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Abstract
This study examines the convergence of circular employment trends among
European Union member states using traditional tools from the growth literature.
The impact of both production and taxation, as well as policy changes, on those
employed in circular economy sectors is inevitable. Therefore, considering real
national income, environmental taxes, and the effects of the 2015 and 2020
circular economy action plans, Conditional Beta Convergence Analysis is used
to investigate whether circular employment converges among EU member states
during the 2013-2023 period. The findings indicate a significant convergence
trend in circular employment across countries; furthermore, they reveal that
convergence intensified following a common structural break identified in
2022—a period coinciding with the implementation of the 2020 Circular
Economy Action Plan. Itis concluded that following this structural break, circular
employment is boosted by increases in real per capita national income. In
contrast, it is reduced by increases in the share of environmental taxes within total
tax revenues. Within the framework of this paradigm shift, which is being
adopted by an increasing number of countries, this study provides guidance for
countries aiming to adapt their labor markets to a circular system by explaining
circular work and examining circular employment.
Oz

Bu c¢alisma, Avrupa Birligi iiyesi iilkeler arasindaki dongiisel istihdam
egilimlerinin yakinsamasini, biiylime literatiiriiniin geleneksel araglari vasitasiyla
incelemektedir. Dongiisel ekonomi sektorlerinde istihdam edilenler {izerinde
gerek iretimin ve verginin gerekse de politika degisikliklerinin etkisi
kaginilmazdir. Bu nedenle reel milli gelir, ¢evre vergileri ile 2015 ve 2020
dongiisel ekonomi eylem planlarinin da etkisi dikkate alinarak, Birlik tiyesi
iilkeler arasinda 2013-2023 doneminde, dongiisel istihdamda bir yakinsama
egilimi olup olmadig, Kosullu Beta Yakinsama Analizi vasitasiyla
aragtirtlmaktadir. Elde edilen bulgular, iilkelerin dongiisel istihdaminda anlaml
bir yakinsama egiliminin varligmna isaret etmekle birlikte, bu yakinsama
egiliminin 2020 Dongiisel Ekonomi Eylem Plani’nin uygulandigr déneme denk
gelen 2022 yilindaki ortak bir yapisal kirilmanin ardindan giiglendigini ortaya
koymaktadir. S6z konusu yapisal kirilmanin ardindan, kisi bagina diisen reel milli
gelirin dongiisel istihdami artirdigi, toplam vergi gelirleri iginde ¢evre
vergilerinin payindaki artiglarin ise azalttigt sonucuna ulasilmistir. Calisma,
gittikce daha fazla {ilke tarafindan benimsenen bu paradigma donisiimii
cercevesinde, dongiisel islerin agiklanmasi ve dongiisel istihdamin incelenmesi
bakimindan, isgiicii piyasalarini dongiisel sisteme uyarlamay1 amaclayan iilkelere
yol gosterici nitelik tasimaktadir.
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1. Introduction

Given that the extraction, transportation, and use of resources necessary to meet our needs
account for approximately 70% of global greenhouse gas emissions, the way for our planet to
support life within healthy limits is to increase global circularity. According to the 2026
Circularity Gap Report (Circle Economy, 2026a), our world is only 6.9% circular. When the
“Limits to Growth” report was published in 1972, global material consumption was 28.6 billion
tons; fifty years later, it had increased approximately fourfold, outpacing population growth. This
picture shows that more than 90% of the materials obtained and used from our planet cannot be
recycled. The decrease in global circularity from 9.1% in 2018 to 7.2% in 2023 also accompanies
this result (Circle Economy, 2023). It is predicted that if the economy continues to function
linearly, even if the obligations of the Paris Agreement are fulfilled, global temperatures could
rise by 3-6 degrees Celsius (Circle Economy, 2021). In line with findings indicating that the
current level of global circularity needs to be increased to approximately 17% of its potential for
a healthy planet (Circle Economy, 2021), more countries are taking significant steps in this
direction. The Europe 2020 Strategy, the Circular Economy Action Plans for 2015 and 2020, and
the European Green Deal are key developments adopted by the Union in this area. Furthermore,
through the Circular Economy Act, expected to enter into force in 2026, the European Union aims
to double the circularity rate, standing at 12% in 2026, by 2030; it seeks to achieve this by
establishing a Single Market for secondary raw materials, ensuring the production of high-quality
recycled materials, increasing supply, and stimulating demand for these materials (European
Commission, 2026).

While the steps countries take towards circularity are invaluable for a global paradigm shift,
the impact of taking them simultaneously could be much greater. This is because each step taken
causes a change and a transformation commensurate with each country’s potential. For example,
it is estimated that in Austria, which has a circularity rate of 9.7%, this rate could increase to
37.4% with changes in internal dynamics; and in the Netherlands, it could rise from 24.5% to
70% with changes in the agriculture, construction, manufacturing, and energy sectors. In Norway,
where 98% of annually consumed materials are not recycled, circularity is below the global
average at 2% (Circle Economy, 2026b). This table shows that although development levels vary
with potential differences, there is strength in unity.

The circular economy approach, which the United Nations recommends countries adopt as
an alternative development strategy within the framework of the Sustainable Development Goals,
focuses on human well-being. In this context, the redesign of production processes to ensure
efficient use of resources, the sharing of products and services to increase their benefits, and the
recycling of waste are principles that transform the economic system, along with changes in
working methods. Countries with a workforce possessing the skills required by these transforming
jobs and methods of work will be at an advantage in this paradigm shift. Provided they can take
the right steps at the right time. In this respect, examining how jobs and countries’ potential are
transformed within this framework from a circular economy perspective is of great importance.
In this context, the European Union launched the European Employment Strategy at the 1997
Luxembourg European Council to coordinate labor market and social policy reforms. Since 2011,
a common employment policy has been pursued by integrating this strategy into the European
Semester and coordinating economic policies. The European Employment Strategy encompasses
integrated guidelines for employment and social affairs, as well as the Annual Growth Survey,
which outlines macroeconomic priorities for job-creating economic growth. Furthermore, the
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strategy supports efforts to address economic, social, and employment challenges and is
complemented by the Joint Employment Report, which analyzes employment issues faced by
member states. By incorporating elements such as sustainable product design, job creation, a just
transition, a high-quality workforce, and investments in skills and education, the European
Employment Strategy places circular economy strategies at the core of its employment policies
(European Union, 2026a). Although EU member states have implemented circular economy
policies unevenly (European Court of Auditors, 2023), the outcomes of the comprehensive
common employment policy are expected to show similar trends across member states—
specifically, an increase in circular employment in parallel with the targeted transition to a circular
economy. This convergence of circular employment within the European Union may indicate a
shared approach to employment policy. A review of the relevant literature reveals a focus on
circular economy convergence rather than circular employment convergence. Arbolino et al.
(2024) examined convergence processes in circular economy performance among European
Union member states, noting that differences in national norms and regulations prevented the
effective and equitable achievement of common goals across countries. By analyzing trends in
circular economy index values—calculated for member states—using sigma convergence, the
study concluded that the overall circularity performance of member states converged, except
during periods of crisis. The article also investigated the macroeconomic, institutional, and
political factors influencing circular economy convergence processes. This article differs from
the present study in its focus on the convergence of general circularity trends rather than the
convergence of circular employment. Radenovié¢ et al. (2026) classified and ranked European
Union member states based on their adoption of the circular economy model using cluster
analysis. No balanced adoption of the circular economy was observed across the European Union.
It was found that countries with low levels of circular economy development were undergoing
rapid transformation compared to high-performing nations, despite having more limited
capacities. Similarly, this article is based on classifying countries and ranking their performance
according to circular economy indicators, rather than focusing on circular employment
convergence across the European Union. Furthermore, the literature includes studies on
convergence in eco-innovation, which is viewed as a driving force of the circular economy.
Costantini et al. (2023) examined eco-innovation convergence in the European Union for the
2012-2021 period using a club convergence approach. Their article focuses on the convergence
of a multidimensional eco-innovation index—constructed to include employment in
environmental protection and resource management activities. Meanwhile, Henriques et al.
(2025) investigated eco-innovation efficiency in the European Union during the 2016-2023
period using the Window Slack-Based Measure Data Envelopment Analysis model and a club
convergence approach. Although these two articles focus on eco-innovation that supports the
circular economy, they differ in context from circular employment convergence, which is the
primary focus of the present study. Studies in the literature addressing circular employment
generally examine the capacity of circular economy strategies to create new job opportunities and
their overall impact on employment. Bassi and Guidolin (2021) and Moreno-Mondéjar et al.
(2021), focusing on the European Union, examine the potential for circular employment at the
firm level. While these studies—which analyze the relationship between circular economy
strategies and green jobs—emphasize firm-level heterogeneity, they also highlight the difficulty
of quantifying the number of green jobs associated with the transition to a circular economy
(Moreno-Mondéjar et al., 2021). Muifioz et al. (2022) also developed a metric for circular
economy jobs. Within the framework of urban circular economy activities, a circular economy
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employment metric was developed for the cities of Belgium and Recife using an environmentally
extended input-output analysis. Meanwhile, Fafalios et al. (2026) compare the size and
characteristics of the circular labor market—based on circular economy job postings from
LinkedIn in the EU and selected non-EU countries—with national employment and circular
economy data. Also focusing on the European Union, Calanter et al. (2025), Duran-Romero et al.
(2025), and Olah et al. (2026) examine the opportunities and challenges associated with adopting
the circular economy, as well as its socio-economic and sustainability impacts. A common
conclusion emerges from these studies: while adopting the circular economy model offers genuine
potential to advance sustainable development across environmental, economic, and social
dimensions, the transition to a circular economy does not follow a uniform pattern across the
regions studied. The articles reviewed focus on the convergence of the circular economy and eco-
innovation, while also addressing the potential for job creation and employment, as well as the
socio-economic impacts of circular economy strategies. Cristea’s (2026) study, however, stands
apart from the rest of the literature by specifically incorporating the concept of convergence in
circular employment. In a study examining the relationship between circular economy
development and labor market changes in Romania during the 2014-2024 period, Romania is
compared with the EU-27 for selected years using benchmark-year trend analysis. The study
identifies both improvements in circular economy indicators and persistent convergence gaps in
Romania relative to the Union as a whole. Compared to the EU benchmark, the findings indicate
that circular employment in Romania is expanding faster than material and efficiency
performance and may continue to concentrate in relatively labor-intensive circular activities.

The present study investigates whether there is convergence in circular employment within
the European Union. Examining whether the shift in circular employment—particularly within
European Union member states—follows similar trends not only reveals whether these countries
are pursuing a shared approach in their employment policies but also serves as a vital guide for
increasing their chances of success in critical green policy areas such as climate, the environment,
and the circular economy. Given this importance, the study aims to examine whether there is
convergence in circular employment within the European Union. In this context, the circular
economy approach is introduced following an introductory section that outlines the subject’s
purpose, significance, and scope. After the third section, which explains the concept of circular
work from a circular economy perspective, employment in circular jobs in the European Union is
examined descriptively. In the fifth section of the study, which presents empirical analysis, the
Conditional Beta Convergence Method is used to investigate whether circular employment
converges within the European Union. Policy recommendations based on the findings are
presented in the conclusion section.

2. Circular Economy Concept

The linear economy model, where goods and services are created using inputs, used by
those who need them, and discarded at the end of the product’s life cycle, that is, the “Buy-Make-
Consume-Dispose” pattern, has been adopted for many years. In fact, it has been calculated that
the resources allocated for 2025 will unfortunately be depleted on July 24th, as we consume
resources as if we were living on 1.7 Earths (Global Footprint Network, 2026). The Circular
Economy, proposed as an alternative development model in the United Nations’ Sustainable
Development Goals to enable consumption only to the extent the world can sustain it, is actually
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an understanding that has existed since the Neolithic period, when by-products from hunting
activities were used to meet needs such as clothing and defense, and when a barter economy was
prevalent (Sayin, 2020: 1-2; Sayin and Celik, 2020: 525). Although its logic dates back quite a
long time, its conceptual inclusion in the literature was thanks to Pearce and Turner in 1990.

While there is a consensus that the circular economy will be key to sustainability from the
late 20th century onwards, there is no common understanding of its definition because “it has
different meanings, roles, and responsibilities for different stakeholders, and all these diverse
contributions must be considered in their own specific contexts” (Eco-innovation Observatory
(EIO), 2016: 9). The Ellen MacArthur Foundation (2015) defines the circular economy as an
economic system that can achieve resource efficiency by closing the energy and input cycle and
serves as a tool for achieving sustainable development. Although this definition is widely
accepted in literature, definitions incorporating dimensions revealed in recent years are also
becoming more common. Sayin and Celik (2020: 548) emphasize the fundamental principles of
the circular economy, such as “effective and efficient use of scarce resources in production
processes, minimization of raw material costs through the recycling of generated waste, extension
of product life cycles through re-production, and increased utility through sharing”.

The fundamental principles of the circular economy are based on the R framework
developed for activities in this context. In the relevant literature, the R framework has reached the
9R dimension (Van Buren et al., 2016; Kirchher et al., 2017; Potting et al., 2017; Okorie et al.,
2018). Circularity strategies within the 9R framework are presented in Table 1.

Table 1. Circularity Strategies within the Framework of 9R Principles

Strategies
RO - Refuse Making the product unnecessary
Smarter Product Use and . Enhancing the intensive use of products by sharing
. R1- Rethink - . .
Manufacturing them or making them multifunctional
R2 - Reduce Increasing efficiency with less resource consumption
Reusing a product that has been discarded after
R3 - Reuse fulfilling its function, but is still usable by another
consumer who needs it
R4 - Repair Maintaining and repairing a faulty product so that it

can perform its function.
R5 - Refurbish Updating a used product by refurbishing it
R6 - Using parts of a waste product in a new product with
Remanufacture  the same function

Using a waste product or its parts in a new product
R7 - Repurpose  with a different function to make it suitable for
another purpose
Processing materials to obtain the same or lower
quality

R9 - Recover Recovering energy from waste

Source: Kirchherr et al., 2017: 224; Potting et al., 2017: 5; Utkulu and Tiirkéz, 2020: 119.

Extending the Lifespan of
the Product and Its Parts

Useful Uses of Materials RS - Recycle

When Table 1 is examined, the principles of Reject, Rethink, and Reduce are included
within the scope of a smarter product use and production strategy; the principles of Reuse, Repair,
Refurbish, Remanufacture, and Repurpose are included within the scope of a strategy to extend
the lifespan of products and their parts; and Recycling and Recovery are included within the scope
of beneficial uses of materials. The increasing circularity from bottom to top shows that it is
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possible to transition from different material-use strategies to strategies for extending the lifespan
of products and their parts, and from there to smarter product-use and production strategies
(Kirchherretal., 2017: 224). Therefore, a circular economic system can be created by redesigning
production processes that meet more needs with less resource use, increasing benefits through
sharing, and recycling waste generated after products have completed their functions (Sayin,
2020: 4).

The benefits that a circular economy can provide to contribute to sustainable development
are listed as follows at the macro and micro levels for adopting countries (Eurostat, 2026a):

(i) More innovative and productive production and consumption;
(ii) Protecting firms from resource scarcity and price volatility;
(iii) Local jobs and social integration;

(iv) Optimization of waste management;

(v) Energy savings;

(vi) Positive contribution to the environment in terms of air, soil, and water pollution, climate,
and biodiversity.

At the macro level, the circular economy is a multi-dimensional paradigm that aims to
decouple economic growth from consumption; at the meso level, to promote the natural
environment and regional development; and at the micro level, to use resources efficiently for
cleaner production (Scarpellini et al., 2020: 1). It allows for interdisciplinary research and
collaborations. Therefore, studies in this field are rapidly increasing. The transforming jobs
associated with the circular economy approach, which focuses on human well-being, are
examined in the following section.

3. Circular Work from a Circular Economy Perspective

Parallel to the diversity in the literature regarding the definition of circular economy, there
is also a noticeable difference in the definition of circular work. In the literature, circular work is
commonly expressed as “green work” and “work that protects and improves environmental
quality” (Burger et al., 2019: 3).

Green work is defined as “all work related to the environment or created, substituted or
redefined in the process of transitioning to a greener economy” (European Commission, 2014: 4).
The United Nations Environment Programme (UNEP) (2008) considers work that saves
materials, energy and water, prevents the generation of all kinds of waste and pollution, and
significantly contributes to the protection or restoration of ecosystems and biodiversity as green
work. According to the United States Bureau of Labor Statistics (BLS) (2020), green work
encompasses both the output approach, which provides services that contribute to the
environment or conserve natural resources, and the process approach, which involves making the
production process more environmentally friendly or using fewer natural resources. Therefore,
both output and process approaches allow for the evaluation of green work. Within the output
approach, renewable energy sources; energy-efficient equipment, devices, buildings, and
vehicles; goods and services that improve energy storage and distribution efficiency and the
energy efficiency of buildings; pollution reduction and elimination, reduction of greenhouse gas
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emissions, recycling and reuse; organic farming, sustainable forestry, soil, water and wildlife
conservation; government and regulatory administration, education, training and legal advocacy
related to green technologies and practices are considered green work. In the process approach,

green work can be identified in any business,

regardless of its industry sector or the goods and

services it produces (Celik, 2020: 94-95). Based on these definitions, studies on the circular

economy focus on areas described as ‘green’,

such as waste and recycling, as well as renewable

energy. These studies largely disregard ‘non-green’ circular jobs and the sharing economy, which
are focused on waste and energy conservation. Therefore, for a sound examination of circular
jobs, it is necessary to consider not only ‘green’ jobs but also the jobs that fall within the
framework of the basic principles of the circular economy and are explained in Table 2 (Horbach
et al., 2015; Kirchherr et al., 2017; Burger et al., 2019).

Table 2. Types of Circular Jobs

Direct Circular Jobs

Main Jobs

Subsidiary Jobs

Prioritizing Renewable Resources - Solar Panel
Installers

Jobs that utilize renewable forms of energy, a
scarce resource, fall under the category of
circular work. Solar panel installers, who harness
solar energy, a clean, renewable energy source,
hold a fundamental position within the
framework of circular work.

Collaborating to Create Shared Value - Professional
Association Manager

Professional association management, which creates
shared value in the circular economy by facilitating
networking and collaboration among companies,
falls under the circular jobs subcategory.

Maintaining and Promoting Existing Products -
Equipment Technician

Equipment technicians, who perform necessary
maintenance and repair to ensure the continued
functionality of existing products, are included in
circular business practices for their contribution
to extending product lifecycles.

Design for the Future - Architect

The diverse range of materials required by the
construction sector, the backbone of the economy,
necessitates the application of circular economy
principles across its design, production, use, and
transformation processes. Therefore, architects
contribute to the circular economy by prioritizing
material and energy efficiency throughout the life
cycle of buildings, from design and construction to
use and transformation.

Using Waste as a Resource - Recycling Operator
In recycling, an important part of the circular
economy that views waste as a resource,
operators are involved in classifying and
separating waste; this is considered a circular job.
Recycling operators use physical labor and
machinery, such as forklifts, in their work.

Incorporating Digital Technology - Data Analyst
Data analysts contribute to the circular economy by
minimizing and eliminating the negative
environmental externalities associated with the
resources required for the infrastructure and
hardware used to process increasingly large amounts
of data. Playing a key role in achieving digital
transformation through eco-innovative systems,
data analysis requires expertise in data science and
computer engineering.

Rethinking the Business Model - Leasing Process
Manager

A key component of the circular economy is
reducing the need for new resources by
increasing the benefits of sharing products. In this
context, the leasing process manager plays a role
in rethinking and restructuring the business
model. As a service model, they are responsible
for coordinating external service partners across
market segments to ensure the circular operation
of products.
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Table 2. Continued

Indirect Circular Jobs

Courier Services

With the widespread adoption of the circular economy and the resulting rise in circular activities, demand
for logistics services may increase. Logistics services operating on renewable resources also contribute
to circularity. Courier services, as part of this sector, contribute to the system, whether directly or
indirectly.

Training

Trainers, who are involved in everything from developing an understanding of the circular economy to
training the workforce required for both primary and secondary circular jobs at every stage, are indirectly
included within the scope of circular jobs.

Source: Burger et al., 2019: 11-12; Celik, 2020: 97-99.

Understanding the circular economy involves both basic and sub-circular strategies. Basic
circular strategies include activities such as “prioritizing renewable resources”, “conserving and
expanding existing resources”, “using waste as a resource”, and “rethinking business models”. To
activate circular strategies, the core strategies in the circular economy are directly supported by
“cooperating to create shared value”, “designing for the future”, and “integrating digital
technology”. Without these activation strategies, it is not possible to talk about circularity in
economic processes (Burger et al., 2019: 3).

4. Descriptive Analysis of Circular Employment in the European Union

The indicators considered within the European Commission’s Circular Economy
Monitoring Framework are classified by Eurostat (2026b) into five thematic areas: Production
and Consumption, Waste Management, Secondary Raw Materials, Competitiveness and
Innovation, and Global Sustainability and Resilience. Competitiveness and Innovation primarily
focus on efficient resource use, reuse, and recycling of products, achieving zero waste wherever
possible, and designing product lifecycles that account for recovery when zero waste is not
possible, thereby serving the principles of the circular economy. The Competitiveness and
Innovation thematic area includes indicators on private investment and gross added value in
circular economy sectors, employment, and patents related to recycling and secondary raw
materials. The trend in the number of people employed in circular economy sectors in the EU27
is presented in Figure 1.
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Figure 1. People Employed in Circular Economy Sectors in the European Union
Source: Created by the author from Eurostat, 2026¢ data.

The indicator shows the trend in the number of people employed in the recycling, repair,
reuse, and rental sectors from 2005 to 2023. Employment in circular economy sectors in the EU
increased by 20.2% between 2005 and 2023. Except during periods of crisis, the number of people
employed in circular economy sectors increased, and this trend continued with the 2015 and 2020
European Union Circular Economy Action Plans. The ratio of those employed in circular
economy sectors to total employment, as presented for both the EU as a whole and member states,
is first examined for the year 2013 to see the impact of the circular economy action plans and to
avoid being affected by the effects of the crisis, and is shown in Figure 2.

0,045
0,04
0,035
0,03
0,025
0,02
0,015
0,01
0,005

Italy

Slovenia m———— ——

o

Bulgaria

Spain —
France
Greece m—
Ireland ————

Latvia
Lithuania
Poland

Romania

Czechia n———
Slovakia

Cyprus e——
Finland —

United Kingdom —e—

Sweden =———

Germany —
Austria —
Denmark e—
Belgium  s—

Estonia
Netherlands

Luxembourg me——

Croatia
Hungary
Portugal

m
C
)
~

mmmm Circular Employment Rate

Figure 2. Ratio of Those Employed in Circular Economy Sectors to Total Employment in EU
Member States (2013)
Source: Created by the author from Eurostat data 2026¢ and 2026d.
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The share of those employed in circular economy sectors in total employment was higher
than the European Union average in 17 member states as of 2013, while it was below the overall
average in 11 member states. To examine the effects of the 2015 Circular Economy Action Plan,
also referred to as “Closing the Loop” and the new 2020 plan, Figure 3 shows the share of those
employed in circular economy sectors in total employment, using the latest 2023 data.
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Figure 3. Percentage of Those Employed in Circular Economy Sectors in Total Employment
in EU Member States (2023)
Source: Created by the author from Eurostat data 2026¢ and 2026d.

Latvia, which was first in circular employment in 2013, lost its top spot to Estonia in 2023.
Estonia’s successful adoption of a circularization strategy has also secured Tallinn, its capital, the
title of European Green Capital 2023. Another noteworthy development for 2023 is the leap in
circular employment in Luxembourg, one of the countries with the highest per capita income and
human development levels within the Union, over the past ten years. This development is
significant evidence that the Luxembourg Process (1997), from which the European Employment
Strategy originated, and the circular economy roadmap for Luxembourg published by EPEA
(2014) are on track to achieve their goals (European Union, 2026b). As of 2023, Estonia and
Luxembourg stand out among countries for increases in circular employment rates. Comparing
2013 and 2023, it is understood that while there have been advancements in circular employment
in Slovenia and Cyprus, there have been declines in Malta, Latvia, and Hungary. Although Spain
maintained its ranking, it remained below average due to the overall EU average improving. The
Netherlands also retained its last-place position in the rate of cyclical employment over the ten-
year period. While the rate of cyclical employment in the European Union showed an upward
trend in both years, the increase was greater in 2023 than in 2013. Whether this increase has led
to convergence among EU countries will be investigated in the following section.
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5. Method

The convergence theory, based on Solow’s (1956) neoclassical growth model, is grounded
in the principle that countries with capital scarce relative to labor have higher marginal
productivity and therefore grow faster, closing the gap in per capita income between them and
richer countries. The situation in which the standard deviation of per capita income decreases over
time represents Sigma convergence, while a negative relationship between the initial income level
and the growth rates of income in subsequent periods indicates Beta convergence (Baumol, 1986).
According to this theory, expanded by Barro and Sala-i-Martin (1991, 1992), if income levels are
assumed to converge without considering factors affecting the steady state of economies, then
Absolute Beta Convergence is observed; if heterogeneous factors are also considered, then
Conditional Beta Convergence is observed. Countries have different structural characteristics and
possess different potentials. In this context, using the Conditional Beta Convergence Approach
shown in equation (1) to investigate the convergence relationship in the European Union, which
consists of 27 countries, is important for obtaining consistent results.

Y = aj — Plog(yito) + @Xiro + Wir 1)

Here, Yi represents the growth rate of the (i) GDP per capita of the economy; ai is the
constant; Xiy is the vector of variables that determine the steady-state position of each (i) economy
analyzed; ui represents the error term. Empirically, testing this hypothesis usually involves
estimating a [ (beta) coefficient in dynamic panel regressions, where a negative and significant
sign of the initial level of the relevant variable indicates a convergence process. Convergence
analyses are generally used to identify trends in countries’ income levels, but they are also used
for different scopes such as fiscal, monetary, real, competitiveness, economic freedoms, defense
spending, energy consumption, and labor markets (Calzoni et al., 2006; Baypinar and Erkut, 2011;
Diaz-Foncea and Marcuello, 2014; Obadi¢ et al., 2021; Nasution and Tri Wahyun, 2022; Ozcelik,
2022; Belliler, 2023; Karademir et al., 2023; Fayou, 2025; Karul, 2025).

This study investigates convergence among those employed in cyclical jobs in the
European Union during the 2013-2023 period using the Conditional Beta Convergence Approach.
The empirical analysis begins with descriptive statistics for the variables; it continues with a
correlation matrix and Variance Increase Factor (VIF) analysis, which examines the pairwise
relationships among variables. The presence of a structural break in the period under review is
examined using the Ditzen, Karavias, and Westerlund Test (Ditzen et al., 2021). Whether there is
a unit or time effect in the panel is determined using the F and Breusch-Pagan LM tests. The
Hausman Test (Hausman, 1978) is used to determine whether the detected effect is fixed or
random. The final model is estimated based on the results obtained.

5.1. Dataset

The panel consists of 297 observations from 27 member countries of the European Union
(N) and 11 years (T) from 2013 to 2023. The selected period aims to examine the effects of
circular action plans, especially after the 2009 crisis, and ends with the most recent available year
of data. The United Kingdom was not included in the analysis as it was a member until 2020. All
variables are expressed in logarithmic form, and the definitions and data sources are presented in
Table 3.
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Table 3. Data Set Definitions
Variables Definitions Sources
The rate of increase in the number of people.

g ce . Eurostat, 2026¢.
employed in circular economy sectors.
Real Gross Domestic Product, Chain-linked volumes
Ipcgdp (2020), euros per capita. Eurostat, 2026e.
letrr Environmental tax revenues as a share of total taxes. Eurostat, 2026f.
Ifv Initial value of the dependent variable (Ig_cex1). Created by the author.
cep 15 2015 Circular Economy Action Plan dummy variable. Created by the author.
cep 20 2020 Circular Economy Action Plan dummy variable. Created by the author.
5.2. Findings

Descriptive statistics for the variables used in the analysis are given in Table 4. When the
mean, minimum, maximum, and standard deviation values of the variables are examined during
the period under review, it is understood that the variables employed in circular economy sectors
move without variation, the share of environmental taxes in tax revenues moves within a narrower
range, while the variables related to real per capita income and initial value show moderate
variability. When the panel structure is evaluated using between and within values, the standard
deviation between units (Between) exceeds the standard deviation within time (within) for the
variables real per capita income and the share of environmental taxes in tax revenues. This
indicates that the main source of variation in the variables is the differences between the countries
examined. The initial value variable exhibits a balanced structure, meaning it shows homogeneous
dynamism both across units and over time.

Table 4. Descriptive Statistics of Variables

Ig ce Ifv Ipcgdp letrr cep_ 15 cep 20
Average 2.0001 4.8815 4.4152 0.8499 0.8182 0.3636
Maximum 2.0058 5.8943 5.0317 1.1853 1.0000 1.0000
Minimum 1.9981 3.7853 3.8808 0.4900 0.0000 0.0000
Std. Dev. 0.0006 0.5234 0.2600 0.1277 0.3863 0.4819
Between Std. 0.0002 0.05298 0.2614 0.1161 0.0000 0.0000
Within Std. 0.0006 0.0522 0.0396 0.0572 0.3863 0.4819
Skewness 4.6558 -0.0214 0.2793 -0.0754 -1.6583 3.7550
Kurtosis 42.99 2.6170 2.4677 2.4530 3.7550 1.3133
Observation 297 297 297 297 297 297

Skewness and kurtosis statistics indicate that the variable for those employed in circular
economy sectors may challenge the normality assumption, with steep, narrow, and extreme
values. While the real per capita income variable is slightly right-skewed and somewhat flattened,
the initial value and the share of environmental taxes in tax revenues variables are the ones that
best fit the assumption of normality. The correlation matrix, which identifies multicollinearity
among the variables, is presented in Table 5.
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Table 5. Correlation Matrix Between Variables

Ig ce Ifv Ipcgdp letrr cep 15 cep 20
lg ce 1.0000 -0.1894 0.1077 -0.0678 0.0385 -0.0159
Ifv -0.1894 1.0000 -0.2051 -0.1468 0.0352 0.0451
Ipcgdp 0.1077 -0.2051 1.0000 -0.5671 0.0891 0.0888
letrr -0.0678 -0.1468 -0.5671 1.0000 -0.1121 -0.2666
cep 15 0.0385 0.0352 0.0891 -0.1121 1.0000 0.3563
cep 20 -0.0159 0.0451 0.0888 -0.2666 0.3563 1.0000

In the analysis, there is a very weak and positive relationship (0.1077) between the
dependent variable of those employed in circular economy sectors and the real per capita income
variable; while there are near-zero relationships (< +/- 0.07) between the share of environmental
taxes in tax revenues and the variables of the 2015 and 2020 action plans. The highest correlation
in the correlation matrix is between the dependent variable (those employed in circular economy
sectors) and the initial value variable, and it is negative (-0.1894). Since none of the correlation
coefficients indicate a strong relationship of 70% or more, there is no multicollinearity problem
between the variables. However, it is important to evaluate the findings in this correlation matrix
together with the VIF values calculated by equation (2) for the independent variables in the panel
and presented in Table 6.

1

VIFi = )
Table 6. VIF Analysis Findings

Variables Ifv Ipcgdp letrr cep 15 cep 20
VIF Value 1.3693 2.0889 1.6442 1.5705 1.9841

The conclusion that there is no multicollinearity among the independent variables is also
supported by VIF values below 5, the critical threshold accepted in the literature. The test findings
from the model selection phase, accounting for variables with weak correlation, are shown in
Table 7.

Table 7. Model Selection Test Findings
Test Stat. Prob. Hypothesis

F Test: Unit and Time FE 1.6389 0.0179 Ho: There are no unit or time effects.
F Test: Unit FE 1.7068 0.0200 Ho: There are no unit effects.
F Test: Time FE 1.4259 0.1852 Ho: There are no time effects.
?irrenl;sthE—Pagan LM: Unit and 1.7111 0.4251 Hg: There are no unit or time effects.
Breusch-Pagan LM: Unit RE 1.6997 0.1923 Hg: There are no unit effects.
Breusch-Pagan LM: Time RE 0.0114 0.9151 Hg: There are no time effects.
Hausman Test 26.09 0.0001 Ho: FE and RE are consistent; RE is

efficient.

According to the F-test statistics, which investigate unit or time effects in the panel, the
null hypotheses stating that there are no unit effects and no time effects are rejected at the 95%
confidence level; however, the null hypothesis stating that there are no time effects cannot be
rejected. These results indicate that unit and time effects are jointly significant in the model, while
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time effects are insignificant and unit effects are significant. In this case, the Fixed Effects model
should be preferred over the classical model. When Breusch-Pagan LM statistics are examined,
it is understood that the null hypotheses testing the absence of unit and time effects, both together
and separately, cannot be rejected at the 95% confidence level. This result shows that random
effects do not significantly outperform the classical model.

Whether the unit effects identified in the model are fixed or random is determined by the
Hausman test. The test result indicates that the null hypothesis is rejected and the Fixed Effects
model should be preferred. Thus, the one-way fixed effects model has been determined. However,
before model estimation, the existence of a common structural break is investigated using the
Ditzen, Karavias, and Westerlund Test (Ditzen et al., 2021), as there may be developments that
could cause structural changes for the countries under analysis during the 2013-2023 period, such
as economic and health crises, natural disasters, and wars. The test result indicates a common
break across all countries in 2022. For the European Union, 2022 was a year marked by an energy
crisis—stemming from the Russia-Ukraine war—that drove rising inflation and economic
instability; it was also an election year and a time when critically important legislative packages
regarding the circular economy were implemented. To account for the effect of the identified
structural break, a time dummy variable and interaction terms for 2022 were created and included
in the model. In the extended empirical model given in equation (3), the model was estimated
using Driscoll and Kraay (1998) robust standard errors to address unit-level heteroskedasticity,
and the findings are presented in Table 8.

lgec = a — Blfv + olpcgdp + Aletrr + § D_2022 + 6 D_2022 * lfv

+ t©D_2022 * lpcgdp + ¢ D_2022 * letrr @)
Table 8. One-Way Fixed Effects Model Findings
Variables Coefficients Standard Errors t-stats. Prob.
Ifv -0.0042 0.0012 -3.3575 0.0009*
Ipcgdp 0.0002 0.0015 0.1377 0.8906
letrr 0.0010 0.0008 1.2406 0.2159
cep_15 0.0002 0.0001 3.2288 0.0014*
cep_20 0.0002 0.0001 1.6809 0.0940***
D_2022 0.0023 0.0014 1.6549 0.0991***
D_2022*Ifv -0.0008 0.0002 -3.5955 0.0004*
D_2022*Ipcgdp 0.0005 0.0001 4.6531 0.0000*
D_2022*letrr -0.0012 0.0004 -2.8544 0.0047*
R? 0.1940 F-Wald stat. 6.9789
Within R? 0.1940 Prob. (F-stat) 0.0000
Between R? -0.0184
Overall R? -0.0184

Note: * indicates statistical significance at the 1% significance level; ** indicates significance at the 5%
significance level; and *** indicates significance at the 10% significance level.

The coefficient on the initial value variable for those employed in circular economy sectors
was negative both before 2022 (-0.0042) and after 2022 (-0.0008). The negative initial-value
coefficient supports the existence of convergence in the growth literature. This effect indicates
that the gap between Union member countries with low cyclical employment levels and those
with high levels is narrowing. The deepening negativity of the interaction term coefficient (-
0.0042 + (-0.0008) = -0.0050) demonstrates that convergence increased during the period under
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review, which also saw the implementation of the 2020 Circular Economy Action Plan. This
finding confirms the descriptive analysis presented in the study, indicating that circular
employment rates in EU member states tended to converge and increase in 2023 compared with
2013. While the dummy variables for the 2015 and 2020 Circular Economy Action Plans and the
2022 breakpoint year were statistically significant, the variables for real per capita gross domestic
product and the share of environmental taxes in tax revenues were not, indicating they did not
directly affect the dependent variable. Although the countries’ income and tax structures were
considered a condition, they were expected to have no significant effect on circular employment.
However, with the 2022 interaction, the income variable became positive and highly significant.
This effect is believed to stem from the interaction between real per capita income and significant
financing, investments, and incentives—such as waste management, recycling and recovery
infrastructure, and eco-design—introduced through the 2020 action plan. The share of
environmental taxes in tax revenues, which was insignificant before 2022, has since become a
strong negative effect. It is believed that this shift may stem from factors—such as the increased
financial burden of high environmental taxes or the imposition of heavy fines for environmentally
insensitive production processes—that constrain businesses operating under linear models from
generating circular employment. Furthermore, given that this turning point coincides with a
period encompassing the post-pandemic adjustment process, energy market disruptions,
inflationary pressures, and geopolitical shocks, these factors may also be influencing the variables
under examination.

6. Conclusion

With the aim of sustainable development, more countries are taking significant steps
towards circularizing their economic systems. The circular economy is a paradigm shift based on
the principles of designing product life cycles to produce as little waste as possible, extending the
lifespan of products through improvement activities and sharing, recycling, and recovering waste
generated in production and consumption processes, and making beneficial use of materials, all
with the aim of using scarce resources efficiently. Along with this movement, employment in
circular-economy sectors is increasing. Countries that create and implement circular economy
action plans share progress with all stakeholders through a monitoring plan. The European
Commission also monitors circularity for member and candidate countries in five thematic areas:
Production and Consumption, Waste Management, Secondary Raw Materials, Competitiveness
and Innovation, and Global Sustainability and Resilience, within the framework of the Circular
Economy Monitoring Framework. In the Competitiveness and Innovation thematic area,
employment data in circular economy sectors for the period 2005-2023 is published for member
countries of the Union. During the period in question, the share of those employed in circular
economy sectors in total employment showed an upward trend, except during crisis periods. As
0f 2023, the share of those employed in circular economy sectors in total employment was higher
than the European Union average in Estonia, Luxembourg, Lithuania, Croatia, Latvia, Bulgaria,
Slovenia, Cyprus, Czech Republic, Malta, Romania, Slovakia, Poland, Portugal, Hungary, and
Italy; however, the improvement in the share of those employed in the circular economy sector
after the action plans, exceeding the EU average in Estonia, is noteworthy. Indeed, Tallinn, the
capital of Estonia, won the European Green Capital award in 2023 by adopting a circular economy
approach to advance environmental goals, create job opportunities, and encourage innovation
(OECD, 2023). While the rate of circular employment in the European Union showed an upward
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trend in both years, the increase was greater in 2023 than in 2013. This increase indicates a
convergence trend in circular employment across European Union countries, as evidenced by the
Conditional Beta Convergence Analysis. This finding not only indicates that member states are
pursuing a shared approach to comprehensive joint employment policies but also holds
significance for improving their chances of success in critically important green policies, such as
those concerning the climate, the environment, and the circular economy. While this serves as a
good example, it is believed that achieving targets will be easier through employment policies
developed from national action plans and tailored to each country’s specific dynamics. In this
way, a fair transformation can be achieved by integrating idle labor into the economy, and
differences in countries’ levels of development can gradually converge.
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