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ABSTRACT ARTICLE HISTORY
This paper aims to identify patterns of functional specialisation (FS) in Received 23 April 2020
global value chains (GVCs) and determinants of upgrading them for
selected Central Eastern Europe§n (CEE) economies. By combing the Functional specialisation;
World Input-Output Database with data on occupations, we rfeveal a global value chains;

new FS pattern among subgroups of CEEs. Poland and Slovakia have economic upgrading;

an unfavourable GVC position and specialise in low value-added occupations; CEE countries
fabrication function. In contrast, other CEEs have competitive advan-

tages in high value-added tasks: the Baltic countries and Slovenia in

management services, the Czech Republic and Slovenia in R&D. We

identify upgrading factors for different types of FS in GVCs. The wages

convergence of CEEs with developed economies, and strong GVC

backward linkages support the path to higher value-added in almost

all business functions. Higher GDP per capita and lower economic

distance to Germany allow CEEs to escape from ‘factory economies’

status and also generate higher value-added in R&D activities.

KEYWORDS

1. Introduction

We investigate patterns of functional specialisation in global value chains (GVCs) in
Central Eastern European (CEE) countries, focusing on what determines the ability to gen-
erate greater added value. We also provide a broader picture of functional specialisation
approaches and measures, emphasising the connection between functional specialisation
and upgrading concepts, all in the context of GVC changes.

The development of GVCs over the last two decades has radically changed the global
economy. It has affected global trade mainly by significantly increasing trade in intermedi-
ate goods. Currently, two-thirds of world trade takes place via global value chains, in which
products cross at least one border before final assembly (Degain et al., 2017). The develop-
ment of global value chains has accelerated economic growth and reduced world poverty
(UNIDO, 2018). For example, in Mexico and Vietnam, which have recorded marked
increases in their shares in GVCs, faster increases in income have also been recorded
(Kowalski et al., 2015). Moreover, the most significant poverty decrease has occurred in
countries that have become integral parts of GVCs. These include China, Vietnam and
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Bangladesh (World Bank, 2021). Global value chains are related to productivity growth and
job creation in many countries (Criscuolo & Timmis, 2017). This is manifested primarily
in the growing access of women and young people to the labour market and increases in
employment and wages in developing countries. Employment increases mainly occur in
the export sector and among domestic companies cooperating with exporters (Hollweg,
2019). On the other hand, production for GVCs is associated with high capital inten-
sity, and exports become less labour-intensive, which in some countries contributes to a
decrease in employment (Farole, 2016).

The benefits listed above are not distributed evenly among participants in global value
chains (Chong-Sup et al., 2019). Although countries can benefit from participation in
GVCs in multiple ways, the gains appear to be more significant for middle- and high-
income countries (Ignatenko et al., 2019). This can be represented as a smile curve showing
where value is added in a typical industrial value chain, i.e. there are high value-added ser-
vice activities at the two edges, such as innovation, R&D, design and branding (usually
located in developed countries, called headquarters economies), while at the centre are
assembly lines, which typically add little value (and are located in developing and emerg-
ing countries, called factory economies). This division of the benefits from GVCs raises the
following questions. First, are factory countries locked into the low part of the GVC smile?
Second, what policies can help these countries keep or improve their competitiveness in
the smile curve? Third, what factors determine that factory economies can integrate into
GVCs more successfully and move up from the low to the high part of the smile curve?

To answer these questions, we use the concept of functional specialisation. It is based
on the works of Koopman et al. (2014) and Los et al. (2016), greatly extended by Timmer
et al. (2019). The idea is to combine detailed occupational and wage data with a world
input-output database to track value-added trade flows across countries. Based on the
revealed comparative advantage index, this approach allows identifying the four types of
activities performed in global value chains, such as fabrication, R&D, marketing, and man-
agement. This paper’s novelty is not only the extension of the analysis period compared to
Timmer et al. (2019) and the use of a new WIOD database (Timmer etal., 2015), but mainly
linking the concept of functional specialisation with the upgrading process.

The literature on clusters and GVCs distinguishes four upgrading categories: prod-
uct, process, inter-chain, and functional upgrading (Humphrey & Schmitz, 2002; Schmitz,
2006). We focus on functional upgrading, which relates to the acquisition of new func-
tions associated with activities performed within a particular GVC (Dalle et al., 2013).
Functional upgrading refers to the situation where companies take on new functions in
the chain (and often abandon existing ones) in order to increase the added value of the
activities performed. Therefore, we aim to identify patterns of functional specialisation in
GVCs and factors that determine the upgrading of this pattern.

In the paper we focus on eight CEE countries (the Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Poland, Slovakia and Slovenia). It is a group of post-transition coun-
tries that joined the European Union on 1 May 2014 and show similar levels of economic
development (Table 1). These countries form a homogenous group due to their specific
growth path during a transitional period. They have many things in common, such as
geographical proximity to Germany and cultural similarity, a long-standing industrial tra-
dition and a large share of industrial production in GDP, a significant share of foreign
capital in manufacturing and the financial sector, an economic model based on exports



ECONOMIC SYSTEMS RESEARCH (&) 3

Table 1. Selected economic indicators of CEE countries.

Germany position
in TOP 5 trade
partners (% share
of the German

GDP per capita, market in country’s TOP 3 export
PPP, 2019 (100 = GDP growth in exports);in product groups in
EU15) 2019 (100 = 2010) year2020 the year 2020
Czech Republic 86 122 1(32.6%) Machinery (including

computers); Electrical
machinery; Vehicles

Estonia 78 138 5 (6.6%) Electrical machinery; Fuels,
Wood
Hungary 69 130 1(28%) Electrical machinery;

Machinery (including
computers); Vehicles
Latvia 66 135 4 (6.8%) Wood; Electrical machin-
ery; Machinery
(including computers)

Lithuania 78 138 3 (8%) Machinery (including
computers); Furniture,
Mineral fuels

Poland 68 137 1(28.9%) Machinery (including

computers); Electrical
machinery; Vehicles
Slovakia 73 128 1(22.2%) Vehicles; Electrical
machinery; Machinery
(including computers)
Slovenia 82 118 1(16.6%) Pharmaceuticals; Vehicles;
Electrical machinery

Source: Statistical Annex of European Economy, Autumn 2019, ec.europa.eu.

with a substantial share of foreign corporations, low or insignificant reserves of raw mate-
rials and high dependence on their import, an energy system based on coal and nuclear
power plants, whose fuels are displaced increasingly from the EU, significant resources of
skilled workers with lower salary expectations than in Western Europe and relatively good
economic performance against the backdrop of the EU during the global financial crisis
and the Eurozone crisis.

Given the purpose of this paper, it is vital that analysed CEE countries are the economies
tightly connected with European trade partners, especially with Germany in the case of
Visegrad Group countries. The relatively high labour cost differential has led many Ger-
man companies to relocate parts of their production to CEEs at the beginning of the 1990s.
This process transformed into a structural relationship between Germany and CEE coun-
tries called by IMF (2013) the ‘German-Central European Supply Chain Cluster’ or the
‘Central European Manufacturing Core’, according to Stehrer and Stéllinger (2015). Fur-
thermore, Kordalska and Olczyk (2019) confirmed that analysed CEE countries play the
role of factory economies in regional GVCs.

The literature shows that the CEE countries are going through upgrading, mainly the
‘process’ upgrading. Previous studies are often related to technological and innovation pro-
cesses in CEE countries. Radosevic (2017), based on indicators from Innovations Survey,
identified a slow technological upgrading in CEE countries compared to the EU-15, which
has a source in the import of new equipment and management practices. According to the
author, CEE economies do not grow through domestic research that generates innovation
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but rely on the interaction between domestic R&D and more advanced technology from
imported equipment and inputs. In turn, Jindra et al. (2015) analysed CEE countries’ inten-
sity of technology upgrading using patent data. The authors indicate a very similar pattern
among CEE countries in the technology upgrading: CEE are characterised by a very open
innovation system, in which foreign entities use local inventions. Between 2008 and 2016,
CEE countries focused more on upgrading the production capacities, not the technologi-
cal ones. It is probably related to the extensive participation of transnational corporations
in economic upgrading processes in CEE countries, with limited spillover effects to local
firms (Plank & Staritz, 2013). The question that is still open is whether the CEE countries
are upgrading GVCs and which factors are likely to determine it?

The remainder of the paper is organised as follows. Section 2 provides an overview of
the main literature on the subject. Section 3 describes the methodology of the empirical
analyses, with a particular focus on the measure of functional specialisation. This section
also presents the specification of the empirical model and its estimation strategy. Section
4 is devoted to the description of the data on functional specialisation in CEE countries.
Then, the results of the estimation of the models are presented. The last section concludes

the paper.

2. Functional specialisation in trade - a literature review

Specialisation in trade was the central idea in Adam Smith’s theory (1776), in which gains
from trade are explained by a division of labour even if all individuals are identical ex-
ante. This concept was developed further by Ricardo (1817), who emphasised the role of
exogenous comparative advantage in explaining trade patterns and the division of labour
between countries. The specialisation concept was popularised by Balassa (1965), who pro-
posed a standard tool to analyse specialisation patterns employing revealed comparative
advantage (RCA). Recently, the idea of specialisation in trade has been connected with the
increasing importance of production fragmentation in GVCs (Jones & Kierzkowski, 1990),
with offshoring (Arndt, 1997) and outsourcing activities (Grossman & Helpman, 2002),
vertical specialisation (Hummels et al., 2001; Yi, 2003), vertical production networks in
GVCs (Hanson et al,, 2003) and with trade in of different tasks in GVCs (Grossmann &
Rossi-Hansberg, 2008). Nowadays, a typical production process can be split into separate
parts with each able to be done in different locations. Imported goods are used as inputs to
produce a country’s export goods and simultaneously companies move some of their activ-
ities to another country. To understand and identify the benefits gained by these countries
and industries through their activities in global trade, the smile curve concept can be used.

The concept of the smile curve was proposed by Shih (1996), founder of Acer, who
observed that the two ends of a value chain (pre- and post-production service activities)
add higher value to the product than the middle part (fabrication activities). The smile
curve analogy has been widely used and discussed in the context of GVCs, but mostly
in firm-level analyses (Mudambi, 2008; Shin et al., 2012). A few recent analyses on the
‘macro smile curve’ show that it is becoming steeper (Hyeon-Wook & Qureshi, 2020). This
is connected with a greater income elasticity of services, larger adoption of increasingly
sophisticated products by consumers and growth in embedded services in manufactur-
ing goods, which allows more value added to be generated from post-production services.
In addition, activities such as product design, research and development, market research
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and software development are becoming more and more important in pre-production pro-
cesses and thus more significant in creating value added. The shape of the smile curve
indicates that pre- and post-production service activities are crucial phases in adding more
value. In our empirical analysis, we strongly rely on the construction of the smile curve.
We assume that climbing the smile curve is associated with higher value added creation.
Of course, in the future, advanced robotics, investments in Industry 4.0 technologies and
their high availability of skill could enable developed countries to leave fabrication activi-
ties at home rather than outsourcing them to developing countries. Therefore, a country’s
ability to generate more value added depends strongly on activities and business functions
within industries rather than the level of whole industries or products. Thus, comparative
advantage should not be defined in terms of products or sectors but tasks and functions.
This kind of specialisation is called functional specialisation.

Fragmentation theory in the literature has thus far largely neglected functional spe-
cialisation and the importance of pre- and post-production activities. The functional
specialisation concept was first used in the urban economics framework by Duranton
and Puga (2005). They observed the tendency for services to be more likely located in
big cities while production plants tend to dominate in small and low-wage cities. As a
result, they proposed transforming urban structures from a mainly sectoral specialisa-
tion to functional specialisation. Defever (2006) uses functional specialisation to analyse
the location choices of non-European multinationals in the enlarged European Union. He
states that apart from the case of headquarters, the location of service activities is more
affected by functional than sectoral specialisation. The roots of functional specialisation in
trade analyses are related to research on the adaption of RCA measures to GVC specifics
and studies concerning a country and industry positions in GVCs. However, traditional
RCA ignores the fact that value added by country sectors may be exported indirectly via
the country’s exports in other sectors and that the gross exports by a sector of a country’s
economy may partly carry foreign value added content. Therefore, Koopman et al. (2014)
proposed referring RCA indices to the domestic value added in exports. In turn, Wang
et al. (2013) developed an RCA indicator that uses value-added contributions to exports,
i.e. forward linkage-based measure of domestic value added in exports instead of gross
exports.

Various analyses of position measures of countries or industries in GVCs have
contributed to developing the functional specialisation concept. We can find many coun-
try/sector measures of position in GVCs in the literature, beginning with average prop-
agation length as introduced by Dietzenbacher et al. (2005), followed by the measure of
upstreamness proposed by Antras et al. (2012) and finally developed into the additive
decomposition of average production length measures by Wang et al. (2017b). Further-
more, measures are used by Baldwin et al. (2014) to identify functional specialisation
at the country level and the sector level, and finally at the firm level by Rungi and Del
Prete (2018). These all confirm the smile curve shape and indicate that upstream and
downstream industries generate more value added.

However, none of these analyses can properly show whether a country/industry spe-
cialises in fabrication activity or pre- or post-fabrication activity. This is for two reasons.
The first weakness is connected with the measures used and the increasing difficulty in
disentangling manufacturing from service activities. Goods are produced with services,
and services are produced with goods, and companies tend to sell solutions to customers
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by bundling goods and services together (Miroudot, 2019). The servicification of manu-
facturing means that firms classified as manufacturers sell more services than goods, as in
the case of 40% French firms (see Crozet & Milet, 2017) and that of the increase in num-
bers of factory-less goods producers (a strong tendency in the US economy - see Bernard &
Fort, 2015). All the position measures of countries or industries in GVCs are unfortunately
based on the classification of sectors. Second, value added by manufacturing industries
should be equated with fabrication activities and value added by service industries with
supporting activities. However, functions are different from industries and there is no sim-
ple one-to-one mapping. On the basis of an analysis of US industrial statistical systems,
Fontagné and Harrison (2017) state that a mere statistical classification of industries can-
not be relied on. Although administrative data is organised by classifying establishments
(or firms) according to their primary activity, which is the activity that makes the most sig-
nificant contribution to value added, in reality, establishments perform various activities
and combine them in-house. For example, firms that design goods and coordinate produc-
tion networks are often registered as manufacturers, but they are not de facfo engaged in
fabrication activity (Bernard et al., 2017).

To remove both weaknesses, the functional specialisation concept has started to develop
in two completely new directions. The first approach, proposed by Stéllinger (2019), relates
to the revealed comparative advantages concept in the trade literature, but it is applied to
value chain functions of inward FDI projects. Thus, functional specialisation is measured
as the share of inward greenfield FDI projects in a given country x serving a particular
function y in the total number of inward projects in the country relative to the corre-
sponding share at the world level. Stollinger calculates a functional specialisation index
based on FDI market cross-border investment monitoring data and confirms a general
pattern of functional specialisation among countries, i.e. more value added intensive value
chain functions remain in ‘headquarters economies’ while factory economies specialise in
fabrication activity.

The second approach, proposed by Timmer et al. (2019), is connected with workers’
occupations. Occupations are mapped onto activities and combined with information on
inter-industry, and inter-country trade flows from the world input-output database. In
this approach, workers’ occupations provide information on the nature of the activity
performed. Timmer et al. (2019) propose using a traditional Balassa index and measure
the ratio of the share of each function in overall income from the country’s exports to
the income share of this function for all countries in their total exports. Their empiri-
cal analysis for six countries confirms that headquarters countries specialise in pre- and
post-production activities and simultaneously do not specialise in fabrication, while fac-
tory economies specialise in fabrication activity. Some explanations for it can be found in
de Vries et al. (2019), who analyse Dutch firm-level data, showing that firms specialising
in R&D and marketing are identified as being significantly more productive than firms
specialized in fabrication. In our analysis, to identify the functional specialisation pattern
among CEE countries, we use the newest WIOD database (Timmer et al., 2015) and follow
the methodology proposed by Timmer et al. (2019).

Functional specialisation in GVCs is a fairly new term, so we formulate a conceptual
proposal to assess prospects for generating more value added of CEE economies. As it is
mentioned above we follow Timmer et al. (2019) approach, and the concept of the smile
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curve, but we also address the ‘upgraded’ nature of FS. Our framework of functional spe-
cialisation is strongly rooted in the upgrading concept of firms (Gerefhi, 1999), which is
often defined as a successful hierarchical sequence of upgrading processes, products or
functions at the firm level (Dalle et al., 2013; Humphrey & Schmitz, 2002)). Firms start with
assembly, then move on to manufacturing, and then to design or marketing. Finally, they
focus on R&D and may also move to a new chain (Gereffi & Fernandez-Stark, 2010). Dalle
et al. (2013) point out the experience of East Asian firms as a good example of upgrading
paths. They have built their success on the transition from original equipment assembling
(OEA), i.e. thin value added on behalf of a global buyer, to original equipment manufac-
turing (OEM), i.e. manufacturing a product that bears the multinational firm’s label and is
designed by it, and then to own design manufacturing (ODM).

Qur point of departure is the proposition that functional specialisation is not only a
process of climbing the smile curve to obtain more value added, but also a process accom-
panied by a necessary upgrading. In the conceptualisation of functional specialisation, we
also refer to the concept of functional upgrading, which is known in the cluster and GVC
literature and defined as the integration or movement of workers into more sophisticated
business functions in GVCs (Lee & Geretli, 2015; de Vries et al,, 2021; Pellényi, 2020). de
Vries et al. (2021) indicate that during the functional upgrading in GVCs, a faster increase
is observed in upstream activities, such as R&D and design, and downstream activities,
such as sales and marketing, compared to fabrication activities.

Moreover, we state that to measure functional specialisation well, it should be measured
in relative terms. Following the Timmer et al. (2019) approach we use the relative com-
parative advantage index (RCA). In international trade theories, RCA is consistent with
Ricardian and Heckscher-Ohlin models of international trade and measures a country’s
comparative advantage to the performance of a group of other countries (the world or a
national association) with which the county shares some common characteristics. In our
case, RCA is defined based on value chain functions, instead of industries.

The main question in this paper is: what factors determine the changes in functional
specialisation. To find possible determinants of FS, we refer to the concept of structural
development in GVCs formulated by Milberg et al. (2014). According to the authors, two
types of GVCs evolve in the process of GVC development and modernisation, namely
producer-driven chains and buyer-driven chains. Producer-driven chains apply to capital-
and technology-intensive industries such as the automotive, electronics, and pharmaceuti-
cal industries. Multinational corporations (MNCs) control the entire production process,
and intra-firm trade is widespread. Foreign direct investment (FDI) and capital flow
play a crucial role in the upgrading of producer-controlled chains. In turn, buyer-driven
chains are controlled by commercial capital (large retailers and marketers), not indus-
trial MNCs, and thus international subcontracting networks replaced FDI to a significant
degree. Domestically owned firms play the crucial role of suppliers and are engaged first in
assembly production, then in the upgrading process, and, finally, with design and brand-
ing. Price-, and then quality-competitiveness of domestic firms determines the adoption
of higher value-added functions in GVCs.

A massive inflow of FDI into the CEE’s in 1990-2008 and the central role of the automo-
tive industry in some CEEs (especially in the four Visegrad countries as well as in Slovenia
and Romania) confirm the strong development of producer-driven chains in some CEE
countries (Bykova et al., 2021). Therefore, we hypothesise that the inflow of FDI and the
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capital intensity in the CEE countries have a strong influence on their functional speciali-
sation patterns (Hypothesis 1). We find some indirect evidence for this in the empirical
literature. OECD (2013b) shows that knowledge-based capital stimulates upgrading as
measured by the intangible capital stock in GVCs. Moreover, Manova and Yu (2016) show
that access to capital is a key driver of high value-added functions in GVCs, i.e. credit-
constrained exporting firms from China are likely to engage in low value-added pure
assembly activities (and thus earn low profits) compared to less credit-constrained firms.
Using industry- and country-level data, Vrh (2018) confirms that intangible capital invest-
ment plays an important role in GVC upgrading for EU-15 countries, while the results for
CEE-10 countries are negative. Finally, using a sample of European countries, Adarov and
Stehrer (2021) found the importance of capital accumulation in generating higher value
added in GVCs. Also, FDI flow is indicated in the empirical literature as a potential deter-
minant of upgrading activities in GVCs. FDI is a channel for importing high-value inputs
(OECD, 2013a), intensifies the fragmentation of cross-border production between coun-
tries (Stollinger, 2016; Head & Mayer, 2017), and supports the participation of domestic
firms in GVCs (Martinez-Galan & Fontoura, 2019). The best example is Vietnam, where
Samsung has invested in cell phone production since 2009, bringing the country into the
global electronics manufacturing market (Tong et al., 2019).

The importance of FDI in the intensification of global value chains makes it necessary
to look for the determinants of functional specialisation in theories of FDI because FDI
has increased the interdependencies between global value chains and trade. Considering
the four traditional motives for FDI proposed by Dunning (1993), two of them have dom-
inated in the CEE countries: ‘market search’ and ‘input search’ (Jones et al., 2020). Foreign
investors, especially European multinationals, are mainly attracted by the comparatively
low wage levels (compared to the rest of Europe) and the well-educated workforce in the
EU (Drahokoupil & Piasna, 2018). For this reason, for many years after the transition, the
CEE region has served mainly as a location for labour-intensive manufacturing production
(Voicaetal., 2021). This stylised fact is in line with the concept of the functional division of
labour proposed by Baldwin and Lopez-Gonzalez (2015), which indicates the asymmetry
of technology as the reason why factory economies (such as CEEs) are responsible for pro-
viding labour, while headquarter economies create production chains. In turn, the newest
analyses of FDI motives show that foreign investment ‘in capabilities’ starts to play a more
relevant role in CEE economies and investment supportiving business functions emerge as
important building blocks in GVCs (Andrenelli et al., 2019). For that reason, CEE coun-
tries have become attractive as regional headquarters or for other value chain activities
such as design, R&D, marketing and a range of advanced business services, but factors that
cause the upgrading of functions in GVCs are wages and employee skills. Therefore, we
hypothesise that the wages and employee skills support the modernisation of functional
specialisation patterns (Hypothesis 2).

Already Wood and Berge (1997) indicated that a highly skilled workforce might imply a
comparative advantage in skill-intensive activities. Furthermore, Eichengreen et al. (2013),
in their analysis on countries avoiding the middle-income trap, underline that skilled
workers are needed to move up the value chain from low value-added industries to
develop higher value-added activities. Additionally, Farole (2016) analysed the relation-
ship between GVCs and labour markets, indicating that profiting from GVC integration
depends on a company’s position in GVCs and may also contribute to the skilled-unskilled
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labour divide. In turn, Wang et al. (2018), based on Melitz (2003) and the fair-wage hypoth-
esis of Amiti and Davis (2011), link the wage premium with GVC upgrading. The shift to
upstream sectors in GVCs requires higher productivity of skilled workers, which improves
company profits and increases the wages of skilled workers. This positive relationship
between wages and economic upgrading is confirmed in several analyses, most recently
by Duc (2019) for Vietnam, and Gagliardi et al. (2021) for Belgium.

To find the determinant of functional specialisation, we also refer to the concept of
vertical specialisation (VS) and vertically specialised industrialisation (VSI). Vertical spe-
cialisation is often defined as the share of imports in export products (Balassa, 1967). It
tends to be high when production is organised in GVCs and leads to an increase in trade
in intermediate goods (Hummels et al., 2001). VSL, in turn, is related to the concept of
economic development and has taken the form of upgrading to higher value-added func-
tions in GVCs (Milberg et al., 2014). In the GVC literature, both VS and VSI are measured
in terms of backward linkages, which together with forward linkages (share of domestic
value added in exports) are the two best-known measures of industry integration in GVCs
(Koopman et al., 2008; Johnson & Noguera, 2012; Johnson, 2014). In the empirical GVClit-
erature, Sydor (2011) and Kowalski et al. (2015) have already pointed to a higher domestic
share in exports (forward linkages) as a driver of high-value activities in many countries.
Ignatenko et al. (2019), in turn, use the Eora MRIO database to calculate various mea-
sures of GVC participation and linkages for 189 countries, and confirm that countries with
strong forward linkages tend to be upstream in GVCs. Moreover, backward linkages can
enhance a country’s comparative advantage in generating higher value added in GVCs.
Bartelme and Gorodnichenko (2015) find that growth in developed countries is generally
correlated with stronger backward linkages, but the impact of backward linkages on GVC
upgrading can vary significantly across countries and industries. In turn, Tian et al. (2019)
also point to backward and forward linkages as potential determinants of moving up in
GVCs. Therefore, we hypothesise that the stronger the GVC integration across industries,
the stronger the functional specialisation (Hypothesis 3).

Finally, we added two variables to our analysis, namely proximity to major production
hubs and economic development level as potential FS determinants based on observed
trends and stylised facts in the literature on GVC development. We hypothesise that lower
distance to the GVC hub and higher GDP per capita support functional specialisation
(Hypothesis 4). According to Xiao et al. (2020), today’s production systems are not config-
ured like chains as a linear sequence of production stages, but consist of complex networks
of nodes and spokes. This means that value chains are organised regionally rather than
globally. The empirical analysis confirms that the global economy is regionally divided into
three economic centres (hubs): factory Asia, factory Europe, and factory North America
(Baldwin & Lopez-Gonzalez, 2015). Moreover, Stéllinger et al. (2018) show that EU coun-
tries participate 50% in GVCs and 50% in regional value chains and that the countries
of CEE form a strong regional chain called the Central European Manufacturing Core.
Inomata (2013) confirms that a country’s proximity to a hub increases its prospects for
integration into GVCs and the observed process of shifting towards more and more com-
plex activities within regional value chains supports the upgrading processes in business
functions.

We also add GDP per capita and GDP gap (between the GDP of each analysed country
and that of the EU) as explanatory variables of FS. UNCTAD (2013) found that countries
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that have managed to upgrade in GVCs over the past 20 years have average GDP per capita
growth of 3.4%, compared to 2.2% for countries that have not upgraded their domestic
value added. The correlation between GVC integration and GDP per capita depends on
income status (Boffa et al.,, 2016). Stollinger (2019) estimates that incomes in a factory
economy range from about $11,500 to $14,800 and that a typical functional specialisation
pattern in a factory economy is associated with lower growth rates. Our analysis focuses
on CEE countries that are at relatively similar levels of development and all have incomes
above Stollinger’s threshold. Ignatenko et al. (2019) find in their analysis of 189 countries
that changes in GVC participation and a potential move up in GVCs are strongly associated
with income convergence.

To sum up, the paper is an attempt to verify four research hypotheses: (1) the inflow of
FDI and the capital intensity in the CEE countries have a strong positive influence on their
functional specialisation patterns, (2) the wages and employee skills support the moderni-
sation of functional specialisation patterns, (3) the stronger the integration of GVCs across
industries, the stronger the functional specialisation, (4) lower distance to the GVC hub
and higher GDP per capita support functional specialisation.

3. Research methodology and the model
3.1. The measurement of functional specialisation

To meet the aim of our study, we employ a research procedure that consists of several steps.
The first step is devoted to the identification of functional specialisation (FS) indices. To
do this end, we follow the novel methodology proposed by Timmer et al. (2019). Their
approach takes a country’s exports perspective and thus allows us to track different busi-
ness activities which country carries out along GVCs. Adopting Balassa’s (1965) revealed
comparative advantage index, the FS measure for business function k in country i is a
follows:

gk _ S S
D STD MW

(1)

The functions k which we consider are linked to four types of firm activities in the pro-
duction process: research and development services, and technology development (RD),
pure fabrication (FAB), management (MGT) and marketing services consisting in sales
and distribution activities (MAR).

The approach proposed in Timmer et al. (2019) is based on the assumption that partic-
ular functions and their contribution to a country’s exports can be identified by measuring
the income of the domestic workers who carry out these functions. Thus, formula (1)
describes the relationship between the share of function k in the overall income in the
country’s exports and the income share of function k for all countries in their total
exports.

In order to calculate fl.k - the domestic value-added by function k in country i’s exports -
two sources of data and two steps are needed. First, with the aid of the input-output tables,
the decomposition of gross exports and identification of domestic value-added is done. For
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G industries in country i, the Gx 1 gross output vector X is:
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Thus, in a matrix notation, we have:
x=(TI-AP)"le (3)

where AP is a Gx G domestic intermediate input coefficient matrix and I is a Gx G identity
matrix with 1s on the diagonal. e refers to a Gx 1 vector of gross exports. Finally, in this
step, domestic value-added in exports d¥ is expressed as:

df = vx (4)

with the Gx G matrix V of value-added shares of gross output on the diagonal and zero
otherwise:

vi 0 0
0 V2 o oL 0

V=1|. . . . (5)
0 0 VG

In the second step required to identify FS indices, we focus on the labour market. Informa-
tion about workers” occupations (Timmer et al., 2019; Buckley et al., 2020) is fully mapped
onto the four business functions mentioned above, as presented in Appendix A, Table
A.1.Tt is done for each industry and each economy. Next, combining both the sources, an
equation for G industries that allows the domestic value-added by function k in country i’s
total exports to be tracked takes the following form:

f = wdt (6)

In the above formula, matrix W is a Kx G matrix with wg, elements, which reflect the
income of all workers who carry out function k in industry g as a share of the value-added
generated by industry g. Vector f of dimension K x I represents the fi-k - the domestic value-
added by function k in country #’s exports.

3.2. Model and the estimation strategy

Bearing in mind the aim of our study, we propose the econometric model for functional
specialisation indices obtained as above later in this article. Using primary FS indices, we
keep the complexity of the phenomenon and maintain its variability at the same time. Thus,
our model allows us to answer which factors support specialisation growth in particu-
lar business functions. We estimate separate models for these business functions which
are linked to pre- and post-production activities and are treated as being responsible for
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creating high value-added, i.e. for RD, MGR and MAR. We also present the model for fab-
rication function to show a complex picture of this phenomenon. Our empirical model for
business functions (k), countries (i), industries (j), and for the period 2000-2014, takes the
following form:

FSE-: = BX + B¥ x LabCompye + B5 x CapIntyy + BY x EmpSkillsy + 5 x GV Ty

+ BY x GDPy + BE x FDlinflow;s + BX x distMPy

+ BE x manuf; + 55 + 85 + 6f + £f (7)
On the basis of the literature review, we select a wide range of factors as potential drivers of
the phenomenon analysed. The vast majority of variables are observed at the sectoral level.
Lab-Comp reflects the compensation of employees and Cap-Int shows the relation between
capital stock and the number of persons engaged. Both variables are expressed in 2011 US
dollars. In our model, we also consider the skill structure of employment (Emp-Skills). The
GVC variable reflects a group of variables linked to country-sector GVC involvement. It
allows us to control for the impact of GVC trade measured from the perspective of sellers
(GVC-forward) and the perspective of buyers (GVC-backward), on the other hand. All the
GVC variables are represented as a percentage of gross exports.

In our model, we also employ a group of variables measured at the country level. This
group includes GDP measured in two ways — as GDP per capita - and alternatively as a
share of the particular CEE country’s GDP per capita, in German GDP per capita (GDP-
gap-DEU). This last variable reflects an economic distance between analysed countries and
Germany as a hub of Factory Europe. The next variable — FDI-inflow — is net FDI inflows
as a percentage of GDP, and finally, in this group, we consider the distance to the main
trading partner (dist-MP). As Table 1 shows, Germany plays a dominant role for Visegrad
countries and Slovenia. For the Baltic states, a significant role is also played by Russia,
Finland or Sweden and the Baltic countries themselves. The overwhelming majority of
explanatory factors in our model describe characteristic features of CEE countries. We also
incorporate the external component in our model, considering the economic distance to
Germany (GDP-gap-DEU) and physical distance to main trading partners (dist-MP).

The last variable — manuf - is adummy variable that takes the value of 1 for manufactur-
ing sectors and 0 for service sectors. §; and §; are dummy variables to control for sector and
country heterogeneity, and d; is a dummy for time periods. & is a random disturbance.
All exact definitions of explanatory variables used in the model (7) and data sources are
included in Appendix A, Table A.2.

To check the robustness of our results, we test these results in a few ways — using different
estimation techniques, taking into account a problem of potential endogeneity, and using
alternative measures for particular explanatory variables.

As a baseline estimator for formula (7), we use the OLS estimator with fixed effects.
However, we are aware of the endogeneity problem due to the potential simultaneous
relationship between FS indices and selected explanatory variables. Because the empiri-
cal literature on reverse relationships between phenomena is very scarce the decision on
which determinants can be treated as endogenous is taken on the basis of endogeneity tests.

To address the problem of endogeneity, we use a two-fold approach. In the first step,
we use lagged explanatory variables that are suspected to be endogenous. In the second
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step, we employ instrumental variable (IV) techniques using external instruments sup-
ported by lagged explanatory variables. The quality of instruments is confirmed by weak
identification and underidentification tests.

To check the validity of the results, we also use alternative measures of selected vari-
ables that vary in their definition. Next to GDP per capita derived from the WDI (World
Bank, 2021), we test GDP per capita from the Penn World Table (Feenstra et al., 2015) and,
as mentioned before, the difference between GDP per capita for particular CEE countries
and GDP per capita for Germany to catch a specific relationship between CEE countries
and the Factory Europe hub. We also use substitutes for backward and forward GVC partic-
ipation. In the first step, we use measures proposed by Borin and Mancini (2019). Next, we
employ Wang et al. (2017a) backward and forward GVC participation indices which have
a different character and are related to final production and value-added, respectively.

4, Empirical analyses
4.1. Descriptive results

In this section, we track functional specialisation indices for eight selected CEE countries:
the Czech Republic, Estonia, Hungary, Lithuania, Latvia, Poland, Slovakia and Slovenia. A
sectoral disaggregation based on NACE 2 covers nineteen manufacturing industries and
twenty-one service sectors (Appendix A, Table A.3).! The time span is the period 2000-
2014, and this is connected strictly to the WIOD database (Timmer et al., 2015) availability.

The primary data for calculating domestic value-added in exports by business func-
tions and thus functional specialisation indices comes from the WIOD database, release
2016 and from the Occupations Database built by Timmer et al. (2019) and Buckley et al.
(2020).2

When the structure of domestic value-added by business functions is considered, the
visible importance of fabrication function for all CEE countries is observed (Figure 1). In
2000, the value-added share related to FAB varied between 38% for Latvia and 48% for
Lithuania, but over the period and all countries analysed, this share decreased - from 4
p-p- for Latvia to 11 p.p. for Slovenia. For comparison, this figure also contains data for
Germany as a hub of Factory Europe and, at the same time, the most important trading
partner for majority of CEE countries. For this country, at the beginning of the period
considered, the FAB function also plays a crucial role; however, the drop in its importance
makes the marketing function dominant. The rise of MAR function significance is notice-
able for all CEE countries, but the German pattern is observed for Latvia only. Domestic
value-added in MGT accounts for a much lower share in total value-added in comparison
to FAB or MAR. It fluctuates between 9% (Hungary) and 21% (Estonia) in 2014. Finally,
an interesting pattern is revealed for RD function - its share in total domestic value-added
is relatively constant over time, both for CEE countries and Germany, and varies from 10%
for Latvia to 15% for the Czech Republic and Slovenia and 21% for Germany.

The ES indices calculated for the four main business functions define the patterns of
functional specialisation of the countries analysed (Figure 2). Similar to Figure 1, next to

T We use only services which are treated as tradable: G (trade), H (transport), J (information services), K (financial and
insurance activities), and M-N (other business services)
2 Data for European countries are collected from the harmonised individual-level European Union Labour Force Surveys.
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Figure 1. Structure of domestic value-added in exports by business functions in CEE countries and
Germany
Source: authors’ elaboration based on the decomposition in Timmer et al. (2019).
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Figure 2. Functional specialisation of CEE countries and Germany
Source: authors’ calculations based on the decomposition in Timmer et al. (2019).
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the FS indices for CEE countries, we present analogous measures for Germany, which form
a very characteristic specialisation pattern with a strong RD specialisation. However, CEE
countries’ patterns are far from that observed for Germany. The dominant specialisation
in these countries is related to fabrication. This is particularly evident for Slovakia, which
is a pure factory economy with a strongly dominant fabrication function and a lack of any
other comparative advantages in terms of FS indices. This result is in line with the findings
of Stollinger (2021). A similar pattern is demonstrated for Poland. For the other countries,
fabrication still plays a key role, but its importance decreases over time in favour of other
business activities. Moreover, during the period analysed, all the economies except Slovakia
also reveal advantages in other functions. The second most important activity is related
to management. In this area, Estonia leads in all the years analysed, but also the other
Baltic states and Slovenia appear to be specialised in this kind of services. At the end of the
period, Poland joins this group as well. Although in the structure of domestic value-added,
the importance of research and development services and technology development activ-
ities is not that high (Figure 1). The comparative advantages in RD are revealed for three
countries: the Czech Republic, Slovenia and partially for Hungary. Among the CEEs, these
countries have the highest share of domestic value-added in RD in relation to total domes-
tic value-added. In opposite to domestic value-added in RD, that for marketing constitutes
a significant part of total value-added, but it is not reflected in functional specialisation
measures, None of the CEE countries reveal comparative advantages in marketing.

4.2. Estimation results

In this section, we present the regression analyses based on equation (7) and the estimation
strategy described in Section 3. In addition, a correlation table for all explanatory variables
is included in Appendix A, Table A.4. All models are estimated on balanced panel data,
which include 40 industries in eight CEE countries and cover the period 2000-2014.

The construction of the external instruments bases on our observation that some of the
remaining WIOD countries reveal a similar functional specialisation pattern in terms of
the importance of fabrication function. These countries are Bulgaria, Brazil, China, Japan,
Mexico, Romania, Russia and Turkey (Appendix B, Figure B.1). The instruments for vari-
ables mentioned in Section 3 take the form of a weighted average for the countries listed
above. Additionally, as it has been said before, we support such instruments with lagged
explanatory variables.

In order to identify which variables are endogenous we test them with the aid of external
instruments and lagged values of explanatory variables, separately. The results are shown
in Appendix A, Table A.5. On the basis of these results, we confirm the endogeneity of
labour compensation (Lab-Comp), and thus our results will be interpreted in terms of
interdependencies rhater than causal relations.’

According to our research strategy, we estimate models for each functional specialisa-
tion type separately. Each of our specifications controls for sector and time heterogeneity.

3 Additionally, apart from the results of endogeneity tests and confirmed endogeneity of labour compensation, we test the
robustness of the estimates assuming that GDP per capita is not exogenous (Appendix C, Table C.2). Admittedly, in CEE
countries, the correlation between GDP per capita and labour compensation is very low (0.086-0.097, Appendix A, Table
A.5), but stylised facts show that in developed countries the growing GDP per capita goes together with the growth of
labour compensation in the long-run. That is why the robustness check of the estimates is done with the assumption of
endogeneity of GDP per capita as well.
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Table 2 reports the results of estimations for research and development business
function.

On the basis of these models, we find strong evidence of the importance of selected
variables. We observe the interdependence between the growth in labour compensation,
the capital intensity measured by the relation between capital and total hours worked, and
the growth of comparative advantages in R&D activities in the analysed countries.

Functional specialisation in RD is also positively related to growth in GDP per capita.
This business function is the only one among the analysed (Tables 3-5) for which the
interrelationship with GDP per capita is strongly positive and significant. This is in line
with Timmer et al. (2019) results obtained for all WIOD countries. Similarly, the GDP
gap has a positive linkage.* The smaller the distance between particular CEEs and Ger-
many regarding their GDP per capita, the higher the specialisation in RD activity. Next to
the positive relation between decreasing economic distance and RD specialisation, we also
observe an inverse relationship between distance to main trading partners and analysed
business activity.

We find empirical support for integration in global value chains. However, when we
decompose the GVC participation into GVC backward and forward participation, only
backward participation remains positive and reveals to be important.

The last statistically significant variable is the dummy variable which takes value of 1 for
manufacturing. Itis easier to achieve a comparative advantage in manufacturing industries.

The results concerning specialisation in management function (Table 3) reveal a differ-
ent pattern. Our findings show that the presence of FDI inflows and the growing share of
highly skilled workers in remaining groups of workers, correspond with growing special-
isation in management in CEE economies. Surprisingly, we do not find evidence for the
dependence between MGT specialisation and GDP per capita/GDP gap. In Timmer et al.
(2019), the effect of GDP per capita on ES indices of management is positive in all WIOD
economies, but its strength is weakest compared to the other sectors of the economy. This
difference in results may be due to the different sectoral structure of high income countries
and CEE economies. Hagemejer and Ghodsi (2017) point out that although the share of
services in output has increased in CEE countries, it is still far below that of the EU-15.
Thus, even if the GDP per capita in CEE countries grows, the CEEs will probably not take
on management tasks in chains due to insufficient market power.

Estimation results for functional specialisation in marketing are presented in Table 1.
The analysis of FS patterns (Section 4.1) shows that there is no country specialising in this
business function in CEE countries. Our results are in line with Hagemejer and Ghodsi
(2017) who highlight the upstreamness strategy of CEEs in moving along the smile curve.
They show that in order to gain a better position in GVCs (offering more value-added),
CEE countries try to move upstream along the smile curve, i.e. to where the R&D activities
are located, and CEEs are interested in going down, where the marketing and sales activi-
ties are located. Qur estimates show that the main factor strongly related to this functional
specialisation is labour compensation; however, the coefficient is 1/5 times lower in com-
parison to this in the RD model. Our results also show a strong interaction between GVC
participation and comparative advantages in marketing activity.

4 GDP-gap-DEU is constructed as a relation between GDP per capita for particular CEE countries and GDP per capita for
Germany (Appendix A, Table A.2). The gap decreases if the share of CEE country’s GDP in German GDP increases.
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The literature (de Vries et al., 2019; Stéllinger, 2020) puts specialisation in RD and fab-
rication in terms of creating value-added on opposite poles. According to our results, the
most crucial difference between them concerns the interrelation between economic out-
put and both functional specialisations. The increase of GDP per capita or the decrease
of economic distance to German GDP per capita is negativiely correlated with compara-
tive advantages in pure fabrication function. The factors that positively correlate with the
development of FAB function are labour compensation and involvement in GVC backward
relations. Similarly to other business functions, it is easier to reach higher comparative
advantages in manufacturing industries than in service sectors; however, that gap between
industries is the most visible in fabrication activity.

In order to check the quality of our estimates (Tables 2-5), we use alternatively measured
GDP per capita and GVC involvement measures as is described in Section 3.2. We replace
particular variables sequentially and re-estimate our model (7) with the aid of instrumental
variable approach and instruments constructed as in Section 4.2. The results are presented
in Appendix C, Table C.1.

We confirm that differently measured GDP per capita keeps the estimation results robust
for all business functions, and all factors included in the regression (7). When we replace
GVC participation indices with these proposed by Wang et al. (2017a), the coefficients for
all factors apart from GVC measures remain robust. The difference is observed for GVC
backward and forward participation. The comparative advantages for management and
marketing show a slightly stronger positive interaction with GVC backward index. Oppo-
site to the models presented in Tables 2-5 we observe a low, but positive and significant
correlation with GVC forward participation. We should be aware that this GVC alternative
variable is constructed in a different way and is related to the value-added decomposi-
tion on the contrary to gross exports decomposition as in Borin and Mancini (2019). The
results of the supplementary robustness check related to the potential endogeneity of GDP
per capita (Appendix C, Table C.2) also confirm that this modification does not alter our
general findings.

To sum up, the results of our analysis do not provide a full support for four research
hypotheses for each business function. However, it can be concluded that the wages, ie.
the wage convergence of the CEE economies with the most developed economies strongly
supports the growth of value-added in each business function, except for MGT. Also, the
strong links to GVCs (backward linkages) and the location of CEE countries support these
countries on the path to higher value-added in all business functions analysed.

5. Conclusions

This paper combines IO tables with jobs data classified by business function to analyse
the functional specialisation pattern of CEEs in global value chains. We also identified fac-
tors, which determine this specialisation based on two concepts: the smile curve and the
economic upgrading. Our results reveal ‘new’ patterns of CEE specialisation in the world
economy. The findings indicate that some CEE countries (Poland, Slovakia) might be in a
function trap. This could be due to two reasons.

First, as suggested in Stollinger (2021) analysis, it might be related to the too strong par-
ticipation of the CEE countries in regional value chains built around one node - Germany.
We recommend implementing economic policy instruments that support CEE firms to
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participate more in cross-regional value chains. National economic policies in CEE coun-
tries should adopt a GVC function perspective instead of the previously dominant sectoral
policy. Domestic enterprises should also attempt meta-strategic activities, i.e. they should
be oriented towards changing relationships with other entities in GVCs, especially with
the leader, or they should look for new chains or create their own regional chains. Second,
the ‘functional trap’ of some CEE countries could result from an insufficient functional
upgrading of CEE industries and the inability of CEE countries to shift their functional spe-
cialisation patterns towards more knowledge-intensive value-added functions, especially
in pre- and post-production. This requires a transformation of underlying capabilities in
CEE countries or even creating an innovative system in CEE countries. Domestic com-
panies might also try to upgrade their tasks slowly, looking for new tasks that leading
corporations would like to discard. The cases of southeast Asian countries show that such
a strategy leads to national success. The key factor is national companies’ ability to eco-
nomic upgrade. So our results present new challenges for CEE trade and competitiveness
policies, especially as CEE countries are sometimes negatively connected in public debates
with ‘developmental drift’, ‘dependent development’ or ‘low labour-cost development’.

In our analysis, we identity different upgrading factors for different types of functional
specialisation in GVCs. According to the smile curve concept, the most desirable special-
isation pattern that generates the most value added is R&D activities. Our research shows
that GDP level and economic distance to Germany are the most important determinants.
This finding has a fundamental implication for the economic policy of CEE countries,
i.e. they cannot climb the smile curve without significant economic convergence to high-
income countries. In the CEE region, the reliance on foreign direct investment and still
cheap labour is reaching its limits, and a development miracle/jump is needed. Some good
examples may be the paths taken by Taiwan and South Korea, where growth was based
on domestic multinationals, state-led banking and technology policies, industrial policies,
massive state investment in infrastructure and human capital.

Especially the development of human capital could be treated as a core of the new
policy in climbing the smile curve by the CEE countries. Our results show that a develop-
ment model based on comparative advantage in relatively high skilled labour allowed some
CEE countries to achieve specialisation in management activities within GVCs. Hence, we
recommend strengthening existing revealed comparative advantages in management by
continuing to investments in human capital. Estonia, Latvia, Lithuania and Slovenia may,
in the future, follow the paths of some Asian countries (Vietnam, Philippines or Malaysia).
They are a good example of countries, which have moved up the production chain from
being a giant assembly hub in GVCs for Japan and Korea to the leading exporters of high
technology intermediates to advanced economies (de Vries et al., 2019).

Additionally, our results indicate labour compensation as main determinant of upgrad-
ing CEE countries’ positions in marketing activities. Still, none of the CEEs countries
has comparative advantages in activities closest to the consumer. They could upgrade
their positions in GVCs in conditions of raising wages but without a requirement for
higher skills. These findings should be treated as great future opportunities for CEE
countries.

Further analyses are needed. This paper provides conclusions and policy implications
at the country level. Still, it would also be advisable to conduct in-depth analysis from the
sectoral perspective. This would complete the picture of business functions performed by
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CEE economies. In further analyses, we should also be aware of the impact of the Covid-
19 pandemic on the global economy resulting from its far-reaching supply and demand
shocks. New data will be needed to answer the question of necessary adjustments in the
functional specialisation concept.
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