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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.! 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.? De Lombaerde et al. (2018) review the

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

LA 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.



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.® 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.



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”* 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,
Curagao, Marshall Islands, Malta, Mauritius, Luxembourg, Nauru, Cyprus, Seychelles, Bahamas, Be-
lize, Gibraltar, Anguilla, Liberia, St. Vincent & Grenadines, Guyana, Hong Kong, and Monaco.



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.’

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.® Built as a daily updating repository, great care has to be taken
in the preparation and cleaning of the data.” 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

5 Appendix 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.

5This 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.

"Data 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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and Casella (2019), who focus on the identification of corporate investor nationality.® 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.? 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 GUQO. 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

8 An 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 Grofkurth (2019).

9 Although 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.



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.!’ Figure 2 shows the number of
firms which are either part of or controlling'! 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.

Ownership data in ORBIS over time, 2000-2018
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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

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

HThroughout 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.



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.'> 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.'* 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.'”

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 Groflkurth, 2019).

3For 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.

HSince 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.

5 Another 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.



extracted with a preference for consolidated financial information and for a time period
from 2010-2018.' 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 data'” and subsequently geocoded using
the Stata module opencagegeo.'® 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.

16 Although 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).

1" This 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.

18 opencagegeo 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.



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.” ' 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).2Y The combination of these three dimensions (geographical coverage,

Y¥Tuo 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



Step 1: Mapping of an MNE's firm locations Step 2: Ownership structure overlay

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.?’ The retrieved image is substantially different and
provides deeper insights into the business group.?? 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.

2'When 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.

10



Step 3: Rescaling and coloring
Points rescaled by number of controlled firms

Hierarchy (Number of Firms)
@ Level 1 (Global Ultimate Owner)
o Tevel 2 (420)
e Level 3(57)
e Level 4 (21)
e Level 5(5)

Npmber of firms psgroip: 504 m_

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.??

ZWith 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.

11



Employment Map
Points scaled by Number of Emplovees, GUO excluded

Hierarchy (Number of Firms)
e Level 1 (Global Ultimate Owner)
o Tevel 2 (420)
® Level 3(57)
o Level 4(21)
e Level 5(5)

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.?*

2Pigures 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



Ownership map of an MNE with missing data
Points scaled by number of controlled firms, European firms only

Missing: 47 firms, 25.8 percent
Nonmissmg: 135 firms, 74.2 percent
-—

e ?_No data e Taxation data available

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. 2> 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.%2° 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.?” 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 Financieres) 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).

2TFor 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 V), to a chain p according to
the formula

Vencolos = RCL* MOcy oy (1)

where, as summarized by Garcia-Bernardo et al. (2017), C1|C3|C3 correspond to a chain
of three companies in which Cy owns C and C3 owns Ca, R¢, is the operating revenue
of company C; 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 M = 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.?

Data availability by hierarchy level
MNE controlling at least 10 firms, Operating Revenue 2017
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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.? There are vir-

2For 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.?’

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.?!

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.??

Firm A Firm B Firm C Firm D Firm E Firm F
CH CH CH NL NL US

Compressed: ‘ CH }—3—{ NL }—5—{ US ’

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.>> 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.

33Gelecting 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.

18



Size distribution of business groups, 2017
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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.*

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.?> 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.?® 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.”

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.

3TThis 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.?® There are several reasons for this. First,

Change in MNE group size between 2000 and 2017
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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.>

Business group length of spell in the database
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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

39 Although 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.%° 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.*! 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.
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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

10 About 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.

41Tn 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

Number of unique connected countries Average depth of hierarchy
Median spline in red Median spline in red
21 & 1 GUO
Y
E = | o
b 5
] [
o £
: 5
g &
2 )
g 81 =
-~ L]
= 151
= = = = = = = = = = = =
=3 = = = = b= = = = =
(] -+ E=] L= 9 (] -+ E=] (=] E
Number of firms per group Number of firms per group

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 GUQOs 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.

Network evolution, 2002-2018 Network clustering, 2002-2018
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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.** 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.** 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).*> 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.

26



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.

Global connectedness and control, 2017

Points scaled by GDP

Controlling firms in other countries (log Indegree)

Domestic firms controlled from other countries (log Outdegree)

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.*® 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.

Extroversion of MNE based on GUO location, 2017
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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.*” 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.

Global Control vs. Data Availability, 2017
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Controlling firms in other countries
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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

4TAll 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.

Rise of the top 5 direct connections, 2000-2018
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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.

Rise of the top 5 indirect connections, 2000-2018
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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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Rise of the top 5 control hubs, 2000-2018 Rise of the top 5 asset hubs, 2000-2018
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Figure 21: Development of control and asset hubs, 2010-2018

hub situation is more diverse.*® 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

“The 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.*’

49Tn 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: lllustration

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

9 | * Dropping fully empty variables

10 |dropmiss, force trim piasm

11 | * Reason: the full link file might include remnants of longer links
12
13 | **x* 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 |}

39




37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

* Deleting links where a firm couldn’t be geocoded

drop if flag == 1

drop flag

* Deleting guos (singular points)

drop if ID2 == ""

* k%

gen

gen

gen

gen
gen

gen

* k%

gen

Adding blank rows before and after each link block

str IDO = ""

double Yo

double X0

nn

str ID‘plusone’ =
double Y‘plusone’ =

double X‘plusone’ =

Reshaping into long format

link = _n

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

* k%

Cleaning out unused blank rows

xtset id number

gen double oneforward = f.Y
gen double marker =Y
replace marker = oneforward if oneforward !=

keep if marker !=

drop oneforward marker

* k%

Saving

compress

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.”® 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.

Special ownership structures over time
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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.®’ 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

%0 Although 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.

51 As 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.

Special ownership structures over time

— I —

Share of total structures

l.“"'!_

2000
2001
2002
2003
2004
2003
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Year

I riain Foreign [ 1 Conduit Structure
_ Round-Tripping :l Domestic Hub

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

44



OUIT) I9AO (S91) poumo-Ajuroleur) yromjou ayerodiod ayJ, :g o[qR],

"YIOM)OU OT[} UM
SOINIONIIS POJIITUOD UI SIA[PSTI) SFUWRITR 0} AJONI] SIOI dIR SIPOU PRI} SOYRIIPUT aN[eA TSI Y Ao sesodmd rensia 10§ 00T Aq pardiynur a1em () SULIDISN[D PIRMINO PUR PIRMTT
PoIYSTeM 10] SIULIDYJO0D ST, L21sNomu S ZoKO[ SI[Ier)) SUISN A( POIR[IO[RD 9I9M SJUSIIJI0D SULISISN[D POIYSIOMUN PUR POJYSTIOA| "YIOMIOU PIZI[RIJULD SIOWL B S9JRIIPUL oN[eA IoYSI
® SOSBD INOJ (R U JU20y1bual gmu S zZoK0f ST[IRT) TIIM POJRINOTRD 9IoM UOTJRZI[RIJIOD [)ISUDIIS PIRMINO PUR PILMU] ‘92.6dpmu S PUNIX) SRWOT ], SUIS POJRINOTRD dIoM UOT}RZI[RIJIOD
99139p pIemIno pue premuy Apndsipmu s zokor SI[IRY) Suisn A Paje[o[ed aIom pue ()FUIYS S,9POU ' Jo AYIoleur o) 10] o[(Isu0dsal ® So8pa Ma] ® Jer]) Surest anfea Y31 &) seSpa
SNOLIRA $I1 I9A0 [JSULIIS S, 9POU ® JO UOTINLIISIP O]} dINseOW A)1IedSIp PIRMINO PUR PIRMU] “9ZDUWAUNSMY S PUNIY) sewoy ], £q poje[nofed alom £31001dmal pue ‘A)ISUsp ‘soIe ‘SOPON
'souo a[qeooldmar A[reryuajod o1y uowre so1) pojedoidal Ajrenjoe jo uorprodold o1y se pauygep St A31001d109}] "SOUO S[(RAIIS(O A[[eTjuajod o) JuowR $o1} PaAIasqo A[renjoe jo uoryrodoid
9T[) SB Pouyep ST AJISUS(] “SOLIYUNOD USDMIO SUOTIDIUTUOD JIIIP POIYSIOMUN [RNPIAIPUL 0} I0JoI SoFpY ‘pojesorsse A[juenbasqns sem vjep o1} [9A] YOIYM O ‘SOLIJUNOD [RNPIAIPUI 0} I0JoI
sopoN *(610z) punin) Aq papraoad e3esped o1y jo uoryejuswunoop Juryioddns o1y pue (G1(g) PUNIY) AQ USALS 9IR SAINSBAUI JI0MIU S} JO SUOLIUYS(] "eIRl§ 10] ofesped spunwwioomu
[ejUOIRPUN] S PUNIF) SRWOT], JO osn opew Ioded S} Ul USYRLIOPUN SISATRUR YIOMOU [y ‘syunyo [euolyeu Apind 10] paues[d Uay) ‘g ozIs Jo syunypd ul j1ds otom sureyd diysioum()

[G5IN0) €LT°0 291°0 04T°0 [OAN0) 6.1°0 c81°0 6L1°0 06T°0 881°0 991°0 G81°0 281°0 18170 8LT°0 €020 82Z0 €870 6870  x(1M0) "ISupD M
€020 G020 G61°0 ¥61°0 G61°0 661°0 10¢°0 861°0 ¢0¢'0 c0c'0 .10 061°0 081°0 GLT°0 L8T°0 891°0 ¥61°0  1€V'0  66¢°0 w(un) asngp M
9€¢°0 L6€°0 G0¥°0 S0¥°0 66¢°0 L6€°0 L6€°0 18€°0 G6€°0 6160 0L€°0 69€°0 65¢°0 Lye0 1ve0 €€e0 ¥1€0 €820  ¥9¢0 (1mo) 109801
6¥7°0 1.v°0 170 €970 167°0 [0 0¥¥°0 0cy'0 81¥°0 80¥°0 88¢°0 L9¢°0 9re0 Gce0 10€°0 9.¢°0 29¢'0  ¢8¢’0  €0¢0 (un) ~29801)

11€°0 G6¢°0 96¢°0 c0¢0 c0€°0 66¢°0 cleo greo 9¢€°0 8¢E0 09¢°0 G9¢€°0 GLE0 06€°0 66¢°0 9¢¥'0 617°0  LE9°0 ¢cvO'T (mo) ued "1y
L9T°0 10¢°0 €10 0¢c0 9¢c’0 6¢¢0 6€¢°0 Sizall 06¢°0 Geco 9.¢°0 68¢°0 L1€°0 91€°0 LE€°0 Geeo 10€°0  LECGO0  ¥0T0 (ur) -quen 138
LLG°0 ¥9¢°0 G8¢°0 88¢°0 LL8°0 G650 164°0 164°0 G8¢°0 06<°0 ¥6<°0 609°0 919°0 G6S°0 L8¢°0 cseo 0£S°0  ¥0S0 1€9°0 (o) jued “Sa(g
68¢°0 S¥r0 S¥y°0 €510 9510 997°0 6.7°0 L0 ¥91°0 9970 8510 LLV'0 8670 €97°0 G67°0 80<°0 LCV'0  €LE°0  LaV0 (ur) “yueo “Soq

Gl0tT ¥'66C G901 Ve 9°0€T 1°00€ c'L9¢ L7097 §g'elt 8¢°99 8G6¢ 601 8¢91T 8971 80°€T 8891 19'¢¢  v'1el  199¥ (mo) Ayrredsi(y

GLe0 ¢se0 c9¢°0 €9¢°0 Lye0 09€°0 1L€°0 68¢°0 117°0 6170 cero 9y 0 607°0 G07°0 [l S1v°0 86¢°0  0c¥'0  1€9°0 (ur) Ayrredsiqp
¥Le0 L0V°0 €10 S1v0 907°0 070 L0170 €6¢°0 G6€°0 €8¢°0 9.¢°0 1L€°0 1,70 8¥¢€°0 LE€°0 1€€0 81’0  €8¢0 6920 Aypordoay
0110 ¥¢1'0 8¢1°0 Gc1'o 1¢1°0 61T°0 Ii1T0 601°0 80T°0 010 960°0 680°0 160°0 880°0 060°0 ¥80°0 €80°0  810°0 2900 Ayisua(y
VLSV 9T1¢ €e1s 110¢ 8G8Y 4Ly 9671 06¢y €cly 1e6€ €LGE 1443 ¥€6¢ 80.L¢ 94¥¢ 80T¢ €841 1901 86¢ 93P
¥0¢ 70¢ 102 102 102 00g 661 66T 961 L61 €61 16T 08T 9.1 991 69T PR L11 g6 SOPON

1661y 9SL19G  9I8LYS  GelGcS LVOISY  ¢S€I9v  G6c0ch  ¢e0E8E  6SP8EE  00CI1e  ¥ITT19¢  GPe0cc  LELVLT  PESPPT  €GLLTT  0TEc6 69109  €c6ST 199 (wreso) sxpuny)
oVeECyL  7E9SP8  99LCER  0E€P96L  LEELEL  968E0L  G8IEPY  9L8GE8S  T668TG  €9€Gly  PITIOV  OTcEVE  TO9VLC 06S0€C  €9868T ¥888YT  LL6TOT 0C86C <0GGT NN Ul SuLit g

T6TI8G  88CP8Y  PLEGLY  8I6CSE9  T09G09  6699LG  €I8LCS  LLOT8Y  6SELoh  €9668¢  €VIOCE  689I8C  PEEICC 8S688T  600SST  €1¢0CT  GLE6L  9L10C  T18LL suret NN
TGTTIT  99€T19T  C6ECST  CIPEVT  €ELTET  L6CLGL  €CESTT  66LV0T  GEI16  06€S8  T¢OTL  TCS19  L99LV  G€ITV  Va48PE  TL98¢  G09¢c  ¥¥96  1Gh¥ ANIN
WEOy'e  WROL'G  WEE9'c WEGH'c  WRE'e Wg0e'c WALO'G WRIST W99 T WOpS'T WHIET WLET'T  LLg9c6  99¢oLL  009€¢19  VPeEE6E  ¥0cc9e  0STI9  TI6EL (avex) sspuny)y
w969'c  WO08'c WRRY'c WILY'c W966'c WEee'c WIP0'c  WRES'T  WEOL'T WIES'T WGIE'T WYLT'T  €86C66 <SPPeE8  ¢9c089  LEEOTV TLLEGE 68CP8  S0STC SWLI TV
WOES'T  WIg6' T WEIY'T WEGL'T WEES'T  Wepe'T WPl WITET WELT'T WIE0'T €E€0LE6  €V6E08  €GCSL9  8LPG9S  Lc009V  GGE68C  SS98661 G86ES  SGIEL suretp [y
GPIGL8  €97898  698VE8  FBO8VL 069169  T1986L9 <T6LLEY  €6998S¢ €9G8CS  0€€66V  S06LEY  61PCLE  0ELLTE  TL689C  SE€C0GE  G866CT 91666 L0€0E  LOES sdnoid 1y

8102 L1102 910¢ S10¢ v10c €102 ¢10¢ TI1032 0102 6002 8002 L002 900¢ 400¢ ¥002C €002 ¢00%  T100Z 0002

Q10Z-000Z ‘sdnoid ssoulsn( [eUoIyeuI}Nul JO SOISLIORIRYD NI0MFD N

45



OUIT) I9AO (S91) poumo-Ajrrofeur) yIomjou 99erodIod Youal] o], ¢ SR,

‘uroyyed oures oY) MOJ[O] SOLIJUNOD IO JO SYIOMIOU [RUOTIRU IOIYM 0JeSIISOAUT PINOD YIIRISOI
IMIN, "SLIRJ O} PRI SPROI [[R ‘A[[edlseq POZI[RIJUOD PIRMUI A[OWOIIXD pue osieds AOUWIAIIXO IO ST YR} YIOMIOU © 9(LIISOP SOINSLOU [RIOAJS 10J SONRA O], "poSpoimouspe A[njojels
st pue zofof orrer)) Aq papraoid sem eyep ST WOIJ YIOM)U TPULL] oY) 1) Suronpoidar ssedord oY) Ul eouepPMS pue SPRAPIS] ‘g (R} 03 A[[IIJUSPT PAYR[NO[ed oIk SOLIJUL [[Y

8LT°0 6€1°0 T€T°0 16T°0 Ge1'0 8¥1°0 9¢T1°0 cs10 €LT°0 0810 0810 600 20Z0 S8Iz0 0FC0 0S50 G860  ¥89'0 8661 (1M0) “asup) "m
Ly0°0 G¥0°0 €70°0 L7070 9%0°0 170°0 00 €70°0 gro0 ¥R00 0F0'0  9¥0°0  8€0°0 9800 9800 9800 0E0°0 6000 €100  (uwr) snpdy M
0L€°0  L8¢0 GLC0 G8¢°0 jZxaly] ¥9¢°0 8¥¢°0 6620 LLg’0 00€°0 6270 <IE€0 L8CO 160 80¢'0 <¢Lc0 ¥0E0 LOT'O GLE°0 (mo) 1sn[y
860°0 ¥60°0 160°0 680°0 180°0 ¥2.0°0 290°0 29070 2900 720°0  ¢90°0  890°0 ¥S0°0  6¥0°0  9¥0'0  6£0°0  6€0°0  TO0'0 €000 (un) 13811
e8¢0 98¢0 08¢0 €L8°0 08¢0 1L2°0 €0€°0 ¥0€°0 910 160 680  FLEO FLEO0 TSE0  L6E0  0EF0  LL8°0  TPE0 9650  (Ino) jmeo ug
L8L°T 0€LT 1eL°1T €ILT 0.1 G691 8TL'T 9cL1 6VLT  OpL'T  TGLT  LoL'T  VOL'T  €LLT ¢6L'T GOR'T 6V8'T 996'T LL6'T (ur) “jue0 13§
Gq1'o 0LT°0 12¢°0 €61°0 L6T°0 081°0 091°0 G61°0 LLT°0 08T°0 ¥ST°0 TI8T°0 9PT0 TPT'0  FET0 9910 GST'0 2800 9200  (Imo) “queo So(
L06°0 0260 906°0 968°0 616°0 8€6°0 006°0 016°0 L26'0  gg6'0  8¢6'0 G260  G06°0 ST6°0  956°0  L¥6'0 €960  ¥66°0 9660 (u) queo -So
1evg 907°€ L66°C 6611 V1.0 GLLO £€64C LyvSe TETy  Pe®E€  PER'E  G6L°C 9109 6LV'L TERY €86'G  L6°9¢ G'GPG  O8'VS (mo) Lyredsiq
€L2°0 G1€°0 €4€°0 69¢°0 8070 99¢°0 q1eo qgreo yce'0  ¢le€0  0L2°0 Lyc0 861°0 <¢61°0 LLT'O %020 L8T'0O 880°0 6E1°0 (ur) Luredsiq
¥02°0 G810 G61°0 ¥61°0 98170 6L1°0 ¥81°0 9.1°0 €LT°0  ¢8T°'0  84T°0 08T0 6ST°0 T19T°0 ¥4T°0 ¥PI'0  PET'0 PEOO T90°0 Kwordmay
0L0°0 890°0 ¢L0°0 0L0°0 090°0 ¢90°0 8600 860°0 160°0  990°0  0€0°0 2800 6700  8y0°0  €¥0°0  O0F0'0  99€0°0 9200 T€0°0 Ayisuaq
Gq¥ G649 929 864 08¢ VLS 874 Gee 887 667 8¥¥ (434 08¢ 413 8L¢C Lve €02 19 17 S8pPH

€8 ¥6 ¥6 €6 66 L6 86 L6 86 46 96 a6 68 98 18 08 gL 67 L8 SOPON
90TT¢  L6¥VSC  8E€LGC  TPESGC  T€09C  CCIre  88GCE  6SE€IC  CEE6T  LLC8T 9¢I9T 9PLVPI ¢6ICT  €6€0T  L916  ¥61L  LLTG  €L0T  89€ (weop) syyune)
0cILE  CI6SY  L699V  €GLGY  98L¥PP  G6CEVy  #9L0V  €06LE  LOPPE  00€CE 66.8C 6609¢ €680¢ G9¢LT O06IST 0€vel  1¢88  ¥0IC 169 NN Ut sulitg
G881E€  PGLOV  6GL1V  9LTIV  LovOV  T1€16E €189  61E€¥E  6811€  0¢c6C €T19¢ G99¢¢ GO8ST 9LEST  0SSE€T  TOOTT  GI19L  €PST 109 suretyd NN
184S 841G 8E6Y LLGY 64€7 ¥91v 166€ ¥8G€E 8L¢¢ 080  989¢  ¥E¥c  880C 6881  OVP9T  6¢¥1 90T 194 06T ININ
09818  OTETTT L6L0CT 60¢Tcl €99¥cl  909TE€ET  6VLLCT  TEPSTT  988G0T T¢T96 60198 LIP8L Lgc0S 8TELE  LEEOE  GETPE  L99¢T  L9Ve €Tl (aer) sxyung)
L8879 099¢8  LLE68 69888  0LG86  C6VOTT LPSTIT I89FP0T 19996  <CI9L8 8II6L 681cL 61LGF 0C0€E  PE€LI9C 9PLIc 9PClIT 880 066 SULy IV
TEE0S 99999  T¥8OL  VEVOL  LELGL  L9€T8  89cc8  0V69L  ¥PPOOL P8IV  8GLLG 8I198G €ETVE 986¥VC <¢6V0C €899T 9216 Voo 989 suret vy
9GGPT  ¥869T  9EP8T  GEP8T  €€8CC  S¢I8C  6L066  TVLLG  L19G¢  8¢ved  09€1¢  TLG6T  98GTT  ¥e08  &ve9 €905  0¢lc 798 ¥0€ sdnois [y
810c  L10C 9102 S10C ¥102 €10¢ <¢10c IT10C 0T0C 6002 800Z L00T 900C <00C ¥%00C €00C <T00C T00T 000C

QT0Z-000Z ‘Auo sdnois ssoutsng youaLj

46



600Z-000¢ ‘SUOI}02UU0D 109I1p juenbaij ISOIN :f, 9[qRL,

(16L1) @d-sd  (z8¢T) HO-AD  (FELT) IN-HI (9L6) Lrrua  (162) n1-gD  (969) Ar-gD  (¢€9) IN-Hd  (8¥€) IN-Hd  (¢gl) 4D-ad (€€) IN-LI 0%
(c081) ¥A-Sd  (6191) NT-dD  (8¢€1) YA-Ad (€66) AI-dD  (g¢8) IN-HL  (¢69) Ad-aD  (28%) aD-Ud  (68¢) "WI-dd  (921) AD-UD  (£8) UI-dD 65
(7981) dg-¥A  (8¢91) IN-Md  (1281) HA-T1d  (F00T) AS-ON  (¥#8) AS-ON  (969) HAIN  (98%) dd-sd  (86¢) ASMA  (1€1) IN-gD  (¢€) YA-HA 8¢
(9981) aa-1d (¥ vmo s (6651) NT-gD  (2601) DAL (968) MA'IN  (L0L) ASMA (€09) LI"IN  (1top) Lr-da  (ge1) LI-Sd (62) AI7IN 2
(L802) IN-SH  (9121) ¥A-SH  (6¥F1) HO-AD  (8601) HA-SH  (9¥6) HA-SH (c12) IN-sd  (z19) Ar-do (zev) LI"IN Awm: dr-gL  (0F) 444 9¢
(0902) SN-N'T :Ec dg-¥d  (09%1) ¥4-Sd (PET1) IN-U4  (676) vd-dd  (992) NT-9D  (699) ¥a-sd  (gep) sn-gd  (1%1) AS"IN  (1F) dS-dD  Go
(coge) NI-L1  (€08T) IN-SH  (L161) da-¥a  (g11) IN-SH  (296) IN-MA  (0LL) AA-SH  (099) AS-ON  (89%) DS-AIN (¢ vmb aa  (ev) 9o-da e
(81zg) Md-da  (ge81) dI-gD  (e8¢T) IN-UA  (ge11) Wd-dd  (226) NT7IN  (022) IS-ON  (299) Md-dd  (647) IN-SH  (gF1) dr-IN (67) LI'SH €&
(rvee) sn-ad (2061) AD-NY (G8ST) AD-NY  (6611) HO-GD (826) IN-SH  (¥22) IN-9A  (999) IN-44  (F0S) Ar-dD  (GF1) dD-SH (0%) SH~IN @&
A:m@ HGIN  (800%) ¥A-HA  (9891) WI-dD  (#Pol) ¥A-Sd  (#901) Iv-da  (0¥8) ¥A-dd  (189) dS-MA  (81¢) dd-¥d  (9%1) IN-AI (1) 1194 1%
(L8¢¢) AA-IN  (260¢) AA~IN  (L121) nT-da  (0921) Lv-dd  (8801) HO-aD  (€16) Lv-dd  (02) HO-AD  (€8%) ¥A-Sd  (LvD) dg-¥d  (g¢) IN-dD 05
(g6ec) da-aa  (e01e) sSN-ud  (2621) WA-dd  (L8el) dd-¥dA  (1601) da-¥d  (916) WA-SA  (L6L) Lv-dd  (9e9) da-sd  (1¢0) LI"IN  (g%) IN-Ud 6L
(Leve) nT-an  (106e) AGIN  (2661) SN-¥d  (PIFD) NTIN  (PCID) ¥MA-SH  (9¢6) dd-9d4  (108) da-¥d  (89S) HO-AdD  (gs1) da-¥d  (€9) AA-LV 81T
(8¢¢z) Lv-dd  (c¥oe) AA-¥d  (9661) HA-IN :E: da-94  (P9¢1) @a-¥d  (1801) da-¥gd  (686) SN-¥d  (€8¢) da-¥A (€¢1) A-O¥  (L8) IN-AL LT
(geLe) dr-gd  (€2ge) NT-AA  (L20g) HI-IN  (PCST) ¥A-HA  (eP€1) ¥A-AA  (0811) sSN-¥A  (896) dd-¥4d  (8g9) Lv-dd (891 ¥A'IN  (19) IAIN 91T
(gcle) NT-dA  (FPee) Lv-da (ee1e) da-gd  (1991) Sn-4d  (30¥1) SN-Hd Aw:v vI-da  (696) I9IN - (6£9) HI-IN  (£21) HO-HA (€9) TI"IN ST
(9662) gD-dA  (6892) Ar-dD  (0912) Iv-Ad  (F#91) HA-IN  (6GF1) dO-AA  (€921) AA-IN  (996) AA~IN  (96L) AA-IN  (921) HOIN  (69) HO-AA #1
(eeoge) va-ap  (999z) aD-aa  (861¢) dO-AA  (L291) gD-dA  (S6¥T) HAIN @mm: J9IN (1601) ¥d4-dd (862) gD~IN  (e61) NT'IN  (F2) IN-HA €1
(g61¢) HA-LV  (L622) NT'IN  (£bgz) NT7IN  (£681) A IN  (8291) @~ IN  (0peT) @D-aa (£201) MOIN  (1e8) ¥d-da  (¢61) HA-Ly  (601) LI"IN &I
(L62€) NTIN  (1962) WA-g9D  (€192) HA-LV  (956¢) MD~IN  (88L1) MD-IN  (9¢e1) dd-dD  (I1D) gD-dd  (¥88) aD-dd  (v0g) ¥MA-SH  (SI1) WA'IN II
(core) sn-aa  (0€0€) HA-LV  (6622) MA-dD  (6Lg2) A-LV  (9981) AA-LV (00F1) MO IN  (922T) DIN  (¥¢6) MO IN  (Feo) IN-dA  (Te1) AS"IN 0T
(887€) aD-IN  (670¢) SN-AA  (9982) SN-AA  (€1€¢) HO-HA  (8¢1e) MA-dD  (S121) dA-LV  (0¢€1) da-Lv  (0€01) WA-dD  (8€2) IN-SH  (¥Pgl) Af“IN 6
(L2g€) MDTIN  (99¢€) HO-HA  (S068) HO-AA  (€0¥g) ¥A-dD  (S€1e) HO-AA  (65L1) dD-IN  (GeST) udA-ad  (LL01) AA-LV  (89%) HA-SH  (921) AD-UD 8
(9e9¢) HO-AA  (19¢¢) gD-IN  (691€) 4DIN (0% vmo “IN  (F0€2) gD-IN  (6LL1) HO-AA  (GAST) HO-AA  (¢8¢1) HO-AA  (€63) Ar-AIN (1€1) HOIN L
(L9gp) IN-ID  (£0¢8) MD-IN  (L128) MDIN  (82.z) sn-Hd  (0ves) sn-dd (681 MA-dD (4680 dA-gd  (gog1) SN-IN  (Tgp) dd-IN  (0ST) NTIN 9
(6687) AD-NY (919¢) IN-GD  (863¢) IN-dD  (¥¢ :z ao  (e6¥e) da-ap  (c0ze) sn-dd  (9981) sn-aa  (z1e1) IN-9D  (09F) DS-AIW  (667) IIN &
(c1pp) da-gd  (6107) AA-dD  (869¢) AA-dD (186z) AA-dD (1022) IN-gD  (¢2ze) IN-HA  (6661) IN-HA  (0veT) SN-HA  (09%) dO-IN  (ge€) dDIN ¥
(1009) IN-IA  (gech) IN-AA  (GL6€) IN-HA  (FF @ IN-HA (P982) IN-HA  (18€3) IN-D  (S0z) SNIN  (96F1) Aa-gD  (S19) SN-IN  (€8¢) SN-IN €
(€919) SNIN  (6269) SN-IN  (08¢h) SN-IN  (L16€) SN-IN  (€00€) SN-IN  (€292) SN~IN  (690%) IN-dD  (8951) IN-HA  (¢€S) AA-IN  (61%) HA~IN &
(r6201) sn-do  (9¢801) sn-do  (£816) sN-AD Aﬁm@ sn-gd  (g8el) sn-gp  (Lz0l) sn-gp  (6¥8%) sn-ad  (z66g) sn-gp  (162) MD-IN  (959) MDD IN 1T
6002 8002 002 9002 5002 $002 £002 2002 1002 0002

6002-0007 ‘SUOI}OUTOD 10011p Juanboly S0\

47



8T0Z-0T0C ‘SUOI}OUU0D 109ITP Juenbaij ISOJN G o[qRT,

(Tzge) MH-ND  (199z) MA-dd  (269¢) gD-L1  (e4bc) nT-4d  (bLee) sn-¥d (9622) dA-zD  (zege) Ad-9d  (981¢) MA-dd  (6.61) AA-SA  0¢
(L2€2) AA-LI  (¥992) S-ON  (9962) ON-AS  (16G2) SN-¥d  (6.¢2) 94  (¥6¥g) AI-Md  (6£¢2) HA"1d  (861¢) A-Ud  (L861) LM 68
(L6€2) IS-ON  (1022) dD-I1  (S0L2) NT-MA  (€292) MO IN  (98¢z) IN-SH  (1€92) SN-¥d  (LL¥e) 9d-dd  (10€e) HA-"1d  (2661) HO-D S
ANSNV HA-SH  (63L2) DA-ID  (#928) ZzD-MS  (9292) MH-ND  (6072) DA-D  (289z) vA-dd  (06¥2) Sn-dd  (cege) SN-¥d  (Le1e) HA1d 2o
(89¥2) SA-Ld  (5pL3) ZO-MS  (GLL7) UIdAA  (€9.7) IA-IN  (zspg) wd-dd  (g€le) MIdd  (£.93) @I-IN  (ze¥e) DA-NY  (EFee) NTII 93
(Leve) AT gD  (016z) AAIN  (L€82) AC-ND  (F282) DA-D  (20%e) AA-Md  (¢822) AIIN  (PL9%) ¥d-AA  (vebe) Ardd  (74ee) MA-HA <G
(1T¢%) AAIN  (c01¢) A1 gD (€682) DA-GD  (668¢) UI-AA  (¢928) HAIN  (6282) AI-dD  (6292) DA-NT  (0¥F2) AGIN  (L9€2) AL-ID 78
(L592) D11 QZ ) dr-ND  (120€) A IN - (P982) DA-NY  (1282) YA-dd  (9982) HA~IN  (PLL2) HA-IN  (P163) MA-HA  (Gehe) SN-Ud €8
(929z) ZD-3MS  (881€) A~ IN  (L11€) MH-ND  (€682) A-ND  (2982) AI~IN  (088z) da-¥d  (9962) N'T-LI  (1692) HAIN  (L€¥2) I IN GC
(ge8z) sn-aa  (19¢8) Lv-Ad  (7218) I "IN (PE08) A IN  (6067) AI-dD  (8882) DA-AYM  (6967) da-dd  (018z) da-¥d  (615¢) SN-N1 1%
(2282) HI-IN AN%@ SIH-ND - (98z¢) dI-gd  (ge1e) d1-dD  (€108) MOIN  (1862) N'I-LI  (gc0¢) Lv-aa  (1€8z) NI-11  (1952) HA-IN 0%
(L662) AC-ND  (685¢) NT-T1  (S18¢) Iv-Aa  (10%€) NT-L1  (181€) NT-LT  (20T€) MO~IN  (gL0€) AT-g9D  (L267) IV-AA  (8.67) A-Ud 61
(191€) NT-L1  (169¢) SN-AA  (6Fee) NT-LI  (827¢) Lv-Ad  (T19¢) Iv-AA  (862¢) Iv-Ad (79z2€) MD-IN  (2€1€) MDIN  (8FL2) AI-dD ST
(Szee) Iv-Ad  (8LL8) WA-dD  (86L¢) Sn-AA  (966¢) Ya-dD  (£99¢) 1o  (o6v¢) MIdgd (1€ w ¢) I (081¢) NT-dD  (¢982) N'T-dD LT
(0gee) MA-dp  (3e1h) AD-VA  (0207) 9A-dD  (810F) SN-HA  (g¥8¢) sn-dd  (69.8) sN-HA  (Lese) g-dd  (1gee) SN-01  (888%) Lv-dd 91
(ceve) ap-da  (Tevp) dD-HA  (FOFF) aD-da  (£59F) SN-NT  (L8ah) SN-NT  (gpse) 4o-da  (66¢¢) Ar-dD  (9zee) MA-dD  (ebae) 9D-AA ST
(8168) AD-VvN  (TT9%) dDIN  (88¢P) AA-IV  (98SF) D-IN :wmi ao-IN  (201P) gO-IN  (6£9¢) Sn-NT  (69v¢) gD-IA  (P8ze) A-dD ¥1I
(029¢) NT-AA  (806¥) HA-LV ~ (829%) aO-IN  (TP9%) NT'IN  (F0eF) NT'IN  (901F) NT-aD  (129¢) NT-dD  (2pge) dr-go  (z6ze) N T-dAd €1
(¢68¢) NT'IN  (8¥67) da-ad  (goLp) NT-HA  (LP9F) HA-Lv  (0Feh) 90-da  (30gh) AA-Lv  (198¢) SN-AA  (799¢) AA-LV  (80€¢) MD-IN &I
(6£6£) dOIN  (L96F) NT-AA  (LF0%) dA-dD  (€89%) DA (61¥F) AA-LV  (L92F) SN-N'T  (868¢) D IN  (982¢) ADIN  (epe) HA-IV 11
(6eey) da-do  (L0z8) HO-HA  (91€9) sn-nT  (0g18) NT-da  (geeh) n1-dD  (1¢hF) NT'IN  (F06¢) HA-LV  (S18¢) NT-HA  (ge¥¢) N'T'IN 01T
(@6¥%) HO-AA  (692S) NT7IN  (89€S) HO-AA  (892S) N1-dD  (£g0¢) da-ad  (04L%) NT-HA  (1€eh) NT7IN  (3ese) SN-Ad  (08¢¢) dDIN 6
(L12y) da-Iv - (p2€9) sn-nT  (2269) NTIN (G9¢S) HO-AA  (8619) NT-AA  (1067) Ar-gd  (60ep) NT-Aa  (P88¢) NT-IN  (G09¢) SN-AA 8
(0FLF) IN-gD  (92FC) IN-GD  (609¢) NT-gD  (05L8) Ar-gD  (gbgg) dr-go  (¢¢0¢) da-ad  (89.%) HO-AA  (9¢PF) HO-AA  (€20F) HO-AA L
(918%) NT-gD  (PP8S) NT-dD  (1€89) IN-dD  (898¢) HA-gD  (0LFS) HO-HA  (980%) HO-AA  (201¢) AA-dD  (0L27) dA-dD  (8a1¥) ADNY 9
(1€29) IN-IA  (0729) IN-HA  (£529) ArL-dD  (6L6S) IN-GD  (L189) IN-gD  (G19¢) IN-dD  (PC19) IN-D  (F98F) IN-dD  (€0SP) HA-dD ¢
(8Feg) SNIN  (TPFL) AL-dD  (#629) IN-AA  (2099) IN-HA  (1299) IN-AA  (0929) IN-HA  (0029) IN-HA  (928¢) IN-HA  (¥aly) IN-dD ¥
(6619) dr-gd  (e¥6L) SNIN amat SN IN  (6T€8) SNIN  (¥88L) SNIN  (£092) SNIN (8@ b SN IN  (2£99) SNIN  (86¥¢) IN-HA €
8@5 AD-ng (gg16) AD-nT (€186) AD-NY (99€0T) AD-NT (21€8) AD-NY (Lgv6) AD-NT (¥e6L) AD-NY (1202) AD-NY (€T19) SNIN ¢
(6gge1) SN-gD  (6ecPT) SN-AD  (¢6£ST) SN-dD  (£06¥7T) SN-gD  (1928T) SN-gD  (8682T) SN-dD  (8s¥eT) SN-dD  (FL811) sn-gd  (LzL01) sn-dd T
8T0C LT10C 910C G102 ¥10C €102 ¢102 1102 0102

QT0Z-0T0C ‘SUOIIOUUOD 109IIp JuanboI} SO

48



6002-000g ‘SUOI1D9UU0D 10211pul Juonboiy 1SoN

19 O[qeL,

(a¥1) NI IN-SH
(F¥1) gD-Sn-ao
(€¢1) SN-HO-IN
(ec1) go-NT-aD
(L91) gD-AL-gD

(501) gD-HAL-ID
(901) SN~IN-HD
(901) MO IN-SH
(201) Ar-go-sn
(11D NTIN-gD

(g8) SN-MA-dD
(98) NTIN-GD
(98) sSn-NT-Ad
(£8) SN~IN-LI
(€6) dr~IN-AD

(€L) Sn-a-sd
(FL) MO-IN-SH
(92) VOIN-AD

(82) AS~IN-LI
(62) SN-AD-UA

¢) Ad-NT-HA
(62) AI-DD-ID
¢) HAAI-IN

9) NT-Vd-aD

) SN-UA-dD
3 HAI-DD-dD

) Ad-NT-Ad
q) mo SN-an

(¢¥) A1-DD-aD
(¥F) 9D-8n-dD
(5F) LIVIN-AA
(9%) Sn-4a1-9D
(LF) MO IN-ID

(¢g) dr-do-aa
(€2) dr~IN-D
(€2) LI"IN-TA
(€2) SN-IN-UA
(£2) SN-YA-gD

() NT-Ad-HA
() dr-IN-Ud
() da~IN-d€
(¥) Ad-1v-0u
() AN-DA-Vd

(1) dr-IN-U.d
(1) IN-Td~IN
(1) DA-Vd-INd
(1) MA-L1-01
(1) MDIN-LI

© - 0 DD
AN ANANAN®N

(891) D IN-HA
(GL1) NI-DS-aD
(621) SN-VO-dD
(181) MAIN-GD
(181) NTIN-HA

(€11) Sn-gD-dd
(€11) SN-HO-IN
(911) NT7IN-SH
(121) SN-HO-AD
(121) NT7IN-IA

(¢6) ap-ar-an
(86) YI-AI-ID
(86) SN-gD-HA
(Fo1) an-3a-an
(L01) SN~IN-SH

(6L) SN-IN-AI
(08) SN-HO-IN
(68) MO-TA-HI

(¥8) Sn-AS-sn
(¢8) SN-IN-MA

(99) dr~IN-D
(£9) D IN-SH
L9) MAZIN-GD
89) SN-Ad-dD

(6
(6
(¢
(g V SNIN-MA
(
(
(12) sn-a-gn

drIN-ID

(L¥) dr-IN-aD
(8%) LI"IN-GD
(29) SN-IN-MA
(€9) Sn-aD-ud
(8¢) SN~IN-SH

(ve) TI-IN-HA
(¥2) LI"IN-SH
(9g) ASIN-AS
(L2) sn-T1-aa
(82) sn-ap-su

(¥) AA-IN-LV
() NTIN-SA
() GOIN-AIN
() HOIN-LV
() aO-IN-Hd

(1) da-Lv-nH
(1) IA“IN-AT
(1) MA-IN-NH
(1) MDIN-SH
(1) g9D-IN-LV

— AN 0
[ B~ o B oY)

(€81) SN~IN-LI
(981) SN-NT-AA
(L8T) MOIN-GD
(£61) SN-HO-ID
(961) SN~IN-SE

(921) dr-gD-IN
(8€1) ¥A-SN-aD
(e71) WA-NT7IN
(8F1) SN~IN-dd
(Le1) sn-nT1-Ad

(1T1) SN-HO-IN
(F11) sN-vo-dD
(911) WL-NTIN
(€21) IN-NTIN
(621) LI-NTALA

(16) IN-NT-Hd
(¢6) SN~IN-UA
(66) AS-NT-AS
(q01) qA-agd-aD
(501) SN-NT-IN

(L2) MDTIN-D
(82) WA~ IN-dD

(62) SN~IN-SH
(18) WA-NTIN
(€3) MO-MA-HI

(8
(8
(0g
(0
(€g
(€g
(ve
(8¢
(@9
(29
(v

wvmpdxmm
(89) sn-n1-Ma
(12) SN-NT-IN
(€2) WA IN-GD
(gL) SN~IN-UA

(8¢) ap-aa-aon
(69) gA-SN-ID
(62) IN-LIMA
(19) NT-vd-9D
(99) ASIN-AS

(62) AA-9A-dD
(63) AA-NI-IN
(62) IA-NT-AA
(08) LI"IN-D
(1) SN-HO-gD

(¢) Ad-LI-4d
(¢) Sn-gD-IN
(¢) G-IN-ZD
(¢) SIA-IN-Ad

(1) MDIN-IA
(1) S-MA-IN
(1) gd-ID~IN
(2) SN-IN-ZD
(z) LI"IN-IA

© I~ 0 QO
— - =~ N

(L61) gO-AA-ID
(£12) SN~IN-UA
(£22) 11-9a-9D
(922) aO-IN-ID
(0£7) gO-AA-¥A

(891) gO~IN-AA
(681) SNIN-SA
(g81) D-IN-ID
(981) aD-AA-AD
(¥61) aD-AA-UA

(0£T) SN-HO-ID
(gv1) NT7IN-AA
(8¥1) SN~ "IN
(281) gD-8N-gD
(£91) MA-NI-ID

(011) WI-NT-IN
(111) SN-vD-aD
(L11) SN-HO-dD
(Le1) ao-dr-ao
(L81) SN~IN-SH

(86) gD-sN-gD
(86) MA-AI-ID
(201) SN-NT-IN
(z01) IS-NT-AS
(0g1) SN-VO-ID

(LL) NT-aOIN
(62) MDIN-GD
(08) MO-HA-AT
(88) SN-vD-aD
(£6) SO-INMA

(99) SN-IN-UA
(69) SMH-AM-D
(02) SN-NT7IN
(8L) WI-IN-ID
(z8) SN-gD-IN

(zg) dr-sn-ao
(¢€) SN~IN-SH
(g¢) AS-NT-AS
(L8) LI"IN-LI
(07) MDIN-GD

(¢) Aa-gD-IN
(¢) AS~IN-AA
(¢) ILI"IN-N'T
(9) MD-IN-SH
(9) AW-DA-DS
(9) MAIN-HA

(¢) AS~IN-LI
(¢) Ma-da-aa
(2) LI"IN-UA
(2) A~ IN-LV
(¢) SN-IN-NH

— AN <0
— =

(¢€z) Sn-ao-aa
(192) SA-HO~IN
(18¢) SN-gD-IN
(z62) da-ao-ad
(¥62) HO-IN-SA

(661) SA-HOIN
(20z) HO-IN-SA
(122) MO IN-ID
(cgz) da-ao-ad
(2£2) SN-NT7IN

(081) gOIN-AA
(881) SN-NT7IN
(881) SN-gH-AA
(961) gO-AA-gD
(661) MDIN-GD

(¢e1) gp-sn-an
(171) aO-IN-aD
(g¥1) aO-IN-IA
(Lv1) sn-go-aa
(091) gO-HA-gD

(Te1) go-ar-an
(ge1) ao-aa-ao
(921) SN-HO-ID
(L€1) sn-go-aa
(171) go-IN-HA

(v6) MA-AI-ID
(¥6) GOIN-GD
(96) gO-IN-IA
(101) IS-NT-AS
(£11) sn-gD-AA

(98) gO-IN-GD
(68) MA-AI-ID
(68) IS-NT-AS
(06) GO~IN-AIA
(¢6) sn-gn-aa

(o) SN-gH-IN
(¢7) M-DHD-aD
(0¢) go-aa-ao
(L8) NT-Vd-gD
(£9) go-IN-HA

(L) ao-IN-aD
() SN-IN-IA

(L) LI-NT-L1
(8) aO-IN-SH
(8) D-IV-DS

(¢) @s-sn-Ma
(€) MDIN-LI
(£) MO~IN-AI
(£) SN IN-IA
(¢) IA-IN-A€

f=1
—

(£28) SN~IN-AA
(9€7) SN-NT7IN
(127) Ma-r1-da
(£¢) SN-NT-gD
(298) SN-IN-AD

(9¥2) Sn-NT-gap
(8v2) sn-ao-ad
(162) SN-gD~IN
(gg€) SN IN-AA
(¥9¥) SN-IN-GD

(0z) aO-IN-aD
(L2z) SN-go~IN
(10€) SNIN-AA
(gzv) sn-NT1-9o
(1g¢) SN-IN-gD

(891) SN-gH-IN
(681) MDIN-€D
(812) SN IN-IA
(0£8) SN-NT-ID
(€g¥) SN-IN-GD

(6v1) aO-IN-GD
(1L1) SN-gO-IN
(52z) SN IN-AA
(8¢8) Sn-N1-gaD
(€7€) SN-IN-GD

(L11) go-aa-ao
(L21) SN IN-Ad
(g¥1) SN-gO~IN
F91) Sn-N1-gaD
(£68) SN~IN-GD

(£6) LI"IN-LI
(€6) a-AL-gD
(201) sn-NT-gD
(911) SN~IN-AA
(961) SN-IN-AD

(19) ap-sn-an
(£9) sSn-gv-aa
(82) SN~IN-AA
(16) Sn-N1-ID
(¢91) SN~IN-GD

(8) AS~IN-HS
(6) SN"IN-UA
(01) LI"IN-AA

(11) AI-AN-DA
($1) SN~IN-SH

(&) NTIN-¥4
(¥) Ma-IN-ae
(v) ASIN-AA
(9) AS~IN-AS
(9) gO-IN-GD

—ANMm IO -0

6002

8002

L002

9002

$002

7002

€002

2002

1002

0002

600Z-000¢ ‘SUOI00U0D 100IIpUT Juanbalj SO\

49



RT0Z-0TOT ‘SUOIO_UUOD 109IIPUT JuaNbal] JS0IN ) S[qR],

(peD) Ar-gao-sa  (00g) AI"IN-GD  (P6T) NI'DS-GD  (161) Ar-gp-aa  (081) NTIN-HA  (62T) SN-AT-SA  (FLT) SAIN-AI  (99T) MA-HG-¥A  (IST) gD-Ar-gd 0¢
(L&1) SNTIN-SA  (902) SN-INd-dD  (961) N'TIN-HA A 61) dr-gD-Aad  (I181) AM-MH-ND  (P81) NI7IN-SH  (L21) AA-0T-dd  (LL1) NT7IN-SH  (3S1) AM-NT-dD 63
(e¥1) gO-IN-dA (022) SN-NT-LI  (961) SO-MH-ND  (961) gD-AA-dD  (281) NT7IN-SE  (£81) SN-IN-AI  (8L1) NTIN-AA  (821) gD-NT-gD  (28T) 4O-N1-dD 8%
(0¢1) dr-aD-da  (€eg) HA-Iv-dd  (902) dr-sn-dD  (661) dOIN-HA  (#8T) IN-D-IN  (061) SN~IN-94  (8L1) SN-IN-SH  (081) NI“IN-dd (1) SN“IN-LI g
(Fe1) AT gOIN  (Fgg) M-IV-IN  (902) ¥d-Iv-gD  (g0z) NT-gD~IN _ (981) AM-NT-gD  (161) SA-HO-gD (IS8T ATIN-ST  (£81) SN-vD-aD  (57) MO IN-ID 9z
(9¢1) AA-LV-dd (92%) SN~IN-LI (L0%) SN-NT-LI  (L1%) AM-NT-dd  (€02) A-NT-HA  (P61) D-IN-AA  (981) YA-dd-¥d  (¢81) SN-NT-HD  (€91) SN-IN-IN S5
(L8T) MD-NT-AS  (Lgg) SN-gDH-1I  (L07) gD-SN-dD  (1ge) 4d-IV-IN  (L02) AS-NT-Ad  (¥61) NTIN-AA  (981) SN-vO-aD  (281) NTIN-LI  (¥91) SN IN-UA ¢
(8¢1) SN-NT-HA  (1€2) SN-MH-ND  (062) 4d-IV-IN  (gg) dD-sn-dD  (L02) SN-NT1-94  (961) MO-IN-dD  (681) SN-NT-HD  (881) NI'DS-dD  (991) NTIN-SH €3
(091) IN-OIN  (9€2) ML-AM-MH  (£22) SN-NT-9d  (€2¢) ODADMHND  (¢12) gO-IN-Ad  (10¢) 99-SN~IN  (€61) NI'DS-aD  (681) AL-dOIN  (1L1) gOIN-AA &3
(€91) NI7IN-SH  (8¢) dD IN-D  (S8g) DA-AD-NY  (2€¢) SOIN-LI  (812) SN~IN-HD  (€02) NI-DS-dD  (L61) MDIN-HA  (161) gD-sn-dpd  (GL1) HAIN-D 15
(991) NTIN-IA  (0ve) SN-AA-aD  (¢ge) NTIN-HA  (072) SNYIN-SH  (82) MO IN-dD  (€12) 4D-SN-dD  (L61) SNIN-MA  (L61) dD-AA-dD  (8L1) NI'DS-ID 0%
(L91) sN-aA-dD  (e¥g) SNIN-DS  (Lge) SN-dD-11  (9%¢) Ar-dD-IN  (8¢e) dD-sn-dD  (€€2) Yd-LV-IN  (€02) IN-HA-dD  (661) SNIN-YA  (621) NT'IN-GD 61
(P21) SOIN-LL - (162) NT7IN-HA - (Leg) AIVIN-GD  (#9e) SOIN-HO  (1€2) SOIN-SE  (962) SN IN-LI  (802) AI-DOH-dD  (807) SN-IN-SH  (€81) SN-VD-dD ST
(081) sn-gH-11  (092) 99-Iv-dD  (Lgg) dD-IN-dD  (092) AM-MH-ND  (€62) 949-IV-IN  (I¥e) dr-gD-IN  (€12) dDIN-HA  (21¢) dDIN-HA  (€81) HIIN-GD LI
(161) SNIN-DS  (298) ND-MH-ND  (ggz) SNIN-LI  (592) AA-NT-Ad  (£5g) MI-AI-HMA  (8F2) SNIN-SH  (682) SN-HO-D  (F1e) ao-dr-gd  (661) do-da-gD 91
(€61) Ar-gD-HA  (PLo) HA-AI-dD (8F2) ML-AMMH  (F22) DA-AD-NY  (992) DA-AD-NY  (6¥¢) HA-NT-94  (6€¢) D~IN-AD  (¢gg) dI-DD-dD  (L08) SNIN-SH ST
(761) AIIN-GD  (682) AL-ID IN  (€92) AL-gD-IN  (622) IN-QTIN  (222) SOIN-LI  (6S¢) DA-AD-NY  (192) SNIN-LI  (Lzg) NTIN-GD  (2le) SN-NT-Ad  ¥1
(e12) Ar-go~IN  (€6g) SOIN-HO  (992) SN-AA-ad  (962) SNIN-AT  (182) WI-NT-9d  (€9%) gD IN-dD  (462) DAAD-NY  (9€2) DD-AIDD  (9T¢) SN-gD-AA €T
(912) NV-dD-"d  (¢67) dr-ab-da  (¥1e) sN-gD-sn  (¢1€) ¥d-NT-9d  (18¢) dD-da-¥d  (¢L3) aD-da-¥d  (£23) gb-da-¥d (0ve) gA-dd-ad  (1ee) SN-HD-dD &l
(812) NTIN-GgD  (08¢) SN-NT-AA  (1g¢) go-Aq-9d  (ggg) go-Aa-ud  (00g) go-Ar-go  (60¢) MA-AAUMA  (£22) NTIN-GD  (0¥2) SNIN-LI  (£22) NTINAQ 1T
(0zz) 49-ILV-IN  (98¢) Sn-an-ad  (16¢) sn-NT-dAA  (09¢) NTIN-GD  (108) AL-ID-IN  (8z¢) SN-NT-AA  (FP8¢) MJA-AL-dD  (9¥2) AO-IN-D  (¢ge) LT-AA-dD 0T
(geg) D~IN-GD  (F1p) de-nT1-dD  (Lov) sn-go-aa  (¥6¢) sn-n1ad (6% @ AT IN-GD  (9g¢) NT-IN-gD  (cog) go-dar-ad  (0sg) SN-NT-HA  (9¢2) gO-AAUA 6
(9L2) go-ArL-gd  (P8F) SOIN-HA  (PTF) AMDHND  (66¢) go-dr-ad  (79¢) SN-NT-AA  (028) SN-gO-AA  (80£) SN-NT-HAA (£¢e) D-AA-YA  (¢F2) ADOIN-AD 8
(£0€) SNIN-HA ~ (91¢) AMMHND  (bep) AT7IN-GD  (ST9) gD IN-dD  (¢8¢) dD-IN-dD  (28¢) SN-gD IN  (61¢) SN-gD-dA  (¢62) SN-NT-AA  (¢8¢) SN-ADIN L
(91€) sSn-gp-dA  (¥es) NTIN-AD  (6F) dD-AL-ID  (9LF) SOIN-HA  (82F) SN-dD-dd  (868) dD-Hr-dD  (Pe) SN-dD-IN  (962) SN-dD-AA  (1&F) SOIN-HA 9
(£9¢) SN-NTIN  (gze) SN-gDIN  (F9%) SNIN-AA  (8%%) SN-gO- IN () SN-aD~IN  (¥8%) SN-IN-AA  (0TF) SN-IN-HA  (92¢) SA-gD-IN  (5¢9) SN-NTIN &
(eL8) sSN-NT-dD A Q) aD-Ar-ad  (L69) SN-aH-IN  (P9¢) SN-aO-ad  (6¢) SNIN-AA  (92%) Ar-DO-aD  (809) dr-A-dD  (007) SN IN-IA  (89%) SIA-LT-AA ¥
(218¢) SN-4H~IN L6) SNIN-GD  (L00T) SN-IN-GD  (9€2) SN-NTIN  (2F8) SN-NTIN  (F16) Sn-NT-ad  (F0L) SN-NT-IN - (819) SN-NT-IN - (629) SN-N1-d4p €
(2oF) dr-n1-9n C%: sn-nT-an  (er01) SN-NT7IN - (066) SN-NT-AD  (016) SN-NT-dD  (066) SN-NT-IN  (108) SN-AT-GD  (G29) SN-NT-9D  (Fel) dr-dAr-dd ¢
(909) SN-IN-gD  (£611) SN-NTIN  (2P11) SN-NT-gD  (g211) SO-IN-GD  (9T11) SN-IN-D  (8601) SA-IN-AD  (8101) SAIN-AD  (298) SN-IN-ID  (648) SNIN-dD T
8102 L7102 9102 5102 ¥10% €102 2102 1102 0102

QT0Z-0T0OZ ‘SUOIIOUUO0D J0IIpUl Juonboly IS0\

50



(so8ejuaoiod 0y poredsal) 810¢-010¢ ‘ddD) Aq POPIAIP AIJUNod SIY) WOIJ PO[[OIJUO0D S19SSY [RI0], 8 d[qe],

(¥07) sd (21) ND (1) u4 (21) ON (11) 1d (e1) sd (1) ma (T1) N1 (1) L1 og
(50°) VO (e1) ZN (1T) ag (6T) ND (er) ma (1) v (e1°) sd (1) (1) IV 62
(c0) Od (e1) ad (er) dar (e1) s1 (er) v (¥1) DS (z1) SI (1T) sd (1) Ld e
(90°) ZN (er) dr (y1) 14 (e1) 14 (er) ua (erT) ud (e1) 1d (er) dr (Ir) dr Lo
(L0°) s1 (71) vd (F1) ND (y1°) ag (¥1) s1 (¢1) NI (e1) DS (e1) v (1) NI 9¢
(L0) AN (1) ¥a (e1) st (61) I (r1) ON (91°) HOD (F1) IV (e1) 9d (c1) sd ¢z
(L07) NN (1) 14 (61°) HD (¢1) HO (1) 14 (91) ON (F1) ad (¥1°) HD (er) dI ¥z
(607) HL (¢T) HO (o1) vd (91°) vd (¢T) HO (o1) 14 (er) @1 (v1°) dI (1) MH €T
(607) gD (er) @1 (91°) @S (LT) AD (91°) LIN (L1) dI (¢1T) HO (er) 14 (er)¥d @a
(60) ND (91°) s1 (91) ZN (L1) @S (91) Vvd (81) >H (1) 14 (91) >IH (Fr)HD 1%
(607) sn (81°) @S (LT) NI (81) DS (81°) @S (81°) vd (L1) ON (9T') ON (1) 14 02
(607) 1T (8T) I (81T) gD (61°) UM (¢') >H (61°) SI (LT) 3H (91) UM (6T) ON 61
(60°) 14 (@) ao (@) ad (@) ZN (@) ad (12°) ZN (L1) vd (8T) ZN (91') ZN ST
(1) 1IN (12°) DS (¢) DS (¢’) 3IH (12') @1 (127) ¥ (81) ZN (81') @S (L1)ds L1
(1) ¥d (17) AN (z) s1a (z) 31a (gz) 31a (1z°) ds (61°) dS (61) AD (81) UM 91
(1) N1 (¢e) 3H (12°) |1 (12) ap (€T) ZN (¥2) 9D (z) ¥ (@) sI (@) IN <1
(e1r) vd (ge) ud (¥2)) AN (¢e) |1 (€2) 1IN (¥2) 1IN (12°) 1IN (@) 1IN (1z) St o1
(e1r) HO (gg) 3Ma (¥2) 1IN (€2) 1IN (¢g) o (657) AN (¢e) 9o (¢e) o (zz) ap €1
(¥1) DD (¥e) 1IN (¢g) MH (827) AN (927) AN (7)) AD (627) AN (627) DD (o) AN @l
(81) 31a (¢g) 1N (17°) 1N (¥) Do (65) AD (v%) DD (62) XD (63°) AN (62) DD 11
(61°) UM (87) DD (e7) DD (9¢) LN (¢e) DD (er) LN (7€) LN (8F) LN (¢¢) LN 01
(L&) MH (89) N1 (€9) N1 (99) N1 (1) N1 (¢) N1 (L&) DD (87) N1 )01 6
(96) DA (L8) 1 (68) U1 (28) u1 (18) ¥1 (6L) ¥1 (€g) N1 (26) U1 (86)UT 8
(con¥u1 (@91 DA LD DA (€¢T) DA (602) DA (86'T) DA (@81) DA (991) DA (gD dr 2
(982) MO (aFe) MD  (8¢@) MO (ggg) MD (1) MO (gee) MDD (S0 Zso (@D MD  (eSDDPA 9
(89°¢) dr (L9°9) dr (er9) dr (19°%) dr (eLv) mm (697) dr  (99°€) A Q@a AN (e8T)MmMD ¢
(cog) wa  (rvor) wa  (9zv1) Wwa  (F1°¥1) zm (62'9) A (187) A (98 VE, (coe) dr (2%) A i
(6'9) HIN (F9°ST) HIN  (82°GT) AM  (6TLT) MI  (L¥°€T) Em (GT'11) g G.vzm (ge9) zm (66%) Wd ¢
(68°6) ML (88'8T) ML (86LT) ML (€£02) Ez (zLT) ML (1€91) ML (19T) ML (TT%1) M (¢¥1) é
(gg91) A (g8'61) A (1661) HIN  (66'28) AM  (9z°¢2) HIN  (8¢'81) HIN (65°61) Ez (16°21) Ez (9¢71) H 1
8T0T LT0C 9102 mHON V102 €102 (4114 T10C 0103

RT10Z-0107 ‘sqny josse rendod 1SoN

51



(dao jo uoruu 1od suiil] 03 paeasal) 810z-0T0% ‘ddD) A POPIAdp AIjUNOD SI[) WOIJ PA[[OIIUOD SULIL] 6 9[qR],

52

(¥0') MV (v0) 1S (v0) HD (v0') HO (€07) HD (Fo)st  (H#0) 1IN (F0) 1IN (€0) 1IN Of
(vo) aga  (#0) MV (F0)) MV (¥0°) SI (¥0°) SI (¥07) "IN (v0°) SI (yo) S (¥0) dd  6¢
(v0) LS (v0) 1IN (¥0) 1IN (v0) 1IN (¥0) 1IN (o)1 (co)ad  (F0) | (707) SI 8¢
(¥0) vd (¢0) vd (c0’) vd Qoz (c0’) vd (co)ma (o) vd (o) vd  (70) vd Lt
(90°) sg (L07) 1d (L07) a4 (90°) @ (50°) | (o) va  (90) AN (¢0) nIN (0°) NN 92
(90) UN  (80) UN  (80') NS (80 vzm (20 AN (90) NN (90) 11 (80) NS (¢07) NS &¢
(907) @4 (60)sd  (80)uN  (60) AN (L07) NS (207) Em (80) NS (80)sd  (807) sd  ¥e
(607) NS (60") NS (1) sd (607) sd (807) sg (607) S (607) sd (T)am  (80) I €@
(IT) u1 (1) aw (1) aw (1) 9N (1) ¥N (60) ¥ (60)¥u1  (Qr)sm (1) DA @t
(er) NN (e1) w1 (1r) a1 (1r) a1 a1 1)y (ec1)amw  (r)yu1  (ar)sm 1z
(O1) I () IN (@) 1IN (Or) sm (ST) sSm :;2 (er)sm (e oA (1)91 08
(8T") DA (12) DA (12) SM (@) IN (1) IIN A: (er) o (et (r)wa 61
(|T) sm (€8) sm (12°) DA (127) DA (61) DA (LTS (81) ¥ () ma (LT) 1 81
(617) 11T (€2) 11 (¢e) 11 (gg) 11 (¢e) 11 (4 v (12 VEQ (Fg) N (18) NI L1
(g27) N3I (Lg) N3 (g) N (e)mwa  (gz) Wa QSEQ (92) 11 (¥g) 11 (gg) 11 91
(€) ML (@)mr  (g)mwa  (9¢) N (9¢7) N3 Leymr  e) ML (ee) ML (7¢) ML ST
(e (¢v) Wa (¥7) NI (L¥) NI F)mr  (®e)mI (e)mwr  (9z) T (92) N ¥T
(¥) ma (¥s) N1 (¢s) N1 (¥s) N1 8F)n1  @INI  FF)nT  (6e) N1 (FE) NT €1
@)n1  Gs) ML (@9) ML (L8) 1D (99) ML (87) N1 (87) N (¢)on  (Le) XD @
(es) 1D (9) 1D (€9) 1O  (39) ML (L) 1D (@9) 1D  (L8) DD ()N (8e)za 11
(€9)zga (8)DH  (¢8)HH (L) HOH  HY) DO (99) DD (69) zda  (£¢) zd F) N 01
(89) MD  (€67) AD (167) z4d (88) z4 (eL) z4a (qL) zd 0)m  8s)AD  (eF) DD 6
69) DD F6) MDD (16)AD  (L6)AD  (F8)AD  (s8)AD  (99) AD (€9) IO (€9) 1D 8
(9L7) XD (66)za (MDD Fromd romwa (o) wd (e6) wdg  (e2) N (#9) WD L
(Hmwg (e mwg GFDmwg (gD mwg  Cromd  @omdp (o) dr (g6)ar  (9L)DS 9
(ocm)ar  (ern)dar  (e2n)dar  (ev1)dr (crdar (evdar (gD Hs (@1 DS  (9L)HW ¢
(1) A (¢ee) DS (661)DS  (FL1)0s (@1 DS  (SF1) DS (o) MDD (601) A (18)ar v
(ere)ps  (eve) A (9¢2) A (802) A (64T) A (L¢T) A (7FPT) AM (72T) MDD (L6) A ¢
(9¢z) HN  (S0%) HIN  (96'¢) HIN  (9%2) HW  (¢¢) HN  (Lze) HN  (g¢T) HIN  (SF'1) HN (Se€T) MD ¢
(¢92) DA (65°01) DA (2801) DA (cL11) DA (81°01) DA (¢z01) DA (616) DA (F0'8) DA (S89) DA 1

8T0C L102 910C G10C ¥10cC €102 ¢10c I10C 0102

RT0Z-0T0¢ ‘squy [o13uod rendod 4o



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

directed network.

[ Firm H ][ Firm G ]

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.

®21f 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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[ TP 1,1 ] [ Firm 1,2 ] [ . ] [ Firm 1,¢ ]
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[ Firm 2.1 ] [ Firm 2,2 }

Firm r,1

1]

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

Figure 27 translates into a general matrix representation

Firml,l Fi?"ml,g . Firml,c
Firmo,1 Firmo,, . Firmo,

Hjq = (2)
Firmye,y, Firmg,s . Firmg,,

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

Q{Hj:} =xx' —y'y (3)
where
1
/ 1 1 / 1 /
x:(1,,H)g , y:(ch); , s=1,H1, , 1.= and U, =11 1 . 1|. (4)
1

For a business group consisting of one long chain of control, essentially a fully vertical
structure, Q {Hj¢} 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.

Growth paths of MNE over time, hierarchy

Synchronized start at N = 2, mean marked, small groups excluded

vertical >

< horizonal

0 200 400 600 800
Number of firms in the group

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.

Growth paths of MNE over number of countries, strategy

Synchronized start at N = 2, mean marked, small groups excluded
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Figure 29: Hierarchy balance and country coverage
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