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Abstract

Economic growth is a frequently analyzed aspect, both from theoretical and
empirical standpoint, under the impact of the influence factors, while the issue of
economic growth was studied by applying different methods and obtaining
different results. In the case of EU28, the problem of economic convergence has to
take into consideration the fact that the Member States are heterogeneous in terms
of development and rate of growth. In the present paper, by using Markov chains
we have made, a forecast of the GDP per capita evolution for the economies of the
EU28 members, starting from the known time horizon — 1997-2016 as to approach
a forecast horizon — 2017-2028. The results obtained show that the convergence
process will be a slow one in the case of some Member States, especially in the
Central and Eastern Europe. The future economic dynamics will intensify growth
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divergences, especially in the case of the European periphery, which will suffer
minor modifications, the states with the most significant gaps will remain Bulgaria
and Romania.

Key words: economic growth, Markov chains, medium-term forecast, convergence,
EU28

JEL classification: F43, N10, Ol1, 047, 052, R11

1. Introduction

Growth and development that are to result in ensuring people’s well-being and
environmental protectionist processes to which converge all the actions undertaken
by economy and society. It is necessary to point out here that we do not put a sign of
equation between growth and development. Both processes are intensely theorized
but there is still room for estimations and forecasts, given the importance of growth,
whose finality is development. We are preoccupied with the long-run evolution of
the European society and economy Therefore, in the present analysis by applying
the method of Markov chains, our aim is to forecast the future economic growth
of EU28 Member States. Economic literature extensively analyses the causality
of growth, without clearly establishing a set of factors that would be valid for all
countries, under all circumstances. Each economic entity answers in a different
way to certain stimuli, this is a fact that reality and complex researches have
demonstrated.

Sustainability has been applied to a wide range of situations, the sustainability
criteria depending a lot on the context, based on a common characteristic, namely
that it is a concept that manifests itself in the long term (D Ergole and Salvini,
2003). Sustainable growth is the process that ensures the over-size of wealth, over
time, without periods of strong decline caused by the exaggerated use of limited
natural resources or environmental degradation in production and consumption
processes. Each country faces with different challenges in its path to sustainable
development and seeks, in this regard, to lay a sustainable foundation so that in
the future prosperity will grow concurrently with the sustainable management of
resources (UNDP, 2017). Sustainable growth is subject to risks such as climate
changes that require good resource management and adaptive capacity, hunger and
poverty that are eradicated, inequalities of income that are required to be corrected,
massive urbanization, provision of increasing amounts of energy, crises financials
that require prevention and management. Sustainability is directly related to the
environment, and the relationship between growth and the environment is not well
understood, so as it will be understood in the future, the solution for sustainable
growth will be the implementation of zero emission technologies.

Our purpose is not to analyse the causes of growth for the EU28 members, but
only the future evolution of this quantitative process for each state, mentioning
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the differences in the form of growth gaps, given that within the EU28 framework,
economic standardization is desirable. The less developed Member States who
joined the Union with the latest enlargements wish for the economic and social
differences to be reduced, so that their populations could enjoy a standard of life
similar to that of the population in the developed member countries.

The process of economic growth is defined, in simple terms, as an increase of the
real GDP, real GDP per capita, real GDP growth rate and real GDP per capita growth
rate (Sekreter, 2015), while its importance comes from the fact that it underlies
development, without being its only condition. Although no unanimously accepted
perspective has appeared by now, economic growth reflects aspects of quantitative
nature, unlike development, which is essentially qualitative. Growth allows for
increase of an economy’s size, of the macroeconomic indicators, particularly of the
GDP per capita, in an ascendant but not necessarily linear way, with positive long-
term effects, subjected to constraints such as the excessive growth of the population,
limited resources, inappropriate infrastructure, inefficient utilization of resources,
excessive governmental interference, institutional and cultural models that might
slow down growth. The present paper focuses on growth and not on development
because growth underlies development and there is no equivalence between the two
processes, as a country has the possibility to grow without developing, while the
reverse is not true.

The economic convergence of developing and the less developed countries is vital
in order to reduce the gap compared to the developed economies, an objective that
ensures a higher standard of life and status for their population. As far as the EU28
is concerned, it aimed at becoming a strong construction, but for the time being it is
only a vulnerable, yet to be the finalized one (Stiglitz et al., 2014). EU28 progresses
at different speeds in spite of the desiderata of making it work as a whole. One
of the proposed objectives is the convergence of the less developed states and the
reduction of the gap compared to the regional average by improving the conditions
of growth and employment (Fontaine, 2010). The difficulty comes from the
differences in terms of growth and development between the members, as well as
from the way in which some of them manage to reduce gaps with the developed
countries of EU28. If the best results were recorded by the north states, Finland,
Sweden, and Denmark, at the other end of the scale we can find Greece, Romania
and Bulgaria (Ardielli, 2016).

The factors of economic growth are different from state to state, some of them
being sustainable, supporting the process in the long run, others less sustainable, as
they support the process for shorter terms. The positive rates of economic growth,
regardless of the determinant factors, theoretically reduce the development gaps
between the European countries. Landon-Lane and Robertson (2009) reached
the conclusion that, except for the golden period following World War II, one
can observe a reduced fB-convergence or not find it at all; the period after WWII
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represents an anomaly of the growth process in the long run. Between the European
regions, gaps persist between GDP per capita values and incomes, in spite of an
increasingly higher degree of openness (Le Gallo, 2004). Convergence studies have
their origin in the theory of economic growth being initially introduced by Solow
(1956) later developed by Barro (1991) and Barro and Sala-i-Martin (1992) and
then to be a widely accessed method to study the macroeconomic aspects of growth.
Baumol (1986) developed the B-convergence equation to show its type (conditioned
when the  value is positive and unconditioned when the B value is negative) and its
speed.

Smetkowski and Wojcik (2010) studied the tendencies and factors of growth in
sub-regions of Central and Eastern Europe for the period 1998-2006, reaching
the conclusion that the integration of central and eastern European states helped
to reduce the national and regional disparities in terms of income per capita and
GDP per capita. lancu (2009) gives special attention to Romania’s case, which
he describes as a peripheral European country from the point of view of the GDP
per capita level, the indicator value being much under the EU average. Analyzing
Romania’s process of convergence to EU15 and the leader states Germany and
France for the periods 1980-2003 and 1990-2004, lancu reaches the conclusion
that in Romania’s case convergence is a simple illusion, while gaps, instead of
decreasing, intensified.

In the present paper, we validate lancu’s hypothesis, starting from the analysis
of GDP per capita as an indicator of growth for each European member. The
forecast made by means of Markov chains shows an intensification of the growth
gaps between the center and the periphery of EU28 by 2028. The Markov chains
represent a successfully used methodology in order to demonstrate different
hypotheses in varied fields of research. The novelty brought forth by our paper is
the forecast of economic growth, measured in GDP per capita, for the next three
decades, a forecast which confirms the intensification of growth gaps between the
periphery and the developed European states, with two exceptions, starting from
the economic reality of the last two decades, and noticing Romania’s considerably
lower performance compared to the rest of the peripheral states.

The comparative forecast of the GDP per capita rise in the European economies
show whether the European states have or do not have in the future the ability to
evolve on a positive trend, starting from the reality of the previous period. The used
methodology is specific to fuzzy systems, more precisely to Markov chains, starting
from the GDP per capita values for a known horizon, 1997-2016, in order to get to
a future one, 2017-2028.

The choice of this methodology was also determined by the fact that the forecast of
some macroeconomic indicators for Romania achieved by using the Markov chains
(Nicolae-Balan, 2009) was subsequently validated by the statistical data of the INS
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(National Institute of Statistics, 2019). The paper is structured as follows: in Section
2 we briefly present the current state of knowledge through a Literature Review; in
Section 3 we present the methodology used, more specifically the Markov chains.
Here we describe the steps taken to achieve the forecast of European economic
growth; in Section 4 we present the data and the main findings. Here we integrate
the results obtained in the general European context, including the one determined
by the crisis of 2020; Section 5 is dedicated to the results and discussions and,
finally, in Section 6 we draw the conclusions by emphasizing the limits of research
and the proposals for future analysis.

2. Literature review

There are many studies about economic growth and convergence, including empirical
and theoretical analyses. They reach different results on this issue, according to the
chosen variables, the type of data, the period of time and the empiric model used.
It was demonstrated that a GDP growth rate of 3% per year leads to an increase of
the potential GDP by 10% over three years and a doubling over 23 years, which,
according to the rule of 70, implies that a growth rate of 1% per year doubles the
potential GDP in a 70- year span (Angelescu and Socol, 2005). This rule, also called
the rule of 69 or of 72 (as number 69 is the clearest, 70 the easiest to calculate, and
72 more precise for more modest growth rates), shows that small differences between
the rates of economic growth result in big differences in the size of macroeconomic
indicators (Beggs, 2019). Rule 69 (more precisely 69.3), 70 or 72 refer to the number
of years required for a variable to double its value, in our case, economic growth. In
the case of rule 69, in calculations the number 69 is related to the variable for which
we calculate the period of doubling the value. The procedure is similar for rule 70 and
rule 72. The choice is a matter of preference. Although the numbers 69 proved to be
more accurate (Beggs, 2019), 70 and 72 are more easily divisible so that they became
recognized. These rules are taken from the financial field.

The GDP rise is a valid measure of progress, prosperity and human well-being
(Korten, 2010) and the states recording accelerated rhythms of economic growth
are those with a developed industry, growth being associated to structural changes
in the secondary sector (Rodrik, 2007) and industrialization stimulating the
substantial changes in society and in the structure of income distribution (Sbardella
etal., 2017).

The economies with a similar level of integration in the world economy have
different ways to grow in the long run, according to the neoclassical models of
growth. As long as the countries are not isolated from the world economy, they will
grow in the long run in different manners, because this depends on the degree of
integration into the global economy (London-Lane and Robertson, 2009).
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The basis of economic growth is represented by the accumulation of capital, the
human capital and knowledge used in production (Persson and Tapeline, 2013).
Andolfatto (2008) puts economic growth on the account of technology, technical-
scientific information, human capital and management—factors that are generally
available for the industrialized states. The importance of growth consists in the
direct consequences on well-being and in the fact that it provides the necessary
financial resources at a social level, even if the benefits of growth are unequally
distributed (Smetkowski and Wojcik, 2010). Herman (2015) postulates that the
process of economic growth, as it manifests itself nowadays, leads to the fall of the
ecological system and affects well-being, calling even survival into question, costs
being higher than benefits.

Economic growth, especially the inclusive one, is important because it reduces
poverty, inequality, gender differences, it creates new workplaces, it improves
the governing process and reacts to climate changes (Kireyev and Chen, 2017)
involving a continuous metamorphosis. Berg et al. (2012) identify the characteristics
of sustainable growth as being a more equitable distribution of incomes, democratic
institutions, trade openness, direct foreign investments, a production structure that
would allow a sophisticated export, a stable macroeconomic environment, with
low inflation rates, with a minimal external debt and low conditions of monetary
depreciation. An analysis made by Alfaro et al. (2010), starting from the idea
that there is a direct influence relationship between growth and direct foreign
investments, demonstrates that there is a weak support for the positive exogenous
effect of foreign investments upon growth; an important fact is that the capacity of
a country to benefit from the advantages that direct foreign investments provide is
limited by local conditions, such as the development of local financial markets or
the country’s educational level. Davis (2010) finds out another causal relation for
economic growth, represented by the institutional quality (the bundle of property
rights) and the institutional flexibility (the ability to develop new institutions).
Eicher and Schreiber (2010) identified, analyzing 26 states in transition over a
period of 11 years, the positive role that change plays in the quality of structural
policies or of the rule of law, because a 10% change under the OECD standards will
lead to a 2.5-2.7% rise of the economic growth rate.

Forecasts of economic growth in the short run were made by means of different
methods and using different indicators. The European Commission (2018), for
instance, made a forecast of economic growth and reached the conclusion that, over
the years 2018 and 2019, the process would evolve positively, with rates of 2.3%
and 2% respectively, especially due to the expansion of consumption in the context
of the emergence of new workplaces and of investments. The World Bank (2017),
following a short-run forecast for the period 2017-2018, notices that production,
trade, trust and the funding conditions stay favorable, so that the growth rate for
2018-2019 will be of about 2.9% at the global level, that it will reach about 4.6% in
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the case of the emergent and developing countries, but in the context of a negative
trade balance, while in the Euro Zone it will record a rate of only 1.5%.

The IMF (2017) speaks of a growth forecast for 2018 by a rate of about 3.7% at
the world level, as a result of the positive influence of investments, trade, industrial
production and trust in the business environments, while in the Euro Zone the
rate will reach about 1.9%, and about 4.5% in the case of the European emergent
countries. With the help of regression equations, different methods were assessed
to forecast economic growth in the short run for the Euro Zone on the basis of a
quarterly GDP and of the monthly data, deemed much more relevant (Angelini et
al., 2011). Other short-run estimations for the Euro Zone of the real GDP, using
monthly data, also took into consideration indicators characterizing the industrial
production except for the building trade, the new vehicle registration, the retail
sales, the business environment, the consumers’ confidence for the period 1990-
2001 (Riinstler and Sédillot, 2003). The economic literature turns out to be poor in
long-run forecasts of the GDP/capita growth for EU28.

The fuzzy analysis with Markov chains was introduced, in its dynamic model
of growth, by Quah and Magrini, as an alternative to the standard analyses
of regression (Fingleton, 1997). The fuzzy systems and the Markov chains in
particular are considered by Quah (1992), a much deeper analysis compared to
other long-term models of growth, and the analysis of the income per capita for
118 countries showed the instability of the models of growth in the long run in each
country’s case. Using the same methodology, Quah (1996) explains the dynamics
of the distribution between the European regions, analyzing the incomes per capita,
and concluding that they are not equal and they do not remain unchanged, because
the distribution of regional incomes fluctuates over time.

Fingleton (1997) used the Markov chains starting from Quah’s model,
considering that the standard regression analyses lack the richness and flexibility
of the Markov method. Cheshire and Magrini (1999) analyzed by means of
Markov chains the determinants of growth, a complex process, for 122 urban
regions in 12 western European countries in the period 1978-1994. Indicators
such as income per capita, research and development activity and the role of
the universities in establishing economic policies highlight the existence of
divergences in the models of regional growth of the Western-European states. Le
Gallo’s analysis (2004) with Markov chains for the study of gaps between 138
European geographical regions in the period 1980-1995 reflects a progressive
trend towards a poverty trap, as well as the importance of the geographical
position in the process of convergence.

Abbasov and Mamedova (2003) applied the fuzzy logics for the simulation of
the demographic process. Nastase et al. (2019) uses the theory of Markov chains
to forecast the number of students enrolled in pre-university education, upper



Alina-Petronela Haller et al. * Medium-term forecast of European economic...
592 Zb. rad. Ekon. fak. Rij. * 2020 « vol. 38 * no. 2 * 585-618

secondary, by groups of studies and profile. Sledge et al. (2018) proposed an
uncertainty-based, information-theoretic approach for performing guided stochastic
searches that more effectively cover the policy space, and Sledge and Principe
(2019) provided a novel, two-part information-theoretic approach for aggregating
Markov chains. Ponzio and Di Gennaro (2004) applied the methodology of Markov
chains by analyzing the income per capita for 92 Italian provinces in the period
1952-1955. They found out that the Italian provinces followed different models
of growth, joining, eventually, a divergent trend. Le Gallo (2004) analyzed the
evolution of disparities between 138 regions in 11 European countries with the help
of Markov chains, in the period 1980-1995, using GDP per capita; he reached the
conclusion that the period was characterized by the persistence of regional gaps, by
the absence of the relative mobility of regions in the distribution of GDP per capita,
as well as by a progressive trend towards a poverty trap, while the geographical
position played an important role in the process of convergence. Anas et al. (2004)
used the Markov chains to study the relations between the phases of the economic
cycle of industrial production in the cases of USA and of the Euro Zone. Kooros
and Badeaux (2007) make, by means of Markov chains, a short-term forecast about
the future market shares of companies, in the context of consumers’ migration from
one company to another. Monfort (2008) analyzed the regional disparities at the
level of EU with the help of several methods, including Markov chains, reaching
thus the conclusion that the results regarding the convergence and divergence
depend very much upon the chosen method. Rey (2010) analyzed the evolution of
the distribution of the national income over time — the period 1929-1944, and space
— USA territory, by means of the classical Markov method, reaching the conclusion
that the geographical position is important in the distribution of incomes, at least in
the American case.

Soloviev et al. (2011) use the Markov chains methodology for financial time series,
finding out that this is successfully applicable to researches in the financial field,
and not only. The model of the Markov chains, used with good results in fields
such as the regional economy for the study of inequality of incomes, sociology,
microeconomics and public health, is used by Liptak (2012), to describe
processes on the labor market in Hungary for the period 1992-2009. Zhalezka and
Navitskaya (2015) use the fuzzy multi-criteria analysis in order to assess regional
competitiveness in Belarus, and also Moosavi and Isacchini (2017) analyzed, by
means of the Markov chains, series of time corresponding to the period 1995-
2011 in order to reveal the evolution of the works economic networks, reaching
the conclusion that between balance and GDP there is a relation on which future
economic growth depends.

The results of the researches based on the analyses with Markov chains make us
choose this method for a forecast of the GDP per capita evolution in the case of the
economies of EU28 members.
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Starting from the fact that through various techniques and models, the medium-
term forecasts of the macroeconomic indicators are necessary for identifying and
highlighting their positive/negative tendencies from the first manifestation phases,
and they function as an early warning system, we achieved the long-term GDP
per capita forecast for EU-28 member states. However, any medium-term forecast
should be reassessed after a period of time (2-3 years) under the new conditions of
the world conjuncture.

3. Methodology

We opted, as an empirical model for a forecast of EU28 economic growth, for the
Markov chains, due to the results obtained in other studies we referred to.

The Markov chains represent a stochastic process according to which the
probability of a random variable at a moment t+1 depends only on its state in the
moment t, but not on its states in previous moments (Ponzio and Di Gennaro,
2004). The simulation of the dynamics of economic growth and of the forecast of
convergence for EU28 Member States was made with Markov chains, a suggestive
example for the use of fuzzy techniques (Moosavi and Isacchini, 2017; Nicolae-
Balan, 2009; Gherasim, 2008). The Markov chain used for the forecast study of
convergence can be described as follows.

For the simulation of the GDP per capita values, we consider the period 1997-2016,
which we divide into sub periods g, g5, ..., g4, With:

g, =(1997,1998,1999,2000)

g, =(2001,2002,2003, K 2004) 0
M

g5 =(2013,2014,2015,2016)

In order to forecast values of GDP per capita for 28(+1) EU states, plus the
European average, we apply the method of simulation with Markov chains with
values modelled using trapezoidal fuzzy numbers. Thus, we consider the horizon:

el 2.3, 0, 410, 42, T} ={1,2.,3,4,5,6.7.8)

known forecast known forecast (2)

horizon horizon horizon horizon

where: ¢, is the last year of the known time horizon.
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The known horizon (20 years) comprise five periods (t = 5) of 4 years each, T, =
[1997 — 2000], T, = [2001 — 2004], T, = [2005 — 2008], T, = [2009 — 2012] and
T, =[2013 — 2016]. For each quadruple we round the four values of the GDP per
capita and order them according to Table 1.

Table 1: Rounded values of GDP per capita and their grouping in the five periods
of the known horizon (Dollars per capita)

t
GDP per capita ! 2 3 4 S=le
1589 1840 4676 8220 8978
1610 2125 5829 8297 9520
1668 2775 8214 8558 9585
1865 3553 10136 9200 10020
1683,00 2573,25 7213,75 8568,75 9525,75

Source: Authors’ calculations

A trapezoidal fuzzy number (2 € NF4) is a quadruple ordered like a = (a,, a,, a;, a,),
with a, <a,<a;<a,.

The values of GDP per capita of the known horizon are trapezoidal fuzzy numbers.
The fifth cell of Table 1 represents the center of gravity (real number associated)
and was calculated as the arithmetic mean of the 4 components, according to the
relation:

a,ta,ta;+a,
4

aG:<a>:

)

The values of GDP per capita in the known horizon, expressed with trapezoidal
fuzzy numbers are the following:

¥, =(1589,1610,1668,1865), oy o

y, =(1840,2125,2775,3553) . )
" (4)
v o=y = 2 1002

7 =, (8978,9520,9585,10020) < .

The forecast horizon {t, + 1, t, + 2,..., T} = {6, 7, 8} consists of three groups,
Vi + 15 Y1} = {¥e» Y75 V) The fuzzy number y, corresponds to the last group
.8 = (2025, 2026, 2027, 2028). The forecast of GDP per capita using (two-state)
Markov chains with extreme variable (with NF4) is made in eight phases.



Alina-Petronela Haller et al. * Medium-term forecast of European economic...
Zb. rad. Ekon. fak. Rij. » 2020 * vol. 38 * no. 2 * 585-618 595

In the first phase we will select the maximal level, y,,,,, considering annual growths
of about 40%.

yo :<J~’1>+<J~’2>+<J§>+<J~’4>+<J~’5> 5)

Voed = Ved T Vmea -04-(T=1)=2.2-y, . =7095.54 =~ 7096 (6)

)’7max = (ymed 080’ ymed 090’ ymed 110’ ymed 120):
()
=(5677,6377,7806,8515).,,

In the second phase, we calculate the state probabilities for the known horizon,
according to relation:

w0 = -

YV mas , t=1,1, (8)
W) =T1-%,0)

where: T=(1, 1, 1, 1) is considered trapezoidal fuzzy number.

In the third phase, we calculate, according to relations (9), (10) and Table 2,
matrices with transition probabilities.

(t.—D-(t,=2)_4-3

We calculate n= =6 matrices of 2x2 with elements of

2 2
probabilities expressed by trapezoidal fuzzy numbers:
ﬁ(k) _ |:5(1k1) 5(1](2):| (9)
Py PY

Table 2: Matrices with probabilities of transition

Case k t t"
k=1 1 2
2 1 3

3 1 4

4 2 3

5 2 4

6 (=n) 3 4

Source: Authors’ calculations
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For each pair t' <t", we solve 2 systems of 2 equations with unknowns p;:

LW (D, () =W (" DW ()
W)W, () — W () (1)

LW (DR () W (DR ()
PR )W, () - W ()W)

~ o~ N~ ~ N = :Wz(t'+1)v~vz(t")7"7’20"*1)‘;’2@)
{WZ(HI)‘WI(”'Pu+w2(t)-pzz P T OW ()~ ()

Wo(t"+1) =W, (") P, +W2(t")-ﬁ22_ ~ wL,(t"+w (1) — W, (t'+ 1w, (t")
2w ()W, () - W ()W (1)

{Wl(ty"'l):‘xﬁ(ﬂ)'ﬁu +W,L(t) Py |
Wl(t"-i_l):\;]l(t")'ﬁll +V~V2(t")'521

(10)

In the fourth phase, we verify the conditions of positivity. The components of the

matrices P® ,k =1,n are probabilities. Therefore, they will verify 2 conditions
reflected in next relation:

= (k) SE) S
<p >+<p >=1

lel lez and 0<<py ><I (11)
<Py >+<py >=1

In this phase, we will eliminate the matrices that do not meet conditions (11). If

none fulfils them, we go back to the first phase and choose a different value v, ,,,.

In the fifth phase, we select the most homogenous transition matrices. For each

matrix IN’(S), seSc{l,2,.,n}= I,_n we calculate the distance between the elements,
based on relation:

~ ~ 2 ~ ~ 2
d¥ =(<pf} > = <P >’ +(<P5 >~ <P ) (12)
The most homogenous matrix has the smallest distance between elements:

P=P© sothat d® <d®,vseS (13)

The values of the indicators in the forecast horizon are obtained for each of the
years. We set the temporal variable with the first year of the forecast, t =t, + 1 and
the probability of initial state for the forecast horizon:

P =W,(t,) (14)

Phases 6, 7, 8 are followed for all the forecast years, t =t, +1,T.

In the sixth phase, we calculate the state probabilities, based on the relationship
(15), for the year ¢ of forecast:

P :Pt—l '511 +(T_131—1)'521’ (t =t +1’T) (15)

t
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In the seventh phase, we evaluate the maximal level for year ¢ of forecast, according
to relation:

~ ~ ,}\;max ?t*l
Ymax ( ) Ymax T (t 1) ( )

In the eighth phase, we calculate GDP per capita (fuzzy number) for year #:

Ve =V ©) P, (17)

For the interpretation of the results, we calculate the real numbers associated to the
values of the forecasted values (fuzzy numbers).

4. Empirical data and analysis

The analysis of economic growth for EU28 members using Markov chains consists
in the forecast of the phenomenon starting from the known horizon (1997-2016)
for a forecasted horizon (2017-2028). Considering that the values of the growth
indicator are final for the year 2016 (for 2017 are semi defined data and for 2018
are provisional data), we considered that the forecasted horizon had 2017 as a limit.
The values of GDP per capita, the indicator we deemed suggestive for a description
of the economic growth process, specific to the known horizon, were taken from the
World Bank bases and are expressed in dollars (World Bank, 2017).

The known horizon, spanning 20 years, was divided into five intervals of four years
each (T1:T5). The forecast horizon, spanning twelve years, was divided into three
periods of four years each (T6:T8).

The 28 EU Member States, including the EU28 average as an entity by itself (+1)
were divided, according to the decreasing value of the GDP per capita recorded in
2016, into three groups:

— the states with a high economic growth including 9 Member States: Luxemburg,
Ireland, Denmark, Sweden, the Netherlands, Austria, Finland, Germany and
Belgium — a group we designate as A, the highest speed states;

— the states with moderate economic growth, including 10 Member States: UK,
France, Italy, Spain, Malta, Cyprus, Portugal, Estonia, Lithuania, Poland — a
group we designate as B, the average speed states;

— the states with a modest, peripheral economic growth, including 9 Member
States: Slovenia, Czech Republic, Greece, Republic of Slovakia, Latvia, Hungary,
Croatia, Romania, Bulgaria — a group we designate as C, the low speed states. The
third group of growth was designated as the old periphery, as it contains the states
with the poorest growth results in 2016. We opted to keep UK in the analysis, as it
theoretically preserves its status as a Member State.
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Before presenting the results we have obtained, it is necessary to describe
the European economic picture with a focus on the countries of Central and
Eastern Europe, which, in fact, are the ones put in the situation to reduce the
development gaps. After the change of the economic system, the countries of
Central and Eastern Europe went through periods characterized by similarities.
Bulgaria, Croatia, Estonia, Hungary, Latvia, Poland, Romania, Slovakia and
Slovenia have applied different economic reform measures in their way to
the market economy. The focus was on different sectors, and the speed of
implementation of reform measures was very different. The stated goal was to
reduce the gaps with the European developed states. Havrylyshyn et al. (2018)
talk about European countries that implemented reforms in the early stages of
their post-communist development and about countries that implemented reforms
gradually. Havrylyshyn et al. (2018) divide European countries, relative to the
speed of implementation of economic reforms, into several groups. These groups
are Sustained Big-Bang (Estonia, Latvia, Lithuania, Czech Republic, Poland,
Slovakia), Advanced Start/Steady (Croatia, Hungary and Slovenia), Aborded
Big-Bang (Bulgaria along with other non-EU states), Gradual Reforms (Romania
along with other non-EU states) and Limited Reforms (group to which no country
in our interest group belongs).

During the transition period, these European states went through processes of
economic, institutional and social transformation. Adnanes (2007) explained that,
after the 1990s, the states of Central and Eastern Europe went through periods of
imbalance that generated economic divergence on a recessionary background
characterized by inflation, declining production, worsening social inequalities and
unemployment (Estrin and Mickiewicz, 2010; Sykora and Bouzarovscki, 2011;
Rovelli and Zaiceva, 2013).

The reform measures undertaken in the period following the change of the
economic system have left their mark on the subsequent economic evolution,
which we also tried to prove in this research. The performances on the line of
economic growth and convergence towards the developed European states
depend on the start taken in the 1990s. In countries like Poland, the Czech
Republic or Slovakia, the “shock therapy” has affected the economy and the
quality of people’s lives. These countries have gone through transformational
crises that have manifested themselves in declining industrial production,
rising inflation, declining real incomes and the purchasing power of money. For
example, the Czech Republic and Lithuania have opted for rapid privatization. In
these countries the privatization process took place in only four years, 1991-1996
(Spicer et al., 2000). Romania and Hungary have opted for a gradual privatization
process, carried out from close to close. Economic instability was, according to
Spicer et al. (2000), more pronounced in Poland, lower in the Czech Republic,
Slovakia and Hungary, while Romania and Bulgaria are in an intermediate
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position. The Czech Republic, Hungary, Poland and later Slovakia and Hungary
reduced the secondary sector and successfully developed the tertiary sector.
Romania and Bulgaria have counterbalanced the contraction of industry with a
slight expansion of agriculture (Zanewska and Mickiewicz, 2006). Croatia and
Slovenia enjoyed favorable initial conditions due to a low degree of centralization
prior to their transition period. The Czech Republic, Slovakia, Poland, Hungary,
Estonia, Lithuania and Latvia have managed to complete the transition period
ahead of other European states. Dabrowski (1995) considers Poland to be the
European leader in the reform process, seconded by Slovenia.

An analysis of GDP per capita in the EU conducted by Haller (2020) confirms
the aspects already mentioned but also the results of this research. The European
average GDP increased 2.4 times in the period 1980-2016. Croatia, Czech
Republic, Hungary, Romania, Latvia, Lithuania and Slovenia have managed to
increase the value of GDP per capita more than twice but below the European
average. The only countries on the European periphery that have managed to
outperform the average European performance are Estonia, Poland and Slovakia.
Developed countries, in their dynamism, maintain the economic gaps on
European territory. Thus, we were interested in the extent to which in the future
there is the possibility of reducing economic discrepancies in caeteribus paribus
conditions.

Along the forecast horizon, in the context of an ascendant GDP per capita, the gaps
between the groups of EU28 member states grow deeper. A relative convergence
is maintained within each group of growth. The largest gaps will be recorded
between the first (A) and the last (C) group of development. Considering the first
group, including the countries with a significant GDP per capita growth, which is
specific to high-speed European states, as a dynamic group, economic divergence
is justified even under the circumstances of a rise of GDP per capita value for the
Member States of group B and C (Figure 1).
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Figure 1: Evolution of GDP per capita over the time horizon known and forecast,

in the Member States
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The average GDP per capita for each of the three European growth groups is
presented in Figure 2. Group B loses 2.3 pp (during the 12 forecasted years) from the
differences in the GDP per capita value compared to group A, which demonstrates a
slowdown in the convergence process between group B and group A states. Group C
recovers (during the 12 forecasted years) from the differences in the GDP per capita
value compared to group A and B, with 5.45 pp, respectively 2.7 pp.

Figure 2: Evolution of average GDP per capita over the time horizon known and

forecast, groups of Member States
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The GDP per capita growth from TS to T6 for the Group A countries was higher
because, besides the fact that these are solid economies which, through the policies
and measures adopted have more easily faced the challenges created by the recent
economic and financial crisis, they also recorded high values of labor productivity
by increasing the participation in the labor market, both of the native population, as
well as by the presence of workers from abroad.

Uncertainties about Britain’s position in the European Union after Brexit have led
a significant number of companies to move their UK headquarters to some Group
A countries, as a possible basis for the European market, which has contributed to
their GDP growth.

The simulation using Markov chains is illustrative for how development gaps
within EU28 (+1) intensify by 2028. The fuzzy analysis starts from a known
horizon, during which the global and the national economies crossed the most
serious crisis of the 2000s, a period of many economic and social challenges for
most of the Member States.

Luxembourg will remain, in the next three decades, the European state with the
best economic results reflected in the GDP per capita value. Ireland remains one
of the leader countries, with an economic growth much beyond the level of the
other members. The forecast reveals that in 2028 the GDP per capita value for
this country will be 3 times bigger than at the beginning of the period considered.
According to the Markov chain forecast, in some Western and Northern European
countries, GDP per capita will increase 3-4 times, compared with the beginning of
the period.

Another group of states is made of those members whose GDP per capita will be
double or will at least increase in 2028 compared to the beginning of the forecast
period. We forecast that Austria, Belgium and Spain France will manage to go
on a positive trend without reaching the results of the states from the first group,
doubling the value of GDP per capita. Malta, Poland, Slovenia, Hungary, Czech
Republic and Croatia will be able to increase the GDP per capita value, reaching
triple values compared to the forecast starting year; they are buffer-states between
the periphery and the rest of the European states.

The third group of states is made up of Estonia, Lithuania, the Czech Republic,
Latvia, Romania and Bulgaria.

Following the forecast with Markov chains, we find out that the EU28 periphery in
2028 will be somehow different, as the Slovak Republic, Estonia, Czech Republic,
Latvia, Lithuania, Croatia and Hungary will manage to go towards the center,
reaching a higher convergence degree, Slovenia, Greece, Romania and Bulgaria
will preserve their status of peripheral European countries.
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The average economic growth of EU28 will be modest in 2028. The GDP per capita
of EU28 will rise at the end of the forecasted period by less than 1% compared to
2016. The forecast reflects clearly that inside the EU, the gaps will not disappear
and they will even intensify in the periphery, especially in the case of countries
such as Romania and Bulgaria and the accession of other countries of the former
Yugoslavia.

Comparative analysis of the forecast made by using Markov chains indicates that
in 2028, economies such as Italy, Spain, Malta, Cyprus, Greece, Estonia, Lithuania,
Slovenia, the Czech Republic, Latvia, Hungary, Croatia, Romania and Bulgaria will
record values of GDP/capita under the average of EU28. The only states from the
old periphery that have chances to converge economically with the European mean
will be Czech Republic and Slovakia. The rest of the states from the old periphery
and especially those of the new periphery, particularly Bulgaria and Romania, will
maintain significant gaps compared to the European average, especially the latter.

The core of the EU28 economic growth will record high rhythms of GDP per
capita. Luxembourg will remain, compared to the other Member States, the country
with the highest rate; the only states with a higher growth rhythm will be Germany
and UK. The most significant gaps favoring Luxembourg can be noticed in relation
to the peripheral and to the buffer states: Romania, Bulgaria, Latvia, Estonia,
Lithuania, Greece and the Czech Republic. In the case of the new periphery, the
gaps to Luxembourg will intensify in the horizon of the years 2028, an aspect
noticed in the analysis using Markov chains, especially in the case of Bulgaria and
especially of Romania.

If we refer to Ireland, Denmark, Sweden and Finland, we see that these countries
have a positive economic evolution compared with other states. We notice the
maintenance of the gaps between the old and new periphery. For Central and Eastern
Europe it will be hard to reduce the economic growth gaps compared to countries
like the ones we mentioned. The Danish economy will progress in tandem with the
average growth rate of EU28, Sweden will record a higher economic growth than
the majority of the Member States, Ireland will have a positive evolution compared
to some countries such as Cyprus, Lithuania, Poland, Greece, Hungary, Croatia,
Romania and Bulgaria, and Finland will have a growth rate slightly higher than
the EU28 average. This group of countries is developed, with superior economic
performances to other Member States, focused on services in high-tech, life
science, finance, foreign direct investment flows (Ireland), on services and foreign
trade (Finland), on high level of government services and foreign trade (Denmark
and Sweden). The growth projections of OECD (2020) show that economy of this
group of countries will recover in 2021 and expand in 2022. Ireland’s economy
will grow in 2022 at over 4% based on investments, domestic demand and public
sector support. The economy of Finland will expand by around 1.5% in 2021 and
1.75% in 2022 based on investments. The Danish economy growth will be gradual
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of nearly 2% in 2021 and 2.5% in 2020 and the Swedish economy is expected to
expand by 3.3% both in 2021 and 2022. These projections of OECD (2020) made
after our forecast come to support our results even if our analysis did not anticipate
such a risk as that of 2020.

Netherlands, Austria, Belgium, UK belong to another group of European countries.
In the case of Netherlands we notice progress in gaps reduction in the cases of
Czech Republic, Latvia, Lithuania and Slovak Republic. The growth rate of Austria
and Belgium will be higher than the EU28 average and higher than that of many
other Member States. Even so, Greece and the Slovak Republic will manage to
converge economically with Austria and Latvia, and the Czech Republic and the
Slovak Republic with Belgium. The entire new periphery will remain divergent
economically to Belgium. UK's economic growth is forecasted to be much
beyond the EU28 average and over the majority of the Member States. Again, we
discuss about countries with very good economic performances. Netherlands has
an economy based on foreign trade and one of the highest-earning nation in the
world. Austria has one of the richest economy in the world in terms of GDP with
an increasing international competitiveness level and Belgium is a country with
an excellent infrastructure and with an economy based on re-export that depends
heavily on world trade. Regarding UK, this country has one of the largest economy
in the world reported to nominal GDP, is one of the largest traders in the world
and is based on foreign direct investments being dominated by the service sector.
OECD (2020) made projections regarding this group of countries. Netherlands's
GDP was set to fail by 4.6% in 2020, Austria's by 8%, Belgium's GDP by 7.5%
and UK's GDP by 11.2%. OECD (2020) projects the rise of growth rate with 0.8%
and 2.9% in 2021 and 2022 in the case of Netherlands, and a gradual rise bellow
its pre-crisis level in the case of Austria. In the case of Belgium it is estimated a
slow recovery starting with 2021 and UK will grow with a rate of 4.2% in 2021 and
4.1% in 2022. Moderate investments, consumption and public interventions will
help these countries to revigorate.

Referring to so called Mediterranean countries, Italy, Spain, Malta, Cyprus, Greece
and Portugal, our forecast shows, in Italy's case convergence with the more
developed states and, at the same time, divergence with other economies; in the case
of Spain only Czech Republic and Slovak Republic will economically converge
with it and with Malta and Cyprus and, for Portugal and Greece the forecast
reveal a lower growth than the developed European states. Italy is the third largest
European country by nominal GDP and one of the largest in the world by exports,
its well known for its tourists sector, like other Mediterranean countries, but even
s0, the country suffers from structural and non-structural problems. Spain is the fifth
largest European country and, after the crisis in 2008, the Spain economy begun to
recover, especially the labor market and labor productivity, the international trade
because Spain significantly reduced imports and increased exports, and tourism.
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Malta, Cyprus and Greece have a service and innovation based economy, especially
Malta. In the case of Portugal, the economy has been steady but expanding
continuously since 2014, with a continuous fall of the unemployment rate. For
these group, OECD (2020) make positive projections. Italy, after falling sharply in
2020, will expand the economy with 4.3% in 2021 and with 3.2% in 2022 on the
base of investments and exports and, in a very small extend on the job creation
especially for the low-skilled women and youth. For Spain, GDP will grow by 5%
in 2021 and 4% in 2022. In the case of Portugal, the fall in 2020 was by 8.4% but,
starting with 2021, the recovery will be by 1.7% and 1.9% in 2022. The economy
of Greece will contract with 10% in 2020 and the recovery will be gradual, based
on services, exports, employment and investment. For this country, the projection
for 2022 predicts an accelerated growth. In the cases of Malta and Cyprus we have
no predictions from OECD. It is seen that OECD projections sustain our findings in
the case of Mediterranean countries.

If we take in consideration Germany and France, the leading drivers of European
economy, a part of European states will record an economic convergence with them
but not the peripheral ones. No country from the old and the new periphery will
manage to reduce growth gaps to Germany, while the biggest differences will be
seen in Romania and Bulgaria's cases. Germany is one of the largest exporters in
the world and has a well developed service sector but also Germany is one of the
largest manufacturing economy globally. At its turn, France is the second European
engine. Its economy will grow by a higher speed than the peripheral states, except
Czech Republic and Slovak Republic which will follow a convergence process
with the former economy. The new periphery will maintain or will accentuate
the economic divergence with France, while Bulgaria and Romania will be
characterized by chronic gaps. France has a diversified economy dominated by
service sector and is the fifth largest trading economy in the world and the second
in Europe after Germany. Also it is the third European manufacturing European
country after Germany and Italy. In the case of these two leading countries we
notice the contraction of GDP in 2020 but the projections of OECD (2020) show
the ascending cadence starting with 2021. The German economy will contract by
5.5% in 2020 because of falling of private consumption, business investment and
exports. In 2021, growth will be by 2.8% and in 2022 by 3.3% on the base of a
rapid rise of consumption and exports. In the case of France, the fall will be by
9.1% in 2020 but the economy will expand by 6% in 2021 and 3.3% in 2022. We
see that these results of OECD sustain our forecast.

The last group to which we refer consists of the states that represent the center
of interest for our analysis: Czech and Slovak republic with the highest chances
of convergence, Estonia, Poland, Slovenia, Latvia, Lithuania, Hungary, Croatia,
Bulgaria and Romania. Estonia and Lithuania are countries with a lower growth
than the European average. Poland is the country of the Central and Eastern Europe
with the most spectacular economic evolution. The change of system took place
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in about the same period as the other former socialist states of Europe. The GDP
per capita value in 2016 places it in the group of states with an average speed of
growth, without being a peripheral state. The forecast made by 2028 demonstrates
Poland’s capability to reach economic convergence with most of the Member
States, while gaps are maintained with the developed European countries. At the
end of the forecast period, Poland will record a GDP per capita value well below
the EU28 average. Slovenia, a country of the old periphery, will undergo a process
of convergence able to help the economy go beyond the status of peripheral
country, but the gaps with most of the Member States will remain, including with
the EU28 average. For Slovenia, the forecast shows GDP per capita values higher
than Estonia, Lithuania, the Czech Republic, Croatia, Bulgaria and Romania. Latvia
and Slovakia will preserve gaps with the developed Member States but, in their
turn, will let behind them states from the periphery, especially Romania. Latvia will
maintain gaps with most the European states, even if at a low level, with a GDP per
capita value under the EU28 average. In the case of Hungary, a country of the old
and new periphery, the process of convergence consists in a large gap in relation to
most of the European states, including in relation to the EU28 average. Between
Romania and Hungary, the gaps will be accentuated. Croatia will record a GDP
per capita value under the EU28 average and the average of the developed states.
The largest gaps will be those between the Croatian and the Romanian economies,
in favor of the former. Bulgaria, a country whose economy evolved in tandem
with Romania’s economy and situated in a territorial proximity, will easy detach
itself from Romania by its economic growth results. From the description of these
economies we notice the progress that all have made especially after the accession
to EU. Czech's economy is export oriented, based on services, manufactures and
innovation, with an industrial sector that accounts 37.5% of GDP, while services
accounts 60% of GDP. The growth of the country is focus on research and
development, software and nanotechnology, among others. The GDP of Slovakia
grew strongly after from 2000 and 2008 based on foreign direct investment, on
skilled labor and on services. Estonia has an economy heavily influenced by the
developments of the Finnish and Swedish economies, Lithuania has the largest
economy among the Baltic states, Latvia has an economy based on service sector
and a strong export sector, Slovenia has a service based economy, Poland is the
country with the most remarkable performances among the former Eastern Bloc,
Hungary has an export oriented economy, with a high accent on foreign trade,
Croatia has one of the strongest economies in Southeast Europe where tourism is
an important contributor to GDP and Bulgaria and Romania have, despite all the
difficulties which they faced, made economic progresses, Romania being a leading
destination in Central and Eastern Europe for foreign direct investment. However,
these two countries are failing to catch up, especially with European developed
economies at a sufficiently high level as they would like. For all group of countries,
OECD (2020) projected the fall of growth rate in 2020 and the recovery after. The
fall is set like it follows: 6.8% for Czech Republic, 6.3% for Slovak republic, 4.7%
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for Estonia, a relatively mild contraction for Lithuania, 4.3% for Latvia, 7.5% for
Slovenia, 3.5% for Poland, 5.7% for Hungary, 4.1% for Bulgaria and 5.3% for
Romania. Starting with 2021 and 2022 the recovery of growth will be slowly for
Czech Republic, around 2.7% and 4.4% for Slovak Republic, by 3.4% and 3.3%
in 2022 for Estonia, by 3% in both 2021 and 2022 for Lithuania, by 2.4% and
4% for Latvia, 3.4% in average for Slovenia and in this case the growth will be
based on investments and exports, by 2.9% and 3.8% for Poland, by 3% in average
for Hungary, 3.3% and 3.7% for Bulgaria and 2% and 4.4% for Romania. If we
take into account the estimations of OECD (2020) they support those of our study
even if the analysis we made did not start from the idea of a such risk like current
crisis. Our analysis and the OECD (2020) one are projections based on different
hypotheses. These may or may not come true like any probability. Our predictions
start from the premise that all conditions before 2020 remain constant because it
was achieved before the Covid-19 crises, and that of OECD starts from the reality
of the year 2020. Although statistics prove the strong economic and social impact of
the Covid-19 crisis. Both forecasts provide the ability of the European economies
to recover. Both results show that developed economies have a higher capacity for
recovery compared to less developed ones, which certainly puts the new periphery
in an inferior position but demonstrates the ability of all European states to resume
growth in a short period of time maintaining the gaps between them.

Romania is a particular case. The forecast using Markov chains presents a country
which, in the long run, will undergo a convergence process so slow that the growth
gaps not only will not be reduced, but will be significantly intensified. Practically,
in the 2028 horizon, Romania will record the largest growth gaps compared to the
rest of the European Member States. The GDP per capita values in the period 1997-
2016 (20 years, first 5 groups) are according to Table 3.

Table 3: GDP per capita values for Romania in the period 1997-2016
(dollars per capita)

Year | GDP/capita | Year | GDP/capita | Year | GDP/capita | Year | GDP/capita | Year | GDP/capita
1997 | 1589,01 |2001| 1839,73 |[2005| 4676,32 |2009| 8220,11 |2013| 958527
1998 | 1864,99 (2002 | 2124,87 |2006| 5828,75 |2010| 8297,48 |2014| 10020,28
1999 | 1610,13 [2003 | 277496 |2007 | 8214,19 |2011 | 9200,28 |2015| 8978,39
2000 | 1668,16 |2004 | 355292 |[2008 | 10136,47 |2012| 8558,40 |2016| 9519,88

Source: https://data.worldbank.org/indicator/NY.GDP.PCAP.CD

In the known horizon, the GDP per capita value increased about 6 times, but this
proved not to be a guarantee for a real convergence in the long run. Romania’s
economic delay is and will be caused by a bundle of factors such as, for instance: the
little evolved socio-economic structure; one of the most numerous rural populations
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in Europe (Boia, 2012); political instability; a more and more numerically reduced
elite with no decision-taking power; expired educational and medical systems; a
diminished cult of work compared to other societies (Haller, 2011); a need to learn
and to borrow knowledge from abroad, to always be in the others’ “trailer”; as a
EU member, Romania proves to be a rather mediocre entity, with no personality or
initiatives, accepting what the others decide, being a fragmented, atomized country
that does not manage to identify its own profile, maybe because it does not have
one (2011). Making an analogy with what Thomas Friedman (2008), considered to
be the objective of the developing countries, Romania is searching for comfort for a
larger and larger part of its population, while being incapable of providing it in the
next 30 years, even if social inequality is, on the whole, immoral and unjustified.
Romania is one of the developing countries whose growth is mainly supported by
its natural sources (McNabb and Le May-Boucher, 2014), and consumption, factors
which are generally unsustainable, as shows the forecast using Markov chains.

The forecast for the next 12 years (2017-2028) reveal the economic convergence
of the European states, but this is not harmonious, it does not reveal a whole, and
not the same rhythm. EU28 will continue to evolve to different speeds. There will
be situations in which convergence will be so slow that it will be negligible. At the
horizon of the year 2028, the periphery will suffer modifications in the sense of its
reduction, as the Czech Republic and the Slovak Republic will go out, managing
to converge with most of the developed Member States. The Slovak Republic,
Latvia, Hungary, Croatia will progress towards the center, following a process of
convergence, without reducing significantly the gaps with all developed states. The
leader European countries remain Luxembourg, Ireland, Germany and UK while
those with the lowest results (convergence very low) remain Bulgaria and Romania.
Romania will be the Member State with the poorest perspectives to reduce growth
gaps. It will not only stay in the periphery group, but the economic convergence
will be so slow, that gaps will intensify significantly, according to the forecast
using Markov chains, including in relation with Bulgaria, though this is in its turn a
peripheral country.

5. Results and discussion

Sustainability is a broad concept applied to a wide range of situations, in very
different contexts, whose main feature is its long-term manifestation. The temporary
component of sustainability resides in its dynamics during the production and
consumption processes. As the effects of production and consumption on the
environment and ecosystem manifest themselves over time, we characterize
growth and implicitly development as sustainable after a gap between the moment
of production and consumption and that of the actual manifestation of effects.
Growth is the effect of industrialization and we notice the time elapsed between
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the moment of the first industrial revolution and the manifestation of the negative
effects of industrialization. For this simple reason, we must ensure a long-term,
sustainable growth. Globally, efforts are being made to ensure the growth of
prosperity in a sustainable way, so that the growth will take place in tandem with
good resource management. Sustainability, in the long term, will be achieved as the
main objective, as risks such as climate change, limited resource manager, hunger,
poverty, income inequalities, urbanization, crises, will be diminished if not even
eradicated. Sustainability is, without a doubt, a concept that refers to a dynamic
movement in time of economic and social processes, including economic growth.
This is the reason why an analysis of the economic growth implies a vision of
perspective in the medium to long and even very long term. The growth, in the long
and very long term, will only be sustainable so that the associated risks will not
increase in intensity and their effects can no longer be managed.

The analysis using Markov chains shows that a process of convergence will take
place inside each of the groups. All the EU28 Member States will progress with
very different speeds, so that they will be situated on convergent or divergent trends
in relation to the developed economies, to the European average, and to each other.
A significantly divergent trend is noticed in the case of the peripheral countries,
which will affect even the average economic growth of EU28. If between the
groups A and B we forecast a reduction of the growth gaps (convergence), between
the groups C and B and C and A, they will grow slightly larger in the first case, and
more significantly larger in the second (divergence).

In the paper we showed that, despite the constant efforts made by the states in group
B and C, the gaps between European countries are maintained. Although we have
the evidence of nominal convergence, the gaps remain, mainly for the peripheral
states. We have noticed that the countries in group B also continue to be below
the average of European performance. This aspect demonstrates that the economic
redundancy exists despite some economic developments. We note the lack of the
long-term growth sustainability in the case of some European countries namely
from our group C. This leads us to the conclusion that, following the ascension to
the European Union, the recommended economic recipe for these countries was not
fully efficient or the internal obstacles for its correct application are far too great to
be successfully escalated. In this context, having the scientific proof of maintaining
the European development gaps between the periphery and the center on the
background of a slight convergence, we see and recommend that the solutions
to be found in the application of economic policy measures. The model applied
by Poland and Hungary appear as a plausible solution. It becomes necessary for
each of the peripheral states to reevaluate their own comparative and competitive
advantages. Also, to reevaluate its full economic and social potential. If these states
seek to achieve a real convergence, not just a nominal one, they must reduce their
external dependence on two paths. One that targets economic policy measures.



Alina-Petronela Haller et al. * Medium-term forecast of European economic...
Zb. rad. Ekon. fak. Rij. * 2020 * vol. 38 * no. 2 * 585-618 609

One that targets the economy and society. The first path involves the adoption of
realistic and effective cyclical and structural policies. Strengthening the secondary
sectors, increasing internal and external competitiveness are desirable objectives
for achieving real convergence. The efficiency of export production is possible
only by increasing the external competitiveness and selling abroad products with
high added value. Investment policy plays an important role in the convergence
process. The priority given to domestic investments, the support given to investors
and the stimulation of the innovational process also contribute to the possibility of
narrowing the center-periphery distance. An important economic issue for helping
or hindering the sustainable growth in the future is the energy security and the use
of renewable resources and this is a big challenge for some European states.

The economic reality of each country is complex and hence the difficulty of applying
common measures. The same complexity keeps us from formulating a unique
recommendation with the pretension of being efficient. For each of the groups B and
C countries, once scientifically confirmed, the existence of gaps between them and
European center becomes important for the analysis of its own situation, following
that this will determine the framework for taking adequate measures.

Our research is a general one on the evolution of European economic growth in the
medium term. We notice the maintenance of some economic nature problems without
being able to determine the causality in each case or at the level of a specific analyzed
group. The paper is a basis for future research to analyze the evolution of macro
indicators in relation to certain influencing factors. Even so, the complexity of the
phenomenon would still leave many aspects uncovered. We noticed that, despite a
nominal convergence, the real one is expected in time. In the medium term, some
European countries continue to lag behind others in terms of economic progress.
Each of the analyzed countries must find the cause of this situation and improve its
economic and social situation through particular economic policy measures.

The paper confirms the results of studies such as those of lancu (2009), Smetkowski
and Wojcik (2010), Haller (2020) and others. We showed in the paper that the
peripheral European states, in caeteris paribus conditions, have the capacity of
economic nominal convergence. However, there are countries that won't be able
to close the development gaps and these will increase. The paper completes the
specialized literature and brings the novelty of the grouping of European states
according to other criteria than the classical ones, namely that of the periphery. We
used a less common methodology in similar studies to be able to draw conclusions
with forecasting titles. Of course, there are limits of research. Some have to do
with the time interval researched, others with the methodology, others with the
criteria for classifying the states in the focus group. Orientation to other temporary
intervals, especially future ones, the use of another methodology, other macro
indicators or variables analyzed may lead to results that contradict or support those
obtained in this research.
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Even the resuming of the methodological process only by extending the temporary
horizon after 2020 can be surprising by results.

We consider the conclusions of research valuable through their usefulness. Not only
do they strengthen the results of other scientific approaches but they also provide
a theoretical basis for future research but also an inspirational basis for making
macroeconomic decisions for the development of European states, especially in
Central and Eastern Europe.

Starting from the research results, we found that, in the medium term, the gaps in the
European perimeter are not reduced. They will be maintained and even accentuated.
The research draws attention to the fact that there are problems that persist for at least
the next 8 years. Additional analyzes are needed in which a complex of variables is
linked in order to be able, in each case, to partially determine the causality of the lack
of real convergence. This allows the development of concrete solutions.

6. Conclusions

In the present research we started from the hypothesis that, in the period 1997-
2016, the European countries, especially the ones from Central and Eastern Europe,
went through a period of economic growth, and the trend will be maintained in the
future with the specification that development gaps will be continuously reduced. In
this sense, we have made a forecast until 2028 with the help of Markov chains.

The results we have reached show that this group of states has gone through a
process of nominal convergence but not through a process of real convergence. This
last aspect is demonstrated by the existence and maintenance of gaps between the
periphery and the center formed by the developed economies of EU. The hypothesis
that by 2028 the less developed European countries will reduce the gaps compared to
the developed ones is refuted. European convergence is slow and, in the case of some
countries we have classified in the category of peripheral ones, by emulation. This
shows the existence and maintenance of economic dysfunctions and draws attention
to the fact that they must be notified and resolved. The results of the research show
that the change of the economic system, although it might be beneficial, did not attract
the desired effects in economic and social field. Even though remarkable progress
has been made, the economies of the former communist states have failed to provide
their population with a standard of living comparable to that of developed European
countries. And this inability will continue, at least until 2028. According to Mill’s
paradox, there were expectations of spectacular leaps in the economic evolution of
some European states. We have shown that this not only has not happened but will
not happen in the short and medium term. Through our analysis we noticed that, on a
positive growth trend, the gaps will be maintained. We have opened the way to find
the causes of this situation that can differ substantially from country to country.
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Future research, based on other methodologies, variables, time periods will further
clarify the causal aspects. Future research based on Markov chains but on other
period of time will demonstrate the correctness of the present scientific approach.
Our analysis signals the non-fulfilment of a major objective of some European
states, to align in terms of the conditions offered to the population with developed
countries, which will be maintained over time. We also recommend rethinking the
strategic mix and economic policy measures in the case of each country in relation
to specific economic and social conditions.
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Srednjoro¢na prognoza europskog ekonomskog odrzivog rasta pomocu
Markovljevih lanaca

Alina-Petronela Haller', Ovidiu Gherasim?®, Mariana Bdilan®, Carmen Uzlau®

SaZetak

Gospodarski rast je s teorijskog i empirijskog stajalista cesto analizirani aspekt
pod utjecajem faktora utjecaja, dok je pitanje gospodarskog rasta proucavano
razlic¢itim metodama i s razlicitim rezultatima. U slucaju EU28, u svezi problema
ekonomske konvergencije mora se uzeti u obzir Cinjenica da su drzave clanice
heterogene u pogledu razvoja i brzine rasta. U ovom radu, uz primjenu
Markovljevih lanaca za gospodarstva drzava clanica EU28 dana je prognoza
razvoja BDP-a po stanovniku, pocevsi od poznatog vremenskog horizonta za
period 1997. — 2016., s ciljem priblizavanja horizontu predvidanja za period
2017. — 2028. Dobiveni rezultati pokazuju da ée proces konvergencije biti spor u
slucaju nekih drzava ¢lanica, napose u zemljama Srednje i Istocne Europe. Buduéa
ekonomska dinamika intenzivirat ée razlike u rastu, ponajprije u slucaju europske
periferije, koja ¢e pretrpjeti manje izmjene; drzave s najdubljim jazom ostat ¢e
Bugarska i Rumunjska.

Kljucéne rijeci: ekonomski rast, Markovljevi lanci, srednjorocna prognoza, konver-
gencija, EU28
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