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Introduction

The internationalization of value chains has involved different sectors at
different timings, including the agrifood system. This process has generated
deep consequences in the national economic systems, and the various
food supply chains, starting from the agricultural and livestock sectors, as
well as fostering strong asymmetries in the bargaining power between the
oligopolistic companies of the large-scale retail trade and companies in
the production and processing segment (Mariani & Vigano, 2013). Despite
the existence of considerable variability between countries, productive
orders, and company typologies, these sectors face a number of challenges.
Among those challenges there is a continuous worsening of the price spread,
determined by a fall in the prices of agricultural/livestock goods, along
with an increase in production costs linked to the rise of the price of input
(European Commission, 2018).

These dynamics also characterize the European pig sector, which plays a
strategic role in many EU Member States: as a matter of fact half of the meat
produced in the continent comes from this sector (Eurostat, 2019).

In an effort to improve business efficiency and economies of scale, the
pig sector has been characterized by an intense structural transformation
process that has led to a decrease in the number of firms and an increase
in their size (Dolman et al., 2012; Ferretti, 2016; Labajova et al., 2016;
Hoste, 2020). In several countries, this process has been accompanied by
a specialization in the management of the different phases of the supply
chain, which, in turn, has boosted their concentration in specific regions/
countries (Camanzi et al., 2018). The localization of the various production
activities, together with the adoption of a specific production model, has had
many consequences on the different dimensions of the quality of products
and, more generally, on the international division of labour and in labour
structure. Choices driven by the need to recover competitiveness by reducing
production costs (including those related to procurement and, therefore, at
the geographical origin of raw materials) can compromise not only the
food safety and organoleptic characteristics of final goods, but also the
environmental and social sustainability of the production process (Maples
et al., 2016; De Boni et al., 2016; Vigano et al., 2019). On the one hand, the
pollution of natural resources, the loss of biodiversity, and greenhouse gas
emissions, and on the other side, the exploitation of workers, are phenomena
often linked to intensive and large-scale farms, concentrated in specific
geographical areas, which would require the definition of institutional and
governance processes and structures.

Within such a frame, this study aims to explore a specific aspect of
these transformations, namely the existence of a relationship between the
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specialization/territorial concentration of pig production and evolution
of commercial exchanges of processed products among European Union
countries.

The paper is structured as follows. Section 2 reports the main conceptual
arguments used to analyse the growing interconnections between production
systems of different countries. Section 3 presents data and methodology,
with a focus on network analysis. The main results obtained are reported
and discussed in Section 4. Finally, Section 5 draws general implications
for stakeholders and policymakers and also suggests directions for further
research.

1. Interconnected production systems and the economics of networks

Over the last decades, advancements in information technology and
globalisation processes have helped change the organizational structure
of post-industrial economies and brought about the emergence of what
Castells (2004) labelled “the network society”. This structural change
has been emphasised by the growing public fascination with the complex
connectedness of modern society (Rosser, 2003; Gallegati et al., 2006;
Delli Gatti et al., 2007, Farmer et al., 2012), and by the development of a
new research field in the economic literature: the economics of networks
(Economidies, 1996; Goyal, 2007; Jackson, 2008; Bramoullé et al., 2016).
Economic networks are webs where nodes represent economic agents
(individuals, firms, consumers, organizations, industries, countries, etc.) and
links depict market interactions. Economic network analysis applies models
from network science (Caldarelli, 2007, Newman, 2010) to the analysis and
interpretation of economic phenomena (Schweitzer et al., 2009) with more
and more frequent applications in many different fields, especially after the
crisis (Chinazzi & Fagiolo, 2013).

In the agri-food system, the network analysis was applied with various
objectives as, for example, to describe the relational dimension of a
production/social system at a local level (Chiffoleau & Touzard, 2014; Crespo
et al., 2014; Brinkley, 2017; Focacci et al., 2018) or examine the relationships
between each stakeholder in the supply chain, either in terms of the flow of
goods or of information (Barsing et al., 2018).

One of the most promising applications of network analysis is the study
of trade and global value chains. In these networks the nodes are countries,
regions or sectors and the edges are goods and services flow at a sectoral or
product level. By employing trade and production network techniques, the
economic literature has investigated international trade relationships (Fagiolo
et al., 2010; De Benedictis & Tajoli, 2011; Tacchella er al., 2012), global
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production structures (Zhu et al., 2015; Amador & Cabral, 2016; Criscuolo
& Timmis, 2018; Giammetti et al., 2020), shock propagations (Alatriste-
Contreras & Fagiolo, 2014; Carvalho et al., 2016), and macroeconomic
fluctuations (Acemoglu et al., 2012).

In the present study, we build on this research strand in order to
disentangle the complex structure of the pork value chain. In particular,
we made use of three typical network statistics: the betweenness centrality,
the node strength and community detection. The betweenness centrality is
a measure of centrality which detects the amount of influence a node has
over the flow of information in a graph (Newman, 2010). It is often used to
find nodes that serve as a bridge from one part of a graph to another. Here
we utilize this measure to identify countries brokering different markets.
The node strength sums weights of both inward and outward links in trade
connections. The analysis of centrality and strength will contribute to cluster
our cases in densely knitted groups: community detection has been conducted
running the Louvain algorithm (Blondel et al., 2008) in order to identify
groups of interacting nodes in the network depending upon their structural
properties (Yang et al., 2013; Kelley et al., 2012). The Louvain method
detects communities by evaluating how much more densely connected the
nodes within a community are, compared to how connected they would be in
a random network.

2. Data and Methodology

In this study, we employ two main datasets — namely the Eurostat dataset
and the FAaO dataset. In particular, data used to depict the pig population by
regions and the number of agricultural holdings with pig livestock are from
the Eurostat dataset, whereas data employed to build the bilateral trade
networks and to describe the overall import-export relationships of pig meat
and pig meat products are from the FA0 dataset. The observed period used for
this analysis covers data from 2000 to the last available year (usually 2016).

Livestock and meat statistics are collected by EU Member States under
Regulation (EC) No 1165/2008, which covers bovine, pig, sheep and goat
livestock. Livestock surveys cover sufficient agricultural holdings to account
for at least 95% of the national livestock population, as determined by the
last survey on the structure of agricultural holdings. Pig livestock statistics
are produced twice a year, with reference to a given day in May/June and
a given day in November/December. Livestock surveys may be conducted
independently by livestock category or as a sub-set of items surveyed
with a wider scope (livestock survey as a whole, farm production survey,
annual census) or recorded with a wider objective in the case of registers
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(every animal owner). Depending on the design, some over-coverage can be
observed. Livestock population is accounted for by categories that capture
their rearing, either for fattening then slaughter, or for herd renewal, i.e. for
breeding and/or milking.

Data concerning the number of agricultural holdings with pig livestock are
collected from the Farm structure survey, which is carried out every 3 or
4 years by all EU Member States. Specifically, EU Member States collect
information from individual agricultural holdings covering land use, livestock
numbers, rural development, management and farm labour input. The survey
unit is the agricultural holding (farm). An agricultural holding with pig livestock
is a single unit, in both technical and economic terms, operating under a single
management, which undertakes agricultural activities within the economic
territory of the European Union, either as its primary or secondary activity.

As already mentioned, the data concerning the trade in live pigs, pig
meat and pig meat products are collected from the food and agricultural
trade dataset, which is processed and disseminated by FAO according to
the standard International Merchandise Trade Statistics Methodology. The
trade database includes the following variables: export quantity, export value,
import quantity and import value, and includes all food and agricultural
products imported/exported annually by all the countries in the world.

To build our trade networks we focus on bilateral trade data expressed in
quantity (namely heads for live pigs and tonnes for pig meat and pig meat
products). The bilateral trade network in live pigs includes trade in domestic
pig and excludes non-domesticated wild boars. The bilateral trade network in
pig meat and pig meat products includes trade in pig meat, offal, bacon and
ham, fat, lard, sausages, and cooked pig meat.

In our analysis regarding the overall import/export trade relationships, we
distinguish between trade in pig meat and trade in pig meat products. The
former category includes meat with the bone in, of domestic or wild pigs
(e.g. wild boars), and pig’s edible offal whether fresh, chilled or frozen. In
the latter, we grouped together bacon and ham, unrendered slaughter fats of
pigs, rendered pig fat, pig sausages, and pig meat and offal that are boiled,
steamed, grilled, fried, roasted or otherwise cooked.

The relative importance of a country within the pork value network
is based on node strength. In this study, the sum of weights attached to
the edges belonging to a node is respectively the heads amount of live
pigs and the tonnes amount of pig meat and pig meat products in bilateral
trade. In our networks, community detection is based on grouping countries
within the pork value chain that are more densely connected to one another
than to other countries. As we shall see, in compliance with international
trade theory, gravity plays a key role: the probability to belong to the same
community is higher for neighbouring countries.
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3. Analysis of results

In the last few years, the different stages of the supply chain,
starting from breeding, have undergone a differential concentration and
specialization in different European countries and regions. In what follows,
we analyse the EU-28 pig sector by showing the population distribution
of live pigs in Europe in order to identify its regional density and
characteristics (par. 3.1.). Then we provide a descriptive analysis of EU-28
net exports and its trend by differentiating between fresh/frozen meat and
transformed products (par. 3.2.1.). Finally, we develop the network analysis
of EU-28 trade relationships by looking at live pigs flows as well as pig meat
and products flows (par. 3.2.2.).

3.1. Regional analysis

The pig sector represents an important component for European
agricultural production, although almost three quarters of the EU’s pigs are
located in Spain (20.8%), Germany (17.8%), France (9.3%), Denmark (8.5%),
the Netherlands (8.1%), and Poland (7.4%) (Eurostat, 2019).

The population distribution of live pigs in Europe in the year 2017 shows
that pig breeding (and, in particular, intensive farming) is characterized by a
strong territorial concentration.

In figure 1, the darker the colour, the larger the pig populations. The figure
shows that the production is distributed over a large part of the national
territory, although with different intensity in the countries with the highest
number of bred animals (Spain and Germany, but also in Denmark and the
Netherlands). In Spain, the highest density of live animals is found in the
northern regions (Catalonia, Castilla, Aragon, Andalucia), and in Germany
the eastern regions (Bayern). In other countries, the production is localized
in a few regions, like Lombardy (in Italy), Wielkopolskie (in Poland) and
Brittany (in France).

In these regions, the number of pigs reared ranges between 2 and 4 million
and in some areas this number exceeds 4 million units. Areas with a medium
intensity of production have values between 1 and 2 million head, while the
remaining regions characterized by a lower production intensity produce less
than a million heads per year.

The chart is interesting if matched with the social network analysis of
pig production carried out in the next section, as of the relations between
breeding and market exchanges.
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Figure 1 - Pig population in the European Union (1,000 heads; 2017)

Source: elaborations on Eurostat.

3.2. Analysis of trade relationships in European Union
3.2.1. Net Export of Pig Meat and Pig products in European Union

Tables 1 and 2 focus on trade relationships of the EU-28 countries by
differentiating between fresh/frozen pig meat (table 1) and transformed pig
products (table 2). In particular, Panel C of table 1 reports the variation of
pig meat net exports for the EU-28 countries for the period 2000-2016, while
the same data for the sub-periods 2000-2010 and 2010-2016 are displayed
in Panels A and B respectively. The first column of each panel reports the
absolute variation per country in millions of tonnes; the second column
refers to the relative variation (%) of net exports for the EU-28 as a whole
(specifically, the ratio between the variation in net export of the country and
the variation for the whole EU-28).
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Table 1 — Panel C shows that the EU-28 has increased its pig meat net
exports to about 2,572,385 million tonnes from 2000 to 2016. Germany
is the country that has contributed most to such variation (40%, i.e. more
than 1 billion); Spain also contributed substantially to the EU-28 increase
of net exports as it has raised net export by about 34% (again relative to the
whole EU-28 area). Denmark, Belgium and France also provided a positive
contribution by increasing their net exports of about 18, 11 and 9 percent of
the EU-28, respectively. By contrast, the variations of the remaining countries
are rather more limited.

Panels A and B of table 1 show that the whole EU-28 area increased its
pig meat net exports of 836,000 million tonnes of pig meat from 2000 to
2010, and of 1,736,385 from 2010 to 2016. Germany, Spain, Denmark and
Belgium have experienced a raise in pig meat net exports in both sub-periods,
while the increase in net exports of France has taken place mostly from 2000
to 2010. From Panel A we observe a reduction in net exports of more than
10% (relative to the increase for the EU2S8) in Italy, Poland, Romania and
the United Kingdom. In the period 2010-2016, there are no countries with a
significant reduction of net exports.

Table 2 shows the variation of pig products net exports for the EU-
28 countries; Panel C refers to the period 2000-2016, while the data for
the sub-periods 2000-2010 and 2010-2016 are reported in Panels A and
B, respectively. From Panel C we observe that the whole EU-28 area has
increased its pig products net exports of about 379,160 million of tonnes
from 2000 to 2016. Germany is the country that has contributed more to
such variation by increasing its net exports of more than three times of
this amount, i.e. of 1,164,666 million of tonnes, while the increase of net
exports by Spain account for about one and a half times the amount of the
EU-28 area. Austria, Poland and Portugal also contributed positively to the
increase of net exports as their net exports increase account for about 16,
13, 12 percent of the one of the EU-28. On the contrary, Denmark, France
and Belgium have experienced the largest reductions of pig products net
exports: the size of such decrease is about 94, 51 and 46 percent of the EU-
28, respectively'.

Again, the other two panels of table 2 show that the variation of net
exports for the whole EU-28 area has been positive in the period 2000-2010
and negative in the period 2010-2016. In particular, the EU-28 has increased
the net export of pig products by 831,044 million of tonnes from 2000 to

1. The countries that have experienced a reduction of net exports larger than ten percent
of the one of the EU-28 are: the UK, Czechia, Hungary, Romania, Netherlands, Bulgaria,
Slovakia and Croatia. The variations of the remaining countries are within ten percentage
points (positive or negative) of the EU-28.
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2010 (see Panel A), while it has experienced a reduction of 451,884 million
of tonnes from 2010 to 2016 (see Panel B). In Panel A, we can observe that
Germany and Spain are the countries with the largest increase in net exports,
while the UK, Czechia, Romania and France are the countries with the
largest reductions of net exports (i.e. more than ten percentage points relative
to the size of the positive variation of the EU-28). Panel B shows that the
reductions of net exports of the EU-28 is mainly due to Denmark, Belgium,
France and the Netherlands: their net exports dropped by about 84, 44, 22
and 18 percent of the EU-28, respectively. Conversely, Spain, Germany and
Poland provided a positive contribution to the net exports of pig products:
their numbers grew more than twenty percent of the (negative) size of the
variation for EU-28.

This analysis shows that Germany has the most diversified value chain:
it is characterized by a relevant activity in breeding, fattening, slaughtering
and processing, mainly due to the large dimensions of some German
multinationals that integrate and control the entire value chain (Barberis et
al., 2020). Also, Germany is a great exporter of final products, followed by
Spain. Poland seems to follow the German model, albeit on a smaller scale
and is more focused on the transformation phase. Denmark exports all kinds
of outputs: not only live pigs and pig meat, as it is considerably specialised in
the slaughtering phase, but also pig meat products.

3.2.2. Network analysis

Figure 2 and 3 show the results of the social network analysis applied to
the EU-28 countries trade relationships. In particular, in figure 2 the EU-28
trade relationships relative to live pigs are analysed, whereas figure 3 depicts
the EU-28 trade relationships relative to pig meat (fresh/frozen) and pig
meat products. These networks are built from bilateral commercial matrices
considering both export and import flows (whether it is quantity, heads or
tonnes, or value in $) (Barberis er al., 2020).

In these graphic representations, the dimension of the circle points
provides a measure of the role-centrality in trade relationships: the larger the
points, the higher are the connections with other countries. Arrows represent
trade flows. For instance, an arrow from Belgium pointing to Italy indicates
an export flow from Belgium to Italy. The dimension of the arrows is a proxy
of the volume of exchanges: the more consistent the flow, the thicker the
arrow. The direction indicates the movement of goods (i.e., live pigs or pig
meat and products). The colours of the circles represent the “communities’
countries belonging to one community tend to have more exchanges within
the community rather than with other countries.
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This network analysis focussed on two types of analysis referred to
market exchanges and their evolution during the reference periods. First, the
“community detection” allows us to identify the main “communities” on the
map. That is, clusters of countries with more exchange relationships. Distance
often plays a key role: usually neighbouring countries — in geographical,
historical and cultural terms — end up in the same community. Different
communities are associated with different colours of nodes and arrows.
Second, we focussed on betweenness centrality, aimed at identifying nodes
(in our case: countries) with a primary role in the network. Countries with
a higher betweenness centrality value are the most important nodes for the
connection of the whole network, and differ from the others because they
have a bigger dimension (i.e. larger size of the circle).

Figure 2 represents live pig trade relationships in 2000 and 2013, and shows
an increased network complexity: exchanges among EU countries intensified,
and more countries are now part of the continental pork value chain.
Significant changes affected most countries — more in terms of connections
than in volumes: for example, countries like Denmark, the Netherlands and, to
a lesser extent, Poland, that were marginal in 2000, became central in 2013. On
the other hand, France and Italy lost their relevance.

Looking at the directions of the arrows, we can see that the Netherlands
maintain its role of supplier of live pigs (especially for Germany), but also
extended exports towards other countries (mainly in Central and Eastern
Europe). Denmark is mostly related to Germany and Poland, plus some other
smaller trade relationships with Northern European and Baltic countries.
Poland gains a central trade role, mainly receiving live pigs from a large
number of countries.

To sum up, the Netherlands and Denmark have become great producers
and exporters of live animals — fattened and slaughtered in other countries,
for which the slaughtering phase is consequently particularly important: in
fact the main destinations are Germany and Poland).

The single market has clearly played a key role in facilitating trade between
neighbouring countries, allowing a connection between live pig networks and
pork meat networks (i.e. between production and transformation).

Figure 3 represents the pig meat and pig products trade relationships in
2000 and 2016. The trade here is driven by two elements: the fresh or frozen
meat that comes from the slaughtering phase and moves to the transformation
industries in other countries, and the import-export movements of final meat
products.

Here again, the network analysis suggests that the value chains have
become much more complex in that 16-year span. Countries like Belgium and
Greece, playing a central role in the EU-28 exchanges in 2000, are no longer
market leaders in 2016. Poland and Denmark, which are central to the live
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Figure 2 - Trade relationships: live pigs (heads; 2000-2013)
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Source: elaboration on FAO Statistics, reproduced from Barberis et al. (2020).

Figure 3 - Trade relationships: pig meat and pig meat products (tonnes; 2000-2016)

Source: elaboration on FAO Statistics, reproduced from Barberis et al. (2020).

pig market, seem to be not so relevant in the trade of pork meat. In contrast,
countries like Italy and Spain, which had a minor role in 2000, seem to be
among the leading countries in 2016.

The experience of these latter two countries is interesting, as it may mirror
significant structural changes in this sector. Interestingly, in 2000 Italy and
Spain were central in the live pig trade and had a subordinate role in the
meat market. Later on in 2013 and 2016 the situation was reversed: these two
countries lost positions in the trade of live pigs and became more relevant
in the pig meat trade. Both countries are key producers of traditional foods
(Antonelli & Vigano, 2018), also registered as Protected Designation of
Origin (PpO). The Spanish industrial production is specialised in ham and pig
population at the same time: as a consequence, Spain retains legs of pork for
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the production of Jamon Serrano, and exports the left over carcasses to the
rest of Europe for other kinds of processing. This is probably the reason why,
in figure 3, Spain has more arrows, which include the distribution of both
pig meat products (mainly Jamon Serrano) and pork meat as an intermediate
product. The case of Italy is somehow different, as it imports a great amount
of fresh/frozen pig meat (mainly from Germany and Spain) to produce
different products (not only pp0), that are then exported. So, as opposed to
Spain, Italy has a larger circle in the graph.

Looking at the wider picture, we can describe four communities: one is
very large and includes Northern, Central, and Eastern countries; two, much
smaller, are headed by Italy and Spain; the last one is very small and includes
the UK and Ireland. If we look at the volume of trade (the dimension of the
arrows), we can see high volumes of pig meat and pig meat products from
Denmark to Germany and the UK, and from Germany to Italy.

4. Discussion and conclusions

The analysis presented in this article shows a quite fast and extensive
transformation of the pork chain in Europe, with an increase in connections
and evolving specializations. Different forms of market integration are in the
running: from a territorial point of view, at interregional and international level
(plus, in the frame of more and more globalizing intercontinental markets not
analysed here, see Szymanska, 2017). While from an organizational point of
view, there are vertical and horizontal forms of integration.

In the pig supply chain, this led to a review of the procurement strategies
of companies, with consequent exchanges in trade between countries,
highlighted by the network analysis that shows an increase of live pig
exchanges among a major number of EU countries in the period considered.
In particular, it is interesting to note that some countries, important producers
of quality goods, such as Italy and Spain, have changed their position in
the trade network, adopting different strategies. Spain somehow maintains
the production of raw material for national processing (exporting only the
lowest quality pieces), while Italy imports a great amount of fresh/frozen
meat (mainly from Germany and Spain) to produce different products, which
are then exported. This has several implications for business strategies, for
example, for communication strategies. Changes in procurement would, in
fact, require action to reduce the information asymmetry of consumers,
as the geographical origin of raw materials is particularly important for
quality products and equally difficult to recognize (Grolleau & Caswell,
2006; Antonelli & Vigano, 2009; Verbeke et al., 2016). But this is only part
of the issue.
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The trade changes we observed in this article are part of a more “invasive”
restructuration of the sectors: the spread of the industrial agricultural/
livestock model has lead to higher volumes with more intensive production
— to the detriment of environmental and social sustainability (Sturla et al.,
2019). National and international business integration somehow implies also
to jeopardize small scale producers and labour conditions.

Such evidence shall be related with potential ripple effects and patterns
in related fields, as they show a tension over the profitability and social,
environmental and economic sustainability of this chain — issues that call for
further research integrating interdisciplinary perspectives on the economic,
sociological and legal dimensions of the chain. In effect, such an international
reorganization means that labour, regulation, environment are under constant
pressure, and challenge the usual, nation-State-centred governance of the
industry.

Analysing how value chains reorganize as they become more and more
internationalized, if not globalized, means focussing on one of the most
relevant transformations in post-Fordist capitalism, even though we can debate
at length if we see a radically new phenomenon or not. Analysing value chains
means focussing on networks of inputs and outputs, and the resulting added
value in its multifunctional characteristics (Fagioli et al., 2017); on localization
processes; on institutional and governance processes and structures influencing
production networks (Gereffi & Korzeniewicz, 1994).

Not rarely, business and policy analyses of the internationalization of value
chains tend to consider different dimensions of globalization as watertight
compartments. On the contrary, mobilities of goods, services, people, money
— and even ideas — are mutually and simultaneously constitutive of the new
international division of labour (Grieco & Urry, 2016). Changes in production
chains do imply changes in labour structure and mobility (as it is particularly
evident in the case of posted workers in the pig sector in Europe), and it is a
challenge for regulating and managing negative externalities of such market
exchanges. Economic networks, while prone to disembedding, are anyway
embedded in social and institutional arenas — and need to be such to reduce
negative externalities.

While markets seem to be more and more “boundless”, path-dependent
institutional legacies and new regulative efforts enter the game, in complex
normative landscapes: assembling and disassembling norms, institutions and
authorities is part of the globalization processes (Sassen, 2008), making
some mobilities easier or harder in specific time-space fixes. This may well
apply to markets — and to the market analysed here (regarding the import and
export of semi-finished and final products, according to barriers motivated
by food safety, commercial reciprocity, and so on), to related environmental
concerns, and to the labour force (with the complex stratification of rights
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and wages among workers by origin, gender, social class, type of contract,
etc.). The evidence of the shifting boundaries in a globalizing sector shown
here, have deep implications for the political and economic governance of
agri-food sectors. This is because they are continuously being rescaled,
making boundaries permeable as well as variable (Brenner, 2004), and this
both challenges existing regulations and shows the need for new national and
international regulations.
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