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The Innovativeness of the Economies

of European Union Candidate Countries
- an Assessment of Their Innovation Gap
in Relation to the EU Average
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Abstract

Innovation is nowadays seen as an essential success factor in achieving economic prosperity
and competing in markets. It is one of the most important determinants of the competitive pro-
cess throughout the world, helping economies catch up with developing and changing technolo-
gies while revealing those countries’ innovation perspectives.

The article assesses the innovativeness of the economies of selected European Union (EU) can-
didate countries based on the Summary Innovation Index (Sll). It also estimates the innovation
gap between these countries and the EU average of the Sl between 2015 and 2022. The anal-
ysis is limited to Turkiye, Serbia, Albania, Montenegro, North Macedonia, Bosnia and Herze-
govina, and Ukraine due to the availability of data that describes the Sll. It provided for all
the countries surveyed in the European Innovation Scoreboards, i.e., the reports of the Euro-
pean Commission, only from 2015. The presented analysis is based on a research hypothesis
that suggests that the surveyed countries are characterized by a lower level of innovativeness
of economies than the EU average, and therefore, they show an innovation gap compared
to the average for EU countries in the analyzed period. The results of the analysis confirm this
hypothesis - between 2015 and 2022, the economies of all the examined candidate coun-
tries recorded a lower level of innovativeness than the EU average. They showed a lower level
of the SlI than the EU average, and therefore, all these countries demonstrated an innovation
gap compared to the EU average. Recommendations for increasing the innovativeness of those
economies are formulated separately in the conclusions.

The article reviews the literature on the innovation and innovativeness of economies and the in-
novation gap. Descriptive analysis, statistical data analysis, and comparative analysis methods are
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applied, and statistical data from the European Innovation Scoreboard 2022 are used. The value
added of the article lies in its comparison of the level of innovativeness of the economies of se-
lected EU candidate countries to the EU average, as well as its estimation of the innovation gap
between these countries and the EU average.

Keywords: innovation, innovativeness of an economy, innovation gap, European
Innovation Scoreboard, Summary Innovation Index

JEL: 030, 031, 043

Introduction

Innovation is nowadays seen as an essential success factor in achieving economic prosper-
ity and competing in markets. It is one of the most important determinants of the com-
petitive process throughout the world, helping economies catch up with developing
and changing technologies while revealing the innovation perspectives of those countries
(Aytekin et al. 2022, p. 1; Strahl and Sobczak 2017, p. 42). Innovation can be understood
broadly and narrowly. In its narrow aspect, an innovation is treated as something new,
usually technical, and marketed for the first time. More broadly, the results of innova-
tions are an important element of social reality, organizational structures, and market-
ing solutions, not only economic practice. Innovations understood in such a way bring
benefits to the general public — not only to employers and producers but also consumers
and employees (Ziotkowska 2018, p. 72; Maradana et al. 2017, p. 2).

The article assesses the innovativeness of the economies of selected European Union
(EU) candidate countries based on the Summary Innovation Index (SII). It also esti-
mates the innovation gap between these countries and the EU average of the SII between
2015 and 2022. The analysis is limited to Tiirkiye, Serbia, Albania, Montenegro, North
Macedonia, Bosnia and Herzegovina and Ukraine due to the availability of data that de-
scribes the SII, which are provided for all the countries surveyed in the European Inno-
vation Scoreboards, i.e., reports of the European Commission, only from 2015. The anal-
ysis assumes a research thesis supposing that the surveyed countries are characterized
by a lower level of innovativeness of economies than the EU average, and therefore, they
show an innovation gap compared to the average for EU countries in the analyzed pe-
riod. The results of the analysis confirm this thesis — all the examined candidate coun-
tries in the period recorded a lower level of economic innovativeness than the EU av-
erage. They showed a lower level of the SII than the EU average, and therefore all these
countries demonstrated an innovation gap compared to the EU average. Recommen-
dations for increasing the innovativeness of those economies are formulated separately
in the conclusions.

The article reviewed the literature on the innovation and innovativeness of econ-
omies and the innovation gap. Descriptive analysis, statistical data analysis
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and comparative analysis methods are applied. Statistical data from the European
Innovation Scoreboard 2022 were used. The value added of the article lies in its
comparison of the level of innovativeness of the economies of selected EU candi-
date countries to the EU average, as well as its estimation of the innovation gap be-
tween these countries and the EU average.

The concept of the innovation and innovativeness
of the economy. Defining the innovation gap

Innovation is seen in the economic sciences as one of the key categories of mod-
ern economic processes. It is significant that in the literature devoted to the inno-
vativeness of the economy, there is no uniform position on the content and scope
of the concept of innovation. Different authors who use this term ascribe to it differ-
ent meanings.

The concept of innovation in the economic sciences was introduced by Schumpeter
in 1912. For the first time in economic theory, he formulated five cases of the emergence
of new combinations of various material elements and man’s productive power, which
he later referred to as innovations. These include (Schumpeter 1960, p. 104):

« introducing new products into production or improving existing ones,

« introducing a new production method, i.e., one not yet tried in a given industry,
 opening a new market,

« acquiring new sources of raw materials or semi-finished products,

« reorganizing an industry, for example, the creation or liquidation of a monopoly.

Schumpeter also pointed to two other phenomena that accompany the creation of inno-
vations, i.e., the invention of a new solution and imitation, which means the dissemina-
tion of innovations. He distinguished three phases of economic development (Schum-
peter 1960, p. 104):

o the discovery of new goods and methods of production, i.e., the invention of some-
thing new;

« the commercialization of this invention, i.e., introducing it to the market, which usu-
ally requires a combination of old and new knowledge;

o the imitation of the innovator by others, which means dissemination and spreading
(diffusing) innovations.
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It is significant that the formula developed by Schumpeter’s definition is still considered
in the economic literature to be a classic definition, and it is a starting point for defining
concepts in the field of innovative activity.

Innovativeness is related to the concept of “innovation” (Okrzesik 2018, p. 314; Dworak
and Grzelak 2020, p. 37), and while the two terms are sometimes used interchangea-
bly, they are not the same. Innovativeness is defined as the ability to innovate (Were-
sa 2012, p. 27) because, according to the terminology, it is an activity aimed at imple-
menting innovations, both in the private and public sector (Potencjat innowacyjny...
2016, p. 21). The innovativeness of the economy can also be understood as the ability
of the economy to create and implement innovations, where ex ante it is the possibili-
ty of developing new solutions, while ex post it is the combined effect of the innovative
activity of the enterprise and other entities operating in a given economy in the ana-
lyzed period (Weresa 2012, p. 23).

The ability to innovate makes it possible to assess what resources an economy has
at its disposal to create and commercialize new ideas. It is expressed in measures that
describe expenditures (e.g., expenditure on R&D, human resources, infrastructure
that supports the creation and diffusion of innovations). In the context of consid-
erations on the innovativeness of the economy, it is also worth mentioning the con-
cept of innovative position, which is the result of the creativity of the inhabitants
of a given country and the use of financial resources in a given economic and insti-
tutional environment. It is described by performance measures (e.g., patents, sales
of new and modernized products, or the share of exports of high-tech products in to-
tal exports). Separating the category of innovation capacity (the ability to innovate)
and innovative position corresponds to the ex ante and ex post view on the con-
cept of innovativeness of the economy (Weresa 2012, p. 23), and it allows us to in-
dicate three ways to measure the level (Potencjat innowacyjny... 2016, p. 23; Szajt
2020, p. 9):

o Measurement using input indicators. These indicators include two main groups
of variables: expenditure on research and development and the number of employees
in research and development. The basic variable is the amount of expenditure on re-
search and development (Gross Domestic Expenditure on Research and Development
- GERD), i.e., the level of national expenditure on R&D presented as a percentage
of GDP. It comprises three parts: business expenditure (BERD), higher education ex-
penditure (HERD) and government expenditure (GOVERD).

« Measurement based on result indicators. These indicators include patent registers (e.g.,
the number of patents introduced by domestic entrepreneurs and guests), data de-
scribing the country’s balance of payments in technology (e.g., the flow of own tech-
nologies and know-how from and to the country, funds obtained and paid for the use

10
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of patents, licenses, trademarks and service), the number of scientific publications,
and the volume of sales of new and modernized products.

« Measurement based on synthetic indicators, created on the basis of both input and out-
put measures, but also taking into account the climate for innovation or the business
environment. These indicators comprise numerous sub-measures and are developed
to make more multifaceted comparisons of the level of innovativeness of economies.
Their advantage is the increase in international comparability thanks to the parallel
use of many variables that describe the innovativeness of economies.

To assess the innovativeness of an economy, the innovation gap between the economy
of a given country and another entity recognized as a point of reference can be estimated.
The concept of the innovation gap is variously interpreted in the economic literature. Ku-
bielas defines it as differences in technological advancement between countries, and he
proposes several methods to measure its size. He says that it can be measured by the dis-
tance between the technological activity of a country and the countries at the technolog-
ical frontier, calculated either as a ratio of the number of patents per capita or the share
of research expenditure in value-added or national income (Kubielas 2009, p. 137).

The literature review also revealed indirect measures, such as the share of high-tech prod-
ucts in exports in relation to a similar indicator for the technology frontier, the relation-
ship between the productivity of a given branch of the country to a country on the verge
of the technological frontier or, in aggregate terms, the relationship between GDP per
capita and the corresponding indicator of the technological frontier (Kubielas 2009,
p. 137). The last two approaches identify the technological gap with a productivity gap
or income gap. The global technological frontier shall be deemed as the GDP level,
which can be achieved by using the given inputs of capital and labor and the best pos-
sible technologies (Growiec 2012). This level of GDP is now achieved by the U.S. econ-
omy, in which the distribution of specialization is the standard for a technology lead-
er. The highest competitive advantages are demonstrated by the science-based sector,
followed by the specialized supplier sectors. By contrast, the scale-intensive and tradi-
tional sectors are characterized by negative indices of comparative advantage; the tra-
ditional sector is the lowest on the scale of advantages of the U.S. economy (Kubielas
2009, p. 153).

In the literature, there is also the concept of the innovation gap, understood as the dis-
tance between individual economies and the modern technological frontier. It is identi-
fied with the last stage of the socio-economic development of economies, i.e., the emer-
gence of a knowledge-based economy (Lundvall 1992, pp. 25-36; Zacher 2007, p. 530;
Pawlik 2014, pp. 68-69). The innovation gap is also perceived as a broader concept, en-
compassing non-technological innovation, such as processes, and organizational or
social innovation.

11
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An important research challenge is to connect the topic of dynamics and determi-
nants of the innovation gap with the concept of innovation systems, which underlines
the role of the organizational and institutional arrangements, such as public policies,
scientific units, and innovative enterprises, which are considered the most essential
agents within national innovation systems (Kowalski 2021, p. 1969). The United Na-
tions defines the innovation gap quite generally as the distance between those who have
access to technologies and know how to use them effectively and those who are not able
to do so (Kraciuk 2006, p. 5). The innovation gap can be considered from the perspec-
tive of creating new technology in the home country, as well as from the perspective
of its transfer from other countries and effectively adapting it to the needs and capa-
bilities of the nation.

In summary, it can be stated that measuring the innovation gap means estimating
the distance between a given country’s economy and the most developed economies
of Europe and the world, known today as knowledge-based economies, in many areas,
e.g., in the sphere of innovation, education, and institutional system.

It is possible to estimate the innovation gap by comparing synthetic measures of innova-
tion, e.g., the SII, developed by the European Commission, and the Global Innovation In-
dex, developed by Cornell University in cooperation with the World Intellectual Property
Organization (Mielcarek 2013; Weresa 2014, p. 64), or indicators that describe the ad-
vancement of the knowledge-based economy, e.g., the Knowledge Index and the Knowl-
edge Economy Index, derived from the Knowledge Assessment Methodology.

This paper presents an attempt to estimate the innovation gap based on the indicator that
shows the difference between the level of the SII for EU candidate countries and the av-
erage value of this index for the EU. The indicator of the innovation gap defined in this
way takes the following form (Weresa 2014, p. 64):

ST,
L= @)

UEt

where:

L, - the innovation gap index for a candidate country in relation to the EU average

in year t,
SIT, - the Summary Innovation Index for a candidate country in year t,
SII . - the average Summary Innovation Index for the EU in year t.

The value of the innovation gap index greater than 1 means that the country presents
a higher level of innovativeness than the EU average. In contrast, a value lower than
1 indicates an innovation gap exists between that country and the EU average. To as-
sess the changes in the innovation gap over time, a formula presenting the difference

12
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between the innovation gap index (L)) in a given year and the value of this index
for the previous year should be used. It is written as follows (Weresa 2014, p. 64):

D

SiI,
o=

Sl

uet]

S ;0

SII uet 0

; (2)

where:

D, - index of changes in the innovation gap between a given EU candidate country
and the EU average in year t, compared to year t,

SIL,, - the Summary Innovation Index for a given EU candidate country in year t,,
SII . - the average Summary Innovation Index for the EU in year t,,
SIT, - the Summary Innovation Index for a given EU candidate country in year t,,

SII . - the average Summary Innovation Index for the EU in year t..

The index of the change in the innovation gap (D ) takes values from -1 to +1. Negative
values indicate an increase in the innovation gap between a given country and the EU
average, while positive ones indicate a decrease. Nevertheless, the index only indicates
the direction of changes; it does not allow us to determine whether the distance shortens
or the previously gained advantage is gradually being lost (Weresa 2014, p. 65). There-
fore, it is necessary to analyze the index of changes in the innovation gap (D ) in rela-
tion to the index of the innovation gap (Lp )-

Assessing the innovativeness of the European Union

candidate countries. Estimating the innovation gap between
the European Union candidate countries and the EU average
Table 1 shows the values of the SII for the EU candidate countries and the average value

of the SII for EU countries between 2015 and 2022. Based on this index, a ranking of can-
didate countries for the EU in the analyzed period was prepared (Table 2).

Table 1. The Summary Innovation Index for EU candidate countries
and the average value of the Sll for EU countries, 2015-2022

Sl 2015 2016 2017 2018 2019 2020 2021 2022
EU average 0.493 0.495 0.501 0.512 0.514 0.533 0.539 0.542
Albania 0.201 0.214 0.194 0.2 0.237 0.224 0.227 0.226

Bosnia and Herzegovina | 0.185 0.18 0.181 0.158 0.155 0.181 0.194 0.189

13
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Sl 2015 2016 2017 2018 2019 2020 2021 2022
Serbia 0.258 0.251 0.271 0.291 0.311 0.344 0.353 0.335
North Macedonia 0.188 0.185 0.191 0.209 0.209 0.21 0.232 0.247
Montenegro 0.225 0.242 0.246 0.219 0.234 0.232 0.,25 0.257
Turkiye 0.261 0.262 0.27 0.299 0.302 0.25 0.251 0.259
Ukraine 0.17 0.164 0.155 0.152 0.148 0.153 0.16 0.168
Source: European Commission 2022, p. 99.
Table 2. Ranking of the EU candidate countries based on the values
of the Summary Innovation Index, 2015-2022
No. 2015 2016 2017 2018 2019 2020 2021 2022
1 |Tarkiye Tarkiye Serbia Tarkiye Tarkiye Serbia Serbia Serbia
2 |Serbia Serbia Tarkiye Serbia Serbia Tirkiye Tirkiye Tirkiye
3 |Montene- |[Montene- |Montene- |Montene- |Albania Montene- |Montene- |Montene-
gro gro gro gro gro gro gro
4 | Albania Albania Albania North Montene- |Albania North North
Macedonia |gro Macedonia | Macedonia
5 |North North North Albania North North Albania Albania
Macedonia |Macedonia | Macedonia Macedonia | Macedonia
6 |[Bosnia Bosnia Bosnia Bosnia Bosnia Bosnia Bosnia Bosnia
and Herze- |and Herze- |and Herze- |and Herze- |and Herze- |and Herze- |and Herze- |and Herze-
govina govina govina govina govina govina govina govina
7 |Ukraine Ukraine Ukraine Ukraine Ukraine Ukraine Ukraine Ukraine

Source: European Commission 2022, p. 99.

As shown in the data describing the SII values in Table 1, between 2015 and 2022,
the highest SII values were noted by Serbia and Tiirkiye. In 2015, for Tiirkiye, this index
was 0.261, and for Serbia, it was 0.258. In 2022, the values were: Tiirkiye - 0.259, Serbia
— 0.335. Each of these countries was at the top of the ranking four times in the analyz-
ed period. Third place in the ranking in the entire period, with the exception of 2019,
was held by Montenegro. The lowest SII values and the lowest places in the ranking
in each year were occupied by Bosnia and Herzegovina (in 2022, the SII value was 0.189)
and Ukraine (0.168).

Table 3 shows the average annual rate of change (geometric mean) of the SII for the EU
candidate countries between 2015 and 2022.
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Table 3. The average annual rate of change (geometric mean) of the Summary
Innovation Index for EU candidate countries, 2015-2022

Average annual rate of change of Sll, 2015-2022 (%)

European Union 101.36
Albania 101.69
Bosnia and Herzegovina 100.31
Serbia 103.80
North Macedonia 103.98
Montenegro 101.92
Turkiye 99.89
Ukraine 99.83

Source: calculations based on the data in Table 1.

Based on the data in Table 3, it can be concluded that an average annual increase in
the SII index was observed in the following order: North Macedonia (3.98%), Serbia
(3.8%), Montenegro (1.92%), Albania (1.69%) and Bosnia and Herzegovina (0.31%).
Meanwhile, an average annual decrease in SII was recorded in Tiirkiye (0.11%) and
Ukraine (0.17%).

Table 4 shows the values of the innovation gap index for a given EU candidate coun-
try in relation to the EU average (L ) and the index of changes in the innovation gap
between a given EU candidate country and the EU average (D) from 2015 to 2022.

Table 4. The innovation gap index for EU candidate countries in relation to the EU
average (L,d, 2015-2022, and the index of changes in the innovation gap between
a given EU candidate country and the EU average (D,4), 2015-2022

2015 2016 2017 2018 2019 2020 2021 2022

Lpt for Albania 0.408 0.432 0.387 0.39 0.461 0.42 0.421 0.417

Dpt compared 0.024 | -0.045 0.003 0.071 | -0.041 0.001 | -0.004
to the previous
year for Albania

Dptin 2022 -0.015

compared to 2015

for Albania

Lpt for Bosnia 0.375 0.374 0.361 0.308 0.301 0.339 0.36 0.349
and Herzegovina

Dpt in 2022 com- -0.001 | -0.013 | -0.053 | -0.007 0.038 0.021 | -0.011

pared to the previ-
ous year for Bosnia
and Herzegovina

15
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Dpt in 2022
compared to 2015
for Bosnia

and Herzegovina

2015

2016

2017

2018

2019

-0.026

2020

2021

2022

Lpt for Serbia

0.523

0.507

0.541

0.568

0.605

0.645

0.655

0.618

Dpt compared
to the previous
year for Serbia

-0.016

0.034

0.027

0.037

0.04

0.01

-0.037

Dpt in 2022
compared to 2015
for Serbia

0.095

Lpt for North
Macedonia

0.381

0.374

0.381

0.408

0.407

0.394

0.43

0.456

Dpt compared
to the previous
year for North
Macedonia

-0.007

0.007

0.027

-0.001

-0.013

0.036

0.026

Dpt in 2022
compared to
2015 for North
Macedonia

0.075

Lpt for Montene-
gro

0.456

0.489

0.491

0.428

0.455

0.435

0.464

0.474

Dpt compared
to the previous
year for Monte-
negro

0.033

0.002

-0.063

0.027

-0.02

0.029

0.01

Dpt in 2022
compared to 2015
for Montenegro

0.018

Lpt for Tirkiye

0.529

0.529

0.539

0.584

0.587

0.469

0.466

0.478

Dpt compared
to the previous
year for Turkiye

0.01

0.045

0.003

-0.118

-0.003

0.012

Dpt in 2022
compared to 2015
for Turkiye

-0.051

Lpt for Ukraine

0.345

0.331

0.301

0.297

0.288

0.287

0.297

0.31

Dpt compared
to the previous
year for Ukraine

-0.014

-0.03

-0.004

-0.009

-0.001

0.01

0.013
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2015 2016 2017 2018 2019 2020 2021 2022

Dpt in 2022 -0.035
compared to 2015
for Ukraine

Note: the results for Albania and Ukraine are less reliable due to limited data availability, European Commission
2022, p. 99.
Source: calculations based on the data in Table 1.

The analysis of the innovation gap index for all EU candidate countries (Table 4) in-
dicates that throughout the entire period, the level of innovativeness of their econ-
omies was below the EU average. In 2022, the lowest innovation gap was recorded
in Serbia (0.618), followed by Tiirkiye (0.478), Montenegro (0.474), North Macedonia
(0.456), Albania (0.417), Bosnia and Herzegovina (0.349), and Ukraine (0.31). Tak-
ing into account the changes in the innovation gap indicator compared to the previ-
ous year, in all countries, slight decreases in the innovation gap were followed by in-
creases and vice versa. North Macedonia, Montenegro, Tiirkiye, and Ukraine showed
a decrease in the innovation gap in 2022 compared to the previous year. In contrast,
Albania, Bosnia and Herzegovina and Serbia recorded an increase. As for the change
in the innovation gap indicator in 2022 compared to 2015, only three countries showed
a reduction: Serbia, North Macedonia, and Montenegro.

Conclusions

To sum up, between 2015 and 2022, the economies of all the analyzed candidate coun-
tries were characterized by a lower level of innovativeness than the EU average. They
showed a lower level of the SII than the EU average, and therefore, all these countries
noted an innovation gap in relation to the EU average. It can, therefore, be concluded
that the research hypothesis adopted in the introduction has been positively verified.
The highest level of SII in the entire period was found in Tiirkiye and Serbia, followed
by Montenegro and North Macedonia. Turkey and the Western Balkan countries (i.e.,
Serbia, Montenegro, and Macedonia) also showed the lowest innovation gap in the ana-
lyzed period. The Western Balkan countries also reduced the innovation gap com-
pared to the EU average between 2015 and 2022. The lowest values of the SII were re-
corded by Bosnia and Herzegovina and Ukraine. In 2022, these countries experienced
an increase in the innovation gap relative to the EU average, compared to the levels
observed in 2015.

In conclusion, among the examined countries, the highest innovation potential is found
in Tirkiye, Serbia, Montenegro, and North Macedonia. They are characterized by rela-
tively the highest expenditure on R&D among the countries surveyed. For Tiirkiye, this
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indicator is 0.96% of GDP (2022), for Serbia — 0.91% (2020), Montenegro — 0.36% (2019),
and North Macedonia - 0.38% (2020) (The World Bank 2024). Of particular note among
the Western Balkan countries is Serbia’s position as a frontrunner on the road to EU
membership. Serbia, like Montenegro, is already benefiting from EU funds, detailed pol-
icy advice, and stabilization and association agreements that ensure far-reaching pro-
gress to the internal market of the EU. Nevertheless, Serbia is mainly based on public
sector investments, and many structural reforms are still needed to prepare an innova-
tion environment. It is vital for Serbia to construct an innovation - and technology-based
eco-system for the economy to accelerate on the road to EU accession (Kaynak, Atun-
tas, and Dereli 2017, p. 49).

Tiirkiye’s high innovative position is of note. It is one of the most significant in-
novators among the countries studied. Nevertheless, it should allocate more incen-
tives to the investors who will produce high-added value products and provide more
qualified innovation facilities through a well-structured R&D strategy. A law related
to promoting research infrastructure was approved by the presidency of the Republic
of Tiirkiye on 9 July 2014 and published in the official gazette on 10 July 2014 (Kay-
nak, Atuntas, and Dereli 2017, pp. 49-50). It can be considered one of the most im-
portant initiatives to support R&D activities and sustain innovation-driven develop-
ment in the country (Kaynak, Atuntas, and Dereli 2017, pp. 49-50). Tiirkiye should
also pay more attention to innovation activities and create awareness for the contri-
bution of innovation to both the country and investor sides, which will help the coun-
try jump to the top stage of development in the future. Investment in innovation also
plays an important role in meeting a broad range of challenges and opportunities
that the Turkish society faces (Dikbas and Akkoyun 2006, p. 55). It means that mak-
ing the right investment decisions (at the right time) is as important as innovation it-
self. Therefore, it is vital to develop an effective eco-system for innovators, investors
and policy decision-makers that brings together efforts to evaluate measurement, pri-
oritization and commercialization of both innovations and investments in the coun-
try (Kaynak, Atuntas, and Dereli 2017, p. 50). This will probably accelerate Ttirkiye
on the road to EU accession.

Countries with low innovation potential are Albania, Bosnia and Herzegovina,
and Ukraine. They are also characterized by low expenditure on R&D - for Albania, it
was only 0.15% of GDP in 2008, Bosnia and Herzegovina — 0.21% (2020), and Ukraine
- 0.41% (2020) (The World Bank 2024). A necessary condition for these countries’ suc-
cessful accession negotiations and economic development is modernization based on in-
novative development, which ensures the increase of the profitability of industrial enter-
prises, real wages and welfare (Zhylinska et al. 2020, p. 10). It is obvious that in the case
of Ukraine, it will be difficult to meet these principles during the ongoing war.
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The conclusions formulated on the basis of the analysis are important both from the point
of view of the EU and the candidate countries (Aytekin et al. 2022, p. 1). The EU should
consider the state and dynamics of changes in the innovation potential of individual can-
didate countries in the ongoing accession negotiations. Therefore, a country with high
and growing innovation potential should strengthen its bargaining power and be given
priority in these negotiations. High and growing innovation potential means that there is
a high probability for the country to conduct successful innovation activity and to man-
ufacture high technology in the future.
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Innowacyjnosc gospodarek krajow kandydujacych do Unii Europejskiej

- ocena luki innowacyjnej w stosunku do $redniej unijnej

Innowacyjnos¢ jest obecnie postrzegana jako niezbedny czynnik sukcesu w osigganiu dobrobytu
gospodarczego i konkurowaniu na rynkach. Jest jednym z najwazniejszych wyznacznikdéw proce-

su konkurencyjnego na catym $wiecie i pomaga gospodarkom dogoni¢ rozwijajaca sie i zmienia-
jaca sie technologie, jednoczesnie ujawniajac perspektywy innowacyjne krajéw.
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Celem artykutu jest ocena poziomu innowacyjnosci gospodarek wybranych krajow kandydu-
jacych do Unii Europejskiej na podstawie Sumarycznego Indeksu Innowacyjnosci (Sll), a takze
oszacowanie luki innowacyjnej pomiedzy tymi krajami a $rednig unijng. Analize ograniczono
do Turcji, Serbii, Albanii, Czarnogéry, Macedonii Pétnhocnej, Bosni i Hercegowiny oraz Ukrainy, ze
wzgledu na dostepnosé danych opisujacych Sumaryczny Indeks Innowacyjnosci, przewidziany
dla wszystkich krajéw objetych badaniem w Europejskich Tablicach Innowacyjnosci - raportach
Komisji Europejskiej, dopiero od 2015 r. W artykule sformutowano teze badawcza, ktéra za-
ktada, ze badane kraje charakteryzuja sie nizszym poziomem innowacyjnosci gospodarek niz
srednia unijna, a tym samym wykazuja luke innowacyjng w stosunku do $redniej dla krajéw Unii
Europejskiej w analizowanym okresie. Wyniki analizy potwierdzajg te teze - wszystkie badane
kraje kandydujace do Unii Europejskiej odnotowaty w latach 2015-2022 nizszy poziom inno-
wacyjnosci gospodarek niz $rednia unijna. Charakteryzowaty sie nizszym poziomem SlI niz $red-
nia unijna, a wiec wykazaty luke innowacyjna w odniesieniu do sredniej unijnej. Rekomendacje
dotyczace podniesienia poziomu innowacyjnosci gospodarek zostaty sformutowane osobno dla
poszczegdlnych krajow we wnioskach. W artykule dokonano przegladu literatury dotyczacej in-
nowacji i innowacyjnosci gospodarek oraz luki innowacyjnej. Zastosowano metody analizy opi-
sowej, statystycznej analizy danych oraz analizy poréwnawczej. Wykorzystano dane statystycz-
ne pochodzace z Europejskiej Tablicy Innowacyjnosci 2022. Jesli zas chodzi o warto$¢ dodang
artykutu, to nalezy stwierdzi¢, ze polega ona na poréwnaniu poziomu innowacyjnosci gospoda-
rek wybranych krajow kandydujacych do UE i $redniej unijnej, jak réwniez na oszacowaniu luki
innowacyjnej miedzy tymi krajami a $rednig unijna.

Stowa kluczowe: innowacja, innowacyjno$¢ gospodarki, luka innowacyjna, Europejska Tablica
Innowacyjnosci, Sumaryczny Indeks Innowacyjnosci
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Abstract

Objective: The main purpose of the research is to show that the Central and Eastern European
(CEE) market is an essential component of the global stock market. It displays similar patterns
to developed countries, and there is a special emphasis on information technology.

Research Design & Methods: The study is supported by various machine learning methods
and economic analysis, in addition to using Python and R packages. In order to gain a more com-
prehensive insight into the developments in CEE-region trends, the paper considers a compar-
ative portfolio that focuses on German business, and there is a simulation of the incorporation
of the Ukrainian IT sector. Constructing a business strategy in accordance with the Fama-French
approach is boosted by incorporating neural networks.

Findings: An examination of the performance of Czech, Polish, and Hungarian firms on the stock
exchanges suggests that the investment policy oriented towards software is a reasonable choice.
The results yielded by the IT companies unmistakably reveal the substantial benefits of their
stock market ventures, as well as indicating the ongoing trend of investor reliance. The problem
of IT business valuation is highlighted as one of the pitfalls of investing.

Implications & Recommendations: The research proposes that maintaining a priority focus on IT,
even in challenging circumstances, ensures steady regional advancement.
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Contribution & Value added: This research brings a unique emphasis to the status and outlook
of the IT sector, contributing to the existing toolkit, even in the face of repeated crises.

Keywords: Central and Eastern Europe, investment, IT, optimal portfolio, stock market
JEL: E22,G11, G41, 016, O30
Introduction

It is reasonable to presume that the stock markets of Central and Eastern Europe (CEE)
do not hold the same level of proficiency as those of developed countries. In comparison
to the clear investment in telecommunication, Internet service, software, automation,
robotics, and other markets in developed countries during the pandemic, the commit-
ment of CEE stock markets is far from certain, probably due to their relatively short leg-
acy and the institutional insufficiencies of their evolving systems. Nevertheless, the Pol-
ish stock market was recently elevated to the status of developed, and the COVID-19
pandemic greatly increased disparities among different industries. Under such condi-
tions, the dynamics and variability of the markets may be unpredictable. Notably, some
of the most renowned IT businesses have shown similarities to the established markets’
investment preferences, suggesting both short- and long-term trends in terms of inves-
tors’ and customers’ assurance. In recent times, numerous newly established companies
have emerged, each with its unique perspective on how business should be both conduct-
ed and experienced. Simultaneously, numerous IT businesses are deliberating the suit-
ability of listing on the stock exchange. Meanwhile, Russian aggression has resulted
in a new state of affairs, impeding one branch of business while increasing the promi-
nence of another.

The stock market has been significantly impacted by a decrease in customer mo-
bility (as a result of the pandemic), the virtualization of a substantial part of daily
life, increased online purchases, accelerated production and delivery operations,
increased demand for education, and remote communication. Research, communi-
cation, programs and mechanization are essential for markets in both advanced na-
tions and CEE. Social norms determine priorities and thus shape the stock market.
The software market’s outcomes are the most anticipated. Our assumption is that
the CEE market is an essential component of the global stock market, demonstrat-
ing similar patterns as developed countries. We focus on Czech, Polish and Hun-
garian firms since the data are available in the public domain. Furthermore, should
Ukrainian IT companies choose to become publicly traded, they are almost certain
to succeed in the CEE market and even Western Europe.
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Methodology background

As a starting point, we constructed a portfolio of German firms listen on the DAX, sup-
plemented with a cluster of prosperous IT entities (in terms of market capitalization) list-
ed on some stock markets. Appraising the portfolio from the standpoints of profitability
and risk allows us to compare the Czech, Polish and Hungarian markets. Subsequently,
based upon these countries’ most prominent stock indices, we chose portfolios for anal-
ysis. The number of these firms is often so small that they all take part in the examined
portfolio. In addition, we calculate the profitability of these portfolios (based on cumu-
lative return), assess the risk (calculated using standard deviation and daily return var-
iations), predictability (through machine learning and linear regression procedures),
and examine the presence or a lack of a long-term strategy (using the 5-factor Fama-
French model over a ten-year period, considering factors for both developed and emerg-
ing markets). For the analysis of these portfolios, we utilized several Python packag-
es, including EfficientFrontier, pypfopt, numpy, pandas_datareader, matplotlib.pyplot,
and yahoo_fin, as well as R packages PortfolioAnalytics, fPortfolio, and timeSeries.

All data are obtained based on company tickers and the corresponding Python
and R packages. The methods for gathering such information evolve significantly
every few years, particularly in the realm of companies’ accounting statistics. Ma-
chine learning techniques were selected to analyze business predictability. Ridge re-
gression increases the strength of the coeflicients to combat multicollinearity, while
the Lasso is advantageous as it favors solutions with fewer non-zero coeflicients.

Elastic-net proves useful in scenarios where there is a correlation between multiple fea-
tures. A Random Forest is a capable estimator that leverages averaging to enhance its
predictive precision and mitigate over-fitting. In the case of Gradient Boosting, a regres-
sion tree is fitted to the negative gradient of the applicable loss function for each stage.
Support Vector Machine Regressor is beneficial due to the possibility to use a radial ba-
sis function kernel or rbf. At the same time, we analyze the trend based on the Arima
model. We believe that the selection of input factors (p, d, and q) of this model is suit-
able for reliable short-term predictions. To implement prediction models the following
packages were used: statsmodels.tsa.arima_model, sklearn.tree, sklearn.svm, sklearn.
linear _model, sklearn.ensemble and others.

In order to recognize any potential pitfalls of investing in I'T business, a suitable regres-
sion model and a neural network approach are implemented.
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Outline of the problem in recent studies

The UNCTAD Report ‘Investment policy responses to the COVID-19 pandemic’ con-
tained a serious warning: “The pandemic may trigger increased competition for attract-
ing investment in other industries (not of critical importance for host countries) as econ-
omies seek to recover from the downturn and disrupted supply chains need to be rebuilt”
(UNCTAD 2020). Meanwhile, according to KPMG’s predictions, the world of business
will be “forever altered by COVID-19” (McKenzie, Eckhardt, and van Dam 2020; see also
Hantrais et al. 2021). Many long-held norms of living, working and doing business have
now changed and “are not expected to return to pre-pandemic patterns” (McKenzie, Eck-
hardt, and van Dam 2020; see also Lazonick 2017). During the pandemic, Ernst & Young
(EYGM 2020) recommended “four key areas where European companies should focus:
financial scenario and business portfolio assessment; portfolio rebalancing: accelerated
divestments; asset transfer: sale and leasebacks; auditable financials” (EYGM 2020).

Nevertheless, did this actually take place? Did the pandemic provoke a permanent
change in stock market allegiances that had been established for decades? Shortly
before the outbreak of the pandemic the European Investment Bank was responsible
for carrying out a particularly interesting study. This study indicated the likelihood
of investing in knowledge resources in CEE. In the Czech Republic, such notewor-
thy potential sectors included education, R&D, transport infrastructure and energy.
Meanwhile, Hungary focused on education and physical infrastructure, while Poland
requires higher spending on R&D and further improvement to its energy infrastruc-
ture (Bubbico et al. 2017). The prevailing trend for startups originating from CEE
is to relocate overseas, particularly in the case of Ukraine (60%), followed by Cro-
atia and Serbia, both reaching 40% (Dealroom.co 2021). According to Kitt (2004),
investors favor domestic bonds in these markets. He used Markowitz mean-vari-
ance optimization to identify optimal portfolios, with one such portfolio proposed
for MSCI Eastern Europe Index.

In 2018, PricewaterhouseCoopers predicted that New York, London, and Hong Kong
would remain at the forefront of the stock markets for the next decade and that
the shift to Indian and Chinese competitors would be quite moderate. Markets would
strive for tech companies (see also Pan and Mishra 2018). Meanwhile, according
to a Digital Society Index (Dentsu Aegis Network 2019, p. 17) survey of more than
43,000 people around the world, less than half (49%) currently believe their basic
digital needs are being met (i.e., access to quality digital infrastructure and the trust
that people express in business and government to use their data responsibly in terms
of privacy and security; see also Xingfu and Siming 2020). So, what are the obsta-
cles to market advancement? The forecast highlights negative factors such as the lack
of liquidity, currency volatility, and an uncertain regulatory framework. “The chal-
lenge for the exchanges is how they can adapt to the changing landscape, competing
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but also collaborating with one another, and complementing other financing alter-
natives to support the provision of capital across the world” (PwC 2019, p. 2).

Zaimovic, Arnaut-Berilo and Mustafic (2017) stated that diversification enables in-
vestors to manage their risk. “The biggest riddle in the world of investments is to find
the optimal portfolio within a set of available assets with limited capital”. A Markowitz
mean-variance (MV) portfolio optimization was used to identify possibilities for di-
versification. Their research offered insight into the level of integration of South-East
European equity markets. Their findings showed that Principal component analysis
simplifies asset selection in portfolio management. Meanwhile, Deng et al. (2013) pro-
posed a portfolio optimization framework that selects the portfolio with the largest
worst-case-scenario Sharpe ratios. They stated that “traditional Sharpe ratio estimates
based on limited historical return data are subject to estimation errors.”

Milhomem and Dantas (2020) discussed aspects of portfolio optimization. They found
that techniques such as robust optimization, Bayesian statistics, Neural Networks,
and Fuzzy Logic can be employed to reduce estimation error. Obtaining data to ana-
lyze the optimization model is possible through platforms including Thomson Reuters,
OR-Library, and Fama-French, and languages such as Python, R, C++, and Java offer
an array of tools for the analysis. Annaert et al. (2011) calculated the market-weighted
return index for the largest stocks listed on the Brussels Stock Exchange. They demon-
strated that market analysis should focus on market leaders to identify market trends
and predict market dynamics.

Within the scientific community, there has been a great deal of research into the stock
market in general, the practicality of employing certain tools, as well as Central, South,
and Eastern European stock markets (i.e. Syriopoulos and Roumpis 2009; Benak-
ovi¢ and Posedel 2010; Bogdan, Baresa, and Ivanovi¢ 2010; Syllignakis and Kouretas
2011; Horvath and Petrovski 2013; Guidi and Ugur 2014; Zaimovi¢ and Arnaut Ber-
ilo 2015). However, there has been no thorough analysis of the emphasis of the mar-
ket on particular priorities of society, one of which is information technology.

Research and key findings

The CEE market data in its entirety suggests comparable priorities to those of developed
countries (Table 1). So, is the stock market adequately reacting to the transformations?
Does it impair its capacity to prioritize entrepreneurial initiatives? Does the pandemic
give the region no way out?
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Table 1. CEE investment priorities by sector (€, millions)

2019 2020
amount percent amount percent
ICT (Communications, computer, electronics) 1425766 43.6 739181 443
Business products and services 280349 8.6 193824 11.6
Consumer goods and services 545405 16.7 173076 104
Biotech and healthcare 142549 4.4 240169 14.4

Source: data from Invest Europe 2023.

The German market as a partner and competitor

Selecting the German market for our analysis, we address the questions raised above.
Our aim is to construct an optimal portfolio for the German market, using DAX
components, while also including a few promising I'T companies. We simultaneous-
ly apply a portfolio optimization approach based on maximizing the Sharpe ratio
and R packages (Figure 1).

Notes: Data Modul AG (DAM.MU), Viscom AG (V6C.DE), Vectron Systems (V3S.DE), Adidas AG (ADS.F),
Allianz SE (ALV.DE), BASF SE (BAS.F), Bayer (BAYN.DE), Deutsche Telekom AG (DTE.F), Fresenius SE & Co.
KGaA (FRE.DE), Siemens (SIE.DE), Henkel AG & Co. KGaA (HEN3.DE). Other companies are not included in
the opti-mal portfolio. It was used fPortfolio of R. Research period: from = “2019-01-01" to = “2023-02-24".
Risk Free/Working Days = 0.06647/253.

Figure 1. German portfolio optimization

Source: own elaboration based on historical prices from Yahoo n.d.

Companies with the highest profile include Deutsche Telekom AG (DTE.F), Henkel AG
and Co. KGaA (HEN3.DE), Data Modul AG (DAM.MU), i.e., one of the world’s leading

28



Prioritization of the IT Sector in the CEE Stock Markets...

integrated telecommunications companies, a chemical corporation, and a worldwide
leading supplier of industrial displays and monitors. Our observations show that in-
cluding the top-performing IT firms in the stock index significantly affects the optimal
portfolio. Regarding Figure 2, Deutsche Telecom’s superiority is clear, although some I'T
companies, like Data Modul AG (DAM.MU), Viscom AG (V6C.DE), and Vectron Sys-
tems (V3S.DE), also appear to be optimal choices.
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Figure 2. Graphical presentations of Asset Frontiers and the Efficient Frontier for the German
portfolio

Source: own elaboration based on Portfolio analytics of R.
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CEE optimal portfolio

For our examination, we decided to select constituents of the PX (Czech Republic),
Budapest SE (Hungary) and WIG 20 (Poland) indices and a selection of well-known
CEE IT businesses.

Table 2. Portfolio optimization based on the Efficient Frontier method

Poland Czech Republic Hungary
[(‘ALE.WA’, 0.0), (ACP.WA, 0.0), (PEO.WA [(‘CEZ.PR’, 0.10589), [(‘41G.BD’, 0.07993),
0.0), (‘CCC.WA', 0.0), (‘'CDR.WA', 0.0), (‘CZG.PR’,0.397), (ERBAG.PR’, |(‘AKKO.BD’, 0.04867),
(‘CPS.WA', 0.0), (‘'DNP.WA’, 0.05142), 0.0),('KOFOL.PR’,0.0),('KOMB.PR’, | (‘ALTEO.BD’, 0.73881),
(‘KTY.WA 0.0), (JSW.WA', 0.01623), 0.0), ‘MONET.PR’, 0.00246), (‘ANY.BD’, 0.13246),
(‘KGH.WA', 0.0), (KRUWA'’, 0.14458), (‘TABAK.PR’, 0.27002), (‘BIF.BD’, 0.0),
(‘LPP.WA, 0.0), (MBK.WA', 0.0), (OPLWA, |[(‘TMR.PR’,0.0), (‘"VIG.PR, (‘DELTA.BD’, 0.0),
0.0), (‘PKN.WA’, 0.04012), (‘PPS.WA, 0.0), 0.0), (TOMA.PR’,0.14665), (‘ENEFI.BD’, 0.0),

(

(‘PGE.WA 0.0), (PKO.WA, 0.0), (PZUWA, |(‘PEN.PR’, 0.06273), (‘GEN.PR, MOL.BD’, 0.0), (NAP.BD),

0.0), (‘SPL.WA', 0.0), (‘IFL.WA’, 0.54784), 0.0), (EMAN.PR’, 0.01524), 0.0), (NUTEX.BD’, 0.0),
(‘CCE.WA', 0.01494), ('SGN.WA’, 0.18487), |(‘FIXED.PR’, 0.0)] (‘UBM.BD’, 0.00013),
(‘LVC.WA, 0.0)] (‘AMIXA.BD', 0.0)]

Stock Start Date: 2019-01-01
Day of study: 2023-03-09

Expected annual return:

101.8% 26.5% 39.4%

Annual volatility:

29.0% 13.6% 26.8%

Sharpe Ratio:
3.44 1.80 1.39

Notes: Allegro (ALE.WA), Asseco Poland (ACPWA), Bank Polska Kasa Opieki (PEO.WA), CCC (CCC.WA),

CD Project (CDRWA), Cyfrowy Polsat (CPS.WA), Dino Polska (DNR.WA), Grupa Kety (KTY.WA), Jastrzebska
Spoélka Weglowa (JSW.WA), KGHM Polska Miedz (KGH.WA), Kruk (KRUWA), LPP (LPPWA), mBank (MBK.WA),
Orange Polska (OPLWA), Orlen (PKN.WA), Pepees (PPSWA), PGE (PGE.WA), PKO Bank Polski (PKO.WA),

PZU (PZUWA), Santander Bank (SPLWA), Ifirma JSC.(IFI.WA), Clean&Carbon Energy S.A. (CCEWA), Sygnity
S.A. (SGN.WA); CEZ (CEZ.PR), Colt CZ Group (CZG.PR), Erste Group Bank (ERBAG.PR), Kofola (KOFOL.PR),
Komercni Banka (KOMB.PR), Moneta Money Bank (MONET.PR), Philip Morris (TABAK.PR), Tatry mountain
resorts (TMR.PR), Vienna insurance (VIG.PR), Toma (TOMA.PR), Photon energy (PEN.PR), Gen Digital (GEN.PR),
eMan (EMAN.PR), Fixed.zone (FIXED.PR); 4iG Ltd. (41G.BD), AKKO Invest (AKKO.BD), Alteo (ALTEOQ.BD), Amixa
Holding (AMIXA.BD), ANY Security Printing (ANY.BD), ASTRASUN (ASTRA.BD), Budapesti Ingatlan Hasznosita-
si és Fejlesztési (BIF.BD), Chameleon Smart Home Zartkoruen Mukodo Reszvenytarsasag (CHOME.BD),
CYBERG CORP. (CBRG.BD), Delta Technologies (DELTA.BD), ENEFI Vagyonkezelo (ENEFI.BD), MOL Magyar
Olaj- és Gazipari Nyilvdnosan Mukddo Részvénytarsasag (MOL.BD), Nap Zartkoruen Mukodo Reszvenytarsasag
(NAP.BD), NUTEX Investments Public Limited Company (NUTEX.BD), UBM Holding (UBM.BD), Amixa Holding
Nyilvanosan Mukodo Részvénytarsasag (AMIXA.BD).

Source: own elaboration based on historic prices from Yahoo n.d.

We have already incorporated companies from the IT sector into separate country
portfolios. Polish company Ifirma JSC has developed a website that allows businesses
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to manage themselves online. The other Polish firm, Sygnity S.A., has designed, imple-
mented and maintains the technology that supports businesses in digital transforma-
tion and forms a foundation for digital government. Czech company eMan a.s. develops
applications for smartphones, tablets, websites, cars, and other devices. Hungary’s 41G
Ltd. specializes in custom software development, while SAP ERP concentrates on busi-
ness solutions, specifically, data-focused business solutions for executives.

Next, we explore the results of forming a combined portfolio of these three countries from
the CEE region (Table 3). Assets with non-zero weights are highlighted in bold. The port-
folio comprises the following assets: (DNP.WA’, 0.12057), (‘JTSW.WA’, 0.0), (KRU.WA,
0.0), (OPL.WA, 0.0), (PKN.WA’, 0.0), (TF1.WA’, 0.12713), (‘CCE.WA’, 0.0059), (‘SGN.WA’,
0.00199), (‘CEZ.PR’, 0.03245), (‘CZG.PR’, 0.29215), (MONET.PR’, 0.0), (‘TABAK.PR’,
0.07851), (‘TOMA.PR’, 0.04487), (‘PEN.PR’, 0.02486), (EMAN.PR’, 0.0355), (4IG.BD’,
0.08181), (AKKO.BD’, 0.02866), (ALTEO.BD’,0.10082), (ANY.BD’,0.02475), (UBM.BD’,
0.0). Using the Efficient Frontier method, the expected annual return is 40.8%, the an-
nual volatility is 14.1%, and the Sharpe Ratio is 2.75. The Sharpe Ratio of this portfolio
decreased compared to the Polish market. At the same time, risk is significantly lower
than in both the Polish and Hungarian markets. Regarding utility optimization, risk is
given less consideration. The aforementioned IT companies maintained significant po-
sitions within the optimal portfolio with regard to utility maximization (Figure 3).

Weights
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Figure 3. United optimal portfolio (Utility maximization)

Source: own elaboration based on the PortfolioAnalytics of R package.
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This approach also guarantees the inclusion of at least two IT firms (i.e., Ifirma JSC.
and Sygnity S.A.) in the optimal portfolio. The model we used has limitations with weight-
ing coeflicients ranging from 0.01 to 0.9. Figure 4 demonstrates the Efficient Frontier,
Global Minimum Variance Portfolio, two-asset frontiers, and the Monte Carlo portfo-
lio. The graphic presentation of the selected portfolio is certainly interesting (Figure 2).
The portfolio attains a balance between profitability and risk. The top graph is a good
representation of how each company can shape the Efficient Frontier and the maximum
Sharpe ratio. We will focus our analysis on the companies included in the optimal port-
folios later.
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Figure 4. Efficient frontier graphical presentations (CEE united portfolio)

Source: own elaboration based on historical prices from Yahoo n.d.Market analysis
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Risk dynamics (Czech Republic)
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Figure 5. Price dynamics, risk, and economic growth dynamics in Poland, the Czech Republic and Hungary

Source: own elaboration based on historical prices from Yahoo n.d.
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The analysis of the price dynamics, risk, and economic growth dynamics of the three
CEE countries made it possible to identify growth trends, level of vulnerability, and eco-
nomic growth for the constructed optimal portfolios, including their inclusion of IT
companies (Figure 5). Although the Hungarian market is not performing as well as
the other countries, companies from this country were still included in the optimal CEE
portfolio, including a company from the IT sector.

Predictability analysis

Using Support Vector Machine Learning, traditional Linear Regression and Random
Forest, Gradient Boosting and Lasso, our aim is to gain a thorough understanding
of the previously illustrated trend. The acceptability of such an approach could be ana-
lyzed based on R? mean absolute error, maximum error, mean squared log of error,
mean absolute percentage error, and mean squared error. In our opinion, the coefhicient
of determination (R?) is the most suitable indicator.

Table 3. Confidence level (R?)

Method / Company 41G.BD EMAN.PR IFL.WA SGN.WA
Linear Regression 0.934 0.382 0.935 0.934
Support Vector Regressor 0.951 0.363 0.984 0.934
Random Forest 0.958 0.658 0.988 0.948
Gradient Boosting 0.957 0.662 0.987 0.946
Lasso 0.934 0.382 0.935 0.934

Source: own calculations based on historical prices from Yahoo n.d.
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Figure 6. The 50-day prediction for IT portfolio elements

Source: own elaboration.

For IT firms included in the optimal portfolio, we employed a range of techniques to reveal
a subtle yet perceptible upward trend (Figure 6). Confidence in the results of these calcula-
tions is quite high, typically reaching 93-98% (Table 3). For the single firm, the outcomes
of numerous processes revealed inadequate performance (EMAN.PR, 36-38%).

Table 4. Competing ingredients confidence level (R?)

Method / Company ALTEO.BD CEZ.PR DNP.WA PEN.PR
Linear Regression 0.970 0.908 0.936 0.675
Support Vector Regressor 0.985 0.951 0.956 0.723
Random Forest 0.990 0.950 0.957 0.796
Gradient Boosting 0.989 0.947 0.955 0.806
Lasso 0.970 0.908 0.936 0.670

Source: own elaboration.
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Figure 7. Competing elements of the optimal portfolio

Source: own elaboration.

Regarding other industries, patterns have become more stable, while the applicability
of prediction models remains fairly unchanged (Figure 7). At the same time, confidence
in the models remains at the same high level (Table 4).

By summarizing the findings of the prognostic analysis, we can draw a preliminary con-
clusion. Based on our predictive models, we have compelling reasons to consider invest-
ing in the proposed IT entities. They are predictable and show an upward trend.

The Ukrainian IT stock market perspective

The appearance of the Ukrainian IT sector is anticipated. We can model its entry by
supplementing the existing agricultural and energy sector firms with Polish IT com-
panies that share a similar business orientation. Considering the significant percep-
tion and experience of such Ukrainian businesses in the world, we consider such in-
clusion to be justified.

Thus, the portfolio is comprised of [(‘(AGT.WA’, 0.0), (KER.WA’, 0.0), (‘KSG.WA’, 0.0),
(‘OVO.WA’, 0.0), (IMC.WA’, 0.0), (‘AST.WA’, 0.0), (MHPC.IL, 0.0), (MLK.WA’, 0.0),
(‘CLEWA’, 0.0), (‘TFLWA’, 0.49001), (‘LVC.WA’, 0.50489), (‘SGN.WA’, 0.00511)].
Stock Start Date: 2012-01-01; date of study: 2023-03-30. The results of the study are
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the following: Expected annual return - 32.6%, Annual volatility — 31.2%, and Shar-
pe Ratio - 0.98.

Evidently, this financial initiative can be viewed as successful. However, it must be taken
into consideration that there are almost no Polish IT companies that are directly compa-
rable to the Ukrainian ones. Nevertheless, by studying the nature of the business and its
components, this emulation allows us to make an overall assessment.

Assessment challenges

What investments should one consider in order to make a wise decision? This question
typically requires a review of both market research and accounting data. To identi-
ty appropriate assets to be included in the analysis of IT companies’ weighted aver-
age return of assets (WARA), a linear regression was applied to a sample of 34 listed
CEE IT companies. The objective is to determine assets that are suitable for WARA
analysis, based on their direct or indirect, yet considerable, impact on profitability.
Given the broad scope of these parameters, the existing methodology allows the use
of the ROA ratio in instances where calculating the weighted average cost of capital
(WACC) is impossible.

Table 5. Significance of the companies’ IT assets

Dependent g_rec_w int_rec_w wWC_rec_w t_rec_w
variable/Factors beta (t, sign.) beta (t, sign.) beta (t, sign.) beta (t, sign.)
WACC -0.372 -0.009 -0.09 -0.26
(-2.3,0.02) (-0.06, 0.9) (-0.4,0.68) (-1.1,0.26)

Notes: Adj. R? = 0.339, F (Sig.) = 6.13 (0.001). g_rec_w, int_rec_w, wc_rec_w, t_rec_w - relative weights

of goodwill, intangible assets, working capital and fixed assets; goodwill is calculated based on the annual FCF
for 2018-2020. The Capital Asset Pricing Model (CAPM) method is used to calculate WACC. Data from 34 CEE
IT companies was used.

Source: own elaboration based on accounting data from Yahoo n.d.

Taking into account Table 5, it is evident that if we limit ourselves to solely signifi-
cant assets, then the WARA for I'T companies should be determined exclusively based
on one asset: goodwill. This is not unexpected since given the impracticality of accu-
mulating material assets in the IT sector. A traditional example proposed to Econom-
ics students in assessing the accounting accuracy of Dell or Apple could demonstrate
a negative cash conversion cycle (CCC) for these businesses. This suggests that work-
ing capital for an IT business is no longer a reliable reflection of its fiscal situation or
makes a substantial contribution to its profitability. In light of the chosen approach,
the standard deviation of the relative weight of goodwill (0.23) should be used as an en-
hancement to the WACC. However, considering data availability, other intangible assets
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could be incorporated into this model. Nevertheless, when it comes to intangible as-
sets, the concept of market remains a somewhat subjective distinction.

Impact of crises

Table 6. Impact of crises on company strategy

Company, type of neural network Error Steps Model accuracy
IFL.WA; 2 neurons 1.0716 20 0.86963
IFIL.WA; c(6,2) 1.0723 21 0.87254
IFL.WA; c(9,9,2) 1.0730 19 0.87632
SGN.WA; 2 neurons 1.3608 23 0.95869
SGN.WA; c(6,2) 1.3628 25 0.95934
SGN.WA; c(9,9,2) 1.3616 17 0.95713

Notes: c(6, 2) is a model with two hidden layers with six and two neurons, respectively; ¢(2,9,2) is a model
with three hidden layers with nine, nine, and two neurons, respectively. The accuracy of the model shows the
percentage of similarity between the real and model values. The model uses the smallest learning rate (SLR)
algorithm.

Source: own calculations.

Company strategies are typically assessed using the 3- or 5-factor Fama-French model.
With reference to the table of factors for developed or emerging markets, it could be pos-
sible to describe the company’s behavior in terms of business prospects, conservative-
ness/aggressiveness, profitability, and the level of risk. Additionally, due to the substan-
tial discrepancy of developing markets, this model is frequently unworkable. Generally,
we come to this conclusion due to the non-compliance with the F-criterion. Regarding
the figure, the model failed to yield the desired results for Ifirma JSC and Signity Poland
Ltd. Therefore, it is imperative to explore non-linear correlations between a company’s
stock price and the Fama-French components. A neural network, as indicated in Table 6,
is a viable option. In fact, we apply the effect of neural networks on the Fama-French fac-
tor table by judiciously adjusting the number of hidden layers and neurons in them.

The model’s strength lies in its ability to replicate the effects of a crisis (by adding
an extra layer with more neurons than the initial layer), revealing the intensity of its
impact. If the model’s accuracy is significantly changed when the crisis is incorporat-
ed into the model, we can state that the impact of the crisis on the business was sub-
stantial. Our presumption is that the pandemic and the war started by Russia have in-
creased the number of neurons (factors) from five to nine, thus signifying the presence
of four further factors that could affect business performance.

It is important to note that such assessments are not without ambiguity. Our evaluation
has indicated that while Ifirma JSC was negatively impacted by the current economic
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difficulties, Sygnity S.A. has remained unaffected. This discrepancy can be attribut-
ed to the respective nature of each business — with Ifirma JSC functioning as a digital
platform for e-commerce and accounting. It is evident that customer issues are directly
correlated with this type of business. Meanwhile, Sygnity S.A. combines both the sale
of software and hardware, incorporating spatial data, which makes it much more flex-
ible to any type of crisis. The graphical representation of neural networks is quite clear
(Figure 8). The case of two hidden layers with 6 and 2 neurons is displayed accurate-
ly below.

In this case, although the impact of crises is evident, it is neither significant nor de-
structive.

Figure 8. Neural networks in the case of Ifirma JSC

Source: own elaboration.

Conclusions

Our models indicate that the most profitable investments for businesses in Central
and Eastern Europe would be a combination of software, weaponry, the modern en-
ergy sector, and a few other industries. To determine an optimal portfolio for this
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purpose, the Efficient Frontier technique was employed, focusing on three countries:
the Czech Republic, Poland, and Hungary, with a combined portfolio also designed
and improved. Both individual optimal portfolios and the combined portfolio con-
tained IT entities. The result was confirmed through the maximization of the Sharpe
ratio and the maximization of utility.

The in-depth analysis showed the advantages of companies operating in the software
market. Within its framework, the cumulative income and risk of the optimal portfolio
ingredients were assessed. In all cases, the IT business withstood the competition of-
fered by other areas.

Machine learning techniques made it possible to verify the specified growth trend
and an acceptable level of risk. In fact, machine learning methods proved to be a per-
fect tool to ascertain whether IT companies from the presented optimal portfolios
are predictable businesses worthy of investment. The accuracy of such estimates was
more than sufficient.

For the CEE market as a whole, the results suggest that investing in the IT sector should
be a top priority. Consequently, the analysis of the German market demonstrates that
the CEE markets are following similar paths and emphasizing the same goals.

The successful outcome of simulating the inclusion of Ukrainian I'T companies in the national
portfolio (using a group of Polish companies as a close analogy in terms of intentions and in-
teraction mechanisms) confirmed the expected success of these companies’ shares on the stock
market.

However, there are major problems with evaluating the IT assets of companies. A com-
monly used technique today is WARA analysis, which requires particular attention be-
cause of the size of goodwill. Briefly, anyone interested in investing in an IT business
must be aware of its reputation. Moreover, if other intangible assets are considered,
the question of their lack of appropriate market valuation arises. Furthermore, it is fre-
quently challenging for investors to obtain full knowledge of the strategy behind their
chosen investment option.

The use of neural networks and adjusting hidden layers was shown as a useful tool
to measure the vulnerability of the selected enterprise to crises. Nevertheless, this ap-
proach is sufficiently illustrative only in cases of significant damage to a specific business
by the crisis. It may be completely invisible in instances of temporary problems.
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Priorytetyzacja sektora IT na rynkach akcji w Europie
Srodkowo-Wschodniej: polityka inwestycyijna, trendy i ukryte peretki

Cel: Gtéwnym celem badan jest przedstawienie rynku Europy Srodkowo-Wschodniej jako istot-
nego elementu globalnego rynku akcji, wykazujacego wzorce podobne do krajéw rozwinietych,
ze szczegoblnym uwzglednieniem technologii informacyjnych.

Metody badawcze: Badanie zostato oparte na metodach uczenia maszynowego, analizie ekono-
micznej, a takze pakietach Python i programie R. Ponadto w celu uzyskania bardziej komplek-
sowego spojrzenia na rozwoj trendéw w regionie Europy Srodkowo-Wschodniej uwzgledniono
portfel porownawczy obejmujgcy niemiecki biznes oraz symulacje oceny ukrainskich technologii
cyfrowych. Konstrukcja strategii biznesowej zgodnie z podejsciem Fama-French zostata rozsze-
rzona poprzez wiaczenie sieci neuronowych.

Rezultaty: Wyniki badan przeprowadzonych na podstawie czeskich, polskich i wegierskich firm
na gietdach papieréw wartosciowych sugeruja, ze polityka inwestycyjna zorientowana na opro-
gramowanie jest rozsagdnym wyborem. Wyniki uzyskane przez spétki IT jednoznacznie wskazu-
ja na znaczne korzysci ptynace z ich przedsiewzie¢ gietdowych, a takze sugerujg obecny trend
zaufania inwestorom. Symulacja wtaczenia ukrainskich spétek IT do krajowego portfela row-
niez potwierdza prognozowany sukces. Problem wyceny biznesu IT jest wskazany jako jedna
z putapek inwestowania.

Whioski i rekomendacje: Zachowanie dominujacej pozycji sektora IT, nawet w niepewnych oko-
licznosciach, jest gwarancjg stabilnego rozwoju regionu.

Whktad i warto$¢ dodana: Badanie to wnosi wyjatkowy wktad zaréowno w ocene sytuacji, jak
i perspektyw sektora IT, poszerzajac juz istniejgcy zestaw rozwigzan, nawet w obliczu powtarza-
jacych sie kryzysow.

Stowa kluczowe: Europa Srodkowo-Wschodnia, inwestycje, IT, optymalny portfel, rynek akgji
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Abstract

The ongoing decline in environmental quality is one of the biggest global challenges facing hu-
mankind today. The purpose of this study is to investigate the differences and similarities
among the EU-27 countries regarding air pollution emissions (greenhouse gases and acidifying
gases) and their techno-economic determinants, which encompass economic, energy, innova-
tion and institutional quality factors. The analysis covers nine indicators that reflect pollution
emissions and fifteen variables that illustrate air pollution drivers. Cluster analysis of the data
averaged for the period 2015-2020 was used to identify subgroups of countries. The results
show that European Union (EU) countries substantially differ in terms of both air pollution lev-
els and the determinants of the emissions. The analysis revealed a noticeable division between
Eastern EU countries, which show similar patterns both in terms of pollution and determinants,
and Western EU countries, which were characterised by greater diversity in terms of the ana-
lysed features. In light of the results, the assertion about backward and polluted new EU member
states compared to more advanced and environmentally uncontaminated old EU countries ap-
pears to oversimplify the reality. The findings contribute to the ongoing discussion on environ-
mental quality. Our results indicate the need and space for initiatives that address factors that
influence air pollution in order to impede environmental degradation. However, due to the re-
vealed heterogeneity among countries, the efforts should be tailored to the specific country’s
characteristics.
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Introduction

The deterioration of environmental quality and its consequences are not only a focus
of academics and researchers but also an important policy concern. Excessive green-
house gas (GHG) emissions are recognised as the major reason for climate change,
which may lead to more extreme weather events, biodiversity loss, forest fires, wa-
ter scarcity, decreasing crop yields, and the disappearance of glaciers and rising sea
levels. It may also affect people’s health (European Parliament 2018; 2023). Accord-
ing to the European Environment Agency, air pollution is the largest environmen-
tal health risk in Europe (European Environment Agency 2023). Combating climate
change is, therefore, the priority of the European Union’s (EU) environmental policy.
Article 191 (1) of the Treaty on the Functioning of the European Union provides the ob-
jectives of the policy, which include preserving, protecting, and improving the quali-
ty of the environment, protecting human health, the prudent and rational utilisation
of natural resources, promoting measures at international level to deal with regional
or worldwide environmental problems, and in particular combating climate change
(Consolidated versions... n.d.).

Regarding recent European Union activities to formulate policies aimed at environ-
mental protection, The European Climate Law entered into force on 29 July 2021. This
legal act wrote into law and made legally binding the goal proposed under the Euro-
pean Green Deal to reach EU climate neutrality by 2050, in line with the objectives
of the Paris Agreement. This means that the EU as a whole should achieve net zero
greenhouse gas emissions by 2050. The law also updated the EU’s interim target of re-
ducing net greenhouse gas emissions from 40% to at least 55% by 2030, compared
to 1990 levels* (Regulation (EU) 2021/1119...).

The EU is a leader in tackling air pollution. The EU-27’s? contribution to global green-
house gas emissions decreased by 7.9 percentage points between 1990 and 2019 - from
15.2% to 7.3%. The corresponding drops reported for the United States and Russia were
6.9 and 4.9 percentage points, respectively. Nonetheless, in 2019, the EU-27 was still
the world’s fourth largest greenhouse gas emitter after China, the United States and In-
dia (Eurostat 2023, p. 75).

1 A review of the EU’s environmental policies can be found in Cifuentes-Faura (2022) and Guterres
(2022).

2 EU member states as of February 2020.
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In this context, the purpose of this article is to explore differences and similarities
in air emissions and their techno-economic determinants across EU countries. Using
cluster analysis, we aim to identify groups of countries (clusters) within the EU-27
that are similar. We intend to compare the identified groups and find patterns across
clusters of EU countries. We consider this to be the main value added of the article.
Air emissions used in the analysis encompass two groups of pollutants — greenhouse
gases and acidifying gases. The variables that characterise the techno-economic deter-
minants of air emissions cover economic, energy, innovation, and institutional quality
indicators. Using only the most recent data available for 2020 could lead to biased re-
sults due to the outbreak of the COVID-19 pandemic, which drove a global slowdown
and a reduction of emissions, especially in the first half of the year. Thus, to minimize
the impact of cyclical fluctuations, the sample was extended, and all variables were cal-
culated as the 2015-2020 average.

We hope that the research findings will contribute to the discussion about environmen-
tal quality and draw attention to the choice of measures available, which should take
into account the diversity of each country.

The structure of the article is as follows. The next Section illustrates air pollution
in the EU-27 and introduces air emission determinants based on a literature review.
Section 3 describes the methodology and data, while Section 4 presents the results
of the comparative analysis. The last Section concludes.

Air pollution and its determinants

The deterioration of environmental quality is a global concern due to its negative conse-
quences. Greenhouse gases are recognised as the major reason for climate change (Aghel,
Sahraie, and Heidaryan 2020). Meanwhile, acidification arising from acidifying gases
may be detrimental to soils, plants and aquatic animals (Singh and Agrawal 2008, p. 15;
Aung, Fischer, and Azmi 2020, p. 1760) and may affect human health (Singh and Agrawal
2008, p. 15). Acid rain is considered one of the most serious environmental issues (Singh
and Agrawal 2008, p. 15). Although the EU implemented measures to reduce air pollu-
tion, the average 2019 EU-27 emissions of greenhouse gases per capita in CO, equivalent
was 7.6 tonnes, about 25% higher than the world average (Eurostat 2023, p. 76). For ref-
erence, the biggest emitters, the United States and China, reached 18.3 and 9.0 tonnes,
respectively (Eurostat 2023, p. 76).

Figure 1 presents greenhouse gas (GHG) emissions in CO, equivalent in tonnes per cap-
ita and total emissions in millions of tonnes for the EU-27 computed as the 2015-2020
average. Greenhouse gases comprise carbon dioxide (CO,), methane (CH,), nitrous oxide
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(N,0), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), nitrogen trifluoride (NF,)
and sulphur hexafluoride (SF) in CO, equivalent.

Figure 1 shows that the top four EU-27 emitters in per capita terms were Luxembourg
(14.2 tonnes per capita), Denmark (13.7), Estonia (12.6) and Ireland (12.5). By con-
trast, Malta (4.2), Sweden (4.5), Croatia (4.5) and France (4.9) were in the bottom four.
In terms of total emissions, Germany, Poland, France, and Italy accounted for the larg-
est share of air pollution, with emissions of 709.6, 353.9, 329.8 and 326.1 million
tonnes, respectively. The smallest contributors were Malta (2.0 million tonnes), Cy-
prus (6.9), and Luxembourg (8.5).

Figure 1. Greenhouse gas emissions in CO, equivalent in tonnes per capita (left axis) and millions
of tonnes (right axis) for the EU-27 countries - 2015-2020 average.

Source: own elaboration based on Eurostat database.

Figure 2 shows acidifying gas (ACG) emissions in SO, equivalent in kilograms
per capita and total emissions in thousands of tonnes® for the EU-27 calculated as
the 2015-2020 average. Acidifying gases include sulphur oxides (SO ), nitrogen ox-
ides (NO ) and ammonia (NH,) in SO, equivalent.

Figure 2 shows that Malta, Slovakia, Croatia, and Belgium emitted the least amount
of acidifying gases in per capita terms, i.e., 15.3, 20.5, 21.7 and 21.8 kilograms per in-
habitant. Denmark was the biggest emitter (240.1 kilograms per capita), followed by
Greece (69.6) and Ireland (62.7). Concerning total emissions, Germany and France were

3 Data labels for total emissions are omitted to improve the figure readability.
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the main sources of acidifying gases, with emissions of 2,517,518 and 1,733,543 tonnes,
respectively. Next were Spain (1,583,241), Italy (1,478,820), Poland (1,434,035), and Den-
mark (1,384,473). By contrast, Malta (7247), Luxembourg (32,015) and Cyprus (37,044)
emitted the least.

Figure 2. Acidifying gas emissions in SO, equivalent in kilograms per capita (left axis) and thousands
of tonnes (right axis) for the EU-27 - 2015-2020 average

Source: own elaboration based on Eurostat database.

Our empirical analysis presented in the next section is dedicated to clustering
the EU-27 countries according to their air pollution and its determinants. The set
of potential determinants of air emissions was selected based on a literature review.
A vast amount of literature examines the determinants of air pollution, especial-
ly within the environmental Kuznets curve (EKC) framework. The standard EKC
proposes an inverted U-shaped relationship between per capita income and environ-
mental quality, stating that pollution increases at the beginning of the development
process and then starts to decrease after reaching a certain income threshold. Un-
der the EKC hypothesis, two factors that shape environmental quality are common-
ly considered - per capita income and a measure of energy consumption. As difter-
ent measures show different aspects of energy consumption, empirical studies use
several indicators (see, e.g., Wu 2017; Arminen and Menegaki 2019; Du, Li, and Yan
2019; Isik, Ongan, and Ozdemir 2019; Ehigiamusoe, Lean, and Smyth 2020; Ongan,
Isik, and Ozdemir 2020; Wawrzyniak and Doryn 2020; Bekun et al. 2021; Mehmood
et al. 2021; Karim et al. 2022; Khan, Weili, and Khan 2022; Wang, Yang, and Li 2023).
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On this basis, we chose four variables for our analysis — GDP per capita, which serves
as an economic indicator, and three energy indicators, i.e., final energy consumption
per capita, share of fossil fuels in gross available energy, and share of energy from re-
newable sources.

A growing number of studies have investigated the technology-related determinants
of air emissions (e.g., Weina et al. 2016; Cheng et al. 2019; Du, Li, and Yan 2019; Wang,
Zeng, and Liu 2019; Bai et al. 2020; Cheng et al. 2021; Chien et al. 2021; Shan et al. 2021;
Jingiao et al. 2022; Lingyan et al. 2022; Zheng, Lv, and Wang 2022). Technology inno-
vations, especially green ones, may substantially help mitigate air pollution and facili-
tate progress towards environmental sustainability (Chien et al. 2021; Shan et al. 2021;
Lingyan et al. 2022, pp. 753-754). As innovation has many dimensions, our analysis
comprises six indicators: patent stock in all technologies per capita, patent stock in en-
vironment-related technologies per capita, patent stock in environment-related tech-
nologies associated with air pollution abatement per capita, R&D expenditure stock
in % of GDP, researchers in R&D per million people, and gross enrolment ratio for ter-
tiary education in %.

In addition to the factors above, many studies focused on aspects related to the im-
pact of institutional background on environmental pollution (Wu 2017; Gholipour
and Farzanegan 2018; Arminen and Menegaki 2019; Wawrzyniak and Doryn 2020;
Bekun et al. 2021; Mehmood et al. 2021; Karim et al. 2022; Khan, Weili and Khan 2022).
Thus, we extended the set of variables to include institutional quality indicators, namely
government effectiveness, control of corruption, and rule of law.

Several other factors that affect air emissions were also discussed in the literature.
One of them is the industrial structure (Zhang et al. 2014; Gholipour and Farzane-
gan 2018; Liu and Bae 2018; Du, Li, and Yan 2019; Bai et al. 2020; Yildirim, Al-
paslan, and Eker 2021; Jinqiao et al. 2022; Wang, Yang, and Li 2023). It was argued
and verified that the tertiary sector has a carbon emission-reducing influence (Zhang
et al. 2014) while the secondary sector has an increasing carbon emission effect (Liu
and Bae 2018; Du, Li, and Yan 2019). So, we utilised two variables to represent the in-
dustrial structure, i.e., industry (including construction) value added in % of GDP
and services value added in % of GDP.

Methodology and data

The empirical part of the paper is dedicated to identifying groups of countries (clusters)
within the EU-27* that are similar in terms of two criteria: (i) emissions of greenhouse
and acidifying gases and (ii) determinants of air pollution. Thus, the cluster analysis

4 EU member states as of February 2020.
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for the 2015-2020 average was applied twice, separately for each criterion described by
a distinctive group of variables.

The first input data set includes nine variables that report greenhouse and acidifying gas
emissions by pollutants, i.e.:

1. Greenhouse gases:

X, - carbon dioxide (CO,) emissions in kilograms per capita,

X, - methane (CH,) emissions (CO, equivalent) in kilograms per capita,

X, - nitrous oxide (N,0) emissions (CO, equivalent) in kilograms per capita,

X, - hydrofluorocarbon (HFC) emissions (CO, equivalent) in kilograms per capita,
X, - perfluorocarbon (PFC) emissions (CO, equivalent) in kilograms per capita,

X, - nitrogen trifluoride (NF,) and sulphur hexafluoride (SF,) emissions (CO, equiva-
lent) in kilograms per capita.

2. Acidifying gases:

X, - sulphur oxide (SO ) emissions (SO, equivalent) in kilograms per capita,
X, - nitrogen oxide (NO ) emissions (SO, equivalent) in kilograms per capita,
X, - ammonia (NH,) emissions (SO, equivalent) in kilograms per capita.

All emissions data come from Eurostat.

The second input data set comprises fifteen variables that represent the techno-econom-
ic determinants of air pollution divided into four groups, covering:

1. Economic indicators:

Y, — GDP per capita in constant 2015 USS,

Y, - industry (including construction) value added in % of GDP,
Y, - services value added in % of GDP.

2. Energy indicators:

Y, - final energy consumption (energy use) in thousand tonnes of oil equivalent per
capita,

Y, — share of fossil fuels in gross available energy (in %),

Y_ - share of energy from renewable sources (in %).
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3. Innovation indicators:
Y, - patents stock in all technologies per capita,
Y, — patents stock in environment-related technologies per capita,

Y, - patents stock in environment-related technologies associated with air pollution
abatement per capita,

Y, - R&D expenditure stock in % of GDP,

Y, - researchers in R&D per million people,

Y, — gross enrolment ratio for tertiary education (in %).
4. Institutional quality indicators:

Y , - government effectiveness,

Y, - control of corruption,

Y - rule of law.

The economic indicators data are obtained from the World Development Indicators
(WDI) database of the World Bank. The energy indicators come from the Eurostat®
database, while the institutional quality indicators are from the World Governance
Indicators (WGI) database (Kaufmann and Kraay 2023), which follows the methodol-
ogy of Kaufmann, Kraay, and Mastruzzi (2010). The innovation indicators come from
diverse sources. The researchers in R&D and gross enrolment ratio for tertiary edu-
cation® variables are sourced from the WDI database. The next four variables, which
measure patent stocks and R&D expenditure stocks, are calculated based on data from
the OECD and WDI databases, respectively.

We followed the perpetual inventory method to estimate the stocks from data on flows
of patents and R&D expenditures. The stock measures were calculated using the follow-
ing formula (cf. Piva and Vivarelli 2018):

innov_ flow fort=0
innov_stock = g+é (1)

(1 -0 )innov_stock ~+innov_ flow fort >0

5 Data are converted into per capita using population figures from the World Development Indicators
(WDI) database.

6 Due to a break in data, the value of the variable for Greece in 2015 is calculated as the average
of 2014 and 2016, for the Netherlands in 2019 - the average of 2018 and 2020, and for Estonia,
the value of the variable in 2020 is set at the 2019 level.
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where innov_stock represents a stock measure of the corresponding flow (innov_flow)
indicator, g is the 2005-2020 compound growth rate’ of the innov_flow, and 6 denotes
the depreciation rate. For the depreciation rate, we have adopted the value of 20% as a com-
promise between the estimates of 0% and 40% provided by Hall (2007) for R&D.

Considering that stock values are highly dependent on their initial estimates (for t = 0),
we have computed the stocks for 2005-2020, ensuring that the initial values depreciate
over time. This allowed us to enhance the reliability of the stock estimates for the period
2015-2020. The stock values were converted into per capita terms using the population
figures from the WDI database.

Research results

We employed clustering to analyse and compare the air pollution in EU countries
and the factors that determine pollution emissions. Clustering involves grouping sim-
ilar objects (countries) into homogeneous groups based on the multivariate distance
between the objects. In this study, the similarity between the countries was calculated
using the Euclidean distance, which is one of the most commonly used metrics. In this
metric, the proximity between two observations (points on a plane) is determined in ge-
ometric terms by the length of a line segment connecting them, which can be expressed
in multivariate space as:

dist,. = \/Z<xi _yi>27 (2)
i=1

where dist,, is the Euclidean distance between objects x and y in the space of n pa-
rameters, while x; and y; is the i-th element (dimension) of objects x and y, respectively.
As we had no preliminary knowledge of the number of clusters in our data, we applied
the hierarchical cluster analysis (Hastie, Tibshirani, and Friedman 2009, p. 520; Kula
and Unlii 2019, p. 239), which aims to build a hierarchy of clusters (visualised as a tree
diagram or dendrogram). We used the Ward linkage method in agglomerative hierar-
chical clustering, one of the most commonly used techniques in air pollution studies
(Govender and Sivakumar 2020). The algorithm starts with singletons (every object that
forms its own cluster in the leaves of the dendrogram) and then, at each iteration, joins
two clusters based on the smallest increase in total within-cluster variance after merging.
The procedure ends with a hierarchy of clusters (when all observations belong to a single
cluster at the root of the tree diagram) (Nielsen 2016, pp. 221-222).

7 Negative growth rates were replaced with zeros.
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We omitted highly correlated variables (with a Pearson correlation coefficient great-
er than 0.8) and standardised input variables by subtracting their mean and dividing
them by their standard deviation so that the data have a mean of 0 and a variance
of 1. The standardisation equalised the weighting of each input variable (dimension)
and ensured that the clustering was not based on the variability of dimensions (Ja-
juga and Walesiak 2000, p. 106). The final list of variables includes: X, X , X, X,
X,X,X andY,Y, Y, Y, Y, Y, Y, Y,

10> 712°
Figure 3 shows the results of the cluster analysis based on the countries’ air pollutant

emissions (greenhouse gases and acidifying gases), and Figure Al in the Appendix shows
the scaled values of the variables examined in the determined clusters.

As determining the number of clusters is largely arbitrary (OECD 2008, p. 76), we de-
cided to distinguish five clusters of countries. Table 1 presents the extracted groupings.
The cluster analysis revealed the outlier position of Denmark and Ireland (clusters 1
and 2). Denmark has the EU’s highest sulphur oxide emissions in kilograms per capita
terms, the second-highest level of methane, and the third-highest level of nitrous oxide
emissions. However, it had one of the lowest hydrofluorocarbon emissions. Ireland has
the highest emissions of both methane and nitrous oxides and relatively high perfluoro-
carbon emissions, but the lowest sulphur oxide emissions. Both countries are also char-
acterised by relatively high carbon dioxide emissions.

Cluster 3 comprises countries that have high hydrofluorocarbon and relatively high
perfluorocarbon emissions while maintaining mostly low levels of the other ana-
lysed pollutants. The countries in cluster 4 exhibit high levels of nitrogen trifluoride
and sulphur hexafluoride and relatively low levels of sulphur oxide emissions. Cluster
5 covers nearly all new EU member states whose emissions (mostly) follow the pattern
of mean emissions in the EU-27.
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Figure 3. Dendrogram derived for air pollution of the EU-27 countries

Source: own elaboration.

Table 1. Cluster composition - air pollution

Cluster 1 Cluster2 Cluster3 Cluster 4 Cluster 5
Denmark |Ireland Belgium, Austria, Bulgaria, Croatia, Cyprus, Czechia, Estonia, Finland, France,
Greece, Germany |Hungary, Latvia, Lithuania, Luxembourg, the Netherlands,
Italy, Malta Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden

Source: own elaboration.

Figure 4 presents the results of cluster analysis based on the factors that determine pollut-
ant emissions. In this case, we also extracted five groupings of countries. Table 2 presents
the structure of the clusters. Figure A2 in the Appendix illustrates the levels of the var-

iables analysed in each cluster.
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Figure 4. Dendrogram derived for air pollution determinants of the EU-27 countries

Source: own elaboration.

Table 2. Cluster composition - air pollution determinants

Cluster 1

Austria, Denmark, Finland,
Germany, Sweden

Cluster 2

Bulgaria, Croatia,
Czechia, Estonia,
Hungary, Italy, Latvia,
Lithuania, Poland,
Portugal, Romania,
Slovakia, Slovenia, Spain

Cluster 3

Luxembourg

Cluster 4

Belgium,
France, Ireland,
the Netherlands

Cluster 5

Cyprus, Greece,
Malta

Source: own elaboration.

Cluster 1 comprises countries with the highest stock of R&D expenditures, a high
stock of patents in air pollution abatement technologies, a mostly high share of en-
ergy from renewable sources, an above-EU average GDP per capita, and strong
institutions (measured by the control of corruption index). Cluster 2 is dominat-
ed by the new EU member states, with low levels of GDP per capita and low in-
novation performance regarding patent stocks in technologies associated with air
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pollution abatement and stock of (total) R&D expenditures. Moreover, this group’s
share of services in GDP is mostly below the EU average, with low levels of institu-
tional quality. Cluster 3 is formed solely by Luxembourg. It is considered an outlier
as it has the highest GDP per capita, the highest share of services in GDP, the low-
est renewable energy consumption, the lowest tertiary school enrolment, and high
institutional quality. Cluster 4 contains rich countries with a relatively high stock
of R&D spending and a stock of patents in air pollution abatement technologies close
to the EU average. They have a low share of energy from renewable sources and high
institutional quality. Cluster 5 is characterised by a higher than EU average share
of the service sector in GDP, a high share of fossil fuel energy consumption com-
bined with a low share of energy from renewable sources, and low innovation per-
formance measured by patent stocks in technologies associated with air pollution
abatement and stock of (total) R&D expenditures.

Conclusion

The article presented the results of an analysis of the differences (and similarities)
of EU countries in terms of air pollution emissions and their techno-economic de-
terminants. We conducted a cluster analysis on preselected sets of indicators using
averaged data for 2015-2020. Groups (clusters) of countries that were similar in terms
of the considered characteristics were identified, and thus, we achieved our research
goal. Our findings confirm that individual groups of countries exhibit distinctive pat-
terns of air pollution, as well as factors that determine the emissions. In both group-
ings, the Eastern EU countries formed a separate cluster, revealing homogeneity both
in terms of pollution and its determinants. Western EU countries showed greater di-
versity in terms of the variables analysed: some showed levels of air pollution inten-
sities similar to those of Eastern EU countries (i.e., Finland, France, Luxembourg,
Spain, and Sweden) and factors that determine pollution similar to Eastern EU coun-
tries (i.e., Italy, Portugal, and Spain), while the others formed the remaining clusters.
As far as Cyprus and Malta are concerned, in the case of clustering based on the de-
terminants of pollution, they formed a separate cluster together with Greece. When
analysing the pollution levels, however, only Malta showed a different pollution pat-
tern, while Cyprus was included in the Eastern EU cluster. Therefore, in light of our
results, the conclusion about backward and ‘dirty’ new member states and advanced
and ‘clean’ old EU countries would be a far-reaching simplification of reality.

The multivariate analysis leads to the conclusion about the heterogeneity of the EU re-
garding both air pollutant emissions and the factors that potentially affect pollution lev-
els. The analysis indicates that there are still significant differences between EU members
and that much still needs to be done to improve air quality. The results of this study may
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contribute to the debate on environmental protection. The findings indicate the need
and space for initiatives in the area of factors that influence air pollution in order to im-
pede environmental degradation, though there may be no single recipe for all EU coun-
tries. The revealed heterogeneity among countries suggests that the actions should ad-
dress a country’s specific settings.

According to the World Health Organization (2021, pp. 13-15), bad air quality has strong
adverse health effects, including increased premature mortality. Therefore, reducing air
pollution should be a priority for all countries that exceed acceptable emissions levels.
Current WHO air quality guidelines are more stringent than EU standards, and only
long-term EU policies aim to reduce environmental pollution to health-safe levels. How-
ever, given the current progress in meeting the EU air pollution targets by individual
member states, it will be challenging to meet further pollution reductions.
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Zr6éznicowanie poziomu zanieczyszczenia powietrza i jego uwarunkowan
techniczno-ekonomicznych: analiza skupien dla krajow UE-27

Ciagte pogarszanie sie jakosci sSrodowiska naturalnego jest jednym z najwazniejszych glo-
balnych wyzwan, przed ktérymi stoi obecnie ludzkos$¢. Celem niniejszego badania byta ana-
liza réznic i podobienstw miedzy krajami UE-27 w zakresie emisji zanieczyszczen powietrza
(gazéw cieplarnianych i gazow zakwaszajacych) oraz ich uwarunkowan techniczno-ekono-
micznych, obejmujacych czynniki ekonomiczne, energetyczne, instytucjonalne oraz poziom
innowacyjnosci. Analize przeprowadzono na podstawie dziewieciu wskaznikéw ilustruja-
cych emisje zanieczyszczen oraz pietnastu zmiennych reprezentujacych determinanty za-
nieczyszczenia powietrza, wykorzystujgc ich srednie wartosci z lat 2015-2020. Do zidenty-
fikowania podgrup krajéw o podobnych wzorcach zastosowano analize skupien. Otrzymane
wyniki wskazuja na znaczace zréznicowanie krajéw UE zaréwno pod wzgledem poziomow
zanieczyszczenia powietrza, jak i determinant emisji. Przeprowadzona analiza ujawnita istot-
ne réznice pomiedzy wschodnimi krajami UE, wykazujgcymi wspdlne wzorce zanieczyszczen
powietrza i determinant emisji, oraz zachodnimi krajami UE, ktore cechowaty sie wiekszym
zréznicowaniem pod wzgledem analizowanych cech. W swietle uzyskanych wynikéw twier-
dzenie o zacofanych i zanieczyszczonych nowych panstwach cztonkowskich UE w poréow-
naniu z bardziej zaawansowanymi i nieskazonymi srodowiskowo starymi krajami UE wydaje
sie nadmiernie upraszczac rzeczywistos$¢. Nasze wyniki stanowig wktad w toczacg sie dys-
kusje na temat jakosci srodowiska. Wskazujg na potrzebe i przestrzen do podjecia dziatan
w obszarze czynnikéw wptywajacych na zanieczyszczenie powietrza w celu zahamowania
degradacji srodowiska naturalnego. Niemniej jednak, ze wzgledu na ujawniong heteroge-
nicznos$¢ miedzy krajami, wysitki powinny by¢ dostosowane do ich specyfiki.

Stowa kluczowe: zanieczyszczenie powietrza, emisja gazéw cieplarnianych, emisja gazéow
zakwaszajacych, analiza skupien, kraje Unii Europejskiej
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Appendix Al. Country air pollutant emissions of the EU-27 by cluster
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Appendix A2. Country determinants of air pollution among the EU-27 by cluster
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Abstract

The EU’s economic relations with China are characterised by a significant trade deficit. En-
hancing EU exports of high-tech products, in particular, to China is the best way out of this
imbalance. In doing so, EU countries can take advantage of the opportunities provided by
the Belt and Road Initiative (BRI) that intends to improve connectivity between Europe
and Asia.

Objective: This study aims to identify the untapped potential for high-tech exports of selected
EU countries in trade with China and to evaluate the opportunities arising from the BRI in utilis-
ing this potential.

Research Design & Methods: To assess the overall high-tech export potential of selected EU
countries to China, the export gap was calculated using the concept of revealed comparative
advantages.

Findings: Among the examined EU countries, Hungary and the Czech Republic were found
to have the greatest high-tech export growth potential to China. The largest export gaps were
recorded in electrical machinery and equipment.

Implications & Recommendations: The findings of the study can be used by European businesses
to adjust their export strategies. It can also be used by government institutions of the studied
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countrieswhendesigning theireconomicand trade policies, particularlyvis-a-vis Chinaand the BRI
initiative, within the field of supporting infrastructure projects, as well as high-tech industries.
Contribution & Value Added: The study contributes to the literature on the potential of EU ex-
port growth to China that has not been sufficiently explored yet. The novelty of the study is
in identifying specific high-tech commodities with the highest potential for export to China.

Keywords: European Union, China, export potential, high-tech products
JEL: F10, F50, P45
Introduction

China’s ambition to become the leader of the world’s strongest economies is evident. It
was one of the reasons for launching the most significant initiative in modern Chinese
history, the Belt & Road Initiative (BRI), in 2013 to revive the ancient Silk Road using
the most modern technologies.

The BRI aims to increase China’s and allegedly also its trading partners’ economic
and trade potential by improving connectivity between Europe and Asia. The BRI can,
therefore, be understood as a mutual connection of countries and economies, especial-
ly those of the Eurasian continent, through various projects.

China actively promotes its interests in the European part of the continent, which
is largely represented by the EU. Therefore, it is extremely important for the future
of the EU to cooperate effectively with China within the BRI so that it is a “win-win”
cooperation for both parties. This need is especially evident when looking at the EU’s
high trade deficit with China. Enhancing EU exports to China, in particular, high-tech
products, is the best way out of this imbalance. In the high-tech sector, the EU and its
member countries achieve comparative advantages, while China remains a significant
importer of a variety of their products. Therefore, this article aims to identify the un-
used export potential of selected EU countries in trade with China in high-tech products
and to evaluate the opportunities arising from the BRI in utilising this potential.

Currently, we can observe that the opportunities arising from BRI implementation differ
depending both on the country’s economic characteristics and its approach to the in-
itiative. For this reason, we selected several EU countries, including Germany, France,
Italy, the Netherlands, Greece, Hungary, the Czech Republic, and Slovakia. Germany
and France represent the largest economies in the EU and are China’s most important
trade partners among the member countries. Together with the EU authorities, they
share concerns that key elements of China’s trade and industrial policy, such as infringe-
ment of intellectual property rights, forced technology transfer, a lack of investment
transparency, and a lack of reciprocity, are economic threats to the EU. They are also con-
cerned about the influx of Chinese investment and its alleged implications, particularly
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political influence, control of key transport hubs, and access to sensitive technologies.
Although they are sceptical about the BRI, they cannot be excluded from the initiative
because of their economic size and geopolitical position.

Hungary, the first EU country that officially joined the BRI, the Czech Republic,
and Slovakia represent EU member states with a positive attitude towards the BRI.
They are involved in the 16+1 platform for cooperation among China and the Central
and Eastern European (CEE) countries. They were the first EU countries to sign coop-
eration memoranda with China in 2015. In deepening cooperation with China, they are
primarily motivated by economic factors, especially interest in Chinese investments.
Improving relations with China gives these rather small and economically weak Eu-
ropean countries, which in the past were influenced by Russia and currently depend
economically on Germany, more strategic and economic freedom.

Following the CEE countries, other EU economies with key European ports, such as Greece,
the Netherlands, and Italy, joined in supporting the BRI initiative. Italy and Greece rep-
resent indebted EU countries. They welcome participation in the BRI as they expect that,
thanks to Chinese help, they can overcome their own economic problems. Italy was the first
G7 country to join the BRI, drawing public criticism from both Germany and France.
However, according to the Italian Minister of Economic Development, Luigi Di Maio,
such cooperation can contribute to reducing the trade imbalance between Italy and Chi-
na (Astana Times 2019). Greece is another EU country that welcomes BRI cooperation.
Although European creditors imposed austerity measures on Greece in 2010, China has
invested in Greece since 2009 in the port of Piraeus. Piraeus has thus become the busi-
est port in the Mediterranean and is one of the key hubs of the BRI. The Netherlands has
a unique position as an important European re-export hub, and it sees the BRI as an op-
portunity to improve that position.

Literature review

The potential for EU export growth to China is not sufficiently exploited within the litera-
ture. The export potential of some EU countries to China has been investigated by Broncek
(2019) and Kastakova, Luptakova, and Druzbacka (2022). Broncek addressed Slovakia’s un-
used export potential to China based on data from 2001 to 2017. He found that Slovakia has
the potential to export products from engineering, chemistry, agriculture, the woodwork-
ing industry, and metallurgy with a lower level of sophistication compared to the products
of Western European countries. To determine the unused export potential, he proposed
an export gap index using the concept of revealed comparative advantages. Revealed com-
parative advantages are based on Ricardo’s (1817) classical theory of international trade, ac-
cording to which trade between countries results from relative differences in labour produc-
tivity. This theory is based on the assumption that labour is the only factor of production.
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Later, within the neoclassical theory of international trade, the differences in relative en-
dowments of all production factors, including labour, natural resources and capital, have
been used to explain countries’ comparative advantages. Comparative advantages are use-
ful in comparing relative production costs, explaining the export specialisation of a coun-
try, and identifying products that are most likely to succeed in foreign markets. As pointed
out by Stellian and Danna-Buitrago (2019), the concept of comparative advantages refers
not only to the ability to produce some goods with higher productivity compared to other
countries but also, in line with the new trade theory, to increase product differentiation.
It can also provide useful information about a country’s potential business prospects with
new partners. For example, it is unlikely that countries with similar revealed comparative
advantages have high bilateral trade intensities, except for intra-industry trade (World Bank
2010). Much research has been based on the concept of revealed comparative advantag-
es, including Balassa (1965; 1986), Vollrath (1991), Hinloopen and Van Marrewijk (2001)
and Hoen and Oosterhaven (2006).

Kastakova, Luptakova, and Druzbacka (2022) identified the export potential to China
of its largest trading partners within the EU — Germany, France, Italy, and the Neth-
erlands. To identify products that have good prospects of additional export to Chi-
na, they calculated the Export Potential Indicator using the methodology of Decreux
and Spies (2016). The potential EU export value of a specific product to China, accord-
ing to this methodology, is determined by three factors: supply (i.e. exporter perfor-
mance in exporting the product), demand for the product (by the importing coun-
try), and the ease of exporting any good from one partner to another. The findings
of this study indicate that Germany has the largest export potential to China, followed
by France, Italy, and the Netherlands. The untapped export potential for these four
countries amounts to US$174 billion, of which Germany accounts for US$114.7 bil-
lion. The products that the four countries could sell to China the most include mainly
cars and car parts, machinery, medicine, and aeroplanes.

In contrast to the two studies above, this study focuses on examining the export gap
of EU member states in the high-tech sector because, in the 21* century, these technolo-
gies play a key role in achieving competitiveness. EU countries should, therefore, develop
their export potential primarily in high-tech products. Over the last two decades, in-
vestments in research, development, and innovation have been an important part of EU
economic strategies such as the Lisbon Strategy and the “Europe 2020” strategy.

Braja and Gemzik-Salwach (2020) point out that growing global competition for less
knowledge-intensive products naturally pushes the EU and its member states to move
to knowledge-intensive industries. They state that European business owners must be in-
volved in these industries to win the economic competition at the European and global
levels. Similarly, Ribeiro, Carvalho, and Santos (2016) argued that European countries
should support the export of high technology. In addition, they state that a shift towards
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greater diversification of export partners is desirable. Namely, there should be a shift
from the most representative countries in the export portfolio, such as the USA, to less
representative ones, and countries with higher growth potential, such as China.

The literature contains several empirical studies that look at the BRI initiative
in the context of trade between China and the EU. Focusing on nine railway lines,
Li, Bolton, and Westphal (2018) examined the impact of transcontinental railways
under the BRI on trade between China and its trading partners in Central Asia
and Europe. The results showed that railways increase the intensity of trade be-
tween China and its trading partners. This applies mainly to the import of Chi-
nese products but only to a limited extent to the export of European and Central
Asian products to China. If trade prospers, partner countries can use their com-
parative advantages, leading to win-win situations. Therefore, trade expansion is
a common goal of many countries. The railways under study here are significant
factors in achieving this goal.

Liu et al. (2019) investigated the impact of the route of the New Silk Road through
the North Sea on China-Europe trade potential. Based on the analysis of the impact
of building a sea route and expanding the use of sea routes in trade through a grav-
ity model and regression analysis, they measured the trade potential between China
and Europe. The results indicate the Northern Route has a positive impact on the growth
of trade potential between China and Europe. The export, import, and overall trade po-
tential of China to Northern European countries has increased significantly, mainly be-
cause of route shortening. Germany, Great Britain, the Netherlands, and France, which
are China’s biggest trading partners in Europe, have also seen a big increase in their
trade potential.

Garcia-Herrero and Xu (2016) used a gravity model to determine the relationship be-
tween transportation costs and trade of the BRI countries. They found that a 10% re-
duction in railway, air and maritime costs increases trade by 2%, 5.5% and 1.1%, respec-
tively. Similarly, Fardella and Prodi (2017) assessed the potential benefits for Europe
of infrastructure development, including railways and ports, along the BRI. They con-
sider new investments in railway and port infrastructure, which decrease transportation
costs and increase trade volumes, to be an important stimulus for the growth of trade
between the EU and China. They conclude that the development of new railway con-
nections will benefit most of the Northern and Central European countries that export
high-value products to China.

As part of the New Silk Road, Ma et al. (2019) analysed Chinese foreign direct invest-
ment (FDI) inflows to the EU to examine their impact on bilateral trade. They performed
the analysis using a gravity model for the years 2003 to 2016, which was a period when
not only Chinese trade but also Chinese FDI outflows grew rapidly. They found that both
BRI and Chinese FDI had a positive effect on China’s exports to European countries
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and a negative effect on exports from European countries to China in the period under
study but with a small level of significance. According to the study, Chinese FDI had both
complementary and substitution effects on trade with the EU, and the complementary
effects were much stronger than the substitution effects. The authors expect EU exports
to China will grow gradually thanks to the BRI.

Using a gravity model, Karkanis (2018) assessed the factors that influenced exports and im-
ports between the EU and China from 2001 to 2015. Because, in the long term, the EU
imported more from China than it exported to China, he wanted to identify factors that
could help reduce this imbalance. His results confirmed that the distance factor had a sig-
nificant negative impact on both EU exports to China and EU imports from China, but
this impact was stronger with EU exports. As expected, market size and income had a pos-
itive impact on EU exports and imports, while the EU’s GDP per capita had a relatively
stronger impact on EU exports than on imports.

In addition, he investigated the influence of two variables that do not change over
time (time-invariant proxies), namely the insularity and the landlocked nature of EU
countries. For both variables, he found a positive impact on EU trade with China. He
explained the positive impact of insularity, especially on EU exports to China, with
the case of Ireland. It is an island country with a small market size and relatively limit-
ed expansion potential. To boost economic growth, the pro-export nature of the econ-
omy was therefore supported. With Malta and Cyprus, the island character had a more
significant influence on imports from China because these countries have limited hu-
man and natural resources, as well as a limited range of domestically produced goods.
The rather unexpected positive impact of the landlockedness of some EU countries (e.g.,
Austria, the Czech Republic, Hungary, Slovakia, and Luxembourg) on exports to China
is explained by the positive externality of being at the crossroads of large markets such as
Germany, France, Italy, and Poland, on the one hand, and China on the other, particu-
larly regarding the established transport networks. Karkanis assumes that building rail-
ways will help exports to China, especially for the EU countries that are landlocked.

From the empirical studies mentioned above, it follows that building infrastructure with-
in the BRI has a positive effect on “shortening” the distance between the EU and Chi-
na, which contributes to the growth of mutual trade, even if, so far, the positive effect is
manifested mainly on the side of Chinese exports to the EU.

Methodology

To assess the overall high-tech export potential of selected EU countries to China,
we calculated the “export gap.” For the calculation, we used disaggregated annual data
on trade in goods at the HS-6 level from the International Trade Centre (ITC) database
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(International Trade Center 2022a), which is based on data from UN COMTRADE
and ITC statistics. At the HS-6 level, we selected 279 commodity groups identified
as high-tech products by Fontagné, Freudenberg, and Unal-Kesenci (1999). This list
is a modification of the joint list of high-tech commodity groups prepared by Euro-
stat and the OECD (Lemoine and Unal-Kesenci 2002).

First, we identified high-tech products in which the selected EU countries achieve
comparative advantages. We calculated the Revealed Comparative Advantages
(RCA) index, which is extensively used in the literature to evaluate a country’s ex-
port potential (Hauk and Deb 2017). There are several methods for calculating RCA
while the selection of a particular RCA index should be governed by the objective
of the research (French 2017). In this study, we use one of the original formulas
for calculating RCA by Balassa (1965). His index measures the relative advantage or
disadvantage of a country’s exports in a particular commodity group with respect
to the world exports of this commodity group. It is widely used in the literature
due to its clear economic interpretation and simplicity (Hadzhiev 2014). Recently,
it was used by Brakman et al. (2022), who determined the comparative advantages
of the Netherlands relative to the world, Falkowski (2018), to evaluate the compet-
itiveness of the Baltic States in trade in high-technology goods, Pitonakova (2020),
who identified the comparative advantages of Slovakia on extra EU markets, Ar-
syad et al. (2020) to assess the competitiveness of palm oil products of Indonesia
and Malaysia, and Torrecillas and Martinez (2022), who calculated the RCA for var-
ious product categories associated with the olive fruit using export data.

The used mathematical formula of RCA is:

n
Xjk

RCA" = X;l (1)
: X ’

X

where X, represents the export of country j in commodity group k in year n, X} repre-
sents the total export of country jin year n, X, represents the world export of commod-
ity group kin year nand X, represents the total world exports in year n. The basic inter-
pretation of the result is that if RCA}, > 1, the country achieves a comparative advantage

in the given commodity group, and conversely, RCA’, < 1 indicates a comparative dis-
advantage. According to Hinloopen and Van Marrewijk (2001), the results of the index,
i.e. the intensity of comparative advantages, can be interpreted as follows:

0 < RCA <1 indicates a comparative disadvantage,

1 < RCA <2 indicates weak comparative advantage,
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2 < RCA <4 indicates a moderately strong comparative advantage,
4 < RCA indicates strong comparative advantage.

Separately, for each of the selected EU countries, we calculated the RCA for all com-
modity groups at the HS6 level for which data was available. The RCA was calculated
for five years — from 2016 to 2020. From the values of annual RCA indexes, we calcu-
lated an arithmetic average, which helped to “smooth out” potential fluctuations in ex-
ports in individual years.

Subsequently, the Import Significance (IS) index was calculated and used to identify
products that China imports to a greater extent than the rest of the world (Broncek 2019).
In this way, it was possible to identify commodities with increased demand from Chi-
na and, thus, from the EU’s point of view, commodities with a good export perspective.
The formula for calculating the IS index is a changed formula for calculating RCA, us-
ing import values instead of export values. Its mathematical formula is:

n
M,

. M
IS, = Mzk , (2)
M

where M, represents the import of country j in commodity group k in year n, M;
represents the total import of country j in year n, M|, represents the world import
of commodity group k in year n, and M, represents the total world import in year #.
If the value of IS > 1, the country imports the given commodity group to a greater ex-
tent than the rest of the world, and in the case of IS < 1, the country imports the given

commodity group to a lesser extent than the rest of the world.

In this study, we calculated China’s IS index values for 247 commodity groups at the HS6
level from 2016 to 2020, from which the average IS for the five years under study was
calculated.

Next, we calculated an export gap defined by Zabojnik and Borovska (2021) as:

>
oy XD
EG), = v M,

s (n—n0)+1 M i ©)
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where:

EG’

i 18 the export gap of country j for commodity k exported to country i in year ,

X, is the export of commodity k to country j,

M, is the world import of commodity k,

X

jir is the export of commodity k from country j to country i in year n,
M, is the import of commodity k to country i in year #,

n is the year for which we calculate the export gap,

n0 is the first year in the interval in which we calculate the average RCA,, .

The condition for calculating the export gap is that the average share of the examined EU
country’s exports in world imports for the given time interval is greater than the share
of the examined EU country’s exports in Chinese imports in year #.

We calculated the export gap for commodity groups that meet the following condition:

RCA;>101S) >1 (4)

in which selected EU countries achieve comparative advantages, and China has com-
parative disadvantages with a minimum Balassa index value of 1.

The calculation of the export gap based on the intersection of exports (supply) of one
country and imports (demand) of another country serves as a starting point for as-
sessing prospective export commodities. For this aim, we supplemented the results
of the export gap calculation with an assessment of several market access data, such
as the average tariff imposed by China, the concentration of supplier countries, the av-
erage distance between China and its import partners, the average distance between
the country and all its import markets, or the number of requirements related to Chi-
na’s import of the commodity.

One of the main limitations of our approach is that the calculation of the export gap
is based on historical trade data and thus considers only products that one country
already exports and the other imports. Another limitation concerns the measurability
of export market access. The utilisation of the export gap depends on several factors
that cannot be measured, like the specific needs of buyers, the administrative bur-
dens and marketing opportunities in the importer’s country, or the costs of export
support activities.
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Results and discussion

Exports of high-tech products accounted for up to 20% of total world exports in 2020,
and their dynamics helped improve performance in other sectors (World Bank 2022).
The World Intellectual Property Organization (2021) reported that the pandemic
hurt international trade in 2020, but trade in high-tech goods expanded because
of the boom in communication, computing, processing, and data equipment used
for remote work. The EU is among the world’s key producers of high-tech prod-
ucts. During the period under review, high-tech products accounted for approxi-
mately 16% of its total exports. In 2018, the EU had an estimated 40,358 companies
in the high-tech manufacturing sector, which represents 0.2% of the total number
of businesses in the EU. The countries with the most high-tech manufacturers were
Germany (8,461), Italy (5,318), and Poland (4,446) (European Commission 2021).

The revealed comparative advantages of selected EU countries

Chart 1 summarises the number of commodity groups in which individual EU countries
achieve a comparative advantage based on the average RCA value between 2016 and 2020
in the high-tech sector. Germany had the most comparative advantages, with a total
of 108 commodity groups with an RCA > 1. According to the chosen approach, Germa-
ny achieved a moderate comparative advantage in 49 commodity groups and a strong
comparative advantage in 10 of these. Strong comparative advantages were recorded,
especially in the fields of optical, photographic, cinematographic, measuring, and con-
trol instruments and devices. For example, Germany exports up to seven times more
stereoscopic microscopes and hydraulic and pneumatic automatic controls than the rest
of the world, making it the world’s largest exporter of these commodities.

In the high-tech industry, France has a comparative advantage in 79 commodity
groups, and it is strong in 14 instances. With aeroplanes and other motor aircraft
commodity groups, France reached a Balassa index of 13.7, mainly because of Airbus,
which is one of the world’s major manufacturers of civil transport aircraft and reg-
ularly competes only with Boeing. The Netherlands, Italy, and the Czech Republic
achieve comparative advantages in the high-tech sector in approximately 60 com-
modity groups.

The Czech Republic exports the most commodity groups, with a Balassa index value
of over ten among all countries analysed. For example, it exports up to 35 times more
weapons than the rest of the world, mainly thanks to Ceské4 zbrojovka a.s., which
ranks among the world’s largest manufacturers of small arms. The country also dom-
inates the export of microscopes, proton microscopes, and diffraction instruments
(RCA & =25), mainly thanks to Tescan Orsay, Delong Instruments, and Thermo Fish-
er Scientific.
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Slovakia has a comparative advantage in high-tech exports in 25 commodity groups.
The highest comparative advantage was recorded for commodity group HS 854081 - re-
ceiver or amplifier valves and tubes (RCA #=19), which were exported by companies
such as LEONI Slovakia, spol. s.r.o., Klauke Slovakia s.r.0., and KE Presov Elektrik, s.r.o.
among others. In most cases, these companies have foreign capital. Greece has the few-
est high-tech commodity groups (11) with a comparative advantage among the analysed
EU countries.
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Chart 1. The number of high-tech commodity groups at the HS-6 level in individual EU countries
based on the average RCA value between 2016 and 2020

Source: processed based on own calculations of data from International Trade Center 2022a.

China’s import significance

According to the World Bank (2022), China’s high-tech products account for up
to 31% of its total exports, placing it at the forefront of technology exporters. Even
in these sectors, there are commodity groups where China achieves high import signi-
fiance index values. The list of China’s most important imported high-tech commodities
based on the average IS index from 2016 to 2020 is given in Table 1. On the first three
rungs, optical instruments predominate. The highest index value was achieved by op-
tical microscopes for photomicrography, cinephotomicrography, and microprojection,
of which China is the largest importer in the world, with Germany, Japan, and Singa-
pore accounting for most imports. The second highest value of the index was record-
ed for other liquid crystal devices assembled from products not more precisely speci-
fied, which China imports mainly from other Asian countries such as Japan, Singapore,
and the Philippines. These devices are used in the production of LCD televisions and dis-
plays, for instance.
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Another important commodity group for China includes sheets and plates of polarising
material, which are used in the production of optical fibres and to remove glare from
windows and objects such as car dashboards, LCD screens, and television screens. Sim-
ilarly, Japan, South Korea, and the United States are major Chinese suppliers of these
commodities. Germany and France round out the top ten most important Chinese sup-
pliers of this commodity group.

Even though China has a lot of natural mineral resources, silicon has a high import
significance index. It is also an important commodity for the Chinese industry, as it is
used in semiconductor manufacturing to produce the silicon wafers necessary to pro-
duce integrated circuits, computer chips, solar cells, and other devices. In 2020, the value
of this commodity’s imports into China exceeded US$1 billion, with Germany account-
ing for nearly 50% of the total. They are mainly followed by commodities belonging
to the category of electrical machines and devices. Fourteen of the examined commod-
ities had an IS index greater than 3, indicating that China needs these high-tech com-
modities three times more than the rest of the world.

Table 1. China’s top 10 high-tech commodity import groups at the HS-6 level
with the highest average IS value between 2016 and 2020

Average

Product label IS index
2016-2020

901120 |Optical microscopes for photomicrography, cinephotomicrography 7126
or microprojection

901380 |Liquid crystal devices, n.e.s. and other optical appliances and instruments not 5.650
elsewhere specified

900120 |Sheets and plates of polarising material 5.297
280461 |Silicon containing >= 99,99% by weight of silicon 3.882
854160 |Mounted piezoelectric crystals 3.871
854190 |Parts of diodes, transistors, and similar semiconductor devices; photosensitive 3.766

semiconductor products

853224 |Fixed electrical capacitors, ceramic dielectric, multilayer (excluding power 3.658
capacitors)

846031 |Sharpening ,tool or cutter grinding“ machines, numerically controlled 3.562

284410 |Natural uranium and its compounds; alloys, dispersions, incl. cermets, ceramic 3.519
products

846040 |Honing or lapping machines for working metals, metal carbides or cermets 3.346

Source: processed based on own calculations of data from International Trade Center 2022a.
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Export gap between selected EU countries and China

Among all of the examined high-tech commodity groups, a total of 58 items for the ex-
amined EU member states were identified as having an export gap, provided that the re-
sults of the average indices of RCA of the given country and IS of China for 2016 to 2020
met or exceeded a minimum value of 1. These items have a potential export value
of US$151,500,000 for the EU members under consideration.

Table 2. The export gap of high-tech products in individual countries and the number
of commodity groups with an identified export gap (in 2020)

Total EG value Number of high-tech commodity
(in mil. USD) groups with an export gap
The Czech Republic 46.74 11
Hungary 31.28 8
The Netherlands 30.84 11
France 20.24 8
Germany 13.14 5
Slovakia 4.45 6
Italy 4.18 3
Greece 0.69 6

Source: processed based on own calculations of data from International Trade Center 2022a.

Table 2 contains information on the value of the export gap for each country and the num-
ber of commodity groups for which we identified an export gap. From the perspective
of individual countries, the Czech Republic had the largest total export gap, amounting
to nearly US$47 million. It comprises eleven high-tech commodity groups, primarily
in optical, electrical, and mechanical machines. An export gap of over US$31 million
was identified for Hungary and the eight high-tech commodity groups. The Neth-
erlands ranked 2", with a gap of US$30.8 million and eleven high-tech commodity
groups. We can, therefore, conclude that, among the examined nations, these three have
the greatest export growth potential. Germany and France, the European export giants,
achieve relatively low export gaps, which we attribute to their extensive use of compara-
tive advantages and the export of many high-tech products to China. For example, Ger-
many accounts for nearly half of China’s aircraft and silicon imports.

In contrast, France has a large share of Chinese imports, particularly combustion tur-
bines. Additionally, thanks to large pharmaceutical companies such as Sanofj, it also
has a large share of the import of many pharmaceuticals. Slovakia recorded an export
gap of only US$4.45 million for six high-tech commodity groups. Greece, which has
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the fewest commodity groups with a comparative advantage in high technology, does
not have an export gap of even one million dollars.

Considering the relatively large number of high-tech commodity groups in which
an export gap was identified, we narrowed down the selection of the most significant
ones to commodity groups in which the export gap reached a value of at least US$1 mil-
lion, which gave us 31. The top ten of these groups of goods are listed in Appendix 1,
along with factors that we will take into account when assessing the possibilities for us-
ing the existing export potential:

« Average tariff imposed by China on imports of a commodity (International Trade
Center 2022b).

o Tariff imposed by China on imports of a commodity from a specific EU country
(International Trade Center 2022b).

« Concentration of supplier countries based on the Herfindahl index. It is calculated
as the sum of the square root of each supplier country’s import share in the selected
country. According to the ITC (2022b), a country’s imports are moderately concen-
trated if the Herfindahl index value is between 0.1000 and 0.1800. A value higher than
0.1800 suggests that imports are concentrated.

« Average distance between China and its supplier countries, which corresponds
to the average distance between China as a target market and all its supplier countries
weighted by the trade value. This indicator helps in determining if the target market
is mostly supplied by regional partners. The ITC (2022b) derives its data on the geo-
graphical distance between countries from the CEPII database using Mayer and Zig-
nago’s (2006) methodology.

« Average distance between the given EU country and its export markets, which is
determined on the same basis as the average distance between China and its suppli-
ers (International Trade Center 2022b).

o The number of import requirements related to the import of a commodity from
the supplier country to China (International Trade Center 2022b).

Table 3 presents the ten highest export gaps that were calculated, while the next section
elaborates on the first five commodity groups in more detail. Most of the ten largest ex-
port gaps were recorded for commodities belonging to the commodity group of electri-
cal machinery and equipment and parts thereof; sound recorders and reproducers, tele-
vision image and sound recorders and reproducers, and parts and accessories of such
articles (HS 85).
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Table 3. The highest export gaps in high-tech products of selected
EU countries in trade with China (in 2020)

Average Share Exports
share in world in China’s to China Export gap
Country Product label imports imports in 2020 in 2020
in 2016-2020 in 2020 (million  (million USD)
(%) (%) UsD)

Czech 853224 |Fixed electrical capacitors, 1.35 0.00 0.33 21.69
Republic ceramic dielectric, multilayer

(excluding power capacitors)
Hungary |853400 | Printed circuits 0.64 0.02 2.30 11.54
The Neth- |853222 |Fixed electrical capacitors, 3.33 0.05 0.82 9.77
erlands aluminium electrolytic

(excluding power capacitors)
Czech 853221 |Fixed electrical capacitors, 744 0.26 1.86 8.91
Republic tantalum (excluding power

capacitors)
The Neth- |902750 |Instruments and apparatus 4.38 0.54 12.62 7.90
erlands for physical or chemical

analysis, using UV, visible or

IR optical ...
Germany |840130 | Fuel elements ,cartridges”, 10.21 0.00 0.00 7.37

non-irradiated, in casing with
handling fixtures, for nuclear

reactors...
Czech 851830 |Headphones and ear- 2.14 0.00 0.00 5.99
Republic phones, whether or not

combined with a microphone,

and sets...
Czech 902710 | Gas or smoke analysis 3.50 0.06 0.51 5.85
Republic apparatus
France 284420 | Uranium enriched in U 235 12.59 0.00 0.00 493

and its compounds: pluto-
nium and its compounds;
alloys, dispersions

Hungary 300432 | Medicaments containing 1.45 0.00 0.00 4.69
corticosteroid hormones,
their derivatives or structural
analogues

Source: processed based on own calculations of data from International Trade Center 2022a.

The largest export gap was found in the Czech Republic and the commodity group
electric capacitors, solid, ceramic, and multilayer (HS 853224), which store ener-
gy in an electric field and are used in the automotive industry, the IT industry,
and the camera manufacturing industry. It reached US$21.7 million. The main
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manufacturers of these goods in the Czech Republic are VISHAY ELECTRONIC
spol. s r.o. and KYOCERA AVX Components s.r.o. China imports these products
mostly from Japan (40.6% of Chinese imports), the Philippines (9.5%), and Taiwan
(8.5%), followed by other (geographically close) Asian countries, as indicated by
the relatively small average distance of supplier countries (2199 km) and high import
concentration (0.24). This raises obstacles for European “players” to enter the Chi-
nese market. As China imposes no tariffs on imports of these items from the majority
of countries, a trade agreement between the EU and China could help boost EU ex-
ports only if it includes the elimination of non-tariff barriers. Exports of these goods
from the Czech Republic flow to neighbouring European nations located an average
of 906 kilometres away. During the monitored period, the Czech Republic export-
ed also to China, but at a modest amount (in 2020, it was US$0.3 million). In line
with the findings of Karkanis (2018), which suggest that building railways helps
landlocked EU countries export to China, accelerating and improving the efliciency
of land transport routes could help the Czech Republic utilise the export gap iden-
tified for this commodity group.

We recorded the second-largest export gap for Hungary, at US$11.5 million for HS 853400,
which contains electronic printed circuits or printed circuit boards used in the building
of a variety of electrical appliances and electronic equipment. Several Continental Auto-
motive Hungary facilities, IBM Data Storage Systems Kft, and Nokia Solutions and Net-
works Kft are among the main producers and exporters of this commodity. In 2020,
China accounted for 21.8% of worldwide imports of this product, making it the world’s
top importer. Interestingly, according to the ITC (2022a), China was its own top sup-
plier (30% share), which can be partially explained by re-imports. Over 90% of Chi-
nese imports are manufactured in China, shipped to Hong Kong, and then re-import-
ed. Up to 73% of re-imported items are used as raw materials for inward processing,
with Guangdong Province importing 70%. The geographical and logistical advantages
of Guangdong Province and Hong Kong are the primary factors that explain this trade.
China-origin goods entering Hong Kong for processing are exempt from import duties,
and business management and distribution centres of global corporations are frequently
based in Hong Kong. We can, therefore, assume that around one-third of the reported
imports are generated in China. Next, the imports originate in Asian countries such as
Taiwan (with a 28.8% share of Chinese imports), Japan, South Korea (both with a rough-
ly 13% share), and Hong Kong (with a 7.8% share). The import concentration of China
is high (0.24). Hungary mostly exports to EU countries such as Germany (5% of Hun-
garian exports of the commodity) and Belgium (7.3%), as well as to the geographically
close Ukraine (7.1%). China imposes no tarifts on imports from the EU, but numerous
import requirements apply to these products. Improved access to trade routes and the es-
tablishment of stable rail connections to the centre of Europe could have a positive im-
pact on Hungarian exports to China.
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An almost US$9.8 million export gap was calculated for the Netherlands and solid, al-
uminium, and electrolytic electrical capacitors (HS 853222), which are frequently em-
ployed in smaller electronic circuits and consequently have a wide range of applica-
tions. China, a global exporter and importer of electrical machinery and equipment,
was, the world’s largest importer of these products in 2020, with a 29.3% share. Even
in this case, China’s major suppliers included Asian countries such as Japan, Indonesia,
and Malaysia, and the import concentration was high (0.22). In 2020, the Netherlands
was the tenth greatest exporter of these commodities worldwide. The average distance
between the Netherlands and importing countries is a little over a thousand kilo-
metres, which implies that exports are concentrated in Europe, particularly in the EU
despite the direct access of Dutch exporters to the Port of Rotterdam that is the larg-
est seaport in Europe and an important logistics hub for exporting to the whole world.
While the Netherlands” exports over the past five years have averaged approximately
only US$180 million, China’s imports have averaged US$1.5 billion. We can assume
that the Dutch exporters, most of which are medium-sized businesses, would have diffi-
culties supplying the quantities requested by China and competing with large Japanese
industry leaders such as Toshiba or Murata Manufacturing, as well as the lower labour
costs in Indonesia. The prospects for exploiting the export gap identified for the Neth-
erlands are, therefore, not optimistic.

Electric capacitors, specifically tantalum (HS 853221), represent a commodity group
for which the Czech Republic has a nearly $9 million export gap. Tantalum capacitors
are used in computer electronics, audio amplifiers, automotive circuits, medical devices,
and mobile phones. As in the first examined group, VISHAY ELECTRONIC spol. Ltd.
and AVX Czech Republic s.r.o. are among the largest manufacturers. They are divisions
of companies that are leaders in their respective industries. As a result, the Czech Re-
public was the eighth-largest exporter in the world in 2020. As for Chinese imports, al-
most 27% came from Thailand, 20% from Indonesia, and 11% from Japan. Despite this,
we observe lower market concentration (0.16) compared to the commodity groups an-
alysed so far. The average distance of China from its import partners is up to 5414 km.
In addition, the average distance between the Czech Republic and importing countries
was 4521 kilometres, and the export concentration was only 0.14. It is noteworthy that,
for the Czech Republic, the seventh-largest supplier to China, the customs rate is 0%, as
it is for most other suppliers. By comparison, as China’s fifth largest supplier on the Pa-
cific coast, El Salvador’s exports are subject to tariffs of up to 35%. Even in this instance,
we can assume that a more efficient logistical connection between the Czech Republic
(or the EU) and China would boost this export.

The Netherlands reported an export gap of over US$8 million for the HS 902750 com-
modity group, which contains other instruments, apparatus, and equipment using op-
tical radiation (ultraviolet, visible, and infrared) mostly used in medicine (e.g. x-rays
or ultrasounds). As the world’s largest importer of this group of commodities, China
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imported over a third from the United States in 2020. Singapore and Japan account-
ed for almost 20% of China’s imports, followed by Germany with a much smaller
8.4% share. According to the methodology, this market can be regarded as moderate-
ly concentrated. The Netherlands, the sixth largest exporter of this commodity group
in the world, has even fewer concentrated exports than Germany (the Herfindahl in-
dex was only 0.06), meaning its exports are “scattered” among many partners. Philips
Healthcare, whose parent business is the Dutch Koninklijke Philips Electronics, is one
of the top producers of these goods. China also applies a 0% tariff. From the perspec-
tive of export growth or the exploitation of the export gap by the Netherlands, rati-
fication of the Comprehensive Agreement on Investment (CAI), which would allow
EU investments to be implemented in China, might have a positive effect on the EU.
China’s commitments under the CAI include the establishment of privately funded
hospitals and foreign-owned clinics in Beijing, Tianjin, Shanghai, Nanjing, Suzhou,
Fuzhou, Guangzhou, Shenzhen, and throughout Hainan Island, as noted by Gigler
(2021). The agreement would also be a big step toward better relations between the EU
and China, which could help China switch from buying American goods to buying
Dutch ones.

The commodity group with the smallest export gap, according to Table 3, is also in-
teresting when considering events from 2020. HS 300432 includes medications, spe-
cifically corticoids or hormones of the adrenal cortex. Hungary was found to have
here an export gap of nearly US$4.7 million. Unlike the other commodity groups list-
ed, they are pharmaceutical industry products. Corticosteroids may be used to treat
anaemia, osteoporosis, and hypertension. They are typically prescribed to patients
with adrenal gland health problems. According to Research and Markets (2021), var-
ious well-known brands such as Pfizer, Novartis, Merck, Sanofi, Johnson & Johnson,
GSK, AstraZeneca, Cipla, and LEO Pharma dominate the market for these pharma-
ceuticals. In terms of exporters, Australia was the leading supplier in 2020, account-
ing for 33.2% of Chinese imports.

Several of the aforementioned enterprises are based in Australia. 2020 and 2021 brought
dramatic changes to trade relationships between Australia and China, which culminat-
ed in a trade war. Australia demanded an independent investigation into the origins
of COVID-19 in 2020, which outraged Chinese officials. They responded with an un-
precedented wave of trade restrictions, which halted the import of several Australian
commodities and led to the severing of economic ties (Wilson 2021). Although the Chi-
nese measures did not have a direct impact on the pharmaceutical business, strained
relations may manifest themselves in these industries soon.

The second greatest percentage of Chinese imports of this commodity group (17.2%) was
recorded by France, which is home to one of the top EU pharmaceutical companies, Sa-
nofi. In Hungary, the pharmaceutical companies mentioned above have multiple branches.
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However, Hungary has not yet exported pharmaceutical products to China, instead prior-
itising exports to countries that are physically closer (the average distance between Hun-
gary and all its import markets is 933 km). China imposes an average import duty of 0%
on this category of goods, creating favourable conditions for Hungarian export growth.
The trade war with Australia, from which Hungary could gain due to its ever-improving
relations with China, and the emerging train connections between the EU and China
within the framework of the BRI, can contribute to the faster and more secure transpor-
tation of pharmaceutical products.

During the COVID-19 crisis of 2020, train lines were used for the rapid transport of a va-
riety of medical necessities. Between January and May 2020, 12,524 tons of anti-pan-
demic materials were transported by train from China to Europe. In less than ten days,
COSCO moved 35 containers from the central Chinese province of Hubei to Duisburg
(Xinhua 2020). However, it is advantageous for the EU to also employ these routes for ex-
ports to China. Corticoids may be one of the most significant export products using
the emerging rail connections. However, the problem with the commodity group is that,
compared to the other commodities with an export gap, it has the most import require-
ments in China (177).

To summarise, five commodity groups with the largest export gap benefit from zero
tarifts when imported from the EU to China. Therefore, reducing customs barriers will
not increase EU exports. The number of import requirements representing non-tariff
barriers for the export of these products to China shows the possibility of exploiting
the identified export gaps by negotiating a trade agreement between the EU and China
that would eliminate these barriers. However, the cautious attitude of EU institutions,
as well as Germany and France, towards China in the current geopolitical situation
does not indicate the prospect of concluding such an agreement in the foreseeable fu-
ture. A relatively high import concentration of Chinese imports in geographically close
countries was observed mainly for the top three commodity groups, including specific
electrical capacitors and printed circuits. EU exports of the commodities concerned flow
to closely located countries. This trade pattern reflects that transportation costs arising
because of the geographical distance between the EU and China represent an important
barrier to export growth, which is in line with the findings of Garcia-Herrero and Xu
(2016), Fardella and Prodi (2017) and Karkanis (2018). The Czech Republic and Hunga-
ry recorded the highest export gaps for three out of the top five commodities. For these
landlocked countries, new railway connections within the BRI represent an important
stimulus for the growth of exports to China (Fardella and Prodi 2017; Karkanis 2018;
Li, Bolton, and Westphal 2018).
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Conclusions

Currently, the high-tech industry plays a crucial role in international business, particu-
larly for economic powers striving to be leaders in the global economy while maintain-
ing their own competitiveness. In this sector, the EU and its member countries achieve
comparative advantages, with Germany and France being the most competitive, as
the article showed. Despite steadily increasing the production and exports of high-tech
products, China remains a significant importer of a variety of high-tech products, par-
ticularly in the fields of electrical and optical devices. This study identified the untapped
potential for high-tech exports of selected EU countries in trade with China and eval-
uated the benefits of the BRI in utilising this potential.

We revealed export potential in the high-tech industry, amounting to US$151,500,000
for all EU countries analysed. Companies from countries such as Germany and France,
which have a dominant position in the high-tech sector within the EU and are also its
largest economies, fully use their comparative advantages, particularly in the fields of avi-
ation, pharmaceuticals, and optical devices. They can meet the demand of the world’s
most populous country because of sufficient production capacities. This was confirmed
by the existence of a relatively small export gap (especially when considering the size
of the economies). Nonetheless, these nations have long been sceptical of strengthening
ties with China under the framework of the BRI initiative.

By contrast, we showed that Greece and Italy, which have the most extensive collab-
oration with China under the BRI, both the value of the export gap and their com-
petitiveness in the export of high-tech products is relatively minor. We conclude that
BRI does not have the potential to facilitate the export of high-tech products to Chi-
na for these countries. Therefore, a “win-win” cooperation cannot be achieved in this
sector.

Electrical machinery and equipment had the largest export gaps (e.g., HS 853224
for the Czech Republic, HS 853400 for Hungary, and HS 853222 for the Netherlands).
For most commodities with an export gap, China prefers geographically closer sup-
pliers. Emerging rail connections and modernised transport within the BRI could
help mainly the CEE countries with the highest untapped export potential to accel-
erate the delivery of high-tech products to Chinese customers. However, this is chal-
lenged by the current situation surrounding the Russian invasion of Ukraine, as many
trains moving from Europe to China pass through Russia, and transport on these
lines was suspended in February and March 2022. China is attempting to use routes
along the southern branch of the BRI, which passes via Kazakhstan, Azerbaijan, Geor-
gia, Romania, Hungary, Slovakia, and the Czech Republic before reaching Mannheim,
Germany.
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Even though most investigated commodities with an export gap are not subject to Chi-
nese customs duties, the conclusion of a modern trade agreement between the EU
and China would help the EU exploit its untapped export potential. It would be a signif-
icant milestone in improving the long-term strained relations between the EU and Chi-
na, which may help shift China’s attention away from importing American or Austral-
ian goods, for instance, towards European ones.

The findings of this study, particularly the identification of specific high-tech goods with
export potential to China, can be used by European businesses in their decision-mak-
ing. They can also help institutions in the studied countries adjust their economic
and trade policies, particularly vis-a-vis China and the BRI initiative, within the field
of supporting infrastructure projects, as well as high-tech industries. From an aca-
demic point of view, the study contributes to the existing literature on the potential
of EU export growth to China, which has not been sufficiently explored yet. Consid-
ering the limitations of the methodology used, we recommend verifying the results by
implementing an alternative methodological approach. We also recommend including
more EU countries in the research.
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Potencjat eksportu produktow zaawansowanych technologicznie
z wybranych panstw cztonkowskich UE do Chin i zwigzane z nim
mozliwosci wynikajace z inicjatywy Pasa i Szlaku

Stosunki gospodarcze UE z Chinami charakteryzuja sie znacznym deficytem handlowym. Zwiek-
szenie unijnego eksportu produktéw zaawansowanych technologicznie, w szczegélnosci do Chin,
jest najlepszym sposobem wyjscia z tej nieréwnowagi. W ten sposéb kraje UE moga skorzystac
z mozliwosci oferowanych przez Inicjatywe Pasa i Szlaku (BRI), ktéra ma na celu poprawe tacz-
nosci miedzy Europa a Azja.

Cel: Niniejsze opracowanie ma na celu identyfikacje niewykorzystanego potencjatu eksportowe-
go produktéw zaawansowanych technologicznie wybranych krajéw UE w handlu z Chinami oraz
ocene mozliwosci wynikajacych z BRI w zakresie wykorzystania tego potencjatu.

Metody badawcze: Aby oceni¢ ogdlny potencjat w zakresie eksportu produktéw zaawansowa-
nych technologii wybranych krajéw UE do Chin, dokonano kalkulacji luki eksportowej przy uzy-
ciu koncepcji ujawnionych przewag komparatywnych.

Ustalenia: Spos$réd badanych krajéw UE najwiekszy potencjat wzrostu eksportu produktéw za-
awansowanych technologicznie do Chin majg Wegry i Czechy. Najwieksze luki eksportowe od-
notowano w przypadku maszyn i urzadzen elektrycznych.

90


https://doi.org/10.1016/j.techsoc.2022.102003
https://doi.org/10.1007/BF02707986
https://doi.org/10.1007/BF02707986
https://foreignpolicy.com/2021/11/09/australia‑china‑decoupling‑trade‑sanctions‑coronavirus‑geopolitics/
https://foreignpolicy.com/2021/11/09/australia‑china‑decoupling‑trade‑sanctions‑coronavirus‑geopolitics/
https://foreignpolicy.com/2021/11/09/australia‑china‑decoupling‑trade‑sanctions‑coronavirus‑geopolitics/
https://wits.worldbank.org/wits/wits/witshelp/Content/Utilities/e1.trade_indicators.htm
https://wits.worldbank.org/wits/wits/witshelp/Content/Utilities/e1.trade_indicators.htm
https://data.worldbank.org/indicator/TX.VAL.TECH.MF.ZS
https://data.worldbank.org/indicator/TX.VAL.TECH.MF.ZS
https://www.wipo.int/pressroom/en/news/2021/news_0001.html
https://www.wipo.int/pressroom/en/news/2021/news_0001.html
http://www.xinhuanet.com/english/2020-06/27/c_139170811.htm
https://doi.org/10.1051/shsconf/20219209018
https://doi.org/10.1051/shsconf/20219209018

The Potential for High-tech Exports from Selected EU Member States to China...

Implikacje i zalecenia: Wyniki badan moga by¢ wykorzystane przez europejskie przedsiebior-
stwa do dostosowania swoich strategii eksportowych. Mogg by¢ réwniez wykorzystywane
przez instytucje rzadowe badanych panstw przy projektowaniu ich polityki gospodarczej i han-
dlowej, szczegdblnie wobec Chin i inicjatywy BRI, w zakresie wspierania projektéw infrastruktu-
ralnych, a takze branz high-tech.

Whkiad i warto$¢ dodana: Opracowanie wnosi wktad do literatury na temat potencjatu wzrostu
eksportu UE do Chin, ktdry nie zostat jeszcze wystarczajaco zbadany. Nowoscig przeprowadzo-
nych badan jest identyfikacja konkretnych produktéw zaawansowanych technologicznie o naj-
wyzszym potencjale eksportowym do Chin.

Stowa kluczowe: Unia Europejska, Chiny, potencjat eksportowy, produkty high-tech

91



Zuzana Kittova, Barbora Druzbacka

Appendix 1. Top 10 export gaps of high-tech products of selected EU countries in trade with China (in 2020) with additional data

The country’s  The country’s | The country’s  The country’s  Average tariff Tariffs on The average The average | Concentration  The average Average The number of
average share share exports to export gap (estimated) products from RCA index IS index of supplying distance distance requirements
) of world of China’s China in 2020 in 2020 applied by the EU of a country of China countries between China between related to
Country HS Code Commodity Group imports imports (million US$)  (million US$) China between 2016  between 2016 andits import  acountryand  the import of
in 2016-2020 in 2020 (%) and 2020 and 2020 partners (km)  all its import = the commodity
(%) markets (km)
The Gaech Fixed electrical capacitors,
Re:ubzl?g 853204 ceramic dielectric, multilayer 1.35 0.00 0.33 21.69 0% 0% 1.45 3.66 0.24 2199 906 38
(excluding power capacitors)
Hungary 853400 | Printed circuits 0.64 0.02 2.30 11.54 2.69% 0% 1.00 2.16 0.24 1740 1227 41
T Fixed electrical capacitors,
Ne:herlands 853222 aluminium electrolytic 3.33 0.05 0.82 9.77 0.28% 0% 1.180 2.677 0.22 3143 1020 38
(excluding power capacitors)
The Czech Fixed electrical capacitors,
Reouble azazpy | tanMalum (excluding power 7.44 0.26 1.86 8.91 1.29% 0% 7.44 2.93 0.16 5414 4521 38
P capacitors)
T Instruments and apparatus
Ne:herlands 902750 for physical or chemical 4.38 0.54 12.62 7.90 0.95% 0% 1.44 1.93 0.17 6554 3154 N/A
analysis, using UV ...
Fuel elements “cartridges”,
Germany 840130 | non-irradiated, in casing with 10.21 0.00 0.00 7.37 1.50% 2% 1.17 1.27 0.72 8371 584 35
handling fixtures ...
The Crech Headphones and earphones,
Republic gs1gao | Whether or not combined 214 0.00 0.00 5.99 2.80% 0% 2.34 1.24 0.68 2517 995 40
with microphone, and sets ...
The Czech .
Republic 902710 Gas or smoke analysis apparatus 3.50 0.06 0.51 5.85 3.75% 4% 3.20 1.33 0.17 6296 2370 40
Uranium enriched in U 235 and
its compounds: plutonium
France 284420 | e compounds; alloys, 12.59 0.00 0.00 4.93 4.70% 5% 9.41 1.23 0.38 5466 5232 17
dispersions, ...
Medicaments containing
Hungary 300432 | corticosteroid hormones, 1.45 0.00 0.00 4.69 0% 0% 2.27 1.43 0.18 8127 933 117
heir derivatives ...

Source: processed based on own calculations of data from International Trade Center 2022a.
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Abstract

Inflation expectations are a crucial variable for central banks. However, empirically examining
their properties is challenging. This paper juxtaposes the properties of consumer and pro-
fessional expectations. It also assesses the degree of forward- and backward-lookingness
and the information content of expectations. We apply entropy-based measures (common
information and mutual common information) to capture nonlinear dependencies and dy-
namic time warping to account for different lags in the relationships. The study covers 12
inflation-targeting economies from the European region. The results suggest that in most
countries, professionals are more forward-looking, and consumers follow professionals. Both
groups of economic agents present expectations that are aligned in terms of information con-
tent. However, cross-country differences occur. These results imply that, from the central
bank’s point of view, communication and practices designed to shape expectations, even if
understood mostly by specialists, are effective also for consumers. The novelty of this study
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lies in its use of alternative methods to tackle the formation and dependencies between heter-
ogeneous expectations. This avoids the drawbacks of a standard approach and allows broader
conclusions to be drawn.

Keywords: inflation expectation, mutual information, dynamic time warping
JEL: C82,D84,E31
Introduction

Empirical studies have shown that expectations vary across different groups of economic
agents, and they display different properties (Gerberding 2001; Lyziak and Mackiewicz-Ly-
ziak 2014; Lyziak and Sheng 2023). Even within the same group of economic agents, there
is a dispersion of expectations due to different cognitive abilities (D’Acunto et al. 2019),
personality traits (Abildgren and Kuchler 2021) or economic characteristics (Zhao 2022).
Macromodels assume homogeneity of expectations, although this assumption does not
hold when expectations are studied empirically. The question of whose expectations mat-
ter more for the evolution of inflation remains unanswered. Coibion and Gorodnichenko
(2015) found that consumer expectations are more important for the economy’s price-set-
ting patterns than those of specialists. When expectations are disaggregated according
to socioeconomic or demographic characteristics, high-income, college-educated, male,
and working people play a larger role in inflation dynamics than other consumers or pro-
fessional forecasters’” expectations (Binder 2015).

This study highlights the limitations of current methods for assessing expectation
properties. These methods often ignore time series characteristics like non-stationarity
and non-linearity of dependencies when estimating regressions. Additionally, they as-
sume a constant lag structure of inflation and inflation expectations. We address these
issues in Section 2. Standard econometric methods used to measure forward-looking-
ness, backward-lookingness, and co-movements of expectations suffer from practical
application problems. The residuals from the estimated regressions rarely meet the as-
sumptions. To overcome these limitations, we apply a novel methodology based on dy-
namic time warping distance using distance measures rather than regression estimates
and common information measures to capture linear and nonlinear dependencies.
The proposed method offers deeper insights into the dependencies between time se-
ries studied than standard methods by providing a more comprehensive analysis.

This study investigates the relationship between consumer and professional expectations
of inflation. We analyse the co-movements and information content of these expecta-
tions, along with their forward- and backward-looking nature. Utilizing a unique data
set on consumer and professional expectations, we also examine how inflation expecta-
tions co-move. This study addresses the following questions:
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QI: Do the inflation expectations of professionals carry the same information content
as consumer expectations?

Q2: Is the common information between consumer and professional expectations the ef-
fect of a transfer of inflation information?

Q3: Are consumers more backward- or forward-looking?
Q4: Are professionals more backward- or forward-looking?

The study employs a novel method utilizing entropy-based and distance measures. To as-
sess the degree of backward- or forward-lookingness of expectations, we use the dynamic
time warping (DTW) algorithm, incorporating the windowing technique proposed by
Rutkowska and Szyszko (2022). Additionally, to assess information carried by the infla-
tion expectations of professionals and consumers, we use mutual information that can
be interpreted as the “amount of information” obtained about one random variable by
observing another.

The sample includes Albania, Czechia, Hungary, Kazakhstan, Norway, Poland, Roma-
nia, Russia, Serbia, Sweden, Turkey and the UK. We selected small open economies
from the Eurasia region because they conduct independent monetary policy, and their
central banks implement inflation targeting (IT) as a monetary policy framework. This
strategy focuses on managing expectations. Thus, the issue of expectation formation
and co-movements is crucial from a central bank perspective. The research period var-
ies depending on the year each country adopted IT adoption and ends for all coun-
tries in June 2019.

Professional expectations are measured using Consensus Forecasts from Consensus Eco-
nomics data, which are transformed into fixed-horizon forecasts. Consumer expecta-
tions for European Union Member States and Albania (complemented by central banks’
data before May 2016), Serbia, Turkey, and the UK are derived from Business and Con-
sumer Surveys. For Kazakhstan, Norway and Russia, we use survey results published
by their national central banks.

DTW is often used to overcome distortions by aligning and classifying time series
and helping to classify it (El Amouri et al. 2022). It has attracted significant research at-
tention in economics because it imposes no specific conditions on time series or lags.
DTW has been used to detect recessions (Raihan 2017), the clustering of business cy-
cles (Franses and Wiemann 2020), and pattern recognition in stock markets (Han
et al. 2020). The work most closely related to ours is Rutkowska and Szyszko’s (2022)
first attempt to analyse the forward- and backward-lookingness of consumer expecta-
tions for seven small open economies: Croatia, Czechia, Hungary, Poland, Romania,
Sweden, and the UK. Our paper builds on this previous study in three key ways:
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1. We test the properties of two groups of economic agents (consumers and profes-
sionals).

2. We expand the sample to include 12 economies that have implemented IT.
3. We consider the co-movement of consumer and professional expectations.

The second method applied — mutual information and conditional mutual information
— allows us to determine how much information can be obtained about the expectations
of one group of agents by observing another group. This methodology has already been
used to find information flow between economic and financial variables, including as-
set prices (Lahmiri and Bekiros 2020; Bedowska-Séjka, Kliber, and Rutkowska 2021;
Ferreira and Morais 2023).

The remainder of this paper proceeds as follows: The next section briefly reviews stand-
ard methods to assess expectations properties, and the third section describes the meth-
ods and data used in the study. The fourth section presents the results. The paper ends
with conclusions.

The standard method to assess properties of expectations

This paper focuses on the forward- and backward-lookingness of inflation expecta-
tions. These characteristics describe the degree to which inflation expectations are
shaped by past inflation trends (backward-lookingness, BL) or future inflation trends
(forward-lookingness, FL). When economic agents forecast inflation, they may consid-
er only past inflation (BL) or base their forecasts on numerous forward-looking fac-
tors (FL).

Pure forward-looking behaviour is one of the characteristics of rational expectations,
as presented by Muth (1961) and introduced to macroeconomic models by Lucas Jr.
(1972; 1976)*. However, neither rationality of expectations nor pure forward-looking-
ness hold empirically. Thus, expectations regarding their degree of FL or BL (hybrid)
are studied.

The standard procedure to assess the degree of BL and FL involves identifying the for-
ward-looking component of expectations and the backward-looking component.
The backward-looking component refers to the adaptive expectations hypothesis?

1 Rational expectations exhibit several features, unbiassedness and orthogonality being the most im-
portant. We refrain from their detailed description in this paper, as our intentions are mostly about
a novel method.

2 Assumes that past inflation, past expectations presented and expectation errors drive inflation.
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(Eq. 1) or static expectations® (Eq. 2eq:2). Two specifications of the hybrid nature
of expectations are presented below.

e —
Ty =0 T OO,y +

(1 — )[Wf—zh_m + a; (Wf_z‘t_m -7, )] +¢, (1)

e

Ty = O T OGT, ) T+ (1 — >7Tt—2 TE, (2)

where:
T \12¢ 18 the expected inflation rate at time 7 +12 formed at time ¢,

T,., 18 the actual inflation at 412 (analogous to the meaning of other subindi-
ces), and

g, 1s the white noise error.
For both models, the expectations are entirely forward-looking if o, =0 and o, =1.

Equations 1 and 2 differ in terms of how they understand a non-forward-looking com-
ponent of expectations. The second model (Eq. 2) - the static specification - is more in-
tuitive and aligned with the method applied in this study. It simply assesses the degree
to which expectations incorporate past inflation (BL) and future inflation (FL). Both
methods should be applied to stationary time series. However, in practice, neither in-
flation nor expectations are stationary, especially when in emerging or transition econ-
omies. Despite this, most studies do not report stationarity or unit root tests. It is often
assumed that time series are stationary over the medium and long term, as forming un-
biased expectations in a nonstationary environment would, in many circumstances, be
an implausibly demanding task (Evans and Gulamani 1984).

The estimator is a separate element on which the results depend; it is somewhat arbi-
trary and must be selected before analysis. The endogeneity problem makes ordinary
least squares (OLS) estimations inconsistent. Therefore, a common solution is the regres-
sion of instrumental variables (two-stage least squares (2SLS) estimation). However, this
choice is associated with inaccuracy due to large standard errors, bias when the sample
size is small, and bias in large samples if one of the assumptions is only slightly violated
(Martens et al. 2006). The issue of weak instruments and their consequences has been
extensively discussed in the literature (Staiger and Stock 1994; Stock and Wright 2000;
Hahn, Hausman, and Kuersteiner 2004).

3 Assume that past inflation drives expectations.
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The standard specification imposes a fixed structure of lags, as reflected in the subindi-
ces of our equations. The T +12-month horizon of expectations relates to the survey
questions where consumers were asked about their price level estimates for the next 12
months. Their expectations are juxtaposed with actual inflation over a one-year hori-
zon and past inflation. Past inflation from two months before the survey is considered
(t —2) because this is the most recent inflation available for consumers due to the sur-
vey schedule and macroeconomic data publication calendar. For instance, if we use
the June survey as an example, the respondents could be aware of April inflation (pub-
lished at the end of May). Moreover, consumers need time to process economic infor-
mation. Thus, a two-month lag is the shortest period that seems justified.

When examining the alignment of disagreement between different groups of eco-
nomic agents, the traditional approach offers limited procedures. One of them is
to run standard Granger causality tests, as presented by Lyziak (2013). These tests are
often incorporated into theoretical models, such as Carroll’s (2002) epidemiological
theory of expectations, to assess the dependencies between the expectations of dif-
ferent groups of economic agents. The epidemiological theory of expectations posits
that consumers form their expectations based on media news spread by professionals.
Empirical testing of this model often reveals that consumers are influenced by pro-
fessionals. Specifically, Granger causality from the professional forecasts (presented
in the media) to consumer expectations exists, but the reverse is not true. To identify
the long-run relationship between the expectations of different groups of econom-
ic agents, vector error correction models are estimated and impulse responses are
tested. Drager (2015) applied a similar procedure to identify dependencies between
consumer and professional expectations.

An alternative, theory-consistent approach to comparing the expectations of consumers
and professionals involves estimating the New-Keynesian Phillips curve to determine
which group’s expectations enhance its accuracy. The Phillips curve represents infla-
tion equations in new neoclassical synthesis models. It links inflation to expected
inflation, lagged inflation, and the output gap (or another measure of economic slack).
The baseline version of the model assumes heterogeneous, rational economic agents.
Nonetheless, more empirically consistent versions allow for different specifications of
expectations (forward- or backward-looking) and heterogenous economic agents. The
heterogeneity in expectations representation can indicate whether one group of eco-
nomic agents (as presented by Coibi- on and Gorodnichenko (2015; 2018)) or a sub-
group with specific features (as presented by Binder (2015)) augments the Phillips curve
specification.
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Methodology

The empirical section consists of two parts. In the first part, we use different entropy
measures to assess the common information carried by the expectations of different
agents. In the second part, we compare the properties of their inflation expectations
using DTW. We briefly introduce basic concepts and notions from the information
theory used in the first step and DTW. In the next step, we present the study sample
in detail.

Mutual information, conditional mutual information, and the global
correlation coefficient

To analyse the connection between variables, we use entropy-based measures: mutual
information, conditional mutual information, and the global correlation coefficient. Let
us consider two random variables, X and Y, each described by its probability distribu-
tions (P, and P,, respectively). The entropy measures the expected uncertainty in X.
We can also say that H (X) is approximately equal to how much information we learn

on average from one instance of random variable X (see Eq. 3).

H(X)-=)_ P(X=ux)log(P(X=x)) )

Joint entropy measures the uncertainty when jointly considering two random variables,
following Eq. 4.

H(X.Y)=-H(X,Y)==) ()

x,eX

Mutual information (Eq. 5) measures the information about one random variable con-
tained in another random variable. It can also be interpreted as the reduction in un-
certainty of a random variable if another variable is known. Importantly, it captures
the overall dependence, both linear and nonlinear, between X and Y.

I(X,Y)=H(X)+H(Y)-H(X.Y). (5)

Mutual information is always positive /(XY )>0 and equals 0 onlyif X and Y arein-
dependent. To normalise mutual information to take values from 0 to 1 (and be an alter-
native measure to the linear correlation coefficient), it can be transformed into the global
correlation coeflicient A (as proposed in (Dionisio, Menezes, and Mendes 2004):

MX.Y)=J1-exp(-21(X.Y)). (6)
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Conditional entropy quantifies the amount of information required to describe a ran-
dom variable X given knowledge of a random variable Y, and is defined as follows:

H(X|Y)=H(X,Y)-H(Y). (7)

For a clear view of entropy measures and the relationship between them, see Figure 1.
Assume that X represents consumer expectations and Y represents professional expec-
tation. Then, H (X |Y) describes the remaining uncertainty about X given Y, i.e., what
new information about X remains after knowing the professionals’ expectations.

Conditional mutual information, proposed by Dobrushin (1963) and Wyner (1978),
quantifies the average mutual information between random variables X and Y given
knowledge of a third variable, Z. Conditioning on a third random variable may either
increase or decrease the mutual information. For random variables X and Y, Z is de-
fined according to Eq. 8

I(X,Y|1Z)=H(X,Z)+H(Y,Z)-H(Z)-H(X.Y,Z). (8)

If Y only reveals information about X that Z already reveals, it holds /(X,Y |Z)=0.1If
X and Yareindependentbut Z =X +7Y ,then /(X,Y | Z)=1. That means that ¥ only
reveals useful information about X after observing Z . The relationships among the three
variables are presented in Figure 2. Equation 8 can be rewritten to show its relationship
to mutual information as:

I(X.,Y|Z2)=1(X,Y,Z)-1(X,Z). (9)

Assume again that X represents consumer expectations and Y represents professional
expectations, while Z is inflation two months ago, that is, it was known and published
at the time of surveying expectations. /(X,Y | Z) is the common part of the informa-
tion carried by the expectations of professionals and consumers but not the part that
consumers have in common with inflation.
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Figure 1. Visualisation of mutual information and entropy relationships

Source: own elaboration.

Figure 2. Visualisation of conditional mutual information and multivariate entropy relationships

Source: own elaboration.

Dynamic time warping

DTW is an algorithm for measuring the similarity/distance between two temporal
sequences, which may vary in time or speed. Let us assume that we have two time se-
ries: a test, or query, X = (xl,...,xN), and a reference Y = (yl,...,yM). J is anon-neg-
ative, local dissimilarity function defined between any pair of elements x, and y,
with the shortcut d (n,m)= f(x,,»,)>0. In the first step, the accumulated distance
(cost) matrix is calculated. Matrix D satisfies the following identities:
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. D(n,l):zn:d(xk,yl),for nE[l:N],

k=1

. D(1,m) Zd X, ¥, ), for me[l: M|,

k=1

. D(n,m):min{D(n—l,m—l),D(n—l,m),D(n,m—l)}—i—d(n,m),
forl<n<N and l<m<M.

The optimal path p* = ( Disees P L) is computed in the reverse order of the indices, start-
ing with p, =(N,M). Suppose that p, =(n,m) has been computed. If (n,m)=(1,1)
then /=1, and we are finished. Otherwise,

(l,m— ), ifn=1
. (n—11), itm=1
P =1 argmin{D(n —1,m— 1),D(n — l,m),
D(n,m—1)}, otherwise,

where we take the lexicographically smallest pair in case “argmin” is not unique.
At the core of the technique lies the warping curve gb(k),k =1...,T:

o(k)=(0.(k).0, (k) (10)

with ¢, (k) €L..,N and ¢, (k) €l,..,M , with assumptions ¢x(k+l)2¢x (k)
and ¢y (k + 1) > gby (k)

The warping functions ¢, (x) and ¢(y) remap the time indices of X and Y, re-
spectively.

DTW = i:d(gb(k)). (11)

k=1

To normalise DTW, we use Equation (12):

d(@, (k).9, (k))m, (k)

T
k=1 M,

X Y = ) (12)

where m, (k) is a per-step weighting coefficient and M, is the corresponding normal-
isation constant The idea underlying DTW is to find the optimal alignment that
minimises the distance between two time series, as presented in Figure 3, according to
Equation (13).

D(X,Y)=min,d,(X,Y). (13)
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In other words, one selects the deformation of the time axes of X and Y that brings
the two time series as close as possible to each other. To make this alignment mean-
ingful for a particular use, a global constraint, or window, explicitly forbids warping
curves from entering some region of the (i, /) plane.

¢, (k)—o, (k)| <T, (14)

where the warping curve ¢(k),k=L...,T and T, is the maximum allowable abso-
lute time deviation between two matched elements. Windows for forward and back-
ward-lookingness were first presented by Rutkowska and Szyszko (2022). Forward refers
to the upper triangular part of the distance matrix, while backward refers to the low-
er part, as shown in Figure In our study, DTW inference is performed in the follow-
ing steps:

1. Calculate DTW distance with forward-looking windows.
2. Calculate DTW distance with backward-looking windows.

3. Compare distances — the lower the distance, the stronger the properties.

Figure 3. The idea of time-series alignment in the DTW algorithm

Source: Rakthanmanon et al. 2012.
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Figure 4. Backward- and forward-looking windows
Source: Rutkowska and Szyszko 2022.

Data and study steps

The sample covers 12 small open economies classified as European and implementing
IT: Albania, Czechia, Hungary, Kazakhstan, Norway, Poland, Romania, Russia, Serbia,
Sweden, Turkey, and the UK. We selected these countries because they run independent
monetary policies under similar IT frameworks, which clearly demonstrates the need
to focus monetary policy on the expectations of private agents. Despite the common IT
frameworks, the sample is diverse in terms of economic development, which enables
the recognition of the dependencies and co-movements of expectations among the dif-
ferent economies. The coverage of this study constitutes a novelty because most previ-
ous studies are about world-leading economies. The sample is suitable for testing a new
method, and the study provides new insights into the economies covered. The research
period varies according to the year each country adopted IT, as presented in Table 1.

Table 1. Research sample

Country No. of observations First observation
Albania 138 Jan. 2008
Czechia 222 Jan. 2001
Hungary 199 Dec. 2002
Kazakhstan 46 Sep. 2015
Norway 222 Jan. 2001
Poland 196 Mar. 2003
Romania 174 Jan. 2005
Russia 69 Oct. 2013
Serbia 90 Jan. 2009
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Country No. of observations First observation
Sweden 222 Jan. 2001
Turkey 162 Jan. 2006
UK 222 Jan. 2001

Source: own elaboration.

In this study, we use three main series: (i) survey-based proxies for consumer inflation
expectations, (ii) Consensus Economics’ Consensus Forecast data on professional ex-
pectations, and (iii) the inflation rate (standard CPI-based inflation measure published
by national statistical offices).

Consumer expectations are derived from Business and Consumer Surveys for European
(European Commission 2016), Union Member States and Albania (complemented by cen-
tral bank’s data before May 2016), Serbia, Turkey, and the UK. The surveys do not cover
Kazakhstan, Norway, or Russia, so we used survey data provided by the central banks
of these economies. All surveys, except for those from Russia, are qualitative. Consumers
are asked about the direction and strength of the price change compared to current infla-
tion®. Expectations are quantified with the probabilistic method by Carlson and Parkin
(1975) adjusted for the polychotomous (five response) survey as presented by Batchelor
and Orr (1988). The method and procedure are widely accepted, so a detailed descrip-
tion is not provided here. For the dataset provided by the Business and Consumer Sur-
veys, we applied a subjectified version of the quantification that assumes that perceived
inflation is first quantified and then used as a scaling factor to quantify expectations.
We applied a 36-month moving average of past inflation as a scaling factor for infla-
tion perceptions. This two-step procedure weakens the relationship between expectations
and inflation.

Professional expectations are derived from Consensus Economics’ Consensus Forecast
data. As these forecasts are fixed-event forecasts, we apply a method to transform them
into fixed-horizon (12-month) forecasts (as Dovern, Fritsche, and Slacalek 2012). We in-
vestigate the dependencies of 12-month forecasts of consumers and professionals be-
cause this is the only horizon available for consumers. Consensus Forecast survey partic-
ipants present the inflation forecast at the end of the current and the next calendar year.
We approximate fixed-horizon forecasts as a weighted average of fixed-event forecasts.

Fl o (x) denotes the fixed event forecast of variable x foryear y, formulated in month m

4 The survey question for perceived inflation is as follows: ‘How do you think consumer prices have de-
veloped over the last 12 months?’ The answers to choose from include the following: ‘They have... ris-
en a lot, risen moderately, risen slightly, stayed about the same, fallen, don’t know’. The survey ques-
tion for the expected inflation rate is as follows: ‘When compared to the past 12 months, how do you
expect consumer prices to develop in the next 12 months?’ The answers to choose from included
the following: ‘They will... increase more rapidly, increase at the same rate, increase at a slower rate,
stay about the same, fall, don't know’.
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of the previous year, y, =y, — 1. Let F| y’; 2 (x) be the fixed horizon, twelve-month-ahead
forecast made at the same time. The fixed horizon forecast for the next twelve months is
approximated as an average of the forecasts for the current and next calendar year weight-
ed by their share in the forecasting horizon (Dovern, Fritsche, and Slacalek 2012):

Froo)=22mm ey lpe (), (15)

Yo,m,12 1 2 YosmM,Yo 12 Yo,

Results

Common information in expectations and past inflation

Mutual information analysis addresses the common information embedded within
the expectations of both economic agents and past inflation. Conditional mutual infor-
mation provides an overview of the alignment within a conditional context, specifically
when past inflation is excluded as coordinating information. Table 2 presents the nor-
malized mutual information between professional and consumer expectations, as well
as the normalized mutual information between expectations of both groups and lagged
inflation.

Romania exhibits the highest mutual information for professionals and consumers’
inflation expectations, while the UK and Czechia show the lowest values. In the con-
text of expectations, the economic interpretation of the common information sug-
gests that professional and consumer expectations contain the same information
or are aligned, as represented by the normalised mutual information coefficient
(for example, approximately 76% for Poland).

This measure shows how much the expectations of one type of economic agent
tell us about those of another. However, mutual information does not allow us to
conclude about causality. Thus, the results can only be interpreted in terms of
alignment. Mutual information is also referred to in terms of reducing the uncer-
tainty of a random variable if another is known. In this case, it is more intuitive
to refer to the reduction in consumer expectation uncertainty due to knowledge
of professional expectations. This approach aligns with Carroll’s epidemiolo-
gical theory of expectations. However, the measure applied need not be applied
only in one direction.

The strongest alignment of expectations between professionals and consumers occurs
in our sample of countries with disturbed disinflation processes. This suggests that,
under such circumstances, past inflation is a major factor that affects expectations for
both groups of economic agents. The central banks of Czechia and the UK, for which
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the time series behave the most independently, conduct forward-looking (inflation
forecast-based) monetary policies. They were successful at keeping inflation at the tar-
geted level during the period studied.

Table 2 also presents common information between expectations and inflation for both
professionals and consumers. It contributes to the debate about the backward-looking-
ness of expectations, as it presents the common information in the expectations series
and realised inflation (again lagged by two months). The case of Czechia and the UK,
the two economies with the lowest mutual expectation information, is worth noting.
In the UK, professionals exhibit low common information with past inflation, while
that of consumers is high. Conversely, the opposite is true for Czechia. Our findings
for most other sample countries except Norway mirror those of Czechia — lower mu-
tual information between consumer expectations and past inflation than for profes-
sionals and inflation. The results of past studies suggest that consumers are more
backward-looking than professionals, and they rely more on past inflation when for-
mulating their expectations. Thus, we might expect greater alignment of expectations
with past inflation for consumers, which is not true for this sample. However, this result
does not necessarily mean that consumers are more forward-looking. It could mean
that households ignore economic information when forming their expectations or are
driven by their inflation perceptions, which normally differ substantially from actual
inflation, as is well documented in the economic literature.

Table 2. Normalised mutual (I) information between professionals,
consumers, and past and current inflation

o Professionals vs Professionals vs inflation =~ Consumers vs inflation
consumers (lag2) (lag2)
Albania 0.6994 0.7714 0.6636
Czechia 0.5279 0.7947 0.4418
Hungary 0.8423 0.9013 0.8058
Kazakhstan 0.6069 0.9184 0.6069
Norway 0.6729 0.6890 0.9331
Poland 0.7598 0.8911 0.7149
Romania 0.8701 0.8947 0.8178
Russia 0.5206 0.6779 0.5448
Serbia 0.8298 0.7456 0.6411
Sweden 0.6392 0.7283 0.6474
Turkey 0.7041 0.7527 0.6519
UK 0.4977 0.4976 0.7645

Source: own calculations.
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Table 3. Mutual information (l) between professionals and consumers

conditioned by two-month lagged inflation

| (professionals, consumers)

Country | (professionals, consumers) conditioned inflation (lag2))
Albania 0.3358 0.3443
Czechia 0.1634 0.3100
Hungary 0.6180 0.2480
Kazakhstan 0.2297 0.0402
Norway 0.3015 0.1311
Poland 0.4305 0.2643
Romania 0.7075 0.2697
Russia 0.1580 0.1530
Serbia 0.5834 0.5199
Sweden 0.2626 0.3055
Turkey 0.3424 0.2881
UK 0.1423 0.3290

Source: own calculations.

The conditional mutual information analysis presented in Table 3 sheds light on the in-
formation content of expectations among different groups of economic agents.

First, the mutual information between the three time series — the expectations of both groups
of economic agents and inflation - varies from 14% for the UK to 71% for Romania. It reveals
the cross-country differences between the alignment of expectations and inflation.

Second, conditional mutual information is analysed. It represents the common infor-
mation incorporated into the expectations of consumers and professionals, assuming
that the information incorporated in past inflation is excluded (i.e., it is not a factor that
coordinates the time series). The conditional mutual information coefficient represents
the common information about inflation drivers based on other information. This coeffi-
cient reflects a more specific alignment of expectations, conditional on excluding one var-
iable. In our sample, this alignment varies from 4% in Kazakhstan to 52% in Serbia. When
the content of information incorporated into past inflation is excluded, the alignment
between series is, on average, lower. This means that an important portion of the com-
mon information is about past inflation.

Third, comparing mutual information and conditional mutual information reveals
that, for all cases, mutual information is greater than conditional mutual information.
This suggests that the common information shared between professional and consum-
er expectations is based on the information content of past inflation. As both groups
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of economic agents are partially backward-looking, the results confirm the importance
of past inflation in shaping expectations.

Fourth, comparing mutual information among professionals, consumers, and past infla-
tion and conditional mutual information (excluding information incorporated into past
inflation) reveals two distinct cases:

1. In Hungary, Kazakhstan, Norway, Poland, Romania, Russia, Serbia and Turkey, is
when common information for three variables is greater than conditional common
information. This situation is standard: knowing past inflation reduces the uncer-
tainty of inflation expectations and strengthens the alignment between series.

2. In Albania, Czechia, Sweden and the UK, conditional mutual information outper-
forms mutual information, meaning that knowing past inflation does not reduce un-
certainty; the information content in expectations differs from past inflation.

The forward- and backward-lookingness of expectations

We used a DTW algorithm to approximate the degree of forward- and backward-
lookingness of expectations. Note that the notions of FL and BL replicate the theo-
retical approach as described in Section 2; nonetheless, they do not bear the same
meaning. The important difference is that we do not compare expectations with past
or future inflation for a fixed horizon. Table 4 presents results for professionals, while
those for consumers are shown in Table 5.

Table 4. Professional inflation expectations, forward- and backward-lookingness

Country Forward Backward Backward ., - forward
Albania 0.1466 0.2128 0.0662
Czechia 0.2258 0.3057 0.0799
Hungary 0.2766 0.4032 0.1267
Kazakhstan 0.2785 0.8283 0.5497
Norway 0.1079 0.2897 0.1818
Poland 0.1621 0.3095 0.1474
Romania 0.3694 0.5096 0.1403
Russia 0.5287 0.7002 0.1715
Serbia 0.5475 0.4945 -0.0529
Sweden 0.1315 0.1267 -0.0049
Turkey 0.3372 0.5045 0.1674
UK 0.1893 0.2942 0.1049

Source: own calculations.
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Table 5. Consumer inflation expectation properties

Country Forward Backward Backward ., - forward .,
Albania 0.0499 0.3302 0.2803
Czechia 0.2354 0.5318 0.2964
Hungary 0.4674 0.3466 -0.1208
Kazakhstan 0.8799 1.1500 0.2701
Norway 0.1906 0.1244 -0.0662
Poland 0.1764 0.3578 0.1814
Romania 1.1675 0.4702 -0.6973
Russia 2.2784 2.5133 0.2349
Serbia 0.7550 0.4661 -0.2888
Sweden 0.1984 0.3714 0.1730
Turkey 1.6659 0.7909 -0.8750
UK 0.2110 0.2067 -0.0042

Source: own calculations.

Comparing Forward , , and Backward , is the first step in presenting the results. When
the forward-looking distance is lower than the backward-looking distance, we consider
expectations to be based more on the future evolution of inflation (compared to ratio-
nal expectations). Professional expectations (see Table 4) are more forward-looking
for almost all countries except Serbia and Sweden. In Kazakhstan, the distance between
professionals’ expectations and future inflation and expectations and past inflation is
the greatest, which suggests the most forward-looking expectations in the sample.

When consumers are considered (see Table 5), in six out of the twelve economies (Alba-
nia, Czechia, Kazakhstan, Poland, Russia, Sweden), consumers are more forward-look-
ing than backward-looking. However, the distance between expectations and past in-
flation is lower in Hungary, Norway, Romania, Serbia, Turkey and the UK. Note that
in the case of Norway and the UK, the difference between FL and BL distances is neg-
ligible, making these cases inconclusive.

When comparing the FL or BL distances reported for professionals and consumers,
both distances are higher for consumers. This means that they exhibit a lower
ability to recognise past or future economic situations. Consumer expectations in
Turkey, Russia and Kazakhstan are much further from actual inflation than in other
countries. In these economies, the disinflation process was interrupted. Russia and
Kazakhstan are also the most recent adopters of IT (see Table 1). Moreover, these
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economies are characterized by a relatively weak institutional environment where
political factors have a strong influence on the economy. The formation of infla-
tion expectations in such an environment is disrupted.

Alignment of expectations among professionals and consumers

Finally, this section presents the DTW-based result that reports co-movements of ex-
pectations between the two groups of economic agents. Table 6 shows the dependencies,
which we understand as follows:

Consumer (professional) expectations follow professional (consumer) expectations if
the distance between consumer (professional) expectations and future (forward) profes-
sional (consumer) forecasts is lower than between consumer (professional) expectations
and past (lagged) professional (consumer) expectations.

In most cases, professional expectations preceded those of consumers. The situation
when professional expectations precede those of consumers could be considered a stand-
ard: more educated economic agents — professionals — present their forecasts and dis-
cuss them in media. It is more likely that households use professional forecasts as driv-
ers of their forecasts than vice versa. This is the case for most countries in our sample.
In Romania and Turkey, the difference between the “consumers follow professionals”
and “professionals follow consumers” cases is the most visible.

In Albania, Czechia, and Sweden, consumers do not follow professionals when follow-
ing is represented by the shortest distance between professional and consumer expec-
tations considered at different lags. The situation in Poland and the UK is inconclusive,
as the difference between distances is negligible.

The most significant distances occur in Russia, regardless of which time series is con-
sidered first. This coincides with one of the lowest mutual information values for this
economy between time series. However, in most cases, mutual information does not
translate into lower distances between time series.

Table 6. Professional vs. consumer distances according to DTW

Country Forward Backward ,, Backward . - forward .,
Albania 0.4091 0.1971 -0.2120
Czechia 0.5711 0.2467 -0.3243
Hungary 0.3128 0.5901 0.2773
Kazakhstan 0.5532 0.9844 0.4313
Norway 0.0817 0.2122 0.1304
Poland 0.2152 0.3053 0.0900
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Country Forward Backward ., Backward . - forward .,
Romania 0.2545 1.3904 1.1359
Russia 2.2324 2.5541 0.3217
Serbia 0.3552 0.5806 0.2254
Sweden 0.3351 0.2332 -0.1019
Turkey 0.3865 1.3225 0.9360
UK 0.3813 0.4346 0.0532

Note: Forward , (first column) presents the distance between consumer expectations and (forward) professional
expectations. Backward, . (second column) presents the distance between consumer expectations and (lagged)
professional expectations. A smaller forward distance means that consumers follow professionals - a positive
value in the third column.

Source: own calculations.

Conclusion

This paper presented an empirical study employing a novel combination of mutual in-
formation measures and the DTW algorithm, thanks to which we were able to obtain
interesting conclusions. Mutual information captures all dependencies (including non-
linear dependencies) and quantifies how much we can learn about one variable from
knowing the values of another variable. The DTW algorithm does not require any as-
sumption about time series, and because we do not assume a time shift between them,
we redefine forward- and backward-lookingness without specifying a particular lag.
However, it is difficult to draw any specific conclusions if the results of distance differ-
ences or different configurations of mutual information are small. This study’s novelty
also concerns the empirical results provided. The applied method allows us to investi-
gate expectations from different perspectives than the standard method by accounting
for non-linearities and non-stationarity in time series.

Our findings and responses to the research questions can be summarised as follows.
The strongest alignment of expectations between professionals and consumers occurs
in countries with disrupted disinflation processes over time (Romania and Turkey).
Nonetheless, informational coordination between both groups of economic agents ex-
ists, ranging from 50% to almost 90% (Q1). A significant portion of the common in-
formation is about past inflation, regardless of whether professionals or consumers are
studied. In all cases, mutual information is greater than conditional mutual informa-
tion (Q2). Our sample is balanced considering consumers’ forward- or backwards-look-
ingness (Q3). In six countries, the distance between expectations and future inflation is
lower than between expectations and past inflation. Expectations mimic past inflation
more than future inflation in four economies, while the results for two countries are

112



Consumer and Professional Inflation Expectations - Properties and Mutual Dependencies

inconclusive. Professional expectations display a lower distance to future inflation in ten
out of the twelve economies (Q4).

In terms of future research, a country-level examination that considers local monetary
policies and economic circumstances would shed more light on the reported relation-
ships. Given this study’s focus on methodology, the results are only presented with a gen-
eral commentary.
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Oczekiwania inflacyjne konsumentow i profesjonalistow
- wiasnosci i wzajemne zaleznosci

Oczekiwania inflacyjne sa kluczowg zmienng dla bankéw centralnych. Jednak empiryczne
badanie ich wtasciwosci stanowi wyzwanie. Celem tego badania jest poréwnanie wtasciwo-
$ci oczekiwan konsumentéw i profesjonalistéw oraz ocena nastawienia na przysztosé i in-
formacji zawartej w oczekiwaniach tych grup uczestnikéw rynku. W badaniu zastosowano
miary oparte na entropii, aby uchwyci¢ nieliniowe zaleznosci miedzy zmiennymi i algorytm
dynamicznej transformaty czasowej (DTW) oraz uwzglednié¢ rézne opdznienia w relacjach.
Badanie obejmuje 12 gospodarek regionu europejskiego, w ktérych realizowana jest strategia
celu inflacyjnego. Wyniki sugeruja, ze w wiekszosci krajow profesjonalisci bardziej wybiegaja
w przysztosé, a konsumenci podazajg za profesjonalistami. Obie grupy podmiotéw gospodar-
czych prezentujg oczekiwania zgodne pod wzgledem zawartosci informacyjnej. Wystepuja
réznice miedzy krajami. Wyniki badan potwierdzajg, ze komunikacja i inne dziatania bankéw
centralnych, nakierowane na ksztattowanie oczekiwan, nawet jesli skierowane sa gtéwnie
do specjalistéw, nie pozostajg bez znaczenia dla konsumentow. Warto$é dodana badania wy-
nika z zastosowania alternatywnej metody oceny oczekiwan, pozwalajacej na unikniecie wad
metod standardowych oraz na wyciggniecie szerszych wnioskéw na temat zaleznosci.

Stowa kluczowe: oczekiwania inflacyjne, wzajemna informacja, algorytm DTW
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Abstract

The search for and use of green energy sources is an important course of action for the Eu-
ropean Union (EU). The paper compares the 13 EU countries that acceded to the EU in 2004
and afterwards in terms of the level of renewable energy use. The primary indicator used to as-
sess the use of renewable energy sources (RES) was the share of renewable energy in gross
final energy consumption from 2007 to 2021. Statistical data were sourced from the Eurostat
database. The results of the study confirm that between 2007 and 2021, there were posi-
tive changes in the use of renewable energy in most of the countries. The prospects for re-
newable energy development in these countries were assessed by constructing forecasts
of the indicator concerning the share of renewable energy in gross final energy consumption
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for 2022-2024. For most of the countries, the forecasts were highly and sufficiently precise,
meaning the countries have a chance of meeting the RES targets set out in EU directives.

Keywords: renewable energy, European Union, forecasting methods, development
perspectives
JEL: 039, 040
Introduction

The progress of world civilisation is significantly affecting the environment, as well
as the living environment of humans and animals, increasing the demand for electri-
city. In the nineteenth century, energy consumption was mainly based on coal and
lignite; in the twentieth century, the fuel was oil (Johansson 2013). When fossil
fuels are burnt, gaseous pollutants are emitted into the atmosphere, and significant
amounts of solid waste are released into the environment, causing its degradation.
In view of this, the combustion of these fuels contributes significantly to exacerbating
the greenhouse effect (Latkowska, Fitko, and Stelmach 2011; Kruk 2012; Daron and
Wilk 2021). Coal combustion causes a significant deterioration of air quality through
the emission of toxic substances, harmful dust and heavy metals (Ociepa-Kubicka
2015). Such structure of primary fuel consumption causes the development of in-
creasingly stringent environmental protection standards (Fratczak 2015, p. 202).

Today, in the 21* century, given the economic and environmental aspects, humanity is
forced to search for new, non-conventional energy sources (Latkowska, Fitko, and Stel-
mach 2011). The continued growth in global energy demand and the prospect of deplet-
ing fossil fuel stocks are significantly increasing interest in renewable energy sources
and how they can be used. This course of action is part of the global trend of searching
for and diversifying green energy sources.

Electricity generation is one of the most important elements of the global economy.
It is also important for individual regions and is a factor that significantly influences
their economic development. In modern times, energy determines the growth of in-
dustrial production, innovation, the creation of workplaces, the development of society,
inflation, and poverty status, including housing affordability, a topic that resonates in
many European countries today (Luczak and Kalinowski 2022). The use of raw mate-
rials of natural origin for energy production is closely correlated with legal regulations
at the European Union (EU) level. This has important implications for the supply of raw
materials for energy production from renewable energy sources (RES) (Molo 2016).

The natural limitations to RES development in individual EU countries are mainly cli-
matic and natural conditions, including too little sunshine, light winds, and a lack of ge-
othermal water deposits. Restrictions are also placed on established forms of nature
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conservation (including landscape parks, national parks, nature reserves, Natura 2000
network areas, and bird migration routes), where, for example, wind energy cannot be
developed (Kruk 2012).

Some authors, such as Stec and Grzebyk (2022), have drawn attention to several im-
portant energy-related issues that have been under consideration in the EU in recent
years, such as oil price volatility, disruptions in energy supply from non-EU countries,
and difficulties in accessing the market for gas and electricity suppliers. These issues
have made the topic of energy one of the main political agendas in Europe, especially
after 24'h February 2022 (i.e., the beginning of the war in Ukraine). Thus, the use of
renewable energy sources is seen as a key element of energy policy, including energy
security. Energy security issues were also highlighted by Zuk and Zuk (2022) and
Misik (2022), who showed how the last three years have clearly changed the outlook
for shaping and evaluating energy mixes. The sense of threat associated with the
COVID-19 pandemic and war in Ukraine has intensified the need for security, and
the issue of ensuring energy supply for individual countries is now a prerequisite
for the smooth functioning of European economies. Individual EU countries are
expected to increasingly base their development on their own renewable energy re-
sources and gradually move away from dependence on major fossil fuel exporters such
as Russia and Saudi Arabia (Van de Graaf 2018). It is, therefore, recognised that
energy independence and security of the energy supply are major key factors in eco-
nomic growth and development (Kryszk et al. 2023). The development of renewable
energy is important for implementing the fundamental climate and energy policy
objectives of the EU as a whole, as well as of its constituent countries. Increasing the
use of renewable energy sources offers opportunities for increased energy efficiency
and economic independence (Gaigalis and Katinas 2020).

This article assesses the changes in renewable energy use in selected EU countries
between 2007 and 2021 and identifies the prospects for its development between 2022
and 2024. The research subjects are the following countries, which acceded to the
EU in 2004 and later: Bulgaria, Croatia, Cyprus, Czechia, Estonia, Hungary, Latvia,
Lithuania, Malta, Poland, Romania, Slovakia and Slovenia (hereinafter: the EU-13).
A measure that assesses renewable energy use in selected countries is the share of
renewable energy in gross final energy consumption. The article provides an extens-
ive statistical analysis of this ratio, and the prospects for renewable energy use in the
EU-13 between 2022 and 2024 are assessed using selected forecasting methods, in-
cluding linear and non-linear trend functions.

The article seeks to answer the following questions:

« How did the share of renewable energy in gross final energy consumption evolve
in the EU-13 between 2007 and 2021?
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o Which of the EU-13 are leaders in the use of renewable energy, and which are low
achievers?

o Are the EU-13 likely to meet their individual RES energy production targets in ac-
cordance with existing EU directives?

Guidelines for the development of renewable energy
in EU documents

Renewable energy refers to energy derived from recurring natural processes from re-
newable, non-fossil energy sources (i.e., water, wind, solar, geothermal, wave power,
current and tidal flows) and energy generated from solid biofuels, biogas and liquid
biofuels, as well as ambient (environmental) energy from heat pumps (Daron and
Wilk 2021). In the 1990s, interest in RES significantly increased. As Devine-Wright
(2019) and Papiez, Smiech, and Frodyma (2018) noted, renewable energy sources have
undergone an evolution from a technological novelty to a viable tool used to produce
energy to meet the growing needs of the world’s population.

Renewable energy sources are an alternative to traditional, primary, non-renewable
energy carriers (fossil fuels). Their resources are replenished through natural
processes, making it possible to treat them as practically inexhaustible. Further-
more, obtaining energy from these sources is, when compared to traditional (fossil)
sources, more environmentally friendly. The use of RES significantly reduces the
harmful impact of energy on the environment, mainly by reducing emissions
of harmful substances, especially greenhouse gases (Rajchel and Walawender 2018).

The EU’s energy policy is based on respect for natural resources and independence from
fuel imports from non-EU economic areas, including a move away from fossil fuels
towards the production of energy from renewable sources (Directive 2009/28/EC;
Wawrzyniak 2016). This is particularly relevant now with the ongoing war in Ukraine.
The extent of renewable energy use in the EU member states is regulated by the rele-
vant EU normative documents and acts that set general and specific targets concern-
ing the obligation to achieve set indicators for the share of renewable energy in gross
final energy consumption (Rajchel and Walawender 2018).

Higher-level EU legislation promoting the use of energy from renewable sources
has existed since 2001, when the first directive on the promotion of electricity pro-
duced from renewable energy sources in the internal market was adopted (Directive
2001), followed by the directive of 2003 (Directive 2003/30/EC) on the use of biofuels
and other renewable energy sources in transport (Papiez, Smiech, and Frodyma
2018). The enlargement in 2004 forced an update of the RES energy share targets to
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21% and it included targets for candidate countries. However, these demands were
non-binding and did not result in consequences for member states if they were not
met (Olczak 2016). The subsequent 2009 directive aimed to establish a common
framework for the promotion of energy from renewable sources by setting manda-
tory targets for Member States. The directive stipulated that by 2020, 20% of the
EU’s total energy consumption had to come from renewable sources, with this target
being broken down into binding sub-targets for the Member States.

In the transport sector, Member States had to achieve a 10% share of fuels from renew-
able sources by 2020. The directive sets out the mechanisms that the Member States
could use to achieve their targets (support schemes, guarantees of origin, joint pro-
jects, co-operation between Member States and third countries), as well as sustainabil-
ity criteria for biofuels (Directive 2009/28/EC; Molo 2016). The target, defined as the
share of RES energy in total energy consumption, is defined as the quotient of the gross
final energy consumption from RES and the gross final energy consumption from all
sources, expressed as a percentage (Ustawa z dnia 20 lutego 2015 r. o odnawialnych
zrodlach energii). Gross final energy consumption means energy commodities sup-
plied for energy purposes to industry, the transport sector, households, the tertiary
sector (including public services), agriculture, forestry and fisheries. It also includes the
consumption of electricity and heat by the energy industry for electricity and heat gen-
eration, as well as losses of electricity and heat during distribution and transmission
(Directive 2009/28/EC).

Further changes came in December 2018, when a more stringent framework was in-
troduced for the share of energy from renewable sources as part of the ‘Clean Energy
for all Europeans’ package (Directive 2018/2001/EU; Hoicka et al. 2021). The purpose
of the package was to maintain the Union’s position as a global leader in renewables and,
more broadly, to help the EU meet its emissions reduction commitments made under
the Paris Agreement. The directive set a binding target of at least 32% of the final ener-
gy consumed in the EU to be derived from renewable sources by 2030. It also includes
a clause to bring this target forward to 2023 and to increase the target to a 14% share
of renewable energy in transport by 2030. Additionally, an increase in the share of RES
in heating and cooling will also be required (by 1.3% and 1.1%, respectively, each year)
relative to the annual average calculated for the periods 2021-2025 and 2026-2030.

The Member States were required to incorporate the changes into their national law by
June 2021, with effect from 1* July 2021. If the changes had not taken place, the national
renewable energy targets for 2020 should be each Member State’s minimum contribution
for the year 2030. Each state was obliged to propose a national energy target and establish
ten-year national energy and climate plans under the program ‘Horizon 2030’. As Hoic-
ka et al. (2021) noted, if the changes are effectively implemented and transposed into na-
tional laws, it could accelerate a more equitable and sustainable energy transition by fa-
cilitating the widespread implementation of ‘Renewable Energy Communities’ (RECs).
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Under the 2018 directive, Member States have to report on their progress in this scope
every two years. The commission will assess the plans and may take measures at the EU
level to ensure that the plans are consistent with overall EU objectives.

Discussions on the post-2030 energy policy framework are currently underway
(Wisniewska, Pusz, and Rogalski 2020). The European Green Deal is a new growth
strategy that aims to transform the EU into a sustainable, fair and prosperous society,
resource-efficient and with no net greenhouse gas emissions by 2050, i.e. working
towards the goal of achieving EU energy neutrality. The strategy outlines ways to ac-
celerate the development and deployment of low-carbon technologies considering the
targets set for 2030 and 2050 (Communication... 2019).

The EU aims to develop its strategy and infrastructure for the further decarbonisation
of the energy system by 2050, including an 80-95% reduction in greenhouse gas emis-
sions compared to 1990 levels. It also aims to further increase the share of RES in gross
final energy consumption (up to 55% in 2050) and other measures to increase energy
efficiency while taking into account the objectives of supply security and competitive-
ness (Bekirsky et al. 2022).

Materials and methods

An indicator for the share of renewable energy in gross final energy consumption
was used to assess renewable energy use in the EU-13 using statistical data from
2007-2021 taken from the Eurostat database. The research methods used were mea-
sures to describe the structure of collectivity (arithmetic mean, coefficient of
variation, asymmetry coefficient), measures of dynamics, and selected forecasting
methods. A description of the statistical measures and forecasting methods used in
this paper can be found in Aczel (2000), Cieslak (2001), Zelias, Pawetek, and Wanat
(2003), and Fratczak (2015).

The simplest measure of dynamism is absolute growth, which is the difference between
the magnitude of a phenomenon in the period under study and the baseline (base)
period:

Ayt:yz_ym (1)

where: y, - the magnitude of the phenomenon during the period considered, y, - the mag-
nitude of the phenomenon in the base period.

Absolute increments indicate by how much the phenomenon increased (decreased) dur-
ing the study period compared to its level during the base period. The average rate
of change is defined by the following equation:
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yg:”_ly > (2)
1

where: y , y, — absolute levels of the phenomenon from the last and the first period.

The average rate of change, expressed as a percentage, indicates the average periodic per-
centage increase in the phenomenon over the time interval under consideration.

Forecasting economic processes is one way of anticipating the future. It involves ration-
al, scientific predictions of future events (Cieslak 2004) and facilitates decision-making,
with the quality largely depending on the accuracy of the forecast.

The academic literature contains many time series forecasting methods, and the choice
of the right one depends on the course of the phenomenon under study in time. By
visually assessing the time series values, the appropriate analytical form of the model
can be selected. Furthermore, assessing the model’s quality involves assessing measures
of how well the model fits the empirical data and conducting relevant statistical tests.
The acceptability of the designated forecasts is typically judged based on forecast error
values.

When the time series shows a developmental trend and random fluctuations, analytical
models (linear or non-linear trend function) can be used for forecasting.

The linear development trend model takes the following general form:
V, =0, ot + g, (3)

where: t - time variable, € — random component.

The parameters of the linear trend functions @, and a, are determined using the Least
Squares Method from the following equations:

Y= Pe=7)

a, = P — (4)
Zt:l(t —1 )
a,=y—at. (5)
The estimated linear trend model takes the following form:
Y, =a, +at. (6)
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Of the many forms of non-linear trend functions, this paper uses second and third-de-
gree polynomial functions.

The general form of a polynomial of the second degree is as follows:
y=o,tat+a, t’+e (7)

This function is transformed into a linear model by introducing replacement variables:
Z =tand Z = . When substituted into the general form (equation 7), the following
linear model is obtained:

V=t Z +o,Z, +e (8)

Structural parameter estimates are determined by the Least Squares Method using
the following vector:

a=(Z"2)"7Z"y. (9)

The general form of the trend function as a polynomial of the third degree is defined by
the following equation:

V, =0, ot +a, z‘z—l—oz3 £ +e. (10)
The function is transformed into a linear model using replacement variables: Z = t,
Z =tand Z ="t

Structural parameter estimates are determined using the following vector:

a=(Z"2)"'7"y. (11)

Once the structural parameters of the trend models have been estimated, it is important
to validate the resulting models.

The fitness of models to the empirical data can be assessed using the coefficient of de-
termination and coefficient of random variation.

The coefficient of determination, R? has the following form:

D D s
Zt:l(yt o )_))2

The closer the value of the coefficient of determination is to one, the better the model
fits the empirical data.

(12)
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On the other hand, the coefficient of random variation, W, is determined based on the
following equation:

S,
y

W =

e

100, (13)

where: § - standard deviation of the residual component, y - average value of the ex-
plained variable.

The coefficient indicates what percentage of the arithmetic mean of the explained variable
of the model constitutes the standard deviation of the residuals. The smaller the W co-
efficient, the better the fitness of the model to the data.

The standard deviation of the residual component is calculated using the following
equation:

(14)

o \/Ztlm -3y

n—2
It indicates by how much, on average, the empirical values deviate from the theoretical
values of the model.

In the process of verifying linear development trend models, it is also worth checking
the significance of structural parameter estimates. The relevant statistical hypotheses
are of the following form:

Hy:a, =0H,:c;; 0.

Hypothesis H assumes that parameter ¢, is not statistically different from 0, while
the alternative hypothesis H, assumes otherwise.

The test statistic is defined by the following equation:

(15)

If 7, <t,, there are no grounds to reject the H hypothesis. Conversely, when ¢, > ¢ , the H
hypothesis should be rejected in favour of the alternative hypothesis H. .

The critical value ¢_is determined from the t-test distribution tables for the chosen sig-
nificance level « (usually 0.05) and n - 2 degrees of freedom.

In practical applications based on computer programmes, the p-value (test probabili-
ty level) is often used to assess the significance of structural parameters. If the p-value
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is lower than the accepted significance level « (usually 0.05), the H, hypothesis should
be rejected, indicating that the parameter under study differs from zero in a statisti-
cally significant manner.

A correctly verified model can be used as the basis for building forecasts of a phenom-
enon for subsequent years.

Determining the forecast of a phenomenon based on a linear trend model can be done
by extrapolating it:

y; =a,+al, (16)

where: y; - point forecast for Y variable, T — forecasting period.

The average forecast error (S ) for the linear trend function is determined using the fol-
lowing equation:

—\2
(nT_t) NN (17)
>, =1 n

S = Se

pT

In order to express the average forecast error in percentage terms, the average relative
ex-ante forecast error is calculated using the following equation:

S
V, =—£--100. (18)
Yr

The following criteria are adopted to assess the quality of a forecast (Cieslak 2001):
V: <5%, high-precision forecast,

5% <V, <10%, sufficiently precise forecast,

V: >10%, insufficiently precise forecast.

In the case of a trend of the phenomenon under study with a polynomial of the sec-
ond and third degree, the average forecast error (S ) is determined using the following
equation:

-1
S, = Se\/XT(ZTZ) XTI 41, (19)

where: X, - vector of time variable value.
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The vector of time variable value contains the following components:
X, = [1 TT’ ] for a trend function in the form of a polynomial of the second degree,

X, = [1 TT’ T’ ] for a trend function in the form of a polynomial of the third degree.

Results and discussion

The study of the level of use of renewable energy covered the EU-13 countries, which
acceded to the EU in 2004 and later. Table 1 contains a general characterisation of
the study group with key statistical indicators about the countries for 2021.

Table 1. Basic statistical indicators of selected EU countries, 2021

Persons
Country Areain km? . E\ci:l?c;jn ng;r;:; n::r\:f ::\te GERD* plttjal;reannt G:‘;Zﬁ:f_ ofa;;;Z?ty
in millions (% GDP) rate (%) or social
exclusion (%)

Bulgaria | 110,910 6.88 10,330 16.3 0.85 5.3 39.7 321
Croatia 56,594 3.96 14,720 20.7 1.24 7.6 29.2 23.2
Cyprus 9,251 0.90 |26,680 19.5 0.84 7.5 294 21.3
Czechia 78,870 10.51 22,270 26.0 1.99 2.8 24.8 11.9
Estonia 45,228 1.33 23,640 28.9 1.75 6.2 30.6 23.2
Hungary | 93,025 9.71 15,840 27.2 1.59 41 27.6 17.8
Latvia 64,573 1.88 17,890 22.3 0.69 7.6 35.7 26.0
Lithuania | 65,300 2.80 {20,000 214 1.14 71 354 24.8
Malta 316 0.52 28,890 20.3 0.65 3.4 31.2 19.0
Poland |312,696 37.75 15,060 17.0 1.39 3.4 26.8 17.3
Romania |238,397 19.12 12,620 23.7 0.47 5.6 34.3 30.4
Slovakia | 49,035 5.45 18,110 18.9 0.9 6.8 20.9 14.8
Slovenia | 20,273 211 24770 20.3 2.14 4.8 23.0 15.0
Mean 88,036 792 19,294 21.73 1.20 5.6 299 21.3
Cv** 0.98 1.26 0.28 0.17 0.43 0.30 0.17 0.27
CA*** 1.76 2.32 0.18 0.56 0.46 -0.26 0.10 0.31

* GERD (gross domestic expenditure on R&D) - percentage of GDP in 2020; ** CV - coefficient of variation;

*** CA - coefficient of asymmetry.

Source: own compilation based on Eurostat n.d.
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The EU-13 are strongly differentiated in terms of their area. The following countries are
the largest: Poland (312,696 km?), Romania (238,397 km?) and Bulgaria (110,910 km?).
In contrast, the smallest are Malta (316 km?), Cyprus (9,251 km?) and Slovenia
(20,273 km?). In terms of population, the leaders are Poland (37.75 million people), Roma-
nia (19.12 million) and Czechia (10.51 million). The least populated are Malta (0.52 mil-
lion), Cyprus (0.9 million) and Estonia (1.33 million). The variation between countries
in terms of population can be considered strong, with a variation coefficient of 1.26.
However, the vast majority of countries have populations below the group average.

One of the most important indicators of a country’s socio-economic development is
GDP per capita. The countries with the highest levels are Malta (EUR 28,890 per capi-
ta), Cyprus (26,680) and Slovenia (24,770). Conversely, those with the lowest levels are
Bulgaria (EUR 10,330 per capita), Romania (12,620) and Croatia (14,720). The variation
coefficient, at the 0.28 level, indicates a weak variation among the EU-13.

Another economic indicator is the investment rate (% of GDP), which ranges from
16.3% in Bulgaria to 28.9 in Estonia. Thus, the diversity of countries can be consid-
ered weak.

One measure of a country’s innovativeness is GERD (gross domestic expenditure on R&D)
as a percentage of GDP. The leaders are Slovenia (2.14%), Czechia (1.99%) and Estonia
(1.75%). In contrast, Romania (0.47%), Malta (0.65%) and Latvia (0.69%) have the lowest
share of R&D expenditure in their GDP.

The EU-13 have a good labour market situation. The unemployment rate is relatively
low, ranging from 2.8% (Czechia) to 7.6% (Latvia). On average, it stood at 5.6%, with six
countries above the average (weak negative asymmetry).

Several indicators that define social development were also assessed. The Gini coet-
ficient shows income disparity in a given society; the higher it is, the greater the dis-
parity of incomes. The lowest values are found in Slovakia (20.9%), Slovenia (23.0%)
and Czechia (24.8%). In contrast, the largest income disparities can be observed in
Bulgaria (39.7%), Latvia (35.7%) and Lithuania (35.4%). The average value of the Gini
coeflicient was 29.9%.

The countries are also characterised by poor diversification in terms of the ratio of
persons at risk of poverty or social exclusion, ranging from 11.9% (Czechia) to 32.1%
(Bulgaria). The weak right-handed asymmetry indicates that most of the countries have
lower poverty levels than the group average (Table 1).

The general statistical characterisation of the EU-13 shows that they form a fairly ho-
mogeneous collective. The question arises as to whether renewable energy use is also
similar. The values of the share of renewable energy in gross final energy consumption
between 2007 and 2021 are given in Table 2.
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Table 2. Values of the share of renewable energy in gross final energy consumption (%) in selected EU countries, 2007-2021

Country 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Bulgaria 9.10 10.35 12.01 13.93 14.15 15.84 18.90 18.05 18.26 18.76 18.70 20.58 21.55 23.32 17.02
Croatia 22.16 21.99 23.60 25.10 25.39 26.76 28.04 27.82 28.97 28.27 27.28 28.05 28.47 31.02 31.33
Cyprus 4.00 5.13 5.92 6.16 6.25 711 8.43 9.14 9.90 9.83 10.48 13.87 13.78 16.88 18.42
Czechia 7.90 8.67 9.98 10.51 10.95 12.81 13.93 15.07 15.07 14.93 14.80 15.14 16.24 17.30 17.67
Estonia 17.14 18.81 23.01 24.58 25.52 25.59 25.36 26.13 28.99 29.23 29.54 29.97 31.73 30.07 38.01
Hungary 8.58 8.56 11.67 12.74 13.97 15.53 16.21 14.62 14.50 14.38 13.56 12.55 12.63 13.85 14.12
Latvia 29.62 2981 34.32 30.38 33.48 3571 37.04 38.63 37.54 37.14 39.01 40.02 40.93 42.13 42.11
Lithuania | 16.48 17.82 19.80 19.64 19.94 2144 22.69 23.59 25.75 25.61 26.04 24.70 25.47 26.77 28.23
Malta 0.18 0.20 0.22 0.98 1.85 2.86 3.76 4.74 5.12 6.21 7.22 791 8.23 10.71 12.15
Poland 6.90 7.69 8.68 9.28 10.34 10.96 11.45 11.61 11.88 11.40 11.06 14.94 15.38 16.10 15.62
Romania 18.20 20.20 22.16 22.83 21.74 22.83 23.89 24.85 2479 25.03 24.45 23.88 24.29 24.48 23.60
Slovakia 7.77 7.72 9.37 9.10 10.35 10.45 10.13 11.71 12.88 12.03 11.47 11.90 16.89 17.35 17.41
Slovenia 19.68 18.65 20.77 21.08 20.94 21.55 23.16 22.46 22.88 21.98 21.66 21.38 21.97 25.00 25.00
UE-27 11.75 12.55 13.85 14.41 14.55 16.00 16.66 17.42 17.82 17.98 18.41 19.10 19.89 22.04 21.78

Source: own compilation based on Eurostat n.d.
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Even a cursory assessment of the share of renewable energy in gross final energy
consumption shows quite significant differences between the countries. In 2007,
the indicator ranged from 0.18% (Malta) to 29.62% (Latvia). The European average
(EU-27) was 11.75%, exceeded by six of the EU-13 (Latvia, Croatia, Slovenia, Roma-
nia, Estonia and Lithuania). However, by 2021, there were some significant changes
in the level of renewable energy share in gross final energy consumption compared
to 2007. There was a noticeable increase in all of the countries. In 2021, it ranged from
12.15% in Malta to 42.11% in Latvia, with an EU-27 average of 21.78%. RES leaders
were Latvia, Estonia and Croatia. The bottom three countries in the ranking were
Malta, Hungary and Poland, where the share of renewable energy in gross final en-
ergy consumption was almost one-third that of Estonia. Estonia saw the largest in-
crease in 2021 compared to 2007 (by 20.87%), followed by Cyprus (14.42%) and Latvia
(12.49%). In the study period, the ranking of the EU-13 in terms of the share of re-
newable energy in gross final energy consumption showed that four countries had
improved by two places (Cyprus, Estonia, Lithuania, and Slovakia). Six countries
(Bulgaria, Croatia, Czechia, Latvia, Malta and Poland) remained unchanged, while
Romania and Slovenia fell by two places, and Hungary fell by four.

Changes in the share of renewable energy in gross final energy consumption
in the EU-13 in 2007 and 2021 are presented in Figure 1.
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Figure 1. Values of the share of renewable energy in gross final energy consumption (%) in selected
EU countries, 2007 and 2021

Source: own compilation based on own compilation based on Eurostat n.d.

The data in Figure 1 show that in 2021, compared to 2007, there had been significant pro-
gress in the use of renewable energy in all the countries studied. Pérez, Scholten, and Smith
Stegen (2019) pointed out that Central and Eastern European countries are among those
with similar energy experiences. Furthermore, similar political and economic conditions,
including the period of recent economic transition, continue to influence the energy pol-
icy-making principles they have adopted. Nevertheless, as the results of the study show,
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despite such advances, the energy transition remains a huge challenge for them, both tech-
nologically and economically. This can also be seen in the debates and negotiations on EU
energy policy. Central and Eastern European countries often criticise renewable energy
sources for their instability and high sourcing costs while also arguing that these sources
cannot fully replace fossil fuels.

Examining the entire research period of 15 years shows the average rate of change
of the share of renewable energy in gross final energy consumption for the EU-13
and EU-27 countries. The results of the calculations, according to equation (2), are
shown in Figure 2.
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Figure 2. Average rate of change of the share of renewable energy in gross final energy
consumption (%), 2007-2015

Source: own compilation based on Eurostat n.d.

Figure 2 shows that the rate of change in the share of renewable energy in gross final
energy consumption was positive in all the countries studied. The highest rate of
growth was achieved by Malta (a 35.3% average annual increase) and Cyprus (11.5%).
Poland, Slovakia, Czechia, Estonia and Bulgaria also had growth rates higher than
the EU-27 average. Nonetheless, the countries which stand out in terms of the rate
of change of the share of renewable energy in gross final energy consumption are
catching up but still far from the current RES leaders (Latvia, Estonia, Croatia).

The issues of energy transition in southeast European countries and the related prob-
lems were highlighted by Anastasiu et al. (2018), Nastase et al. (2018), and Koltsaklis
et al. (2020). Using Romania as an example, they showed that countries in the re-
gion have great potential to diversify their energy sources, including the use of renew-
able sources. Romania can and does use a variety of renewable energy sources, includ-
ing wind, solar, geothermal and hydropower. However, making full use of the sources
requires investment and an appropriate, well-thought-out operational strategy.
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Romanian energy policy, just like that of other countries in the region, is dominated
by the use of non-renewable energy sources, primarily coal.

To ascertain whether the upward trend observed in the share of renewable energy
in gross final energy consumption between 2007 and 2021 in the EU-13 will con-
tinue, an attempt was made to forecast it for the years 2022-2024. The time series
of the variable from 2007 to 2021 showed an increasing trend for most of the coun-
tries and slight random fluctuations for some of them. An analytical approach using
linear and non-linear trend functions may then be an appropriate forecasting method,
assuming this trend of changes continues. Using the least squares method, the struc-
tural parameters of the linear trend function of the indicator of the share of renewable
energy in gross final energy consumption over the period 2007-2021 were estimated
for each of the 13 countries separately, determined by equation (3). The structural pa-
rameters were determined using equations (4) and (5), and the models were verified
using the statistical measures and tests defined by equations (12)—(15).

If the verification of the estimated linear trend functions did not meet the desired crite-
ria, non-linear trend functions, i.e. a second-degree polynomial model (equation (7))
or a third-degree polynomial model (equation (10)), were used. The final results of
the trend model estimations for the EU-13 and EU-27 are presented in Table 3.

Table 3. Trend functions of the share of renewable energy in gross final energy
consumption in the years 2007-2021 for selected EU countries

Country Trend function equation St::iird t-Stat p-Value R? We (%)
Bulgaria | 5, =10.23+0.81 1 5105 | 2948 0000000 | 0779 | 1196
oms | 7=222640591 | su1o | 77 | aoman fomo | 4w
Opprus | §,=2.23+093 ¢ 00 | t-1278 | 0000000 | |
R
o |7,-182941080 | $mae | o oo v e
—0.43t2 +0.017° Siz = 0.09 t,=4.91 | 0.000468
S,y =0.004 | t,=396 | 0.002233
Latia | §,=29-294090¢ < 008 | ¢ -1127 | 0000000 | |
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Country Trend function equation p-Value R? We (%)

s —16.8140.77 ¢ S.,=0.55 | t,=30.62 | 0.000000 | 0925 | 4.41
Lithuania | .V, S., =006 | t,=1267 | 0.000000
5 — 2004 0.85 ¢ S.,=038 | t,=529 | 0000146 | 0.970 | 14.44
Malta | Ji S,,=004 | t,=2049 |0.000000
poland | , = 6.66+0.61 ¢ S.,=050 | t,=13.35 | 0.000000 | 0.905 | 795
=6. :

=0.05 t,=11.14 | 0.000000

=0.58 | t,=30.60 | 0.000000 | 0.902 | 2.80
=017 | t, =805 |0.000004
=001 | t,=6.25 | 0.000042

Romania | ¥, =17.6640.58 t —0.06 t*

@y = 0.08 t,=8.36 | 0.000000

=0.58 | t,=33.36 | 0.000000 | 0.635 4.90
=0.06 t,=4.75 | 0.000376

Slovenia j/t =19.44 + 0.30 ¢

,=0.27 | t;,=43.03 | 0.000000 | 0.977 2.89

S
S
S
S
Slovakia )A}t —6.534+-0.65¢ g(ao) =0.71 t,=9.18 | 0.000000 | 0.843 | 11.13
S
S
S
S, =0.03 t, =23.54 | 0.000000

UE-27 |», =11.44+0.69 ¢

Source: own calculations using Excel and Statistica.

The data in Table 3 show that for most of the countries studied and for the EU-27,
a linear function was the appropriate analytical form of modelling the development
trend of the share of renewable energy in gross final energy consumption over the pe-
riod 2007-2021. It correctly described the course of the phenomenon, as indicated by
the values of the verification measures, i.e. the standard error, t-statistic, p-value, co-
efficient of determination (R?) and coeflicient of random variation (We). Only for two
countries, i.e. Romania and Hungary, was it incorrect. Thus, for Romania, a sec-
ond-degree polynomial trend function was used, while for Hungary, a third-degree
polynomial trend function was used, which met the verification criteria. Subsequent-
ly, for all trend models, the values of the structural parameters of the estimated trend
models were statistically significantly different from zero, the coefficient of determi-
nation was close to one, and the coeflicient of random variation was within the rec-
ommended limits (less than 10-15%).

The correctly verified linear and non-linear trend functions of the share of renewable
energy in gross final energy consumption provided the basis for forecasting its values
for 2022-2024 for the EU-13 and the EU-27. The point forecast values, together with
the forecast errors, are shown in Table 4.
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Table 4. Point forecasts and forecast errors for the share of renewable
energy in gross final energy consumption, 2022-2024

Country
Bulgaria 23.17 2.27 9.81 23.98 2.32 9.70 24.79 2.38 9.61
Croatia 31.64 1.25 3.94 32.22 1.28 3.96 32.81 1.31 3.98
Cyprus 17.15 1.39 8.11 18.08 1.42 7.87 19.01 1.46 7.66
Czechia 18.74 0.94 5.04 19.41 0.97 498 20.07 0.99 493
Estonia 35.54 2.13 5.99 36.31 2.08 5.95 37.69 2.23 592
Hungary 14.70 1.45 9.85 16.09 2.01 13.70 18.07 2.82 19.17
Latvia 43.75 1.53 3.49 44.65 1.56 3.50 45.56 1.60 3.51
Lithuania 29.05 1.15 3.96 29.82 1.18 3.95 30.58 1.21 3.94
Malta 11.65 0.79 6.81 12.50 0.81 6.49 13.36 0.83 6.22
Poland 16.44 1.05 6.36 17.05 1.07 6.27 17.66 1.10 6.20
Romania 2291 0.87 3.80 22.16 0.98 4.42 21.29 1.13 5.31
Slovakia 17.01 1.49 8.77 17.66 1.53 8.64 18.32 1.56 8.53
Slovenia 24.31 1.22 5.02 24.62 1.25 5.07 24.92 1.28 5.13
UE-27 22.45 0.56 2.48 23.14 0.57 246 23.83 0.58 245

Source: own calculations.

The data in Table 4 show that increases in the share of renewable energy in gross final
energy consumption in subsequent years can be predicted for Bulgaria, Czechia, Croa-
tia, Latvia, Lithuania, Hungary, and Poland, we well as the EU-27. Several countries are
projected to have a lower value of the indicator in 2022 compared to the previous year
(Estonia, Cyprus, Malta, Romania, Slovenia, Slovakia). In the following years, the share
of renewable energy in gross final energy consumption is expected to increase again
in these countries. Only for Romania is a slight decline projected.

Measures of forecast quality include absolute and relative ex-ante forecast errors
(SPT and V). For most countries, the relative error of the forecasts did not exceed 10%,
indicating high precision. However, caution is advised for the forecast of the share of
renewable energy in gross final energy consumption for Hungary in 2023 and 2024,
where the forecast error limit was exceeded.

Interesting conclusions can be made when comparing the achieved share of renew-
able energy in gross final energy consumption in 2020 (Table 1) with and the pro-
jections for 2022-2024 (Table 4), alongside the national RES targets to be achieved
in 2020 and 2030 (Table 5) for each of the 13 countries. Under current directives, each
EU country is mandated to transition away from fossil fuels towards energy generation
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from RES. Each country is tasked with meeting specific RES energy production targets,
depending on regional capacity and prior RES development.

Table 5. National commitments as to the RES share in gross final consumption of energy (%)

National target/contribution for renewable energy: Share of energy from renewable
sources in gross final consumption of energy (%)

Country
2020 2030

Bulgaria 214 27.09
Croatia 20.0 36.4
Cyprus 13.0 229
Czechia 13.0 22.0
Estonia 25.0 42.0
Hungary 13.0 21.0
Latvia 40.0 50.0
Lithuania 23.0 45.0
Malta 10.0 11.5
Poland 15.0 21.0-23.0
Romania 24.0 30.7
Slovakia 14.0 19.2
Slovenia 25.0 27.0
UE-27 20.0 32.0

Source: own research based on European Commission 2020.

Based on the data in Tables 1, 4 and 5, it can be concluded that all the countries stud-
ied and the EU-27 achieved the 2020 target share of renewable energy in gross final
energy consumption. However, the 13 countries studied and the EU-27 also set their
own national targets, ranging from 10% in Malta to as high as 40% in Latvia. A ma-
jor challenge for the EU as a whole, as well as the EU-13, will be to meet the national
targets adopted for 2030. The increasing forecast values for the share of renewable en-
ergy in gross final energy consumption for 2022-2024 for most of the countries pro-
vide grounds for optimism, although there are concerns about Romania and Slovenia
meeting the 2030 RES targets.
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Conclusions

The management of renewable energy sources is now one of the most important
branches of a country’s economy, determining its socio-economic development. The
volume and structure of production and energy consumption is an important element
of the economic strategy pursued. It indicates the degree of modernity of technological,
production and consumption solutions adopted in terms of the rationality of energy
consumption and the pro-ecological orientation of a country’s economic development
(Gorczyca 2011).

The development of RES in many regions of the world contributes to their economic de-
velopment while also improving environmental conditions. However, there are also some
adverse effects, including the conversion of agricultural and forest land for energy crop
production and environmental impacts through noise and landscape changes in the case
of wind farms (Kruk 2012). Nevertheless, RES development is a kind of bridge linking
economic, environmental and energy issues (Zaltuska, Piekutin, and Magrel 2018).

The article evaluated the 13 countries admitted to the EU in 2004 and later, i.e. Bulgar-
ia, Croatia, Cyprus, Czechia, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Ro-
mania, Slovakia and Slovenia in terms of the level of renewable energy use. The indica-
tor of the share of renewable energy in gross final energy consumption for the period
2007-2021 was assessed.

The results of the research, as well as those of other authors (e.g., Papiez, Smiech, and
Frodyma 2018; Gaigalis and Katinas 2020; Koltsaklis et al. 2020; Daron and Wilk 2021;
Misik 2022; Stec and Grzebyk 2022) confirm that the EU-13 countries attach great im-
portance to obtaining and using energy from renewable sources. Over the 15-year re-
search period, the use of renewable energy showed an increasing trend in most of the
countries. In 2021, the leaders were Latvia (42.11%), Estonia (38.01%) and Croatia
(31.33%). However, a lot of work still needs to be done by Malta, Hungary and Poland.
In all of the countries, the change in the indicator of the share of renewable energy in
gross final energy consumption between 2007 and 2021 was positive.

To assess whether the upward trend in the indicator will continue, we forecast it
for 2022-2024 using linear and non-linear trend models. The forecasting method was
an effective tool for building a forecast for the indicator, as indicated by the veri-
fication measures used. For most of the countries, the forecasts were highly and suffi-
ciently precise, meaning the countries had a chance of meeting the RES targets set out
in the EU directives. A comparison of the set forecasts of the indicator of the share of
renewable energy in gross final energy consumption for 2022-2024 with the targets
set by individual countries for 2020 shows that they have already been met, and the
targets for 2030 also appear realistic.
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The research is of great practical relevance, providing an overview of the RES situa-
tion in selected EU countries and the prospects for future years. It is becoming crucial
to monitor development in this area and to set directions for the development
of renewable energy sources. The level of development should be assessed as part of
a long-term plan for the EU on how to increase the competitiveness of individual
countries and the EU as a whole on the international stage. Using our analyses and
calculations, it is possible to illustrate in detail the state of progress to date, as well as
the prospects for further development.

The results of the research can also be useful, enabling the authorities or other deci-
sion-makers in these countries to identify which areas need to be improved to meet
the targets set for the increasing use of RES. Countries that fall short of the targets could,
for example, apply for assistance funds under EU cohesion policy or other programmes
supporting RES. They could also benefit from the experiences of countries that are RES
leaders.
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Poziom wykorzystania energii odnawialnej w wybranych krajach Unii
Europejskiej - statystyczna ocena zmian i perspektyw rozwoju

Poszukiwanie i wykorzystywanie ekologicznych zrédet energii to wazne kierunki dziatan Unii Eu-
ropejskiej. W pracy dokonano poréwnania 13 wybranych krajéw, przyjetych do UE w 2004 roku
i pozniej, w zakresie poziomu wykorzystania energii odnawialnej. Podstawowym wskaznikiem
oceniajgcym poziom wykorzystania OZE w wybranych krajach byt udziat energii odnawialnej
w koncowym zuzyciu energii brutto w latach 2007-2021. Dane statystyczne pobrano z bazy
Eurostatu. Wyniki przeprowadzonych badan potwierdzajg, ze w latach 2007-2021 w wiekszosci
badanych krajéw UE nastgpity pozytywne zmiany w zakresie wykorzystania energii odnawialnej.
We wszystkich badanych krajach tempo zmian wskaznika udziatu energii odnawialnej w kon-
cowym zuzyciu energii brutto w latach 2007-2021 byto dodatnie. Perspektywy rozwoju ener-
gii odnawialnej w badanej grupie krajéw oceniono poprzez budowe prognoz wskaznika udziatu
energii odnawialnej w koncowym zuzyciu energii brutto na lata 2022-2024. Dla wiekszosci ba-
danych krajow prognozy okazaty sie wysoce i dostatecznie precyzyjne, co daje szanse realizacji
zatozonych celow OZE zawartych w dyrektywach unijnych.

Stowa kluczowe: energia odnawialna, Unia Europejska, metody prognozowania, perspektywy
rozwoiju
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Abstract

It is necessary for economies to transition to a circular economy (CE). What particularly in-
hibits the implementation of the CE in linear economies is market failures, whose theoretical
principles are embedded in modern welfare economics and neoclassical economics. Mar-
ket failures shape the functioning of different areas of the markets, including the allocation
of and access to resources, competition, and cooperation, among others. Due to their pres-
ence in the market, opportunities for industrial symbiosis based on intersectoral cooperation
and the creation of resource-efficient production systems are limited. It is crucial because
the functioning of local actors within an industrial symbiosis significantly favours the pro-
motion and development of a CE. The aim of the paper is to identify market failures that limit
the implementation of CEs in traditional linear economies.

The article is based on focus group interviews (FGI) conducted with four groups of stake-
holders in the Netherlands and Poland: academia, society, business and the government.
The main findings show that one of the greatest barriers in Poland is stakeholders’ low aware-
ness of the CE, which influences their possibilities of cooperating and networking. Existing
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laws additionally limit opportunities to develop the CE. In contrast, in the Netherlands, where
awareness is deeply embedded in the culture, education system and upbringing, the level
of market failure is lower.

Keywords: circular economy, linear economy, transition to the CE, market failures
JEL: 018, Q56,R11
Introduction

The principles of the circular economy (CE) are challenging to implement. It is a com-
plex and long-lasting process, but nowadays, it seems to be a necessity (Wysokinska 2016,
p. 71; Kirchherr, Reike, and Hekkert 2017, pp. 228-230). Transitioning to the CE has
been described as “a fundamental change in the structure, culture and practices of a so-
cietal (sub)system that is the result of a co-evolution of economic, technological, insti-
tutional, cultural and ecological developments at different scale levels” (Grin, Rotmans,
and Schot 2010, p. 109; Bosman and Rotmans 2016, p. 3; van Langen et al. 2021, p. 2;
Wysokinska 2020, p. 159). Although many steps have already been taken for the tran-
sition to the CE, we are still a long way from the full implementation of CE principles
(Haas et al. 2015, p. 775; Donner and de Vries 2020, p. 1932; Ghisellini and Ulgiati 2020,
pp. 144-145; Towa, Zeller, and Achten 2021, pp. 844-845). The transition towards the CE
is inhibited by many barriers, the most common of which are technological, economic,
institutional and social (De Jesus and Mendonga 2018, pp. 75-89; Kinnunen and Kak-
sonen 2019, pp. 153-154).

The transition is especially challenging for countries and regions with linear econ-
omies. What can limit the implementation of the CE in these territories is mar-
ket failures. The theoretical principles of market failures can be found in modern
welfare economics and neoclassical economics. Market failures are usually defined
as the non-efficient and non-Pareto-optimal allocation of resources (Ledyard 1989,
p. 185; Stiglitz 2004, pp. 90-105). However, Cunningham (2011, p. 13) states that mar-
ket failure does not mean that a market is not working at all, but that it is not work-
ing efficiently because it is not delivering desirable products and services. In the liter-
ature, many types of market failures are distinguished (Cowen and Crampton 2002;
Andrew 2008, pp. 394-396; Jackson and Jabbie 2019, pp. 3-8). In this paper, we adapt
the most common types: public goods, externalities, imperfect competition, incom-
pleteness of the market, and information asymmetry.

The market failures described in neoclassical economics can also be identified when
implementing the CE (van Ewijk 2018, pp. 12-14; Ghisellini, Passaro, and Ulgia-
ti 2021, pp. 149-150, 156-157; Bartekova and Borkey 2022, pp. 18-20). In principle,
while the types of market failures remain the same, regardless of economic development
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and the principles on which this development is based, there is differentiation within
particular market failures. Figure 1 presents our approach to market failures in individ-
ual areas of the CE.

Market failures are natural and inevitable within a market economy. What is important,
however, is their scale and the intensity with which they affect the market, limiting its ef-
ficient functioning and the development of the entities operating in it. That is why this
paper aims to identify market failures that limit the implementation of CEs in traditional
economies. To achieve this aim, we conducted Focus Group Interviews (FGIs). The study
was conducted with four stakeholder groups: academia, society, business, and the govern-
ment, who we consider to be the main actors in the market.

The remainder of this paper is organised as follows. Section 2 outlines the theoretical
backgrounds, including the definitions of market failures and CE barriers. It shows
the connection between classical market failures distinguished in the neo-classical econ-
omy and typical barriers observed when implementing the CE. Section 3 presents the ma-
terials and methods. We also indicate the main principles of our research and the rea-
sons for conducting it. Section 4 concentrates on the results. We show the differences
not only between the groups of respondents but also between the researched regions.
Section 5 includes a discussion and conclusion where we answer the research questions
and sum up the results of our investigation.

Theoretical background

The concept of market failure is rooted in modern welfare economics. As Ledyard in-
dicated, to understand market failure, one should understand market success, which is
explained by Pareto optimality. It could be defined as the ability of idealised compet-
itive markets to achieve an equilibrium allocation of resources (Ledyard 1989, p. 185).
Market success is described by the First Fundamental Theorem of welfare economics
(Arrow 1951, p. 507):

o there are enough markets,
o all consumers and producers behave competitively,
o an equilibrium exists.

In such a case, the allocation of resources in equilibrium is Pareto optimal (Bator
1958, pp. 353-355; Randall 1983, pp. 131-132; Ledyard 1989, pp. 185-189; Moreau
2004, pp. 849-850; Phelan and Rustichini 2018, pp. 979-981; Bimpizas-Pinis
et al. 2021, p. 1). So, market failure arises when allocation in markets is neither ef-
ficient nor Pareto-optimal. Market failure was defined in this way by, among oth-
ers, Bator (1958, pp. 351-379), Klaassen and Opschoor (1991, pp. 93-95), Winston
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(2006, p. 2), and Conrad (2020, pp. 176-177). A similar definition was presented by
Samuelson and Nordhaus (1992, p. 741), who also referred to the inefficient alloca-
tion of resources but in the context of an imperfection in the price system. Pearce
(1986, p. 13) described it as “The inability of a system of private markets to pro-
vide certain goods either at all or at the most desirable or ‘optimal’ level”. Lines,
Marcouse, and Martin (2006, p. 167) indicated that market failure is represented
by the forms of growth of monopolistic firms and other non-competitive organisa-
tions, and it happens when factors of production stand idle. As Cunningham (2011,
p. 13) stated, the term “market failure” does not mean that a market is not work-
ing at all, but that it is not working efficiently because it is not producing desira-
ble goods. The concept of market failure is often treated as a general justification
for government intervention (e.g., Zerbe and McCurdy 1999, pp. 559-560; Bleda
and Del Rio 2013, pp. 1039-1040, Alvarez, Barney, and Newman 2015, p. 25).

The most common categories of market failures are public goods, externalities, im-
perfect competition, incompleteness of the market, and asymmetrical information
(Randal 1983, p. 137; Moreau 2004, pp. 849-850; Stiglitz 2004, pp. 90-105; Jack-
son and Jabbie 2019; pp. 3-6). Other authors also add incomplete property rights
to this list (e.g., Perman et al. 2003, p. 10; Acheson 2006, p. 121). Redmond (2018,
pp. 417-418) presented market failure from a different point of view. He proposed
a systems approach in contrast to earlier, classic research, where market failure
was analysed with a transactional approach. It let him distinguish one more cate-
gory of market failure - transaction costs. This category appears in the New Insti-
tutional Economy (NIE), which looks at the organisation of exchange from a mar-
ket or hierarchical perspective. In NIE markets, when market conditions threaten
to increase transaction costs, hierarchies (i.e., firms) are created to minimise these
costs. This can be perceived as a reaction to market conditions to maximise prof-
its, although from a neoclassical perspective, it constitutes a market failure (Chang
2002, pp. 544-546).

A different approach was presented in the evolutionary economy, where the market is
seen as dynamic, chaotic, and constantly changing rather than tending to a state of equi-
librium (Nelson and Winter 2002, pp. 24-25; Nelson 2008, pp. 1-12, 20; Schmidt 2018,
pp- 792-797). From this point of view, market failures that are typical of a neoclas-
sic economy are not failures. As Bleda and del Rio (2013, p. 1049) indicated, common
problems in the evolutionary economy, such as uncertainty, agents’ limited knowledge,
and difficulties in coordinating knowledge and its carriers, are sources of coordinator
failure. In evolutionary markets, failures are explained by undeveloped or ineffective
mechanisms and constituent markets.

In this paper, we look at market failure from the CE perspective (cf. van Ewijk 2018,
pp- 11-14; Compagnoni and Stadler 2021, pp. 18-19; Cong and Thomsen 2021, p. 3;
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Ghisellini, Passaro, and Ulgiati 2021, pp. 151-158; Bartekova and Borkey 2022,
pp- 8-11; Fullerton and He 2022, pp. 3-7). A CE is more likely to identify the barriers
that derail or slow the transition towards a CE (Kirchherr, Reike, and Hekkert 2017,
pp- 228-230; Neves and Marques 2022, pp. 2-4). The issue of barriers to implement-
ing CE has been raised by many authors (see Tab. 1).

Table 1. Categories of barriers to implementing CE occurred in the literature

Category of barriers to implementing the CE

Q - <
E g = S s [ T 5
£ ¢ T £ 5§ 5 § 3 &%
Author(s) & S Epe = — = 5 S £
E L E2 & 2 X' > E £3
c 5 S E s = c =% 7] £ 0o
S L 8w = T ) o o « £
g 5 = & & § @ E gF
= — 3
Preston 2012 + + + + + + +
Vanner et al. 2014 + + + + + + +
Rizos et al. 2015 + + + + + + +
Ritzén and Sandstrom 2017 + + + + +
Agyemang et al. 2019 + + + + + +
De Jesus and Mendonca 2018 + + + +
Galvao et al. 2018 + + + +
Geng and Doberstein 2008 + + +
Kirchherr et al. 2018 + + + +
Mahpour 2018 + + + + +
Mangla et al. 2018 + + + + + + +
Masi et al. 2018 + + + + +
Ranta et al. 2018 + +
Tura et al. 2019 + + + + +
Kinnunen and Kaksonen 2019 + + + + +
Grafstrom and Aasma 2021 + + + +

Source: own compilation.

The listed categories of barriers correspond to the problems that emerge during
the transition to the CE. The most common categories are technological, economic,
institutional, and social. De Jesus and Mendonga (2018, p. 77) introduced an addition-
al classification, dividing them into hard and soft barriers. Hard barriers are related
to techno-economic issues, and soft ones are related to regulatory and social issues.
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Although the neoclassical economy and circular economy represent different ap-
proaches to the market and its imperfections, there is a link between them. The bar-
riers that occurred in the CE can be identified with classic market failures (see Fig-
ure 1). For example, with social barriers, community members’ lack of (or limited)
willingness to cooperate reduces or even prevents the creation of an effective CE
value chain. This case can be attributed to the imperfect competition type of mar-
ket failure. Society’s limited awareness of public goods associated with the CE, i.e.,
the benefits of operating and developing the territory based on CE principles, falls
into the category of market failure. Society’s lack of awareness of the CE that re-
sults from gaps in their knowledge leads to market failures in the area of market
incompleteness. An ineffective and inefficient system of information for citizens
about the CE also does not favour the development of awareness, as manifested by
market failures in information asymmetry. These barriers also promote the free
rider effect, which is a market failure in the area of externalities. Thus, there is
a clear connection between market failures and CE barriers. This was the starting
point for our research. Individual categories of threats in classical market failures
are also assigned to individual barriers in the CE (see Figure 1).
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Figure 1. Categories and interpretation of market failures in the circular economy

Sources: own compilation based on Galvao et al. 2018, Grafstrom and Aasma 2021.
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Materials and methods

The dynamics of change toward the CE vary depending on the maturity of a country’s
economy and communities. These differences are most noticeable between the coun-
tries of Western Europe and Central and Eastern Europe. Therefore, two purposefully
selected regions were included in the study. The first, Friesland (the Netherlands), can
be considered a reference point regarding the degree of advancement of the CE. It is be-
coming one of the most circular regions in Europe and should be treated as a template
for other regions (Interreg Europe 2020). The second case study is the Lodz Region.

Friesland has approximately 650,000 inhabitants and covers an area of 5,748.77 km?,
divided into 18 municipalities. It is a regional authority and the governing body of one
of the twelve provinces in the Netherlands. The capital and largest city is Leeuwarden.
Economically, it is well known for its strong water and agriculture clusters and technol-
ogy. In recent years, the main economic focus has been on transitioning towards a CE.
Friesland strives to be the most circular EU region in 2025. Thus, the regional authority
cooperates strongly in public-private partnerships with partners across the quarduple
helix. On a European level, the region is a member of Association of Cities and Regions
for Sustainable Resource Management (ACR+) (Circulair Friesland n.d.; Frontship n.d.;
International Welcome Center North n.d.).

The Lodz Region is a regional self-governing administrative unit located in central Po-
land. It is inhabited by about 2.4 million people, and the seat of the local authorities
is the city of Lodz. It is divided into 177 municipalities with an area of 18,218.95 km?.
Due to its central location in Poland and Europe, it has an excellent transport connec-
tion, and as a result, it has become a significant national and international logistics
centre. For many years, the region has been striving to build its potential and become
a bioeconomy leader in Poland and Central and Eastern Europe (e.g., innovative agri-
culture and food processing; medicine, pharmaceuticals, and cosmetics; green energy;
the textile industry; biotechnology). The region has also taken significant steps toward
actively participating in the EU’s Circular Economy and wastes policy debates (Front-
ship n.d.; Wojewddztwo 16dzkie n.d.). As the European Observation Network for Ter-
ritorial Development and Cohesion (ESPON) report indicates, the implementation
of CE solutions in the Lodz Region is at a fairly good level, as evidenced by indicators
such as the national extraction of natural resources and waste generation (excluding
major mineral waste) as a share of national material consumption. However, an indi-
cator that should be improved is the turnover generated by CE companies (van Her-
wijnen et al. 2022). Challenges to CE implementation arise primarily at the local level
and relate to closing circular value chains. It is also a challenge to monitor the imple-
mentation of CE measures at the local and regional levels, as well as the achievement
of sustainable development goals.
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This research aims to identify market failures that limit the implementation of the CE
and to assess their level in the Lodz Region. The following research questions
were posed:

Q1. Which market failures have the most significant negative impact on implementing
the CE?

Q2. Are there differences in the level of market failures among the different stakeholder
groups?

Q3. What are the reasons for market failures that limit the implementation of the CE?

Q4. What changes should be introduced to reduce market failures that limit the possibil-
ity of implementing the CE?

The research was conducted among four groups (business, government, academia,
and society) that we consider to be the main actors in the market. Our choice is based
on the quadruple helix model (Carayannis and Campbell 2009). For each group, we
created matrixes to show the market failures from Figure 1 in detail.

To achieve this aim, we conducted two-stage research:

1. An online survey was conducted with people from each of the four groups (in to-
tal, there were eight surveys: four in Poland and four in the Netherlands). A sepa-
rate survey was prepared for each group (4 in the English-language version and
4 in the Polish-language version). The selection of respondents was purposeful
— they were specialists in the CE (academia, government and businesses) and local
civic leaders (society), who then took part in an FGI, which was the second stage
of our research. The respondents rated market failures on a five-point scale.

2. The results of the survey were the basis for the scenario and discussion during the FGI.
An FGI was conducted with the same respondents (in total, there were 8 FGIs: four
in Poland and four in the Netherlands).

The research involved:

20 government and local government members (10 in Poland and 10 in the Neth-
erlands),

» 18 academics (10 in Poland and 8 in the Netherlands),
o 15 businesspeople (8 in Poland and 7 in the Netherlands),
« 18 members of society (10 in Poland and 8 in the Netherlands).

The research was conducted from April to September 2022. Gathering data let us com-
pare the level of market failure in a region just beginning to implement the CE (i.e.,
the Lodz Region) with the template region (i.e., Friesland).
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Results

The collected research material is presented in the form of matrices. The layout of the ma-
trices was determined by the principles of CE market failures in Figure 1. The results
of the survey formed the basis of the evaluations in the matrices for individual CE mar-
ket actors, and they were verified during the FGIs. Thus, the occurrence of market fail-
ures in both regions and the disproportions between them were determined.

Market failure in the CE from the business perspective

The surveys conducted among companies indicated that the most noticeable market
failure in the Lodz Region was public goods (with a rating of 5.0, Figure 2). The least
noticeable problem was information asymmetry (3.3, Figure 2), which also saw the
smallest gap between the two regions.

Business owners from the Lodz Region stated that the biggest problem was the ex-
isting legislation and how it was interpreted and applied by public institutions (PG).
One respondent spoke of “beating their head against a wall due to legislative ab-
surdities”. According to the respondents, public entities are favoured during tenders,
making it difficult for private entities to compete with them. Another problem was
regulations that obstruct the treatment of waste as a secondary raw material (PG).
Additionally, the highly formalised procedures mean that a lot of time must be spent
dealing with official matters.

It was often mentioned that there is “collusion among companies” when they participate
in public procurement tenders (IC). As a result, a given market may be serviced by only
one or two enterprises, which creates barriers to other entities from entering the sec-
tor. There is a lobby of current business owners that blocks other entities from enter-
ing the market. The other barrier to entering the market is the high costs of technology,
which are demanded in, e.g., the secondary raw materials sector (IM).

The interviewees indicated that the cost-effectiveness of using secondary raw materials
depends on the type. Firstly, virgin materials with simple ingredients are cheaper than
secondary raw materials. Secondly, the availability of secondary raw materials with
more complicated ingredients is limited (EX). The business owners noticed that now-
adays, it is impossible to act without cooperation. Of course, such cooperation should
be beneficial for partners and primarily involves the exchange of benefits, including
information. One company owner said, “If there is business to be done, we cooper-
ate.” However, someone else said, “We cooperate, but do not share knowledge and ex-
perience.” The business owners from the Lodz Region stated that incomplete and un-
reliable databases are not conducive to networking and cooperation (IA). It is difficult
to establish needs and monitor what other companies that could enter cooperation are
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doing and what raw materials they have. Underreported information in databases con-
tributes to further difficulties in planning the volume of waste, which does not always
have much to do with reality. For example, waste processing installations may only be
created as indicated in the plan, which may be insufficient.
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Figure 2. Market failures matrix - companies

Source: own compilation.

The situation seems better for companies in Friesland. First of all, there are accelera-
tors to help small and medium-sized enterprises that operate within the CE framework
stay in business. Although operating in the CE market “is not cheaper, it is easier to get
public funding.” The business owners noticed that networking (formal and informal),
especially in the region or even on a smaller scale, is important in the way their entities
function and develop. Each company belongs to several associations and transparent
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platforms, which helps them to exchange information and contacts (IC). There is a high
level of knowledge exchange and knowledge sharing among competitors (IA). In the re-
spondents’ opinion, financial or non-financial profit does not have to be visible immedi-
ately; such an attitude brings long-term benefits. The business owners pointed to a notice-
able barrier to entering the secondary raw materials market, i.e., incomplete information
on raw materials (e.g., quantity, availability, or quality at a specific time).

Market failure in the CE from the academic perspective

Academics in the Lodz Region identified externalities and incompleteness of the mar-
ket as the most common market failures (3.5 and 3.3, respectively, Figure 3). Imperfect
competition was considered the least problematic (2.3, Figure 3). Importantly, in this
research group, the results in both regions were the least divergent.

The respondents from the Lodz Region indicated that CE themes are very popular
and topical, and that undertaking research in this area guarantees cooperation be-
tween R&D institutions and enterprises (IC). They also stated that it is easy to obtain
funding (grants) for research in the field of CE or to publish an article on this topic.
According to the respondents, CE research requires interdisciplinarity, which necessi-
tates cooperation, both between researchers from different academic fields but also with
business owners and members of local governments. While cooperation with private
entities was rated quite high, cooperation with local governments was rated low (it of-
ten finished at discussions and plans). Waiting for offers of cooperation was considered
a weakness of the academic units, which rarely initiate R&D cooperation on their own
(EX). Other problems faced by academic institutions in the Lodz Region are the lack
of interdisciplinarity in CE research and the fact that researchers specialise in nar-
row research fields (IC). Knowledge transfer was also considered an important element
in CE research, as exchanging knowledge, data, and information increases the chanc-
es of finding and implementing new measures. Unfortunately, its effectiveness was not

rated highly (EX).

The Friesland researchers also mentioned the interdisciplinarity of CE research. They
also considered themselves to be interdisciplinary and saw their strength in this, as this
feature makes them an attractive partner for businesses (IC). In addition, their attractive-
ness for business is strengthened by their extensive networks of formal and informal con-
tacts. One effect of these contacts is the temporary transfer of academics into the business
sector. According to the researchers, the essence of the CE is to identify CE challenges,
not only technological ones, but also those of a social, managerial or economic nature
(again, interdisciplinarity is important). Knowledge transfer, which creates cooperation
networks and allows the exchange of data and information, was also considered impor-
tant (EX). In contrast to the Lodz Region, cooperation with the local government was
assessed positively. In Friesland, local and regional governments are much more active;
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they play the role of facilitator and indicate and encourage involvement in CE projects
(IM). Importantly, the academics try to meet the needs of the local government and
local business owners in both research and teaching activities (IA).

Market participant: ACADEMIA

Academics involved in researching the CE
in terms of the CSS scope

Administrative officer of R&D units

in terms of the CSS scope

Characteristics of the FGI
research target group:
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TYPE OF MARKET MAJOR INTERPRETATION OF MARKET
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Figure 3. Market failures matrix - academia

Source: own compilation.
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Market failure in the CE from the society perspective

A study among members of society showed that in the Lodz Region, the key market
failures were incompleteness of the market and information asymmetry (both scored
4.0, Figure 4). Externalities were the least problematic (2.7). The smallest gap between
the two regions was noticed in this area.

s . e F'L.

Market participant: SOCIETY

Imperfect Competition
5

4

. . Information 2 ublic Goods
Characteristics — members of NGOs e O o

of the FGI research — members of the social enterprise
target group: — local social leaders

Incompletenass of the

market Externalities

TYPE OF MARKET MAJOR INTERPRETATION OF MARKET SYg:Fr\I/lEA-I-lIQ(l:(?'?ii?fGA:ENT
FAILURES FAILURE IN THE CE
OCCURRENCE
Imperfect Competition |~ awareness of be.:ing a Iin.k ir.\ the value PL 3.5
chain of industrial symbiosis NL 1.5
— cooperation between residents in the CE )
Public Goods — the social responsibility of residents as
producers of waste PL 3.5
— evaluation of regulations on the collection NL 1.5
and use of waste
Externalities — benefits of participating in a recycling
management system
— willingness to buy goods made from sec- PL2.7
ondary raw materials NL 1'7
— free-rider effect - gaps in the system ’
of motivation and control of waste
management
The incompleteness — the incompleteness of municipal recycling
of the market collection infrastructure PL4.0
— gaps in the involvement of residents NL 1.5
in waste management processes
Information Asymmetry |— completeness of information on the waste
collection system PL4.0
— completeness of information on the waste NL 1.5
reuse system

Figure 4. Market failures matrix - society

Source: own compilation.

Citizens in the Lodz Region are mostly aware that they are part of a supply chain
and are often and eagerly involved in additional ecological initiatives (including Earth
Day, Cleaning the World, and collecting bottle caps and paper). They evaluated them-
selves as aware consumers (IC). The major factors that influence their attitude are chil-
dren and their future. On the other hand, the respondents stated that they do not have
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complete knowledge regarding the CE, e.g., how to segregate waste. They also indicat-
ed that the behaviour of neighbours who do not care about the environment can be
demotivating. They expressed concern that anonymity in crowded places (especially
in a block of flats) exempts some residents from being responsible and complying with
the rules (EX). According to one respondent, “An attitude persists in a large part of so-
ciety: Why make an effort if others don’t do it anyway?” A lack of information about
the benefits of participating in waste segregation and recycling, as well as incomplete
information about it (e.g., collection dates and location), was also noted (IA).

Frisian society is very dutiful when it comes to waste management issues (PG). Aware-
ness of the need to take care of the environment, which includes sorting waste, is some-
thing that the Dutch “suck from their mother’s milk” (IC). Their awareness translates
into openness and involvement in CE initiatives and activities proposed by public au-
thorities or NGOs. Especially among the younger generations, it is popular to use sec-
ond-hand products (e.g., clothes and furniture) bought in shops or online (EX). Older
people, on the other hand, are more involved in socio-educational activities, in which
they try to share their knowledge and experiences of pro-environmental attitudes. This
is important because, according to the survey, “people think that using secondary raw
materials results in a higher price for the products made from them”. This has often been
true, but it will certainly change in the long term.

Market failure in the CE from the government perspective

From the perspective of the region and local government, the research found that
in the Lodz Region, key market failures were externalities (5.0, Figure 5). The least prob-
lematic areas were imperfect competition and incompleteness of the market (3.2 and 3.3,
respectively). In these cases, the smallest gap between the two regions was noticed.

Members of the Friesland authorities see themselves as a booster for the functioning
and development of the CE in the region (PG), encouraging business owners to be
more circular. They are also a key link between the different actors in the CE mar-
ket, creating a network and a platform for cooperation (IC). For example, the Circu-
lar Friesland Association and other dedicated information and education platforms
were established to serve this purpose. In addition, the local government works to en-
sure that the green procurement system contributes as much as possible to the circu-
lar value chain (EX). The authorities identified more difficult and less precise regula-
tions defining company waste as a problem (PG), although they also stated that high
awareness in society can sometimes be a problem. As an example, they cited a decrease
in the number of domestic tourists who chose not to stay in certain types of accom-
modation due to the lack of waste segregation. The regulations on the no of waste seg-
regation in tourist accommodation are due to insufficient knowledge of the segrega-
tion rules among some tourists. An important element in creating a CE in the region

155



Jagoda Adamus, Jacek Chadzynski, Justyna Trippner-Hrabi

is institutions that support the creation and development of circular businesses (IM).
An example is BeStart, a startup accelerator that helps circular startups in the north

of the Netherlands become successful.

Market participant: GOVERNMENT

— Members of the provincial and local
Characteristics government involved in planning,

of the FGI research implementing and managing the CE
target group: — Members of an institution that supports
and controls CE processes in the province

TYPE OF MARKET MAJOR INTERPRETATION OF MARKET
FAILURES FAILURE IN THE CE

Imperfect Competition |~ humber of operators in the municipal

[cj and industrial waste market

— competitiveness of public enterprises

— type of relationship between market
players (openness to cooperate)

— public compliance with current waste
management rules

— society’s openness to new CE solutions

e 1 s FL

Imperfect Competition
5

4

Information

Asymmetry Fublic Goods

Incompleteness of the
market

SYNTHETIC ASSESSMENT

xternalities

OF MARKET FAILURE
OCCURRENCE

PL3.2
NL 1.2

Public Goods [PG] — the authorities’ role in the market

— the authorities’ flexibility in deci-
sion-making

— evaluating laws and regulations on the mar-
ket of secondary raw materials

PL4.0
NL 1.3

Externalities [EX] — the authorities support entering and
existing market players

— market players’ behaviour as a market
barrier

— the impact of existing regulations on estab-
lishing long-term cooperation and networks

PL5.0
NL 1.0

The incompleteness — number and type of market actors

of the market [IM] vs meeting their needs

— adequacy of R&D solutions on the market
(e.g., availability)

— the possibility of greater citizen participa-
tion in the market

PL3.3
NL 1.3

Information Asymmetry |— the willingness of secondary raw material
[1A] market actors to share knowledge and
information

— database interoperability

PL4.5
NL 1.0

Figure 5. Market failures matrix - government

Source: own compilation.

Members of the public authorities from the Lodz Region pointed to the problem of inade-
quate regulations governing the control of waste flows, which has resulted in the so-called
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“Polish-utilisation”, i.e., abandoning waste in warehouses, illegally burning it or dump-
ing it in mine pits (IC/PG). In addition, the respondents pointed to the poor quality,
inaccessibility and lack of interoperability of databases (IA). For this reason, it is difhi-
cult for the public authorities to produce planning and strategic documents that meet
real needs. An insufficient number of well-qualified staff in public institutions who deal
with the CE is also a problem. According to the respondents, the creation of a CE sys-
tem is not facilitated by the fact that there is a monopoly of waste management actors
who are not open to sharing knowledge or information with others. The cooperation
between public authorities and R&D entities is also noteworthy (IC/IA). The authori-
ties lack funding to subsidise CE research, and they suggest that academia needs to be
opened up to local governments and other public institutions (IM).

Discussion and conclusions

Based on the research, in the vast majority of cases, Friesland performed better than
the Lodz Region, with the Dutch members of the public and local government evaluat-
ing the market failures close to the optimum (i.e., the ratings were close to 1).

Referring to research question 1, it can be concluded that the Lodz Region is only at the
beginning of building a CE, so all types of market failures were identified, and they
occur at a similar level. The most significant market failures were externalities and public
goods (see Figure 6). What this means is that inadequate laws (PG) and immature
cooperation (EX) are the region’s weaknesses. The legal weaknesses are due to their high
variability and lack of precision, which allows for a great deal of arbitrary interpretation.
Regarding cooperation, if it does occur, it tends to be traditional and forced rather than
the result of a well-thought-out strategy based on the benefits for the market actors. As
observed in Friesland, networking is crucial for the construction and effective functioning
of a CE.

157



Jagoda Adamus, Jacek Chadzynski, Justyna Trippner-Hrabi

e| 0dz Region === Friesland Region

Imperfect Competition
3,5

Information Asymmetry

Public Goods
3,8 4

3,8

4.1
Incomleteness of the market Externalities

Figure 6. Level of CE market failures in the researched regions

Source: own compilation.

Regarding research question 2, there were clear differences in how the groups assessed
market failures, although they are not very significant. The group of business owners
gave the highest ratings, while the academics gave the lowest ratings (Tab. 2).

Table 2. Compilation of market failures by research group

Research group NL PL
Company 2.16 4.28
Academics 2.16 3.02
Society 1.54 3.54
Government 1.16 4.00
Regional average 1.76 3.71

Source: own compilation.

These differences are mainly due to the different roles assigned to each market actor
and the resulting level of market activity. Business owners comprise the group that
creates the foundations of the market, and they are the most active participants in it,
which is why they see the most market failures. At the same time, they are most ex-
posed to them every day from all other market actors, and they are the least protected
from the effects of market failures.

On the other hand, the academics showed minor activity in the market, focusing pri-
marily on their research and teaching activities. However, it does not necessarily mean
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that this activity is the least important. Additionally, academics face unfair compe-
tition at the regional level.

Concerning research question 3, in the Lodz Region, the high occurrence of market
failures is primarily due to the stage that the economy is currently at, i.e., transitioning
from a traditional economy to a circular one. The main market failures that limit
the possibilities or slow down this process include the following:

« regulations that do not encourage and even discourage potential actors from imple-
menting CE rules (PG);

« low awareness of potential actors in the CE market, especially members of the pub-
lic/residents of the region (IC/PG). However, it should be remembered that changes
in awareness take time and awareness-raising activities, and the effects are sometimes
visible with a generational change;

« the lack of awareness and developed solutions for cooperating with other actors
in the CE market results in a network of limited connections to ensure effective
and globally beneficial cooperation (IC/EX).

In order to limit market failures and their effects on the CE market, multidimensional
and consistent changes are necessary (research question 4). There should be a compre-
hensive process and not a set of disconnected, incidental activities. As part of this pro-
cess, the following elements of the CE development support system should be prepared
and implemented:

o an effective system of legal regulations and institutional solutions to encourage
potential actors to take the right actions and punish them for breaking the rules
(it will reduce the level in the scope of PG/EX market failure);

« a set of good practices linked to a system of cooperation within and between dif-
ferent categories of CE market actors (it will reduce the level in the scope of IC/IM
market failure);

« asystem for monitoring emerging market failures (it will reduce the level in the scope
of IA market failure);

« an education system that continuously increases the awareness of all participants
of the CE market (it will reduce the level in the scope of IC/EX market failure).

The main actor that should take charge of developing the above measures is the public
authorities. It should be done at the local or regional level, as well as at the central level,
since the legal regulations and the system of incentives are primarily the competence
of the central level (it will reduce the level in the scope of PG market failure).
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In Friesland, the low occurrence of market failures is a result of the awareness of all
researched groups. Awareness of the need to move towards a CE is deeply rooted
in the culture, education system and upbringing in the Netherlands. The awareness
of society (understood as residents, business owners, academics and members of lo-
cal and regional authorities or civil servants), which has built up over many years, led
to the creation of high-quality social capital. Naturally, this social capital additionally
enhances people’s awareness, so it is a self-reinforcing process. The result of this capital
and awareness is a mutual trust that fosters commitment to networking and building
the CE. Networking is a key factor in Friesland’s success in building a CE. If the Lodz
Region is to increase its circularity, it could benefit from the experiences and solutions
of the Friesland Region.

Many economists believe that it is not necessary to correct market failures because free
markets correct themselves over time. However, there are many methods to reduce mar-
ket failures, for example, laws and regulations, taxes, subsidies and trade restrictions.
Amending market failures seems to be required in a CE. To achieve the United Na-
tions’ 2030 sustainable development goals, we must strive for the rapid implementation
of the CE. It is, therefore, necessary to support its implementation by eliminating mar-
ket failures. What makes the CE unique is that it is primarily based on awareness, net-
working, and the integrated cooperation of all market actors. Therefore, action is needed
to make stakeholders change and start implementing a CE. Such actions might include
education to boost awareness and incentives that trigger market actors’ involvement
in the CE. This involvement should not be limited to being a passive recipient. It should
ultimately manifest itself in active participation, e.g., through prosumerism and/or be-
ing part of industrial symbiosis.
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Zagubieni w okresie przejsciowym? Zawodnosci rynku we wdrazaniu
gospodarki cyrkularnej. Analiza porownawcza Niderlandow i Polski

Obecnie transformacja gospodarek w kierunku obiegu zamknietego i cyrkularnosci jest koniecz-
noscia. Tym, co szczegdlnie hamuje wdrazanie gospodarki cyrkularnej w gospodarkach liniowych,
sg zawodnosci rynku. Teoretyczne podstawy zawodnosci rynku sg zakorzenione we wspétcze-
snej ekonomii dobrobytu i ekonomii neoklasycznej. Zawodnosci wptywaja na funkcjonowanie
réoznych obszaréw rynku, w tym alokacje i dostep do zasobéw, konkurencje oraz wspoétprace
miedzy podmiotami. Zawodnosci rynku ograniczajg réwniez mozliwos¢ wdrozenia symbiozy
przemystowe] opartej na miedzysektorowej wspdtpracy i tworzeniu efektywnych systeméw
produkcji. Jest to istotne, poniewaz funkcjonowanie lokalnych podmiotéw w ramach symbio-
zy przemystowej znaczaco sprzyja promocji i wdrazaniu gospodarki cyrkularnej. Celem artykutu
jest identyfikacja zawodnos$ci rynku ograniczajacych wdrozenie gospodarki cyrkularnej w trady-
cyjnych gospodarkach liniowych. Artykut powstawat na podstawie zogniskowanych wywiadéw
grupowych (FGI) przeprowadzonych z reprezentantami czterech grup interesariuszy w Niderlan-
dach i Polsce: Srodowiskiem akademickim, spoteczenstwem, przedsiebiorcami oraz wtadzami.
Przeprowadzone badania wykazaty, ze jedng z najwiekszych barier wdrazania gospodarki cyr-
kularnej w Polsce jest niska swiadomos$¢ interesariuszy na jej temat. Wptywa to na ich mozliwo-
$ci wspbtpracy i networkingu. Obowigzujgce w Polsce przepisy prawne dodatkowo ograniczaja
mozliwosci rozwoju gospodarki cyrkularnej. Inaczej wyglada sytuacja w Niderlandach, gdzie - jak
pokazaty przeprowadzone badania - $wiadomos$¢ na temat gospodarki cyrkularnej jest gteboko
zakorzeniona w kulturze, systemie edukacji i wychowaniu. Skutkuje to nizszym poziomem wy-
stepowania zawodnosci rynkowych.

Stowa kluczowe: gospodarka cyrkularna, gospodarka liniowa, tranzycja w kierunku gospodarki
cyrkularnej, zawodnosci rynku
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Abstract

In the field of economics and regional research, income convergence between countries and
regions has been analysed since the 1980s. At the beginning of the 21t century, a number of
articles addressing income convergence of European Union (EU) countries were published,
which was among many topics related to the accession of 12 countries to the EU between
2004 and 2007. The inspiration for this study was the variety of conclusions about convergence
in various groups of EU regions.

The purpose of this article is to discuss the existing knowledge on the economic convergence
of the EU regions and to expand it with the research results covering the period 2000-2021.
The results confirm the convergence of incomes within EU regions, which translates into
a change in the geographical distribution of income in the EU, slowly blurring the boundaries
between the regions of the 2004/2007 enlargement countries and the countries located in the
west and south of the EU. At the same time, no convergence within most of the biggest EU
countries nor regions with well-developed knowledge-intensive sectors, were recorded.
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Introduction

One of the most closely monitored trends in economics is the pace of economic growth.
Given that the basic measure of an economy’s size is GDP (gross domestic product), it
follows that the history of growth is the history of GDP Coyle (2014). By observing GDP
we can identify periods of strong growth and significant slowdown. As a result, some
economies are strengthening their position as global leaders while others are still trying
to improve their economic fate. The inspiration for this study was the myriad conclu-
sions about convergence in various groups of regions and levels of aggregation regard-
ing territorial units, i.e., the state, region, and local units (a discussion on convergence
research can be found in, among others, Johnson, Durlauf, and Temple (2005)). Such
knowledge warrants a systematic organisation and a perspective approached with a de-
gree of detachment.

When analysing income convergence in particular countries, it is crucial to con-
sider situations when the assessment of a country’s economy is influenced by the
economies of regions with highly diversified economic conditions. The most de-
veloped regions of the European Union (EU), for instance, become part of
a larger entity, and their competitive advantages are incorporated into a larger
economic system, which, as a whole, may present different characteristics. This
phenomenon is well known in spatial econometrics as MAUP (modifiable areal
units problem) (Gehlke and Biehl 1934; Openshaw 1984; Wong 2004). As territo-
rial units expand, the disparities between territories tend to blur. A good example
of this is the assessment of the EU regions in terms of GDP pc (per capita). For
years, Luxembourg® has been ranked first, among the EU countries with a value
of 78,500 (pc PPS; per capita purchasing power standards) (year 2020). By com-
parison, in the ranking of NUTS-3 regions, Luxembourg comes 13%; first place
goes to Wolfsburg, Kreisfreie Stadt (155,400 pc PPS). Overall, Luxembourg is
preceded by eigh NUTS-3 regions from Germany, two form Ireland, and two
from France.

The purpose of this article is to assess the income convergence of the EU at different
levels of territorial units in the 21* century (2000-2021). The study is based on the as-
sumption that common EU laws and values foster the reduction of disparities in regional
development. The following research questions were formulated: (1) Do beta and sigma
convergence occur simultaneously at all levels of the EU territorial units? (2) Is conver-
gence observed within the regions that make up the largest EU economies (Germany,
France, Spain, Italy, and Poland)? (3) Do convergence clubs, defined based on the level of
innovation in the economy (reflecting a specific structure of human capital resources),

1 Luxembourg in the NUTS classification appears as a country (code: NUTS 0), major socio-economic
regions (code: NUTS 1), basic regions for the application of regional policies (NUTS 2), and small re-
gions for specific diagnoses (NUTS 3).
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offer a better understanding of economic growth processes in the EU regions? These
approaches are consistent with growth models that feature multiple steady states.

The analysis of convergence will be conducted for all the EU countries, NUTS-2 and
NUTS-3 regions, as well as groups of regions defined by national borders or conver-
gence clubs, which are identified based on the level of knowledge and technology-based
economic structure.

Income convergence

Income convergence is often discussed in research that addresses the neoclassical growth
model with exogenous technical progress (Solow 1956; Swan 1956) or its extended ver-
sion with human capital (Mankiw, Romer, and Weil 1992). This concept involves re-
gions with initially lower levels of income per capita achieving higher economic growth
rates than regions with higher output per capita during the base period. This process
is referred to as the catch-up effect.

The neoclassical growth theory explains the accelerated growth of underdeveloped re-
gions through declining marginal factor productivity. A scarcity of capital is associated
with a higher rate of return on capital, which encourages capital transfer from richer to
poorer regions, thereby stimulating economic growth. In addition, less developed re-
gions can more easily increase the technical reinforcement of labour. Meanwhile, in de-
veloped regions, a significant portion of investment goes into maintaining a large stock
of tools (Czarny 2000).

A condition for the pursuit of convergence is for economies to have a common
steady state where per capita output, capital stock, and consumption grow at a com-
mon constant rate, equalling the exogenously given rate of technological progress.
It involves similar conditions and parameters that characterise a given group of
economies where convergence is expected. This applies to short-term development,
wherein capital accumulation can prompt convergence towards a common steady
state. Eventually, economies reach the latest or most advanced stage of development,
known as the cutting edge, where growth rates are zero. However, if human capital
accumulation and related knowledge are present in the economy, a shift of a higher
steady state occurs, propelled by the involvement of human capital capable of fos-
tering innovations.

The use of knowledge and innovation resources in production yields endogenous
technical progress, a result of deliberate investment in scientific and technical knowl-
edge (Romer 1986; 1990) or human capital (Lucas 1988), increasing production effi-
ciency. The long-term accumulation of human capital can lead to a new steady state
(Cowen and Tabarrok 2015). Bernard and Jones (1996) and Bianco (2010) argued
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that empirical analyses of convergence exaggerate the role of capital accumulation
in generating convergence at the expense of technology diftfusion, i.e., the endoge-
nous or Schumpeterian driver of growth.

Both the free flow of capital and the absence of restrictions on the diffusion of tech-
nical progress between regions serve as catalysts for convergence (Tokarski 2005).
Physical and human capital in the region are prerequisites for absorbing and creating
acquired technical progress, e.g., in the form of innovations. As Islam (1995) indicat-
ed, “persistent differences in technology level and institutions are a significant factor
in understanding cross-country economic growth. It becomes clear that if there had
been no such differences, and countries differed only in terms of capital per capita,
convergence would have proceeded at a faster rate”. Both physical and human capital
are subject to diminishing returns (Cowen and Tabarrok 2015). While knowledge ab-
sorption appears to be an acceptable developmental incentive for low-level economies,
moving to higher levels requires the capacity for creative work and the development of
primary innovations characteristic of the leadership position in a given industry.

The concept of endogenous growth is consistent with the idea of convergence clubs. Fol-
lowing Galor (1996) and Johnson, Durlauf, and Temple (2005), if initial conditions play
a role in shaping long-run outcomes, and countries with similar initial conditions ex-
hibit similar long-run outcomes, then one can speak of convergence clubs. If two regions
with different initial levels of income (development) pursue different steady states, they
can achieve similar or even higher growth levels. Convergence clubs suggest that conver-
gence occurs between regions equipped with immobile production factors to a similar
extent, leading to long-term steady states. Regions grouped within individual conver-
gence clubs may be approaching their long-term development paths, while simultane-
ously, divergence may occur between these clubs (Tokarski 2005).

This paper uses the concept of B (beta) and o (sigma) convergence. B-convergence, also
known as the catch-up effect, focuses on achieving higher rates of economic growth
by regions with lower initial levels of development than the regions initially charac-
terised by higher productivity (development). Meanwhile, o convergence is defined
as the equalisation of income levels between regions. o-convergence is typically iden-
tified by examining the standard deviation of the logarithms of labour productivity
(or GDP pc) between regions over successive periods. When considering these two
types of convergence, it should be pointed out that while f-convergence is a neces-
sary condition for o-convergence, it is not sufficient (Sala-i-Martin 1996).
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An overview of income convergence studies

As the source literature suggests, Baumol (1986) was one of the earliest studies to address
absolute convergence in terms of productivity equalisation or the level of economic de-
velopment measured by GDP pc. He confirmed the productivity convergence for 16 in-
dustrialised world economies between 1870 and 1979 (the Baumol-style OLS regression)
and referred to these 16 industrialised economies as a convergence “club”.

The literature review provides a general reflection that economic convergence is frequent-
ly observed across countries and regions (Schmidt 1997; Préchniak 2006; Batog 2010;
Bal-Domanska 2014; Chocholata and Furkova 2017), with the rate of convergence usually
remaining at approx. 2-3% (Quah 1996). The research emphasised the sensitivity of con-
vergence results to the assumptions made and the diversity of the analysed objects (Batog
2010). In addition to sampling, contemporary authors also point out differences in the rate
of convergence estimates that result from the method of data analysis (Caselli, Esquivel,
and Lefort 1996; Bond, Hoefller, and Temple 2001; Ciotek 2003), as well as differences in
the data sets (Bernardelli, Prochniak, and Witkowski 2018).

Some studies assessed convergence at different levels of aggregation. For example, Gorzelak
(2009) highlighted the difficulties in achieving convergence, noting that concentration
often prevails over deconcentration between the two poles that represent opposing de-
velopment trends. Some have indicated the increase in intra-regional disparities in EU
countries, both those that show small income spreads (e.g., Sweden, Denmark, and the
Netherlands) and those with traditionally large inter-regional differences (e.g., Italy and
Hungary). A summary of research findings for groups of EU countries is available in
the source literature (see, e.g., Batég 2010; Kusidet 2013; Glawe and Wagner 2021). Most
studies confirm convergence, although some highlight that convergence following a giv-
en model structure can only be confirmed for selected regions. For example, Baumont,
Ertur, and Le Gallo (2003) demonstrated convergence in the spatial regimes model only
for regions in southern Europe. The rate of income convergence across EU regional/coun-
try economies varies from 1% to 3%>.

A frequent thread in convergence analyses is assessing the rate of convergence among
groups of regions often conceptualised as clubs of regions that share common char-
acteristics that approximate their development models. One such common thread
is the division of countries into the “old” EU (i.e., the former EU15) and the “new”
(after the enlargement in 2004 and 2007 (EU10/EU12)). The 2004 enlargement was
noteworthy for the EU, as it included a large number of new countries, of which eight

2 The findings differ both in terms of estimates for the rate of convergence and the quality of meeting
the model assumptions. A similar growth rate was also indicated for the rate of convergence of the
European economies in terms of manufacturing productivity (Petrovi¢ and Gligori¢ Mati¢, 2023). The
exception is the research conducted by Bernardelli, Prochniak, and Witkowski (2018), who presented
findings at the level of 17.6% for the period 1996-2016.
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had belonged to the communist bloc. It constituted a major challenge politically, or-
ganisationally, and economically. As Andor (2019) noted, “[The] 2004 enlargement
was different because the income disparity between new and old Member States was
much more significant than in any previous round. As a result, great imbalances have
developed: capital flowed largely from West to East, while workers went mainly from
East to West.”

One frequent conclusion in convergence research into these two groups of countries is
that convergence is faster in the new EU countries, and it favours the emergence of in-
come beta convergence within the EU (Diaz del Hoyo et al. 2017; Cabral and Castella-
nos-Sosa 2019; Demertzis, Sapir, and Wolff 2019). Similar conclusions were reached not
only regarding GDP pc but also household income (Muszynska, Oczki, and Wedrowska
2018). However, Ingianni and Zd’arek (2009), who covered the period 1995-2006, con-
firmed B but not o convergence. They also stated that the EU8® countries made rapid
progress both in narrowing the gap and reducing income divergence within the group
but not necessarily against the EU15.

The division into EU15 and EU10/EU12 does not exhaust the possibilities of searching
for development patterns in EU regions. In particular, nowadays, almost 20 years after
Central and Eastern European countries joined the EU, it is worth paying attention to
the development models. Bal-Domanska (2011; 2016) has presented comprehensive anal-
yses that considered the determinants of endogenous growth by: 1) including differences
in the level of human capital in the model, and 2) dividing regions into clubs that have
similar knowledge structures and uses of technology in the economy. Considering both
human capital and knowledge accumulation in the models allows the long-term steady
state to be shifted to a higher level. The inclusion of variables that represent human cap-
ital in the model structure allows differences in regional potential in workers’” education
and experience to be expressed. On the other hand, the division of economies into clubs
with similar structures of knowledge sectors makes it possible to identify clubs with sim-
ilar development models; thus, they are capable of pursuing the same steady state. The
key findings from these studies, which covered the period between 2000 and 2011, can
be summarised as follows:

1. Among the classifications grouping regions by criteria, the most robust models were
developed for regions characterised by a significant presence of knowledge-inten-
sive sectors, such as high and medium high-technology manufacturing, as well as
knowledge-intensive services.

2. Regions with a lower share of knowledge sectors revealed clear unconditional beta
convergence and, consequently, also o-convergence.

3 EUS8 - countries involved in the fifth European enlargement (year 2004), with the exception of Cyprus
and Malta.
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4.

The results support the validity of the contradictory concept proposed by Gerschen-
kron (Barsby 1969; Kubielas 2009), which highlights the privileged role of regions
with a high level of knowledge capital accumulation. These regions are, therefore,
capable of creating and absorbing technology better, and as a result, they can achieve
higher levels and growth rates of labour productivity.

Assessment of regional cohesion

Achieving territorial cohesion, understood as the absence of significant development
disproportions in a functionally related area while allowing the existence of various
local specialisations, remains one of the goals of regional policy. When formulating
the purpose of the analysis presented below, the following assumptions were adopted:

Implementing international standards and laws, as well as establishing a single mar-
ket to guarantee the four freedoms (goods, capital, services, and people), constitute
strong arguments for joint analyses of all EU regions. As Martin, Velazquez, and
Funck (2001) stated, the main effect of European economic integration has been the
diffusion of technologies, leading to converging capital/labour relations, which in turn
has fostered real convergence.

The existence of autonomous countries within the EU, which operate in accordance
with unique historical, legal, structural, and political conditions, forms the basis for
verifying the idea of regional convergence within their internal borders.

As the size of a country increases, the likelihood of internal developmental dispro-
portions increases. The territorial cohesion of higher-level units depends on the de-
velopment level of the lower-level units. This aspect can be associated with the Fried-
man’s Core-Periphery Model (1963). Based on the spatial distance from the core, it
distinguishes four stages of regional development: from the initial state of inequali-
ties (pre-industrial), disparities are reduced (transitional and further industrial stages
with regional sub-centres) to a functionally integrated urban system (post-industrial).

According to Kapeller, Griabner-Radkowitsch, and Heimberger (2019), technological
capabilities, which play a decisive role in a country’s long-term economic develop-
ment, continue to be very unevenly distributed among the Eurozone countries (this
can be generalised for all EU economies). These inequalities in supplying regions with
growth determinants constitute an important premise for defining convergence clubs
striving for their proper steady state;

Kijek, Kijek, and Matras-Bolibok (2022) stated that although technological progress
and innovation diffusion create important macroeconomic benefits at the country
level, they also make regional convergence even more challenging (Chapman and
Meliciani 2017; Pina and Sicari 2021) as the concentration of knowledge-intensive
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sectors gradually escalates at the regional level. Therefore, even though cross-coun-
try disparities may decrease, within-country divergence remains constant or even
increases.

The presence of positive trends favouring the convergence of income levels in the EU
economies carries the following implications:

1. There is a decrease in diversification in the value of generated income across differ-
ent aggregation levels (NUTS-3 regions, NUTS-2 regions, countries), i.e., o con-
vergence.

2. Reducing differences in income between territorial units is possible in the presence
of B convergence.

3. Political, historical and structural determinants imply a strong relationship be-
tween regions’ level of economic development and their location. Clusters that bring
together a large number of regions characterised by a similar, difficult economic
situation enhance regional development disproportions. However, supporting re-
gional and local economic centres, as well as their ability to create positive external
effects (diffusion, transfer) at every level of territorial aggregation, strengthens 3
convergence and, consequently, o convergence.

If we approach these processes as mutually reinforcing complementary phenomena sug-
gests that the causal nature should be attributed to the factors listed in Implication 3
above. Creating appropriate political and legal conditions for the development of en-
trepreneurship, including the increase in its effectiveness, considering the potential in-
herent in individual regions, constitutes a developmental stimulus that may lead to the
emergence of  convergence and, as a result, o convergence.

Data and research procedure

The data come from the Eurostat database. Income was expressed by the value of gross
domestic product per capita in the purchasing power standard (GDP pc in PPS). PPS
is an artificial common reference currency unit developed by Eurostat. It expresses
the same amount of goods and services in each country, allowing significant compar-
isons to be made in the volume of economic indicators between countries (Eurostat:
Statistics Explained). GDP pc in PPS expresses the level of economic development of
a region.

The study encompassed various levels of analysis, including countries and NUTS-2
regions, which are the basic unit of the EU regional policy. Twenty-seven EU Member
States were included, and 242 NUTS-2 regions, with spatial analysis conducted on 234
NUTS-2 regions. To address data gaps in the employment structure, the examination
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within the convergence clubs framework focused on 220 NUTS-2 regions of the EU.
Additionally, 1166 NUTS-3 regions were analysed (spatial analysis of 1150 NUTS-3
regions). Overseas regions of France and Portugal, as well as the Canary Islands, were
excluded from the spatial analysis of regions. The analysis spanned from 2000 to 2021.
However, due to data gaps for NUTS-3 regions, the time frame was narrowed to
2003-2020. To ensure comparability, selected results are presented for both time spans.

Spatial statistics, taxonometric, and econometric methods were applied to characterise
development in the EU regions. These methods were based on the mutually reinforcing
complementary phenomena outlined in the previous section.

Implication 1 was verified using the idea of o-convergence based on the standard devi-
ation of GDP pc (PPS) logarithms. Cross-sectional data (the Baumol-style OLS regres-
sion) were used to assess f-convergence (Implication 2). This approach allowed verifying
the presence of convergence, and their graphic presentation. A broad description of the
method for measuring convergence and the accompanying assumptions was presented
by Sala-i-Martin (1996) and Batog (2010). The Global and local Moran’s I statistics (Mo-
ran 1950) were used to assess spatial correlations (Implication 3). The statistically signif-
icant values of Moran’s I statistic indicate regional clusters with similar GDP pc (PPS)
values in the cross-section of regions. The calculations used a row-normalised first-order
adjacency matrix, in which units that share a common border were considered neigh-
bours. The R CRAN program was used to perform the calculations.

The analysis of income convergence for convergence clubs was carried out for the
NUTS-2 regions characterised by a similar economic structure, and the tradition-
al Baumol-style OLS regression parameters were estimated for them. Grouping re-
gions into classes that feature a similar structure was based on the data describing the
percentage of people working in knowledge sectors, i.e., knowledge-intensive servic-
es (KIS) and also in high and medium high-technology manufacturing (MHTC). Due
to data gaps for the NUTS-3 regions, the analysis was restricted to NUTS-2 regions.
The classification was performed using the k-means method. The k-means algorithm
(MacQueen 1967) aims to separate n regions in k non-overlapping groups to minimise
the distances between the points and the centre of their group. The number of classes
was determined based on a dendrogram created using Ward’s hierarchical clustering
method.

Characteristics of income convergence in the EU

The accession of 10 new Member States to the EU in 2004, followed by another 2 in 2007,
resulted in a highly polarised economic landscape across EU regions. The newly admit-
ted countries were achieving significantly lower incomes (GDP pc in PPS) that did not
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exceed 50% of the EU average. The following years of economic development, invest-
ment, and cooperation also carried out within the framework of the EU policy brought
about a change in the economic picture of the EU regions. A comparison of the GDP
pc in PPS expressed as the EU average in the EU NUTS-3 regions in 2000 and 2020
(Chart 1) reveals a blurring of divisions overlapping with state borders. In 2020, the pic-
ture of the EU NUTS-3 regions resembled centrically spreading waves from the most
developed regions, whose income is close to or above the EU average, to the least de-
veloped regions. The richest regions include the regions of Germany (particularly the
western part, northern Italy, Austria, Denmark, Belgium and the Netherlands, as well
as Sweden). The regions with the lowest income are the western, southern and eastern-
most areas of the EU.

Chart 1. GDP pcin PPS as a percentage of the EU average in the EU NUTS-3 regions,
2000 and 2020

Source: author’s compilation.

Twenty years of development saw significant economic progress in many of the new EU
countries, including Poland, the Czech Republic, Hungary, Lithuania, Romania, and Es-
tonia. Income levels in these regions approached 75% of the EU average. At the same time,
many regions of Spain, France, southern Italy, and Greece recorded a relative decline
in wealth, generating incomes below 75% of the EU average, with Greece falling below
50%. The change in the spatial wealth pattern of the EU regions and the disappearance
of a clear geographical division into the Eastern Bloc and other Member States should
also be assessed positively. These observations are confirmed by Moran’s I spatial statis-
tics (Chart 2), which assess the strength of income spatial autocorrelation. The decreas-
ing values indicate a weakening tendency to concentrate regions with similar levels in
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one location in favour of an irregular income distribution. This trend is evident at both
the NUTS-2 and NUTS-3 levels. In the NUTS-2 regions, the global Moran’s I statistic
decreased from 0.62 to 0.36. The disappearance of clear spatial regimes was accompa-
nied by a decline in income differentiation between regions, thus confirming the emer-
gence of o-convergence at all levels of territorial aggregation. In the NUTS-2 regions,
the o-convergence measure dropped from 0.52 to 0.37 (Chart 2).
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Chart 2. Global Moran’s | statistics (left) and o-convergence measures (right) for the EU NUTS-2 and
NUTS-3 regions, 2001-2021.

Source: author’s compilation.

The o-convergence was the consequence of different income dynamics in individual
regions. As the data in Chart 3 show, Romania saw the highest relative income in-
crease in 2020 compared to 2003, where most regions recorded an increase of over
200%. Large increases were also observed for the NUTS-3 regions in Poland, Estonia,
Lithuania, Latvia and Bulgaria. The relative growth in other EU countries did not
exceed 50% (with a dynamics index of 1.5). At the same time, almost all Greek regions
and selected Irish regions recorded a drop in income. Due to the COVID-19 pan-
demic in 2020, which affected regional economic results, Chart 3 presents both the
dynamics of GDP pc in PPS in 2020 and in 2019, before the COVID-19 pandemic.
The picture of changes against the base year 2003 is similar in both years. The differ-
ences arose in the dynamics observed in selected Italian and Spanish regions, where
2020 saw GDP pc in PPS income levels lower than those recorded 16 years earlier.
These observations lead to the conclusion that o-convergence is indeed ocurring at
the EU level.
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Chart 3. GDP pc in PPS dynamics indices for EU NUTS-3 regions

Source: author’'s compilation.

Chart 4 presents the income level of the EU NUTS-3 regions in 2003 and the dynamics
indexes in 2020. This comparison allows the analysis of income B-convergence for
NUTS-3 regions using the Baumol-style OLS regression. As evidenced by the data
arrangement, the correlation is as expected, confirming B-convergence. Estimates of
the corresponding power-form models at the NUTS-2 and NUTS-3 levels are presen-
ted in Table 1. The results confirm convergence both at the NUTS-3 and NUTS-2
levels, as well as in the group of 12 new countries. The estimated convergence rate at
the NUTS-2 level is 2.5% per year, which gives a period of 27 years needed to cover
half the distance to a common long-term steady state. In the NUTS-3 regions, the
catching-up rate is slightly lower, at 2.2% per year (which gives a half-time of 32 years).
In the group of regions from the new EU countries, catching up is characterised by
lower dynamics, at approx. 2%. This means that within 34 years, the income gener-
ated by regions in this group should reduce the distance to the periodic steady state
by half. However, in the old EU15 countries, no catching-up was observed. To under-
stand this situation better, Chart 4 distinguishes observations for the EU15 and indi-
vidual countries of the new EU12 enlargement.

The new EU countries, in particular Romania, Lithuania, Poland, and Bulgaria, are
characterised by the highest growth rates, driving convergence. However, a small group
of regions in the central part of the chart deviates from the convergence model, achiev-
ing an unexpectedly high growth rate (by 150%) along with a simultaneously high-in-
come level in the initial period. These regions cover the rapidly developing capital re-
gions of the EU12 countries, including Warsaw, Zagreb, Budapest, Bratyslavsky Kraj,
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as well as Dublin. Some of the regions with the highest income in 2003 (visible in the
chart as the rightmost regions) also achieved a high growth rate (up to 100%), doubling
their income in 17 years (GDP pc in PPS). These regions include the two previously
mentioned German regions with the seat in Wolfsburg and Ingolstadt.
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Chart 4. GDP pc in PPS and their dynamics in the EU NUTS-3 regions by country (left),
and B-convergence models for selected countries (right)

Source: author’s compilation in R CRAN.

Analysis of the regions of the EU15 countries shows that the regions are highly di-
versified. Some of the most affluent regions achieved a comparable high growth rate
as the regions with an initially low level of wealth. At the same time, the regions with
the lowest income in 2003 constitute a highly diversified group in terms of econom-
ic growth rate. In the initial income range, from 17,000 pc PPS (Purchasing Power
Standard) to 30,000 pc PPS, the regions recorded income growth rates ranging from
almost 0 to 100%. The results suggest different income growth models among the EU15
regions. To illustrate this, a f-convergence analysis was conducted for the five most
populated EU economies (Chart 4; Table 1). This allowed us to closely examine the sit-
uation in four EU15 countries whose regions largely form the described cluster.

Germany and Spain had statistically significant negative estimates of convergence pa-
rameters, suggesting catch-up processes. However, the quality of the model expressed
by the fit (determination) coefficient was very low, at 14%/20%, respectively. Low fit is
a consequence of, among other things, the presence of regions that deviate from the
convergence model determined by the traditional Baumol-style OLS regression. Spain’s
results were influenced by a group of regions that recorded an income decrease in 2020
compared to 2003.
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Table 1. The traditional Baumol-style OLS regression results

Speed of

Coefficient R? TS Half Time
EU27 NUTS-2 (2000-2021) -0.429*** 0.492 2.5 27
EU27 NUTS-3 (2003-2020) -0.323*** 0.358 2.2 32
EU12 NUTS-2 (2000-2021) -0.364*** 0.340 21 34
EU12 NUTS-3 (2003-2020) -0.3*** 0.280 2.0 35
EU15 NUTS-2 (2000-2021) -0.009 0.000
EU15 NUTS-3 (2003-2020) -0.043* 0.006
Five biggest EU countries (in terms of population)
(NUTS-3, 2003-2020)
Germany -0.147** 0.203 0.9 78
France -0.057 0.035
Spain -0.284*** 0.139 1.9 37
Italy -0.001 0.002
Poland 0.072 0.041

R? - the coefficient of determination; *** - 0.001 level of statistical significance; ** - 0.01 level of statistical
significance; * - 0.05 level of statistical significance.
Source: author’s compilation.

Convergence is not a common phenomenon in the largest EU countries, including Ger-
many. German regions stand out for their high income levels within the EU and the pres-
ence of convergence. The strong position of the German economy can be attributed to its
diversified and frequently highly specialised economic structure of the economy based
on high and medium high-technology manufacturing and innovation. As noted by Bac-
caro and Benassi (2017), the German growth model has transitioned from being driven
by net exports and consumption to predominantly export-led growth.

For the three remaining countries (Poland, France and Italy), B-convergence could not
be confirmed, which suggests the possibility of increasing income disparities between
the regions. The absence of B-convergence in Italy was influenced by the low growth rate
and even a decline in incomes in most regions (with income changes ranging from -5%
to 40%). When all regions experience a low or negative rate of income change, it is not
possible to observe catching-up processes according to the idea of f-convergence.

In France, most regions recorded a relatively moderate income growth (from 13% to
50%). Consequently, the poorer regions failed to narrow the gap with the richest ones,
maintaining similar levels of regional wealth.
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In Poland, the results were influenced by the relatively large group of regions which
achieved the highest income in the initial period of the analysis (2003) and, at the
same time, recorded the highest growth rate. These NUTS-3 regions, including
Warsaw, Poznan, Krakéw, Wroctaw, and £6dz, now serve as significant develop-
ment drivers, achieving positive economic results within their boundaries while
also spreading these economic benefits to neighbouring areas (Chart 1). These re-
gions attract foreign investments and, therefore, promote exports and foster inno-
vation and productivity growth (OECD 2018). Overall, the economic growth rate
of Polish NUTS-3 regions ranged from 65% to 190%.
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Chart 5. Sigma convergence in the selected EU countries (based on NUTS-3 regions)

Source: author’s compilation.

To summarise, o-convergence was recorded only in Germany (Chart 5), polarisation was
visible in Poland, and income differences between NUTS-3 regions in France and Italy re-
mained at a similar level. Meanwhile, in Spain, after initially seeing a decline in differences
in regional wealth, recent years have seen the threat of increasing income polarisation.

Club convergence results

According to the neoclassical growth theory, one determinant of the pace of growth is
the distance of an economy from its long-term steady state. The long-term steady-state
point varies between economies characterised by different levels of efficiency and abil-
ity to adopt knowledge and technology. Chart 6 presents the key values of the Bau-
mol-style model divided into three clubs of NUTS-2 regions, which were identified
based on the economic structure in the knowledge-intensive sectors.

The Industry club comprises 107 regions with the highest percentage of people em-
ployed in high and medium high-technology manufacturing MHTC (with an average
of 8.6%) and a relatively high percentage of people employed in knowledge-intensive
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services KIS (28%). The Services club is the smallest, covering 46 regions where, on
average, 41% of employment is attributed to KIS, while approx. 5.8% is MHTC. The
Other club comprises 67 regions with the lowest percentage of employment in knowl-
edge-intensive sectors (MHTC 3.9%; KIS 19.2%).

The first observation drawn from the analysis of club data relates to the highest income
level in the Services club regions (see also Cutrini and Mendez 2023). The average level
ranged from 25,109 pc PPS in 2000 to 41,093 pc PPS in 2021. At the same time, the av-
erage income level in the Industry club ranged from 19,060 pc PPS to 31,060 pc PPS, re-
spectively, while in the Other club, the range was narrower, spannding from 11,800 pc
PPS to 21,607 pc PPS.
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Chart 6. Income (GDP pc in PPS) and its dynamics in the EU NUTS-2 EU regions according

to convergence clubs

Source: author’s compilation in R CRAN.

Table 2. The Baumol-style OLS regression results for convergence clubs

Coefficient R? Speed of convergence Half Time
2000-2021 (NUTS-2)
All -0.446*** 0.550 2.7 26
Services -0.09 0.038
Industry -0.443*** 0.557 27 26
Other -0.74*** 0.739 6.1 11

R? - the coefficient of determination; *** - 0.001 level of statistical significance; ** - 0.01 level of statistical
significance; * - 0.05 level of statistical significance.
Source: author’s compilation.
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Chart 7. Dynamics indices GDP pc in PPS (2000 = 100) (left) and the level of regional GDP pc in PPS
(right) among the EU NUTS-2 regions by convergence club in 2021

Source: author’s compilation in STATA.

Absolute B-convergence was confirmed in two clubs, Industry and Other (Table 2). These
convergence models are characterised by greater variance of the dependent variable,
measured by the coefficient of determination (R?), than the results presented earlier in
Table 1. It can, therefore, be concluded that the division into clubs provides a better un-
derstanding of convergence within the EU NUTS-2 regions.

The Other club yielded the highest level of explanation and the highest convergence pa-
rameter. This indicates that the regions in this group are progressing towards a common
long-term steady state at the fastest rate (5.7% per year). According to the estimates, it
would take 12 years to halve the distance to the long-term steady-state shared by all re-
gions within the club. In contrast, the Industry club demonstrates a convergence speed
of only 2.7%, requiring 26 years to reduce the distance.

B-convergence was not observed in the Services club. The absence of convergence can
be attributed to similar growth rates in these regions. As shown by the data present-
ed in the box chart (Chart 7, left), the median of income dynamics indexes reached
a similar level of 1.6 in all convergence clubs, with the Services club exhibiting the
lowest deviations from this value (the coeflicient of variation was only 14%). The lack
of regions achieving high growth rates translated into the absence of convergence.
Furthermore, the regions within the Services club are among those with the highest
income levels, significantly exceeding the income achieved by the regions of the re-
maining two clubs (Chart 7, right). The results suggest that the Services club regions
are approaching the growth limit at a given long-term steady state and within the ex-
isting economic model.
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Conclusion

When answering the questions posed at the beginning of this article, it becomes ap-
parent that income convergence was observed regardless of the level of analysis (i.e.,
NUTS-2 or NUTS-3 regions). The rate of convergence achieved by the EU regions is
similar to the estimates in other studies, including those that focused on the EU, averag-
ing around 2.5% per year. However, the situation becomes more complicated when ex-
amining smaller territorial systems rather than the entire EU. Catch-up processes were
confirmed only within the regions of the new EU12, with no convergence observed in
the EU15 regions. Convergence was also not common in the largest EU countries. Only
in Germany were [ and o-convergence confirmed. Conversely, clear divergence was re-
corded in Poland.

These observations align with Pina and Sicari’s (2021) assertion that the reduction of
differences between countries in the first decade of the 21* century was more crucial for
income convergence in the EU than the reduction of disproportions within countries.
They also mentioned the lack of improvement in the EU15 countries and that there was
even a tendency towards divergence and polarisation.

This situation is influenced by globalisation and changes in the political and economic
systems in Europe. These dynamics determine the flows of financial resources, invest-
ments and employees between countries. The last EU enlargements (in 2004 and 2007)
have driven strong economic growth, labour market improvements, and buoyant in-
vestment, including increases in FDI inflows in the EU12 countries (Borys, Polgar, and
Zlate 2008). Additionally, the EU cohesion policy has also provided a positive stimulus
for the economic growth of the new Member States (Savi¢, Drvenkar, and Drezgi¢ 2023),
resulting in the countries of Central and Eastern Europe improving their economic po-
sition in Europe. For example, when Poland joined the EU, it was ranked the 23" econ-
omy in terms of GDP pc in PPS. By 2021, it had risen to 19™.

Maintaining this positive trend in the EU12 countries requires them to address further
economic challenges to increase productivity and structural transformation (Borys,
Polgar, and Zlate 2008; Pina and Sicari 2021). They must focus on accumulating capi-
tal, including the activation of human capital towards innovation and the development
of modern economic sectors of international or supra-local importance. The transition
to the next stage of development requires that these countries and regions develop in-
dustries and services based on the latest technical expertise and standards, extending
far beyond the local markets.

While the inflow of investments, particularly foreign ones, into low-income regions may
serve as an important incentive in the first period of development, it cannot constitute
a target model. As noted by Gorzelak (2009), the “high” segment, which is based on re-
search and development, as well as innovation, is not subject to relocation. In contrast,
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foreign investments that target foreign markets typically address industries with lower
technological advancement. Consequently, at a certain stage of regional development,
entrepreneurship must be established based on the latest knowledge achievements,
broad coverage, and native roots in technical innovation and market ideas.

The observation of disruptions in convergence within countries can be linked to the
findings drawn from the existing literature. As Pina and Sicari (2021) stated, “high-
value added services have become more concentrated at the regional level. This has
mainly benefited large cities since productivity in knowledge-intensive sectors has proved
particularly sensitive to agglomeration economies.” This is a problem not only for
Europe but for economic geography in general.

Furthermore, businesses are more willing to invest in centres that already possess
capital, have access to educational and scientific centres and housing resources, and
are well-connected (Moretti 2021). Even though the concentration of enterprises, espe-
cially high technologies, results in an increase in wages and housing prices, it re-
mains a common strategy among employers. The tendency to concentrate in selected
locations is demonstrated, in particular, by the deployment of industry and services
characterised by high technology and knowledge, deepening the division of the EU
economy into “high” and “low” technology segments (Porter 1990; Gorzelak 2009).

This observation leads to the question of whether the existence of mechanisms that
favour specific locations and that support capital accumulation in already developed
regional centres results in convergence within clubs of regions that share a similar
development model. The Services club regions, with a modern economic structure
characterised by a large share of people working in knowledge-intensive services,
as well as high and medium high-technology manufacturing sectors, do generate the
highest incomes. However, the development they experience is characterised by a rela-
tively moderate and similar growth rate.

Income convergence within EU regions is not accompanied by convergence within
EU countries. In this scenario, development is dominated by the factors described in
location theories. Going beyond the issues of convergence characteristics and for-
mulating recommendations, it can be stated that the pursuit of income convergence,
despite its somewhat utopian nature, has positive effects. Convergence, as a way of
equalising disproportions in the level of regional economic prosperity, remains one
of the dimensions of achieving economic cohesion. Economic cohesion, according
to Gorzelak (2009), involves harmonising the entire complex economic system and
maximising the potential inherent in its components. Even if convergence only leads
to the disappearance of differences between countries and regions of the entire EU, it
still brings us closer to the goal of an economically cohesive Europe. Furthermore,
it paves the way for regional and local policy initiatives aimed at achieving economic
cohesion within countries. This approach also capitalises on the positive externalities
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obtainable from economically stronger agglomerations. It fosters social and territorial
cohesion and promotes employee mobility and remote work while strengthening local
relationships, supporting local specialisations and seeking local comparative advantages.

By supporting networks of cooperation and mutual correlations between central are-
as and their peripheries, local and regional policies should consider the development of
regional polycentric and balanced territorial structures. They should also develop less
significant centres to create a more integrated hierarchy of cities and, consequently, in-
terconnected and interdependent economic systems®.
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W poszukiwaniu konwergencji dochodowej i idealnego podziatu
- przypadek regionéw Unii Europejskiej

W obszarze ekonomii i badan regionalnych badania konwergencji dochodéw miedzy krajami i re-
gionami prowadzone sg od lat 80. XX wieku. Na poczatku XXI w. ukazato sie wiele artykutéw po-
ruszajacych kwestie konwergencji dochodowej krajow UE, co wigzato sie m.in. z przystgpieniem
w latach 2004-2007 dwunastu krajow do struktur Unii Europejskiej (UE). Inspiracjg do przygo-
towania niniejszego opracowania byta rozbieznos¢ wnioskéw na temat wystepowania procesow
konwergencji w roznych grupach regionéw UE. Celem artykutu jest omowienie istniejgcej wiedzy
na temat proceséw konwergencji gospodarczej regionéw UE i poszerzenie jej o wyniki badan
obejmujgcych okres 2000-2021. Uzyskane wyniki potwierdzajg konwergencje dochodéw w ob-
rebie regionéw UE, co przektada sie na zmiane geograficznego rozktadu dochodéw w UE i powo-
li zacierajace sie granice miedzy regionami krajéw objetych procesem rozszerzenia 2004-2007
a krajami potozonymi na potudniu i zachodzie UE. Jednoczeénie nie odnotowano konwergencji
w obrebie wiekszosci najwiekszych krajow UE oraz w ramach klubu regionéw o rozwinietym
sektorze ustug opartych na wiedzy.

Stowa kluczowe: wzrost gospodarczy, beta i sigma konwergencja, autokorelacja przestrzenna,
regiony UE
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Abstract

This study provides a comparative analysis of the economic growth paths of Ukraine and Po-
land from a growth-model perspective and determines how to calibrate Ukraine’s growth
model to converge with Poland’s booming economy. The methodology comprises an ap-
proach to operationalizing growth models for GDP growth decomposition into “import-ad-
justed” demand components, drawing on national input-output data from 2000 to 2019.
| found that from 2000 to 2003, both European economies relied on a combination of exports
and domestic consumption. Expanded trade integration and an FDI boost after Poland joined
the EU in 2004 spurred the Polish growth model’s shift to a distinctively export-led, FDI-driv-
en strategy with accelerated GDP growth rates. In Ukraine, in the wake of the great financial
crisis, | identified a transition to a consumption-led growth model that, along with a declining
investment component of aggregate demand, led to fading growth rates. An analysis of sec-
toral contributions to GDP growth revealed that avoiding deindustrialization in Poland under-
pinned the country’s export-led strategy, unlike Ukraine, which underwent a key sectoral shift
from manufacturing to a commodities-based orientation after 2008. Both these economies
demonstrated a high level of integration into global value chains, focusing on labor-intensive
manufacturing and services, but Poland has outperformed Ukraine in terms of share of high
value-added exports, which increased after EU accession. Following the Polish pattern, | pro-
pose that Ukraine’s growth model should activate the FDI driver of economic growth, upgrad-
ing the export structure and moving up value chains to unlock the country’s growth opportu-
nities. The study represents the first comparison of Ukraine’s and Poland’s economic growth
paths that traces the changes in dominant final demand components and macro-sectors
in the two countries’ economic growth profiles. This paper contributes to the comparative
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political economy literature on the growth models of peripheral economies, providing insights
that can inform policies for growth model transformation.

Keywords: growth model, economic growth, manufacturing, FDI, Ukraine, Poland
JEL: N10, 011, 047,052, P52
Introduction

When Ukraine first raised the issue of independence, its strategic goal on leaving
the USSR was to attain the living standards of core European economies. The independ-
ence process culminated in 1991 but the ensuing severe decline of Ukraine’s economy
prevented this. Since the end of the 1990s, catching up with Poland, its nearest western
neighbor with its own post-Soviet legacy, is the new aspirational program for Ukraine’s
economy. Similar economies in terms of starting conditions (large domestic market, ac-
cess to medium-to-highly skilled labor, proximity to core European capitalism) and liv-
ing standards took different growth trajectories, leading to decades of divergence.

The Polish economy is now ahead of all its former socialist neighbors, which preferred
to transform with less resort to the “shock” doctrine. Since 1992, the Polish economy
has grown steadily (except for 2020 as a result of COVID-19), and it had tripled its
real GDP by 2021. According to the World Bank, even in the hardest year of 2009, at the
peak of the global financial crisis, when the EU conomy fell by 4.3 percent, Poland’s
GDP grew by 2.8 percent. Since EU accession, Poland has been able to take advantage
of European integration and is today among the six largest EU economies by nominal
GDP. Acknowledging the Polish economy’s progress and capital market infrastruc-
ture improvements, FTSE Russell (2018) upgraded the Polish economy’s status from
advanced emerging to developed in its annual market classification. Poland is the first
post-socialist state in Europe to achieve developed market status. By catching up with
the advanced Western economies, the booming Polish economy has established itself
as a model to emulate for other emerging countries.

Ukraine’s economy, by contrast, is a chronic “underachiever”. The incomplete trans-
formation into a market economy in the 1990s, with the increasing predominance
of vested interests, disruption of economic ties, and hyperinflation, plunged Ukraine’s
economy into the abyss. In the first half of the 2000s, this trend was interrupted, but
not for long. Global economic shocks, Russian military aggression, and the COVID-19
crisis hindered GDP recovery. In 2020, Ukraine’s real GDP was only 63 percent of its
1990 value. The economy shifted from a focus on heavy manufacturing to a distinctly
raw-material orientation. According to the World Bank, Ukraine was ranked the poor-
est country in Europe in 2020, with a per capita GDP of $3,540, only one-fifth that
of Poland. Russia’s escalation of its war on Ukraine only exacerbated this. According
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to World Bank calculations, at a growth rate of 3 percent, it will take Ukraine fifty
years to reach the Polish income level (Smits et al. 2019). The Ukrainian economy fac-
es the major challenge of changing its growth strategy to catch up with the leading
European economies, simultaneously overcoming exogenous shocks and endogenous
contradictions.

Since the 1990s, a growing body of comparative political economy literature has at-
tempted to explore the particular nature of Ukraine’s growth path and highlight its di-
vergence from other countries, including Poland. The traditional juxtaposition of two
economies from a supply-side perspective, focusing on institutional differences and con-
trasting rates of structural transformation and successes in the initial phase of transition
(Aslund 2013; Havrylyshyn 2017), neglects the demand-side context. A recent contri-
bution by Baccaro and Pontusson (2016), who proposed the growth model perspective
in comparative political economy, put the spotlight on the demand drivers of economic
growth in political-economic analysis.

From a growth model perspective, Ukraine’s growth path has received little atten-
tion in comparison with the other Central and Eastern European (CEE) countries
from the post-socialist bloc. A comprehensive report prepared by the World Bank
Group (Smits et al. 2019) represents the first analytical attempt to identify key
growth drivers of Ukraine’s economy from a growth model perspective. It claims
that the old growth model based on “legacy industries dependent on cheap energy
resources, commodity exports, and trade exclusively with the Commonwealth of In-
dependent States (CIS) countries” cannot provide the accelerated growth needed
to reach Poland’s current income levels. To unleash its potential and achieve
rapid, lasting, and inclusive economic growth, Ukraine requires a lot of structural
reforms. Shepotylo et al. (2017) analyzed the Ukrainian economy at firm and sec-
toral levels in relation to the EU and offered both supply- and demand-side recom-
mendations to boost exports and foster private sector-driven economic growth.

The Polish growth model has received far more attention from researchers. In studies
of growth models on CEE’s periphery by Hagemejer and Muck (2019), Ban and Adas-
calitei (2020), and Vukov (2023), the Polish economy is classified as an export-led,
FDI-driven model. Hein, Meloni, and Tridico (2021) and Akcay and Jungmann (2022)
claim that, in line with European export orientations, after the global financial crisis,
Poland transitioned from a domestic demand-led regime towards a weak export-led
regime. In identifying crucial factors that impacted the transformation of Poland’s
growth regime, researchers commonly refer to the global economic crisis, with less
focus on Poland’s accession to the EU.

Because of the lack of previous research on the topic, this paper attempts to an-
swer the following questions: Are the two countries similar or different in terms
of their growth models and sectoral contributions to GDP growth? Did their growth
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models change from 2000 to 2019? And if so, what critical factors impacted
these transformations? What is the principal driver of Poland’s successful growth
model, and how can it be reproduced in Ukraine? The paper’s main objective is
thus to compare Ukraine’s and Poland’s economic growth paths from a growth
model perspective and determine the direction of Ukraine’s growth model to
enable it to converge with the booming Polish economy.

To achieve this, I used Baccaro and Hadziabdic’s (2023) methodology for operational-
izing growth models based on calculating the import-adjusted contributions to GDP
growth of consumption, government expenditure, investment, and exports. The results
of analyzing sectoral contributions to GDP growth provided insights into the sectoral
shifts that underpin changes in the growth model.

Statistical data from national input-output tables covering the period between
2000 and 2019, divided into four sub-periods, allows us to trace the changes in dom-
inant final demand components and macro-sectors in the two countries’ economic

growth profiles.

The paper is organized as follows. Section 2 outlines the theoretical framework of chang-
es in the countries’ growth trajectories from a growth model perspective. Section 3 inter-
prets the results of the growth model analysis for the two economies. Section 4 explains
the role of FDI and participation in global value chains in Poland’s successful economic
development. Section 5 concludes.

Theoretical analysis of growth model changes

To investigate the particular nature of the two countries’ growth paths, many scholars
use the influential “varieties of capitalism” framework (Hall and Soskice 2001). This
strongly emphasizes the institutional differences between economies and their continuity
over time. The “varieties of capitalism” approach provides tools for comparing national
political economies in terms of supply-side macroeconomics. Exploring trajectories
in the economic development of post-socialist European states, Bilenko (2014) focus-
es on rapid economic liberalization, accompanied by the creation of effective new mar-
ket institutions in eastern European countries, in contrast to piecemeal reforms aimed
at transition to a market economy in post-Soviet states. In an important book, The Po-
litical Economy of Independent Ukraine, Havrylyshyn (2017) examines the Ukrainian
transition story by comparing it with Poland’s, concluding that Ukraine bore huge eco-
nomic costs and social pains due to reforms that were “too late, too little, and too slow.”
Ari and Pula (2021) point to Ukraine’s legal system as the area in which institutional
quality is the lowest compared with Poland. The lack of strong and independent insti-
tutions and regulated markets in Ukraine, often monopolized by the state or oligarchs,
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undermines incentives to accumulate capital and attract foreign investment. Hartwell
(2016) traces Poland’s success in developing both economic and political institutions
in contrast to Ukraine’s experience. Gylfason, Hochreiter, and Kowalski (2022), seeking
to understand how and why Poland has charged so far ahead of Ukraine, focus in par-
ticular on its effective use of capital and other factors. Brintseva (2023) stresses the role
of human capital investment when identifying priority directions for implementing
the Polish experience in Ukraine. Pavlova et al. (2021) highlight the importance of
European integration in shaping the strategic priorities for Ukraine’s socio-economic
development.

In contrast with the supply-side dominated macroeconomic backbone of the “va-
rieties of capitalism” literature, a different research strand explains the divergence
in national growth paths from the demand side. Baccaro and Pontusson (2016) pro-
posed the growth model perspective, spotlighting the demand drivers of economic
growth in their political-economic analysis. Within post-Keynesian theory, drawing
on Kaleckian macroeconomics of demand regimes, the growth model perspective
identifies diverse growth models, focusing on the role of aggregate demand in GDP
growth and the dynamic relations between them. They found that due to the erosion
of institutionalized wage bargaining that results from a declining wage share and de-
pressed aggregate demand, the Fordist model of wage-led growth was exhausted.
Countries responded differently to the challenge and replaced diminishing wage-led
growth with a variety of post-Fordist growth models, differentiated by growth drivers.
The foundational contribution of the growth model perspective in comparative polit-
ical economy explains why some countries rely strongly on export-led growth while
others are driven by consumption. Between the ideal types of export-led and con-
sumption-led growth models, we find both balanced and unsuccessful models (Bac-
caro and Pontusson 2016).

I suggest that the growth model perspective is a promising analytical approach, shedding
light on the dynamics of dominant growth drivers underpinning changes in a country’s
growth regime.

According to classic international regime theory, regimes cannot be static (Young
1983). Because “growth models are more numerous and more unstable than Hall
and Soskice’s varieties of capitalism” (Baccaro and Pontusson 2016), the theoreti-
cal approach to growth models may be able to explain instability and change with-
in different national models. It provides a framework in which to explore the fac-
tors shaping growth regimes in different countries, comparability of growth paths,
and changes in national growth models over time.

Bondy and Maggor (2023) claim that current empirical research focuses primarily
on identifying existing national growth models and explaining their endurance. Shifts
between growth models thus remain undertheorized.
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Pressures on regime dynamics arise from endogenous or exogenous forces. According
to Ban and Adascalitei (2020), a growth model changes “when its growth driver be-
comes so internally entrained and externally shocked that it can no longer finetune its
endogenous socio-economic contradictions.” Shifting from the usual emphasis on in-
come distribution between wages and profits (Baccaro and Pontusson 2018), Behringer
and van Treeck (2019) and Braun and Deeg (2020) modify the political economy of na-
tional growth models by focusing on income distribution between institutional sec-
tors, generating financial imbalances. Spielberg and Voss (2022) consider debt dynamics
to be the driver of growth model instability, promoting change in times of crisis. An-
other strand of research (Acemoglu and Robinson 2013; Regan and Brazys 2018; Bondy
and Maggor 2023) deals with political mechanisms that weaken the political balance
underpinning the structural transformation of national growth models.

The view put forward in this article is that both economic and political mechanisms
underlie change in countries’ growth models. National growth models have their own
internal potential and “safety margin” based on the combined effects of economic
growth drivers. In order to maintain a stable trajectory of economic dynamics, growth
drivers must not be permitted to weaken. When their potential is exhausted, the role
of current growth determinants should be reconsidered. Early readjustment or calibra-
tion of the growth model means reprioritizing by instigating new growth drivers to
replace less effective ones to reboot growth dynamics.

Growth model analysis: Ukraine vs. Poland

I apply Baccaro and Hadziabdic’s (2023) methodology for operationalizing growth
models. This methodology is based on the growth decomposition of “import-
adjusted” demand components, which include spending on domestically produced
goods and services minus spending on imports induced indirectly by domestically
produced goods and services. I use data from input-output tables to calculate the
import-adjusted contributions of consumption, government expenditures, investment,
and exports to GDP growth to identify the key growth drivers that determine the type
of growth model. To classify growth models according to the largest growth contri-
bution of demand components, I use the criteria that Baccaro and Hadziabdic (2023)
use to distinguish between export-led or consumption-led growth models and models
driven by a combination of demand components (balanced or demand-led). The
economy is considered to be driven by the demand component if its relative con-
tribution to GDP growth exceeds 40 percent.

To calculate the import-adjusted contributions of final demand components (K) to GDP
growth, I apply the following formula:
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. . AI<zm —adj
Growth contribution of K, = =—"""-. (1)
p—aadj. G D P()

Ban and Adascalitei (2020), Picot (2021), and Baccaro and Hadziabdic (2023), among
others, distinguish between the pre- and the post-financial crisis periods to capture
the change in countries’ growth models under the strong impact of this exogenous
factor. Taking into account that different endogenous and exogenous factors affect
countries’ growth drivers in different periods to explain the shift in growth models,
I divide up the observation period into shorter periods when calculating the growth
contribution of demand components. This approach allows us to identify the crucial
points that condition growth model change in a specific country.

To measure the growth contributions of import-adjusted final demand components
in Poland, I use data from the latest release of the OECD Input-Output Tables data-
base for the period under analysis, i.e., from 2000 to 2018. Ukraine’s State Statistics
Service provides Input-Output Tables from 2000 to 2019. Data on the contribution of
import-adjusted components to final demand growth in Ukraine are available only
from 2010, which is explained by the lack of import matrix data in input-output tables
before then. In order to measure the relative growth contributions of final demand
components from 2000 to 2007, I use non-import-adjusted values for consumption,
government expenditures, investment, and exports. The discrepancy in the applied
methodology complicates the comparison of growth contributions of demand com-
ponents and macro-sectors both before and after the financial crisis in Ukraine, but
it underlies the identification of dominant demand drivers and, accordingly, the
growth model in both periods.

Table 1. Average growth and average relative growth contributions
of import-adjusted aggregate demand components

GDP

Country Period ST Consumption Government Investment Exports Growth model
Ukraine |2000-2003| 7.39% 20.53%* 7.69%* 36.24%* 35.54%* | Balanced
2004-2007| 7.66% 127.08%* 5.17%* 51.97%* | -84.23%* | Domestic
demand-led
2010-2013 | 3.33% 43.60% 6.34% 39.67% 10.39% |Consumption-led
2016-2019 | 3.01% 84.06% 28.64% 0.20% | -12.90% |Very
consumption-led
2000-2007 | 7.53% 74.78%* 6.41%* 44.25%* | -25.44%* |Very
consumption-led
2010-2019 | 3.17% 62.79% 16.92% 20.94% -0.66% |Very
consumption-led
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Country Period gf;ol\?vI:h Consumption Government Investment Exports Growth model
Poland |2000-2003| 2.69% 43.01% 23.78% -38.67% 71.88% |Export
& consumption
2004-2007 | 5.46% 14.99% 10.78% 32.55% 41.68% |Export-led
FDI-driven
2010-2013 | 2.91% 14.75% 12.87% 5.77% 66.61% |Very export-led
2014-2018 | 4.12% 13.27% 13.30% 12.62% 60.81% |Very export-led
2000-2007 | 4.08% 24.24% 15.07% 9.05% 51.65% |Very export-led
2010-2018 | 3.50% 13.81% 13.15% 10.15% 62.90% |Very export-led

Note: * non-import-adjusted values.
Source: own elaboration based on data retrieved from OECD 2021; State Statistics Service of Ukraine 2023.

Table 1 presents the calculated growth contributions of import-adjusted aggregate
demand components from 2000 to 2018 for Poland, and to 2019 for Ukraine. The
period is divided into four subperiods with average growth contributions to elimin-
ate annual fluctuations. Table 1 also presents aggregated averages from 2000 to 2007
(before the financial crisis) and from 2010 (the first year of growth after the financial
crisis) to the last available year.

In the first time interval, from 2000 to 2003, Ukraine had a balanced growth model with
a dominant investment component (36.24 percent) and a high export share (35.5 percent)
in GDP growth. From 2004, the export growth contribution turned negative simulta-
neously with a boom in the consumption component of aggregate demand in total out-
put growth. Since 2004-2007, Ukraine’s orientation towards consumption-led growth
has consolidated and intensified. The investment driver provided the largest contribu-
tion to Ukraine’s GDP growth during the period from 2000 to 2003. This component
of final demand was important for growth in all periods except 2016-2019, which is
explained mainly by decreasing FDI inflows as a result of increasing military conflict
in Ukraine.

Ukraine’s average GDP growth rate halved in the post-financial crisis period (from
7.66 percent in 2004-2007 to 3.33 percent in 2010-2013). Decelerating economic
growth can be attributed to the declining role of the investment demand component
and a final shift to the consumption-led growth model.

Analysis of average demand component contributions to growth over a longer
period indicates a very consumption-led growth model both before and after the
financial crisis but does not make it possible to capture the shift in growth
drivers. Dividing the period into four four-year subperiods accentuates the tem-
poral shift from reliance on balanced growth driven by investment and exports
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to the increasing importance of the household consumption component, accom-
panied by simultaneously falling relative growth contributions from investment
and exports. The transition from a balanced (2000-2003) to a domestic-led growth
model (2004-2007), subsequently replaced by consumption (2010-2013) and a very
consumption-led model (2016-2019), took about two decades, with two exogenous
crises in between. The 2008 global financial crisis and the start of Russia’s war ag-
gression in Ukraine in 2014 are crucial points in Ukraine’s shifting growth model.

Table 1 depicts an important transition between different growth models in Poland
forced by the redistribution of growth driver contributions. From 2000 to 2003, Po-
land’s export- and consumption-led economy reoriented its growth profile to become
export-led and FDI-driven in the following sub-period (2004-2007). In 2004, the coun-
try finalized EU accession and started to enjoy the benefits of membership. It enjoyed
sound economic growth caused by early liberalization of trade that boosted exports
and a spectacular increase in FDI inflows from the EU15 as major investors (Balce-
rowicz 2007). The record amount of foreign capital inflow turned the GDP growth
contribution of the investment demand component positive and underpinned the shift
to an FDI-driven export-oriented growth model. After the financial crisis started, the de-
clining role of the investment component in generating GDP growth also contribut-
ed to falling economic growth rates. Boosting exports’ relative growth contribution,
the country moved further towards a very export-led growth model in the wake of the fi-
nancial crisis. As a result, the importance of the domestic consumption component
of final demand decreased significantly. As in the case of Ukraine, one can observe
the change in the Polish growth model only by breaking up the pre- and post-financial
crisis periods into sub-periods.

Sectoral shifts in the two economies underlay the modification of their growth models
and predetermined growth dynamics.

First, I focus on the importance of manufacturing in generating value added in the two
countries to characterize the changes in sectoral distribution in GDP.
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Figure 1. Average sectoral share of manufacturing in value added
Source: OECD 2021; State Statistics Service of Ukraine 2023.

Figure 1 indicates important country differences. Poland managed to avoid deindus-
trialization and experienced slight growth in manufacturing’s share in value added.
After a marginal decline during 2000-2003, the indicator showed growth in 2004,
the year of EU accession. Another growth spurt happened in 2016 when the man-
ufacturing share of value added reached 20.34 percent. The results for Ukraine are
more striking. From 2000 to 2008, the country maintained a strong manufacturing
performance, providing 26-27 percent of value added. After the global financial cri-
sis, this indicator fell significantly, as the manufacturing share in value added under-
went a severe downturn, contracting by around half from 2008 to 2019.

Table 2. Average sectoral shares of GDP growth by value added and final demand perspectives (%)

Com-

. . . F . diti
turing  services services . and health struction Modities
tration and energy

Manufac- Low-end High-end . . Education Con-

Period GDP growth

Ukraine
2000-2003 |Value added 29.53% | 36.18% | 13.09% | 2.11% 4.93% 10.94% 3.22%
2004-2007 |Value added 26.53% | 34.27% | 20.39% 1.27% 0.47% 12.43% 4.64%
2010-2013 |Value added | -20.99% | 31.69% | 23.27% | 2.37% 6.56% 19.58% | 37.54%
Final demand | -19.84% | 28.92% | 10.52% 7.68% 8.05% 15.24% | 49.44%
2016-2019 |Value added 2.02% | 27.19% | 22.10% | 23.93% 6.93% 14.52% 3.31%
Final demand | -19.31% | 16.99% | 18.52% | 15.91% 9.11% 28.07% | 30.70%
2000-2007 | Value added 28.12% | 35.28% | 16.53% | 1.71% 2.83% 11.64% 3.89%
2010-2019 |Value added | -10.07% | 29.55% | 22.71% | 12.60% 6.74% 17.17% | 21.28%
Final demand | -19.59% | 23.26% | 14.31% | 11.58% 8.56% 21.32% | 40.55%
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. Manufac- Low-end High-end PUt.)II.C Education  Con- Co!n.-
Period GDP growth . . . adminis- . modities
turing  services services . and health struction
tration and energy
Poland
2000-2003 | Value added 2.90% | 19.93% | 38.60% | 0.92% | 38.76% | -10.29% 9.17%

Final demand 14.05% | 21.13% | 12.55% 3.24% | 41.68% 11.74% | 20.60%
2004-2007 |Value added 23.67% | 26.64% | 17.17% 2.46% 5.22% 14.17% | 10.67%
Final demand 2797% | 12.87% | 18.17% 5.67% 6.66% 26.71% 2.39%
2010-2013 |Value added 10.93% | 41.93% 9.77% | 3.31% 9.29% 293% | 21.83%
Final demand 57.45% | 26.97% 4.67% | 4.64% | 11.09% 5.04% 9.02%
2014-2018 |Value added 26.76% | 30.54% | 19.66% 3.70% 7.51% 12.61% | -0.79%
Final demand 27.64% | 35.95% | 10.56% | 4.34% | 10.74% 11.29% 0.42%
2000-2007 | Value added 16.98% | 24.48% | 24.07% | 1.97% | 16.02% 6.29% | 10.19%
Finaldemand | 23.36% | 15.60% | 16.31% | 4.87% | 18.26% 21.75% 8.42%
2010-2018 |Value added 21.05% | 34.65% | 16.09% | 3.56% 8.16% 9.11% 7.38%
Final demand | 38.45% | 32.70% 8.42% | 4.45% | 10.87% 9.02% 3.54%

Source: own elaboration based on data retrieved from OECD 2021; State Statistics Service of Ukraine 2023.

The dynamics of the manufacturing share in GDP growth are in line with its previ-
ously highlighted GDP share. Table 2 presents average sectoral shares in output
growth for four subperiods from 2000 to 2019 for Ukraine and from 2000 to 2018 for
Poland. Based on the original input-output tables out of 45 economic sectors, I cre-
ated seven macro-sectors (manufacturing, low-end services, high-end services, pub-
lic administration, education and health, construction, and commodities and energy)
for this research. The prevailing skill level in each sector serves as the criterion to
group macro-sectors. I use two different approaches to calculate the importance of
macro-sectors in generating GDP growth, both traditional value added and the final
demand approach proposed by Baccaro and Hadziabdic (2023).

To calculate the import-adjusted growth contributions of aggregated macro-sectors (S),
I use the formula:

Growth contribution of S, =~ =—" (2)
\p—adaj. GDI)O

The final demand perspective for calculating a sector’s contributions to growth
is preferred to the value added perspective in an effort to reassess the role of sec-
tors in which goods and services satisfy final demand, in particular manufactur-
ing and construction. By contrast, the value added perspective leads to a clear
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underestimation of these sectors’ importance. Sectoral contributions to final de-
mand growth in Ukraine are presented only from 2010. This is because of the avail-
ability of data in input-output tables from Ukraine’s State Statistics Service.

The results are striking. From 2010, Ukraine experienced a downward shift in the
share of manufacturing in GDP growth calculated from both the final demand and
the value added perspectives. First, manufacturing was affected negatively by the
financial crisis of 2008-2009 followed by the war in eastern Ukraine that started
in 2014, as a result of which it lost part of its industrial base. At the same time, the
commodities and energy sector’s contribution to final demand growth rose sharply
from 2010, rising to 50 percent. Second, the low-end services sector experienced
a gradual decline from a final demand perspective. The contribution of the con-
struction, public administration, education and health, and high-end services sec-
tors to both final demand and value added grew significantly, which confirms
the consumption-led growth model of Ukraine’s economy. Between 2010 and
2019, the value-added perspective shows the contributions of low-end services
(29.55 percent), followed by high-end services (22.71 percent), and commodities
and energy (21.28 percent).

In Ukraine, the global financial crisis served as the starting point for crucial sectoral
shifts. It entailed a transition from a manufacturing and low-end services-oriented econ-
omy to a commodity-based one.

The results of calculating sectoral contributions to GDP growth in Poland using both ap-
proaches show the strong dominance of manufacturing and low-end services, which in-
creased their shares from 2000 to 2018. This is not surprising for an export-led economy.
The exponential growth of the manufacturing sector started in 2004. The similar pat-
tern of construction’s contribution to economic growth in 2004-2007, calculated from
both perspectives, points to the role of Poland’s EU accession, with its subsequent in-
crease in FDI inflows as the main catalyst of sectoral shifts. From 2010, one can observe
a decline in construction’s share in GDP growth. Education and health, which provid-
ed 41.68 percent of final demand growth in 2000-2003, fell to 6.66 percent after 2004.
From 2014 to 2018, the commodities and energy sector’s contribution to GDP growth
declined sharply to 0.42 percent (compared with 20.6 percent in 2000-2003). Both from
a final demand and a value added perspective, the share of high-end services fluctuated,
with a declining trend during the period under observation. According to the value add-
ed approach, between 2010 and 2018, the top three sectors with the largest average shares
in value added growth were low-end services (34.65 percent), followed by manufacturing
(21.05 percent) and high-end services (16.09 percent).

Joining the European Union in 2004 incentivized the most significant sectoral shifts
in Poland because of the growing importance of manufacturing, the declining education
and health sector, and a short-term increase in construction’s share in GDP growth.
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The results indicate the stark contrast between the sectors’ contributions to economic
growth in the two countries. Since joining the EU, Polish manufacturing has contribut-
ed most to final demand, peaking at 57.45 percent in 2010-2013. These results are what
one would expect, given the country’s export-led growth model.

In Ukraine, the commodities and energy sector has enjoyed the highest average
share in final demand growth since the global financial crisis, rising to 49.44 percent
in 2010-2013. At the same time, the manufacturing contribution to GDP growth has
declined. The growing importance of construction and low-end services has partly sub-
stituted for manufacturing in contribution to final demand. The current sectoral distri-
bution underpins Ukraine’s consumption-driven growth model with high commodity
export potential.

An impulsive move in the direction of deindustrialization fostered the change in dom-
inant growth drivers in Ukraine’s economy, accompanying the transition from a bal-
anced to a very consumption-led growth model. For a lower-middle-income country like
Ukraine, premature deindustrialization can reduce growth (Rodrik 2016). Rodrik also
found that a shrinking manufacturing sector can lead to increasing informality, shift-
ing workers into low-productivity services. This threatens economy-wide productivity
and fosters wage moderation. With the exception of a few resource-rich economies, suc-
cessful growth, together with rapid convergence on the part of developing economies,
has historically required industrialization.

FDI and integration into global value chains

Foreign direct investment (FDI) has become an important source of economic growth,
development, and modernization for developing, emerging, and transition economies
(OECD 2002). Both Poland (before 2017) and Ukraine can be categorized in this way.

FDI helps to fill the gap between savings and the required level of investment (Sa-
bir and Khan 2018), attract new knowledge and provide technological transfer from
developed to developing countries (Chenaf-Nicet and Rougier 2016), improve hu-
man capital skills and knowledge, reduce unemployment, boost productivity, en-
hance business competitiveness, and contribute to international trade integration.
All these benefits increase a country’s industrial and export potential, contributing
to higher economic growth and social standards.

In the late 1990s, falling behind in terms of global competitiveness, post-socialist CEE
countries “responded to external dynamics by competing with each other [by] institu-
tionalizing an economic growth model that relied heavily on FDI” (Ban and Adascalitei
2020). As a result, the FDI-led growth regime replaced the wage-driven growth model
with credit-based consumption (Grittersova 2017).
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A number of research studies attribute successful Polish growth to its geographical
proximity to Western European countries and the resulting FDI flow (Balcerowicz 2007;
Breznitz and Ornston 2017; Ghodsee and Orenstein 2021). Recognizing the leading
role of the Polish economy in CEE growth, Piatkowski (2014) proposed a new growth
model to enable “New Europe” to converge with Western Europe, which he called
the “Warsaw Consensus.” This new growth model is based on ten pillars, including
high domestic savings and investment, diversified exports, full integration in the EU
market, and further EU enlargement.

In 2004, eight CEE countries, including Poland, joined the European Union. Poland
took full advantage of its membership, receiving substantial subsidies, significant funds
for large-scale infrastructure projects, and attracting more foreign investment.
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Figure 2. Foreign direct investment (net inflows)
Source: OECD 2023a; World Bank n.d.

Figure 2 shows that in the year of EU accession (2004), Poland experienced
a two-and-a-half-fold increase in FDI compared with the previous year. In relative
terms, the volume of FDI reached a peak of 5.4 percent of GDP. From 2004 to 2007,
FDI inflows flourished in both absolute and relative terms, making the largest contri-
bution of the investment component to GDP growth. In the following years, FDI in-
flows fluctuated but did not exceed this value. According to UNCTAD (2021), in 2020,
Poland achieved US$24.3 billion of greenfield inflows, putting the country in fifth place
in global rankings after EU leader Germany.

According to the OECD’s international direct investment database, in 2021, Polish inward
FDI flows were predominantly in manufacturing (36.2 percent), professional, scientific
and technical activities (20.2 percent), wholesale and retail (16.2 percent), and real estate
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(9.9 percent). In the manufacturing sector, the most attractive destinations for foreign
capital were metal and machinery products (10.0 percent), vehicle manufacturing
(6.9 percent), and chemical production (5.7 percent).

Like Poland, Ukraine experienced its highest FDI inflows from 2005 to 2008, during
the global economic boom. During this period, significant investments flowed into the
banking sector. After the 2009 recession, FDI recovered, but the beginning of the war
in 2014 dealt a significant blow to investor confidence.

The National Bank of Ukraine (2023) reports that inward FDI was concentrated in man-
ufacturing (55.2 percent), agriculture (15.4 percent), wholesale and retail (9.0 percent),
and financial and insurance activities (8.8 percent). Comparing the FDI sectoral pro-
files in Ukraine and Poland, Ukraine’s higher share of FDI inflows in manufacturing
attracts attention. A more detailed view of FDI distribution by economic activity indi-
cates Ukraine’s low value added orientation, which attracts investment mainly in min-
ing (23.6 percent) and metal production (13.8 percent).

Ukraine has been slow in attracting FDI. On average, the volume of FDI inflows
in Ukraine is only 20 to 25 percent that of Poland.

A significant part of foreign investments in Ukraine is, in fact, “domestic” investments
structured through foreign jurisdictions (based on the registration of holding compa-
nies). According to NBU estimates (National Bank of Ukraine 2023), during the period
2010-2022, “round-tripping transactions” used to redistribute FDI flows from the ul-
timate investing countries represented, on average, 28 percent of Ukraine’s foreign di-
rect investment inflow compared with only 5 percent in Poland. In 2021, round-trip-
ping reached 68.5 percent of total FDI inflows. The largest volumes of round-tripping
transactions were routed through Cyprus, the Netherlands, Switzerland and Austria,
which are the top direct investing countries in Ukraine.

Investors use round-tripping through offshore centers to benefit from preferential tax treat-
ment. Aykut, Sanghi, and Kosmidou (2017) stress that investments on this basis may result
in tax revenue and welfare losses or illegal activities, such as corruption or money laun-
dering. Such investments do not enhance the country’s inclusion in value added networks
or technology transfer. This maintains the current raw material-oriented export structure.
In an institutionally distorted economy such as Ukraine’s, round-tripping cements con-
centrated asset ownership. This sheds light on the volume of real FDI inflows, which are
much lower after leaving out indirect transactions.

Poland’s success in attracting FDI results from a number of factors, including a grow-
ing economy, a large domestic market, EU membership, a stable banking sector,
and skilled labor at a competitive price. According to Eurostat, average hourly labor
costs in Poland were estimated at €12.5 in 2022 compared with an average of €34.3
in the Eurozone as a whole.
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An FDI focus promotes the embedding of national firms in global production networks,
which serves to enhance economic development. The position of these firms in glob-
al value chains affects GDP growth. The theory of global value chains, combined with
the concept of a “franchise economy,” as set out by Schwartz (2021), determines the dom-
inant organizational level occupied by domestic firms in global production networks
and explains investment trends. Characterizing a shift from Fordism to a “Knowledge
Economy,” Schwartz highlighted the transformation of the old Fordist dual organiza-
tional structure into a tripartite structure, depressing investment and mass consumption.
A three-tier “franchise industrial structure” comprises high-profit volume monopolies
based on intellectual property rights (top layer), physical capital-intensive firms (sec-
ond layer) and low-profit labor-intensive manufacturing and service production (third
layer).

To characterize the two countries’ position in the tripartite organizational structure,
I analyze their level of integration into global value chains and their export structure
in terms of product categories.

The foreign value added content of gross exports indicates the level of an economy’s inte-
gration in global value chains. To characterize these measurements, I used the 2023 edi-
tion of the Trade in Value Added (TiVA) database from OECD Statistics and the World
Trade Organization (WTO), which provide data on 76 economies (including Ukraine)
over the period 1995-2020. The TiVA estimates are derived from OECD Inter-Country
Input-Output tables. For this research, I used data for the two countries and aggregated
statistics for the EU that cover the years 2000-2020.
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Figure 3. Foreign value added share of the countries’ gross exports (backward participation in global
value chains)

Source: OECD 2023b.
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Figure 3 shows that Ukraine had a higher share of foreign value added in gross exports than
Poland during the two subperiods (2000-2005 and 2011-2015). The EU’s estimations are,
on average, half the country-level values. Considering the dynamics of the share of import-
ed semi-finished products, components, and materials in exports, one can observe Polish
growth from 24 percent in 2000 to 30 percent in 2020, while Ukraine’s rate trended down-
ward from 31 to 24 percent over two decades. The growth of EU integration has contribut-
ed to increasing Poland’s backward participation in global value chains.
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Figure 4. Domestic value added in foreign exports as a share of gross exports (forward participation
in global value chains)

Source: OECD 2023b.

Figure 4 shows that Poland slightly outperforms Ukraine in terms of forward partici-
pation in global value chains during the whole period observed. Its share of domestic
value added in foreign exports as a share of gross exports fluctuates between 20 and
24 percent, which is above the EU average.

A closer look at global value chains from the two countries’ perspectives indicates
their high level of integration in global trade. Market opening, together with EU
accession, contributed to the growth of Poland’s backward participation in global
value chains, while Ukraine’s foreign value added content of gross exports shrank
at the end of the period under observation. This resulted in changes in the export
product structure.
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Figure 5. Export product share in Ukraine and Poland

Source: UN Commodity Trade Statistics Database n.d.

The distribution of exports between product categories presented in Figure 5
shows the increasing trend of commodity specialization in Ukraine. The percentage
of raw materials in total exports grew from 13.1 percent in 2000 to 36.3 percent
in 2020. Exports of intermediate goods declined in relative terms from a maxi-
mum of 57.8 percent to 40 percent in two decades. These two product cate-
gories accounted or 76 percent of total exports in 2020, determining Ukraine’s
focus on upstream participation in manufacturing activities in global value chains.
The relative share of capital goods exports shrank from 12 percent in 2000 to
6.5 percent in 2020. According to Ukraine’s State Statistics Service, agriculture,
forestry and fisheries, extractive industry, metallurgy, food production and other
low value added industries accounted for the largest share of exports in Ukraine
in the past decade.

Poland’s export product structure is completely different. Figure 5 shows the substan-
tial growth in capital goods in relative terms from 24.6 percent in 2000 to 30 percent
in 2020 and a moderate increase in the share of consumer goods from 44.6 percent in
2000 to 46 percent in 2020. Exports of intermediate goods dropped by 6 percent
in relative terms over the past two decades to reach 17.3 percent in 2020, which is
2.5 times less than Ukraine’s value.

Figure 1 and Table 2 present evidence that in Poland, manufacturing’s share of GDP
growth is higher than its sectoral share of GDP. This confirms the increasing complexity
of manufacturing in general and its exports in particular. According to the UN Com-
modity Trade Statistics Database (n.d.), in Poland, the share of high-technology ex-
ports increased from 4 percent in 2007 to 9 percent of manufactured exports by 2021,
although it still lags behind the EU average of 15 percent. In Ukraine, this indicator was
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5 percent in 2021. In Ukraine, the share of the commodities and energy sector in GDP
and GDP growth has been increasing, constituting the bulk of exports.

The results confirm that Ukraine is highly integrated in global value chains as a sup-
plier of intermediate goods. For most industrial and high-tech goods, Ukraine oc-
cupies the left (or lower) part of value chains, ranging from being a supplier of raw
materials to a producer of semi-finished products and components. Accelerating
GDP growth requires increasing exports of goods and services, which provide high-
er value added growth (Venger, Romanovska and Chyzhevska 2022). Given that
manufacturing, like any other sector of the economy, is capable of building com-
plex and deep value chains, broad deindustrialization hampers a country’s efforts
to climb up value chains.

In accordance with the country’s three-tier economy, Ukrainian companies predomi-
nantly occupy the niche of labor-intensive manufacturing and services within the indus-
trial structure, de facto controlled by top-level foreign firms (Schwartz 2021). The third
layer has a weak investment propensity caused by the hyper-exploitation of labor, which
results in low productivity. Focusing on low-profit, labor-intensive manufacturing
and services in global value chains preserves the country’s FDI-deficit status and hin-
ders growth opportunities.

As in Ukraine, most Polish companies belong to the third layer. Gotebiowska (2017) as-
serts that Poland participates in global value chains through the import of foreign tech-
nologies and raw materials, using them in labor-intensive sectors that generate the low-
est value added. The transition to the physical capital-intensive organizational level
in the commodity chain is hindered by an investment barrier to entry. Although Po-
land outperforms Ukraine in terms of share of high value-added exports, it still lags far
behind Germany, which has a distinct second-layer economy with dominant physical
capital-intensive firms.

Despite the success of the Polish growth model and the country’s escape from
the “middle-income trap,” after moving from middle to high-income status, Poland
still faces the risk of stagnant economic growth. The deceleration of total factor pro-
ductivity growth and a weak innovation system are expected to make it difficult
for Poland to maintain its growth pace (Breznitz and Ornston 2017).

Upgrading the export structure and moving up value chains are challenging for both
the Ukrainian and the Polish economies but promising in terms of national develop-
ment. Boosting research and development to come up with capital-intensive products
requires significant growth in funding and enhancement of the policy framework for re-
search and technological development.

At the same time, in intra-regional competition Poland has taken advantage of region-
al value chains and provides the largest basis for German manufacturing, which is
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Europe’s major direct investor. According to Eurostat data, Germany has become Po-
land’s biggest trading partner, accounting for 27.8 percent of Poland’s export value
and 20.2 percent of total imports in 2022. Services trade with Germany shows a simi-
lar picture. The Polish economy has benefited from integration into global value chains
with increasing value added of its exports, shifting to a distinctive export growth model
that has conferred the status of the EU’s growth champion.

Against the background of international companies moving industrial sites from
China and Russia to other regions after the war is over, Ukraine will gain additional
opportunities to receive relocated facilities and create new ones. Proximity to Euro-
pean markets, developed transport and energy infrastructure, relatively cheap quali-
tied workers, and a highly developed information and communication technology
sector are among the factors enabling Ukrainian industrial companies to enter Euro-
pean value chains.

Conclusion

The paper represents the first attempt to provide a comparison of Ukraine’s and Po-
land’s economic growth paths, tracing the changes in dominant final demand compo-
nents and macro-sectors in the two countries’ economic growth profiles.

Taking its inspiration from the burgeoning growth-model literature, the paper looks
at the benefits of switching growth drivers to restart Ukraine’s economy by emulating
Polish growth.

The presented results of country-level analysis of the relative contributions of various
aggregate demand components to GDP growth led to the following conclusions.

First, having started the transition from similar growth models at the beginning
of the 2000s, Ukraine’s and Poland’s growth paths diverged. Differing in the speed
and depth of their structural transformations from 2000 to 2003, the two European
post-socialist economies relied on both exports and domestic consumption drivers. Sub-
sequent years saw a cleavage between the distinct export orientation of Polish growth
and the consumption-led model of Ukraine’s economic growth.

Second, rather than the global financial crisis, Poland’s EU accession in 2004 impact-
ed the shift of the Polish growth model from both consumption and exports to a dis-
tinctive export-led FDI-driven model. As a new EU member, Poland experienced
a considerable increase in FDI, which was concentrated predominantly in manu-
facturing. Combined with expanded trade integration in the EU, the growth of FDI
stock fostered the country’s export orientation. The global financial crisis promot-
ed further redistribution of growth drivers towards the enhancement of exports,
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accompanied by a declining relative contribution of investment and consumption
components to final demand that confirmed the country’s shift to a very export-led
growth model in the post-financial crisis period. The crucial changes in the coun-
try’s growth model were observed by dividing the pre- and post-financial crisis pe-
riods in Poland into sub-periods within the framework of GDP growth decomposi-
tion to demand components.

Third, the declining role of the investment driver in economic growth and a shift
from a balanced to a consumption-led growth model in Ukraine resulted in decel-
erating GDP growth. From 2000 to 2003, investment was the major determinant
of the country’s economic growth. From 2004 to 2007, it was succeeded by consump-
tion, followed by the investment component of aggregate demand. After the global
financial crisis, the underuse of the investment driver of GDP growth, along with
a rising consumption-led orientation, led to fading growth rates in Ukraine. Unlike
Poland, with its booming manufacturing share in GDP growth, after the world fi-
nancial crisis and war in the industrialized eastern part of the country, Ukraine went
through tough deindustrialization, cementing its focus on the commodities and en-
ergy sector. Unsurprisingly, therefore, this sectoral shift underpinned the economy’s
transition to a consumption-led growth model.

Fourth, Poland outperforms Ukraine in terms of the share of high value added
exports. Focusing on low value-added exports means that Ukraine is left behind as
regards the distribution of the fruits of capitalism and maintains the country’s FDI
deficit status. This hits its growth opportunities.

These findings are a contribution to the comparative political economy literature
on the growth models of peripheral economies, providing insights that can inform pol-
icies for growth model transformation. Drawing on the Polish growth model’s success,
I proposed activating the FDI driver of Ukraine’s economic growth in the direction
of upgrading its export structure and moving up value chains to unlock the country’s
growth opportunities. Ukraine is on track towards EU accession, which could push
the changing Ukrainian growth model towards boosting the investment component
of final demand.

The study has some limitations. Due to data availability, I calculated the contribution
of import-adjusted demand components and aggregated macro-sectors to final demand
growth in Ukraine only from 2010. I did not employ a quantitative framework to esti-
mate the relative importance of the different factors that determine FDI inflows. Fur-
thermore, the impact of institutional quality in general and of the different components
of FDI inflows on growth-model change could be investigated in subsequent studies.
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Kalibracja modelu wzrostu Ukrainy. Jak Ukraina moze powtoérzy¢
sukces rozwojowy Polski?

Niniejsze opracowanie prezentuje analize poréwnawcza Sciezek wzrostu gospodarczego
Ukrainy i Polski z perspektywy modelu wzrostu i okresla, w jaki sposéb nalezy skalibro-
wac model wzrostu Ukrainy, aby byt zbiezny z dynamicznym rozwojem gospodarki polskie;j.
Metodologia obejmuje podejscie do operacjonalizacji modeli wzrostu w celu dekompo-
zycji wzrostu PKB na komponenty popytu ,skorygowane o import”, na podstawie krajo-
wych danych dotyczacych naktadéw i wynikéw z lat 2000-2019. Zauwazono, ze w latach
2000-2003 obie gospodarki europejskie rozwijaty sie w oparciu o eksport i konsumpcje kra-
jowa. Rozszerzona integracja handlowa i wzrost BIZ po przystapieniu Polski do UE w 2004 r.
przyspieszyty przejscie polskiego modelu wzrostu w kierunku strategii opartej na eksporcie
oraz BIZ z przyspieszonym tempem wzrostu PKB. Na Ukrainie, w nastepstwie wielkiego kry-
zysu finansowego, zaobserwowano przejscie w kierunku modelu wzrostu opartego na kon-
sumpcji, ktéry wraz ze spadajagcym komponentem inwestycyjnym zagregowanego popytu
doprowadzit do zaniku stop wzrostu. Analiza wktadu poszczegélnych sektoréw gospodarki
we wzrost PKB wykazata, ze zapobieganie deindustrializacji w Polsce stanowito podstawe
strategii eksportowej tego kraju, w przeciwienstwie do Ukrainy, ktora przeszta po 2008 roku
kluczowg zmiane sektorowg z produkcji na orientacje opartg na sprzedazy towaréw. Obie te
gospodarki wykazaty wysoki poziom integracji z globalnymi taricuchami wartosci, koncen-
trujac sie na pracochtonnej produkcji i ustugach, ale Polska wyprzedzita Ukraine pod wzgle-
dem udziatu eksportu o wysokiej wartosci dodanej, ktéry wzrést po przystapieniu do UE.
Podazajac za polskim wzorcem, zaproponowano, aby model wzrostu Ukrainy pobudzit site
napedowa wzrostu gospodarczego poprzez polepszenie struktury eksportu i zwiekszenie
tancuchéw wartosci, aby odblokowac¢ mozliwosci wzrostu tego kraju. Opracowanie to jest
pierwszym poréwnaniem S$ciezek wzrostu gospodarczego Ukrainy i Polski, ktore Sledzi
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Evelina Kamyshnykova

zmiany dominujacych komponentdw popytu koncowego i makrosektoréw w profilach wzro-
stu gospodarczego obu krajow. Niniejszy artykut stanowi wktad do literatury poréwnawczej
z zakresu ekonomii politycznej na temat modeli wzrostu gospodarek peryferyjnych, dostar-
czajac spostrzezen, ktére moga stanowié podstawe polityki transformacji modeli wzrostu.

Stowa kluczowe: model wzrostu, wzrost gospodarczy, produkcja, BIZ, Ukraina, Polska
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