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ABSTRACT

We provide the first worldwide overview of the patterns of hierarchical differentiation across
Business Groups (BGs), highlighting the coexistence of different hierarchical shapes. We show
how the different shapes can arise as optimal hierarchical structures in a knowledge-based model
of BGs when subsidiaries’ operations involve problem-solving under parents’ supervision. The op-
timal choice of hierarchical structure is driven by production efficiency and two dimensions of
problem-solving: efficiency related to supervising knowledge creation and handling associated
communication across subsidiaries. We check the consistency of the model’s predictions with the
empirical patterns. The model successfully passes the consistency test (JEL D23, L23, F23,
125, G34)

1. INTRODUCTION

A Business Group (BG) is an organizational form of economic activity in which at least two
legally autonomous firms function as a single economic entity through hierarchical control:
a parent company (“headquarters” [HQ]) owns, directly or indirectly, the majority of the
equity shares of at least one legally independent firm (“subsidiary”). Under this definition,
the world’s largest corporations by consolidated revenue, as classified in the Fortune 500
list, are all organized as BGs. According to our data, in 2022, more than half of the multina-
tional value added is accounted for by about 1% BGs with more than 100 subsidiaries lo-
cated in different countries. Data from the US Bureau of Economic Analysis also show that
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at least 75% of total US trade can be linked to firms operating in the USA as parts of BGs
(either as US HQs or as US subsidiaries of foreign groups). In the case of France, around
65% of aggregate imports or exports can be attributed to firms that belong to BGs
(Altomonte and Rungi 2013).

BGs vary significantly in terms of organization. In our data, they range from very simple
structures, with one HQ _controlling only one subsidiary in a hierarchical layer below it, to large
multinational groups featuring more than 670 subsidiaries organized across more than 10 hier-
archical layers. Moreover, even BGs with very similar portfolios of activities may exhibit very
different hierarchical structures. This is the case, for example, of two well-known BGs, General
Motors and Mitsubishi, both operating in the automotive industry. In our data, the two BGs
are comparable in size: 685 subsidiaries in 55 countries for General Motors and 528 subsidiar-
ies in 47 countries for Mitsubishi. However, General Motors is organized in 10 hierarchical
layers covering 26 sectors (three-digit NAICS 2002), while Mitsubishi has half the number of
hierarchical layers (five) but spans almost twice the number of sectors (44).

However, even across very different hierarchical structures, the position of subsidiaries in
the hierarchy seems to follow some regular patterns, depending on the nature of their activities
with respect to the parent company. For instance, when Google reorganized its BG, it created
a new HQ, Alphabet, directly controlling Google Inc., which in turn kept control of most of
the other subsidiaries of the group. A few subsidiaries, however, ended up being placed under
the direct control of Alphabet and Google Inc. Among those were Calico, a biotech company
researching the mechanisms of ageing, and Crystal Computing, a new data center to improve
European users’ access to Google databases. Both activities are less standard with respect to
the core products of Google Inc., a pattern of assignment common across BGs in our data.

Despite vast heterogeneity in organization, little is known about the drivers of hierarchical
differentiation across BGs, or about the reasons behind the positioning of specific subsidiaries
within the hierarchy. To shed more light on these issues, we have built a cross-section of some
29M parent companies controlling 5.7M subsidiaries worldwide based on the Orbis
Ownership database. We have merged these data with information on firms” patents and cita-
tions, as retrieved from the Orbis Intellectual Property Database, thus constructing a network of
patent-citation links (1.4 million patent applications and a network of 9.5 million firm-patent
citations). Descriptive statistics reveal three novel stylized facts. First, there is a continuum of
different hierarchical shapes of BGs, from pyramidal-shaped hierarchies (where subsidiaries are
less dense in layers closer to the HQ) to inverted ones (where subsidiaries are denser in layers
closer to the HQ). This finding contrasts with the prevailing idea that pyramidal hierarchies are
the norm in the organization of BGs, as in the studies on formal hierarchical structures and
team performance (e.g, in Wellman et al. [2020]). Second, as the hierarchical distance of
subsidiaries from the HQ increases, their activities tend to become more standard and easier to
routinize." Third, within BGs, there is a systematic concentration of innovative activities in the
HQ or in the subsidiaries placed in layers close to HQ_as measured in terms of patents and cita-
tions. Moreover, layers that are more distant from the HQ_are more likely to cite its patents or
patents of subsidiaries in layers closer to it than vice versa. This also holds after excluding cita-
tions between subsidiaries in adjacent layers, suggesting that knowledge flows between
subsidiaries within BGs are not necessarily associated with direct ownership links. This new set
of robust stylized facts constitutes the first contribution of our article to the literature.

The second contribution of the article is the rationalization of those facts through a parsi-
monious theoretical framework based on the idea that knowledge is an essential input for

! Routinizability is measured following Blinder and Krueger (2009, 2013)
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BGs’ operations regardless of their industries. In particular, the article proposes a model in
which the hierarchical structure of a BG is designed by the HQ to efficiently delegate to
subsidiaries knowledge creation, diffusion, and application to production when its direct in-
volvement is time-constrained. For the subsidiaries to produce, several problems of different
importance and corresponding difficulty have to be solved. The HQ knows how to solve
each problem but has limited time to do that. It, therefore, allocates problems of different
difficulty to subsidiaries according to their ability to solve them. However, regardless of their
abilities, subsidiaries still need the HQ’s advice to succeed in solving the assigned problems.
Advice to a subsidiary of a given ability can be direct or indirect through subsidiaries of a
higher ability. As the former is more time-consuming, the HQ_ prefers to directly advise
higher-ability subsidiaries tackling more difficult and important problems and indirectly ad-
vise the other subsidiaries. The BG’s hierarchical structure emerges as an optimal arrange-
ment for creating, diffusing, and applying proprietary knowledge, with its shape depending
on the interactions among three primitive characteristics of the group: production efficiency
and two dimensions of problem-solving efficiency, namely efficiency in advising knowledge
creation and efficiency in handling associated communication across subsidiaries. BGs with
higher production efficiency have more layers and subsidiaries. Pyramids and inverted pyra-
mids are chosen by BGs with higher and lower problem-solving efficiency, respectively.
Intuitively, for BGs with lower efficiency in advising and communicating, it is better to keep
problem-solving, and thus production, on layers closer to the parent. Moreover, consistent
with what is observed in the data, the model predicts that the HQ delegates tasks to different
layers in descending order of difficulty from the top of the hierarchy.

In a quantitative exercise, we leverage the model’s equilibrium equations to estimate the
parameters regulating problem difficulty and the two dimensions of problem-solving effi-
ciency. Using these estimates, along with the model’s structure and other estimated parame-
ters from the literature, we calibrate the parameter regulating production efficiency. We then
use the calibrated equations to conduct various simulations and show that the model cor-
rectly replicates our main stylized facts. In particular, the model accurately predicts that BGs
organized in a larger number of hierarchical layers tend to have more subsidiaries and are
less likely to be organized as pyramids. It also correctly predicts the cross-country variation
in the frequency of pyramids in our data. As a sanity check for the parameter values of
problem-solving efficiency estimated through the model, we compare their cross-country
variation with that extracted from related questions in the World Management Survey,
obtaining similar results. This establishes a link between managerial practices and the organi-
zation of BGs, which represents the third contribution of our article to the literature.

Scholars from different fields of study have motivated the emergence of BGs along three
main dimensions of resource allocation across their subsidiaries related to capital, labor and tax-
able income. A number of scholars have shown how resources can be moved across subsidiaries
to fund those with higher return on investment or bail out those in financial distress (Khanna
and Palepu 2000; Khanna and Rivkin 2001; Almeida and Wolfenzon 2006; Almeida et al.
2011; Belenzon and Schankerman 2013). Evidence also exists on the existence of labor markets
internal to BGs, whereby workers are reallocated across subsidiaries in response to demand
shocks (Huneeus et al. 2021; Cestone et al. 2023). Lastly, BGs have been shown to shift taxable
income across subsidiaries for tax arbitrage purposes (Lewellen and Robinson 2013).

Our analysis introduces knowledge as a fourth critical dimension of resource allocation
across subsidiaries within BGs. This aligns with seminal work by Bartlett and Ghoshal
(1989), according to whom (p. 197) for large transnational organizations, “the most difficult
task is to coordinate the voluminous flow of strategic information and proprietary knowledge
required to operate them.” As “the sheer volume and complexity of information would
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overload HQs if coordination were centralized,” the most effective way to achieve coordina-
tion is “by transferring personnel with the relevant knowledge, or creating organizational
forums that allow the free exchange of information and foster interunit learning.” In fact, var-
ious types of knowledge flows have been documented, including “vertical” flows between
parents and subsidiaries (Gupta and Govindarajan 1991; Bresman et al. 1999; Monteiro
et al. 2008; Nair et al. 2015) as well as “horizontal” knowledge transfers between subsidiaries
at the same hierarchical layer (Ciabuschi et al. 2011; Li and Lee 201S; Crespo et al. 2020;
Garg et al. 2022; Wu et al. 2022). Our findings reveal a distinct pattern in the knowledge
flows within a BG, whereby knowledge is predominantly created in the HQ or in closer
subsidiaries engaging in more complex tasks, and subsequently diffused down the hierarchy.

In terms of data sources, we rely on the Orbis-Bureau van Dijk data, already used in the litera-
ture to study BGs, for instance with reference to innovation (Belenzon and Berkovitz 2010), the
international transmission of shocks (Cravino and Levchenko 2017), or the effect of managerial
culture on firm boundaries (Gorodnichenko et al. 2021). Other studies have used similar data
to explore the boundaries of the firms belonging to BGs (e.g., Alfaro and Charlton 2009; Alfaro
2017) with respect to the BGs’ external suppliers, or have started to exploit the Ownership
Database of Orbis to map BGs through the notion of corporate control.” Belenzon et al. (2019)
use Bureau Van Djik data on a subset of European BGs to investigate the relationship between
BG structure and subsidiary autonomy, finding that the latter increases with the number of
layers between the subsidiary and the HQ. More closely related to our work, Altomonte and
Rungi (2013) use the notion of control to construct BGs’ hierarchies in a smaller cross-section
of groups across countries, deriving stylized facts on the positioning of subsidiaries along the hi-
erarchy consistent with our analysis. Rungi et al. (2017) adopt a novel network framework to
identify BG tree-like structures based on direct and indirect control, uncovering a strong concen-
tration of corporate power in the hands of a few BGs, while they can have different configura-
tions of ownership chains crossing multiple national borders. Sonno (2025) uses the notion of
corporate control to create a worldwide panel of BGs’ structures and uses these data to establish
a causal link between multinational activities and episodes of conflict in developing countries.
All these studies have made a number of methodological choices to construct BG’s data, which
are incorporated in our results and discussed in our robustness checks.’

The rest of the article is structured as follows. Section 2 presents the data sources and dis-
cusses the construction of the dataset. Section 3 presents the novel stylized facts derived
from the dataset. Section 4 develops the knowledge-based model of BGs’ hierarchical differ-
entiation and checks the consistency of some of its key predictions with the empirical pat-
terns. Section S concludes.

2. DATA AND DESCRIPTIVE STATISTICS

We define a BG as a collection of at least two legally autonomous firms functioning as a sin-
gle economic entity through a common source of hierarchical control. Hierarchy in control
implies that a parent company (“headquarters,” or simply HQ) owns, partially or totally, the
equity shares of a second legally independent firm. Moreover, the HQ may directly own the

2 Some of the studies on external suppliers rely on data sourced from Dun&Bradstreet (D&B), which is one of the different
sources now integrated in the Orbis Ownership database.

3 Less closely related to this paper, but also using Orbis data to create a sample of BGs, Grosskurth (2019) exploits Orbis
data to map the development of the global networks of multinational BGs, leveraging the number of controlled subsidiaries to
identify a company’s importance within a BG, but does not focus on the hierarchical shapes and their drivers; Aminadav and
Papaioannou (2020) use ownership data to investigate ownership concentration and types of control across continents;
Eppinger and Kukharskyy (2020) study domestic and cross-border ownership shares worldwide and find that firms have
higher shares in subsidiaries located in countries with better contracting institutions.
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equity shares of a third firm, thus placing it at the same (first) layer as the second firm in a
shallower “flat” hierarchy. Alternatively, the second firm could control the third one, thus
placing it at the second layer of a deeper “vertical” hierarchy. In this case, the HQ indirectly
controls the third firm through the second. Multinational enterprises (MNEs) are a subset
of BGs with at least one subsidiary abroad.*

To build our dataset on BGs worldwide, together with information on the organization of
their internal hierarchical structure, we start with the Historical Ownership Database by
Bureau Van Dijk. This dataset provides information on all of the company’s shareholders,
corporate or non-corporate (e.g., individuals or partnerships), and identifies direct and indi-
rect voting rights.” We focus on the year 2015 and, in line with international accounting
standards, we limit our definition of control to the case in which a corporate shareholder
(i.e., we exclude non-corporate entities) can command the majority (i.e., strictly more than
50%) of the voting rights in another company. As the latter company is majority-owned by
the former, we call it a “subsidiary” of the corporate shareholder.®

The chosen notion of majority control allows us to identify, for each company in the data-
set, the presence (if existing) of a unique corporate “Global Ultimate Owner” (GUO), which
is a controlling parent company. The dataset also reports, for each company, information on
the “Immediate shareholder” (ISH), that is, the corporate entity that directly controls (at
least 50% of) the company under analysis. Starting from the two relations of GUO and ISH,
we follow Sonno (2025) and create an algorithm that first identifies the boundaries of a BG
as the set of all subsidiaries having the same GUO, and then retrieves the hierarchical dis-
tance of a subsidiary from its parent (details on this procedure are described in
Appendix A.1).

This procedure generates a dataset of 2,901,466 parent companies controlling 5,676,289
subsidiaries in 2015. For our analysis, we also require additional details on the type of own-
ership links, which might yield different subsamples of the dataset depending on the infor-
mation available in the data. Using the Orbis dataset, also produced by Bureau Van Djik, we
combined information on the country of incorporation of each company to distinguish inter-
national links from domestic ones and map the geographic distribution of the BGs. To ana-
lyze the hierarchical layer distribution of subsidiaries, we also require the exact position in
the hierarchical layer to be computable. These limitations on data availability slightly reduce
the number of subsidiaries to 5,653,433. Moreover, to characterize the BGs, we need infor-
mation on the industry (at three-digit NAICS revision 2002 of each entity in our database).
Orbis does not contain complete information on the industry of activity for all entities, and
therefore we lose some 20% of observations in the match with the three-digit NAICS sec-
tors. This is the sample we use except for descriptive statistics, which are based on the

* When a single legal entity operates more than one productive plant (multi-plant firm) or is organized internally through
multiple divisions, those plants or divisions are sometimes considered by Orbis as different entities and flagged as branches.
Since the focus of this work is on the organizational choices of BGs in terms of the control hierarchy, we focus exclusively on
the legally independent entities and drop branches from our dataset.

® See Appendix A.1 for details on the data. In general, corporate 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,
accompany H owns 100% of the voting rights (VR) in companies A and B. Company A also owns 70% of the VR in X and
30% of those in Y. Finally, company B owns another 40% of the VR of Y. In this case, H is able to control, directly or indi-
rectly, more than 50% of the voting rights in all the other companies. In fact, H enjoys direct control of A and B, indirect con-
trol of X through A, and consolidated control of Y through A and B. This is known as the principle of the Ultimate
Controlling Institution in the OECD FATS Statistics (or Ultimate Beneficial Owner in UNCTAD data).

© The notion of control stems from OECD (2005), UNCTAD (2009), EUROSTAT (2007). This notion of control
neglects cases in which affiliates are de facto controlled through minority ownership, as well as cases in which control derives
from market advantage (e.g, monopsony) or government regulations (e.g., ‘golden share’). This notion of control applies
equally to domestic and multinational BGs, and it allows for straightforward comparison with official statistics, as it is com-
monly used for foreign subsidiaries (Eurostat or OECD FATS) and for international taxation (IAS, IFRS).
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Table 1. Sample size.

Number of groups 2,901,466
Number of groups with NAICS 2,250,891
Number of parents with only one sub 2,182,934
Number of subs 5,676,289
Number of subs with layer 5,653,433
Number of subs with NAICS 4,580,899
Number of subs with routinizability 4,550,351

Note: Breakdown of the sample size with details on the number of observations for which we find layer, NAICS sector, and
routinizability.

broader sample.” A breakdown of the different sample compositions can be found
in Table 1.

Some combinations of cross-holdings by shareholders might yield ambiguous positions of
subsidiaries across layers. Yet, thanks to the algorithm’s efficiency, we can unequivocally as-
sign a layer to approximately 99.6% of the subsidiaries. Nevertheless, to evaluate the robust-
ness of our algorithm in identifying BGs and their hierarchical structure, we also experiment
with an alternative approach embedded in network theory. The method has been developed
by Rungi et al. (2017) and uses data from the Ownership section of the Orbis Database (a
different section with respect to the Historical Ownership Database), thus relying on the
original bilateral ownership information sourced by the Bureau Van Dijk from different na-
tional sources. For each company recorded, Orbis collects all information available on its
ownership structure. We arrange this information in matrix form and then launch the algo-
rithm developed by Rungi et al. (2017), simulating a voting rule in the presence of interlock-
ing assemblies of shareholders. The algorithm detects concentrations of voting rights that
allow for strategic coordination, a piece of information that we use to delimit the boundaries
of each BG, properly identify the HQs and, thus, assign each subsidiary to its hierarchical po-
sition.® Reassuringly, both approaches, starting from different initial datasets, and using dif-
ferent methods to identify BGs’ boundaries and structure, produce similar results.”

Table 2 describes the geographic coverage of the dataset, which spans all countries in the
world. We report the number of BGs (equivalent to the number of HQs) and the number of
subsidiaries in each country or geographical area. In addition, we specify the number of mul-
tinational BGs (i.e., the number of parents that also control subsidiaries abroad) and the
number of subsidiaries that are ultimately controlled by a foreign entity or a domestic parent.
Most parents and subsidiaries recorded in the data are incorporated in the USA or in
Europe. Moreover, unsurprisingly, Europe as a geographical area displays a larger share of
multinational groups, given that around half of the subsidiaries of European BGs are located
in predominantly European foreign countries.

7 Going from the broader sample to the restricted sample, we do not induce any self-selection regarding relevant characteris-
tics, in particular, hierarchical differentiation and country of incorporation.

® A peculiarity of Rungi et al. (2017) is that it starts from all the ownership paths through which a management decision
could run; the approach correctly manages and, thus, take notes of 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 par-
ent company and any of its subsidiaries (layer) is thus defined as the shortest ownership path in the network that connects
them in an ownership space.

? In Appendix A.2, we present the two approaches in more detail and compare them in terms of aggregate descriptive statis-
tics, and we replicate the main evidence on routinizability and a few robustness exercises on the sample of BGs identified
through the Rungi et al. (2017) algorithm.
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Table 2. Geographic coverage.

BGs Subsidiaries

Region or country All %  Multinational % All %  Foreign %
Africa 6698 0.24 4852 2.23 41,928 0.74 26,175  2.55
Japan 5357 0.19 4069 1.87 27,844  0.49 4345 042
Other Asia 81,855 290 23767 1092 367,740 6.50 173,615 16.94
Australia 83,677 2.96 3789 1.74 188,346 3.33 28,329 2.76
EU 28 718,057 2543 115,611 53.10 1,899,408 33.56 506,157 49.38
Other Europe 62,051 2.20 16,258 747 154,332 2.73 37,880 3.70
Latin America 31,892  1.13 19,183 8.81 95,995 1.70 65,223 6.36
Russia 53,472 1.89 1051 048 159,973 2.83 53,632 5.23
USA 1,743,710 61.74 22209 1020 2,628,317 4644 99213  9.68
Rest of the world 37,423 133 6923 3.18 96,042 1.70 30,510 2.98
Total 2,824,192 100.00 217,712 100.00 5,659,925 100.00 1,025,079 100.00
Country not assigned 77,274 16,364

Notes: The table details the number of observations of subsidiaries and BGs in a list of regions or countries. It also specifies
the number of BGs that control at least one subsidiary abroad (multinational) and subsidiaries that are controlled by foreign
parents. 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 “Country not assigned,” we classify the observations for which Orbis does not
identify a country. Percentages are computed excluding observations located in these countries.

3. THE HIERARCHICAL STRUCTURES OF BGs

This section presents three novel stylized facts about BGs based on our dataset. First, there
is a lot of variation across BGs in the number of subsidiaries, the number of layers, and the
distribution of subsidiaries across layers. Second, within BGs, subsidiaries engage in increas-
ingly routinizable activities as their hierarchical distance from the parent company increases.
Third, within BGs, patenting activity is primarily concentrated at higher hierarchical layers
closer to the parent company, and subsidiaries at lower hierarchical layers cite those at
higher hierarchical layers much more often than vice versa.

3.1 Hierarchical structures across BGs

In our dataset, there is a lot of variation in the BGs’ hierarchical structures in terms of the
number of subsidiaries and layers, as well as in the distribution of subsidiaries across layers.
Table 3 shows that the vast majority of subsidiaries (68%) are located in the first layers.
This feature is relatively more prevalent in domestic subsidiaries (76% of them) rather than
in foreign ones (with 42% and 28% of them at the first and second layers respectively). On
average, the first four layers contain 97% of all the subsidiaries, although again, multinational
groups appear to be distributed across relatively deeper structures, with 91% of them con-
centrated in the first four layers (97% is reached after six layers).

Table 4 looks at the average number of subsidiaries per layer in further detail by compar-
ing BGs with different numbers of layers. Along the columns, we see that, for any given over-
all number of layers in which the BG is organized, the number of subsidiaries decreases on
average as one moves down the hierarchy, with more subsidiaries closer to the parent com-
pany and fewer in lower layers. Along the rows, the average number of subsidiaries in any
given layer increases as the BGs’ number of layers increases, which is expected as BGs with
more layers are on average bigger.

Figure 1 summarizes the distribution of subsidiaries per group. The Panel A shows that
around 75% of groups in our data have very simple structures, with one parent controlling
only one subsidiary whereas around 20% of the groups have between 2 and 5 subsidiaries.
On the other tail of the distribution, around 0.1% of the parents in the sample have more
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Table 3. Hierarchical distance.

Domestic % Foreign % All %

Layer Subsidiaries Subsidiaries Subsidiaries

1 2,000,151 76.11 357,147 42.39 2,357,298 67.92
2 417,260 15.88 233,214 27.68 650,474 18.74
3 129,417 4.93 121,626 14.44 251,043 723
4 46,818 1.78 60,661 7.20 107,479 3.10
S 18,551 0.71 31,742 3.77 50,293 1.45
6 7571 0.29 17,170 2.04 24,741 0.71
7 3878 0.15 9726 1.15 13,604 0.39
8 1867 0.07 4593 0.55 6460 0.19
9 1128 0.04 2563 0.30 3691 0.11
10 582 0.02 1515 0.18 2097 0.06
>10 735 0.03 2608 0.31 3343 0.10
Total 2,627,958 100.00 842,565 100.00 3,470,523 100.00

Notes: The table shows the number of subsidiaries per layer, distinguishing between domestic and foreign subsidiaries. It
excludes BGs with only one subsidiary.

Table 4. Number of affiliates per layer across BGs.

Maximum layer of the BG

Avg. subs 1 2 3 4 S 6 7 8 9 10 >10
per layer

1 1.37 3.26 6.24 11.35 20.76 30.97 41.74 4591 47.57 68.38 81.75
2 2.18 6.13  11.44 19.70 29.01 3875 43.86 62.43 40.15 63.72
3 280 836 16.52 23.65 3491 40.39 45.03 44.08 54.14
4 3.06 932 17.17 2621 30.09 36.17 28.34 43.35
S 332 924 1727 2195 2794 18.64 37.97
6 336 932 1441 19.74 16.09 32.62
7 3.80 811 13.58 14.03 31.37
8 3.05 857 1046 19.32
9 340 7.54 16.68
10 2.64 13.46
>10 24.22

N.of BG 2,739,149 126,168 24,172 6811 2571 1157 618 350 207 91 138

Notes: The table shows the average number of subsidiaries per layer for BGs having different maximum layers. If BGs with
only one subsidiary were excluded, the mean number of affiliates in the first layer for BGs with only one layer would be 2.81.

than 100 subsidiaries each. The Panel B of Figure 1 shows that, on average, groups organized
in a larger number of hierarchical layers (reported on the horizontal axis) tend to have more
subsidiaries (see the central bar of the box plot, i.e., the median in the distribution of the
number of subsidiaries). Yet, as shown by the outliers of the box plots, there exist relevant
exceptions: some groups with only a few layers of control have more than 100 subsidiaries,
while some groups with fewer subsidiaries arrange them across several layers.

To capture this high degree of heterogeneity in the distribution of subsidiaries within and
across groups through a single summary statistic, we look at the skewness of the distribution
of its subsidiaries across layers for BGs with at least two layers (Wellman et al. 2020). When
skewness is negative, the distribution is left-skewed and subsidiaries are denser at lower
layers (those with larger £), leading to a pyramid-shaped hierarchy. When skewness is
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Figure 1. Hierarchical description. Panel A shows the distribution of BG size in terms of number of
subsidiaries. Panel B presents 11 box plots of groups’ size conditional on the number of layers their
hierarchies display. We have excluded the 13 BGs with more than 2000 subsidiaries so as to make
the figure more legible.
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Number of Layers

positive, the distribution is right-skewed and subsidiaries are denser at higher layers (those
with smaller /), leading to an inverse pyramid-shaped hierarchy. The closer the skewness is
to zero, the more symmetric the distribution is, leading to a diamond-shaped hierarchy.'®
Figure 2 shows that the distribution of BGs across skewness levels is unimodal, with sub-
stantial hierarchical differentiation. In particular, in the full global sample, the skewness of

1% Recall that the unique assignment of a company to a BG is based on its ‘Immediate shareholder’ (ISH), which is the cor-
porate entity that directly controls >50% of the company. This implies that going downwards from the GUO, the building
blocks of any hierarchy are either a one-to-one or a one-to-many vertical ownership relationship. Independently of their
shapes, all hierarchies are ultimately made of different combinations of those primitive blocks.
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Figure 2. Skewness distribution. The figure shows the skewness distribution of BGs’ hierarchies.
BGs are grouped by geographical area in Panel A, while in Panel B, they are grouped by size. BGs
with less than two layers or 10 subsidiaries are dropped because their skewness can only take a few
values and thus alter the densities.

the average distribution of subsidiaries across layers ranges from —2.26 to 3.32 with a mean
of 0.19 and a standard deviation of 0.87.

A feature worth noticing is that pyramid-shaped hierarchies (those with negative skewness)
are by no means the rule. This is most readily seen by classifying hierarchies with skewness half a
standard deviation below zero as “pyramids,” those with skewness half a standard deviation
above zero as “inverse pyramids,” and the rest with skewness within half a standard deviation
from zero as “diamonds.” The Panel A of Figure 3 shows that, in the full sample, those three clas-
ses contain around 20%, 50% and 30% of all BGs, respectively. The Panel B of Figure 3 also
highlights that inverse pyramids’ dominance is more pronounced in BGs with more subsidiaries.
For example, the hierarchies of BGs with 50—149 subsidiaries are around 10% pyramids, 30%
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Figure 3. Skewness bars. The figure shows the frequency of the three types of hierarchical
structures. In Panel A, BGs are grouped by geographical area, while in Panel B, they are grouped by
size. BGs with less than two layers are excluded because their skewness can only take value 0 and
thus alter the graphs.

diamonds and 60% inverse pyramids; those with more than 150 subsidiaries are around 5% pyra-
mids, 20% diamonds and 75% inverse pyramids. These patterns are reflected in the mean and
the standard deviation of skewness (the Panel B of Figure 2). In BGs with 50-149 subsidiaries
mean skewness equals 0.65 with a standard deviation of 0.96, whereas in BGs with more than
150 subsidiaries mean skewness equals 0.88 with a standard deviation of 0.94, compared with
0.19 and 0.87 in the global sample.""

'! Several subsidiaries in the first layer could be financial shells or regional HQs. To check the sensitivity of the skewness
patterns reported in Figure 3 to the thickness of the first layer, we have restricted our sample to BGs with at least three layers,
and then excluded from our computations the subsidiaries in the first layer. While we observe a decrease in pyramidal shapes
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Figure 4. Routinizability over hierarchies. The graph shows the coefficients and 95% confidence
intervals obtained from a regression of the routinizability index of each subsidiary on the
hierarchical layer of the same subsidiaries, including group and host country FE, and using robust
standard errors. Regression results are reported in Table B2. Layer 1 constitutes the

omitted category.

Considering the Panel A of Figure 3 again, we see substantial cross-country heterogeneity.
Pyramids are less frequent in the USA (18%) and even less in Japan (6%) than in the full
global sample. However, diamonds are the dominant shape in the USA (45%) while in
Japan (17%) the lion share goes to inverse pyramids (72%). In core European countries,
BGs exhibit a more balanced distribution across shapes, roughly in line with the full global
sample, though the frequency of pyramids is slightly higher than in the latter. These patterns
are reflected in the mean and the standard deviation of skewness. In the USA and the
Europe, mean skewness equals 0.19 and 0.14 with standard deviation 0.87 and 0.85, whereas
in Japan mean skewness equals 1.15 with a standard deviation of 1.10. Hierarchical differen-
tiation also varies across European countries, with France featuring a larger frequency of pyr-
amids than Germany, Italy and Belgium.'>

3.2 Hierarchical task complexity within BGs

Figure 4 plots the coefficients with the corresponding 95% confidence intervals estimated
regressing for each subsidiary, its index of routinizability on a set of eleven-layer dummies
(for £=1,...,10 and £>10) plus parent and country fixed effects."> The index is con-
structed by exploiting a specific question Q.25b in the survey questionnaire developed for
the Princeton Data Improvement Initiative (PDII) as described in Blinder and Krueger
(2009, 2013). This question asks respondents: “How much of your workday involves

and an increase in both inverse pyramids and diamonds, the country and size patterns in Figure 3 are confirmed no matter
whether we include or exclude the subsidiaries in the first layer.

!> One may be concerned that many subsidiaries situated at the periphery of the hierarchical structure without control over
other subsidiaries could influence the overall distribution of skewness. This concern is addressed in Appendix B, where some
real-world examples are also reported (see Appendix B.1). In particular, Figure BS in Appendix B.2 replicates Figure 3 after ex-
cluding from the computation of skewness the subsidiaries that do not directly control other subsidiaries. The two figures ex-
hibit similar patterns.

'3 Table B2 in Appendix B.3 reports the econometric model and the regression results with robust standard errors be-
hind Figure 4.
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carrying out short, repetitive tasks? Would you say ...” There are four possible answers:
“Almost all the time—1,” “More than half of the time—2,” “Less than half of the time—3,”
“Almost none of the time—4.” We compute the mean answer by the three-digit NAICS
2002 sector where respondents are employed and use it as an index of routinizability of the
industry where a subsidiary is active. For easier interpretation, we have reversed the original
ranking to associate a higher index value with a higher degree of routinizability. We estimate
routinizability for 4,550,351 subsidiaries in our sample, obtaining a mean of 2.44, a standard
deviation of 0.47, a minimum of 1.33 and a maximum of 4.00.

The figure shows a clear hierarchy of task complexity within BGs as the average routiniz-
ability of the tasks performed by a subsidiary in a given layer positively correlates with the
distance of its layer from the parent.'* See also Appendix E, where we show a lack of statisti-
cal association between hierarchical layers and contractability. Although the latter is a tradi-
tional driver of firms’ boundaries, results show that it is unrelated to the organizational
structure of BGs.

3.3 Hierarchical knowledge creation within BGs
In addition to the hierarchy of tasks, Figure S reveals a specific pattern in patent applications
and citations across subsidiaries. Patenting is concentrated either in the HQ or in subsidiar-
ies at layers close to it. This is consistent with the idea of a hierarchy of knowledge creation

20
1

15

Number of patents
10
1

! : +

T
HQ 1-2 35
Hierarchical layer

Figure S. Innovation activity: number of patents. The graph shows the coefficients and 95%
confidence intervals after a regression of the numbers of patents of each HQ and subsidiary on the
hierarchical layer of the same HQ or subsidiary, including group and host country FE, and using
robust standard errors. Layers greater than S constitute the omitted category.

!4 A potential concern is that this finding may mask some underlying heterogeneity within BGs. In Appendix B.2, we thor-
oughly test the robustness of this evidence by conducting various robustness checks that account for affiliates” ownership links
and exclude affiliates that do not control other subsidiaries. In addition, in the same Appendix, we replicate this analysis using
size controls for both BGs and subsidiaries, and then separating MNEs and domestic BGs. Reassuringly, the results are robust
and confirm the pattern shown in Figure 4.
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Figure 6. Innovation activity: upper and lower citations. The bar chart shows the average ratio of
within-BG citations to total citations received by a firm, by the citing firm’s hierarchical layer. Total
citations encompass all citations from other firms, both within and outside the firm’s BG. This ratio
distinguishes within-BG citations of firms in layers (strictly) above the citing firm from those
(strictly) below. It should be noted that, for the HQ, the number of citations of affiliates in upper
layers is zero by construction.

and diffusion within BGs, as patent citations can be considered as indicators of knowledge
flows among partners (Fadeev 2023).'°

To generate the figure, we have merged information on individual BGs with data on firms’
patents and citations retrieved from the Orbis Intellectual Property Database. We have then
constructed an original database of firms’ networks based on patent-citation links. The data-
base includes around 168,000 firms in 123 countries that have received at least one citation
for one patent application, which provides us with 1.4 million patent applications and a net-
work of 9.5 million firm-patent citations.

We have used this dataset to track firms that are part of a BG (as parent or subsidiary)
and to identify the layers in which we observe patenting. Finally, we have regressed the num-
ber of cited patents attributed to the HQ and its subsidiaries on their hierarchical layer, in-
cluding group and host country fixed effects and robust standard errors. Layers greater than
five constitute the omitted category, given that the presence of cited patents in subsidiaries
placed further below along the hierarchy is sparse. Figure 6 shows that, on average, patenting
activity is concentrated either in the HQ or in subsidiaries at layers close to it."®

'S Specifically , Fadeev (2023) shows how patent citations primarily originate from business partners, therefore suggesting
that they reflect deliberate knowledge sharing rather than unintended spillovers.

16 We have also explored the “quality” of patents as proxied by citations. Appendix C.1 shows that high-quality patents (i.e.,
those that are cited not only by other patents belonging to the same firm) are located in the HQ or in layers close to it, while
patents placed at layers further down the hierarchy, if anything, mostly cite themselves. Specifically, Figure C1 shows that the
average ratio of self-citations out of citations per layer rises as one moves down the hierarchy. Moreover, in Appendix C.2, we
complement these results with evidence of interactions among firms across the BG’s hierarchy: we document a positive and
significant correlation (in OLS with fixed effects) between productivity shocks in bottom layers and the change of productivity
in the HQ. This is consistent with the idea that hierarchical choices are not exogenous to the overall performance of a BG.
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Figure 7. Innovation activity: upper-and lower-citations excluding adjacent layers. The bar chart
shows the average ratio of within-BG citations to total citations received by a firm, by the citing
firm’s hierarchical layer. Total citations encompass all citations received from other firms, both
within and outside the firm’s BG. This ratio distinguishes within-BG citations of firms in layers
(strictly) above the citing firm from those (strictly) below. It should be noted that, for the HQ and
the first layer, the number of citations of affiliates in the upper layers is zero by construction.
Citations of firms in the layer immediately above and immediately below are excluded.

We have further exploited the unique features of our original patent dataset to study the
hierarchy of knowledge diffusion within BGs by looking at patents’ citations between
subsidiaries at different layers. Figure 6 reports the average ratio across BGs of within-BG
citations to total BG citations for patents registered at all layers above or below any given
layer. It shows that lower layers are more likely to cite higher layers than vice versa. Figure 7
looks at the same ratio after excluding citations between adjacent layers. It shows that lower
layers are still more likely to cite higher layers than vice versa. Hence, citations are not neces-
sarily associated with direct ownership links.

3.4 Discussion and related literature
Our evidence documents a large variation across BGs’ hierarchical structures in terms of the
number of subsidiaries, the number of layers, and the distribution of subsidiaries across
layers. The literature has highlighted how ownership links can be designed to create a net-
work through which resources flow between the subsidiaries of a BG. This “internal market”
allows the HQ to circumvent the imperfections of the external market and promote a more
efficient resource reallocation in a changing business environment. Three dimensions of in-
ternal resource reallocation have received particular attention. The first concerns capital
(Khanna and Palepu 2000; Khanna and Rivkin 2001; Almeida and Wolfenzon 2006;
Almeida et al. 2011; Belenzon and Schankerman 2013). Financial resources can be moved
across subsidiaries to fund those with higher returns on investment or bail out those in finan-
cial distress. The second dimension regards labor (Huneeus et al. 2021; Cestone et al.
2023). Employees can be reallocated across subsidiaries to respond to demand shocks and
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changes in business opportunities. The third dimension concerns taxable income (Lewellen
and Robinson 2013), which can be shifted across subsidiaries for tax arbitrage purposes.

Our analysis highlights a fourth important dimension of internal resource allocation in a
BG, in which higher-layer subsidiaries perform more complex tasks and register more cited
patents than lower-layer subsidiaries, thereby fostering an efficient allocation of knowledge
creation, diffusion and application across subsidiaries. This is consistent with the seminal
work of Bartlett and Ghoshal (1989), who emphasize the importance of allocating knowl-
edge by managing the increasingly complex flow of information within international organi-
zations through various processes, such as the rotation of personnel, the setup of informal
communication channels, and the use of task forces and committees. The latter contribution
started a literature in which knowledge flows from parent companies to their subsidiaries
(Gupta and Govindarajan 1991; Monteiro et al. 2008) and vice versa from subsidiaries to
their parents (Bresman et al. 1999; Nair et al. 2015) have been documented. Recent works
have also highlighted the possibility of transferring knowledge within BGs in directions other
than the direct ownership links. Specifically, the transmission of knowledge between peer
subsidiaries (“lateral knowledge transfer”) has increasingly gained attention (Ciabuschi et al.
2011; Li and Lee 201S; Crespo et al. 2020; Garg et al. 2022; Wu et al. 2022). This lateral di-
rection of knowledge flow seems to be the result of various practices adopted by BGs, such
as international temporary task forces and inter-unit committees, training and workshops,
personnel exchanges, and the adoption of corporate-wide intranet systems (Subramaniam
and Venkatraman 2001; Bjorkman et al. 2004; Persson 2006; Ciabuschi et al. 2011; Crespo
et al. 2020).

We add to these channels patents cross-citations, with respect to which a clear pattern
emerges from the data: knowledge is predominantly created in the HQ (or upper-layer
subsidiaries) engaging in more complex tasks and subsequently disseminated down the en-
tire hierarchy.

In what follows, we build on the foregoing strands of literature and our empirical findings
to rationalize a BG’s hierarchical structure as a means to promote the efficient creation, dif-
fusion and application of knowledge through the optimal design of an internal knowledge
market. In particular, adopting the idea put forth by Garicano and Rossi-Hansberg (2015)
for hierarchies of employees within companies, we conceptualize knowledge as the ability to
solve the problems that naturally arise in any production process.

4. A KNOWLEDGE-BASED ORGANIZATIONAL THEORY OF BGs

The main idea is that, as in Garicano and Rossi-Hansberg (2015), knowledge resides with
the top management and is communicated to underlings by advising their problem solving;
in a BG, knowledge emanates from the HQ and is communicated to subsidiaries by advising
their own problem solving. Advising time for the HQ comes, however, in limited amount.
Moreover, some problems are harder to solve than others. Their solution has higher upside
potential in terms of the BG’s performance, but it also absorbs more advising time. The
BG’s optimal hierarchy then arises from the HQ’s profit-maximizing allocation of advising
time across subsidiaries solving problems of different difficulty. Together with the nature of
the problems, three primitive parameters play a key role in determining the optimal hierar-
chy. These capture the HQ’s efficiency in producing, in advising knowledge creation, and in
handling the associated communication across subsidiaries. Crucially, thanks to the internal
knowledge market, the communication of knowledge within the BG is not restricted to fol-
lowing direct ownership links.
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4.1 Knowledge creation

Consider a BG consisting of a parent and an endogenous number of subsidiaries. The parent
owns the “blueprints” of a large portfolio of final products and has to decide how many of
them to produce, and how to organize their production through subsidiaries. Each product
faces an isoelastic demand y = Ap ™, where y is output, p is price, 6 > 1 is the demand elas-
ticityy and A>0 is a demand shifter. A product’s revenues are then given by
R(y) = py = AY/?y(©=1/? Both ¢ and A capture market characteristics that are common to
all products, and thus to all BGs."”

The parent has exclusive knowledge of the production possibilities of each blueprint but,
in order to turn them into actual production, a product-specific problem has to be solved.
The problem comes in different versions, indexed by © and ranked {1,2,...} in decreasing
order of difficulty D(gp) = e~ % with #> 0. This is the same for all products and is not BG-
specific. The parent knows how to solve any version of any problem, but it is not directly in-
volved in production, which it delegates to the subsidiaries by deciding which blueprints,
which problems and which versions to assign them. Direct or indirect majority ownership of
the subsidiaries is needed for the parent to be in control of their use of its blueprints.

A subsidiary consists of a problem solver (“executive”) and a team of producers
(“employees”) whose number increases with the level of output. If the executive does not
solve the problem decided by the parent, the employees in her subsidiary cannot produce,
and their productivity is at zero. If she solves the problem, their productivity depends on the
assigned version’s difficulty, with the former increasing with the latter. Specifically, if the ex-
ecutive solves version , her employees’ productivity is Q(p) = wD(p) = we™%
@ >0 is a parent-specific component capturing the fact that some BGs have better produc-

, where

tion possibilities than others.

All employees have the same skills. Their wage is normalized to 1, and at this wage, their
supply is infinitely elastic. In contrast, executives come in different ability types. Solving
more difficult versions requires higher ability that not all executives have. Executive types are
indexed by m and ranked {1,2,...} in decreasing order of ability M(m) = e~ ", which is de-
fined as the capacity to solve problem versions o = 1,...,m and thus implies that a problem
version @ can be solved only by an executive of type m = 1,.. ., p. Executives have only a
limited amount of time they can devote to problem-solving. In this amount of time each of
them can solve at most one problem. Executives of higher ability are more expensive with
W(m) = wD(m) = we™" denoting the fixed cost of hiring an executive m whose problem-
solving capacity allows employees in her subsidiary to achieve productivity Q(m). At hiring
cost W(m) the supply of executives m is also infinitely elastic. Executive remuneration per
efficiency unit w is a market characteristic common to all BGs.

On top of adequate ability, in order to solve her subsidiary’s problem version, the execu-
tive also needs advice from the parent, which can transmit its problem-solving knowledge ei-
ther directly or indirectly through executives in other subsidiaries. In the latter case, advice
can be obtained from any of the BG’s subsidiaries no matter whether or not the advised sub-
sidiary is owned (directly or indirectly) by the advising one. However, the parent’s knowl-
edge can be transmitted to an executive only through executives of higher ability.

Advising is time consuming for the advisor and the amount of time needed increases with
the difficulty of the problem version to be solved and decreases with the advisee’s ability.
Specifically, in order to solve a problem version of difficulty D(g), an executive of ability
m < p requires T(p,m) = D(p)M(m)~ ¥ = e~ 9¢?™ units of advising time. The rate ¢ >0,

17 See Appendix D for a standard microfoundation of this demand system under monopolistic competition.
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at which communication becomes less efficient as the advisee’s ability falls, is a parent-
specific characteristic capturing different communication efficiency across BGs.

The amount of available advising time is T = ¢’ for both the parent and each executive,
where 7> 0 is a BG-specific measure of advising efficiency. Offering advice is the only activ-
ity of the parent, hence T is its total endowment of time. Differently, for an executive T is
an extra amount of time in addition to the one she has for problem solving. For simplicity,
the executive’s advising and problem-solving amounts of time are not substitutable, and the
hiring cost remunerates both.

4.2 Optimal knowledge hierarchy

As in the data, also in the model, the unique assignment of a subsidiary to a parent is based on
the corporate entity holding direct majority control.'® This implies that, going downwards from
the parent, the building blocks of any BG’s hierarchy are either one-to-one or one-to-many verti-
cal ownership relations. All hierarchical shapes are ultimately made of different combinations of
such building blocks. We now characterize the conditions under which the combination of those
blocks into the shapes we actually observe in the data can be explained through the lens of our
model in terms of efficient knowledge management. In particular, we are interested in under-
standing how BGs’ organizational structures vary as a function of the three parameters that cap-
ture their efficiency in producing (@), advising (7), and communicating (¢).

A BG’s knowledge hierarchy is determined by the way in which the executives of different
abilities leading its subsidiaries are arranged in hierarchical layers of problem solvers who are
both advisors and advisees. For example, with layers indexed £ >0, in a “pyramid” structure
the parent at layer £ = 0 advises directly a smaller number of subsidiaries at top layer £ = 1
and indirectly a rising number of subsidiaries at increasingly lower layers £ > 1; in an “inverse
pyramid” structure the parent at layer £ = 0 advises directly a larger number of subsidiaries
at top layer £ =1 and indirectly a diminishing number of subsidiaries at increasingly lower
layers £>1; in a “diamond” structure there is a threshold layer £> 1, above which the
knowledge hierarchy is a “pyramid” and below which it is an “inverse pyramid.”

Creating a layer bears an administrative cost wF > 0, which is a market characteristic com-
mon to all BGs. The optimal hierarchy can be derived by analyzing the parent’s decision to
activate the first layer £ = 1 and then iterating the analysis to the next layers. Within a layer,
the parent anticipates the profit a subsidiary placed there will earn as the result of an optimal
selection among problem versions and executive types hired to solve them. Choices maxi-
mize the BG’s profit and are made sequentially. Initially, the parent decides whether to cre-
ate the layer, how many subsidiaries n to activate (i.e., how many product blueprints to
implement) and which version @ of the corresponding problems to solve. Then, it selects
the executive type m tasked with solving the subsidiaries’ problems. Finally, after the execu-
tives have solved the problems, the subsidiaries decide how much output y to produce and
earn the corresponding profits from sales.

The main results, derived in Appendix D, are that as long as the demand elasticity is large
enough (6 >2), the parent assigns the problem versions ¢ to layers in decreasing order of
difficulty from the top and tasks with solving them the least able executives who can succeed
(ie., those with m = p) under the advice of the least able executives who can help them
(i.e., those with m — 1). Moreover, as long as the parent-specific productivity component ®
is large enough, the first layer is assigned the most difficult problem versions so that the layer
and problem version indexes coincide (¢ = ). Large enough demand elasticity ensures
that, in terms of profit, the productivity gains from solving harder problem versions more

18 See Footnote 10, where this point is made regarding the data.
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than compensate the additional hiring costs for the better executives needed to solve
them.'” High enough parent productivity ensures that when the first layer is assigned and
solves the hardest problem version (), its profit is not negative.” Intuitively, these results
are explained by the fact that it is more profitable for the BG that the parent and the execu-
tives devote their limited advising time to the most productive problem versions they can
help solve.

To summarize, if demand elasticity and parent productivity are large enough, the layer
coincides with the problem version, which in turn is matched by the executive type
(¢ = p = m). The feasible number of subsidiaries at generic layer £ is then determined by
the time constraint for layer £ — 1, which equalizes the advising time needed by the former
layer and the latter layer’s endowment: ngel® =9 = n,_,¢". Applying the constraint recur-
sively from the parent (for which ny = 1) yields the number of subsidiaries

g = ekr+%£(é+1)(0—(p) (1)

for the generic layer £. However, the layer is activated only if it generates positive profit
ngl_[g—wF:ng[aw”_le_g(”_z)z—w]e_%—wF>O (2)
where

I, = [awa—le—e(a—z)é _w]e—%

is profit per subsidiary anda = (A/0)[(c—1) /6}6_1 is a bundle of demand parameters.
Hence, the hierarchy stops at the lowest layer, that makes non-negative profit. This is the
cutoff layer £* such that

nelly —wF >0 and nyy Il; 11 —wF <0 (3)

simultaneously hold for £ = £*.

4.3 Pyramids and diamonds

The model has rich implications for a BG’s hierarchical structure.”' The cutoff layer defines
the depth of the hierarchy with larger ¢* describing a deeper hierarchy with a larger number
of layers. As a layer’s profit n/l, —wF is an increasing function of @, a BG’s hierarchical
depth increases with its production efficiency. Depth also depends on the rate at which the
layer’s profit falls when its hierarchical distance from the parent rises, which in turn depends
on how Il and ny evolve when £ grows.

Since higher £ is associated with increasingly simpler problem versions and thus increas-
ingly smaller productivity gains from solving them, profit per subsidiary I1; falls when / rises,
with speed determined by the rate 8, at which problem versions become easier to solve, and

'2 A value 6> 2 finds empirical support in the literature (see, e.g,, Head and Mayer 2014). .

** The exact condition on parent productivity, derived in Appendix D, is @ > [(w/a)(1 +Fe"’_’)e"("_2)]ﬁ with
a=(A/0)[(6—1)/06]°"". When this condition is violated, the first layer would make losses if it were assigned the most diffi-
cult problem version © = 1. It would then be assigned the next most difficult problem version that made it at least break even.
Using .., to denote this problem version, the layer index £ would still start from 1, whereas the problem version and execu-
tive type indexes would start from ¢, ... This situation would only complicate the notation without providing any concrete ad-
ditional insight.

*! See Appendix D for a formal derivation.
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the rate o, at which decreasing productivity gains translate into decreasing sales gains.
However, as both 6 and ¢ are market characteristics common to all BGs, heterogeneous
depth across them cannot be explained by these parameters. It is explained by the different
behavior of 1/, as determined by the problem-solving efficiency parameters driving it.

To see this, it is useful to rewrite the advising time constraint neel? =% =, _1e" in terms
of “span of control” defined as the number of advisees per advisor n;/n;_; = ¢~ @~ For
@ < 0, as { rises, problems become easier to solve more rapidly than their solutions become
harder to communicate. As a result, the span of control increases and a given number of up-
stream advisors can successfully advise a larger number of downstream advisees, which
resembles the typical situation emphasized in models of knowledge hierarchies within com-
panies (Garicano 2000; Garicano and Wu 2012; Garicano and Rossi-Hansberg 2015).

In contrast, for ¢ > 6, as ¢ rises, problems become easier to solve less rapidly than their
solutions become harder to communicate. In this second case, an advisor’s available time
gets increasingly crowded so that her span of controls falls as £ rises. As a result, a given
number of upstream advisors can successfully advise a larger number of downstream advi-
sees in higher layers (¢ <7/(¢ —6)), while they can advise only a smaller number in lower
layers (¢ >17/(@ —0)). The number of subsidiaries per layer ny is then a hump-shaped func-
tion of ¢, as implied by (1). An inverse pyramid arises when the first layer precedes the
hump’s top (7/(¢ —0) < 1), a diamond when it follows the hump’s top but precedes the
cutoff layer (1<7/(¢p—0)<(*), and a pyramid when it follows the cutoff
layer (z/(@p —0) > (7).

Overall, given the same problem-solving challenges (same 6), pyramids are chosen by
BGs with high efficiency in advising (large 7) and communication (small ¢), inverse pyra-
mids by BGs with low efficiency in advising (small 7) and communication (large ¢), and
diamonds by BGs of intermediate efficiency. Intuitively, for less efficient BGs in advising and
communicating, it is better to keep problem solving, and thus production, on layers closer to
the parent.

4.4 Quantitative analysis

To check its empirical relevance, the model can be calibrated to target some key moments
of the data and then simulated to see whether its predictions are consistent with other untar-
geted moments reported in Section 2. Specifically, we exploit the model’s equilibrium equa-
tions to specify econometric regressions that allow us to obtain structural estimates for the
parameters regulating problem difficulty (6), advising efficiency (7), and communication ef-
ficiency (¢). Then, we use those estimates, together with the model’s structure, to calibrate
the parameter regulating production efficiency (w). We choose the BGs” number of layers as
the target moments of the data and rely on normalizations and existing estimates borrowed
from the literature for the remaining parameters. Finally, we show that the model correctly
predicts that BGs organized in a larger number of hierarchical layers tend to have more
subsidiaries, and that the dominance of inverse pyramids is more pronounced in BGs with
more subsidiaries. We also show that it correctly predicts that left-skewed hierarchies are
less frequent in the USA and in Japan than in Europe.

In the case of 8, we recall its definition in D(p) = e~
of more difficult problem versions become harder to find. Given p = ¢, since more difficult
problem versions are allocated to higher layers, the model implies that @ is also the rate at
which problem version difficulty falls as the layer index ¢ increases. Based on this property,
we proxy the difficulty D(¢) of problem versions addressed at layer ¢ by the inverse of the
routinizability of the layer’s activities, measured by the same variable as in Figure 4 and

% as the rate at which the solutions
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Table S. Reduced form estimates of 6.

(1) (2) (3)
Dependent variable log(Routinizability)
Estimation method OLS OLS OLS
Layer 0.0207%%* 0.0252%* 0.0156++*
(0.000846) (0.000609) (0.000784)
Parent FE Yes Yes Yes
Subcountry FE Yes Yes Yes
Cluster BG BG BG
Sample Excl. 1tol Excl. 1tol Excl. 1tol
Layers 1-6 # Subs >10
Observations 2,687,600 2,666,804 1,121,548
R? 0.536 0.541 0.360

Notes: OLS estimations. log(Routinizability) is the logarithm of the routinizability of the layer, as from the PDII at the three-
digit NAICS 2002 sector level; Layer is the degree of separation between the HQ and the corresponding subsidiary. The
constant is omitted from the table. All specifications include parent company FE and subsidiary’s country FE, and are
estimated on the full world sample, excluding BGs with only one subsidiary. Specification (2) only includes the subsidiaries in
the first six layers, specification (3) only includes subsidiaries belonging to BGs with ten or more subsidiaries. Standard errors
clustered at the HQ level are in parentheses.

Bk < 01,

retrieved from Blinder and Krueger (2009, 2013). Given that restating D(¢) = e % in
logs yields

In(D(¢)™") = o¢, (4)

we estimate @ by regressing the log routinizability of a layer on the layer’s index controlling
for BG fixed effects and subsidiary host country fixed effects, and clustering standard errors
at the HQ level. The estimated 6 thus corresponds to the average semi-elasticity of routiniz-
ability to the layer index within groups. The estimation results are reported in Table S for
the full world sample. The table shows that, as one moves down the hierarchy by one layer,
routinizability increases by around 2% on average.

As for 7 and ¢, we estimate them starting from equation (1) as follows. Taking logs and
bundling the primitive parameters as a; =7+ (6 — @) /2 and a, = (6 — ) /2 gives

ln(n/;) = alf—l—(szz, (5)

which implies that @; and @, can be estimated by regressing the log number of subsidiaries
in a layer on the layer’s index.** Then, using the estimated a; and o, together with the previ-
ously estimated 0, the corresponding values of 7 and ¢ can be backed out by inverting the
definitions of @; and @, as 7 = a; — @, and @ = 6 —2a,. The estimates of a; and a, from
regression (S) are displayed in Table 6 for the four groups of countries. Both coefficients are
consistently and significantly estimated across the four samples. Sensitivity checks (columns
S to 8) performed excluding BGs with more than 6 layers show that the estimates are not
overly sensitive to extreme distributions in the shape of the BGs.

To estimate 7 and ¢ together with their standard errors, we bootstrap our estimates of a;
and @, on 1000 random subsamples, each including 5% of the relevant BGs. We then com-
pute 7 and ¢ using @ = 0.0207 from Table S, Column (1).

> As BGs with only one affiliate are uninformative for this regression, we exclude them from the estimation.
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Table 7. Bootstrap for 7 and ¢.

T @
Country/area sthp. 50t p. 95th p. 5% p. 50 p. 95t p.
World 0.668 0.751 0.820 0.114 0.161 0.204
USA 0.858 0.961 1.042 0.137 0.203 0.267
Japan 1.307 1.802 2.529 0.271 0.569 1.088
Core Europe 0.603 0.742 0.831 0.108 0.191 0.251

Notes: Estimates are conducted on 1000 bootstrapped samples covering 5% of the BGs in each country/area. ¢ is computed
using 6 = 0.0207 which is our preferred estimate in Table S, Column (1).

The bootstrapped results are reported in Table 7 for the four country groups, taking the
median across the subsamples as point estimate, and the 5% and 95t percentiles of the distri-
bution as confidence intervals. The estimated parameters indicate that US BGs are more effi-
cient than European BGs in advising knowledge creation; while they are similarly efficient in
handling associated communication across subsidiaries. Moreover, while Japanese BGs are
more efficient than European and US BGs in advising knowledge creation, they are less effi-
cient in handling associated communication across subsidiaries.

To validate the country rankings obtained from the model’s estimates, we compare them
with those that can be retrieved from related measures in the World Management Survey
(WMS). To proxy advising efficiency we take the mean of “Process Documentation,”
“Performance Tracking,” “Performance Review,” and “Consequence Management” scores.
To proxy communication efficiency we take the mean of “Performance Dialogue” and
“Clarity of Goals and Measurement” score. For each category the score ranges between 1
(weak) and S (strong). Table 8 shows that the country rankings based on the WMS scores
are aligned with the estimated ones reported in Table 7.

Turning to production efficiency w, we calibrate it through the structure of the model.
Specifically, the model loads cross-country variation on the heterogeneity of ¢ and 7, and
within-country variation across BGs on the heterogeneity of @, while assuming that all other
parameters (A, F, w, 0, o) are the same for all BGs. For calibration, we normalize
A =F =w = 1, lift the estimated 6 from Table S and set 6 = S following Head and Mayer
(2014). We then constrain ¢ and 7 to be the same for all BGs in each country group. For
each BG, we retrieve @ follows. We start by considering the cutoff layer condition (3) for
the targeted BG, under the chosen values of the other parameters. We then iterate on alter-
native values of @ until condition (3) delivers the BG’s observed cutoff layer, that is, until
the maximum layer generating non-zero profit in the model coincides with the actual one.

To show that the model correctly predicts that BGs organized in a larger number of hier-
archical layers tend to have more subsidiaries, and that the dominance of inverse pyramids is
more pronounced in BGs with more subsidiaries, we focus on US BGs and partition them in
percentiles of their cutoff layers’ distribution. Moreover, in order to have enough variation
across percentiles, we consider only the BGs with at least 10 subsidiaries and restrict the cali-
bration to the top 90, 95 and 99 percentiles. For the US sample, the estimated advising and
communication efficiency parameters are 7 =0.961 and ¢ = 0.203 (see Table 7). For the
targeted percentiles, the observed cutoff layers are 5, 6 and 9, with implied values of @ equal
to 2.090, 2.131, and 2.480, respectively. Hence, a higher percentile is associated with higher
production efficiency.

According to the model this finding has two implications. The first concerns the number
of subsidiaries. This is predicted to be 27, 34, and 44 for the top 90, 95, and 99 percentiles,
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Table 8. Comparison with WMS data.

Country Supervision (7) Communication (¢)
Japan 0.689 0.648
USA 0.675 0.615
Core Europe 0.638 0.557

Notes: The table shows some proxies of country-level efficiency in knowledge supervision and communication, based on the
World Management Survey data. Supervision efficiency is proxied by the mean of “Process Documentation,” “Performance
Tracking,” “Performance Review, "and “Consequence Management” abilities. Communication efficiency is proxied by the
mean of “Performance Dialogue” and “Clarity of Goals and Measurement” abilities. Each ability is reported in the WMS
survey with an increasing score from 1 (weak) to S (strong). Mean scores Tyys and @y, are weighted by country, sector,
and firm’s size class.

Figure 8. Hierarchies with more layers are less left-skewed. Model simulation. Density of
subsidiaries across layers for BGs in the top 90 (black), 95 (gray), and 99 (white) percentiles of the
distribution of the number of layers. US BGs with at least 10 subsidiaries. Parameter values:
A=F=w=1,0=0.0207,0=S5,7=0.961, p = 0.203, » = 2.090 (black), 2.131 (gray), and
2.480 (white).

respectively, which implies that it increases with a BG’s productivity. The second implication
refers to the allocation of subsidiaries across layers. This is depicted in Figure 8, which
reports the density of subsidiaries across layers, with black, gray and white bars correspond-
ing to BGs in the top 90, 95 and 99 percentiles, respectively. Higher production efficiency
makes the hierarchical structure less left-skewed. Considering the two implications together,
the model correctly predicts that BGs organized in a larger number of hierarchical layers
tend to have more subsidiaries and are less likely to be organized as pyramids.

The foregoing result holds when 7 and ¢ are assumed to be the same for all BGs in a
country. One may argue that this is a strong assumption, especially for multinational and
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Figure 9. Hierarchies are less left-skewed in domestic than in multinational BGs. Model simulation.
Density of subsidiaries across layers for BGs in the top 90 percentile of the number of layers
distribution. US BGs with at least 10 subsidiaries. Parameter values: A=F =w =1, 8 = 0.0207,
6=25;7=0.851, ¢ = 0.169, ® = 2.131 (multinational; black); 7 = 0.961, ¢ = 0.203, ® = 2.131
(pooled; gray); = 1.453, ¢ = 0.646, @ = 10.655 (domestic; white).

domestic BGs. To investigate the implications of relaxing this assumption, we rerun regres-
sion (S) on the US sample separately for the two types of BGs. Specifically, we let 4, and 7,
with s =M, D be the parameters capturing the different advising needs of subsidiaries in
multinational and domestic BGs, respectively. Then, the advising time constraint becomes
ne_ief = nge("’+'7s —O)tn,, By interaction, this expression gives n, = elm U DO0-0) yyith
7, = T— i, and @, = @ +1,, which we run as a log-regression as before. The values obtained
are 7)1 = 0.851 and ¢, = 0.169 for multinational BGs, and 7p = 1.453 and ¢, = 0.646 for
domestic ones. Hence, we have 7)y <7 <7p and @, <@ < @p,. These estimates suggest that,
while multinational BGs exhibit more effective communication, their subsidiaries demand
more advising time to solve their problems.

‘What the alternative estimates imply is depicted in Figure 9, which again considers a represen-
tative US BG in the top 95 percentile of the cutoff layer distribution. Adjusting the BG’s produc-
tion efficiency to hold the cutoff layer fixed at £* = 6, the figure simulates how its hierarchical
structure differs when it is assigned the advising and communication efficiencies estimated in the
pooled sample (7 and ¢; gray bars), in the multinational sub-sample (z3; and ¢,; black bars),
and in the domestic sub-sample (7 and ¢p; white bars). The figure shows that, for given pro-
duction efficiency, whereas the multinational hierarchy is left skewed as the pooled one, the do-
mestic hierarchy is right skewed. This happens for two reasons. On the one hand, the number of
subsidiaries per layer 1y reaches the top of its hump-shaped relation for smaller £ in the domestic
case as 7p/(¢p — 0) <7un/ (@ — €) holds. On the other hand, in order to have six layers, prof-
its have to be higher when n/ reaches the top in the domestic case as communication gets more
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Figure 10. Hierarchies are less left-skewed in the USA and Japan than in Europe. Model simulation.
Density of subsidiaries across layers for BGs with @ = 2.131 in C. Europe (white), USA (gray) and
Japan (black). Parameter values: A=F =w = 1,60 = 0.0207, 6 = 5, 7 = 0.742 and ¢ = 0.191
(white), 7 =0.961 and ¢ = 0.203 (gray), 7 = 1.802, and ¢ = 0.569 (gray).

rapidly harder as ny keeps increasing, Yet, within domestic and within multinational BGs, it is still
true that those organized in a larger number of hierarchical layers tend to have more subsidiaries
and are less likely to be organized as pyramids.

Next, to show that the model correctly predicts that left-skewed hierarchies are less frequent
in the USA and Japan than in Europe, we consider a US BG in the top 95 percentile of the cutoff
layer distribution, and ask how its hierarchical structure differs from a European or a Japanese
BGs with the same production efficiency. This requires using the model to simulate the hierarchy
arising from keeping production efficiency constant at @ = 2.131 while switching advising effi-
ciency and communication efficiency from the US estimates (7 = 0.961, ¢ = 0.203) to the
European (7 =0.742, ¢ = 0.191) or Japanese ones (7 = 1.802, ¢ = 0.569) as reported in
Table 7. Figure 10 depicts the density distribution of subsidiaries across layers for the three coun-
tries. The gray bars correspond to the US BG and are the same as in Figure 8, while the black
and white bars belong to the Japanese and European BGs, respectively. The figure then shows
that the model predicts that the US and Japanese distributions are less left-skewed than the
European one, which is what we see in the data.

Based on the discussion in Section 4.3, such heterogeneity in hierarchical structures can
be explained by the combination of two factors. First, ny reaches the top of its hump-shaped
relation with ¢ at a lower layer (ie., larger £) in the US than the European BGs, and at a
lower layer in the European than in the Japanese BGs. This is due to the fact that 7/(¢ — 6)
equals 5.271, 4.357 and 3.286 for the US, European, and Japanese BGs, respectively.
Second, for the same productivity @ = 2.131, the US and Japanese BGs are able to go be-
yond their humps’ tops, while EU is not. This is due to the fact that the US and Japanese
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BGs generate more profits at each layer thanks to the larger numbers of subsidiaries their su-
perior advising efficiency allows for.

5. CONCLUSIONS

Hierarchical differentiation is a cornerstone of the organizing process. While research has
traditionally focused primarily on pyramid-shaped hierarchies, alternative hierarchical shapes
may be at least as relevant. In this article, we have done three things. First, exploiting a newly
assembled dataset, we have provided the first worldwide overview of the patterns of hierarchical
differentiation across BGs, highlighting the coexistence of different hierarchical shapes. Second,
we have shown how the different shapes can arise as optimal hierarchical structures in a parsimo-
nious knowledge-based model of BGs when subsidiaries operations involve ubiquitous problem
solving under parents” supervision. Third, we have checked the consistency of some of its key
predictions with the empirical patterns observed in our dataset.

APPENDIX A: OWNERSHIP DATA AND ROBUSTNESS

In this Appendix, we provide some more information on the basic ownership data and how we
use them for the purpose of our analyses. Moreover, we describe more in detail the characteris-
tics and the differences in the determination of BGs that can be retrieved from Bureau Van
Dijik data either following the approach proposed by Sonno (2025) or by Rungi et al. (2017).

A.1 Construction of BGs

To construct the BGs for our analysis, we first identify the ISH of each subsidiary and then assign
hierarchical layer O to the parent (GUO), hierarchical layer 1 to the subsidiaries directly controlled
by the parent (i.e,, one degree of separation), and analogously layer £+ 1 to the subsidiaries with
ISH at generic layer ¢ (i.e., ¢ degrees of separation). When a subsidiary is controlled through one
or more subsidiaries, we identify it as indirectly controlled by the parent. Layers can be interpreted
as a measure of hierarchical distance from the HQ: the higher the number assigned to each layer,
the higher the hierarchical distance. The number assigned to the most distant layer L defines the
depth of the hierarchy with layers indexed £ = 0, ... ., L. Figure Al provides a simple illustrative ex-
ample of the construction of the hierarchy of a BG starting from the ownership links. It identifies A

A layer O
Subsidiary =~ Shareholder Relation
B A GUO =
B A ISH B layer 1
C A GUO ——
C B ISH L
C layer 2

Figure Al. From ownership links to BGs. The table on the left shows a simplified example of four
links in the Orbis Historical Ownership Database. From the links we can reconstruct the group in
the diagram on the right. We observe that A is the parent (GUO) of both B and C, and that A is
the direct owner (ISH) of B while B is the direct owner of C. Therefore, we can conclude that A
owns C indirectly through B.
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as a parent company because the company is reported both as a GUO and as the ISH of company
B, which in turn can be located at hierarchical layer £ = 1. Subsidiary C, instead, can be located at
layer £ = 2 of the BG with company A as parent given that its ISH is a company located at layer 1
in that BG. The depth of the BG’s hierarchy is L = 2.

A.2 An alternative construction of BGs

These firm-level databases collect original information from a variety of national and interna-
tional 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 the year 2015. The starting point of the two approaches is different, how-
ever, how we will see in this section, they both retrieve a comparable dataset of
BGs worldwide.

In the article, we follow Sonno (2025), who starts from the Historical Ownership Database
by Bureau Van Dijk. This dataset provides for each company information on all its sharehold-
ers and identifies several types of relations. The author proposes an algorithm that retrieves the
hierarchical distance of a company from its parent company using two types of relations: the
corporate GUO with at least 50.01% of voting rights (GUO SOC hereafter), that is the highest
corporate independent shareholder in the shareholding structure of a company, and the ISH,
that is the first shareholder in the path from an affiliate to its GUO. Combining the definition
of GUO 50C and ISH, with the fact that each shareholder is reported more than once depend-
ing 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. Throughout this approach we rely on
the definition of direct or indirect majority (50.01%) of voting rights provided by Bureau Van
Djik. Therefore, we use an exogenous definition of control. Using this procedure, it is possible
to obtain a dataset of 2,901,466 parent companies controlling 5,676,289 subsidiaries for 2015,
as we have excluded branches from our analysis. Also note that as we require additional details
on the type of ownership links, the latter yields different subsamples of the dataset depending
on the information available to us. As an example, to document the sector of parents and affili-
ates (allocated in a specific layer within the BG) we rely on a sample of 2.2M parents and
4.6M affiliates. A detailed breakdown of the different sample compositions can be found
in Table 1.

We test the robustness of our results after replicating the methodology proposed by Rungi
et al. (2017). The authors use data from the Ownership section of the Orbis Database, where
Orbis collects all the original information available on shareholdings. For each company, we
have a list of all (individual, corporate or state) shareholders.

Any time a company invests in the equity of another company, an ownership network is gener-
ated such that voting rights can be separated from cash rights. In modern economies, corporate
ownership structures can become fragmented (see, e.g,, La Porta et al. 1999), and the identification
of ultimate parent companies can become difficult, especially in the case of MNEs crossing national
borders UNCTAD (2016). The authors model a backward solution for a voting rule across inter-
locking assemblies of shareholders. Assemblies of shareholders interlock when (individual and cor-
porate) shareholders generate cross-holdings, ownership cycles and multiple ownership paths.
When shareholding activity interlocks, a coordination effort is required across different ownership
paths to enforce management decisions starting from HQs. Bottom-up, this approach extracts hier-
archies of firms made of parent companies and their subsidiaries ordered on hierarchical layers by
considering all the ownership paths that can connect any two nodes (companies/shareholders) in
an ownership space. Starting from a basic ownership matrix including all the shareholding links be-
tween companies and shareholders, Rungi et al. (2017) iteratively simulate corporate control after
assuming that the latter entails cases of: (i) direct control, when the parent company holds the abso-
lute majority of voting rights in a subsidiary; (ii) indirect control by transitivity, when the parent com-
pany has direct control of a subsidiary that in turn has direct control over another subsidiary, in a
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Table Al. Geographic coverage—robustness.

BGs Subsidiaries

Region or country All %  Multinational % All %  Foreign %

Africa 5102 0.22 4169 2.07 30,346  0.64 17,088 227
Asia 105,449  4.4S 19,142 9.51 316,014 6.67 99,624 13.24
Australia 58,788 248 2771 1.38 136,189 2.87 14,750 1.96
EU 28 600,829 25.35 111,522 5541 1,625,508 34.29 387,006 51.44
Other Europe 36,073 1.52 14,089 7.00 84,045 1.77 22,441 2.98
Latin America 30,058  1.27 18,247 9.07 83227 176 51,693 6.87
Russia 29,741 1.25 974 048 110,232 233 50,541 6.72
USA 1,435,218 60.56 22,511 11.18 2,138,025 4S5.10 63,220  8.40
Rest of the world 68,634  2.90 7847 390 216,766  4.57 45992  6.11
Total 2,369,892 100.00 201,272 100.00 4,740,352 100.00 752,355 100.00

Notes: The table refers to the dataset constructed following Rungi et al. (2017). It details the number of observations of
subsidiaries and BGs in a list of regions or countries. It also specifies the number of BGs that control at least one subsidiary
abroad (multinational), and that of subsidiaries that are controlled by foreign parents. For regional aggregation, we have used
the online version of the United Nations publication Standard Country or Area Codes for Statistical Use.

Table A2. Hierarchical distance—robustness.

Domestic % Foreign % All %

Layer Subsidiaries Subsidiaries Subsidiaries

1 1,579,504 73.51 228,542 36.11 1,808,046 65.00
2 376,511 17.52 186,062 29.40 562,573 20.22
3 123,021 5.73 104,063 16.44 227,084 8.16
4 43,079 2.00 55,414 8.76 98,493 3.54
5 15,354 0.71 28,135 4.45 43,489 1.56
6 5934 0.28 14,182 2.24 20,116 0.72
7 2518 0.12 8132 1.28 10,650 0.38
8 1321 0.06 3765 0.59 5086 0.18
9 600 0.03 2104 0.33 2704 0.10
10 268 0.01 987 0.16 1255 0.05
>10 580 0.03 1552 0.25 2132 0.08
Total 2,148,690 100.00 632,938 100.00 2,781,628 100.00

Notes: The table refers to the dataset constructed following Rungi et al. (2017). It shows the number of subsidiaries per layer,
distinguishing between domestic and foreign subsidiaries. It excludes BGs with only one subsidiary.

sequence; (iii) indirect control by consolidation of voting rights, when a parent company can control
a subsidiary by summing up to a majority of capital shares held in her portfolio and in the portfolio
of other subsidiaries; (iv) dominant shareholding when a parent company can control a company
with minority stakes because other minority shareholders are too fragmented to form an opposing
coalition. For the purpose of this article, we limit our analyses only to the first three cases, excluding
control by dominant minorities, although all of them find a correspondence in international ac-
counting standards (OECD 2005, 2008; UNCTAD 2009; IFRS 2011).

As we can see by comparing relevant descriptive statistics, the results obtained with the two
approaches are highly consistent with each other. Table Al, for example, shows the geographic cov-
erage of the data obtained following Rungi et al. (2017). Although the figures are slightly lower
than those obtained following Sonno (2025) and displayed in Table 2, the correlation between the
two tables is over 0.99 for every category considered, even if we break down the table further into
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Figure A2. Hierarchical description—robustness. The graph refers to the dataset constructed
following Rungi et al. (2017). Panel A shows the distribution of groups’ dimension in terms of
number of subsidiaries. Panel B presents eleven box-plots of groups’ dimension conditional on the
number of layers their hierarchies display. We have excluded the 14 BGs with more than 2000
subsidiaries so as to make the figure more legible.

21 countries and regions.> Similarly, looking at Tables A2 and 3 that detail the distribution of do-
mestic and foreign subsidiaries among hierarchical layers, we observe slightly different numbers but
very similar shares. Again, the figures in the two tables correlate at more than 0.99. Finally, looking
at the Panel A of Figure A2 we observe that the distribution of groups in terms of the subsidiaries

** In following the approach proposed by Sonno (2025), we use the 2019 release of the Historical Ownership Database of
Bureau van Dijk, while the dataset elaborated by Rungi et al. (2017) uses the 2016 release of the Ownership section of the
Orbis database by Bureau van Dijk. This discrepancy partially explains the higher number of observations found by the Sonno
(2025) approach.
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Table A3. Number of affiliates per layer across BGs—robustness.

Maximum layer of the BG:
Layer 1 2 3 4 S 6 7 8 9 10 >10
1 13 3.2 7.3 163 393 605 86.1 756 803 918 1186
2 2.6 7.1 15.6 272 372 490 979 713 893 786
3 3.5 99 213 421 4S50 77.0 1687 721 1452
4 42 113 231 351 324 820 924 797
S 40 114 212 234 355 360 324
6 52 133 257 343 550 289
7 S5 131 21.7 39.7 588
8 35 126 228 19.6
9 4.7 9.8 184
10 2.5 152
>10 10.7

N. of BGs 2,367,786 122,697 24,609 6829 2491 1108 561 278 150 83 117

Notes: The table refers to the dataset constructed following Rungi et al. (2017). It shows the average number of subsidiaries
per layer for BGs having different maximum layers. If BGs with only one subsidiary were excluded, the mean number of
affiliates in the first layer for BGs with only one layer would be 2.8.

they control is extremely skewed, with more than 75% of the groups controlling only one subsidi-
ary, and only 0.08% of them having more than 100 subsidiaries. Once more, this is very similar to
what we observed in Figure 1 using Sonno (2025)’s approach.

One feature fundamental to our analysis is the hierarchical structure of BGs. To assess any
potential difference between the two samples in this respect, we look at Tables 4 and A3, that
refer, respectively, to the samples following Sonno (2025) and Rungi et al. (2017), and report
on the average composition of BGs, conditional on the number of layers of their hierarchy.
Even if the two tables are qualitatively very similar, and both distinctly show groups shaped as
“inverted pyramids” (groups with more subsidiaries in the first layers and fewer in the lowest
ones), it is worth noticing one main difference: the dataset obtained following Sonno (2025)
show a slightly higher number of subsidiaries in the first hierarchical layer. This is because the
approach of Rungi et al. (2017) specifically catches cross shareholding, thus potentially detect-
ing, in the case of fragmented shareholding, additional layers to BG structures of any size.
Indeed, we detect a decrease of BGs with at most one layer in favor of the other categories.

To test the robustness of our findings on the relationship between routinizability and the hi-
erarchical position of subsidiaries, Figure A3 replicates Figure 4 using the dataset constructed
based on the approach proposed by Rungi et al. (2017). This replication confirms the consis-
tency of our original results with this alternative dataset.

APPENDIX B: STYLIZED FACTS AND ROBUSTNESS

B.1 Real-world cases

The following section introduces three real-world examples of BGs characterized by distinct
organizational hierarchies by means of visualization with the GEPHI program (see also Rungi
et al. (2017)). Figure B1 provides a stylized representation of the hierarchical structure of a
pyramid-shaped BG, together with the skewness of the distribution of its subsidiaries across
layers. Similarly, Figures B2 and B3 present analogous information for a diamond-shaped and
an inverse-pyramid-shaped BG, respectively. The skewness values for the three examples align
with the literature (Wellman et al. 2020). Observing Figure BI, in the case of a
pyramid-shaped hierarchy, the skewness appears to be negative (—0.105). Conversely, for an
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Figure A3. Routinizability over hierarchies—Rungi et al. (2017). The graph shows the coefficients
and 95% confidence intervals obtained from a regression of the routinizability index of each
subsidiary on the hierarchical layer of the same subsidiaries, including group and host country FE,
and using robust standard errors using the dataset elaborated by Rungi et al. (2017). Layer 1

constitutes the omitted category.
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Figure B1. Pyramid-shaped BG. The figure shows a visual representation of the hierarchical
structure of a pyramid-shaped BG, together with a table including relevant descriptive statistics.
Average outdegree centrality corresponds to the mean of outdegree centrality within the hierarchy,

computed disregarding layer 0 of the HQ.

inverse-pyramid-shaped hierarchy, the skewness seems to be positive (1.336), as depicted in
Figure B3. Finally, Figure B2 shows that the skewness for a diamond-shaped BG is closer to
zero (0.573) compared to the two alternative cases. Furthermore, the three figures provide in-
formation on the average outdegree centrality of subsidiaries within these different hierarchical
structures. This metric reflects the average number of subsidiaries controlled by any other sub-
sidiary within the hierarchy. This measure is relevant as it serves as a control in the robustness
checks for the stylized facts presented in the subsequent figures.
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Figure B2. Diamond-shaped BG. The figure shows a visual representation of the hierarchical
structure of a diamond-shaped BG, together with a table including relevant descriptive statistics.

Average outdegree centrality corresponds to the mean of outdegree centrality within the hierarchy,
computed disregarding layer 0 of the HQ.

B.2 Robustness

Here we present additional tables and figures that test the robustness of our results along sev-
eral dimensions, together with the regression behind our graphs in Section 3.

B.2.1 Including ownership links in the analysis

It could be argued that abstracting from actual ownership relationships within BGs might lead
to omitting a relevant aspect of hierarchical structures in our empirical analysis. In Section 3.4,
we referenced management literature that supports our approach, drawing on a substantial
body of research that provides evidence of knowledge transfers within BG structures, indepen-
dent of ownership links (e.g, Gupta and Govindarajan 1991; Bresman et al. 1999; Ciabuschi
et al. 2011; Crespo et al. 2020).

In this section, we test the robustness of our empirical analysis by directly accounting for the
actual ownership links among subsidiaries. We first present some statistics on the average num-
ber of owned subsidiaries per owner subsidiary (among the subsidiaries that own some other
subsidiaries), computed for each BG. 54% of BGs in our sample consist of groups where each
subsidiary at layer £ — 1 is linked to only one subsidiary at lower layer /. For these groups, the
average is, by construction, equal to 1. In contrast, for the remaining 46% of BGs, the statistics
is greater than 1, with an average of 2.99 owned subsidiaries per owner subsidiary and a stan-
dard deviation of 1.68. In particular, subsidiaries belonging to the 46% of groups with an aver-
age number of owned subsidiaries per owner subsidiary larger than 1 account for 80% of all
subsidiaries.

Based on these preliminary data, we tested the robustness of our results by performing a
number of additional exercises.

For the purposes of this discussion, it is important to emphasize that the HQs is excluded
from the computation of skewness when analyzing the structure of BGs. This exclusion is due
to the legal requirement that a BG must have only one “ultimate owner.” Consequently, when
calculating skewness, the count of subsidiaries by layer always begins at layer 1, which is the
first layer where the organizational structure can be chosen. We have built a robustness exercise
by specifically focusing on the issue of “dead branches” in hierarchical structures. Indeed, when
including actual ownership links in the analysis, the presence of dead branches can affect the
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Figure B3. Inverse-pyramid-shaped BG. The figure shows a visual representation of the hierarchical
structure of an inverse-pyramid-shaped BG, together with a table including relevant descriptive
statistics. Average outdegree centrality corresponds to the mean of outdegree centrality within the
hierarchy, computed disregarding layer 0 of the HQ.
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Figure B4. Hierarchical structures with and without dead branches.

skewness of a BG’s hierarchy. Let us clarify this statement considering the example
from Figure B4.

In this example, Case 2 and Case 3 would result in identical skewness when counting the
number of subsidiaries across layers, as it is done in our analysis. However, when considering
only subsidiaries that own other subsidiaries, there would be two measures of skewness.
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Figure BS. Skewness bars—skewness clean metric. The figure shows the frequency of the three
types of hierarchical structures. In Panel A, BGs are grouped by geographical area, while in Panel B,
they are grouped by size. BGs with layers less than 2 are excluded because their skewness can only
take value 0 and thus alter the graphs. We have removed subsidiaries that do not control any other
subsidiary (i.e., outdegree centrality =0) and are not in the last layer of the BG’s hierarchy.

To address this, the main stylized facts presented in Section 3 have been revisited, employ-
ing two different approaches based on the outdegree centrality of subsidiaries within the group
hierarchy. First, we introduced a “skewness clean” metric, where the skewness of BGs’ hierar-
chies is calculated excluding dead branches. Then, we repeated stylized facts adding the outde-
gree centrality of subsidiaries as a control variable. Figure BS replicates Figure 3 excluding
dead branches, showing that the distribution of BGs across skewness levels and the prevalence
of the three types of hierarchical structures for this restricted sample are comparable to those
observed in the complete one.
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Figure B6. Hierarchical description—skewness clean metric. Panel A shows the distribution of
groups’ dimension in terms of number of subsidiaries. Panel B presents eleven box-plots of groups’
dimension conditional on the number of layers their hierarchies display. We have removed
subsidiaries that do not control any other subsidiary (i.e., outdegree centrality = 0) and are not in

the last layer of the BG’s hierarchy.

Similarly, Figure B6 and Table B1 replicate Figure 1 and Table 4 excluding dead branches
from the sample, once again presenting consistent results.

Finally, Figure B7 examines the relationship between routinizability and the hierarchical po-
sition of subsidiaries, addressing the issue of dead branches using two different approaches.
Panel A replicates the analysis from Figure 4, excluding dead branches. Panel B replicates the
analysis from Figure 4 for the full sample but adding the subsidiary outdegree centrality as a
control in the regression. Results are once again entirely consistent with our analysis
in Figure 4.
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Table B1. Number of affiliates per layer across BGs—skewness clean metric.

Maximum layer of the BG

Avg. Subs 1 2 3 4 S 6 7 8 9 10 >10
per layer

1 1.37 1.18 170 250 384 545 689 7.53 829 9.60 1329
2 2.18 1.35 244 393 537 6.82 860 9.73 813 1295
3 280 149 3.01 453 6.51 7.53 849 7.77 1235
4 3.06 160 3.06 477 593 7.64 575 9.67
S 332 163 319 426 529 471 7.86
6 336 1.62 3.01 415 419 6.81
7 3.80 1.53 292 3.60 S5.94
8 3.05 157 246 45§
9 340 143 447
10 2.64 293
>10 8.52

N.of BG 2,739,149 126,168 24,172 6811 2571 1157 618 350 207 91 138

Notes: The table shows the average number of subsidiaries per layer for BGs having different maximum layers. We have
removed subsidiaries that do not control any other subsidiary (i.e., outdegree centrality = 0) and are not in the last layer of
the BG’s hierarchy. If BGs with only one subsidiary were excluded, the mean number of affiliates in the first layer for BGs with
only one layer would be 2.81.

B.2.2 Controlling for size of BG and subsidiaries

To test the robustness of our results, we replicated the findings on routinizability from
Figure 4 using size controls for both BGs and subsidiaries, with both consolidated and uncon-
solidated balance sheet data.

Specifically, Panel A of Figure B8 replicates Figure 4 by splitting the BGs into quartiles based
on consolidated balance sheet data. To classify BGs into quartiles, we used the distribution of
total assets. When total assets were unavailable, we used (in order) operating revenues, the
number of employees, and capital as alternatives. This approach was implemented to address
the data limitations encountered when consolidated balance sheet information was included in
the analysis. For the same reason, we restricted this analysis to BGs with at least four layers
and displayed only up to eight layers instead of ten, as the final layers were notably under-
populated. Panel B of Figure B8, on the other hand, replicates Figure 4 by incorporating a set
of dummies indicating the quantiles of subsidiary size, which were determined using the same
approach as for BGs, but based on unconsolidated balance sheet data. Results are consistent
with those from our main analysis.

B.2.3 Separating MNEs and domestic BGs

As a final robustness check, we replicated the results on routinizability shown in Figure 4 sepa-
rately for MNEs and domestic BGs, and we added a control for the geographic distance of
subsidiaries from their HQs. The results are presented in Figure B9. The graphs show the coef-
ficient estimates from the regression of routinizability on the hierarchical layer and BG fixed
effects. Panel A presents the results for domestic subsidiaries. Since the sample is restricted to
domestic BGs, we do not include subsidiaries” country fixed effects, as they would be absorbed
by the BG fixed effects. In Panel B, the sample is restricted to multinational BGs, and we con-
trol for subsidiaries’ country fixed effects. Finally, in Panel C, we also focus on multinational
BGs but include an additional control for the distance between the subsidiaries’ countries and
the HQs’ ones, calculated as the distance between capital cities. Reassuringly, our findings re-
main robust across all these variations.
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Figure B7. Routinizability over hierarchies—misclassification concerns. Subtitle Panel A: skewness
clean metric. Subtitle Panel B: controlling for outdegree centrality. The two graphs show the
coefficients and 95% confidence intervals obtained from a regression of the routinizability index of
each subsidiary on the hierarchical layer of the same subsidiary, including group and host country
FE, and using robust standard errors. In Panel A, the subsidiaries that do not control any other
subsidiary (i.e., outdegree centrality =0) and are not in the last layer of the BG’s hierarchy are
removed from the estimation sample. In Panel B, the outdegree centrality of the subsidiary is
included as a control.

B.3 Additional exhibits

In this section, Table B2 presents the regression underlying the analysis in Figure 4.
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Figure B8. Routinizability over hierarchies—misclassification concerns. Subtitle Panel A: BG—
consolidated. Subtitle Panel B: subsidiary—unconsolidated. Panel A shows coefficients from
regression of routinizability on hierarchical layer for different BG size samples. The dataset is
restricted to BGs with at least 4 layers and the sample is divided into quartiles of consolidated BG
size measured as quartiles of fotal assets, operating revenue, number of employees, capital (if one
variable is missing, we use the next variable in this order to limit the number of missing values).
Some high-level layers are underpopulated especially for the first two quartiles. Therefore, we show
the first 8 layers. Panel B shows the coefficients of the regression of routinizability on hierarchical
layer dummies and a set of dummies for quartiles of subsidiary size.

APPENDIX C: TRANSMISSIONS ALONG THE HIERARCHY

In this section, we corroborate the findings on knowledge transmission within BGs (section
3.3) by showing, first, that self-citations rise as we move down the hierarchy, and second, by
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Figure B9. Routinizability over hierarchies—MNE vs domestic. Subtitle Panel A: domestic.
Subtitle Panel B: MNE, FE. Subtitle Panel C: MNE, distance. These graphs show the coefficient
estimates of the regression of routinizability over the hierarchical layer and BG FE. In Panel A, we

920z AelNl 11 uo 1senb Aq G0E LS8/ L0BEMa/03]l/E60L"01/10p/aIoIE-80UBADE/0S|(/W00" dNO"olWUBPEIE//:SARY WO} POPEojUMOd



BGs as knowledge-based hierarchies « 41

Table B2. Routinizability over hierarchies—coefficients.

Dependent variable Routinizability
Estimation method OLS
Layer 2 0.088***
(0.001)
Layer 3 0.123%**
(0.002)
Layer 4 0.151%**
(0.002)
Layer S 0.164%**
(0.003)
Layer 6 0.179%**
(0.005)
Layer 7 0.222%**
(0.006)
Layer 8 0.203%**
(0.009)
Layer 9 0.215%**
(0.012)
Layer 10 0.256%**
(0.015)
Layer >10 0.311%**
(0.014)
Parent FE Yes
Country FE Yes
Observations 2,687,600
R’ 0.568

Notes: OLS estimations. Routinizability is the routinizability of the layer’s activity, as retrieved from the PDII at the three-digit
NAICS 2002 sector level; Layer is the degree of separation between the HQ and the corresponding subsidiary. The constant is
omitted from the table. All specifications include parent company FE and subsidiary’s country FE. The model is estimated on
the full world sample, excluding BGs with only one affiliate. Heteroskedasticity robust standard errors at the HQ level are in
parentheses.

HE < 0L

presenting evidence of a positive and significant correlation between productivity shocks in the
lower layers and productivity changes at the HQs.

C.1 Citations within BGs

In this section we exploit the “quality” dimension of patenting activity by looking at citations.
We collapse our firm-patent citation data to calculate the average number of citations per firm
at each hierarchical level, differentiating between self-citations and external citations.
Figure C1 displays the average proportion of self-citations to total citations across layers. This
proportion grows as we move down the hierarchy, suggesting that higher-quality patents (those
receiving external citations) are more likely to be found in layers closer to the HQ, while lower
layers primarily rely on self-citations.

Figure B9. Continued

cannot add the subsidiaries’ country FE, because we restrict the sample to domestic BG only. In
Panel B, we restrict the sample to MNE BG and control for subsidiaries’ country FE. In Panel C, we
restrict the sample to MNE BG and add a control for the distance of subsidiary countries from the
HQ country. Distance is computed as the distance between the capital cities.
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Figure C1. Specialization of inventing activities: self-citations/total citations. The bar chart shows
the ratio between the average number of patent self-citations made by a firm and the average
number of patent citations that a firm receives in general (from all other firms in the dataset). This
ratio is shown as a percentage on the left y-axis. It should be noticed that higher hierarchical layers
have very few subsidiaries, both because there are fewer observations per layer and because there
are less BGs that have so many layers. The continuous line shows the number of subsidiaries we are
considering at each layer (see right y-axis).

C.2 Production efficiency transmission within BGs

In this section, we discuss whether production efficiency shocks are transmitted from higher to
lower layers to provide evidence of interactions along the hierarchy as highlighted by our
model. For this exercise, we produce a panel version of our sample (see Section 2).
Specifically, we replicate the procedure followed to obtain the 2015 worldwide cross-section of
BGs from 2007 to 2014.* We then match BG data over time to balance sheet information for
HQs and subsidiaries retrieving labor productivity as a proxy for production efficiency.”® On
average across years our baseline estimation sample consists of 2,760 groups (2729 of which
with more than one subsidiary) and 36,235 subsidiaries in total. Given better coverage of finan-
cial data in Europe, EU groups represent more than 86% of the entire sample (47% of which
are MNEs).

In both panels of Table C1, we regress the mean yearly change in labor productivity of the
subsidiaries in the three bottom layers on the mean yearly change in labor productivity of the
subsidiaries in the first layer. Panel A includes all BGs, while Panel B focuses only on BGs with
at least four layers. In column 1 we do not include any fixed effect, in column 2 we include
HQ fixed effects, in column 3 we include HQ’s country fixed effects, in column 4 year fixed
effects, and in column S both country and year fixed effects. All OLS results show that a posi-
tive productivity shock in the first layer of the hierarchy is associated with an increase in the
productivity of the subsidiaries in the lower layers. These results are consistent with our model
of knowledge hierarchies, where a BG’s production efficiency percolates through the hierarchy
of its subsidiaries from top to bottom.

** The data in the Historical Ownership Database of Bureau van Dijk starts in 2007.
We measure labor productivity as log(operating revenue turnover/employees).
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Table C1. A Bottom-layer productivity on A first-layer productivity.

Panel A: All groups
Dep. Var.: A Prod 3 bottom layers
(1) ) 3) (4) ()
A Prod First Layer 0.851*** 0.856%** 0.85 17+ 0.775%** 0.773%**
(0.004) (0.004) (0.004) (0.006) (0.006)
FE HQ C Y C,Y
Observations 39,282 35,639 39,282 39,282 39,282

Panel B: Groups with at least four layers

Dep. Var.: A Prod 3 bottom layers

(1) 2) @) (4) ©)

A Prod First Layer 0.455%%* 0.499*** 0.453%** 0.132°%%* 0.130%**
(0.021) (0.024) (0.021) (0.025) (0.025)

FE HQ C Y CY

Observations 5265 4491 5265 5265 5265

Notes: OLS estimations. In both Panels A and B, the dependent variable is the mean yearly growth in labor productivity of the
three bottom layers, where labor productivity is measured as log(operatingrevenueturnover/employees). The independent
variable (A Prod First Layer) is the mean yearly growth in labor productivity of the subsidiaries in the first layer. Standard
errors are clustered at the BG’s level. In both panels, column 1 does not include FEs, column 2 includes BG fixed effects,
column 3 includes BG’s country fixed effects, column 4 includes year fixed effects, and column 5 includes both country and
year fixed effects. Panel A reports the estimates using all groups, while Panel B restricts the sample to BGs with at least four
layers.

*REp<.01.

APPENDIX D: MODEL SOLUTION

This appendix solves the model and provides a detailed derivation of the results described in
Section 4.

D.1 Market structure and output choice

Consider an integrated global market in which a large number of BGs compete by selling im-
perfectly substitutable products. Each BG can produce only a countable number of products,
which is a subset of measure zero of the total mass of products available in the market. This
supports a monopolistic competition outcome even though BGs are multi-product suppliers
(Mayer et al. 2014). For each of its products a BG faces isoelastic demand y = Ap~°, where y
is output, p is price, 6 >2 is the cross-price as well as the own-price demand elasticity, and
A>0is a demand shifter. A product’s revenues are then given by R(y) = py = A'/yle=1/e,

Given marginal cost 1/Q and fixed cost W, a product’s profit is

M(y) = R(y) = y/QR(y) =y/Q - W.

This is maximized when operating profits R(y) —y/Q(g) are maximized. Profit maximizing
output therefore satisfies the first order condition (FOC)

IL,(y) = R (y) - 1/Q =0,
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where subscript y is used to refer to the derivatives with respect to output. Given the expres-
sion of R(y), the FOC can be restated as

o—1 1
Ay =1/Q
. y /

so that optimal output evaluates to

-1\°
y*—A<"—> o
o

Then, maximized profit with respect to output is:

NG?) = RG%) -y /Q - W
=aQ° W

where a = (A/0)[(c - 1)/6]6_1 is a bundle of demand parameters.

D.2 Model solution by backward induction

The optimal decisions that maximize the BG’s profit can be characterized through backward
induction. First, conditional on being led by an executive of type m who has solved a problem
version , the profit that a subsidiary earns from output y is revenues R(y) net employees’
wages y/Q(p) and the executive’s hiring cost W(m). Due to R(y) = Al/"y("_ /e, maximized
profit with respect to output evaluates to IT; (p,m) = aQ(p)° "' = W(m). Second, conditional
on the subsidiary having been assigned problem version g, the fact that W(m) increases with
the executive’s ability and an executive of any ability m < g can find the solution implies that
the hired executive has the minimum required ability m = . Recalling Q(p) = we~% and
W (m) = we™%" the profit the parent anticipates to earn by assigning problem version @ to
the subsidiary can then be stated as

I, (p) = [aw® te %029 _yyle=% (D1)

With 6>2 the demand elasticity is large enough for the additional profit from solving a
harder problem version more than compensates the additional hiring cost for a more able exec-
utive who can solve it. As a result, IT; () is a decreasing function of g as long as it positive.
Third, given (D1), the parent maximizes the layer’s aggregate profit

mIl (p) — wF = nyaw® e %029 e~ % — wF (D2)

with respect to the number of subsidiaries n; and the problem version ( subject to the advising
time constraint noT = n; T, m). With T(gp, m) = e~ % ¢#™, the time constraint can be rewrit-
ten as

n = ef+(9—f/)>pn0
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with ng =1 as only the parent advises the first layer. Substituting the constraint into
(D2) gives

m () (p) —wE = e+ 009y [aw®1e =002 _yyle=% _yF (D3)

Accordingly, 6 > 2 is a sufficient condition for the parent to assign the most difficult problem
(9 = 1) to the first layer as it implies that n; (p)I1; () is a decreasing function of p as long as
it is positive. However, for such assignment to make sense, it is also necessary that the first
layer breaks at least even (n;(p)Il;(p) —wF>0 for © = 1), which is the case when the
parent-specific productivity component  is large enough:

F 1
0> = [K (1+ T_q))eg(”_z)]"-l.
e

a

Under this condition, the profit maximizing choice with respect to the first layer entails £ =
g =m =1 so that the first layer is equipped with executives that can advise the solution of
any problem version ¢ > 1.

Repeating the analysis for the second layer determines its profit as

12 (), () — wF = ¥ =99 [aw® =100 =20 _ e =% — yF

which for 6> 2 is also decreasing in g. However, the hardest problem version cannot be assign
to this layer as executives of type m = 1 in the first layer 1 are not able enough to offer advice
and the parent’s time is completely absorbed by advising the first layer. Iterating the argument
for the subsequent layers reaches an analogous conclusion: the third hardest problem version
is assigned to the third layer, the fourth hardest problem version to the fourth layer, and so on.

To summarize, for 6 >2 and ® > wy, the layer index coincides with the problem version in-
dex, which in turn is matched by the executive type index (¢ = =m). The number of
subsidiaries at generic layer £ is then determined by the advising time constraint for layer £ — 1,
which equalizes, for £ = ( = m, the advising time needed by the former layer n,T (¢, () =
nge<(”_9)‘ and the latter layer’s endowment ny_; T = ny_e’. The constraint thus implies that
ne and ny_; are linked by the relation ny = ng_le”(g""’). Applying this relation iteratively
from ng = 1 up to ny yields the optimal number of subsidiaries

ny = LT+ 1)(0-9) (D4)

for the generic layer ¢, which is activated as long as it generates positive profits

nell, — wF = eT+((7'_‘”)%_l[awa_le_e(”_z)é - w]e_ee —wF > 0. (Ds)

Finally, the BG’s hierarchy stops at some cutoff layer ¢* such that n/l;—wF>0 and
n¢Il; —wF <0 simultaneously hold. The BG’s total number of subsidiaries and its overall prof-

its are then given by N = Zi:o n, and I1 = Z?:o (n,I1, — wF), respectively.

D.3 Comparative statics

Despite its parsimony, the model has rich comparative statics implications. For £* <P, the cut-
off layer determines the depth of the hierarchy with larger ¢* describing a deeper hierarchy
with a larger number of layers. As a is an increasing function of @, a BG’s hierarchical depth
increases with its production efficiency. Depth depends also on the rate at which layer profit
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n¢Ily falls as £ rises, which is higher for lower advising efficiency (smaller 7) and lower commu-
nication efficiency (larger ¢) as inferred from (D4) and (DS). Accordingly, a BG’s hierarchical
depth increases with its advising efficiency and communication efficiency. Hence we have:

Remark 1. (Number of layers) The cutoff layer {* is an increasing function of w and t
whereas it is a decreasing function of .

Through (D4) advising efficiency and communication efficiency also affect the number of
subsidiaries placed at each layer:

Remark 2. (Subsidiaries per layer) The number of subsidiaries ny at layer £ is an
increasing function of T and a decreasing function of ¢ forall ¢ =1,...,.0".

The same parameters determine the shape of the hierarchy. In particular, the model can gen-
erate pyramids (i.e., left-skewed hierarchies), inverse pyramids (i.e., right-skewed hierarchies)
and mixed structures (‘diamonds’). This is due to the fact that (D4) implies that a generic
layer £>2 has more (fewer) subsidiaries than the layer /—1 above it if and only if
7+ 4(0— @) > (< )0. Therefore, there exists a threshold value £; = 7/(¢ — 0) such that the hi-
erarchy is a pyramid for £ < {; and an inverse pyramid for ¢ > ¢;. This leads to:

Remark 3. (Shape) For ¢ < 0 the optimal hierarchical structure of a BG is a pyramid.
For ¢ > 0 the optimal shape of a BG’s hierarchy is: a pyramid iff /(¢ —0) <2, a
diamond iff 2 <z/(p — 0) < L*, or an inverse pyramid iff /(p — 0) > £*.

As a corollary, while a sufficient condition for a pyramid is 8 > ¢, a sufficient condition for
an inverse pyramid is 7+ (@ — @) <0 given that it implies 7+ ¢" (0 —¢) <0 for any £* > 1.
Remark 3 implies that, for given intermediate production efficiency gains (), a pyramid maxi-
mizes the overall profit of BGs with high advising efficiency (large 7) and high communication
efficiency (small ). In contrast, an inverse pyramid maximizes the overall profit of BGs with
low advising efficiency (small 7) and low communication efficiency (large ). A diamond is
the best option for intermediate advising efficiency and communication efficiency. The larger
these are, the larger the pyramidal part of the diamond.

Finally, (D4) sheds light on how steep pyramids or the pyramidal components of diamonds
are. If we measure steepness by the absolute value of the difference between ny and ny_, then
this is smaller the closer ¢ is to 6, leading to:

Remark 4. (Steepness) The gap in the number of subsidiaries between layers |np —ny_ 1| is
an increasing function of |0 — .

We have seen that advising the solution of more difficult versions absorbs more time; how-
ever, as more difficult versions can be tackled only by higher ability advisees, less time is
needed for communication. Then Proposition 4 states that pyramids or the pyramidal compo-
nents of diamonds are steeper when those two opposing effects are close to offsetting each
other (which happens for 6 = ¢).

APPENDIX E: CONTRACTABILITY AND HIERARCHY

In Table E1 for each subsidiary we regress the contractability of its activities on its layer within
its group hierarchy plus parent fixed effects. We use the contractability index developed by
Nunn (2007). This index combines a measure of the quality of contract enforcement for each
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country with a measure of contractual intensity for each final good in the manufacturing sector
(i.e., the share of inputs requiring relationship-specific investments).”® Contractability varies
by country and industry: a high value of contractability is associated with a high level of judicial
quality combined with a high level of contract intensity. We define the contractability of a sub-
sidiary’s activities as the contractability index associated with its industry and its country of in-
corporation. Figure El plots the coefficients of the regression with their 95% confidence
intervals and does not reveal any significant pattern of correlation between contractability and
hierarchical distance from the parent.

Table E1. Contractability.

Dependent variable Contractability
Estimation method OLS
Layer 2 0.059%**
(0.002)
Layer 3 0.095%**
(0.004)
Layer 4 0.113%**
(0.005)
Layer S 0.093%**
(0.009)
Layer 6 0.112%%*
(0.012)
Layer 7 0.0927%**
(0.017)
Layer 8 0.087%**
(0.025)
Layer 9 0.049
(0.033)
Layer 10 0.101***
(0.033)
Layer >10 0.150%**
(0.036)
Parent FE Yes
Country FE -
Observations 316,700
R 0.693

Notes: OLS estimations. Contractability is the contractability index developed by Nunn (2007). The index combines a measure
of the quality of contract enforcement for each country with a measure of contractual intensity for each final good in the
manufacturing sector. Contractability varies by country and sector: a high value of contractability is associated with a high
level of judicial quality combined with a high level of contract intensity. Layer is the degree of separation between the HQ and
the corresponding subsidiary. The constant is omitted from the table. All specifications include parent company FE. The
model is estimated on the full world sample, excluding BGs with only one affiliate. Heteroskedasticity robust standard errors
at the HQ level are in parentheses.

H* p < .001.

26 Specifically, we measure contractability as RoL X z(a, b), where RoL is the ‘Rule of Law’ index from the Worldwide
Governance Indicators (World Bank Group: Kaufmann et al. (2010)), and z(a, b) is a variable from Nunn (2007), which
measures the level of contract intensity of a specific industry; a represents the Rauch (1999) industry definition (liberal or con-
servative); b represents the methodology adopted to define relationship-specific inputs. The latter in turn can vary between
inputs that are neither sold on an organized exchange nor reference priced, and those that are not sold on an organized ex-
change but are reference priced (see Nunn [2007] for details). Hence, the final measure of contractability encompasses four
different indexes: the two measures of proportion of intermediate inputs and the two estimates by Rauch (1999).
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Figure E1. Contractability over hierarchies. The graph shows the coefficients and 95% confidence
intervals obtained from a regression of the contractability index of each subsidiary (liberal
definition, using inputs that are neither sold on an organized exchange nor reference priced) on the
hierarchical layer of the same subsidiaries, including group FE, and using robust standard errors.
Host-country FE are omitted because contractability incorporates rule of law that is country
specific. Regression results are reported in Table E1.
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