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Abstract: The aim of this paper is to apply the concept of marginal vertical income convergence
to analyze the influence of the two last economic downturns (2007 and 2020) on the sustainability
of the equalization of income levels within the European Union. The methodology used enables
us to avoid some restrictions of the classical analysis of income convergence. Income convergence
models were estimated using data from the period 1993–2022, excluding the impact of outliers. The
results confirm that we can observe the progressive process of the absolute income convergence for
EU members, but there are significant differences between countries’ contributions to the process.
These differences are caused by different paths of economic growth, and different mean resilience
to economic crises, as well as different patterns of income inequalities. Their proper recognition
allows us to develop efficient policies aimed at social cohesion, reducing income inequalities (the 10th
Sustainable Development Goal), and sustainable economic development. Additionally, the estimated
models indicated a definite different impact of the last two economic shocks on the European process
of income convergence. The first shock significantly slowed down the income convergence process,
while the second one was practically neutral in this context.

Keywords: economic growth; marginal vertical income convergence; economic crises; outliers

1. Introduction

The global economic crises observed over the past decade have various causes and
are characterized by specific effects in addition to a fall in gross domestic products. The
first of these, which originated in the United States, was triggered by a failure to comply
with basic credit risk assessment principles, and its effects in the form of a huge increase
in debt are still being felt today. The second was caused by the SARS-CoV-2 virus in 2020.
In addition to the economic recession induced on a larger scale than the previous one, it
caused a break in supply chains and a huge disruption in the labor market in the form of a
shortage of workers. The last one, which we are currently observing due to the hostilities
in Ukraine, in addition to exacerbating the negative effects already observed, will have
significant effects on the food economy and in the short term is responsible for a dynamic
increase in inflation.

The economies of the European Union are currently facing another challenge, which
will be a decline in investment and a consequent long-lasting economic slowdown. A
return to the previous sustainable growth path will also be hampered by a huge decline in
the confidence of societies in their leaders and a massive undermining of principles that
until recently seemed self-evident. One example is the anti-vaccine movement, which is
causing huge costs of a social and financial nature. All these developments are changing the
sustainable trajectory of income convergence in the European Union, which has always been
a core issue in the EU [1] and holds high relevance economically, socially, and politically, as
upwards convergence is a key policy objective [2].

The subject of income equalization has been present in the broader economic literature
since the Solow and Swan works on economic growth were published in 1956, followed
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by the Romer and Lucas studies in the 1980s. There was a significant increase in publica-
tions on this issue in the late 1990s, and strong attention is still given to the construction
and implementation of economic policy, e.g., the study of real convergence is relevant for
answering the question of whether the country should adopt a common currency [3], espe-
cially when monetary union members do not have recourse to fiscal transfer mechanisms
or currency adjustments [4].

European countries have taken major steps toward economic integration in recent
decades, including the liberalization of capital and labor markets, harmonization of tax
policy, and the foundation of the European economic and monetary union [5]. A higher
level of economic integration and a similarity of economic cycles should foster a process of
income convergence [6,7]. Better institutional quality and growth in total factor produc-
tivity can also lead to avoiding falling into the nonconvergence trap [8]. The equalization
of income levels between Member States can be crucial in shaping social cohesion and
reducing excessive migration within the European Union.

Although an assessment of income convergence represents a key relevance for policy
makers, there is still a lack of sufficient studies examining whether and how real conver-
gence is affected by economic crises [9]. Even less attention has been paid to analyzing
the impact of macroeconomic shocks on the contribution of particular countries to the
general income convergence process. In this context, an important research question is
whether changes in the convergence process that are homogeneous in direction and speed
are observed during periods of economic recession, the characteristics of which are so
different from each other.

This study contributes to the literature in several ways. First, its goal is to present
the new idea of marginal vertical real convergence. The term “vertical” refers to the
consideration of convergence in spatial terms (countries, regions), as opposed to horizontal
analyses of this phenomenon, which make it possible to determine the impact of time
on its direction and strength. This new proposition allows us to determine an individual
(marginal) contribution of European Union countries to the overall European process of
real convergence during the last three decades, especially during the last two economic
downturns. Second, this research is also aimed at an identification of the impact of outliers
on income convergence modeling. This paper is a follow-up study to the earlier analyses
on the same subject [10], but it significantly extends the discussion and brings new results
based on updated statistical data covering the period 1993–2022. Third, such a long research
period makes it possible to compare the impact of heterogeneity of economic growth within
the EU during the last two economic crises on the observed sustainable income convergence
process. Fourth, the analysis of income convergence carried out makes it possible to assess
the current level of income inequality that characterizes EU Member States and to estimate
the horizon over which this inequality may disappear, if certain conditions are met.

According to many theories of economic development, reducing the degree of income
inequality between countries and regions is one of the necessary conditions for sustainable
economic growth. However, the nature of the relationship between economic growth and
income inequality depends on the assumptions of the growth theories being formulated. It
is a relatively common view that in countries with a low level of GDP per capita, income
inequality has a negative impact on growth by reducing the level of consumption, while in
countries with a high level of development, income inequality may be neutral with respect
to economic growth. At the same time, it is noted that growth dynamics do not depend
directly on the unequal distribution of income, but primarily on the share of people with
incomes below a certain level [10].

This article is structured in the following way: the presentation of up-to-date research
on income convergence, especially in the context of the observed economic downturns
and pandemic, the description of the standard approach to the analysis of β-convergence,
followed by an idea of marginal vertical convergence, the empirical results, and conclusions.
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2. Materials and Methods
2.1. Income Convergence: Current Tendencies
2.1.1. Real Convergence during the Great Recession (2007–2009)

Morales-Zumaquero and Sosvilla-Rivero [9] investigated real convergence, consider-
ing the influence of financial crises (i.e., banking, currency, and debt crises) in 1970–2011 for
163 countries. They found evidence in favor of σ-convergence only for high-income coun-
tries, absolute and conditional β-convergence present in each of the four income groups
of countries under study, and proved that financial crises have a negative and significant
impact on GDP growth and consequently on income convergence independently of the
level of income of countries.

A majority of research showed the existence of income convergence within the EU [11]
and indicated the most important determinants of this process. Forgó and Jevčák [12] did
not find a significant heterogeneity in the speed of income convergence in selected CEE
countries in 2004–2014 having fixed or floating exchange rate regimes. However, they
indicated that the real convergence path was smoother for the latter. Grela et al. [13] and
Siljak [14] found that, during the last two decades, the CEE countries have been converging
towards the income level characterizing the old State Members, while relatively rapid
convergence in 2001–2008 was disturbed by the Great Recession of 2009 due to the decrease
of investment in the post-crisis period [12]. Some authors underlined other causes in the
form of diverse demographic trends, including migration, and different evolution of real
exchange rates and price levels [15], as well as no sustainability of real convergence within
the EU even before the Great Recession due to institutional frames that did not assist
innovation and productivity growth [1,16].

The analysis of absolute economic convergence provided by Šikić [17] among the
group of 10 new members that entered the European Union in 2004 was conducted using
a test for panel unit root in GDP per capita series and standard cross-section equations
for different time intervals, 1997–2007 and 2007–2012, which allowed us to capture the
impact of the global economic crisis of 2007–2009 on long-term convergence performance.
The observed results showed that these countries formed a homogenous convergence
club during the entire observed period and achieved high convergence rates in the period
before the crisis (β-convergence rate equal to 7.7% in 1997–2007 in comparison to 6.1% in
1997–2012), while the level of homogeneity in this group was significantly diminished after
the beginning of the crisis. A similar pattern of income convergence—rapid convergence up
to 2007, divergence from 2007, and ongoing convergence during the post-crisis period—was
observed for Eastern European countries [18].

Dapena et al. [1] proposed a multilevel and spatial effects modification of the Solow–
Swan growth model for the EU, which allowed us to find separate intercepts and slopes for
each country. They found significant differences between speeds of convergence (slopes)
and economic potentials (intercepts) for individual countries and for the full sample.
They also indicated that the overall income convergence observed in the EU in 2000–2014
coexisted with divergence in the cases of France, Ireland, and Slovenia, and significant
convergence in the cases of Spain, Greece, and Portugal. Their results also validated that
the economic crisis enhanced the fragility of EU convergence. Dvoroková [19], using data
for 2001–2012, found evidence that there exists income convergence within EU members
(β estimate was equal to −0.027). She also demonstrated a heterogeneous pattern of
this phenomenon in terms of GDP per capita changes in comparison to the EU28 average,
indicating that some economies are even diverging, such as Austria, Germany, Luxembourg,
Sweden, Greece, and Spain—the latter two due to their serious economic downturns.

The negative impact of financial and economic crisis initiated in the United States,
which was even called “convergence crisis”, was observed by Halmai and Vásáry [6]. They
suggested that divergence might occur in the cases of Greece, Spain, Cyprus, and Portugal,
little or no convergence in Hungary, Romania, and Slovenia, and moderate convergence
in Bulgaria, Czechia, Estonia, Latvia, Lithuania, Malta, and Slovakia, while somewhat
more favorable but limited convergence in the long-run in Poland. Matkowski et al. [15]
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investigated 11 countries in Central and Eastern Europe (EU11) and 15 countries in Western
Europe (EU15) in 1993–2015 and confirmed the results of other authors, that the subprime
economic crisis and its consequence in the form of debt crisis have distorted the previous
patterns of economic growth in the EU, slowing down the convergence process and leading
to some divergence tendencies. The most significant progress in income convergence
towards the EU15 in the 2007–2015 subperiod was reached by Poland, Lithuania, Romania,
and Slovakia, while Slovenia and Croatia, due to deeper recession, widened the income gap.

This crisis also caused disturbances in regional convergence processes [1,20,21]. The
study of income convergence at the regional level during the crisis made by Merler [22]
underlined the important role played by funds that are provided to the more disadvantaged
regions. Although a slower pace of real convergence was observed during the crisis for
the EU as a whole (β-convergence speed diminished from 2.75% in 2000–2007 to 1.77% in
2007–2014), for regions in the old EU members, and especially in the euro area, this process
was stopped or even switched to a divergence path.

2.1.2. Real Convergence during the SARS-CoV-2 Time

Halmai [23] argued that the development of income divergences caused by the COVID-19
crisis could disrupt the functioning of the European market due to a decrease in investments
and labor market hysteresis and long-lasting negative effects on potential growth and pro-
ductivity. He pointed out that, unlike the financial crisis, the COVID-19 crisis immediately
caused a shock in the real sector: a fall in production and income, and the variation in its
strength depended on, among other things, pre-existing economic conditions. According
to Bodnar et al. [24], several reasons may have persistent effects on potential output during
the COVID-19 pandemic. The most important of these are a collapse of the supply chain, a
long time to replace companies that failed with new entrants, a deterioration of workers’
skills, and high corporate debt. They also indicated that the full extent of permanent output
and labor market losses due to the pandemic crisis are difficult to predict. The complex
and varied economic effects of COVID-19, also generated by causes of a political nature,
were also pointed out by other authors [25–27].

Since the COVID-19 pandemic struck, the depth of the downturn and the speed of
recovery have been very different across members of the euro area because of a number
of factors, such as the length and stringency of lockdown measures dictated by health
conditions, differences in the underlying economic structures and the specialization in
activities restricted by the pandemic, the trade openness of the country, and the extent
and type of policy responses and anti-epidemic strategies [2,28–31]. Fedajev et al. [32],
applying hierarchical agglomerative clustering, derived five clusters according to their
converging behavior and found that differences in GDP growth rates among EU economies
were slightly smaller in 2020 than in 2008. Their results were consistent with those obtained
by Bisciari et al. [33] and Alcidi et al. [34], suggesting that the divergence process in the
CEE economies was characterized by greater resilience to the COVID-19 crisis than for the
old Member States.

Changes in the convergence process are also influenced by the level of socioeconomic
development. Verianto et al. [35] found a decrease in income inequality in East Java regions
during the pandemic because rich regions were affected more than poor regions. Similar
results were obtained by Choudhary et al. [36] for 147 Pakistani districts through real-time
data and machine learning between 2012 and 2021. Urban districts with high prepandemic
income experienced stronger negative growth during the pandemic. Similar results at the
national level were obtained by Ghecham [37]. He provided evidence that countries with
lower income inequality were more sensitive to the COVID-19 pandemic.

2.2. Methods
2.2.1. The Concept of Absolute Income β-Convergence

Four basic approaches can be distinguished under the classical methods of income
convergence analysis. They are based on cross-sectional data, panel data, time series data,
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and distributional data [38]. In samples consisting of a homogenous group of objects,
cross-sectional data are most commonly used, allowing the construction of a classic model
describing the presence or absence of absolute β-convergence derived from the Solow–Swan
growth model [39,40].

The basic Solow–Swan model assumes the absence of foreign trade and government
spending and the same levels of saving and investment. It is also assumed that the saving
rate, which is an exogenous variable in the model, is equal to the investment rate and is at
a constant level. An additional constraint is that the labor force is equal to the population
and that, at constant levels of labor and technology, the change in the stock of physical
capital depends on investment and the rate of capital depreciation. This leads to a decline
in the growth rate of product per capita as it approaches the equilibrium point. As a
result, countries with low initial values of product per capita are characterized by higher
growth rates of this variable, leading to the convergence of the levels of development of
poor and rich countries. This type of convergence is referred to as absolute convergence
because it assumes that, given constant rates of saving, depreciation of physical capital,
and population growth, and an identical form of the production function, there is a single
equilibrium point (steady state) common to all countries that depends only on their initial
levels of product per capita [41].

The process of absolute convergence is then described by Equation (1).

1
T

ln
(

YiT
Yi0

)
= α0 −

[(
1 − e−βT)

T

]
ln Yi0 + εi (1)

where:
1
T ln

(
YiT
Yi0

)
—annual growth rate of real GDP per capita in country i;

α0—constant;
β—convergence speed;
T—research period;
Yi0—initial level of real GDP per capita in country i;
εi—random error.
To estimate the model given by Equation (1), it is rearranged into Equation (2).

1
T

ln
(

YiT
Yi0

)
= α0 + α1ln Yi0 + εi (2)

where:
α1 =

(1−e−βT)
T .

Currently, information on the existence of income convergence in a given sample
of countries from the point of view of conducting economic policy is not sufficient. The
classical approach can only measure a general speed of income convergence, while there
exist significant differences among growth trajectories of particular countries [14,42]. When
the speed of convergence is determined by the club convergence pattern, then a classical
measurement of convergence is not able to identify this kind of heterogeneity [43,44]. If the
sample includes countries with convergence and divergence, then Equation (2) could lead
to unreliable conclusions [45].

It is necessary to identify the groups of countries with similar characteristics and
define proper measures to overcome emerging crises, speed up recovery, and come to
a satisfactory convergence level within the EU [32]. Significant dissimilarities between
the growth patterns for individual countries, confirmed by Monfort et al. [46], Borsi and
Metiu [5], and Gros [47], can distort the previous patterns of economic growth in the EU and
create convergence clubs [14]. Baldwin [48] showed the countries that have gained from
globalization in 1990–2010—Australia, Brazil, China, India, Indonesia, Korea, Mexico, Nige-
ria, Poland, Thailand, Turkey, and Venezuela—and indicated that the main determinants
of their success were an increase in competitiveness, exports, and industrial agglomera-
tion involving innovations. The cross-country differences in individual contributions to
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the overall convergence process in the EU were evidenced by Güreşçi and Utkulu [49],
by means of a specific unconditional convergence approach that allows us to point out
country-specific behavior. The calculated half-times were from 21 to 60 years. A different
tool uses quartile regression or an analysis of distributions of variables describing the
economic development [50] or stochastic convergence approach with a reference object.
The latter method was applied to test real convergence among OECD countries by Nahar
and Inder [51].

2.2.2. The Proposition of Marginal Vertical Absolute Income β-Convergence

To overcome the weaknesses of the classical approach to β-convergence analysis,
an idea of marginal vertical income convergence was developed. Its essence lies in the
estimation of Equation (2) for the whole set of examined countries and additional models
without specific countries. The correction for country i consists of eliminating this country
from the dataset used in the estimation procedure. Such an approach is used, inter alia,
by financial institutions to calculate the level of marginal credit risk [52]. The value of
marginal vertical β-convergence can be calculated according to Equations (3) and (4) [10].

∆βi = β̂ − β̂N−1
i (3)

where:
∆βi—marginal vertical convergence for country i;
β̂—convergence speed for the whole sample;
β̂N−1

i —convergence speed for N − 1 objects (without country i);
and the value of parameter β̂ (and β̂N−1

i ) is calculated using Equation (4).

β̂ = − 1
T
· ln(1 + α̂1 · T) (4)

where:
T— research period.
A positive value of ∆βi indicates that country i positively contributes to the total real

convergence. A similar formula can be used to derive the half-time convergence—Equation (5).

∆T1/2,i = T1/2 − TN−1
1/2,i (5)

where:
T1/2 = ln2

β̂
and TN−1

1/2,i =
ln2

β̂N−1
i

.

The negative value of ∆T1/2 shows to what extent the presence of country i in the
sample diminish the half-time of income convergence.

2.2.3. Outlier Identification

Atypical observations called outliers may be the result of erroneous measurement,
misidentification of the population under study, heterogeneity of the statistical sample,
the presence of extreme or random events, incorrect assumptions about the distributions
of the data generated, and purposive activities [53]. They often change the shape of the
relationships between the variables under study as a result of model specification errors.
At the same time, they can provide information about the disruption of the specific process
under investigation, allowing, for example, the detection of fraud, the support of clinical
treatment, or the prediction of weather anomalies [54–57].

The methods used to identify abnormal observations depend on the nature of those ob-
servations. Extensive descriptions of the classification of these methods can be found in the
following works: Belsley et al. [58], Williams et al. [59], Ben-Gal [60], and Ampanthong [61].
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The current study used an outlier identification method based on Cook’s Di distance,
which allows the impact of a given observation on all structural parameter values to be
assessed simultaneously—Equation (6).

Di =
e′2i

k + 1
· hi

1 − hi
(6)

where:
e′i =

ei
s
√

1−hi
;

hi =
1
n + (xi−x)2

∑n
j=1(xj−x)

2 ;

k—number of independent variables;
s—standard error of estimation;
n—number of observations.
If the inequality Di >

4
n−k−1 is satisfied for observation i, it is considered an outlier.

3. Results

The source of the data was The Conference Board Total Economy Database (TED),
published in April 2023. The database contains real values of GDP per capita in 2022
international dollars converted using Purchasing Power Parities for EU27 Member States,
excluding Great Britain. In all calculations, the STATISTICA 13 package was used.

The path of economic growth in the European Union in 1994–2022 is presented in
Figure 1.
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Figure 1. Average growth of real GDP for EU members in 1994–2022. Source: own study based on
The Conference Board TED, April 2023, http://www.conference-board.org/data/economydatabase/
(accessed on 14 December 2023).

In the first 14 years, a relatively stable annual GDP growth rate was observed in the
European Union, oscillating around 3%. There was only one moderate negative disturbance,
as a result of the economic downturn occurring between 2001 and 2003. The following years
have seen two significant declines in economic growth triggered by the crises occurring in
2008–2009 and 2020. The first one, triggered in the real estate market and transmitted to
the financial sector and the real sphere, caused a lower contribution of labor and capital
formation to growth and resulted in unfavorable TFP [6]. The largest decreases in GDP
occurred in Estonia (−14.46%), Lithuania (−13.89%), and Latvia (−12.83%). Malta and
Poland were the most resilient to the crisis, recording a fall in GDP of 1.87% and an increase
of 1.85%, respectively.

The second crisis was triggered by the COVID-19 coronavirus pandemic. It was not
structural and was characterized not only by other channels of impact on economic growth,

http://www.conference-board.org/data/economydatabase/
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but also by a stronger decline in GDP. However, due to policy intervention, the impact
of this crisis was not as disruptive as expected [62]. This crisis was felt most strongly in
Spain and Malta (11.79% and 10.59% falls in GDP) and Greece, Italy, Portugal, Croatia, and
Ireland, where the recession reached approximately 8%. The smallest decreases in GDP
occurred in the Baltic countries and Poland, ranging from −0.05% to −1.94%.

In the period between these crises, relative stability in economic growth was observed,
with the exception of a decline in the average GDP growth rate in the European Union in
2012. Excessive public and private sector indebtedness, as well as increased uncertainty
about the future direction of the economy, resulting in significant declines in consumption
and investment, are cited as the primary causes of this economic slowdown. Greece and
Cyprus (−6.58% and −4.91% falls in GDP) were the most exposed to the negative effects
of the recession. Despite the short-term downturn, two countries recorded significant
economic growth: Latvia (8.37%) and Lithuania (5.25%). Exceptional was the year 2021,
which saw a significant economic recovery, resulting in the greatest GDP growth in the
examined period.

The relationship between the initial levels of real GDP for EU members in 1993 and
their average economic growth rates in 1993–2022 is presented in Figure 2.
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The relationship observed in Figure 2 suggests a linear negative dependency that
means the existence of absolute income convergence. The parameters of Equation (2) were
estimated using ordinary least squares (OLS). Some studies suggest that these parameters
may be estimated using a nonlinear least squares method because OLS does not ensure
the negative value of the estimate of parameter α1, and consequently the determination
of convergence speed β [63]. Durlauf et al. [64] found that the OLS estimate of the pa-
rameter β may describe only statistical and not economic convergence, and may cause an
overestimation of the convergence speed.

Table 1 presents the parameter estimation results for the six models with different data
selection criteria. The first two are for the full period, with the second model eliminating an
outlier observation in the form of Luxembourg (see Figure 2), distinguished by the highest
value of Cook’s distance (Di = 1.370). The difference in results obtained by including this
country in the sample is also confirmed by other authors [5].

http://www.conference-board.org/data/economydatabase/
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Table 1. Results of estimation of β-convergence in the European Union.

(1) (2) (3)

Variables 1993–2022
Full sample

1993–2022
Without Luxembourg

1993–2007
Without Bulgaria and

Luxembourg

Constant
0.215 *** 0.247 *** 0.336 ***
(0.021) (0.020) (0.033)

Initial GDP per capita −0.019 *** −0.022 *** −0.030 ***
(0.002) (0.002) (0.003)

Observations 27 26 25
R-square 0.764 0.839 0.784

Standard error of
estimation 0.006 0.005 0.008

Shapiro–Wilk (p) 0.899 (0.013) 0.951 (0.247) 0.955 (0.315)
White (p) 9.138 (0.010) 0.960 (0.619) 6.776 (0.034)
Akaike −199.968 −201.987 −170.858

Schwartz −197.376 −199.471 −168.420
β (%) 2.74 3.54 3.82

T1/2 (years) 25.29 19.60 18.13

(4) (5) (6)

Variables
1993–2009

Without Bulgaria and
Luxembourg

2010–2019
Without Greece and

Luxembourg

2010–2020
Without Greece and

Luxembourg

Constant
0.285 *** 0.377 *** 0.364 ***
(0.019) (0.056) (0.062)

Initial GDP per capita −0.025 *** −0.034 *** −0.033 ***
(0.002) (0.005) (0.006)

Observations 25 25 25
R-square 0.887 0.637 0.583

Standard error of
estimation 0.005 0.008 0.009

Shapiro–Wilk (p) 0.968 (0.602) 0.960 (0.422) 0.971 (0.670)
White (p) 0.308 (0.857) 3.729 (0.155) 2.663 (0.264)
Akaike −197.875 −165.859 −160.918

Schwartz −195.4385 −163.421 −158.480
β (%) 3.25 4.01 4.02

T1/2 (years) 21.32 17.30 17.22
Notes: *** indicates statistical significance at the 1% level; the figures in () are standard errors of parameters.
Source: own calculations based on The Conference Board TED, April 2023, http://www.conference-board.org/
data/economydatabase/ (accessed on 14 December 2023).

Models (3) and (4) show the evolution of income convergence in the first subperiod
covering 1993–2007 and 1993–2009, respectively. Two outlier observations were identified
in this case according to the highest values of Cook’s distance: Bulgaria (Di = 0.266;
Di = 0.256) and Luxembourg (Di = 1.037; Di = 1.552).

A comparison of the estimation results of the coefficients of these models allows us
to assess the impact of the first crisis on the change in the speed of income convergence.
The last two models, (5) and (6), were estimated for the second subperiod and cover the
years 2010–2019 and 2010–2020, respectively. In that case, two outlier observations were
also eliminated: Greece (Di = 0.186; Di = 0.164) and Luxembourg (Di = 0.757; Di = 0.933).
The differences found in the values of the parameters of these models make it possible
to assess the impact of the second crisis on the development of income convergence in
European Union countries.

The first four models have a fairly strong goodness of fit, and removing outlier
observations improves this fit significantly, although for the last two models, we observe a
slightly lower level of fit to empirical data. The parameters of all models are statistically
significant, and the tests performed confirm the high quality of the models estimated. The

http://www.conference-board.org/data/economydatabase/
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obtained results for the entire period 1993–2022 (model 1) confirmed the occurrence of
sustainable β convergence in the EU. The overall speed of convergence for all Member
States was equal to 2.74%, while the half-time of convergence was equal to 25.29 years. The
results of estimation for the same period but for the reduced sample (model 2, without
Luxembourg) evidence a higher quality of the model and a much faster real convergence
within the EU, with β̂ = 3.54% and T1/2 = 19.60 years.

Model 3, without Bulgaria and Luxembourg, shows that in the precrisis years 1993–2007,
the speed of convergence of income levels was faster than over the full time span of the
sample, with β̂ = 3.82% and T1/2 = 18.13 years. However, the emergence of the negative
effects of the first crisis slowed down this process quite significantly (model 4, without
Bulgaria and Luxembourg). The rate of convergence under its influence was below the
level observed in model 2, with β̂ = 3.25% and T1/2 = 21.32 years.

Reducing the study period again and limiting it to 2010–2019 (model 5, without Greece
and Luxembourg), i.e., those years occurring immediately before the second crisis, made
it possible to conclude again that this contributes to a significant increase in the income
convergence speed (β̂ = 4.01% and T1/2 = 17.30 years). However, the result of modeling
the impact of the second crisis on real convergence by including the crisis year 2020 (model
6, without Greece and Luxembourg) is interesting—the rate of income equalization has not
only not decreased but has even increased slightly (β̂ = 4.02% and T1/2 = 17.22 years). The
most likely reason for this is the much less-differentiated impact of the pandemic downturn
compared to the first crisis. At the same time, the Baltic countries, which had the highest
GDP growth in the earlier period, were most affected during the 2008–2009 crisis.

Figure 3 presents the marginal vertical convergence for EU countries (∆βi) received
for the full period (model 2, without Luxembourg) and their tolerance areas in the form
of the control card with the average and the standard deviation as the reference levels
for ∆βi. Two groups of countries could be distinguished. The first group, characterized
by a negative contribution to the general income convergence, includes, among others,
Bulgaria (the highest negative contribution), Denmark, Netherlands, Sweden, and Austria.
The second one, that positively contribute to the general income convergence, includes
Lithuania (the highest positive contribution), Italy, Estonia, Poland, and Latvia.
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Figure 3. Values of ∆βi (1993–2022, based on model 2, without Luxembourg, in percentage points).
Source: own study based on The Conference Board TED, April 2023, http://www.conference-board.
org/data/economydatabase/ (accessed on 14 December 2023).

The results obtained confirm the existence of club convergence among EU Member
States. These clubs are formed mainly on the basis of geographic region and a clear
separation between the CEE countries and the old members of the EU [5]. This phenomenon
is probably also the result of the occurrence of differences in the sectoral structure of
economies, which are also largely historical and geographical in nature [65]. However, it is
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worth noting an exception to this trend, which is represented by two countries: Bulgaria
and Italy.

Table 2 presents the countries’ individual contributions to the overall real convergence
∆βi received for models (3)–(6).

Table 2. Values of ∆βi for chosen subperiods (in percentage points).

(1) (2) (3) (4)

Country 1993–2007
(Model 3)

1993–2009
(Model 4)

2010–2019
(Model 5)

2010–2020
(Model 6)

Austria −0.070 −0.083 −0.052 −0.030
Belgium −0.018 −0.034 −0.002 −0.008
Bulgaria − − −0.525 −0.491
Croatia −0.013 −0.007 −0.185 −0.246
Cyprus −0.001 −0.001 −0.029 −0.028
Czechia −0.002 −0.001 −0.001 0.000
Denmark −0.076 −0.041 −0.144 −0.254
Estonia 0.337 0.104 0.111 0.162
Finland −0.093 −0.059 0.078 0.002
France 0.073 0.052 0.060 0.093
Germany 0.049 0.035 −0.097 −0.148
Greece 0.001 0.001 − −
Hungary −0.105 −0.090 0.015 0.013
Ireland −0.032 −0.003 −0.036 −0.019
Italy 0.099 0.117 0.151 0.201
Latvia 0.379 0.138 0.242 0.238
Lithuania 0.134 0.042 0.383 0.383
Malta −0.014 −0.003 0.022 0.001
Netherlands −0.099 −0.113 −0.138 −0.157
Poland −0.199 0.003 0.145 0.143
Portugal 0.053 0.040 −0.031 −0.039
Romania −0.331 −0.106 0.221 0.169
Slovakia −0.024 0.045 −0.027 −0.032
Slovenia 0.017 0.015 0.003 −0.001
Spain 0.014 0.013 0.042 0.092
Sweden −0.082 −0.058 −0.087 −0.138

Source: own calculations based on The Conference Board TED, April 2023, http://www.conference-board.org/
data/economydatabase/ (accessed on 14 December 2023).

In the first subperiod, 1993–2007 (model 3), a positive contribution to the overall
income convergence in the case of Latvia and Estonia and, to some extent, Lithuania could
be observed. The main determinant behind this phenomenon was the high growth of GDP
evidenced for the aforementioned Baltic countries. These contributions were significantly
reduced by the first crisis in 2008–2009 (model 4). In the subperiod 1993–2007, negative
values of ∆βi characterized Romania, Poland, and Hungary. It is worth noting, however,
that the emergence of the first crisis contributed to an improvement (increase) in these
values, unlike the change that occurred for the previous three countries. For Poland, there
was even a positive value of this measure, which shows the high resilience of this country
to the impact of the first crisis.

In the second subperiod, 2010–2019, the countries with positive contributions to the
real convergence process were Lithuania, Latvia, and Romania. In contrast, the largest
negative contribution was for Bulgaria. These contributions have remained virtually
unchanged during the pandemic period observed, not only for these countries but also for
the others. This is evidenced by the very high rank correlation value, calculated for the ∆βi
values obtained for the 2010–2019 and 2010–2020 subperiods, equal to 0.981. However, the
2020 crisis has resulted in a negative trend in marginal income convergence for Denmark
and Croatia and an increase in the positive contribution for Italy.

http://www.conference-board.org/data/economydatabase/
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Table 3 presents differences in the half-times of the convergence ∆T1/2,i for all analyzed
subperiods.

Table 3. Values of ∆T1/2,i for chosen subperiods (in years).

(1) (2) (3) (4)

Country 1993–2007
(Model 3)

1993–2009
(Model 4)

2010–2019
(Model 5)

2010–2020
(Model 6)

Austria 0.325 0.531 0.220 0.129
Belgium 0.087 0.219 0.007 0.036
Bulgaria − − 2.005 1.872
Croatia 0.062 0.048 0.763 0.993
Cyprus 0.005 0.004 0.124 0.120
Czechia 0.009 0.004 0.002 0.001
Denmark 0.352 0.263 0.600 1.022
Estonia −1.752 −0.703 −0.495 −0.721
Finland 0.432 0.383 −0.344 −0.007
France −0.355 −0.348 −0.262 −0.408
Germany −0.233 −0.234 0.407 0.612
Greece −0.004 −0.005 − −
Hungary 0.486 0.575 −0.065 −0.057
Ireland 0.143 0.019 0.153 0.082
Italy −0.481 −0.794 −0.677 −0.904
Latvia −1.995 −0.948 −1.110 −1.081
Lithuania −0.661 −0.279 −1.831 −1.811
Malta 0.065 0.020 −0.094 −0.005
Netherlands 0.459 0.717 0.577 0.646
Poland 0.898 −0.017 −0.651 −0.637
Portugal −0.256 −0.267 0.132 0.164
Romania 1.444 0.675 −1.012 −0.754
Slovakia 0.113 −0.301 0.116 0.138
Slovenia −0.081 −0.096 −0.013 0.006
Spain −0.067 −0.088 −0.181 −0.401
Sweden 0.379 0.372 0.366 0.573

Source: own calculations based on The Conference Board Total Economy Database, April 2023, http://www.
conference-board.org/data/economydatabase/ (accessed on 14 December 2023).

A significant shortening of the convergence period in the first subperiod, 1993–2007
(model 3), occurred for Latvia and Estonia, while its significant lengthening was character-
ized by Romania and Poland. For the latter country, the relationship was even reversed. A
negative impact of the first crisis was recorded by the Netherlands, and a positive impact
was recorded by Italy (model 4). Positive contributions to European real convergence in the
second subperiod, 2010–2019 (model 5), were identified for Latvia, Lithuania, and Romania.

By contrast, Bulgaria has significantly slowed down this convergence process, includ-
ing during the pandemic. During the second crisis, favorable changes in the length of the
convergence period were seen for Italy and Estonia and negative changes were seen for
Croatia and Denmark.

4. Discussion and Conclusions

Changes in sustainability of the European real convergence process may have a signif-
icant effect on economic policies supporting future economic growth. The new members
of the EU are still showing dissimilarities from old members in terms of innovation, insti-
tutional environment, and productivity. Filling this gap determines the catch-up process
in the long run [66]. The convergence of income levels per capita has an impact on many
other processes, not only of an economic nature, such as the equalization of labor costs, but
also on phenomena such as international migration.

Sustainable economic convergence is important not only for the individual countries
that benefit from it, but also for the smooth functioning of the European Union [8,67].
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However, modelling this phenomenon is often difficult because of the incomparability of
the datasets used and the time periods considered. The occurrence of structural shocks,
caused mainly by emerging regional and global economic crises, is also a limitation. The
variability of the results obtained is also a consequence of the use of different research
approaches and model hypotheses. Different results are also due to the use of different
definitions (types) of income convergence. Observation of the changes taking place in terms
of real convergence in the European Union over the last three decades allows us to conclude
that the speed of the convergence exceeds the 2% most commonly indicated in previous
studies, and this process is accelerating. The results obtained for the period 1993–2009 show
that the half-time of the convergence was 21.32 years, while it decreased to 17.22 years for
the period 2010–2020. This trend is not stopped by emerging economic crises, which do
not reduce potential GDP, especially in highly developed countries [68]. This study also
shows how important the identification of nonnormal observations is in modeling income
convergence. The removal of such observations significantly improves the quality of the
models estimated and makes it possible to better visualize existing relationships.

The contribution to the general income convergence within the EU is different for
individual countries. Different marginal vertical income convergence values are caused by
the heterogeneity of economic growth of Member States, resilience to economic downturns,
distribution of income, and structure of economies [69,70]. Identification of the differences
in economic growth paths is the important condition to develop policies targeted at dimin-
ishing existing income inequalities and achieving macroeconomic stability through efficient
fiscal policy and the flexibility of labor markets.

In further studies, it is worth including spatial relationships in convergence models
and identifying the countries’ specific features responsible for accelerating or slowing down
the general process of income convergence. An analysis of the impact of another crisis
triggered by the war in Ukraine may also provide interesting conclusions. In particular,
there is a different cause in this case compared to the last two economic downturns, which
have been global in nature, while the impact of the crisis caused by the war in Ukraine is
being felt first and foremost in Europe.
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