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Intra-European Union trade of dairy products: insights from
network analysis

In this paper, we employ a novel, network analysis based approach to gain new insights with respect to the changes in the
structure of intra-European Union (EU) milk product trade between 2001 and 2012. Several network indices are computed to
assess the relative importance of the countries from a number of perspectives. The results emphasise that the trade network
has become denser, yet its overall centralisation slightly decreased during the period. While the impacts of the 2004 EU
enlargement are clearly visible, the effects of the 2008 financial crisis are less evident. Integration of countries that joined the
EU in 2004 or 2007 (the so-called New Member States, NMS) is only partial, and depends on the category of milk product
considered. Although the number of NMS trade relations increased constantly between 2001 and 2012, the relative importance
of most of them did not change. A significant exception is Poland, which became one of the most important exporting countries.
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Introduction

It is difficult to overestimate the importance of the dairy
sector in the European Union (EU). Dairy products are the
second most important source of animal protein; the yearly
average per capita consumption in the EU is equivalent to
approximately 300 kg milk (Westhoek et al., 2011). Further,
milk is the EU’s number one single product sector in terms
of value, accounting for 15 per cent of agricultural output
in 2013 according to Eurostat data. In addition, not only are
dairy products of many EU Member States competitive on
global markets (Bojnec and Fert6, 2014), but the intra-EU
milk trade is also very significant (EDA, 2014). In fact, over
the period 2001-2012, some 90 per cent of all cow milk pro-
duced in Europe was commercialised and consumed within
the EU.* More importantly however, these trade relations
involve rich and complex network patterns. This calls for a
network analysis (NA) approach to evaluate and understand
the structure and dynamics of international relationships
within the EU dairy sector. In this paper, we provide a first
step in this wider area. Using NA, we study the dynamics of
intra-EU milk trade in the period 2001-2012. By doing so,
we are able to analyse the stability of the network across time
and assess the extent to which it has been affected by two
important events, the EU enlargement in 2004 and the global
financial crisis starting in 2008. In particular, we aim to see
whether the time series of the international relations exhibit
any (rapid) shifts with different structures at the beginning
and at the end of the period under study. This will allow us to
draw conclusions on how the trading relations and the rela-
tive position of EU Member States — reflected in bilateral
trade flows — changed over time.

Applications of NA in empirical economic research
(e.g. Snyder and Kick, 1979, focusing on World-System/
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4 These calculations use World Integrated Trade Solution data for HS0402 and
HS0401 milk taken together. In addition, it is estimated that export outside the EU
accounts for about 10 per cent of all cow milk produced in Europe (EDA, 2014).
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Dependency theories of differential economic growth
between countries) or in mapping trade patterns (see, for
instance, Nemeth and Smith, 1985 with respect to interna-
tional relations, or Smith and White, 1992 for a quantitative
analysis of trade) date back almost four decades. But it was
the recent advances in computing power, empirical econo-
metrics and new network methods that brought NA back
into the limelight. Some more recent examples of the pos-
sibilities offered by NA include Biittner et al., 2013 (trade
network analysis of the pork supply chain in order to assess
the spread of infectious diseases between holdings) or the
methodological paper by Cranmer et al., 2017 (assessment
of NA as a statistical tool, concluding that models rooted in
this approach can easily outperform traditional regression
based models such as Logit or Probit). As regards econom-
ics of trade, Chaney (2014) uses French exporter data to
analyse the network structure of international trade, while
Arpino et al. (2017) apply impact analysis methods to show
that neglecting network properties results in “considerably
higher estimates of the effect of the GATT® on bilateral
trade” (p.16). Perhaps more importantly, the authors con-
clude that a balanced sample based on cofounding vari-
ables — required for Propensity Score Matching — cannot be
obtained unless network centrality measures are included
in the analysis.

By using the NA approach in this particular context,
our study contributes to the broader literature that adopts
a similar perspective to discuss world trade patterns (e.g.
Bhattacharya et al., 2008; De Benedictis and Tajoli, 2011;
Fagiolo et al., 2013). Closest to our research is the paper of
Gephart and Pace (2015). The authors apply similar tech-
niques but focus on the structure and evolution of the global
seafood trade network. Thus, to the best of our knowledge,
agricultural commodity trade data, especially in an EU con-
text, has not yet been analysed in this way. The main benefit
of this approach is that the behaviour of the whole system
(European milk trade) can be regarded (on a quantitative

°  General Agreement on Tariffs and Trade — the predecessor of the World Trade
Organization.

91



Benedek Zsoéfia, Bakucs Zoltan, Jan Falkowski and Fert6 Imre

basis), while taking into account potential indirect effects
that are usually given much smaller emphasis. The point is,
bilateral trade relations are embedded in a broader network
of relationships and the structure of this network is likely to
affect the outcome of these relations. Thus, the application
we propose may complement other empirical analyses of
the intra-EU trade usually revolving around bilateral rela-
tions.

Methodology
Network analysis

In NA, nodes represent countries and links represent
trade relationships. Binary links show the existence of part-
nerships. A directed graph (digraph) represents directional
relations, where links have an origin (exporting country) and
a destination (importing country). Furthermore, it is possi-
ble to add values (weights) to the links representing traded
volumes, thus asymmetric relationships are acknowledged.
A weighted digraph consists of three sets of information: a
setof nodes N={n, n,... n },setof links L={/, [,... [, } and
set of values (weights) W={w, w,,... w,}. The link from n,
ton, is not necessarily the same as the link from n.ton, (two
distinct weights might exist).

Several indices are calculated to quantify the relative
importance of the Member States from various perspec-
tives. Some of them are dependent only on the local char-
acteristics of the focal node, while others regard wider
network features. The most local index, degree (D,) gives
the number of nodes connected directly to node i. For
directed networks out-degree (D, ;) corresponds to the
number of links that originate from node i (Wasserman and
Faust, 1994). For trade networks, out-degree represents the
number of trade partners to which a given country exports
its products (De Benedictis and Tajoli, 2011). Similarly,
in-degree (D, ) gives the number of links terminating at
node i (thus the number of partners from which country
i imports). However, degree is not a useful measure for
weighted networks. There are two ways to give a mean-
ingful generalisation. Firstly, the average of the values of
all links connected to a node can be calculated (weighted
degree, (D!"). Consequently, weighted out-degree (D)
gives the average export volume per trade partner, while
weighted in-degree (Di,;) represents the average import
volume per trade partner (based on Wasserman and Faust,
1994). Secondly, the strength of a node (S,) can be calcu-
lated that describes the total volume of annual trade associ-
ated with a node (Bhattacharya et al., 2008):

Si=2w (1)

Out-strength (S, ) of a node summarises the weights of
links that originate from node 7, thus the overall export from
country i. Similarly, in-strength (S, ) denotes the overall
import to country i. Y

Betweenness centrality (BC,) is used very often in social
network analysis (Wasserman and Faust, 1994). It describes
the extent to which a node lies on the shortest geodesic (i.e.
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with the minimum number of edges) paths between other
nodes (Freeman, 1977):

2XZ/<kgjk(i)/g/k
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where g, is the proportion of all geodesics linking node / and
node k& which pass through node i; i#j#k, N is the number
of nodes in the network. Division in equation 2 is needed,
otherwise BC would increase with the number of pairs of
nodes (network size). However, BC is defined for binary
graphs, and also the stress on the shortest path in many cases
seems to be a too strong assumption. These drawbacks are
eliminated by the measure of flow betweenness centrality of
Freeman et al. (1991):

fBC(n:) = quzpmﬂc(”’) 3)

where m, is the amount of flow between node j and node &
which passes through node i for any maximum flow. fBC,
is the sum of all m, where i#j#k are distinct and j <k. The
flow betweenness is thus the extent to which the maximum
flow between all unordered pairs of points depends on node i.

Eigenvector centrality (EC,) is based on the idea that an
actor is more central if it is in relation with actors that are
themselves central (Ruhnau, 2000). According to Bonacich
(1972), the centrality ¢(7) of node i is:

Aei) =3 ac() )

a,=1 if nodes i andj are connected; and a,=0 if they are not.
Density is a global network index that shows the number of
actual links relative to the number of all possibilities that
could potentially exist. Density is a useful measure of struc-
tural cohesion especially in case of the lack of subgroups.
As density corresponds to different level of cohesion in
networks of different size (Friedkin, 1981), the measure is
meaningful in time series analysis, when network size (the
number of nodes) remains constant.

Data

Aggregate bilateral export volume data (expressed in
100 kg), as reported by the exporting country in World Inte-
grated Trade Solution (WITS), are used for two milk product
groups. In the Harmonised System classification these are:
HS0401: Milk and cream, not concentrated nor containing
added sugar or other sweetening matter, and HS0402: Milk
and cream, concentrated or containing added sugar or other
sweetening matter, representing around 30 per cent of the
(milk product) value traded intra EU. These are the most
homogenous milk product categories, roughly be equivalent
with raw (unprocessed) and processed fluid milk. The natu-
ral logarithms of volume data are used in the calculations.
To address system dynamics, data range from 2001 to 2012;
hence the effect of EU enlargements (2004 and 2007), ‘soft
landing’ (the start of gradual milk quota removal in 2008)
and the financial crisis (starting in 2008) can be considered.
WITS data are analysed with Ucinet 6 software (Borgatti et
al., 2002).
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Results

Figures la and 1b depict the intra-EU trade networks of
HS0401 milk in 2001 and 2012 respectively, while Figures
Ic and 1d display the same for HS0402 milk. The intra-EU
trade of HS0401 milk intensified in terms of the number of
trading partners per country in the last decade. Especially
peripheral (less connected) countries diversified their trading
relationships. The comparison of the HS0401 and HS0402
milk sectors reveals that the trade of HS0402 milk was
much more intensive between 2001 and 2012 than that of

\ w
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HS0401 milk. This difference is especially remarkable in the
beginning of the period. A more detailed analysis of general
network indices is discussed below to support these visual
observations.

Table 1 details the network structure evolution through
the changes of some general network statistics® and the aver-
age values of the network indices. Although for HS0401
milk the number of trading partners per country increased
1.6 times, the volume traded, showed by S , increased even

6

Figures Al and A2 provide some additional insights.

Figure 1: a: The intra-EU trade network of HS0401 milk in 2001; b: The intra-EU trade network of HS0401 milk in 2012; c: The intra-EU
trade network of HS0402 milk in 2001; d: The intra-EU trade network of HS0402 milk in 2012. (All EU-27 Member States are included;

weights are not shown).

The networks were dHS0401n with netdHS0401, Ucinet (Borgatti ez al., 2002)
Source: own compilation

Table 1: Trade network indices over time and their changes between the three-year (or two-year) periods.

Change
2001 2004 2007 2010 2012 2004/2001  2007/2004  2010/2007 2012/2010 2012/2001

HS0401 milk

No. of countries 27 27 27 27 27 1.00 1.00 1.00 1.00 1.00
No. of links 255 318 342 376 399 1.25 1.08 1.10 1.06 1.565
Density 0.363 0.453 0.487 0.536 0.568 1.25 1.08 1.10 1.06 1.565
D (average) 10.7 11.5 11.8 12 12 1.08 1.02 1.02 1.00 1.128
S, . (average)’ 103.7 138.1 152.2 171.3 181.9 1.33 1.10 1.13 1.06 1.754
/BC (average) 25.8 23.5 24.6 24.5 24.4 0.91 1.05 1.00 1.00 0.946
EC (average) 0.172 0.181 0.182 0.183 0.185 1.05 1.00 1.01 1.01 1.071
HS0402 milk

No. of countries 27 27 27 27 27 1.00 1.00 1.00 1.00 1.00
No. of links 484 504 568 574 589 1.04 1.12 1.01 1.02 1.217
Density 0.689 0.718 0.809 0.818 0.839 1.04 1.12 1.01 1.02 1.217
D, (average) 12.6 12.7 13 13 13 1.01 1.02 1.00 1.00 1.031
S , (average)* 233.1 262.3 283 288.3 293.7 1.12 1.08 1.02 1.02 1.26
fBC (average) 25.3 25.2 25 24.9 25 0.99 0.99 0.99 1.01 0.99
EC (average) 0.187 0.189 0.189 0.19 0.19 1.01 1.00 1.01 1.00 1.014

Baseline: value in the first year of the period. (All EU-27 Member States included)
*: export, expressed as the natural logarithm of volumes

Source: own calculations
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more. This EU-level pattern (also considering the rates of
changes) might be explained by the enlargement process
(providing a bigger market and more stable economic envi-
ronment) supplemented by a gradual increase of 1 per cent
per year in the milk quotas (initiated in 2008 to prepare a
‘soft landing’ in 2015 when the quotas expired).

A slight, 5.4 per cent decrease in fBC implies a decrease
in the extent to which the network has been dominated by
key countries. There are further notable changes: (a) the rate
of change in the average EC was the highest before 2004,
implying that connection to central nodes (important trading
countries) was the most intensive before the 2004 enlarge-
ment, and (b) the change in the average EC was less than the
change in density over the 2001-2012 period. In other words,
the relative advantage (as an increase in the relative impor-
tance) that can be gained by connecting to a well-connected
partner decreased.

However, a closer look at flow betweenness centrality —
depicting separately the pre-2004 EU Member States (the
so-called EU-15) and those that joined the EU in 2004 or
2007 (the so-called New Member States, NMS) — (Figures
2a and 2b), reveals that the decreasing differences of impor-
tance may be attributed to the decreasing importance of Ger-
many among the EU-15. With the exclusion of Germany, it
becomes clear that the other EU-15 Member States increased
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their importance (2.5 per cent of increase in fBC, compared
to the 3.2 per cent decrease on average, when only NMS are
studied).

In a similar fashion, Figure 3 depicting the ranks of EC
emphasises the integration of NMS into the trade network.
This is especially evident for HS0401 milk (Figure 3a),
where all NMS except Estonia greatly increased their EC
values between 2001 and 2012, emphasising an intensive
relationship with the core (most prominently Slovakia, Slo-
venia, Lithuania and certainly Poland). Furthermore, accord-
ing to the 2012 ranking of EC, a number of NMS rank higher
(better integrated) than EU-15 Member States.

While for HS0401 milk changes were the greatest dur-
ing the pre-enlargement period (2001-2004, see Table 1), the
pattern is not that clear when HS0402 milk is considered: the
number of partners (and consequently, density) changed the
most between 2004 and 2007 (but not later). For the other
measures the pattern resembles that of HS0401 milk. Owing
to the originally more intensive relationships and higher vol-
umes traded, changes were less pronounced for HS0402 milk
than they were for HS0401 milk. In this case, the increase in
the average out-strength (overall exports) goes together with
the increasing number of partners (comparatively, the change
in the export volume of HS0401 milk greatly exceeded the
change in the number of partners).
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Figure 2: Flow betweenness centrality (a) EU-15 for HS0401 milk; (b) NMS for HS0401 milk; (¢) EU-15 for HS0402 milk; (d) NMS for

HS0402 milk.

Source: own calculations
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Figure 3: Ranks of Eigenvector Centrality. High EC shows intensive relationship with central nodes. a: HS0401 milk, b: HS0402 milk.

Source: own calculations

The performance (integration) of the NMS seems to be
more complete for HS0402 milk. Figures 2c¢ and 2d show
the evolution of the fBC measure for the EU-15 and NMS
respectively. Again, the decrease in the average fBC can
be attributed mostly to the pattern observed for Germany.
Its exclusion shows that the increase of fBC among the rest
of the EU-15 Member States was 3.7 per cent on average,
compared to the 16 per cent increase among the NMS. Thus,
the trade network of HS0402 milk became less centralised
in this period.

Some more general findings can also be drawn. The most
important exporting countries of both HS0401 and HS0402
milk are Germany and France, in 2001 and also in 2012 (Fig-
ures A1-A2). For most indices (both product groups) the dif-
ference between the average index values of the EU-15 and
NMS decreased in the studied period, which implies integra-
tion; though country ranks (relative importance) varied only
to a minor extent. The exception seems to be the position of
Poland which evolved to be the best performing NMS by
2012.

Discussion

In summary, milk trade intensified, especially for HS0401
milk. Differences in the average performance of the EU-15
and NMS decreased; though the relative importance of the
countries did not change remarkably (with the exception of
Poland). Centralisation of the dairy trade network at the EU
level slightly decreased. Integration seems to be more com-
plete for HS0402 milk; in the other product group the seem-
ing decrease in differences can be attributed to the decline

in the importance of Germany. In general, over the period
2001-2012, the 2004 enlargement caused bigger changes
in the trade network structure than the financial crisis. Our
results seem to indicate the following: denser connections
between the EU-15 and NMS can be observed, as indicated
by trends in EC for both groups of countries. Interestingly,
this process is more clearly visible for transactions in HS0401
milk. This in turn is consistent with observations suggesting
increasing internationalisation of the European dairy supply
chain. We can conclude that the integration of NMS into the
intra-European milk trade network was a successful process.
The question with respect to the distribution of rents within
these input-output linkages remains however an open one.
Indeed, while the centrality of NMS in the dairy trade net-
work generally improved over the years, it is not that certain
that it helped them to increase their share in the total value
added. Note that the increase in unprocessed milk trade that
we document is consistent with a growing process of inter-
national disintegration of production processes characterised
by a noticeable expansion in input trade (Antras, 2016). It
could be argued therefore that the changes in trade patterns
which we observe result from the fact that countries verti-
cally specialise in various stages of the production processes.
In this context one may wonder whether NMS have started
to specialise in producing raw materials (processed further
abroad) which are typically associated with a relatively small
value added. While this issue seems to be of high policy rel-
evance it is relatively unexplored in the existing literature.
The picture emerging from this paper also suggests
several other interesting directions for future research.
Firstly, it may provide the reference for analysing the evo-
lution of trade patterns in dairy sector following the milk
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quota removal. Given our focus, it is useful to note that the
propagation of shocks (including those triggered by policy
reforms) through trade networks might be an important
driver of macroeconomic fluctuations. In this context, inves-
tigating to which extent the distribution of costs and benefits
resulting from milk quota removal do or do not depend on
the structure of the European milk trade network is an inter-
esting (future) research topic. In other words, one may ask to
what extent the overall impact of quota removal in a given
country will be dependent on the outcomes observed in its
trading partners. A further interesting research direction is
to investigate factors responsible for network formation, e.g.
whether exporting to/importing from a country a increases
the chances of also trading with country b if countries a and
b trade with each other, all else being equal.

A related and equally important question for our under-
standing of economics of trade is what specific mechanism
is likely to transmit this impact. Does the evolution of trade
networks follow the patterns of international workflow
migration or is it rather an outcome of the presence of mul-
tinationals? Both these factors have been identified as exert-
ing strong impacts on international trade. The EU enlarge-
ments that we cover in our analysis were marked by a sharp
increase in migrant flows from NMS to the EU-15 as well
as by huge investments made by EU-15-based companies in
both the dairy sector and supermarkets in NMS. The relative
importance of these and other factors in affecting the evolu-
tion of trade networks seems to be a fruitful area for future
investigation.
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Figure A1: Ranks of weighted out-degree (the average export volume per partner). a: HS0401 milk, b: HS0402 milk.
Source: own calculations
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Figure A2: Ranks of out-strength (overall export volume). a: HS0401 milk, b: HS0402 milk.

Source: own calculations
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