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1.

Introduction

1.1.

General context

The deliverable D2.1 is part of a more general set of papers to be developed within WP2 and
aimed at describing how globalisation in general, and the rise of global value chains (GVCs) in
particular, interact with knowledge flows, intangible assets and productivity.

1.2.

Deliverable objectives

More specifically, D2.1 investigates a key institution of the global economy, the Business
Group (BG). Business Groups as such are crucial components of the global economy. The
world's largest corporations by consolidated revenue, as classified in the Fortune 500 list, are
all organized as BGs. The same is true for the top 100 multinational enterprises (MNEs) listed
by UNCTAD, as MNEs are a subset of BGs that have at least one legally autonomous affiliate
abroad. In particular, the paper exploits a new algorithm of data matching to construct a
dataset of some 2,500,000 Headquarters controlling, directly or indirectly, more than 5
million affiliates worldwide in a given year (2015, for the purpose of this paper). Through the
algorithm we are able to characterize the entire hierarchical structure of each Business Group,
i.e. the position of each affiliate in each level of the control hierarchy, together with relevant
information on the same affiliate (location, industry, year of incorporation).

2.

Methodological approach

We exploit the ORBIS Ownership Database of Bureau van Dyck, which reports ownership
control links for more than 200M entities, and apply to it the principle of the Ultimate
Controlling Institution as defined in the OECD FATS Statistics. We have designed specific
algorithms that iteratively map the information provided on the bilateral ownership links
across firms. We start from the 'Global Ultimate Owner (GUO)' identified in the Ownership
database, from which it is possible to identify the Business Group 'top-down', and then match
this information with each single company reporting control of a direct shareholder, i.e.
identifying the BG working 'bottom-up' in the control chain.

3.

Summary of activities and research findings

To fix ideas on the research questions we aim at exploring in this paper, consider the top 5
car makers in the world (in 2017 volumes of vehicles sold). The first, Toyota, is the largest
automotive group, with almost 6,000 affiliates recorded in 2015; it is also very differentiated
in terms of industries covered, and relatively 'flat' in terms of hierarchical structure: only very
few affiliates populate the levels of control beyond the 4th. A similar structure is shared by
Hyundai, the third largest producer: very differentiated, but also compressed in three layers
of control. Yet this common 'flat' structure does not seem to be driven by the BG's size, as
Hyundai is much smaller than Toyota (some 260 affiliates). On the contrary, both GM (the
third largest carmaker, with some 1,070 affiliates) and Ford, the fifth largest (with some 450
affiliates) share a more hierarchical structure (both have affiliates up to 6 levels of control
from the HQ). To complete the picture Volkswagen, the second largest automotive group
(with some 3,000 affiliates) is organized in 9 levels of hierarchical control.
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Starting from this evidence, we have analysed in our data set the extent to which regularities
exist in the shape of the hierarchical structure organized by parent companies, and we have
explored their potential drivers. In general, BGs seem to be organized in shapes close to
`inverted' pyramids: the hierarchical layers closer to the HQ are more densely populated of
subsidiaries with respect to the more distant ones. Looking within, rather than across, groups,
we have also discovered that the complexity of tasks performed by subsidiaries systematically
decreases as layers of hierarchy are added to the first one: subsidiaries placed in the hierarchy
further away from the headquarters are associated to simpler tasks performed, while
subsidiaries directly controlled by the HQ perform more complex activities.
Capitalizing on these and other stylized facts, we propose a simple theoretical model based
on knowledge-based hierarchies (Garicano & Rossi-Hansberg, 2004 & 2015) that provides a
rationale for the BGs' organizational structure in terms of the number of hierarchical layers
and the number of affiliates in each layer, as a result of a profit maximization problem by the
headquarters. We thus derive the optimal condition that triggers the creation of an additional
layer of control based on the above trade-off, and compute the total number of affiliates, the
number of affiliates assigned to each layer and the total profit of the BG, as a function of the
model parameters. These equations can be used to structurally estimate the key parameters
of the model, and perform some comparative statics exercises across industries and
countries.

4.

Conclusions and future steps

The dataset developed within this WP allows us to observe the organization of business
groups (BGs) with special emphasis on their ownership structure, in terms of both the number
of affiliates in which a parent company has control of equity participations and their positions
within the hierarchical layers of control of the parent company. We conjecture that the
observed organization of the BG reflects a knowledge-based hierarchy designed to create and
transmit BG-specific knowledge capital within its boundaries while protecting such capital
from external dissipation.
We have developed a theoretical model matching our stylised facts. The model predicts that
BGs tend to be organized as complex hierarchies when the HQ is endowed with better
intangibles, there are better production possibilities stemming from the solution of more
difficult problems, there are lower communication costs between the different hierarchical
layers, and the fixed organizational costs of setting each layer are lower.
A number of further lines of research stem from the above analysis. First of all, it is interesting
to explore in the data the correlation between organization and productivity. In particular, it
would be interesting to assess whether and to what extent exogenous shocks (e.g. the
financial crisis) might have an effect on the BG's organizational structure and, in turn, on the
performance of affiliates within the same group.
A second line of research should investigate the country and industry variation in foreign
affiliates to verify if and how a differential in institutional constraints between origin and host
countries can shape organizational designs and finally affect performance.
A third line of research is related to the exploration of the role of internal capital markets
developed by Business Groups for the allocation of financial resources among competing
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investment projects. In particular, it would be interesting to assess the extent to which
Business Groups could leverage on better financial resources, stemming from both the
possibility of shifting funds across activities and across countries, as well as higher collateral
on credit markets, in order to finance investment in intangibles, thus acting as important
vehicles for productivity enhancement and economic growth.

5.

Publications resulting from the work described

The deliverable will be presented at academic seminars in view of its refinement for a
scientific publication.

6.

Bibliographical references
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1

Introduction

A business group (BG) is an organizational form of economic activity in which (at least)
two legally autonomous rms function as a single economic entity through hierarchical
control: a parent company (`headquarters'- HQ) owns, directly or indirectly, the majority
(total) of the equity shares of at least one legally independent rm, dened as an `aliate'
(`subsidiary').

1

Business Groups as such are crucial components of the global economy.

The world's largest corporations by consolidated revenue, as classied in the Fortune 500
list, are all organized as BGs. The same is true for the top 100 multinational enterprises
(MNEs) listed by UNCTAD, as MNEs are a subset of BGs that have at least one legally
autonomous aliate abroad.

Hierarchy in control varies a lot in terms of complexity. In the simplest business group,
one HQ directly controls an aliate (subsidiary) placed in the rst (and only) level of the
hierarchy. The HQ could then acquire the direct control of another aliate (subsidiary),
thus placing it at the same (rst) level of the hierarchy. Or the aliate placed in the rst
level could in turn control another one, thus placed in a second level of the hierarchy.
In this case the HQ would have indirect control of the second company through the rst
one, and so on. In UNCTAD (2016) data, top multinational groups have been reported
to have on average around 300 aliates/subsidiaries each, and more than 10 hierarchical
layers of control.
Yet, despite the economic relevance of BGs, it is still broadly true what Baker, Gibbons
and Murphy (2002) wrote several years ago: The economics literature has not had much
to say about non-standard organizational forms [...] now much discussed in the business

2

and organizational literature, including [. . . ] business groups.

1 See Section 2 for a precise distinction between aliates,

The aim of the present

subsidiaries, branches and divisions, according
to international standards. Our denition of BG rules out strategic business alliances, but it includes in
principle joint ventures, since in this case corporate assets are owned (and controlled) by more than one
proprietary rm. Note that under this denition multinational companies are Business Groups with at
least one aliate incorporated in a country dierent than the one of the Headquarter.
2 Williamson (1975) was the rst to hint at the view of BGs as organizational forms located between
markets and hierarchies. A number of subsequent studies have pointed out the diculty of classifying
these network-like organizational forms (Powell, 1990; Granovetter, 1995; Hennart, 1993). BGs have been
studied by the business literature, although often conned to emerging countries (Colpan and Hikino,
2010; Khanna and Yafeh, 2007). The nance literature has emphasized the pyramidal structure of BGs
built by a shareholder through a chain of equity ties, with the aim of gaining control (La Porta et al.,
1999; Almeida and Wolfenzon, 2006). Another strand of literature has looked at tax motives behind some
internal ownership choices of BGs in a number of countries (Altshuler and Grubert (2003); Desai et al.
(2004); Mintz and Weichenrieder (2010); Lewellen and Robinson (2013), or at the presence of internal
2

paper is thus to contribute lling this gap in the economics literature, by developing and
testing a knowledge-based theory of BGs, in which such an organizational form emerges
as the optimal solution to a problem of knowledge creation, transmission and potential
dissipation in multi-team production when contracts are incomplete.

To this extent, we exploit the ORBIS Ownership Database of Bureau van Dyck, which
reports ownership control links for more than 200M entities, and apply to it the principle
of the Ultimate Controlling Institution as dened in the OECD FATS Statistics.

We

have designed specic algorithms that iteratively map the information provided on the
bilateral ownership links across rms. We start from the 'Global Ultimate Owner (GUO)'
identied in the Ownership database, from which it is possible to identify the Business
Group 'top-down', and then match this information with each single company reporting
control of a direct shareholder, i.e.

identifying the BG 'bottom-up' the control chain.

Running this algorithm we have retrieved some 2,500,000 Headquarters controlling, directly or indirectly, more than 5 million aliates worldwide in a given year (2015, for the
purpose of this paper). We are then able to reconstruct the entire hierarchical structure
of each Business Group, i.e. the position of each aliate in each level of the control hierarchy, together with relevant information on the same aliate (location, industry, year
of incorporation). To validate our analysis, we have reconstructed the entire dataset of
BGs and hierarchies through a dierent, network-based algorithm, obtaining very similar
results.

3

To x ideas on the research questions we aim at exploring in this paper, consider the
top 5 car makers in the world (in 2017 volumes of vehicles sold).

The rst, Toyota, is

the largest automotive group, with almost 6,000 aliates recorded in 2015; it is also very
dierentiated in terms of industries covered, and relatively 'at' in terms of hierarchical
structure: only very few aliates populate the levels of control beyond the 4th. A similar
structure is shared by Hyundai, the third largest producer: very dierentiated, but also
compressed in three layers of control. Yet this common 'at' structure does not seem to
be driven by the BG's size, as Hyundai is much smaller than Toyota (some 260 aliates).
On the contrary, both GM (the third largest carmaker, with some 1,070 aliates) and

capital markets (Belenzon et al., 2013; Boutin et al., 2013).
3 Details are discussed in Section 2 as well as in the Statistical Appendix.
3

Ford, the fth largest (with some 450 aliates) share a more hierarchical structure (both
have aliates up to 6 levels of control from the HQ). To complete the picture Volkswagen,
the second largest automotive group (with some 3,000 aliates) is organized in 9 levels
of hierarchical control.

Starting from this anecdotal evidence, we have analyzed in our data set the extent to
which regularities exist in the shape of the hierarchical structure organized by parent
companies, and we have explored their potential drivers.

In general, BGs seem to be

organized in shapes close to `inverted' pyramids: the hierarchical layers closer to the HQ
are more densely populated of subsidiaries with respect to the more distant ones. Looking
within, rather than across, groups, we have also discovered that the complexity of tasks
performed by subsidiaries systematically decreases as layers of hierarchy are added to
the rst one: subsidiaries placed in the hierarchy further away from the headquarter are
associated to simpler tasks performed, while subsidiaries directly controlled by the HQ

4

perform more complex activities.

Capitalizing on these and other stylized facts, we propose a simple theoretical model
that provides a rationale for the BGs' organizational structure in terms of the number of
hierarchical layers and the number of aliates in each layer, as a result of a prot maximization problem by the headquarter. Specically, we build a knowledge-based model in
which a parent owns the `blueprints' of a large portfolio of o-the-shelf nal products, and
has to decide not only how many of these products to produce, but also how to organize
their supply through production units (aliates).

The parent has exclusive knowledge

of the production process of each blueprint. However, in order to turn these blueprints
into actual production, a product-specic problem has to be solved. The problem comes
in dierent versions: more complex production processes are harder to design, and thus
require more eort to solve, but allow for production at lower marginal cost.

Each aliate consists of a problem solver (`executive') and a team of producers (`employees') whose number depends on the amount of output. Accordingly, problem solving and

4 This

nding is obtained in econometric regressions using group-specic xed eects, i.e. identifying
through variation in subsidiaries within groups. We also control for the location of the subsidiary. The
nding is also robust to a control for the contractibility of each country-industry pair (as in Nunn, 2007)
in which the aliate is located.
4

production entail a xed and a variable costs respectively.

The executive receives the

problem in the version chosen from the parent. Solving more dicult versions requires
higher ability that not all executives have. While all employees have the same skills, there
are dierent ability types of executives, reected in dierent hiring costs. If the executive
solves the problem, the productivity of employees in her aliate is determined by the
diculty of the chosen version. If the executive does not solve the problem, employees
in her aliate cannot produce and their productivity is zero. On top of adequate ability,
to solve her aliate's problem the executive also needs supervision by the parent, which
can be direct or indirect through other executives placed in aliates above her in the
hierarchy.

Executives have only a limited amount of time they can devote to problem

solving, and the amount of time needed depends on the diculty of the problem version
to be solved as well as the supervisee's ability.

As a result, each supervisor faces a trade-o between supervising several lower ability
executives in the solution of easier problem versions, vs. supervising few higher ability
executives in the solution of more dicult problem versions. Aggregating this problem
across aliates, we obtain the BG's optimal organizational problem: given the time constrain of the HQ and each executive, a trade-o arises between supervising several lower
ability executives working in production units (aliates) supplying simple versions of the
products, at lower costs and with lower productivity; or supervising few higher ability
executives supplying more complex versions of the product, with higher costs but also
higher productivity.

Based on the productivity gains vs.

the organizational costs, one

could obtain in equilibrium either organizational structures covering a wider range of activities but relatively atter hierarchies, like Toyota or Hyundai in our previous example;
or more complex hierarchical structures concentrated on fewer activities, like Volkswagen,
General Motors and Ford.

We thus derive the optimal condition that triggers the creation of an additional layer
of control based on the above trade-o, and compute the total number of aliates, the
number of aliates assigned to each layer and the total prot of the BG, as a function
of the model parameters. These equations can be used to structurally estimate the key
parameters of the model, and perform some comparative statics exercises across industries

5

and countries.
The paper speaks to several strands of literature. In terms of data sources, Orbis-BvD
data have already been used in the literature to study BGs in terms of innovation (Belenzon et al., 2010), the international transmission of shocks (Cravino and Levchenko, 2017),
or the eect of managerial culture on rm boundaries (Gorodnichenko et al., 2017). Other
studies have used similar data to explore the boundaries of the rm belonging to Business
Groups (e.g. Alfaro et al, 2009 and 2017) vs. BGs' external suppliers.

5

More recently, other papers have started to exploit the Ownership Database of Orbis-BvD
to map Business Groups through the notion of control. In particular Rungi et al. (2017)
has introduced a network framework to identify BG-like structures as a function of direct
and indirect corporate control. By using this approach, they show a strong concentration
of corporate power (less than 1% of parent companies has more than 100 subsidiaries).
They also show that complex pyramidal structures are less likely to emerge in the presence
of good nancial and contractual institutions in the parent's country, as these foster more
transparent forms of corporate governance. Reconstructing corporate ownership network
from 2000 to 2018 on the same data, Grosskurth (2019) maps the development of the
global network of multinational business groups over time and investigates the development of core locations of the network across countries. Sonno (2017) uses ownership data
to create a panel of BG's aliates operating in Africa over the period from 2007 to 2015,
in order to establish a causal link between multinational activities and episodes of conict.

As far as the links with economic theory, this paper explicitly focuses on the organizational
structure of Business Groups and its drivers. In particular, the setup of the model owes
to the literature on internal hierarchy of individuals within teams, an issue pioneered
by Garicano (2000) and Garicano and Rossi-Hansberg (2006) among others. Part of this
literature solves the problem of how to use knowledge eciently, and how to communicate
it among human resources so as to minimize the cost of using it as a production input
(Garicano and Rossi-Hansberg, 2015). Dierently from this approach, we focus in this
paper on the external hierarchy of teams considered as separate production units within
the BG. Our results are consistent with Belenzon et al. (2019) who, using Bureau Van

5 Some

of these studies rely on data sourced from Dun&Bradstreet (D&B), which is one of the dierent
sources now integrated in the Orbis Ownership database
6

Dijk data on subset of European Business Groups, investigate the relationship between
business group structure and subsidiary autonomy. They nd
The paper is structured as follows. Section 2 discusses data sources, the construction
of the dataset, together with some robustness checks, and the main characteristics of
Business Groups. Section 3 presents stylized facts on the organization of BGs, which are
then matched to a knowledge-based theory of the organization of the rm developed in
Section 4. Section 5 concludes presenting some further lines of research.

2

Data

We dene a Business Group (BG) as a collection of at least two legally autonomous rms
that function as a single economic entity through a common source of hierarchical control.
Under this denition, multinational enterprises (MNEs) can be considered as a subset of
BGs that have at least one legally autonomous aliate abroad. Hierarchy in control implies that a parent company (`headquarters', or simply HQ) owns partially or totally the
equity shares of another legally independent rm generically dened as an `aliate' or a
`subsidiary'.

6

The latter, in turn, can own equity shares of another rm, which places it

in a level of control further away from the parent company, hence the hierarchy.

7

Figure

1 represents an example of a three levels hierarchy structure.

We aim at better understanding the hierarchy choices of Business Groups. As a matter of
fact, similar groups in terms of number of subsidiaries might conceal dierent hierarchical
structures. Consider two relatively well-known Business Groups, i.e. General Motors and
Mitsubishi. In

2010,

these two groups had a similar size, as they controlled

6 An

659

and

652

aliate wich is majority-owned by a parent company is called a `subsidiary' of that company.
Given the notion of control we employ in this paper, in what follows we will use the terms aliate and
subsidiary interchangeably.
7 In the case of economic entities with more than one productive plant (multi-plant rms), or organized
internally through multiple divisions, if all plants or divisions are commanded by the same rm under a
single legal status, they are considered as branches of that rm. The notions of branch/division tend to
overlap in some contexts. In this paper, in accordance with international standards (e.g. UNCTAD, 2009)
we dene a branch as a new productive location, division, department or oce set up by a corporation
and positioned within the original legal boundary of the company. As a result, our denition of BG rules
out strategic business alliances, but it includes in principle joint ventures, since in this case corporate
assets are owned (and controlled) by more than one proprietary rm. However, analysing the branches
structure is out of the scope of this paper. Therefore, in this work we focus on the organizational choices
undertaken by the parent company in terms of organization of the control hierarchy of its subsidiaries,
i.e. we focus on the legally independent rms constituting the Business Group, excluding brances.

7

aliates in

54 and 32 countries, respectively.

However, Mitsubishi's subsidiaries covered a

wide range of sectors and were organized around a relatively at hierarchy (with no more
than

3

levels of control from the headquarter). General Motors instead was characterized

by a deeper (up to
of industries.

8

levels) and more complex hierarchy, but spanning a smaller number

Five years later, in 2015, even if the two BGs are no longer similar in

terms of number of subsidiaries (825 subsidiaries in

719

subsidiaries in

47

58

countries for General Motors, and

countries for Mitsubishi, respectively) the dierence in terms of

hierarchical structure persists. General Motors covers
is organized in a hierarchy with

7

20

3-digit NAICS 2002 sectors and

layers of control, while Mitsubishi remains relatively

at, with no more than

4 hierarchical layers, spanning a wider range of sectors (34 3-digit

NAICS 2002 sectors).

This example suggests that the hierarchical structure seems to

be a persistent characteristic of a Business Group and, as such, it is worth investigating
thoroughly.

2.1

Construction of the dataset

As subsidiaries can be directly or indirectly controlled by the HQ, we identify the boundaries of a BG relying on the notion of control established by international accounting
standards (OECD 2005; UNCTAD, 2009; Eurostat, 2007), according to which a parent
controls a subsidiary when it commands a direct or indirect majority (>

8

rights.

This notion of control neglects cases in which aliates are

through minority ownership (<

50%)

de facto

of voting

controlled

50%) as well as cases in which control derives from market

advantage (e.g. monopsony) or government regulations (e.g. `golden share'). Yet, it has
some clear advantages.

First, the criterion of majority of voting rights applies equally

to domestic and multinational BGs. Second, it allows for a straightforward comparison
with ocial statistics, as the majority of voting rights is the criterion commonly used
for foreign subsidiaries (Eurostat or OECD FATS) and for international taxation (IAS,
IFRS). Last but not least, the chosen notion of control prevents multiple accounting of
aliates across dierent BGs, implying that in our data each BG is a

8 Corporate

closed

set of rms.

control can be derived by a direct, indirect or consolidated concentration of voting rights
(Faccio and Lang (2002); Chapelle and Szafarz (2007); Del Prete and Rungi (2017)). For example,
company H can control 60% of shares of company A, which controls 70% of shares of company B.
Although company H does not formally control company B directly, it does indirectly, via company A.
The latter is known as the principle of the Ultimate Controlling Institution in the OECD FATS Statistics
(or Ultimate Benecial Owner in UNCTAD data).

8

We retrieve information on the cross-ownership of rms, and thus the boundaries of Business Groups, from the Historical Ownership Database and the Orbis Database by Bureau
Van Dijk, a database containing, among others, balance sheet and ownership information
on more than 200M companies worldwide. For the purpose of identifying BGs, it is possible to approach this database following two dierent approaches.

The rst approach

starts from the information found in the Ownership folder of the Orbis Database. It collects all the ownership information available for each company. From here it is possible to
reconstruct through appropriate algorithms the network of ownership links across companies, and identify parent companies and subsidiaries. For this

Network approach

for the

identication of the boundaries of BGs we rely on the algorithm proposed by Rungi et
al. (2017), who derive the boundaries of BGs after simulating a voting rule in presence of
interlocking assemblies of shareholders. After reconstructing a global ownership matrix
made of all the ownership links established between companies and their (individual or
corporate) shareholders, the algorithm detects a concentration of voting rights that allows
a coordination on management proposals from a parent company, on top of a hierarchy,
to subsidiaries located at dierent control distance.

9

A second approach to the identication of BGs relies on the galaxy of bilateral ownership
links available in the Historical Ownership Database, a separate dataset provided by the
same by Bureau Van Dijk. This database is organized around each subsidiary-shareholder

10

link, with information on the type of relation.

We dene this as the

Links approach

for

the identication of the boundaries of BGs. The latter has been used by Sonno (2018),
who further elaborates on a routine prepared by Orbis for the identication of a corporate
ultimate owner through ownership links, by implementing an algorithm that provides the
hierarchical structure of the considered Business Group. The algorithm identies which is
the company that controls (directly or indirectly) a set of subsdiaries either by climbing
up the ownership ladder or after relying on direct information provided by companies.

9A

particularity of Rungi et al. (2017) is that, starting from all the ownership paths through which a
management decision could run, this approach is able to catch cases of cross-holdings, ownership cycles
and consolidation of voting rights across otherwise fragmented webs of equity stakes. In this framework,
the hierarchical distance between a parent company and any of its subsidiaries is dened as the shortest
ownership path in the network that connects them through.
10 This includes the highest corporate independent shareholder in the shareholding structure of a company, as well as the rst shareholder in the path from an aliate to its parent.
9

A detailed technical comparison between the two approaches is reported in the

ation and validation

section of the Appendix. Reassuringly, both methodologies produce

entirely similar results in the identication of BGs' hierarchies.
we will report results obtained by adopting the
obtained with the

2.2

Data cre-

Network approach

Links approach,

Hence, from now on,

while leaving the results

11

in the Appendix.

Geographic distribution

In Table 2 we report the number of all headquarters and subsidiaries located in a given
country or geographical area for 2015. Under the column

tional

Parent companies - Multina-

we specify the amount of multinational headquarters, dened by a HQ controlling

at least one subsidiary abroad.

Similarly, under the column

Subsidiaries - Foreign

we

report the number of subsidiaries with a foreign HQ. Not surprisingly, both the EU and
US host the large majority of BGs, with the EU reporting the largest percentage of foreign

12

groups.

2.3

Number of subsidiaries and hierarchical layers

The distribution of the number of subsidiaries by BG is highly skewed. The left panel
of Figure 4 shows that
about

76%

of the parent companies control only one subsidiary, while

21% of them have between 2 and 5 subsidiaries, and only 0.1% of the parents in the

sample have more than

100

subsidiaries. In addition, the right panel of Figure 4 shows

that groups characterized by more hierarchical layers display also a sizable amount of
subsidiaries. Still, the dots in the left side of the panel detect substantial heterogeneity,
as some `at' groups (those organized in few hierarchical layers) control thousands of
subsidiaries.

Symmetrically, it is also true that some complex group, characterized by

several hierarchical layers, reports only few subsidiaries (as shown by the bottom bars of
the boxplot in the right side of the panel).

particular, Appendix A presents and compares the Network and Links approaches, while Appendix
B replicates all the main empirical results discussed in the paper through the Network approach.
12 The gures displayed are very similar to those obtained using the Network approach (please refer to
Table A9). In fact, the correlation between the two tables is around 0.99 for every category considered.
Note that the correlation has been performed considering the geographic breakdown into specic countries
(21 datapoints in total).
11 In
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3

Stylized Facts

The literature on knowledge-based hierarchies within rms (e.g.

Garicano and Rossi-

Hansberg (2004); Caliendo and Rossi-Hansberg (2012); Caliendo et al. (2015)) has provided, both theoretically and empirically, some insights on the relationship between the
internal hierarchy of a rm's employees, communication and standardization of tasks.
Specically, it has been shown that easier communication allows for a higher number
of layers in organizations, with lower hierarchical layers characterized by relatively more
standardized, lower value-added activities. In the following subsections, we bring these insights to our data on the hierarchy of subsidiaries organized under the common control of
a parent company. Some of the stylized facts rely on information on the industry in which
subsidiaries and parent companies operate: we retrieve this information for our 2015 ob-
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Specically, we

servation from the Bureau Van Dijk Database updated on March 2016.

are able to collect information on industries classied according to NAICS 2012 Primary
Codes for

1, 778, 143 Headquarters and 3, 483, 354 subsidiaries, and then switch to NAICS

2002 classication with concordance links from the

3.1

United States Census Bureau.

Hierarchical structures

We have rst looked at regularities in the shape of the hierarchical structures organized
by parent companies. These seem to be organized in `inverted' pyramids: the rst hierarchical layers are more densely populated of subsidiaries with respect to the lower ones.
This characteristic is displayed in Table 4, which reports the mean number of subsidiaries
by control layer across BGs characterized by dierent hierarchical structures.

Table 4

shows that the mean number of subsidiaries in the last layer of each type of BG is often
around 3, while the gure sizeably increases for the rst layers.

As the distribution of subsidiaries in the sample is highly skewed, with most BGs encompassing only one aliate, we replicate the analysis excluding

1, 963, 206

HQs controlling

only one subsidiary: in this case we obtain a mean of 2.7 aliates (vs.

1.3) for those

BGs organized around only one hierarchical layer. All these results are robust if Business
Groups are reconstructed from data following the

13 Recall

Network approach

(please refer to Table

that complete data on rms for a given year, including ownership, become progressively
available once the balance sheets have been approved and made public in the subsequent year.
11

A12). The slight dierence between the two tables lies in the mean number of subsidiaries
located in the rst hierarchical layers. This is due to the fact that the
detects more accurately

cross shareholding structures

Network approach

by some shareholder, thus poten-

tially adding, in the case of complex hierarchical structures, an additional layer to the
BG structure. Indeed, consistently with the approach, we detect a decrease of BGs with
at most 1 layer in favor of the other categories.

3.2

14

Industry concentration

We have then looked at the activities of Business Groups, i.e. how much overlaps exists
across the industries in which subsidiaries and the parent are operating, on a 0-1 scale.
Specically, we have constructed an index equal to

1

minus the mean number of 3-digit

NAICS 2002 industries active across the rms in the Business Group (which corresponds
to the number of subsidiaries of the BG plus the parent):

industry concentration

=1−

# sectors in BG
# members of BG

In order to rule out the bias due to dierent-sized BGs, we normalize this measure by BG
between an upper bound of

1−

1
and a lower bound of
#f irms

on our proxy, consider two BGs, one characterized by

4

0.

To provide some insight

rms and the other by

8

rms,

both active in only one industry. Theoretically, as all rms are active in the same activity,
both BGs should display the maximum amount of industry overlap, or concentration,

1.

1
, which
4

However, without normalization, the rst BG would have an index equal to

1−

would be smaller than the index of the second BG (which in turn is equal to

1 − 18 ).

With

the normalization, we ensure that all BGs covering only one industry are associated with
the maximum amount of industry concentration, i.e.

1.15

Figure 5 presents the boxplot

distribution of our measure of concentration of industrial activities across BGs characterized by dierent hierarchical levels. The graph does not include

14 This

1, 208, 365

BGs with

dierence might be relevant for certain research objectives, e.g. for purposes of international tax
jurisdiction were the precise attribution of the ultimate benecial owner is crucial. However, given our
aim of studying the general drivers and characteristics of the hierarchy of rms within BGs, the dierence
in the two methodologies leads to completely comparable results.
15 In order to construct this index we must restrict our analysis to ownership links for which we know
both the sector of the subsidiary and the sector of the parent company, i.e. a restricted sample of
2, 990, 061 subsidiaries controlled by 1, 613, 851 parent companies. The hierarchical structure of this
restricted sample is entirely similar to the one of the full sample.
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only one subsidiary, as they can only have two possible values of concentration:
subsidiary operates in an industry dierent than the parent, and

0

if the

1.

Figure 5 shows that BGs with deeper (more complex) hierarchical structures are characterized by a higher median value of industry concentration (the bar in the middle of
the plotted box). This means that, conditional on the number of their subsidiaries, more
hierarchically complex BGs tend to cover a more homogeneous distribution of industries.
The latter nding is also in line with the priors of the knowledge-based theory on hierarchies, if one assumes that operating in similar industries allows in principle an easier
communication across operating units, and thus the possibility of deeper hierarchies. Interestingly, half of the groups with only one level of hierarchical control (the rst bar from
the left in the picture) seems to be characterized by the maximum degree of concentration,
while the remaining half still covers the entire range of the index. This hints at the idea
that the communication dimension does not matter much in a BG with a at hierarchical
structure.

3.3

Routinizability

We have also looked at how the dierent tasks are organized across hierarchical levels within groups. To that extent, we have exploited a routinizability index sourced by a
questionnaire developed for the Princeton Data Improvement Initiative (PDII henceforth)
and discussed by Blinder and Krueger (2013). In the PDII survey, respondents are asked
to rank their tasks on a scale from

1

to

4,

involved in short and repetitive tasks, while

where

1

represents a high share of workday

4 represents a small share of workday involved

in short, repetitive tasks. Therefore, a low number on this scale is associated with a high
degree of routinizability.

16

We then compute the mean answer by the 3-digit NAICS 2002

sector in which respondents are employed, and use it as a measure of routinizability of
the industry in which the subsidiary is active. Out of a sample of

3, 483, 354

observations

with information on NAICS 2002 sector, we manage to match the routinizability index
for

3, 478, 192

subsidiaries.

In Table 5 we provide initial evidence on routinizability.

16 Specically,

we refer to question Q25b of the PDII survey.
13

Specically, we regress the

routinizability associated to each subsidiary on the position of the same subsidiary on
the hierarchy, controlling for both parent xed eect and a xed eect for the country in
which the subsidiary is located. The detailed specication is as follows:

Routinizabilityspic =

X

βl l + F Ep + F Ec + εspic

l∈L

where

(s, p, i, c)

denote respectively subsidiary, parent company, industry and country in

which the subsidiary is located,
is placed,

L

eect and

F Ec

l

indicates the hierarchical level at which the subsidiary

indicates the maximum hierarchical level of the BG,

is the parent xed

is the xed eect for the country in which the subsidiary is located. Please

bear in mind that we unify all levels higher than

L ≥ 8.17

F Ep

7

under the same category,

8,

so that

To ease the interpretation of this stylized fact, we plot the regression coe-

cients and their

95%

condence intervals in Figure 6. This preliminary evidence suggests

that, within groups (as we employ parent FE), the complexity of tasks performed by subsidiaries positioned in each layer decreases as layers are added to the rst one, since a small
value of the routinizability index is associated to a high degree of routinizability of tasks.
Again, this is in line with insights from the knowledge-based theory of hierarchies, hinting
at the idea that lower positions in the hierarchy are associated to simpler tasks performed.

In order to verify the robustness of this important result, we replicate the analysis dividing our sample of subsidiaries into two categories: those positioned on a hierarchical level
higher than the mean (median) of their BG, and those closer to the parent. The latter
allows us to better control for heteroskedasticity, induced by the fewer observations allocated in the bottom layers (recall the inverted pyramidal pattern reported in Table 4). We
also experiment with dierent clustering structures in the standard errors. Specically,
Table 6 and Table 7 report econometric evidence obtained classifying the subsidiaries of
each BG using a dummy variable equal to one if they are located at a level bigger than the
mean or the median level of the BG, respectively. Consistent with the previous evidence,
the coecient for the mean (Table 6, column 1) or median (Table 7, column 1) level
dummy is negative and highly signicant: subsidiaries that are more distant from the
parent company are characterized by a smaller value of the routinizability index, which

17 Less

than 1% of BGs (0.02%) have more than 8 layers.
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corresponds to a high degree of standardization of tasks. This result is robust to dierent
cluster aggregations of the standard error. In particular, in columns (2) to (5) of Tables
6 and 7 we cluster standard errors at dierent levels: subsidiary industry, parent country,
subsidiary country, and parent and subsidiary country level together, respectively.

We further test the role of routinizability controlling in our regression for the role of
contractibility.

Indeed, an important point to address in our analysis is the extent to

which the organizational decision of the parent on the hierarchical structure is independent of the integration decision by the same parent on creating subsidiaries vs. remaining
vertically integrated.
Nunn (2007).

18

Specically, we look at the contractibility measure developed by

The index is country-industry specic and it is created by combining a

measure of the quality of contract enforcement for each country  the `rule of law' index
from the Worldwide Governance Indicators (Group et al. (2010))  with a measure of
contractual intensity for each nal good in the manufacturing sector (i.e., the share of
inputs requiring relationship-specic investments). Hence, contractibility is measured as

z(a, b) × RuleOf Law, where z(a, b) is a variable taken from Nunn (2007) which measures
the level of contract intensity of a specic industry:
try denition (liberal or conservative);

b

a represents the Rauch (1999) indus-

represents the methodology adopted to dene

relationship-specic inputs, i.e. considering inputs that are neither sold on an organized
exchange nor reference priced, or considering inputs that are not sold on an organized
exchange but are reference priced.

19

The variable

RuleOf Law

is an index of contract

enforcement for each country developed by the World Bank. Hence contractibility varies
by country and industry. A high value of contractibility is associated with a high level
of judicial quality combined with a high level of contract intensity (it thus reects a high
degree of contract enforcement). Importantly, our results on routinizability are entirely
robust when controlling for the dierent proxies of contractibility.

18 Relevant

20

for our goals, this index has been used by Alfaro, Chor, Antras, and Conconi (2019) in
order to test for a parent company's propensity to integrate a given stage of production, as shaped by
the relative contractibility of the stages located upstream vs. downstream from that stage.
19 For each good, there are two measures of the proportion of its intermediate inputs that are
relationship-specic: inputs that are neither sold on an organized exchange nor reference priced, and
those that are not sold on an organized exchange but are reference priced. Since the share of inputs
has been identied by Nunn (2007) using data from Rauch (1999), which comprises both a liberal and
a conservative estimate, the nal measure of contractibility encompasses four dierent indexes (the two
measures of proportion of intermediate inputs and the two estimates by Rauch (1999)).
20 Results available upon request. Note that (i) since we have contractibility only for manufacturing
sector, our sample size is sizeably reduced to 387,085 observations with the Network approach and to
15

3.4

Dispersion

Finally, we have investigated whether within BGs, i.e. for a given level of industry concentration, subsidiaries tend to diversify their activities in line with their position in the
hierarchy.

Specically, we investigate whether subsidiaries placed at dierent levels of

the hierarchy tend to cover a sector systematically dierent from the one of the parent
company, for a given level of industry concentration of the group (we use parent xed
eect). We thus create an index of dispersion as the fraction of subsidiaries in each layer
covering a dierent sector from the one of their parent. We follow the same specication
used for the stylized fact on routinizability, but with the index of dispersion as dependent variable. Table 8 reports the regression of the index of dispersion of industries on
the hierarchical level, with parent xed eects and robust standard errors in parentheses.
The regression coecients are reported in Figure 7, together with their
intervals and unifying all levels bigger than

7

95%

condence

under the same category, labeled

level 8.

Results show that, within BGs, subsidiaries tend to diversify the sector covered at more
distant levels from the parent: on average, distant subsidiaries cover more diverse sectors
with respect to closer subsidiaries. This is still consistent with our previous ndings on
concentration and routinizability: for a given level of industry concentration, subsidiaries
more distant from the HQ perform more repetitive tasks and therefore are able to cover
a dierent sector from the one of the parent.

4

Theory

The aim of this section is to present a model of knowledge creation and transmission
within business groups (`BGs') that answers two types of questions. Between BGs, what
are the characteristics of a group that explain the organizational structure of its activities?
Within BGs, what are an activity's characteristics that explain its positioning within a
group's organizational structure? In particular, we are interested in how and why a BG's
aliates end up being arranged hierarchically in terms of direct or indirect ownership
links to the BG's parent. We are interested in explaining residual variation after controlling for the eects of legal requirements, tax arbitrage, tunneling, activity diversication,
location, etc.

234,686 observations with the Links approach, and (ii) since contractibility varies by country and industry
of the subsidiary, we do not employ a subsidiary-country xed eect.
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Specically, we propose a knowledge-based model of the organizational structure of business groups (BGs) in terms of the number of hierarchical layers and the number of aliates
in each layer. The model emphasizes a list of key parameters: the parent's intangible assets (`core competence'
elasticity

a,

large

a

means good intangible assets), market power (demand

σ ; small σ means strong market power), openness of organizational culture (`will-

ingness to listen'
communication'

τ;

ϕ;

large

τ

means high openness), ability to transfer knowledge (`ease of

small

ϕ

means easy communication), potential for delegating knowl-

edge creation (`knowledge scalability'

θ;

low

θ

means high potential for delegation), cost

of setting up a hierarchical layer (`layer set-up cost'

F;

larger

F

21

means higher cost).

We will then use our dataset to structurally estimate the model's key parameters and
investigate counterfactual scenarios.

4.1

Blueprints and Products

We consider a simplied model in which a parent owns the `blueprints' of a large portfolio
of o-the-shelf nal products and has to decide not only how many of these products to
produce but also how to organize their supply through aliates. The parent has exclusive
knowledge of the production possibilities of each blueprint but, in order to turn them into
actual production, a product-specic problem has to be solved. The problem comes in
dierent versions, indexed

℘ = 1, ..., P

in

decreasing

order of diculty, and the parent

decides which version to tackle.

Each product faces isoelastic demand

A>0

y = Ap−σ ,

where

σ >1

is demand elasticity and

is a demand shifter. Its aliate consists of a problem solver (`executive') and a

team of producers (`employees') whose number depends on the amount of output. Accordingly, problem solving and production entail a xed and a variable costs respectively.
The executive receives the problem from the parent in the version the parent wants. If the
executive solves the problem, the productivity of employees in her aliate is determined
by the diculty of the chosen version. If she solves version

℘,

employees' productivity is

ωθ℘ , where ω > 0 is a parent-specic component while θ℘ = e−θ℘
21 We

with

θ > 0 is an aliate-

are interested in explaining residual variation after controlling for the eects of legal requirements,
tax arbitrage, tunneling, activity diversication, location, etc.
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specic component. This implies that, for a given parent (given
a more dicult problem version (smaller

θ℘ ).

ω ), if the executive solves

℘), the aliate enjoys higher productivity (larger

If the executive does not solve the problem, employees in her aliate cannot produce

22

and their productivity is zero.

All employees have the same skills. Their wage is equal

to one and at this wage their supply is innitely elastic.
ability types of executives.

Solving more dicult versions requires higher ability that

not all executives have. Executive types are indexed
ability, so that

℘

There are, instead, dierent

℘ = 1, ..., P

in

decreasing

order of

refers indierently to the diculty of a problem's version and to the

ability type of the executives who can solve it. Executives have only a limited amount of
time they can devote to problem solving. In this amount of time an executive of ability

℘

can solve at most one problem of corresponding or lower diculty (i.e. indexed

℘

or

above). The ability dierential between executives is reected in dierent hiring costs,
with

wθ℘

denoting the xed cost of hiring an executive of type

ability allows employees in her aliate to achieve productivity

℘

whose problem-solving

wθ℘ ; w > 0

interpreted as the executive's remuneration per employee eciency unit. At
ply of executives of ability

℘

can thus be

wθ℘

the sup-

is also innitely elastic.

On top of adequate ability, to solve her aliate's problem the executive also needs supervision by the parent, which can be direct or indirect through other executives. In the
latter case, however, the executive cannot be supervised by executives of equal or lower
ability so that indirect supervision by the parent of an executive of ability
through executives of higher ability (i.e. indexed

℘−1

℘

must go

or below). Supervision is time

consuming for the supervisor and the amount of time needed depends on the diculty
of the problem version to be solved as well as the supervisee's ability.
order to solve a problem's version of diculty
aliates of supervision time where

℘,

an executive of ability

communication cost

ϕ℘ ,

℘

requires

ϕ℘ θ℘

ϕ℘ = eϕ℘ , with ϕ > 0, captures a `communication cost'

such that the higher the supervisee's ability (smaller
cost for the supervisor (smaller

Specically, in

ϕ℘ ).

℘),

the lower is the communication

The multiplicative form

ϕ℘ θ℘

implies that, for given

supervising the solution of more dicult versions absorbs more

time.

22 One could think of the dierent versions of the problem as characteristics of the production process.
More complex production processes are harder to design, but allow for production at lower marginal cost.
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The amount of available supervision time is the same for the parent and the executives
and is equal to

τ℘ = eτ

for every

℘.

Each supervisor, therefore, faces a trade-o be-

tween supervising several lower ability executives (with larger
problem versions (with smaller

θ℘ )

and few higher ability executives (with smaller

the solution of more dicult problem versions (with larger
activity of the parent, hence
a executive

τ℘ = eτ

ϕ℘ ) in the solution of easier

τ℘ = eτ

θ℘ ).

ϕ℘ )

in

Supervision is the only

is its total amount of time available. Dierently, for

is extra time in additional to the amount she has for problem solving.

For simplicity, the executive's supervision and problem-solving amounts of time are not
substitutable.

4.2

Optimal Organizational Structure

An aliate's executive chooses output

y

so as to maximize its operating prot

1

π (y, θ℘ ) = py − y/θ℘ = A σ y

σ−1
σ

−

y
ωθ℘

which leads to the optimal output choice


yo (θ℘ ) =

σ−1
ωθ℘
σ

σ
A

and the corresponding maximized operating prot:

πo (θ℘ ) = a (θ℘ )σ−1
with

a ≡ ω σ (A/σ) [σ/ (σ − 1)]1−σ .

remuneration

wθ℘

(1)

Accordingly, operating prot net of the executive's

evaluates to:



Πo (θ℘ ) = a (θ℘ )σ−2 − w θ℘
We make the natural assumption that
is the case for

Πo (θ℘ ) is increasing in the executive's ability, which

σ > 2.

The BG's optimal organizational structure solves, for each aliate, the trade-o between
supervising several lower ability executives in the solution of easier problem versions and
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few higher ability executives in the solution of more dicult problem versions.

It is

quantity versus quality of knowledge created. This trade-o is captured by the following
recursive time constraint requiring that, for each problem-solving ability type

℘,

the

amount of available supervision time matches its required amount:

τ℘−1 n℘−1 = ϕ℘ θ℘ n℘
where

n℘

is the number of executives of ability

to the parent, in which case
functional forms for

τ℘ , ϕ℘

n0 = 1

and

n℘ = Π℘s=1

θ℘

holds.

(2)

℘ hired by the parent, with ℘ = 0 referring
Solving the recursion under the assumed

yields

P℘
1
τs−1
= e℘τ + s=1 (θ−ϕ)s = e℘τ + 2 ℘(℘+1)(θ−ϕ) .
ϕs θs

According to (3), we have a condition for determining whether
ing) in

℘;

that is,

∀℘ ∈ N, n℘+1 > (<) n℘

if and only if

n℘

(3)

is increasing (decreas-

τ + (℘ + 1)(θ − ϕ) > (<) 0.

This

constraint on supervision time will crucially aects the parent's decision on how to use
knowledge eciently and how to communicate it between teams so as to optimize its use
as an input for the solution of problems.

The aim of the hierarchy decision is to determine the parent's prot maximizing number
of blueprints to turn into products, and how to structure supervision and problem solving
in layers across the corresponding aliates, given the supervision time constraint (3), a
xed cost

F > 0 of activating a hierarchical layer and a xed cost wθ℘

of ability

℘.

of hiring executives

The outcome of this decision can be characterized recursively going layer by

layer from the top, focusing on a `contiguous' organizational structure, such that executives of ability
of ability

℘

℘ − 1.

supervise executives of ability

℘+1

and are supervised by executives

We assume that such contiguity is an equilibrium outcome and then

characterize the conditions under which this is indeed the case.

First, at layer

` = 0

there is only the parent and no operating prot is generated at

that layer as the parent's time can be used for supervision but not for problem solving.
Second, as the parent cannot produce without opening at least one aliate, the minimum
number of layers of an active hierarchy is two (`

20

=0

and

` = 1).

Third, given (1), the

parent prots generated by aliates placed at layer

`=1

the ability of executives (i.e. a decreasing function of

℘),

are an increasing function of

which implies that the parent

has an incentive to appoint the executives with the highest ability (i.e. the lowest
at that layer. We thus have

℘ = 1)

` = ℘ = 1, with the parent receiving prots from each aliate

equal to



Πo (θ1 ) = ae−θ(σ−2) − w e−θ
Fourth, due to the time constraint (3), the number of aliates that can be opened at
layer

`=1

equals

n1 =

τ 0 n0
= eτ +(θ−ϕ)
ϕ1 θ1

Hence, the total prots received by the parent from layer

`=1

evaluate to



Πo (θ1 )n1 − F = ae−θ(σ−2) − w eτ −ϕ − F
where

F >0

is the xed costs of activating a layer. It then follows that layer

`=1

will

be activated at all if and only if

Πo (θ1 )n1 − F ≥ 0
Consider now layer

` = 2.

Given (1), also prots generated by aliates at layer

`=2

are

an increasing function of executives' ability, which implies that the parent appoints the
executives with the highest feasible ability. This is
potentially assigned to level
ability assigned to level

` = 2

` = 1.

℘=2

as executives of ability

℘=1

cannot be supervised by the executives of the same

We thus have

`=℘=2

with the prot of each aliate

equal to



Πo (θ2 ) = ae−2θ(σ−2) − w e−2θ
Due to the time constraint (3), the number of aliates that will be opened at layer
equals

n2 = e2τ +3(θ−ϕ)
with total prot of the layer



Πo (θ2 )n2 − F = ae−2θ(σ−2) − w eτ ℘+θ−3ϕ − F
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`=2

Layer

`=2

will thus be activated at all if and only if

Πo (θ2 )n2 − F ≥ 0
This constraint is more stringent than

Πo (θ1 )n1 − F ≥ 0

holds. The latter condition is always veried if
verted pyramid') while
and thus

n2 > n 1

as long as

τ +2(θ−ϕ) < 0, as in this case n2 < n1 (`in-

Πo (θ℘ ) is always decreasing in ℘ (3.1).

(`pyramid'), the condition holds for

restriction holds, a necessary condition for

`=2

ϕ

`=2

If instead

large enough.

τ + 2(θ − ϕ) > 0,
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As long as this

to be worth activating is that

itself worth activating. Vice versa, a sucient condition for
is that

Πo (θ1 )n1 > Πo (θ2 )n2

`=1

`=1

is

to be worth activating

is itself worth activating. In other words, when the restriction holds, the

hierarchy is contiguous as initially assumed.

These results obtained for

`=1

and

`=2

layer. For this generic layer we will have

can be generalized by induction to the generic

` = ℘,

with aliate prot



Πo (θ℘ ) = ae−℘θ(σ−2) − w e−℘θ
as long as the hierarchy is contiguous, which is the case if and only if



1
ae−(℘+1)θ(σ−2) − w
ϕ > ϕc ≡
τ + ℘θ + ln
.
℘+1
ae−℘θ(σ−2) − w

(4)

Given (3), the corresponding number of aliates will be

1

n℘ = e℘τ + 2 ℘(℘+1)(θ−ϕ)
with total prot



1
Πo (θ℘ )n℘ − F = ae−℘θ(σ−2) − w e℘τ + 2 ℘(℘+1)(θ−ϕ)−℘θ − F
23 Specically,

holds if ϕ >

1
2

(5)

of pyramidal
h in the case −2θ(σ−2)
i hierarchies (i.e. when τ + 2(θ − ϕ) > 0) the condition always
ae
−w
τ + θ + ln ae−θ(σ−2) −w .
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The activation of the layer will happen at all if and only if

Πo (θ℘ )n℘ − F ≥ 0
Hence, the hierarchy stops at layer

` = ℘∗

where

℘∗

is the largest integer

℘

compatible

with

 −℘θ(σ−2)

1
ae
− w e℘τ + 2 ℘(℘+1)(θ−ϕ)−℘θ − F ≥ 0
At that layer there are

n℘∗ = e℘
aliates.

∗ τ + 1 ℘∗ (℘∗ +1)(θ−ϕ)
2

Note that we have a pyramid (inverted pyramid) hierarchical structure if

∀℘ = 1, . . . , ℘∗ , τ + (℘ + 1)(θ − ϕ) > (<) 0,

as

n℘

is increasing (decreasing) in

Moreover, an inverted pyramidal structure is always contiguous: for all

τ + (℘ + 1)(θ − ϕ) < 0
0 < ϕc <

τ
℘+1

+

℘
θ
℘+1

<

implies

τ
℘+1

ϕ>

τ
℘+1

+ θ,

and, thus,

ϕ > ϕc

℘.

℘ = 1, . . . , ℘∗ ,

as, given, (4) we have

+ θ.

We can summarize our ndings as:

Proposition 1

When condition (4) holds:

(i) the BG is organized as a hierarchy of ℘∗ layers of aliates, where ℘∗ is the largest
integer ℘ such that the prot of the BG at layer ℘ is larger than the xed costs of activating
the layer, i.e.
 −℘θ(σ−2)

1
ae
− w e℘τ + 2 ℘(℘+1)(θ−ϕ)−℘θ − F ≥ 0,

with layers associated with larger ℘ ≤ ℘∗ solving easier problems;
(ii) the total number of aliates of the BG is
∗

∗

M =

℘
X
℘=1

∗

n℘ =

℘
X

1

e℘τ + 2 ℘(℘+1)(θ−ϕ)

℘=1

(iii) the number of aliates assigned to layer ℘ of the BG is the next integer towards 0
nearest to
1

n℘ = e℘τ + 2 ℘(℘+1)(θ−ϕ)
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(iv) the total prot of the BG is
∗

℘
X



1
ae−℘θ(σ−2) − w e℘τ + 2 ℘(℘+1)(θ−ϕ)−℘θ − ℘F

℘=1

4.3

Theory and Empirics

We can see that the business group model laid out above incorporates in his structure
some of the stylized facts emerging from the data.

In particular, the functional form

chosen for the `knowledge scalability' - or `routinizability' - parameter,
implies that it is decreasing in

℘

and, thus,

θ℘

θ℘ = e−θ℘ , θ > 0,

is higher for high hierarchical layers and

lower for low hierarchical layers. This means that lower hierarchical levels are assigned
the solution of problems with a high degree of `routinizability', as emerged from the data.

Indeed, if we look at the expression for the optimal number of aliates in each layer

℘

in the previous proposition, we can see that the model predicts the same shape of the
hierarchical structure of a business group as that emerged from the data. In particular,
if for a business group with

℘ = 1, . . . , ℘∗ − 1,

℘∗

levels, the condition

ϕ>

τ
℘+1

+θ

is satised for all levels

then, the hierarchical structure of the business group would resemble

that of an `inverted pyramid', with a larger number of aliates being activated in the
higher hierarchical levels as opposed to the lower ones. It is worth noticing, though, that
the restriction ensuring that a business group is hierarchically organized as an `inverted
pyramid' is `endogenous', and not only parametric, as it depends on the optimal number
of layers

℘∗ .

Moreover, the condition depends on the current layer number. In particular,

for xed values of the parameters
is decreasing in
layers

℘,

ϕ, τ ,

and

θ,

since the right-hand side of the inequality

it could very well be the case that

℘ = 1, . . . , ℘ˆ − 1,

while

ϕ>

τ
℘+1

+θ

ϕ<

τ
℘+1

+θ

for higher hierarchical

for lower hierarchical layers

℘ = ℘,
ˆ . . . , ℘∗ .

This means that the hierarchical structure of the group would be organised as a `pyramid'
in the higher layers up to

℘ˆ

and as an `inverted pyramid' in the lower levels from

℘ˆ

on.

In this case, the overall hierarchical structure of the business group would turn out to
be `diamond' shaped. Even this `diamond' structure can be reconciled with the data. In
fact, if we look at Table 4, we see that for business groups with a large number of layers
the number of aliates per layer is increasing from layer 1 to 2, and decreasing thereafter;
thus, implying a `diamond' shaped hierarchical structure.
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5

Conclusions

In this paper we propose and confront with data a theory of BGs as knowledge-based
hierarchies (Garicano and Rossi-Hansberg, 2015).

In doing so, we exploit the unique

features of a dataset we have constructed from ORBIS. The dataset covers some 2.6M
headquarters controlling more than 5M (domestic and foreign) aliates in all countries
worldwide in the year 2015. The dataset allows us to observe the organization of business groups (BGs) with special emphasis on their ownership structure, in terms of both
the number of aliates in which a parent company has control of equity participations
and their positions within the hierarchical layers of control of the parent company. We
conjecture that the observed organization of the BG reects a knowledge-based hierarchy
designed to create and transmit BG-specic knowledge capital within its boundaries while
protecting such capital from external dissipation.
Specically, the model predicts that BGs tend to be organized as complex hierarchies
when the HQ is endowed with better intangibles, there are better production possibilities
stemming from the solution of more dicult problems, there are lower communication
costs between the dierent hierarchical layers, and the xed organizational costs of setting
each layer are lower.
A number of further lines of research stem from the above analysis. First of all, it is
interesting to explore in the data the correlation between organization and productivity. In
particular, it would be interesting to assess whether and to what extent exogenous shocks
(e.g. the nancial crisis) might have an eect on the BG's organizational structure and,
in turn, on the performance of aliates within the same group. A second line of research
should investigate the country and industry variation in foreign aliates to verify if and
how a dierential in institutional constraints between origin and host countries can shape
organizational designs and nally aect performance. A third line of research is related to
the exploration of the role of internal capital markets developed by Business Groups for
the allocation of nancial resources among competing investment projects. In particular,
it would be interesting to assess the extent to which Business Groups could leverage on
better nancial resources, stemming from both the possibility of shifting funds across
activities and across countries, as well as higher collateral on credit markets, in order
to nance investment in intangibles, thus acting as important vehicles for productivity
enhancement and economic growth.
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Graphs and tables
Table 1: Sample size

N. of subsidiaries
5,157,349

N. of parent companies
2,585,629

(5,085,603)

(2,582,958)

4,596,506

2,584,659

(with level known)

(4,563,345)

(2,582,874)

(with level known)

(5,085,334)

(2,582,874)

2,401,607
2,161,738

1,148,135
1,453,474

Obs. attributable to one parent company (GUO 50C)
(with level known)

of which:
- Obs. with GUO ownership known
- Obs. with ISH ownership known

5,157,080

Obs. with level and ISH and GUO ownership known
of which:
- Obs. with precise data on ownership and level known
- Obs. with imprecise data on ownership and level known

4,563,345

2,585,545
2,582,874

Note: the table refers to data of 2015 on ownership links retrieved from the Historical Ownership Database. We have excluded
from our analysis 38 subsidiaries that were directly attached to a branch. In the second-last row of the table, we are excluding
control links whose total or direct ownership of the GUO is reported by Orbis without a numeric value; namely, with the
indications `Wholly Owned', `Majority Owned', `Jointly Owned' etc.

Table 2: Geographic coverage

Host economy
Africa
Asia
Australia
EU
Latin America
Other Europe
Rest of the World
Russia
USA
Unassigned country
Total

All
6,592
104,666
77,048
692,104
28,527
64,691
48,810
45,010
1,368,195
149,902
2,585,545

Parent companies
%
Multinational
0.27
4,520
4.30
25,688
3.16
2,963
28.42
119,362
1.17
17,871
2.66
16,239
2.00
7,031
1.85
1,029
56.17
21,873
149,769
100.00
366,345

%
2.09
11.86
1.37
55.11
8.25
7.50
3.25
0.48
10.10
100.00

All
42,242
407,614
173,045
1,865,582
93,383
149,614
102,729
141,493
2,155,012
26,366
5,157,080

Subsidiaries
%
Foreign
0.82
26,209
7.94
172,210
3.37
31,923
36.36
561,503
1.82
68,308
2.92
35,543
2.00
28,607
2.76
54,071
42.00
100,281
25,871
100.00 1,104,526

%
2.43
15.97
2.96
52.06
6.33
3.30
2.65
5.01
9.30
100.00

Note: the table refers to data of 2015 on ownership links retrieved from the Historical Ownership Database, with ownership of the
ISH known. For regional aggregation we have used the online version of the United Nations publication Standard Country or Area
Codes for Statistical Use. Under the label `Unassigned country' we classify the observations for which we cannot assign a country,
namely those with alpha-2 country ISO codes II, KV, YY and ZZ. Percentages are computed excluding observations located in these
countries.

Table 3: Hierarchical distance

layer
1
2
3
4
5
6
7
8
9
10
> 10
Total

Domestic
subsidiaries
1,765,467
378,037
113,872
38,705
14,085
6,030
3,274
1,605
1,095
403
638
2,323,211

%
76.0
16.3
4.9
1.7
0.6
0.3
0.1
0.1
0.0
0.0
0.0
100.0

Foreign
subsidiaries
351,231
225,024
111,857
54,020
27,101
13,778
7,212
3,733
2,025
1,268
1,668
798,917

%
44.0
28.2
14.0
6.8
3.4
1.7
0.9
0.5
0.3
0.2
0.2
100.0

All
subsidiaries
2,116,698
603,061
225,729
92,725
41,186
19,808
10,486
5,338
3,120
1,671
2,306
3,122,128

%
69.8
19.3
7.2
3.0
1.3
0.6
0.3
0.2
0.1
0.1
0.1
100.0

Note: the table considers data of 2015 following the Links approach for which we know
both the ownership of the ISH and the level. 1,963,206 BGs with only one subsidiary are
excluded from the table. It shows the number of subsidiaries per layer, distinguishing
between domestic and foreign subsidiaries.

Table 4: Number of aliates per layer across BGs

avg. subsidiary per layer
1
2
3
4
5
6
7
8
9
10
> 10
N. of BGs

Maximum layer of the BG:
1
2
3
1.3
2.6
5.1
1.9
5.4
2.5

2,410,765

115,164

21,748

4
9.6
10.5
7.5
2.8

5
19.2
18.3
14.0
8.3
2.9

6
36.0
25.3
21.5
15.6
9.4
3.1

7
37.3
35.0
32.3
25.1
14.7
8.7
3.3

8
42.6
49.5
38.6
29.2
21.9
13.8
7.0
2.9

9
54.5
60.8
40.2
30.8
22.9
18.5
12.3
8.7
3.6

10
61.6
41.3
42.7
31.5
19.3
17.3
14.1
10.2
6.6
2.6

6,107

2,298

953

509

256

142

77

> 10

54.1
55.4
46.9
32.9
25.9
24.6
23.9
19.5
16.3
11.4
18.2
114

Note: the table refers to data of 2015 on ownership links retrieved using the Links approach, for which we know the ownership of the ISH
and the control level. It shows the average number of subsidiaries per layer, for dierent sized BGs. The number of subsidiaries by HQ
has been cleaned for outliers in the upper 1st percentile. The total amount of BGs shown in the last row is equal to 2,558,133.

Table 5: Routinizability

VARIABLES
Estimation method
level 2
level 3
level 4
level 5
level 6
level 7
level 8
Parent FE
Sub country FE
Observations
R-squared

(1)
Routinizability
OLS
-0.099***
(0.001)
-0.139***
(0.002)
-0.160***
(0.003)
-0.175***
(0.004)
-0.184***
(0.006)
-0.227***
(0.008)
-0.201***
(0.009)
YES
YES
1,998,287
0.574

Note: robust standard error in paretheses; ***
p<0.01,** p<0.05, * p<0.1. Note that level 1
is taken as comparison group and that `level 8'
refers to at least 8 hierarchical levels. Out of
a sample of 3,478,192 subsidiaires, the regression excludes 1,479,905 singleton observations
(that are either BGs with only one level of subsidiaries, or BGs with all subsidiaries located in
the same country).

Table 6: Routinizability and mean level with clustered standard error

VARIABLES
Estimation method
Mean level
Parent FE
Sub country FE
Cluster sub industry
Cluster parent country
Cluster sub country

(1)
Routinizability

(2)
Routinizability

(3)
Routinizability

(4)
Routinizability

(5)
Routinizability

OLS

OLS

OLS

OLS

OLS

-0.101***
(0.001)

-0.101***
(0.052)

-0.101***
(0.032)

-0.101***
(0.041)

-0.101***
(0.037)

YES
YES

YES
YES

YES
YES

YES
YES

YES
YES

-

YES
-

YES
-

YES

YES
YES

Observations
1,998,287
1,998,287
1,998,287
1,998,287
1,998,287
R-squared
0.573
0.573
0.573
0.573
0.573
Note: *** p<0.01, ** p<0.05, * p<0.1. Column (1) displays results with robust standard error in parentheses.

Table 7: Routinizability and median level with clustered standard errors

VARIABLES
Estimation method
Median level
Parent FE
Sub country FE
Cluster sub industry
Cluster parent country
Cluster sub country

(1)
Routinizability

(2)
Routinizability

(3)
Routinizability

(4)
Routinizability

(5)
Routinizability

OLS

OLS

OLS

OLS

OLS

-0.075***
(0.001)

-0.075***
(0.036)

-0.075***
(0.024)

-0.075***
(0.032)

-0.075***
(0.029)

YES
YES

YES
YES

YES
YES

YES
YES

YES
YES

-

YES
-

YES
-

YES

YES
YES

Observations
1,998,287
1,998,287
1,998,287
1,998,287
1,998,287
0.571
0.571
0.571
0.571
0.571
R-squared
Note: *** p<0.01, ** p<0.05, * p<0.1. Column (1) displays results with robust standard error in parentheses.

Table 8: Industry dispersion

VARIABLES
Estimation method
level 2
level 3
level 4
level 5
level 6
level 7
level 8
Parent FE
Observations
R-squared

(1)
Industry dispersion
OLS
0.116***
(0.001)
0.165***
(0.003)
0.203***
(0.005)
0.229***
(0.007)
0.254***
(0.010)
0.267***
(0.015)
0.306***
(0.015)
YES
204,494
0.702

Note: robust standard error in paretheses; ***
p<0.01, ** p<0.05, * p<0.1. Note that level 1 is
taken as comparison group and that `level 8' refers
to at least 8 hierarchical levels. Out of a sample of 1,731,006 subsidiaires, the regression excludes
1,526,512 singleton observations (that are BGs with
only one level of subsidiaries).

Figure 1: A Business Group as a hierarchy of rms
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Figure 2: Methodologies

Galaxy of firms
53.5 mln

Members of BGs

(inside corporate boundaries)

5 mln subsidiaries
2.5 mln parents

Orbis - Ownership

Galaxy of links
77.5 mln

Historical Ownership Database

Figure 3: Links approach

Figure 4: Hierarchical description

Note: the graph refers to data of 2015 on ownership links retrieved from the Historical Ownership Database,
for which we know the ownership of the ISH and the control level. The left panel shows the distribution of
groups with a given number of subsidiaries. The right panel is the boxplot of the number of subsidiaries
for groups characterized by a given number of hierarchical layers, where 10 represents BGs with at least 10
layers of control. Note also that 14 BGs with number of subsidiaries between 2,000 and 4,000 are excluded
from the graph.

Figure 5: Industry concentration

Note: the graph refers to data of 2015, but it excludes 1,208,365 BGs with only one subsdiary (as they can
only have two possible values of concentration: 0 if the subsidiary operates in an industry dierent than
the parent, and 1). It shows the 5th, 25th, 50th, 75th and 95th percentile of the ease of communication
(computed as 1 minus the mean number of 3-digit NAICS 2002 sectors by member of the BG) by maximum
hierarchical layer.

-.15

level=8

level=7

level=6

level=5

level=4

level=3

level=2
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-.2

Routinizability

-.1

Figure 6: Routinizability over hierarchies

Hierarchical level

Note: the graph refers to data of 2015. It shows the coecients and 95% condence intervals obtained from
a regression of the hierarchical level on the routinizability index (Blinder and Krueger (2013)), controlling
for parent FE and subsidiary country FE, plus robust standard errors. Note also that level=8 represents
BGs with at least 8 hierarchical levels.

Figure 7: Industry dispersion

Note: the graph refers to data of 2015 obtained from the ownership links in the Historical Ownership
Database.
It shows the coecients and 95% condence intervals obtained from a regression of the
hierarchical level on the dispersion of industries by BG (computed as the fraction of subsidiaries with a
dierent sector from the one of the HQ, by level), controlling for parent FE and robust standard errors.
Note also that level=8 represents BGs with at least 8 hierarchical levels.

Appendix
A

Ownership data

In this Appendix, we provide some more information on the basic ownership data and
how we use them for the purpose of our analyses.

In particular, we describe more in

detail the characteristics and the dierences in the determination of BGs that can be
retrieved from Bureau Van Djik data either using the

approach.

Links approach

or the

Network

These rm-level databases collect original information from a variety of national

and international registries, regulatory bodies, companies' annual reports, websites and
specialized press. For our purpose, we extract information on shareholding activity for
companies active in more than 200 countries in year 2015.
two approaches is dierent.

worldwide, as shown in Figure 2. Specically, the

Network approach

part of the gure as the methodology going from the galaxy of
in the Ownership folder of the

5

around

Orbis Database

million subsidiaries and

can be retrieved with the

The starting point of the

However, they both retrieve a comparable dataset of BGs

2.5

53.5 mln of rms recovered

to the nal dataset of BGs, encompassing

million Headquarters.

Links approach

is shown in the left

The same gures for BGs

starting from the galaxy of

77.5

mln of unique

ownerwhip links available in the Historical Ownership Database as main starting point.

A.1

Links

In the

Links approach,

24

approach

on the other hand, we follow Sonno (2018) who starts from the

Historical Ownership Database by Bureau Van Djik. This dataset provides for each company information on all its shareholders and identies several types of relations. Specifically, for the year

2015

it contains

283, 717, 784

observations, each of them being a link

subsidiary-shareholder-type of relation. Each company can appear multiple times in this
list, because a given shareholder may play more than one role in the shareholding structure of the rm.

25

Starting from these data, Sonno (2018) proposes an algorithm that

retrieves the hierarchical distance of a company from its parent company using two types
of relations: the corporate Global Ultimate Owner with at least

50.01%

of voting rights

(GUO 50C hereafter), that is the highest corporate independent shareholder in the shareholding structure of a company, and the Immediate Shareholder (ISH hereafter), that is
the rst shareholder in the path from an aliate to its GUO. Combining the denition
of GUO 50C and ISH, with the fact that each shareholder is reported more than once
depending on its role in the shareholding structure of a subsidiary, it is possible to create
a routine that counts the steps leading a subsidiary to its parent.

24 Note

that the nal dataset of BGs is composed of corporate entities, i.e. we always exclude ultimate
owners of a non-corporate nature, and we employ the threshold of (direct or indirect) 50.01% of ownership
as our denition of control.
25 For example, a company holding at least 50.01% of voting rights is also holding at least 25.01%
of voting rights and, accordingly, it is reported twice in the dataset as a shareholer (companies are
repeated once if they hold at least 25.01, twice for at least 50.01 and three times for at least 75.01 ????
CONTROLLARE). Therefore, it is important to bear in mind that this sizeable amount of observations is
associated only to 77, 879, 088 univocal links subsidiary-shareholder, repeated several times according to
the number of roles covered by the shareholder. Of them, 11, 357, 721 links take place inside hierarchical
structures.
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Throughout this approach we rely on the denition of direct or indirect majority (>

50.01%)

of voting rights provided by Bureau Van Djik. Therefore, we use an exogenous

denition of control. Figure 3 provides a simple illustrative example of the construction
of the hierarchy of a BG. It identies A as a parent company, because the company is
reported both as a GUO 50C and as the ISH of company B, which in turn can be located at hierarchical level

1.

Subsidiary C, instead, can be located at level

2

of a BG

1 in that BG.
2, 585, 629 parent companies con-

with company A as parent, because its ISH is a company located at level
Using this procedure, it is possible to obtain a dataset of
trolling

5, 157, 349 subsidiaries for 2015, as we have excluded branches from our analysis.26

Also note that as we require additional details on the type of ownership links, the latter
yields dierent subsamples of the dataset depending on the information available to us.
As an example, to map the geographic distribution of the BGs we rely on the sample of

5, 157, 080

subsidiaries with ownership of the ISH known, while in order to analyse the

hierarchical layer distribution of subsidiaries we also require the hierarchical layer to be
computable, which slightly reduces the number of observations to

5, 085, 334.

A detailed

breakdown of the dierent sample compositions can be found in Table 1.

A.2

The

Network

approach

Network approach

starts with a basic ownership matrix made of about 53.5 million

companies for which complete ownership information is present in the Orbis database.
For each company, we have a list of all (individual, corporate or state) shareholders. All
in all, we detect about 79.1 unique shareholding links. Any time a company invests in the
equity of another company, an ownership network is generated such that voting rights can
be separated from cash rights. In modern economies, corporate ownership structures can
become very sophisticated (see for example, La Porta et al. (1999)) and the identication
of ultimate parent companies can become very dicult, especially in the case of MNEs
(UNCTAD, 2016).

In this case, Rungi et al. (2017) model a backward solution for a

voting rule across interlocking assemblies of shareholders interlock. Assemblies of shareholders interlock when (individual and corporate) shareholders generate cross-holdings,
ownership cycles and multiple ownership paths that connect companies through equity.
When shareholding activity interlocks, a coordination eort is required across dierent
ownership paths to enforce management decisions starting from headquarters. The

work approach

Net-

proposed by Rungi et al. (2017) is able to extract hierarchies of rms made

of parent companies and their subsidiaries, all ordered on hierarchical layers, by considering all the ownership paths that can connect any two nodes (companies/shareholders)
in the entire ownership space. Starting from a basic ownership matrix including all the
shareholding links between companies and shareholders, the authors simulate corporate
control after assuming that the latter entails cases of: (i)

direct control,

when the par-

ent company holds the absolute majority of voting rights in a subsidiary; (ii)

control by transitivity,

indirect

when the parent company has direct control of a subsidiary that

in turn has direct control over another subsidiary, in a sequence; (iii)

26 Bureau

indirect control by

Van Djik relies on several sources to report ownership information, sometimes on the same
rm. It might thus be possible to incur in some incoherent information. However, these are typically
negligible cases: out of a sample of 5, 157, 349 subsidiaries and 2, 585, 629 headquarters, we found 43
companies identied as subsidiaries by one source and as parent company by another (in total, they own
a majority stake in 74 subsidiaries).
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consolidation

of voting rights, when a parent company is able to control a subsidiary by

summing up to a majority of capital shares held in her portfolio and/or in the portfolio of
other subsidiaries; (iv)

dominant shareholding, when a parent company is able to control

a company with just a minority stake, because other minority shareholders are too much
fragmented to form an opposing coalition. For the purpose of this paper, we limit our
analyses only to the rst three cases, excluding control by dominant minorities, although
all of them do nd a correspondence in international accounting standards (IFRS, 2011;
OECD, 2015; UNCTAD, 2009; OECD, 2008). See Rungi et al. (2017) on the solution of
the voting rule starting from the original global ownership matrix.

A.3

Comparison between the

Network

and

Links

approaches

In the following paragraphs, we compare the descriptive results of the two approaches,
ranging from very aggregated results to some results of specic BGs in special cases. The
rst comparison is about the geographical coverage. Table 2 shows the geographic cover-

Links approach. As already said, the gures displayed
are very similar to those obtained using the Network approach in Table A9. The correla-

age of the data obtained with the

tion between the two tables is around

0.99 for every cathegory considered, also considering

the geographic breakdown into specic countries (21 datapoints).
Another important feature for our analysis is the hierarchical structure of the BGs. Table A10 reports the distribution of subsidiaries in the sample obtained from the

approach,

while Table 3 refers to the sample obtained with the

Links approach.

Network
Even if

the two tables are strongly correlated (0.99 for every category of subsidiaries), one main
dierence is worth noticing: the data retrieved from the ownership links show a slightly
higher number of subsidiaries in the rst hierarchical layer. This dierence is due to 'consolidation' of voting rights in the

Network approach.

The dierence in the identication of parent companies, and thus BGs, between the two
procedures is even clearer when we confront some very complex ownership structures. For
example, in the specic case of the Toyota Group, Sonno (2018) bulding on Bureau Van
Djik, detects eight dierent parent companies, each of them holding a minority stake in
the other seven. Since the algorithm adopted using the ownership links is based on the
exogenous denition of direct or indirect majority (>

50.01%)

of voting rights reported

by the data provider, we maintain accordingly eight dierent parent companies. Instead,
Rungi et al. (2017) rely on a probabilistic framework for the determination of the threshold
of voting rights after which a stake in a company is inuential.

Therefore, since all

eight parent companies have a complex cross-holdings structure in each other, the latter
methodology allows to determine a unique parent company for the Toyota Group, based
on whether the probability of one parent company to have an inuential stake on the
other seven is high enough (see Rungi et al. (2017) for a detailed discussion). Table A11
compares the number of subsidiaries retrieved in the two dierent methodologies, with
a detailed breakdown of subsidiaries by each of the eight parent companies detected by
Orbis. The overall number of subsidiaries is indeed similar between the two samples, but
the construction of the BG obtained through the ownership links reports a slightly smaller
gure, due to the fact that this methodology is able to capture only companies in which
the parent is exogenously reported as having a direct or indirect majority of voting rights.
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B

Stylized facts with Network approach

In these sections we replicate the stylized facts using the dataset obtaining with the

work approach.

[...] The left panel of Figure A8 shows that

control only one subsidiary, while about
and only

B.1

0.08%

25%

75%

of them have between

of the parents in the sample have more than

Net-

of the parent companies

100

2

and

5

subsidiaries,

subsidiaries.

Hierarchical structures

Table A12 shows the mean number of subsidiaries by layer across dierent sized BGs. The
gures are indeed comparable to those obtained with the ownership links retrieved with
the

Link approach

(Table 4) and show evidence of `inverted pyramid': less subsidiaries

are allocated in the lower hierarchical layers of the BGs.

[...]

As the distribution of

subsidiaries in the sample is highly skewed, with most BGs encompassing only one aliate,
we replicate the analysis excluding

1, 923, 186 HQs controlling only one subsidiary:

in this

case we obtain a mean of 1.87 aliates (vs. 4.67) for those BGs organized around only
one hierarchical layer.

B.2

Industry concentration

Figure A9 replicates Figure 5 using the dataset obtained with the

B.3

Network approach.

Routinizability

Table ??, Figure A10, Table A14, and Table A15 replicate Table 5, Figure 6, Table 6, and
Table 7 using the dataset obtained with the

B.4

Network approach.

Dispersion

Table A16 and Figure A11 replicate Table 8 and Figure 7 using the data obtained with
the

Network approach.
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Graphs and tables - Appendix
Table A9: Geographic coverage -

Host economy
Africa
Asia
Australia
EU
Latin America
Other Europe
Rest of the World
Russia
USA
Total

All
5,102
105,449
58,788
600,829
30,058
36,073
68,634
29,741
1,435,218
2,369,892

Parent companies
%
Multinational
0.22
4,169
4.45
19,142
2.48
2,771
25.35
111,522
1.27
18,247
1.52
14,089
2.90
7,847
1.25
974
60.56
22,511
100.00
201,272

%
2.07
9.51
1.38
55.41
9.07
7.00
3.90
0.48
11.18
100.00

Table A10: Hierarchical distance -

layer
1
2
3
4
5
6
7
8
9
10
> 10
Total

Domestic
subsidiaries
1,579,504
376,511
123,021
43,079
15,354
5,934
2,518
1,321
600
268
580
2,148,690

%
73.51
17.52
5.73
2.00
0.71
0.28
0.12
0.06
0.03
0.01
0.03
100.00

Network approach

Foreign
subsidiaries
228,542
186,062
104,063
55,414
28,135
14,182
8,132
3,765
2,104
987
1552
632,938

All
30,346
316,014
136,189
1,625,508
83,227
84,045
216,766
110,232
2,138,025
4,740,352

Subsidiaries
%
Foreign
0.64
17,088
6.67
99,624
2.87
14,750
34.29 387,006
1.76
51,693
1.77
22,441
4.57
45,992
2.33
50,541
45.10 63,220
100.00 752,355

Network approach
%

36.11
29.40
16.44
8.76
4.45
2.24
1.28
0.59
0.33
0.16
0.25
100.00

All
subsidiaries
1,808,046
562,573
227,084
98,493
43,489
20,116
10,650
5,086
2,704
1,255
2132
2,781,628

%
65.00
20.22
8.16
3.54
1.56
0.72
0.38
0.18
0.10
0.05
0.08
100.00

Note: the table considers data of 2015 following the Network approach. Some 1,763,095 BGs
with only one subsidiary are excluded from the table. It shows the number of subsidiaries
per layer, distinguishing between domestic and foreign subsidiaries.

%
2.27
13.24
1.96
51.44
6.87
2.98
6.11
6.72
8.40
100.00

Table A11: Comparison of Toyota Group

Links approach

Network approach

Toyota Motor Corporation
N. subs: 588

Toyota Industries Corporation
N. subs: 241

Aichi Steel Corporation
N. subs: 20

Denso Corporation
N. subs: 350

Toyota Boshoku Corporation
N. subs: 75

Toyota Tsusho Corporation
N. subs: 572

Jtekt Corp
N. subs: 134

Aisin Sieki CO Ltd
N. subs: 189

Total N. subs
2,169

Total N. subs
2,239

Note: the table confronts the Toyota Group reconstructed
through the Links approach with the results following the Network approach. The rst column displays the number of subsidiaries controlled by each of the eight dierent parent companies of the group, while the second column only reports the total
number of subsidiaries of the group.

Table A12: Number of aliates per layer across BGs -

layer
1
2
3
4
5
6
7
8
9
10
> 10
N. of BGs

Maximum layer of the BG:
1
2
3
1.3
3.2
7.3
2.6
7.1
3.5

2,367,786

122,697

24,609

Network approach

4
16.3
15.6
9.9
4.2

5
39.3
27.2
21.3
11.3
4.0

6
60.5
37.2
42.1
23.1
11.4
5.2

7
86.1
49.0
45.0
35.1
21.2
13.3
5.5

8
75.6
97.9
77.0
32.4
23.4
25.7
13.1
3.5

9
80.3
71.3
168.7
82.0
35.5
34.3
21.7
12.6
4.7

10
91.8
89.3
72.1
92.4
36.0
55.0
39.7
22.8
9.8
2.5

6,829

2,491

1,108

561

278

150

83

> 10
118.6
78.6
145.2
79.7
32.4
28.9
58.8
19.6
18.4
15.2
10.7
117

Note: the table considers data for 2015 obtained with the Network approach. If BGs characterized by only one subsidiary
are excluded, the mean number of aliates in the rst layer for BGs with only one layer is 2.8. It shows the average number
of subsidiaries per layer, for dierent sized BGs.

Table A13: Routinizability -

Dep. variable
Estimation method
hierdist 2
hierdist 3
hierdist 4
hierdist 5
hierdist 6
hierdist 7
hierdist 8
hierdist 9
hierdist 10
hierdist > 10
Parent FE
Sub country FE
Observations
R-squared

Network approach

Routinizability
OLS
-0.242***
(0.002)
-0.324***
(0.003)
-0.366***
(0.005)
-0.400***
(0.007)
-0.428***
(0.011)
-0.433***
(0.001)
-0.469***
(0.021)
-0.483***
(0.030)
-0.513***
(0.040)
-0.532***
(0.038)
YES
YES
2,007,748
0.458

Note: robust standard error in parentheses;
*** p<0.01,** p<0.05, * p<0.1. Note that level
1 is taken as comparison group and that `hierdist>10' refers to at least 11 hierarchical levels. Out of a sample of 3,478,192 subsidiaries,
the regression excludes 1,479,905 singleton observations (that are either BGs with only one
level of subsidiaries, or BGs with all subsidiaries
located in the same country).

Table A14: Routinizability and mean level with clustered standard error -

VARIABLES
Estimation method
Mean level
Parent FE
Sub country FE
Cluster sub industry
Cluster parent country
Cluster sub country

Network approach

(1)
Routinizability

(2)
Routinizability

(3)
Routinizability

(4)
Routinizability

(5)
Routinizability

OLS

OLS

OLS

OLS

OLS

-0.229***
(0.001)

-0.229
(0.157)

-0.229*
(0.120)

-0.229*
(0.128)

-0.229*
(0.128)

YES
YES

YES
YES

YES
YES

YES
YES

YES
YES

-

YES
-

YES
-

YES

YES
YES

Observations
2,007,74
2,007,74
2,007,74
2,007,74
2,007,74
R-squared
0.457
0.457
0.573
0.457
0.457
Note: *** p<0.01, ** p<0.05, * p<0.1. Column (1) displays results with robust standard error in parentheses.

Table A15: Routinizability and median level with clustered standard errors -

VARIABLES
Estimation method
Median level
Parent FE
Sub country FE
Cluster sub industry
Cluster parent country
Cluster sub country

(1)
Routinizability

(2)
Routinizability

(3)
Routinizability

(4)
Routinizability

Network approach
(5)
Routinizability

OLS

OLS

OLS

OLS

OLS

-0.164***
(0.002)

-0.164
(0.111)

-0.164*
(0.094)

-0.164*
(0.094)

-0.164*
(0.094)

YES
YES

YES
YES

YES
YES

YES
YES

YES
YES

-

YES
-

YES
-

YES

YES
YES

Observations
2,007,748
2,007,748
2,007,748
2,007,748
2,007,748
R-squared
0.452
0.452
0.452
0.452
0.452
Note: *** p<0.01, ** p<0.05, * p<0.1. Column (1) displays results with robust standard error in parentheses.

Table A16: Industry dispersion -

Network approach

VARIABLES
Estimation method
hierdist 2
hierdist 3
hierdist 4
hierdist 5
hierdist 6
hierdist 7
hierdist 8
hierdist 9
hierdist 10
hierdist 11
Parent FE
Observations
R-squared

in the nal report

(1)
Industry dispersion
OLS
0.0601***
(0.00225)
0.0976***
(0.00392)
0.127***
(0.00594)
0.154***
(0.00858)
0.153***
(0.0123)
0.157***
(0.0164)
0.198***
(0.0211)
0.204***
(0.0302)
0.244***
(0.0330)
0.235***
(0.0518)
YES
274,001
0.710

Note: robust standard error in parentheses; ***
p<0.01, ** p<0.05, * p<0.1. Note that level 1 is
taken as comparison group and that `hierdist 11'
refers to at least 11 hierarchical levels.

Figure A8: Hierarchical description -

Network approach

Note: the graph refers to data of 2015. The left panel shows the distribution of groups with a given number of subsidiaries. The right panel is
the boxplot of the number of subsidiaries for groups characterized by a given number of hierarchical layers, where 10 represents BGs with at
least 10 layers of control. Note also that 14 BGs with number of subsidiaries between 2,000 and 4,000 are excluded from the graph.

Figure A9: Industry concentration -

Network approach

Note: the graph refers to data of 2015. It shows the 5th, 25th, 50th, 75th and 95th percentile of the ease of
communication (computed as 1 minus the mean number of 3-digit NAICS 2002 sectors by member of the
BG) by maximum hierarchical layer.

Figure A10: Routinizability over hierarchies -

Network approach

Note: the graph refers to data of 2015. It shows the coecients and 95% condence intervals obtained from
a regression of the hierarchical level on the routinizability index (Blinder and Krueger (2013)), controlling
for parent FE and subsidiary country FE, plus robust standard errors. Note also that hierdist> 10
represents BGs with at least 11 hierarchical levels.

Figure A11: Industry dispersion graph -

Network approach

Note: the graph refers to data of 2015 obtained from the ownership links in the Network approach. It
shows the coecients and 95% condence intervals obtained from a regression of the hierarchical level on
the dispersion of industries by BG (computed as the fraction of subsidiaries with a dierent sector from the
one of the HQ, by level), controlling for parent FE and robust standard errors. Note also that level > 10
represents BGs with at least 11 hierarchical levels.

