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1. Introduction

Europe is gradually moving from a “space of States” to a “State of spaces” (Karanika & Kallioras, 2018) and from a “space of places” to a
“space of flows” (Castells, 2020). In a nutshell, the pure essence of the European economic integration process is the gradual “thinning” and
“melting” of (the artificial) border impediments (Topaloglou et al., 2005; Kallioras et al., 2009). As the process of European economic integration
isin full swing, European territories have been experiencing a period of unprecedented change (Brilhart et al., 2004; Crescenzi et al., 2014), being
transformed into integral parts of the European economic space (Petrakos et al., 2005; Petrakos et al., 2011). Yet, although economic integration
has greatly enhanced the mobility of products, people, and money this does not imply the ubiquity of economic activity. In fact, such “stickiness”
(McCann, 2008; Rodriguez-Pose & Crescenzi, 2008) may even reinforce spatial externalities (Kemeny, 2011). Thus, it becomes apparent why ge-
ography “matters” so much (Gertler, 2003).

The emerging European reality necessitates the thorough understanding of the spatial dynamics that are generated and / or reproduced
within the framework of the European economic integration process. Apparently, access to (high-quality) data is a necessary condition for under-
taking the required analyses and deriving the corresponding conclusions on the interrelations among European regions. Unfortunately, data on
flows is scarce and in most of the cases only at the national level. Data on interregional flows, practically, do not exist. Thus, due to this limitation,
important issues regarding the success and the impact of the European economic integration process and policies remain unexplored and un-
solved, for both scholars and policymakers. This is an important drawback, especially in the light of the global mega-trends that are currently taking
place.

The paper contributes to the discussion on the interrelations among European regions and uncovers regional typologies in terms of interre-
gional and intraregional (NUTS 2 level) direct investment flows. To this end, the paper compiles an origin-destination (O-D) matrix for interregional
and intraregional direct investment flows in Europe and employs the k-means clustering technique. It should be noted that European regions are
classified based on interregional and intraregional direct investment flows per se (i.e., construction of tailor-made clustering indicators), and not
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on already-existing regional typologies. It should, also, be noted that the analysis is conducted separately for incoming and outgoing direct invest-
ment flows. The analysis covers 329 European regions (i.e., regions from the EU, the UK, Switzerland, Liechtenstein, Norway, and Iceland)! and
focuses on the year 2018, the year prior to the eruption of the COVID19 pandemic (Wieland, 2022). The findings of the paper offer an, up-to-now,
unknown layer of analysis corresponding to interregional and intraregional direct investment flows in Europe, providing insight to both theory and
policymaking.

The current section of the paper is introductory. The next section discusses on the definition, the determinants, and the growth impact of
direct investment flows. The third section describes the methodology for the compilation of the O-D matrix for interregional and intraregional
direct investment flows, and the construction of the tailor-made clustering indicators, as well as the k-means clustering technique for the classifi-
cation of European regions. The penultimate section conducts and comments on the empirical analysis. The last section of the paper offers the
conclusions and provides a recommendation to international organizations and statistical agencies as regards data provision.

2. Definition, determinants and growth impact of direct investments
2.1  Definition of Direct Investments

In economics, investment refers to the amount of assets purchased and accumulated with the goal of generating income or appreciation
(i.e., productive investment) and is modelled as a function of income, real interest rate, and Tobin’s g (Mankiw & Taylor, 2017). Real interest rate
(i.e., the difference between nominal interest rate and inflation rate) affects investment negatively since the cost of acquiring funds to buy the
commodities that the assets produced or to buy the assets per se is getting higher. From a different perspective, real interest rate affects invest-
ment negatively since it increases the opportunity cost for financing the investment. Income affects investment positively since it signals greater
opportunities to sell the commodities that the assets produced or to sell the assets per se. Tobin’s q (i.e., the ratio between a physical asset's
market value and its replacement value) affects investment positively since the assets bought can generate positive economic profit (i.e., differ-
ence between the revenue received from the output and the opportunity cost considered for the inputs of a firm).

Investment flows, either incoming or outgoing, may be intraregional, interregional intranational or (interregional) international (Table 1). In
essence, the latter is foreign direct investment (FDI) and has attracted the attention of scientific literature?.

Table 1. Theoretical description of direct investment flows. Source: Authors’ Elaboration
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FDIis “an investment involving a long-term relationship and reflecting a lasting interest and control by a foreign direct investor (i.e., an entity
resident in one economy) in an FDI enterprise (i.e., an enterprise resident in an economy other than that of the foreign direct investor)” (EURO-
STAT, 2002: 17; IMF & OECD, 2003: 23; UNCTAD, 2007: 245; OECD, 2008: 17; IMF, 2009: 100). A foreign direct investor may be an individual (or a
group of individuals), an enterprise (public or private; incorporated or unincorporated) (or a group of enterprises), and a government. The rule of
at least 10% ownership of the ordinary shares (or, in a broader sense, the control of at least the 10% of the shareholders’ voting power) defines
the foreign direct investor. This is the established dividing line between direct investment and portfolio investment (i.e., in the form of sharehold-
ings) (Lipsey, 2003; Wacker, 2013). Thus, an FDI enterprise is an enterprise in which a foreign direct investor controls at least a 10% share the
shareholders’ voting power.

FDI consists of a triad of components: (a) equity capital; (b) reinvested earnings; and (c) intra-firm transactions. Equity capital is the share of
the FDI enterprise’s ordinary shares that a foreign direct investor owns. Reinvested earnings refer to the share of the FDI enterprise’s not-remitted-
earnings that a foreign investor owns and reinvests. Intra-firm transactions denote the short-term and the long-term transactions (i.e., lending
and borrowing of funds) between the foreign direct investor and the FDI enterprise. FDI may, usually, measure either as flows or as stock. Flows
measure the current level of transactions that take place over a period (usually a year). Stocks measure the total level of transactions at a given
point in time (usually the end of a year). The difference between the stocks at the beginning of a year and the corresponding stocks at the end of

! Regions under participation belong to countries that participate in the ESPON (European Spatial Planning Observation Network) Programme. See

https://www.espon.eu/
2 Henceforth, for the sake of simplicity, and under an expansive theorization, the term FDI is used throughout the text.
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a year must be equal to the flows recorded in the year plus the price changes, plus the exchange rates changes, and plus other changes (e.g.,
reclassifications from portfolio investments to direct investments). FDI transactions must be recorded at the accrued value (i.e., revenues that
have been earned but not yet recorded and expenses that have been incurred but not yet recorded). Thus, the flows recorded do not necessarily
coincide with the payments generated. FDI transactions must, also, be recorded at market prices. Concerning FDI flows, market values refer to
the actual price agreed by the transactors on the date of the transaction. Concerning FDI stocks, market values refer to the prices that exist on the
time of the compilation of the stocks.

2.2 Determinants of Direct Investments

By and large, the determinants of the realization of FDI are: (a) county-risk; (b) institutional; (c) economic; (d) geographical; and / or (e) firm-
competitiveness.

Country risk is external to firms (i.e., it is non-controllable) and, apparently, it is a deterrent to the realization of FDI. It may arise due to
political, economic, and financial reasons (Helpman et al., 2004; White & Fan, 2006). Political risk refers to political unrest (e.g., social non-com-
pliance, delegitimization of the government, and abnormal functioning of democracy) and may have a crucial, negative, impact on firms’ profita-
bility. This is especially for FDI that include high level of sunk costs (i.e., costs realized to have “good relations” and privileged access to information).
Economic risk refers to unexpected economic incidents (e.g., economic crisis, and hyperinflation). This may necessitate fundamental changes in
FDI projects. Financial risk refers to the decrease in the ability of country to meet its foreign liabilities. This situation generates turbulence for FDI
projects since it increases the possibility for a firm to lose money (e.g., in case of bankruptcy).

Institutions may create and ensure conditions of stability and predictability (North, 1990; Bevan et al., 2004), and thus are extremely im-
portant for the realization of FDI. “Bad” institutions may, in fact, be considered as an additional tax for investors (Daude & Stein, 2007). This is
especially so for institutions that are related to business environment as they may ease both the entrance in the foreign market and the subsequent
operation of an FDI enterprise (Djankov et al., 2006; Mathur & Singh, 2013; Ascani et al., 2016).

Economic determinants are usually associate to labor cost (Schneider & Frey, 1985), to tax system (Lawless, 2013), and to tax rate (Devereux
et al., 2007). Economic openness (Kahouli & Maktouf, 2015) and the presence of human capital (Naanwaad & Diarrassouba, 2016) are, also,
important economic determinants operating as catalysts for productivity increase.

Geographical determinants relate mostly to market size (proxied either in GDP-related terms or in population-related terms) (Krugman,
1980). Market size is the outcome of the (non-)existence of both inherent characteristics (that constitute the so-called “first nature” of geography)
and acquired (i.e., man-made) characteristics (that constitute the so-called “second nature” of geography) (Krugman, 1993). Under the assump-
tions of increasing returns to scale, monopolistic competition, labor, and capital mobility, and non-zero transportation costs, spatial concentration
allows for the exploitation of the agglomeration economies’ advantages (Krugman, 1991; Fujita, 1993; Venables, 1996). The advantages of ag-
glomeration economies may encapsulate in cost-related benefits and in the creation of incentives based on knowledge spillovers, labor market
pooling and forward and backward linkages (Moomaw, 1981; Henderson, 1986; Henderson, 1987).

Firm competitiveness is the ability of a firm to compete internationally and is depended on a set of interrelated advantages (Porter, 1990):
(a) firm strategy, structure, and rivalry; (b) factor conditions; c) demand conditions; d) related and supporting industries; e) government; and f)
chance. Firm strategy, structure and rivalry refer to the national environment that may force firms to develop unique and sustainable strengths
and capabilities. Factor conditions refer to the availability of natural, capital, and human resources. Demand conditions refer to the challenges and
the opportunities that a large(r) market creates. Related and supporting linkages refer to the backward and the forward linkages that may benefit
firms. Government refers to the government policies that may enhance firms’ competitiveness. Chance refers to external and random events that
may affect firms’ competitiveness.

2.3 Growth Impact of Direct Investments

The impact of FDI on the growth performance of the recipient country is encapsulated in the notions of technological and pecuniary exter-
nalities (Scitowsky, 1954). Technological externalities arise through the diffusion of technology from multinational to domestic enterprises (Otta-
viano & Thisse, 2001). Nevertheless, the embedment of (the “imported”) technology on behalf of domestic enterprises prerequisites their adja-
cency with the multinational ones (Gorg et al., 2003). As a result, domestic enterprises tend to concentrate in places where multinational enter-
prises are located (Ottaviano & Puga, 1998; Fujita & Thisse, 2002). The spatial concentration of enterprises generates pecuniary externalities,
preservation of costs that firms achieve enjoying the impact of economies of scale (Ottaviano & Thisse, 2004; Frenken et al., 2007). As a result,
the spatial concentration of enterprises becomes a self-sustained process (Krugman & Venables, 1996; Markusen & Venables, 1998).

3. Methodology
3.1  Compilation of Origin-Destination Matrix

Information regarding FDI flows across European space is scarce, and in most of the cases at the national level. Such a scarcity limits the
capacity to undertake the required analyses and to derive the corresponding conclusions on the interrelations among European regions.

OECD3, IMF*, and EUROSTAT?> provide only national-level FDI data. Thus, the compilation of the FDI country-to-country (C2C)® and region-
to-region (R2R)7 O-D matrices is based on the aggregation of firm-level data obtained from AMADEUS database®. The shareholders’ funds unit of
measurement is selected to perform the analysis®. This unit represents the difference between assets and liabilities (i.e., the not-yet-compilated

See https://stats.oecd.org/ for details.

See https://data.imf.org/regular.aspx?key=60564266 for details.

See https://ec.europa.eu/eurostat/web/balance-of-payments/data/database for details.

See https://irie.espon.eu/ for details. C2C O-D matrices are provided for the years 2010 to 2018.

See https://irie.espon.eu/ for details. R2R O-D matrices are provided for the years 2010 to 2018.

See https://amadeus.bvdinfo.com for details.

AMADEUS provides FDI flows data for a limited number of years. Trying to “create” FDI flows data with interpolations and / or extrapolations is, apparently,
not a safe option, considering, also, the fact that FDI flows are extremely volatile by nature. AMADEUS provides data for the total assets (i.e., tangible and
intangible resources that add value to an enterprise). Thus, there is the option to “create” FDI flow data under the assumption that FDI flows are equal to the
first difference of FDI stock data. Yet even though FDI flows is a (homogeneous) function of FDI stocks, it cannot be supported (or considered) that FDI flows

© N U A W
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debt obligations for funding that used to create assets). The shareholders' funds unit of measurement refers to the amount of equity in a company,
which belongs to the shareholders. In other words, the shareholders' funds unit of measurement yields an approximation of how much the share-
holders would receive if a business were to liquidate.

3.2 Stylized Facts

LUOO (Luxemburg), NL32 (Noord-Holland), FR10 (ile de France), NL33 (Zuid-Holland), UKJ1 (Berkshire, Backinghamshire, and Oxfordshire),
IEO6 (Eastern and Midland), UKI3 (Inner London - West), ES30 (Comunidad de Madrid), NL31 (Utrecht), and NL41 (Noord-Brabant) are the top-10
European regions in terms of total volume incoming intra-European FDI flows for the year 2018 (Figure 1). Correspondingly, LUOO (Luxemburg),
NL32 (Noord-Holland), FR10 (ile de France), UKI3 (Inner London - West), NL33 (Zuid-Holland), UKJ1 (Berkshire, Backinghamshire and Oxfordshire),
ES30 (Comunidad de Madrid), SE11 (Stockholm), CHO6 (Central Switzerland), and IEQ6 (Eastern and Midland) are the top-10 European regions in
terms of total volume outgoing intra-European FDI flows for the year 2018 (Figure 2).

Incoming intra-ESPON FDI flows per ESPON region, shareholders’ funds (2018)

Total volume (thousand euros)
constant 2018 prices

1,850 - 2,461,535,229
2,461,535,230 - 9,564,539,709
9,564,539,710 - 26,435,295,780

I 26,435,295,781 - 55,416,035,175

I 55416,035,176 - 106,105,248,401

[ top-10 regions
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Figure 1. Total volume of incoming intra-ESPON FDI flows per ESPON region (intra-national FDI flows are included), shareholders’ funds (thousand
euros); constant 2018 prices, year 2018 (the boundaries of the top-10 regions are highlighted). Sources: AMADEUS database / Authors’ elaboration

The top-10 European region-pairs in terms of intra-European FDI flows are NL32 (Noord-Holland) - NL32 (Noord-Holland), FR10 (ile de
France) - FR10 (ile de France), UKJ1 (Berkshire, Backinghamshire and Oxfordshire) - UKJ1 (Berkshire, Backinghamshire and Oxfordshire), LUOO
(Luxemburg) - LUOO (Luxemburg), UKI3 (Inner London - West) - UKI3 (Inner London - West), NL33 (Zuid-Holland) - NL33 (Zuid-Holland), ES30
(Comunidad de Madrid) - ES30 (Comunidad de Madrid), LUOO (Luxemburg) - NL33 (Zuid-Holland), LUOO (Luxemburg) - NL32 (Noord-Holland), and
NL31 (Utrecht) - NL31 (Utrecht) for the year 2018 (Table 2). It comes that a “border” effect is extremely strong not only at the country level but
also at the regional one. It comes that the “border” effect refers, mostly, to intra-regional investments. Excluding intra-regional FDI flows, LUOO
(Luxemburg) - NL33 (Zuid-Holland), LUOO (Luxemburg) - NL32 (Noord-Holland), LUOO (Luxemburg) - BE10 (Région de Bruxelles-Capitale/Brussels
Hoofdstedelijk Gewest), UKH1 (East Anglia) - NL31 (Utrecht), UKI3 (Inner London - West) - NL32 (Noord-Holland), FR10 (ile de France) - BE10
(Région de Bruxelles-Capitale/Brussels Hoofdstedelijk Gewest), NL32 (Noord-Holland) - ES30 (Comunidad de Madrid), UKI3 (Inner London - West)
- BE10 (Région de Bruxelles-Capitale/Brussels Hoofdstedelijk Gewest), NL32 (Noord-Holland) - FR10 (ile de France), and UKH1 (East Anglia) - SE11
(Stockholm) are the region-pairs that are included in the top-10 for the year 2018 (Table 3; Figure 3). The corresponding top-50 region-pairs refer,
mainly, to regions situated in Western and Northern Europe (Figure 4).

are equal to the first difference of FDI stocks. This is so as during calculations, the price changes (e.g., the changes in the market value of listed equity securities
of FDI enterprises and the changes in the market value of holdings of land and buildings), the exchange rate changes (i.e., the impact of valuation changes on
foreign currency denominated loans from direct investors to FDI enterprises), and some other adjustments (e.g. re-classifications and write-downs) have to
be taken into considerations. Another option is the utilization of the total assets” data. However, this option is rejected, considering that FDI assets may
overestimate the corresponding capital inflow. This may occur as an FDI enterprise may create assets utilizing other sources, besides the initial capital inflow
(i.e., a loan from a bank located in the host country).

https://doi.org/10.48088/ejg.m.ada.15.1.011.025
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Outgoing intra-ESPON FDI flows per ESPON region, shareholders’ funds (2018)
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Figure 1. Total volume of outgoing intra-ESPON FDI flows per ESPON region (intra-national FDI flows are included), shareholders’ funds (thousand
euros); constant 2018 prices, year 2018 (the boundaries of the top-10 regions are highlighted). Sources: AMADEUS database / Authors’ elaboration

Top ESPON region-pairs of intra-ESPON FDI flows (intra-regional flows excluded), 2018

ats Jr—
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Regional level: NUTS 2 (2016)

Source: ESPON IRIE (S&W FlowMapper), 2021
Origin of data: AMADEUS database (BvD)

@ EuraGeographics for the administrative boundaries

Figure 2. Top-10 ESPON region-pairs in terms of intra-ESPON FDI flows (intra-regional FDI flows are not included), shareholders’ funds (thousand
euros); constant 2018 prices, year 2018. Sources: AMADEUS database / Authors’ elaboration
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Top ESPON region-pairs of intra-ESPON FDI flows (intra-regional flows excluded), 2018

Mata Lischizrstein

Flow Volume thousands euros Canarias (€8]
of highest 50 flows

— >4,362,394414
—— 3,221,469,503 - 4,382,394,414
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<= 1,446,904,348 / Gayana (FR) Martiiaue [FF)

Acores (PT) Madera (PT)

ES PIN - ® ESPON, 2022 o

Regional level: NUTS 2 (2016)
Source: ESPON IRIE (S&W FlowMapper), 2021
Ongin of data: AMADEUS database (BvD)

@ EuroGeographics for the administrative boundaries

Figure 3. Top-50 ESPON region-pairs in terms of intra-ESPON FDI flows (intra-regional FDI flows are not included), shareholders’ funds (thousand
euros); constant 2018 prices, year 2018. Sources: AMADEUS database / Authors’ elaboration

3.3 Clustering Indicators

The paper classifies European regions based on interregional and intraregional FDI flows per se (i.e., construction of tailor-made indicators),
and not on already-existing regional typologies (such as urban-rural, coastal-landlocked, border-inner). Particularly, for the needs of the empirical
analysis the indicators of CONNECTIVITY (CONN), INTENSITY (INTEN), WEIGHTED INTENSITY (WINTEN), INTERREGIONAL BALANCE (IBAL), NET-
WORK SELECTIVITY (NETSEL), EXTERNAL INFLUENCE (EXTI), and SEND-RECEIVE BALANCE (SRB) are constructed, separately for incoming and out-
going FDI flows (Table 4; Table 5). These indicators have been, jointly, constructed by ESPON IRiE Project partners'®, and may use for the analysis
of different types of flows?!!.

CONNECTIVITY measures the number of nodes each region is connected to. Regardless of the intensity of the connections, this indicator
differentiates between regions which are focused on a small set of partners, and those which have many dispersed connections across European
space.

INTENSITY is a measure of the strength of each region as a destination or as an origin of FDI (thousands of euros). Although it is biased in
favor of larger regions (e.g., in terms of GDP), the indicator is important to assess the level of dominance of these regions, establish the scale of
regional hierarchies and build rank-size tables.

WEIGHTED INTENSITY looks at intensity in relation to the total FDI flows. This corrects the bias of the previous indicator and allows for the
assessment and comparison of the performance of regions according to their own capacity.

INTERREGIONAL BALANCE assesses the level of dominance vs. decentralization of a region within its country. Some regions capture a vast
majority of the flows in their country (i.e., centralized national pattern), whereas other regions do not.

NETWORK SELECTIVITY measures how much a region is dependent on a single destination or on a single origin. This is important because
unexpected events in the destination or in the origin may greatly affect the incoming or the outgoing flows of a region, if that region has a large
focus on that destination or origin.

EXTERNAL INFLUENCE measures the importance of a destination or an origin region from the perspective of the corresponding top origin
region or the corresponding top destination region, respectively. Even though a region may be dependent on a single destination or on a single
origin, this may not hold from the perspective of the corresponding origin or destination region, respectively. If this is the case, the influence of a
region on its corresponding top destination or top origin region is, rather, limited.

SEND-RECEIVE BALANCE tests whether regions are specialized senders or receivers, or whether they have balanced incoming and outgoing
flows.

10 See https://irie.espon.eu/ for details.

n See Manetos et al. (2022) for a typology of European regions in terms of interregional remittances flows.

https://doi.org/10.48088/ejg.m.ada.15.1.011.025



https://www.eurogeojournal.eu/
https://doi.org/10.48088/ejg.m.ada.15.1.011.025
http://www.eurogeography.eu/
https://irie.espon.eu/

eure
gee European Journal of Geography 2024, 15 (1) e p. 17

Table 2. Top-10 ESPON region-pairs in terms of intra-ESPON FDI flows (intra-regional FDI flows are included), shareholders’ funds (thousand euros);
constant 2018 prices, year 2018. Sources: AMADEUS database / Authors’ elaboration

year 2018
region-pairs (intra-regional FDI flows are included) FDI flows
(thousand euros)
origin destination
NL32 (Noord-Holland) NL32 (Noord-Holland)
FR10 (lle de France) FR10 (ile de France)
UKJ1 (Berkshire, Backinghamshire and Oxfordshire) UKJ1 (Berkshire, Backinghamshire and Oxfordshire)
LUOO (Luxemburg) LUOO (Luxemburg)
UKI3 (Inner London - West) UKI3 (Inner London - West)
NL33 (Zuid-Holland) NL33 (Zuid-Holland)
ES30 (Comunidad de Madrid) ES30 (Comunidad de Madrid)
LUOO (Luxemburg) NL33 (Zuid-Holland)
LUQO (Luxemburg) NL32 (Noord-Holland)
NL31 (Utrecht) NL31 (Utrecht)

30,035,012,398
24,748,302,740
17,234,161,658
14,282,602,790
11,038,524,175
10,489,680,980
8,180,970,040
6,966,323,604
6,491,512,163
6,012,137,076

Table 3. Top-10 ESPON region-pairs in terms of intra-ESPON FDI flows (intra-regional FDI flows are not included), shareholders’ funds (thousand
euros); constant 2018 prices, year 2018. Sources: AMADEUS database / Authors’ elaboration

year 2018
region-pairs (intra-regional FDI flows are not included) FDI flows
(thousand euros)

origin destination
LUOO (Luxemburg) NL33 6,966,323,604
LUQOO (Luxemburg) NL32 (Noord-Holland) 6,491,512,163
LUOO (Luxemburg) BE10 (Région de Bruxelles-Capitale/Brussels Hoofdstedelijk Gewest) 4,382,394,414
UKH1 (East Anglia) NL31 (Utrecht) 4,374,864,739
UKI3 (Inner London - West) NL32 (Noord-Holland) 4,182,638,512
FR10 (ile de France) BE10 (Région de Bruxelles-Capitale/Brussels Hoofdstedelijk Gewest) 3,221,469,502
NL32 (Noord-Holland) ES30 (Comunidad de Madrid) 3,163,032,777
UKI3 (Inner London - West) BE10 (Région de Bruxelles-Capitale/Brussels Hoofdstedelijk Gewest) 2,877,980,447
NL32 (Noord-Holland) FR10 (ile de France) 2,776,997,490
UKH1 (East Anglia) SE11 (Stockholm) 2,730,420,870
Table 4. Clustering indicators description. Source: Authors’ elaboration

Indicator Flow Type Description

INC Number of distinct origin regions i that send FDI to the destination region j
CONNECTIVITY

ouUTG Number of distinct destination regions j that receive FDI from the origin region i
INTENSITY INC Volume of FDI that are sent from distinct origin regions i to the destination region j

OUTG Volume of FDI that are sent to distinct destination regions j from the origin region i

Volume of FDI that are sent from distinct origin regions i to the destination region j as a

INC
share of the sum of the corresponding incoming and outgoing FDI activity
WEIGHTED INTENSITY — — — b
OUTG Volume of FDI that are sent to distinct destination regions j from the origin region i as a
share of the sum of the corresponding outgoing and incoming FDI activity
Volume of FDI that are sent from distinct origin regions i to the destination region j as a
INC share of the corresponding volume of FDI that are sent from distinct origin countries ci
to the destination country cj
INTERREGIONAL BALANCE — — e .
Volume of FDI that are sent to distinct destination regions j from the origin region i as a
OoUTG share of the corresponding volume of FDI that are sent to distinct destination countries

¢j from the origin country ci
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INC Maximum incoming FDI to the destination region j as a share of the corresponding total
incoming FDI
NETWORK SELECTIVITY X : - — :
olic Maximum outgoing FDI from the origin region i as a share of the corresponding total
outgoing FDI
- Maximum incoming FDI to the destination region j as a share of the total outgoing FDI
from the origin regions i
EXTERNAL INFLUENCE X : - — X X
OUTG Maximum outgoing FDI from the origin region i as a share of the total incoming FDI to
the destination regions j
- Difference between the volume of FDI that are sent to the destination region j from the
origin regions i and the corresponding outgoing FDI
SEND-RECEIVE BALANCE -
OUTG Difference between the volume of FDI that that are sent from the origin region i to the
destination regions j and the corresponding incoming FDI

Table 5. Clustering indicators formulas. Source: Authors’ elaboration

Indicator Flow Type Description
n
CONN; = Z N;
INC T
N; = number of origin regions
CONNECTIVITY W
CONN; = Z N;
ouTG —
j=1
N; = number of destination regions
n
INTEN; = z V;
INC 4
i=1
V; = volume of FDI from origin regions
INTENSITY n
INTEN; = z V;
OUTG =
V; = volume of FDI to destination regions
WINTEN; = A
INC / 71‘1:1 Vi +Z]1‘:1Vj
V; = volume of FDI from origin regions
V; = volume of FDI to destination region
WEIGHTED INTENSITY Y
WINTEN; = o220
?:1 V} + Zro:l Vi
OUTG
V; = volume of FDI to destination region
V; = volume of FDI from origin regions
n
noy.
IBAL: = ==17t
J Zci Vci_cj
V; = volume of FDI from origin regions
INC Vei ¢j = volume of FDI from the origin countries to the destination country
JASKY|
i Eci
INTERREGIONAL BALANCE n
1BAL, = 2=
! ch ch,ci
V; = volume of FDI to destination regions
ouTG S ) -
Vej ci = volume of FDI to the destination countries from the origin country
i Eci
JEcj
max{z, MV,
NETWORK SELECTIVITY INC NETSEL; = —o——
i=1.vi
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MYV; = maximum volume of FDI from origin regions
V; = volume of FDI from origin regions

max]-’glMV}-
NETSEL; = ———
=1V
OUTG . S .
MV; = maximum volume of FDI to destination regions
V; = volume of FDI to destination regions
max;_,MV;
EXTI; =
Vi
INC
MV; = maximum volume of FDI from origin regions
V; = volume of FDI from the corresponding destination region
EXTERNAL INFLUENCE i
maszlMVj
EXTI; = v
ouTG !

MV; = maximum volume of FDI to destination regions

V; = volume of FDI to the corresponding origin region

n 1
SRB; = z Vi — z V;
INC i=1 j=1
V; = volume of FDI from origin regions

V; = volume of FDI from destination region
SEND-RECEIVE BALANCE Py

SRBi:ZV]——Z
FE

1
Vi

OUTG =1

V; = volume of FDI to destination regions

V; = volume of FDI from origin region

3.4 K-means Clustering Technique

The paper follows the methodological approach of k-means for the classification of regions and the consequent construction of typologies.12
K-means aims at partitioning n observations into k clusters in such a way that the within-cluster variances are minimized (Rogerson, 2001).

Prior to the implementation of the method, a data cleaning approach is necessary to be applied to avoid error in clustering process. Partic-
ularly, cases (i.e., regions) with: (a) no values in all variables; and (b) missing values in more than one variable are removed. Then by applying
descriptive statistics, quality data problems are identified. For this reason, an outlier detection process is selected to improve cluster analysis
results, but at the same time maintain as many cases as possible in the process.

Due to the complexity of the primary data set and the calculated variables, the Local Outlier Factor (LOF) algorithm is applied to detect
outliers in the datasets (i.e., separately for incoming FDI flows and for outgoing FDI flows) before the clustering process. The LOF algorithm detects
an outlier based on its local neighborhood, and it gives better results than the global approach to find outliers. Since there is no threshold value
of the LOF, the selection of a point as an outlier is user-dependent (Breunig et al., 2000). In general, when applying the LOF algorithm, a value
below 1.00 indicates a denser area (which would be an inlier), while values significantly larger than 1.00 indicate outliers. But due to the previous
fact, the threshold value chosen was 2.00, to be able to include as many observations as possible. This algorithm’s “flexibility” allows for the proper
identification of the above threshold (i.e., 2.00), over with data observations are excluded from the clustering procedure. These observations (i.e.,
regions) are not excluded simply as “false outliers” but, mostly, because their values are significantly differentiated. By following this method, the
overall quality of the indicators is significantly improved, allowing for a more meaningful cluster analysis. The outlier detection process is applied
using the total of the variables / indicators available.

For the optimal cluster interpretation, four (4) distinct clustering processes are applied. This approach is followed to secure that the results
are going to be more meaningful since remittances flows have a plethora of underlying factors. Due to the complexity of the initial dataset, x-
means algorithm, an enhancement of k-means algorithm, is applied. X-means leads, after running several models, to more effective clustering. X-
means is used after each run of k-means, considering local measures on each subset of the current centroids that could split themselves to obtain
a better fit. At the same time, the k-means (x-means) process estimates the optimal number of variables to be included in each clustering process.
The next step in the clustering process is the statistical normalization. The z transformation is applied. Such a normalization subtracts the mean of
the data from all values and then divides them by the standard deviation. The distribution of the transformed data has a mean of 0.00 and a
variance of 1.00. This is a common and very useful normalization technique. It preserves the original distribution of the data and is less influenced
by outliers, especially in the cases with very different means and variances.

For improving the cluster quality, a feature selection process is applied to the final data set. The purpose is to improve the final clusters, but
without missing the underlying patterns. The Davies-Bouldin Index (criterion) (Davies & Bouldin, 1979) is calculated as a ratio of within-cluster and
between-cluster distances. It is calculated as the average similarity of each cluster with a cluster most like it. The lower the average similarity is,
the better the clusters are separated. The goal is to retain as many variables as possible from the original data set - in order to retain the highest
possible level of information - and only remove the ones that create more “noise”.

2 Manetos et al. (2022) follow the same methodology for the typology of European regions in terms of interregional remittances flows.
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4. Empirical Analysis

The findings of the empirical analysis offer an, up-to-now, unknown layer of analysis corresponding to interregional and intraregional FDI
flows in Europe (i.e., incoming FDI flows and outgoing FDI flows), providing insight to both theory and policymaking.

From the clustering procedure of European regions in terms of incoming interregional and intraregional FDI flows and outgoing interregional
and intraregional FDI flows, 18 and 18 regions, respectively, have been excluded as high-level outliers (i.e., regions that exhibit values extremely
higher comparing to the corresponding values of the other regions) (Table 6). Most of these regions are either metropolitan areas or (small-sized)

countries.

Table 6. Regions excluded as high-level outliers from the clustering procedure in terms of interregional and intraregional FDI and flows, year 2018

outliers

incoming FDI

outgoing FDI

CHO6 (Central Switzerland)

BE10 (Région de Bruxelles-Capitale/Brussels Hoofdstedelijk Gewest)

DE91 (Braunschweig)

CHO4 (Zurich)

DKO1 (Hovedstaden()

ES64 (Ciudad de Melilla)

(
(
CHO6 (Central Switzerland)
DE91 (Braunschweig)

FR10 (ile de France)

ES30 (Comunidad de Madrid)

LIOO (Liechtenstein)

ES64 (Ciudad de Melilla)

LUOO (Luxemburg)

FR10 (ile de France)

NL31 (Utrecht)

HRO4 (Kontinentalna Hrvatska)

IEO6 (Eastern and Midland)

(
NL32 (Noord-Holland)
NL33 (Zuid-Holland)

ITC4 (Lombardia)

NOO3 (Trgndelag)

LUOO (Luxemburg)

UKI3 (Inner London - West)

NL31 (Utrecht)

BE10 (Région de Bruxelles-Capitale/Brussels Hoofdstedelijk Gewest)

NL32 (Noord-Holland)

(
(
(
(

ES30 (Comunidad de Madrid) NL33 (Zuid-Holland)
IEO6 (Eastern and Midland) NL41 (Noord-Brabant)
ITC4 (Lombardia) SE11

NL41 (Noord-Brabant)

UKI3 (Inner London - West)

UKJ1 (Berkshire, Backinghamshire and Oxfordshire)

UKJ1 (Berkshire, Backinghamshire and Oxfordshire)

The clustering procedure results in five (5) clusters for incoming interregional and intraregional FDI flows and in five (5) clusters for outgoing
interregional and intraregional FDI flows, for the year 2018 (Figure 5; Figure 6; Figure 7; Figure 8).

Clusters Incoming FDI

Cluster A Cluster B

mINC_CONN  m INC_INTEN INC EXTI

Cluster D Cluster E

INCIBAL mINCSRB m INCWINTEN

Figure 4. Regional clusters, incoming interregional and intraregional FDI flows, year 2018. Sources: AMADEUS database / Authors’ elaboration
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Incoming intra-ESPON FDI flows Clusters per ESPON region (2018)

Clusters
A(13)
B (16)
C(13)
D (106)
E (113)
I na(18)
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Figure 5. k-means clustering for incoming interregional and intraregional FDI flows, year 2018. Sources: AMADEUS database / Authors’ elaboration

Cluster A

Cluster B

Clusters Qutgoing FDI

H_Am
Cluster C .

BOUTGCONN  mOUTGEXTI

B OUTG IBAL

I o= = N
Cluster D Cluster E
OUTG INTEN mOUTGMNETSEL mOUTG SRB

Figure 6. Regional clusters, outgoing interregional and intraregional FDI flows, year 2018. Sources: AMADEUS database / Authors’ elaboration
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Outgoing intra-ESPON FDI flows Clusters per ESPON region (2018)

Clusters
A(14)
B (60)

Ve

C (16)

D (117) S

E (67)
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N

ES PIN - - © ESPON, 2021 .

Regional level: NUTS 2 {2016)
Source: IRIE project, 2021

Origin of data: IRIE project, 2021

& UMS RIATE for administrative boundaries

Figure 7. k-means clustering for outgoing interregional and intraregional FDI flows, year 2018. Sources: AMADEUS database / Authors’ elaboration

Regarding the incoming interregional and intraregional FDI flows: (a) cluster A exhibits the highest CONN, INTEN, and EXTI values, high IBAL
and SRB values, and moderate WINTEN values; (b) cluster B exhibits the highest IBAL and SRB values, high CONN, INTEN, and WINTEN values, and
moderate EXTI values; (c) cluster C exhibits moderate INTEN and IBAL values, low CONN and INTEN values, and the lowest SRB and WINTEN values;
(d) cluster D exhibits high EXTI values, moderate CONN values, low INTEN, SRB, and WINTEN values, and the lowest IBAL values; and (e) cluster E
exhibits the highest WINTEN values, moderate SRB values, low IBAL values, and the lowest CONN, INTEN, and EXTI values. Cluster A (incoming FDI
Europe-wide hubs) contains the topmost connected, absolute, and influencing FDI receivers, cluster B (incoming FDI national-wide hubs) contains
the topmost national and net absolute FDI receivers, cluster C (third-level incoming FDI national-wide hubs) contains the bottommost net and
relative FDI receivers, cluster D (second-level incoming FDI influencers) contains the bottommost national FDI receivers, and cluster E (incoming
FDI Europe-wide relative hubs) contains the topmost relatively absolute FDI receivers, and the bottommost connected, absolute, and influencing
FDI receivers. In plain words, and with the exclusion of high-level outliers: (a) regions that belong to cluster A are the ones that exhibit the highest
number of connections, the ones that receive the highest volume of FDI, and the ones that exhibit the highest level of influence; (b) regions that
belong to cluster B are the ones that exhibit the highest level of interrelations with their counterparts, comparing to the corresponding national
interrelations, and the ones that receive the highest volume of net FDI (i.e., difference between incoming and outgoing FDI); (c) regions that belong
to cluster C are the ones that exhibit the lowest volume of net FDI (i.e., difference between incoming and outgoing FDI), and the ones that exhibit
the lowest ratios of incoming-to-total FDI; (d) regions that belong to cluster D are the ones that exhibit the lowest level of interrelations with their
counterparts, comparing to the corresponding national interrelations; and (e) regions that belong to cluster E are the ones that exhibit the highest
ratios of incoming-to-total FDI. Cluster A consists of 13 regions, cluster B consists of 16 regions, cluster C consists of 13 regions, cluster D consists
of 106 regions, and cluster E consists of 113 regions.

Regarding the outgoing interregional and intraregional FDI flows: (a) cluster A exhibits the highest CONN, INTEN, SRB values, high EXTI and
IBAL values, and low NETSEL values; (b) cluster B exhibits the highest EXTI values, high CONN, INTEN, and NETSEL values, moderate SRB values,
and the lowest IBAL values; (c) cluster C exhibits the highest IBAL values, moderate CONN, EXTI, INTEN, and NETSEL values, and the lowest SRB
values; (d) cluster D exhibits low CONN, EXTI, IBAL, INTEN, and SRB values, and the lowest NETSEL values; and (e) cluster E exhibits the highest
NETSEL values, high SRB values, moderate IBAL values, and the lowest CONN, EXTI, and INTEN values. Cluster A (outgoing FDI Europe-wide hubs)
contains the topmost connected, absolute, and net FDI senders, cluster B (outgoing FDI influencers) contains the topmost influencing FDI senders
and the bottommost national FDI senders, cluster C (outgoing FDI national-wide hubs) contains the topmost national FDI senders, and the bot-
tommost net FDI senders, cluster D (outgoing FDI independents) contains the bottommost dependent FDI senders, and cluster E (outgoing FDI
dependents) contains the topmost dependent FDI senders, and the bottommost connected, absolute, and influencing FDI senders. In plain words,
and with the exclusion of high-level outliers: (a) regions that belong to cluster A are the ones that exhibit the highest number of connections, the
ones that send the highest volume of FDI, and the ones that send the highest volume of net FDI (i.e., difference between outgoing and incoming
FDI); (b) regions that belong to cluster B are the ones that exhibit the highest level of influence, and the ones that exhibit the lowest level of
interrelations with their counterparts, comparing to the corresponding national interrelations; (c) regions that belong to cluster C are the ones
that exhibit the highest level of interrelations with their counterparts, comparing to the corresponding national interrelations, and the ones that
send the lowest volume of net FDI (i.e., difference between outgoing and incoming FDI); (d) regions that belong to cluster D are the ones that
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exhibit the highest level of selectivity; and (e) regions that belong to cluster E are the ones that exhibit the highest level of selectivity, the ones
that exhibit the lowest number of connections, the ones that exhibit the lowest level of influence, and the ones that send the lowest volume of
FDI. Cluster A consists of 14 regions, cluster B consists of 60 regions, cluster C consists of 16 regions, cluster D consists of 117 regions, and cluster
E consists of 67 regions.

Towards easing the understanding of the empirical results, a more thorough commenting as regards region BE21 (Prov. Antwerpen) is,
indicatively, provided.’3 BE21 (Prov. Antwerpen) belongs to cluster A as regards the incoming interregional and intraregional FDI flows and to
cluster B as regards the outgoing interregional and intraregional FDI flows. As regards the incoming interregional and intraregional FDI flows, this
means that BE21 (Prov. Antwerpen) belongs to the group of European regions that exhibit the highest number of connections, receive the highest
volume of FDI, and exhibit the highest level of influence. As regards the outgoing interregional and intraregional FDI flows, this means that BE21
(Prov. Antwerpen) belongs to the group of European regions that exhibit the highest level of influence, and the lowest level of interrelations with
their counterparts, comparing to the corresponding national interrelations.

5. Conclusions and Recommendations to international organizations and statistical agencies

The paper uncovers regional typologies in Europe in terms of interregional and interregional FDI flows for the year 2018, the year prior to
the eruption of the COVID19 pandemic. To this end, the paper compiles O-D matrices, constructs tailor-made clustering indicators (i.e., CONNEC-
TIVITY (CONN), INTENSITY (INTEN), WEIGHTED INTENSITY (WINTEN), INTERREGIONAL BALANCE (IBAL), NETWORK SELECTIVITY (NETSEL), EXTER-
NAL INFLUENCE (EXTI), and SEND-RECEIVE BALANCE (SRB)), and employs the k-means clustering technique.

The findings of the paper indicate that, in terms of both incoming and outgoing interregional and intraregional FDI flows, different spatial
patterns have emerged within the unified European economic space. It comes that the process of European economic integration is associated
with a set of divides and contradictions that characterize the European economic space.* Even though each region represents a unique case, the
empirical analysis reveals that there are groups of regions (i.e., clusters) that exhibit common characteristics. Particularly, having excluded the
high-level outliers, the clustering procedure of European regions results in five (5) clusters for incoming interregional and intraregional FDI flows
and in five (5) clusters for outgoing interregional and intraregional flows.

The findings of the paper tackle the scarcity of data on interregional flows in Europe and offer an, up-to-now, unknown layer of analysis.
Thus, the paper provides valuable insight to both academia and policymaking. At the same time, the paper highlights the drawback of the lack of
data, especially at the regional level. The provision of data — not only for FDI but also for a wide array of interregional flows —is an imperative. This
is especially so for Europe, where an — unprecedented — process of economic integration is in full swing. It behoves international organizations
and statistical agencies (EUROSTAT, in particular) to carry on the responsibility of providing such data. To this end, a close collaboration with the
European Central Bank (ECB) is sine qua non.

Apparently, further research on the issue is needed and the paper contributes to this end. The compilation of the R2R (and C2C) O-D matrices
for interregional flows in Europe opens new fields for understanding the regional interlinkages in terms of FDI flows. The typologies that the paper
uncovers shed light.
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