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MNE and Where to Find Them: an 
Intertemporal Perspective on the 
Global Ownership Network

Abstract
This paper introduces a simple procedure to construct ownership maps in Stata, uses a new method to map 
the development of the global network of multinational business groups over time and investigates the 
development of core components of the network. Based on Bureau van Dijk’s ORBIS database, a full panel 
of ownership structures from 2000-2018 is reconstructed. The data is subjected to a descriptive analysis and 
subsequently used to identify key locations within the network. Ownership structures are used to identify 
outliers in the network even in the absence of financial data on the firm level. The identified locations 
largely overlap with results in the literature, but also point towards previously overlooked destinations. 
The aggregate ownership network at the country level is used to provide an intertemporal perspective on 
countries’ development paths within the global network of multinational companies and sheds new light 
on MNE’s expansion paths.
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1 Introduction

Empirical research on multinational ownership structures has remained an elusive quest for

clarity. In fact, no paper on the topic foregoes a declaration of the considerable complexity

of the subject, this one being no exception. At the firm level, multinational enterprises

(MNE) form a globally connected network that changes constantly. Group boundaries are

fluid and by connecting different locations and sectors each group stretches across multiple

levels of data. Not only can they become very large, evidence also points towards the con-

clusion that their obscurity is often intentional. A first step in the research process should

be to reveal and examine the corporate structures within the data, yet no simple proce-

dure exists to do so in Stata.1 The first contribution of this paper is thus the introduction

of a new method to visualize the corporate structure of any multinational enterprise (or

any relational dataset of geocoded information) by slightly altering the use of established

standard tools. The resulting ownership maps can help to better understand an MNE’s

corporate hierarchy, its geographic focus and the quality and coverage of the underlying

data.

However, corporate structures can only be investigated reliably with data of global reach

and extensive coverage. With almost 300 million firms at the time of writing, Bureau van

Dijk’s ORBIS database is currently the best option available to empirical researchers. In

a seminal analysis of the network’s underlying structure Vitali et al. (2011) and Vitali and

Battiston (2014) use ORBIS data from 2007 to map the firms’ connections between each

other. They find that aside from a strongly connected core, different distinct communities

of closely connected firms can be identified based on their proximity within the network.

Since then ORBIS expanded tenfold while the data quality improved significantly. At the

same time, the application of social network analysis has been further expanded to tackle

corporate ownership structures on a large scale.2 De Lombaerde et al. (2018) review the

use of network analysis to study globalization, regionalization, and multi-polarity. They

1A review of the literature on MNE visualization is provided in section 3.1. Clean illustration of a business
group can help to identify errors and inform new identification strategies.

2The idea of treating an MNE as a network itself is naturally much older. Scott (1988) identifies the first
application of social network analysis to interorganizational research to be Levine (1972)’s study on the
interlocking directorates of industrial companies and banks. Levine highlighted the need to simplify
complex data structures and proposed a series of manually constructed insightful visualizations.
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provide an overview of the literature and discuss key results. A central insight that can be

taken away from their review is that an intertemporal perspective on the global corporate

ownership network has not yet been provided.3 Joyez (2017) reconstructs the network

of French multinationals and investigates the development of the network over time and

finds that the network has become more decentralized. Joyez (2019) adds information on

Global Value Chains (GVCs) and finds that MNEs align their structures to GVCs over

time. Corporate hierarchies play a key role and they also add multiple layers to the data.

Altomonte and Rungi (2013) measure the hierarchical complexity and vertical integration

of business groups and find that, conditional on the host country’s institutional quality,

vertical integration and hierarchical complexity in defining the groups’ boundaries are

found to be negatively correlated. Both studies emphasize that it is vital to understand

the development of the individual business groups over time to be able to understand the

development of the network as a whole.

As mentioned previously, ownership structures can be deliberately obscure and inten-

tionally complex. Conduit structures are an infamous expression of this complexity. They

are frequently created with the intention to optimize a business group’s structure under

the given global regulatory framework. The term was coined by Mintz (2004) and the

concept has been investigated extensively since then. Weichenrieder and Mintz (2008) use

data from the German Bundesbank to identify the causes for the establishment of holding

companies and complex ownership chains. They find withholding taxes, profit and loss

consolidation, and the type of tax system of the investing country to be the most relevant

factors. Using firm-level data from the Netherlands, Weyzig (2013) find evidence for the

creation of specific corporate structures to take advantage of reduced withholding taxes

under Dutch tax treaties. Fuest et al. (2013) elaborate on the creativity that is on dis-

play when it comes to the creation of corporate structures for the purpose of optimized

tax planning. Their illustration of the famous “Double Irish Dutch Sandwich” summa-

rizes how a specific setup of five companies in four countries was used for aggressive tax

planning. In the meantime, regulatory process hase been made, most notably with the

3The only reference of a network analyzed over time is Fracasso et al. (2018) who investigate the evolution
of trade in oil.
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BEPS agenda OECD (2013) and the aforementioned model is being phased out, but new

structures are taking its place. This paper attempts to identify them.

Network analysis provides the tools to see through the structural complexity. Garcia-

Bernardo et al. (2017) outline the potential of this approach. They reconstruct the global

corporate ownership network in 2015 and demonstrate that Offshore Financial Centers

(OFCs) can be reliably identified by a purely data driven approach. They establish a

list of 24 “sink-OFCs”4 and provide evidence that the vast majority of value is routed

into these destinations through five major “conduit-OFCs”: the Netherlands, the United

Kingdom, Switzerland, Singapore, and Ireland. This paper extends their work by relaxing

some assumptions and investigating the corporate network’s evolution from 2000-2018.

Garcia-Bernardo et al. (2017)’s reconstruction of the network is defined by the simulta-

neous use of financial information as well as the focused target structures. This paper

sets out to identify the most common structures in an unrestricted network of majority

ownership connections with the intention to uncover previously overlooked constructions.

Furthermore, this paper reveals the entire network’s development over time. The as-

sessment of the network’s core metrics follows Joyez (2017)’s reconstruction of the sub-

network of French multinationals, which is recreated with ORBIS data as a benchmark.

Special ownership structures are first identified using the system of archetypes proposed

by Alabrese and Casella (2019) and their emergence over time is presented. Relaxing the

predefined criteria for ownership chains completely, frequently used routes are then high-

lighted for different lengths of ownership chains. While the results are largely in line with

Garcia-Bernardo et al. (2017), some plausible differences are uncovered. Several countries

with exceptionally poor coverage of financial data are found to be core components of the

network. Even though very little is known about the actual magnitude of their influence

in economic terms, the firms’ ownership structures feature them prominently. Finally, the

countries’ relative position in the network is found to only change gradually over time.

4According to Garcia-Bernardo et al. (2017) these destinations to which a vast surplus of value is flowing
include the British Virgin Islands, Taiwan, Jersey, Bermuda, Cayman Islands, Samoa, Liechtenstein,
Curaçao, Marshall Islands, Malta, Mauritius, Luxembourg, Nauru, Cyprus, Seychelles, Bahamas, Be-
lize, Gibraltar, Anguilla, Liberia, St. Vincent & Grenadines, Guyana, Hong Kong, and Monaco.
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The remainder of this paper is structured as follows. Section 2 provides a discussion of

the data as well as the reconstruction process of the ownership structures in each year.

Section 3 introduces a new method to create ownership maps in Stata (3.1) and outlines

the methodological choices that create the foundation for the subsequent network analysis

(3.2). Section 4 provides a detailed descriptive analysis of the data and sheds light on

several key features. Section 5 presents the results of the network analysis. Section 6

discusses their relevance in the context of both the previously made sample selection

choices and potential future refinements. Section 7 concludes.5

2 Data

The questions outlined previously make high demands for data coverage and quality. On

a global scale, Bureau van Dijk’s ORBIS is currently the only database to include high-

quality ownership information from a variety of countries. National levels of coverage are

generally high, but vary.6 Built as a daily updating repository, great care has to be taken

in the preparation and cleaning of the data.7 Figure 1 outlines the data preparation pro-

cess. The ownership data was extracted in batches from 15.04.2019 to 10.05.2019 (ORBIS

as of 27.04.2019 for export and up to 10.05.2018 for correction and cleaning), mechanically

corrected for human errors and reassembled against a unified backbone of bvdids. The

general methodology here is an extended application of the bottom-up approach to recon-

structing ownership data first mentioned in Jaraite et al. (2013) and first implemented on

a large scale by aus dem Moore et al. (2019). Another application is outlined in Alabrese

5Appendix 8.1 elaborates on the construction of ownership maps and provides Stata code. Appendix 8.2
compares the reconstruction of the ownership network to different benchmark studies. Appendix 8.3
supplies detailed summary tables of the network and its most relevant components while appendix 8.4
illustrates a new balance measure for business group hierarchies.

6This issue was previously assessed in detail by Kalemli-Ozcan et al. (2015). Aside from a general stock-
taking they also discuss the individual sources of the ownership database and provide recommendations
for the reconstruction of ownership structures. Comparing ORBIS to OECD FDI data, they find better
coverage for countries such as the UK, Germany, Italy, Ireland and Poland. In most countries their
reconstruction of the ownership data covers more than 50 percent of the multinational economic activity
reported in the OECD and in many countries ORBIS performs even better.

7Data accessed through ORBIS’ online interface refreshes daily between 10:00 and 11:00 CEST. Data
updates are usually carried out on Friday afternoon. Since these updating processes can influence the
selection of firms returned by the database it is advisable not to carry out data exports during updates
and not to extract batch exports across different vintages of the data.
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Figure 1: Data preparation flowchart

and Casella (2019), who focus on the identification of corporate investor nationality.8 The

bottom-up approach has several advantages. First, since the reconstruction of ownership

structures begins at the level of the individual subsidiary, in the process of identifying the

GUO several data points are required for successful identification. Top-down approaches

rely entirely on the validity of information at the level of the GUO, which constitutes

a potential weakness of the reconstruction method.9 Identifying ownership structures in

this way means that the existence of a single link of majority ownership will lead to the

identification of a firm’s GUO. Second, the approach is iterative and thus allows for the

construction of a variety of business group specific measures. For example, data pre-

pared in this way allows for the investigation of any type of firm-level information at

any hierarchy-level and the identification of specific ownership patterns within a business

group. Appendix 8.4 takes a closer look at the hierarchies and their development over

time. It also allows for the easy transformation of the group structures in a matrix format

8An extended discussion of the reconstruction process used in this paper as well as an benchmark com-
parison with both Jaraite et al. (2013) and ORBIS is provided by Großkurth (2019).

9Although data at the level of the subsidiaries can in principle still originate from the same source (annual
reports, for example), using many pathways to find one destination has no inherent disadvantages. In
the case of an error in the chain to the GUO the impact of this error is limited to the connected firms.
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usable for network analysis. Most importantly, the bottom-up approach can be undertaken

separately for any given year. While the information on the GUO as provided by ORBIS

is only retrievable on a most-recent basis, top shareholder information can be obtained

at any cutoff date in the past. This allows for the creation of yearly ownership variables,

which can then be merged to build a panel dataset.10 Figure 2 shows the number of

firms which are either part of or controlling11 the yearly reconstructed business groups.

The figure highlights the continuous improvement of ORBIS over time. With each year

the body of information on global corporate structures grows larger. This is both an

effect of MNE expansion as well as of quality improvements in the data collection. The

data is adjusted for gaps in which a year between two identical top shareholders is missing.

Figure 2: Ownership data over time in ORBIS, 2000-2018

A caveat of the bottom-up approach is that its accuracy and completeness depends on

10Großkurth (2019) discusses the implications of time-varying ownership structures. A group structure
that changes over time constitutes a considerable challenge for empirical research.

11Throughout this paper, the term controlling refers to a firm’s ownership of another firm through a share
of at least 50.01 percent. However, the ability to exert control over this company along the chain of
ownership has to be assumed. Furthermore, in the absence of other data ownership structures and
management structures can be very different.
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the data the process starts with. The iterative merges can only retrieve GUOs of firms

which are in the database to begin with. This means that instead of extracting all firms

connected to a limited amount of GUOs this approach ideally requires the usage of the

entire database.12 The baseline sample is thus kept as large as possible and included all

active firms with at least one value for Total Assets in any year from 2009-2019. For this

selection of 24.064m firms, top shareholder data was then extracted for each year from

2000-2018.13 After the reconstruction of these firms’ GUOs, three iterations of firms found

missing in the merging process were extracted as well.14 The final baseline sample enriched

in this way included 27.710m firms. Top shareholder information was then reduced to cor-

porate shareholders, ensuring that in cases of non-corporate ultimate ownership the firm

in the line of control would be considered as GUO. After cleaning and reconstruction, a

refined selection of 4.086m firms was found to either belong to or control a business group.15

In addition to that, several subsets of the data were refined for specialized purposes. The

initial selection of 24.064m firms with at least one value for Total Assets in any year from

2009-2018 was further narrowed down to a subset of 10.499m firms with nonmissing data

for Operating Revenue in 2017. This information was then extracted with a preference

for unconsolidated data and is used to assess the data availability situation on different

corporate hierarchy levels. A selection of 1.491m identified GUOs was re-uploaded into

ORBIS to retrieve information on a wider selection of financial variables. This data was

12As Alabrese and Casella (2019) rightfully point out, in the absence of access to the full database this can
lead to the identification of subgroups within the full business groups. However, it can be argued that
the approach captures all of the most important subgroups and leads to the identification of the same
GUO in the vast majority of cases. Although the total number of identified GUOs is lower, identified
GUOs match ORBIS in over 99 percent of all cases (see Großkurth, 2019).

13For top shareholders, if information on the percentage of ownership was available, at least 50.01 percent
ownership was required. It is then assumed that a firm which owns more than half of another firm
exerts controlling influence. While this limits the selection of ownership links it also creates business
groups with sharp boundaries.

14Since the baseline sample was extracted based on economic relevance, firms with missing financial infor-
mation but nonmissing ownership information are excluded under this definition. This can lead to lines
of control being broken if an intermediary firm’s financial information is not captured. By iterating
three times it is ensured that lines of control can include up to three firms in a row with fully missing
financial information, further enhancing the quality of the ownership reconstruction. By the fourth
iteration, missing bvdids in all periods combined had declined to 3813, none of which could be found
upon reupload.

15Another caveat of the procedure is that the amount of data used enforces the identification of correction
of mistakes with dedicated algorithms. Manual corrections were applied whenever it was feasible. An
extensive discussion of this issue is provided by Aminadav and Papaioannou (2016), who go to great
lengths to verify the integrity of their data. They are also among the very few studies that investigate
the ownership data over time.
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extracted with a preference for consolidated financial information and for a time period

from 2010-2018.16 For the purpose of visualizing the data structures, several business

groups with distinctive features were selected. All unique firms connected to these groups

were combined with their respective location data17 and subsequently geocoded using

the Stata module opencagegeo.18 ORBIS also includes information on the latitude and

longitude of selected companies, which was merged with the results from opencagegeo. In

the case of discrepancies or missing information, priority was given to information provided

by Bureau van Dijk. A small amount of firms were geocoded manually to ensure accuracy

in the case of key locations.

3 Methodology

Two pillars constitute the methodological foundation of this paper. As the first, a simple

procedure is introduced to visualize multinational ownership structures in Stata. Geocoded

firm-level data combined with refined ownership structures can shed light on both the

structural complexity of multinational business groups and the current availability of in-

formation about them. As the second, firm-level ownership data is aggregated to the coun-

try level to allow for the analysis of the global MNE network’s evolution. An alternative

method to identify key components of the network is introduced that relies exclusively

on ownership data. It builds upon seminal work by Vitali et al. (2011), Joyez (2017),

Garcia-Bernardo et al. (2017) and Hussain et al. (2018) and provides a new perspective

on business groups’ structural adjustment over time.

16Although it is possible to extract ownership data in any year, the extraction of financial data is limited
to a period covering the last 10 years. Furthermore, the selection of consolidated vs. unconsolidated
data in ORBIS is highly influential. If the export preference is set to consolidated data, an existing
consolidated account with missing data will take preference over an existing unconsolidated account
with nonmissing data (and vice versa).

17This data is only retrievable on a most-recent basis and thus constant at the end of 2018. Location data
other than a firm’s country of incorporation is only used for the visualizations.

18opencagegeo is an open source Stata module introduced by Zeigermann (2016) which allows for the free
use and storage of the obtained data. Since the purpose of the geocoding is primarily illustrative,
preference was given to encoding speed over the accuracy of the coordinates. However, the accuracy of
the geocoding process, as evaluated by opencagegeo, surpassed 25km in 95 percent of all cases.
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3.1 Ownership Maps

Although there exists an extensive body of literature on MNE, visual representations of

the data itself are surprisingly scarce. The first work on this subject dates as far back

as Reynaud (1977), referenced in Pumain and Rozenblat (1991), yet there is no simple

method available to print the corporate structure of a multinational corporation on demand

in a comprehensible way. Visualizations as introduced by Pumain and Rozenblat (1991)

and Rozenblat and Pumain (1993) are invaluable to not only illustrate the complexity

of the data, but also to identify potential mistakes in it that would remain hidden in

other formats. For example, some implausible ownership constructions are impossible to

identify by looking at the underlying relational database and too specific to catch with

general algorithms. They can also build the foundations for further analysis and inspire

new ideas. As Luo et al. (2009) point out, “There is great value in being able to “see”

the network in order to tease out important architectural patterns that correlate with the

quantitative aggregate metrics.”19 In their network analysis of foreign direct investments

of EU28 firms abroad De Masi and Ricchiuti (2018) also underline that “the visualization of

a graph is a crucial point in the study of a network”. In line with other papers conducting

network analysis, they opt for representations based on closeness in the network, but not

in terms of the firms’ locations.

The procedure presented in this paper introduces a fast way to print ownership maps

in Stata. First, each firm belonging to the group of a selected GUO is merged with the

previously obtained set of coordinates to print them as points on a map, illustrated in

figure 3. Second, the ownership structure is overlaid, revealing the actual connections

between the firms. Third, the points are scaled by each firm’s number of controlled

companies (itself included) to represent a firm’s individual relevance within a business

group (figure 4).20 The combination of these three dimensions (geographical coverage,

19Luo et al. (2009) furthermore discuss the absence of sufficient means to visually represent large and
complex networks. Although the literature has advanced considerably since then, visual clarity is still
an issue in contemporary representations of network data. An exception is Rozenblat et al. (2017),
who provide examples for different ownership structures of relevance before clustering the data at the
city level. They shed new light on the interconnections between cities, driven by the cluster-specific
ownership structures within and across them.

20This is equivalent to the node’s inward degree + 1. Given that the 50.01 percent ownership criterion
enforces unidirectional lines of control, each node’s outward degree is fixed at 1 while the GUO’s
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Figure 3: Making the structure visible

ownership structure, and corporate hierarchy) allows for an intuitive assessment of an

MNE’s corporate structure as well as its geographic focus. The ownership map can also

serve as an initial assessment of a group’s preferred type of hierarchy. Figure 4 illustrates

the corporate structure of a global MNE’s European firms, in this case all ultimately

controlled from Germany. With 420 firms being directly controlled by the group’s GUO,

the company’s hierarchy is extremely flat and centralized.

Additionally, the points can be scaled by any variable that can be merged to a firm and

the encoding of the hierarchy allows for customized assessments. In figure 5, the GUO was

excluded from the weighting procedure to allow for an assessment of the group’s allocation

of employees across different countries.21 The retrieved image is substantially different and

provides deeper insights into the business group.22 All of these data configurations can be

used to construct higher order variables to describe and assess MNE.

outward degree is zero. Consequently, for a controlled subsidiary at the basic level the number of
controlled firms is equal to 1 whereas for a GUO it equals the total number of firms in the business
group.

21When comparing data on different hierarchy levels, consolidation needs to be taken into account. Al-
though the data was extracted with a preference for unconsolidated information, excluding the GUO
as a means to assessing lower levels of the corporate hierarchy is a viable strategy on its own.

22For a solid understanding of an MNE’s profile, several configurations (Ownership, Total Assets, Employ-
ment, Taxation, etc.) could be assessed. Furthermore, even though the construction of MNEs based
on links of majority ownership shares assumes a chain of control, actual management structures can
of course deviate. Ownership maps scaled by different variables of interest can be a powerful tool to
investigate MNEs.
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Figure 4: Ownership maps: visualizing the corporate hierarchy

As figure 6 shows, this flexibility can be used to answer very specific questions. For

example, the availability of financial data can be unequally distributed within a business

group (see section 3.2 for a more detailed discussion). At the same time, some missing

values might be a lot more interesting than others. Combining ownership and taxation

data reveals that for the case of a different company with its GUO located in Italy, one of

the most influential subsidiaries in the context of the group’s corporate structure, located

in the Netherlands, is missing from the picture.23

23With a total share of 74.2 percent nonmissing information, the chosen business group’s coverage is
relatively high. Figure 7 points towards a much lower average.
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Figure 5: Inspecting other variables

A caveat comes with the large amount of data that is represented simultaneously. The

visual impression of an ownership map can become misleading for very large groups if the

data is not aggregated to a fitting level. For example, when several firms are located in the

same city they would appear as the same dot on the map. In these cases data aggregation

is vital for visual accuracy. Ownership connections can also be redundant when both the

controlling and the controlled firms stack in the same locations. In this case an accurate

representation could apply frequency weights to visualize the network’s duplicate edges.24

24Figures 3 and 4 are to some extent affected by these issues. Preference was given to providing an unaltered
representation of the data. Automatic aggregation algorithms, such as the data-driven community
detection algorithm employed by Rozenblat et al. (2017), could be an extension of this procedure.

12



Figure 6: Missing data in a large MNE

The aggregation of ownership structures can both solve the representation problems as

well as open a new level of analysis. Rozenblat et al. (2017) aggregate and investigate

effects at the city level. They provide visualizations of increased clarity and illustrate

how the most relevant cities within the global network are connected. However, data

aggregation always comes with the cost of losing detail and its own set of difficult decisions.

13



3.2 Network reconstruction

Moving beyond the individual business group, network analysis provides the tools to fur-

ther assess the implications of interconnected multinational ownership structures. This

paper adds to the extisting literature by focusing on the evolution of the network over time

and connects existing work by Hussain et al. (2018), Joyez (2017), and Garcia-Bernardo

et al. (2017).

Hussain et al. (2018) analyse the role of cities in the context of MNE networks. Using

ORBIS data from 2010 and 2013 they aggregate firms located in different geographical

clusters to a city level. The cities constitute the nodes of the network and the ownership

connections between them are aggregated to represent weighted edges. To track changes

over time they propose assessing the three dimensions of diversity, strength, and central-

ity. 25 However, while Hussain et al. (2018) only compare the state of the city network

at two points in time this paper tracks the network at the country level in each year from

2000-2018.

The approach follows previous work by Joyez (2017), who maps the network of French

multinationals using administrative data from 2005-2011.26 In both cases the connections

of all relevant subsidiaries are aggregated to form a weighted directed network at the

country level. An important difference is the assumed connection pattern between the

subsidiaries that constitutes the foundation of the network. Joyez (2017) excludes France

and connects every subsidiary belonging to one group to every other subsidiary belonging

to the same group, simply assuming that all firms within the same group are connected

independent of their ownership structures. Compared to tracing ownership structures this

leads to a greatly increased amount of edges in the network and fundamentally alters the

network’s overall shape.27 Appendix 8.2 extracts the French subnetwork of multinational

25In network analysis terms they define diversity as a city’s Unweighted Degree Centrality (or the number of
unique locations a city is connected to), Strength as Weighted Degree (the number of total connections
a city has in the network) and centrality as Betweenness Centrality, referencing the methodological
contribution of Freeman (1977).

26The LiFi (Liaisons Financières) dataset tracks all French multinationals. Initially the dataset had
inclusion thresholds based on employment, turnover, and significant shareholders but it was extended
and improved over time. A detailed discussion of the LiFi dataset is provided by Mariotte (2017).

27For example, in the case of one company controlling four other companies through direct ownership links
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companies as a comparison to the full network constructed in this paper and provides

a detailed discussion of both. All remaining network reconstructions in this paper trace

ORBIS ownership structures and make no other assumptions regarding the connectedness

of the companies.

Although the reconstruction of the network allows for the investigation of important

trends at the macro level it is a means to the end of identifying its most important com-

ponents. Garcia-Bernardo et al. (2017) propose a data-driven method to identify Offshore

Financial Centers (OFCs) using ownership network data. Based on ORBIS data for over

98m firms in 2015 they distinguish between “sink-OFCs”, countries which attract and

retain foreign capital, and “conduit-OFCs”, countries which constitute attractive interme-

diate destinations in the routing of international investments and enable the transfer of

capital without taxation. They identify 24 sink-OFCs and five conduit-OFCs. According

to Garcia-Bernardo et al. (2017), the Netherlands, the United Kingdom, Ireland, Singa-

pore, and Switzerland canalize the majority of corporate offshore investment. They also

identify several territories among the sink-OFCs which belong to or are associated with

the United Kingdom. Following their example, firms classified as being located within the

United Kingdom are reassigned their country codes to (IM) if they are located on the Isle

of Man, (JE) if they are located in Jersey, and (GG) if they are located in Guernsey.

A major difference between Garcia-Bernardo et al. (2017) and this paper is that I do

not use the weighting method introduced by Vitali et al. (2011) to calculate to the value

of an ownership chain. This method assigns the total value Vp to a chain p according to

the formula

VC1|C2|C3
= RC1 ∗MOC1|C2|C3

(1)

where, as summarized by Garcia-Bernardo et al. (2017), C1|C2|C3 correspond to a chain

of three companies in which C2 owns C1 and C3 owns C2, RC1 is the operating revenue

of company C1 and MO is the multiplicative ownership (the product of the weights of

the links between the subsequent firms in the chain). Although this approach is very

the ownership network would consist of 4 edges (since control only flows in one direction) while the

fully connected undirected network would consist of (N−1)N
2

= 10.
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convincing in principle, it becomes problematic once the combined availability of financial

and ownership information in ORBIS is taken into account.

Ideally, the aforementioned method is applied to an unbroken chain of data points. If,

however, either the financial information at the level of the subsidiary or some of the

ownership information along the way to the GUO is missing, generous interpolation and

aggregation of the data is required.28

Figure 7: Missing data at different hierarchy levels

Figure 7 illustrates why this constitutes problem. For MNE controlling at least 10 firms,

full data for Operating Revenue is generally scarce, but the availability declines even more

with the length of the line of control. This means that the further removed a subsidiary is

from a GUO the less likely it becomes for the firm to report financial data.29 There are vir-

28For example, Garcia-Bernardo et al. (2017) consider a company A to be a subsidiary of a company B
(with consolidated accounts) if they share the same GUO and their values of revenue and number of
employees are within 25 percent of each other, even if no ownership link is recorded in the database.

29Note that the measured data availability is an upper bound estimate. Firms with completely missing
financial data did not enter the sample in the first place.
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tually no cases of larger MNE with complete financial information at the subsidiary level.30

Instead, this paper provides evidence that ownership data reconstructed with a bottom-

up approach is sufficient to identify they key actors in the network and can complement

existing value-based approaches. Three main arguments support this hypothesis. First,

since MNEs can effectively split both their structures and their transactions into parts of

optimal size, the route with the largest amount of total transferred value should also be

the most frequented one. If MNE optimize their structures, aggregate ownership struc-

tures are sufficient to identify outliers in terms of their frequent appearance among all

possible pathways in the network. Second, secrecy plays a fundamental role and makes it

more likely in this case than in others that a missing value would in fact have been a very

interesting one. Relying on ownership data instead of building upon financial information

ensures that at least the structural component of the information is not wasted. Third, the

availability of financial data quickly declines from GUO to subsidiary along the corporate

hierarchy. For large business groups only a small fraction of the connected firms report

financial information.31

The network itself is created from binational ownership links only. All individual chains

of control were first compressed to make sure that no chains would be broken by the exclu-

sion of purely domestic links. Afterwards, ownership chains were chopped up into weighted

edges (chunks of size 2) to build the network and into chunks of larger sizes to identify

particular conduit structures. Figure 8 illustrates the applied compression method. Each

remaining edge was weighted by the amount of controlled companies, making sure that

the most relevant actors within the network would not disappear in the process of clean-

30At the same time, the situation for smaller MNEs is largely similar. Availability of information at the
upper hierarchy levels increases with firm size.

31The magnitude of this effect can be gauged by a simple comparison between the initial samples used for
analysis. If no quality criterion is applied, data selection as conducted in Garcia-Bernardo et al. (2017)
returns over 98m firms. Vitali et al. (2011) identify their initial selection of firms based on an initial
list of 43060 transnational companies, a top-down approach. Since the data was extracted in 2007, the
total number of firms in the database had not exceeded 30 million yet. If one requires a firm to report
at least one nonmissing value of Total Assets in any one of the years from 2009 to 2018, as is done in
this paper, the number of relevant firms drops to 24.064m firms, or about a quarter. Total Assets is
one of the best-covered variables in ORBIS, which forces the conclusion that the difference between the
samples has to be made up entirely of connected firms which do not report any financial information.
Section 6 elaborates on this topic.
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ing out purely national business groups. This method allows for the identification of the

most frequented pathways of arbitrary length and is used to reveal structures that did not

appear previously.32

Firm A
CH

Firm B
CH

Firm C
CH

Firm D
NL

Firm E
NL

Firm F
US

Compressed: CH NL US
3 5

Figure 8: Ownership chain compression

4 Descriptive Analysis

Several special features of ownership panel data need to be taken into account before

building the network. Most importantly, a decision should be taken to split the ownership

structures into national and multinational groups. Figure 9 illustrates the size distribu-

tion of business groups in 2017. The vast majority of ownership connections is accounted

for by fully national groups. In this case, all firms connected to a GUO as well as the

GUO itself are located in the same country. If MNE are to be the subject of analysis,

including a substantial amount of national business groups in the sample might blur the

results.33 However, this status criterion can also change over time. Although there are

some exceptions of firms which are “born global”, most MNE emerge from previously fully

national business groups. Reducing a panel dataset to “multinationals only” thus implies a

reduction of a business group’s time series to those periods in which the group was already

active in several countries. This can break up a time series and make it considerably more

difficult to investigate the factors which led to the group’s decision to become an MNE

in the first place. The chosen classification is thus strongly dependent upon the research

32Without weighting the links with financial data the precise amount of shifted value cannot be assessed.
However, future studies could be targeted to investigate the very specific structural outliers identified
in this paper.

33Selecting a sample of firms controlled by a GUO in the ORBIS interface does not lead to this separation,
because a GUO of a fully national business group is technically still a “global” ultimate owner. Similarly,
the selection of firms owned by a domestic ultimate owner would not exclude national groups either.
The domestic ultimate owner is the last firm in a line of control that is still located within the same
country, but this has no implication on a group’s multinational composition.
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Figure 9: Size of business groups, 2017

question. This paper uses MNE if data is pooled across years and groups which are MNE

in any period if the time dimension is taken into account. For the reconstruction of the

network later on, all business groups are initially considered, but after excluding purely

national links only international substructures remain.34

The reconstructed ownership panel allows for an empirical assessment of MNEs’ expan-

sion pathways over time. Here the unit of analysis is the full business group, which allows

for the investigation of aggregate measures at the group level. Figure 10 illustrates the

growth pattern of all business groups which were classified as multinational at any given

point in time.35 Each line represents a business group’s development over time while the

cumulative opacity of the lines approximates the panel’s density. There is a substantial

amount of movement within the panel and groups can fluctuate in size between periods.

34The method used does not break any of the groups, it merely compresses the structures.
35For the sake of visual clarity, 147 observations of groups larger 1000 are excluded. This does not affect

the overall result. The remaining sample includes a total of 329376 unique business groups.
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Figure 10: MNE expansion paths

As result of the hierarchical construction of the business groups, M&A events instantly

change a business group’s size and other metrics. The general drop in 2018 is likely a

result of the data extraction and reconstruction process and visible in all representations

of the panel.36 It suggests a lag of almost two years until ownership data is updated com-

prehensively. Consequently, ownership data extracted in the latest available year should

be cleaned for outdated links and great care should be taken when data extracted on a

“most recent” basis is analyzed and interpreted.37

There is also considerable heterogeneity across MNE in terms of their size and growth

patterns. The majority of MNE is rather small and does not grow much over time. Figure

11 plots the size of MNE with fewer than 200 subsidiaries in 2010 against their size in

2017. While there is a lot of movement within the ownership data and a minor tendency

36ORBIS refreshes the date of information of an ownership link in case of either the discovery of new data
or the confirmation of an existing ownership link. However, the database does not include information
on the termination date of links, which means that links are retired once they fall too far behind a
chosen deadline. This panel was reconstructed by using only information newer than 18 months behind
the yearly rolling deadline, which means that in 2018 all links are deleted which are older than June
2017. Since it takes some time until new ownership data is included in ORBIS, these are likely links
which will be refreshed in the near future, but have not been updated yet.

37This effect also contributes to the explanation of the discrepancy between the total sample size used
in this paper and in others. Indiscriminate aggregation of ownership links from different time periods
inflates the number of found connections and vastly increases the sample sizes at the expense of internal
consistency.
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towards simplifying structures over time, the vast majority of groups does not exceed a

size of 10 connected firms at any point in time.38 There are several reasons for this. First,

Figure 11: Change in size of MNE between 2010 and 2017

not all subsidiaries report financial data and any who never did would not be captured

by the initial firm selection. The identified group sizes are thus likely to be smaller than

the real group sizes overall. Some connections within business groups might be severed

for the same reason if an intermediary has fully missing data, both increasing the number

of small groups and reducing the number of large ones. Second, growing at the extensive

margin is likely more difficult for a firm than simply getting acquired by another firm.

Small MNE might thus simply disappear from the dataset at some point and become part

of a larger MNE in later periods. There is some evidence for this in the form of group

size numbers jumping to higher levels between years. Third, some firms might simply not

have enough time to grow within the window captured by the dataset.

38The inclusion of larger groups in the figure would not prevent this observation. It is also worth empha-
sizing that this figure can only include MNEs which exist both in 2010 and 2017. When merging the
total number of identified MNE in both years, only about 21 percent (42901) of the groups present in
any of the two periods are present in both. While the same assessment could be undertaken for earlier
periods the sample of successful merges would be considerably smaller.
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As previously illustrated in figure 2, the entire dataset is growing over time. This

means that in each year more groups enter the dataset than leave it, making it difficult

to differentiate between the growth pattern of the average business group and the growth

pattern of business groups on average. Furthermore, many groups are only present for

a small number of periods, as can be seen in figure 12. For this representation of the

data, all individual spells of business groups were normalized to start at the same period

in time. This recombination of the database allows for an investigation of the average

business group’s growth path over successive periods.39

Figure 12: Length of spell of business groups in the database

On the following page, figure 13 illustrates the impact of the transformation from stan-

dard years to years in the database. The results are reported for all groups which can be

39Although this effectively overlays different periods, the alignment with the original time periods increases
with length of spell. This means that any potential bias induced by this method only affects the early
periods (the realigned years closest to the beginning of the expansion path), not the later ones. At the
same time, the early periods overlay much more diverse data, reducing potential bias through the larger
variety within the stacked group-year combinations. To put simply, the problem is either averaged out
or not a problem anymore.
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classified as MNE in at least one year, a total of 329392.40 While the average group size in

each year (left) is essentially flat, the average group grows considerably over each year of

its existence (right), given that it survives and is not taken over by another group.41 This

means that even though the total number of multinational business groups has increased

considerably, the average multinational today is about as large and multinational as it was

over a decade ago. Given that the average hovers above five companies in a bit more than

two countries, this image is considerably different from the vast corporate empires at the

very right side of the size distribution.

Figure 13: Average MNE size and country coverage for different data structures

Increasing size of an MNE naturally goes along with a much wider country coverage

(figure 14 left), yet the vast majority of groups try to keep their hierarchies as simple

40About 11 percent of these groups’ observations are from years in which they were not active in more
than one country. Excluding these observations from the analysis reinforces the results, but does not
change the overall visual impression.

41In the figure on the left, both the upward trend in the first years and the drop in 2018 are results of the
database’s construction. The wiggle of the curve in database years 17-19 is a side effect of the relatively
small number of firms which report data in all years and should thus be taken with a grain of salt as
well.
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and flat as possible. Deep hierarchies are not excluded by the initial choice of the 50.01

percent majority ownership criterion, but extremely rare. Instead, business groups prefer

to control their subsidiaries directly. Figure 14 (right) shows the average hierarchical

depth depending on a business group’s size. Although large groups tend to include long

ownership chains much more frequently (not shown), the vast majority of firm connections

in groups of any size is situated on the first three hierarchy levels. 42

Figure 14: MNE pooled over all years, hierarchy and country coverage

This means that a reconstruction of an ownership network following Garcia-Bernardo

et al. (2017) will capture the vast majority of links between firms and countries even if

the data were to be limited to five degrees of separation only. A reduction to chunks of

size three would still include a substantial portion of the dataset. The previously reported

descriptive results also illustrate that any change in the network over time is more likely

to be the result of the changing sample composition than a result of the change within

individual groups over time.

42This result also motivated the decision to conduct the chain merges of shareholder information to rebuild
the chains of control recursively up to twenty times. There were virtually no firms left in the database
with longer paths of control.
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5 Results

The reconstructed country-level network is described in detail in table 2 in appendix 8.3.

In 2017, a total of 2.8m firms are controlled by 868463 GUOs through 1.931m ownership

chains. These chains are then split into 2.708m chunks of size 2. After compression and

cleaning for purely domestic connections, a selection of 551756 cleaned chunks remains.

In 2017 the network is composed of 204 countries connected to each other over 5116 edges

weighted by the number of firms connected across borders. At the same time, the network

connects a total of 845654 firms through 161366 MNEs.

Figure 15: Network features over time

Since the business groups constituting the network change over time the network’s struc-

ture also changes. Figure 15 (left) illustrates the network’s density as well as degree and

strength centralization over time.43 Given the large number of ownership connections that

constitute the foundation of this network, it is extremely sparse. This means that out of all

the available connections the firms could have established, only a relatively small amount

of routes across countries are actually used. Basically, the network is more akin to an

electricity grid than a fisher’s net. The density is slowly increasing over time, suggesting

43For further reference, Bonchev and Buck (2005) provide a compendium of quantitative measures of
network complexity.
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that new connections are added to the network.

The other four measures depicted in 15 (left) illustrate where these connections are

added. Inward and outward degree centralization provide a measure for a network’s inter-

nal inequality in terms of the nodes’ connectedness. In this case a high value for inward

degree centralization means that a small amount of countries have a lot of (unweighted)

connections to other countries while a large amount of countries only have a few. Since in-

ward strength centralization corresponds to the previous measure weighted by the number

of firm connections between the countries it can be interpreted as the corporate network’s

tendency to accumulate lots of connections on the firm level in a small amount of coun-

tries.44 Taken together this paints the picture of a network where the countries with the

largest amounts of connections have remained relatively unchallenged while the firm con-

nections between them are becoming more evenly distributed.

Figure 15 (right) illustrates how this changes the internal structure of the network. The

clustering coefficients measure the countries’ tendency to appear close to each other in

the network, either inward (countries with a lot of controlling connections to other coun-

tries group together) or outward (countries which are controlled by many other countries

group together).45 Similar to their centralization counterparts, the weighted forms take

the number of firm connections between countries into account. The result illustrates that

countries of both previously outlined types are moving closer to each other over time, but

the countries with a controlling influence do so at a faster rate. The more balanced addi-

tion of firm connections between them keeps the weighted clustering coefficients relatively

stable over time. Finally, the network’s reciprocity measure closely follows the outward

clustering coefficient. This highlights that new connections are also added in the opposite

direction of existing connections, making the network more reciprocal over time.

Aside from investigating these trends at the macro level, the network can also be dis-

44The respective outward measures flip this concept on its head. Outward degree centralization would be
interpreted as the inequality in the distribution of the most foreign-controlled locations.

45Technically, countries are not controlling other countries but firms located within countries control other
firms located within other countries. These connections are then aggregated at the country level. Only
a weighted directed network allows for the investigation of all of these aspects.
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sected into its most relevant components. At the very basic level, each country has in-

coming and outgoing connections in the form of domestic firms owning foreign firms and

foreign firms owning domestic firms, respectively.

Figure 16: Outflow vs. Inflow of Control

Figure 16 illustrates the inflow and outflow of control in the global network in 2017. The

points are scaled by each country’s GDP, highlighting that the world’s largest economies

score high on both accounts. A noteworthy outlier is Japan, the only country that is

large, externally dominant and internally closed at the same time. Although data for

this representation is a cross section of 2017, the countries’ development over time can be

investigated. Over time the countries tend to move towards the upper right corner.46 In

line with the previously established MNE characteristics, more connected countries are also

home to larger and older MNEs. However, each country’s MNE profile can be investigated

in more depth. With a slight twist of the data, figure 17 ranks the countries most relevant

in the context of the global corporate network by their own MNEs’ ownership profiles. To

46This trend can be nicely illustrated in the form of video where the countries’ swarm movement is revealed,
but unfortunately not printed in a static form without changing the dimensions of the representation.
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do this, all firms globally owned by MNE with a GUO located within a specific country are

counted. Next, the firms are split into domestic and foreign and their respective share is

calculated. Finally, the difference between the foreign and the domestic share is reported.

This means that, for example, Japanese MNE own almost 20 percentage points more

foreign than domestic firms. Interestingly, some very small economies make it to the top

of this list, which only includes the top 20 countries with the highest number of ownership

connections.

Figure 17: Extroversion of multinational business groups

The sensible next step in the analysis would be to investigate the firms’ financial data to

be able to attach a weight to the connections between the countries. As outlined in section

3.2, this is challenging. Even though Total Assets is one of the variables with the highest

general availability, coverage varies greatly from country to country. In fact, a considerable

number of GUOs do not report financial data. Figure 18 contrasts the number of firms

controlled in other countries (essentially a measure of “how much we would really like to
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know what these countries are doing”) with the availability of data for its GUOs.47 This

time the points are rescaled by the sum of a country’s GUOs’ Total Assets divided by the

GDP of the country. The result emphasizes that a few tiny islands host a disproportionate

amount of Assets even though the vast majority of the GUOs located there do not report

any data. Any attempt to aggregate this financial data or use it to weigh ownership links is

thus bound to underestimate the true relevance of these and other locations considerably.

Given the nature of the issue it is not plausible to argue that missing data is missing at

random.

Figure 18: Data is missing where it counts the most

Following this logic, discarding the use of financial information at the firm level entirely

can point towards locations which have been previously overlooked. Following Garcia-

Bernardo et al. (2017) I apply a data driven method to identify the most frequent connec-

tions of different lengths within the ownership network. The resulting structures can have

many purposes, but their suspiciously frequent appearance in the network could merit a

closer look in the future. Table 4 and 5 in appendix 8.3 list the top 30 most frequently used

47All 1.491m GUOs were retrievable from ORBIS based on an uploaded list of identification numbers.
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direct connections in the network from 2000-2018. The list allows for the identification

and tracking of specific structures over time, which makes the approach useful for future

work on the effectiveness of related regulation. Figure 19 illustrates the rise of the top five

destinations. While the top spot is confidently taken by the combination of a US-American

GUO controlling a British subsidiary, the combination of a Russian subsidiary owned by

a GUO in Cyprus seems to have gained significant prominence since the global financial

crisis of 2007-2008. Likewise, British subsidiaries controlled from Jersey have been on an

upward trajectory. The last two spots in the top five are taken by connections involving

the Netherlands, featuring either Germany as the location of the subsidiary of the US as

the location of the GUO.

Figure 19: Development of the top 5 direct connections, 2000-2018

The results naturally get more complex when indirect connections are investigated.

Table 6 and 7 in appendix 8.3 list the top 30 most frequently used indirect connections from

2000-2018. Once again the different types can be tracked over time and the comprehensive

selection provides a foundation for further research. Figure 20 shows the rise of the top

five indirect connections from 2000-2018. In addition to Garcia-Bernardo et al. (2017),
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Luxembourg appears prominently as a potential conduit location. Both the connections

GB-LU-US as well as GB-NL-US seem to have been substantially impacted by the global

financial crisis of 2007-2008. An interesting point is the appearance of a round-tripping

structure in the form of GB-JE-GB among the top five most frequently used routes in the

global network. The results indicate that the majority of ownership chains including a

conduit country connect large economies.

Figure 20: Development of the top 5 indirect connections, 2000-2018

Revisiting the insights from figure 18, potential sink OFCs can be identified even without

weighting the individual ownership links. In fact, simply weighting the number of inward

connections by the countries’ GDP returns a selection of “control hubs”, destinations which

control a large amount of foreign firms given the size of their economy. Table 9 reports

the top 30 destinations from 2010-2018. Out of the 24 sink OFCs identified by Garcia-

Bernardo et al. (2017), 18 are identified within the top 24, including the top 15. Finally,

instead of weighting the number of controlled firms by GDP to receive an identification of

control hobs, weighting the aggregate Total Assets of a country’s GUOs by GDP reveals

an image of asset hubs. Figure 21 places the results for the top five side by side. While

the British Virgin islands are unrivalled in terms of externally controlled firms, the asset
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Figure 21: Development of control and asset hubs, 2010-2018

hub situation is more diverse.48 Rising trends are visible for Bermuda and Taiwan only.

The full ranking is once again fiven by table 9 and 8 in appendix 8.3.

6 Discussion

The results presented in the previous section illustrate the degree to which the global cor-

porate ownership network is concentrated around a few main routes. The approach could

be extended to cover chains of length four and more to study more specific patterns, but

the backbone of the network is already identified. The change reflected in the network’s

metrics illustrates a macro-level trend towards more connectedness to the benefit of very

few locations.

The results have to be discussed in the context of the chosen data preparation method.

First of all, the criterion of 50.01 percent ownership reduces the full network to its most

essential veins. This has both positive and negative side effects. On the plus side, recon-

structing an ownership network in this way is relatively fast and leads to a clear separation

of the business groups. At the same time a superior approach would be to use all avail-

able ownership connections and test if a weighting by ownership percentages along the

48The jump in the figure for the Cayman islands is not a data error. In one year firms simply report more
information on Total Assets.
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network’s edges would not discard too much information. Likewise, the sample selected in

this paper is fundamentally based upon a financial data quality criterion, which means that

the unweighted results are still a subset of the true network. In the future this criterion

could be left out entirely to recreate a full network panel of ORBIS, but this approach

would require a substantial team effort. Yet in spite of these caveats, the structure of

the network could be verified against the two benchmark studies of Alabrese and Casella

(2019) and Joyez (2017) and performed generally well. The results provide deep insights

into the network’s structure and more importantly, its change over time.

7 Conclusion

This paper reconstructed the global corporate ownership network from 2000-2018 using

Bureau van Dijk’s ORBIS database. A new method to visualize business groups was intro-

duced that recombines existing tools in Stata. National and multinational business groups

were investigated in terms of their main characteristics and several core insights were ob-

tained from the data. MNE are generally very small and not very international. In any

given year the average MNE consists of around five companies covering a little more than

two countries, much in contrast to the general image of the large conglomerate. Generally,

MNE keep their hierarchies flat and simple. Over time, the global network has become

more dense and even though the most central countries have not changed their position

their firm-level connections are becoming more diversified over time. The clustering of

the network has increased as well. Based on a purely data driven approach, the most

frequently used direct and indirect connections were identified. Finally, an alternative se-

lection of control and asset hubs was constructed from the network. With the introduction

of the ownership map, researchers and policy makers have a new tool at hand to visualize

complex corporate structures in an easily understandable way. In a time where stories call

for images to get attention, intuitively understandable representations can help to inform

the discussion on all sides. The results also open up new avenues for targeted research. In

particular, the network’s most frequently utilized structures call for individual attention.

Tracing the groups’ structural adjustments could furthermore help to identify previously

shrouded behavior in response to regulation and help to prevent evasive movements.
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8 Appendix

8.1 Visualization in Stata

All visualizations of MNE in this paper are constructed with Maurizio Pisati’s seminal

Stata module spmap. Originally launched in 2007, the module has since been refined and

updated constantly (Pisati, 2018). The module is able to draw polygons of essentially

infinite complexity by connecting a sorted list of dots with straight lines (to draw maps,

for example) as well as a variety of simpler shapes. The key to using the module for an

accurate representation of the complex shapes of MNE is to rearrange the original data

into a structure that spmap can interpret and print.

The next subsection 8.1.1 illustrates the data structure before and after the reshaping

process. Figure 22 contains the lines of control after they have been assembled as a

combination of ownership and location data. Each row represents one line of control and

each firm’s bvdid (variables ID-0, ID-1, etc.)is accompanied by the respective latitude

(Y-0, Y-1, etc.) and longitude (X-0, X-1, etc.). By manually inserting empty columns to

the right and to the left, the data can then be directly reshaped into a long format for

printing. The Stata code of this process is detailed in section 8.1.2. Figure 23 illustrates

the final result. Each block is separated from the next by a row of missing values in all

three variables. This row of missings indicates to spmap that the next row is the first

point of a new object to be drawn. Consequently, the first block can be interpreted as a

line object from point B (subsidiary) through point C (intermediary) to point D (GUO).

The superimposition of these lines then creates the correct network structures on the map.

The same file can then be enriched with additional data for each firm, in this case the

hierarchy level and a point’s custom weight (the number of controlled firms). The points

are then printed on top of the lines and rescaled proportionally with the custom weight.

The same procedure is applied to financial data and can be used to represent anything that

can be merged at the firm level. The duplication of the points and lines is unproblematic,

because their superimposition does not alter the final shape.49

49In some cases it can be an advantage to change the blockwise sorting of the data to make sure larger
points do not hide smaller points. For larger groups it becomes sensible to aggregate the data to a
regional level, but printing could then be done in the same way.
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8.1.1 Reshaping for smpap: Illustration

link ID-0 Y-0 X-0 ID-1 Y-1 X-1 ID-2 Y-2 X-2 ID-3 Y-3 X-3

1 B 13.23 35.1 C 14.7 30.7 D 8.1 21.6 . . .

2 C 14.7 30.7 D 8.1 21.6 . . . . . .

3 A 10.4 15.4 B 13.23 35.1 C 14.7 30.7 D 8.1 21.6

Figure 22: Lines of control, before reshaping

link ID Y X

1 . . .

1 B 12.23 35.1

1 C 14.7 30.7

1 D 8.1 21.6

2 . . .

2 C 14.7 30.7

2 D 8.1 21.6

3 . . .

3 A 10.4 15.4

3 B 13.23 35.1

3 C 14.7 30.7

3 D 8.1 21.6

Inserting blank
rows between each
link block allows
spmap to interpret
the data as lines.

Figure 23: Lines of control, after reshaping
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8.1.2 Reshaping for spmap: Stata code

1 *** Loading and cleaning

2 use "firm coordinates", clear

3 keep ID

4

5 * Merging with links of firms to guos

6 fmerge 1:1 ID using "link selection", keep (3) nogenerate

7 * Note: firms which could not be geocoded are lost on the first level

8

9 * Dropping fully empty variables

10 dropmiss , force trim piasm

11 * Reason: the full link file might include remnants of longer links

12

13 *** Adding geodata to each linked firm

14 local counter = 1

15 gen byte flag = 0

16

17 * Finding the highest number of ID after pruning

18 qui des

19 local varnum = r(k) -1

20 local plusone = r(k)

21

22 foreach var of varlist ID -ID‘varnum ’ {

23 rename ‘var’ ID

24

25 * Add coordinates to links

26 fmerge m:1 ID using "firm coordinates", keep(1 3)

27

28 * Identify interrupted links

29 replace flag = 1 if bvdid != "" & _merge == 1

30 drop _merge

31 rename Y Y‘counter ’

32 rename X X‘counter ’

33 rename ID ID‘counter ’

34

35 local counter = ‘counter ’+1

36 }
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37

38 * Deleting links where a firm couldn ’t be geocoded

39 drop if flag == 1

40 drop flag

41

42 * Deleting guos (singular points)

43 drop if ID2 == ""

44

45 *** Adding blank rows before and after each link block

46 gen str ID0 = ""

47 gen double Y0 = .

48 gen double X0 = .

49

50 gen str ID‘plusone ’ = ""

51 gen double Y‘plusone ’ = .

52 gen double X‘plusone ’ = .

53

54 *** Reshaping into long format

55 gen link = _n

56 sreshape long ID X Y, i(link) j(level)

57

58 *** Cleaning out unused blank rows

59 xtset id number

60

61 gen double oneforward = f.Y

62 gen double marker = Y

63 replace marker = oneforward if oneforward != .

64 keep if marker != .

65 drop oneforward marker

66

67 *** Saving

68 compress

69 save "lines of control", replace
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8.2 Network integrity verification

The evolution of the aggregated network is a result of changes in its components and its

composition. If the data reconstruction is accurate, any subsection of the network should

compare favorably to previous research on corporate ownership structures. To verify the

integrity of the network, two subsets of it are compared to previous results in the liter-

ature. First, a cross section of the network in 2015 is used to identify special ownership

structures as classified by Alabrese and Casella (2019). Second, the subnetwork of French

multinationals is investigated using Joyez (2017)’s reconstruction of the ownership net-

work based on French microdata as a benchmark.

Alabrese and Casella (2019) use ORBIS data from November 2015 to identify four spe-

cial ownership structures based on the location of the controlled firm, the location of its

first top shareholder, and the location of its GUO. Cases where both the top shareholder

and the GUO are located in the same foreign country are classified as plain foreign. If

both the top shareholder and the GUO are each located in different countries than the

firm itself, the construction is identified as a conduit structure. If both the GUO and the

firm are in the same country but the top shareholder is in a different one this is labelled

as round tripping. If both the top shareholder and the firm are in the same country, but

the GUO is in another one, the structure is identified as a domestic hub. Alabrese and

Casella (2019) provide an in-depth discussion of each structure’s special characteristics.

Table 1 undertakes both an absolute and a relative comparison of the results. Since

Alabrese and Casella (2019) apply no financial data quality criterion before extracting

Comparison to Alabrese and Casella (2019)

Total Share

Type A. & C. Network ’15 Diff. A. & C. Network ’15 Diff.

Plain Foreign 426427 286238 140189 59.0 66.2 -7.2
Conduit Structure 78722 47362 31360 10.9 11.0 -0.1
Round-Tripping 7903 3674 4229 1.1 0.9 0.2
Domestic Hub 209229 95117 114112 29.0 22.0 7.0

Table 1: Verifying the composition of the network, 2015 ownership data
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the ownership data as a cross section in 2015, their sample for this time period is much

larger.50 However, the composition itself is relatively close across all categories. The

remaining differences are plausible if direct foreign subsidiaries are more likely to report

financial data than direct national subsidiaries, but could also point towards changes in

the composition of the database since 2015. Most importantly, however, the share of iden-

tified conduit structures is nearly identical.

Figure 24: Special ownership structures within MNE

Figure 24 highlights the emergence and prevalence of the different types of special own-

ership structures within MNE over time. Round tripping under this definition is negligible

and conduit structures are found to be relatively rare as well. The vast majority of all

structures can be identified as plain foreign.51 Although the total number of identified

firms is consistently lower, so are the identified numbers of each type of structure. In

fact, the shares have stabilized (see figure 25) since 2008. In each year, the number of

newly added structures seems to be split into about 66 percent plain foreign, 22 percent

domestic hubs, 10 percent conduit structures, and 2 percent round tripping. Once again

50Although the data was said to have been extracted in November 2015 it is no clear whether this refers
to all data of 2015 or all data as of 2015. This subtle difference, as discussed previously, can have a
significant impact on both sample size and GUO identification results.

51As in Alabrese and Casella (2019), about 78 percent of these are cases in which the GUO and the top
shareholder are identical.
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the results for the early years of the dataset as well as for 2018 should be taken with a

grain of salt. The overall impression suggests differences in absolute magnitude to be the

result of different sample selection choices and reinforces the conclusions of Alabrese and

Casella (2019) as well as the network reconstruction in this paper.

Figure 25: Special ownership structures within MNE, shares

Since the reconstruction of a network involves a series of important choices, having a

benchmark to compare the structure to is helpful to both assess the integrity of the data

and to support the interpretation of the results. Out of the entire network, the subset

of firms owned by GUOs located in France is extracted. Similar to Joyez (2017), the

network’s development is then assessed over time. Table 3 in appendix 8.3 reports a se-

lection of network metrics overlapping with the selection in Joyez (2017). Several striking

differences need to be discussed. First, while the number of MNEs as well as the num-

ber of affiliates is larger in this paper, the number of nodes and edges is considerably

smaller. Aside from potential differences between the data sources, this is explained by

a fundamental difference in the chosen network construction method. The benchmark

network in Joyez (2017) was reconstructed by removing France from the data and then

connecting all remaining French foreign affiliates within their respective business groups.
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In contrast, the network in this paper maps ownership structures as they appear in the

data, placing no assumptions on the potential connectivity of firms within the same group.

The result is a network in which, unsurprisingly, all roads lead to Paris. The network is

sparse and highly inward centralized, which does not change over time. The extreme shape

also makes it more difficult to interpret the results. However, in line with Joyez (2017) I

find growing numbers of firms, groups, nodes, edges, and disparity. I also find a falling

trend in the network’s outward strength centralization measure. This means that French

multinationals are diversifying the countries in which they control affiliates. However,

in my reconstruction there is a clear falling trend for the weighted outward clustering

coefficient, indicating that investments are targeted towards previously underappreciated

locations. At the same time, unweighted inward clustering increased alongside reciprocity.

This means that connectivity between intermediate firms close to the top of the corporate

hierarchies is increasing. In sum, even though both approaches use different data sources

and network reconstruction methods they confirm the same tendencies within the French

multinational network.

Both reproductions provide reference points for the results obtained in this paper. The

reconstructed global ownership network can successfully be transformed to investigate

individual periods as well as entire subnetworks. Furthermore, reinforcing evidence was

provided for the reproduced benchmark studies.

8.3 Network tables
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8.4 Corporate Ownership Hierarchies

The bottom-up method of reconstructing ownership chains allows for a comprehensive as-

sessment of business groups’ hierarchies and their development over time. Altomonte and

Rungi (2013) introduce a Group Index of Complexity (GIC) to measure a business group’s

hierarchical complexity an demonstrate its behaviour for different group sizes. This sec-

tion introduces a simple complementary measure for a group’s hierarchical “balance”.

Figure 26 illustrates how several lines of control connect firms to a GUO on different

hierarchy levels. The structure consists of 9 firms and 4 hierarchy levels arranged across 4

rows (the GUO excluded) and 4 columns. If expressed as a list of firm to firm connections,

this structure can be directly transformed into an adjacency matrix for further network

analysis. 52 Figure 26 also provides an example for a business group visualized as a

directed network.

GUO j

Firm A

Firm B

Firm C

Firm D

Firm E

Firm F

Firm GFirm H

Figure 26: Business group illustration, hierarchy as a directed network

Based on this representation it is difficult to tell whether this group is more “horizontal”

or more “vertical” in nature than another one. However, after aligning all firms to the left

the resulting shapes become comparable and can be measured in terms of their vertical

or horizontal fragmentation.

52If the top shareholder selection criterion is relaxed, firms can be a part of several networks at the same
time. In fact, as a relational database ORBIS itself can be transformed this way.Vitali et al. (2011) use
ORBIS data from 2007, identifying a supercluster of connected firms that control a large share of the
global multinational network though ownership shares of varying size.
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GUO j

Firm 1,1

Firm 2,1

.

Firm r,1

Firm 1,2

Firm 2,2

. Firm 1,c

Figure 27: Business group illustration, chains of control aligned left

Figure 27 translates into a general matrix representation

Hj,t =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

Firm1,1 Firm1,2 . F irm1,c

Firm2,1 Firm2,2 . F irm2,c

. . . .

F irmr,1 Firmr,2 . F irmr,c

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(2)

for each business group j in year t where each cell takes a value of either 0 or 1, determined

by the group’s structure. A measure of a group’s structural balance is then given by

Ω {Hj,t} = xx′ − y′y (3)

where

x =
(
1′rH

) 1
s

, y = (H1c)
1

s
, s = 1′rH1c , 1c =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

1

1

.

1

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

and 1′r =
[
1 1 . 1

]
. (4)

For a business group consisting of one long chain of control, essentially a fully vertical

structure, Ω {Hj,t} converges towards 1. Similarly, for a business group consisting only

of direct subsidiaries of the GUO the measure will converge towards -1. A balanced

group will have a value of zero. The measure allows for many different shapes to fall

within the “balanced” spectrum, but only extreme shapes will return extreme values. This
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allows for the identification of outliers in terms of their hierarchies among the plethora of

possible combinations, but needs to be taken into consideration if the measure is used for

further analysis. Figure 28 illustrates the connection between group size and hierarchy

shape. Although the data is pooled across all years, points are connected according to

each business group’s expansion path. The result shows a strong preference to expand

horizontally instead of vertically as the groups grow in size.

Figure 28: Hierarchy balance and group size

The result is more nuanced when geographical expansion is considered. Figure 29 high-

lights that some groups stay almost fully horizontal and enter other countries primarily

through subsidiaries directly connected to the GUO. The strategy does not seem to be

used beyond 20 countries. Others, which focus on either one or two countries, do so in

the form of more vertical structures. Although there is great variety in the chosen shapes,

groups converge to a value of -0.5.

The balance measure gives a quick indication as to whether a business group is special
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in shape, but ignores a vast amount of other relevant factors. In particular, it makes

no assumption on the underlying value chain or management structure. Nevertheless it

can serve as an easy tool to identify expansion strategies an reveal preferences for certain

hierarchy types.

Figure 29: Hierarchy balance and country coverage
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