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Preface 

The series of books with the general title of “The Political Economy 
of Greek Growth up to 2030” analyze the medium- to long-term 
prospects of the Greek reality—including the COVID-19 pandemic—in 
view of the political economy. They combine the notions of sustain-
ability, sustainable governance and political operation, the inclusivity of 
the economic system, and cultural behavior, with the requirements of 
economic dynamic growth. The concurrent influence from those five 
areas, through suitable structural reforms, is a necessary prerequisite to 
change the production prototype of the Greek economy, which will 
ensure a medium- and long-term economic development and growth. 
This viewpoint has an evolutionary foundation. The view supported is 
that conditions can be created for the Greek economy, after the 2008 
depression, to avoid losing another decade due to COVID-19 and to 
create the necessary conditions for a great growth transformation up to 
2030. 

The target of this book series, presented in successive volumes, is 
to assess the current situation of the Greek economy and detect future 
potential for development and growth, particularly on a medium- to long-
term horizon. It represents the next step in a series of books: The Greek 
Economy and the Crisis, Challenges and Responses, P. E. Petrakis (2011), 
New York and Heidelberg, Springer; and A New Growth Model for the 
Greek Economy, Requirements for the Long-Term Sustainability, P. E. 
Petrakis (2016), New York, Palgrave Macmillan. These books marked
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vi PREFACE

the conditions in which the Greek economy entered Great Depression 
(2008–2018) and put forth initial thoughts on exiting the crisis. In this 
current book series, conditions for the exit of the economy from the crisis 
are analyzed, along with its entry into a new period of development and 
growth. 

Athens, Greece Panagiotis E. Petrakis
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Introduction 

Economic interconnections and networks are at the center of economic 
analysis since they provide a way to understand and explain economic, 
institutional, national, and social interactions and relationships. Tradi-
tionally, network economics and interconnections have been studied at 
a microeconomic level through game theory. Taking a step forward, 
the objective of the present book is to optimally pair the fields of 
microeconomics and macroeconomics in relation to interconnections and 
networks. Such an analysis is mostly concentrated in Greece in order to 
trace the quality of interconnections in the economy. The Greek economy 
is service-oriented and characterized by low dynamism. Hence, at a micro 
level, we study the interconnections of various Greek companies, prop-
erty relations, and overlaps in management boards. At a macro level, 
we emphasize the economic relations between the various sectors of the 
Greek economy. 

In the present book, the Greek economy is perceived as a complex 
institutional process that relies on the quality of interconnections 
between different sectors and industries. The quality of interconnections 
is a determining factor of dynamism, which is crucial for economic 
resilience and shock responsiveness. The higher the intensity and level 
of interconnection, the better for the labor market’s dynamism because 
communication, competitiveness, and job transitioning are facilitated. 
Nonetheless, incoherent interconnections result in economic vulnerabil-
ities due to contagion effects during a severe shock. A way to mitigate
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xii INTRODUCTION

this adverse effect is to improve the quality of interconnections through 
diversification and institutional resilience by expanding economic activ-
ities across different sectors and industries. This strategy reduces the 
economy’s vulnerability by spreading the risk across different sectors, 
leading to new value chains and economic growth opportunities. 

Essentially, we unfold the structure of the Greek economy and 
address the internal relations that drive productivity trends, efficiency, and 
welfare. Methodologically, we rely on an interdisciplinary perspective that 
accounts for both traditional methods such as input-output analysis and 
network analysis based on the “influence and information flow” approach. 

The book is divided into three parts: Part I comprises an analysis and 
evaluation of the Sectoral Interconnections in the Greek Economy; Part II 
concerns the Relations Among the Several Greek Industries; and Part III 
emphasizes the structure of interconnections and networks and its impact 
on addressing economic shocks, megatrends, and envisioning the future. 
Each part of this book consists of three chapters. We shall present each 
part and its corresponding chapters, starting with Part I. 

In Chapter 1, Maria Markaki and Stelios Papadakis emphasize the 
importance of an industrial policy that improves the production-export 
structure in the short term and long term. Short-term benefits regard 
promoting productivity, which results in higher growth rates, while long-
term benefits arise from technological advancements, improved capabili-
ties in critical economic sectors, and increased international appeal. They 
propose a methodology for optimizing the economy’s structural trans-
formation using input-output analysis (IOA). IOA offers a structural 
perspective on industrial relationships and is frequently used to analyze 
the economic consequences of structural economic changes. 

In Chapter 2, Maria Markaki and Stelios Papadakis review the unfa-
vorable structural characteristics of the Greek economy and the policies 
followed, which led to the severe consequences of the Great Recession 
of 2008. The accumulated knowledge is used to provide useful policy-
making insights for transforming the Greek production structure. They 
present an optimal economic structure to boost the GDP growth rate 
and reduce the deficit in the balance of goods and services to solve an 
optimization problem. This optimal structure serves as a basis for policy-
makers to design a mix of sectoral and macroeconomic interventions to 
promote development and growth.
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In Chapter 3, Pagiavla Georgia and Pisinas Yorgos utilize input-output 
tables as an empirical dataset and theoretical tool for examining an econo-
my’s internal structure and interconnections. Recent interest is focused on 
the regional level due to recognizing that the economy is not a non-spatial 
entity with interregional trade playing a significant role in the relationship 
between the periphery and the center. Thus, the authors present a method 
of producing input-output tables for Greece’s regions to provide a funda-
mental framework for the sectoral/regional interconnections that occur 
in the country. 

Part II focuses in the analysis of microeconomic interconnections, 
between individuals and companies, a much more thorough presenta-
tion of the economic interconnections of Greek companies in various vital 
sectors of the Greek economy. 

In Chapter 4, Giorgos Vasilis examines graph theory at an introductory 
level and describes various forms of graphs used in economics and social 
sciences. He distinguishes two main types of relationships, namely inter-
locking directorates and interlocking ownership, and offers an analysis of 
their significance along with a critical literature review. Consequently, the 
chapter offers a general overview of the various forms of international 
corporate interlocks, followed by a focus on Greek business networks, 
which have lower levels of interconnections than the rest of Europe. The 
author concludes by discussing the possibilities and future directions for 
research in social network analysis for businesses. 

In Chapter 5, Michalis Vafopoulos, Charalampos Agiropoulos, Artemis 
Gourgioti, and Michalis Klonaras focus on analyzing corporate intercon-
nections to understand better the complexity and composition of corpo-
rate networks in Greece. By examining board-level interlock networks, the 
authors address questions related to power concentration, anti-trust inves-
tigations, corporate knowledge transfer, macroeconomic implications, and 
business strategy. The last section of this chapter applies the analysis 
of board interlock networks to a particular economic sector in Greece, 
providing compelling evidence of interconnectivity. 

In Chapter 6, Charalampos Agiropoulos, Michalis Vafopoulos, Artemis 
Gourgioti, and George Galanos refer to the potential for anti-competitive 
risks associated with shared ownership. They assess the current methods 
that are used to measure market concentration and propose a new 
approach incorporating the connected corporate network method to 
measure competition more accurately. The proposed index is being tested 
across multiple sectors of the Greek economy. The authors evaluate
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its effectiveness compared to traditional measures like the Herfindahl-
Hirschman index and the m-firm concentration ratio. 

Part III elaborates on how the Greek economy has to transform 
its production prototype under structural constraints, opportunities for 
economic diversification and inclusive growth, and the pressure of 
economic shocks. As this section and book come to a close, the focus 
shifts to evaluating network externalities to assess the impact of powerful 
forces. 

In Chapter 7, Kyriaki I. Kafka reviews the consequences of the 
economic crises in Greece and their effects on economic development, 
growth, and decision-making processes. More specifically, the author 
investigates how different economic sectors have been affected by these 
shocks between the first quarter of 1998 and the third quarter of 2022 to 
identify which sectors are more vulnerable or resilient. The findings of this 
study offer policymakers insights for transforming the Greek economy. 
The originality of this chapter concerns the analysis of various sectors of 
the Greek economy in terms of economic policy uncertainty (EPU). 

In Chapter 8, Pantelis C. Kostis states that a country’s produc-
tion structure sets a country’s economic path, including diversification, 
growth, and sustainability. The author examines Greece’s structural 
impediments and possibilities for economic diversification, sustainable 
development, and growth. The author examines the Greek production 
structure and identifies its vulnerabilities, highlighting the need for a more 
diversified, sustainable, and inclusive economic model. Thus, the author 
presents policymaking directions based on a quintuple Helix model. Such 
a model emphasizes the importance of cooperation and collaboration 
among the government, industry, civil society, the environment, and 
knowledge and innovation systems. 

Lastly, in Chapter 9, which closes the present book, Anna-Maria 
Kanzola discusses how networks and interconnections operate in an era 
of trending divergence with regard to several global trends. That is, this 
chapter presents a theoretical discussion of utilizing network theory—with 
countries as agents—as a means to access the future of global coopera-
tion based on some compelling and time-resilient characteristics of human 
societies. Evidently, this chapter goes beyond the geographical bound-
aries of Greece as a country of reference and points out the relevancy of 
network analysis for assessing complex socio-economic phenomena, which 
is at the core of this book.
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Having said that, the present book offers the opportunity to under-
stand network analysis beyond its traditional setting and apply it to 
evaluate country profiles and their structural characteristics. It aspires to 
achieve a fresh glance at network analysis and emphasize its interdisci-
plinary nature. 

Prof. Em. Panagiotis E. Petrakis (Editor)
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PART I 

Sectoral Interconnections in the Greek 
Economy



CHAPTER 1  

Industrial Policy and Productive 
Transformation: An Optimization Approach 

Based on Input–Output Analysis 

Maria Markaki and Stelios Papadakis 

1.1 Introduction 

The economic crisis of 2008, followed by a long period of recession, 
revealed the structural failings of many economies, creating the resur-
gence of interest in industrial policy. Much of the interest in industrial 
policy derives from its potential implications for solving dramatic socioe-
conomic problems, such as high unemployment rates, expanding trade 
imbalances, and poverty. Additionally, changes in the production systems
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due to the expansion of global value chains force countries to confront 
challenges arising from their level of integration within the new pattern of 
international trade (Di Tommaso et al., 2017). The rejuvenation (Stiglitz 
et al., 2013) or renaissance (Mazzucato et al., 2015; Savona, 2018) of  
industrial policy attracts several schools of thought in economics to a 
debate on the nature, the significance, the efficiency, and the instruments 
of industrial policy. The structural, the evolutionary, and, surprisingly, 
the neoclassical schools of thought all contribute to the debate, high-
lighting different perspectives and objectives as well as different directions 
for industrial policy. 

The debate on industrial policy is not new. It can be traced back to 
the foundation of capitalism, with the controversy between two major 
theoretical streams of thought, mercantilism and liberalism (Maneschi, 
1998). The neoclassical school of thought dominated the intense debate 
of academic and policy circles from the mid-1970s to the early 1980s. 
At that specific conjuncture, the majority of countries and world orga-
nizations adopted the position that the outcomes of industrial policy are 
limited, or even negative for the economies. Based on the neoclassical 
tradition, protectionism and infant-industry strategies only have adverse 
results and will probably lead to government failure. Thus, market-based 
strategies (liberalization, privatization, deregulation) and macroeconomic 
measures to ensure fiscal and financial stability were considered the only 
effective government policies (Chang & Andreoni, 2016; Rodrik, 2008). 
The neoclassical theoretical framework was strongly challenged by Chang 
(2002), who examined the economic history of developed economies 
and found no example of a country that developed following free-trade 
and market-based policies. On the contrary, all advanced countries devel-
oped on the basis of protectionism and infant-industry policies, the same 
policies which are rejected as ineffective and obsolete nowadays. 

Based on the neoclassical agenda, industrial policy should only attempt 
to improve the business environment. Such interventions are commonly 
referred to as horizontal (also called functional) measures and include, 
among others, educational and training programs, R&D investments, 
FDI attraction, and infrastructures. In addition to horizontal measures, 
government interventions for overcoming market failures are accepted 
into the neoclassical school of thought. On the contrary, mainstream 
economists considered vertical industrial policies (also called selective) 
for the promotion of specific sectors or groups of sectors, or even for
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improving the supplementarity of the whole economic system, to be inef-
fective (Chang & Andreoni, 2019; Warwick, 2013). Salazar-Xirinachs 
et al. (2014, p. 20) identify a contradiction in the distinction between 
horizontal and vertical policy measures. They note that “the distinction 
between ‘horizontal’ measures (presumed to be neutral across sectors) 
and ‘vertical’ measures (supporting specific industries) is something of 
a false choice, as even the most ‘general’ policy measures favor some 
sectors over others”. Even more, according to Stiglitz et al. (2013, p. 8),  
horizontal policy measures end up supporting “certain industries more 
than others and therefore shape the sector allocation of the economy”. 
In reality, the only policies that can strictly be called horizontal are those 
concerning basic education and public health care. Nevertheless, referring 
to policy concerning these as industrial is “stretching the concept beyond 
reason” (Chang et al., 2016, p. 29). 

The inability to develop a neutral, horizontal industrial policy does 
not mean that there is no difference between horizontal and vertical 
measures. Horizontal and vertical industrial policies have different objec-
tives, and neutrality is only a part of the picture. Horizontal policies are 
consistent with improving the workings of markets and institutes, whereas 
vertical policies are consistent with the notion of structural change and the 
productive (or structural) transformation of the whole economy. 

The term structural transformation refers to the “interrelated processes 
of structural change that accompany economic development” (Syrquin, 
1988, p. 206). Advanced economies progressively shift their structure 
of production and exports to activities of higher value-added and more 
sophisticated products (Fortunato & Razo, 2014; Ocampo et al.,  2009). 
The impact of the productive structure and its effects on economic 
development is frequently neglected by mainstream economics, despite 
its high relevance for development, international theory, and economic 
policy. As discussed by Rodrik (2009, p. 5), economic development “is 
fundamentally about structural change: it involves producing new goods 
with new technologies and transferring resources from the traditional 
activities to these new ones”. The radical economic tradition offers signif-
icant contributions highlighting the fundamental role of changes in the 
composition of aggregate production and employment, and how they 
affect economic growth and development (Andreoni & Scazzieri, 2014; 
Hirschman, 1958; Kaldor, 1967; Prebisch, 1962; Robinson, 2016).
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As analytically discussed in Scazzieri (2018), the structural dynamics 
of an economic system can be used as the basis for determining different 
paths of structural changes. In this framework, the role emerges of indus-
trial policy as a mechanism for detecting and selecting the path (or 
trajectory) toward specific macroeconomic targets (such as the attain-
ment of a specific level of development, improvement of the exporting 
profile, unemployment reduction, trade deficits shrinkage, etc.) For the 
purposes of this research, industrial policy is defined as sector-specific 
interventions in an economic system toward productive transformation 
and the achievement of economic development. Thus, industrial policy 
has a mainly vertical character and systemic impact inasmuch it stimu-
lates specific economic activities and promotes structural change (Rodrik, 
2008). 

Policy measures referred to in the literature as horizontal-type indus-
trial policies, should not be neglected in the process of structural trans-
formation. On the contrary, their implementation is complementary to an 
industrial policy strategy. Research and development (R&D) investment, 
environmental regulation, support for small and medium-sized enter-
prises, educational and training programs, infrastructure and measure 
ensuring financial stability are important aspects of the policy agenda 
worldwide. However, given their macroeconomic character, their inclu-
sion in industrial policy is rather disorienting in terms of the industrial 
policy debate. 

The design of an industrial policy plan requires an in-depth knowledge 
of the examined economy and the theoretical and empirical background 
to approach the complexity and complementarity of the different features 
of the economic system in question. Furthermore, determining the 
optimal industrial policy for an economic system should also consider the 
different challenges arising from the international economic environment 
and the evolution of technology. 

The structure of the chapter is the following: Sect. 1.2 presents the 
link between production transformation and Input–Output analysis. Then 
Sect. 1.3 focuses on different aspects and prospects of productive trans-
formation. The next Sect. 1.4 presents the methodological approach. 
In Sect. 1.5, the formulation of the mathematical model for the Greek 
economy is elaborated. Finally, Sect. 1.6 discusses the future directions of 
the research.
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1.2 Productive Transformation 

and Input–Output Analysis 

A productive transformation strategy requires a methodology that reflects 
the complexity and complementarity of the economy in question and 
can be used to formulate an optimization model for determining the 
optimal productive structure. To this end, Input–Output Analysis (Leon-
tief, 1986) is employed in the literature. The reason for the extensive 
use of IOA in this type of problem is that it is essentially a method-
ology that provides a structural view of sectoral interlinkages. Therefore, 
understanding the underlying mechanisms and the drivers of struc-
tural transformation is a critical issue for industrial policy, and IOA is 
recognized as a suitable approach in this regard. 

In IOA, the production of an economic system is disaggregated into 
nsectors of economic activity and the transactions of goods and services 
among them are determined. Each sector produces a single type of 
product (or service), and it is assumed that all producers within a sector 
employ the same production technology. Moreover, each sector absorbs 
inputs from the other sectors and provides its production as input to 
other sectors and to the final demand of the economic system. Thus, 
the production process of the whole system is articulated in a tabular 
form, i.e., the Input–Output table (IOT) of monetary values. The IOT 
describes the transactions between the different sectors (intersectoral 
flows) and the sectoral distribution of value-added and final demand. 
IOA focuses on the intersectoral flows of the IOT, a square table with 
dimensions nxn, depicting how intermediate products and services are 
combined in analogies defined by the production technology of each 
sector, to generate the sector’s output. Analytically, a typical row of the 
square matrix represents the distribution of the output within the other 
sectors and a typical column of the square matrix reflects the composition 
of inputs demanded from other sectors for the specific sector’s produc-
tion. Thus, the typical element zi j  of IOT represents the ith sector’s 
output required by the j th sector for the production of j th sector’s gross 
output. Furthermore, a typical technological coefficient ai j  represents the 
ith sector’s output required for a unit production of the j th sector and a 
typical allocation coefficient bi j  represents the share of a unit produc-
tion of the ith sector used as intermediate input from the j th sector 
(Miller & Blair, 2009). The matrices of the technological coefficients Ad 

(known as the Leontief approach) and allocation coefficients Bd (known



8 M. MARKAKI AND S. PAPADAKIS

as the Ghosh approach) provide a full view of the economic structure and 
are widely used for studying the economic effects of structural changes 
within an economy, both in sectoral and aggregate level. Particularly, the 
impact of structural shifts in final demand, in the Leontief model and 
value-added, in the Ghosh model, for the economic system can be simu-
lated with the use of the Ad and Bd matrices, respectively (Ghosh, 1958; 
Miller & Blair, 2009; Belegri et al., 2011). 

Nevertheless, a productive restructuring strategy requires the reverse 
process, i.e., the identification of the required shifts in production 
(expressed by final demand or value-added structure) for achieving 
macroeconomic targets under certain constraints. Thus, for addressing 
the productive transformation strategy, the macroeconomic objectives and 
constraints should be formulated into a constrained optimization model, 
the resolution of which will provide the optimal productive structure of 
the economic system. 

Up to date, several studies have identified an economy’s optimal 
productive structure. Most of these investigate the optimal structure of 
economic systems for addressing environmental pressures (such as green-
house gas emissions and energy usage) and achieving macroeconomic 
objectives. Cho (1999) determined the optimal productive structure of 
the Chungbuk Province of Korea for addressing unemployment and 
resource scarcity. Oliveira and Antunes (2004) optimized the produc-
tion structure of Portugal with a view to environmental (minimization 
of the acidification potential and the energy imports) and socioeco-
nomic (maximization of employment and GDP) objectives. San Cristóbal 
(2010) defined the optimal structure of the Spanish economy when 
GDP is maximized and greenhouse gas emissions are minimized. Hristu-
Varsakelis et al. (2010) used scenario analysis of GDP maximization 
and energy conservation to optimize the structure of Greece. Likewise, 
De Carvalho et al. (2015) approached the optimal productive struc-
ture of Brazil for different scenarios involving the maximization of GDP 
and employment and the minimization of greenhouse gas emissions and 
energy consumption. Chang (2015) investigated China and determined 
the optimal structure of the country when GDP is maximized and carbon 
dioxide emissions are minimized. Mi et al. (2015), in a regional study 
for Beijing, determined the productive structure of the city for maximum 
production and environmental objectives. In more recent studies, Tian 
et al. (2017) and  Lin et al.  (2019) investigated the optimal structure
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of China when GDP is maximized and energy consumption is mini-
mized. Sánchez et al. (2019) found the optimal structure of Australia for 
the maximum GDP and employment and the minimum greenhouse gas 
emissions. Furthermore, in Papadakis and Markaki (2019), the optimal 
structure for the minimization of greenhouse gas emissions intensity is 
determined. Finally, Markaki and Papadakis (2021) identified the optimal 
structure of the Czech economy, ensuring that a decrease in global 
demand for vehicles will not affect the country’s international compet-
itiveness. In all cases, the optimal productive structure varies considerably 
from the current structure, highlighting the importance of productive 
transformation. Furthermore, the significant impact of a potential struc-
tural transformation on macroeconomic and/or environmental objectives 
in all the examined countries, constitutes a mutually reinforcing argument 
in favor of industrial policy strategies. 

Although all the aforementioned studies successfully determine the 
optimal productive structure of the examined economic systems, they 
do not provide a robust methodological framework to explore different 
aspects of productive transformation. Moreover, the diversity of the set 
targets and the different types of constraints makes it difficult, in certain 
cases, even to recognize the common denominator in all the different 
approaches, i.e., the application of Input–Output Analysis. Consequently, 
there is a necessity for a robust methodological approach to productive 
transformation based on IOA, as support for different empirical applica-
tions. Such an approach will provide the tools to classify, compare, and 
evaluate different productive transformation plans. 

1.3 Productive Transformation: 

Different Aspects and Prospects 

A productive transformation that shifts production within different sectors 
through the reallocation of production factors, can address the structural 
weakness of the economy. Furthermore, such progress can increase aggre-
gated production and exports, achieving significant improvements in the 
economy’s level of development (Chang & Andreoni, 2016). Although 
the specific objectives and the restrictions of a productive transformation 
are country-specific, the broad outlines of an industrial policy toward a 
productive transformation can be drawn to derive factors that account for 
the main determinants. In this research, four structural economic factors 
are considered as a means of ensuring the effectiveness of productive
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transformation in an economic system. The share of manufacturing in 
production, the share of technologically advanced sectors, the strengths 
of intersectoral linkages, and the complexity of the economic system. The 
literature on industrial policy identifies these factors as crucial for the 
structural change of an economy from the supply side (Bresser-Pereira, 
2016; Chang et al., 2013, 2016; Reinert,  2019). In this section, the role 
of each factor is discussed in terms of its contribution to growth and 
development. 

1.3.1 Promoting Industrialization 

Industrial policy is mainly associated with targeted interventions in specific 
industrial sectors (i.e., manufacturing, mining, utilities, and construction 
sectors), promoting industrialization in favor of an improved produc-
tive structure. However, the literature approaches the special role of 
industry in the process of structural transformation through several 
complementary aspects. 

Firstly, industrial products, especially those sourcing from the core of 
industrial activities, i.e., manufacturing, have high tradability compared 
to the non-tradable character of most services activities (Rodrik, 2007; 
Stöllinger et al., 2013). Thus, industry products contribute to a favorable 
external balance of goods and services in the economy. 

Secondly, as observed by Kaldor (1967, p. 8), there is a positive rela-
tionship between labor productivity growth rates and “the excess of the 
rate of growth of manufacturing production over the rate of growth of the 
economy as a whole”. Thus, industry exhibits higher productivity gains 
than the rest of the economic system and promotes the aggregated labor 
productivity growth of the economy. 

Contrary to the traditional view that productivity gains cause economic 
growth, Ocampo (2005) revised the arrow of causality. He pointed out 
that the link between increased productivity and growth is two-way. The 
productivity gains increase economic growth and vice versa. The crucial 
point in his approach is that the quality of economic growth, as expressed 
in the country’s macroeconomic performance, determines the level of 
productivity gains. Compared with a strong macroeconomic performance, 
poor performance is characterized by a substantial decline in the rate of 
productivity growth (see also Ocampo, 2014). As a result, an economy 
with poor macroeconomic performance is characterized by structural 
weakness, usually reflected in negative terms of trade and trade deficits
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(Economakis et al., 2015). Thus, the role is emphasized of industrial 
policy in ensuring a strong macroeconomic performance. 

Thirdly, in addition to the “great importance to the role of the manu-
facturing sector in overall economic activity, is its role as a driver of 
innovation and technological change… [as long as] the manufacturing 
sector still accounts for the bulk of business expenditure on R&D” (Pilat 
et al., 2006). The industrial sectors are a major source of technological 
progress for an economy, indicating that a country with a strong industrial 
base has the potential for technological upgrading. Even though indus-
trial sectors are not homogenous in their technological level, industry 
significantly contributes to the diffusion of technology and, thus, oper-
ates as the “learning centre” of the economy (Baumol, 1967; Cardinale & 
Scazzieri, 2019; Chang et al., 2013). The constant renewal of manufac-
turing production (creation of new products or the improvement of the 
existing) is facilitated with innovations and modern technologies. In addi-
tion, industrial sectors’ high capital accumulation level and higher capital 
intensity allow industrial products to embody state-of-art technologies 
(Szirmai, 2012). 

Fourth, both backward and forward intersectoral linkages in the 
industry are much stronger than in services and agriculture. Stronger 
backward linkages indicate that the sector demonstrates high inputs from 
other sectors. Stronger forward linkages indicate that the sector is essen-
tial as a supplier of inputs required by other sectors (Dietzenbacher, 2002; 
Hirschman, 1958; Markaki & Papadakis, 2021). Strong linkages create a 
powerful spillover of knowledge and technology from industrial sectors 
to the rest of the economy. Sectors with strong interdependencies have a 
central role in economic activity, and their promotion provides extended 
effects to the economic system. 

Fifth, from the demand side of the economy, the relative income elas-
ticity of the demand for industrial (mainly manufacturing) products is 
higher than those from the primary and service sectors. This is because 
an increase in a country’s income creates a higher demand for products 
of high-income elasticity of demand than those of low-income elasticity 
of demand, as a result of Engel’s law. Thus, the inability of a non-
industrialized economy to satisfy the increased demand for manufacturing 
products occurring as a result of economic growth will lead in the long 
run to the increase of imports and possible balance of payment problems 
(Economakis et al., 2018; Krugman, 1988).
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The aspects of industry sectors discussed above stress the unique role 
that industry could play in the productive transformation of an economy. 
In the words of Cimoli et al. (2006), “an increase in the share of manu-
facturing in the overall economy would be required for activities with low 
productivity to converge upon high-productivity ones. The industry was 
seen as the main driver of productivity growth. [] …industrial develop-
ment would generate the forward and backward linkages, spillover effects, 
capital accumulation and technological externalities needed to sustain 
increasing returns”. 

1.3.2 Promoting Product Sophistication and Diversification 

Despite the undeniable contribution of industrial sectors to the process 
of productive transformation, the industry is not a homogenous group of 
sectors. Industrial sectors differ considerably in terms of, among others, 
capital and labor intensity, technological level, skills required, and produc-
tivity level. Industrial policy should provide the ground for developing a 
diversified economic base and, simultaneously, for upgrading production 
from simple to more sophisticated. On the one hand, productive diversifi-
cation reduces the economy’s vulnerability to external and internal shocks. 
On the other, technological progress is in line with the promotion of 
relatively sophisticated sectors (Lin, 2011). Empirical studies show that 
mature industrialized countries typically produce a wide range of goods, 
and the process of development is connected with a less concentrated 
(more diversified) productive structure (Economakis & Markaki, 2023; 
Imbs & Wacziarg, 2003; Markaki & Economakis, 2022). 

Furthermore, Petralia et al. (2017) found that more developed coun-
tries tend to specialize in producing more diverse and valuable products 
by using more complex and less concentrated technologies compared 
to less developed countries. This finding supports the position of Lall 
(2000), who highlighted the importance of the technological structure 
of manufactured exports as an indicator of “quality” and the position of 
Rodrik (2009, p. 9) that “productive diversification is a key correlate of 
economic development”. 

The term economic complexity is introduced in the literature to 
express both diversification and sophistication of production. Economic 
complexity is assessed “based on the diversity of exports a country 
produces and their ubiquity, or the number of the countries able to 
produce them, and those countries’ complexity. Countries that can sustain



1 INDUSTRIAL POLICY AND PRODUCTIVE TRANSFORMATION … 13

a diverse range of productive know-how, including sophisticated, unique 
know-how, can produce a wide diversity of goods, including complex 
products that few other countries can make” (Simoes & Hidalgo, 2011). 
Even though manufacturing sectors provide the ability to increase product 
diversification to a higher degree, by comparison to the primary and 
service sectors (Hausmann & Klinger, 2007), some service sectors could 
also promote diversification due to their knowledge intensity (Evans, 
2008). By the term service sector, the relevant literature mainly refers 
to business services (such as transport, logistics, management, consulting, 
design, communications, warehousing) providing activities outsourced by 
manufacturing firms to the service sector. Business services are closely 
linked to manufacturing production, followed by wholesale and retail 
trade, financial intermediation, and transport (UNIDO, 2013). Thus, the 
procurements of business services depend on the manufacturing sectors; 
hence business services cannot operate optimally in an economy with a 
weak industrial base (Chang et al., 2016). Consequently, the expansion 
of service sectors which are strongly linked to manufacturing increases the 
diversification of the economy. 

Thus, the process of productive transformation cannot only be 
expressed by the reallocation of production within the different sectors, 
but also as a process of diversification and technological updating of 
economic activities throughout the economy. 

1.3.3 Promoting Interconnectedness 

The structural weaknesses of an economic system resulting from a non-
articulated economic structure act as an obstacle to structural change, 
even in diversifying and technologically advanced systems. Gains related 
to spillover effects “in terms of technology transfer and absorption” 
O’Donovan and Rios-Morales (2006, p. 55) reinforce productive activi-
ties, providing technologically advanced sectors are strongly linked to the 
rest of the economy. Otherwise, in the case of weak intersectoral linkages, 
diversification and sophistication of production will increase the demand 
for imported intermediate inputs, extending trade imbalances and slowing 
down industrialization and development. 

Thus, the interconnectedness of the whole economic system is a crucial 
factor for the effectiveness of productive transformation. IOA describes 
the economy as a complex network of relationships between different 
activities, quantifying their interconnectedness by backward and forward
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linkages (Miller & Blair, 2009). For example, a developed industry is 
connected to a more complete and articulated economic structure (Leon-
tief, 1986, pp. 169–170) with important productive linkages, spillover 
effects, capital accumulation, and technological externalities (see Cimoli 
et al., 2006; Hirschman, 1958). On the contrary, service sectors are more 
independent from other sectors by comparison to the manufacturing 
sector (Pilat et al., 2006). 

Strengthening an economy’s backward and forward linkages requires 
policy interventions focused on the increased portion of intermediate 
demand satisfied by domestic production. This intervention will empower 
economic activities both as a producer and a consumer of interme-
diate products and services. Import substitution policies targeting the 
intermediate productive structure, as it is expressed by the matrices 
of technological and allocation coefficients, is a one-way road toward 
addressing structural weaknesses sourcing from weak linkages. 

1.3.4 Toward a Methodology for Productive Transformation 

The approach to productive transformation adopted in this research 
builds on the position that to transform their production structure 
successfully, countries must undertake policies of diversification, interde-
pendencies, and technological change simultaneously. Furthermore, this 
methodological approach stresses that productive transformation relies on 
both diversification and sophistication of production and that improving 
productive linkages is essential to sustain macroeconomic gains. 

From the policy point of view, policies for diversification and techno-
logical upgrading, as well as import substitution policies focusing on both 
the final and the intermediate demand, could lead to an improvement of 
the country’s external balance of goods and services and a reduction of 
the risk of adverse effect on production due to macroeconomic imbal-
ances (Milberg et al., 2014). The combination of these types of policy 
interventions will enhance the potential for growth and development. 

1.4 Productive Transformation and Industrial 

Policy: A Methodological Approach 

In this research, a primary question is addressed: which sectors should 
a productive transformation strategy target to optimize the productive 
structure, satisfying specific macroeconomic targets in parallel? The term
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“productive transformation” is more accurate from the term “structural 
transformation”, as the proposed methodology is quantified, focusing on 
the optimal distribution of production among the sectors, and not on all 
the interrelated aspects of the socioeconomic environment which the term 
structural transformation implicates. Section 1.5 provides the mathemat-
ical formulation of the proposed methodology for the Greek economy 
(Fig. 1.1). 

The proposed methodology is structured in three stages: 
In the first stage, the productive structure of the examined economy is 

expressed by the selected sectoral classification. The applied classification 
should be in line with the corresponding classification of the available 
input–output tables. 

The second stage involves the determination of industrial policy 
target(s) and their mathematical modelling is built based on input– 
output analysis. Given that the proposed methodology has a strictly 
country-specific nature, the target(s) of different countries could be 
highly diverse, from macroeconomic to social, environmental, or any 
combination thereof. In this stage, taking in the advantage of the IOA to 
provide a mathematical model for the real-world economic system (Leon-
tief, 1982), the target(s) of the industrial policy is expressed in connection 
with the productive structure of the examined economy at an analytical 
sectoral level. 

In the third stage, potential constraints are considered. Potential 
constraints could guide the transformation process in order not to inhibit 
the effectiveness of industrial policy measures. They are determined based

Fig. 1.1 The methodological approach of productive transformation (Source 
Authors’ creation) 
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on economic and social features (such as technology, resources, skill level) 
of the economy examined. 

Finally, the fourth stage includes the solution of the constrained opti-
mization problem and evaluating the optimal economic structure. During 
the evaluation stage of the methodology, it is critical to investigate the 
optimal productive structure against socioeconomic aspects not included 
in the constraints in order to identify possible adverse effects. A revision of 
the 2nd and the 3rd stage is possible. New constraints could be included 
in order to prevent or counteract adverse effects. 

1.5 The Formulation 

of the Mathematical Model for Greece 

This section provides the background required for the formulation of 
productive transformation as a constraint optimization problem for the 
case of Greece. The productive transformation aims to reduce the trade 
balance deficits once macroeconomic targets (GDP growth rate and 
economic complexity) are achieved. The GDP growth rate is determined 
based on the projections of Oxford Economics (2020), while this growth 
rate should be linked to the increased complexity of the economy. GDP 
growth rate and economic complexity are constraints in the optimization 
process. The optimal productive structure should be determined for mini-
mizing the trade balance deficits when GDP growth rates and economic 
activity reach specific values. The process of productive transformation 
concerns two aspects of the economic system: the decision variables. 

The first aspect is the sectoral allocation of the value-added. The GDP 
share of each sector, expressed in the form of a vector, is the first deci-
sion variable of the model. The literature provides two alternatives for 
the determination of the decision variable. The first alternative is the use 
of value-added allocation (Mi et al., 2015; Oliveira & Antunes, 2004; 
Tian et al., 2017; Yu et al.,  2016) and the second one is the use of the 
sectoral distribution of final demand (De Carvalho et al., 2015; Sanchez  
et al., 2019). The selection of the sectoral allocation of the value-added 
as a decision variable is due to the importance of the GDP growth rate 
constraint. GDP is the summation of value-added across the sector; thus, 
the first decision variable is directly connected with a constraint. 

The second aspect is the distribution coefficients. Following an 
approach proposed by Papadakis and Markaki (2019), the network of 
sectoral interlinkages is optimized using the import substitution processes



1 INDUSTRIAL POLICY AND PRODUCTIVE TRANSFORMATION … 17

of imported intermediate inputs. The matrix of the distribution coefficient 
is used as the second decision variable, as an expression of the sectoral 
linkages. The use of the distribution coefficient instead of the technolog-
ical coefficients is due to the origin of the first in the Ghosh approach, 
as discussed later in this section. In the Ghosh approach, value-added is 
considered exogenous; thus, both decision variables coexist in the Ghosh 
model and their impact on the objective function can be directly assessed. 

The novelty of this approach is that it captures the full economic poten-
tial of productive transformation. The assumption that the economic 
system linkages will remain stable after a productive transformation 
cannot be valid. The promotion of a sector is connected with its ability to 
produce to satisfy both intermediate and final demand. Without capturing 
the improved position of a sector as a potential intermediate producer, a 
crucial segment of the economy is omitted. Thus, an in-depth productive 
transformation should simultaneously consider the reallocation of produc-
tion among the sectors and the substitution of imported intermediate 
inputs with domestic production (Fig. 1.2). 

This section provides the background required for formulating produc-
tive transformation as a constraint optimization problem. The approach 
of this research requires the expression of the objective function (trade 
balance deficit) and the restrictions (GDP and economic complexity) as 
a function of the decision variables (the structure of the value-added 
and the distribution coefficients of the sectors). To this end, firstly, the 
basic input–output model is described in matrix formation and, secondly,

Fig. 1.2 An optimal industrial policy for Greece (Source Authors’ creation) 
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the domestic content of exports and the GDP are defined in connec-
tion with the decision variables. An analytical description of the structural 
weaknesses of the Greek economy and the requirements of a productive 
transformation process is included in Chapter 2 of this volume. 

1.5.1 The Leontief Model 

In an economy with nsectors of economic activity, the total output of 
each sector i , xi expresses the total level of production by an economic 
sector, which covers both intermediate and final demand. Given a vector 
x ∈ Rn×1 denoting the total output by sector of economic activity, the 
distribution of output is expressed by Eq. 1.1. 

x = Zd · 1n + f d (1.1) 

where, 
Zd ∈ Rn×n represents the matrix of domestically produced interme-

diate demand. The typical element zi j  of Zd represents the production of 
sector i , which is used as an intermediate input by sector j . 

f d ∈ Rn×1 is the vector of the final demand components (analyti-
cally exports, public and private consumption, gross capital formation, 
and change in inventories), which are domestically produced. 

1n ∈ Rn×1 is an n-dimensional vector, each element of which equals 
one. 

As discussed in Leontief (1991), Zd is a share of the economy’s 
total output x. Dividing the typical element of Zd , zdi  j  by the total 
output of sector j , the technological coefficient ai j  = zi j  /x j is defined. 
The technological coefficient ai j  represents the direct requirement of 
sector i ’s output, needed to produce one unit of sector j ’s output. The 
matrix of technological coefficients Ad ∈ Rn×n (or the matrix of direct 
requirements) is defined as: 

Ad = Zd · X̂−1 ⇒ Zd = Ad · X̂ (1.2) 

where and X̂ ∈ Rn×n , a diagonal matrix whose diagonal elements are the 
elements of vector x. 

Taking into account Eq. 1.2, Eq.  1.1 is transformed to: 

x = Ad · x + f d ⇒ x = ( In − Ad )
−1 · f d (1.3)
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The matrix (In − Ad )
−1 is the well-known Leontief inverse matrix 

(Miller & Blair, 2009). A typical element i, j ∈ [1, n] of the Leontief 
inverse matrix shows the sector’s-i product, which is required, directly 
and indirectly, for the production of one unit of the final demand of the 
sector’s- j output. 

Consider a vector va ∈ Rn×1. A specific element of va represents the 
value-added of a particular sector. Given a vector v ∈ Rn×1 representing 
the intensity of employment by sector of economic activity, then v, can 
be computed by Eq. 1.4: 

v = X̂−1 · va (1.4) 

A typical diagonal element of v represents the value-added by unit of 
a sector’s output. 

1.5.2 The Ghosh Model 

Ghosh (1958) suggested an alternative interpretation of the Leon-
tief model where gross output equals the primary inputs entering the 
economic system, expressed by Eq. 1.5. 

x = 1n · Zd + 1n′ · Zm + va = 1n′ · Z + va (1.5) 

where, Zm ∈ R
n×n represents the matrix of imported intermediate 

demand and Z ∈ R
n×n represents the matrix of the total interme-

diate demand, both domestic and foreign. The typical element zi j  of 
Z = Zd + Zm represents the total production of sector i (domestic and 
foreign) needed for the production of the sector j . 

Following the Ghosh approach, the matrix Bd ∈ Rn×n of the distribu-
tion coefficients of domestic intermediate inputs is defined as: 

Bd = X̂−1 · Zd ⇒ Zd = X̂ · Bd (1.6) 

The matrix Bm ∈ Rn×n of the distribution coefficients of imported 
intermediate inputs is defined as: 

Bm = X̂−1 · Zm ⇒ Zm = X̂ · Bm (1.7) 

And from Eq.  1.6 and Eq. 1.7: 

Z = Zd + Zm = X̂ · (Bd + Bm) = X̂ · B (1.8)
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where, B ∈ Rn×n and B = Bd + Bm => Bm = B − Bd . 
Based on Eq.  1.8, Eq.  1.5 is transformed to: 

x = x · B + va ⇔ xT = vT a · va(1 − B)−1 

⇔ x = ((1 − B)−1)′ · va (1.9) 

In an effort to link the mathematical formulation of the Leontief and 
the Ghosh model, Miller and Blair (2009, pp. 547–548) show that the 
matrices of technological coefficients (Ad ) and distribution coefficients 
(Bd ) are similar. Thus, 

Ad = X̂ · Bd · X̂−1 ⇔ Bd = X̂−1 · Ad · X̂ (1.10) 

1.5.3 Objective Functions and Constraints 

The optimization problem’s objective function expresses the trade 
balance’s deficit. The balance of goods and services balance ∈ R1×1 of 
an economy is expressed by Eq. 1.11 

balance = 1T n · (ex − im) (1.11) 

The components of final demand f d , are the vectors ex ∈ Rn×1,cd ∈ 
R
n×1, and  inv ∈ Rn×1, where  ex is the vector of the exports, where 

cd is the vector of the government and private consumption covered by 
the domestic production and where inv is the vector of the gross capital 
formation and change in inventories covered by the domestic production. 
In Eq. 1.12, the diagonal matrices n1

∧

, n2
∧

, n3
∧ ∈ Rn×n are expressing the 

sectoral shares of ex, cd and inv final demand: 

f d = ex + cd + invd = n1
∧ · f d + n2

∧ · f d + n3
∧ · f d (1.12) 

where, n1
∧ + n2

∧ + n3
∧ = In 

Based on Eq. 1.12, we obtain that the exports of an economy can be 
determined as: 

ex = n1
∧ · f d (1.13) 

The imports of an economy are the summation of intermediate and 
final imports.
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The vector of intermediate imports imim  ∈ Rn×1 can be expressed by 
Eq. 1.14 

imint  =
(
1T n · Zm

)T = ZT 
m · 1n (1.14) 

The vector of final imports im  f ∈ Rn×1 can be expressed by Eq. 1.15. 

im  f = cim  + inv im (1.15) 

where, cim  ∈ Rn×1 is the vector of consumption which is satisfied by 
imports and inv im  ∈ R

n×1 is the vector of investments satisfied by 
imports. 

Given that the total consumption of an economy is produced by 
domestic industries or imported, then: 

cim  = c − cd (1.16) 

where c ∈ Rn×1 is the vector of total consumption and cd ∈ Rn×1 is the 
vector of consumption covered by domestic production. 

Based on Eq. 1.12, we obtain that the vector of consumption covered 
by domestic production can be determined as: 

cd = n2
∧ · f d (1.17) 

Finally, from the combination of Eqs. 1.15, 1.16, and  1.17: 

im  f = c − n2
∧ · f d + inv im (1.18) 

Finally, the vector of total imports of an economy im  ∈ Rn×1 can be 
defined as: 

im  = imint  + im  f ⇒ 
im  = ZT 

m · 1n + c − n2
∧ · f d + inv im  

(1.19) 

Using Eqs. 1.13 and 1.19, Eq.  1.11 is transformed as follows: 

balance = 1T n · (ex − im) ⇒ 

= 1T n ·
(
n1
∧ · f d −

(
ZT 
m · 1n + c − n2

∧ · f d + inv im

))
(1.20)
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The deficit of the balance of goods and services by sector of economic 
activity is expressed as 

deficit = −balance (1.21) 

The first constraint involves the GDP growth rate that the economy 
should achieveÛy equals the sum of all sectors value-added: 

gdp = 1n′ · va (1.22) 

The second constraint involves the economic complexity, which will 
be approached using the Krugman Specialization Index. The Krugman 
Specialization Index (KSI) is a widely used measure of a country’s special-
ization (Krugman, 1991). The index measures the distance between the 
economic structure of the examined country and a reference group. 

K S  I  =
∑∣

∣Si,gr − Si,EU28
∣
∣ (1.23) 

where, Si,gr i is the exports share of sector i of Greece and Si,EU28 is the 
exports share of sector i of EU28. KSI measures the absolute distance 
between a sector’s relative share between a country and the EU28, and 
then sums all sectors to create an index. If KSI is equal to zero, then 
examined country has an industrial structure identical to the EU28 (the 
country is not specialized). A high value of the index indicates a country 
with strong sectoral specialization. We should note that the indicator can 
only be evaluated as a relative one, compared with a group of countries. 

In matrix formation, consider a vector sgr  ∈ Rn×1 is expressed as sgr  =
1 

ex·1n ′ · ex, while the vector sEU28 ∈ Rn×1 is defined based on the data of 
2015 for EU28 (SEU28 is a vector with constant elements). Then K S  I  ∈ 
R
1×1 is defined as: 

K S  I  = ∥
∥sgr  − seu28

∥
∥
1 (1.24) 

1.5.4 The Optimization Problem 

The aim of the restructuring problem is to minimize the deficit of the 
goods and services’ balances under specific restriction. The decision vari-
ables of the analysis are the matrix of the distribution coefficients Bd and
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the vector va of the sectors’ value-added. 

deficit = −balance (1.25) 

The optimization problem is to define the optimal Bd and va in order 
to minimize de  f  ici t(Bd , va). 

The domain of Bd is defined by a lower and an upper matrix B1, B2 ∈ 
R
n×n, respectively. 

B1�Bd�B2 (1.26) 

In addition, the domain of vα is defined by a lower and an upper vector 
k1, k2 ∈ Rn×1, respectively, according to Eq. 1.27. 

k1�va�k2 (1.27) 

The symbol � denotes element-wise inequality. 
The GDP of the economy should equal with the GDP projection, as 

shown in Eq. 1.28: 

gdp
(
B∗
d , va

) = gdpoptimum (1.28) 

And the complexity of the economy should increase to 

ksi
(
B∗
d , va

) = ksitarget (1.29) 

In summary, the productive restructuring model can be formulated as 
a constraint optimization problem in Eq. 1.30: 

Minimize deficit
(
Bd, va

)

B1�Bd�B2 

k1�va�k2 

subject to: 

gdp(va) = gdpoptimum 
ksi,min ≤ ksi(Bd , va) ≤ ksi,max 

(1.30)
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1.6 Future Directions 

In this chapter, a theoretical and methodological framework for the 
formulation of an industrial policy strategy to promote the productive 
transformation of an economy is introduced. 

Firstly, the issues surrounding the definition and the contribution 
of industrial policy are discussed. In particular, in the first section of 
the chapter, industrial policy is defined as sector-specific interventions 
in an economic system toward the productive transformation and the 
achievement of economic development. This definition emphasizes the 
vertical nature of industrial policy, given that the process of productive 
transformation involves targeted interventions. 

In addition, productive transformation is analyzed in the theoret-
ical framework of input–output analysis, providing a background to the 
methodological approach elaborated later in the chapter. In particular, 
input–output analysis is selected as a methodology capable of reflecting 
the complexity and complementarity of an economic system and suit-
able for the formulation of productive transformation as an optimization 
problem. The literature review highlights the lack of a methodolog-
ical framework for exploring different aspects (economic, social, and 
environmental) of productive transformation. 

Next, the broad outlines of an industrial policy toward productive 
transformation is examined. Three complementary aspects are analyzed: 
The role of industrial sectors, the importance of diversification and sophis-
tication of production, and the contribution of production linkages. The 
main conclusion of the section is that a successful productive trans-
formation strategy relies on both diversification and sophistication of 
production and that the improvement of productive linkages is essential 
to sustain macroeconomic gains. 

Finally, a methodological approach is introduced to address the ques-
tion: which sectors should a productive transformation strategy target 
to optimize the productive structure, satisfying specific macroeconomic 
targets in parallel? Furthermore, the mathematical model for the produc-
tive transformation of an economy is introduced. The optimization 
model’s objectives and constraints are designed for the Greek economy, 
a country with structural weaknesses and deep macroeconomic problems. 
In this case, the objective is minimization of the trade balance deficit. The 
constraints are achieving a specific growth level with increased economic 
complexity. The optimal productive structure involves the distribution of
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final demand between the sectors and the improvement of productive 
linkages due to import substitution policies. 

The novelty of the proposed methodology is that it captures the full 
economic potential of productive transformation. Furthermore, the inter-
mediate transactions are not considered stable but depend on the growth 
rates of the sectors they refer to. Thus, the sector’s potential role as a 
consumer of inputs and the producer of intermediate and final prod-
ucts or services is fully documented. In sum, this chapter introduces an 
in-depth productive transformation that estimates the optimal realloca-
tion of production among the sectors and the optimal level of import 
substitution. 
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CHAPTER 2  

Greece Toward 2027: Structural 
Transformation, Industrial Policy, 

and Economic Development 

Maria Markaki and Stelios Papadakis 

2.1 Introduction 

The Greek Economy was severely affected by the 2008 economic crisis. 
The roots of Greece’s unprecedented crisis should be sought in the coun-
try’s unfavorable economic structure. The main structural problems of the 
Greek Economy are limited exports with low diversification; low partic-
ipation of the manufacturing and technologically advanced sectors in
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production and exports; weak linkages among different economic activi-
ties; high dependency on intermediate and final imports with high-income 
elasticity of demand; and specialization in activities of low technolog-
ical level. The above structural features lead to trade balance deficits and 
low international competitiveness. Furthermore, the implementation of 
three Economic Adjustment Programs (2010, 2012, and 2015) formed 
by the European Union, the International Monetary Fund, and the Euro-
pean Central Bank, and the imposed austerity policies failed to drive the 
Economy into a growth trajectory and have led to an ongoing recession. 

The COVID-19 pandemic and the subsequent economic lockdown 
triggered a deeper recession, reduced production levels, and increased 
unemployment. The Greek Economy’s peculiar economic structure is 
emerging as the main obstacle to economic growth and development, and 
current policies do little to the economic situation. The transformation of 
the Greek Economy’s productive structure through appropriate industrial 
policies is recognized as the only way to achieve economic development. 

In this chapter, the solution to the optimization problem of the 
economic structure of Greece, introduced in Chapter 1, is analytically 
discussed. The optimal economic structure is compared to the current 
one to define the sectors on which industrial policy should focus. Further-
more, the evolution of the backward sectoral linkages is investigated, 
determining the optimal structure’s interconnectedness. 

The structure of the chapter is the following: the methodological 
framework is introduced in the Sect. 2.1. Section  2.2 presents the 
current sectoral structure of Greece. Then, Sect. 2.3 focuses on the 
empirical results obtained from implementing the proposed methodology. 
Finally, Sect. 2.4 discusses policy implementations integrating sectoral and 
macroeconomic interventions. 

2.2 The Sectoral Structure of Greek Economy 

As  was argued in Chapter  1, the elaboration of an industrial policy plan 
requires the in-depth knowledge of the Economy’s structural features. 
That is, it relies in no small measure, on the ability to capture the 
complexity and dynamics of modern economies. Thus, before describing 
the goal as to how the optimal productive structure is set up, it is helpful 
to offer some background on the current sectoral structure of the Greek 
Economy and the country’s position within the EU27 member coun-
tries. The remainder of this section contains a comparison between the
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Greek Economy and the EU27 member countries regarding the sectoral 
structure of production, the technological features of production and 
external trade, intersectoral linkages, and the contribution of exports to 
the value-added generation. 

The economic sectors of the Greek Economy are listed in Table 2.1. 
In the same table is listed the aggregation of the manufacturing sectors 
according to the technological intensity (Eurostat, 2010).

2.2.1 Economic structure and the Technological Level of Production 

Table 2.2 shows that the tertiary sector generates a significant share 
of value-added in all EU27 countries, reaching 72.98% for the EU27 
as a whole. The secondary sector (one-digit sectors B, C, D, and F) 
follows, with its contribution to value-added reaching 25.23% for the 
EU27, while the primary sector participates in the formation of value-
added by only 1.79%. The countries with the largest share of primary 
sector in value-added are Romania (4.54%) and Greece (4.36%), while the 
countries with the smallest percentage are Belgium (0.70%) and Luxem-
bourg (0.25%). The countries with the largest share of secondary sectors 
in value-added are Ireland (37.61%) and the Czech Republic (34.83%), 
while the countries with the smallest share are Luxembourg (12.48%) 
and Greece (14.86%). Finally, the countries with the largest share of 
the tertiary sector in value-added are Malta (85.16%) and Luxembourg 
(87.27%). By comparison, the countries with the smallest percentage 
are Ireland (61.41%) and the Czech Republic (63.03%). Although the 
productive structure is likely to differ among countries, Greece is one 
of the EU27’s most diverse economies; it is at the top of the EU27 
regarding the primary sector’s contribution and the bottom regarding 
the secondary sector.

The technological level of the production is highlighted in recent 
literature as one of the most critical factors determining an econo-
my’s competitiveness level (Lall, 2000; Markaki & Economakis, 2020; 
Petralia et al., 2017). In this respect, the production structure in terms 
of the sectoral technological level is presented in the following (Table 
2.3). Eurostat (2010) classifies the secondary sectors based on their 
technological features as follows:

• High Technology (HT): C21, C26 
• Medium–High Technology (MHT): C20, C27, C28, C29, C30
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Table 2.1 Sectoral classification and technological level 

Code Description Technological level* 

A01-03 Agriculture, forestry and fishing 
B Mining and quarrying 
C10-12 Food, beverages and tobacco products LT 
C13-15 Textiles, wearing apparel, leather and related products LT 
C16 Wood and of products of wood and cork, except 

furniture; articles of straw and plaiting materials 
LT 

C17 Paper and paper products LT 
C18 Printing and recording services LT 
C19 Coke and refined petroleum products MLT 
C20 Chemicals and chemical products MHT 
C21 Basic pharmaceutical products and pharmaceutical 

preparations 
HT 

C22 Rubber and plastic products MLT 
C23 Other non-metallic mineral products MLT 
C24 Basic metals MLT 
C25 Fabricated metal products, except machinery and 

equipment 
MLT 

C26 Computer, electronic and optical products HT 
C27 Electrical equipment MHT 
C28 Machinery and equipment n.e.c MHT 
C29 Motor vehicles, trailers and semi-trailers MHT 
C30 Other transport equipment MHT 
C31_32 Furniture and other manufactured goods LT 
C33 Repair and installation services of machinery and 

equipment 
MLT 

35–39 Water supply, sewerage, waste management and 
remediation 

F Constructions and construction works 
G45-47 Wholesale and retail trade, repair of motor vehicles 

and motorcycles 
H49-53 Transportation and storage 
I Accommodation and food services 
J58-63 Publishing, audiovisual and broadcasting activities, 

telecommunications, IT and other information 
services 

K64-66 Financial and insurance activities 
L68 Real estate activities

(continued)
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Table 2.1 (continued)

Code Description Technological level*

M69-82 Legal, accounting, management, architecture, 
engineering, technical testing and analysis activities, 
scientific research and development, other 
professional, scientific and technical activities, 
administrative and support service activities 

O Public administration and defence services; 
compulsory social security services 

P Education services 
Q86-88 Human health services 
R90-99 Arts, entertainment and recreation, other services 

Source Eurostat (2008, 2010) 
Note *Technological Level of manufacturing sectors: HT: high technology; MHT: medium–high 
technology; MLT: medium–low technology; LT: low-technology

• Medium Technology (MT): C19, C22, C23, C24, C25, C33 
• Low Technology (LT):C10-C12, C13-C15, C16, C17, C18, C31-
C32

Table 2.3 shows the technological structure of the EU27 using the 
latest available data for the year 2019. The value-added of each techno-
logical category is calculated by adding the sectors’ value as described 
above. 

Table 2.3 shows that high-tech sectors’ contribution reaches 9.33% on 
average among EU27 member countries, while the corresponding value 
ranges from 3.32% in Romania, to 34.28% in Denmark. The medium– 
high-tech sectors’ contribution reaches 38.33% on average among EU27 
countries, ranging from 4.97% in Ireland, to 52.92% in Germany. Simi-
larly, the medium–low-tech sectors’ contribution reaches 26.59%, ranging 
from 16.14% in Ireland, to 37.04% in Slovakia. Finally, low-tech sectors’ 
contribution reaches 25.75% in the EU27, ranging from 14.30% in 
Germany, to 57.73% in Lithuania. The Greek Economy is in the 15th 
place in the ranking of the examined countries regarding the participa-
tion of HT sectors in manufacturing, in the 23rd position regarding the 
share of MHT sectors, in the 6th position regarding MLT’s share, and in 
the 6th position for the LT tech sectors. 

A measure of the technologically advanced sector’s contribution to 
an economy is the share of HT and MHT sectors in the production.
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Table 2.2 Percentage 
structure of value-added 
in EU27 (2019) 

Primary Sector 
(%) 

Secondary 
Sector (%) 

Tertiary Sector 
(%) 

EU27 1.79 25.23 72.98 
BE 0.70 21.42 77.88 
BG 3.75 25.05 71.20 
CZ 2.14 34.83 63.03 
DK 1.52 24.20 74.28 
DE 0.80 29.65 69.55 
EE 2.87 25.33 71.81 
IE 0.97 37.61 61.41 
EL 4.36 14.86 80.78 
ES 2.88 22.58 74.54 
FR 1.80 19.27 78.94 
HR 3.56 24.73 71.71 
IT 2.14 23.86 74.00 
CY 1.99 14.57 83.44 
LV 4.28 21.32 74.39 
LT 3.59 28.11 68.31 
LU 0.25 12.48 87.27 
HU 3.96 29.45 66.59 
MT 0.80 14.03 85.16 
NL 1.85 19.86 78.29 
AT 1.21 28.56 70.23 
PL 2.67 31.83 65.50 
PT 2.38 21.85 75.78 
RO 4.54 31.14 64.32 
SI 2.29 33.01 64.69 
SK 2.76 32.10 65.14 
FI 2.67 27.97 69.36 
SE 1.63 24.97 73.40 

Source Eurostat

This measure is more accurate than the share of HT sectors, because 
there are only two HT sectors (Basic pharmaceutical products and phar-
maceutical preparations and Computer, electronic and optical products). 
Furthermore, medium–high technology sectors include the “heavy indus-
try”, such as the automotive industry, chemical industry, mechanical 
engineering industry, etc. 

Figure 2.1 shows the contribution of the high and medium–high tech 
(HT & MHT) sectors, cumulatively, to the production of the economies
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Table 2.3 Technological structure of EU27* countries, 2019 (%) 

HT (%) MHT (%) MT (%) LT (%) 

EU27 9.33 38.33 26.59 25.75 
BE 17.02 30.32 26.58 26.08 
BG 5.98 23.15 33.25 37.62 
CZ 7.79 42.38 30.06 19.76 
DK 34.28 26.94 16.99 21.80 
DE 10.35 52.92 22.43 14.30 
EE 6.54 17.89 29.87 45.70 
IE 31.13 4.97 16.14 47.76 
EL 7.23 13.93 32.55 46.29 
ES 6.62 28.08 29.83 35.46 
FR 10.06 30.60 30.57 28.76 
HR 9.75 13.05 34.80 42.41 
IT 6.67 32.13 29.27 31.93 
CY 14.09 5.74 32.20 47.97 
LV 6.48 13.24 22.55 57.73 
LT 4.66 17.07 21.20 57.07 
HU 15.41 38.62 27.16 18.81 
NL 8.49 37.17 23.90 30.44 
AT 9.50 36.55 29.71 24.24 
PL 4.89 23.90 36.99 34.22 
PT 4.59 17.42 28.87 49.13 
RO 3.32 28.43 26.37 41.89 
SI 14.48 29.76 35.09 20.68 
SK 3.69 38.34 37.04 20.93 
FI 14.61 31.74 26.59 27.06 
SE 4.18 44.05 26.19 25.58 

Source Eurostat 
Note *No data is available for Luxembourg and Malta. For Ireland, Lithuania, and Sweden, the data 
refers to 2018

concerned. The HT & MIT sectors account for 47.67% of the manu-
facturing output for the EU27. By contrast, for Germany, Denmark, 
Hungary, the Czech Republic, Sweden, Finland, and Belgium, the HT & 
MHT sectors reach or exceed 50% of the industrial production. On the 
other hand, Greece is in the 23rd place among the examined countries, 
as the share of HT & MHT sectors in manufacturing is 21.16%. Cyprus 
ranks in the penultimate position with 19.84% and Estonia is in the last 
position with 19.72%. Based on the above analysis, Greece’s inferior posi-
tion in the share of the technological advance sectors is mainly due to
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Fig. 2.1 Share of HT & MHT in value-added for EU27 countries, 2018 (%) 
(Source Eurostat and author’s calculations) 

the non-specialization of the Economy in the so-called “heavy industry” 
sectors. 

2.2.2 External Trade and Technological Level of Imports 
and Exports 

The literature on industrial policy focuses on the importance of the 
manufacturing sector as the driving force of economic growth. Recent 
studies argue that the technological structure of exports largely deter-
mines a country’s position in international competition, as technologi-
cally advanced products, are characterized by higher-income elasticity of 
demand (Economakis & Markaki, 2014; Lall, 2000). Cohen and Zysman 
(1988) found a link between a country’s export performance and tech-
nology’s efficient use and dissemination across sectors. This view is also 
supported by Petralia et al. (2017), who points out the importance of 
technology in determining a country’s level of development. Specifically, 
more developed countries tend to specialize in producing complex prod-
ucts using complex and less concentrated technologies than less developed 
ones. 

In Greece, the share of high and medium–high technology products 
in exports is relatively low compared to the rest of the EU27 countries. 
Economakis and Markaki (2020) showed that in 2016, Greece was ranked 
last among EE countries in the share of HT and MHT products in total 
exports. The share in question was 24.3% for Greece, while in the top 
of the ranking was Ireland with a share of 85.5% and the median was 
Spain with a share of 55.5%. In the same research, the authors found
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a similar output when the technological level of imports is considered. 
The percentage of HT and MHT products in the Greek Economy’s 
imports is 44.77% (third-lowest). By comparison, the corresponding value 
varies from 70.66% in Ireland to 35.1% in Cyprus, with a median of 
56.5% in Austria. The technological levels of imports and exports are 
related. Imports include final and intermediate products and the latter 
are used in the production process. The technological level of intermedi-
ates reflects the technological level of output; thus, a low share of HT & 
MHT imports, as in Greece, indicates that domestic production tends to 
produce lower technology products. This is confirmed by the technolog-
ical level of Greek exports of goods within the Euro Zone (Economakis 
et al., 2018). 

Furthermore, Hausmann et al. (2014) determined that the economic 
complexity of a country (measured by the Economic Complexity Index— 
ECI) depends on the diversity of its exports and their ubiquity (the 
number of the countries able to produce them and those countries’ 
complexity). Thus, countries that can maintain a diverse range of sophis-
ticated and unique productive know-how, can produce a wide diversity of 
goods, including complex products that only a few other countries can 
produce (Markaki & Economakis., 2022; Simoes & Hidalgo, 2011). 

As  shown in Fig.  2.2, the Economic Complexity Index (ECI) for 2018 
brings Greece in the last position within the EU27 countries. This output 
implies that Greece is a country that exports only a few range of products 
which (i) are also products of relatively high ubiquity and (ii) are exported 
by not very diversified countries.

In summary, the above analysis documents a divergence between 
Greece’s production and trade structure and the rest of the EU27 coun-
tries, leading to the conclusion that Greece is facing unfavorable terms 
of trade within the European economies. Greece’s productive structure 
indicates an economy with low production and export diversification, 
specializing in less technological advance products. 

2.2.3 Economic Linkages and Sectoral Structure 

The sectoral structure of an economy’s production and exports is crit-
ical for identifying industrial policy objectives. However, policymakers 
cannot overlook that each sector’s production process is based on the 
supply of products and services from other branches. A change in the 
production level of a sector will increase the demand for intermediates
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from the sector supplying industries; thus, sectoral changes are not inde-
pendent. The economic interdependencies, or linkages, that develop in 
an economic system diffuse a change in production structure throughout 
the Economy. The impact of the change depends on the intensity of the 
linkages. A sector strongly linked with other sectors in the production 
network can potentially cause broader and most significant effects on the 
extension of production than those caused by a sector with weak links. 
The backward linkages of the sectors are a measure of the level of their 
economic interdependencies and are widely used for the investigation of 
the productive structure of an economic system (national, regional, local) 
and for the evaluation of economic and social policies as well as forecasts 
at macroeconomic and sectoral level (Belegri-Roboli et al., 2010, 2011; 
Economakis & Markaki, 2023; Economakis et al., 2015; Miller & Blair, 
2009; Suh, 2009). 

The inquiry into the question of the strength of backward linkages 
of the Greek Economy will be based on two considerations. Firstly, the 
literature does not provide specific values that define a strong, average, 
or weak level of backward linkages. Therefore, estimating the strength of 
backward linkages is based only on evidence from comparative studies. 
Thereby, the strength of the Greek Economy’s backward linkages will be 
investigated based on comparison within the EU27 countries. Secondly, 
although strong backward linkages indicate that the sector significantly 
impacts the Economy, backward linkages measure the total change in the 
Economy’s production when a unit change occurs in the sector’s demand. 
Thus, the sector’s size should also be taken into account; a large sector
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with relatively high backward linkages is more likely to have a significant 
output increase which will have a high multiplying effect on the whole 
Economy. On the contrary, in the short term, a small sector cannot extend 
its production to a level that will create a critical multiplying effect, even 
if the sector shows relatively high backward linkages. 

In Fig. 2.3, the backward linkages of the Greek Economy and a 
comparison with EU27 countries are depicted based on the WIOD 
data (Timmer et al., 2015). Greece’s backward linkages are lower than 
the median of EU27 member countries for primary and most tertiary 
sectors. By contrast, for the secondary sectors, the opposite picture 
emerges. In particular, Greece has higher sectoral links than the median of 
EU27 member countries for most secondary sectors (specifically sectors 
C13_C15, C16, C20, C21, C22, C26, C27, C29, C31_C32). However, 
these sectors with relatively high interconnections produce only 2.03% 
of the Greek Economy’s product, so their impact as multipliers of the 
existing dynamics is limited. Thus, the findings shown, result from either 
the production of different output types by the same sector (as in the case 
of C29) or the existing ones of a small and dynamic sector (as in the case 
of C21). 
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Fig. 2.3 Backward linkages for Greece and EU27 (2014) (Source Markaki 
[2019, p. 79])
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For a complete assessment of the Greek Economy’s level of inter-
connectedness, the sectors with significant contributions to value-added 
(2.5% of the total value-added or more) are isolated, and their backward 
linkages are examined. Of the 15 sectors contributing more than 2.5% to 
the Greek production, only two, Q (Activities related to human health 
and social care) and R_S (Arts, entertainment, and other service activi-
ties), have shown backward linkages greater than the median of EU27 
member countries. In contrast, the rest of the sectors (i.e., A01, C10-
C12, F, G46, G47, H50, I, J61, K64, L68, M69_M70, O84, P85) show 
lower values. 

The corresponding results for the case of EU27 countries are presented 
in Fig. 2.4, where a significant variation is evident. Greece ranks in the 
penultimate position with Cyprus, Luxembourg, Malta, and the Nether-
lands. In other words, it appears that the dynamics of the relatively large 
sectors in the Greek Economy are significantly lower than those of most 
EU member countries. 

The subordinate position of the Greek Economy’s interconnectedness 
to the EU27 countries indicates that Greece is characterized by a different 
production technology to the average technology of the EU27. The non-
homogenous production of a sector and diversified technology can lead to 
various backward linkages within the EU27 countries. This study shows 
that the Greek Economy’s production technology creates a network of 
lower-intensity transactions than in most EU27 countries.
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2.2.4 Domestic Value-Added in Exports and Technological Level 
of Exports 

The Domestic Value-Added in Exports (DVX) expresses the domestic 
value-added, created to satisfy exports’ demand. DVX depends on both 
the export structure and the production structure of the Economy under 
investigation. It is a measure that can reflect the contribution of exports 
to an economy or show how a country’s position in international compe-
tition affects its productive potential (Hummels et al., 2001; Koopman 
et al., 2012). 

Figure 2.5 depicts the unit DVX for all EU27 countries. The unit 
DVX expresses the new value-added created in each domestic Economy 
when exports show an increase of one unit. The estimation of the unit 
DVX includes all economic sectors, irrespective of whether the sector 
is exporting or has linkages with the exporting sectors. The unit DVX 
ranges between 0.714 in Germany and 0.323 in Luxembourg. Greece is 
found in the 9th position within the EU27 countries, with a value equal 
to 0.669. Greece’s exporting activities generate value-added mainly in the 
tertiary sector, while the participation of the secondary sector is relatively 
low. 

The results show an extensive diversification between EU27 member 
countries, due both to differences in the structure of exports and 
economic interdependencies. The EU27 countries demonstrate differ-
entiated integration into the international competition, and therefore
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Fig. 2.5 Unit domestic value-added in exports, EU27 (2014) (Source WIOD 
and authors’ calculations) 
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different levels of benefits from international trade. The benefit of coun-
tries in the top five of the ranking is, on average, 65% greater than that 
of countries in the last five positions. 

Although Greece shows a relatively high unit DVX, when attention 
turns to the technological level of the generated value-added, the findings 
are not encouraging. 

Figure 2.6 shows the HT & MHT sectors’ contribution to the 
unit DVX for the EU27 countries. The contribution of technologically 
advanced sectors (HT and MIT sectors) ranges from 66,97% in Germany 
to just 17.25% in Greece, with an average value of 43.52%. This finding 
confirms that the integration of European countries into international 
competition creates conditions conducive to developing technologically 
advanced sectors in some countries (e.g., Germany, Hungary, Sweden) 
and makes it difficult for others (Latvia, Lithuania, Greece). 

The technologically advanced sectors include the high-tech sectors 
C21 (Basic pharmaceutical products and pharmaceutical preparations) 
and C26 (Computer, electronic, and optical products) as well as the 
medium–high-tech sectors C20 (Chemicals and chemical products), C27 
(Electrical equipment), C28 (Machinery and equipment n.e.c.), C29 
(Motor vehicles, trailers, and semi-trailers), C30 (Other transport equip-
ment). Conclusively, it becomes clear that the growth of those sectors and 
their interconnection with the rest of the economic network contribute 
significantly to the highly competitive position and the converse. There-
fore, we conclude that strengthening the production system’s coherence 
is an additional important aspect of industrial policy.
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2.2.5 Summary 

The survey findings highlight the need to implement an industrial policy 
that will lead to the structural transformation of the Greek Economy. 
In Greece’s case, industrial policy should aim at (1) the reallocation of 
production to favor industrial and technologically advanced sectors and 2) 
the strengthening of sectoral linkages, leading to an increased multiplying 
effect of the economic system. In addition, such an industrial policy will 
positively impact the labor market by creating new jobs or redistributing 
workers to higher-productivity jobs. 

2.3 Defining the Parameters 

of the Optimization Problem 

Section 2.2 has demonstrated that, in the case of Greece, industrial policy 
should favor the country’s development and competitiveness through an 
increase of the manufacturing share in production, the enhancement of 
the exporting orientation, the promotion of technological advances in the 
various sectors, and an improvement in sectoral linkages. Therefore, it is 
now necessary to explain the optimization model’s formulation and the 
restructuring/transformation targets that could be empirically applied to 
the Greek Economy. 

As was analytically discussed in Chapter 1, the Greek Economy’s struc-
tural transformation aims to reduce the trade balance deficit, which is 
achieved by reallocating production within the economic sectors and 
import substitution in the intermediate demand. The parameters of the 
optimization problem are: the domain of the matrix of the distribution 
coefficients (B1 and B2) and the domain of the value-added vector (k1 
and k2). 

The proposed methodology is grounded on the theoretical model of 
input–output analysis. Thus, the application of the model requires the 
availability of an input–output table. The most recent one for Greece 
is the 2015 input–output table following the NACE Rev. 2 sectoral 
classification (Eurostat, 2008). 

The definition of the Bd domain (i.e., the lower limit B1 and the upper 
limit B2) will also define the level of import substitution in intermediate 
demand. Presuming that the production technology remains as is, the 
lower limit of Bd is the current one and the upper limit is the matrix 
of the distribution coefficients B. If the optimal matrix B∗ 

d = Bd,current
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then, there is no substitution in intermediate imports and if B∗ 
d = B, 

then, there is a full substitution of intermediate products. The second case 
is not valid since a modern economy does not produce all types of prod-
ucts domestically. In this study, the lower limit of Bd is set to Bd,current . 
In this case, the structural transformation will be based on the realloca-
tion of production within the sectors, not import substitution. The upper 
limit B2 is defined by the equation B2 = Ad,current + Smax · Am,current , 
where Smax ∈ Rn×n is a diagonal matrix whose diagonal elements si,max ∈ 
[0,1]. si,max expresses the i sector’s maximum coefficient of substitution 
and captures the maximum possible level of sector i to produce inter-
mediate inputs for other sectors, substituting intermediate imports from 
the corresponding sectors abroad. If si,max = 0, then, there is no possi-
bility for intermediate import substitution for sector i , while if si,max = 1, 
then the substitution of intermediate imports is full. Thus, the optimal 
intersectoral structure B∗ 

d is connected with the estimation of the optimal 
coefficient of substitution, s∗

i for each sector (0 ≤ s∗
i ≤ si ). The coeffi-

cient of substitution, si applied in this research is presented in Table 2.4. 
For the sector not included in Table 2.4, the  si equals zero. 

Vectors k1 and k2 are defined on the basis of Oxford Economics projec-
tions (Oxford Economics, 2020). Figure 2.7 presents the percentage 
change in gross value-added expected from 2019 to 2027, according to 
the Basic and the Plus scenarios of Oxford Economics. In this research, 
the low level of value-added (k1) equals the projection of the Basic 
Scenario and the upper level of value-added (k2) is set by the authors. 
The determination of the maximum possible change of value-added is 
based on the current dynamics of the sectors.

Table 2.4 Substitution 
rate Sector Substitution coefficient 

A01-03, C10-12, C13-15, C17, 
C18, C32, C33 

0.6 

C20, C21, C22, C23, C24, 
C25, C27 

0.4 

C26, C28, C30 0.2 

Source Authors’ creation 
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Fig. 2.7 Rate of change of value-added from 2019 to 2027 (Source Oxford 
Economics [2020] and author’s own estimations) 

2.4 The Optimization Algorithm 

The discipline of computational intelligence includes tools and method-
ologies which allow solving problems that are difficult or even impossible 
to solve by traditional methods. 

One of the key pillars of computational intelligence is algorithms 
able to optimize the parameters of a system toward achieving a clearly 
defined goal. This optimization is achieved with evolutionary optimiza-
tion algorithms inspired by nature. The concept of optimization is a 
general concept, which may include either the evolution of a system’s 
structure to meet specific objectives or the determination of the values 
of the parameters of a system’s predefined architecture by formulating 
its behavior as a parameterized function with respect to its parameters 
(function optimization). 

In this work, the concept of optimization focuses on defining the 
parameters of a system’s clearly defined architecture. That is, we deal with 
function optimization. 

Although most evolutionary algorithms can be appropriately designed 
for structure and function optimization problems, two subfields of 
computational intelligence are more appropriate, more efficient, and more 
easily applicable for facing function optimization problems. (a) Genetic 
Algorithms (GA), which are inspired by the evolution of species through 
natural selection and (b) particle swarm optimization (PSO), which is 
inspired by the social behavior and cooperation of flocks while seeking
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food. Especially in the field of function optimization, it has been empir-
ically shown that PSO is more efficient than Genetic Algorithms, as 
it provides a clearer ability to adjust for exploration and exploitation 
power. The balance between exploration and exploitation capacity is a 
key concept for every optimization process. This balance is regulated 
through the emphasis that each particle gives to its individual and social 
behavior and addresses one of the inherent problems of Genetic Algo-
rithms, which effectively attains the optimal region but has difficulties 
in accurately locating it (for an analytical presentation of nature-inspired 
evolutionary optimization algorithms, see: Papadakis & Markaki, 2019; 
Markaki & Papadakis, 2021). 

The problem we treat in this work falls into the category of function 
optimization. The objective function, which is to be optimized, is non-
linear and the computation of its derivatives is quite difficult. Moreover, 
the objective function is non-continuous due to some min., max. opera-
tors involved in the constraints, which an accepted solution must satisfy. 
Thus, a PSO algorithm is employed for the solution of the optimization 
problem. 

2.5 The Structural Transformation 

of the Greek Economy 

The optimal economic structure for the Greek Economy is obtained 
with the solution of the optimization problem. After presenting the basic 
macroeconomic results, a comparative analysis of the optimal structure 
against the current one will focus on (1) the industrial structure, (2) 
the economic linkages, and (3) the domestic value-added in exports. The 
descriptive evidence presented in the previous section has shown that the 
subordinate position of the Greek Economy among EU27 countries is 
due to technological and structural weaknesses. Thus, potential improve-
ments in the Economy’s technological and structural features resulting 
from the optimal structural transformation are also investigated. 

The Greek Economy’s structural transformation will lead to a trade 
balance of goods equal to -8.6% of GDP, a significant improvement 
compared to the respective value of 2019, which reaches −12.45% of 
GDP. Furthermore, the trade balance of goods and services is estimated at 
−1.32% of GDP. However, this value does not include the travel balance, 
as the input–output table only exports goods and services. Therefore, the
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balance of goods and services could rise to as much as 5% of GDP in 
2027, assuming a travel balance equal to the level of 2019. 

2.5.1 The Structural Change of Production 

Table 2.5 compares the Greek Economy’s current structure for 2019 with 
the optimization problem’s output for 2027. The Economy’s structural 
transformation will potentially increase the share of secondary sectors 
(sectors with codes B, C, D, and E at the NACE Rev. 2 classification) 
in value-added production from 14.86% in 2019 to 18.16% in 2027. 
Notably, the share of secondary sectors in the optimal structure is more 
significant than in the Basic and the Plus Scenarios of Oxford Economics 
estimation (15.92% and 16.39%, respectively). Furthermore, a part of the 
increase in secondary sectors is identified in the manufacturing sector (C), 
whereas the rest mainly concerns construction sector (F). 

Moreover, the findings show a considerable reduction of the tertiary 
sector and a slight increase in the primary sectors. As a result, the primary 
sector (A) share in the optimal structure reached 4.52% of the total value-
added, showing a slight increase compared to 2019, where the respective 
share was 4.36%. By contrast, the percentage of tertiary sectors is 77.32% 
in the optimal structure, lower than in 2019, when the respective share 
was 80.78%. 

As shown in Table 2.6, the technological structure of manufacturing 
sectors exhibits significant improvement. The percentage of high-tech and 
medium–high-tech sectors is significantly increased, while the share of 
medium–low and low-tech sectors is decreased. As a result, the cumu-
lative share of HT and MHT sectors will reach 29.43%, improving the 
Greek Economy’s position in the EU27 countries compared to 2019 (see 
Fig. 2.1).

Table 2.5 Current 
Structure (2019) and 
Optimal Structure 
(2027) 

2019 (%) 2027 (%) 

Primary Sectors (A) 4.36 4.52  
Secondary Sectors (B, C, D, F) 14.86 18.16 
Of which Manufacturing (C) 9.85 10.86 
Tertiary Sectors 80.78 77 .32 

Source Authors’ calculations 
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The analytical structure of manufacturing at the sectoral level is 
depicted in Fig. 2.8. The economic sectors are listed in the vertical axis 
based on their technological level. Furthermore, Fig. 2.9 presents the 
manufacturing sectors’ share change from 2019 to 2027. The five larger 
sectors for Greece in the optimal structure are C10-C12, C20, C21, 
C24, and C25. These sectors produce 66.23% of the total manufacturing 
value-added. All these sectors indicate an increase in their participation in 
production. Notably, sector C19 was included in the larger five sectors in 
2019, but the participation, as shown in the optimal structure decreased 
its importance.

The evidence presented in Fig. 2.9 suggests that the Greek Economy’s 
optimal productive structure will potentially increase the participation 
of HT and MHT sectors, except sectors C29 (Motor vehicles, trailers, 
and semi-trailers) and C30 (Other transport equipment). This finding is 
expected, as the expansion of the aforementioned sectors implies signif-
icant scale capital investments. Moreover, the majority of MLT and LT 
sectors show a decrease in their participation in value-added generation, 
with the exceptions of sectors C24 (Basic metals), C25 (Fabricated metal 
products), and C10-C12 (Food, beverages, and tobacco products). These 
findings regarding sectors C24 and C25 agree with the concept of import 
substitution, as both sectors play an essential role in the Greek Economy 
as producers of intermediates. Moreover, sector C10-C12 is the larger 
manufacturing sector and a significant exporter and contributes to the 
productive network of tourism activities. 

2.5.2 The Structural Change of Economic Linkages 

Figures 2.10 and 2.11 illustrate the backward linkages of the optimal 
structure and the percentage change between the optimal structure and 
the last available input–output table, respectively. As Fig. 2.10 shows, the 
backward linkages of the manufacturing sectors are, in most cases, higher 
than those of the services sectors. Furthermore, the process of structural 
transformation, as Fig. 2.11 indicates, leads to a strong positive impact 
on backward linkages in all the economic sectors.

The more significant increase of backward linkages (more than 15%) 
is located in sectors C22 (Rubber and plastic products), C13-C15 
(Textiles, wearing apparel, leather, and related products), C17 (Paper 
and paper products), and C26 (Computer, electronic, and optical prod-
ucts). Following that, sectors C24 (Printing and recording services),
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Fig. 2.9 Change of the manufacturing sectors’ share from 2019 to 2027 
(Source Authors’ calculations) 

Table 2.6 
Technological structure 
of manufacturing sector 
(2019 and optimal 
structure 2027) 

2019 (%) 2027 (%) 

HT 9.85 11.61 
MHT 13.39 17.82 
MLT 35.79 31.20 
LT 40.96 39.37 

Source Authors’ calculations
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Fig. 2.10 Backward Linkages with the optimal structure, 2027 (Source 
Authors’ calculations) 
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Fig. 2.11 Percentage change of backward linkages, 2015–2027 (Source 
Authors’ calculations)

C25 (Fabricated metal products, except machinery and equipment), C27 
(Electrical equipment), and C28 (Machinery and equipment n.e.c) show 
an increase in backward linkages of 10% to 15%. The increase is lower in 
the rest of the sectors. 

The improvement of the backward linkages results from (i) the import 
distribution in intermediates and (ii) the reallocation of production within 
sectors. On the one hand, import substitution develops a more robust 
network of linkages, as domestic sectors satisfy a much larger part of the
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Table 2.7 The 
domestic value-added in 
exports before and after 
the restructuring process 

2014 2027 

DVX (Total Economy) 0.669 0.741 
Manufacturing DVX 0.165 0.227 
Share of Manufacturing DVX 24.73% 30.71% 

Source Authors’ calculations 

intermediate demand for products and services. On the other hand, the 
reallocation of production diversifies the economic system’s internal struc-
ture, as the distribution of intermediate demand (and supply) within the 
sectors also changes. Therefore, the effect of structural transformation is 
diffused throughout the Economy. 

2.5.3 The Improvement of the Domestic Value-Added in Exports 

The domestic value-added per unit of exports (Table 2.7) increased by 
10.74%, from 0.069 in 2014 to 0.741 in 2019. For the same period, the 
contribution of the secondary sectors increased from 24.7 to 30.71% 

The technological change of the DVX is presented in Fig. 2.12. As  
shown in Fig. 2.12, the contribution of HT and MHT sectors increases 
and MLT and LT’s contribution decreases. As a result, the cumula-
tive percentage of HT and MHT sectors rises from 17.25 to 21.45%, 
improving the country’s competitive position among the EU27.

The empirical findings discussed in Sect. 2.4 show that the Greek 
Economy’s structural transformation can improve the country’s produc-
tive structure, increase manufacturing contribution in the value-added 
generation, and increase the share of technologically advanced prod-
ucts. As a result, the value-added generated by imports is significantly 
increased, improving the Greek Economy’s terms of trade. 

2.6 Policy Interventions 

In this research, an optimization methodology based on input–output 
analysis is introduced. The proposed methodology aims to define the 
Greek Economy’s optimal structure to maximize the impact of struc-
tural transformation policies. Furthermore, this approach traces a growth 
trajectory based on a robust economic and mathematical model that
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Fig. 2.12 Percentage change of backward linkages, 2015–2027 (Source 
Authors’ calculation)

goes beyond the descriptive information usually found in industrial policy 
studies. 

Taken together, the research findings suggest that the Greek Econo-
my’s structural transformation can lead to an increased GDP growth rate 
and, simultaneously, achieve a relatively low deficit in the balance of goods 
and services along with increased interconnectedness of the economic 
activities. Moreover, based on the optimal productive structure, policy-
makers can pursue a mix of structural policies, integrating sectoral and 
macroeconomic interventions. 

Besides the fact that sectoral-specific policy interventions are neces-
sary for achieving the reallocation of production within the sectors, 
this research highlights the dependency of the country’s total economic 
performance on the diffusion of structural change throughout the 
economic network. Thus, sectoral interventions should be planned as a 
coherent whole rather than as individual sectoral policies. In this context, 
different policy interventions, such as export promotion, import substitu-
tion, public procurement policies, encouraging foreign direct investment, 
R&D development, and promotion of technologically advanced sectors, 
can be crucial for economic development. Finally, the importance of hori-
zontal policies cannot be overlooked, especially concerning labor market 
policies (skills and education policies, training subsidies).
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CHAPTER 3  

A Regional Analysis Of Inputs-Outputs 
Of The Greek Economy: A Baseline 

Depiction Of Interconnections In Greece 

Pagiavla Georgia and Pisinas Yorgos 

3.1 Introduction 

The economic structure, productive capacities, technologies, localization 
factors, and behavior of economic agents are essential in the implemen-
tation of any policy. Tables of inputs and outputs are usually drawn 
at regular intervals at national level and are used by researchers and 
economic/industrial policymakers to find solutions to various issues and 
make recommendations. However, when it comes to regional economic 
policy, National Tables of Inputs-Outputs (NIOTs) may provide particu-
larly important information, but they are unable to fully describe sectoral
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interconnections. Thus, while IOTs represent the product flows between 
the different sectors of the economy, through the ultimate demand or 
exports, the answers provided by analysis in terms of the Regional Tables 
of Inputs-Outputs (RIOTs) provide essential information on the opera-
tion of regional economies. Research interest has recently shifted from the 
national to the regional level, given that the economy is not a non-spatial 
entity and that interregional trade features greatly in the relationship 
between the periphery and the center. However, research and policy ques-
tions in regional economic analyses often call for improvements in how 
RIOTs are estimated. The aim of the present chapter is to introduce 
a methodology by means of which input–output tables can be gener-
ated for Greece’s several regions and which can then be used to create 
a basic outline of the sectoral/regional interconnections that occur in the 
country. 

The structure of the chapter is the following: Sect. 3.2 presents the 
theoretical significance and limits of IOTs and emphasizes their wide 
range of applications and points of relevance for economic policy. Then 
(Sect. 3.3) the theoretical framework of IOTs is presented. The next 
Sect. 3.4 presents why should a regional Input–Output model be favored 
in place of the econometric models for studying a regional economy. In 
Sect. 3.5, the construction processes of regional I-O tables are presented 
and reference is made to the most important and widely applied tech-
niques. The next Sect. 3.6 presents the RIOTs in Greece provided by the 
App-RegMIP, a one-of-its-kind software program that allows the region-
alization of a national input–output table. Then (Sect. 3.7) are presented 
the assessments which have been based on the input–output table for 
Greece and provide a full picture about sectoral interconnections within 
the main regions of the Greek economy. Finally, Sect. 3.8 presents the 
main conclusions of this chapter. 

3.2 Input–Output Tables And Sectoral 

Interconnections: Theoretical 

Significance And Limits Of IOTs 

Input–output tables are a particularly useful macroeconomic tool which, 
since its appearance in the middle of last century (Leontief, 1936), rapidly 
became central to economic analysis (Ten Raa, 2006). The reason for 
this is the range of possibilities they have, combined with their strong
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grounding in economic reality, with Romanoff (1974) being among the 
first to elaborate the connection between the model of the economic base 
and the analysis of inputs-outputs. An IOT is comprised of the immediate 
economic data collected from an economy in terms of the exchanges of 
the various production units among themselves. In its simplest form, it 
assumed that each sector produces a consistent product to which end 
inputs are required by other sectors of the economy while, in turn, it 
also fuels production in other sectors.1 In more refined forms, the sectors 
are considered to produce a multitude of products without, however, this 
altering the core analytic framework of IOT analysis (Ten Raa, 2006). 

3.2.1 Policy Ramifications And Applications Of IOTs 

IOTs have a wide range of applications and points of relevance for 
economic policy. In essence, their main feature is that they highlight an 
economy’s interconnectedness. By definition, IOTs record sectoral inter-
connections so that, in a table’s horizontal reading, the sales are recorded 
of a particular sector to an economy’s various industries and, in a vertical 
reading, the purchases are seen which an industry requires to generate 
its product. The ramifications of this information for the exercise of 
economic policy are enormous. To start with, if we expect the demand 
for some product to rise in an economy, then the table can forewarn us 
about demands for other products in order to be able to meet this new 
demand. These are called backward linkages and they concern a sector’s 
needs in primary or auxiliary materials and equipment. Correspondingly, 
if for some reason, a sector’s market price goes up, then the tables can 
let us know about the anticipated impact of the remaining sectors on the 
market price. These are known as forward linkages, since they concern 
the product’s utilization by the other sectors of the economy.2 

In addition, the tables also have application across a range of matters of 
international trade, analyses of economic dependence or autonomy, and

1 Normally, a table has 4 parts (Ü & Hewings, 2013); here, we focus on the 1st part 
which refers to the sectoral exchanges for intermediate products and makes up the nucleus 
of the table, with the remaining parts corresponding to ultimate demand, imported inter-
mediates together with the added value of the contributing factors and the imported final 
goods. 

2 For these two kinds of basic information, different type of tables need to be used, 
respectively Leontief and Ghosh (1958) types is the proper type providing us with this 
information (cf. Markaki & Papadakis, 2023a, 2023b; Oosterhaven & Hewings, 2013). 
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the macroeconomic stability of the various economies. Examining one 
of the main uses of the input–output analysis, Miller and Blair (2009) 
estimated the effects on the economy of the change in one element and 
studied a variety of summary measures that are referred to as multipliers 
and may be calculated with the use of the reverse Leontief table.3 Some-
times, these applications may lead in initially unexpected directions, such 
as their ramifications for environmental issues (Leontief, 1970) which  
nowadays is a main field of analysis (Suh & Kagawa, 2009; Ten Raa, 
2006). This last development becomes possible through the translation 
of sectoral interconnections into ecological footprints, for example, trans-
lating production needs in energy/materials (backward links) into coal 
emissions for an analysis of the environmental impact. Similar analytical 
ramifications could also be elaborated in terms of demands in human 
capital, since it is possible to go from a picture of the productive struc-
ture, into the analysis of human capital (Pisinas, 2022a, 2022b; Lopez  &  
Ferreira do Amaral, 2013). It is therefore, clear that the potential of I-O 
tables is not restricted to interconnections but extends into most issues 
involving political economy. In this context, the lack of regional I-O 
tables, renders the country’s regional policy weak. At all events, in the 
post-COVID era, the value of analyses based on I-O tables ought to be 
upgraded as they have to do with all the aspects that are adversely affected 
(demand, disruption of chains of value, disruption of international trade, 
the impact of the economy on ecological quality, etc.). 

3.3 The Theoretical Framework Of IOTs 

The analysis of the interconnections among various economic sectors in 
the prevailing economic thinking entails the so-called analysis of general 
equilibrium. As per the Walrasian general equilibrium, the state in which 
all sectors are simultaneously in equilibrium is examined and, so, the state 
in which a change in one of them is bound to have an economy-wide 
effect. 

Therefore, analysis in terms of inputs-outputs is often read as an anal-
ysis of general equilibrium (Szabó, 2015; Ten  Raa,  2006; Oosterhaven & 
Hewings, 2013). Yet, the hypotheses necessary for the construction of

3 Leontief’s reverse table provides a measure of the impact on the economy when a 
sector’s ultimate demand rises by one unit. This is known as multiplier of the sector 
(Holt, 2017, p. 12). 
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IOTs do not necessarily correspond to those of the Walrasian equilibrium 
which presupposes a series of strict hypotheses in order to comprise an 
analytical framework (Fine, 2016). The input–output tables are consti-
tuted directly out of an economy’s stylized facts without the intervention 
of aggregate functions of production, hypotheses about consumer pref-
erences or the behaviors of economic agents according to the prevalent 
models of economic thought. As a result, it has been suggested that the 
analysis of IOTs’ circuits be read in a pluralist manner (Akhabbar & Lalle-
ment, 2010). Nevertheless, for the sake of a practical approach that avoids 
the methodological contradictions of a pluralist eclecticism, it is noted 
that the technical reading of production on the basis of IOTs, is method-
ologically incompatible with the Walrasian theory of general equilibrium 
which is founded on marginal productivity (Reyes, 2016). 

The hypotheses supporting an IOT are the following4 : 
Homogeneous products, which also imply the use of a single technique 

of production per sector.

• Absence of restrictions in the use of production factors.
• Stable technological factors. This is the models’ most restrictive 
hypothesis.5 

Moreover, as argued by Markaki (2018), IOTs presume the absence of 
externalities in production although this needs to remain an open ques-
tion for further investigation. To the extent that IOTs are not constituted 
within a Walrasian theory of the market, the question of externalities 
should not come up. Insofar as IOTs are founded on empirical data, they 
ought to be able to fully represent reality. So, if we take into consid-
eration climatic conditions as the largest externality with an impact on

4 See Markaki 2018 (Cf. also Leontief, 1991; Livas,  1994). 
5 From an economic standpoint, this hypothesis appears excessively strict as it means 

the inability to substitute inputs. However, as argued by Leontief (1966, 49) this is 
particularly sensible from a technical point of view, and, also, empirically observable. 
To produce a cake, one could replace sugar (with honey, glycoprotein, stevia, or some 
synthetic sweetener) which is of enormous value for an economist, but ultimately, a cake 
needs to have a minimal amount of sweetness and every confectioner is aware that these 
proportions are not to be played with. As economists, we need to hold on to the fact 
that the use-values of products play an irreplaceable part in production which Leontief 
(1966, 9) had in mind when he noted the value of “experts with practical experience in 
each field”. 
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agricultural production, a table of 2020s should refer to the conditions 
of production of 2020s as would a corresponding table of 1950s. Thus, 
the former would need to take into consideration the cumulative climate 
change, as a result of the production during this 70-year-long period. On 
the other hand, of course, any projections we make on the 2020s table 
for 2090s, will be based on the conditions of production of 2020s. The 
emphasis of IOTs on use values,6 renders them a tool useful not only for 
internal economic analysis but also for important matters of externalities 
such as the ecological footprint of production or industrial relationships, 
as has been noted by the sector of Industrial Ecology (Suh, 2009). 

3.4 National And Regional 

Tables: Regional Policy 

Tables of inputs and outputs are usually drawn at regular intervals 
at national level and are used by researchers and economic/industrial 
policymakers to find solutions to various issues and make recommen-
dations. National Tables of Inputs-Outputs (NIOTs) already provide 
particularly important information, however, they are unable to fully 
describe sectoral interconnections. According to Miller and Blair (2009), 
there are two specific characteristics that are linked at the regional level 
whereby the distinction between national and regional input–output 
models is rendered visible and necessary. First, the production technology 
is specific in each region and can be similar or, on the contrary, very 
different to the one recorded on the national table of inputs-outputs. 
For example, the age of regional industries, the features of the input 
markets or the level of training of the workforce and the directly accessible 
primary materials, are important factors affecting the regional technology 
of production which may diverge from the national one. Second, the 
smaller the economic entity under study is (whether a region or a national 
economy), the more it is dependent on the external world, making all 
the more important the exported and imported elements of demand and 
supply, respectively. It should be noted that these elements correspond 
not just to international trade but also to the trade between regions and 
the country to which the region belongs (Sargento, 2009).

6 See footnote 5. 
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Thus, while IOTs represent the product flows between the different 
sectors of the economy, through the ultimate demand or exports, the 
answers provided by analysis in terms of the Regional Tables of Inputs-
Outputs (RIOTs) concern the effect of the appearance of a new business 
in the regional economy under investigation, the economy interconnec-
tions between regions, the means of achieving a balance between different 
regions and, finally, the ramifications for a region if an input is, for some 
reason, obstructed (Hewings, 1985). The study of the regional economic 
system as a system of extended interdependence, provides essential infor-
mation on the operation of regional economies. On account of this, it 
has attracted the interest of many researchers among whom, Isard (1951) 
(the founder of the sector of Regional Science), Tiebout (1957, 1969), 
Chenery (1962), Miernyk (2020), and Miller and Blair (2009), even 
though respective studies of the Greek economy are few and mostly 
focused on subjects of special interest (Bellas et al., 2017; Rovolis et al., 
2016). 

The question arises of why should an Input–Output model be favored 
in place of the econometric models which are based on chronological 
series, i.e., data from multiple moments in time. The answer is that such 
data is not always available at a regional level. Thus, in the service of 
describing an economy’s structure, the use of RIOTs seems to be the 
best alternative (Rovolis et al., 2016). The most widely employed regional 
models of input–output are those where a particular region is in the place 
of the country, (one considered “isolated” from the economic structure 
of the rest of the country) and those where many regions are investigated 
simultaneously, which are divided into models of “interregional” analysis 
and models of “multiregional” analysis. So, then, the choice of input– 
output analysis for studying a regional economy, is based on the special 
significance of inter-sectoral exchange, the importance, that is, of the 
multiplicative dynamic which the interconnections between the sectors 
of economic activity can bring about (Bellas et al., 2017). 

Input–output models provide a static picture of the regional economy 
and make it relatively easy to calculate the effects of changes in some 
sectors on the rest of the regional economy but have certain limitations 
which need to be pointed out (Rovolis et al., 2016). Firstly, the collec-
tion of statistical data on a region, though easier than the data required for 
econometric outcomes, is, nevertheless, still a fairly demanding process. 
It is characteristic that central governments undertake sample studies in 
order to arrive at RIOTs so as to measure relationships between the
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various sectors. Secondly, the role of imports in a regional economy is 
underestimated, i.e., an expenditure’s “leak” in the regional economy is 
underestimated and, therefore, its multiplicative effect on the regional 
economy is overestimated. In Greece, certain regions are under a status 
of inner periphery as they are the least developed of all the regions, while 
Greece itself is one of the least developed countries out of the EU’s 27. 
This two-fold lagging behind in relation to the national and the Euro-
pean average, gives rise to a sense of abandonment, resulting in talk 
about the “State of Athens” which appears indifferent to the fate of such 
regions (Petrakos & Psycharis, 2004). Athens, where the largest growth 
is concentrated, is a node in an S-shaped axis which starts in Patras and 
ends in Kavala, via Athens and Thessaloniki, as can be seen in (Fig. 3.1). 
It is characteristic that 50% of the population is concentrated in Athens, 
while, also, 50–55% of the labor force, 65% of services, 50% of doctors 
and hospital beds, 55% of higher education graduates, 45% of employ-
ment in industry, and 85% of companies, are to be found within the 
wider area of Attica (Polyzos, 2019). In other words, the country shows 
pronounced inequalities at regional level. Regional analysis indicates an 
increased interest in the input–output models as a result of increased 
economic integration in the European Union, with related efforts to 
reduce regional inequalities within each country and between member 
countries. This necessitates the use of a reliable logistic system helpful in 
locating regional ramifications and interregional spillover effects, which 
it will then be possible to use in the monitoring of regional policies 
(Sargento, 2009) (Fig. 3.1).

Moreover, the tertiary sector is significantly more developed than the 
primary and secondary sectors of the economy in all Greek regions. 
Despite that, there are pronounced differences between regions regarding 
the specialization of production, with Eastern Macedonia stronger in the 
Primary sector and the Peloponnese in the Secondary sector (Polyzos, 
2019). As for the use of the input–output models at a regional level, the 
Greek economy lags significantly behind in terms of the growth needs of a 
healthy regional growth policy, able to recognize both the internal inter-
connections of the regions so as to strengthen their self-sufficiency and 
resilience, and the interconnections for the regions’ development, viewing 
the national economy as a synergistically evolving system (Oosterhaven & 
Hewings, 2013). 

To locate the growth dynamics and potential benefits from investi-
gating entrepreneurship in the economy of the region of Western Greece,
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Fig. 3.1 The growth axis S and regional GDP (2015) (Source Eurostat. 
Processed by the authors)

Bellas et al. (2017), link the particular traits of entrepreneurship with 
the region’s productive structure. The productive structure, the relations 
between sectors, and the regional employment structure are investigated 
with, among others, the use of inputs-outputs. 

In the study by Rovolis et al. (2019), the input–output model was 
employed for the design and budgeting of a transition plan into the 
post-coal (lignite) period, in the Western Macedonia Region (WMR). 
The study was based on the alternative economic activities that have 
been suggested from time to time by organizations of Western Mace-
donia, in order to explore the possibilities they offer for regional growth 
(internal sectoral interconnections). Alternative scenarios were presented 
of “mild”, “median”, and “intense” growth, with estimated job positions, 
the locally added value, and the investments required for their implemen-
tation during a fifteen-year period, where the temporal-classic expansion 
was calculated of the multiplicative outcomes for the WMR.
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3.5 The Construction Processes 

Of Regional I-O Tables 

All of the above indicates that the fields of application of input–output 
analysis are, among others, the economics of growth, the economics of 
labor, regional economics, the economics of energy and the environment. 
As regards regional economics, the analysis of inputs-outputs presupposes 
the compiling of RIOTs. Many different methods of regionalizing are 
found in the international literature (Szabó, 2015) and researchers are 
trying to agree on those common rules that will enable the comparison 
of regional economic structures in time and space (Jensen et al., 1986). 
In this section, reference will be made to the most important and widely 
applied techniques. 

The compiling of RIOTs through sampling is possibly the most 
accurate procedure. In this case, the companies in the sample provide 
information on sales (to other companies and consumers) and on their 
markets (other companies) inside and outside the region. Industries in 
different areas may produce different products or make use of different 
inputs in their production processes. Sampling studies can help researchers 
take into consideration the particular regional characteristics so that a 
precise picture is drawn of the technological and commercial structure 
of the region under study, even though it has certain important disadvan-
tages (Szabó, 2015). Firstly, it is a procedure that requires a great deal 
of time and money to carry out. Consequently, by analogy to the recom-
mendations by Leontief (1970) regarding national tables, the even more 
demanding compilation of RIOTs requires the systematic engagement of 
the state’s official economic organizations. Secondly, the management of 
data is particularly critical, as any errors at this stage may lead to significant 
distortions at the final outcomes precisely because of the highly relative 
importance of business data in a regional context which tends to increase 
the smaller the region is. Finally, often the data collected by companies 
are not balanced and the findings of the methods for balancing them do 
not converge, especially in the case of smaller samples. 

The non-survey techniques which are applied to RIOTs can be gener-
ally defined as a set of procedures that aim to compile the data of a 
regional table based on the figures included in a similarly constructed 
national table (Jensen, 1990). These techniques are also known
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as up-to-down methods, since they use the values of the entire national 
economy as departure points and then apply specific regional indices for 
the process of their regionalization. The indices used depend on the 
data available at a regional level, with the most common ones being 
employment and income. However, the differences between the regional 
industrial mix and the national one, may cause errors in the tables, since 
national structures are applied to regional industries where the percentage 
of each of the participating sectors is different to the national one. 

The literature points out that the issues of technology and external 
trade are the most important sources of error in the use of national indices 
for regionalization (Sargento, 2009). More specifically, the technological 
index in the RIOTs is considered equal to the corresponding national 
one. In other words, technology is considered as spatially neutral. In 
terms of the regionalization of inputs internal to the sector, the table of 
exchanges is usually compiled using the sector’s total median consump-
tion of every region as a basic index for regionalization. This means that 
only the markets are regionalized. In other words, every column of the 
national table of exchanges internal to every sector, is divided into as many 
columns as the number of regions. Finally, the accuracy of RIOTs is deter-
mined by the methods used for the estimation of the region’s external 
trading (with other countries and other regions). Nevertheless, the calcu-
lation of the trade flows inside regions is fairly difficult due to the scarcity 
of empirical data. 

The most widely applied manner for estimating regional quotients is 
the regionalization of the national table of inputs-outputs, using Loca-
tion Quotients (LQs). The LQ methods are based on the admission that 
technology at a regional level is exactly the same as on a national one and 
that the regional trade quotients differ from the national input quotients 
to the extent that goods and services are imported from other regions. 
Essentially, LQs provide the ability to compare activities at regional level 
with reference to national figures. In sum, the basic assumptions of this 
procedure are (González et al., 2022):

• Identical technologies between the region and the national economy.
• The regions prefer to consume products which they themselves 
produce.

• Positive regional exports after meeting the regional demand.
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The Location Quotient (LQ) of production is given by the formula: 

LQ  = 
Air  
Ar 
Ain  
An 

where, 
Air= the production of sector i in region r, 
Ar = the total production in region r, 
Ain  = the production of sector i throughout the country, and. 
An = the production in the country. 
The next step is to estimate the national technological quotients against 

the participation quotients. The usual practice is, if the LQ quotient is 
equal to or greater than 1 (basic activity), then, the national technological 
quotient is multiplied by one.7 If the LQ quotient is smaller than 1,8 

then, the national value is multiplied by the value of the LQ quotient. 
The outcome of this process, however, is not the technical quotient of the 
region, which is considered stable, but a trade quotient (Oosterhaven & 
Hewings, 2013). 

Among the initial ramifications of LQ is the cross-industry location 
quotient (CILQ), comparing the quota of sales of the regional sector’s 
product to the national level, to the regional sector’s purchases to the 
national level. Subsequently, a new formula was suggested where the λ 
parameter was adjusted.9 The critical hypothesis on which the FLQ is 
based, is that a region’s tendency to import from other regions is corre-
lated conversely and non-linearly to its relative size. By incorporating the 
adjustment for local size, the FLQ should be a more accurate assessor of

7 If the value of the participation quotient is equal to 1, the economic activity (i.e., the 
sector) under examination is balanced (an alternative phrasing would be that the particular 
region is “self-sufficient” in terms of the sector under examination) while, if the value of 
the LQ ratio is greater than 1 (or greater than 1,25 according to a different view), the 
activity ought to be considered as basic, i.e., there will be a surplus in the sector and this 
surplus will be exported interregionally or abroad. 

8 If this value is smaller than 1 (there is also the view that it should be smaller than 
0,75 but in most empirical applications, the unit is used as a “boundary”), this activity is 
considered as “non-basic” and this means that for this activity, there will be pure imports 
(For more details, cf. Rovolis et al., 2016). 

9 The λ parameter which concerns the relative size of the regional economy, is given 
by the formula λ = [log2(1 + xr/xn)]δ and it is a parameter controlling the degree of 
convexity in the equation so that, the greater the value of δ, the  lower is the  value  λ and 
the greater the margin for more regional imports. 
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the regional input quotients and, therefore, of the multipliers also. Along-
side other, non-investigative methods, the FLQ aims to provide regional 
researchers with a means with which they can compile regional tables that 
reflect as much as possible, each region’s economic structure (Flegg et al., 
2021). 

3.6 Riots In Greece 

The assessments which will be presented in the next chapter have been 
based on the input–output table in basic values for Greece for 2015, 
which is posted on the webpage of the Greek Statistical Service. It 
includes 65 different products which represent the contribution of indus-
tries and correspondingly, 65 sectors of production which represent the 
industries or the industries’ consumption. For the implementation of the 
regionalization, the gross added value per sector was utilized for the 13 
Greek regions for the same time period also available at the Greek Statis-
tical Bureau (see Table 3.1). It is worth noting that we had to downsize 
group the 65 sectors to 10 through NACE coding. However, for the 
analysis, we focus on 3 out of the 13 regions and specifically Attica, 
Western Greece, and Central Macedonia, since they are the most impor-
tant regions as nodes on the developmental S-shaped axis, as has been 
previously mentioned in greater detail.

To extract the results, the App-RegMIP was used, a one-of-its-kind 
software program that allows the regionalization of a national input– 
output table. This particular program calculates the FLQ which, as 
mentioned, assumes a corrective quotient λ that represents the regional 
figure compared to the national. The program allows the selection of an 
LQ method (FLQ or AFLQ) and a value for the δ parameter. 

This program was chosen because, on the one hand, it is easy to use, 
thus, it is easy to reproduce the evaluations of other studies and confirm 
their validity, but mainly because there is agreement in the literature on 
the validity of the FLQ outcomes in relation to the rest of the available 
sources (Flegg et al., 2021). 

3.7 Results 

The three tables below present the results after the regionalization for 
Attica, Central Macedonia, and Western Greece (Table 3.2, 3.3 and 3.4).
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Table 3.2 RIOT evaluations for the Attica region 

Sector k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 

k1 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
k2 0.04 0.06 0.10 0.01 0.01 0.00 0.00 0.01 0.01 0.01 
k3 0.26 0.07 0.31 0.85 0.29 0.02 0.03 0.08 0.14 0.08 
k4 0.00 0.00 0.00 0.28 0.03 0.01 0.05 0.01 0.02 0.03 
k5 0.14 0.03 0.20 0.30 0.48 0.02 0.03 0.12 0.21 0.22 
k6 0.05 0.01 0.03 0.07 0.06 0.16 0.04 0.04 0.06 0.08 
k7 0.00 0.03 0.02 0.10 0.19 0.05 0.02 0.18 0.02 0.28 
k8 0.01 0.02 0.05 0.38 0.09 0.07 0.01 0.11 0.06 0.09 
k9 0.00 0.01 0.01 0.02 0.01 0.09 0.00 0.01 0.25 0.02 
k10 0.00 0.01 0.01 0.04 0.05 0.07 0.01 0.07 0.06 0.32 

Source Greek Bureau of Statistics. Processed by authors 

Table 3.3 RIOT evaluations for the Central Macedonian region 

Sector k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 

k1 0.20 0.00 0.08 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
k2 0.01 0.05 0.06 0.01 0.01 0.00 0.00 0.01 0.01 0.02 
k3 0.26 0.07 0.34 0.80 0.34 0.02 0.04 0.08 0.14 0.14 
k4 0.00 0.00 0.00 0.28 0.03 0.01 0.05 0.01 0.02 0.04 
k5 0.12 0.03 0.14 0.18 0.42 0.02 0.03 0.12 0.14 0.25 
k6 0.02 0.01 0.01 0.02 0.02 0.06 0.02 0.04 0.02 0.04 
k7 0.00 0.03 0.01 0.04 0.11 0.05 0.01 0.18 0.01 0.19 
k8 0.00 0.02 0.01 0.12 0.04 0.06 0.01 0.04 0.02 0.05 
k9 0.00 0.01 0.01 0.02 0.01 0.09 0.00 0.01 0.25 0.02 
k10 0.00 0.01 0.01 0.02 0.04 0.07 0.01 0.07 0.03 0.30 

Source Greek Bureau of Statistics. Processed by authors

3.7.1 Intraregional Interconnections 

Having extracted the RIOTs for the country’s main economic regions, we 
are able by means of a series of transformations on the tables, to obtain 
important data about each region, the significance of the various sectors 
for them, and the level of their autonomous development. The processing 
of this data regarding their transformations, the solving of equations of 
linear algebra, as well as the extraction of all remaining data, took place 
through the Mathematica computational program.
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Table 3.4 RIOT evaluations for the Western Greece region 

Sector k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 

k1 0.24 0.00 0.12 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
k2 0.01 0.07 0.12 0.01 0.02 0.01 0.00 0.02 0.01 0.02 
k3 0.10 0.07 0.23 0.41 0.23 0.02 0.03 0.08 0.09 0.08 
k4 0.00 0.00 0.00 0.28 0.03 0.01 0.05 0.01 0.02 0.04 
k5 0.06 0.03 0.17 0.12 0.36 0.02 0.03 0.12 0.11 0.20 
k6 0.01 0.01 0.01 0.01 0.02 0.05 0.02 0.04 0.01 0.03 
k7 0.00 0.03 0.01 0.04 0.13 0.05 0.02 0.18 0.01 0.20 
k8 0.00 0.01 0.01 0.07 0.03 0.04 0.00 0.03 0.01 0.03 
k9 0.00 0.01 0.01 0.02 0.01 0.09 0.00 0.01 0.25 0.02 
k10 0.00 0.01 0.01 0.02 0.04 0.07 0.01 0.07 0.02 0.29 

Source Greek Bureau of Statistics. Processed by authors

The tables, which were the product of the process of regionaliza-
tion, were Leontief tables which express the interregional quotients. 
As has been noted, however, this type of tables allows interconnection 
analysis only as far as backwards interconnections are concerned. For a 
full analysis of interregional interconnections, these tables needed to be 
turned into one of absolute values. For this to happen, the data is still 
needed of the ultimate demand for each region. Unfortunately, due to 
the wider scarcity of regional information, we were unable to procure 
full data regarding regional consumption levels. In order to overcome 
this obstacle, we assumed that the country shows uniform consumption 
behavior and extracted the ultimate demand for each region by allocating 
the total consumption on the basis of regional incomes as shown in the 
input–output tables we have compiled. We can then extract the forward 
interconnections, following Ghosh’s methodology (1950) through linear 
algebraic transformations and operations in the matrices. 

We now have a full picture about sectoral interconnections within 
the main regions of the Greek economy, as these emerge from its total 
regional model. Based on this data, we can examine the sectoral inter-
connections regarding their significance and the role they play in Greek 
economy. For the analysis of the interconnections between sectors, we 
follow the method of Rasmussen (1956). Two basic indices are used here: 
the power of dispersion index (PD) and the sensitivity of dispersion index 
(SD).
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The PD index is defined as the relative area s to which an increase in 
ultimate demand for the products of a sector i is dispersed through the 
entire economic system, and it is calculated as follows: 

PDi =
[( 1 

n

)
∑ j

(
l j , i

)]

[(
1 
n2

)
∑ j

(
∑i

(
l j , i

))] , 

where 1 expresses the quotients of the Leontief table. If there is a sector 
where its value is greater than 1, then, the need for an increase of inter-
mediate inputs to more than one unit in the ultimate demand of that 
sector, will be greater than average. That sector has a great significance 
backwards. By contrast, for a sector with PD_i < 1, then, the sector is of 
relatively little import to the economy. 

The index SD describes the corresponding area in terms of forward 
interconnections: 

SD  j = [(1/n)
∑

g 
(li , j )]/(1/n2)

∑

i 
(
∑

j 
(g j , i )], 

where g expresses the quotients of the Ghosh table. As before, if in a 
sector we have SD > 1, the area which affects an increase in the sector’s 
production is going to be greater than average. By contrast, for SD < 1, 
the sector will be of little import in terms of forward interconnections, 
compared to the rest. 

Having the values for PD and SD, we can classify the sectors according 
to Rasmussen’s proposal (1965) in four categories:

• Key sectors, comparative high forward and backward effect. 
(SD>1 and PD>1)

• strategic sectors, have a comparative small effect on other sectors but 
are greatly affected by the (SD > 1)

• pushing sectors, of great import for other sectors. (PD>1)
• independent sectors, relatively independent ones compared to the 
interconnections of the rest of the economy. (SD<1 and PD<1) 

Presentation and analysis of findings (Table 3.5, 3.6 and 3.7).
In terms of key sectors, sector k5 (Wholesale and retail, transport and 

storage, activities of service provision in accommodation and food) is 
seen to be the key sector of the economy in all three regions with a
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Table 3.5 Rasmussen classification and backward-forward multipliers for the 
region of Attica  

Multipliers 

Sector Backward Forward PD SD Classification 

s1 4.00 1.05 0.68 0.48 Independent 
s2 2.04 1.40 0.34 0.64 Independent 
s3 5.18 4.24 0.88 1.93 Strategic 
s4 14.67 1.58 2.48 0.72 Independent 
s5 8.69 4.04 1.47 1.84 Key 
s6 3.62 1.75 0.61 0.80 Independent 
s7 2.46 2.31 0.42 1.05 Strategic 
s8 4.21 2.22 0.71 1.01 Strategic 
s9 6.49 1.52 1.10 0.69 Pushing 
s10 7.76 1.82 1.31 0.83 Pushing 

Source Processed by the authors 

Table 3.6 Rasmussen classification and backward-forward multipliers for the 
region of Central Macedonia 

Multipliers 

Sector Backward Forward PD SD Classification 

s1 3.33 1.41 0.88 0.74 Independent 
s2 1.69 1.26 0.45 0.66 Independent 
s3 3.49 4.16 0.92 2.19 Strategic 
s4 7.68 1.52 2.03 0.80 Pushing 
s5 5.43 3.16 1.44 1.67 Key 
s6 2.39 1.27 0.63 0.67 Independent 
s7 1.86 1.69 0.49 0.89 Independent 
s8 2.95 1.41 0.78 0.74 Independent 
s9 3.50 1.48 0.92 0.78 Independent 
s10 5.49 1.61 1.45 0.85 Pushing 

Source Processed by the authors

percentage of added value 24,13 for Attica, 25,1 for Macedonia, and 
22,5 for Western Greece. Beyond that, only the region of Western Mace-
donia has another key factor, k3 (Processing) with a percentage of added 
value 8,63. It is worth noting that both sectors have strong backward and 
forward multipliers.
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Table 3.7 Rasmussen classification and backward-forward multipliers for the 
region of Western  Greece  

Multipliers 

Sector Backward Forward PD SD Classification 

s1 2.04 1.43 0.77 0.87 Independent 
s2 1.54 1.32 0.58 0.80 Independent 
s3 2.82 2.62 1.07 1.58 Key 
s4 4.14 1.51 1.57 0.91 Pushing 
s5 3.69 2.55 1.40 1.54 Key 
s6 1.96 1.19 0.74 0.72 Independent 
s7 1.49 1.65 0.56 1.00 Strategic 
s8 2.42 1.24 0.92 0.75 Independent 
s9 2.57 1.46 0.97 0.89 Independent 
s10 3.75 1.55 1.42 0.94 Pushing 

Source Processed by the authors

Sector k10 emerges as a pushing sector in all three regions (Arts, 
entertainment, recreation, other service provision activities, activities of 
households as employers, diverse household activities relating to the 
production of goods and services for own use, activities of extraterrito-
rial organizations and agencies, news coverage and communication) with 
a percentage of added value of 7,59 in Attica, 5,49 in Central Mace-
donia, and 5,57 in Western Greece. Also, pushing sector located in Attica, 
is sector k9 (Public administration and defense, mandatory social insur-
ance, education, activities to do with human health and social welfare) 
which is explained by the concentration of these mechanisms in Athens, 
while in Central Macedonia and Western Greece pushing sector is k4 
(Constructions). 

The economy’s independent sectors that were identified in all three 
regions are k1, k2, k6 (Agriculture, forestry, and fishing; mines, quarries, 
industry, provision of electricity, natural gas, steam, air-conditioning and 
water, processing of sewage, refuse management and sanitation; fiscal and 
insurance activities) with a sum total of added value 10,2 in Attica, 13,14 
in Central Macedonia, and 18,26 in Western Greece. In the Attica region, 
k4 is found to be independent, and in Central Macedonia and Western
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Greece two more independent sectors are found, k8 and k9 which have 
mostly to do with service provision. 

Finally, the strategic sectors in the economy of Attica are k3 and k7 
(Management of real estate), in the economy of Central Macedonia, k3, 
and in the economy of Western Greece k7, with k7 having over double 
the percentage of added value of k3, in which, however, fairly high values 
are obtained for both backward and forward multipliers. 

3.8 Conclusions 

Input–output tables have a wide range of applications and outcomes for 
economic policy and they highlight an economy’s interconnectedness. 
Although they are fairly widely used at a national level, Greek economy 
lags significantly behind in the use of input–output tables at regional level. 
The particularity of regional analysis is that it requires the extraction of 
regional data and, in the case of input–output tables, requires the region-
alization of the national tables. To this end, utilizing the App-RegMIP 
instrument, we have carried out the regionalization of the three more 
important regional economies of Greece (Attica, Central Macedonia, and 
Western Greece). Next, using Rasmussen’s criterion, we classified the 10 
sectors of the three regional economies into key, pushing, independent 
and strategic, based on the significance of each for the economy and the 
interconnectedness characteristics they possess. In this process, key sectors 
were those relating to commerce, such as trade, transport and storage and 
services of accommodation and food provision, while for Western Greece, 
a key sector is that of Processing. By contrast, the relatively independent 
sectors are primary ones (agriculture and mining) and the production of 
energy and financial services, as these are sectors which systematically do 
not form high interconnections with the rest of the economy. On the 
contrary, other sectors which appear as independent, such as constructions 
in Attica, appear as pushing in the rest of the regions.
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Appendix 

See Table 3.A1 

Table 3.A1 Presentation of the Sectors’ coding 

Code NACE Code Analytic Description 

k1 A Agriculture, forestry and fishing 
k2 B + D + E Mines, quarries, industry, provision of electricity, 

natural gas, steam, air-conditioning and water, 
processing of sewage, management of refuse and 
sanitation 

k3 C Processing 
k4 F Constructions 
k5 G + H + I Wholesale and retail, repair of engine driven vehicles, 

transport and storage, activities for the provision of 
accommodation and food 

k6 K Fiscal and insurance activities 
k7 L Management of real estate 
k8 M + N Vocational, scientific and technical activities, 

administrative and supporting activities 
k9 O + P + Q Public administration and defense, mandatory social 

insurance, education, activities to do with human 
health and social welfare 

k10 R + S + T + U + J Arts, recreation, entertainment, other service provision 
activities, activities of household as employers, diverse 
household activities to do with the production of 
goods and services for own use, activities of 
extraterritorial institutions and agencies, news coverage 
and communication 
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PART II 

Relations in the Greek Industries



CHAPTER 4  

Networks in Ownership and Management 
Structures 

Giorgos Vasilis 

4.1 Introduction 

In general, a network is a system consisting of many similar parts that 
are connected together to allow movement or communication between 
or along the parts, or between the parts and a control center (Cambridge 
Dictionary, n.d). Networks can develop at several levels: individual (social 
network), organizational, cross-organizational (a system between organi-
zations), and international. According to Castells (1996), a network is 
“that specific form of enterprise whose system of means is constituted by 
the intersection of segments of autonomous systems of goals” (p. 171), 
a definition that applies to all networks. But what is, overall, the role of 
networks? We may consider the action or the process of interaction with
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others in the service of exchanging information and developing profes-
sional or social contacts as a network’s main function which can thus 
be defined as the act of generating or establishing a group of organi-
zations with the aim of exchange, action, or production between the 
organization’s members (Alter & Hage, 1993). 

For the purposes of this overview, a network may be defined as a 
set of autonomous organizations which come together to attain goals 
that they cannot attain separately (Chisholm, 1998). Chisholm (1996) 
explains that the organizations/members belong to networks in order to 
be able to handle the meta-problems that lie behind many problems and 
understanding which is essential to finding a solution. In terms of systems 
theory, an individual organization’s commitment to a higher aim or goal, 
is considered to affect the entire system. The network is thought of as 
an organizational innovation apt to be quickly adopted because it offers 
a competitive advantage (Alter & Hage, 1993; Jarillo, 1993). Networks 
are not characterized by centralized power but, rather, they are by defi-
nition decentralized forms of organization (Chisholm, 1998), structured 
usually horizontally, and not vertically. At the same time, they contribute 
to the distribution of labor among the contracting parties (Alter & Hage, 
1993), thus ensuring the valuable contribution of each member, as well 
as creating interdependent relationships. 

The bibliography concerning the study of networks covers a wide range 
of scientific fields, including, among others, sociology, the political and 
administrative sciences, information and systems science, biology, et al. 
In this case, we look to the bibliography concerning the application of 
networks to the field of economics, i.e., corporate networks and, espe-
cially, those created and developed between companies through board 
and ownership interlocks.1 Corporate networks of this kind are not a 
novel phenomenon. They appeared during the Second Industrial Revo-
lution and the creation of modern corporations, and they were analyzed 
since the end of the nineteenth century, with the academic community 
and governments initially focusing on the danger implicit in the strength

1 Corporate networks may assume many forms such as, for instance, the interconnec-
tions formed between organizations by means of trade (Wilhite, 2001), inter-organization 
loaning (Battiston et al., 2016), or the relationships with the suppliers (Choi &Wu, 2009). 
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and power corporations assumed due to their size (trusts) and the elim-
ination of completion which this entailed (David & Westerhuis, 2014). 
At the center of such considerations was also the crucial role of financial 
institutions in the formation of corporate networks (Hilferding, 1910; 
Jeidels, 1905). 

So, then, the present chapter initially focuses on corporate networks as 
smallworlds (Sect. 4.2). Next (Sect. 4.3), we focus on the bibliography 
relating to board interlocks as a crucial form of corporate networks. In 
Sect. 4.4, we look at the connection between companies that assumes 
the form of ownership interlocks, also known as ownership networks. 
In Sect. 4.5, reference is made to the institutional environment and 
how it affects the interlocking behavior of companies. In the sequel 
(Sect. 4.6), there is specific reference to the empirical studies concerning 
Greek enterprises. Finally, in Sect. 4.7, the challenges for future research 
are presented, which relate to ownership and board interlocks. 

4.2 Corporate Networks as Small-Worlds 

Since the 1960s, technical developments, particularly the development of 
graph theory,2 have allowed for the better modeling and visual rendering 
of the relationships and bonds which develop in corporate networks. 
More recent developments in computer graphics have introduced new 
techniques for the exploration of networks with a complex structure. 
Corporate networks created through board- or ownership interlocks have 
been extensively treated in the bibliography as graphs comprised by a set 
of elements: nodes, otherwise known as vertices—usually the corpora-
tions—and the edges3 —usually the directors or owners—which make for 
a link4 connecting two nodes. Certainly, both directors and owners may 
be considered as a type of node, while a link may signify different types 
of relationships.

2 In mathematics, graph theory is the study of graphs, i.e., mathematical structures used 
to produce models of the relationships between objects. 

3 A node’s linked part is that part of the graph comprised by the node itself and all 
the other nodes that it may reach through paths delineated along the edges. The distance 
between two nodes is the number of edges connecting them, while the shortest path 
connecting two nodes (in the sense of crossing the fewest edges) is known as geodesic. 

4 When the links approach the maximum number of connections between the nodes, 
then the network is designated as thick, otherwise as sparse. 
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The analysis of social networks constitutes a crucial methodology for 
the analysis of the relationships between the actors (Burt, 1992). Inside 
the social network that is structured as a graph, certain nodes (compa-
nies or individuals) may exert a stronger influence or have higher status, 
data which can be measured by certain indicators of the centrality5 of 
the node’s position. This has attracted wide research interest (Larcker 
et al., 2013; Mariolis & Jones, 1982; Pfeffer & Salancik, 1978; Takes & 
Heemskerk, 2016) mostly in investigating the powerful or, at least, advan-
tageous position of an organization inside the network or the correlation 
between the position of an organization inside the network and its perfor-
mance, without, however, this being considered as always positive (Andres 
et al., 2013). 

Corporate networks as graphs develop in formations and patterns 
(clique, pyramid, star, circle, et al.) that may differ from country to 
country, implying a different structure and relationship between the orga-
nizations inside the network (Windolf & Beyer, 1996). Due to the fact 
that cliques are subgraphs where every node is connected to every other 
node (full connectivity), it comes as no surprise that there are many 
approaches/methods of community detection in corporate networks, 
based on the investigation of cliques (Heemskerk & Takes, 2016; Piccardi 
et al., 2010; Vitali & Battiston, 2014), as more information is thus 
available at the topical level of connections. 

In the research of boards and corporate interlocks, the network is 
mostly made up of one type of node, corporations, which are linked by 
one type of connection, the directors who sit on two or more boards 
(Bizjak et al., 2009; Davis,  1991; Edling & Sandell, 2001; Haunschild, 
1993). The network consisting of one type of node (corporations, or their 
owners in the case of ownership interlocks) is called 1-mode network or 
unipartite graph. Insofar as the interlocks may be due to the corpora-
tions’ strategy, this appears normal. However, this is not the only possible 
mapping of the interconnections. Another possible network transforma-
tion is if it is approached as a network of directors (or owners in the case

5 Such indicators are, the degree of centrality, closeness of centrality, betweenness 
centrality, and eigen vector centrality. The first concerns the sum total of tips that are 
connected inside a node; the second, the average length of the smallest route between 
the node and all the other nodes in the graph; the third defines the times when a node 
operates as a bridge along the shortest route between two other nodes; and the last one 
measures a node’s influence in the network, defined by the value of the nodes to which 
it is connected. 
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of ownership interlocks) who are linked via the organizations (Battiston & 
Catanzaro, 2004; Burris, 2005; Carroll, 2004; Davis et al., 2003). In all 
cases, however, the unipartite graph cannot fully account for the complex 
ties that develop simultaneously among the companies and those among 
the directors or owners. 

Moreover, it is possible to analyze the network as a graph made up 
by both directors (or owners) and a company as nodes6 (Newman et al., 
2001; Robins & Alexander, 2004; Wang et al.,  2009), with the connec-
tion between a director and a corporation meaning that the director is a 
board member of that particular company. A network with two different 
types of nodes is called a 2-mode network or bipartite graph.7 A network’s  
downgrade, in terms of the approach to it, from 2-mode to 1-mode, 
always implies a loss of information (Bohman, 2012). In this case also, the 
connections are generated between nodes of different types. The analysis 
of the three levels is more complex but provides additional information 
about the relationships that evolve within the network. 

A particular type of mathematical graph is the small-world network 
which possesses certain attributes.8 The small-world may be considered 
as a social network where many dense grids of actors are character-
ized by relationships that operate as conduits of control and information

6 In the mathematical field of graph theory, this constitutes a bipartite graph whose 
vertices can be divided into two separate and independent sets so that each edge connects 
a summit of one set with a summit of the other. 

7 In this type of network, the connections are generated always between nodes of 
a different type, but it is also possible, through the analysis of two distinctive unipartite 
graphs, to more fully depict the ties that develop inside the network: between corporations, 
or between directors (or owners) but also between the two. 

8 The two main qualities that characterize a small-world, according to the Watts-
Strogatz model (Watts & Strogatz, 1998), which is a specific category of small-world 
networks of random graphs, are the concepts of the mean path length—which is to 
say randomly selected pairs of nodes that turn out to be unexpectedly close to one 
another—and high clustering—the tendency for nodes of the network to be in the same 
“neighborhood”. By contrast, according to the Erdős-Rényi model (Erdos & Renyi, 
1959), the Poisson random graphs show a small index of clustering—inconsistent with 
the observed real social networks (Watts & Strogatz, 1998). 
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(Milgram, 1967; White,  1970).9 As, for instance, from people’s friend-
ship relationships at the micro-level of a social system, we are able to 
observe a small-world structure at the (macro) level of a social system 
(Watts & Strogatz, 1998), so have corporate networks been extensively 
analyzed in the bibliography as small-world networks in relation to the 
sum total of the corporate large-world. In such a network, a relatively 
large number of organizations can be connected to others through a 
small number of ties. Many studies in the recent bibliography of board 
and ownership interlocks investigate whether corporate networks meet 
the small-world requirements (Davis et al., 2003; Heemskerk & Takes, 
2016; Kogut &Walker, 2001; Robins & Alexander, 2004). These studies 
are usually empirical and their analysis covers specific geographical param-
eters. The study by Kogut and Walker (2001) of German corporations 
was the first to introduce a topological analysis of ownership networks. 

4.3 Board Interlocks and Corporate Networks 

Corporate networks assuming the form of board interlocks, otherwise 
known [as] interlocking directorate or overlapping directorships, have 
monopolized research interest on the networking of companies. At all 
events, interconnected directors in the United States (US) are an estab-
lished practice of companies listed at the stock exchange, since the 
beginning of the twentieth century (Mizruchi, 1982), and globally, too, 
this is the rule rather than the exception among big companies (Davis & 
Greve, 1997). The bibliography on the use of corporate interconnec-
tions starts at the beginning of the past century, flourishes in the 1970s 
and 1980s and further intensifies in the 1990s (Mizruchi, 1996), and 
continues to the present with renewed impetus, provided by further 
developments in graph theory at the beginning of 2000s. 

Alongside the increased interest, the criticism leveled at this research 
has also intensified. The main objections center on the inability of 
the analysis of corporate interconnections to predict corporate behavior

9 Renowned psychologist Stanley Milgram (1933–1984) was the first to analyze the 
issue of the small-world (Milgram, 1967) through the mean number of connections 
between two individuals randomly selected from a population. From this research, the idea 
emerged that any two people (in the United States) could be connected through a chain 
of six contacts (at an average). An important offshoot of this work is the investigation of 
several sets of random graphs (Newman et al., 2001). 
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and correlate those ties with corporate performance, or even record 
the complexity and composition of the corporate interlock networks 
(Mizruchi, 1996; Zajac, 1988). 

Nonetheless, despite such criticism, interlocks remain a powerful indi-
cator of the interrelationships between companies (Mizruchi, 1996). 
Although in the United States, the anti-monopoly legislation of 1914 
(Clayton Antitrust Act) forbids board interlocks between companies in 
the same sector (Fennema & Schijf, 1978)—as this would mean a poten-
tial alliance, especially among the larger organizations and, hence, a 
violation of anti-monopoly legislation—at least one in eight of over-
lapping directorships in the United States is between companies that 
are supposed to be in competition (Wardrip-Fruin & Montfort, 2003, 
p. 480). 

Board interlocks can efficiently interconnect unconnected companies 
(Kang, 2008), leading to inter-corporate ties via the creation of social 
networks. Hallock (1997) points out that the prevalence of such ties is 
too pronounced to be accidental and probably reflects essential mecha-
nisms of organization. One reason why interconnections between boards 
are so popular, is that they represent a reliable and low-cost conduit of 
information and communication between companies (Haunschild, 1993). 

We have board interlocks when a member of a company’s directorial 
board also sits on another board, or several (Mizruchi, 1996; Pennings, 
1980). They are thus defined in their simplest form, as the relation-
ship created between two boards when they share at least one member, 
with the network of those relationships (board interlocking network) 
comprising the total of the companies’ boards, along with all the existing 
interconnections entailed therein (Mizruchi, 1996). Two companies have 
an immediate interconnection (direct interlock) if a member of the direc-
torial board of one simultaneously sits on the directorial board of the 
other, and indirect interconnection (indirect interlock) if at least one 
member on the directorial board of each company sits on the board of a 
third (Green & Semple, 1981; Salinger, 2005). Although this distinction 
is not commonly made in the bibliography, indirect interconnection may 
be an even more important form of connection which, moreover, does 
not fall under the legal restrictions that apply to direct interconnection 
(Green & Semple, 1981).
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What is it, however, that has caused the prevalence of board interlocks 
and what is their role? There have been a number of explanations as to the 
reasons for the emergence and spread of the phenomenon, as there have 
been attempts to analyze its implications beyond the economic realm, 
at a political and social level. Bibliography on board interlocks is now 
fragmented, as it draws from several scientific disciplines and uses a variety 
of theoretical perspectives without a unified understanding of how the 
finds of the bibliography fit together. 

The first unified approach is by Mizruchi (1996) and, as he explains, a 
central issue in the research on the interconnections of corporations has 
been and continues to be, what interconnections do. Mizruchi (1996) 
distinguishes five basic determining factors which explain the formation 
of board interlocks: collusion, cooptation and monitoring, legitimacy, 
career advancement, and social cohesion. These factors (see below) have 
prevailed in the explanations offered in the bibliography on the emer-
gence of the phenomenon. Additionally, a frequent distinction in the 
bibliography is between the factors responsible for the formation of board 
interlocks into those concerning the companies’ activity or pursuit and 
those concerning the behavior or motives of the individuals-directors. 

As an initial approach, the inaugural theories (Dooley, 1969; Hilfer-
ding, 1910; Jeidels,  1905) argued that it was the banks’ pivotal position 
in the financial system that led to the creation of such ties between finan-
cial institutions and companies. Financial institutions exerted influence on 
non-financial institutions aiming to control them, which created relation-
ships of power and interdependency. Besides, companies with great capital 
requirements tend to interconnect with banks (Mizruchi & Stearns, 1988; 
Pfeffer, 1972), while financial institutions try to get a representative on a 
company’s board so as to better monitor the company’s financial state of 
affairs (Eisenhardt, 1989; Mizruchi, 1982). Dooley (1969) ascertains that  
five distinct factors are responsible for the appearance of board interlocks: 
(1) the size of the company, (2) the extent of control by the manage-
ment, (3) the company’s financial connections, (4) the relationship with 
the competitors, and (5) the presence of topical financial interests. 

A large part of the relevant bibliography interprets board interlocks as 
attempts at inter-corporate control and supervision (Allen, 1974, 1978; 
Burt, 1983; Gulati & Westphal, 1999; Kotz, 1978; Mizruchi, 1982; 
Zeitlin, 1974). The interconnections in this case result from companies 
wishing to gain control over others by accessing positions in their direc-
torial boards, though with unsound corporate governance and collusion
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as possible consequences. A more positive version of the control theory 
is that companies strive for control through collaboration, and interlocks 
are merely manifestations of the companies’ interdependency (Pfeffer & 
Salancik, 1978). These are seen as non-competitive interactions, beneficial 
to all parties involved. Within this analytic framework, the corporate elite 
promotes cooptation, and interlocks represent companies’ attempts to 
predict unexpected events in their environment and consolidate their rela-
tionship with other companies (Allen, 1974). Nevertheless, the inability 
to locate dense networks in many cases (Scott, 1997) weakened the argu-
ment for coordinated action, favoring alternative interpretations of the 
phenomenon of board interlocks (Useem, 1984). 

Thus, through a wide range of analysis, it has been suggested in the 
bibliography that board interlocks are created because they contribute 
to a social structure that supports the cohesion of the corporate elite 
(Chu & Davis, 2016; Heemskerk & Takes, 2016; Palmer,  1983; Useem, 
1982; Zeitlin, 1974). The directors frequently come from higher social 
classes, having similar educational backgrounds and shared channels of 
contacts, resulting in the creation of a social “inner circle”. In this context, 
ties between companies may be interpreted in terms of the existence of 
a hegemonic class (Koenig & Gogel, 1981), the social class approach 
(Ornstein, 1984) or, also, the directors’ social affinity (Yue, 2012) and  
the theory of social networks (Bohman, 2006, 2012). 

Another frequently addressed matter concerning directors’ motives 
that is thought to account for the interconnections of directorial boards, 
has to do with the prospects of professional advancement and the bene-
fits (higher salary and status) these ties can offer to directors (Westphal & 
Stern, 2006) and managing directors (Kramarz & Thesmar, 2013). These 
interconnections work to signal the extensive networks of some direc-
tors, leading to higher social capital, and offering them greater flexibility 
and access (Johnson et al., 2011). This may be explained for by the fact 
that well-connected directors have a great many conduits for dissemi-
nating information and exercising control (Coleman, 1990), thus availing 
themselves of the opportunity to connect companies which could not 
otherwise be connected (Burt, 1992). 

Thus, board interlocks are considered beneficial as the interconnected 
members carry their experience to other companies that are called on 
to make similar decisions (Davis, 1996), and provide valuable infor-
mation for the consideration of other managing directors (Lorsch & 
Maclver, 1989; Useem, 1984). The motive for incorporating someone
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who belongs to the directorial board of another company, may also have 
to do with the person’s special traits and abilities (their human capital) 
which, however, does not have a direct bearing on the company itself. 
In general, a great part of the relevant bibliography argues that board 
interlocks help the interconnected companies overcome their dependency 
on resources (resource dependence theory) through formulating a set of 
strategies (Burt, 1978; Hillman et al., 2009; Ong  et  al.,  2003; Shrader  
et al., 1991; Simoni & Caiazza, 2012). Those managing the company 
are motivated to ensure its survival and reinforce their own autonomy, 
while maintaining stability in the organization’s transactions (Pfeffer & 
Salancik, 1978). 

Moreover, board interlocks are useful as the company’s quality 
signaling, highlighting its position in its environment (Certo, 2003; 
Connelly et al., 2011; Kang,  2008) and aiding in the better dissemination 
of the company’s reputation, both positive (Certo, 2003) and negative 
(Kang, 2008). If a company becomes interconnected with another of 
“good” reputation, it sends out a signal of high quality to interested 
parties (such as stock holders and investors) who are assessing it, thus 
taking advantage of a spillover effect due to the board interlocks. 

Beyond the companies’ motives for connecting through board inter-
locks, research interest has also focused on the impact these ties have 
on companies. Many previous studies have shown that these actions 
help interconnected companies to manage the uncertainty in their envi-
ronment (Martin et al., 2015; Mizruchi & Stearns,  1988; Ong et al., 
2003; Shrader et al., 1991; Stearns & Mizruchi, 1986; Useem, 1984), 
while also making available information which would not otherwise be 
accessible (Haunschild & Beckman, 1998). When companies operate in 
conditions of high uncertainty, they often perform better if they have 
developed more board interlocks (Boyd, 1990). These ties reduce uncer-
tainty because they improve access to higher up channels of information 
and communication (Hillman et al., 1999). Useem (1984) argues that 
the greater a company’s centrality is in the network, the more access to 
information it has. 

At the same time, board interlocks are thought to allow the dissem-
ination of new practices of corporate governance (Davis, 1991; Larcker 
et al., 2013; Palmer et al.,  1993; Shropshire, 2010; Tuschke et al., 2014), 
while they may also facilitate strategic choices such as alliances, merges 
and buy-outs or the listing of companies in the stock exchange (Gulati & 
Westphal, 1999; Moore et al., 2012; Rousseau & Stroup, 2015). Davis
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(1991) has shown that the network of interconnections can contribute 
to the process of a company’s strategic defense against threats of a buy-
out (poison pills). At the same time, however, buy-outs and mergers can 
disseminate inside the network through mimetic practices (Haunschild, 
1993). Mimetic behaviors inside the network are more likely to occur 
when there is a high level of uncertainty and ambiguity and there is a 
dearth of alternative sources of information (Haunschild & Beckman, 
1998). 

As a result of the above factors, board interlocks have real consequences 
and are capable of affecting the performance and behavior of the intercon-
nected companies (Beckman & Haunschild, 2002; Cai & Sevilir, 2012; 
Haniffa & Hudaib, 2006; Harris & Shimizu, 2004). The acquisition of 
the necessary resources and information operates as a basis for this to 
occur (Davis & Cobb, 2010). Interconnections of this type, aided by the 
process of learning and dissemination (Davis & Cobb, 2010; Hillman 
et al., 2009), boost research and growth, thus improving the performance 
of companies (Davis, 1991; Gronum et al., 2012). Moreover, the inter-
connections of directorial boards facilitate access to capital (Stearns & 
Mizruchi, 1993) and a company’s loaning (Mizruchi, 1996), as well as 
the formation of corporate alliances (Gulati & Westphal, 1999), aspects 
that bolster the company’s position. Nevertheless, certain studies indi-
cate that board interlocks may also be related to a decline in performance 
(Fligstein & Brantley, 1992; Stokman et al., 1985). The negative corre-
lation between the ties of directorial boards and companies’ performance 
may be explained by the fact that the connected members may be loyal 
to their social circle (elite) rather than their corporate boards, with the 
result that they are more interested in social cohesion rather than finan-
cial outcomes (Burris, 2005), or that occupying multiple positions on a 
number of directorial boards may adversely affect their efficacy in tending 
to the company’s management (Andres et al., 2013; Harris & Shimizu, 
2004). 

4.4 Corporate Networks 

of Interlocking Ownership 

A significant part of the bibliography has focused on the other type 
of interconnection between companies that we are looking at, namely, 
ownership interlocks, otherwise known as ownership networks. Owner-
ship interrelatedness, in its simplest form, creates a network where two
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companies are connected if one owns a certain percentage of the other 
(Vitali & Battiston, 2014; Vitali et al., 2011). This type of connec-
tion between companies has proven extremely important in, among 
others, understanding corporate control and flows of value globally (Glat-
tfelder & Battiston, 2009; Vitali et al., 2011). Another possibility is the 
ownership bond due to the connection between two companies by means 
of the same owner (indirect connection) with, generally, companies also 
able to connect through more than one owner. 

Stockholders in a company may be entities that cannot belong to others 
(e.g., natural persons, families, associations, and public agencies) or other 
companies. Thus, a distinction is made between primary owners (individ-
uals) and secondary owners (companies). Direct ownership in a sector can 
be easily ascertained from the records of the distribution of shareholding, 
however, due to cross-shareholding,10 the true ownership structure may 
be hidden behind a composite or not readily visible network of indirect 
relationships and interdependent owners. This scenario concerns forms 
of indirect ownership, i.e., ownership through another entity (company) 
which generate indirect interests among shareholders, whether these are 
individuals or companies.11 

These composite structures of ownership form patterns of corporate 
networks (Almeida & Wolfenzon, 2006; Rungi et al., 2017; Wolfenzon, 
1999) and their analysis bears on a wide range of issues, such as, for 
instance, patterns that relate to companies’ tax evasion (Richardson et al., 
2016). According to Levy and Szafarz (2016), there are four reasons 
which can motivate the existence of composite ownership systems: (1) 
the boosting of cooperation between companies which own one another, 
(2) a silent alliance and the increase of market power, (3) the attraction of 
external stock holders, and (4) corporate control which can be beneficial, 
although at the expense of the minority of stockholders (tunneling). 

Although a great many studies exist of ownership structures, a compar-
atively small number focus on indirect ownership or issues to do with 
cross-partnerships. In the bibliography, indirect ownership has been

10 These concerns ownership structures such as pyramid shareholding, one-sided 
shareholding, reciprocal shareholding, and cyclical shareholding. 

11 As a simple example of composite ownership structure, individual A owns part of 
the stocks of Company B, which is also the part owner of Company C. Even though A is 
not a shareholder of (so not directly interested in) Company C, he is an indirect “owner” 
and, thus, benefits from its revenue because of Company B. 
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linked to great benefit for the shareholders (Dietzenbacher et al., 2000; 
Flath, 1992, 1993). Nevertheless, the connection is not necessarily posi-
tive for the performance indices of the connected companies, with 
empirical outcomes being usually dubious or contradictory (Flath, 1993; 
Lichtenberg & Pushner, 1994; Morck et al., 2000; Yafeh & Yosha, 2003), 
which is also the case for the impact of composite ownership structures 
on the remunerations of managing directors (Allen, 1981). 

Ownership networks have also been studied to ascertain the transmis-
sion of economic distress from one or more companies to the network 
(financial contagion effect) and the consequent ramifications (Bardoscia 
et al., 2017; Dastkhan & Gharneh, 2019; Elliott et al., 2014). In addi-
tion, ownership links have proven decisive in locating offshore fiscal hubs 
(Garcia-Bernardo et al., 2017; Rungi et al., 2017) or for the ability 
of multinational companies, due to the centrality of their place in the 
network, to affect public policy (Compston, 2013). More generally, the 
position of a crucial company in the network, is an indicator of the 
influence it may exert on restructuring practices (such as buy-outs and 
mergers) inside the network (Kogut & Walker, 2001). 

Cross-shareholdings can potentially lead to silent collusions with the 
aim of increasing the power of companies (O’Brien & Salop, 2000). 
Companies may have reduced motives for competition due to owner-
ship ties, resulting in high prices and low production (Azar et al., 2018). 
Research shows that this is dependent on the sector’s structure and that, 
though such practices do exist in companies related by ownership, they 
are not necessarily the rational choice (Alley, 1997; Gilo et al., 2006; 
Reitman, 1994). 

In studying the architecture of the global ownership network, Vitali 
et al. (2011) attempt to gather and process all the observable structures of 
ownership around the world, using the concepts of composite networks. 
The research shows that the main part of the existing ownership and 
(flows of) value in global markets is monopolized by a small group of 
shareholders, with the centralization of control resulting in the forma-
tion of many “hyper-entities” which control the largest part of companies 
worldwide, thus raising issues of financial stability and competition at a 
global level. 

The fact that the control of companies is dispersed among many share-
holders, particularly in Anglo-Saxon countries, makes it look like that 
there is a crowd of shareholders owning a small number of stocks in 
some companies. By contrast to this impression, however, Glattfelder and
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Battiston (2009), looking at the stock markets of 48 countries, show that 
through composite ownership networks, a local distribution of control is 
linked to a global concentration of control and input—a fact which had 
not been systematically addressed previously. In a larger sample, Rungi 
et al. (2017) examine the patterns formed by ownership networks in 208 
countries and come across a high concentration of corporate power, as 
less than 1% of the parent companies—which have over 100 subsidiary 
companies—are responsible for more than 50% of sales globally. 

The ties of shared ownership are a particular kind of inter-corporate 
relationships and indubitably represent a vested interest in having a say in 
the control of company decisions. Nevertheless, only a small portion of 
the bibliography includes ownership networks in its study of areas relating 
to corporate control, its flow (Battiston, 2004; Chapelle & Szafarz, 2005; 
Davallou et al., 2015; Dorofeenko et al., 2007; Glattfelder & Battiston, 
2009) and concentration (Brancaccio et al., 2018; Vitali et al., 2011). 
Games theory has been used as a method for analyzing the quantifica-
tion of corporate control through voting systems, though this is a fairly 
heterogeneous body of research, differing in both their aims and their 
field of analysis (Aminadav et al., 2011; Karos & Peters, 2015; Levy, 
2009; Levy  & Szafarz,  2016; Rungi et al., 2017). 

By contrast, the demarcation between ownership and company control 
is a frequent subject of analysis in the bibliography on composite owner-
ship networks (Ben-Nasr et al., 2015, Claessens et al., 2000; Laeven & 
Levine, 2008; Lemma & Negash, 2016; Lingmin, 2016; Napoli, 2018; 
Paligorova & Xu, 2012). By and large, the above studies concern statis-
tical approaches and their main contribution consists in the introduction 
of a rule aiming to demarcate ownership from rights to control (Claessens 
et al., 2000), the so-called weakest link principle12 which, however, 
has disadvantages and limitations (Dietzenbacher & Temurshoev, 2008). 
Because of cross-shareholdings and the ownership patterns that emerge 
(such as pyramids) the rights to control (vote) many times exceed the 
rights of the dividends (Claessens et al., 2000; La Porta et al., 1999). 
More recently, problems relating to ownership networks and issues of 
control have been methodologically approached through some models 
of optimization (Di Giacomo & Cenci, 2018; Martins & Neves, 2017; 
Romei et al., 2015).

12 This rule can be summed as follows: if company A owns 10% of company B’s shares 
and company B owns 20% of company C, then, company A controls 2% of company C. 
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4.5 Institutional Environment 

and Comparative Study 

Because research on ownership and board interlocks limits itself to the 
interconnections that develop at a national level and/or the analysis of 
a small time period, it enhances our understanding only partially, due 
to each country’s particular characteristics, and the change occurring in 
networks over more long-term periods. Any comparative studies of corpo-
rate networks between countries only concern small time periods while 
studies concerning the long-term development of corporate networks 
focus at the national level. 

The first full and systematic cross-country comparative study is by 
Stokman al. (1985). Their book focuses on corporate interconnections 
between the 200 largest companies in 10 Western European countries and 
explores company interconnections across countries and their effects on 
company performance, highlighting structural differences between coun-
tries. Scott (1991) was among the first to explain that differences in the 
countries’ structural background that are due to cultural and historical 
factors that can lead to a different structure and development of corpo-
rate networks, making a distinction between Great Britain and the United 
States, and between mainland Europe and Asian countries. 

Institutional divergence and differences in ideological and economic 
background influence the pattern and distribution of ownership ties 
among the largest companies, shaping different corporate bonds in 
different countries. For example, in the United States a negative attitude 
toward large companies has led to aggressive restrictions in the ability of 
financial institutions and organizations to control public companies (Flig-
stein, 1990), while, at the same time, as also happens in Great Britain, 
pension funds, mutual trusts and distinct individual shareholders are the 
main owners of large companies (Useem, 1996). By contrast, in Germany, 
banks and large companies have prevailed as owners of large enterprises 
(Jurgens et al., 2000). 

The presence of powerful institutions affects corporate structuring. 
Rungi et al. (2017) correlate decisions of strategic inter-corporate control 
with the institutional environment. Among other things, they show that 
the pyramidal structures of ownership networks that operate as channels 
of control at a global level, are less likely to develop in countries with 
powerful economic institutions and a staunch adherence to contracts as 
these reinforce more transparent forms of corporate governance.
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Franks and Mayer (1997) locate two ownership structures, internal and 
external systems, on the basis of which, US and British companies are 
distinguished from French and German ones. An internal system entails 
certain small companies listed in the stock market, which are character-
ized by a few interactions and represent a complex corporate ownership 
network. By contrast, an external system involves many large companies in 
the stock market, with more interaction between the companies but less 
ownership ties. The research outcomes indicate that French and German 
companies mainly follow the ownership structure of the internal system, 
while US and British ones, that of the external system. 

Windolf and Beyer (1996), studying the corporate networks formed by 
ownership and board interlocks in the 623 largest companies of Germany 
and the 520 largest companies of Britain, conclude that Germany reflects 
a system of “cooperative capitalism”, while Britain is an instance of “com-
petitive capitalism”. In Germany, by contrast to Britain: (1) ownership 
(stocks) is particularly concentrated, allowing owners to dominate the 
company; (2) the network of board interlocks is closely tied to the 
capital network, i.e., serves the reinforcement of the owners’ power; 
and (3) both networks are amassed within the same sector (horizontal 
interconnections), i.e., connections between competitors are very likely. 

Following the distinction between “varieties of capitalism” made 
byHall and Soskice (2001),13 van Veen and Kratzer (2011) focus on 
the structural aspects of board interlocks between fifteen European coun-
tries (see Sect. 4.6). Their results show great quantitative differences in 
the network’s denseness within the countries closely associated with the 
prevalent capitalist system in each country, whereas at the level of a Euro-
pean network, the countries occupy completely different positions. This 
happens because a country’s international position depends significantly 
on the network’s structure and the duration of the country’s membership 
in the EU (van Veen & Kratzer, 2011).

13 The distinction concerns liberal market economies (LME) versus the coordinated 
market economies (CME). In LME, companies plan their activities mainly based on 
markets and hierarchies, while in CME, they are more dependent on the relationships 
outside the market. Also, in LME, companies turn to financial markets for investment 
capital and, as a result, transparency is important and stock prices are a primary crite-
rion of company performance. By contrast, in CME, companies are funded by debt and 
banks play an important role, while there are close-knit ties between banks and industrial 
companies. In this case, reputation and trust, rather the price of stocks, are important 
criteria of company performance. 
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Research into corporate networks has nevertheless shown that the cate-
gorization of countries isn’t straightforward. Kogut (2012) has shown 
that the dichotomy between the free market and the coordinated market 
economies is rather blurred. By collecting data to do with ownership and 
board interlocks on 22 countries around the world, he found among 
others, that there are significant differences between the Anglo-Saxon 
countries (the United States, Great Britain, and Canada) while, behind 
these differences, certain continuities persist, such as the adherence of 
small-world attributes to corporate networks (Kogut, 2012). 

Using data from 2005 on the corporate networks in 12 countries, 
Cardenas (2012) contributes another distinction to the one concerning 
the varieties of capitalism, one which is based on the joint influence of the 
financial system, state intervention, ownership structure, and the global-
ization of the creation of corporate networks in every country (Cardenas, 
2012, pp. 315–316). Classifying the countries in two groups, corporate 
networks in the first group may be described as cohesive: the power struc-
ture is located in unity, concentration, and control. The cohesive network 
in Italy, France, Germany, and Spain is consistently explained by the 
combination of the economy structure which is centered around banks, 
the interventionist state, the concentrated ownership, and the small finan-
cial internationalization. The networks of the second group of countries 
(Canada, Australia, Switzerland, the United States, and Great Britain) are 
described as dispersed, as they are fragmented, decentralized, and with 
more unified ties due to the combination of non-interventionist state, the 
market-centered structure of the economy and decentralized ownership. 

Collecting data from the largest companies in 208 countries, 
Heemskerk and Takes (2016) examine the topological attributes of a 
global corporate network—made of 968,409 companies interconnected 
through board interlocks—in which are included all personal intercon-
nections, both at the level of tip management and directorial boards. The 
detection of community reveals that peripheral clusters play a fundamental 
part in the architecture of the network of global political economy. The 
article shows that transatlantic connections remain particularly powerful: 
Europe and North America remain interconnected through a dense 
network of members sitting on the same boards, while a separate Asian 
cluster—geographically isolated—is developing and gaining economic and 
political power, although Asia by and large remains outside the field of 
networks of the established global (i.e., Northern Atlantic) corporate 
elite.
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4.6 Application to Greek Companies 

As we conclude the survey of the bibliography, it is worth noting that 
research on the formation of corporate networks, structured by the 
ownership and board interlocks of Greek companies, is fairly limited, 
with the four cases identified below presented in chronological order of 
publication. 

Using a historical approach to the analysis of social networks, Dritsas 
et al. (1996) compare three small economies of the interwar period, 
Austria, Greece, and Sweden and, specifically, the structure and defining 
factors of the formation of board interlocks and the place (centrality) of 
the banks in each country’s corporate network. With 1938 as the refer-
ence year, they use data on Greece mainly available from the Bank of 
Greece on corporate unions, budgets, and the composition of directo-
rial boards and, also, from the press of the Athens Stock Exchange, the 
government gazette, and the posts of the association of member compa-
nies, with the sample consisting of 52 companies (large companies in 
operation for at least 15 years) including nine banks and two insurance 
companies. Their findings on Greece show that the interconnections of 
the boards, though not as pronounced as in other European countries, 
concerned 38 companies which, in the interwar period, had developed 
ties with at least one other company. The ten more central companies in 
the network were connected to another nine, while the highest degree of 
centrality belonged to Chemical Products and Fertilizers Ltd. Three of 
the large banks, the Commercial Bank, the Ionian and Popular Bank, and 
the National Bank of Greece, were among the ten most central compa-
nies with their boards connected both with industrial companies as well 
as among themselves. 

In a sample of the 27 richest economies (with high stock exchange 
values) on the basis of the per capita income for 1993, La Porta et al. 
(1999) utilize data (mainly from the World Scope database) on ownership 
structures aiming to define the ultimate stock owners of the compa-
nies with high capitalization. They find that, aside from the economies 
with very effective protection of the stock holders, relatively few compa-
nies in the sample possess a wide range of ownership. On the contrary, 
they are usually controlled by families or the state. The owners also
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usually have control rights over the companies that significantly exceed 
cash flow rights, mainly through pyramidal structures and participation 
in management. The data for the Greek ownership structures (deriving 
primarily from Bloomberg Financial Systems) indicate that the large 
Greek companies are characterized by a very small dissemination of 
company control. 

The most thorough approach to corporate networks which include 
Greek companies is found in the article by van Veen and Kratzer (2011). 
They investigate the structural aspects of board interconnections in the 
15 countries that joined the European Union (EU) during the first 
four waves of accession (EU-15), showing the differences between the 
countries. The analysis is based on graph theory and in particular, the 
use of the degree of centrality and the concept of network density in 
order to highlight the companies’ position in the network (at a local and 
global level) and the networking of board members. The sample selec-
tion, with a different number of companies in every country, refers to 
the year 2006 (January 1st) and was based on large and usually multina-
tional companies in the stock exchange—362 in number, with 20 Greek 
ones among them—with financial capitalization as a basic choice criterion, 
while the data concerning the board members—6,115 positions in total, 
out of which 256 concern Greek companies—were mainly drawn from 
the annual corporate reports. The collection of additional data was made 
through other sources on the web, while complementary data was drawn 
from “Google Finance” (finance.google.com), “Zoom Info” (www.zoo 
minfo.com), and “Top Management” (www.topmanagement.net). 

The findings show great quantitative differences in network density 
outside the countries (van Veen & Kratzer, 2011). These differences 
are significantly related to the “variety of capitalism” (Hall & Soskice, 
2001) prevalent in each country. Also, the cross-country analysis of corpo-
rate ties reveals a European network inside which the different countries 
occupy a completely different place while, as was mentioned, a coun-
try’s international position closely correlates to the duration of its EU 
membership. Specifically, for the (20) Greek companies, the findings show 
a low network density, as they show the least number (after Portugal) of 
interconnections globally (14 out of a total of 1132, with 246 intercon-
nections of the 38 French companies being the largest number) but also

http://www.zoominfo.com
http://www.zoominfo.com
http://www.topmanagement.net
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locally, after Luxembourg and Portugal (12 connections out of a total 
of 688, with the greatest number, 145 connections, once more being to 
the 38 French companies). As a consequence, they are also characterized 
by a small degree of centrality in the European network (two connec-
tions with European companies out of a total of 444 connections, 101 
of those by French companies). Another interesting finding is that the 
board members of Greek companies have positions on up to two boards 
simultaneously, with the largest percentage (93.8%) corresponding to only 
one.14 

The study by Pastra et al. (2015) concerns another case where a more 
general analysis is made of the structure and characteristics of corporate 
boards in Greek shipping, without, however, focusing on the corporate 
networks that form in the industry, while emphasis is given to the (signif-
icantly low) percentage of women therein and the concomitant benefits 
of their presence. Nevertheless, drawing data from the Athens Stock 
Exchange for the shipping industry for the period 2002–2012, Pastra 
et al. (2015) found 305 board formations, with 84 of those numbering 
a total of 38 members with positions on two or more boards of listed 
companies. 30 out of those 38 (78.9%) held positions simultaneously on 
two different boards and eight (21.1%) respectively on three. 

Finally, in the most recent research on networks that include Greek 
companies, Andrikopoulos et al. (2019), on the basis of data from 
Bloomberg’s webpage on board members and key executives, use graph 
theory to find out the key nodes in the network of personal and corpo-
rate interconnections in a sample of 110 shipping companies, listed 
in the stock market, 10 of which were based in Greece. The study 
involves looking into the social networks that had formed—in a specified 
period—by means of the ties developed simultaneously by the leader-
ship interlocks and the board interlocks in the shipping industry, the 
econometric appraisal of the factors determining those interconnections 
(company size, board size, profitability, and leverage), and the effects of 
the leadership interlocks on agent conflicts. The research findings indi-
cate that the network of leaderships is denser than that of companies, that 
interconnections of directorial boards have a positive effect on profit and

14 The most characteristic case of “big linker” is that of the German Cromme G. who 
has a position on the boards of nine companies simultaneously. 
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leadership interlocks have a negative effect on internal costs that occur 
due to the competitive interests of shareholders (agency costs). 

4.7 Further Research 

A literature review highlights the existence of a narrow research sample, 
as most of the published research on corporate networks of the form 
that concerns us is geographically focused on the United States. An 
even greater gap in the bibliography of board interlocks has to do with 
the investigation of international board interlocks, i.e., interconnected 
companies located in different countries. These types of interconnec-
tions have attracted next to no academic interest despite indications that 
they may actually be the most prevalent (Staples, 2007). For instance, 
Staples (2007) ascertained that in 2005, 75% of the 80 largest inter-
national companies had non-nationals sitting on their boards. Further 
study of international company interconnections is deemed important as 
it is able to highlight cross-country and intercultural consequences of the 
formation of such company ties. 

Research on ownership and board interlocks as forms of company 
networks is extensive. Yet, only a few studies jointly analyze the two 
types of company interconnections (Bohman, 2012). In a study of the 
Japanese keiretsu networks, Lincoln et al. (1992) concluded that company 
link-ups through their directors is not a common phenomenon, yet the 
existing such links follow ownership links. Besides, broken ties between 
boards regenerate to a greater degree if the companies have simultane-
ously ownership ties (Ornstein, 1984). It has moreover been shown that 
in the United States, the participation of banks in non-financial compa-
nies is a powerful predictor of board interlocks (Kotz, 1978; Mizruchi, 
1982). Thus, the high correlation between the two forms of corpo-
rate interconnection highlights the importance of including ownership 
structures in the bibliography on board interlocks, since the interests of 
shareholder-owners may significantly affect the real consequences of the 
interconnectedness of the boards. 

Every type of tie that develops between two or more corporations, 
particularly if they belong to the same sector, is potentially a factor for 
collusion. This understandably incites interest in whether the ties investi-
gated among competitors are motivated by attempts at collusion, whether 
they are effective in facilitating the collusion or, whether, ultimately, there
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is no correlation. Although the possibility of collusion through owner-
ship interlocks has indeed been investigated (Alley, 1997; Azar et al.,  
2018; Gilo et al., 2006; O’Brien & Salop, 2000; Reitman,  1994), the 
role of board interlocks in the promotion and dissemination of collusion 
has not. Nevertheless, the data on this issue is hard to locate because 
there is no systematic research on the motives of companies to form ties 
through joint directors. Also, whereas market power appears to be related 
to and facilitate ties between companies in the same sector, the few large 
companies in sectors of high concentration have no need of such ties in 
order to regulate prices (Mizruchi, 1996). There are, then, few indica-
tions that interconnections of this type are necessary in order to control 
competition. It is however not known whether, for instance, a company 
that improves its performance as a result of related illicit practices will 
promote such practices to other companies through board interlocks or 
whether collusions will be limited once a company forms ties with other 
companies which do not engage in such practices. 

Moreover, as has been pointed out, many studies focus on the diffusion 
of corporate strategies through board interlocks (Davis, 1991; Palmer 
et al., 1993; Shropshire, 2010) and restructuring practices through 
ownership interlocks (Kogut & Walker, 2001) without, however, inves-
tigating whether these ties also contribute to a restraint on corporate 
behaviors. Thus, yet another extension in the research of corporate gover-
nance would be to investigate whether corporate interconnections also 
facilitate the withdrawal of strategic actions. One such example would be 
the strategic decision to withdraw investment in a company following its 
link up with another. 

Finally, one other subject not covered in the bibliography and seems 
promising for future research, is the correlation of the corporate intercon-
nections we are considering with entrepreneurship. Both large companies 
(Dooley, 1969) and small to middle ones (Gronum et al., 2012) develop 
corporate ties. However, research has not focused on understanding the 
ways in which corporate interconnections are likely to differ depending 
on a company’s age or the extent to which companies at initial stages of 
their development form comparable bonds.
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The review of the bibliography shows that the comparison of the struc-
tural characteristics of institutions in different countries can contribute 
to a fuller understanding of the causes and ramifications of corporate 
networks in the form of ownership and board interlocks (Cardenas, 2012; 
Fligstein, 1990; Franks & Mayer, 1997; Kogut, 2012; Scott, 1991; van  
Veen & Kratzer, 2011; Windolf & Beyer, 1996). Though it is known 
that institutions play a vital role in the formation of corporate bonds 
(Aguilera & Jackson, 2003), comparative institutional analysis (insti-
tutional changes and their great complexity) of corporate networks is 
consistently scarce. Thus, an important matter for further research is 
how the operation of interconnections differs in different parts of the 
globe. The perception that the global corporate elite operates in distinct 
peripheral communities (Heemskerk & Takes, 2016) and the fact that 
institutional robustness may effectively contribute to better corporate 
governance, may mean that it’s necessary to take into account peripheral-
topical aspects of the corporate environment, if we are to grasp the ways 
in which corporate power is generated and accumulated. This research 
need requires an approach of multiple methodologies where the methods 
of network analysis are complemented in depth by qualitative studies. 
In other words, the research on the global corporate elite needs to be 
“denser”. 
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CHAPTER 5  

Connected Corporate Networks I: 
Definitions, Metrics and Empirical Results 
from the Greek Telecommunications Sector 

Michalis Vafopoulos, Charalampos Agiropoulos, 
Artemis Gourgioti, and Michalis Klonaras 

5.1 Introduction 

In recent decades, it has been substantiated that enterprises are not inde-
pendent units of the economy. Each company belongs to a network with 
which it interacts and which, at the same time, influences its efficiency and
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strategy. Key elements of these networks are the interconnections between 
executives and companies. Directors holding positions on the boards of 
more than one company, become a bridge and a channel of informa-
tion between the strong players in each market, essentially shaping both 
the formal and the social ties that exist between companies. Executives 
define the long-term strategy of each company, which has a significant 
impact on its financial performance and, collectively, on the economy of 
a country. 

Mathematical metrics and techniques in market analysis are introduced 
using network theory. The importance of a node (person or company) is 
measurable, and it is evaluated based on its narrow or wider network. In 
connected networks, centrality is considered a key indicator of the posi-
tion of power held by a node in the network. Since strong companies 
are usually the largest and strongest players in an economy, a comparison 
of centrality with an economic performance index (e.g. node turnover) 
could possibly provide evidence in order to identify strong players in an 
economy as a whole or in a particular business sector. 

Over the last few years, the analysis of business interconnections 
(formed through the identification of common executives between enter-
prises) has accelerated and has been enriched, as most commercial regis-
ters provide open data on information management for the sum total of all 
enterprises. Interconnection, in addition to facilitating the dissemination 
of information and best practices between companies, may also accel-
erate the spread of problems and lead to a widespread crisis throughout 
an economy or a part of the market. Modelling of the financial system 
as a connected network helps to separate clusters of companies with 
continuous cooperation and common practices. In the light of corpo-
rate groups, the additional analysis of companies further identifies clusters 
in the market and strengthens the interpretive power of the intercon-
nections between them. Corporate groups are a solid corporate network 
with common business policies and resources. Although the individual 
subsidiaries are independent of each other, their basic principles, such as 
investment policies and cooperation with companies outside the group,
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appear identical. Therefore, for the interpretation of the connections 
between nodes (companies of a business network), an individual anal-
ysis of the internal processes and collaborations of a corporate group 
does not offer significant business insights. The association of the indi-
vidual subsidiaries in one node, on the other hand, allows for the most 
accurate analysis of the network, as the group’s position in the market is 
investigated and evaluated. 

In this study, the research becomes more targeted, aiming to 
contribute to the literature on how to identify corporate relations (busi-
ness networks), through the corporate capital and board network analysis 
for the telecommunications sector in Greece, including a method of 
evaluation of the corporate relations therein. 

The structure of the chapter is the following: Sect. 5.2 presents the 
most relevant studies in corporate networking and board interlocks. Then 
(Sect. 5.3) analyses the data and the methodology used to identify busi-
ness networks through the corporate capital and board network analysis. 
The next Sect. 5.4 presents the empirical results for the telecommunica-
tions sector in Greece. Finally, Sect. 5.5 discusses the policy implications 
of the present analysis. 

5.2 Literature Review 

As has been mentioned, the main function of networks is to focus on 
the process of interaction in the service of exchanging information and 
developing contacts. A network can be defined as a set of autonomous 
organizations that come together to achieve goals which none of them 
can achieve separately. According to the literature, the network offers a 
competitive advantage due to the organizational power that characterizes 
it and is a decentralized organization while ensuring interdependent rela-
tions between the parties. In most of the research on boards and corporate 
interlocks, the network consists of a type of node, the companies, which 
are linked by a type of connection, those directors who sit on two or 
more boards (Andrikopoulos et al., 2019; Davis, 1991; Galavotti, 2020; 
Hernández-Lara et al., 2019). Furthermore, the network can be analysed 
as a graph of the connections between directors and companies, where, 
each time, the director is a board member of the specific company. 

Corporate networks are formed if we define companies as the nodes 
and, as a link between two companies, the existence of at least one
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common board member. Respectively, we can capture these relations from 
the point of view of the member of the board. In this case, we define as 
nodes the board members and as a link between two persons, the exis-
tence of at least one company, where both members have served on its 
board. The biography of corporate networks focuses on two forms. One 
concerns board interlocks and the second ownership interlocks. 

Board interlocks appear when a board member (director) of a company 
is also on one or more boards (Mizruchi, 1996; Pennings, 1980). There-
fore, two boards share at least one common member, with the board 
interlocking network being the total of company boards together with all 
the interconnections that exist between them (Mizruchi, 1996). Board 
interlocks are considered beneficial as interconnected members transfer 
their experiences to other companies by providing valuable information. 
They also help networked businesses overcome resource dependency by 
developing a set of strategies (Drobnik, 2012; Hillman et al., 2009; 
Shrader et al., 1991; Simoni & Caiazza, 2012; Van Veen & Kratzer, 2011) 
and have real consequences in terms of influencing the performance and 
behaviour of affiliated companies. 

With respect to the second form of corporate networks, those are the 
connection between the enterprises that assume the form of ownership 
interlocks or ownership networks. Here, in the simplest composition, 
two companies are connected if one owns a certain percentage of the 
other. Ownership networks are very interesting to study, for a variety 
of reasons. Ownership networks have been used to measure the impact 
of globalization or institutional interventions, and they are related to 
issues of corporate social responsibility and sustainability (Wheeler et al., 
2003). More complex ownership patterns are cross-shareholdings. These 
occur when corporations own shares in each other. Generally, cross-
shareholdings are sub-networks where companies own each other directly 
or indirectly, through chains of ownership relations. 

Wang et al. (2021) indicate that direct connections, indirect connec-
tions and the number of connections (total connections) related to inter-
locking directorates have significant positive influences on the dynamic 
corporate performance of companies. The results of their study suggest 
that more interlocks at board level lead to better corporate performance 
over a long-term period. 

Board interlocks consist in interconnections of organizational objec-
tives and choices. Interlocking directorates describe strategic inter-
dependence between companies in all major capitalist economies
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(Andrikopoulos et al., 2019). Furthermore, they affect corporate strategic 
choices such as alliances, the design of executive compensation, mergers 
and acquisitions and initial public offerings; there has also been a 
documented effect of interlocking directorates on auditor choice and 
accounting practices (Andrikopoulos et al., 2019; Sapinski et al., 2018). 

Interlocks may be due to the desire of major players to be part of 
the capital asset allocation process. This motive can be associated with 
processes which reinforce cohesion in an upper social class populated by, 
among other individuals, members of a corporate elite who act as directors 
of major corporations (Andrikopoulos et al., 2019; Sapinski et al., 2018). 

Andrikopoulos et al. (2019) found that interlocking corporate lead-
ership can help resolve agency conflicts, thus reducing agency costs. 
The extent of leadership overlaps is associated with board size, financial 
leverage and profitability. There is a bidirectional relationship between 
profits and interlocks, as interlocking directorates bear a positive effect on 
asset returns. 

Interlocking directorates are regarded as an indicator of social embed-
dedness, which creates the conditions for exercising a social influence on 
corporate decisions (Galavotti, 2020). Indeed, firms are likely to imitate 
the decisions of other firms to which they are connected by social network 
ties. 

The directorial boards of large companies often have a certain number 
of shared directors, which can be motivated by social structures that foster 
different types of links, including investments and vertical relationships 
(Hernández-Lara et al., 2019). Hernández-Lara et al. suggested that the 
typology of interlocks determined their effects on innovation, which were 
positive when independent and extra-industry directors held multiple 
directorships, whereas it was negative in the case of intra-industry inter-
locking directors. Their study provided evidence for the diverse effects of 
interlocking directorates and supported that an optimal board compo-
sition can improve business innovation, given the common feature of 
shared directorships (Hernández-Lara et al., 2019). 

Caiazza et al., 2019, examine the effect that interlocks have on wealth 
creation and distribution, and those interlocks can tell us how elites 
network within a society. Their theoretical perspectives about the research 
on interlocking directorates are based on the premise that the Anglo-
American perspective dominates. Most international studies use agency 
theory to investigate the welfare implications of interlocks, but many 
countries do not use the Anglo-American legal regime, which is the
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basis for agency theory (Caiazza et al, 2019). Moreover, they argue 
that those institutions have an important influence on interlocks, so that 
the latter can be welfare-depleting in one institutional setting, while 
welfare-enhancing in another (Caiazza et al., 2019). 

An interlocking directorate occurs when a director sits on the boards 
of multiple corporations (Zhong et al., 2017). Through an interlocking 
directorate, firms are widely connected, which potentially serves as a 
conduit for spreading behaviours across firms. Zhong et al. (2017) 
investigate whether monitoring caused by regulatory sanctions spreads 
through interlocking corporate boards. By contrast to other literature, 
their study illuminates the positive spillover of corporate governance via 
board interlocks. 

Debellis et al. (2020) hypothesize and test the assumption that the 
board of directors has an important effect on the willingness to engage 
in international Joint Ventures (JV). Specifically, they found that board 
interlock ties to other firms increase the likelihood of SMEs to engage 
in international rather than domestic JVs. Moreover, they found that the 
positive effect of board interlocks on the formation of international JVs is 
amplified when there is high ownership concentration. 

5.3 Methodology and Data 

This research is designed to focus on the ability of corporate interconnec-
tion analysis to record the complexity and composition of interconnection 
networks using population data from the Greek ecosystem. With respect 
to the methodology, one should first consider the following definitions. 

5.3.1 Definitions 

The board of directors (or simply the board) is a group of people who 
jointly supervise the activities of the company. In the case of capital 
companies, the board is elected by the shareholders. Commonly, smaller 
entities are directed by one or two managing partners who own the 
company themselves. This core element of control and supervision of 
a company can be depicted as a network of connected entities. Practi-
cally, a subset of companies is interconnected through common members 
of the board or shareholders. In research, interconnected companies are 
captured through two types of networks: the board and the ownership or 
capital network.
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In the board network, also referred to as network of interlocking direc-
torates or board interlock networks, a node represents a company and an 
edge (link) between two companies denotes that these companies share 
at least one board member. 

In a capital or ownership network, a node represents a company or a 
natural person and an edge (link) between two nodes denotes that there 
is an ownership relation. 

A corporate group is a collection of parent and subsidiary companies 
that operate as a single entity, through a common source of control. A 
parent-to-subsidiary relationship exists when a company (parent): 

a. has the majority of the capital or voting rights of another 
(subsidiary) company, 

b. controls the majority of the voting rights of another (subsidiary) 
company by agreement with other partners or shareholders of this 
company. 

The composition of the corporate groups can be found on the annual 
balance sheets. Corporate groups operate as a single entity, and they 
should be considered as such in any corporate network analysis. 

In order to proceed with the analysis of the corporate network, it 
should be considered that the importance of a node depends on the rela-
tionships formed with the other nodes of the network and does not hang 
solely on its attributes. Two additional metrics of analysing the network 
dynamics are the betweenness centrality and the Eigenvector centrality 
(Eigen Centrality). 

In an undirected graph G, two nodes u and v are called connected if G 
contains a path from u to v. In graph theory, betweenness centrality is a 
measure of centrality in a graph based on shortest paths. The shortest path 
is calculated by the number of edges that the path passes through (for 
unweighted graphs) or the sum of the weights of the edges (for weighted 
graphs) is when minimized. The betweenness centrality measures the 
extent to which a node lies on paths between other nodes. Nodes with 
a high betweenness may have considerable influence within a network by 
virtue of their control over information passing between others. Upon 
their removal from the network, most communications between nodes 
will be disrupted and the network could potentially separate into isolated 
subgraphs.
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Betweenness centrality in board and ownership networks demonstrates 
the degree to which directors and shareholders stand between each other. 
As a result, directors and shareholders with higher betweenness centrality 
would have more control over the network, as more information will be 
available to them. 

Eigenvector measures the magnitude of the connected entities and how 
much direct influence it might have over other connected entities in the 
network. In particular, the eigenvector scores are also considered for each 
connected entity. For example, a person with a high eigenvector score 
is likely to be at the centre of a cluster of key entities who themselves 
have high eigenvector scores. This metric uncovers nodes whose influence 
extends beyond their direct connections within the larger network. 

Eigenvector measures how connected an entity is and how much direct 
influence it might have over other connected entities in the network. 

Eigenvector in board and ownership networks demonstrates the impor-
tance of a director or a shareholder within the network by evaluating the 
“quality” of their direct and indirect connections, where quality is related 
to the number of connections which the other actors of the network have. 

Eigenvector vs Betweenness centrality: Betweenness centrality evaluates 
each node based on their position in the network. Eigenvector evaluates 
each node based on their connections. A node with a high betweenness 
centrality has access to a large volume of information while a node with 
a high eigenvector has access to more important information, due to its 
connections (Table 5.1).

The diameter indicates the size of the network and sets the context 
for how close the nodes in the network are on average. The impor-
tance of diameter lies in the information of how quickly something will 
spread through the network, in accordance with how integrated different 
components in the network are likely to be. 

5.3.2 Data 

For the analysis of the sectors, we focused on corporate groups. The 
annual consolidated financial statements are the source of information for 
the subsidiary companies of each corporate group. The companies that 
compose each corporate group are unified in a single node. The nodes 
that describe those individuals with management or ownership relation-
ships exclusively within the companies of each group, are also unified in 
the node which represents the corporate group.
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Table 5.1 Definitions of descriptive metrics 

Metric Definition 

Nodes Number of entities (companies/persons) that appear on the 
corporate network 

Edges Number of relations between the entities 
Diameter The diameter of a graph is the maximum eccentricity of any 

node in it. That is, it is the greatest distance between any pair 
of nodes. In order to calculate the diameter of a graph, we 
have to find the shortest path between each pair of nodes. The 
greatest length of any of these paths is the diameter of the 
graph 

Radius The maximum distance between a node to all other nodes is 
considered its eccentricity. The radius of a graph is the 
minimum graph eccentricity of any graph node in a graph. The 
minimum eccentricity from all the nodes is considered as the 
radius of the Graph G. The minimum among all the maximum 
distances between a node to all other nodes is considered the 
radius of Graph G 

Average path length The minimum number of steps or smallest possible sum of 
edge weights from one node to another, indicates the shortest 
path between those nodes. The average path length is the 
average of the shortest path length, averaged over all pairs of 
nodes. If two nodes are disconnected (there is no path between 
them) then the path length between them is infinite. 
Consequently, if a network contains disconnected components, 
then the avg. path length also diverges to infinity, unless it is 
calculated only from nodes in the largest connected 
component. The avg. path length is a measure of the efficiency 
of information or mass transport on a network 

Average Degree Average degree is the average number of edges per node in the 
graph. This metric indicates how well-connected the nodes in 
the graph are (in which case the average degree is high), or 
whether the typical node in the graph only has a small number 
of neighbors (in which case the average degree is low). In a 
directed graph, we could compute either the average indegree 
(when the node is the target) or the average outdegree (when 
the node is the source) of each node 

Source Author’s creation

The analysis is carried out in a three-level board and capital/ownership 
network and focuses on the relations among the corporate groups within 
the sector and the links with other industries. 

The size of each node was depicted using the Eigenvector centrality 
(Eigen Centrality) metric. The links that represent ownership relation-
ships have a label that indicates the percentage of ownership. The
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open-source tool Gephi supported filtering, clustering, navigation and 
manipulation of network data used in various disciplines, e.g. social 
network analysis, biology, genomics and several more (Bastian et al., 
2009). 

5.4 Empirical Results 

5.4.1 Descriptive Statistics 

By the end of May 2021, a total of 384,310 companies (excluding sole 
proprietorship enterprises) have been registered on the General Electronic 
Commercial Registry1 (GECR), 70% of which (270,928) is still active 
in the Greek Tax Registry. The companies registered on the GECR are 
currently run by 165,349 managers and they belong to 131,751 owners. 

There are 1,254 parent companies to 1,557 subsidiaries. (Again, a 
subsidiary is a business whose parent company holds a majority stake of 
at least 50% of all shares). 

5.4.2 Telcos in Greece 

The telecommunications sector (Telcos) was selected for the analysis due 
to its prominent role in the Greek economy and its highly concentrated 
corporate network. The contribution of the sector to the Gross Domestic 
Product (GDP) of Greece for 2019, ranged at 2.7%, marking an increase 
compared to 2018. The turnover of telecommunications companies in 
2019 amounted to 5 billion euro, recording an increase of 2.4% compared 
to the fiscal year of 2018, according to the review of the sector published 
by the National Post and Telecommunications Commission2 (EETT). 

Based on the NACE classification,3 the telecommunication sector 
consists in total of 1,055 companies4 with their main business activity

1 http://www.businessportal.gr/home/index_en. 
2 https://www.eett.gr/opencms/opencms/admin/News_new/news_1369.html. 
3 Regulation (EC) No 1893/2006 of the European Parliament and of the Council of 

20 December 2006 establishing the statistical classification of economic activities NACE 
Revision 2 and amending Council Regulation (EEC) No 3037/90 as well as certain EC 
Regulations on specific statistical domains. OJ L 393, 30.12.2006, p. 1–39. EurLex. 

4 Active enterprises in the Greek Tax Register as of 31.05.2021. 

http://www.businessportal.gr/home/index_en
https://www.eett.gr/opencms/opencms/admin/News_new/news_1369.html
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Table 5.2 
Telecommunication 
Sector Revenue for the 
fiscal year 2019 

Group Revenue (in mm e) % of industry revenue 

OTE 3,300 59 
Vodafone 957 17 
Wind 532 10 
Forthnet 260 5 

Source Linked Business Registry statistical business register of 
Greece (LBR) 

in the section J (Media & Information Technology) and more specifically 
in division “61”, Telecommunications. 

The J sector is already highly concentrated in a small number of strong 
players who also show a tendency to cooperate in sharing the cost of 
providing the service. In Greece, there are four telecommunications and 
broadband service providers operating, consisting of four different corpo-
rate groups with a number of subsidiaries covering various sectors of 
the industry. These corporate groups are: OTE Group, WIND Group, 
VODAFONE Group and FORTHNET Group. 

The total industry revenue for the fiscal year 2019 is e8.6 billion and 
OTE Group has the largest share (43%), i.e. e3.3 bn. The Vodafone 
Group follows with 12% of the industry revenue (e957 m, the Wind 
Group with 7% (e532 m) and finally the Forthnet Group holds 3% of 
the industry revenue (e260 m) (Table 5.2). 

5.4.3 Statistics for Corporate Groups 

The construction of the corporate network focuses on the connections 
among the telco groups and the connections with companies outside of 
the industry. The network consists of 34 nodes (companies and individ-
uals) with 53 edges. The edges represent the connections between the 
nodes, which can be ownership or management relations. The diameter 
of the network is 5 nodes, meaning that the flow of the information must 
pass through 5 nodes to connect the two furthest parts of the network. 
On average, a node is connected with three nodes (3.12). The network 
metrics are presented on the Table 5.3.

The nodes which represent the corporate groups are a union of the 
subsidiary companies and board members who are only involved with 
the companies within the group. In particular, the node for the OTE
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Table 5.3 Network 
metrics for the 
Telecommunication 
Sector 

Network metrics LBR 
Undirected 

nodes 34 
edges 53 
diameter 5 
avg. Degree 3.12 

Source Authors’ calculations

Table 5.4 Board 
members’ network for 
the Telecommunication 
Sector 

Subsidiary companies Board members 

OTE 27 14 
Vodafone 14 5 
Wind 7 3 
Forthnet 25 8 

Source Authors’ calculations 

Group consists of 27 companies and 14 board members, marking its 
broad business activity (Table 5.4). 

The corporate groups are interconnected through common compa-
nies or common board members and their relations are depicted in the 
Fig. 5.1. Vodafone and Wind have set up a joint venture company (Victus 
Networks) to maintain their antennas. In essence, they are utilizing the 
economies of scale of a common business unit. Respectively, the three 
main providers (OTE, WIND, VODAFONE) have established a joint 
company (TELEGNOUS) to register and avoid common low-paying 
subscribers. Victus Networks for the fiscal year 2019 had a revenue of 
approximately e59 m, while TELEGNOUS reaches e0.24 m.

The FORTHNET group is connected to the VODAFONE group 
(specifically with the company HELLAS ON LINE) through the joint 
member on their board of directors, K.D.5 K.D. has extensive business 
activity, as he participates in the management of numerous companies, 
such as the INTRACOM group (IT Services), the ELLAKTOR group 
(Construction) and Proton Bank. The FORTHNET group is directly 
connected with the banking sector, as the large banking groups hold

5 The full names of natural persons have been replaced by their initial letters. 
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ownership percentages (Alpha Bank-8%, Piraeus Bank-14% and National 
Bank-11%). The strong presence of banks indicates the existence of finan-
cial problems in the group. FORTHNET was left to the banks following 
the exercise of the option to convert their securities into equities or into 
equity coupled with stock-options. Almost 33% of their shares passed to 
the banks which thus assumed control of the group. The forced entry of 
large banking groups in the network leads to the creation of links between 
the telecommunications groups and the Greek economy. However, this 
does not provide useful information on the telecommunications network 
and its impact on the economy. Therefore, nodes (companies and indi-
viduals) that originate from banking groups but are not directly linked to 
nodes from telecommunications groups, are eliminated from our analysis. 

The OTE and VODAFONE groups are also connected through the 
joint management member named M.CH. M.CH. served as Vice Pres-
ident of the VODAFONE group and General Manager of Financial 
Affairs for the OTE group, and he has participated in the manage-
ment of companies of the National Bank, EUROBANK and construction 
companies (EKTENEPOL, LARCO). Deutsche Telekom owns 45% of 
the OTE group. The former manager of Deutsche Telekom, T.ST., 
also participates in the management of companies of the OTE group 
(COSMOTE—Board Member and OTEPLUS—President & CEO). 

The individuals in the telecommunication sector present considerable 
business activity beyond the sector, thus introducing construction compa-
nies and IT companies to the telecommunications corporate network. 
K.G., for example, has participated in the board of large commercial 
groups, such as Fourlis and Sfakianakis, and he has served as President 
of Victus Networks and Board Member for Vodafone. 

Further analysis of the network suggests the investigation of the 
betweenness centrality of the nodes. The ten most important nodes of 
the telecommunications network are presented on the Table 5.5.

The top nodes of the network act as gatekeepers to the information 
flow from one part of the network to another. M.CH. and K.D. are the 
two most highly connected individuals on the network, meaning that they 
have expanded their business to numerous companies in the industry. 
Vodafone is the most influential node not only because it is the one with 
the most links (highest Degree), but it also acts as a bridge between two 
important clusters, the Forthnet and OTE cluster (Fig. 5.2).
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Table 5.5 Order of 
importance based on the 
betweenness centrality 
for the 
Telecommunication 
Sector 

Order of importance Name 

1 VODAFONE GROUP 
2 M.CH 
3 K.D 
4 OTE GROUP 
5 FORTHNET GROUP 
6 K.G 
7 EUROBANK GROUP 
8 TELEGNOUS 
9 VICTUS NETWORKS 
10 S.CH 

Source Authors’ calculations

Three of the providers rank high, while the Wind Group influences 
the network to a smaller degree. Vodafone, Forthnet and OTE are inter-
connected through companies and common individuals, which leads to 
extending their joint ventures (Victus, Telegnous). Wind, on the other 
hand, appears to be linked only to nodes related to Victus and Telegnous. 

5.5 Discussion 

A company’s performance is not based solely on its own strategic choices, 
but is also influenced by its direct or indirect interconnections within 
its corporate network. Corporate networks represent the environment in 
which each enterprise applies the mode of interaction within the network. 
The interpretation of corporate networks based on the existence of corpo-
rate groups allows for a more accurate picture of the economy. The 
individual subsidiaries share management members, know-how, values 
and strategies. Therefore, the subsidiaries of a group should be considered 
as business units that jointly and co-ordinately draw up the policy of coop-
eration both inside and outside the group. The collaboration between the 
companies of a group is considered a given and the analysis of the rela-
tions between them hardly provides additional information for the analysis 
of a market.  

Treating a group of individual subsidiaries as a single entity helps to 
better identify, visualize and analyse the network. Collaborations with 
companies outside the group become more visible and the identifica-
tion of potential problematic areas of the network also become easier to
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explore. Groups represent the most important players in each market and 
how they interact with one another. A compact network reveals the exis-
tence of extensive connections and partnerships in the market. In addition 
to the strong flow of information in a network, high connectivity can also 
indicate problems, especially when banking organizations have entered 
the network. 

Moreover, connections among individuals and companies do not 
clearly reflect the impact on market formation. A system for evaluating 
relationships is necessary to measure the influence of each node in the 
market. This system can be based on the type of relationship, as in the 
case of management relationships where an executive holds a position 
of responsibility in the company and what the results are on company 
performance (positive or negative) during their tenure. 

The telecommunications sector is suitable for the analysis of solid 
networks with extensive cooperation relations between groups, but also 
for the analysis of infection groups (i.e. in terms of the connection of 
the Forthnet group and the banking organizations.) However, the anal-
ysis needs to be extended to other sectors, with perhaps less connectivity, 
in order to assess whether the environment affects the performance and 
policymaking of each company and provides answers to industrial policy 
problems, such as revenue concentration. 

Finally, the present analysis offers the opportunity to further investi-
gate a series of questions relevant to policy such as power concentration, 
anti-trust investigation, corporate knowledge transfer, macroeconomic 
implications and business strategy in various industries. 
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CHAPTER 6  

Connected Corporate Networks II: A Novel 
Approach to the Competition Measure 

Charalampos Agiropoulos, Michalis Vafopoulos, 
Artemis Gourgioti, and George Galanos 

6.1 Introduction 

In recent decades, competition between companies is considered a major 
element of a well-functioning economy. Over the past years, it has been 
well documented in literature that market competition favors invest-
ment and innovation (Trėsor-Economics, 2008) and at the same time
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ensures consumer well-being. Historical data proves that lack of compe-
tition entails political implications, from anti-trust to monetary policy 
and income redistribution. In the previous chapter, the telecommunica-
tions industry was analyzed in the light of the business network. The 
industry analysis is based on the theorem that the existence of connec-
tions between executives and companies affects the performance and 
policymaking of each company that belongs to the business network. 
Network theory introduces mathematical concepts (e.g., Betweenness— 
Eigenvector centrality, diameter) in industry analysis, making measurable 
the influence of companies (nodes) on their network. The existing 
corporate groups (Vodafone, Wind, Forthnet, OTE) were utilized for 
the modeling of the network. Corporate groups are created when one 
company (parent) holds at least 51% of the capital of another company 
(subsidiary). A group’s subsidiaries are considered a business unit, insofar 
as they operate as a single entity through a common source of control. 

Business relationships are based fundamentally on trust. In-market 
transactions are based on a broad form of voluntary cooperation between 
business units, which provides mutual benefits. In addition, collabora-
tions are governed by a variety of institutional forms, such as anti-trust 
and sectoral regulations, which reflect political, historical, and cultural 
factors. The management of a business unit (company or group) bestows 
a higher level of confidence in its future, imposing its hierarchical and 
corporate policies on those who become members of its team. Collabo-
rations with third parties are not necessarily permanent and mutual trust 
must be established in order not to take advantage of the information 
obtained during the cooperation. 

The business network of the telecommunications market consists of a 
connected component, i.e., there is at least one path that connects all 
the nodes of the network. The nodes—companies are connected either 
through collaborations in third companies (Telegnous, Victus) or through 
joint executives (Klonis, Mazarakis). This chapter will present a compar-
ative assessment of the our methodology in six additional sectors (Oil 
Refining, Metallurgy, Air Transport, Publishing, Manufacture of Tobacco
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Products and Short Sea Shipping) that do not have such a cohesive 
network, nor trends in cooperation between industry groups. 

The traditional example of industrial organization argues that market 
structure is directly related to market behavior and that their interaction 
also determines market performance (Peterson, 1980, pp. 22–36). These 
interfaces express competition and monopoly. Competition between 
companies is a central element of a well-functioning economy. 

Measuring the degree of competition in a market is extremely difficult. 
The most widely used indicators of the degree of competition are the 
concentration ratios, e.g., the Herfindahl–Hirschman index (HH) and the 
concentration ratio (CR). These indices are inversely proportional to the 
market competition, thus the higher the value, the less competitive and 
monopolistic the market is. Although HH and CR indicators manage to 
capture a significant portion of the concentration of a market, they are not 
sufficient to measure market power considering macroeconomic variables 
over time. 

This study proposes a new anti-trust measure based on the CR and HH 
indices as they are applicable to the corporate network. Companies that 
are subsidiaries of a group are considered as a business unit, given that 
they operate as a single entity through a common source of control. The 
proposed index evaluates the position of each business unit in terms of 
turnover plus its position in the corporate network. The position of a busi-
ness unit in the corporate network is evaluated in terms of its ownership 
and management relations with third-party business units. 

In the following Sect. 6.2, this chapter provides a comprehensive 
overview of the current state of the business concentration and how 
it is measured through a thorough literature review. The methodology 
Sect. 6.3 details the new proposed index for measuring corporate network 
interconnections. The empirical results in Sect. 6.4 present the findings 
of the study based on the application of the new proposed concentra-
tion index and the discussion Sect. 6.5 delves into the implications of the 
results and how they contribute to the connected corporate networks. 
Overall, this chapter aims to offer a comprehensive and up-to-date under-
standing of the competition measures at hand, and the insights gained 
through this research will be valuable to researchers, practitioners, and 
policymakers alike.
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6.2 Literature Review 

The degree of competition, also known as the degree of concentra-
tion, is a critical variable for employment, investment, and economic 
growth. Many studies argue that low concentration (competition) in a 
market leads to economic growth, creates a favorable environment for 
investment, drives businesses to innovation, and creates jobs (Trėsor-
Economics, 2008). At the same time, ensuring the well-being of 
consumers depends on the degree of competition. 

Many studies in the international literature (Amountzias, 2017; 
Polemis, 2014a, 2014b; Rezitis & Kalantzi, 2013) investigate the degree 
of market power of the sectors of the Greek economy, through the price– 
cost margin (Roeger, 1995). The above-mentioned empirical studies use 
the method of Hall (1988), which has its roots in the price–cost margin 
approach (Roeger, 1995). The price–cost margin method assumes that 
in case of full competition, the marginal cost will be equal to the prices. 
When equality between prices and marginal costs does not apply, then 
the market structure is not competitive, in other words the focus is on 
the range of the mark up. 

In addition, indicators are frequently used to measure the degree of 
competition, such as the concentration ratio CR(r ) and the Herfindahl– 
Hirschman index (HH). The concentration ratio is the sum of the market 
shares of the largest companies in the market, while the HH index is equal 
to the sum of the total squares of the market shares. The concentration 
ratio is calculated as: 

CR(r ) = 
r∑

i=1 

xi 
X 

where xi is the value of the sales of the enterprise i and r is the total 
number of enterprises in the market, and X is the total turnover of the 
total set of enterprises in the market. The higher the market concentra-
tion, the less intense is the competition in the market. It should be noted 
that the concentration ratio provides limited information on the structure 
of shares between companies in the industry, i.e., the degree of inequality 
of sales shares. 

The Herfindahl–Hirschman (HH) index is often used in empirical 
research to measure the level of competition in an industry. More specif-
ically, the HH index is a measure of the degree of concentration of sales
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of companies in each market. This index uses the turnover shares of the 
companies and is (then?) subtracted from the sum of the squares of the 
sales shares of all the companies. 

The HH index is based on the following formula: 

HH  = 
r∑

i=1 

s2 1 = 
r∑

i=1

( xi 
X

)2 

where xi is the sales value of i company, i = 1, 2, 3, . . .,  r are the busi-
nesses in the industry, and X are the total sales of the industry/market in 
question. 

From the two measures, HH  seems to be the more generally preferred 
in terms of its properties. This is because the HH  index has a strong 
advantage over CR(r) indicators, as it could reflect both the average size 
of the business and the size inequality between companies. 

In 1968, the concentration rate was used in the first merger guide-
lines, and later, in the 2010 horizontal merger guidelines, the HH  index 
was used as a screening tool for potential anti-trust concerns raised by a 
proposed merger (Kvålseth, 2018). 

CR(r ) and HH  are different so that no functional relationship can exist 
between them. This notwithstanding, it would be informative to approx-
imate relationships if bounds and inequalities between the measures can 
be derived (Kvålseth, 2018). Such research was done by Pautler, Kwoka, 
and Sleuwaegen et al., in which they obtain bounds on HH  in terms 
of CR(r ). Their work was a response to the change in the U.S. merger 
guidelines, replacing the four-firm concentration ratio CR(4) with the 
HH  index. Results showed that the absolute variation in values of HH 
increased greatly with an increasing CR4. Regarding these early explo-
rations of potential HH-CR(4) relationships, there doesn’t seem to be 
any record of an attempt to verify, correct, or expand on these results 
(Kvålseth, 2018). 

Kvålseth (2018) takes another critical look at those earlier findings 
using a more rigorous and transparent approach, resulting in some correc-
tions or modifications and alternative formulations. The analytic approach 
used is that of majorization theory supported by data from computer 
simulation, generating random market-share distributions. 

Kwoka used a statistical model using regression analysis to determine 
the “best” function to describe the relationship between HH and CR(r)
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(or vice versa). Such analysis is performed for real or simulated market-
share data. Kwoka reported this effort by relating the logarithm logC Rm 

linearly to logH H for r = 2 and r = 4 and obtained quite a good fit 
to real market-share data. More recently, Pavic et al. fitted real data to 
a model in which CR4 is expressed as a power function of HH. Those 
authors fitted market-share data at different levels of aggregation and also 
obtained good model fits. 

By contrast, instead of using a function that aims to relate each value 
of HH  to an approximate single value of CR(r ) or vice versa, Kvålseth 
uses majorization theory to develop bounds that can in turn be used to 
approximately relate one measure to another. This approach also provides 
tolerance or error limits within which the value of HH  must lie given any 
particular value of CR(r ) and vice versa. 

In recent bibliography, Bukvic (2019) analyzes the degree of concen-
tration and competition in the Serbian banking sector during the 
2010–2017 period and in its current state, by considering the financial 
statements of banks for the years 2016 and 2017. For this purpose, both 
traditional concentration indicators (concentration ratio CR(r) and the 
Herfindahl–Hirschman index), and the rarely used Linda indices have 
been used. Bukvic has demonstrated that in the current case of a rela-
tively large number of banks operating in Serbia, the existing degree 
of concentration is relatively low. This provides suitable conditions for 
the development of healthy competition among them. However, the 
approximation of the indices to moderate concentration within the period 
analyzed, warns of the appearance of an oligopoly. 

A study by Kostić (2009) provides and promotes many indices that 
could be used for measuring the market power of companies. Anti-trust 
policymakers often rely on the calculated values of these indicators to 
make important decisions regarding the appearance of certain economic 
entities in the relevant market. They enable the analysis of the current 
market situation, considering the changes that are happening in it, and 
they are also used to predict and analyze future market trends (Kostić, 
2009). 

Concentration indices are subject to changes which those economic 
entities go through, and they are related to their market share in the rele-
vant market. Therefore, under these changes, the value of the concentra-
tion index also changes. For the concentration indices to be comparable
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between different branches and periods, they are often subject to appro-
priate mathematical operations to reduce their value in the interval from 
0 to 1 (Veselinović & Radukić, 2021). 

In general, the restrictions on competition in the market depend on 
market participants and the distribution of market share, sales, revenue, 
region, and resources in one market, but also the availability of data 
(Veselinović & Radukić, 2021). If the level of concentration is method-
ologically accurate, then, the difference in the size of market share 
between all companies in the relevant market is accurate and the picture 
of the level of competition restrictions in the relevant market can be much 
clearer (Veselinović & Radukić, 2021). Thus, further decisions could be 
substantiated regarding the strengthening of competitive relations. 

6.3 Methodology 

The new index revises and recalculates the industry concentration ratio 
(CR) based on the common entities (nodes) of the network. Each 
entity—node is evaluated based on its position in the network and its 
interfaces. The innovation of the new index is the additional multiplier 
(M) to the algorithm, which evaluates the company’s position in the 
network and increases or decreases the CR value. To calculate the new 
index, the following steps are followed: 

Step 1: Locate the entities from the business network that are related 
to the company in question. 

Step 2: Calculate the concentration ratio (CR) of the common entities 
according to the formula previously analyzed. 

Step 3: To calculate the multiplier, four categories of criteria are 
considered, and the weights are defined. 

M = (
weight1 × score1 + weight2 × score2 + weight3 × score3

)

+ (
weight4 × score4

)
/105 

where weight values are presented in Table 6.1.

6.3.1 Management Positions in Related Entities 

Each management relationship (Table 6.2) between the examined node 
and the entities/groups of the industry is evaluated and a score is
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Table 6.1 Weight values per category 

Category Description Weight 

Management positions in related 
entities 

The node is connected with affiliated 
entities/groups 

30 

Ownership relations in related 
entities 

The node has ownership relationship 
with affiliated entities/groups 

30 

Distance in the business network The level of connection within 
connected entities 

20 

Turnover of the connected business 
entity 

Turnover of the node as a percentage 
of the total turnover of the sector 

20 

Source Author’s calculations

Table 6.2 Scoring 
values based on their 
role 

Role Score 

CEO 100 
President 80 
Vice president 70 
Executive member 50 
Non-Executive member 30 
Combined (e.g., President & 
CEO) 

Hierarchical selection 

Source Author’s calculations 

obtained which corresponds to the importance of its role in the manage-
ment of the company. In case there is no management relationship, the 
score equals zero, while in cases of more than one role, the one with the 
highest score prevails. 

6.3.2 Ownership Relations in Related Entities 

The ownership relations of the examined node with the industry are eval-
uated based on the percentage of capital holding. For each unit of capital 
of the examined node held by an entity, a point is added to the score, 
e.g., for 70% holding of the capital, the node is evaluated with 70 points.
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Table 6.3 Scoring 
values based on the level 
of relationship 

Level Score 

level 1 100 
level 2 50 
level 3 25 

Source Author’s calculations 

6.3.3 Distance in the Business Network 

The analysis of the corporate network is performed at three levels (Table 
6.3). The first level implies a direct relationship between two entities, 
i.e., a node actively participates in the administration or ownership of the 
other. At the second level, there is a node between the examined entities, 
i.e., there is a direct relationship with the entity of the first level. At the 
third level, there are two nodes between the examined entities. 

6.3.4 Turnover of the Connected Business Entity 

The turnover of the node is calculated in terms of the percentage that 
participates in the total turnover of the branch. The higher the participa-
tion rate in the total turnover, the greater the influence the node has on 
the industry (Table 6.4). 

Step 4: Following the calculation of the multiplier, the CR of the 
common entities is re-calculated. The added value which results from 
the relationship of the examined entity with its business network is fully 
identified. 

Addedvalue = Multiplier × CR(commonentities)

Table 6.4 Scoring 
values based on the 
percentage of 
participation 

Percentage Score 

up to 1% 10 
1–10 
… 
> 20% 100 

Source Author’s calculations 
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Step 5: The algorithm is completed by calculating the revised CR. 

AdjustedCR(commonentities) = Addedvalue + CR(commonentities) 

Step 6: Each common entity contributes proportionally to CR. There-
fore, the percentage of the value added for each entity is estimated and, 
thus, the revised CR is calculated for each entity, respectively. 

Addedvalueshare = (CR(entity)/CR(commonentities)) ∗ Addedvalue 

AdjustedCR(entity) = CR(entity) + Addedsharedvalue 

6.4 Empirical Results 

6.4.1 Telecommunications Sector 

For the empirical application of the revised CR, this study initially exam-
ines the company Telegnous Private Company from the telecommunica-
tions sector. According to the traditional methodology, the distribution 
of CR based on the financial results of 2019 is presented in Table 6.5. 

According to the revised CR, the distribution is affected by the 
relationship of the examined company (Telegnous) within its business 
network. Table 6.6 presents the input data for Telegnous based on the 
proposed methodology. Telegnous is associated with three of the four

Table 6.5 CR 
estimation using the 
traditional approach 

Group (Entity) Concentration Rate (as of 2019) 
(%) 

OTE Group 58.85 
WIND Group 9.48 
VODAFONE Group 17.06 
FORTHNET Group 4.63 
Rest 9.99 

Source Authors’ calculations based on the Linked Business Registry 
statistical business register of Greece (established by Linked Busi-
ness PLC, linkedbusiness.eu) defined as the set of legal entities 
that have been assigned with a valid identification number by the 
General Electronic Commercial Registry combined with a valid Tax 
Identification Number by the Greek Tax Register 
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Table 6.6 Input data for the calculation of the revised CR 

Common Entity Telegnous (TELECOMMUNICATIONS 
SOLVENCY ASSESSMENT AGENCY 
Private Company) 

Involved Entities OTE Group, WIND Group, 
VODAFONE Group 

Management positions in related entities none 
Ownership relations in related entities 100% 
Distance in the business network level 1 
Turnover of the connected business entity up to 1% 

Source Author’s calculations 

groups in the telecommunications sector, namely OTE, WIND, and 
Vodafone. The groups collectively own 100% of the company; however, 
there is no management relationship between groups and the company, 
given that none of the management members are shared. The company is 
directly connected to the groups and is not mediated by another entity; 
therefore, the relationship is at the first level of the network. Finally, the 
turnover of Telegnous for the financial year 2019 was 241.84 K, amount 
that corresponds to a percentage of 0.004% of the total turnover of the 
sector for that particular year. 

The updated distribution based on the revised CR is presented in Table 
6.7.

The CR of the entities associated with Telegnous (OTE, WIND, 
VODAFONE) is 85.38%. Following the methodology for the calcula-
tion of the revised CR applied to Table 6.6, we calculate the multiplier 
which will define the added value resulting from the relationship of the 
groups with Telegnous. Table 6.7 presents the added value from this rela-
tionship which stands at 4.44%, formulating (bringing?) the revised CR of 
the three groups to 89.82%. Each entity is affected to a different level and 
has a distinctive percentage of added value. In other words, the revised 
CR should be calculated with respect to each entity (separately). Subse-
quently, the multiplier for OTE group comes to 3.06% while the revised 
CR amounts to 61.91%. Having said that, it is worth noting that, as the 
revised CR is calculated for all entities of the industry, in some cases the 
revised CR decreases respectively (accordingly). Thus, in the examined 
example the Forthnet group ends up with a revised CR of 3.23%.
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Table 6.7 Adjusted 
CR distribution based 
on Telegnous effect 

TELEGNOUS EFFECT 

CR (3) (initial) 85.38% 
REST (initial) 14.62% 
MULTIPLIER 0.052 
ADDED VALUE 4.44% 
ADJUSTED CR(3) 89.82% 
ADJUSTED REST CR(3) 10.18% 
Added value WIND Group 0.49% 
Added value VODAFONE Group 0.89% 
Added value OTE Group 3.06% 
CR FORTHNET (adjusted) 3.23% 
CR WIND Group (adjusted) 9.97% 
CR VODAFONE Group (adjusted) 17.94% 
CR OTE Group (adjusted) 61.91% 
CR REST (adjusted) 6.95% 

Source Author’s calculations

As can be seen in Fig. 6.1, the affiliated groups (OTE, WIND and 
VODAFONE) are strengthened in their position while for the other 
participants, the revised CR is significantly decreased. The largest increase 
within the telecommunications sector appears in the OTE group, which 
is the dominant entity of the industry. By contrast, entities without any 
similar affiliation with Telegnous, e.g., the FORTHNET group, show a 
significant reduction in their revised CR, and therefore, their influence on 
the industry is weakened.

6.4.2 Oil Refining Sector 

The oil refining sector is dominated by the ELPE and Motor Oil Groups. 
According to the financial data of 2019, Table 6.8 shows the estimations 
of the traditional CR.

The two groups have entered a partnership with Athens Airport Fuel 
Pipeline Company. The distribution of CR is clearly affected by this 
collaboration as Table 6.10 shows, according to the input data (Table 
6.9).

Motor Oil and ELPE dominate 80% of the market. In addition, Motor 
Oil group holds 16% of the Athens Airport Fuel Pipeline, which is a 
private company while, at the same time, these entities share management 
members. Moreover, 50% of Athens Airport Fuel Pipeline belongs to the



6 CONNECTED CORPORATE NETWORKS II: A NOVEL … 183

Fig. 6.1 The revised and the initial concentration rate for the Telecommunica-
tions sector

Table 6.8 CR 
estimation using the 
traditional approach 

Group (Entity) 2019 Revenue (in mm e) CR 
(%) 

Motor Oil Group e9,372.00 41.13 
ELPE Group e8,856.00 38.87 
Rest e4,557.00 20.00 
Market total e22,787.00 100 

Source Author’s calculations

ELPE group. Athens Airport Fuel Pipeline had a turnover of 4.36 m for 
the fiscal year 2019, corresponding to 0.02% of the total turnover of the 
industry. 

The updated distribution based on the revised CR is presented in Table 
6.10. 

For the fiscal year 2019, the two groups hold 80% of the total turnover 
of the sector. Table 6.10 shows that an added value of 4.54% is created by 
the relationship between the groups and the Athens Airport Fuel Pipeline
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Table 6.9 Input data for the calculation of the revised CR 

Common Entity Athens Airport Fuel Pipeline private 
company 

Involved Entities Motor Oil Group ELPE Group 

Management positions in related entities Executive Member – 
Ownership relations in related entities 16% 50% 
Distance in the business network level 1 
Turnover of the connected business entity up to 1% 

Source Author’s calculations 

Table 6.10 Adjusted 
CR distribution based 
on the effect of the 
Athens Airport Fuel 
Pipeline 

Athens Airport Fuel Pipeline 

CR (2) (initial) 80.00% 
REST (initial) 20.00% 
MULTIPLIER 0.0568 
ADDED VALUE 4.54% 
ADJUSTED CR (2) 84.54% 
ADJUSTED CR (REST) 15.46% 
Motor Oil Group 2.34% 
ELPE Group 2.21% 
Motor Oil Group (adjusted) 43.47% 
ELPE Group (adjusted) 41.08% 

Source Author’s calculations

private company. Based on the revised CR, it is estimated that the two 
groups account for 84.54% of the market, while the influence of the other 
entities is limited to 15.46%. 

Figure 6.2 represents the revised and the conventional CRs. The 
industry leaders (Motor Oil, ELPE) hold approximately the same market 
share, with a small lead by the Motor Oil group. Their relationship with 
the Athens Airport Fuel Pipeline private company strengthens the Motor 
Oil and ELPE groups by 2.34% and 2.21%, respectively, significantly 
reducing the market influence of other entities.

6.4.3 Metallurgical Activities Sector 

Although in the Metallurgical activities sector there are no collaborations 
between the groups, the existence of a connection is present through
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Fig. 6.2 The revised and the initial concentration rate for the Oil refining sector

other companies and members of their management. The president of 
the Viohalco Group, Stasinopoulos Nikolaos, has been a non-executive 
member of the management of the Eurobank Group together with 
Wade Sebastian Burton. Wade Sebastian Burton was also a non-executive 
member of the Mytilineos Group, creating an indirect connection with 
the Viohalco Group. 

According to the financial data of 2019, Table 6.11 shows the estima-
tions of the traditional CR.

The updated distribution based on the revised CR is presented in Table 
6.13. 

As mentioned earlier, in the minerals sector there are no collabora-
tions either at company level or in the sharing of management members. 
However, the indirect relationship of the VIOHALCO and MYTILI-
NEOS groups affects the CR of the companies. Stasinopoulos owns 32% 
of the shares of the VIOHALCO group performing executive duties, 
while in a third level of the network, a connection can be found with the
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Table 6.11 CR 
estimation using the 
traditional approach 

Group (Entity) 2019 Revenue (in mm 
e) 

CR 
(%) 

VIOHALCO Group e4,198.00 57.72 
MYTILINEOS Group e2,256.00 31.02 
HELLENIC 
HALYVOURGIA 

e187.60 2.58 

PROMETAL e118.20 1.63 
PIRAIKI METALS e6.90 0.10 
EXALCO e117.30 1.61 
Rest e388.60 5.34 
Market total e7,273.00 100 

Source Author’s calculations

MYTILINEOS group; in other words, two other nodes mediate between 
them (Table 6.12). 

The relationship between the groups is of minor importance, as is 
reflected in the small added value that results from it. The two-related 
groups (VIOHALCO, MYTILINEOS) had a cumulative CR of 88.74%, 
while the revised CR is 90.48%. The support rates of the other players are 
just as small and, in some cases, e.g., PIRAIKI Metals, negligible. 

Figure 6.3 shows that the benefit of the affiliated entities is small; 
however, their influence in the industry was already high and there is 
no room for significant growth.

Table 6.12 Input data for the calculation of the revised CR 

Common Entity Stasinopoulos N 

Involved Entities VIOHALCO Group MYTILINEOS Group 

Management positions in related 
entities 

President none 

Ownership relations in related entities 32% 
Distance in the business network level 1 level 3 
Turnover of the connected business 
entity 

– 

Source Author’s calculations
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Table 6.13 Adjusted 
CR distribution based 
on the Stasinopoulos 
effect 

Stasinopoulos EFFECT 

CR (2) (initial) 88.74% 
REST (initial) 13.84% 
MULTIPLIER 0.0196 
ADDED VALUE 1.74% 
ADJUSTED CR(2) 90.48% 
ADJUSTED CR (Rest) 12.10% 
VIOHALCO 1.13% 
MYTILINEOS 0.61% 
HELLENIC HALYVOURGIA 0.32% 
PROMETAL 0.32% 
PIRAIKI METALS 0.01% 
EXALCO 0.20% 
VIOHALCO (Adjusted) 58.85% 
MYTILINEOS(Adjusted) 31.63% 
HELLENIC HALYVOURGIA (Adjusted) 2.90% 
PROMETAL (Adjusted) 1.95% 
PIRAIKI METALS (Adjusted) 0.11% 
EXALCO (Adjusted) 1.82% 

Source Author’s calculations

Fig. 6.3 The revised and the initial concentration rate for the Metallurgical 
sector
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6.4.4 Publishing Sector 

The industry of Newspaper and Magazines Publishing has special char-
acteristics given the nature of information collecting, promotion, publi-
cizing and, in general, the diffusion of news. The Kathimerini Group and 
Attica Media Group have jointly established a corporation (E-One) which 
offers online entertainment, information, and communication. Table 6.14 
shows the estimations of the traditional CR, according to the 2019 fiscal 
year financial standings. 

Kathimerini and Attica Media own 25% of the E-One company, 
respectively, while at the same time they share executives. In particular, 
Diamantopoulos Vassilis has served as CEO of E-One and Vice President 
of the Kathimerini group (Table 6.15). 

Table 6.14 CR 
estimation using the 
traditional approach 

Group (Entity) 2019 Revenue (in mm 
e) 

CR 
(%) 

KATHIMERINI 
GROUP 

e39.23 19.44 

ATTICA MEDIA 
GROUP 

e28.35 14.05 

Market total e201.80 100 

Source Author’s calculations 

Table 6.15 Input data for the calculation of the revised CR 

Common Entity E-One 

Involved Entities ATTICA MEDIA GROUP KATHIMERINI 
GROUP 

Management positions in 
related entities 

President None 

Ownership relations in 
related entities 

25% 25% 

Distance in the business 
network 

level 1 level 1 

Turnover of the connected 
business entity 

– 

Source Author’s calculations
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Table 6.16 Adjusted 
CR distribution based 
on E-ONE effect 

E-ONE EFFECT 

CR (2) (initial) 33.49% 
REST (initial) 66.51% 
MULTIPLIER 0.065 
ADDED VALUE 2.18% 
ADJUSTED CR (2) 35.67% 
ADJUSTED CR (Rest) 64.33% 
Added value ATTICA MEDIA GROUP 0.91% 
Added value KATHIMERINI GROUP 1.26% 
CR ATTICA MEDIA GROUP (Adjusted) 14.96% 
CR KATHIMERINI GROUP (Adjusted) 20.79% 

Source Author’s calculations 

The two-related groups had a cumulative CR of 33.49%, while the 
revised CR is 35.67%. The Kathimerini group was strengthened by 1.26%, 
while Attica publications by 0.91%. The recalculation of CR is presented 
in detail in Table 6.16. 

The Figure below shows the output from Table 6.16. The benefit of 
the affiliated entities is significant, even though they still represent a small 
share of the industry (Fig. 6.4). 

Fig. 6.4 The revised and the initial concentration rate for the Newspaper 
Publishing sector
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6.4.5 Manufacture of Tobacco Products 

The tobacco industry is particularly concentrated in two strong groups 
with excessive competition (the Papastratos Group and the Karelia 
Group). The sector is characterized by limited staff movement while 
a third smaller player (Greek Cooperative Cigarette Manufacturing 
Company or in short G.C.C.M./“∑EKA∏” in Greek) has inserted itself 
in the sector. G.C.C.M. is interconnected with several third sectors. 

According to the financial data of 2019, Table 6.17 shows the estima-
tions of the traditional CR. 

The groups have not cooperated; however, a connection can be found 
between the Karelia group and the G.C.C.M. (SEKAP), through the 
Thessaloniki Port Authority and the shared members of the Board of 
Directors (Table 6.18). 

The two-related groups had a cumulative CR of 65.53%, while the 
revised CR is 66.65%. The Karelia group was strengthened by 1.06%,

Table 6.17 CR 
estimation using the 
traditional approach 

Group (Entity) 2019 Revenue (in mm 
e) 

CR 
(%) 

PAPASTRATOS 
GROUP 

e414.69 24.90 

KARELIA GROUP e1,035.70 62.34 
G.C.C.M. (∑EKA∏) e52.96 3.19 
Market total e1,661.2 100 

Source Author’s calculations 

Table 6.18 Input data for the calculation of the revised CR 

Common Entity THESSALONIKI PORT AUTHORITY 

Involved Entities G.C.C.M. (∑EKA∏) KARELIA GROUP 

Management positions in related 
entities 

executive member non-executive member 

Ownership relations in related entities –% –% 
Distance in the business network level 3 level 3 
Turnover of the connected business 
entity 

– 

Source Author’s calculations 
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Table 6.19 Adjusted 
CR distribution based 
on the effect of the 
THESSALONIKI 
PORT AUTHORITY 

THESSALONIKI PORT AUTHORITY 

CR (2) (initial) 65.53% 
REST (initial) 34.47% 
MULTIPLIER 0.017 
ADDED VALUE 1.11% 
ADJUSTED CR (2) 66.65% 
ADJUSTED CR (Rest) 33.35% 
Added value KARELIA GROUP 1.06% 
Added value G.C.C.M. (∑EKA∏) 0.05% 
CR KARELIA GROUP (Adjusted) 63.4% 
CR G.C.C.M. (∑EKA∏) (Adjusted) 3.24% 
CR PAPASTRATOS GROUP (Adjusted) 24.1% 

Source Author’s calculations 

while SEKAP by 0.05%. The recalculation of CR is presented in detail in 
Table 6.19. 

The Figure below shows the output from Table 6.19. The benefit of 
affiliated entities is of minor importance, as their relationship to the joint 
entity is not strong, neither does it belong to the same industry (Fig. 6.5). 

Fig. 6.5 The revised and the initial concentration rate for the Tobacco Industry
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6.4.6 Short Sea Shipping Sector 

The Sea and Coastal passenger water transport sector is highly concen-
trated. The three main participants (ATTICA Group, ANEK LINES 
Group, MINOAN LINES Group) are connected to each other, sharing 
executives in different levels. 

According to the financial data of 2019, Table 6.20 shows the estima-
tions of the traditional CR. 

The groups have not cooperated, but a connection can be identified 
between them through the Vardinogiannis and Laskaridis families. The 
Table 6.21 analyzes the connection of the ANEK Lines and ATTICA 
groups. 

The two-related groups had a cumulative CR of 84.22%, while the 
revised CR is 85.82%. The ATTICA group was strengthened by 2.77%, 
while ANEK LINES by 1.19%. The recalculation of CR is presented in 
detail in Table 6.22.

Table 6.20 CR 
estimation using the 
traditional approach 

Group (Entity) 2019 Revenue (in mm 
e) 

CR 
(%) 

ATTICA Group e405.40 58.94 
ANEK LINES Group e173.90 25.28 
MINOAN LINES e92.10 13.39 
Market total e687.80 100 

Source Author’s calculations 

Table 6.21 Input data for the calculation of the revised CR 

Common Entity VARDINOGIANNIS IOANNIS IOSIF 

Involved Entities ATTICA GROUP ANEK LINES GROUP 

Management positions in related 
entities 

President CEO 

Ownership relations in related entities –% –% 
Distance in the business network level 1 level 1 
Turnover of the connected business 
entity 

– 

Source Author’s calculations 
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Table 6.22 Adjusted 
CR distribution based 
on 
VARDINOGIANNIS 
IOANNIS IOSIF effect 

VARDINOGIANNIS IOANNIS IOSIF 

CR (2) (initial) 84.22% 
REST (initial) 15.78% 
MULTIPLIER 0.047 
ADDED VALUE 3.96% 
ADJUSTED CR (2) 88.18% 
ADJUSTED CR (Rest) 11.82% 
Added value ATTICA GROUP 2.77% 
Added value ANEK LINES GROUP 1.19% 
CR ATTICA GROUP (Adjusted) 61.71% 
CR ANEK LINES GROUP (Adjusted) 26.47% 
CR MINOAN LINES (Adjusted) 10.03% 

Source Author’s calculations 

Fig. 6.6 The revised and the initial concentration rate for the Passenger Sea 
Transport sector 

The figure below shows the output of Table 6.21. The joint venture 
mainly affected the MINOAN LINES group, as its influence in the 
industry decreased by 3.36% (Fig. 6.6). 

6.4.7 Air Transport Sector 

The Air Transport industry is concentrated in a small number of enti-
ties and executives with the dominant groups AEGEAN, AVIAPERS,



194 C. AGIROPOULOS ET AL.

MOUZENIDIS (via ELLINAIR), and INTERSALONIKA (via AIR 
INTERSALONIKA). The executives of the companies are active in 
several external sector entities (e.g., TITAN, Athens Stock Exchange, 
MOTOR OIL) thus expanding the business network. Major characteris-
tics of the industry include the partnership in the field of tourism through 
the association of large shipping and air transport groups, as well as 
the strong presence of companies with the main objective of promoting 
tourism (e.g., Marketing Greece S.A.). The presence of the Mouzenidis 
Group is not strong in the industry, as it has no connections with other 
entities of the industry. According to the financial data of 2019, Table 
6.23 shows the estimations of the traditional CR. 

In the sector of passenger air transport, there is an intense coopera-
tion and exchange of executives. A typical example is Mastorantonakis 
Iosif, who has been Managing Director at Skyserv (a subsidiary of the 
AVIAPERS group) and a member of the AEGEAN group (Table 6.24).

The two-related groups had a cumulative CR of 81.73%, while the 
revised CR is 84.59%. The AEGEAN GROUP benefited the most from 
the relationship (+2.49%) and the AVIAPERS GROUP was strengthened 
by just 0.37%. The recalculation of CR is presented in detail in Table 
6.25.

Table 6.23 CR estimation using the traditional approach1 

Group (Entity) 2019 Revenue (in mm e) CR 
(%) 

AEGEAN Group e1,308.80 71.12 
INTERSALONIKA Group (AIR 
INTEP∑AΔONIKA) 

e2.58 0.14 

MOUZENIDIS Group e112.45 6.11 
AVIAPERS Group e195.19 10.61 
Market total e1,840.30 100 

Source Author’s calculations 

1 For the INTERSALONIKA and MOUZENIDIS groups, this study accounts only for 
the turnovers of their active subsidiaries in the sector. The turnover of the MOUZENIDIS 
group refers to the fiscal year 2018, as no financial standings have been published for 
2019. 
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Table 6.24 Input data for the calculation of the revised CR 

Common Entity MastorantonakisIosif 

Involved Entities AEGEAN GROUP AVIAPERS 
GROUP 

Management positions in related entities executive member CEO 
Ownership relations in related entities –% –% 
Distance in the business network level 1 level 1 
Turnover of the connected business entity – 

Source Author’s calculations

Table 6.25 Adjusted 
CR distribution based 
on 
VARDINOGIANNIS 
IOANNIS IOSIF effect 

MASTORANTONAKIS IOSIF 

CR (2) (initial) 84.22% 
REST (initial) 18.27% 
MULTIPLIER 0.035 
ADDED VALUE 2.86% 
ADJUSTED CR (2) 84.59% 
ADJUSTED CR (Rest) 15.41% 
Added value AEGEAN GROUP 2.49% 
Added value AVIAPERS GROUP 0.37% 
CR AEGEAN GROUP (Adjusted) 73.61% 
CR AVIAPERS GROUP (Adjusted) 10.98% 
CR INTERSALONIKA (Adjusted) 0.12% 
CR MOUZENIDIS GROUP (Adjusted) 5.15% 

Source Author’s calculations 

The Figure below shows the output of Table 6.25. The presented inter-
connection mainly strengthened the AEGEAN group, as AEGEAN is the 
dominant industry (Fig. 6.7).

6.5 Discussion 

A company’s business network influences its performance and its strategic 
choices. The effect of a company on its industry is evaluated based on 
the holding market share, i.e., the percentage of the total turnover of the 
sector accrued by the particular entity. However, since the company is also 
affected by its direct or indirect relationships with other market entities,
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Fig. 6.7 The revised and the initial concentration rate for the Passenger Air 
Transport sector

its percentage of influence on the industry cannot be based solely on its 
own turnover. 

Current business concentration indicators assume that companies 
operate independently. In actual fact, this is rarely the case. In most 
cases, companies in the same sector (usually the strongest) establish joint 
companies and/or their management members collaborate with third 
parties. This study attempts to present the existing conventional indi-
cators in a more realistic form using available business data on entities 
which, under specific circumstances, establish their business relationships. 

In this context, our initial effort paves the way for the enrichment of 
the business concentration indicators. The improvement on traditional 
indicators is achieved by adding innovative features that record the type 
of the relationship among entities of the same industry as they aim to 
improve of their effectiveness. 

This study attempts to advance the significance of the existing ratios 
using objective, unbiased variables, such as joint ventures and the persons 
that constitute the management of affiliated companies, who provide 
open data and establish business cooperation. In this context, we utilize 
data on the cooperation of companies in the same industry through the 
news and social networks. To more accurately capture the influence of 
a company on its industry, the recalculation of the concentration index 
is proposed in light of a corporate network, rather than considering a 
company as an individual/independent unit. This innovative method of
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calculating the index is based on a system of evaluating the company’s 
relations to clearly determine the importance of interaction between the 
nodes. The new index essentially calculates to what extent the examined 
node has contributed to its own turnover as well as to the turnover of its 
interfaces. 

A company’s business network influences its performance and strategic 
choices. The influence of a company in its branch of activity is evaluated in 
terms of the market share it holds and more specifically in the percentage 
of the total turnover of the branch that the specific company produces. 
However, as the company is affected by both its direct and indirect rela-
tionships with other market entities, its percentage of influence in the 
industry cannot be based solely on its own turnover. 
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Economic Shocks, Diversification 
and Economic Interconnections



CHAPTER 7  

Economic Shocks in Greece and the Effects 
on the Gross Value Added Per Economic 

Sector 

Kyriaki I. Kafka 

7.1 Introduction 

The outbreak of the recent global financial crisis, the COVID-19 
pandemic, and the energy crisis fueled by the effects of the Russian-
Ukrainian war caused significant economic turbulence in the Greek 
economy. Those shocks significantly affected the Greek economy’s 
economic development and growth path and the behaviors and decisions 
made by economic actors. Simultaneously, those shocks highlighted the 
speed with which shocks are transmitted in the economy and the signif-
icant problems of the Greek economy associated with its structure and 
function.
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The effects of Economic Policy Uncertainty (EPU) on various sectors 
of the economy continue to be a focus of ongoing research in economics, 
with a growing interest in the impact of EPU on sectoral Gross Value 
Added (GVA). Although the number of studies on the impact of EPU on 
sectoral GVA has increased, there is still much to be discovered about this 
relationship. For instance, there needs to be more research on the effects 
of EPU on service sectors, and the specific impacts of EPU on different 
sectors still need to be well comprehended. 

EPU refers to the degree of unpredictability regarding government 
policies that affect economic activity, which encompasses ambiguity 
concerning taxes, regulations, trade policies, and monetary policy. EPU 
can significantly impact various sectors of the economy, influencing 
investment, consumption, and the economy’s overall growth. 

This chapter investigates how the economic sectors in the Greek 
economy are affected by the economic shocks that have hit the economy 
during the period from the first quarter of 1998 up to the third quarter of 
2022, leading to the determination of the more vulnerable and the more 
resilient economic sectors in the Greek economy. Policy recommenda-
tions about the transformation of the Greek economy emerge. To the 
author’s knowledge, this is a novel examination of the effects of EPU on 
various sectors of the economy, specifically in the Greek economy. 

The structure of the chapter is as follows. Section 7.2 presents a liter-
ature review on how Economic Policy Uncertainty affects sectoral Gross 
Value Added. Then, Sect. 7.3 describes the data and methodology used in 
the analysis. Finally, Sect. 7.4 presents the analysis of the empirical analysis 
results, as well as a discussion of the analysis. Finally, Sect. 7.5 presents 
the conclusions and some policy recommendations. 

7.2 How Economic Policy Uncertainty 

Affects Sectoral Gross Value Added 

Many research studies have used the Economic Policy Uncertainty Index 
created by Baker et al. (2016) to explore the impact of economic policy 
uncertainty on corporate investment across various economic sectors. 
Wang et al. (2014) investigated how economic policy uncertainty affects 
corporate investment in Chinese listed companies and found that firms 
tend to reduce their investment when uncertainty rises. Similar findings 
have been seen by Gulen and Ion (2016), who discovered a signifi-
cant negative correlation between capital investment at the firm level and
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economic policy uncertainty, suggesting that uncertainty can discourage 
corporate investment due to the irreversible nature of the investment. 
Additionally, Wang et al. (2022) determined that an increase in EPU 
suppresses corporate investment. On the other hand, when EPU is low, 
it positively influences corporate investment, and this effect gradually 
decreases as uncertainty levels rise. 

Zhu and Yu (2022) are based on China’s industry to examine the 
effects of EPU on industrial output. Using data for the period 2005– 
2017, they conclude that EPU has a significant inverted “U”-nonlinear 
type effect on industrial output. 

Kun et al. (2022) highlight that uncertainty in economic policy, 
particularly regarding monetary policy, in China positively impacts R&D 
investments made by businesses. This suggests that a rise in EPU may 
positively affect the professional, scientific, and technical activities and the 
administrative and support activities sector. 

Zhao (2022) finds that when both importing and exporting coun-
tries experience increased EPU, it reduces the value-added trade flows in 
manufacturing. The study also shows that the negative impact of EPU on 
exporting countries is more significant than that of importing countries. 
The study concludes that the rise in EPU in exporting countries primarily 
impacts the value-added trade flows in manufacturing through the cost of 
exporting. In contrast, the rise in EPU in importing countries primarily 
affects it through market demand. 

Hu and Yan (2021) analyzed the impact of economic policy uncer-
tainty on the structural upgrading of the manufacturing sector in China 
from 1997 to 2018. The study’s findings suggest that economic policy 
uncertainty significantly affects structural upgrading in manufacturing, 
particularly in regions with advanced manufacturing structures. The 
results suggest that economic policy uncertainty drives the manufacturing 
industry to adopt service transformation strategies and pursue vertical 
integration, which is the mechanism through which it affects structural 
upgrading in manufacturing. 

Kostis (2021, 2022a, 2022b) analyzed data from 2001 to 2019 for 
Greece’s retail sector and found that uncertainty had a significant impact 
on the economy. The largest effects were seen in car fuels and lubricants, 
department stores, and books, stationery and other items. Conversely, 
uncertainty did not appear to impact the pharmaceutical and cosmetic
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sector or other stores (excluding fuel). The relationship between uncer-
tainty and retail trade turnover was found to vary between different 
branches of the retail trade. 

Li and Wu (2020) conducted a study to assess economic policy uncer-
tainty’s effect on China’s real estate development at the macro level. 
Using the EPU Index developed by Baker et al. (2016), they discovered 
that economic policy uncertainty has a negative and leading impact on 
real estate development investment. 

Previous research has looked into the relationship between economic 
policy uncertainty, and housing market returns in various countries such 
as Germany (Su et al., 2016), Japan (Anoruo et al., 2017), the United 
States (André et al., 2017), developed economies (Christou et al., 2017), 
and developing economies (Aye, 2018). Most research has found that 
the EPU index can be used to predict real housing returns. However, 
Aye (2018) found no connection between economic policy uncertainty 
and real housing returns, except for Chile and China. 

Aye and Kotur (2022) have determined that there is a long-term asso-
ciation between economic policy uncertainty and agricultural growth, 
with a negative impact in the long run. They found that economic policy 
uncertainty negatively and significantly affects agricultural growth and 
welfare in the short term. Additionally, they note that a stable economic 
policy environment positively contributes to agricultural growth. 

7.3 Data and Methodology 

The analysis of this chapter is based on quarterly data on the gross added 
value of the sectors of economic activity and the economic uncertainty for 
the Greek economy. The period under analysis starts in the first quarter 
of 1998 and ends in the third quarter of 2022. 

The GVA for each sector of economic activity is derived from the 
Hellenic Statistical Authority (EL.STAT.). The seasonally adjusted chain 
volume indicators are used (the base year is 2015) in millions of euros. 
The sectors under analysis are the following: 

– Agriculture, forestry, and fishing 
– Mining and Quarrying, Manufacturing, Energy, Water Supply, 
Wastewater Treatment, Waste Management, and Sanitation 

– Construction
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– Wholesale and retail trade, repair of vehicles and motorcycles, trans-
port and storage, provision of accommodation, and catering services 

– Information and communication 
– Financial and insurance activities 
– Real estate 
– Professional, scientific, and technical activities, administrative, and 
support activities 

– Public administration and defense, compulsory social security, educa-
tion, activities related to human health and social welfare 

– Arts, entertainment and entertainment, household repair, and other 
services 

The economic uncertainty data are derived from the EPU index calcu-
lated by Hardouvelis et al. (2018). The methodology they follow is based 
on the index of Baker et al. (2016). 

The data analysis methodology concerns a vector autoregressive model 
(VAR) to examine the effects (impulse responses) created by a negative 
disturbance of economic uncertainty for the ten branches of economic 
activity. The variables included in the VAR are the EPU index and the 
GVA of the ten sectors of economic activity. 

This system is determined by following the standard procedure of 
the recursive form of the included variables. To determine the appro-
priate length of VAR (4 lags), stationarity, and non-autocorrelation, the 
following criteria are used: Akaike criterion, Schwarz criterion, Hannan 
Quinn criterion, AR Roots, Residual correlogram, Autocorrelation LM 
test, Granger Causality, ADF test. To ensure the robustness of the results, 
tests with different VAR lengths and with different orders of the vari-
ables were performed. Then an impulse response function (IRF) analysis 
is carried out to show the effects of economic policy uncertainty on the 
ten sectors of economic activity for twelve periods after the economic 
uncertainty shock (3 years). 

Table 7.1 presents the descriptive statistics of the variables under 
analysis.
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Table 7.1 Descriptive statistics 

N Stdev Mean Min Max 

Economic Policy Uncertainty 99 24,6 95,4 41,3 159,5 
Agriculture, forestry, and fishing 99 145,1 1752,2 1362,1 1978,2 
Mining and Quarrying, Manufacturing, 
Energy, Water Supply, Wastewater 
Treatment, Waste Management, 
Sanitation 

99 615,1 6333,0 5124,7 7460,0 

Construction 99 1007,1 1812,7 594,9 4235,9 
Wholesale and retail trade, repair of 
vehicles and motorcycles, transport and 
storage, provision of accommodation and 
catering services 

99 1769,5 11,067,4 6875,1 15,182,7 

Information and Communication 99 391,1 1467,3 1010,9 2245,1 
Financial and insurance activities 99 285,1 2016,4 1304,1 2867,1 
Real Estate 99 680,1 6430,9 5184,9 7821,7 
Professional, scientific and technical 
activities, administrative and support 
activities 

99 548,5 2502,6 1772,0 3645,7 

Public administration and defense, 
compulsory social security, education, 
activities related to human health and 
social welfare 

99 1317,0 8981,0 7607,4 11,558,5 

Arts, entertainment and entertainment, 
household repair and other services 

99 471,9 1687,5 794,3 2650,7 

Source Author’s creation 

7.4 The Effects of an Economic 

Policy Uncertainty Shock on the Greek 

Sectors of Economic Activity 

Figure 7.1 presents the effects of a two standard deviations shock of 
economic policy uncertainty on the Greek economy’s ten sectors of 
economic activity. The period for the impulse response function is 12 
quarters after the shock.

There are several economic policy uncertainty shock effects in the 
Greek economy. There are sectors negatively affected, some others 
positively affected, and others presenting moderate effects. 

The “arts, entertainment and entertainment, household repair, and 
other services” sector presents an essential variance regarding the effects
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of an economic policy uncertainty shock. The primary effects of an uncer-
tainty shock exist during the first four quarters after the shock. There is 
a negative effect two quarters after the shock, which then turns positive 
effects for the next two quarters. After the first year, the effects of an 
uncertainty shock turn almost to zero, although there is a return to a 
negative shock in the 10th quarter. 

The sector “Information and Communication” appears to have minor 
effects. The most damaging effects are realized five quarters after the 
shock and last until the 8th quarter, and then the sector’s GVA is slightly 
positively affected by the shock. 

The “construction” section presents significant positive effects after an 
uncertainty shock. These positive effects start from the 1st quarter until 
the 12th quarter after the shock. The positive effects are the highest eight 
quarters after the shock. This positive effect on the GVA may appear due 
to increased government spending and infrastructure investments to stim-
ulate the economy and increase employment. In addition, if increased 
economic policy uncertainty leads to low-interest rates (as a central bank 
response), this can lead to higher investment in the construction sector. 
Besides, looking for safer investment decisions, households, and firms may 
turn to increase their investments in the construction sector instead of 
other types since they prioritize stability in their living arrangements. 

An economic policy uncertainty shock seems to positively affect the 
GVA of the “financial and insurance activities” as well. However, this 
effect is much lower than in the construction sector. These positive 
effects last for the first 11 quarters after the economic policy uncertainty 
shock. The main reason this happens is that due to increased uncertainty, 
investors, firms, and households are looking for safer economic actions, 
and the “financial and insurance activities” sector may satisfy the increased 
demand for safe assets and the increased demand for insurance products 
to protect from increased uncertainty. 

An economic policy uncertainty shock seems to positively affect the 
GVA of the “agriculture, forestry, and fishing” sector. The economic 
policy uncertainty shock is bigger in the 4th and the 9th quarter, while it 
gets minimized in the 6th and the 12th quarter. This positive effect on the 
GVA of the agriculture, forestry, and fishing sectors may exist because this 
sector is often seen as a relatively stable investment. Additionally, agricul-
tural products and fisheries are considered essential goods, meaning their 
demand is almost constant regardless of economic uncertainty. Finally, the
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agriculture, forestry, and fishing sectors may benefit from the decrease in 
competition from other sectors during periods of uncertainty. 

The sector “Mining and Quarrying, Manufacturing, Energy, Water 
Supply, Wastewater Treatment, Waste Management, Sanitation” appears 
to have a negative due to the shock in economic policy uncertainty from 
the 2nd to the 5th quarter and from the 8th to the 12th quarter after 
the economic policy uncertainty shock. Including manufacturing, this is 
a sector that may is highly affected by increased costs for the economic 
actors caused by regulatory burdens or other forms of economic policy 
uncertainty. The increased cost for the firms and the decrease in invest-
ments and consumption for the households lead to an uncertain business 
environment, which delays investment decisions and slows economic 
activity. 

An economic policy uncertainty shock seems to positively affect the 
GVA of the “public administration and defense, compulsory social secu-
rity, education, activities related to human health and social welfare” 
sector for 12 quarters after the shock. However, this positive effect 
gets negative five quarters after the economic policy uncertainty shock 
and returns to positive. The main reason for these positive effects is 
that public administration tries to increase confidence and welfare in 
the economy in times of high uncertainty. However, increased economic 
policy uncertainty can lead to decreased investment and consumer confi-
dence, government budget cuts, decreased government revenue, and 
public sector employment, which can negatively impact the production of 
goods and services in these sectors. Therefore, there is a negative effect 
on the 5th quarter. 

The most significant adverse effect of economic policy uncertainty, 
among all sectors of economic activity, is over the GVA of the “real 
estate” sector. The main negative effects are from the 5th to the 11th 
quarter, while the highest negative effect comes in the 7th quarter after 
the economic policy uncertainty shock. The main reasons are reduced 
investment, decreased consumer confidence, and increased uncertainty, 
which leads to decreased lending from financial institutions. 

An economic policy uncertainty shock seems to positively affect the 
GVA of the “wholesale and retail trade, repair of vehicles and motorcycles, 
transport and storage, provision of accommodation and catering services” 
sector. The main positive effects come in the 4th quarter after the 
economic policy uncertainty shock, and the positive effects are reduced
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and almost minimized after the 8th quarter. During periods of high uncer-
tainty, economic actors may try to protect and maintain their standard 
of living, leading to increased consumption and changed consumption 
patterns, even toward essential goods. Moreover, new consumer behav-
iors may emerge under increased economic policy uncertainty, such as 
an increased shift toward online consumption benefiting the retail trade 
sector. 

Finally, another adverse effect of economic policy uncertainty is over 
the GVA of the “professional, scientific and technical activities, adminis-
trative and support activities” sector. The main negative effects come from 
the emergence of the shock until the 3rd quarter, the 6th, and the 11th 
quarter. The main reason for those negative effects is that during high 
uncertainty, consumers focus on essential goods and services, not non-
essential services such as those offered by this sector. Moreover, increased 
uncertainty may lead to reduced spending on research and development 
since this does not seem to be a priority for enterprises in times of 
uncertainty. 

7.5 Conclusions and Policy Recommendations 

The analysis presented in the present chapter concerns the use of quar-
terly data for the period 1998–2022 (up to the third quarter), which uses 
a vector autoregressive model to examine the impulse responses created 
by a harmful disturbance of economic uncertainty for ten branches of 
economic activity in the Greek economy. 

The duration of the effects varies and can last from a few quarters after 
the onset of a shock to 12 quarters or more. The effects can be posi-
tive and negative for the gross added value of the sectors of economic 
activity. The most significant adverse effects characterize the real estate 
management sector. Most uncertainty effects are also adverse for the 
sector professional, scientific and technical activities, and administrative 
and support activities. On the other hand, the most positive effects of 
uncertainty are observed in the construction sector and the wholesale 
and retail trade, repair of vehicles and motorcycles, transport and storage, 
provision of accommodation, and catering services sector. 

Thus, the direct adverse effects of economic policy uncertainty on the 
Greek economy are insignificant and concern mainly the real estate sector. 
However, the interconnections between the sectors of economic activity 
are high in the Greek economy, resulting in a decrease in demand in
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some sectors strengthening the Gross Value Added of other sectors and 
vice versa. 

The Greek economy can tackle and better manage EPU and promote 
sustainable and inclusive growth, ensuring that government policies and 
regulations are clear and stable, minimizing uncertainty for businesses 
and investors. Moreover, investment and innovation should be boosted 
through tax breaks and funding for research and development. In addi-
tion, a solid and adaptive financial sector capable of managing changing 
conditions can be created. Moreover, a crucial point would be the 
development of more stable and effective government institutions, thus 
removing obstacles to investment and trade. Another critical issue is 
expanding trade agreements and foreign investments and strengthening 
key industries through human capital, innovation, and infrastructure 
investments. Finally, a critical issue in dealing with increased EPU is 
maintaining a stable macroeconomic environment. 
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CHAPTER 8  

Identifying Smart Growth Policies 
for Economic Diversification and Sustainable 
and Inclusive Growth in the Greek Economy 

Pantelis C. Kostis 

8.1 Introduction 

A country’s productive structure determines its future path of economic 
diversification, economic growth, and sustainable and inclusive growth. 
The Greek economy relies significantly on the production of a few 
economic sectors and, as a result, is vulnerable to external or internal 
economic shocks. 

This chapter defines Greece’s structural constraints and opportuni-
ties for economic diversification and sustainable and inclusive growth. 
For this purpose, the analysis describes the production model of the 
Greek economy and its vulnerabilities. Those vulnerabilities generate the
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need for its change to a more diversified economy based on sustainable 
and inclusive growth. Then smart growth policies for the future of the 
Greek economy are presented based on a Quintuple Helix model, which 
recognizes the importance of collaboration and cooperation between 
government, industry, civil society, the environment, and the knowledge 
and innovation system. 

The structure of the chapter is as follows: Sect. 8.2 describes that the 
Greek economy has long been dependent on a small number of sectors, 
leading to economic vulnerability and a lack of resilience and the need 
to diversify the economy and promote new sectors and industries. Then, 
Sect. 8.3 presents smart growth policies that can play a crucial role in 
achieving this goal under the prism of a Quintuple Helix model for the 
Greek economy. 

8.2 The Need to Change the Production 

Model of the Greek Economy 

The Greek economy heavily relies on a few industries, such as tourism 
and shipping, which makes it susceptible to external shocks. To mitigate 
this risk, it is crucial to shift the production model of the economy to 
increase its diversity. 

Diversifying the economy is crucial for overall economic growth, as 
diversifying investment and production is vital (Petrakis et al., 2016). This 
viewpoint has been extensively studied in the field of economics. Nobel 
Prize winner Simon S. Kuznets (1971) believes that a country’s economic 
growth can be described as a sustained rise in the ability to offer more 
diverse economic goods to its citizens. This idea is further supported 
by Grossman and Helpman (1992), who suggest that economic growth 
requires producing an increasing quantity, quality, and range of goods and 
services. 

An economy is considered diverse when its income comes from various 
unrelated sources (Shayah, 2015). If a country’s income relies solely on 
the production of one product, changes in the price of that product can 
lead to variations in the standard of living. Imbs and Wacziarg (2003) 
noted that during the development process, countries tend first to diver-
sify—spreading economic activity evenly across various sectors. Eventually, 
some countries start to specialize again once they reach a certain level 
of per capita income. In essence, sectoral diversification initially rises but
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then begins to concentrate again once a certain level of per capita income 
is reached. 

Additionally, the growth and transformation of an economy depend 
on the diversity of products being traded (Hausmann & Klinger, 2006; 
Hwang, 2006). By diversifying exports, an economy can shift toward 
producing and exporting advanced products that significantly contribute 
to sustainable growth, meet macroeconomic goals, achieve export revenue 
stability, and reduce unemployment and income inequality. Therefore, 
Romer (1990) recognizes diversification as a factor that contributes to 
and affects the efficiency of other production elements. Furthermore, 
Acemoglu and Zilibotti (1997) assert that diversification can raise income 
by expanding the opportunity for spreading investment risk to a more 
extensive portfolio. 

More recently, the current COVID-19 pandemic has significantly 
impacted Greece’s economy, particularly its tourism sector, one of the 
most dependent on global tourism. According to the OECD annual 
report published in March 2020, Greece is the 6th most dependent 
country regarding the industry’s contribution to GDP and the 4th in 
employment among the 35 monitored by the organization. The high 
dependence on tourism has made the Greek economy particularly vulner-
able to adverse circumstances that may affect tourism activity, such as 
the COVID-19 pandemic. One of the significant economic effects of 
COVID-19 on Greece is a decrease in international travel receipts due 
to travelers’ fear and the strict policies implemented by various countries 
to prevent the spread of the virus. 

As a result of the COVID-19 pandemic, the hotel and catering industry 
experienced the most significant decrease in gross value added. The 
arts, entertainment, and recreation sector also experienced a significant 
decrease in value added. Significant adverse changes are also expected for 
the value added in sectors such as trade, other services, transport and 
communication, manufacturing, and construction, with changes going 
from positive to negative after the pandemic. 

Therefore, the Greek economy’s sectoral policy for addressing the 
COVID-19 pandemic requires closer examination. The decision on which 
sectors to prioritize for support involves balancing two goals: boosting 
the sectors that contribute the most to the GDP, to shorten the duration 
of the recession and extending the recovery after shocks, or supporting 
the sectors with the highest employment, to minimize losses in human
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capital. The outcome of this trade-off depends on the cost-effectiveness 
of supporting each sector. 

It is suggested that sectors with high employment levels and a signif-
icant impact from support compared to the required budget should be 
prioritized for support. This means that priority should be given to the 
hotel and catering industry, manufacturing, and construction. However, 
consideration should also be given to the real estate management, 
transport and logistics services, and professional services sectors. 

As a result, changes need to be made to the production model to 
improve its risk diversification and reduce the likelihood of systemic 
crises causing severe recessions, or if that is not possible, to facili-
tate a quick recovery. In particular, the manufacturing sector deserves 
special attention because it, directly and indirectly, accounts for about 
a third of total employment in the economy and contributes to about 
10% of GDP. Efforts should be made to strengthen the industry and 
increase its participation in the economy’s production to at least 15%, 
even though the EU target is to raise manufacturing’s participation 
to 20% at the European level. Manufacturing has a GDP multiplier 
of 2.8 and an employment multiplier of 3.5, benefiting services and 
trade and creating a robust network of small and medium-sized busi-
nesses. Manufacturing also accounts for 44% of total exports, pays wages 
that are, on average, notably higher than the rest of the economy and 
contributes more to the state’s revenues than its share. Boosting manu-
facturing’s participation in GDP has multiplier benefits. Additionally, 
increasing the manufacturing sector’s role in economic production will 
result in significant job growth, addressing important economic inclu-
sivity issues. Furthermore, the decline of manufacturing and its inability 
to respond to the challenges posed by the modern globalized environ-
ment contributed to the 2008 crisis in the Greek economy (Argeitis & 
Nikolaidi, 2014). 

Furthermore, the Greek economy can enhance the significance of 
other sectors in its GDP by leveraging its comparative advantages in 
various sectors, including metals, food, pharmaceuticals, green energy, 
minerals, and specific high-tech sectors. To alter the production model, 
specific reforms are necessary to make it easier for businesses to operate 
in most of their sectors. Strategic planning is also crucial to create a 
well-structured industrial policy and for the digital transformation of the 
economy.
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8.3 Smart Growth Policies 

for the Greek Economy 

Besides a change in the production model of the economy, there 
is a need to use modern and holistic approaches to promote smart 
growth for sustainability and inclusiveness in the Greek economy. Such 
approaches fall within a Quintuple Helix model (Carayannis & Campbell, 
2009, 2010; Carayannis et al., 2012), which recognizes the impor-
tance of collaboration and cooperation between five critical stakeholders: 
government, industry, culture, environment, and academia (Carayannis & 
Campbell, 2019). In this way, smart growth policies are considered a 
more comprehensive and integrated approach to economic development 
and sustainable and inclusive growth for the Greek economy. 

8.3.1 Government 

The importance and, ultimately, the meaning of seeking more effective 
and democratic methods of governance (political and economic) lies in 
the fact that governance can not only influence the performance and form 
of the economic system at present, but it essentially shapes incentives and 
institutions for the future distribution of resources and incomes within 
society. This is a critical issue given the high uncertainty surrounding the 
Greek economy and society and the recent external shocks caused by the 
2008 global financial crisis and the COVID-19 pandemic. 

The Greek economy should also become a modern state in line with 
the requirements of the international environment in which it operates. 
Four areas break down the priority for activating the strategic develop-
ment policies of a modern state: (a) Public Infrastructure Investments, (b) 
Effective management of the public sector, (c) the strategic plan against 
corruption, and (d) the elaboration of a plan to combat significant tax 
evasion. 

(a) Public Infrastructure Investments 

The significance of infrastructure investment in determining overall 
productivity must be considered. During the 1970–2008 period in 
Greece, when the potential for product improvement in the economy 
was strong (averaging 2.7% annually), infrastructure investment played 
a crucial role in shaping capital and overall productivity. Predictions
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for the next 37 years (until 2060) indicate a potential increase in the 
product by 1.3% for Greece. Given the adverse effects of an aging 
population and climate change, the only way to sustain growth in the 
Greek economy is through an increase in overall productivity. Thus, 
infrastructure investment will be of paramount importance. 

Additionally, infrastructure investments serve as the foundation for 
a modern economy and society, providing resilience and contributing 
to economic growth by reducing social costs, improving efficiency, 
increasing productivity, and boosting competitiveness (Bell, 2012). Infras-
tructure encompasses investment systems in capital-intensive sectors such 
as road networks, utility networks, and public buildings and includes 
investment in innovation and human capital (tangibles and intangibles). 
Essential societal structures like housing, water, schools, hospitals, and 
transportation are all supported by infrastructure, and investing in this 
area is imperative for economic growth, sustainability, and resilience 
(Straub, 2008). 

Economic infrastructure and social infrastructure are two crucial types 
of public infrastructure. Economic infrastructure comprises the physical 
structures that support the production process, providing essential goods 
and services for economic activity, including transportation, communi-
cation, water supply, energy, etc. This makes it a necessary component 
for the development of supply chains, the exchange of information and 
knowledge, and the connection between producers and consumers. Social 
infrastructure, on the other hand, refers to the basic needs of society, 
such as education and health. Although they are not directly tied to the 
production process, they play a vital role in maintaining and improving 
the health and skills of the workforce. As such, they are crucial in 
developing human capital, which ultimately shapes the productivity and 
efficiency of the economy in the long term. Furthermore, access to these 
infrastructures helps reduce inequality and promote social cohesion. 

The topic of investing in infrastructure has re-emerged as a pressing 
concern for the Greek economy for the first time since World War II. 
This resurgence can be attributed to five main reasons: (a) crises limit 
the government’s fiscal capabilities, with infrastructure financing being 
a primary victim, especially in hard-hit countries; (b) monetary policy 
has lost its effectiveness due to the Zero Lower Bound, leading to the 
need for alternative fiscal tools to boost the economy; (c) the impacts 
of climate change have intensified; (d) changes in the population require 
more significant investment at both ends of the age spectrum; and (e)
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technological advancements are driving new demands for innovation and 
skills. 

It needs to be more accurate to categorize public infrastructure prod-
ucts and services as pure public goods, as only some projects completely fit 
that definition. Take transport networks, for instance; they benefit society, 
but their economic performance decreases as usage increases. Moreover, 
the characteristics of public infrastructure are flexible and can change over 
time due to technological advancements and new political approaches. 
For example, technological advancements in telecommunications have 
helped reduce the costs of developing information and communication 
technology infrastructure. The importance of infrastructure is emphasized 
by its inclusion as a crucial aspect of the United Nations’ 17 Sustain-
able Development Goals by 2030. These goals include ensuring access to 
water and sanitation, providing access to affordable, reliable, sustainable, 
and modern energy forms, creating flexible infrastructure, and promoting 
sustainable industrialization and innovation. 

Investing in modern trade-related infrastructure can bring competi-
tive benefits to the Greek economy by making its export activities more 
efficient. It also spurs innovation, generating jobs in cutting-edge tech-
nologies like renewable energy and high-speed rail. Large infrastructure 
projects have long been known to enhance productivity and appeal to 
research and innovation initiatives significantly. The joint report from 
the European Investment Bank and the World Economic Forum in 
2017 highlights the potential of infrastructure investments to impact 
competitiveness and inclusiveness. The World Economic Forum recog-
nizes infrastructure as one of the 12 essential drivers of competitiveness, 
defined as the institutions, policies, and factors that determine a country’s 
productivity level. 

Investing in infrastructure has a positive impact on the economy by 
increasing productivity. The inflow of capital into the infrastructure sector 
expands the economy’s production capacity (OECD, 2015). The benefits 
of infrastructure investment can be significantly magnified when there is 
strong complementarity with other factors of production. Investments in 
network infrastructure, such as electricity or telecommunications, enhance 
access to these services and reduce costs for businesses, encouraging 
private investment. As a result, public infrastructure investment can 
stimulate private investment, leading to a positive spillover effect.
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(b) Effective management of Public Sector 

The Greek public sector’s large size is often seen as a significant factor 
in accumulating long-term deficits, leading to the current debt crisis. 
Reducing the size of the public sector is a top priority in countries that 
need to cut spending through structural reforms. Some governments 
have expanded the public sector to provide jobs in the past, but this 
solution needs to be revised. This happened in Greece, where the govern-
ments from 1980 onwards aimed to absorb the unemployed workforce by 
expanding the public sector. However, this increased unemployment due 
to immigration, population growth, and economic changes. 

Modernizing the public sector must follow specific rules and condi-
tions, such as evaluating administrative structures and staff, hiring highly 
qualified staff in key areas, improving services for businesses and citizens, 
and simplifying regulations. Developing e-government services is also 
important, including modernizing services, making essential services avail-
able online, providing digital services for enterprises, promoting digital 
literacy and internet access, and addressing digital security issues. 

(c) Strategic Plan on Corruption 

Reducing corruption is crucial in improving economies that do not rely 
on markets. Several vital steps must be taken to achieve this: (a) Rein-
forcing oversight and control measures to tackle corruption and maintain 
accountability. (b) Strengthening control and oversight mechanisms and 
demonstrating a zero-tolerance policy toward corruption, mismanage-
ment, or unclear processes. (c) Effective monitoring and punishment 
should serve as a deterrent. (d) Evaluating the outcomes of audits to 
guide further reform initiatives. (e) Improving the flow of informa-
tion in the justice system. (f) Streamlining administrative procedures 
and improving services for citizens and businesses. (g) Developing a 
National Anti-Corruption Action Plan with specific tax administration 
measures to enhance the political, economic, social, and legislative envi-
ronment through three key pillars: Deterrence, Training, and Prevention. 
(h) Promoting and monitoring compliance with transparency rules in allo-
cation processes at all levels of government and in all other state functions 
to effectively combat corruption.
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(d) Tax Fraud Elimination 

Tax evasion is typically seen to occur among two groups: low-income 
earners and high-income earners. Both types of tax evasion pose chal-
lenges for a well-run state, but the solutions may differ. For the first 
group, the following established and proven methods are commonly used: 
(a) Gradual reduction of the tax burden on individuals and businesses. (b) 
Promoting the importance of tax compliance. (c) Implementing an effec-
tive tax collection system. (d) Widening the tax base through improved 
collection performance. (e) Simplifying the system and distributing the 
tax burden fairly by limiting exemptions and special schemes, such as 
single property tax. (f) Streamlining non-contributory taxes benefiting 
third parties. (g) Creating an autonomous and centralized structure, elim-
inating the bureaucracy of multiple small services dealing with taxpayers. 
(h) Connecting computer systems with other government departments 
for cross-checking purposes. (i) Hiring additional skilled and specialized 
personnel. (j) Providing incentives for timely reporting, strict audits, and 
sanctions for violators, improving liquidity through timely payment of 
state liabilities, and automatic debt/refund netting. 

Particular attention should be given to devising strategies for tackling 
significant tax evasion for high-income earners. The methods proposed in 
international practice include: (a) Establishing an international informa-
tion network. (b) Developing robust domestic control mechanisms. (c) 
Enhancing the independence of administrative mechanisms responsible 
for capturing tax-evading assets. 

8.3.2 Industry and Sectoral Policies 

The current wave of the Industrial Revolution brings many changes, and 
the various industries in the Greek economy must adapt to them. Each 
sector aims to make the most efficient use of resources, provide innova-
tive solutions that enhance competitiveness, participate in international 
trade agreements that drive economic activity, and actively participate 
in the supply chain. The goal is to transform the country’s production 
model, which relies on only a few sectors and makes Greece vulnerable 
to external shocks, such as the impact of the COVID-19 pandemic on 
the tourism industry. Sectoral policies impact all areas of the economy. 
However, the focus is on priority sectors, including tourism, marine and
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transportation, technology and IT, pharmaceutical, logistics, agro-food, 
and housing (Petrakis & Kostis, 2020b). 

In the tourism sector, digital technology should be used to promote 
services globally. The quality of services should be improved by utilizing 
unused tourist assets, simplifying the institutional framework, and devel-
oping high-end tourism infrastructure. In marine and transportation, 
services must be improved, and processes streamlined to increase syner-
gies among industry players. Ports should be upgraded, new technologies 
integrated, new marinas built, skilled labor employed, and long-term 
financing for transport infrastructure ensured. 

In technology and informatics, businesses need training and informa-
tion to penetrate the IT and internet sectors and increase productivity. 
Competition can be encouraged by supporting young scientists with 
innovative ideas. The Hellenic Telecommunications and Post-commission 
should be strengthened and independent to promote competition and 
regulate the market. 

The competitiveness and international presence of the Greek phar-
maceutical industry can be improved by promoting Greek generics in 
the market, participating in international networks, providing incentives 
for developing production lines, and encouraging research and develop-
ment through incentives and standardization. The institutional framework 
needs to be changed to allow e-government of the industry and a unified 
pharmaceutical policy established to improve efficiency. 

Major ports should be transformed into integrated logistics platforms 
in the logistics sector, and the industry should be strengthened with a 
skilled workforce. The state could incentivize companies to create orga-
nized supply zones. In the agro-food sector, competitiveness can be 
increased by producing high-quality products in larger quantities and 
marketing them as finished products instead of raw materials. Innovation 
and the skills of the rural population should be strengthened and focus 
should be placed on emerging and dynamic markets. 

Reforms are needed in the real estate sector to stimulate intersectoral 
partnerships and increase public confidence in real estate investments. A 
better tax regime that favors the purchase and sale of real estate, the regis-
tration of usable real estate, and special regulations on urban planning, the 
environment, and expropriations for strategic investments are necessary. 

During the COVID-19 pandemic, the sectoral policy of dealing with 
the pandemic in the Greek economy needs to be carefully evaluated. The 
trade-off decision on the economic policy should prioritize supporting
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industries with high employment and a high impact from aid, such as 
the hotel and catering industry, manufacturing, construction, property 
management, transport and storage services, and professional services, 
while considering the financial cost–benefit ratio. 

Several actions are needed to boost Greek businesses’ competitiveness 
(Ciampi, 1995). Firstly, there needs to be a modern legislative framework 
that replaces outdated laws. Secondly, the economy needs to tap into 
the scientific potential to enhance the quality of products, particularly 
in high-tech sectors. Thirdly, entrepreneurship needs to be encouraged 
by creating equal opportunities for all (such as women and vulnerable 
populations) to start businesses, reducing start-up costs, bureaucracy, and 
access to finance and promoting skills and understanding of entrepreneur-
ship. Fourthly, the country’s natural resources and comparative advan-
tages must be fully utilized, public infrastructure needs to be developed 
to support competitiveness, and everyone must follow fair competition 
rules. 

Finally, new business entry barriers need to be removed to increase 
competitiveness in specific sectors. For example, this might involve 
reducing the licensing requirements for new businesses in the wholesale 
fuel trade. A national development strategy should also be implemented 
for key sectors that contribute significantly to the economy, such as 
tourism, shipping, and agriculture. 

8.3.3 Culture 

Petrakis and Kostis (2020a) have identified some dominant traits in Greek 
society, including a lack of trust, strong in-group collectivism, uncertainty 
avoidance, a significant influence of Orthodox religion, performance 
orientation, and non-acceptance of inequalities. These traits lead to a 
focus on the familiar, reluctance to compete or take risks, indecision due 
to uncertainty and anxiety, and low trust. There is also a prevalent aver-
sion to loss and support for the status quo, protection of the in-group, 
and a strong role of family and Orthodox Christian beliefs. Despite this, 
there is a desire for equal opportunities and an emphasis on efficiency in 
daily life. There is also a trend toward Euroscepticism and the protec-
tion of national sovereignty while striving to maintain and improve the 
standard of living.
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Another significant distinction in attitudes in Greek society is the divide 
between the economic situation (economic have-nots) and cultural back-
lash behavior. This distinction refers to whether citizens decide, and vote 
based on their economic struggles or in response to cultural changes. 
The world, starting with the US, then Europe, and finally Greece, is 
transitioning into a post-materialistic era where economic concerns take 
a backseat to other issues, such as social status, refugees, and terrorism, 
following the impacts of the 2010 financial crisis. In Greece, however, 
economic issues remain a primary concern for citizens, even though 
there is a tendency for this to change. This reflects the “economic have-
not” hypothesis but also the strong presence of “loss aversion” and the 
“cultural backlash hypothesis.” 

The Greek government’s political actions should focus on increasing 
confidence, promoting collaboration, and exposing individuals to new 
perspectives that broaden their intellectual horizons, such as female lead-
ership. Policymakers should remember that incentives are more complex 
than commonly thought, with social incentives being more influential 
than economic ones. This insight can help explain why specific policies 
do not work and lead to developing policies that can reduce poverty and 
enhance prosperity. To start, the way options are presented can impact 
the decision-making process. Simplifying the choices can help individuals 
make better decisions, as too many options or a complex decision envi-
ronment can lead to indecision or incorrect choices. This has significant 
implications for policymaking. Additionally, the government can influence 
behavior through “nudge policies.” These policies aim to modify behavior 
without limiting or incentivizing choices; instead, they steer individuals 
toward a particular choice (Thaler & Sunstein, 2008). 

Moreover, actions are required to shape savings, and investment behav-
iors should target both the demand and supply. This can involve structural 
reforms, improving access to finance, macroprudential policies that ensure 
an efficient allocation of savings, fiscal policies, and nudge policies that use 
psychological interventions to encourage savings, and improving financial 
literacy among the population (Abebe et al., 2016; Lusardi, 2008). 

8.3.4 Environment 

Greece’s unique ecological environment makes it a significant member of 
the European Union in terms of its ecological richness. The country’s
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constitution includes provisions for environmental, climate, and protec-
tion of land and water life. Greece was one of the first countries in the 
world to adopt a Framework Law on Environmental Protection in 1986. 
Environmental protection is critical to sustainable economic development, 
mainly through quality tourism and agriculture, which form the basis of 
the Greek economy. It also promotes social well-being by safeguarding 
human health and access to high-quality environmental and ecosystem 
services. The environmental situation in Greece varies by sector, and 
monitoring is crucial for improvement. Despite progress in recent years, 
critical environmental issues such as air quality, water management, and 
climate change mitigation still need to be addressed. Greece has set 
climate targets until 2030 as part of its National Energy and Climate 
Plan, focusing on reducing greenhouse gas emissions, improving waste 
management and recycling, and tackling plastic pollution. 

The European Commission’s action plan for a circular economy is 
a priority for Greece and is part of its National Development Strategy. 
The plan aims to “close the loop” of the product life cycle, focusing on 
waste management, circular entrepreneurship, and sustainable consump-
tion patterns. To achieve these goals, regulatory, and legislative measures 
need to be implemented, such as new waste definitions and reduction 
strategies, increased public education, and improved governance. “Green” 
project bonds could also be developed to finance green projects. The 
development of green funding through appropriate tools is a crucial 
issue supporting the sustainable development goal (Hellenic Federation 
of Enterprises, 2018). 

For waste management, Greece has implemented a National Plan for 
Hazardous Waste Management since 2016, aimed at reducing waste 
production, increasing reuse and recycling, and creating new jobs in 
waste management. Greece has a good record in water management, with 
high-quality fresh water and fair water pricing that promotes responsible 
use. However, water management remains a complex issue with political, 
administrative, and legal challenges. 

8.3.5 Academia, Knowledge and Innovation System 

The workforce of a country plays a vital role in driving growth and 
promoting sustainable development in the long term. Improving the 
skills and education of the workforce is crucial for dynamic growth. 
There are two main areas in human resources: research and development
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(R&D) and continuing education. In Greece, R&D is mainly funded 
through the European Structural Funds. The funding for human resource 
R&D focuses on quality research and excellence. Most funding should be 
used to improve research institutions and encourage knowledge sharing 
among Greek institutions and the international research community. The 
objective is also to attract highly educated Greek scientists who left the 
country during the debt crisis. For company R&D, funding should be 
directed toward removing restrictions on business operations. The educa-
tion and training provided by R&D should encourage entrepreneurship, 
innovation, productivity, and technological development. 

To enhance the quality of the workforce in Greece, there needs to 
be a focus on improving the quality of education. This requires long-
term planning and sufficient funding for education. Lifelong education 
and vocational training are essential for workers to improve their skills 
continuously. There should also be a better connection between educa-
tion and the labor market, focusing on acquiring skills early, providing 
knowledge relevant to the labor market, and promoting practical training 
through collaboration between education and businesses. 

Moreover, to drive growth and development in the Greek economy, 
both the private and public sectors must promote the creation of new 
knowledge and stimulate innovation to improve the competitiveness of 
Greek businesses. This will also boost export activity. To achieve this, 
measures need to be taken to support R&D in the Greek economy, 
such as: (a) Reinforcing basic research by establishing and strengthening 
research centers, encouraging collaboration between higher education 
and industry, (b) Developing the skills of entrepreneurs and managers 
to drive innovation and manage its production, (c) Creating innovations 
that can easily be commercialized and target specific sectors that have a 
comparative advantage, (d) Improving the institutional, legal, and fiscal 
framework to support R&D (e.g., clear long-term tax policy), and (e) 
Supporting start-ups that focus on innovations. 
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CHAPTER 9  

Networks and Interconnections in an Era 
of Trending Divergence 

Anna-Maria Kanzola 

9.1 Introduction 

Economic growth depends on the combination of three elements: finan-
cial and natural capital; human capital; and social capital. Focusing on the 
latter element, Burt (1992) claims that social capital is the final deter-
minant of economic growth because it generates networking activities. 
Networks are an important aspect of social and economic interactions 
since they are a source of interdisciplinary concentration due to the 
fact that social bonds are correlated with individual, social, and institu-
tional goal-setting (Barnes, 1972). Consequently, networks impact social 
and economic structures through mutually beneficial relationships and 
concentration effects. By definition, networks promote cooperation and 
support within their framework. Their significance is established from an
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economic and anthropological perspective. However, regardless of the 
positive externalities within the networks, there are also adverse situations 
and results. 

Nowadays, economies and societies are experiencing greater connec-
tivity caused by technological advancement, globalization, and a reduc-
tion in the cost of communication and travel (Watson, 2010). Such 
advancements have positive and negative implications for economic 
constructs but, they also, lead to higher complexity in terms of network 
formation. For instance, connectivity increases transparency and promotes 
social interactions and identification. On the other hand, global connec-
tivity relates to higher levels of systematic risk and over-information 
anxiety, resulting in poor decision-making, bounded rationality, and 
adverse selection. In a world where everything is connected, economic 
and social shocks spread faster than ever and have severe consequences 
that are more challenging to mitigate. 

The present chapter examines the aforementioned topics through the 
lens of three pillars. First, there is a critical discussion of the emerging 
positive effects and challenges of an interconnected world at individual, 
social, and economic levels (Sect. 9.2). Second, the analysis focuses 
on the role of networks in the prediction of the future and provides 
insights for the future of world cooperation under specific circumstances 
(Sect. 9.3). Lastly, the reasoning is concentrated on the role of human 
and creative capital in mitigating divergence tendencies, concluding this 
chapter (Sect. 9.4). 

9.2 Interconnection Effects and Challenges: 

Insights for Global Interactions 

Cooperative dynamics comprise a dilemma in economic science due to 
the contradictory assumption that individuals are selfish and act upon 
their own interests (Axelrod, 1984). More specifically, Axelrod (1984) 
develops a theory of cooperation under which individuals are self-centered 
but cooperate due to their long-term motivations toward mutual bene-
fits. Thus, in such a case, cooperation between selfish agents is possible 
without the formation of a central authority to force it. Anthropologi-
cally, societies balance among three behavioral characteristics, namely: (i) 
competitiveness, (ii) cooperativeness, and (iii) individualism, depending 
on the living circumstances (Mead, 1937).
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At social, anthropological, and economic levels, cooperative behav-
iors are established as fundamental to social and economic contacts. In 
turn, cooperation encourages and frequently “forces” networking activi-
ties. Networks are special structures of social and economic significance. 
Socially, networks satisfy the human need to belong and to affiliate 
with a wider group of individuals with common traits and social values 
(Moser & Ashforth, 2022). Economically, networks are mostly generated 
from hierarchies and refer to the concentration of different interactive 
behaviors. Broadly, networking generates direct and indirect externalities, 
which could be either positive or negative, depending on the nature of 
the network1 (Economides, 1996). Consequently, interconnectivity refers 
to the shared relationships among several parties that produce powerful 
forces and causal relationships affecting the outcomes of a process. 

The existence of networks automatically implies the following: First, 
the emergence of networks is not random but structured around the 
potential benefits for all the members of the network. Second, conflict 
could possibly arise between different networks or the members of a 
network, leading to a failure of cooperation. As a result, to secure the 
critical mass required as well as cooperation, it is common for network 
operators to opt for lock-in conditions. 

Traditionally, networks are analyzed through firm behavior (Econo-
mides, 1996); however, the application of network analysis can be 
extended to depict the relationships among significant economic agents 
and the established structures because it addresses social phenomena and 
power dynamics (Chiesi, 2015). The interplay between networks and 
various agents in the economy and society is a critical tool for gaining 
a comprehensive understanding of the evaluation and significance of 
complex cooperative dynamics in social and economic systems. At this 
point in the analysis, it is established that (i) networking activities require 
stimuli and (ii) we can apply network analysis to acquire insights regarding 
international politics (Axelrod, 1984). To that end, the remainder of this 
section discusses the power interconnections and challenges for alliances 
at a country level, considering how they affect global governance. 

Global alliances and networks are driven by the need to safeguard 
national interests, welfare, and global megatrends. To better elaborate on

1 For instance, networks are classified as one-way or two-way depending on the service 
they provide and the way they allow for interaction (Economides & White, 1998). 
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network dynamics, let it be assumed that a set of countries form a simple 
network where the following assumptions hold true: 

Assumption 1 states that utility is a function of a stable direct benefit 
and of expected participation in the network. The 
utility is not the same for all the agents because 
networking effects are assessed differently by different 
agents.Ui = a + hexp(n). 

Assumption 2 states that each agent has a different compara-
tive advantage in terms of production, and after 
networking, it focuses on this.2 

Assumption 3 states that the participating agents are of different 
capacities, but there is no direct way for the other 
countries to observe due to hidden agendas, indiffer-
ence, or bounded rationality. 

Assumption 4 states that in this network there is no formal authority 
to force cooperation since all agents are ostensibly the 
same (Axelrod, 1984). 

The following Fig. 9.1 depicts a network with countries as agents 
that participate in the network in order to reduce the associated cost 
of individually producing all goods and services and increase their social 
welfare.

In this simplified network, the most powerful agent is country F 
because it operates as a “provider” and main link to the other countries. 
The blue nodes are the most important for this network because they 
are vital to its existence and all the other agents depend on them. For 
instance, even though there are reciprocal relationships between countries 
A, B, E, and D, they depend on country F, meaning that this cooperation 
could collapse if the most powerful agent decides to stop the supply line 
towards countries A or D. In that respect, the most powerful agent has 
the ability to exercise control over the other members. This repercussion 
emerges based on the position of the most powerful agent, which is at 
the center of the interactions.

2 This assumption is relevant for the remainder of the analysis, where the discussion 
regards the recent turn of countries towards autarky and self-sufficiency. 
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Fig. 9.1 High interdependence and power dynamics (Source Author’s creation)

Power relationships in network society are fairly complex (Castells, 
2011), and there is no single form of power. For instance, all the members 
of the given network have networking power over countries that are not 
members of the network; in Fig. 9.1, these are countries J and K (Castells, 
2011). On the other hand, the agents in the presented network differen-
tiate in terms of networked power, which refers to the ability to exercise 
power over the other agents (Castells, 2011). The latter is attributed to 
some degree to the relative power positions of agents within the network 
and the fact that some agents may amplify disparities of power that existed 
prior to the establishment of the network (Faul, 2016). Thus, establishing 
a formal network does not necessarily moderate existing asymmetries of 
power (Faul, 2016). 

The presented network can be evaluated in the short-term and in the 
long-term. In the short-term, the benefits refer to the reduction of trans-
actional costs. In the long-term, positive externalities concern the ability 
of each agent to build local learning by means of the direct and indi-
rect links of the network (Balla & Goyal, 1998), which eventually leads 
to innovation. Essentially, local learning means that all agents, ceteris
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paribus, obtain the same benefits in the long run due to spatial diffusion 
(Balla & Goyal, 1998). 

Despite the positive effects, there are some downsides due to structural 
reasons. To begin, because all of the agents do not have the same capacity, 
the most powerful agent can (i) impose direct political, economic, social, 
and cultural violence on the other parties (Bulk, 2015) and (ii) bind local 
learning (Balla & Goyal, 2000) to maintain position. Furthermore, in 
this network, which at some point resembles a “star” structure, shocks 
spread faster (Economides, 1996). Due to its overreliance on one actor, 
this network is susceptible to endogenous shocks and is characterized 
by an unstable equilibrium. Consequently, real and expected systematic 
risks spread faster, challenging the network’s resiliency (Acemoglu et al., 
2015). As a result, if all agents—except for country F—have the same level 
of knowledge and are perfectly rational, they will have a strong incentive 
to avoid participating in this network, and cooperation will not occur. 

It is, thus, established that network analysis offers the ability to under-
stand network activities from an intertemporal perspective in order to 
make assumptions for social welfare and relations among several agents. 
Broadly, discussing future possible scenarios in terms of networks is 
related to their evaluation in terms of economic and political power. The 
following section emphasizes this matter. 

9.3 Networks as “Nodes” to the Future 
Networks shape and drive action, and therefore, the future. That is, 
network analysis is an instrument of action to construct or deconstruct 
relational structures so that they can lead us towards one future or another 
since we address social phenomena and circumstances that are future-
directed (Rodríguez Díaz, 2009). A list of predictions can be structured 
as a network, especially if we trace those powerful forces that emerge 
again and again and shape the future (Johnson, 2004). According to 
van der Duin et al. (2014), a network approach to foresight strengthens 
the various roles of foresight. The question that arises is: How is future 
research related to network analysis of global dynamics? To provide an 
answer to this question, we shall compare global network dynamics with 
the simple dynamics discussed above. 

When investigating foreign affairs and networks, two issues are of 
paramount importance: (i) whether the agents have the ability to increase 
their power by enhancing and exploiting their network positions, and (ii)
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the complex dynamics produced by the different kinds of power (Hafner-
Burton et al., 2009). The complexity of global network dynamics is due 
to the fact that there are several powerful agents (the United States of 
America, China, Russia, and India), depending on their size, develop-
ment level, characteristics, and location. Even though the simple network 
of Fig. 9.1 is of a small scale, at some point it accurately debates the 
implications of a cooperation where a network is formed as a result 
of transformative powers such as the megatrends (Naisbitt, 1988). In 
this case, power asymmetries may or may not be addressed due to the 
erroneous assumption of a globalized economy and culture. While it is 
understandable why and how countries wish to protect their interests, it 
is essential to elaborate on how megatrends promote global cooperation 
or divergence. 

The most distinctive example of the promotion of world cooperation 
is the “globalization phenomenon,” which refers to the interdependence 
of the world’s economies, cultures, and inhabitants as a result of tech-
nological improvements and international trade. Globalization is linked 
with the emergence of world interconnectivity and global networking 
because it proposed a unified way of life and economic activity (Godet 
et al., 1994; Holm & Sorensen, 1995). In that respect, one could argue 
that globalization induced cooperation at individual, social, and country 
levels based on the similarity of the experiences regarding cultural inte-
gration. However, not all countries share similar structural characteristics 
and agendas, meaning that power asymmetries challenge social welfare 
and the network’s resiliency when major disturbances occur. 

Major disturbances could take the form of endogenous shocks of 
economic, social, and political nature—such as technological shocks, 
financial crises, and geopolitical conflicts—or exogenous shocks, such 
as health crises and natural disasters. Subsequently, globalized, inter-
connected economies and societies are vulnerable because of contagion 
effects. Historically, global economic convergence was inevitable after 
the Cold War (Axelrod, 1984); however, recent events such as the 
Great Depression of 2008, the Coronavirus Pandemic of 2020, and the 
geopolitical conflicts that resulted in the Energy Crisis of 2022 brought 
back the past missions for self-sufficiency and autarky (Helleiner, 2021; 
Malcomson, 2021) based on a general turn to de-globalization (Bello, 
2004). 

The key concern is how the new age of de-globalization and multipo-
larity affects the networked economy and the welfare of the participating
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agents, given that the global economic network is established on the prin-
ciples of the globalization agenda. To reduce the associated complexity, 
we suppose that the same four assumptions described above are not far 
from reality. In this case, many global agents face a lock-in situation where 
their welfare is bound to the effective operation of the global network. 
However, there is the possibility of exogenous and endogenous forces 
that oppose global cooperation. Hence, in an era of established network 
economies and trending divergence, discussing the future is unavoidable 
in order to envision and analyze futures and social change (Rodríguez 
Díaz, 2009) and determine whether societies will deal with a “market of 
lemons” (Akerlof, 1970) in international politics. 

Megatrends that oppose global cooperation trigger divergence, 
meaning that protectionism is back on the political agenda (Wolf, 2018). 
More specifically, self-sufficiency is a tactic to distance oneself from 
the system and is associated with long-term preparedness to guarantee 
long-term welfare. Along with autarky, which concerns self-reliance, 
these are the two pivotal notions in an era of great multipolarity and 
de-globalization tendencies (Malcomson, 2021). The shift toward self-
sufficiency and autarky is connected to the rise of global insecurity because 
of the negative effects of high interdependence, interconnectedness, and 
contagion (Helleiner, 2021; Malcomson, 2021). Additionally, there is 
historical path dependence, with some major agents having a tradition 
of protectionist and self-sufficiency policies (Malcomson, 2021). Major-
power autarky is defensive, and it is not necessarily associated with a 
more dangerous world scenery (Malcomson, 2021). However, because 
of the inevitable locked-in situations and high interdependence with 
powerful providers, this is a difficult issue to address in an interconnected, 
networked global economy. There are two possibilities as mentioned 
below. 

First, an unorganized return of great powers to autarky might result in 
a “security dilemma” situation (Axelrod, 1984) where agents seek their 
own security by challenging the security and welfare of others, denoting 
that the greatest risk is that major nations may attempt to prevent their 
rivals’ access to resources (Malcomson, 2021). Furthermore, a possible 
collapse of global cooperation and the network economy will radically 
diminish intertemporal social welfare due to a setback in global sustainable 
integration. 

Second, there is the possibility that despite the trending divergence of 
the system, the powerful nodes of the network will hold on, providing
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support and emphasizing multilateral relationships (Ruggie, 1993; Tago,  
2017) to protect the established welfare. However, such a development 
requires (i) a strict legislative framework, (ii) a relative degree of each 
agent’s self-sufficiency, and (iii) distributed, decentralized, and democ-
ratized benefits. Hence, the future of global cooperation and welfare 
depends on mutually beneficial activities and a strict legislative framework 
that prohibits one party from overruling the other (Axelrod, 1984). 

9.4 Conclusions: Randomness and Order 

Shape Networks and the Future 

In the history of human cooperation, there have been forces and changes 
that bind us together and others that drive us apart. The fates of 
globalization and cooperation under changing interconnected dynamics 
depend on elements of order and randomness (McKinsey Global Insti-
tute, 2023; Watts, 2003). Regardless of optimism, globalization—as a 
dynamic term—will continue to play an important role in the determina-
tion of global activities because, contrary to the aforementioned Fig. 9.1, 
every agent depends strongly on other agents, mostly regarding resources 
(McKinsey Global Institute, 2023). However, such a proposition does not 
cancel trending divergence, but it does establish a framework in which we 
recognize that we need each other to maintain and achieve high levels 
of social welfare. In this case, there are two options: (i) agents cooperate 
relatively peacefully or (ii) geopolitical revisionism ideologically prevails, 
altering the geopolitical map as we know it today and leading to a welfare 
gap for some agents. Given that the first possibility constitutes a desir-
able future, it is interesting to refer to the evolution of global chains 
(McKinsey Global Institute, 2023), through social and cultural capital, 
because in a highly social and technologically interconnected world, the 
positive externalities from networking go beyond regional growth and 
classic economic geography (Glückler & Doreian, 2016) because of the 
spatial patterns that emerge (Malecki, 2002). 

Knowledge and creative economies are intellectually based and grow 
beyond strict geographic terms. Thus, they yield several opportunities for 
sustainable value creation based on the idea that social beliefs, institutions, 
power relations, traditions, procedures, and so forth produce social capital 
and shared norms that reinforce cooperation. Additionally, institutions 
and legislative frameworks operating at a global level are in a position to 
define, apply, monitor, and enforce the technical and economic conditions
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and rules for a set of operators (Agrell, 2015). Nonetheless, when dealing 
with agents and networks at a country level, these are challenging objec-
tives, yet worth mentioning since they theorize on a set of circumstances 
where global interconnectedness is beneficial for all and desirable. 

Consequently, the role of institutions and certain economic struc-
tures, such as knowledge and creative economies, in the promotion of 
sufficient, sustainable, and inclusive growth by capitalizing on the inter-
connection effect is of great vitality if societies and countries are oriented 
toward promoting social welfare. Nonetheless, we should never exclude 
the possibility of forces which are transformative in an unpredictable 
manner. 

Concluding this chapter, it should be highlighted that when mega-
trends related to foreign affairs, de-globalization, and multipolarity 
appear, they produce extreme economic uncertainty, which impacts global 
constants (Aftab & Phylaktis, 2022). Yet, as societies and economies 
go through the adjustment phase, induced economic uncertainty is 
being mitigated thanks to institutional and networking practices. That is, 
networks can generate equilibria when economies and societies approach 
several tipping points, provided that these networks promote welfare. 
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