)
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With all the above in mind, it can be said that the effect of metropolitan areas is pretty
significant in the assessment of regional disparity. In fact, inclusion, or exclusion,
of metropolitan area is very often the decisive reason for considering the convergence,
or divergence, process to be significant. Perhaps even more important is the finding that
metropolitan areas often have a significant impact on intensity of the convergence,
or divergence, process. In fact, we found for several times that the results of intensity differ
by hundreds of percent between the samples with and without the metropolitan areas.



On the other hand, the results are usually biased only in terms of intensity and significance.
In general, the effect of metropolitan areas in Visegrad Group countries is not strong enough
to make an “U-turn” in results and change the conclusion from convergence to divergence,
and vice-versa. Thus, for instance, to wrongly resolve the real divergence tendencies
of sample of regions that, at the same time, similarly experience a strong catching-up process
to the metropolitan region is not very common. In fact, the analysis suggests that such
a situation should not usually result to a false convergence conclusion.

Finally, given the fact that analysis examined samples of different sizes (from sample
of 3and 4 Slovak regions to 31 and 35 Visegrad Group regions respectively), the logical
question is whether the effect of metropolitan areas depends on the size of particular sample.
Considering the assumptions of statistical methods, in general, one should expect larger biases
in small samples. However, based on the results, it is surprisingly not apparent that the size
of the sample would be significantly related with the strength of the metropolitan areas effect.

Conclusion

The aim of this paper was to evaluate the influence of metropolitan areas
on the development of regional disparity results in Visegrad Group countries. The paper
focused on the assessment of disparities in terms of selected indicators that represent
traditional themes of economic and social development, and that are usually considered
and influenced by the regional policy. In particular the indicators of gross domestic product,
disposable income of households, long-term unemployment, tertiary education and gross
intramural expenditures on research and development were examined. The methodological
framework was based on the conventional disparity measurement that was derived
from the neoclassical growth model. In particular, the combination of the beta convergence
and sigma convergence approaches has been used. The beta convergence was used
to illustrate regional differences in terms of level of development and growth pattern
of particular regions. On the contrary, the sigma convergence was used to evaluate disparity
development, because it offers a more comprehensive view and easier comparability of results
from the measurement of different samples. The analysis has been conducted at the NUTS 2
level of regions between 2000 and 2016. The conclusions were derived from the results
of comparison of full samples (including metropolitan areas of Prague, Budapest, Warsaw
and Bratislava) and samples excluding metropolitan areas.

The analysis results suggest that the influence of metropolitan areas on the results
of regional disparity is large in many fields of development. In fact, inclusion, or exclusion,
of metropolitan area is very often the decisive reason for considering the convergence,
or divergence, process to be statistically significant. Moreover, regardless the indicators under
examination, the metropolitan areas are generally more developed than other regions
of particular country. However, the dynamics of their development is very different in both
terms of the countries under review and the indicators assessed. Another important conclusion
is that, although the weights of metropolitan areas bias the results, one cannot claim that
metropolitan regions would universally bias the results in only favor of convergence or
divergence tendencies.

However, the metropolitan areas do not bias only the results about tendency. The analysis
suggests they are much more important in terms of intensity of particular processes.
The results of intensity differ by hundreds of percent between the samples with and without
the metropolitan areas. On the other hand, the results have been usually biased only in terms
of intensity and significance. In general, the effect of metropolitan areas in Visegrad Group
countries is not strong enough to change the results from convergence to divergence,
and vice-versa. Moreover, it is not obvious from results that the size of the effect
of metropolitan areas would be related to the size of the sample under consideration.



Therefore, the influence of metropolitan areas on the development of regional disparity
in Visegrad Group countries is, as a rule, limited to the issue of identification of prevailing
tendency rather than its orientation.

Finally, one can conclude that confirmation of the effect of metropolitan areas
in conclusions about the development of regional disparity should be reflected in the practical
activities related to the shaping of development interventions and strategies, as well as
the evaluation of their achievements. The metropolitan areas, as the growth poles of national
economies, would usually be in a completely different position from other regions
of the country and would follow other developmental trajectories. On the other hand, they are
an integral part of their countries and, therefore, they cannot be completely ignored within
the analysis and decision-making process; despite they can be usually seen as the heavy
outliers. We suggest the “dual evaluation” where, besides the evaluation of the full samples,
attention is also paid to the evaluation of the samples without metropolitan areas, seems to be
a fairly appropriate way of measuring disparities in detail. Considering such a broader insight
into the whole issue, it would be possible to avoid some of the potential risks
of overestimating or, on the contrary, underestimating of interventions implemented within
the framework of regional policy. At last but not least, such a dual evaluation should also
avoid some mistakes that follow from inaccurate materials based on full sample
measurements, which are used asaknowledge base for the formulation of specific
interventions, as well as more general development strategies.
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