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Abstract

The transformation of the labour market is a significant challenge for sustainable regional
development, especially in countries with pronounced socioeconomic inequalities. This
study aims to analyse the spatial disparities in the Bulgarian labour market at the regional
level (NUTS 3, districts) for the period of 2021-2024, combining descriptive spatial analysis,
multidimensional cluster analysis, and Local Indicator of Spatial Association (Local Moran’s
I-LISA). The analysis is based on three key indicators: employment rates, unemployment
rates, and the relative wage index, calculated against the national average. The results of the
descriptive analysis reveal clear spatial imbalances, with low labour income persisting in
many districts despite relatively high employment rates. The cluster analysis identifies four
types of labour markets with specific socioeconomic profiles, confirming that the spatial
disparities are a result of specific combinations of indicators and economic specialisation at
the regional level. The LISA analysis further reveals the existence of spatially stable cores of
vulnerability and local spatial anomalies that highlight the importance of regional context
and spatial proximity. The results indicate the need for a spatially differentiated approach
in regional policies in line with the objectives of SDG8, SDG10, the European Pillar of Social
Rights, and the EU’s cohesion policy.

Keywords: spatial disparities; labour market; cluster analysis; local Moran’s I; spatial
analysis; regional inequalities; Bulgaria

1. Introduction

Labour markets play a key role in sustainable regional development, as they shape
income generation, employment, and socioeconomic cohesion across territories. In a
broader sense, the growing interest in investigating spatial disparities in labour markets
is closely connected to the framework of the United Nations Sustainable Development
Goals [1]. In this regard, the study of spatial imbalances in labour markets strongly aligns
with (i) Sustainable Development Goal 8 (Decent Work and Economic Growth), focusing
on productive employment and an inclusive economy, and (ii) Sustainable Development
Goal 10 (Reduced Inequalities), which highlights the reduction in income disparities and
enhances social inclusion, requiring integrated and territorially sensitive policies [2,3].
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Existing empirical studies highlight that observed inequalities in labour markets are
strongly influenced by the spatial context in which labour markets operate [4-6]. Regional
labour markets are influenced by the political and institutional environments, economic
structure and development paths, demographic dynamics, investment activity, and tech-
nological innovation, which together determine employment opportunities, workforce
mobility, and income levels [7-9]. As a rule, the urban metropolitan regions provide bet-
ter job opportunities, higher employment and incomes, but often at the expense of high
inequality [10]. In contrast, the regions characterised by lower productivity, a high con-
centration of low-paid economic activities, and limited human capital often demonstrate
higher levels of poverty among the employed, even when employment rates are relatively
high [11-13]. This raises the question of the role of regional labour disparities as a persistent
factor in the reproduction of social and economic vulnerability.

Recent analysis by the European Commission emphasises the need for more in-depth
research on the spatial imbalances within the context of national and regional labour
markets and the related phenomenon of the working poor [14,15]. Although many poorer
regions experience growth in the European Union and the labour market has recovered
from COVID-19 consequences, the regional disparities have widened in certain regions, and
poverty shows clear spatial concentration [16]. As the difference in labour markets across
the European states largely reflects the national specifics, it is important to investigate them
within a particular national context. Therefore, Bulgaria represents a relevant case for such
research due to the post-socialist economic transformation, which has been accompanied
by substantial changes in the labour market and spatial development.

In recent decades, Bulgaria has experienced significant changes in the regional labour
markets due to the demographic decline and the dynamics of the political and socioeco-
nomic environment [17]. These transformations manifest themselves in both quantitative
and qualitative imbalances between labour demand and supply as well as mismatches
in workforce qualifications at national, regional, and local levels [18-20]. Consequently,
the problem of spatial labour imbalances has attracted increasing academic and public
attention in Bulgaria as well.

In the national scientific literature, the spatial disparities in the labour force are ex-
plored from various perspectives. Some studies focus on the interaction of macroeconomic
dynamics, deepening spatial disparities in living standards, labour incomes, taxation sys-
tems, and digital development [20,21]. Other research addresses the labour force challenges
and problems in peripheral regions and districts in the country [22-24], regional disparities
in employment and unemployment rates, as well as the impact of economic crisis on the
labour market [25], and the relationships between spatial changes in employment and
regional economic and demographic characteristics [26]. Additionally, regional dispropor-
tions in labour market fragmentation and efficiency are examined [27].

In recent scientific research, spatial analytical approaches have become increasingly im-
portant for understanding the complex nature of labour markets and the spatial dimensions
of inequalities. The previous empirical studies applied cluster analysis as a valuable tool to
explore the labour market from different viewpoints, including its structural features at lo-
cal, national, and cross-country scales [28-30], labour market polarisation and geographical
inequalities [31,32]; access to employment opportunities and the working poor [33], spatial
imbalances of the labour market and social vulnerability [34], and structural differences and
performance of labour markets in the light of the economic shocks, such as the COVID-19
pandemic [35,36].

At the same time, Local Indicators of Spatial Association (LISA) enable the identifi-
cation of local clusters and spatial outliers in labour-related data [37,38]. These methods
provide an assessment for each spatial unit (e.g., regions or districts) and allow inves-
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tigation of the local spatial dependencies of the labour market characteristics, such as
regional income disparities [39], and regional employment divergence and the influence
of COVID-19 on labour markets [40]. The simultaneous application of these approaches
ensures a valuable framework for a deeper understanding of the complex nature of the
labour markets and spatial disparities.

Although the studies addressing labour market disparities are growing in number,
most of the research remains focused on national-level indicators. The territorial imbalances
of the labour market at the regional (NUTS 3) level need additional thorough investigation,
applying a framework of different multivariate and spatial statistical methods.

The manuscript offers several principal contributions to the existing literature. First,
it provides a comprehensive spatial analysis of labour-market disparities at the NUTS 3
district level in Bulgaria, a territorial scale that remains comparatively underexplored in
the national and regional labour-market literature. Second, the study develops a cluster-
based typology combining employment, unemployment, and income indicators in order
to identify different territorial patterns of labour-market performance and socioeconomic
vulnerability. Third, the paper integrates multivariate clustering and Local Indicators of
Spatial Association (LISA), allowing simultaneous assessment of typological similarities
and local spatial dependencies between districts. This combined methodological framework
contributes to a better understanding of the spatial structure of labour-market inequalities
and may be applied in other post-socialist and peripheral European contexts.

2. Methodology and Data
2.1. Study Area and Research Design

The Republic of Bulgaria is in Southeastern Europe on the Balkan Peninsula and was
officially admitted to the European Union in 2007. According to the European NUTS
system of administrative—territorial organisation and statistical classification, the country is
structured into three hierarchical levels: NUTS 1 (Bulgaria), NUTS 2 (regions), and NUTS 3
(districts) [41]. Regarding the NUTS 3 level, Bulgaria is divided into 28 administrative
districts (“oblasti”), which constitute the primary territorial units used in the current
research (Figure 1).
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Figure 1. Administrative division of Bulgaria at NUTS 3 level (28 districts/“oblasti”).
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The study examines spatial disparities in the labour market in Bulgaria among the
28 districts using three key socio-economic indicators: (1) the relative wage index, (2) the
employment rate (aged 15-64), and (3) the unemployment rate (aged 15-64). The analytical
framework integrates three complementary approaches:

1.  Descriptive spatial analysis with cartographic visualisation based on the standard
deviation classification method,;

2. Multivariate cluster analysis (hierarchical Ward method and k-means algorithm);

3. Spatial autocorrelation analysis using Local Indicators of Spatial Association (Local
Moran’s [-LISA).

2.2. Data Sources and Indicators

The study is based on official statistical data provided by the National Statistical
Institute (NSI) of the Republic of Bulgaria and the Employment Agency at the Ministry
of Labour and Social Policy. All data are publicly available and were retrieved from the
official websites of the institutions [42,43].

The use of administrative districts as research units ensures full territorial coverage
and eliminates the need for sample-based estimations or surveys. The dataset includes
annual data at the district level (NUTS 3) for the period of 2021-2024. The analysis is based
on average indicator values for the analysed period to identify relatively stable regional
labour-market patterns and territorial disparities across Bulgarian districts.

To identify spatial disparities in the labour market at the district level in Bulgaria, a
limited but analytically robust set of three key indicators was selected: the relative wage
index, employment rate, and unemployment rate. In addition, these indicators capture
both income effects and structural characteristics and problems of the regional labour
markets in Bulgaria. All indicators are defined in accordance with NSI and Eurostat
methodological standards, ensuring temporal and territorial comparability. The main
statistical tables include:

e  Employed persons and employment rates—national level, statistical regions, and districts;

e Unemployed persons and unemployment rates—national level, statistical regions,
and districts;

e Data on average gross annual wages by district, used to calculate the relative
wage index.

The relative wage index reflects differences in generated labour income across the
country, thus providing an important measure of spatial inequalities. It is calculated as the
ratio between the average gross annual wage in a given district and the national average
gross annual wage for the same year. The relative wage index (RWI) is defined as

Wi

RWI;, =
! Wnationul

where W; is the average gross annual wage in district i, and W,,4jo,, is the national average
gross annual wage for the same year.

The employment rate measures the percentage of employed persons aged 15-64
relative to the total population in the same age group. It reflects the degree of labour market
participation and serves as a key indicator of economic activity and regional resilience.

The unemployment rate measures the percentage of unemployed persons aged 15-64
relative to the economically active population in the same age group. It indicates the
degree of labour market exclusion and reveals the limited capacity of regional economies
to generate job opportunities.
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Together, the three variables capture the interaction between income levels, labour mar-
ket participation, and labour market exclusion, allowing for a multidimensional assessment
of regional labour market disparities and vulnerability across Bulgarian districts.

2.3. Data Preparation and Processing

Initially, the data were organised in wide format, with separate columns for each
indicator by year. For the cluster and spatial analysis, the dataset was transformed into
long format, in which each observation represents a district—year combination. The trans-
formation was conducted in Microsoft Excel using the Power Query tool and involved
the following steps: harmonisation of indicator and year labels; removal of irrelevant or
duplicate variables; unpivot transformation to restructure annual values into rows; sepa-
ration of combined variable names into distinct attributes (indicator and year); and final
restructuring through a pivot operation to produce a panel dataset.

The resulting dataset in long format included 28 districts over four years (a total of
28 x 4 x 3 = 336 observations), suitable for subsequent standardisation, cluster analysis,
and spatial autocorrelation assessment.

For the cluster and LISA analysis goals, mean values for the period of 2021-2024
were calculated for each indicator and district using arithmetic averaging (pivot table in
Microsoft Excel). This approach allows the identification of continuous regional patterns
while minimising short-term economic fluctuations in labour markets.

For cartographic visualisation, the standard deviation classification method in ArcGIS
(ArcMap 10.6.1) was applied. Districts were classified into four intervals based on deviation
from the national mean:

e  Below —0.50 standard deviations.
e  Between —0.50 and +0.50 standard deviations.
e  Between +0.50 and +1.50 standard deviations.
e Above +1.50 standard deviations.

This method was selected because it highlights the degree of deviation from the
national mean and is appropriate for socioeconomic indicators characterised by struc-
tural polarisation. It also ensures consistent classification logic across variables, allowing
comparative interpretation.

2.4. Multivariate Cluster Analysis

To identify groups of districts with similar labour market profiles, a multivariate cluster
analysis was applied. Firstly, hierarchical clustering was performed using Ward’s agglom-
erative method and Euclidean distance. Ward’s method minimises within-cluster variance
and is widely used for identifying relatively homogeneous groups while maintaining clear
differentiation between clusters.

To support the selection of the optimal number of clusters, a hierarchical cluster-
ing dendrogram based on Ward’s agglomerative method and Euclidean distance was
additionally examined (Figure 2). The selected four-cluster solution provided the best
balance between statistical differentiation, cluster stability, and interpretability of regional
labour-market typologies.
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Hierarchical Clustering Dendrogram of Bulgarian Districts (2021-2024)
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Lovech
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Haskovo

Figure 2. Hierarchical clustering dendrogram of Bulgarian NUTS 3 districts based on labour-market
indicators (2021-2024).

Secondly, a k-means clustering algorithm was applied for the final classification of
districts. The analysis was performed using standardised (z-score) values of the three
indicators in order to ensure equal weighting of the variables and avoid the influence of
differences in measurement scales. The resulting clusters represent a regional typology
revealing different combinations of labour income levels, employment, and unemployment
rates across Bulgarian NUTS 3 districts.

Although the selected indicators provide a relatively simplified representation of
labour-market disparities, they allow the identification of stable spatial patterns and territo-
rial differences in regional labour-market performance during the analysed period.

2.5. Spatial Autocorrelation (LISA)

Local Indicators of Spatial Association (LISA), based on Local Moran’s I statistics, were
applied to examine the spatial autocorrelation of labour-market indicators across Bulgarian
NUTS 3 districts. The method allows the identification of local spatial clusters and spatial
outliers by comparing the values of each district with those of neighbouring districts.

LISA analysis identifies High-High and Low-Low spatial clusters, representing dis-
tricts with high or low indicator values surrounded by neighbouring districts with similarly
high or low values. In addition, the method detects spatial outliers (High-Low and
Low-High), which may indicate localised territorial disparities, structural imbalances, or
the influence of specific regional factors.

Spatial relationships between districts were defined using a contiguity-based Queen’s
spatial-weights matrix, which considers both shared borders and shared boundary points
between neighbouring territorial units. The statistical significance of Local Moran’s I values
was assessed using a permutation test with 999 permutations and a significance threshold
of p < 0.05.

The LISA analysis was applied to identify persistent spatial patterns and territorial
concentrations in district labour-market characteristics and to complement the regional
typology derived from the cluster analysis.

2.6. Software

All statistical and spatial analyses were performed in ArcGIS Pro 3.3 (ESRI) and
ArcMap 10.6.1 (ESRI). The Multivariate Clustering tool was used for cluster analysis, and
Cluster and Outlier Analysis (Anselin Local Moran’s I) in ArcGIS Pro 3.3 was used for
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spatial analysis. The primary data was processed and restructured in Microsoft Excel 365
(using Power Query). Cartographic visualisation was performed in ArcMap 10.6.1 (ESRI)
in accordance with the standards for thematic and spatial mapping in regional studies.

The methodological framework described above allows the identification of spatial
patterns of labour market disparities across the country’s districts. The results of the three
types of analysis, e.g., descriptive spatial, multivariate cluster, and spatial autocorrelation
assessment, are presented in the in Section 3.

3. Results

3.1. Analysis of Indicators
3.1.1. Employment Rate

Figure 3 reveals substantial regional disparities in employment across Bulgarian dis-
tricts during the period of 2021-2024. The highest employment rates are consistently
observed in Sofia (capital), Varna, Stara Zagora, and Sofia, with employment exceeding
75% in several years. These districts represent some of the country’s most economically
developed territories, characterised by diversified economic structures, stronger labour
demand, higher investment activity, and a greater concentration of services and indus-
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Figure 3. Regional disparities in employment rates across Bulgarian districts (2021-2024) (Source:
authors, based on NSI data for the 2021-2024 period).

In contrast, districts such as Vidin, Montana, Razgrad, Vratsa, and Silistra exhibit
considerably lower employment rates throughout the study period. Although most dis-
tricts experienced gradual improvements in employment between 2021 and 2024, the gap
between the leading and lagging regions remains substantial.

Notable increases are observed in districts such as Yambol, Targovishte, Smolyan
and Pleven, indicating positive labour market developments during the final year of the
analysis. Nevertheless, the overall pattern suggests that economic growth has not been
sufficient to eliminate territorial disparities in employment opportunities.

To better understand the spatial dimension of employment disparities, the average
employment rate for the period of 2021-2024 was analysed at the district level. Furthermore,
its spatial distribution reveals additional aspects of regional differences in labour markets
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in Bulgaria (Figure 4). Sofia (capital) and Varna display the most favourable combination
of higher wages and higher employment rates (over 76.2%), reflecting a concentration
of economic activities with high value-added and better labour-market performance. In
addition, the districts of Sofia and Stara Zagora have higher employment rates (mean
values above 73.5%), which is due to their economic specialisation as well as commuting
effects. On the contrary, the districts of Montana and Silistra exhibit the lowest employment
rates (mean values between 55.8% and 57.8%) and, together with other districts in Northern
Bulgaria, form a belt of particularly vulnerable labour markets.
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Figure 4. Employment rate (mean, 2021-2024) (The maps are based on average values for the period
2021-2024. The classifications are standardised using z-scores. Data source: National Statistical
Institute (NSI), processed by the authors).

Several districts have relatively high employment rates and are located predominantly
in the southwestern and north-central parts of the country. However, the indicator does
not necessarily correspond to higher wages in all of them. This is a result of the limited
capacity and/or skill mismatches in local labour markets (e.g., Kyustendil, Veliko Tarnovo,
and Blagoevgrad).

The combined investigation of employment rates and the relative wage index maps
displays that high workforce activity does not lead to a proportional generation of labour
income in a significant part of the country. This discrepancy is a result of employment
in low-paid economic activities, mainly in labour-intensive sectors characterised by low
productivity and restricted wage growth. These structural problems in the labour market
and their spatial patterns highlight the core-periphery development model of the Bulgarian
labour market.

3.1.2. Unemployment Rate

Figure 5 demonstrates a general decline in unemployment rates across Bulgaria during
the study period. The lowest unemployment levels are recorded in Sofia (capital), Sofia,
Varna, Haskovo, Kardzhali, and Kyustendil, where unemployment remains relatively low
and stable.

https:/ /doi.org/10.3390/s0c16060182


https://doi.org/10.3390/soc16060182

Societies 2026, 16, 182 90f23

%
20

10

8

6

4 |

0 . | I ‘ |I|
“ \\

N

&%‘ S
‘{I/

§ S Q@
S S L & & * QPSP
PV TS 5 oo &b‘v ’90\94\&“ S eded .,y & ev\ & @ 1S Q‘,oé*'%@ &
5 © e T e ro""/&&
2 QQ>\ o

= unemployment rate 2021 = unemployment rate 2022 ®unemployment rate 2023 = unemployment rate 2024

Figure 5. Regional disparities in unemployment rates across Bulgarian districts (2021-2024) (Source:
authors, based on NSI data for the 2021-2024 period).

Conversely, the highest unemployment rates are concentrated in Vidin, Montana,
Silistra, Shumen, Razgrad, Targovishte, and Pernik. Despite gradual improvements over
time, these districts continue to experience significantly weaker labour-market performance
than the national leaders.

The case of Vidin is particularly notable, as it consistently records one of the highest
unemployment levels among districts throughout the study period. This finding reflects
the long-standing socioeconomic challenges facing northwestern Bulgaria, including popu-
lation decline, outmigration, limited investment activity, and a weaker economic base.

To further explore the spatial dimension of labour market disparities, the average
unemployment rate for the period 2021-2024 was analysed at the district level (Figure 6).
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Figure 6. Unemployment rate (mean, 2021-2024) (The maps are based on average values for the
period 2021-2024. The classifications are standardised using z-scores. Data source: National Statistical
Institute (NSI), processed by the authors).
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For 2021-2024, the distribution of the average unemployment rate reveals specific
spatial patterns (Figure 6). The highest mean unemployment rates (ranging from 12.2%
to 12.7%) are observed in the northwestern parts of Bulgaria (Montana and Vidin) and in
the northeastern parts of Bulgaria (Silistra and Shumen). This is caused by the long-term
economic decline in these areas, as well as unfavourable demographic and labour market
characteristics. The district of Pernik has the highest mean unemployment rate (10.9%) in
Southern Bulgaria. This is due to the region’s economic specialisation in mining, energy,
and low-productivity industries, as well as challenges related to economic restructuring.

In contrast, the more economically developed regions, including the capital and
the major economic centres (e.g., Plovdiv, Varna, and Ruse), are characterised by lower
unemployment rates (below 3.0%). Most of these areas are in Central and Southern Bulgaria,
and this territorial distribution indicates clear spatial inequalities in unemployment. It is
important to note that low unemployment rates in certain regions of the country should be
interpreted cautiously, because they do not necessarily correspond with higher wages and
social sustainability. In the context of this study, this indicator is examined in conjunction
with the relative income index, as the combination of low unemployment and low income
is characteristic of regions with increasing vulnerability and poverty levels.

3.1.3. Relative Wage Index

Figure 7 highlights even stronger territorial disparities in income levels than those
observed for employment and unemployment.
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Figure 7. Regional disparities in wage levels across Bulgarian districts (2021-2024) (Source: authors,
based on NSI data for the 20212024 period).

Sofia (capital) stands out as a clear outlier, with the wage index increasing from
approximately 1.27 in 2021 to over 1.40 in 2024. This indicates that average wages in
the capital are more than 40% higher than the national average in 2024, reflecting the
concentration of high-value-added economic activities, administrative functions, financial
services, and knowledge-intensive industries. Other relatively well-performing districts
include Varna, Sofia, Stara Zagora, and Vratsa. However, none of these districts approaches
the wage levels observed in Sofia.
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The lowest wage index values are recorded in Blagoevgrad, Vidin, Kyustendil,
Smolyan, and Silistra. These districts remain considerably below the national average
despite moderate improvements over time.

An important observation is that many districts display relatively satisfactory em-
ployment rates while maintaining comparatively low wage levels (Figures 3 and 7). This
suggests that employment alone does not guarantee favourable living standards or eco-
nomic well-being.

The observed temporal patterns are complemented by an analysis of the average
relative wage index for the period 2021-2024, which highlights the spatial concentration of
higher and lower wage levels across Bulgarian districts.

For the period 2021-2024, the spatial distribution of the average relative wage index
reveals a clear spatial differentiation (Figure 8). The Sofia (capital) district stands out with
the highest value relative to the national average, confirming its role as the major country’s
economic hub and leading generator of labour incomes (mean value of RWI is 1.3). Other
districts that show a comparatively higher wage index (mean value of RWI is between 0.84
and 0.86) include the Sofia district (which benefits from the capital neighbourhood and
agglomeration effect); Varna (where economic activities benefit from Black Sea access and
support diversification of the service sector); Vratsa (where the large share of the workforce
is mainly employed in the Nuclear Power Plant “Kozloduy”); and Stara Zagora (whose
economic development is supported by a large number of FDI and the energy sector).
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Figure 8. Relative wage index (mean, 2021-2024) (The maps are based on average values for the
period 2021-2024. The classifications are standardised using z-scores. Data source: National Statistical
Institute (NSI), processed by the authors).

At the same time, several peripheral regions—primarily in the southern part of the
country (Blagoevgrad, Kyustendil, Smolyan, and Haskovo), as well as in the northern
border regions (Vidin and Silistra)—are characterised by values below the national average
(the mean value of RWI is between 0.63 and 0.67). These territories experience long-term
unfavourable economic development, which may be associated with some disadvantages
in their peripheral geographical location, lower investment interest, depopulation, and a
shortage of a qualified workforce. The observed concentration of lower relative incomes
in the economically less developed districts highlights the core—periphery inequalities in
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Bulgaria. The observed spatial variation in the index displays stable regional gaps in the
labour income generation across the country’s districts.

The spatial patterns obtained from the descriptive analysis reveal that the indicators
under consideration outline a clear picture of spatial inequalities across Bulgarian territory.
These facts suggest the existence of spatial dependence and heterogeneity, which cannot be
fully examined by univariate analysis alone. Therefore, this implies the application of a
multidimensional analytical approach that allows for the simultaneous consideration of all
three indicators and identifies typological groups of districts with similar characteristics.

3.2. Labour Market Cluster Typology

Applying multidimensional cluster analysis (K-means) based on the mean values of
the relative wage index, unemployment, and employment rates for 2021-2024 results in
the formation of four clusters. They reflect a distinct combination of the three indicators
and show regional patterns of labour market similarity and differences, as well as spatial
differentiation across the Bulgarian territory (Figure 9). The clusters are interpreted within
the context of SDG8 and SDGI10, allowing the identification of districts with resilient high
employment and relative income convergence, employment-income mismatches, and
vulnerable areas where labour exclusion reinforces territorial inequalities.
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Figure 9. Multivariate regional clustering of the labour market in Bulgaria (2021-2024) (Clusters
derived using k-means multivariate clustering based on the unemployment rate, employment rate,
and relative wage index. The maps are based on average values for the period 2021-2024. The
classifications are standardised using z-scores. Data source: National Statistical Institute (NSI),
processed by the authors).

Cluster 1, “Moderate Employment and Income Gap Regions” (SDG8 and SDG10
Challenge), consists of eight districts with a dispersed territorial distribution across the
country and concentrates 19.8% of the national population [44]. It includes the Pernik,
Blagoevgrad, Sliven, and Yambol districts in Southern Bulgaria, as well as Pleven, Gabrovo,
Dobrich, and Shumen in the northern part of the country (Figure 9).

The cluster encompasses areas with a moderate socioeconomic profile, which positions
them as a “transitional group” between resilient growth poles in Cluster 2 and disadvan-
taged and vulnerable districts in Cluster 3. The employment rate is close to the average for

https://doi.org/10.3390/50c16060182


https://doi.org/10.3390/soc16060182

Societies 2026, 16, 182

13 of 23

Bulgaria, but the wage index is lower due to the economic specialisation and demographic
features of the labour force (Table 1).

Table 1. Cluster profiles based on mean values of labour indicators (2021-2024).

Indicators Bulgaria  Cluster1  Cluster 2 Cluster3  Cluster 4
Unemployment  6.41 8.49 1.96 11.21 3.65
Employment 67.31 67.26 75.34 59.16 69.02
Wage index 0.76 0.72 0.98 0.73 0.72

On the one hand, the population decline and high demographic dependency ratio
in the districts constrain the workforce supply, indicating the increasing need for so-
cial transfers to combat declining incomes and poverty among the population (Table 54,
Supplementary Files). On the other hand, these districts have a higher share of the popula-
tion with primary and lower levels of education (e.g., for Sliven, Dobrich, and Shumen, the
share exceeded 22.3%), compared to the national average of 13.1% [45].

These districts show a concentration of labour-intensive industrial and service ac-
tivities with relatively low added value. As a result, districts of Cluster 1 generate only
11.3% of the national GVA and have a limited contribution to Bulgaria’s economic output
(Table S3, Supplementary Files). All these characteristics are linked to higher unemploy-
ment values (8.49%) than the national average (6.41%) and, together with moderately high
income inequalities, contribute to the reinforcement of regional disparities, increase the
at-risk-of-poverty rates, and threaten income adequacy [46—48] (2024).

Cluster 2, “High Employment and Income-advantaged Regions” (SDG8 leader and
SDGI10 challenge), includes four districts located in different parts of Bulgaria—Sofia
(capital), Sofia, Stara Zagora, and Varna—and concentrates 34.9% of the national popula-
tion [44] (2024).

The cluster is the most significant for the country’s economic output, as it generates
almost 59% of national GVA [49] (2024). The spatial distribution shows a high concentration
of economic wealth in the most powerful economic hub in Bulgaria—the capital, Sofia—as
well as in the other major centres such as Varna and Stara Zagora. The effects of the ageing
population are partly offset by the intensive influx of immigrants from other parts of the
country, attracted by higher salaries, diverse job opportunities, and a better quality of life
(Table S4, Supplementary Files).

As a result, Cluster 2 differs substantially from the other clusters, as it has the lowest
unemployment (1.96%) and the highest employment rate (75.3%), compared to national
levels. The districts of Sofia (capital) and Sofia are cores of relatively sustainable labour
markets due to the concentration of working-age population, FDI, high-tech, finance
and outsourcing services, trade, construction, tourism, and the largest share of public
sector employment.

At the same time, the cluster demonstrates the highest values of the wage index among
other clusters, reflecting higher value-added economic activities and more productive
labour markets. However, the wage index remains slightly below the national benchmark,
except for the capital, and this pattern is consistent with the so-called “metropolitan in-
equality effect,” whereby rapid economic growth and high-income sectors coexist with
substantial income disparities within the same territory. In metropolitan regions such as
Sofia (capital), the concentration of highly paid activities in finance, information technolo-
gies, and advanced business services is accompanied by lower-paid employment in retail
trade, tourism, and other labour-intensive sectors.
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Therefore, the cluster presents the high mean values of the Gini index (36.4), and the
share of the population living below the district poverty line exceeds 20% (mean cluster
values for 2024) [48] (2024) (Table S3, Supplementary Files). These findings indicate that
strong economic and employment performance coexist with significant income dispersion,
contributing to socioeconomic polarisation and increasing the poverty rates.

Cluster 3, “Labour-Market Disadvantaged and Inequality-Reinforcing Regions” (SDG8
and SDG10 high-risk territories), includes six districts: Vidin, Montana, Vratsa, Targovishte,
Razgrad, and Silistra (Figure 9). They are spatially concentrated in the northern part
of Bulgaria and constitute the smallest cluster in terms of population size (9.6% of the
total) [44] (2024).

Cluster 3 presents the most adverse profile according to labour-market indicators. It
has the highest unemployment rates and the lowest employment rates, but the value of the
mean wage index is close to those of Clusters 1 and 4 (Table 1). This pattern occurs due to
the specific sectoral specialisation, which creates high wages but limited workforce capacity
(e.g., for Vratsa, it is nuclear energy production, and for Razgrad, it is the pharmaceutical
industry). However, the cluster contributes only 5.95% of national GVA and reveals its
limited role in the national economic output [49] (2024) (Table S3, Supplementary Files).
Additionally, this cluster is associated with a high mean value of the Gini index (35.8),
which reflects the possibility of a continuous widening of the income disparities [48] (2024).

The demographic decline, continuous population ageing [50], peripheral geo-
graphic location, and the long-standing lag in economic development, compared to the
rest of the country, converted these districts into vulnerable labour market territories
(Tables S3 and S4, Supplementary Files). Therefore, they may be interpreted as territories
with a higher risk of exposure to poverty, where labour market structural problems are
most profound, contributing to the formation of the low-income trap.

Cluster 4, “Employment-intensive and income-constrained regions” (Decent Work
Deficit under SDGS8), comprises ten districts: Kyustendil, Lovech, Veliko Tarnovo, Ruse,
Burgas, Haskovo, Kardzhali, Plovdiv, Smolyan, and Pazardzhik. Like Cluster 1, the cluster
has a geographically dispersed distribution across the country and encompasses 35.7%
of the total national population, making it the largest cluster in demographic terms [44]
(2024). Economically, these districts generate more than 23.8% of the national GVA, ranking
second after Cluster 2 [49] (2024) (Table S3, Supplementary Files).

Cluster 4 includes several important economic centres in Bulgaria, such as Plovdiv,
Burgas, and Ruse, together with medium-sized regional centres including Pazardzhik,
Veliko Tarnovo, Haskovo, and Kardzhali. As a result, the cluster demonstrates relatively
favourable labour-market performance, reflected in moderately higher employment lev-
els and unemployment rates below the national average. This constitutes the principal
difference compared to Cluster 1.

However, despite the relatively favourable employment conditions, the relative wage
index remains below the national average, reflecting structural mismatches between labour
income and labour-market participation (Table 1). The observed discrepancy between
employment intensity and wage levels may be associated with the concentration of labour-
intensive economic activities, including manufacturing, logistics, tourism, and low-value-
added services. In several districts, particularly Burgas and Plovdiv, economic activity
generates substantial employment opportunities but does not necessarily translate into
proportional wage growth due to lower productivity segments and relatively limited value-
added generation. This pattern corresponds to the broader phenomenon of the “working
poor”, where labour participation alone does not guarantee adequate income levels and
social resilience.
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Although these regions demonstrate relatively stable labour-market conditions, they
remain socially and economically vulnerable (Tables S3 and S4, Supplementary files).
The mean value of the Gini index is moderate (31.9), while the share of the population
living below the district poverty line reaches 16.9%, which is lower than the national
average (21.7%) [48] (2024). Nevertheless, the poverty risk remains dependent on future
economic development trends, labour-market transformation, and the effectiveness of
social-transfer mechanisms.

The territorial distribution of the identified clusters reveals relatively stable spatial
groupings of districts characterised by similar labour-market profiles and socioeconomic
conditions. Overall, the cluster analysis highlights persistent regional disparities and the
centre—periphery structure of the Bulgarian labour market. To further evaluate the role of
spatial proximity and local territorial interactions, the analysis is complemented by the
application of Local Indicators of Spatial Association (Local Moran’s I).

3.3. Spatial Autocorrelation of Labour-Market Indicators (Local Moran’s [—LISA)

Following the cluster typology, a spatial autocorrelation analysis of the three labour-
market indicators was conducted to examine whether districts with similar labour-market
characteristics are spatially concentrated or randomly distributed across the national ter-
ritory. Using Local Moran’s I (LISA), statistically significant spatial clusters (High—-High
and Low-Low) and spatial outliers (High-Low and Low-High) were identified, reveal-
ing whether regional labour-market disparities in Bulgaria are territorially reinforced by
neighbouring districts.

The statistically significant Local Moran’s I results, including cluster and outlier types,
z-scores, and p-values, are presented in Table 2.

Table 2. Statistically significant Local Moran’s I (LISA) results for labour-market indicators in
Bulgarian NUTS 3 districts (2021-2024).

Indicator District LISA Type M](;;):;}s I z-Score p-Value
Relative wage index Pernik Low-High —0.340 —2.553 0.034
Employment rate Pernik High-High 1.618 4.340 0.004
Employment rate Vidin Low-Low 0.400 2.742 0.020
Unemployment rate Vidin High-High 2.494 1.698 0.046
Unemployment rate Razgrad High-High 0.853 1.782 0.044
Unemployment rate Plovdiv Low-Low 0.672 1.783 0.044
Unemployment rate Pernik High-Low —0.687 —2.165 0.014
Unemployment rate Ruse Low-High 0.729 2.604 0.002

The LISA map of the relative wage index reveals limited but statistically significant
local spatial dependence (Figure 10). The district of Pernik is identified as a Low—High
spatial outlier, characterised by relatively lower wage levels compared to neighbouring
districts, particularly due to the strong influence of Sofia, the capital, as the dominant
economic centre in Bulgaria. This pattern suggests substantial territorial disparities between
the capital and adjacent economically weaker regions.
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Figure 10. Local Indicators of Spatial Association (LISA) for relative wage index (mean, 2021-2024)
(The analysis was performed using Local Moran’s I. Statistical significance was assessed at p < 0.05).

More generally, the absence of significant High-High wage clusters indicates that wage
generation in Bulgaria is spatially fragmented and concentrated in a limited number of
economically dominant urban centres rather than territorially continuous regional systems.
The dispersed geographical distribution of these growth poles further suggests a relatively
hierarchical urban structure of income generation.

The LISA map for the employment rate reveals a limited number of statistically signif-
icant local spatial dependencies (Figure 11). A High-High cluster is observed in the Pernik
district, indicating relatively high employment levels surrounded by neighbouring districts
with similarly favourable labour-market conditions. This pattern may be associated with
the proximity to Sofia, the capital, and the influence of commuting and agglomeration
effects. In contrast, the Vidin district is identified as a Low—Low cluster, characterised
by lower employment levels within a broader regional environment with similarly un-
favourable labour-market conditions. This cluster reflects long-standing demographic and
economic challenges concentrated in Northwestern Bulgaria.

Overall, the employment-rate analysis suggests relatively weak spatial clustering,
indicating that employment dynamics in Bulgaria are influenced predominantly by local
labour-market conditions rather than broader regional spillover effects.

In contrast to the other indicators, the LISA analysis of unemployment rates reveals
considerably stronger spatial clustering and clearer territorial differentiation (Figure 12).

Significantly High-High clusters are identified in the districts of Vidin and Razgrad,
where high unemployment levels are spatially reinforced by neighbouring territories with
similarly high values. These clusters reflect persistent structural labour-market disadvan-
tages and regionally concentrated socioeconomic challenges.

At the same time, the Plovdiv district stands out as a Low—Low cluster, characterised
by consistently low unemployment levels within a wider regional context. This pattern
indicates relatively stable labour-market conditions and favourable economic performance,
likely associated with stronger investment activity and economic diversification.
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Figure 11. Local Indicators of Spatial Association (LISA) for employment rate (mean, 2021-2024) (The
analysis was performed using Local Moran’s I. Statistical significance was assessed at p < 0.05).
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Figure 12. Local Indicators of Spatial Association (LISA) for unemployment rate (mean, 2021-2024)
(The analysis was performed using Local Moran’s 1. Statistical significance was assessed at p < 0.05).

The analysis also identifies statistically significant spatial outliers, further emphasising
the territorial heterogeneity of Bulgarian labour markets. The Pernik district appears as
a High-Low outlier with respect to unemployment, which may be associated with lower
economic productivity, less favourable sectoral specialisation, and relatively higher shares
of population exposed to poverty and social vulnerability. In contrast, the Ruse district is
identified as a Low-High outlier, reflecting relatively favourable labour-market conditions
compared to neighbouring territories. This pattern may be influenced by the district’s
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cross-border location, transport connectivity, and economic activities associated with the
Danube Bridge corridor.

Finally, the LISA results demonstrate that spatial dependence differs substantially
across labour-market indicators. While employment and wage indicators display relatively
localised and fragmented spatial patterns, unemployment demonstrates the strongest
territorial clustering and regional concentration.

3.4. Cluster Analysis and LISA Results: Comparative Analysis

The comparison of cluster and LISA analysis, based on the three indicators, reveals
that the Bulgarian labour market is shaped by the joint influence of socioeconomic and
spatial factors. While cluster classification outlines typological groups of districts with
similar characteristics, the LISA analysis reveals whether these characteristics are reinforced
or mitigated by spatial proximity.

The stable cores of vulnerability and disadvantaged labour markets (higher unem-
ployment rates, lower employment, and unfavourable relative wage index values) in
Northwestern and Northeastern Bulgaria are confirmed by both applied methods. This
result shows that unfavourable values of key indicators are not an isolated territorial phe-
nomenon but are spatially supported by neighbouring areas with a similar profile, which
reinforces vulnerability and limits the potential for spontaneous regional convergence.

Another coincidence, revealed by both methods, concerns the district of Plovdiv. It is
included in Cluster 4, which displays relatively favourable labour market characteristics,
and clearly corresponds to the LISA Low-Low cluster of the unemployment rate. This
coincidence suggests the existence of spatial “islands” of stability in the workforce market,
which can function as regional cores of employment and economic activity.

Of special interest are districts identified as spatial outliers (High-Low or Low-High)
in the LISA analysis, while simultaneously they are part of clusters with different labour
market profiles. Such spatial anomalies are observed in Cluster 1 for the district of Pernik
with respect to the relative wage index, as well as in Cluster 4 for the district of Ruse, related
to unemployment rates. These inconsistencies highlight the internal heterogeneity of some
clusters and reveal the decisive influence of local factors on labour markets as well as their
vulnerability or resilience. Therefore, cluster analysis, although effective for grouping areas
by similarity, does not fully capture local spatial deviation and requires integration with
spatial autocorrelation analysis.

4. Discussion

Regional labour-market inequalities reflect broader processes of uneven regional
development observed across Europe and demonstrate relatively persistent spatial pat-
terns [51,52]. These findings correspond to the broader European phenomenon described
as the “geography of discontent”, where economically lagging regions remain trapped
in structural disadvantages, while more developed urban territories continue to attract
human capital, investments, and diversified economic activities [53-56].

Similar mechanisms of territorial reproduction of inequalities appear to exist in Bul-
garia, consistent with patterns observed in other post-socialist and peripheral European
regions [57,58]. Previous studies increasingly emphasise that higher employment levels do
not necessarily correspond to improved income conditions, particularly in labour markets
characterised by segmentation, lower productivity, and limited wage growth [12]. The re-
sults of the present study support this argument, as several Bulgarian districts, particularly
those included in Cluster 4, demonstrate a mismatch between relatively favourable em-
ployment conditions and comparatively low wage levels. This pattern reflects the broader
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phenomenon of the “working poor”, where labour-market participation alone does not
guarantee adequate income levels and social resilience.

The descriptive, multivariate, and spatial analyses confirm that labour-market dis-
parities in Bulgaria are strongly territorially differentiated and reflect long-standing so-
cioeconomic imbalances. The results reveal a relatively clear core—periphery structure, in
which economically dynamic urban centres such as Sofia (capital), Varna, Plovdiv, and Stara
Zagora demonstrate higher employment rates, stronger wage performance, and lower un-
employment levels. In contrast, several districts in Northwestern and parts of Northeastern
Bulgaria continue to experience persistent labour-market disadvantages associated with de-
mographic decline, lower economic diversification, and limited investment attractiveness.

The results also underline the importance of spatial proximity and local territorial
context in shaping labour-market inequalities. One of the most notable examples concerns
the spatial coexistence of Sofia, the dominant economic centre of Bulgaria, with neigh-
bouring economically vulnerable districts in Northwestern Bulgaria. This pattern may be
interpreted through the framework of cumulative causation theory and the interaction
between spread effects and backwash effects. While the capital generates employment
opportunities, investment concentration, and commuting flows, neighbouring territories
may simultaneously remain economically dependent and structurally disadvantaged.

Overall, the Bulgarian labour market reflects a spatially polarised system in which a
relatively limited number of urban growth poles concentrate a disproportionate share of
economic activities, labour income generation, and investment flows. At the same time, pe-
ripheral regions continue to experience structural labour-market vulnerabilities, reinforcing
territorial disparities and limiting the potential for balanced regional development.

The present study has several limitations that should be acknowledged. First, the
analysis is based on a limited set of indicators, including employment rate, unemployment
rate, and the relative wage index, which does not allow the full incorporation of additional
structural dimensions such as labour productivity, sectoral specialisation, demographic
dependency, educational attainment, or migration processes. In addition, current studies
highlight the increasing importance of digital transformation and the use of artificial in-
telligence as factors that may potentially influence labour markets, wages, and inequality
levels in European countries [21]. However, this study focuses on spatial disparities in
employment, unemployment, and wages at the regional level in Bulgaria, and the role
of digital development offers a promising direction for future research. Second, the use
of average values for the period 2021-2024 enables the identification of relatively stable
spatial patterns but does not capture short-term temporal fluctuations and year-to-year
labour-market dynamics. Third, the analysis is conducted at the NUTS 3 district level,
which may partially mask local intra-district inequalities and heterogeneity associated
with the Modifiable Areal Unit Problem (MAUP). Finally, the applied spatial autocorre-
lation analysis is based on a Queen contiguity spatial-weights matrix, while alternative
approaches based on distance or functional economic interactions may reveal additional
territorial relationships.

Future research may expand the analytical framework by incorporating additional
socioeconomic and demographic indicators, panel-data approaches, and alternative spatial-
weights matrices to provide a more comprehensive understanding of labour-market inequal-
ities and territorial vulnerability in Bulgaria and other post-socialist European contexts.

5. Conclusions

The present study examined spatial disparities in the Bulgarian labour market at
the NUTS 3 district level for the period 2021-2024 through the combined application of
descriptive spatial analysis, multivariate cluster analysis, and Local Indicators of Spatial
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Association (LISA). The results reveal persistent territorial inequalities in employment,
unemployment, and labour income generation, confirming the existence of a relatively
clear core—periphery structure in the Bulgarian labour market.

The cluster analysis identified four distinct regional labour-market types characterised
by different combinations of employment, unemployment, and relative wage index values.
The results distinguish economically dynamic urban cores with relatively favourable labour-
market conditions from peripheral and structurally disadvantaged territories characterised
by lower employment, lower incomes, and higher unemployment. At the same time, several
districts demonstrate a mismatch between relatively strong labour-market participation
and comparatively low wage levels, reflecting the broader phenomenon of the “working
poor” and the persistence of low-value-added economic activities.

The spatial autocorrelation analysis further demonstrated that labour-market dispari-
ties are not randomly distributed across the national territory. Persistent spatial concen-
trations of labour-market disadvantage are observed primarily in Northwestern and parts
of Northeastern Bulgaria, while economically stronger urban centres function as regional
growth poles. The identified spatial outliers additionally emphasise the importance of
local territorial context, economic specialisation, and neighbouring regional conditions in
shaping labour-market performance.

An important methodological contribution of the study is the combined application of
multivariate clustering and LISA analysis. This integrated framework allows the simulta-
neous identification of typological similarities and local spatial dependencies, providing
a more comprehensive understanding of the spatial structure of labour-market inequali-
ties. The proposed approach may also be applicable in other post-socialist and peripheral
European contexts characterised by strong territorial disparities.

The findings indicate that labour-market inequalities in Bulgaria require territori-
ally differentiated policy responses consistent with the objectives of SDG8 (Decent Work
and Economic Growth), SDG10 (Reduced Inequalities), and the broader framework of
EU cohesion policy. In disadvantaged regions, policy efforts should focus on improving
infrastructure, labour-market accessibility, human capital development, and economic
diversification. In employment-intensive but income-constrained territories, greater em-
phasis should be placed on increasing labour productivity, supporting higher value-added
economic activities, and improving income adequacy. At the same time, rapidly growing
metropolitan regions require policies addressing increasing socioeconomic polarisation
and territorial inequality.

Despite the analytical advantages of the applied framework, the study has several limi-
tations, which point out the need for future research incorporating additional demographic
and socioeconomic indicators, longer temporal series, and alternative spatial-weights ma-
trices to provide a more comprehensive understanding of labour-market inequalities and
regional vulnerability in Bulgaria.
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