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Abstract: The EU Regional Competitiveness Index 2.0 measures a region’s ability to provide an
attractive environment for businesses and residents to work and live. According to this indicator,
countries in the southern and eastern regions of the European Union are reported to have the lowest
values. As it measures the performance of NUTS-2 regions, it was desired to study the problem in
more detail, reaching the NUTS-3 level. Thus, within the current research, Romania and Bulgaria are
studied by means of a county-level analysis of the economies of the two states established through the
prism of the labor market, the field of health, transport, enterprises, tourism, education, and research.
Through eight indicators, a series of maps designed to present the situation of the two states was
illustrated, and the investigation continued with a cluster analysis carried out by the implementation
of hierarchical algorithms. During the course of the current study, a classification and a ranking of
the counties of the two countries were performed to determine the areas with the best or, in contrast,
the poorest performance.
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1. Introduction

The Regional Competitiveness Index, which appeared in 2010, addresses the ability
of NUTS-2 regions to provide a sustainable and attractive environment for enterprises
and inhabitants. According to the creators of this index, it represents the first composite
indicator designed to present a synthesized situation of the competitiveness of the regions
of which the EU member states are a part. This indicator is made up of 11 pillars grouped
into three categories: basic, efficiency, and innovation. The basic group is made up of
institutions, infrastructure, macroeconomic stability, health, and primary and secondary
education, while efficiency is made up of higher education, labor market efficiency, market
size, and training and lifelong learning. Innovation is defined based on technological
readiness, innovation, and business sophistication indicators. According to the researchers
who created this index, since then the regions in the south and east of Europe have tended
to have lower scores compared to those in the northwest [1]. In the current edition of the
Regional Competitiveness Index 2.0 there are 68 indicators, 60 of which are used in various
previous versions, and 8 are newly integrated in the 2022 version. Among the results
provided, it is noted that all the regions in the east, except for most of the regions containing
the capitals, obtained values below the EU average, with Bulgaria and Romania at the
bottom of the ranking. According to this indicator, excluding two regions from Greece, the
last ten positions are occupied by regions from Romania and Bulgaria, two regions from
Bulgaria (Yugoiztochen and Severozapaden), and six from Romania (northwest, center,
south Muntenia, southwest Oltenia, northeast, and southeast) [2]. Thus, the current research
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aims to study the two countries because there are similarities between them compared to
the other EU states, but the differences between them should not be neglected either [3].

According to the EU Regional Competitiveness Index 2.0—2022, among the two
countries analyzed, the region with the best score is Bucharest-Ilfov, followed by the region
containing the capital of Bulgaria. Furthermore, the worst results were identified for regions
such as northwestern Bulgaria and the northeast and southeast of Romania. It can also be
noted, through Figure 1, that these countries seem to have the worst performance in the
EU, which is why a thorough study was desired at the NUTS-3 level.
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Figure 1. EU Regional Competitiveness Index 2.0—2022. Source: https://ec.europa.eu/regional_pol-
icy/information-sources/maps/regional-competitiveness_en (accessed on 10 June 2024). 

In the content of the research methodology, information on clustering is discussed, 
the technique of hierarchical algorithms is detailed, and the best-known agglomerative 
clustering methods are presented, together with the algorithm by which clusters are cre-
ated using hierarchical algorithms. In addition, in this section, the eight indicators selected 
to be examined are presented, specifying the areas of the economy to which they belong. 

The section dedicated to the results begins with the presentation of some descriptive 
statistics designed to present general information about the data sets analyzed. In their 
continuation, maps were illustrated to show the results obtained by the 70 regions for each 
indicator separately, the next step consisting of the application of hierarchical algorithms 
using both the complete linkage method and Ward’s method, helping to observe the com-
mon characteristics within the formed classes. 

The first indicator considered refers to the ability of regions to attract tourists. In a 
study on tourism in the area of the Carpathian Mountains, researchers state that there are 
studies that attest to the fact that low interest in sustainable development brings with it 
less competitiveness, as well as low comfort in accommodation units [4]. The same can be 
said in the case of smart tourism, noting that the increase in the number of arrivals of 
tourists progressively influences the smart development of destinations in Romania, and 
this development leads to an increase in the number of overnight stays in accommodation 
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policy/information-sources/maps/regional-competitiveness_en (accessed on 10 June 2024).

In the content of the research methodology, information on clustering is discussed,
the technique of hierarchical algorithms is detailed, and the best-known agglomerative
clustering methods are presented, together with the algorithm by which clusters are created
using hierarchical algorithms. In addition, in this section, the eight indicators selected to be
examined are presented, specifying the areas of the economy to which they belong.

The section dedicated to the results begins with the presentation of some descriptive
statistics designed to present general information about the data sets analyzed. In their
continuation, maps were illustrated to show the results obtained by the 70 regions for each
indicator separately, the next step consisting of the application of hierarchical algorithms
using both the complete linkage method and Ward’s method, helping to observe the
common characteristics within the formed classes.

The first indicator considered refers to the ability of regions to attract tourists. In a
study on tourism in the area of the Carpathian Mountains, researchers state that there are
studies that attest to the fact that low interest in sustainable development brings with it
less competitiveness, as well as low comfort in accommodation units [4]. The same can
be said in the case of smart tourism, noting that the increase in the number of arrivals of
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tourists progressively influences the smart development of destinations in Romania, and
this development leads to an increase in the number of overnight stays in accommodation
units [5]. Sustainable tourism involves, among other things, the protection of cultural
and natural assets. In the case of Romania, the performances in sustainable tourism are
recorded for the Black Sea area, the Carpathian Mountains area, the Danube Delta, and
in big cities [6]. According to another study on the sustainable nature of tourism in the
Black Sea area, in which Romania, Bulgaria, and Turkey were evaluated, it was observed
that international tourism expenditures and numbers of international tourism arrivals
are sustainable in the case of Bulgaria, international tourism receipts for Romania, and
international tourism receipts for travel items for Turkey. In the case of Bulgaria and Turkey,
there is an increase in greenhouse gas emissions, but Romania still manages to apply certain
effective measures to reduce them [7].

One of the indicators by which the efficiency of the labor market is tested is the unem-
ployment rate. An analysis of territorial competitiveness and territorial cohesion shows that
the areas in the center and west of the country are characterized by mature industries and
better developed services, while the regions in the south and east have a predominantly
rural character, with intraregional disparities, social depravity, and industrial decline [8].
Regarding the evolution of the labor market in Bulgaria, the period before COVID-19 was
characterized by low unemployment rates and an increase in the employment rate, but after
the pandemic many of the activity sectors were severely negatively affected [9]. Indicators
such as high unemployment, non-participation of full labor potential, low labor quality,
and low minimum and average wages lead to the destabilization of the economic security
of the state, so it is the role of the state to identify and eliminate these threats through
macroeconomic mechanisms [10].

In terms of health, the two countries are also at the bottom of the ranking in terms
of life expectancy. Therefore, from the point of view of infant mortality, Romania and
Bulgaria are the countries with the highest rates, while for the rate of mortality caused
by chronic diseases, the two countries are in third and fourth place [11]. However, it
should be remembered that in both countries the budgets granted for health are among
the lowest in Europe, so the results obtained by the two EU member states should not be
surprising [12,13]. Also, Romania has some of the lowest numbers of physicians in the
EU, and the same can be said for Bulgaria, but in the case of nurses and midwives. The
migration of doctors is one of the reasons why the two countries are facing small numbers,
with one of the countries that attracts doctors being Germany [14].

In the current research, education is analyzed through the lens of the percentage
of children who are enrolled in kindergarten. According to a study on quality early
childhood education and care (ECEC), which is tracked through four indicators—integrated
governance under one leading authority, coherent educational guidelines throughout the
entire ECEC phase, staff holding a bachelor’s degree in education in all groups of children,
and entitlement to a place from an early age for every child—it was observed that in
Romania, a place was not guaranteed for all children, while in Bulgaria, there was no
educational guide to work with the little ones, but a place was guaranteed for the last years
of ECEC [15].

For the innovation component of RCI 2.0, the number of employees in the field of
research and development was analyzed. Regarding the situation of the two countries in
the context of the EU regarding R&D and innovation systems, it is noted that in the period
of 2006–2013, the innovative performances of the two countries were well below the EU
average. For the year 2013, Bulgaria had the lowest score according to European Innovation
Scoreboards, and Romania the fourth lowest score, both countries entering the “modest
innovators” category. In addition, R&D expenditures as a percentage of GDP were much
lower compared to the EU average for the period of 2004–2013 [16]. According to another
study on the link between R&D expenditure and economic growth, it is noted that R&D
expenditure in the higher education sector and R&D expenditure in the government sector
influence GDP in the short run, while R&D expenditure in the business enterprise sector
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has a higher impact on economic growth in the long run [17]. In the period of 2010–2013, it
is observed in the case of Bulgaria that at least half of the gross domestic expenditure on
R&D comes from the business enterprise sector, followed by the government sector, higher
education, and a very small percentage from the private non-profit sector. Also, during the
mentioned period, half of the funding sources come from abroad [18].

Economic growth is ensured, among others, by transport infrastructure because
through transport networks, the efficiency of the distribution of resources is ensured,
as well as the mobility of people [19]. Regarding the length of motorways in the EU, it
is noted that most member states have the majority of motorway kilometers built after
1990, and Bulgaria is among the countries where all motorways were built after 1990. In
2020, Bulgaria had a greater length of highways compared to Romania, the two countries
being in seventh and eighth place in the top states with the fewest kilometers of highway
built [20]. Among the results provided by our research, it will be possible to see if Bulgaria
still has a greater length of constructed highway or if the balance is tipping in Romania’s
favor. According to another study on regional development in Romania in the period of
2000–2016, a direct link is observed between economic growth and the number of compa-
nies in NUTS-2 regions, noting that the Bucharest-Ilfov region has by far the largest number
of companies, as well as the most significant economic growth [21].

Although there are a multitude of studies that have investigated regional disparities—not
only at the EU level, but also in more local settings—as can be noted, according to the
previously cited studies, research on counties is more limited due to the lack of data. One
of the most complex indicators studying the regional disparities of the EU is RCI 2.0,
which is also mentioned in this section, but it is limited to NUTS-2 regions. The novelty
of the current research lies in the detailed study of this issue, in an even more advanced
framework, and the differences between NUTS-3 regions.

This research aims to provide a clearer picture of the problems identified in these
regions, with certain recommendations for reducing these identified irregularities also
being offered in the Discussion. The purpose of the cluster analysis is to group those
counties with common characteristics to be able to offer specific solutions to them. There
are also regions where not so many problems are identified compared to others and which
can serve as an example for others. Cluster analysis has also been used in other studies to
determine the highlighted differences between regions, both at the EU [21] and NUTS-2
region [22] level, but studies on NUTS-3 regions are more limited. The novelty of this study
lies precisely in its deepening of the problem at the county level. The lack of data at the
county level has led to the identification of a limited number of indicators to describe the
economic context of the two countries, but the identified variables can be integrated as
components of RCI 2.0, which is presented in further detail in section two.

2. Materials and Methods

Clustering is a method of recognizing patterns in data and creating classes of similar
objects, the goal being to have the most common characteristics within the cluster, which
are different from those found in other clusters. In the case of this research, clustering is
used to group counties with similar characteristics into classes to be able to analyze the
similarities between the counties of a class, as well as the differences recorded by NUTS-3
regions from different clusters. As with the K-means algorithm, hierarchical clustering is a
powerful unsupervised machine learning algorithm that uses a distance-based algorithm
to determine the distance between classes [22]. Unsupervised methods are used when the
number of classes is not known a priori. There are two ways to implement hierarchical
algorithms. The first option can be agglomerative, in which case each object initially
represents a cluster, joining iteratively, while the second option is divisive, so that at the
beginning there is only one cluster that is later divided [23]. The final product of this
algorithm is a dendrogram that represents the links between the clusters and the distances
at which they were joined. This method is used when the number of classes is not known,
but also when the data are complex, so proper data visualization guidance is required [24].
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The most important agglomerative clustering methods are the complete/single/average
link and Ward’s method, by which the degrees of similarity are presented based on the
least/most/average similar objects, indicating the largest/smallest/average distance be-
tween them [25]. Ward’s linkage method combines those objects by which the overall
variability within the cluster increases to the smallest possible degree. This method is used
especially when a relatively equal number of objects in the classes is expected and if there
are no outliers [26]. Although there are studies that support the elimination of outliers
before implementing the cluster analysis because it leads to better quality [27], it must be
taken into account that they also represent information that can help to understand data
behavior [28]. In some situations, such as the analysis of the counties presented in the
current study, they cannot be eliminated because it is necessary to understand the results
of the countries as a whole, not the detachment of some regions as if they would not help
to understand the economic processes in the respective countries.

For the current research, the agglomerative approach will be used, by which in the
initial step the Euclidean distances between points are calculated, each point representing a
class. The two closest clusters are selected by recalculating the new distances at each step, a
step that will be repeated until there is only one cluster [29].

Figure 2 shows the main steps for carrying out the current research, starting from
the choice of indicators for NUTS-3 regions, identified by querying the databases made
available by the National Statistics Institutes of the two states. An attempt was made to
cover as many sectors of interest as possible for the economies of the two countries, such
as education, health, transport, etc. The next step consisted of the general presentation
of the data discovered through the descriptive statistics initially carried out for all the
analyzed regions and later for each individual state. In order to deepen the analysis of
the regional indicators, maps were created to illustrate the situation in which each region
was found for the year 2022 (this being the last year for which data on the indicators were
made available). Since there were different units of measure and orders of magnitude of
the indicators, before proceeding to the next step shown in Figure 2, it was necessary to
standardize the data. In order to help identify some similarities between regions, a cluster
analysis was carried out based on the agglomerative method of hierarchical algorithms,
which starts by calculating the Euclidean distances, and in this step each region constitutes
a cluster. The algorithm continues with the merging of the two closest clusters (depending
on the chosen linkage method, in the present case using complete and Ward), the distances
being recalculated after each union, and these steps being carried out until a single class
is formed.
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The indicators with which these analyses were carried out are illustrated in Table 1,
showing the activity sectors to which they belong, the name, and the unit of measurement.
Although some of the variables chosen in the analysis are not among the indicators that
make up RCI 2.0, it should be noted that they can be classified into the three groups that
make up this index. Thus, for the basic group, indicators such as the length of motorways,
nights spent—total, infant mortality rate, physicians in health establishments, and group
net enrollment rate of children in kindergartens can be included. For innovation, the
indicator staff engaged in research and development appeared, and for efficiency, the
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unemployment rate and relative share of enterprises with more than 250 employees in the
total number of enterprises in the district stand out.

Table 1. Indicators.

Indicator Domain Name Unit

V1 Tourism Nights spent—total number
V2 Labor market Unemployment rate %
V3 Health services Physicians in health establishments 10,000 inhabitants number
V4 Demographic statistics Infant mortality rate (per 1000 live births) ‰
V5 Education Group net enrolment rate of the children in kindergarten %
V6 R&D 1 Staff engaged in research and development (per 1000 employees) ‰
V7 Transport Length of motorways km/100 km2

V8 Non-financial
enterprises

Relative share of enterprises with more than 250 employees in total
number of enterprises in the district %

1 Research and development.

Before describing the indicators, it should be stated that they were chosen so that they
can be found in the databases of both countries. The first indicator is from the tourism
sphere and refers to the number of nights spent in accommodation establishments (V1). For
the labor market, the unemployment rate (V2) was chosen, expressed as a percentage, while
for the health sector, the number of physicians in health establishments (V3) was used,
compared to 10,000 people. For demographic statistics, the infant mortality rate indicator
(V4) was selected, which is reported per 1000 live births, while for education, the group net
enrollment rate of the children in kindergartens (V5) was chosen, representing the ratio
between the number of enrolled children and the total number of children in the same
age category. The definition of the field of research and development was carried out by
identifying the personnel working in this area (V6) compared to 1000 employees, and the
transport performance was cataloged based on kilometers of highway (V7) per 100 square
kilometers of the surface of the region. The last indicator, relative share of enterprises with
more than 250 employees in the total number of enterprises in the district (V8), was chosen
for the non-financial enterprises field.

The data description begins by presenting some statistical elements applied to the
entire data set obtained, and the results provided by the two analyzed countries will be
presented distinctively.

Table 2 presents the situation for each indicator within the 70 regions analyzed. Thus,
there is a coefficient of variation that far exceeds the 100% threshold, approximately 185%
for V1, expressing excessive heterogeneity in the data, a fact also shown by the maximum
and minimum values, with the maximum reached in 2022 being 890 times greater than the
minimum. Also, the positive skewness coefficient announces the preponderance of small
values in this series, while the kurtosis coefficient shows a leptokurtic distribution. In the
case of the unemployment rate, an average of 4.55% is observed, with half of the regions
presenting a rate lower than 3.75%, while the most common value is 3.20%. The values vary,
on average, by 3% from the previously specified mean, with a kurtosis close to 0, indicating
a close to normal distribution. In the case of the asymmetry coefficient, the positive value
denotes the greater presence of small values. However, there are significant differences
between the minimum and maximum values, with a coefficient of variation exceeding
65%, indicating a heterogeneous data series. Regarding the number of physicians in health
establishments, an average of 32.81 doctors per 10,000 people is noticed, and in half of
the regions the value does not exceed 30.20 doctors. The most common value is 34.90,
with values varying, on average, by 17.74 physicians from the mean. The coefficient of
variation of 54% indicates that the regions are widely scattered around the mean, assuming
a significant variance between them. The infant mortality rate is 5.71 per 1000 live births
for the average of both countries, with half of the regions having values exceeding 5.80,
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the most common value being 7.50‰, while the rates vary from the mean, on average,
by 2.18‰.

Table 2. Descriptive statistics (for both countries).

Total V1 V2 V3 V4 V5 V6 V7 V8

Mean 727,595.19 4.55 32.81 5.71 73.22 5.79 0.65 0.18
Median 236,544.50 3.75 30.20 5.80 69.83 3.66 0.00 0.18
Mode #N/A 1 3.20 34.90 7.50 86.90 2.70 0.00 0.10

Standard Deviation 1,345,910.84 3.00 17.74 2.18 12.98 6.18 1.31 0.07
Kurtosis 21.49 0.26 3.04 0.26 −1.37 0.81 32.51 0.73

Skewness 4.19 0.94 1.58 −0.08 0.01 1.19 5.04 0.90
Range 8,980,046.00 12.60 87.29 10.70 46.36 26.90 9.65 0.35

Minimum 10,101.00 0.40 12.03 0.90 48.64 0.00 0.00 0.08
Maximum 8,990,147.00 13.00 99.32 11.60 95.00 26.90 9.65 0.43

Coefficient of Variation 184.98 65.85 54.07 38.20 17.73 106.57 202.56 41.91
Count 70.00 70.00 70.00 70.00 70.00 70.00 70.00 70.00

1 There are no repeating values in the series.

For the degree of enrollment in kindergartens, an average of 73.22% is noted, and
in half of the regions the values exceed 69.83%. A negative kurtosis shows a platykurtic
data series, while a value of 0.01, very close to 0, of skewness indicates a symmetrical
series. The coefficient of variation of 17.73% shows a homogeneous series, in which the
data are not very scattered relative to the mean. However, the minimum percentage is
almost twice lower than the maximum, a sign that there are regions where, for various
reasons, children were not enrolled in kindergarten in a large number. The next indicator
refers to the number of research and development workers per 1000 employees. In this
case, it is found that only 5.79‰ of the total number of employed people are active in this
field, in half of the regions the value is lower than 3.66‰, while the value encountered with
the highest frequency was 2.70‰. The data series is highly heterogeneous, the coefficient
of variation exceeding the 100% threshold, with regions where there are no employees in
this field at all (the minimum value is 0). Positive values of skewness and kurtosis denote a
series in which small values predominate, with a leptokurtic distribution. Regarding the
length of the highways, an average of 0.65 km of motorway per 100 square km is observed,
while the median and the mode are equal to 0, a sign that half of the regions do not have
any km of highway, this being the most common value. From the point of view of the
coefficient of variation, this series is the most heterogeneous of the ones analyzed, its value
exceeding 200%. The last indicator analyzed refers to the percentage of enterprises with
more than 250 employees in the total number of enterprises, and an average of 0.18% is
observed at the level of the two countries, with the median having the same value, a sign
that half of the regions presented percentages lower than this. The most common value
is 0.10%, the values varying from 0.08% to 0.45%, with a coefficient of variation of 41.91%
indicating a heterogeneous series.

Table 3 presents the descriptive statistics for the Romanian regions, noting the differ-
ences between the results obtained after the analysis of all the regions. For the 42 regions of
Romania, it is found that the minimum number of stays in accommodation establishments
is 470 times lower than the maximum, significantly lower compared to the previous case;
however, although the value of the coefficient of variation also decreases, it does not drop
below the 100% threshold, also indicating a very strongly heterogeneous series. Romania’s
average for the unemployment rate is lower than in the case of the analysis of the two states,
as is the median, a sign that half of the regions have lower values, i.e., 3.40%. Also, the rates
vary, on average, from 3.69% to 1.92%. The coefficient of variation is also smaller, but not
small enough to consider the data series homogeneous. For the health indicator, physicians
in health establishments per 10,000 inhabitants, their average number is lower in Romania’s
regions; in 50% of the regions there are less than 21.13 doctors per 10,000 inhabitants. In
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this case, the data are much more widely scattered around the mean. The average infant
mortality rate is higher in the case of Romania, the data series being a homogeneous one.
In the series, low values predominate, and between the maximum and minimum value
there is a difference of 7.50.

Table 3. Descriptive statistics Romania.

Romania V1 V2 V3 V4 V5 V6 V7 V8

Mean 643,913.62 3.69 29.20 5.92 63.84 3.53 0.66 0.20
Median 295,028.00 3.40 21.13 5.80 63.33 1.28 0.00 0.19
Mode #N/A 1 3.20 19.07 6.30 #N/A 1 0.31 0.00 0.18

Standard Deviation 927,421.98 1.92 20.65 1.46 6.92 4.71 1.60 0.08
Kurtosis 10.07 0.30 3.58 0.82 −0.10 1.60 25.21 0.87

Skewness 2.99 0.64 1.99 0.22 −0.11 1.62 4.70 0.89
Range 47,450,66.00 8.00 87.29 7.50 31.76 16.33 9.65 0.35

Minimum 10,101.00 0.40 12.03 2.60 48.64 0.00 0.00 0.08
Maximum 4,755,167.00 8.40 99.32 10.10 80.40 16.33 9.65 0.43

Coefficient of Variation 144.03 52.00 70.72 24.59 10.84 133.39 243.18 38.53
Count 42.00 42.00 42.00 42.00 42.00 42.00 42.00 42.00

1 There are no repeating values in the series.

The enrollment rate of children in kindergarten is 63.84%, and half of the regions
present values lower than 63.33%. The negative value of skewness illustrates a series in
which large values are predominant, but as both coefficients of asymmetry and vaulting are
close to 0, it can be stated that the series is symmetrical and with a normal distribution, a fact
also supported by the coefficient of variation, which presents a homogeneous series. For
R&D employees, the average of the two countries is higher than the average of Romania, the
series being strongly heterogeneous, in which low values are predominant, with the values
of this series varying between 0 and 16.33‰. Regarding highways, Romania’s average is
higher compared to the average of the two countries, although the difference is very small,
and in this case, half of the regions do not have any highway km. The coefficient of variation
is close to 250%, an enormous value, presenting a heterogeneous series, in which small
values are predominant (skewness = 4.70), and the kurtosis value indicates a leptokurtic
distribution. The percentage of companies with more than 250 employees in Romania is
0.20%, 50% of which have a value greater than 0.19%, while the most frequently occurring
value is 0.18%. The variation coefficient of 38.53% denotes a slightly heterogeneous series,
for which small values are predominant (positive skewness).

Table 4 presents information on the situation of Bulgaria’s regions for the year 2022.
The average number of nights spent in accommodation establishments in the 28 regions of
Bulgaria is approximately 853,118, noting that in half of the regions, the number of nights is
at least 4.7 times lower compared to the average (180,840). The coefficient of variation that
exceeds 200% shows a highly homogeneous series, while the positive coefficient of variation
denotes the greater presence of small values in the series. The average unemployment rate is
over 2% higher than in the case of Romania; in half of Bulgaria’s regions, the values exceed
5.30%, the most frequently encountered value being 0.90%. The values present in the regions
vary, on average, from 5.85% to 3.80%, with the negative vaulting coefficient indicating
a platykurtic series, while the close to 0 and positive value of the asymmetry coefficient
presents an approximately symmetrical series, but one with slightly more small values.
The average number of physicians in health establishments is 38.22 per 10,000 inhabitants,
higher by 9 compared to Romania. The median and mode have the same value of 34.90,
denoting that this is the most common value and that half of the regions have values
greater than or equal to this. Also, the coefficient of variation of 26.94% indicates the
presence of a homogeneous series, while the positive value of the coefficient of asymmetry
illustrates the preponderance of small values of the series. The infant mortality rate per
1000 live births is 5.41, slightly lower than in the case of Romania, although the median
has the same value, a sign that half of the regions have values greater than 5.80‰. The
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values recorded by the regions deviate, on average, from the value of 5.41‰ by 2.97‰.
The skewness coefficient close to 0 indicates an approximately symmetric series, while the
kurtosis coefficient indicates a platykurtic distribution, and the coefficient of variation of
54.85% shows a heterogeneous series.

Table 4. Descriptive statistics Bulgaria.

Bulgaria V1 V2 V3 V4 V5 V6 V7 V8

Mean 853,117.54 5.85 38.22 5.41 87.28 9.19 0.63 0.15
Median 180,840.50 5.30 34.90 5.80 87.25 7.70 0.32 0.10
Mode #N/A 1 0.90 34.90 2.50 86.90 16.90 0.00 0.10

Standard Deviation 1,815,488.89 3.80 10.30 2.97 4.00 6.62 0.71 0.06
Kurtosis 15.80 −1.23 3.53 −0.88 7.43 0.14 −1.05 −0.09

Skewness 3.78 0.26 1.79 0.13 −1.80 0.79 0.61 0.92
Range 8,959,044.00 12.10 46.20 10.70 23.00 26.40 2.18 0.20

Minimum 31,103.00 0.90 26.20 0.90 72.00 0.50 0.00 0.10
Maximum 8,990,147.00 13.00 72.40 11.60 95.00 26.90 2.18 0.30

Coefficient of Variation 212.81 65.00 26.94 54.85 4.59 72.08 112.24 42.55
Count 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00

1 There are no repeating values in the series.

The percentage of children enrolled in kindergarten is 87.28%, the values deviating,
on average, by 4% from this value, while in half of the counties the values exceed 87.25%.
The coefficient of variation shows a homogeneous series, while the negative value of the co-
efficient of asymmetry illustrates the need of parents to send their children to kindergarten.
Regarding the proportion of employees in research and development, an average value of
9.19‰ is observed, the lowest value being 0.5‰, while the maximum threshold reaches
26.90‰. The coefficient of variation of 72.08% shows a heterogeneous series, where the
data appear to be quite scattered relative to the mean. However, the kurtosis coefficient
close to 0 indicates an approximately normal distribution, while the positive skewness
coefficient denotes the preponderance of small values. The average length of motorways is
slightly lower than in the case of Romania, with half of the regions not exceeding 0.32 km
of motorway per 100 square km. The most common value is 0, with rates varying, on
average, by 0.71 km from the value of 0.63. The coefficient of variation above 100% shows
an extremely heterogeneous series, while the coefficients of asymmetry and vaulting show
a platykurtic distribution in which small values are predominant. For the last indicator ana-
lyzed, the relative share of enterprises with more than 250 employees in the total number of
enterprises in the district, a lower average value is presented than in the case of Romania,
0.15%, with a median and mode of 0.10%, showing that half of the regions have values less
than or equal to the most common value of the series. The minimum value is 0.10%, while
the maximum reaches 0.30%, with the coefficient of variation being 42.55%, indicating the
presence of heterogeneity in the data.

3. Results

The research results are presented starting with the detailing of the results of each
region through maps, the last step consisting of the identification of similarities and differ-
ences that can be identified through a cluster analysis.

3.1. Maps Representation

In what follows, a more detailed situation of the values recorded by the regions for
the analyzed indicators will be presented. Visual representation of the maps was made
through the QGIS software (3.38.0 Grenoble), which helped to geographically identify the
regional performances for the investigated year.

According to the map in Figure 3, the regions in Romania where the most accommoda-
tion nights were spent are Constant,a and Bucharest, followed by Bras, ov, Vâlcea, Bihor, Cluj,
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Prahova, and Suceava (see Appendix A Table A1). This fact is to be expected considering
that these regions are known to attract the most tourists because Constant,a is located near
the Black Sea, while Bras, ov and Prahova are known for their mountain resorts. In the case
of Bulgaria, the most overnights spent in accommodation establishments were registered in
Burgas, leading the ranking of the regions in both countries. Other regions with significant
values are Varna, Plovdiv, Blagoevgrad, the capital, and Dobrich, and in this case, the
values can be explained by the tourists’ interest in the seaside resorts, or visiting the capital.
Also, Plovdiv is among the most developed cities, except Sofia.
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For the unemployment rate, the lowest values were found in the regions of Bucharest 
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developed cities, as well as in those with significant tourist potential. While the regions of 
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Figure 3. Overnights spent in accommodation establishments.

For the unemployment rate, the lowest values were found in the regions of Bucharest
and Ilfov, followed by regions in the west of the country and Constant,a, while increased
values were observed in Vaslui, Teleorman, and Dolj. Low values were found in the most
developed cities, as well as in those with significant tourist potential. While the regions of
Bulgaria, Varna, Stara Zagora, Hskovo, Kardzhali, and Sofia register the lowest rates, at the
opposite pole are Shumen, Pernik, and Silistra (Figure 4).
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in Pleven, followed by Plovdiv, Varna, and the capital. Although even in this case the 
recorded values are small, the region with the lowest value exceeds more than half of 
Romania’s regions. 

In the case of the indicator illustrated in Figure 6, it was found that the recorded val-
ues were relatively low for most regions, with the exception of Sălaj, Dobrich, Vratsa, and 
Yambol. Although one could blame the small number of doctors in these regions, com-
pared to Figure 4, it can be seen that there are regions where their number was much 
lower, but this rate was not higher. An explanation could be attributed to outdated equip-
ment and the lack of gynecology and neonatology departments in certain regions of the 
country [30]. 

Figure 7 shows the situation of the kindergarten enrollment rate, noting the much 
higher percentages of the regions in Bulgaria compared to those in Romania; this can be 
explained by the Bulgarian policy to cover the costs of nurseries and kindergartens, with-
out the burden falling any further on the parents [31]. 

Regarding the personnel employed in the field of research and development, accord-
ing to Figure 8, it can be seen that the highest percentages were found in regions in the 
territory of Bulgaria, while most regions in Romania had low values. 

Figure 4. Unemployment rate.

The highest numbers of physicians per 10,000 inhabitants were awarded to Bucharest
and Timis, , followed by Ias, i and Cluj (Figure 5). It can be noticed that in many Roma-
nian regions, there were very low values for this indicator, the acute lack of doctors [30],
especially those in rural areas, being best observed in this context. As for Bulgaria, the
maximum value reached only 72.40 physicians in health establishments per 10,000 inhabi-
tants in Pleven, followed by Plovdiv, Varna, and the capital. Although even in this case
the recorded values are small, the region with the lowest value exceeds more than half of
Romania’s regions.

In the case of the indicator illustrated in Figure 6, it was found that the recorded values
were relatively low for most regions, with the exception of Sălaj, Dobrich, Vratsa, and
Yambol. Although one could blame the small number of doctors in these regions, compared
to Figure 4, it can be seen that there are regions where their number was much lower, but
this rate was not higher. An explanation could be attributed to outdated equipment and
the lack of gynecology and neonatology departments in certain regions of the country [30].

Figure 7 shows the situation of the kindergarten enrollment rate, noting the much
higher percentages of the regions in Bulgaria compared to those in Romania; this can be
explained by the Bulgarian policy to cover the costs of nurseries and kindergartens, without
the burden falling any further on the parents [31].

Regarding the personnel employed in the field of research and development, according
to Figure 8, it can be seen that the highest percentages were found in regions in the territory
of Bulgaria, while most regions in Romania had low values.
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Figure 7. Group net enrolment rate of children in kindergartens (%). 

 
Figure 8. Staff engaged in research and development (per 1000 employees). 
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For the number of km related to the surface of the regions, it can be distinguished from
Figure 9 that Bucharest has the highest value. In the case of Romania, there is a route from
the east of the country (Constant,a) to the west (Timis, ). The regions with the highest values,
with the exception of Bucharest-Ilfov, are found in the west of the country, connecting with
western countries. Moreover, Călăras, i has a significant number of kilometers, being the
county that connects with the access to Constant,a (so to the Black Sea). Regarding Bulgaria,
it can be observed that the regions in the north have fewer km of highway compared to
those in the south.
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Giurgiu, or Bistrița-Năsăud. These low values can be explained by the presence of coun-
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men, noting that the Bulgarian counties had lower percentages compared to Romania 
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The regions with the highest percentages of large companies were Bucharest, Prahova,
Sibiu, Alba, Arad, and Timis, , while values did not appear in Caras, -Severin, Giurgiu, or
Bistrit,a-Năsăud. These low values can be explained by the presence of counties in the
vicinity of regions with high values. In the case of Bulgaria, the regions with the highest
percentage of enterprises with more than 250 employees were Gabrovo and Shumen, noting
that the Bulgarian counties had lower percentages compared to Romania (Figure 10).
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Figure 11 shows the dendrogram related to the classification of regions using Ward’s 
linkage method. After the Euclidean distances between the objects were calculated, based 
on the standardized data of the indicators presented in Table 5, the counties were joined 
so that the variability within the classes was minimal. Thus, it can be noted that the two 
large classes that can be visualized have joined at a height value of approximately 15. To 
determine the optimal number of classes, the NbClust package [32] was used, which con-
tains a set of 30 indices, each index indicating a number of groups; at the end, a number 
of classes is recommended according to the maximum number of indices that indicated a 
certain number of clusters. 
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3.2. Cluster Analysis

Cluster analysis starts with the standardization of the data because they are repre-
sented in various units of measure as well as orders of magnitude. In this regard, Table 5
shows the format in which the data appear after standardization.

Table 5. Standardized data.

Region V1 V2 V3 V4 V5 V6 V7 V8

RO_AB −0.22 −0.28 −0.69 −0.97 −0.47 −0.50 0.44 1.75
RO_AR −0.31 −1.15 −0.17 −0.24 −0.45 −0.12 0.13 1.62

: . . . . . . . . . . . . . . . . . . . . . . . .
BG_BLG 0.49 0.28 −0.08 −1.29 1.49 −0.21 0.12 −1.05
BG_BGS 6.14 0.08 0.39 0.82 1.17 −0.13 0.01 −1.05

The next step is to calculate the Euclidean distances, followed by grouping the objects
into classes according to the chosen method.

Figure 11 shows the dendrogram related to the classification of regions using Ward’s
linkage method. After the Euclidean distances between the objects were calculated, based
on the standardized data of the indicators presented in Table 5, the counties were joined
so that the variability within the classes was minimal. Thus, it can be noted that the two
large classes that can be visualized have joined at a height value of approximately 15.
To determine the optimal number of classes, the NbClust package [32] was used, which
contains a set of 30 indices, each index indicating a number of groups; at the end, a number
of classes is recommended according to the maximum number of indices that indicated a
certain number of clusters.
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On the basis of the results provided by applying both methods, it can be stated that 
the optimal number of classes is four. 

The division by classes, identified through various colors, made by the Ward method 
(Figure 15) indicates that Bucharest represents a cluster by itself, a fact that can be under-
stood because it is the region with the best performance regarding RCI 2.0 in the two 
countries. However, in the case of this method, the Bucharest region appears to have char-
acteristics similar to the red-colored regions, compared to the other two classes, a sign that 
the regions illustrated in red can have similar results to those of Bucharest, indicating that 
from the perspective of the analyzed indoctrinators, their performances can be considered 
better compared to the other regions belonging to the other two clusters. 

Figure 11. Dendrogram (Ward).

Figure 12 displays the numbers of indices that chose between two and five classes
(these numbers appear because the researchers set a limitation of a minimum number of
two classes and a maximum number of five classes). According to the results obtained,
most indicators chose four clusters.
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Figure 12. Index clustering proposal (Ward).

Figure 13 shows the dendrogram related to the clustering using the complete linkage
method. Through this method, the difference between Bucharest and all other counties can
be clearly noted, with it joining the other classes at a height of 10.78.

By applying the NbClust package, the optimal number of classes chosen by the largest
number of indicators is two, and the next chosen grouping of six indicators is four classes
(Figure 14).
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Figure 14. Index clustering proposal (complete).

On the basis of the results provided by applying both methods, it can be stated that
the optimal number of classes is four.

The division by classes, identified through various colors, made by the Ward method
(Figure 15) indicates that Bucharest represents a cluster by itself, a fact that can be un-
derstood because it is the region with the best performance regarding RCI 2.0 in the two
countries. However, in the case of this method, the Bucharest region appears to have char-
acteristics similar to the red-colored regions, compared to the other two classes, a sign that
the regions illustrated in red can have similar results to those of Bucharest, indicating that
from the perspective of the analyzed indoctrinators, their performances can be considered
better compared to the other regions belonging to the other two clusters.
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Figure 16 can help to geographically visualize the presentation of classes using Ward’s
linkage method. In this case, Bucharest is illustrated in orange, having the highest values
for the number of km of highway and the percentage of companies with over 250 em-
ployees. It also ranked among the lowest unemployment rates and infant mortality rates,
among the most nights of accommodation, and a significant number of researchers and
developers. Furthermore, it obtained the best value for physicians in health establishments
per 10,000 inhabitants and an average value for the percentage of children enrolled in
kindergarten. The class illustrated in yellow recorded low performances for the percentage
of companies with over 250 employees and km of highway, for the second variable, the
exception being Ialomita and Călăras, i. Moreover, these counties obtained low values for
research and development staff and physicians in health establishments, as well as for the
number of nights spent in accommodation units (except Suceava and Vâlcea). Additionally,
average values for the unemployment rate and infant mortality rate and low to medium
values for the group net enrollment rate of children in kindergartens were identified, for
which there are high values for Harghita and Sălaj. The light orange grouping is character-
ized by low values for the number of km of highway, as well as for the relative share of
enterprises with more than 250 employees in the total number of enterprises in the district,
but also the tourism indicator. Medium to high values were identified for the unemploy-
ment rate, high percentages for children enrolled in kindergarten (except Sliven), as well as
medium to high rates of infant mortality (less in Burgas, Pazardzhik, and Lovech). For the
number of physicians in health establishments per 10,000 inhabitants and staff engaged in
research and development, the recorded values ranged from low to medium. The class that
included regions from both counties (red) presented a small to average number of highway
kilometers, except Ilfov, which had the highest values. High percentages of enterprises with
more than 250 employees were also observed. For the infant mortality rate and the number
of nights of accommodation, the values were low to medium, with the exception of Bras, ov,
Varna, Constant,a, and Grad Sofiya, where the values recorded for the tourism indicator
were among the highest. The number of physicians varied from medium to high values,
the same being highlighted for the percentage of children enrolled in kindergarten (for this
indicator, low values were observed for Constant,a, Iasi, Sălaj, Timis, oara, and Bras, ov).

According to the two-class grouping, by applying the complete linkage method, it
is found that Bucharest would form a class by itself, with all the other regions belonging
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to a distinct class, highlighting once again the performances of Bucharest as a whole,
significantly different from those of the regions that make up both countries.
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Through the grouping made by the complete linkage method (Figure 18), it is noted 
that there is no longer any geographic delimitation, just as could be highlighted in the 
previous case. For this situation, Constanța and Burgas form a class characterized by low 
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gaged in research and development, as well as for highway kilometers. Infant mortality 

Figure 16. Cluster map (Ward).

In the case of Figure 17, four classes are discussed, with Bucharest still being a unitary
cluster, and Constant,a and Burgas being grouped in a distinct cluster. Another class is
made up of the regions of Bihor, Brasov, Cluj, Dolj, Iasi, Ilfov, Mures, Sibiu, and Timis,
belonging to Romania, and Gabrovo, Pernik, Pleven, Plovdiv, Ruse, Smolyan, Grad Sofiya,
Stara Zagora, Varna, Veliko Tarnovo, and Shumen, belonging to Bulgaria. All other regions
not listed constituted another class.

Through the grouping made by the complete linkage method (Figure 18), it is noted
that there is no longer any geographic delimitation, just as could be highlighted in the
previous case. For this situation, Constant,a and Burgas form a class characterized by low
to medium rates for unemployment, physicians in health establishments and staff engaged
in research and development, as well as for highway kilometers. Infant mortality rates
were also observed to show medium to high values for the year analyzed, as well as a
small number of companies with over 250 employees, but those counties had the highest
values for overnight stays. Regarding the percentage of children enrolled in kindergarten,
Burgas was observed to have a high value, specific to Bulgarian enrollment values, while
the rate in Constant,a was lower. The red class shows average rates of infant mortality,
with average to high values of physicians in health establishments, the exception for this
indicator being Smolyan, Pernik, Ilfov, Shumen, and Veliko Tarnavo. In the case of the
unemployment rate, with the exception of Smolyan, Gabrovo, Pernik, Shumen, and Dolj,
where the rates were high, the other counties that make up the class show low to medium
values. Also, the number of kilometers of highways is high in Ilfov, but the other regions
record low to medium values. For the nights spent in accommodation units, except the
capital of Bulgaria, Bras, ov and Varna, the recorded values were low to medium, while
in most regions medium to high values were observed for the percentage of enterprises
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with over 250 employees. For the counties that make up the yellow class, small to medium
values are distinguished for physicians in health establishments per 10,000 inhabitants, as
well as for staff engaged in research and development per 1000 employees. In the case of
accommodation nights and highway kilometers, the recorded values were low to medium,
except for Prahova for the second variable.
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Figure 16. Cluster map (Ward). 

 
Figure 17. Clusters composition (complete). 

Through the grouping made by the complete linkage method (Figure 18), it is noted 
that there is no longer any geographic delimitation, just as could be highlighted in the 
previous case. For this situation, Constanța and Burgas form a class characterized by low 
to medium rates for unemployment, physicians in health establishments and staff en-
gaged in research and development, as well as for highway kilometers. Infant mortality 

Figure 17. Clusters composition (complete).

Figure 18. Cluster map (complete).
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Depending on the clustering algorithms applied, but also on the methods of linking the
objects, it is normal for the results to differ, this fact being also noted in other studies [28,33].
Although two different methods of linking NUTS-3 regions in clusters were used, it can
be noted, according to Table 6, that most regions were placed in the same class, regardless
of the chosen method. Thus, 49 regions out of the 70 analyzed keep their classes, both
when applying the complete method and Ward’s method, a sign that whichever method is
chosen the results are not much different.

Table 6. NUTS-3 Regions cluster results.

Item Ward Complete Item Ward Complete Item Ward Complete Item Ward Complete Item Ward Complete

BG_BLG 4 1 BG_VRC 2 1 BG_SHU 4 4 RO_CJ 4 4 RO_B 3 3
BG_DOB 2 1 BG_JAM 2 1 BG_SML 4 4 RO_CV 1 1 RO_MS 4 4
BG_HKV 4 1 RO_AB 4 1 BG_SZR 4 4 RO_DB 1 1 RO_NT 1 1
BG_KRZ 4 1 RO_AR 4 1 BG_VAR 4 4 RO_DJ 4 4 RO_OT 1 1
BG_KNL 4 1 RO_AG 4 1 BG_VTR 4 4 RO_GL 1 1 RO_SJ 1 1
BG_LOV 2 1 RO_CT 4 2 RO_BC 1 1 RO_GR 1 1 RO_SM 1 1
BG_MON 2 1 RO_PH 4 1 RO_BH 4 4 RO_GJ 1 1 RO_SB 4 4
BG_PAZ 2 1 BG_BGS 2 2 RO_BN 1 1 RO_HR 1 1 RO_SV 1 1
BG_RAZ 2 1 BG_GAB 4 4 RO_BT 1 1 RO_HD 1 1 RO_TR 1 1
BG_SLS 2 1 BG_SOF 4 4 RO_BR 1 1 RO_IL 1 1 RO_TM 4 4
BG_SLV 2 1 BG_PER 4 4 RO_BV 4 4 RO_IS 4 4 RO_TL 1 1
BG_SFO 4 1 BG_PVN 4 4 RO_BZ 1 1 RO_IF 4 4 RO_VL 1 1
BG_TGV 2 1 BG_PDV 4 4 RO_CL 1 1 RO_MM 1 1 RO_VS 1 1
BG_VID 2 1 BG_RSE 4 4 RO_CS 1 1 RO_MH 1 1 RO_VN 1 1

In order to deepen the issue of the differences between the results of the county linking
methods, the averages and standard deviations of the classes for the two methods were
calculated, as can be seen in Tables 7 and 8.

In the case of Ward’s linking method, it is noted, according to Table 7, that, following
this grouping of counties, cluster 3 has the highest average of nights spent in accommo-
dation units, followed by clusters 2 and 4, the counties that make up the cluster 1 having
the average values more than 10 times lower compared to Bucharest (cluster 3), this being
expected because cluster 1 does not have regions near the sea or mountains, or highly
visited cities of Romania. Also, Bucharest has the lowest unemployment rate, the highest
average unemployment rate being recorded by the counties that form cluster 2. Addition-
ally, from the point of view of the number of doctors, Bucharest seems to have, by far, the
best performances, which have more than 5 times more doctors per 10,000 inhabitants
compared to the counties that compose cluster 1. Clusters 2 and 4 present the highest values
of the percentages of children going to kindergarten, a predictable situation given the fact
that these two classes are formed from the counties of Bulgaria. Also, cluster 2, which has
the highest mean value, also presents the lowest standard deviation, the percentages of
these counties varying, on average, by 4.75% from the group mean of 85.74%.Regarding
the length of highways, it is worth noting that Bucharest has, by far, the largest number of
km built, compared to the surface of the city, followed by cluster 4, which is made up of
counties located mostly in the southern part of Bulgaria, in this situation the data varying,
on average by 0.87 km/100 km2 from the average of 0.85 km/100 km2.

In the case of the complete method, according to Table 8, the hierarchy of the groups
changes for accommodation nights, because Burgas and Constant,a form cluster 2, having
an average of more than 2 times higher compared to Bucharest. The values also vary, on
average, from the group average of 2,994,583.08 overnight stays. As in the case of the
situation presented previously, Bucharest continues to have the lowest unemployment rate
compared to the averages of the other classes, as well as the highest number of doctors.
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Table 7. Cluster statistics Ward.

Statistics Cluster V1 V2 V3 V4 V5 V6 V7 V8

Mean

1 298,194.22 4.42 18.87 6.27 63.54 1.12 0.21 0.16
2 1,005,586.42 8.11 34.28 7.62 85.74 5.73 0.39 0.11
3 3,238,369.00 1.00 99.32 2.60 65.05 15.76 9.65 0.43
4 919,167.10 3.37 42.54 4.55 77.19 9.70 0.85 0.22

Standard
deviation

1 313,169.22 1.63 4.66 1.38 7.07 1.32 0.48 0.04
2 2,549,380.22 2.68 4.37 1.97 4.75 3.15 0.50 0.03
3 #DIV/0! * #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
4 1,139,244.03 3.02 17.02 2.15 13.30 6.77 0.87 0.07

* Cannot be calculated because there is only one county in that class.

Table 8. Cluster statistics complete.

Statistics Cluster V1 V2 V3 V4 V5 V6 V7 V8

Mean

1 339,230.74 4.96 24.15 6.07 71.42 2.82 0.40 0.16
2 6,872,657.00 3.55 39.78 7.50 74.91 5.99 0.86 0.13
3 3,238,369.00 1.00 99.32 2.60 65.05 15.76 9.65 0.43
4 900,206.75 3.88 49.13 4.86 77.68 12.26 0.75 0.23

Standard
deviation

1 377,540.91 2.78 8.06 2.09 12.09 2.99 0.60 0.06
2 2,994,583.08 1.77 0.03 0.00 19.08 1.39 0.28 0.04
3 #DIV/0! * #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
4 1,024,830.98 3.48 16.78 2.20 14.36 6.75 0.98 0.06

* Cannot be calculated because there is only one county in that class.

As for class 2, consisting of Constant,a and Burgas, the small number of objects in
the cluster makes its standard deviation, for most of the analyzed indicators, the smallest
compared to the other clusters. For example, in the case of Infant mortality rate, both
counties recorded the same value, of 7.5‰, so the standard deviation is 0. The exception
being observed in the number of children enrolled in kindergarten, where the cluster has
the highest standard deviation, of 19.08%, but it can be explained by the fact that the
counties are part of different countries, with different policies regarding the participation
of preschool children in education. The same explanation can be given for the other values
of the standard deviations of the clusters for this indicator, because, in the case of Ward’s
method, where the clusters were formed from the counties of the same country, the standard
deviations are much lower.

As has already been pointed out in this paper, different clustering methods yield dif-
ferent results, this fact being highlighted in Tables 6–8; however, the observed discrepancies
are not so significant, that is why it was wanted to present two different methods of linking
counties in classes. Although there are methods to determine the accuracy of both methods,
such as calculating silhouette coefficients, their values were so close for the two linkage
approaches that it was considered necessary to present the two results.

4. Discussion

In the case of both classification methods, the differentiation of Bucharest from all
other regions was noted, a fact also confirmed by another cluster analysis on the regions
of central and eastern Europe, in which it was found that the capitals have a competitive
advantage compared to the rest of the country. In the same study, Romanian and Bulgarian
regions, except those containing capitals, also had the lowest values for the European Social
Progress Index [34].

The research results showed a significantly higher number of tourists in the big cities,
the Black Sea area, and the Carpathian Mountains area, in the case of Romania. Therefore,
urban tourism appears to be gaining ground, helping to grow and develop these areas [35].
However, the impact of real estate development on these areas should be taken into account,
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as green spaces are considerably reduced by the creation of new residential areas that create
additional pollution [36]. Not only does urban tourism bring a large number of tourists, in
the case of Bulgaria, more than half of the number of tourists stay in the months of July
and August, a sign that the sea and the sun have a huge potential for tourism [37]. Ways
of promoting cities are achieved through culture; in the last five years, Plovdiv [38] and
Timis, oara [39] have been declared European cultural cities, attracting a significant number
of tourists. Bucharest includes 5% of the total museums in the whole country, an increase in
visits is highlighted in the last 10 years. Other cities with rich culture are Sibiu, this being
the European capital of culture in 2017, Timis, oara, Ias, i, and Cluj-Napoca [40]. Also, another
way to increase the number of tourists is by promoting national brands, such as Dracula, or
locations where famous films or series were made [41].

From the point of view of the unemployment rate, Bucharest had among the lowest
recorded values. There is a study on the unemployment rate according to gender and the
regions of Romania, according to which Bucharest forms a single class, being the most
developed region [42]. These results are supported by current research. For the year 2021,
the cities with the highest numbers of employees were Bucharest, Timis, , Cluj, Constant,a,
Prahova, and Bras, ov [43], the current study identifying the fact that these counties recorded
low unemployment rates for the year 2022 as well. The sustainable economic growth
obtained through the introduction of new technologies requires the intensification of the
actions carried out by state institutions in order to increase the employment rate at the
local level, because in the case of Bulgaria, long-term unemployment is a problem, and
training and education programs are necessary to stimulate the development of the market
work [44]. Also, according to a study on the rural areas of the new EU member states,
Bulgaria had the most agricultural regions with low income and a high unemployment
rate [45].

Regarding health, according to a cluster analysis carried out in European countries,
Romania and Bulgaria are grouped together with 12 other countries in a cluster character-
ized by a small number of doctors and nurses, a smaller number of years in terms of life
expectancy at birth, a high maternal mortality rate, as well as low values of public health
expenditure per capita [46]. According to a study conducted on the regional disparities in
the medical system in Romania, it can be seen that the west and southwest Oltenia regions
had the lowest numbers of medical personnel [47], while in the current study, the number
of doctors per 10,000 inhabitants seemed to be quite high in these regions compared to the
eastern regions. Considering that the study performed in 2019 did not take into account the
number of inhabitants and that the entire medical staff includes nurses, no comparisons
can be made between the two studies. The results obtained illustrated very low values
of the number of doctors; in more than half of Romania’s regions, the values were lower
compared to the lowest value obtained by Bulgaria’s regions. This small number of doctors
in Romania is explained by their migratory effect, noting that the most chosen destinations
are Great Britain, Germany, France, and Italy [48]. This exodus of doctors has increased
in intensity since 2007, when physician diplomas began to be recognized in the European
space [49]. Romania and Bulgaria also have the highest infant mortality rates of all EU
member states [50]. The most common causes of infant mortality are perinatal conditions
and congenital malformations. In the case of Romania, a common cause, compared to the
EU, is represented by diseases of the respiratory system [51]. In 2017, the highest infant
mortality rates were observed in regions such as Călăras, i, Mehedint, i, and Tulcea, while the
lowest were found in Ilfov, Bucharest, Cluj, Prahova, and Timis, . In the present case, the
values were lower compared to those of 2017. Now, Sălaju occupies a leading position, and
Tulcea is no longer among the regions with the highest values.

Concerning the education results, it was noted that the percentage of children enrolled
in kindergarten is higher in Bulgaria compared to Romania. This aspect can be explained by
the fact that the costs related to parents for the units in Bulgaria have been eliminated [52].
Furthermore, kindergarten is not mandatory in Romania—only since 2023 has it become
mandatory for those over 4 years of age—while in the case of Bulgaria, the last two years
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of kindergarten have been mandatory since 2010 [53]. Also, in the case of R&D, there is
a higher percentage of employees in this field in Bulgarian regions compared to those of
Romania. According to a European Commission report, in the period of 2011–2015, gross
domestic expenditure on R&D was higher in Bulgaria compared to Romania, with the same
being observed in the case of business expenditure on R&D. According to the same report,
the innovation and sophistication factors indicator of the Global Competitiveness Report of
2016–2017 placed Bulgaria in 71st place, and Romania in 100th place [54].

Another indicator investigated in this study was the percentage of companies with over
250 employees from the total of companies in the region. An average of 0.20% was observed
in the case of Romania and 0.18% for the Bulgarian regions. According to a European
Commission report on the Small Business Act, estimates for 2018 showed that 0.20% of
companies had more than 250 employees, with 24.3% of all employees employed [55].

A problem that both countries face is related to the kilometers of highway; there are
many regions where their number is equal to 0. In the year 2021, Bulgaria had 806 km of
highway, while Romania recorded 931 km, these being in the bottom 10 EU member states
in terms of this indicator. It should be noted that from 1991 until 2020, the trend regarding
the number of public roads was upward, even if during the period of 2016–2018 the trend
of investments in this infrastructure was downward. Regarding NUTS-2 regions, by far the
most public roads are found in the Bucharest-Ilfov region, followed by the northeast region,
with the center and southeast regions at the opposite pole. In addition, the growth rate of
highway lengths for 2020 was 2.03% in Bulgaria and 6.24% in Romania, respectively, 0% in
2021 in Bulgaria, and 1.20% in Romania. Also, of Romania’s 931 km of highway, not even
one has been built in the southwest Oltenia region and only 20 km in the entire northeast
region. The most km of highway built can be found in the west and south Muntenia regions
with 253 km and 258 km, respectively [56]. In the case of Bulgaria, the roads are better
developed from east to west than from north to south. Also, the density of roads is lower
in the southeast and southwest regions, but they have a better developed high-class road
network, while the north central region has an increased road density, but no complete
highways. Moreover, Blagoevgrad, Montana, Burgas, Sliven, and Pazardzhik have the
lowest density of road networks [57].

Presenting the issue of regional competitiveness from the introduction, it was desirable
to make a comparison of the studies presented in that section with those provided by this
research. Therefore, as presented in the introduction, according to RCI 2.0 the worst
performing regions were northwest, southeast, and Severozapaden. The current research
show that for some of the indicators, the majority of the counties that make up these
regions are in situations similar to NUTS-2 regions [2]. Also, in terms of tourism, the most
competitive regions are those around the sea, in mountainous areas and the largest cities,
this fact being consistent with the results of other studies [6]. Additionally, another study
previously presented highlighted the fact that the regions in the center and west of Romania
are the best performing in terms of industry [8]. The current research notes seminal results
because the counties in the center and west have a lower unemployment rate, as well as
more large companies. Moreover, at the time studied, Romania had a greater number of
km built compared to Bulgaria, the situation being the opposite in the year 2020 [20]. As for
Bulgaria, the introduction also stated the fact that this state ensures a safe place for children
in kindergarten in the last years of study [15], with the current research observing the fact
that the number of children enrolled in the counties of this country are higher compared
to Romania.

Summarizing the discussion section, starting from the obtained results, certain recom-
mendations will be made. First of all, the much higher percentages of children attending
kindergarten in Bulgaria’s regions should set an example for Romania’s counties, the latter
being able to try to adopt new policies from Bulgaria regarding early child education. It
is also suggested to improve the infrastructure, especially in rural areas. This fact also
helps to encourage the return of young people to those regions because both countries face
an excessive degree of aging in these areas, with the active population migrating to other
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regions or other countries to find jobs. Moreover, the development of transport networks
will help to strengthen the industries and increase the links between the two countries, as
well as the links with the EU.

5. Conclusions

The purpose of the current study was to identify the performances recorded at the
level of NUTS-3 regions for Bulgaria and Romania, countries for which they were identified
among the lowest values for the EU Regional Competitiveness Index 2.0—2022. The actual
research began by exposing the indicators selected in the analysis, it being desirable to
cover as wide a range of fields as possible that make up the economy of these states. Thus,
indicators aimed at presenting information on tourism, the labor market, fields such as
health, education, as well as research and development were displayed; to these adding
transport, demographic statistics, and non-financial enterprises. By presenting the total
and individual descriptive statistics (for the two countries) from the beginning of the
section dedicated to the results, an attempt was made to present some general perspectives,
noting the presence of the majority of heterogeneous data series, a sign that the data were
very scattered in relation to the average, indicating a significant variance between the
investigated regions.

The limitations of this research focus on the difficulty in finding a larger number of
indicators to describe, perhaps in more detail, the economies of the two countries. However,
it must be stated that, although there would have been several indicators describing NUTS-3
regions in both countries, it was still necessary to find a correspondence between the
indicators published by the National Institutes of Statistics in the two countries. Therefore,
this number of eight indicators was chosen to describe as many areas as possible related
to the regional economies of these two EU member states. Moreover, it should be stated
that also from the point of view of the clustering methods, there can be different results,
as observed in the case of the complete and Ward’s linkage methods. Even if hierarchical
algorithms were used in the present case, other unsupervised grouping methods could
have been chosen, but it must be stated that this method is also very well-known and
simple to apply.

To the best of our knowledge, we have not identified similar studies that evaluate the
performance of NUTS-3 regions for the two analyzed countries through the lens of the
analyzed indicators. Although there are papers that discuss the indicators separately, but
for other periods of time, or in other contexts than those described in the current research,
those that we found have been detailed both in the introduction and in the discussions.
The application of this methodology for the counties in Greece could generate comparable
results because they have similar characteristics to those studied in the current research, this
fact being also highlighted by RCI 2.0. For the other territories of the European countries,
separate studies are needed to be able to see their results.

Regarding possible future studies, other methods of grouping and comparison of
accuracy could be applied to what was applied in the current research. Also, if more
NUTS-3 regions data were made available, one could even try to create a composite index
starting from the structure of the EU Regional Competitiveness Index 2.0.
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Appendix A

Table A1. Region labels.

Country Region Label

Bulgaria Blagoevgrad BG_BLG Romania Buzau RO_BZ
Bulgaria Dobrich BG_DOB Romania Calarasi RO_CL
Bulgaria Haskovo BG_HKV Romania Caras-Severin RO_CS
Bulgaria Kardzhali BG_KRZ Romania Covasna RO_CV
Bulgaria Kyustendil BG_KNL Romania Dambovita RO_DB
Bulgaria Lovech BG_LOV Romania Galati RO_GL
Bulgaria Montana BG_MON Romania Giurgiu RO_GR
Bulgaria Pazardzhik BG_PAZ Romania Gorj RO_GJ
Bulgaria Razgrad BG_RAZ Romania Harghita RO_HR
Bulgaria Silistra BG_SLS Romania Hunedoara RO_HD
Bulgaria Sliven BG_SLV Romania Ialomita RO_IL
Bulgaria Sofia BG_SFO Romania Maramures RO_MM
Bulgaria Targovishte BG_TGV Romania Mehedinti RO_MH
Bulgaria Vidin BG_VID Romania Neamt RO_NT
Bulgaria Vratsa BG_VRC Romania Olt RO_OT
Bulgaria Yambol BG_JAM Romania Prahova RO_PH
Bulgaria Burgas BG_BGS Romania Salaj RO_SJ
Bulgaria Gabrovo BG_GAB Romania Satu Mare RO_SM
Bulgaria Grad Sofiya BG_SOF Romania Suceava RO_SV
Bulgaria Pernik BG_PER Romania Teleorman RO_TR
Bulgaria Pleven BG_PVN Romania Tulcea RO_TL
Bulgaria Plovdiv BG_PDV Romania Valcea RO_VL
Bulgaria Ruse BG_RSE Romania Vaslui RO_VS
Bulgaria Shumen BG_SHU Romania Vrancea RO_VN
Bulgaria Smolyan BG_SML Romania Constanta RO_CT
Bulgaria Stara Zagora BG_SZR Romania Bucuresti RO_B
Bulgaria Varna BG_VAR Romania Bihor RO_BH
Bulgaria Veliko Tarnovo BG_VTR Romania Brasov RO_BV
Romania Alba RO_AB Romania Cluj RO_CJ
Romania Arad RO_AR Romania Dolj RO_DJ
Romania Arges RO_AG Romania Iasi RO_IS
Romania Bacau RO_BC Romania Ilfov RO_IF
Romania Bistrita-Nasaud RO_BN Romania Mures RO_MS
Romania Botosani RO_BT Romania Sibiu RO_SB
Romania Braila RO_BR Romania Timis RO_TM
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34. Chrobocińska, K. Competitiveness of Regions in Selected Countries of Central and Eastern Europe. Cent. Eur. Econ. J. 2023, 10,
391–402. [CrossRef]

35. Popescu, R.I.; Corbos, , R.-A. The Role of Urban Tourism in the Strategical Development of Brasov Area. Theor. Empir. Res. Urban
Manag. 2010, 7, 69–85.

36. Rusu, R.; Bodocan, V.; Man, T. Urban Sprawl and Its Impact on Urban Tourism in Romania. J. Balk. Near East. Stud. 2020, 22,
521–533. [CrossRef]

37. Ivanov, S. Mass Tourism in Bulgaria: The Force Awakens. In Mass Tourism in a Small World; Harrison, D., Sharpley, R., Eds.; CABI:
Wallingford, UK, 2017; pp. 168–180, ISBN 978-1-78064-854-5.

38. Lulcheva, I. Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development. Sci. Pap. Ser.
Manag. Econ. Eng. Agric. Rural. Dev. 2019, 19, 369–378.

39. Boutier, F. Timisoara Is the European Capital of Culture in 2023. 2023. Available online: https://romania.representation.ec.europa.
eu/news/timisoara-este-capitala-europeana-culturii-2023-2023-01-06_ro (accessed on 4 May 2024).

40. Merciu, F.-C.; Merciu, G.-L.; Cercleux, A.-L. The Role of Museums in the Development of Cultural Tourism. Case Study:
Bucharest Municipality. In Innovative Business Development—A Global Perspective; Orăs, tean, R., Ogrean, C., Mărginean, S.C., Eds.;
Springer Proceedings in Business and Economics; Springer International Publishing: Cham, Switzerland, 2018; pp. 173–186,
ISBN 978-3-030-01877-1.

41. Stoleriu, O.M.; Ibănescu, B.-C.; Stoleriu, C.C.; Lupu, C. Strengthening Dracula Tourism Brand through Cartographic Approaches.
J. Maps 2022, 18, 61–69. [CrossRef]

42. Grecu, M. Regional Unemployment Disparities in Romania; Ovidius University Annals: Economic Sciences Series 17; Ovidius
University of Constantza, Faculty of Economic Sciences: Constant,a, Romania, 2017; pp. 203–207.

43. PwC. Labour Market Analysis in Romania. 2023, pp. 1–36. Available online: https://www.amcham.ro/download?file=
mediaPool/uW9pTxc.pdf (accessed on 5 May 2024).

44. Metodi, I. Problems in the Labor Market in Bulgaria; Бургaски Cвoбoден Университет: Burgas, Bulgaria, 2019; pp. 283–287.
45. Baum, S.; Trapp, C.; Weingarten, P. Typology of Rural Areas in the Central and Eastern European EU New Member States; IAMO

Discussion Papers 72; Leibniz Institute of Agricultural Development in Transition Economies (IAMO): Halle (Saale), Germany,
2004. [CrossRef]
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