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The architecture of power: Patterns of disruption and sta-
bility in the global ownership network

James B. Glattfelder!, Stefano Battiston'

1Df:partment of Banking and Finance, University of Zurich, Andreasstrasse 15, 8050 Zurich,

Switzerland

It is today widely understood that the global economy is a densely interconnected network!-
that affects the everyday lives of billions of people. In particular, the network structure can

amplify financial instability” 10,11

, exacerbate wealth and income inequality ™ "', and hamper in-
vestments in climate change mitigation'>. However, little is known about how the global eco-
nomic network evolves over time and specifically how a major disruptive event, such as the
2008 financial crisis, may have reshaped its structure. Here we show that, although many ac-
tors gain or lose their position of influence over time, overall, economic power structures are
remarkably robust to shocks and that power remains extremely concentrated in the hands
of a few individuals and organisations. While previous works have been restricted by limita-
tions, our analysis represents the first comprehensive analysis of the entire global ownership
network over time. Our results provide an explanation for how a global economic shock,
while negatively affecting many individuals, can have only a marginal impact on the existing

power structures.

Understanding the evolution of the global economic network is crucial for building a sus-
tainable society. However, previous research has been restricted by data and computational limita-
tions*!>-17. Here we address this gap in the literature by analysing* the emerging power structures
in the global ownership network, their evolution in time, and the meaning for inequality. While
economic networks comprise several types of relations, such as credit lending or supply of goods

and services, the network of ownership'® %1620 best reflects the relations of power?!??

among
economic actors. The importance of shareholder power has only seen little attention in the main-
stream economic literature so far’>. However, in the last decades, the prominent role played in
financial markets by institutional shareholders, such as pension funds and asset managers, has
been widely documented*!®232> The view that institutional shareholders do not influence the

management of owned firms is being challenged by mounting evidence'>!%2. Currently, schol-

*To aid understanding, an FAQ can be found at http://tiny.uzh.ch/LA and source code implementing the
methodology at https://github.com/jbglattfelder/influenceindex.



ars from corporate law, management science, and corporate finance are debating the implications
of shareholder empowerment, not only for corporate governance matters®’, but also in terms of
macro-economic growth and financial stability??. In particular, the potential systemic importance
of large assets managers on the economy is the object of a global policy debate’. Some scholars??
also foresee a continued increase in shareholder activism (i.e., the level of engagement of share-
holders in exercising their rights as owners) even for asset managers traditionally thought to be
inactive shareholders, such as passive investment funds (i.e., with strategies that track the market)
(see also Supplementary Information). Prominent examples are recent cases of institutional share-
holders, such as BlackRock, demanding energy companies, such as ExonMobil, to assess their risk
in relation to global climate policiest. Sociologists and political economists have long investigated
ownership in the context of shareholder power!*2%:28:2% because ownership is associated with vary-
ing levels of corporate control via voting rights at shareholder meetings*3*~2. However, through
chains of ownership, shareholders have a means to influence, intentionally or not, the activities of
firms owned directly and indirectly. As a result, the structure of ownership networks has implica-
tions not only for individual firms, but also for the economy at wide®*!3:14:3335  We contribute
to the debate on shareholder power by developing two measures of shareholder influence in terms
of the monetary value of the portfolio of firms owned directly and indirectly. Next to the ability
to rank individual shareholders by economic influence, our methodology can be crucially applied
to groups of shareholders, allowing for the identification of power structures in the network. All
previously unresolved theoretical and conceptual issues related to the existence of cycles in the net-
work have been resolved. Specifically, we applied our methodology to the entire global corporate

ownership network and tracked its evolution in time.

Analysing its topology, we find that, despite the diversity of firms in the dataset in terms
of geography, economic sector, and size, the largest connected component (LCC) in the network
always contains most of the economic value of firms (87.5% + 1.5%) (see Table S7 in Supple-

mentary Information), while the other connected components (OCC) are economically irrelevant

tThe Economist: The monolith and the markets, (2013) http://www.economist .com/node/21591164;
The rise of BlackRock (2013), http://www.economist.com/node/21591174; Stealth socialism, (2016)

http://www.economist.com/node/21707191.
YThe Washington Post, May 31 2017,

https://www.washingtonpost.com/news/energy—-environment/wp/2017/05/31/
exxonmobil-is-trying-to-fend-off-a-shareholder-rebellion-over-climate-change;
similarly, Bloomberg, May 12 2017, https://www.bloomberg.com/news/articles/2017-05-12/

blackrock-to-back-climate-shareholder—-proposal—-at—occidental.



and fragmented. Furthermore, the LCC has a bow-tie structure (Fig. 1c, 1d). This is a prevalent
architecture in the complex network literature, found in many natural and engineered systems?,
containing four main components: a core or strongly connected component (SCC, in which nodes
are all directly or indirectly connected to each other), an IN component (where shareholders own
firms in the SCC, directly or indirectly, but not vice versa), an OUT component (in which firms
are owned directly or indirectly by shareholders in the SCC, but not vice versa), and the remaining
tubes and tendrils (TT). A distinct feature of the global ownership network is that the SCC and the
IN are very small compared to the OUT and TT (see Table S6 in Supplementary Text Information).
Since the SCC and IN are the components where economic value tends to flow to, these propor-
tions have implications in terms of the concentration of influence. With respect to the evolution of
the network topology, we find that, over time, the main network structure, the LCC, remains stable
in size (i.e., 6, 72 £ 0, 78 million nodes) (see Table S6 in Supplementary Information), despite an
increase in the total number of nodes (from 16.6 million in 2007 to 35.8 million in 2012). Within
the LCC, we however do see a structural change from 2008 to 2009. The SCC and the IN compo-
nents shrink significantly in node number (by 26.37% and 40.26%, respectively, see Tables S8 and
S9 in Supplementary Information). However, their size remains approximately stable in the years
following 2009, as seen in Fig. 2a. The loss of nodes by the IN and SCC is due, to a large extent,
to nodes that have migrated to the TT and OUT components, respectively, implying that they have
lost their indirect ownership links with the SCC.

In order to quantify and identify the power structures within the network, we first compute the
Influence Index values for all individual economic actors. Then we analyse the location of the most
influential actors in the various bow-tie components. This inquiry points to the SCC and the IN
as being the most relevant power structures in the network (see Table S10—S15 in Supplementary
Information). By computing the cumulative Influence Index of each network component within
the bow-tie, we can, for the first time, quantify their group influence in monetary terms. We
find that, although most of the nodes are located in the OUT and the TT (over 99.6% of LCC
nodes), the components with the largest cumulative Influence Index value are the IN and the SCC.
On average (™) = 23.63% + 2.03% of the yearly total operating revenue in the network, and
(€Core) = 18.34% + 1.93% (see Table S19 in Supplementary Information). In other words, the IN

and SCC, acting as a group, can potentially influence a total economic value, in terms of operating

$E.g., metabolic networks, gene networks, the immune system, the World Wide Web, Wikipedia, computer net-
works, networks of online communities, interaction structures in social networks, and production networks, next to

economic networks.



revenue, respectively ranging from 19.1 to 31.3 trillion USD and from 17.1 to 23.0 trillion USD.
In contrast, the cumulative Influence Index for the TT is (¢'7) = 11.17% =+ 0.56%, while for the
OUT ¢°UT = () (by construction, since all the actors in the OUT, as a group, are at the end of the

ownership chain).

Furthermore, we find that even within the SCC the distribution of the individual Influence
Index values is very skewed (see Fig. S18 in Supplementary Information), i.e., a few top actors
accumulate most of the economic influence. We thus select the set of actors in the SCC with
a value of &; in the top 5% quantile of the SCCs individual Influence Index distribution. This set
corresponds to a handful of exceptionally influential actors, who, since they are all part of the SCC,
are also highly interconnected and strategically positioned in the network. In line with previous

415 we denote this set of actors as the

studies that hinted at a similar quintessential power structure
super-entity (SE). Its yearly size ranges from 101 to 150 nodes (see Table S21 in Supplementary
Information) and its cumulative Influence Index value is (¢5F) = 16.74%+2.98% or approximately
16.2 to 20.3 trillion USD (see Table S22 in Supplementary Information). Put in perspective, less
than 0.0009% of the actors in the entire global ownership network have the potential to influence
slightly more than one sixth of the operating revenue of firms worldwide. In terms of the network
evolution, we find a subset of 70 nodes remaining in the SE across all years. Out of the whole
global ownership network, comprised of dozens of millions of nodes, this group represents the
ultimate distillate of shareholder power (see Table S23 in Supplementary Information). See Fig.
3a and 3b for an illustration of all the power structures and some of their major economic actors.
In Fig. 4 a graph layout of a selection of the nodes in the LCC is shown. Before the crisis in 2007,
N~ gCore ~ €SB ~ 20.5% £ 1.1%. In 2008, both the SCC and the SE lose influence, while the IN
gained: £€°° = 17.80%, &5 = 16.18%, and €™ = 24.77%. After this initial shock, the Influence

Index values remain stable for the following years (Fig. 2b).

Our work provides a way to quantify, in monetary terms, the influence over the economic
value of both individuals and groups of actors. We find that the individual Influence Index values
are distributed extremely unequally across economic actors in the world and it is furthermore
concentrated in specific power structures. While the fate of individual actors is uncertain as they
may gain or lose their influence over time, the power structures have not only survived the shock
of the 2008 financial crisis but have been remarkably stable ever since. There are several market
and policy issues on which the actors within the power structures (i.e., SCC, IN, and SE) may have

aligned interests that, in contrast, are not fully aligned with the economy and society as a whole



(see Supplementary Information). Examples include: climate action'?, considered by many policy
makers as one of the greatest examples of market failure in human history*; corporate tax avoidance
3536 anti-competitiveness *’; and collective moral hazard in financial stability*®. As a result, while
structural robustness is usually regarded as a feature of successful ecosystems in nature®**°, here,
the robustness of structures associated with extreme concentration of power suggests the need for

more innovation in order for the global economy to embrace a more sustainable and inclusive path.

1 Methods

Data We analysed a dataset derived from the Orbis database (see Methods in Supplementary
Information), containing information on companies and their shareholders (e.g., other companies,
natural persons, foundations, or governments) worldwide. From the raw data we constructed six
yearly snapshots (2007-2012) of the global ownership network. For instance, for the year 2012
these efforts yielded a network comprised of 35,839,090 nodes and 27,307,642 shareholding links

(see Table S1 in Supplementary Information).

The Influence Index An ownership relation refers to an economic actor holding equity shares in
a firm. Shareholding relationships are described by an ownership matrix 1/, where the component
Wi; € [0,1] reflects the percentage of ownership that shareholder ¢ holds in firm j. We further
extend this notion to include indirect ownership. If firm j, in turn, owns W}, shares in company
k, there is an indirect ownership path from ¢ to £ via j. In terms of ownership percentages this
can be expressed as Wy, := W;;W;;, (Fig. 1a). However, ownership alone does not take the eco-
nomic value of companies into account. A frequently utilised proxy for such value is the operating
revenue of company 7, denoted as v; (see Tables S2 and S3 in Supplementary Information). The
product IW;;v; reflects the value associated with shareholder 7, derived from its ownership in j. As
aresult, p; := 3°; Wi;v; yields the direct portfolio value of 7. Similarly, we compute the indirect
portfolio value, p;, along all indirect ownership paths (see Methods in Supplementary Informa-
tion). The total portfolio value is defined as the sum of the direct and indirect values, x; := p; + p;.
In the absence of cycles in the network (i.e., closed chains of ownership), the total portfolio value
of each economic actor is easily computed using the adjacency matrix. However, the presence of

cycles leads to theoretical and conceptual challenges that have previously remained unresolved* 2"

*See e.g. Bank of England governor’s famous speech on the “Tragedy of the Horizons”

https://www.bis.org/review/r151009a.pdf



Here we present a novel methodology that, for the first time, allows the computation of the mone-
tary value &; of each shareholder’s direct and indirect portfolio value, regardless of the complexity
of the network structure. We refer to ¢; as the Influence Index value. Its economic interpretation
is the amount of value that shareholder ¢ can directly or indirectly influence through its chains of
ownership. In other words, the higher this number is for shareholder ¢ (e.g., in USD), the greater
the economic value that ¢ is in the position to influence. What this index naturally does not capture
is whether actor ¢ decides to actually exert its influence and how (i.e., covertly or overtly). Intu-
itively, one can envision the economic value of owned companies flowing upstream through the
weighted links and accumulating at each shareholder by traversing only the trails in the network
(i.e., unique paths along which each node is only visited once). Our procedure preserve all links
in the network but resolves the problem of double counting economic value by preventing it to
flow through cycles (see Methods in Supplementary Information). In the absence of cycles, the
total portfolio values and the Influence Index values coincide, i.e., §; = x;. However, they differ
significantly in most cases. An example of the computation is shown in Fig. 1b. Without cycles:
&1 = Wigvy + Wigvg = 2.0. With a cycle: § = Wigvg + Wizvz + WiaWigvg + WizWsov, = 1.5.
In summary, our methodology is a recursive algorithm that can be efficiently implemented on large

networks and overcomes all previously reported problems (see Supplementary Information).

The cumulative Influence Index One crucial question relates to the collective influence of spe-
cific groups of shareholders. When such actors also own shares in other members of the same
group, the Influence Index of this group cannot be simply computed by summing up the individual
member’s influence due to double counting issues. We extend the methodology to groups of nodes
in the network by excluding the ownership links among the actors within the group under consid-
eration, as seen in Fig. le. If 4 denotes a set of nodes in the network, f““ reflects the Influence
Index value computed for the entire set of nodes. This quantity measures the economic value that
the group as a whole can influence (see Methods in Supplementary Information) and it allows for

the identification of power structures in the network.
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Fig. 1: Ownership, the Influence Index, and the bow-tie topology. a,
Company 7 has W;; percent of direct ownership in company j. Via j, it also
has an indirect ownership in k£ and [. b, Assuming a unit value for all nodes
(v; = 1), shareholder 1 has an Influence Index value & computed by traversing
all trails and summing the weighted value of the firms it has direct and indirect
ownership in. ¢, d, A bow-tie consists of an in-section (IN), out-section (OUT),
and a strongly connected component (SCC) or core. Additionally, tubes and
tendrils (TT) can be present. The largest connected component (LCC) of the
global ownership network displays a bow-tie topology and is the focus of the
empirical analysis. e Nodes a, b, and ¢ are understood as a cohesive group and
aggregated into a single node A. After rewiring, the Influence Index value &4
represents the group’s cumulative Influence Index.
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Fig. 3: The power structures. Network layout of the IN-section (outermost
concentric layer) and the core (all the nodes in the four inner layers and the
center). The core nodes are grouped as follows: the center is occupied by the
actor with the highest Influence Index value. Then the next nine influencers
by rank are placed in the innermost layer. Adding the next concentric layer
completes the set of 70 nodes present in the super-entity of all the analyzed years.
The next layer is given by the remaining nodes in the super-entity. Finally, the
second-outer layer is given by the remaining nodes in the core. Nodes are scaled
by Influence Index value and colored by type (see legend). All the nodes in the
concentric layers are ordered clockwise by Influence Index value, starting in the
2nd quadrant. The nodes of the IN-section are first partitioned by type then
ordered by influence. Links are shown for ownership stakes above 0.5%. The
colors are defined as follows. Cyan: links between nodes in the super-entity.
Green: all the remaining links in the core. Orange: links originating from a
source node in the IN and a destination node in the core or the IN. For the
yearly individual rankings, consult (see Supplementary Information). a, 2007
snapshot. b, 2012 snapshot



Fig. 4: Zooming into the main network structure. The layout of the
top 1.2% of influential actors (i.e., 70,952) in the largest connected component
(LCC) in 2012, with only their ownership links above 5% shown (i.e., 66’990),
resulting in the halo of apparently isolated nodes, mostly from the tubes and
tendrils (see Figure S13 in Supplementary Information). Nodes are scaled by
influence and colored by country (pink: Anglo-Saxon; green: EU-28 plus CH
and NO without GB and IE; cyan: Asia, orange BRICS; yellow: all others).
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1 Methods

1.1 Data Description

Orbis! is a database from Bureau van Dijk (BvD) comprising detailed information on companies
and their shareholders worldwide. For our analysis, we purchased historical data consisting of
yearly snapshots from 2007 until 2012.

For a set of 109,841,682 economic actors (including companies, natural persons, families,
foundations, research institutes, public authorities, states, and government agencies), located
in 196 countries, the raw data contained many million ownership relations for each covered
year. From these links, we select the directed and weighted ownership links (equity relations)
corresponding to the BvD relationship type “single shareholders of first level” (Bureau van Dijk,
2014).

Such a relation means that BvD has received the information that a link exists between
two entities. However, as a technical detail, such a link could be direct or indirect. Indirect
ownership can occur for multiple reasons. For instance, when the information source indicates
that entity ¢ has a total stake in company j without specifying the path through which the
ownership is held. Examples are major investment managers holding shares “via their funds”.
As a result, BvD lists two kinds of ownership percentages, denoted as “direct” and “total”,
where “total” represents the sum of the direct and indirect ownership percentages.

We addressed this technicality by employing the following simple procedure: whenever a
direct ownership percentage is given we use that number, otherwise we utilize the total percent-
age, if available. We then treated these resulting numbers as the percentages of direct ownership
relations in the yearly networks we constructed. Additional information assessing the quality of
the links we extracted can be found in Section 1.3.

For the association of ownership with voting rights, see Section 2.2.2.

1.2 Constructing the Yearly Network Snapshots

From the raw data, after extensive data cleaning (e.g., by removing non-unique entities like
“Unnamed private shareholders, aggregated”), the yearly global ownership networks can be
constructed. In detail, for each year and for every usable ownership relation i — j the corre-
sponding economic actors ¢ and j are extracted from the pool of 109,841,682 entities and added
as linked nodes to the yearly network. Hence these yearly network snapshots are directed and
weighted graphs, as detailed in Table S1. This unique and exhaustive global ownership net-
work, seen evolving in time, has never been analyzed before. Previous studies have focussed
on subsections of limited scope, for instance, constructed around a set of 43,060 transnational
corporations in 2007 (Vitali et al., 2011).

1.3 Link Data Quality and Completeness

It is important to note that the yearly network snapshots contain a distinct largest connected
component (LCC, see Section 2.3), containing the most valuable nodes in the network (for more
details on the economic value of nodes, see Section 1.5). This network structure further has a
bow-tie pattern, detailed in Section 2.3. Hence, for our analysis, it suffices to focus only on this
largest connected component for each year.

To assess the quality of the extracted ownership data, a straightforward test is to sum up
all the incoming shareholding relations for all companies. In other words, for each company j

"Mttp://www.bvdinfo.com/en-gb/our-products/company-information/international-products/orbis



Raw data Networks

Relations | Usable links Matching nodes
2007 | 87,974,712 14,724,489 16,636,351
2008 | 102,049,208 16,261,139 18,807,808
2009 | 123,910,632 20,022,388 23,312,973
2010 | 141,309,243 20,594,177 24,356,469
2011 | 170,993,197 24,545,148 30,563,099
2012 | 213,578,698 27,307,642 35,839,090

Table S1. Constructing the yearly networks. Based on the raw data of historical owner-
ship relations, the usable links are extracted and the corresponding nodes drawn from a set of
109,841,682 economic actors.

its incoming ownership coverage is summed as

in
kj

0=y Wiy, (1)
=1

where W;; is the adjacency matrix and k}n the in-degree. For 100% ownership coverage, ©; = 1.

In cases where ©; > 1 we simply rescaled the corresponding ownership weights W;; to regain
©; = 1. This affected less than 0.6% of all the nodes in each yearly network snapshot.

A value ©; < 1 indicates incomplete data. In such cases there is unfortunately no remedy
at hand. Luckily, the data coverage for the ownership links is very good, as seen in Figure S1.
For most nodes, the sum of incoming link weights ©; is indeed 100% and there is only a minor
second peak around 50%.
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Figure S1. Ownership data coverage. Histogram of the sum of incoming weights ©; in the
largest connected component after rescaling, shown for each year. Most nodes have complete
ownership coverage.



In any case, the true problem associated with ©; < 1 comes from the resulting loss of
operating revenue v; not able to “flow” through the missing links. The notion of the flow
of value in an ownership network is related to our main methodology, the Influence Index {¢;}
associated with a node j, described in Section 1.6. As a consequence of incomplete link data, the
Influence Index we compute will be underestimated due to these missing channels of propagation.
We asses the potential loss of value due to incomplete coverage as follows. For a company j
with an operating value v; (in USD) the incurred loss is given by

(I)j = (1 - @j)’(}j. (2)

The corresponding total loss of operating revenue is captured by
L:=) &, (3)
J

We find this loss, expressed as a percentage of the total operating revenue in the yearly network
snapshots, to be the following:

£2007 = 17.90%; £2008 = 18.72%; Egoog = 17.92%;

4
£2010 = 18.32%; £2011 = 18.20%; £2012 = 17.19%. ( )

However, this loss of operating revenue potentially results in the Influence Index being underes-
timated.



1.4 Degree Distribution

An analysis of the connectivity of the network for the nodes in the largest connected component
is shown in Figure S2. The result for 2007 is very similar to what was reported in a previous,
more restricted study (Vitali et al., 2011), a further indication that the data quality is consistent.

See Section 2.7 for a comparison of this work to the 2011 study.

2007 0 2008
10° T — 10 T T
* ki i * kin -
107E * out 1 107 % out *
** * Kk H ** * Kk :
102} 1072 ¢
uw 107%F 1 100}
o s
104 1074
108} 105 ¢
106 106
*
107 . . . “ 107 . . . *
10° 10° 102 108 104 10° 10" 102 108 104
Degree Degree
0 2009 0 2010
10 T 10 T T
* kin ¥ kin
107F % out * 107TE ¥ out
* H *
*s K R K
102k : 1072k
w 103 L 108k
[a) =)
Oyl H Oyl
105k a 1075
106} . 108}
107 . . " ¥ 107 . . . k-
10° 10" 102 10° 104 10° 10' 10?2 10° 104
Degree Degree
2011 2012
10° T 10° T T
¥ in 3 in
k K :
107F * out 1 10y * out 1
*q * kTS *3, * kTS
102} 107
w 10°F s 108
[a) ! 8
O Lol T T 10
105t 105 ¢
1078 : 10°¢
*
10-7 L L L L 10-7 L L L L
10° 10" 102 10° 104 10° 10' 10?2 10° 104
Degree Degree

Figure S2. Degree distributions. CDF of k;n and k9" for the largest connected component
in the network, shown for each year.




1.5 Incorporating Economic Value

Next to the ownership relations, Orbis also contains specific company data: financial information,
industry classifications, and geographical locations. The relevant financial data is comprised of
operating revenue v, total assets v*?, and market capitalizations v™¢. In effect, these are three
proxies for the economic value of companies. This additional layer of information adds to the
heterogeneous nature of the data, increasing the challenge of processing and evaluating such
an extensive set. The coverage of these value proxies is reported in Table S2. While market
capitalization is only available for a limited set of listed companies, total assets introduces a
bias in favor of financial institutions. In contrast, operating revenue is readily available and
comparable across sectors. Therefore, we employ the consolidated operating revenue as the
proxy for the companies’ value in our analysis. As the historical dataset we analyzed was
obtained in the fall of 2014, the three measures of value are expressed as USD at 2014 prices.
In Table S3 the total value in the network for all three measures is shown.

In order to assess the coverage of the value we find in the yearly network snapshots, corre-
sponding global aggregated figures need to be employed. The value of market capitalization can
be trivially compared to the global market capitalization of all listed companies, as reported
by the World Bank. The total of the operating revenue has no direct obvious global aggregate.
Measures like the Gross Operating Surplus or the Industrial Production only make up a fraction
of the total value of operating revenue retrieved and analyzed here. Nonetheless, the global
Gross Domestic Product (GDP) can be utilized as a benchmark. This, and the global market
capitalization, is reported in Table S3. In summary, the yearly network snapshots capture be-
tween 80% to 92% of the total global market capitalization: the minimal coverage occurred in
2009 with 80.36% and the maximal one in 2012 with 91.69%.

It should be noted that the operating revenue is a straightforward measure that quantifies
business activities. In contrast, market capitalization incorporates future expectations in the
valuation of companies. Figure S3 reveals that the only measure of value to suffer from the
global financial crisis is market capitalization. Indeed, still in 2012 the pre-crisis levels of 2007
could not be recovered. In comparison, the global GDP took a small dip in 2009, only to recover
the following year. The remaining measures of value are surprisingly unaffected by the dramatic
and destructive turmoil of the crisis.

The distribution and evolution of the operating revenue in the bow-tie components of the
network is seen in Section 2.3. Furthermore, the probability distributions of the three value
measures found in the network are shown in Figure S4, restricted to the largest connected
component. Finally, the proxy of value the Influence Index is based on is operating revenue.

Number of firms with

v ote e
2007 | 2,242,010 2,168,529 21,640
2008 | 2,733,421 2,639,398 24,247
2009 | 3,704,436 3,577,137 27,343
2010 | 3,981,925 3,837,234 30,653
2011 | 4,256,246 4,114,330 32,628

2012 | 4,004,331 3,912,161 33,645

Table S2. Value coverage in the network. Total number of firms with operating revenue
v, total assets v*®, and market capitalization v™¢.



Table S3. Value in the network. The total of the three measures of value in USD (2014

Operating revenue v

Total assets v'?

Market cap. v™¢

2007
2008
2009
2010
2011
2012

88,361,164,954,000
95,706,385,061,000
101,034,481,861,000
118,354,452,745,000
127,666,501,567,000
127,134,546,757,000

322,103,938,294,000
349,540,761,777,000
364,975,234,410,000
405,720,541,733,000
427,735,449,973,000
437,871,011,115,000

57,553,882,000,000
28,480,059,000,000
38,079,082,000,000
44,544,674,000,000
42,549,811,000,000
48,750,477,000,000

prices), shown for each year.

Global market cap.

Global GDP

2007
2008
2009
2010
2011
2012

64,471,812,116,978
34,871,853,194,186
47,380,718,189,093
54,164,793,555,894
46,499,122,204,875
53,163,893,848,165

56,868,119,606,496
62,338,896,821,397
59,043,815,701,262
64,650,351,677,651
71,521,442,021,877
72,804,671,607,528

Table S4. Global measures of economic values. Global market capitalization of all listed
companies and the global GDP are shown. All values in USD (2015 prices). Source World Bank.
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Figure S3. Change in value. The tree measures of value in the yearly network snapshots
(operating revenue, total assets, and market capitalization, see Table S3) are analyzed, next to
the global GDP (see Table S4). The changes in value, with respect to the value in 2007, are
shown.
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1.6 Computing the Influence Index ¢;

In graph theory, a graph G is defined as a pair G = (V, E), consisting of a set of vertices (nodes)
V and a set of edges (links or relations) E. If two vertices ¢ and j in V' are adjacent, then e;; € E.
The adjacency matrix A = A(G) of a graph is a matrix with rows and columns labeled by the
graph vertices. The entry A;; = 1 denotes the existence of the edge e;;, otherwise A;; = 0.
For an undirected graph, A is always symmetric. If the graph is weighted, the entry W;; of
the adjacency matrix represents the edge from i to j with weight W;; € [0, 1]. See, for instance
(West, 2001).

The study of real-world complex networks can be performed at three levels of analysis.
Level 1 is a purely topological approach where the links A;; either exists or not, yielding a
binary adjacency matrix. Allowing the links to encode additional information, i.e., direction
and weight, defines Level 2. At the highest level of detail, the nodes themselves are assigned
an intrinsic degree of freedom, in the guise of non-topological state variables that can shape the
network. These variables are sometimes also called fitness. However, for a 3-level analysis to
be successful, it is essential that the methods utilized in the analysis of the complex network
are appropriately adapted to the specific nature and domain of the network under investigation.
See (Glattfelder, 2013).

The computation of the Influence Index represents the main methodology. Its definition
is motivated by an extension of the notion of the portfolio value to a network. Hence, it is
based on the economic value of the nodes (see Sectionl.5). We employ the operating revenue of
companies as the proxy for value for the calculation of the Influence Index. The index holds a
generic meaning as a centrality measure in directed and weighted networks, where the nodes are
assigned some intrinsic quantity. Hence it is a measure considering all three levels of analysis.
The crux of the matter, relating to cycles in the network, is solved in Section 1.6.3.

1.6.1 Step 1: The Total Portfolio Value

To summarize, an ownership relation Wj; € [0, 1] refers to the percentage of ownership share-
holder ¢ holds in company j. Hence the ownership (adjacency) matrix W represent the weighted
and directed network. Furthermore, some nodes in the network are associated with an economic
value. Due to this intrinsic, non-topological value, the network analysis performed here is at
Level 3.

We utilize the operating revenue in USD (in 2014 prices), denoted by v;, as the proxy for
the economic value of companies. This allows the direct portfolio value of a shareholder i to be
computed as

i = Z vvij Vg, (5)
JEr(@)
where I'(7) is the set of indices of the neighbors of 7, denoting all the companies in the portfolio.
However, in the presence of a network, this notion can be naturally extended to incorporate
indirect ownership, thus defining the indirect portfolio value, by traversing all downstream paths
reachable from i

pi= Y, > WyWpuve+-+
JEL (@) kel'(7)

Z Z Z WiisWiiio = Wi i Vg + 0

jler(i) jQGF(jl) j7n71€1—‘(jm)

(6)

As a result, one can assign the sum of the direct and indirect portfolio value in USD to each
shareholder, retrieving the total portfolio value

Xi := Pi + D (7)
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In matrix notation, this can be re-expressed as
oo
x=> Wh, (®)
I=1

where W' encodes all paths of length [ in the network. Thus Equation (8) considers all paths of
all lengths in the network, retrieving the vector y of the resulting total portfolio values. However,
there is an alternative interpretation which is more generic in the sense that it applies to any
complex network with weighted and directed edges, where the nodes are assigned an intrinsic,
non-topological value.

1.6.2 Step 2: Centrality and Influence in Networks

The notion of centrality refers to a structural attribute of the nodes in a network which de-
pends on their position in the network (Katz, 1953; Hubbell, 1965; Bonacich, 1972). In general,
centrality refers to the extent to which a network is organized around a single nodes.

A popular family of centrality measures is called eigenvector centrality and quantifies the
relevance of a node in a network. These are a feedback-type centrality measures, where a node
is more central the more central its neighbors are themselves. Google’s PageRank is an example
of such a centrality measure (Page et al., 1999). A particular variant is the c(«, 3)-centrality
introduced in (Bonacich, 1987), refining (Katz, 1953) and (Hubbell, 1965), defined as

ci(on, B) =) (o + Bej) A, 9)
J
where A is the adjacency matrix, ¢; denotes the centrality score of node 4, and «, § are scalar
parameters. The solution is given by

cla, B) = a(l — BA) ! Ae, (10)

e being the column vector of ones and 1 the identity matrix.

Similar to this expression, another centrality measure applied to ownership networks has
been introduced (Glattfelder and Battiston, 2009; Vitali et al., 2011; Glattfelder, 2013). It is a
recursive equation defining the centrality x as

x=Wx+ Wo, (11)

where W is the weighted adjacency matrix and v is a vector representing the values of the nodes.
Equation (11) can be interpreted as follows: A node’s centrality score is given by its neighbors’
centrality scores plus the neighbors intrinsic value. The solution is given by

X=0-W)"'Wuv=Wo. (12)
By observing that
W=y W (13
n=1
it is revealed that
X=X (14)

showing that the total portfolio value is an eigenvector centrality variant. In summary, the total
portfolio value y; is comprised of the direct and indirect portfolio components p; and p;, as seen
in Equation (7). The computation of p; requires the knowledge of all paths emanating from
1. Alternatively, y; can also be derived using only local knowledge of the direct neighbors. As

11



seen in Equation (11), it suffices to know the intrinsic value and the total portfolio value of all
neighbors to compute a node’s own total portfolio value.
In the absence of cycles, the Influence Index value &; is simply defined as

& = Xi (15)

a centrality measure reflecting the influence of a node in the network. As it is also the value of
the total portfolio measured in USD, there is a straightforward interpretation in economic terms
as shareholder power, see Section 2.2.

The convergence criteria of the sum in Equation (13) is tied to the matrix (1 — W) being
non-negative and non-singular. A sufficient condition is that the Frobenius root is smaller than
one, A\(W) < 1. This is ensured by the requirement that in each strongly connected component
S there exists at least one node j such that ) ;s W;; < 1. In an economic setting, this means
that there exists no subsets of k firms (kK = 1,...,n) that are entirely owned by the k firms
themselves. This is a condition which is fulfilled in ownership networks. See (Glattfelder and
Battiston, 2009).

Finally, Equation (11) can be interpreted in terms of a physical system in which a quantity
is flowing along the links of the network. In this picture, the value v; associated with the nodes
represents a physical quantity produced by them. Now y; is the inflow of the value node i
registers from all nodes downstream. See (Glattfelder and Battiston, 2009; Vitali et al., 2011;
Glattfelder, 2013) for details. In this new perspective, if v; corresponds to an intrinsic economic
value of the nodes, then the total portfolio value y; corresponds to the total inflow of value
entering node ¢ via its subnetwork of direct and indirect ownership relations. Colloquially,
the flow of value in the network accumulates in certain nodes, bestowing them with influence,
measured in monetary terms.

1.6.3 Step 3: Cycles

In ownership networks, cycles represent inter-firm cross-shareholdings. It has been realized
that when the number of cycles in the network is large, for example in the core of the bow-tie
(see Section 2.3), the measure ; is overestimated, due to the economic value flowing multiple
times through the cycles (Baldone et al., 1998). Previous attempts at remedying this issue have
themselves been plagued by additional problems (Baldone et al., 1998; Rohwer and Potter, 2005;
Vitali et al., 2011). See Section 1.6.7 for details.

Here we present a novel methodology that overcomes all previously reported problems. It
is a simple recursive algorithm computing the Influence Index &;, which can be implemented
efficiently for large networks. In the absence of cycles, the algorithm simply retrieves the total
portfolio value

& = Xi- (16)
However, in the presence of cycles, the algorithm gives a lower bound
& < Xis (17)

thus circumventing the problem of overestimation.
The algorithm computes the direct and indirect portfolio values similarly to Equation (7)

& = pi + Di- (18)

Crucially, p; does not take paths of all lengths in the network into account, like p;, seen in
Equation (6). For the computation of p;, only the trails in the network are traversed. These are
unique paths where each node is only visited once, thus terminating any further flow through
cycles. In the following, two examples are provided. See Section 1.6.6 for a summary and
discussion of our methodology for networks with cycles. The algorithm is described in Sections
1.6.8 and 1.6.9. Finally, Section 1.8 concludes the methods description.
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Figure S5. Computing the Influence Index for shareholder 1. (A) A simple network
with a tree topology, comprised of three individual trails. FEach trail is a downstream path,
originating in node 1, where the nodes get visited only once. (B) The left-hand side trail
is highlighted, yielding the direct portfolio value contribution pt = Wisvs and the indirect
contribution ﬁ]f = ﬁIf = WiaWasvs. (C) Modifying the original network to contain loops.

1.6.4 A Simple Example

To illustrate, consider the simple network seen in Figure S5A. This network is comprised of three
trails originating from node 1, one of which is highlighted in Figure S5B. The direct portfolio
value has contributions from the left-hand, middle, and right-hand trails and is given by

p1=pt + !+ pf

(19)
= Wigva + Wisv3 + Wigvg.

Each one of the three trails is associated with an indirect portfolio, comprising the nodes 5
(Figure S5B), 6, and 7. The indirect portfolio value has again three contributions

pr=pr + i+

(20)
= WiaWasvs + Wi3Wagvg + WiaWyrvr.

Because the network does not contain any cycles, p; = p;. Putting everything together yields
the Influence Index value

Sl=p1+P1=p1+D1=Xi

(21)
= Wigva + Wizvs + Wigvg + WiaWasvs + WisWagvs + WiaWarvy.

This value can also be computed by utilizing the adjacency matrix and taking the first component
of the solution to Equation (12).

In Figure S5C this simple example is augmented by adding a loop. If we employ Equation
(12), there is value flowing from node 5 to node 6 and vice versa. Indeed, there are now two
infinitely long paths in the network

1-2—-5—26—25—26—---

(22)
1-3—=26—=5—-6—=5—---
The novel algorithm we propose, however, only takes the trails into account, namely
1-2-25—=6
(23)

1-3—>6—>5

13



In other words, if a previously visited node in a path is revisited, the algorithm terminates the
computation. This procedure yields the following Influence Index value

&1 = Wigua + Wizvs + Wigvs
+WiaWasvs + WisWsgve + WiaWiarvr (24)
+WiaWasWievs + Wi3WseWesus,
where the last line contains the contribution from the loop.
Simply by focussing on trails and hence not allowing the economic value to flow multiple times
through the cycles, a straightforward and easily implementable algorithm is found that improves
on previous calculations. Indeed, this computation can now also be generalized to arbitrary

directed and weighted networks where the nodes are assigned an intrinsic, non-topological value.
Again, see Sections 1.6.8 and 1.6.9 for details.

1.6.5 A Numerical Bow-Tie Example

In Figure S6A a generic bow-tie is shown, comprised of 27 nodes and 33 links. Under the
following assumptions, the Influence Index &; is computed for its nodes. The value of each node
is one: v; = 1,Vi. Moreover, all incoming links are assumed to add up to 100% ownership, i.e.,
> ; Wi;; = 1,Vi. Finally, all incoming links have the same weight. In other words

Wiyis = Wigis = Wizsy, = Waysy = Waysy = Wiz = 0.5,
W37i9 = WSSSQ = W0306 = Wt606 = Wo104 = Wt204 = 05, (25)
WiSSl = VI/’L'gsl — W3331 == 03333,

and for all other links W;; = 1.0. The algorithm computes the following:

& 2.239459375 €, 6.437500000
&, 2.239459375 £, 12.124975000
&, 8.978918750 €ss 2.353931250
&, 8.562487500 €5, 6.999987500
¢ = & | =] 3478918750 |, &C:=| &, | = 8.583175000 |, (26)
Eie 7.978918750 €o 5.791637500
& 6.562487500 £, 6.041650000
Eie 2.478918750 €o 5.041637500
Eio 2.478918750 €s, 7.333275000
€0, 1.000000000
€0y 3.000000000
&, 0.000000000
€0, 0.500000000
&, 1.000000000
€0, 1.000000000 . 5500000000
et = [ ¢ | = 2.000000000 |, ¢ = ;3 = 2'500000000 .@)
€os 0.000000000 & '
& 1.500000000
£ 0.000000000
€1 0.500000000
€0 0.000000000
€0y 0.000000000

This result is shown in Figure S6B.

14



IN-Tendrils OUT-Tendrils

oo

@*@*Q @ @<—.».->Q—>.

/<@>\

Tubes ‘_)@

Figure S6. Bow-tie network topology. (A) An example consisting of an in-section (IN), an
out-section (OUT), a strongly connected component (SCC) or core, and tubes and tendrils (TT).
Note that these sections make up what is known as a connected component. (B) A different
layout of the bow-tie seen in (A), where the node sizes are scales with their respective &; values,
the colors reflect the bow-tie components, and the links are scaled by the ownership weights.
See details in the text.

1.6.6 Summary and Discussion

For directed and weighted networks without cycles, we do the following. By extending the notion
of the direct portfolio value, defined in Equation (5), the indirect portfolio value is constructed in
Equation (6), incorporating network effects. Combining these two measures yields the Influence
Index value &; for shareholder i. In simple terms, this quantity captures the fraction of the
value of all downstream nodes of ¢ that can flow up through the weighted ownership paths or,
alternatively, the value ¢ can potentially influence via its downstream subnetwork. It was shown
in Equations (14) and (15) that the Influence Index value §&; is also a variant of an eigenvector
centrality x;, defined in Equation (11).

In the presence of cycles, our methodology prevents the flow of value from passing multiple
times through the loops in the network. This is achieved by focusing on the trails in the
evaluation of the indirect portfolio. These are unique paths in the network, where each node
is only visited once. In effect, &; is algorithmically computed and gives a lower bound for the
analytical eigenvector centrality.

Note that cutting the cycles in the network for the computation of the Influence Index results
in the flow of value dissipating in the cycles. This induces the following effects. Firstly, not all
the value for the algorithmic computation of & will flow to the root nodes, as would otherwise
happen for the analytical calculation of ;. To illustrate, let R be a single root node in a tree
network. In the analytical formulation, R will always accumulate the total of the value present
in the nodes of its downstream network, irrespective of the specific topology

X'R = Z %R (28)

i€
where Z denotes the indices of all downstream nodes. In contrast, in the presence of cycles in
the downstream network, the Influence Index value gets diminished due a fraction of the value
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not propagating through the cycle
R < XR- (29)

Secondly, in the algorithmic formulation, the nodes in a cycle will themselves see less inflow
of value and hence have a lower Influence Index value than in the analytical case. Now, the
value only flows once through the cycle and does not get amplified. For a node C; in a cycle

e, < Xai- (30)

These are desirable features for networks with a bow-tie topology, as it prevents nodes in
the SCC and IN from dominating the ranking. In the bow-tie example seen in Figure S6A one
finds, for instance

€4, = 12.124975 < 17.99958 = X, (31a)
&, = &, = 2.239459375 < 2.7497900042 = {5, = i, (31D)

In the context of an economic interpretation, the issue related to the overestimation of the
relevance due to inter-firm cross-shareholdings has been previously addressed in the literature
(Baldone et al., 1998; Rohwer and Pétter, 2005). The authors presented a solution adjusting
the right-hand side of Equation (12), modifying x. However, this analytical adaption, while
taming the cycles, leads to undesired situations, where a single root node in a tree will have
the highest modified centrality score, regardless of the level of interconnectivity in the network
(Glattfelder, 2013). By adjusting the ranking of the nodes in cycles, this solution results in the
potential overestimation of root nodes. In effect, our methodology solves the problem of the
overestimation of nodes in cycles in a natural way, without incurring additional problems of
overestimation elsewhere in the network. More details are discussed in the following section.

See Section 2.1 for a discussion on the relevance of the network in the computation of the
Influence Index value for the global ownership network, relating to indirect ownership, leverage,
and portfolio depth. Then, Section 2.2 discusses the related notion of shareholder power. Finally,
Section 2.4 presents the empirical findings.

1.6.7 Comparison with Existing Measures

Originally, (Brioschi et al., 1989) introduced the notion of integrated ownership as a simple
algebraic model of ownership structures that reflects the direct and indirect ownership relations.
The authors analyze a specific setting where a single external shareholder owns shares in a
cluster of firms, which are themselves connected by cross-shareholdings.

In (Vitali et al., 2011; Glattfelder, 2013) these concepts where generalized to generic owner-
ship networks. As a result, the constrained perspective given in (Brioschi et al., 1989) is found in
the general formalism of the eigenvector centrality presented in Section 1.6.2, namely Equation
(11). In the context of shareholder control, this measure is referred to as integrated control x.

It was realized, that this analytical approach was problematic when the analyzed ownership
network contained cycles. In detail, the numerical results grow as a function of the number of
inter-firm cross-shareholdings. Consequentially, the economic interpretation becomes problem-
atic as the computation is seen to overestimate the values in the presence of cycles. Based on
the original methodology, a solution was proposed, addressing the issue of cross-shareholdings
(Baldone et al., 1998; Rohwer and Poétter, 2005). In effect, a correction operator is introduced,
modifying Equation (13). This yields the loop-corrected integrated control x*. For details, see
(Vitali et al., 2011; Glattfelder, 2013).

While x* addresses the problem of overestimation, it introduces a new problem: root nodes
become dominant. As discussed in the last section, namely Equation (28), a single root node
R will always accumulate all the value in the downstream sub-network. As a result, R will
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Figure S7. Simple bow-tie network example with a high degree of interconnectedness of the
firms in the SCC. All nodes have unit value v; = 1. Reproduced from (Vitali et al., 2011;
Glattfelder, 2013).

invariably be the highest ranking node, as measured by x*. This is clearly an undesirable effect,
if one wants to rank the nodes in a bow-tie. Again, see (Vitali et al., 2011; Glattfelder, 2013)
for details.

As a consequence, in (Vitali et al., 2011) another solution ™ was offered, remedying the
problems related to cycles and root nodes. The methodology builds on the calculation of x*
for the nodes in the SCC, but modifies the values of the IN-nodes. While this procedure yields
the desired results, it is cumbersome to compute, as the bow-tie structure of the network being
analyzed needs to be know in advance and nodes get treated differently, according to their
network position. See Section 2.7 for a comparison of the current work to (Vitali et al., 2011).

The methodology presented here is an improvement on (Vitali et al., 2011). It remedies
both addressed problems while providing a simple algorithmic recipe for computing the Influence
Index £ for all nodes. It gives a lower limit to all previous methods and is hence a more stringent
measure of economic influence. Moreover, it is also computable for pathological cases, where
the analytical computations (¥, X*, ™) all break down. For instance, a sub-network of k firms
which are all entirely owned by the k firms themselves. Now the matrix (1 — W) in Equation
(12) becomes singular and cannot be inverted. More details are found in (Glattfelder, 2013).

Figure S7 presents the bow-tie example introduced in (Vitali et al., 2011; Glattfelder, 2013).
One finds:

t

5 5.000 0.500 0.360
49 4.900 4.000 2.600
ol | L | 4216 - 3.378 1.400
s Y s T seer |06 20 (52)
54 4.629 3.714 3.050
0 0.000 0.000 0.000

In summary, the Influence Index value ¢ preserves the original ranking order of centrality? found
in x, while giving a lower bound to the values of the nodes in the SCC and the IN. In other
words, £ is the most conservative measure of influence in terms of economic value.

1.6.8 The Algorithm: Pseudocode and Java Implementation

In Algorithm 1 and 2 the pseudocode for computing the Influence Index is shown. Algorithm
1 is the wrapper for the recursive method seen in Algorithm 2, crawling the network paths
downstream. Given is a directed graph G = (V, E), a set of vertices V and a set of edges E.
Every weighted and directed link r € E is associated with two nodes n,m € V and a weight
Wim. Symbolically, r = {n, m, Wy, }, where n is the start node of the link and m the end node.

2Note that ™ inherits the ranking order from Y*.
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Algorithm 1 W(G)

1: initialize: deactivate all nodes; nodes n have a value v,, assigned
2: for all nodes n in graph G do

3: E+0

4 for all relationships 7 in set of all outgoing relationships of n do
5: activate n

6: ¢+ CD(r,1.0,¢)

7 deactivate n

8 end for

9: assign £ to node n as &,

10: end for

Algorithm 2 CD(r,w,¢)

1: s < end node of r
2: if s active then
3 return ¢

4: end if

5: vg < value of s
6: w, < weight of r
70 W 4 Wy W
8: gé—iﬂ'vs
9: é(—-é—Ff
10: activate s
11: if s has no outgoing relationships then

12: deactivate s
13: return ¢
14: end if

15: for all relationships 7 in set of all outgoing relationships of s do
16: £« CD(#,w, &)

17: end for

18: deactivate s

19: returné

In the following, a Java implementation is presented using Neo4j3, an open-source graph
database management system. All the network-related computations for this publication where
implemented using Neo4j. There exists a repository on GitHub which embeds the following Java
code in a workable project. Go to https://github.com/jbglattfelder/influenceindex.

| private static enum NodeSwitch {ON, OFF};
2 private org.neo4j.graphdb.GraphDatabaseService gdbs =
3 new org.neodj.graphdb.GraphDatabaseFactory ().
newEmbeddedDatabaseBuilder ("/home/myNeo4jData/graph.db").
5 newGraphDatabase () ;
6 private org.neo4j.graphdb.Direction out = org.neo4j.graphdb.Direction.QUTGOING;
7 private String weight = "myWeight";
s private String nodeSwitch = "myNodeSwitch";
9 private String nodeValue = "myNodeValue";
0 private String nodeInfluencelIndex = "myNodeInfluenceIndex";

Shttp://neo4j.com
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12 private void Wrapper () {

64
65
66
67
68
69
70

71

}

// Loop through whole graph
for (Node n : GlobalGraphOperations.at(graphDatabaseService).getAllNodes ()) {
// Initialize
double influencelIndex = 0.0;
// Get all outgoing relationships of node and iterate
Iterable<Relationship> iterableRel = n.getRelationships (out);
for (Relationship relationship : iterableRel) {
// Mark node as active
n.setProperty(nodeSwitch, NodeSwitch.ON.toString());
// Recursive algorithm
influenceIndex = crawlDownstream(relationship, 1.0, influencelIndex);
// Deactivate if active
if (n.getProperty(nodeSwitch).equals(NodeSwitch.ON.toString())) {
n.setProperty(nodeSwitch, NodeSwitch.OFF.toString());
}
}
// Assign Influence Index
n.setProperty(nodeInfluenceIndex, influencelndex) ;

}

private double crawlDownstream(Relationship relationship, double indirectWeight,

}

double influenceIndex) {

// Initialize

Node successor = relationship.getEndNode () ;

// Been here, go back up

if (successor.getProperty(nodeSwitch).equals(NodeSwitch.ON.toString())) {
return influencelndex;

b
// Get node value that flows up through trail to predecessor as Infl. Index
double initValue = (double) (successor.getProperty(nodeValue));

// Compute indirect weight
double w = (double) relationship.getProperty(weight);
double newWeight = w * indirectWeight;
// Compute Influence Index
double currentInfluencelndex = newWeight * initValue;
// Update Influence Index and activate successor
double newInfluencelndex = currentInfluencelndex + influencelndex;
successor.setProperty(nodeSwitch, NodeSwitch.ON.toString());
// Continue recursively along trails (DFS): Get successors at next level
Iterable<Relationship> iterableRel = successor.getRelationships (out);
// Reached leaf node, go back up
if (!'iterableRel.iterator ().hasNext()) {
// Deactivate if active
if (successor.getProperty(nodeSwitch).equals(NodeSwitch.ON.toString())) {
successor.setProperty(nodeSwitch, NodeSwitch.OFF.toString());
}
return newInfluencelndex;
}
// Iterate through relationships
for (Relationship newRelationship : iterableRel) {
// Retrieve Influence Index from recursive call
newInfluenceIndex = crawlDownstream(newRelationship, newWeight,
newInfluencelIndex) ;
}
// Deactivate if active
if (successor.getProperty(nodeSwitch).equals(NodeSwitch.ON.toString())) {
successor.setProperty(nodeSwitch, NodeSwitch.OFF.toString());
}
// No more relationships, go back up
return newInfluencelndex;
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1.6.9 The Algorithm: Performance

The algorithm described above crawls each subnetwork reachable from every shareholder moving
downstream. This is efficient only if a majority of the nodes in the network is associated with
a value. Otherwise many trails will be traversed in vain which contain no value.

In Table S2 the fraction of nodes in the global ownership network with a value for their
operating revenue was reported. Less than one-sixth of nodes have a value. To speed up the
computation, the algorithm can be adapted in the following way: for each node with operating
revenue, this value will be distributed up-stream to all the direct and indirect shareholders. The
pseudocode is seen in Algorithms 3 and 4. In detail, Algorithm 4 for crawling is simply the
reverse of Algorithm 2, and its adjusted wrapper is Algorithm 3.

Finally, another computational optimization can be implemented. We are analyzing chains
of indirect ownership, where the percentages of direct ownership are multiplied. For instance
Wi == W;;jW;1, Wy, denotes the indirect percentage of shareholder ¢ in company [ via the chain
i — j — k — . If any of the direct ownership percentages are small, then W;; will be negligible.
As a result, not only the computation will be prolonged unnecessarily, but also the indirect
ownership becomes meaningless.

A simple remedy is to implement a cutoff for the indirect ownership. In other words, if
Wi < x, for some predefined percentage x, the corresponding trail will not be explored any
further. In effect, the value has dissipated. The code for this optimization is given in Lines 7-9
of Algorithm 4 for the indirect ownership @ and the cutoff wyi,. Similarly, such an optimization
can also be implemented for w in Algorithm 2. See also Section 1.8 for numerical details.

Algorithm 3 W(G)
1: initialize: deactivate all nodes; some nodes n have a value v,, assigned
2: for all nodes n in graph G do
3: v, < value of n
4 for all relationships r in set of all incoming relationships of n do
5 activate n
6 CU(r, vy, 1.0,0)
7 deactivate n
8
9

end for
: end for
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Algorithm 4 CU(r, vy, w,1)

1: p < start node of r

2: if p active then

3: return

4: end if

5: w,  weight of r

6: W 4 Wy - W

7: if W < wpip and [ > 0 then
8: return

9: end if

10: € < W - vy

11: & < influence index of p

12: £ £+,

13: assign é to node p

14: activate p

15: if p has no incoming relationships then
16: deactivate p

17: return

18: end if

19: 1+ 1+1
20: for all relationships 7 in set of all incoming relationships of p do
21: CU(T, vp, W, 1)
22: end for
23: deactivate p
24: return

1.7 The Cumulative Influence Index &4

Observe that the total value in the network example seen in Figure S6 is Zzl v; = 27.0.

However, summing up all the individual Influence Index values yields Zzl & = 122.20625625.
This is the result of double-counting. While the &; values allow a ranking of nodes, they cannot

IN-Tendrils OUT-Tendrils

Figure S8. Cumulative Influence Index. The same bow-tie example seen in Figure S6,
where all the IN-nodes are now aggregated into a single node I. This network is the basis for
the computation of the cumulative Influence Index value &™.
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be naively summed up. This can be easily explained in the current example by focussing on the
path t3 — t4 — t5 — tg, i.e., the tube:

€ 3.5
§o | _ | 25 (33a)
&, 1.5
£ 0.5
Wigta Weats Wests Wigos Vog + Wiata Wiats Wists Ut + Wiaty Waats Vs + Wigt, U,
_ Wists Wists WigosVog T Wigts Wiste Ut + Wiyts Ut . (33D)

Wt5t6 Wt606 Vog + Wt5t6 Vtg

Wt606 1}06

In this subnetwork there is a total value of vy, 4+ vy, +vi5 + Vg + WigosVos = 4.5 flowing upstream.
However, due to double-counting the total sum of Influence Index values in the tube is &, +
&y + & + & = 8.0. To illustrate, the value of 0.5 coming from v,, is counted for the Influence
Index value of each node in the tube. If we sum the individual index values, the contribution of
the 0.5 flowing through the tube is 2 =4 - 0.5.

This problem is remedied by introducing the concept of the cumulative Influence Index
defined for a set of nodes. In detail, a group of nodes is treated as one single node ignoring any
existing links among themselves. An example of such a node aggregation can be seen in Figure
S8. The results of this computation for the bow-tie example are:

£ = 17.020325,

£5°¢ = 7.500000,
€% = 1.500000,

ginlsee — 13000000,
£nUtt — 13020325,
{inUSCCUtt — 9000000

(34)

Note that for the calculation of each bow-tie section’s cumulative Influence Index value, the
corresponding nodes were compacted. For instance, the nodes in the tubes and tendrils are
transformed into a set of three nodes t1,to,t3 = {t3,t4,t5,t6}. As a result

gtt = §t1 + §t2 + §f3

(35)
=0.0+1.0+0.5 =15,

To further illustrate with an economic example, consider the combination of ownership during
mergers and acquisitions of companies. In such an event, two shareholders A and B, not holding
shares in each other, become aggregated into a single node

C:=AUB. (36)
By construction, this results in the additivity of the cumulative Influence Index
¢ =¢t+ el (37)

In the following, the adaptions to Algorithms 1-4 are shown, implementing the cumulative
version of the Influence Index. For instance, Algorithm 5 describes the changes to the Wrappers
1 and 3. Then, in Algorithms 6 and 7 the simple alterations to the Crawlers 2 and 4, respectively,
are seen.
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Algorithm 5 W,(G)

initialize: tag nodes in set S for which s will be computed
> Insert the following after Line 2 in Algorithms 1 or 3:

if n is tagged then
continue in for loop
end if

> Finalize by summing individual &, contributions:

53 — ZnGS é.n

Algorithm 6 CD.(r, w, ¢)

. > Insert the following after Line 1 in Algorithm 2:

if s is tagged then
return ¢

end if

Algorithm 7 CU.(r, vy, w,1)

e > Insert the following after Line 1 in Algorithm 4:
if p is tagged then
return

end if

1.8 In a Nutshell: The Utilized Algorithms

For the computation of the Influence Index value over the operating revenue in the yearly
snapshots of the global ownership network, we utilized the following algorithms:

e Individual Influence Index value: Algorithms 3 and 4, with a cutoff of 0.1% (i.e., 0.001).
e Cumulative Influence Index value: Algorithms 5 and 7, with a cutoff of 0.1% (i.e., 0.001).

The empirical results for the global ownership network are given in Section 2.4.1 for the individual
Influence Index values and Section 2.5.1 for the cumulative version Also, see the corresponding
GitHub repository for the code: https://github.com/jbglattfelder/influenceindex.
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2 Supplementary Text

2.1 The Importance of the Network

Does the network really matter for the computation of the Influence Index value? In other words,
is the indirect portfolio value relevant? To answer this question, recall Equation (18) defining
the Influence Index value for a shareholder ¢ as & = p; + p;. The equation utilizes the direct
portfolio value p; and the indirect portfolio value p;, which is computed by only traversing the
trails in the subnetwork downstream of ¢ and hence excludes cycles. To gauge the importance
of the network on these measures, in the following, the notions of leverage and portfolio depth
will be introduced, next to the presentation of a closer analysis of the indirect portfolio values.

2.1.1 Leverage

An ideal measure that reflect the importance of the indirect portfolio value is leverage. The
leverage of a shareholder ¢ is defined as

= S (38)
b
Only for shareholders with an indirect portfolio will the leverage exceed unity. The leverage
helps answer the following question: With a direct investment of = U.S. dollars (approximated
by p; = x), what multiple of that value can the shareholder indirectly influence, via chains of
indirect ownership?

In Figure S9 a real-world example of an ownership tree found in Orbis is shown. The root
node is shareholder X, a natural person. X only has a single company in its direct portfolio,
named 1, and hence px = Wxqvi. The rest of the subnetwork is comprised of the indirect
portfolio at different levels of depth. At the maximal depth of 5, X has indirect ownership
in companies 5,—54. In this subnetwork example there is also a total of 368,027,000 USD
to be found by summing over the operating revenue of the companies. However, the data is

‘N @)

Figure S9. Ownership subnetwork. Shareholder X is a natural person with a 5-level
portfolio comprised of the 16 companies 1,2,3,,...,54. The node sizes of companies are scaled
by operating revenue, except for the three nodes filled with a crosshatch pattern for which this
data is unavailable. In this subnetwork, only the following Influence Index values for the shaded
nodes are non-zero: &x,81,82,83,, and &,. The arrows are scaled by ownership weight. The
cycle is, as always, not traversed, as the algorithm only utilizes trails in the network.



X 1 2 3, 4.
Portfolio depth | 5 4 3 2 3
Leverage [; 1.77 599 1.07 1.01 1.04

Table S5. The network matters. Shareholders can have high leverage, i.e., gain influence
over larger value via the many levels of depth in their portfolios.

incomplete in this real-world example, as there are no operating revenue values reported for
the three nodes 4,4,5,, and 5,. The average ownership relation is 36.33% and the median is
23.91%. Computing the Influence Index value reveals that company 2 receives the highest
score with & = 6.90% of the total operating revenue in this system. The remaining values
are {x = 6.13%,&1 = 2.66%,&3, = 0.84%, and &, = 5.00%. For these five shareholders, the
corresponding leverage is seen in Table S5. Company 1 can hence influence nearly six times more
value than it invested directly via ownership in company 2. Also shareholder X can indirectly
influence 77% more value than directly invested.

Another real-world example, demonstrating the relevance of leverage, is related to Mr. Marco
Tronchetti Provera. Via a pyramidal group of indirect ownership, Mr. Tronchetti Provera
gained control over Telecom Italia, the sixth largest telecommunication company in the world
by turnover, around 2004. The resulting leverage was estimated to be approximately 26. In
other words, “for each Furo invested by the controlling family, the market value moved was
more than 26 Euro” (Meoli et al., 2006).

There is, however, one caveat to the analysis of leverage. Due to the sparsity in the distri-
bution of operating revenue (recall Section 1.5), some shareholders have a tiny direct portfolio
value. If such a shareholder holds one firm with a big Influence Index value in its portfolio, the
computed leverage will be very large. To avoid such artifacts, we impose a minimal portfolio

0 2007 0 2012
10 10
10" 10"
102 1072
L 103 L 1073
o o
10* 10*
10°% 10
10°° 10°®
10° 10" 102 103 10* 10° 10° 10° 10" 102 10? 10* 10° 108
Leverage Leverage

Figure S10. Leverage in the global ownership network. While most economic actors
only have small leverage, there exist shareholders who can gain very large leverage from the
network and hence indirectly influence much more market value than what they could via their
direct investments. The analysis here is restricted to the largest connected component (see
Section 2.3) of the global ownership network for two yearly snapshots. In order to adjust for
very small direct portfolio values skewing the results, a leverage threshold of 500 was imposed,
above which a shareholder is required to have a direct portfolio value of at least USD 50,000,
in order to be considered for the distribution function. Without these restrictions, the range of
leverage increases by a few orders of magnitude, whilst flattening the distribution curve overall.
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Figure S11. Direct vs indirect portfolio scatter-plot. The z-axis shows the value of the
direct portfolio p; of the shareholders in the largest connected component (see Section 2.3) of
the global ownership network. The y-axis reflects the Influence Index value of the shareholders,
computed as & = p; + pi, as seen in Equation (18). Two yearly snapshots are evaluated.

value for a leverage factor above a certain threshold. In Figure S10 the resulting distribution of
the leverage values in the global ownership network is shown for two snapshots. The network is
seen to significantly amplify the indirect portfolio value p; resulting in large leverage for a select
group of shareholders. To summarize, a strategic chain of indirect investments can give share-
holders a large leverage. This is reflected in the market value that can be indirectly influenced
(and which is captured by &;). Finally, the result for 2007, seen in Figure S10, is similar to what
was reported in the smaller study (Vitali et al., 2011). See Section 2.7 for a comparison of this
work to the 2011 study.

Recall that, by construction (as seen in Equation (11) defining the related centrality mea-
sure), the Influence Index value &; of a shareholder depends on the values v; of the firms in
its direct portfolio and also on their individual scores for the Influence Index values §;. As a
result, it is often natural persons, like founders, who can gain a lot of leverage by holding shares
in a firm with a large Influence Index value. In 2007, Barclays had a leverage factor of 1.96,
with a direct portfolio comprised of 8,193 firms. For BlackRock (see Section 2.4.3), in 2012,
the leverage was 1.89, with a 8,762-firm direct portfolio. More on the relevance of Barclays and
BlackRock can be found in Section 2.4.1.

2.1.2 Direct and Indirect Portfolios

In a next step, we disentangle the contributions to the Influence Index value coming from the
direct and indirect portfolio values. In other words, how do shareholders in detail obtain an
Influence Index value from their direct and indirect portfolios?

In Figure S11 the direct portfolio values p; of the shareholders in the global ownership network
are plotted against their Influence Index values &;. The diagonal is comprised of shareholders
with & = p;. These are thus shareholders who do not benefit from an indirect portfolio, meaning
that they also have leverage I; = 1. For small direct portfolio values, the value of the Influence
Index is similar in magnitude. Then the network is seen to significantly amplify the indirect
portfolio values: shareholders with moderate direct portfolio value can gain very large &;. The
economic actors with the largest direct portfolio values can only utilize the network marginally to
increase their already large &; score. In summary, there are very many economic actors who can
significantly increase their Influence Index value via the network of indirect ownership relations.
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Figure S12. Portfolio depth. The distribution of the levels of the indirect portfolios of
the shareholders in the largest connected component (see Section 2.3) of the global ownership
network is shown for two yearly snapshots. The nodes are sorted by their location in the bow-tie
components. The indirect ownership cutoff is Wyt = 0.001 or 0.1%.

2.1.3 Portfolio Depth

It can be objected that the results presented in the last two sections, and the notion of the
Influence Index value in general, are spurious due to the following observation. As an indirect
ownership path increase in length its corresponding indirect ownership percentage becomes mi-
nuscule. However, even such a tiny indirect ownership value can lead to a large &; contribution,
if the operating revenue of the indirectly owned company is very large. Thus, even if numerically
significant, this contribution should be irrelevant in practice.

We address this issue by imposing a cutoff for the minimum of indirect ownership, as de-
scribed in Lines 7-9 of Algorithm 4 in Section 1.6.9. As a result, the notion of portfolio depth
becomes relevant, indicating the levels of indirect ownership that can be reached which are still
associated with meaningful indirect ownership percentages and therefore realistic Influence In-
dex values. In detail, whenever the indirect ownership in a trail falls below W ytog, the recursive
computation is ended. Consider a trail © — j; — --- — j,, — k where W;;, represents the
indirect ownership from shareholder i to company j,,, and the direct ownership from j,, to k
is given by Wj k. If Wi, = Wi, Wik < Weutosr the algorithm will not consider company k.
Although such a cutoff guarantees that the indirect ownership does not disperses and still holds
a meaning, a similar cutoff could also be implemented directly for the indirect portfolio value
Wirvg. However, we choose to focus on bounding indirect ownership only, as this is a more
conservative approach that can be further justified, as discussed in Section 2.2. An additional
benefit of such a cutoff is related to the optimization of the algorithm.

As a result of introducing the cutoff for the indirect ownership paths, the notion of the
portfolio depth emerges. If there is no cutoff, every trail originating from a shareholder will
be traversed until a leaf node (i.e., a node with no children) is reached in the OUT-section
of the bow-tie (see Section 2.3). For nodes in the IN-section or the core of the bow-tie, this
can result in exceedingly deep portfolios. Indeed, the network diameter, defined as the longest
of all the existing shortest paths in a network, is found in the portfolio depth of root nodes
in the IN-section, with indirect ownership paths leading down to the leaf nodes. In essence,
the introduction of the cutoff reduces, localizes and focusses the region of influence of any
shareholder.

In Figure S12 the portfolio depth for the global ownership network for two snapshots is shown,
corresponding to an indirect ownership cutoff of 0.1%, i.e., Weutog = 0.001. As expected, the
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nodes in the various bow-tie components show different characteristics. While the shareholders
in the core have a median portfolio depth of 7 in 2007 (8 in 2012), the owners in the IN-section
have a median depth of 3 in 2007 (4 in 2012), and the remaining OUT and TT-sections are
shallow. Again, there exist economic agents with exceptionally deep portfolios in specific bow-
tie sections, once more highlighting the relevance of the network.

2.1.4 Summary

The network matters. Simply by focussing on direct ownership, i.e., on a portfolio depth of
one, the potential for the network to come into effect is missed. Via trails of indirect ownership,
select shareholders can gain disproportionate influence, which only becomes visible if the indirect
portfolio values p; are considered. In other words, shareholders can utilize the network in a
way that opens up channels which can amplify the propagation of influence, resulting in large
Influence Index values &;. Only by considering the structure of all the weighted ownership links,
and the distribution of the operating revenue in the network, can the full picture of influence be
uncovered. But what does this mean in terms of shareholder power?

2.2 Reflecting on Power
The Influence Index value &; has two possible interpretations:

1. The monetary value of the direct and indirect portfolio, measured in USD, of a shareholder.
This represents the economic value an actor can potentially influence via paths of direct
and indirect ownership in the network. See Sections 1.6 and 2.1.

2. A modified eigenvector centrality suitable for directed and weighted networks with a bow-
tie topology, where the nodes have an intrinsic non-topological value assigned to them.
See Section 1.6.2.

In essence, the Influence Index reveals which nodes are relevant in the network and assigns a
score to them, reflecting the economic value within their potential sphere of influence. This
means that &; can also be interpreted as a measure of shareholder power.

It is noteworthy that the assessment of shareholder power has been somewhat overlooked in
the scholarly literature (Hill and Thomas, 2015, p. 1):

Much of the history of corporate law has concerned itself, not with shareholder power,
but rather with its absence. Yet [...] there have been major shifts in capital market
structure that require a reassessment of the role and power of shareholders.

We hope to contribute to this ongoing discussion with the empirical analysis and novel method-
ology presented here.

2.2.1 Shareholder Power

In order to properly assess shareholder power, the associated concepts need to be clarified. In the
most generic interpretation, a “shareholder” is understood as being an economic actor holding
claims to a firm’s assets and certain rights to elect the firm’s directors and vote on specific
business related issues. In this sense, ownership is associated with control, which is discussed in
the next section.

The notion of “power” is more ethereal. A weak definition in the context of ownership sees
power as “the ability of shareholders to influence or sway those controlling the corporation”
(Hill and Thomas, 2015, p. 13). In other words, power becomes manifest by the exertion of
influence. A stronger and broader definition of power is given by Max Weber. He understands
the notion primarily as the potential for coercion (Weber, 1978, p. 53):
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Power is the probability that one actor within a social relationship will be in a
position to carry out his wishes despite resistance, regardless of the basis on which
this probability rests.

Moreover, Weber stresses that there can be a wide variety of power bases (Weber, 1978, p. 53):

All conceivable qualities of a person and all conceivable combinations of circum-
stances my put him in a position to impose his will in a given situation.

In summary, the more channels of influence an actor can access, the greater the probability that
power will be exerted.

Further complicating matters is the fact that power can be covert, meaning that “genuine
power may be invisible” (Hill and Thomas, 2015, p. 3), also discussed in (Fichtner et al., 2017).
This implies that the absence of an overt and visible execution of power does not mean that
influence has not been wielded out of public view. Finally, even an economic actor holding a
lot of power can strategically choose not to exert it for a certain period of time. Again, an
absence of clear power execution does not imply that this cannot suddenly surface at some other
occasion.

2.2.2 Ownership and Control

In the scholarly literature, ownership is associated with corporate control. This notion is related
to the amount of voting rights of a shareholder, which can be exercised at shareholder meetings.
The more voting rights a shareholder holds in a company, the greater the level of influence and
hence control. Bureau van Dijk’s Orbis database, introduced in Section 1.1, describes their data
as follows (Bureau van Dijk, 2014):

This dataset is intended to track control relationships rather than patrimonial rela-
tionships. Whenever available, the percentage of ownership refers to shares associ-
ated with voting rights.

However, this very specific interpretation of ownership as shareholder power can be plagued
by technical issues and potential pitfalls: dual classes of shares (golden shares), proxy votes,
voting right ceilings, non-voting shares, etc. As a consequence, while ownership is an objective
quantity, readily available from data providers, control needs to be estimated. Different models
aimed at deriving control based on the distribution of ownership have been proposed:

e One-share-one-vote rule: A linear model where the ownership percentages yield identical
percentages of voting rights (La Porta et al., 1999; Goergen et al., 2005).

e Threshold model: A fixed threshold of ownership is introduced, above which full control is
assumed, rendering all other shareholders powerless (La Porta et al., 1999; Chapelle and
Szafarz, 2005).

e Relative majority model: Based on what is known as power indices in a game theoretic
approach to voting and employing a concentration measure similar to the Herfindhal index,
the relative fraction of ownership shares that each shareholder has with respect to the
overall distribution is evaluated (Glattfelder and Battiston, 2009).

See (Vitali et al., 2011; Glattfelder, 2013) for more information.

In detail, the ownership adjacency matrix Wj; is replaced by the control matrix C;;, calculated
according to one of the chosen models. Now the indirect control can be, for instance, computed
as

C:=(1-0)'c, (39)
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also called integrated control (Brioschi et al., 1989; Glattfelder, 2013). Compare the formula for
C with Equation 12.

For this study, the following results are significant. In the analysis of the ownership network
restricted to transnational corporations (Vitali et al., 2011), all three models for estimating
control from ownership were compared. In effect, three different networks were analyzed, with
varying local link structures. It was shown that the three fundamentally different models,
resulting in varying micro-structures, revealed very similar aggregated network statistics. The
ranking of influential shareholders, the distribution of shareholder power, overall and in the bow-
tie components, displayed a remarkable level of robustness. As a result, we are encouraged to
only employ the ownership network W;;, i.e., a linear model, in all computations of shareholder
power, without fearing an introduction of a bias in the analysis of the Influence Index.

2.2.3 The Influence Index

The notion of shareholder power in the guise of corporate control not only has conceptual issues
but can also depend on specific national settings. Moreover, control invokes the intuition of a
digital measure and not a spectrum of values. In order to address these challenges we choose to
reframe the notion of shareholder power. In general, the measure we offer is a proxy that

e focusses on influence, i.e., the ability to sway those in control or resist the opposition of
others;

e corresponds to a spectrum of probabilities;
e identifies channels benefitting the propagation of influence.

In detail, the Influence Index value, expressed in USD, reflects a shareholder’s propensity to
potentially influence that amount of economic value. It considers the context of the network
the shareholder is embedded in and the overall distribution of value in the system. The com-
putation of the Influence Index value is straightforward, efficient, and addresses all previously
encountered problems related to the existence of cycles in the network (described in Section
1.6.3). Importantly, in its cumulative version, it is easily and meaningfully applied to a group
of shareholders, denoting shared ownership and influence (seen in Section 1.7).

Finally, the Influence Index value represents a lower bound to the true value. This is due to
the construction of the algorithm ignoring cycles (see Section 1.6.3), the implemented cutoff for
indirect ownership (see Section 2.1.3), and in general, the lack of operating revenue for companies
reported in the data (see Section 1.5), and missing links (see Section 1.3).

It is beyond the scope of our study to demonstrate that shareholders with large Influence
Index values do indeed exert their power. However, the top influencers are in the position to
execute considerable power, either formally or via informal negotiations. In summary, given the
presence of channels with the potential to greatly extend the reach of influence of individual
actors, we cannot exclude that these will be, in some way, utilized in their favor at some point
in time.

The empirical results related to the computation of the Influence Index are given in Section
2.4.1, as yearly rankings of individual actors. In Section 2.4.2 alternative rankings are compared
and discussed. Then, Section 2.5 analyzes the cumulative influence of cohesive shareholder
groups. In other words, power structures can be identified and their relevance assessed, a feat
that was previously not possible. This is especially relevant for gauging the level of concentration
of ownership and shareholder power (see Section 2.6).
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2.2.4 Institutional Investors

The issues related to the shareholder power institutional investors can gain via their equity
holdings are complex, as both positions relating to shareholder activism and passivity have been
argued. The empirical and theoretical debate is still ongoing. In the following, we will present
a brief history of the rise of the institutional investor and outline why their shareholder power
should not be ignored.

In 1932, a classic text identified the separation of ownership from control in the US (Berle and
Means, 1932). A large body of equity holders, exercising hardly any control, was faced with a
small group of controlling managers. Indeed, in such a “Berle-Means corporation” shareholders
were seen as powerless. This was understood as an agency problem, due to the perceived
unaccountability of managers. The analysis of Berle and Means would cast the paradigm of
widely held firms for Anglo-Saxon countries for the next decades.

Then, around 1960, another shift occurred and a new pattern emerged. The widely dispersed
ownership started to concentrate in large shareholders: the institutional investor emerged. This
new distribution of ownership has been termed “agency capitalism” (Gilson and Gordon, 2015).
Between 1980 and 2005, institutional ownership of equity grew from about 30% to almost 75%
(Davis, 2008). Interestingly, a study of the national ownership networks in 48 countries in 2007
revealed an unintuitive picture. Even in markets with many widely held corporations, this local
distribution of ownership actually goes hand in hand with a global concentration of ownership
and control, only visible from the bird’s-eye view given by the network perspective (Glattfelder
and Battiston, 2009).

This new concentration of shareholding was also seen to imply power (Wells, 2015, p. 24):

The market for corporate control [characterized by hostile takeovers] gave new power
to shareholders, particularly institutional investors.

By the 1990s, “shareholder passivity had crumbled” (Wells, 2015, p. 24). The following narrative
was offered, explaining the motivation for institutional shareholders to exert power (Wells, 2015,
p. 25):

Institutional investors were also more likely to realize an economic benefit from
activism than would a small shareholder. When a small investor was unhappy with
her corporation, simply selling her shares was the economically rational thing to
do, as the costs of activism would quickly swamp whatever benefits the shareholder
could gain trough agitation. For an institutional investor with a stake worth tens or
hundreds of millions of dollars, however, the costs of activism might well be recouped
if a company’s stock rose sharply, and the possibility of reducing the costs of activism
by acting in concert with other investors made such activism still more likely.

Moreover (Fichtner et al., 2017):

[L]arge blockholders are expected to vote because otherwise managers would be too
powerful. Legally, the fiduciary responsibility of institutional investors towards their
clients includes that they are expected to fulfill their role as a shareholder, including
voting at the annual general meeting.

Indeed, selling shares—the small shareholder’s last resort—is not attractive for institutional
investors. Simply by holding large parts of the market, selling becomes unattractive or even
impossible (Hawley and Williams, 2000). Moreover, a shareholder owning a block of stock that
might be 1% or more of a firm’s shares would see the market move against them if they would sell
(Gillan and Starks, 2000). Hence, alternative channels facilitating the influence over companies
in an investor’s portfolio present themselves as a more attractive option. In other words, exerting
power becomes a rational choice for shareholders of a certain size.
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This trend towards universal owners nearly owning the whole market raises novel issues.
Firstly, the bigger a shareholder is, the more externalities he or she becomes exposed to, raising
issues related to corporate governance. Secondly, what kind of market actually emerges when a
handful of institutional investors own the most valuable companies in the world (see Section 2.6)?
Finally, at a certain threshold of ownership the option of shareholder activism can appear more
appealing than the usual “Wall Street Walk”, with the negative consequences of divestments
outlined above.

Such challenges can also affect purely passive indexed funds and ETFs as they grow in size.
These new developments reframe the question of shareholder activism and power (Fichtner et al.,
2017):

Consequently, they [passive funds| can only use “voice” in order to influence their
returns. The re-concentration of corporate ownership entails a re-concentration of
corporate control as well, since asset managers have the ability to exercise the voting
power of the shares owned by their funds.

Unsurprisingly, the following is predicted (Coates IV, 2015, p. 93):

[P]urely passive funds are on a path to owning a majority of US public equity. One
result of this trend is likely to be increasing pressure on index funds to find ways to
engage in governance activities.

Regardless of the level of activism, empirical findings indicate that major passive investors do
have the possibility to actively exert shareholder power (Fichtner et al., 2017):

The analysis of the voting behavior underscores that the Big Three [BlackRock, Van-
guard, and State Street] may be passive investors, but they are certainly not passive
owners. They evidently have developed the ability to pursue a centralized voting
strategy—a fundamental prerequisite to using their shareholder power effectively. In
addition to this direct exercise of shareholder power, the extent of the concentration
of ownership in the hands of the Big Three may also lead to a position of structural
power.

In Section 2.4.3 the spectacular rise of BlackRock, becoming the largest asset manager in the
world, is detailed. The company’s proxy voting is led by an in-house team, considering not only
economic interests, but also environmental issues, and corporate governance matters. BlackRock
has been documented taking activist stances (Bloomberg News, 2017). A similar story can be
told for the Norwegian Government Pension Fund Global, managed by Norges Bank, more
commonly known as Norway’s petroleum fund. It is the world’s biggest sovereign wealth fund
and is known for its willingness in taking an activist approach to companies that fail to meet
its ethical standards. As an example, the fund divested from over 50 coal companies in 2014
(The Guardian, 2015). Seven years earlier, the fund had started excluding certain companies
for various reasons: environmental damage, breaches of human rights, and activities relating to
tobacco and weapons production (Norges Bank Investment Management, 2007).

The institutional shareholder’s rise to power is also chronicled by the appearance of proxy
advisors. These are private firms that analyze corporate elections and advise institutional in-
vestors on how to vote their shares. The emergence of shareholder activism and the recognition
that neglecting corporate governance issues poses a risk, have increased the demand for these
services. In turn, the leading advisory firms have themselves gained an influential position.
Indeed, proxy advisors “are recent and potentially powerful new players in the corporate gover-
nance world” (Choi et al., 2010). Two prominent proxy advisory services together cover 59,000
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corporate meetings per year®. However, the actual effectiveness of shareholder activism depends
on many factors (Choi et al., 2010).

As “one major development saw a new institutional investor, the hedge fund, come to the
force” (Wells, 2015, p. 27), we devote special attention to this type of shareholder in the
following. Hedge funds deploy a wider array of strategies and take larger stakes in publicly-held
firms than more traditional shareholders. As a result, they push more vigorously for changes
in corporate strategies and management (Wells, 2015). Indeed, this is a novel development
(Partnoy, 2015, p. 99):

Hedge fund activism is a recent, but now prominent, topic in academic research.
Since 2006, scholarship on hedge fund activism has grown from virtually non-existent
to mainstream.

In contrast to the US, hedge fund activism in Europe is often conducted in private. However,
the lack of such data in Europe does not imply an absence of shareholder activism. Indeed, the
lack of shareholder proposals could be the result of real shareholder power that only needs to
surface occasionally (Becht et al., 2015). Again, it should be noted that the answers that have
been offered to the fundamental questions relating to hedge fund activism, like how relevant it
really is, are mixed.

In summary (Wells, 2015, p. 27):

Entering the twenty-first century we also enter ongoing debates [about shareholder
power|, with new developments |[...] whose full implications are still working them-
selves out.

[...] this latest iteration of shareholder activism appeared to have genuinely changed
the dynamics of shareholder power.

As the empirical and theoretical debates continue, we can offer the following results. While most
existing studies only focus on the direct portfolio level, our data and methodology considers
the whole network of interaction, opening up new possibilities for understanding the dynamics
behind shareholder activity. The ownership data considers voting rights whenever possible
(see Section 2.2.2) meaning that the issue of non-beneficial ownership and custodians can be
circumnavigated. Then, our methodology ranks not only the shareholder power of institutional
investors but all participating economic actors in the network (see Section 2.4.1). In a nutshell, it
unveils the channels for the propagation of influence, where influence is now indexed and reflects
the value in USD a shareholder can potentially affect, directly and indirectly. A crucial and
novel contribution is the assessment of the influence gained by cohesive groups of shareholders,
enabling the identification of power structures (see Section 2.5).

Finally, it is important to interpret this notion of influence in terms of a probability (see
Section 2.2.1). By recalling that “genuine power may be invisible” (Hill and Thomas, 2015, p.
3), it would be very imprudent to gloss over these findings, even if we cannot prove that this
influence is really wielded. Indeed (Fichtner et al., 2017):

Unlike the times of Morgan and Rockefeller, today’s blockholders do not exert their
power by directly taking seats on the boards of the firms they control. If they do
influence corporate decision making, they do so through more “hidden” forms of
power.

What we can claim, however, is that we cannot exclude that these channels for exerting influence
are, in some way, utilized in favor of the shareholder, at some time. Especially observing the
current trend that sees even passive institutional investors being forced into an activist role and
hence tempted to utilize existing channels of influence.

“Retrieved from their websites on the 7th of September 2016: http://www.glasslewis.com and http://wuw.
issgovernance.com.
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2007 2008 2009 2010 2011 2012
IN 15,980 17,957 10,727 12,263 8,645 13,375
Core 3,005 3,151 2,320 2,574 2,110 2,554
OUT 634,773 678,336 738,775 748,072 738,737 761,571
TT 5,464,982 5,577,945 6,754,951 6,432,513 6,484,955 5,156,336
LCC | 6,118,740 6,277,389 7,506,773  7,195422 7,234,447 5,933,836
OCC | 10,517,611 12,530,419 15,806,200 17,161,047 23,328,652 29,905,254
Total | 16,636,351 18,807,808 23,312,973 24,356,469 30,563,099 35,839,090

Table S6. Bow-tie structure. Number of nodes in the various components of the network.
The acronyms are explained in the text and Figure S6.

2.2.5 Who Rules the World?

Questions relating to corporate power have been a research topic for social scientist for a long
time. See for instance (Dombhoff, 1967, 1983, 1998). However, quantitative information on the
growing and globalized economic interactions is slowly revealing an empirical description of
“Who Rules the World?” We close this section with a quote (Peetz and Murray, 2012, p. 50):

The people who ran, and run, transnational corporations can be thought of as a
transnational elite in that they share increasingly strong social, political and cul-
tural networks. But now we can also speak of a true transnational class: a group
that, sometimes directly, sometimes indirectly, sometimes consciously and sometime
unconsciously, controls the exercise of economic power across and within national
boundaries. Their power is exercised in part through individual agency but even
more so through the collective structures of ownership of very large corporations.

2.3 The Bow-Tie

The global ownership network is comprised of one major largest connected component (LCC)
and many other connected components (OCC). These OCCs are small isolated subnetworks.
The LCC itself displays a bow-tie topology, sketched in Figure S6. It is characterized by a tiny
core, or strongly connected component (SCC), a small IN-section, and a large OUT-section, as
shown in Table S6.

2.3.1 Wealth

Most of the economic value, in terms of operating revenue v, is located in the LCC, as seen in
Table S7. This justifies the analysis focusing solely on the LCC and ignoring the OCC.

Looking at the distribution of economic value in the bow-tie, most of it is locates in the OUT.
This means that all other bow-tie components are competing for influence over this wealth. From
this perspective, the T'T are in competition with the core, while the IN has the possibility to
reap the benefits from all other bow-tie components.

2.3.2 Disruption and Stability

While, overall, the network is growing in time, the number of nodes in the bow-tie components
remains stable. This inertia in the face of constant influx indicates structural stability. In other
words, as the network size approximately doubles between 2007 and 2012, most new nodes are
refused affiliation with the LCC, resulting in the size of the OCC tripling. See Table S6.

34



2007 2008 2009 2010 2011 2012
IN 1.70 152 177 1.73 128 1.66
Core | 10.71 942 885 833 858  9.56
OUT | 57.91 59.52 56.97 58.84 57.81 57.55
TT 18.61 18.01 19.60 18.25 18.66 18.24
LCC | 88.93 88.47 8719 87.15 86.33 86.01

Table S7. Bow-tie topology. Distribution of operating revenue v in the LCC, expressed as
a percentage of the total reported in Table S3.

If we envision the LCC as a popular club in a city, we observe constant membership numbers
over the years, despite the overall city population increasing. Continuing with this metaphor,
the core (and to some extent the IN) represents the exclusive VIP area, with even more restricted
access. Indeed, there is a very specific path to follow, for becoming a member of the “in-crowd”.
The greatest influx to the IN comes from the TT, and the core recruits the most new members
from the OUT. Vice-versa, in times when the number of members is decreased, most of the
excluded nodes from the IN migrate back to the TT and, similarly, core nodes move back to the
OUT.

While a resistance to change can be observed in the relevant topological network features,
this structural robustness is offset by a groundswell of individual node turnover—especially in
times of global turmoil. In Table S8 the yearly percentages of outflux of nodes exiting the
bow-tie components are shown. Conversely, Table S9 shows the yearly percentages of influx
of nodes entering the bow-tie components. As an example, from the bow-tie node numbers
shown in Table S6 it can be seen that the IN increased from 15,980 to 17,957 nodes from 2007
to 2008. This increase by 12.37% is due to an outflux of 21.70% (Table S8) and an influx of
34.07% (Table S9). As a result, 78.30% (=100.00% - 21.70%) of the IN-nodes present in 2007
remained in the IN in 2008. There are two reasons why bow-tie components gain or lose nodes.
Either nodes reallocate to/from other parts of the network structure or new nodes are added to
the network, respectively existing nodes are removed from it. In the current example, we see
that 57.35% of the outflux, i.e., 12.44% of IN-nodes (meaning 1,989 nodes), reallocated to other
bow-tie components (mostly to the TT). Hence 42.65% of the outflux (9.26% of IN-nodes) is
due to shareholders not being present in the 2008 Orbis database anymore. Conversely, 53.55%
of the influx (18.25% of IN-nodes) is due node reallocation (mostly from the TT), while 46.45%
(15.83% of IN-nodes) is a result of new shareholders appearing in the database in 2008.

While it is impossible to deduce this complex behavior from the micro-behavior of agents,
there are certain events which coordinate the node flux in the network. Two examples that
can be observed in the data are the 2007/2008 financial crisis and the 2010/2011 sovereign debt
crisis. These were disruptive world-spanning events that had the power to reshape the ownership
network. For instance, the global financial crisis becomes detectable in 2009, when the IN and
core suffered considerable losses in their number of members. In detail (see Tables S8 and S9),
the IN lost 69.70% of nodes (72.61% of this due to reallocation), while the core lost 50.97%
(97.76% thereof due to reallocation). By accounting for the influx, the IN shrunk overall by
40.26% and the core by 26.37%, respectively, in the wake of the crisis. At the same time, the
TT gained 21.10% (=36.99%-15.89%), mostly (97.97%) due to the appearance of new nodes in
2009. The sovereign debt crisis, observable in 2011, had a similar but less pronounced effect.
The IN and core shrunk overall by 29.50% (=53.99%-24.49%) and 18.02% (=37.45%-19.43%),
respectively. Again, most of the outflux was due to the reallocation of nodes (69.42% in the
IN and 92.84% in the core). In contrast to the global financial crisis, there is no other bow-tie
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IN Core ouT TT
Outflux (realloc.) Outflux (realloc.) Outflux (realloc.) Outflux (realloc.)
2007,/2008 21.70 (57.35) 24.36 (95.63) 18.22 (29.12) 18.53 (3.57)
2008/2009 69.70 (72.61) 50.97 (97.76) 16.82 (29.28) 15.89 (4.35)
2009/2010 35.63 (68.18) 25.04 (93.80) 18.35 (20.44) 14.96 (3.76)
2010/2011 53.99 (69.42) 37.45 (92.84) 21.53 (25.15) 36.71 (1.34)
2011/1012 30.54 (56.74) 29.76 (94.43) 21.40 (24.43) 39.69 (1.36)

Table S8. Bow-tie node turnover: Outflux. Yearly percentages reflecting number of nodes
exiting the various bow-tie components. In parenthesis the fraction of the change is shown
that is attributed to nodes migrating to other components, i.e., reallocation. As a result, the
remaining part is due to nodes being removed from the network. See text for discussion.

IN Core ouT TT
Influx (realloc.) Influx (realloc.) Influx (realloc.) Influx (realloc.)
2007 /2008 34.07 (53.55) 20.22 (94.76) 25.08 (21.27) 20.60 (3.10)
2008,/2009 29.44 (48.15) 24.60 (93.42) 25.73 (21.54) 36.99 (2.03)
2009,/2010 49.95 (64.05) 35.99 (95.45) 19.61 (24.23) 10.18 (4.30)
2010/2011 24.49 (40.06) 19.43 (95.40) 20.28 (20.62) 37.52 (1.85)
2011/1012 85.25 (73.35) 50.81 (97.11) 24.49 (16.78) 19.20 (3.13)

Table S9. Bow-tie node turnover: Influx. Yearly percentages reflecting number of nodes
entering the various bow-tie components. In parenthesis the fraction of the change is shown
that is attributed to nodes migrating from other components, i.e., reallocation. As a result, the
remaining part is due to new nodes being added to the network. See text for discussion.

component substantially gaining nodes. Moreover, the IN and core appear to recover in 2012,
as they regained members. In detail, the IN grew overall by 54.71% (=85.25%-30.54%) and the
core by 21.04% (=50.80%-29.76%). This significant rebound one year after the disruptive effects
of the sovereign debt crisis indicates structural resilience. However, the changes in the number of
nodes present in the bow-tie components are only a superficial gauge of how the network reacts
and adapts to shocks. The relevant measure to track disruptions, robustness, and resilience in
the network is the evolution of the cumulative Influence Index (Section 1.7). In other words, the
focus shifts from the structure of the bow-tie components to their function as power aggregators.
This will be discussed in Section 2.5, especially Subsection 2.5.3.

To summarize, structural stability of the LCC and its bow-tie components is observed in
the face of considerable network growth. Moreover, this part of the network accounts for a very
large and stable percentage of economic value in the system. The exclusive bow-tie components,
namely the IN and core, recruit new members mostly through very specific conduits in the
network, further highlighting the importance of the network position of nodes. Finally, the
disruptive effects of two global upheavals can be seen in the IN and core, decimating their
member numbers. While the global financial crisis permanently reshaped the components, the
IN and core recovered from the sovereign debt crisis in 2012.

In Figures S13 and S14 a selection of influential nodes in the bow-tie is shown, with the
nodes colored according to specific attributes.
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Figure S13. Zooming into the LCC. The layout of the top 1.2% of influential actors (with
& > 100 million USD, i.e., 70,952 nodes) in the LCC in 2012, with only their ownership relations
above 5% shown (i.e., 66’990 links), resulting in the halo of apparently isolated nodes. Nodes
are scaled by Influence Index values and colored by bow-tie affiliation (pink: IN; cyan: core;
green: TT; orange: OUT).
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Figure S14. Zooming into the LCC. Same layout as in Figure S13. Nodes are scaled
by Influence Index values and colored by type (pink: financial service companies; cyan: pub-
lic authorities, states, and governments; green: industrial companies; orange: individuals or
families).
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2.4 Influence: Indexing the Global Ownership Network
2.4.1 The Yearly Rankings

In the following, the yearly Influence Index values &; of the individual shareholders in the largest
connected component (LCC, see Section 2.3) is shown in Tables S10 to S15. There, the top 14 in-
fluencers are ranked by their individual Influence Index scores, in trillion USD and, alternatively,
as a percentage of the total sum of all individual &; values £t

Note that we are analyzing the individual & for each shareholder i. As a result

gtot — Z&l > Zvi — ’UtOt. (40)

In effect, by summing the individual & more value is reported than what is present in the
network. However, as we are focusing on the individual importance of each shareholder and,
most importantly, their rankings, we postpone the analysis of the cumulative influence. This
issue is addressed by introducing the cumulative Influence Index value, described in Section 1.7,
with the empirical results reported in Section 2.5.

Name Country Bow-tie Influence Index

t USD % of &™*
BARCLAYS PLC GB SCC 1.448 1.218
CAPITAL GROUP COMPANIES US SCC 1.316 1.107
AXA FR SCC 0.950 0.799
FMR LLC UsS SCC 0.949 0.799
JPMORGAN CHASE & CO US SCC 0.823 0.693
STATE STREET CORPORATION US SCC 0.779 0.655
GOVERNMENT OF FRANCE FR IN 0.567 0.477
VANGUARD GROUP INC UsS IN 0.524 0.441
LEGAL & GENERAL GROUP PLC GB SCC 0.522 0.439
CENTRAL PEOPLE’S GOVERNMENT OF CN CN IN 0.437 0.368
ROYAL DUTCH SHELL PLC GB SCC 0.417 0.351
ALLIANZ SE DE SCC 0.402 0.338
UBS AG CH SCC 0.396 0.333
FRANKLIN RESOURCES INC US SCC 0.387 0.325

Table S10. Influence Index ranking. 2007.
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Name Country Bow-tie Influence Index
t USD % of &'t

BARCLAYS PLC GB SCC 1.377 1.095
CAPITAL GROUP COMPANIES US IN 1.271 1.011
AXA FR SCC 0.910 0.724
FMR LLC US IN 0.887 0.706
STATE STREET CORPORATION US SCC 0.842 0.669
JPMORGAN CHASE & CO US SCC 0.824 0.655
VANGUARD GROUP INC Us IN 0.633 0.504
GOVERNMENT OF FRANCE FR IN 0.560 0.446
CENTRAL PEOPLE’S GOVERNMENT OF CN CN IN 0.549 0.437
LEGAL & GENERAL GROUP PLC GB SCC 0.475 0.378
ROYAL DUTCH SHELL PLC GB SCC 0.469 0.373
BANK OF AMERICA CORPORATION US SCC 0.453 0.360
BANK OF NEW YORK MELLON CORP US SCC 0.440 0.350
GOVERNMENT OF NORWAY NO IN 0.415 0.330

Table S11. Influence Index ranking. 2008.

Name Country Bow-tie Influence Index

t USD % of &™*
BLACKROCK INC US SCC 1.811 1.336
CAPITAL GROUP COMPANIES US IN 1.194 0.882
BARCLAYS PLC GB SCC 0.960 0.708
FMR LLC US IN 0.876 0.647
JPMORGAN CHASE & CO US SCC 0.829 0.612
AXA FR SCC 0.809 0.597
STATE STREET CORPORATION US SCC 0.807 0.596
VANGUARD GROUP INC US IN 0.688 0.508
GOVERNMENT OF FRANCE FR IN 0.512 0.378
GOVERNMENT OF NORWAY NO IN 0.459 0.339
CENTRAL PEOPLE’S GOVERNMENT OF CN CN IN 0.450 0.332
LEGAL & GENERAL GROUP PLC GB SCC 0.433 0.319
ALLIANZ SE DE SCC 0.385 0.284
ROYAL DUTCH SHELL PLC GB SCC 0.370 0.273

Table S12. Influence Index ranking. 2009.
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Name Country Bow-tie Influence Index
t USD % of &'t

BLACKROCK INC US SCC 2.147 1.346
CAPITAL GROUP COMPANIES US IN 1.296 0.812
FMR LLC US IN 0.969 0.608
GOVERNMENT OF FRANCE FR IN 0.909 0.570
CENTRAL PEOPLE’S GOVERNMENT OF CN CN IN 0.875 0.549
VANGUARD GROUP INC US IN 0.870 0.546
STATE STREET CORPORATION Us SCC 0.866 0.543
AXA FR SCC 0.838 0.525
SASAC CN IN 0.816 0.512
BARCLAYS PLC GB SCC 0.642 0.402
JPMORGAN CHASE & CO US SCC 0.557 0.349
GOVERNMENT OF NORWAY NO IN 0.555 0.348
ROYAL DUTCH SHELL PLC GB SCC 0.522 0.327
THE MINISTER OF FINANCE Jp TT 0.483 0.303

Table S13. Influence Index ranking. 2010.

Name Country Bow-tie Influence Index

t USD % of &™*
BLACKROCK INC US SCC 2.234 1.308
CAPITAL GROUP COMPANIES US IN 1.243 0.728
VANGUARD GROUP INC US IN 1.105 0.647
CENTRAL PEOPLE’S GOVERNMENT OF CN CN IN 1.002 0.587
STATE STREET CORP US SCC 0.991 0.580
GOVERNMENT OF FRANCE FR IN 0.977 0.572
FMR LLC US IN 0.961 0.563
SASAC CN IN 0.953 0.558
GOVERNMENT OF NORWAY NO IN 0.883 0.517
ROYAL DUTCH SHELL PLC GB SCC 0.608 0.356
AXA FR SCC 0.591 0.346
JPMORGAN CHASE & CO US SCC 0.566 0.331
PRAVITELSTVO ROSSIISKOI FEDERATSII RU TT 0.512 0.300
E.ON SE DE SCC 0.511 0.299

Table S14. Influence Index ranking. 2011.
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Name Country Bow-tie Influence Index
t USD % of &'t

BLACKROCK INC US SCC 2.177 1.236
VANGUARD GROUP INC US IN 1.314 0.746
GOVERNMENT OF NORWAY NO IN 1.220 0.692
SASAC CN IN 1.210 0.687
CAPITAL GROUP COMPANIES US IN 1.201 0.682
STATE STREET CORP US SCC 1.190 0.675
GOVERNMENT OF FRANCE FR IN 0.982 0.557
FMR LLC Us IN 0.955 0.542
BARCLAYS PLC GB SCC 0.675 0.383
ROYAL DUTCH SHELL PLC GB SCC 0.619 0.351
JPMORGAN CHASE & CO US SCC 0.572 0.325
CENTRAL PEOPLE’S GOVERNMENT OF CN CN IN 0.565 0.301
AXA FR SCC 0.529 0.300
BANK OF NEW YORK MELLON CORP US SCC 0.516 0.293

Table S15. Influence Index ranking. 2012.

While it is true that the list of top influencers is not surprising (Murray and Peetz, 2010),
the ranking per se is not the whole story. It has to be emphasized, that all the top influencers in
the core are all highly interconnected with each other, giving rise to emergent power structures
(see Section 2.5). Moreover, the Influence Index value reveals a clear ranking of the economic
actors and the distance between them, measured in USD. Furthermore, the evolution of the top
rankings shows a shift in power, hinted at in the literature (Haberly and Wéjcik, 2017; The
Economist, 2015). Namely, it chronicles how mostly European universal banks have lost their
prevailing position of power in the wake of the financial crisis. This power has shifted towards
US asset managers, epitomized by BlackRock (see Section 2.4.3).

The prevailing influence of the top ranked governments is attributed to their targeted invest-
ments. For instance, the Government of France holds many shares in influential companies from
the energy, finance, telecommunication, automobile, and transportation sectors. The Central
People’s Government of China gains influence via large holdings in utility and financial corpora-
tions. The Government of Norway is heavily invested in companies with a high Influence Index
value, like Statoil ASA and many of the top influencers from the financial sector. Indeed, in
2012 it held 7.1% of shares in BlackRock. It also completely owns Norges Bank, which in turn
manages the Norwegian Government Pension Fund Global. Then, Royal Dutch Shell gains a
large Influence Index value via a pyramidal holding structure. See also Section 2.6.1.

Finally, it should be noted that some major investment management companies could be
misattributed to the IN-section of the bow-tie. This can happen for private and independent
companies who do not disclose their ownership structure. For instance, Capital Group Com-
panies, FMR, and Wellington Management. Others can have special tailored ownership, like
Vanguard®:

At Vanguard, there are no outside owners, and therefore, no conflicting loyalties.
The company is owned by its funds, which in turn are owned by their shareholders.

Recall that the role and influence of institutional holders in general was discussed in detail in
Section 2.2.4.

SFrom https://about.vanguard.com/what-sets-vanguard-apart/why-ownership-matters/, retrieved on
the 5th of September 2016.
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2007 2008 2009 2010 2011 2012
Tioo({&} {vi}) 0.1364 0.1173 0.1494 0.1173 0.1050 0.0870
Jioooo({& ), {v;}) | 0.1635 0.1710 0.1813 0.1938 0.1889 0.1848
Jioo({&}, {k"}) | 0.2903 0.3423 0.3245 0.3072 0.2821 0.2903
Troooo({&}, {k0"}) | 0.1667  0.1700 0.1727 0.1810 0.1745 0.1710

Table S16. Comparing rankings. The ranked set of top shareholders by Influence Index
value &; is compared to the ranking by operating revenue v; and the ranking by out-degree k9",
by virtue of the Jaccard Index 7, for two sets of varying length (100 and 10,000 elements).

2.4.2 Alternative Rankings

In order to assess the relevance of the proposed Influence Index, ultimately justifying its applica-
tion, other proxies for relevance need to be considered. In the following, we compare a measure
of value that ignores the network, a simple network measure, and the Influence Index values
based not on operating revenue but on market capitalization and total assets. To address this
question of comparison, we utilize the Jaccard Index, a statistic used for assessing the similarity
of sets (Jaccard, 1912). It is defined as

_|ANB|
- |AuB|’

J(A,B): (41)
where a value of one indicates a total overlap of the sets.

Can the relevance of economic actors in the global ownership network be deduced from their
wealth alone? For instance, how does the ranking of actors according to operating revenue (see
Section 1.5) compare to the ranking by Influence Index value? In detail, what are the values
of Jn({&},{vi}), where n indicates the length of the lists to be compared. We find that the
ranking in operating revenue is a bad predictor for influence, in particular for the lists of the
top 100 actors, as seen in Table S16. The similarity measure only detects an overlap between
8.70% and 14.94%.

In a next step, we consider a proxy of relevance utilizing the network. A simple measure is
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Figure S15. Out-degree vs. Influence Index value scatter-plot. The z-axis shows the
number of outgoing links k9" for each shareholder in the largest connected component (LCC) of
the global ownership network. The y-axis reflects the Influence Index value for the shareholders.
Two yearly snapshots are evaluated. See discussion in text.
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2007 2008 2009 2010 2011 2012
Tioo({&},{€™}) | 04815 04706 0.4925 0.4815 0.4815 0.5152
Tioooo({& 3, {€™}) | 0.3050 0.3032 0.3025 0.3119 0.3141 0.3152
Tioo({&}, {€5}) 0.1598 0.1462 0.1598 0.1264 0.1136 0.1062
Joooo({&}, {652} | 0.1892  0.1959 0.2043 0.2143 0.2100 0.2069
Jioo({€2<}, {¢}) | 0.1512 0.1314 0.1445 0.1314 0.1250 0.1379
Troooo({€m}, {€}) | 0.0995 0.1022 0.1062 0.1091 0.1109 0.1077

Table S17. Comparing rankings. The set of top shareholders by Influence Index value
based on operating revenue §; is compared to the Influence Index value ranking based on market
capitalization £ and total assets £!* for two rankings of varying length. Finally, the two
alternative rankings are compared to each other.

the degree measuring the number of links of the nodes in the network. We focus on the out-
degree of a shareholder i, denoted as k" (see Section 1.4), which corresponds to the number of
firms the shareholder holds shares in. Hence it can be seen as a rough measure of the portfolio
diversification. Again, the similarity is computed as 7, ({&}, {k?"*}). Table S16 indicates that
there is a correlation & ~ k¢ for top influencers. Indeed, this relationship is visualized in Figure
S15. However, it should be noted that there exist many economic actors with high Influence
Index values for the whole range of £"*. In other words, a small out-degree does not necessarily
imply a small Influence Index value.

Recall from Section 1.6.1 that the Influence Index values computed for the yearly network
snapshots can be based on three proxies for value: operating revenue, market capitalization,
and total assets (see Section 1.5). While market capitalization is only available for a small set
of listed companies (approximately between 21,000 and 33,500 firms), total assets introduce a
bias in favor of financial institutions. Our default choice is hence operating revenue. However,
we also ran the algorithm for the other two proxies of firm value. Let £M° and £ denote
the Influence Index value based on the distribution of market capitalization and total assets,
respectively. Unsurprisingly, £/ returns large global universal banks as top influencers, due
to their balance sheet positions. The ranking of "¢ is more insightful, as it represents the
reduced ownership network related to listed companies. In Table S17 it is shown that for the
top hundred ranked actors there is a significant overlap between the rankings based on operating
revenue and market capitalization. Comparing the ranking of £!* shows little overlap with any of
the other rankings. In effect, total assets should not be utilized as the value proxy of companies,
unless one is focussing solely on financial institutions. The similarity between & and "¢ does
in fact suggest a certain robustness of the Influence Index. While market capitalization is only
available for a fraction of the companies, the Influence Index based operating revenue yields the
most comprehensive picture.

To summarize, just by looking at the value and the first level of connectivity of shareholders
one cannot gain enough information to assess their influence in the global ownership network.
The broadest ranking is given by the Influence Index based on operating revenue. While the
names of the top influencers are not unexpected, the following should be considered. Firstly, the
top influencers are highly interconnected, a fact that will be analyzed in Section 2.5. Secondly,
the Influence Index value gives a vast spectrum, measured in USD, categorizing shareholders.
Finally, the evolution of the top ranking actors is inline with what other scholars have indepen-
dently observed. Namely a shift of power from US and EU universal banks, financial services
providers, and insurance companies to US asset managers (Haberly and Wojcik, 2017; The
Economist, 2015).
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Figure S16. Evolution of a selection of top influencers. BlackRock is seen rising while
the former number one, Barclays, is in decline.

2.4.3 BlackRock Rising

Two main reasons can be discerned which help explain the stellar rise of BlackRock, documented
in Figure S16. One is related to the company’s role in the post-crisis turmoil in the US® (The
Economist, 2013a):

As crashing banks revealed how spectacularly poorly the financial world had under-
stood the complex and shady instruments it had put its money into, BlackRock, far
from needing a bail-out, was something of an antidote. When the American govern-
ment found itself owning or guaranteeing toxic assets, it turned to BlackRock, which
was seen as having more limited conflicts of interest than everyone else concerned,
to analyse, value and sell them. The company got similar business from Greece and
Britain.

As a result (Peetz et al., 2013):

The most important shareholder in the US is one that has risen to that position
through the global financial crisis, Blackrock Inc., a New York-based finance company
and funds manager [...].

Then, in 2009, BlackRock purchased Barclays’ fund-management arm, called Barclays Global
Investors, creating the largest fund-management group in the world with about 2.7 trillion USD
in assets (The Economist, 2009), in effect, dethroning the reigning champion. In 2013, the
following was observed (The Economist, 2013b):

[BlackRock] is easily the biggest investor in the world, with $4.1 trillion of directly
controlled assets (almost as much as all private-equity and hedge funds put together)
and another $11 trillion it oversees through its trading platform, Aladdin.

Unsurprisingly, the financial press and other news media describe the company and its CEO
and co-founder Larry Fink in the grandest of terms:

e “BlackRock today is one of, if not the, most influential financial institutions in the world”
(Bloomberg News, 2010).

Related to US Treasury contracts under the Troubled Asset Relief Program (TARP).
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e “[T]here is nothing but admiration for the vast power of BlackRock” (Vanity Fair, 2010).

e “[BlackRock] is the biggest shareholder in half of the world’s 30 largest companies” (The
Economist, 2013a).

e “[BlackRock] has control over investments it holds on behalf of others—which gives it great
influence” (The Economist, 2013b).

e “Though few Americans know his name, Larry Fink may be the most powerful man in the
post-bailout economy” (Vanity Fair, 2010).

Or put in a broader context (Davis, 2013):

[...] the US has never before seen corporate ownership this concentrated in the
hands of a small number of financial institutions. In relative terms, BlackRock is far
more massive than J.P. Morgan ever was.

As BlackRock holds the shares of companies on behalf of its clients it can also vote on behalf
of them, a process known as proxy voting (see also Section 2.2.4). The issue related to the
influence BlackRock gains from the multitude of such votes is complex. The company issues
clear guidelines for proxy voting’. Their voting process is led by a Corporate Governance and
Responsible Investment team. Next to long-term economic interests, the company claims to
consider social, ethical, and environmental issues next to general corporate governance matters.
Indeed, BlackRock is known to have taken an activist stance with respect to shareholder voting.
Analyzing 50 board fights from 2009 through 2013, it was found that BlackRock had voted for
34% of the dissident directors nominated. Moreover, in 2012 the company considered nearly
130,000 management and shareholder proposals and voted against management in 10% of them.
See (Fortune, 2014).

Undoubtedly, BlackRock wields great influence. The sheer size of its assets under manage-
ment eclipses its rivals. This position of power has also raised political discussions in the US,
whether BlackRock is a “systemically important financial institution” and hence should receive
stricter regulation. The company has successfully argued that, as long as it does not invest in
its own funds, it offers little if any systemic risk (The Economist, 2013a). In the words of Fink:
“We’re just an asset manager, not a systemic threat in any way” (Fortune, 2014). See Section
2.6.3 for more details on systemic risk issues.

Other scholars have also detected the rise of BlackRock, Vanguard, and State Street, seen
in Figure S16. To quote from (Fichtner et al., 2017):

Since 2008, an unprecedented shift has occurred from active towards passive invest-
ment strategies. We showed that this passive index fund industry is dominated by
BlackRock, Vanguard, and State Street. In fact, seen together, these three giant
passive asset managers already constitute the largest shareholder in at least 40 per-
cent of all U.S. listed companies and 88 percent of the S&P 500 firms. Hence, we
see indications of a reunification of corporate ownership and control through rapidly
rising equity holdings managed by a small group of very large passive index fund
managers, which we call the Big Three.

Moreover, the ability of such major passive investors to actively exert shareholder power was
discussed in Section 2.2.4. To restate (Fichtner et al., 2017):

[T]he extent of the concentration of ownership in the hands of the Big Three may
also lead to a position of structural power.

"Consult their FAQ found here: https://www.blackrock.com/corporate/en—in/literature/fact-sheet/
blk-responsible-investment-faq-global.pdf.
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2007 2008 2009 2010 2011 2012
.01 (USD) | 7.17-107 7.66-107 6.43-107 8.19-107 9.11-107 1.35-108
o001 (USD) | 2.16-10° 2.21-10° 1.92-10° 2.435-10° 2.59-10° 3.47-10°

Table S18. Monetary thresholds for the top 1% and 0.1% in the LCC. Values of the
99%, and 99.9% quantile, respectively, in the distribution of the individual Influence Index.

Finally, recall that the role and influence of institutional holders in general was also discussed
in detail in Section 2.2.4.

2.5 Power Structures

Focusing on individual shareholders in the global ownership network represents the first level
of analysis. While these rankings of influence are themselves of interest (see Section 2.4), an
immediate follow-up question concerns the interrelatedness of the actors. Namely: To what
degree are the top influencers interconnected with each other? In order to address this question,
a cumulative version of the Influence Index is presented in Section 1.7. This methodology is
applicable to cohesive groups of shareholders and avoids previously encountered issues of double-
counting.

Naturally defined groups of shareholders can be identified by the delimitations given by the
network topology, as described in Section 2.3. Such topological groups are the differenet sections
of the bow-tie. Furthermore, by utilizing the knowledge of the individual Influence Index values,
nested power structures can be uncovered deeper in the network. In the following, we analyzing
at the distribution of the individual Influence Index values of the top influencers located in the
different bow-tie components. This allows the identification of power structures.

Let 50,01 denote the 0.99-quantile of the individual £-distribution in the LCC. In detail, this
means

€o.01 = inf {&|Lce ¢ P& < €] > 0.99}. (42)
Correspondingly, for the 0.999-quantile
€o.0m = inf {€Loo : P& < €] > 0.999} . (43)

In Table S18 the values (in USD) of the thresholds are shown above which the top influencers
are defined. Now the overall Influence Index value distribution in the LCC can be dissected for
the top influencers according to their location in the bow-tie components. This is seen in Figure
S17. While all bow-tie components are populated with top influencers, the IN and core contain
the most influential economic actors of each quantile. There is a gap of roughly one order of
magnitude (approximately 1.6 trillion USD in 2012) separating the highest influencers in the
IN and core from the ones in the OUT and TT. As a result, we can identify the IN and core
as power structures. Indeed, the core is more dominant and the IN gained structural influence
between 2007 and 2012. This categorization will be confirmed, when the cumulative Influence
Index values for the bow-tie components are computed, presented in Section 2.5.1.

However, to what extent such groups of shareholders will have aligned common interests,
and hence will act together on them, is beyond the scope of this work. What can be suggested
in the context of shareholder activism (see Section 2.2.4) is the following (Wells, 2015, p. 25):

[T]he possibility of reducing the costs of activism by acting in concert with other
investors made such activism still more likely.

The broader ramifications related to concentrated ownership and power are discussed in Section
2.6.
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Figure S17. Identifying power structures. Distributions of the Influence Index values
for the top influencers (i.e., & > &1 and & > .01, respectively) in the different bow-tie
components, shown for two years.

2.5.1 The Bow-Tie Components

Recall that the the largest connected component, comprised approximately of 6.72m + 0.79m
nodes, decomposes into a small IN-section and a tiny core. In approximate number of nodes,
13.3k 4+ 4.6k and 2.6k £ 0.5k, respectively. See Section 2.3 for more details.

In Table S19 the results of the computation of the cumulative Influence Index value for the
bow-tie components are presented. Note that the different bow-tie sections command different
spheres of influence. While the IN-section can in theory influence the core, the OUT-section, and
the tubes and tendrils, the core can itself only affect the value in the OUT-section. Moreover,
the Influence Index values of the sections are not additive. As £-contributions flow upstream,
by construction they dissipate in the cycles of downstream segments. To illustrate, this effect

2007 2008 2009 2010 2011 2012
~n (%) 21.60 24.77 23.99 24.43 22.37 24.63
¢ (t USD) | 19.09 23.71 24.24 2892 2856 31.32
ccore (%) 20.27 17.80 18.03 17.90 17.97 18.07

(tUSD) | 17.91 17.04 1822 21.18 22.94 22.98

Table S19. Topological power structures Cumulative Influence Index value of selected bow-
tie components. The values are expressed in absolute numbers (trillion USD) and as percentages
of the yearly total operating revenue in the system.
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Figure S18. Influence Index in the core. Distribution of the individual Influence Index
values of the nodes in the core, shown for two yearly snapshots.

explains why the IN-section does not gain a much larger Influence Index value than the core,
despite its bigger sphere of influence. The many cycles in the core act as sinks for the &-
contributions, preventing a significant fraction from the OUT-section and the core itself to flow
upstream to the IN-section.

For the tubes and tendrils we find: €77 = 11.17% £ 0.56%. Finally, €°UT = 0, by definition,
as there are no additional nodes to which the OUT-section can link to. In effect, the IN and
core are topological power structures. Recall the discussion at the beginning of Section 2.5.

2.5.2 The Emerging Super-Entity

Throughout this section, the special role of the core has been revealed. It is a tiny but highly
interconnected group of individually influential shareholders, commanding vast cumulative in-
fluence. As a distinct network structure, the core is described in Table S20. In a next step, we
investigate if the core itself has additional substructures.

Figure S18 shows the distribution of the individual Influence Index values in the core. The
observed skewness implies that many nodes in the core are actually not overly influential but
only add to the structural connectivity. In contrast, a handful of nodes are disproportionally
influential. In other words, there exists an emergent power structure nested within the core of
the global ownership network. Such a structure was hinted at in (Vitali et al., 2011). In the
following, we introduce a more rigorous definition and analyze the evolution of this emerging
super-entity over time.

In a first step, we define the super-entity as those actors located in the core who are also in the
top 5% quantile of the individual &-distribution within the core. Let é denote the 0.95-quantile
in the distribution of the Influence Index value in the core. This means that

€ = inf {€|core : P& < €] > 0.95}. (44)

2007 2008 2009 2010 2011 2012
[VCore| (#) | 3,005 3,151 2320 2574 2110 2,554
|ECore| (#) | 25,586 24,849 20,370 21,734 18,593 22,570

Table S20. The core. Number of nodes (in the set core nodes V') and number of links (in
the set of inter-core links E©°°).
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2007 2008 2009 2010 2011 2012
¢ (b USD) | 47.45 4322 61.82 6572 99.28 76.36
[VSE| (#) 146 150 111 123 101 123

Table S21. The super-entity. Values of the 95% quantile é in the distribution of the
individual Influence Index in the core. Number of nodes in the resulting super-entity VSE
comprised of the top 5% influencers in the core.

If VC°re denotes the set of nodes in the core, then
VSE .— {v eveore. ¢, > 5} , (45)

represents the set of all nodes in the super-entity, i.e., the core nodes in the top 5% quantile of
the individual Influence Index distribution. The results are presented in Table S21.

In a second step, the cumulative Influence Index value for the super-entity is computed. The
outcome is shown in Table S22. Indeed, as a cohesive group, the super-entity commands at least
97.5% of the cumulative Influence Index value that was assigned to the core (see Table S19).
This high degree of concentration justifies the delimitation of the super-entity as an emergent
power structure in the network. On average, a node in the super-entity contributes 119.38 billion
USD to the group’s cumulative Influence Index value in 2007. In 2012, this number is 165.40
billion USD. As a consequence, the few nodes in the super-entity are by far the most influential
in the whole network.

Looking at the composition of the super-entity over time, we find that there is an inner group
of 70 nodes that are present in all yearly snapshots from 2007 through to 2012. This means
that 58.0% + 11.3% of the nodes in the super-entity are persistent and make up the temporally
stable core of the super-entity in the analyzed time horizon. A selection of these actors is shown
in Table S23.

2.5.3 The Architecture of Power

To summarize, we identify two topological power structures, the IN and the core. They are
both comprised of the highest ranked influencers in the top quantiles of the individual Influence
Index distribution. Both structures are also distinguished by high cumulative Influence Index
values. Then, an emergent power structure was uncovered in the core, the super-entity.

In essence, the global ownership network displays a fractal nature. By zooming into its
fabric one finds a hierarchy of nested structures. Starting with the largest connected component
(6.7m =+ 0.8m nodes, see Section 2.5.1) containing most of the economic value (87.6% =+ 1.3%, see
Section 2.3), the core of this structure is tiny (2.6k & 0.5k nodes, see Section 2.5.1) but highly

2007 2008 2009 2010 2011 2012
(%) 19.72  16.90 16.26 16.10 15.44 16.00
(t USD) | 17.43 16.18 16.43 19.06 19.71 20.34

ESE

Table S22. The influence of the super-entity. Cumulative Influence Index value of the
nodes in the super-entity. The values are expressed in absolute numbers (trillion USD) and as
percentages of the yearly total operating revenue in the system.
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Name Country

BLACKROCK INC Us
STATE STREET CORPORATION UsS
BARCLAYS PLC GB
ROYAL DUTCH SHELL PLC GB
JPMORGAN CHASE & CO UsS
AXA FR
BANK OF NEW YORK MELLON CORP US
BP PLC GB
FRANKLIN RESOURCES INC Us
T. ROWE PRICE GROUP INC Us
MITSUBISHI UFJ FINANCIAL GROUP INC JP
JAPAN TRUSTEE SERVICES BANK LTD JP

Table S23. Temporally stable core in the super-entity. Selection of top influencers in the
group of 70 nodes that are present in the super-entity for all years, ranked by their individual
Influence Index value of 2012.

influential (£9°™ = 19.0% =+ 1.2%, see Section 2.5.1). Finally, within the core the super-entity is
uncovered, identifying a minuscule group (126 + 25 nodes) that wields a disproportionally high
degree of influence (£°°" = 17.6% + 2.1%). In conclusion, the super-entity is the smallest and
most influential power structure in the global ownership network. It has its own stable core
of 70 influential shareholders, which are all present in the super-entity of each yearly network
snapshot.

Figure S19 summarizes the evolution of the cumulative Influence Index value for the power
structures in the network. The impact of the 2007/2008 global financial crisis and the 2010/2011
sovereign debt crisis can be observed. In detail, in 2007, the IN, core, and super-entity com-
manded comparable influence. The crisis had the largest impact on the core, and the super-entity

26

25 1

Core

Cumulative Influence Index (%)

i SE |

2007 2008 2003 z010 2011 2oz
Year

Figure S19. The architectures of power. The evolution of the cumulative Influence In-
dex values of the power structures S (where S represents the IN-section, the core, and the
super-entity, respectively). The size of the circles is indicative of the number of nodes in the
corresponding structure (n® = |V°|). The color represents the average individual Influence
Index value per node (£°/nS), the darker, the higher the value. See also text for discussion.
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nested within, draining cumulative Influence Index value. Interestingly, this power is captured
by the next larger power structure, the IN. The core consolidates after the global financial crisis
and hence its yearly cumulative Influence Index values stay stable. This is in contrast to the IN,
and to a lesser extent the super-entity, feeling the disruptive effects of the sovereign debt crisis
in 2011, again draining power from the structures. Interestingly, both affected power structures
recover the year after, showing resilient behavior. In a nutshell, there is disruption, stability,
and resilience to be observed in the power structures of the global ownership network in the face
of shocks.

But how did the network structures underlying these transformations evolve? In Section
2.3.2 the differences in the number of nodes in the IN and core were analyzed. One can observe
varying behavior for all three power structures. In the IN, the changes in size correlate with
the changes in ¢€™: more nodes result in a higher cumulative Influence Index value. For the
core, there is mostly an anti-correlation to be seen, while the super-entity shows both correlation
and anti-correlation between the changes in node numbers and the changes in €5F. This varied
behavior shows that the cumulative Influence Index value of a network structure is an emergent
feature, not explained by the sum of properties of its parts. Moreover, while the tubes and
tendrils (TT) also experience large fluctuations in their member nodes over the years, their
cumulative Influence Index values stay nearly constant (£77 = 11.17% £ 0.56%). To summarize,
all this diverse behavior highlights the complex interplay between the structure and function of
the network components. Furthermore, it also emphasizes the important role of the structures
themselves over their actual node composition. For instance, while the micro-picture can vary
substantially, the emergent macro-behavior can remain stable. In conclusion, once a power
structure emerges, it is persistent in time and represents a meta-level of organization, detached
from the actual identities of the individual nodes present at a certain time. Such architectures
of power show robust and resilient behavior in the face of global crisis.

2.6 The Problems of Concentration

There has been a noted re-concentration of ownership occurring since the global financial crisis
nearly a decade ago (Davis, 2008; Murray and Peetz, 2010; Davis, 2013; Peetz et al., 2013;
Haberly and Wéjcik, 2017; Fichtner et al., 2017). Ia a nutshell (Peetz et al., 2013):

The concentration of ownership by the top two [BlackRock and Capital Group]
is heaviest in the US, the country thought of as being the epitome of dispersed
ownership. If the crisis dispelled the credibility of finance capital’s logic, it did
nothing to dispel its control, and in particular the influence of a small fraction of
finance capital.

In the wake of this shift in corporate ownership structures, it has been argued that a small
group of influential economic actors, previously assumed to have behaved in a passive manner
in relation to shareholder activism, is being forced to embrace their potential shareholder power
(Wells, 2015; Partnoy, 2015; Coates IV, 2015; Fichtner et al., 2017).

In this study of the global ownership network, we also detect a high concentration of share-
holder power (see Section 2.2), quantified as Influence Index values (see Section 1.6), in the
hands of few economic actors. In detail, we can show that there exist distinct power structures
in the network, comprised of small groups of highly interconnected and influential actors (see
Sections 1.7, 2.4.1, and 2.4.3). These architectures of powers show a high degree of resilience (see
Section 2.5). There exist potential threats associated with this newly emerging concentration of
ownership and power that should be addressed.
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2.6.1 Anti-Competitiveness

Previous studies have shown how small cross-shareholding structures, at a national level, can
negatively affect market competition in sectors such as airline, automobile and steel, as well
as the financial one (O’Brien and Salop, 1999; Gilo et al., 2006). More recently, some works
have documented the anti-competititive effect of concnetrated ownership (Azar and Schmalz,
2017). For instance, common ownership in the US airline industry has resulted in inflated ticket
prices (Azar et al., 2015). Furhtermore, relating to banking competition, common ownership by
asset managers and cross-ownership structures are significantly correlated with higher client fees
and higher deposit rate spreads (Azar et al., 2016). In essence, “common ownership by large
asset managers leads to decreased macroeconomic efficiency through reduced product market
competition and thus has significant hidden social costs” (Fichtner et al., 2017).

2.6.2 Tax Avoidance

In our analysis, not only actors from the financial sector gain disproportionally high influence.
Multinational oil and gas companies, electric utility service providers, and automotive manufac-
turers have created webs of ownership channeling and concentrating vast influence (see Section
2.4.1).

Independently, it has recently been faulted that the “rise of corporate colossus threatens |. .. ]
the legitimacy of business” (The Economist, 2016a). This critique relates to the entrenchment
of a group of “superstar” companies at the core of the global economy. As a result of a string of
mergers and acquisitions, there has been a high concentration of corporate power. One negative
result of this development is the following (The Economist, 2016a):

Paying taxes seems to be unavoidable for individuals but optional for firms.

There appears to be the need for a reinvention of antitrust for the digital age. For instance, the
OECD countries have started to draft common rules to prevent companies from utilizing tax
havens. More details in (The Economist, 2016a).

Indeed, the global ownership network can in general be utilized to identify offshore financial
centers (OFCs). In other words, the micro network structure reveals highly complex interna-
tional corporate financial structures at the macro level. What is very telling, and contrary to
expectations, is that most identified OFCs are actually in highly developed countries. In other
words, countries that have actually signed tax treaty agreements. This also highlights the general
relevance of empirical network analysis for policy makers and regulators. See (Garcia-Bernardo
et al., 2017) for details.

2.6.3 Systemic Risk

During the financial crisis the colloquialism “too big to fail” was popularized. It captures the
notion, that by identifying and assisting the major economic actors in the system, financial
distress can be averted. This approach, however, is not sufficient for networks where feedback
effects exist. In systems where the actors are interconnected and hence codependent, the notion
of systemic risk becomes relevant. In other words, only by uncovering the architecture of the
network, the level of propagation of financial distress throughout the system can be assessed.
For an overview, see (Glattfelder, 2016).

Unfortunately, network effects can be counterintuitive. For instance, by increasing the in-
terconnectivity of financial systems, the outcome is expected to be more stability, as actors
diversify their individual risks by increasing the shared links with others. However, in systems
with feedback loops there exists a threshold of interconnectivity, above which the continued di-
versification attempts will in fact result in an increase of systemic risk (Battiston et al., 2012a).
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A paradox emerges: While individual economic actors become more resilient, the overall failure
probability in the system increases. Against this backdrop, the highly interconnected core of the
global ownership network—and the super-entity nested within—looms ominously (see Section
2.5). This tight-knit group of important actors appears like an ideal precondition for financial
distress to propagate through the network by spreading like an epidemic, infecting major finan-
cial institutions node by node. This potential issue was already raised in (Vitali et al., 2011).
Indeed, no one knows what would have happened, if the bailout of the US financial system
would not have been implemented. In effect, the Emergency Economic Stabilization Act of
2008, resulting in the purchase of distressed assets worth about 700 billion USD (Muolo, 2008),
fundamentally changed the evolution of the network.

Moreover, as the Influence Index is also a centrality variant (see Section 1.6.2), it allows for
the identification of the most important actors in the whole network, taking the architecture of
interconnectivity, plus the distributions of ownership weights and firm values into account. In
essence, our methodology allows for the detection of “too central to fail” entities in the global
ownership network. This is in the spirit of (Battiston et al., 2012b, 2015). Uncovering such hubs
of systemic relevance can be of great value to policy makers and regulators.

In detail, the enormous concentration of ownership in the hands of a few asset managers
(see Section 2.4) could be indicative of a new type of systemic risk. Traditional reasoning sees
asset managers as not being systemically relevant (see Section 2.4.3). In contrast to banks, these
managers are not leveraged and do not provide credit. In other words, the risk of insolvency is
low. However, not everyone agrees (Fichtner et al., 2017):

A major concern that has been voiced in recent years is that a further increasing
market share of passive index funds could impair efficient price finding on equity
markets, as the proportion of actively traded shares would continue to shrink. One
of the most outspoken regulators in this regard is Andrew Haldane from the Bank of
England. In a speech in 2014, he argued that we have potentially entered the “age
of asset management” due to enormous growth of assets under management in the
last decades and the relative retreat of banks after the global financial crisis. He sees
indications that ETFs and index mutual funds could increase investor herding and
thus lead to more correlated movements of markets. In this way, passive index funds
could intensify the pro-cyclicality of financial markets.

To summarize (Fichtner et al., 2017):

[T]he rise of passive index funds could increase investor herding and impair effi-
cient price finding, thus potentially creating new systemic risk. These developments
already lead to growing unease among regulators. Securities and Exchange commis-
sioner Luis Aqualar recently confronted fellow regulators with the rhetorical question
whether they should consider curtailing the growth of passive investors?

2.6.4 Too Influential to Fail?

The emergence of the super-entity (see Section 2.5.2), a tiny, highly interconnected, and dis-
proportionally influential group of economic actors, raises the following question. If an actor
is aware of the fact that it is part of an elite group that is expected to benefit in times of dis-
tress (protection, bailouts, ... ), would this knowledge not affect the incentives? In other words,
wouldn’t the rational behavior be to take on more risk in the operation of one’s business?

It is notoriously hard to avoid the temptation to exploit positions of privilege. Do the
power structures identified in this study create new moral hazards, like regulatory capture? In
essence, the question relating to the function, structure and future role of antitrust agencies and
regulators is raised yet again.
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2.6.5 The End of Capitalism?

Some commentators see the emergence of all-powerful passive investment funds threatening the
very fabric of capitalism itself. A few have been very candid with their opinion (The Economist,
2016b):

In August [2016] analysts at Sanford C. Bernstein, a research firm, thundered: “A
supposedly capitalist economy where the only investment is passive is worse than
either a centrally planned economy or an economy with active market-led capital
management.”

In its extreme conclusion, a financial system comprised mostly of passive funds could indeed
spell the end of capitalism (The Wall Street Journal, 2016):

Even John C. Bogle, the founder of Vanguard Group who launched the first index
mutual fund 40 years ago this month, agrees that passive investing can get too big
for anybody’s good. “What happens when everybody indexes?” he asks. “Chaos,
chaos without limit. You can’t buy or sell, there is no liquidity, there is no market.”

See also Sections 2.4.1, 2.4.3, and 2.2.4.

2.7 The Network of Global Corporate Control

This study can be understood as a continuation of the work started in (Vitali et al., 2011). In
the following, we would like to explain the differences of the two works.

In a first step, (Vitali et al., 2011) analyzed the the topology of the global ownership network
built around 43,060 transnational corporations (TNCs) in 2007. This network comprised 600,508
nodes, of which only the TNCs had an economic value (operating revenue) assigned to them,
and 1,006,987 ownership relations. Most of the value was concentrated in the largest connected
component (LCC) of the network, made up of 463,006 nodes and 889,601 relations. Further
analyzing the LCC uncovered a bow-tie structure, with a small IN-section and a tiny core.

Unsurprisingly, comparing the topology of the TNC network to the whole global ownership
network analyzed here yields a similar picture, as seen in Section 2.3. In effect, the TNC network
is a miniature subnetwork of the entire global ownership network. However, not only is the scope
of the current analysis nearly two orders of magnitude larger, crucially, we are now investigating
the temporal dynamics of the network, a feat that has never been performed before.

Then, (Vitali et al., 2011) offered a novel methodology extending the known methods for
computing control from ownership. In detail, control was proxied by the potential control over
the TNCs operating revenue, referred to as network control in the paper. For the estimation of
control, three different models were used. It was shown that the aggregated network statistics
(the ranking of influential shareholders, the distribution of shareholder power, overall and in the
bow-tie components) displayed a remarkable level of robustness.

Here, we have heavily improved on this methodology by introducing the Influence Index
value, a shift in emphasis away from control towards a more generic definition of influence. Our
measure now has a clear interpretation (see Section 2.2):

The monetary value of the direct and indirect portfolio, measured in USD, of a
shareholder. This represents the economic value an actor can potentially influence
via paths of direct and indirect ownership in the network. See Sections 1.6 and 2.1.
This value can also be understood as representing a spectrum of probabilities.

Moreover, the Influence Index value directly relates to shareholder power, as influence is seen
as the ability to sway those in control or resist the opposition of others. The methodology
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also identifies the channels of indirect ownership benefitting the propagation of influence. The
discussions relating to the interpretation of the Influence Index value in terms of shareholder
power are given in Sections 2.2 and 2.4.

Furthermore, our novel methodology is a simple recursive algorithm that can be implemented
efficiently for very large networks. Crucially, it overcomes all previously reported problems re-
lated to the appearance of cycles in the network. While (Vitali et al., 2011) offered a cumbersome
solution which requires the preexisting knowledge of the bow-tie topology, the new methodology
elegantly solves the issue of cycles by focussing on the trails in the network. These are unique
paths where each node is only visited once, thus terminating any further propagation of influ-
ence through cycles. In effect, the Influence Index value can be interpreted in a generic network
context:

A modified eigenvector centrality suitable for directed and weighted networks with
a bow-tie topology, where the nodes have an intrinsic non-topological value assigned
to them (see Section 1.6.2).

For more details, consult Section 1.6 in general and the beginning of Section 2.2. A comparison
of methods is given in Section 1.6.7.

A further important contribution of the current study is the notion of the cumulative In-
fluence Index value. This refers to the influence that can be assigned to a cohesive group of
shareholders, avoiding the pitfall of double-counting. This is presented Sections 1.7 and 2.5.
With this new concept of group influence, power structures can be identified in the network
and their evolution in time tracked. For instance, (Vitali et al., 2011) introduced the notion
of the economic “super-entity” for 2007. This was defined as the intersection of top-ranked
shareholders and the core, identifying a group of 147 TNCs. Here we formalize this notion of
the super-entity and observe its dynamics, see Section 2.5.

To summarize, (Vitali et al., 2011) gave a glimpse of the structure of the TNC network.
Here, we unveil the whole global ownership network it is embedded in. In addition, the methods
evaluating shareholder power have become simpler and more meaningful and can be extended
to groups of shareholders. However, the biggest contribution comes from the fact that not only
a single yearly network snapshot is analyzed, but the evolution of the system from 2007 through
to 2012 is described. All these efforts uncover the power architectures in, and the dynamics of,
the global ownership network.

Recent work (Brancaccio et al., 2018) has replicated the analysis carried out in (Vitali et al.,
2011), utilizing a different database (Thomson Reuters) comprising a smaller dataset of listed
companies worldwide (approximately 32,000 nodes and 73,000 links in 2007) and confirmed the
finding on the level of concentration of control reported in (Vitali et al., 2011). The authors also
analyze the evolution of the concentration of control from 2001 until 2016 (Brancaccio et al.,
2018).
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