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dependence on the international fragmentation of production processes and identify the countries
of origin of those producers who have managed to displace domestic producers in corresponding
Global Value Chains. Using data retrieved from the World Input-Output Database, we studied
Czechia’s example via demarcation of domestic value-added (DVA) shares from foreign ones in
final domestic products. A declining trend in DVA signalises an ever-increasing dependence on
foreign inputs. The conducted analysis allowed a VA-structure (and its dynamics for a sequence of
years) to be clearly identified for final domestic products among 30 industries that virtually cover
the entire economy. The most alarming finding is the marked reduction of DVA in food
manufacturing, which points to a weakening of Czech food security. Realising all the connections
within GVCs may help to identify vulnerable spots in domestic production processes and prepare
adequate response mechanisms in potential situations of possible interruptions from the foreign
side. The detailed explanation of the decomposition technique provided in the study can be used
in similar analyses of other economies to reveal noteworthy trends and prepare response
measures.

1. Introduction

In modern globalised economic circumstances where everything depends on everything else to an ever-increasing extent, structural
changes in any global value chain (GVC) would certainly translate into certain changes in other GVCs. The natural question that
naturally arises in this regard is: what consequent effect(s) can be expected and to what extent? The occurrence of the global COVID-19
pandemic has also given renewed emphasis to these questions.

The adverse effects of the COVID-19 pandemic on all economic sectors is becoming more and more evident. A number of experts
from all over the world predict that the negative economic impact of lockdowns will have long-term effects. Many analysts (repre-
senting the International Labour Organization (ILO), Food and Agriculture Organization (FAO), International Fund for Agricultural
Development (IFAD) and World Health Organization (WHO) [1]) have written about a global recession, highlighting that tens of
millions of people are at risk of falling into extreme poverty [2]. At the same time, figures show that the pandemic has impacted various
economic sectors differently. As Bagchi et al. assert [3], some industries have been seriously affected, while others, at least so far, have
barely been influenced by pandemic restrictions. If we look at the events through the prism of industry indices of virtually any stock
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exchange in the world, their numbers can reveal the most affected sectors: the transportation sector (the pandemic has obviously
damaged the transportation and travel sector first of all - airlines were cancelling flights, passengers were flying less), the oil and gas
sector (problems with the transportation sector resulted in difficulties with oil and gas storage), as well as the electricity sector,
financial services, telecommunications, metals and mining, and also the consumer sector [3,4]. This situation in general may obviously
become even worse due to the current military conflict in Ukraine.

A review of the existing data and literature suggests that the heaviest burden of the pandemic consequences and ongoing military
conflict in Ukraine is placed upon agricultural value chains [5-7]. In this light, the issue of how the production processes of certain
agri-food industries can be more sustainable, especially when exposed to unpredictable turmoil, becomes more vital and worth
studying. The unobservable directly changes in the structure of value-added within a GVC may explain relative sustainability, resil-
ience and/or competitiveness of certain industries compared to others.

2. Literature review

The most recent academic studies on how individual economies and industries react to different shocks and adjust to them (i.e.,
pandemic restrictions) mainly focus on post-factum analysis of their various consequences, and this approach has provided important
results. As Poonia et al. [8] rightly point out, in attempt to implement precautionary measures such as restriction of mobility to stop the
spread of the disease, nations have vastly affected one of the major economic sectors: the food and agricultural industry. The authors
highlight how “travel restrictions disrupt the food production, distribution, and supply chain network”. The impact has been widely
witnessed, for example, on livestock and aquaculture farming, “which threatens the food security and calls for immediate policy in-
terventions from the government” [8]. As food and agriculture is considered a core industry the world over, the importance of the
associated issues has been discussed from various angles and viewpoints: (i) Hossain [9] analyses food security policies of Asian
Productivity Organization members; (ii) farm diversification, as a potential success factor for small-scale farmers constrained by
COVID-related lockdowns in selected EU countries was studied by Benedek et al. [10]; (iii) Zhang [11] addresses how Chinese livestock
farms struggled under pandemic restrictions; (iv) Elleby et al. [12] discusses the overall impacts of the recent pandemic on the global
agricultural markets; (v) by reviewing the most prominent advances made recently in the literature on household resilience and
humanitarian crises that are closely linked to food security, Béné [13] identifies a series of lessons in the context of the pandemic and
other shocks that can be used to “better realize the complexity of the situation and the potential ripple effects that may pass through the
entire food system once one component is affected” [13]; (vi) Nasereldin et al. [14] highlight the main challenges faced by the global
food supply chains in terms of their resilience; (vii) and finally Ehpstejn et al. [15] emphasises the idea that the viability of agri-food
value chains is closely linked to integration processes. Furthermore, another important issue is connected to the necessity of
strengthening agricultural productivity while reducing environmental impact [16].

In this light, GVCs, understood in the present research in line with Timmer et al. [17], can serve as a means for uncovering the
interconnection among economies and industries, and comprehending the degree to which the fragmentation of production processes
has affected the distribution of value-added (VA) in GVCs. For that reason, the main focus of the present study is to be shifted away
from analysing the consequences of different shocks towards the roots of corresponding reactions on them. As Yang Lianling & Yang
Cuihong [18] point out, these roots are associated with underlying structural proportions in VA and their changes. Once they occur
these changes trigger subsequent shifts in other related spheres and so on. By applying the decomposition technique as suggested by
Timmer et al. [17,26]; Johnson and Noguera [19]; Koopman et al. [20]; and Dietzenbacher et al. [21] (specified in the next section) we
can trace these shifts. This can be done via demarcation of DVA from FVA in final domestic products of the selected industries that
virtually cover the entire economy, and in our case the Czech economy specifically. If the DVA for the final products of a particular
industry declines or appears critically low, it logically reveals a potential vulnerable spot in this economy in terms of maintaining
resilience of corresponding production processes with respect to sudden shocks, such as disruptions to distribution chains due to, for
example, pandemic restrictions or local military conflicts. Having compared the decomposition results for a sequence of years (though
limited by the availability of data from the World Input-Output Database (WIOD)), we can disclose certain tendencies in the pro-
portions of VA shares and consequently identify hidden structural changes that have happened in the Czech economy after 2000 (if
any). Our empirical analysis is nevertheless limited by the availability of data (unfortunately the last release of the World Input-Output
tables includes observations until 2014 only), although the suggested step-by step method can be replicated with similar data for other
periods as soon as new data available. At the same time, the importance of this analysis has increased, namely in light of all the recent
turmoil resulting from the COVID-19 pandemic and the military conflict in Ukraine, which threatened to disrupt distribution and
supply chain networks worldwide.

Since in modern globalised economic circumstances everything depends on everything else, changes occurring in a particular
industry (due to a fragmentation of production processes in GVCs) trigger subsequent shifts in other industries. Having demarcated
DVA shares from foreign ones in the VA structure of a final product for a sequence of years, we can identify countries that managed to
displace domestic producers within corresponding GVCs over the analysed period. We can also observe a particular development trend
in the considered VA structures. A declining trend in DVA signalises an increasing dependence of a particular domestic industry on
international fragmentation of production processes. This aspect questions the very sustainability of this industry in comparison to
other domestic industries with relatively high portions of DVA. Since the recent pandemic and the current military conflict in Ukraine
have heightened the urgency with which the sustainability of GVCs and food security issues are discussed worldwide, this study seeks
to answer the following research questions:
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1. What are the proportions between DVA and FVA components in final domestic products of key economic industries (including agri-
food ones)?

2. What significant changes (if any) have taken place in the VA structure of selected for the analysis GVCs over time?

3. The partners from which countries have managed to displace domestic producers within corresponding GVCs?

In the following sections, we first introduce the methods and data used in the present analysis, then presenting and discussing the
results of the VA decomposition, which are discussed mainly in light of the dynamics and interrelation between DVA and FVA
components. In addition, according to the grading of foreign components’ values, key partners of Czechia within individual GVCs are
identified. The paper concludes by presenting the most alarming findings regarding food security and suggests possible ideas for future
research.

3. Materials and methods

As its core, the present analysis is based on the Leontief’s methodology, the materials (the data for GVCs) that were extracted from
the WIOD, and the methods that were suggested by Timmer et al. [17,26], Johnson and Noguera [19], Koopman et al. [20], and
Dietzenbacher et al. [21]. In this section, using specified materials and methods we will analyse, the value-added content of Czech final
products of 30 key for the economy industries in harmony with WIOD classification, at the two-digit ISIC rev.4 level. To estimate a VA
portion of a particular country in a selected GVC, it is necessary to trace the stream of intermediates through all industries and
countries involved with this value chain. The WIOD has been designed namely for such kind of analyses [17,23].

Before we start the examination of the Czech final products in terms of their multi-national VA content, some key terminologies, as
well as the methods and data that will be used in the present research are worth clarifying. A global value chain of a final product
(GVCQ) is understood here in line with Marcel P. Timmer et al. [17] as the “value added of all activities that are directly and indirectly
needed to produce it. This global value chain is identified by the country-industry where the last stage of production takes place before
delivery to the final user”. “A final product is called final since it is consumed, unlike intermediate one that is used in a production
process further ... Consumption is understood here in a wider meaning to incorporate both private and public consumption along with
investment” [17]. Other possible definitions of GVC that exist in the scientific literature essentially transmit a very similar idea based
on the empirical comprehension of value chains. The latter represents the complete range of activities that enterprises participate in to
bring a product from its conception to its end use and beyond. This comprises designing, producing, marketing, distributing, and
supporting the final consumer. The activities that constitute a value chain can be held within a single enterprise or divided among
different companies. “Value chain activities can produce goods or services and can be contained within a single geographical location
or spread over wider areas” [23].

The WIOD contains detailed data on national production activities, including data related to international trade (between regions,
not within). Available WIOD data covers 43 countries, including all 27 countries of the European Union, 16 other major economies
(Australia, Brazil, Canada, China, India, Indonesia, Japan, Mexico, Norway, Russia, South Korea, Switzerland, Taiwan, Turkey, the
United Kingdom and the United States) and the “rest of the world” group of countries (RoW) to have the information about the final
output complete. At the same time, these 43 countries namely represent more than 85% of global GDP. World Input-Output
Tables (WIOT) are designed to reflect how much of each of the 56 products is produced and used by each of the 56 industries, thus
covering the entire economy, including agriculture, mining, construction, utilities, 14 manufacturing industries, and 17 service in-
dustries. These tables were designed by combining national input-output tables with bilateral international trade data, following the
conventions of the System of National Accounts [17, 23]. The first release of the WIOD was in 2012, revisions in 2013, and the second
(and final one) in 2016 representing data as of 2014.

Authors of numerous studies i.e., [17, 24, 25] point out how economically developed countries, having delivered capital and
high-skilled labour, have captured most of the value, whereas, in the end developing ones, having contributed low-skilled activities,
add little value. To better understand the position of individual countries in a particular GVC and their importance in corresponding
production processes, we will focus on demarcating DVA shares from FVA. To carry out this task the following steps will be undertaken:

1. After extracting the latest available data from the WIOT (Fig. 1 represents a schematic outline of the WIOT) upon total outputs and
intermediate use of these outputs by 56 industries in 44 countries (i.e., all over the world), the matrix A [2464 x 2464] containing

Use by country-industries Final use by countries
Country| | Country | Total use
M

Country 1 Country M

Industry| Industry Industry Industry
1 N 1 N

Industry 1
Country 1[.
Supply from Industry N
country-
industries Industry 1
Country [

Industry N|
Value added by labour and capital
Gross output

Fig. 1. Schematic outline of a WIOT.
Source: [26].
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global intermediate input coefficients was constructed. It consists of the elements that describe the output from s-sector in i-country
used as intermediate input by t-sector in j-country as a share of output in the latter sector:

@ij(s.0) = Mij(s.1) / Yo 1)

The matrix A describes how the products of each country-sector are produced using a combination of various intermediate
products, both of domestic and foreign origin [26].

2. Since output is used to satisfy both intermediate inputs during production (either at home or abroad) and final demand (also
domestic and foreign) and product market clearing is assumed (changes in inventories are considered as part of investment de-
mand), by definition, the quantity of a product produced in a particular country-sector must equal the quantities of this product
used domestically and abroad [17]:

Yis) = E ’ij(y) + Zmij(s.r) (2)
J J

where y;,) —is the value of output in s-sector of i-country; f;) — is the value of goods shipped from s-sector of i-country for final use in
any j-country; my ) — is the value of goods shipped from s-sector of i-country for intermediate use by t-sector in j-country.

Note that the use of goods can be at home (in case i = j) or abroad (i # j).

Knowing the content of matrix A (1), we can rewrite (2) in a matrix form:

y=Ay+f 3)
Then, rearranging (3) we arrive at the fundamental input-output identity:
y=[I-A)"f “

where (I — A) ™ - is the Leontief’s inverse matrix, in which each element in x-row and z-column gives the total production value of the
x-sector needed to produce one unit of final output of z-product; I — is the identity matrix [27].
Thus, within step-2 we found the elements of the Leontief’s inverse.

3. Then, following the technical application of the decomposition method introduced by Timmer et al. [17,26], we trace the VA by
different countries that is directly and indirectly needed for production of final product in the selected country (in our case the
Czech Republic):

V=pI-A)'C (5)

where C - is a vector of consumption levels (i.e. all final demand, including investment demand); V - is a vector of the value added by
all factors that are involved in any stage of the production of C; p - is a diagonal matrix of the value added to gross output ratios in all
industries in all countries (VA defined here in the standard way as gross output value (at basic prices) minus the cost of intermediate
goods and services (at purchaser’s prices) and calculated in line with Koopman et al. [20], so that it includes net taxes on intermediate
inputs as well as international trade margins).

4. To decompose the VA structure of any final product in any country we should multiply p(I — A)~" with a corresponding vector of
final demand levels.

In other words, having applied this method, we can find out what VA levels of both domestic and foreign origin are attributed to this
particular set of final demand levels.

According to Timmer et al. [26], the “domestic contribution to the output value of a particular consumption good is traced by
appropriately choosing the final demand vector C in equation (5)”. In our case, where C refers to the consumption of products
delivered solely by Czech industries, this decomposition provides the value added by all labour and capital that was needed in any
stage of the production of namely Czech products. “This consumption can be either domestic or foreign, as we are interested in
analysing production process itself, irrespective of where final products are ultimately consumed” [26].

Following the accounting framework suggested by Timmer et al. [26], the WIOT, as displayed in Fig. 1, can be reorganised so that
GVCs can be represented by columns, each of them for each final product. All final products will be represented by the
country-industry-of-completion, where cells of each column (industries delivering intermediate inputs) indicate the origin of the VA,
which could be both foreign and domestic. The rearranged table is given in Fig. 2, where individual cell values represent the VA
generated in the country-industry given in the row, within the GVC corresponding to the country—industry of completion given by the
column.

It must be noted that in contrast to a row in the WIOT (Fig. 1), the row in Fig. 2 indicates the flow of VA, and not the value of

1 The complete data set in Excel format (to replicate the results of this research) can be shared upon request.



E. Kugmenko and L. Cechura Heliyon 9 (2023) e15763

Final products of a global value chain,

identified by country-industry of completion

Country 1 Em Value added

Industry| | Industry Industry Tndustry

Tndustry |
Country 1]...
Industry N|

Value added from|
country-
AR

global value | Country 'M’y L

ey LY Industry Nj

Total final output value World GDP

Fig. 2. An accounting framework for global value Chains.
Source: [26].

intermediate inputs. Moreover, it includes VA delivered directly to the industry-of-completion, but also indirectly through other in-
dustries [27].

5. After applying the explained above procedure (steps 1.-4.) to WIOTs representing data from earlier periods, we can trace the
dynamics in both DVA and FVA. This allows us to first identify key partners (countries) with the highest VA contributions to a Czech
final product, and secondly the dynamics of domestic VA shares in individual sectors. The latter will shed light on the issue of
unobservable directly structural changes in the Czech economy (if any) over the last decades by detecting industries with declining
and growing domestic VA shares. At the same time, the FVA portion can be taken as a certain metric of international fragmentation
of domestic production processes [28]. Analysing the production fragmentation, we can get insight into the degree of a selected
country’s dependence on contributions from other countries during the production process of final domestic products.

This analysis will cover the period from 2000 to 2014 (which is unfortunately, the latest available in WIOD data), and will be
focused on key economic industries (30 in total, according to WIOD classification, see details in Table 1) in order to better understand
structural changes and corresponding development trends in the Czech economy.

4. Results

The conducted decomposition analysis of all the selected GVCs for the 2000-2014-time span allowed us to distinctly separate
domestic VA components from foreign ones in final Czech product of the 30 key industries, including agri-food related ones. We first
present a general discussion of the obtained results from all the selected industries together to reflect a complete picture of the Czech
economy. It is important to be aware of such a picture, since it contributes to a better comprehension of circumstances in which all
domestic producers are supposed to work.

The results reveal that the DVA share in the final products of 21 out of 30 industries declined (this decline was different, changing
from an insignificant one to a dramatic change), while, in contrast, the DVA share of the remaining 9 industries showed an upward
trend within the analysed period. None of the agri-food sectors, however, were among them. The percentage shares of DVA in final
Czech products of all the 30 industries is provided below in Table 2. The evolution of DVA for all the 30 industries is represented by
Fig. 3. We divided the available time frame (2000-2014) into several smaller but equivalent time periods, i.e. 2000, 2005, 2010 and
2014, to see the very trend in evolution of individual DVAs. Having done the decomposition analysis it became clear that the vast
majority of the studied components were showing a clear and steady trend over the selected years (either growing or declining) with no
dramatic fluctuations (probably except for just H50). Also, 2005 and 2010 years can be seen as important milestones in the Czech
economy because in 2004 Czechia became a member of the EU, and 2010 can be seen as a first relatively stable year after the world
financial crisis over 2008-2009.

On the other hand, at the end of the analysed period the following 10 sectors (including agri-food one) had the highest (greater than
60%) DVA components: Q, P85, I, M74-M75, D35, A02, K66, E37-E39, H53, and AO1. At the same time, it is worth mentioning that in
the beginning of the analysed period, i.e., in 2000, the top-10 values of DVA components were on average 6-9% points higher
compared to those in 2014. This fact confirms an ever-increasing fragmentation of production processes across almost all sectors.

As can be seen from, the most radical change in DVA was registered in the H51 sector, where it increased 40.4 times compared to
the beginning of the analysed period. Another industry with a significant change in the VA structure is K66, its DVA increased by 41.4
p. p., from 22.53% in 2000 to 63.97% in 2014. Noticeable, however negative changes were also registered in the VA structure of the
sectors C17 and C21, where the DVA declined by 41.4 p. p. and 38.3 p. p. respectively. The next sector is C26, where the DVA in final
products declined 22.6 times, followed by sector C13-15 with a 11.7-fold decline; C21 (eight-fold decline); C28 and A03 (with approx.
a five-fold reduction of the DVA in both cases).

The obtained results allow us to conclude that the industries with the growing dynamism of DVA (H51, K66, H50, H53, M69-70,
M74-75, H49, B) appear to be more attractive for investing national capital and efforts. As evident, there is unfortunately no agri-food
related industry among them. For instance, H51 (the air transport industry), which shows the most rapid growth of DVA over the
period from 2000 to 2014, appeared to be the most attractive for Czech producers’ domestic industry. This finding is in line with
assertions made by M. Janecka in 2020: “The Czech Republic is one of very few countries in the world, whose airplane production —
from start to finish — is manufactured within a single country. The same can be said about the industry’s aircraft engine development
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Table 1
The list of industries selected for the analysis.
Code Industry
A01 Crop and animal production, hunting and related service activities
A02 Forestry and logging
A03 Fishing and aquaculture
B Mining and quarrying
C10-C12 Manufacture of food products, beverages and tobacco products
C13-C15 Manufacture of textiles, wearing apparel and leather products
Cl6 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and plaiting materials
C17 Manufacture of paper and paper products
C20 Manufacture of chemicals and chemical products
C21 Manufacture of basic pharmaceutical products and pharmaceutical preparations
C22 Manufacture of rubber and plastic products
C23 Manufacture of other non-metallic mineral products
C24 Manufacture of basic metals
C26 Manufacture of computer, electronic and optical products
Cc28 Manufacture of machinery and equipment n.e.c.
D35 Electricity, gas, steam and air conditioning supply
E37-E39 Sewerage; waste collection, treatment and disposal activities; materials recovery; remediation activities and other waste management services
H49 Land transport and transport via pipelines
H50 Water transport
H51 Air transport
H53 Postal and courier activities
I Accommodation and food service activities
J58 Publishing activities
J62-63 Computer programming, consultancy and related activities; information service activities
K66 Activities auxiliary to financial services and insurance activities
M69-70 Legal and accounting activities; activities of head offices; management consultancy activities
M72 Scientific research and development
M74-M75 Other professional, scientific and technical activities; veterinary activities
P85 Education
Q Human health and social work activities

Source: authors’ compilation according to the classification of industries used in WIOD [23].

and production capacity. < ... > The efforts of domestic businesses to make their mark on the global aviation industry are supported by
the business and investment development agency CzechInvest” [29].

In contrast, some industries reveal the dramatic negative dynamics of DVA in Czech final products, among them industry C26 (the
manufacturing of computer, electronic and optical products) recorded the most radical decline, from 31.12% in 2000 to 1.38% in
2014. The DVA in Czech final products of industry C21 (the manufacturing of basic pharmaceutical products and pharmaceutical
preparations) also significantly declined; from 43.73% in 2000 to a critical 5.47% in 2014. In fact, all of the industries with critically
low DVAs (as of 2014, the last available data period), such as C13-C15 (1.49%), C21 (5.47%), C28 (6.20%), A03 (6.79%) etc. (see),
should obviously face the strongest dependence on inputs/intermediates from abroad for the production of their final products. Being
substantially dependent on foreign partners, these Czech industries logically end up being the most vulnerable ones to unpredicted
disruptions in production and distribution processes abroad. In this regard it makes sense to take a closer look at their FVA components
in order to identify the origin of individual VA shares (countries they came from) and, thus, to reveal the corresponding core partners.

Having considered the overall picture, we would like to narrow our analysis down to just manufacture-related sectors, whose
successful functioning usually contributes to economic growth. Thus, for the next group of industries our focus was on the following
nine sectors: C13-C15, C16, C17, C20, C21, C22, C24, C26 and C28. The analysis revealed that at the end of the analysed period DVA
share in all of these sectors declined compared to values in 2000: 11.7, 1.5, 4.2, 3.4, 8.0, 2.3, 1.5, 22.6 and 5.1 times, respectively (see
Table 2). In the year 2000, the Czech contribution to the production of final domestic goods in the sectors C16, C17, C20 and C24
higher than 50% (50%-69%), but in 2014 only 14 %-41% of VA in the final products of these sectors were of Czech origin. Thus, this
finding also confirms the existence of the ever-increasing speed of international fragmentation of production processes. As for
manufacturing industries, such a tendency may not be an existential problem, however, it may be an issue in the case of agri-food
production, where such a trend may to a large extent endanger the very possibility of ensuring and keeping national food security.

In this regard, being crucial for any economy, the group of agri-food GVCs representing Czech final products (that is sectors A01,
A03, and C10-12) is to be subject to a more in-depth study. Having demarcated DVA from FVA, the latter was demarcated further to
separate individual components that represent different countries. Table 3 below provides the results of such decomposition analysis of
FVA solely as individual components. We sorted all the foreign components by their value and provided the top-10 values representing
country-partners in corresponding production process in a particular year. The contributions of these 10 countries constitute in
different years from 75.00% to 86.35% of total FVA. In the same vein, the values shown in Fig. 4 “b” were recalculated to be expressed
in % of total FVA in a particular year.

The obtained numbers are evidence that the DVA in the final Czech products from all agri-food sectors had noticeably declined over
the analysed period. At the same time, it should be mentioned that in industries representing crop and animal production (A01), the
DVA in 2014 still prevail over the FVA, meaning Czechia has remained relatively more self-reliant in crop and animal production. This
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Table 2
The dynamics of DVA in final Czech products of 30 key industries.

Industry” DVA in final Czech product, in % to total Overall change, (+increase/-decrease)

2000 2005 2010 2014

VA Rank VA VA VA Rank in p.p. times
AO01 72.30 7 62.27 61.60 60.10 10 —-12.2 -1.2
A02 75.45 3 73.26 68.96 66.43 6 -9.0 -1.1
A03 33.36 23 14.94 27.13 6.79 26 —26.6 -4.9
B 55.70 15 50.46 62.39 57.87 12 2.2 1.0
C10-C12 67.31 11 55.38 46.91 35.31 19 -32.0 -1.9
C13-C15 17.42 28 13.33 4.68 1.49 29 -15.9 -11.7
Cl6 68.92 10 66.95 55.21 46.03 15 —22.9 -1.5
c17 54.40 16 27.30 15.05 12.98 25 —41.4 —4.2
C20 50.10 17 27.12 15.17 14.59 24 -35.5 -3.4
Cc21 43.73 18 35.25 7.95 5.47 28 —38.3 -8.0
C22 33.83 22 26.13 20.49 14.45 18 -19.4 -2.3
C23 34.48 21 32.46 35.67 38.05 17 3.6 1.1
C24 63.11 12 56.96 55.82 40.98 16 —22.1 -1.5
C26 31.12 25 4.24 213 1.38 30 —29.7 —22.6
C28 31.55 24 10.08 7.89 6.20 27 —25.3 -5.1
D35 72.93 6 73.15 70.51 66.79 5 —6.1 -1.1
E37-E39 73.03 5 74.23 69.53 63.55 8 -9.5 -1.1
H49 43.58 19 54.23 52.40 47.10 14 3.5 1.1
H50 7.42 29 4.56 32.18 21.91 23 14.5 3.0
H51 0.73 30 18.36 31.63 29.48 21 28.8 40.4
H53 41.67 20 48.51 58.42 62.31 9 20.6 1.5
I 73.94 4 73.38 71.66 69.18 3 —4.8 -1.1
J58 58.74 14 50.44 24.01 22.37 22 —36.4 —2.6
J62-63 72.11 8 63.74 59.22 55.47 13 -16.6 -1.3
K66 22.53 27 43.87 68.07 63.97 7 41.4 2.8
M69-70 22.65 26 35.52 45.52 29.78 20 7.1 1.3
M72 71.23 9 68.59 64.39 59.92 11 -11.3 -1.2
M74-M75 62.90 13 66.99 66.69 68.46 4 5.6 1.1
P85 76.18 1 75.20 72.58 69.94 2 —6.2 -1.1
Q 75.91 2 75.05 72.85 70.21 1 -5.7 -1.1

@ Full titles of all the industries are listed in Table 1.
Source: Authors’ calculation using Matlab; raw data were retrieved from Ref. [23].

finding is also supported by the results of another analysis based on a longer time series with data until 2020 [30]. As for foreign
partners, the highest VA shares belong to Germany — 19.25%, Slovakia — 13.68%, ROW - 10.97%, Russia — 8.03%, and Poland — 7.32%
(in % to total FVA). These countries can namely be considered as the closest partners of Czechia in the field of crop, animal production,
hunting and related service activities, as per 2014. The top-10 partners in 2000 were represented by almost the same group of
countries, however some of them had noticeably increased their involvement in production of Czech final products by 2014; these
countries are Slovakia, China, and Poland. The role of Austria and USA, in turn, became less important.

A considerable reduction in DVA was registered for AO3 sectors dealing with fishing and aquaculture. Since Czechia does not have
sea, this is not a surprising finding as this sector never was a strong side of the Czech economy. The composition of key partners over
the analysed period for this sector has also noticeably changed. France, for example, the top-1 partner for the Czech A03 sector in 2000,
but by the end of the analysed period it was already below the list of top-10 countries. The leading position was later occupied by
Germany, with Bulgaria and Romania appearing among the top-5 partners in 2014 for the first time as well (see Fig. 4).

As for the key partners within the industries C10-12, they mainly remained the same. Displaying the hugest VA shares, Germany,
Slovakia, and the RoW (rest of the world group of countries) have kept their leading positions over the analysed period, except for the
USA, which in 2000 was on the top-5 list, but in 2014 it was already below the top-10. At the same time, the role of Italy and Poland has
gradually strengthened in this sector (see Fig. 4). As for Czech manufacturing industries of food products, the most alarming finding
regarding them is the marked reduction of DVA (by 32.00 p. p.) over the analysed period. A more in-depth analysis allowed us to
identify the countries whose producers managed to displace Czech producers in these agri-food GVCs; these results are illustrated in
Fig. 5.

As can be seen, a decline in DVA (designated as CZE) was almost fully compensated (75.7%-100.0% of total change) for an increase
in FVA among the 10 key partners. Some of these countries appeared in the list of the top-10 in 2014 only, their values are coloured
green. At the same time, the role of some stable partners representing, for example, Austria (AUT), Germany (DEU), Great Britain
(GBR) or the USA, had noticeably weakened giving space to new partners from Hungary (HUN), Italy (ITA), Bulgaria (BGR), Romania
(ROU), and China (CHN).

The conducted analysis reveals a steadfast downward trend for DVA in the production of final products within all agri-food sectors
(A01, A03, C10-12) in Czechia over the period from 2000 to 2014. This fact is logically accompanied by a relatively low and in addition
declining contribution of agriculture to the Czech Republic’s GDP [31].
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The dynamics of DVA in final Czech products
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Fig. 3. The dynamics of DVA in final Czech products of 30 key industries.
Source: Authors’ elaboration; raw data were retrieved from Ref. [23].

As can be seen from Table 4, since this trend was negative for agricultural industries from 2000 to 2014, and then remained
negative for them after 2014 as well, we may conclude that DVA in these industries continued to fall. This alarming fact may signalise
an ever-decreasing self-reliance of Czechia from the perspective of achieving and keeping national food security, since foreign pro-
ducers, capturing most of the value, have been gradually displacing domestic ones in these production processes. The deeper reasons
and triggers of this tendency is worth studying further.

To reveal key foreign partners who displaced domestic producers in manufacturing-related sectors, we applied the same approach
as before for the agri-food sectors; Fig. 6 illustrates the results. As can be seen, the importance of individual countries in the production
processes of Czech final goods is different. Some countries became less important (e.g., Germany (DEU) lost the significant part of its
VA for sectors C13-15), while others had intensively increased their involvement in the production of Czech final products (e.g., China
(CHN), Denmark (DNK), Poland (POL), etc.).

Since with an ever-increasing fragmentation of production around the globe, the task-content of jobs is also changing, the
knowledge of occupational structure of the workforce in various countries may allow for a better understanding of occurring structural
changes. The used methodology does not unfortunately allow for considering occupational structure of the workforce. Among the
other shortcomings of the used methodology the following aspects may be listed:

- it does not allow for estimations of substitution across inputs and rates of technological change because input—output tables, that
were provided in the WIOD so far, are not constant-price tables;

- being expressed in basic prices the WIOTs are appropriate for most applications. However, this may have some implications for
deeper analyses of VA structures because recording of profits may depend on different price concepts: basic (production) prices or
market (retail) prices;

- the WIOTs were constructed based on so-called “fixed product sales” model, which assumes that each product has its specific use
structure, irrespective of the industry that produced it [26].

5. Discussion

Very similar findings were discussed in the analysis by Sevéikova [32] already in the beginning of 2000s, i.e., the period when the
process of globalisation had already been largely formed and more intensive fragmentation of production processes involving a
growing number of countries began. Indeed, numerous studies have found exponential growth in the number of industries and ac-
tivities encompassed by global supply chains since the early 2000s [36-38]. During that period, the GVC concepts became popular
tools to investigate various effects of globalisation on production and trade. Global outsourcing along with outsourcing innovation and
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Table 3
Top-10" countries with the highest VA share in Czech final agri-food products, in % of total FVA.

A01 2000 2005 2010 2014
26.64 DEU 23.09 DEU 18.17 SVK 19.25 DEU
11.07 ROW 15.28 SVK 17.84 DEU 13.68 SVK
8.70 RUS 7.79 RUS 9.55 RUS 10.97 ROW
6.49 USA 5.98 POL 7.86 ROW 8.03 RUS
6.13 AUT 5.41 ROW 6.01 POL 7.32 POL
5.37 GBR 4.46 HUN 3.65 AUT 4.18 CHN
4.28 FRA 4.27 AUT 3.28 CHN 3.61 USA
3.92 POL 3.99 FRA 3.20 UsA 3.33 FRA
3.18 ITA 3.33 ITA 3.07 FRA 3.28 AUT
3.17 SVK 3.33 GBR 3.04 ITA 3.18 ITA
78.95 Sum 76.92 Sum 75.66 Sum 76.82 Sum

A03 2000 2005 2010 2014
20.90 FRA 33.22 DEU 21.26 DEU 20.26 DEU
17.87 DEU 12.99 ROW 17.86 ROW 13.70 ROW
9.26 ROW 12.46 FRA 11.27 SVK 10.19 BGR
7.84 BEL 7.02 SVK 8.06 AUT 10.01 ROU
6.76 SVK 6.25 AUT 7.02 HUN 9.89 HUN
6.45 ITA 4.45 ITA 5.07 ITA 6.54 GRC
4.81 AUT 3.33 BEL 3.92 RUS 5.06 ITA
4.63 GBR 2.31 USA 3.18 BGR 4.53 AUT
2.91 USA 2.18 RUS 2.34 UsA 2.20 UsA
2.47 RUS 2.14 HUN 2.20 FRA 1.77 SVK
83.91 Sum 86.35 Sum 82.17 Sum 84.15 Sum

C10-12 2000 2005 2010 2014
21.53 DEU 21.13 DEU 17.67 DEU 17.18 DEU
12.44 ROW 16.23 SVK 14.22 SVK 15.70 SVK
11.48 SVK 7.19 ROW 7.48 ROW 8.37 ROW
8.16 RUS 6.96 RUS 7.38 ITA 8.22 ITA
5.70 USA 5.53 POL 6.75 RUS 7.00 POL
5.41 GBR 4.51 GBR 6.25 POL 4.30 FRA
4.53 POL 4.50 ITA 4.62 GBR 4.19 GBR
4.29 AUT 4.32 AUT 4.06 FRA 3.83 RUS
3.35 FRA 3.29 FRA 3.50 AUT 3.12 AUT
2.77 ITA 3.11 USA 3.32 HUN 3.09 HUN
79.66 Sum 76.76 Sum 75.26 Sum 74.99 Sum

2 Country abbreviations: AUT — Austria, BEL — Belgium, BGR - Bulgaria, CHN - China, DEU - Germany, FRA - France, GBR - Great Britain, GRC —
Greece, HUN — Hungary, ITA - Italy, POL — Poland, ROU — Romania, ROW - Rest of the World, RUS - Russia, SVK — Slovakia, USA - United States of
America.

Source: Authors’ calculations using Matlab; raw data were retrieved from Ref. [23].

their impact on international competitiveness was studied by Engardio et al. [33,34]; René A. Hernandez et al. [35] stated that
“innovation is a necessary but insufficient condition for increasing value added” [35]; Gereffi et al. [36] confirmed that “integration
into global trading systems could have both positive and negative effects” [36]; in this regard Dicken et al. [37] advocated for a
network methodology as a potential framework to incorporate some contradicting concerns of how the global economy is understood;
Henderson et al. [38] outlined such a framework for the analysis of “economic integration and its relation to the asymmetries of
economic and social development” [38]; Gereffi et al. [39] focused on identifying the main determinants of how global value chains
are governed and change; Gereffi [40] later identified the key transformations that are reshaping the governance structures of GVCs.
Thus, the essence of a GVC’s phenomenon and its place in global and national economies has been the focus of numerous studies
surrounding the various aspects of the emergence of GVCs and their functioning. Overall, the authors of these and other studies
expressly or by implication come to a very similar conclusion that GVC participants benefit from the participation in GVCs differently
depending on a position they occupy in the GVC hierarchy in terms of their tasks and specialisation: Pleticha [41] used a production
function framework to study the impact of GVC participation on value added; the extent to which an increased participation in GVCs
can lead to higher economic growth (if any) was examined by Fagerberg et al. [42]; the position of the new EU member states within
the GVCs was discussed by Hagemejer and Ghodsi [43]; and according to Lee and Gereffi [44], the effect of rising geographic and
organisational concentration in GVCs “leads to the uneven distribution of upgrading opportunities for participating economies”.

As for agriculture and food security in particular, Bosc et al. [45] emphasise that we should remember a widely accepted fact, that
liberalisation policies have fundamentally changed the economic and institutional contexts in which agricultural producers work.
Sojkova and Stehlikova [46] argue that “there is a requirement to perceive the tendency towards the downgrading status of agriculture
in national economies of the EU countries”, though taking into account “the differences in the importance of agriculture mainly in the
countries that are the new EU members”. BeneSova et al. [47] confirm a declining significance of agriculture in more developed
countries. Bérawski et al. [48] also register a declining VA of the food industry over the years 2011-2015, but in Czechia (- 6.9%), the
Netherlands (- 2.1%) and Spain (- 3.5%) only. The matter is that as time goes by, higher product differentiation and value adding has
noticeably changed the price spread between the farm value of products and the retail value [49]. Despite the EU’s Common
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Fig. 4. Value-added components in Czech final agri-food product: a) in % of total; b) Top-5 countries with the highest VA, in % of total FVA in each
year.
Source: Authors’ calculations using Matlab; raw data were retrieved from Ref. [23].

Agricultural Policy (CAP) having put a lot of actions in place for achieving sustainable agricultural development, there are still sig-
nificant differences among the EU countries [16]. Ehpstejn et al. [50] highlight the idea that resiliency of agri-food companies is closely
linked to integration processes. For that reason, namely GVCs that reflect the results of these integration processes, were chosen as a
tool to uncover interdependencies among the involved economies. Radosevic [51] interestingly points out that GVCs participants
should implement so called Smart Specialisation (SS) strategy. On the one hand, “GVCs are the key to technology upgrading”. The
matter is that in a globalized context, it makes little sense to form local clusters; instead, being plugged into a GVC is sufficient. On the
other hand, a country or region should connect to GVCs only if they can benefit from the linkages. “Therefore, regions should first build
endogenous technological capability and only then link up” [51]. In this regard, the downward trend in the presence of domestic
producers of key for any country industries, among which is undoubtedly agri-food production, is indeed alarming.

The most recent meeting of the Expert Group on the European food security crisis preparedness (held March 9, 2022) confirmed
that, in general, Europe’s food security is under threat. The topics of food production chains’ disruption and the imminent increase in
the price of food were touched upon during this meeting as well. According to Michael Scannell, Deputy Director of the European
Commission’s Directorate General for Agriculture, Russia and Ukraine supply more than a third of grain and a significant share of
fertilisers to the world market. Because of the war in Ukraine, in the near future Europe may be threatened not only by a sharp rise in
prices for grain and other agricultural products, but also by an acute shortage of food. The rise in the price of grain and feed for
livestock automatically leads to an increase in prices for meat and dairy products, which inevitably affects the entire food sector of the
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Source: Authors’ calculations using Matlab; raw data were retrieved from Ref. [23].

EU [52]. Higher product differentiation and value adding over time has substantially changed the spread of prices between the farm
value of products and the retail value. In addition to other factors, resilience of domestic production and exports is mainly linked to
effective allocation of cost and accessibility of the final producers and consumers abroad. In this light, the importance of inter-country
engagement in production processes has significantly increased. The process of globalisation or more intensive fragmentation of
production processes involving a growing number of countries has obviously accelerated. The results of the present analysis confirm
this tendency: DVA noticeably declined in the vast majority of the analysed sectors (21 out of 30, see Table 2 and Fig. 3) pointing to an
increasing presence of foreign companies in production of domestic final goods. A number of other studies [i.e., 22, 32, 53] also
confirm this tendency. Liberalisation policies have fundamentally changed the economic and institutional contexts in which agri-
cultural producers work.

The conducted analysis for the selected 30 industries, that virtually cover the entire Czech economy, helped to shed the light on the
degree of Czechia’s dependence on international fragmentation production processes by identifying key changes that have occurred in
the structure of VA of Czech final products over the last decades. These changes are associated with the shifts in the proportions
between FVA and DVA that are not directly observable in the production of final goods and services in Czechia. A declining trend in
DVA signalises, firstly, an ever-increasing degree of dependence of a particular industry on the international fragmentation of pro-
duction processes, secondly, weakening competitiveness and the resilience of a specific industry in comparison to other industries with
relatively higher portions of DVA in their final products. This aspect questions the very sustainability of corresponding national in-
dustries in the case of sudden shocks.

The obtained results allowed us to answer the research questions raised in the beginning of the study. The first question was: what
are the proportions of DVA and FVA components in final domestic products of agri-food industries (along with the rest of the key
industries)? Having decomposed the VA structure of selected GVCs, we clearly demarcated DVA components from FVA components in
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Table 4

Resources comprising the Gross Domestic Product of the Czech Republic, in % of total.
Year/ Agriculture, Manufacturing, mining Construction  Trade, transportation, Information and Financial and Real Professional, Public Other
Quarter forestry and and quarrying and other accommodation and communication insurance estate scientific, technical administration, service

fishing industry food service activities activities and administrative education, healthand  activities
Total of which: activities social work
Manufacturing

2000 3.25 27.90 23.41 5.62 20.29 3.91 2.87 7.16 5.41 12.41 2.27
2005 2.29 27.54 22.57 6.03 18.65 4.38 2.84 7.30 6.04 13.29 2.09
2010 1.54 26.74 20.91 6.38 16.97 4.65 4.19 8.28 6.16 13.48 2.09
2014 2.41 28.73 23.70 5.10 16.31 4.59 3.86 7.96 6.23 13.32 1.95
2020 1.91 25.58 21.92 5.19 15.93 6.04 3.69 8.93 6.36 15.31 2.02
2021 1.90 27.05 23.19 5.11 15.33 6.11 3.75 8.95 6.15 15.19 1.84

Source: Authors’ processing; data were retrieved from the Czech Statistical Office [31].
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Fig. 6. Changes' in DVA and Top-10 FVAs? of Czech final products in 2014 compared to the VA of these countries in 2000, in p. p.%. ! Negative
numbers (orange) stand for a loss of VA; positive (blue) — represent an increase in VA compared to values in 2000. 2 “Top-10” in terms of the amount
of their VA share. Countries are arranged according to the amount of their VA in 2014. 3 VA shares given in green designate countries that were not
in the list of the Top-10 countries in 2000. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Source: Authors’ calculation using Matlab; raw data were retrieved from Ref. [23].

final Czech products of 30 GVCs, including agricultural ones. It was revealed that the DVA component in these GVCs varied from 0.73%
to 76.18% of total VA. As for agri-food industries, the minimum values of the domestic VA accounted for 6.79% (A03, in 2014) to a
maximum of — 72.30% (A01, in 2000). In general, the DVA component in the Czech final products of all the agri-food sectors had
noticeably declined over the analysed period. However, in the industries representing crop and animal production (A01), the DVA
share in 2014 still prevailed over the foreign one, meaning Czechia remains relatively more self-reliant in Crop and animal production.
The most alarming point to note is the marked reduction (by 32.00 p. p.) of Czech VA in domestic manufacturing of food products,
beverages and tobacco products (C10-12). The most considerable reduction in DVA was registered for the A03 sector dealing with
fishing and aquaculture (an almost fivefold one).
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To paint a whole picture of the Czech economy, among the top five industries with the highest DVA, the same three sectors, P85, Q
and I were identified, both at the beginning of the analysed period, in 2000, and at the end, in 2014: (see Tables 1 and 2). As for the year
2000, the top five industries with the lowest DVA were H51, H50, C13-15, K66, and M69-M70. This situation changed in 2014 and the
top five industries with the lowest DVA were represented by a completely different composition of industries: C26, C13-15, C21, C28,
A03, except for C13-15, which proved to be the consistently weakest industry in the Czech economy over the analysed period.

It should be noted that the ratio between FVA and DVA noticeably changed over the analysed period. This finding confirms the
existence of an ever-increasing trend in the international fragmentation of production processes. In 2000 the average value of the five
lowest DVA was 14.15%, however in 2014 it constituted just 4.27% of total VA. Similar conclusions were derived by Brennan et al.
[22], Sevéikova [32], and Los et al. [53]. In this regard the analysis of corresponding tendencies in the dynamics of corresponding
GVCs has become topical.

For that reason, the second research question was focused on identifying significant changes (if any) that have taken place in the VA
structure of the selected GVCs for this analysis over time. The results of the conducted analysis indicate that the DVA share in Czech
final product has declined in the vast majority of the analysed industries (21 out of 30, see Table 2). The most alarming finding is the
marked reduction of DVA in food manufacturing industries, which signalises an ever-decreasing self-reliance of Czechia in achieving
and keeping national food security. In turn, a positive trend was revealed for the following nine industries: H51, K66, H50, H53,
M69-70, M74-75, H49, and B. The most dramatic changes in the structure of the VA were identified for the industries of H51, K66,
C21, C17, C26, C20, A03 and C26. The most radical change in the VA structure was registered for H51, and this finding is also
supported by Janecka [29].

Among other important results of the study is the detection of the core partners (countries) of the Czech economy within individual
GVCs that managed to displace domestic producers. This finding allowed us to answer the third research question. Among such
countries we can list CHN, DEU, HUN, SVK, POL, ITA, BGR and some others (see Fig. 3). In this regard, partners from China appeared
the most successful among all the rest. They increased their presence in several GVCs of Czech final products simultaneously: C16, C21,
C22, C24, C26, C28, and A01. Countries such as Slovakia and Germany always were and remain the closest partners of Czechia because
of their geographical proximity. Companies naturally look for cooperation with low transaction costs, both in terms of transportation
and communication [41,54]. Such cooperation was historically formed due to a limited set of potential trading partners. As time went
on, advances in technology and the removal of legal obstacles decreased transaction costs, and new trade opportunities appeared
worldwide [41,55]. For the case of Czechia, new partners that started playing a more important role in the Czech agri-food industries
are from ITA, POL, BGR, ROW, CHN, and HUN.

Czech companies, having been displaced by foreign partners, were obviously forced to find their niche in other markets and to
embed themselves into other GVCs. The results obtained by this study may be indicative of a gradual shift of Czech specialisation in
GVCs from one to another. The following question remains, however: has this shift had been a result of focused actions or a forced
change in production priorities in the context of new institutional and economic circumstances when adapting to them? The under-
lying reasons behind these tendencies are beyond the scope of the present study, nevertheless, they’re undoubtedly worth further
careful examination. Subsequent research may focus on revealing these reasons.

6. Conclusion

The XXI century has been characterised by the formation of a new paradigm of foreign trade in which countries specialise more on
particular objectives and functions of doing business rather than on just the production of certain goods. The unfolding situation has
given rise to new opportunities, new risks and new challenges for all the participants of Global Value Chains. The ever-growing in-
ternational fragmentation of production processes in almost all sectors has led to an increased interdependence among the parties
involved. This interdependency makes all the participants of production processes within GVCs sensitive to any shocks, and especially
unexpected ones, such as the current military conflict in Ukraine, or the recent global COVID-19 pandemic. In light of this, the analysis
of GVCs in terms of their VA-content (by demarcation of domestic VA shares from foreign ones and tracing their proportions over a
sequence of years), may help to uncover unobservable structural changes that are not directly observable and identify “weak points” of
a considered economy or industries that are more dependent on foreign contributions. Essentially, these “weak points”, or rather
potentially “vulnerable sides”, are considered weak conditionally. A high degree of fragmentation in production processes and their
high dependence on VA-contributions from abroad may mainly lead corresponding industries to turmoil when faced with unpre-
dictable shocks, e.g., pandemic restrictions, economic sanctions, or local military conflicts. Realising which industries and which
production processes are potentially more exposed to shocks may help to prepare adequate response mechanisms.

The conducted analysis allowed us to demarcate DVA from FVA, and to trace changes in the proportions of Czech final products
from key economic industries over the period from 2000 to 2014 (the latest available data from the WIOD). The obtained results
confirm the existence of an increasing trend in the international fragmentation of production processes. The average value of the five
lowest DVA was 14.15% in the beginning of the analysed period, however at the end it constituted just 4.27% of total VA. Depending
on a concrete industry, the DVA ranged from 0.73% to 76.18% of total VA. Overall, the results indicate that the DVA in Czech final
products had declined in the vast majority of the analysed sectors (21 out of 30, see Table 2). The most alarming finding is the marked
reduction of DVA in food manufacturing industries which signalises an ever-decreasing self-reliance of Czechia in achieving and
keeping national food security. Among other important results of the study is the detection of the core Czech economy partners
(countries) within individual GVCs that managed to displace domestic producers. Among such countries are BGR, DEU, SVK, POL,
HUN, CHN, ITA, and some others (see Figs. 4 and 5). However, partners from China appeared the most successful among all the others;
they have managed to increase their presence in several GVCs of Czech final products simultaneously.

14



E. Kugmenko and L. Cechura Heliyon 9 (2023) e15763

These findings, on the one hand, may help to better comprehend the underlying structural changes in the selected for the analysis
economy, while on the other (having identified tendencies in the proportions of VA that reflect gradual shifts from one specialisation to
another in corresponding GVCs) they may help to formulate adequate optimization policies. Such policies can potentially be
formulated after investigating and comparing institutional frameworks of production processes in corresponding countries, mainly
those whose producers managed to displace domestic producers in the considered production processes. Such analyses may contribute
to better understanding the barriers and limits in achieving greater sustainability of these production processes. The detailed in-
struction for the decomposition of GVCs described in the paper can be used for a similar analysis of other economies (countries) and the
identification of core partners (countries) that managed to displace domestic producers within corresponding GVCs. Such an analysis
may help to uncover the factual situation in individual economic sectors in terms of their self-reliance and to reveal the developmental
trends of inter-country engagement in considered production processes.
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