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ABSTRACT 

We analyze the dynamics of the Japanese board network from 2004 until 2013. We find that the 

network exhibits some clustering with visible firm conglomerates. Ties between firms are rather 

persistent, despite noticeable churning among directors. Ownership relations explain only a small 

fraction of board links. Besides densely connected conglomerates, some tendency of within-sector 

linkages and linkages to financial institutions can be confirmed. We further investigate the increase in 

the number of outside directors and find that sectoral differences as well as shareholder characteristics 

explain to large extend the variation in board composition. The connectivity of firms in the ownership 

and board network is sometimes related to firm profitability. Firms that are linked to peers with above 

average profitability are likely also more profitable than firms in other ownership relationships. 
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1. Introduction

We study the dynamics and the determinants of the corporate board
interlocks of roughly 4,000 Japanese firm from 2004 until 2013. These inter-
locks emerge when directors serve on the board of more than one company.
Board interlocks have been investigated in the literature for several reasons.
First of all studies have analyzed to which extend shared directors exist as
a natural consequence of ownership and control. More importantly however
shared directors and other interorganizational networks have been analyzed
as influencing factor for firm profitability, strategy, managerial practice and
corporate governance (see, e.g., Hermalin and Weisbach, 2003; Provan et al.,
2007; Mizruchi, 1996; Gulati and Gargiulo, 1999).

Corporate interlocks are also an interesting phenomenon for social net-
works science, since the networks of directors with multiple mandates are
(partly by construction) very dense and show high degrees of clustering,
even though the average connectivity is very low (Conyon and Muldoon,
2006; Davis et al., 2003; Battiston and Catanzaro, 2004). This raises the
question how the structure of this network might influence decision making
and the formation interest groups (Borgatti, 2006; Haunschild and Beck-
mann, 1998; Kramarz and Thesmar, 1992). It also leads to the discussion
that is concerned with the dynamics of this network.

Less research has focused on the dynamics of corporate interlocks, but
it seems clear that some amplification mechanisms are in place that foster
multiple mandates at highly capitalized firms and that imply replacement
of very central directors with alike peers when mangers retire or leave the
company (Milaković et al., 2010; Bellenzier and Grassi, 2014; Mariolis and
Jones, 1982).

The dynamics of corporate interlocks have also been analyzed with re-
spect to changes in the relationship of public and private companies, and
the changes in funding policies and capital market requirements. The priva-
tization of former public companies and the emphasis of shareholder value
principles are forces that tendencially lead to the desolution of dense clusters
of board interlocks (Heemskerk, 2007). Current research has however shown
that rather a quantitative but not a qualitative decrease of board interlock
can be observed (Kogut and Walker, 2001; Raddant et al., 2017)

Network ties and board interlock have also been analyzed for Japan. Some
studies have focused on ties in the automotive industry (Asanuma, 1985),
other studies include (Schaede, 1995; Lincoln and Gerlach, 2004; Nakano and
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Nguyen, 2012; Lincoln et al., 1992). A topic that is specific the Japanese econ-
omy are the fading effects of the so-called keiretsu (Lincoln and Shimotani,
2001). This term describes six historic conglomerates of cooperations that
have dominated the Japanese economic landscape after the second World
War. Studies found that today only very few traces of their former struc-
ture can be found even though the names of the original concerns persist.
Kanamitsu (2013) finds that the relationship between having long-serving
CEOs and high firm centrality is fading, which could hint at a restructuring
of the Japanese board network towards more business sector oriented board
relationships.

A different facette of this debate is the composition of the board. There
is no consensus in general about the question if the appointment of outside
directors is of any benefit to ensure good governance and accurate reporting
(see the survey by Petra, 2005). Neverthless we observe an increasing number
of outside board members in Japan. Traditionally outside directors in Japan
often come from banks, related corporations or are retired government offi-
cials. There is however no evidence that this leads to significant differences
in company success (Miwa and Ramseyer, 2005). There is however evidence
that foreign ownership has an effect on firm valuation (Mian and Nagata,
2015), which leaves the question if the growing number of outside directors
can be connected to such influences.

In our study we focus on the dynamics of the Japanese corporate board
network together with the most important ownership relationships. We find
that the board network exhibits some clustering, which however is probably
not a keiretsu remainder. Ties between companies are very persistent and we
show that this is likely an effect of selective executive replacement. There is
some increase in the number of outside directors, even though these are more
likely to be replaced than regular board members. More detailed analysis
reveals that outside board members are mainly hired at firms with high
foreign share ownership and especially in the IT sector. In our analysis of
firm profitability we find that ties between firms that perform above average
can be beneficial. These ties can be part of both, the ownership or the board
network.

In the following we will first review the data set and the methods that
we have applied to it in order to discuss the resulting networks. After this
we will present the dynamics of these networks on an aggregate level. In the
next section we will then analyze where the persistence of ties in the company
network stems from. After this we will discuss board composition and the
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role of outside directors. Finally we will analyze dependencies between firm
network effects and profitability.

2. Materials and Methods

2.1. Company data and network generation

The Japanese system of corporate boards used to be a very special one
at least until the 1990s. Boards used to be large, with little intend to care
about international governance standards or even shareholder value. Really
important decisions were taken within smaller groups of senior board mem-
bers anyhow. The crisis of the 1990s lead to some change and influences from
the US system. Following Sony, boards mostly shrank to a size of about 10
”corporate executive officers” plus 2 to 3 externals, including the auditor.
An alternatively is the ”company with committees” system. In this system
additional to a board of directors three committees would handle audit, nom-
ination and remuneration duties (Buchanan and Deakin, 2009). Hence, in
our analysis we look in the very large majority at cases where the board of
directors consists of 6 to 15 corporate executive officers, one auditor and pos-
sibly 1 or 2 outside board members. Only few mainly very large cooperations
report up to 35 total board members.

For our analysis we collected the data on all publicly listed Japanese firms
which were reporting to the Tokio Stock Exchange (TOPIX). This means that
our sample includes all the roughly 1,700 firms of the so-called first section
and also roughly the same amount of smaller firms. For our analysis we
combine the data on the composition of company boards available from Toyo
Keizai, with financial data obtained from Thompson Reuters Datastream. In
particular we use the information on market value, income, total assets, the
business sector and share holder composition.

The information on the composition of the board is updated annually in
the middle of the year. Besides the names of the board members we obtain
information on the age, gender and role of the director. The naming and
numerical identifiers of board members are unanimous within each year, but
not necessarily throughout the years. Hence we have developed an algorithm
to trace the destinies of board members over time based on parts of their
names, date of birth and affiliations.1 The financial data of the firms is
matched using the same yearly frequency.

1We have confirmed the validity of this algorithm by manual checks. The only known
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The basics of the treatment of the board members data is simple. For each
year we observe a set of directors and a set of firms. Board members serve
on the boards of one or more firms. This creates relationships (incidences)
between the set of board members and the set of firms, and resemble a bi-
partite graph. Incidences can be described by positive entries in a matrix I,
where the dimensions of I are given by the number of firms and the number
of board members within a year. Hence, if a manager i works for firm j the
element Iij is 1, and 0 otherwise.

From the incidence matrix I we can obtain two different un-directed net-
works by projection.

AD = II ′ creates an adjacency matrix for the network of board members,
where positive entries resemble cases where board members know each other
from serving on at least one firms’ board together. In the following we will
however focus on a different interpretation of the data, namely a network of
firms.

By multiplying I ′I = AB we obtain an adjacency matrix that describes
the network of the firms based on board interlocks. AB is a square matrix
with as many rows and columns as we have firms in our sample. A positive
entry Aij describes a connection between the firms i and j that is given by
at least one shared board members. In the following we will refer to this
network as the board network.

2.2. Basic descriptive statistics over time

The networks that we look at naturally show some churning over time,
caused by entry and exit of firms as well as retirement and replacement of
board members. Nevertheless the basic statistics provided in table 1 show
that the number of firms varies steadily between 3,532 and 3,943 (distinct:
4,505). In the same time the average number of board members is slightly
declining from almost 12 in 2004 to 11.1 in 2013. The number of board
members we observe per year lies around 40,000 (distinct: 95,192).

The middle part of table 1 shows some statistics for the board network.
The mean degree and the very low density reveal that in fact most firms do
not share any board member. Hence, for many investigations of this network

limitation of this method is that we may loose traces of board members who exit the data
set and re-appear at a later year at a different company. We are however confident that
this problem applies only to a very limited number of board members who did not play a
decisive role in the board member network anyhow.
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

co
u
n
ts

no. firms 3767 3849 3943 3887 3767 3672 3595 3543 3532 3545
no. b. members 42175 42635 43121 41998 39907 38759 37731 36884 36452 36697
no. mandates 45119 45760 46257 44991 42693 41461 40318 39458 39103 39503
avg. board 11.98 11.89 11.73 11.57 11.33 11.29 11.22 11.14 11.07 11.14

avg. mandates 1.070 1.073 1.073 1.071 1.070 1.070 1.069 1.070 1.073 1.076
max mandates 11 9 8 8 8 8 7 7 7 7

b
oa
rd

n
et
w
or
k

edges 3996 4281 4208 3932 3629 3491 3344 3310 3416 3646
density 0.00014 0.00015 0.00014 0.00013 0.00013 0.00013 0.00013 0.00013 0.00014 0.00016

mean degree 2.12 2.22 2.13 2.02 1.93 1.90 1.86 1.87 1.93 2.06

gi
an

t
co
m
p
. companies g.c. 1408 1571 1547 1495 1387 1383 1373 1380 1490 1625

edges g.c. 3149 3538 3426 3132 2815 2728 2645 2648 2847 3132
density g.c. 0.00080 0.00072 0.00072 0.00070 0.00073 0.00071 0.00070 0.00070 0.00064 0.00059

mean degree g.c. 4.473 4.504 4.429 4.190 4.059 3.945 3.853 3.838 3.821 3.855
clustering 0.1441 0.1416 0.1304 0.1184 0.1130 0.1082 0.1037 0.0985 0.1000 0.1023

avg. clust. loc. 0.3192 0.3334 0.3241 0.3264 0.3032 0.2840 0.2806 0.2690 0.2628 0.2698
max degree 23 26 28 25 26 29 27 30 31 23

Table 1: Network statistics

The table shows annual statistics for the board members (top part) , the board networks created by board
members (middle part), and the giant component of the board network (bottom part). The networks become
slightly less dense and less clustered over time. The number of companies and executives is slightly decreasing
in the years after the financial crisis.
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Figure 1: Mandates statistics.

We print the number of mandates with an offset and use a log-scale for the
count. The tail of the distribution shows similarity to a power-law. The
highest numbers of mandates are only observed until 2009.

it makes sense to focus on those firms which form the giant connected com-
ponent of the board network. The statistics of this part of the board network
are given in the bottom part of the table. This network is still a sparse one
but shows features of a social network, for example some clustering.

All of these figures show a slight dip that falls in the period of 2006 – 2008.
In this period we observe of drop of the (global) clustering coefficient, the
number of firms, and the connectivity. The degree distribution of the board
network roughly follows a power-law. The low range of degrees however
prevent a sensible estimation, for details see figure A.7 in the appendix.

The disparity between the average number of mandates and its maximum
rectify a short look at the distribution of the number of mandates. Figure
1 shows that this distribution is also heavy-tailed. While around 40,000
directors have around 1 mandate each year, only around 200 have 3 mandates,
and only a handful of directors find themselves with 8 or more.

2.3. Visualization and clustering

A good starting point for the analysis of networks is to look at a visual-
ization and to check for structures that indicate pronounced deviations from
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Figure 2: Board networks

Vizualisation of the giant components of the board network in 2004 (left)
and 2013 (right). The node size is proportional to the firm’s degree. Colors
represent communities. The visualization was performed in Gephi with the
Force Atlas algorithm (see Jacomy et al., 2014).

random connectivity. We have already verified that the degree distribution
of the board network is close to a power-law, and in fact the visualizations
in figure 2 look like rather typical scale-free graphs. The center is rather
densely connected, including some hubs, the periphery thins out and shows
the typical hair-like ends composed of degree two nodes.

The network visualizations shows some grouping, which however is not
too pronounced. The details for a visualization therefore admittedly depend
on the choice and parameterization of the algorithm that is used. The same
holds for the identification of communities. We used the ”fast unfolding”
algorithm (Blondel et al., 2008) to search for communities in the networks
and have color-coded the nodes based on the results. The left panel shows
the giant component of the board network in 2003, the right panel shows
2013. The visual impression confirms our statistics, the network in the right
panel is a bit less dense, the left panel shows slightly more clustering. We
will only discuss the largest and most significant communities here and we
have also omitted findings where communities are based on trivial ’holding

8



& subsidiary’ structures. All such firms appear as plain white nodes.
In general the board networks have very few closed communities, even in

the periphery we do have firms that provide shortcuts between groups. For
example, for 2004 we can find three rather obvious communities outside the
center of the network. To the top left of the center we find one group which is
arranged around the company Toyota (dark purple). On the right side of the
network we find a group (in blue) around Aeon. In the center of the network
we find companies arranged around Fuji Kyuko (red), Hitachi (brown), and
Mitsubishi (green).

Until 2013 the clusters in the middle of the network become even more
overlapping. In the right panel we still see groups around Toyota, Aeon and
Hitachi a bit away from the center of the network. In the center we see
(slightly changed) intertwined areas around Fuji Kyuko (pink), Tokyu (yel-
low) and Mitsubishi (green). In the periphery some weaker structures exist
around Softbank and SBI (beige), Rakuten (dark green), and Pioneer and
Seiko Epson (brown). For more details see also figure A.9 in the appendix.

2.4. Ownership network

Links in the board network are to some extend of course the result of
business activity between firms. In the most basic sense these can be rela-
tionships between producers and suppliers. For a study of such networks we
refer the reader to the study by Krichene et al. (2018). For our purposes the
analysis of this level of connectivity would however delve too deeply into a
different direction. However, business relationships that are more elaborate
often result in some kind of shareholding or even cross-shareholding rela-
tionship. Hence, to control for influences on the board network that stems
from ownership relations we have obtained data that reports the five largest
shareholders (and their exact shareholding) for all of the firms in our sample.
This might at first seem a little restrictive, yet in practice significant influ-
ence onto a company is unlikely to be performed by more than five owners.
Also, since this data is reported from the point of the owned company this
still results in a rather complete picture of the ownership network.

In the following we will refer to the firm networks based ownership simply
as the ownership networks. The ownership networks differs from the board
networks by the fact that they are directed networks. The densities are
however comparable, the ownership network in 2004 contains roughly 2574
links and we see a steady increase until 2013 when the network has 3695
links.
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Figure 3: Ownership statistics

The left panel shows the fraction of board links for which the respective link
is also present in the ownership network, vice versa. The right panel shows
the relationship between the percentage of ownership of two firms and the
conditional probability of having a link in the board network. The calculation
is based on subsamples of 30 firms with similar ownership.

The ownership network is very stable, about 90 percent of the links survive
from each one year to the next. However, the overlap between links in the
firm network and the ownership network is with about 10 percent relatively
small, as is shown in the left panel of figure 3.

One can condition this relationship on the level of shareholding. For
this reason we have binned pairs of firms with similar ownership percentage
(N = 30) and have calculated how many of those are also linked in the board
network. Results are shown in the right panel of figure 3. We can observe
that the probability of having a board link increases with ownership and
passes the unconditional probability one we reach about 10 percent owner-
ship. Interestingly at the high end when ownership reaches 50 percent this
relationship slows down and might even slightly drop. It is possible that
since this represents a majority ownership, there is less demand for control
by shared board members.

A particular difference between the ownership and the board network
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is that a handful of life insurers and securities companies appear as very
connected hubs in this network. Their shareholdership in a firm is normally
small but their activity is very spread out. In fact much of their holdings are
likely to be on behalf of their clients. Apart from this obvious observation,
communities in a classical sense do not exist, and if they do they overlap.
Not surprisingly large companies like Toyota, Mitsubishi, Fujitsu, Honda,
Mitsui and Nippon Steel can be classified as smaller hubs. A visualization of
the ownership network in 2013 can be found in figure B.10 in the appendix.

3. Dynamics of the board network

In the last sections we have checked for the existence of communities in
the networks. Even though these are not very pronounced we have observed
that certain groups in the board network that existed in 2004 still exist in a
very similar form in 2013. This raises questions about the persistence of the
board network and the mechanisms that make it persistent.

We start by looking at two very basic properties of firms, namely their
size and centrality.

First we calculate the persistence of firm’s market values over time. The
top part of table A.10 (in the appendix) shows that the firm’s market values
are in fact highly correlated over time, which means that the overall economic
importance of firms changes only gradually.

We can further check if this translates to a similar behavior in firms’
board network centrality. We have thus calculated the eigenvector centrality
of all firms that stay part of the giant component in all years and calculate
the rank cross-correlations of the eigenvector centrality. The results show
that there is also persistence in this figures, although much less than for
the market values. Persistence mostly fades after two years, however the
variation is high. Larger changes in the centrality seem to have happened
in 2009 and 2012-13. The complete results are shown in the bottom part of
table A.10.

The reasons for this persistence in firm centrality can be the strategic
maintenance of ties in the board network, which we will analyze later, but
of course some of it also stems from firm characteristics. One would for
example expect that larger firms have larger boards and are also generally
better networked. In fact we find that the rank-correlation between the
eigencentrality and the market value is significantly positive around 0.35.
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t+ 1 t+ 2 t+ 3 t+ 4 t+ 5 t+ 6 t+ 7 t+ 8 t+ 9
2004 0.9750 0.9517 0.9180 0.8792 0.8482 0.8219 0.8004 0.7847 0.7730
2005 0.9771 0.9423 0.9000 0.8683 0.8410 0.8194 0.8030 0.7906
2006 0.9650 0.9226 0.8907 0.8620 0.8385 0.8212 0.8088
2007 0.9563 0.9233 0.8943 0.8691 0.8508 0.8377
2008 0.9660 0.9360 0.9092 0.8898 0.8760
2009 0.9692 0.9417 0.9218 0.9067
2010 0.9716 0.9513 0.9355
2011 0.9791 0.9630
2012 0.9839

Table 2: Firm survival

The table shows the probability of survival for the firms from one to every
other year, based on the existence of the company identifier in TOPIX.

Before we can investigate the determinants for the maintenance of ties in
the board network we have to look at the general survival rates of firms and
board members. For this reason we have counted how many of the firms that
are present in a given year are also present in any year in the future. The
identity in this case is determined by the existence of the TOPIX numerical
code of the firms and results are shown in table 2. We observe that the
unconditional survival probability of the firms in our data set is very stable
and lies around 96%. Slightly lower values are only observed around 2007,
which is in line with weak GDP growth around that time.

The same exercise can be done with the board members. The survival
rates for the them are also rather stable and vary around 83 %. Slightly lower
figures are observed around 2007–08 and slightly higher values are observed
towards the end of the sample period (see table 3).

4. Determinants of board member survival

Since we have seen that some board members have multiple mandates it
is useful to investigate how the survival figures change when we condition
the survival on the number of mandates that a board member has. These
conditional survival probabilities are shown in figure 4. The probability for
board members with one mandate (p1) differs only insignificantly of that
from the entire population (83%). The likelihood to survive increases to
around 93% with another mandate, further additional mandates only lead to
marginal improvements. So even if directors with multiple mandates are of
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t+ 1 t+ 2 t+ 3 t+ 4 t+ 5 t+ 6 t+ 7 t+ 8 t+ 9
2004 0.8438 0.6855 0.5588 0.4508 0.3840 0.3175 0.2659 0.2263 0.1989
2005 0.8209 0.6685 0.5402 0.4542 0.3774 0.3155 0.2697 0.2345
2006 0.8230 0.6665 0.5615 0.4601 0.3854 0.3282 0.2858
2007 0.8161 0.6862 0.5665 0.4669 0.3976 0.3448
2008 0.8462 0.6987 0.5779 0.4866 0.4230
2009 0.8325 0.6886 0.5807 0.4997
2010 0.8361 0.7065 0.6109
2011 0.8532 0.7395
2012 0.8714

Table 3: Board member survival

The table shows the survival probability of board members from one year to
every other year based on the information in the Toyo Keizai database and
our identification method described in setion 2.1.

course more likely to survive one can easily verify that the losses of mandates
are not independent.

We can verify this by calculating the probability that a board member
with two mandates looses both of them (1 − p2), under the assumption of
independence, from the probability of losing one mandate (1−p1) = 1−0.83 =
0.17. Then 1 − p2 = (1 − p1)

2 = 0.0289, which would predict a survival
probability of close to 97% for managers with 2 mandates.

Based on these results about board member survival we can have a more
detailed look at determinants of their destinies. Since the large number of
board members prohibited us from collecting detailed information on each
of their career paths we have to confine ourselves to some of their basic
characteristics together with details on the firms for which they work.

For this reason some details of the Japanese board system demand our
attention. While the boards in the US and most of the European countries are
often split into executives and supervisors or internal and external members,
the Japanese system knows only one board. This board mainly consists
of executives which are joined by few external directors and the auditor.
Sometimes former executives remain part of the board up to a very high age.
In such cases they are often still listed as an executive even when their role
is more of a supervisory and sometimes even honorary nature.

Given this framework we can check if the role of a board member has
an influence on his survival probability. We can further check if gender or
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2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13
MF R2 0.0071 0.0180 0.0068 0.0101 0.0108 0.0156 0.0148 0.0162 0.0183
LR 257.7 722.0 274.7 405.0 368.9 546.3 497.5 498.9 510.9
N 42175 42635 43121 41998 39907 38759 37731 36884 36452

survivors 35589 34998 35488 34276 33769 32266 31548 31469 31764

const 1.9569 1.8349 1.5866 1.3504 1.8192 1.9528 2.1018 2.2074 2.4642
(32.26) (28.86) ( 26.46) (26.92) (32.37) (34.70) (37.29) (37.20) (36.29)

mandt−1 0.5069 0.6577 0.5495 0.6095 0.5903 0.6800 0.6704 0.7582 0.7959
(10.51) (14.02) (12.18) (12.82) (11.46) (13.20) (12.74) (12.79) (12.20)

age 0.0003 -0.0348 0.0005 0.0002 -0.0185 -0.0293 -0.0286 -0.0258 -0.0286
(1.82) (-21.03) (4.32) (1.83) (-10.49) (-16.66) (-15.85) (-13.49) (-13.98)

female 0.3158 -0.0314 -0.0888 0.0260 0.1092 0.4961 0.2913 0.4529 0.6935
(2.13) (-0.25) (-0.80) (0.22) (0.80) (3.31) (2.10) (3.03) (4.08)

log MV -0.0228 -0.0018 0.0077 0.0251 0.0063 -0.0064 -0.0201 -0.0189 -0.0287
(-3.87) (-0.30) (1.35) (5.24) (1.16) (-1.16) (-3.64) (-3.27) (-4.35)

outs. board -0.4197 -0.5002 -0.4112 -0.5475 -0.4586 -0.3224 -0.2243 -0.4197 -0.2781
(-6.64) (-8.72) (-7.31) (-10.36) (-7.96) (-5.56) (-3.84) (-7.43) (-4.64)

outs. audit 0.2885 0.0668 -0.0555 0.2167 0.2633 0.0360 0.0209 0.2054 0.2771
(7.28) (1.92) (-1.66) (6.19) (6.73) (0.99) (0.56) (5.03) (6.27)

Table 4: Determinants of board member survival

The table shows the results of a logit regression. t-values are shown in paren-
theses. Although survival is to a large part random, we find significant in-
fluence for holders of multiple mandates (mand), outside board members and
outside auditors. The age, gender and the market value of the company (log
MV) are of changing importance.
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Figure 4: Influence of number of mandates on survival

The figure shows the survival of board members with 1,2,3 and 4 mandates.
The results are printed with an offset for the years 2004–2012.

the size of the company are important aspects of director survival, while
we control for the number of mandates and age. Since survival is a binary
variable this demands for a logistic regression where the observed survival
or death (in the sense of leaving the data set) depends on the number of
mandates, age, gender, log market value of the largest firm a director serves,
whether he is an outside board member and whether he is the auditor.

The results in table 4 confirm our previous calculations but they also
show that the survival of directors is mostly a matter of luck and individual
decisions that we cannot decipher. The number of previously held mandates
is of course important but the overall exploratory power is limited still. The
impact of age is mostly negative or insignificant, as expected, with exception
of the years 2006/07. Only very few women are serving as directors, less than
2%, and only at the end of our sample period we see a slight tendency of
higher survival. It does not matter too much if directors work at firms with
high or low market values, if at all there seems to be a tendency to replace
directors more often at large (highly capitalized) firms.

Rather clear are the effects for directors who are not executives. Outside
board members are being dropped with a higher likelihood throughout the
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year 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
MF R2 0.0545 0.0464 0.0458 0.0489 0.0540 0.0500 0.0464 0.0471 0.0432 0.0442
LR 1,970.2 1,920.9 1,815.4 1,820.8 1,809.5 1,646.5 1,509.0 1,529.2 1,5232.7 1,767.7
N 990,528 1,233,235 1,195,831 1,116,765 961,191 955,653 941,878 951,510 1,109,305 1,319,500

links 2,598 2,931 2,800 2,633 2,387 2,343 2,309 2,303 2,490 2,779

const -6.2261 -6.3117 -6.3142 -6.3036 -6.2623 -6.2609 -6.2413 -6.2548 -6.3099 -6.3793
(0.0236) (0.0221) (0.0225) (0.0230) (0.0243) (0.0244) (0.0244) (0.0244) (0.0232) (0.0220)

b size 0.3133 0.3952 0.3871 0.3912 0.4007 0.4110 0.4305 0.4545 0.4355 0.4752
(0.0123) (0.0132) (0.0128) (0.0134) (0.0139) (0.0151) (0.0159) (0.0166) (0.0155) (0.0149)

same sec 1.4880 1.3643 1.2509 1.2144 1.2554 1.1836 1.0939 1.1339 1.0601 1.0363
(0.0502) (0.0481) (0.0505) (0.0533) (0.0558) (0.0575) (0.0594) (0.0587) (0.0582) (0.0553)

fin link 0.5870 0.5492 0.5772 0.6259 0.6398 0.6907 0.5555 0.4503 0.4794 0.5014
(0.0850) (0.0841) (0.0826) (0.0848) (0.0904) (0.0891) (0.0950) (0.0980) (0.0964) (0.0939)

ownersh. 0.2347 0.1945 0.1706 0.1762 0.1826 0.1681 0.1557 0.1594 0.1486 0.1406
(0.0137) (0.0113) (0.0093) (0.0092) (0.0098) (0.0091) (0.0078) (0.0085) (0.0071) (0.0058)

Table 5: Links by function

Results of the logistic regression. Standard errors in parentheses. All vari-
ables are highly significant (p < 10−9). Controlling for company board size
(b size) we find that corporate boards have a tendency to form links to boards
of other companies from the same sector (same sec) but also show a certain
preference for links to financial corporations (financial link).

sample period. This intuitively make sense since they are a more dispensable
part of the board. On the other hand it is common practice to stick to an
auditing company once relations are established and thus outside auditors
stay on the board longer than executives. The outlier in 2006/07 for the
survival of auditors is at first sight puzzling, but is in fact easily explained by
the ChuoAoyama PricewaterhouseCoopers accounting scandal (Skinner and
Srinivasam, 2012) that lead to a temporary increase in auditor replacement.2

In addition to the results presented in the table we have checked if the ex-
istence of ownership ties increases the probability of executive survival. We
could not find proof of such a relationship.

5. The persistence of ties in the board network

When one speaks about board network ties ties one has to first raise the
question whether there are preferences with respect to the type of firm to
link to. We have seen before that large firms, which also have large boards,
tend to be central in the network and are thus more connected. Apart from

2See also: The Economists, May 11th 2006, Auditors in Japan.
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size one can ask if firms from certain sectors are more connected than others.
For this reason a closer look at the 33 TOPIX industry classifications is
useful. Since a link always matches two firms this leads to 540 combinations
of sectors for two firms, which are far too much to evaluate based on only
3,000 links that we observe per year. We can however test two important
hypotheses: The first one is to evaluate if firms tend to have more links
to firms from the same sector. This would speak in favor of hiring outside
directors that might bring some special expertise. The second hypotheses is
that ties to the financial industry are reflected in additional ties. This would
for example speak in favor or relationships of firms to a main bank who sends
a director to monitor bank’s exposure.

The analysis is done in form of a logistic regression where we encode all
the possible and realized links between firms as zeros and ones and then
regress on two dummy variables. These dummies carry ones for links within
the same sector and for links to the financial industry. We control for the
ability of boards to generate ties to one another. We assume that this ability
is proportional to the product of the numbers of board members of the two
firms. We also check for the influence of ownership relations.3 In other words,
our regression tests the assumption that links within the same sector and to
the financial sector are over-represented against the hypotheses that links are
randomly distributed between firms and that their likelihood just depends
on the number of directors on the respective boards.

We note that in this case links are actually rather rare events, only about
0.2 percent of potential links exist. To prevent biases in our estimation results
we therefore use a penalized ML estimation, see also Firth (1993) and King
and Zeng (2002).

The results are shown in table 5 and basically confirm both our hypothe-
ses. There is a slight but constant tendency of links to the financial industry
and a more obvious tendency for links to firms with the same TOPIX in-
dustry code. The latter is gradually declining. Hence, these two motives
influence the structure of ties in the board network, but the results also show
that the majority of links do not depend on them (and also not on board
or firm size). We further confirm that there is a slight overlap between the
ownership and the board network. However, this effect is small and roughly

3The board size variable is measured as the deviation from its mean divided by 100.
Ownership is a percentage value.
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similar to that of within-sector ties. A gradual increase of the ownership
effect is observed over time. This stems partly from the increase of ties in
the ownership network. One can interpret this as a signal of a slight shift
from informal firm ties in the board network towards more formal ties that
incorporate also significant shareholding.

This leads to the question where the persistence of the network structure
in the board network comes from. If it were just a matter of board mem-
bers with multiple mandates at highly capitalized firms then we should have
seen higher survival rates of executives at this companies. We have however
seen that this is not the case. This implies that there must be mechanism
of upkeep of board network ties that goes beyond the existence of central
directors.

For this reason we use the same method as in Raddant et al. (2017) and
compute how many links between companies are being kept from one year
to the next and look into how this link is kept. The findings are summarized
in table 5. We observe that only very few links are being lost because firms
disappear. About 76% of the links survive from one year to the next and
about 73% do so because at least one of the board members who was bridging
the two boards is still there. Another 3% of links however is being kept
because a new board member is replacing the function, in more than half of
the cases he was already member of one of the boards. In any case he was
already a central player in the board network, with typically 2-3 mandates
in the year before.

6. The role of outside board members and multiple mandates

Finally we can have a look at changes in the general composition of cor-
porate boards. This will include a closer look on the role of outside directors.

First, it is worth stressing again the still very low share of women in
Japanese corporations. Table 7 shows that their number has grown signifi-
cantly, though only on a very low level. Even in 2013 less then 2% of board
members are women.

The average age of board members is increasing slightly from 57.2 years
in 2004 to almost 59 years in 2013. Female board members are on average
younger, but the gap is slowly closing.

We also see a clear trend towards having outside directors in the board-
room. The share of directors who are labeled as outside directors (at least
in one board) has almost doubled of to 8.25% until 2013. It is worth noting
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2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13

linkst−1 3221 3498 3415 3266 3045 2956 2883 2869 2984
firms alivet 3207 3491 3405 3260 3035 2949 2879 2867 2978
links alivet 2499 2569 2530 2519 2373 2272 2281 2343 2487

in % 77.58 73.44 74.08 77.13 77.93 76.86 79.12 81.67 83.34

same b. 2376 2423 2398 2401 2259 2176 2184 2250 2399
member
in % 73.77 69.27 70.22 73.52 74.19 73.61 75.75 78.42 80.40

new b. 123 146 132 118 114 96 97 93 88
member
in % 3.82 4.17 3.87 3.61 3.74 3.25 3.36 3.24 2.95

mandt−1 2.9350 2.9110 2.5833 2.7034 3 2.6875 2.6495 2.6989 2.7159

former b. 68 79 83 67 58 63 49 63 54
member
in % 55.28 54.11 62.88 56.78 50.88 65.63 50.52 67.74 61.36

Table 6: Persistence of board network links over time

The top part of the table summarizes how many of the links between two
firms survive from one year to the next. Next we summarize how many of
these links are preserved by the same board members vs. new board members.
In the bottom of the table we report how many mandates those new board
members held in the last year and how many of them have been part of at
least one of the two companies’ boards.
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

b. members 42175 42635 43121 41998 39907 38759 37731 36884 36452 36697
female 439 506 533 515 493 514 536 571 623 713

% female 1.04 1.19 1.24 1.23 1.24 1.33 1.42 1.55 1.71 1.94

age 57.2 57.3 57.2 57.4 57.7 58.1 58.3 58.4 58.7 58.9
age f. 51.3 50.9 51.6 52.0 52.3 52.8 52.9 53.3 53.8 54.1

outside dir 1823 2044 2194 2276 2214 2277 2355 2474 2603 3028
mult dir 2268 2383 2423 2338 2194 2141 2039 2040 2108 2206
both 527 554 593 591 571 569 545 564 596 678

% outside 4.32 4.79 5.09 5.42 5.55 5.87 6.24 6.71 7.14 8.25
% mult 5.38 5.59 5.62 5.57 5.50 5.52 5.40 5.53 5.78 6.01

Table 7: Board composition and characteristics

The first 5 rows give information about the number of female board members
and the average age of board members. The next three rows give the total
numbers of directors who are labeled as an outside director, have multiple
mandates according to our data set, or where both applies. Rows 9 and 10
state the percentage of outside directors and directors with multiple mandates
among all directors.
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that this trend has only slightly increased the percentage of directors who
are part of more than one board (multiple mandates), as their percentage
only rose from 5.38% to 6.01%.

The increase in the number of outside directors demands a closer look.
Our data set allows us to look more closely into which board rooms these
additional outside directors go. Therefore we perform a Poisson regression
in which our dependent variable is the number of outside board members
in a firm. The number of outside directors should depend in the size of the
board, which is also a proxy for the size of the firm (which we therefore
cannot account for in isolation). Further we test the influence of the compo-
sition of a firm’s shareholders. The data allows to differentiate between the
percentage of shares held by financial institutions, by security companies, by
other corporations and held by foreign corporations (the remainder is held
by individual investors).

The results are summarized in table 8. We show the results separately for
each year, always with and without sector dummy variables. We calculate a
pseudo R2 value by calculating the ratio of correct predictions of the number
of outside directors using the predictions rounded to integer values.

As expected, the number of outside directors varies with board size. More
interestingly, the share holder characteristics are highly significant. A high
fraction of foreign share holders increases the likelihood of having outside
directors. The influence of shares held by other corporations is also high,
though slightly weaker.

These results hold when we include dummy variables for the most pop-
ulated sectors according to the TOPIX classification. These variables add
slightly to the explanatory power since in some sectors outside directors are
still not that common. This includes firms from the sectors construction,
glass, machinery, transportation equipment and (for most of the time) banks.
On the other side of the spectrum we find the IT industry, which for the entire
sample period employs significantly more outside directors than the average.

7. Networks and firm profitability

The structure of the top layer management of a corporation and how it
is connected with the management of other corporations has implications
for the long run success of a company. Executives or board members who
can bring in experience from outside the company can be very valuable to
navigate economic downturns or restructuring processes. On the other and,
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
N 2628 2628 2662 2662 2702 2702 2706 2706 2640 2640 2565 2565 2502 2502 2459 2459 2432 2432 2433 2433

ps. R
2 0.4365 0.4787 0.4065 0.4542 0.4049 0.4352 0.3703 0.4180 0.3765 0.4083 0.3372 0.3836 0.3269 0.3857 0.3241 0.3790 0.3244 0.3631 0.3859 0.3979

disp. 1.2323 1.2124 1.2461 1.2160 1.2248 1.2099 1.2057 1.1942 1.1699 1.1595 1.1596 1.1402 1.1552 1.1372 1.1352 1.1166 1.0809 1.0569 0.9617 0.9371
const -2.0030 -1.9970 -1.9214 -1.8519 -1.9096 -1.8297 -1.7852 -1.6948 -1.7801 -1.7362 -1.5973 -1.5135 -1.5914 -1.4955 -1.5236 -1.4311 -1.3716 -1.2547 -1.1754 -1.0722

(-21.70) (-16.45) (-21.90) (-16.40) (-22.12) (-16.45) (-20.80) (-15.35) (-20.87) (-15.64) (-19.38) (-14.09) (-19.64) (-14.17) (-19.15) (-13.82) (-17.98) (-12.56) (-16.29) (-11.29)
board 0.0656 0.0678 0.0780 0.0790 0.0784 0.0787 0.0730 0.0746 0.0735 0.0748 0.0662 0.0668 0.0706 0.0699 0.0742 0.0731 0.0660 0.0631 0.0621 0.0588
size (14.80) (15.01) (16.97) (17.03) (18.33) (18.33) (17.28) (17.44) (16.66) (16.67) (14.01) (13.90) (14.46) (14.18) (15.70) (15.30) (15.20) (14.34) (14.67) (13.75)
share 1.8339 1.8132 1.5450 1.5205 1.4457 1.4656 1.3345 1.3996 1.3729 1.4751 1.2319 1.3331 1.1078 1.1764 1.0825 1.1297 0.9947 1.0364 0.8984 0.9476
corp. (13.23) (13.19) (11.91) (11.83) (11.19) (11.31) (10.23) (10.69) (10.30) (11.00) (9.36) (10.08) (8.56) (9.07) (8.56) (8.88) (8.01) (8.30) (7.64) (7.95)
share -0.3633 -0.1468 -0.9289 -0.5668 -0.9005 -0.5773 -0.8994 -0.4984 -0.9984 -0.5635 -0.8295 -0.3674 -0.3810 0.0513 -0.6596 -0.2059 -0.2706 0.1894 0.0739 0.3897
fin. (-1.88) (-0.73) (-4.77) (-2.77) (-4.66) (-2.85) (-4.61) (-2.42) (-4.89) (-2.60) (-4.11) (-1.72) (-2.04) (0.26) (-3.46) (-1.01) (-1.48) (0.97) (0.43) (2.10)

share 3.3419 3.3039 3.1159 2.9022 2.9972 2.9271 2.8790 2.8523 2.7847 2.8249 2.7126 2.7438 2.7101 2.7285 2.7229 2.7085 2.6313 2.6000 2.2745 2.2638
foreign (19.13) (17.58) (17.31) (15.53) (18.17) (16.93) (17.43) (16.86) (16.33) (16.02) (15.44) (15.17) (14.91) (14.42) (15.22) (14.79) (15.74) (15.07) (14.19) (13.70)
share 3.2552 3.1806 2.9309 2.8000 4.3778 4.2378 4.4931 3.7897 6.0401 5.3443 5.5209 4.4666 5.8376 4.4168 5.7727 4.8675 3.7179 3.1053 3.8730 3.6440
sec. (6.40) (6.05) (5.74) (5.27) (5.50) (5.25) (5.05) (4.12) (7.02) (5.93) (5.73) (4.41) (5.65) (4.00) (5.60) (4.53) (4.39) (3.41) (5.17) (4.70)

Constr -0.3475 -0.4484 -0.3807 -0.4300 -0.4864 -0.6742 -0.6849 -0.7673 -0.6805 -0.5302
(-2.84) (-3.73) (-3.25) (-3.76) (-4.05) (-5.26) (-5.21) (-5.84) (-5.55) (-4.89)

Food -0.1323 -0.2291 -0.0925 -0.1560 -0.1656 -0.1461 -0.2159 -0.1065 -0.1647 -0.1080
(-0.93) (-1.66) (-0.73) (-1.21) (-1.24) (-1.12) (-1.61) (-0.85) (-1.32) (-0.95)

Text. -0.0846 -0.1523 -0.3897 -0.4480 -0.2973 -0.1711 -0.2439 -0.1262 -0.1288 -0.2499
(-0.48) (-0.85) (-2.02) (-2.29) (-1.54) (-0.94) (-1.27) (-0.69) (-0.75) (-1.48)

Chem -0.1866 -0.3046 -0.3379 -0.3909 -0.3673 -0.4052 -0.3944 -0.3689 -0.3622 -0.2313
(-1.53) (-2.60) (-2.99) (-3.53) (-3.27) (-3.67) (-3.62) (-3.49) (-3.60) (-2.53)

Pharm 0.1362 0.1523 0.2066 -0.1358 -0.0052 0.1030 0.1088 0.0897 0.2155 0.2417
(0.82) (0.92) (1.34) (-0.79) (-0.03) (0.68) (0.73) (0.61) (1.64) (2.01)

Glass -0.6486 -0.6376 -0.5023 -0.4423 -0.3730 -0.4549 -0.3887 -0.4084 -0.3970 -0.3064
(-2.69) (-2.85) (-2.39) (-2.22) (-1.93) (-2.32) (-2.04) (-2.15) (-2.19) (-1.91)

IronS -0.1808 -0.3710 -0.2794 -0.4186 -0.4541 -0.4739 -0.4716 -0.5690 -0.5287 -0.4725
(-0.98) (-2.00) (-1.68) (-2.48) (-2.63) (-2.76) (-2.79) (-3.12) (-2.91) (-2.79)

MetalP -0.3943 -0.4230 -0.3475 -0.4955 -0.4117 -0.4965 -0.4270 -0.4424 -0.5553 -0.4696
(-2.08) (-2.31) (-1.98) (-2.73) (-2.27) (-2.75) (-2.48) (-2.57) (-3.17) (-2.97)

Mach -0.3121 -0.4820 -0.5866 -0.5521 -0.4893 -0.4891 -0.3767 -0.3935 -0.3301 -0.3230
(-2.49) (-3.91) (-4.79) (-4.83) (-4.34) (-4.45) (-3.53) (-3.72) (-3.32) (-3.47)

ElAppl 0.1089 0.0440 0.0135 -0.0822 -0.1141 -0.1554 -0.1584 -0.1600 -0.1514 -0.0753
(1.08) (0.47) (0.15) (-0.91) (-1.23) (-1.70) (-1.71) (-1.79) (-1.76) (-0.94)

TransE -0.9209 -1.0968 -1.1406 -1.2784 -1.2238 -1.1965 -1.0749 -0.9154 -0.8376 -0.6338
(-5.39) (-6.26) (-6.45) (-7.15) (-6.92) (-7.02) (-6.57) (-6.03) (-5.87) (-5.05)

OtherP -0.2901 -0.4637 -0.3847 -0.4441 -0.3884 -0.4093 -0.3895 -0.3816 -0.3546 -0.2091
(-1.68) (-2.70) (-2.38) (-2.83) (-2.50) (-2.60) (-2.45) (-2.45) (-2.39) (-1.59)

LTrans 0.3364 0.2389 0.1876 0.1395 0.1050 0.0635 -0.0043 0.0298 -0.0297 0.0264
(2.41) (1.74) (1.36) (1.04) (0.76) (0.47) (-0.03) (0.22) (-0.23) (0.22)

WHT -0.0738 -0.0112 -0.0730 -0.2156 -0.1604 -0.2620 -0.2531 -0.1622 -0.2210 -0.2481
(-0.35) (-0.06) (-0.38) (-1.13) (-0.85) (-1.37) (-1.35) (-0.90) (-1.25) (-1.46)

IT 0.4020 0.3953 0.2163 0.2244 0.2599 0.2779 0.3634 0.3435 0.3386 0.2675
(4.03) (4.35) (2.37) (2.53) (2.90) (3.16) (4.16) (3.98) (4.03) (3.31)

WTrade -0.0898 -0.1941 -0.2055 -0.2429 -0.2195 -0.3371 -0.3817 -0.2997 -0.3310 -0.2602
(-0.83) (-1.88) (-2.04) (-2.46) (-2.20) (-3.36) (-3.76) (-3.08) (-3.51) (-3.00)

RTrade -0.2243 -0.1832 -0.1353 -0.2379 -0.1236 -0.1934 -0.1878 -0.1140 -0.2564 -0.1849
(-1.54) (-1.39) (-1.08) (-1.91) (-1.04) (-1.57) (-1.56) (-1.00) (-2.18) (-1.74)

Banks -0.4943 -0.4512 -0.3829 -0.3546 -0.2992 -0.3233 -0.3371 -0.2366 -0.2374 -0.1218
(-3.12) (-2.93) (-2.72) (-2.69) (-2.25) (-2.40) (-2.58) (-1.92) (-2.05) (-1.18)

RealE 0.2593 0.0012 0.0030 -0.2810 -0.2653 -0.2113 -0.0956 -0.0600 -0.0348 -0.0526
(1.65) (0.01) (0.02) (-1.86) (-1.72) (-1.46) (-0.67) (-0.41) (-0.25) (-0.39)

Services 0.1287 0.1087 0.0967 0.0598 0.1404 0.1114 0.1359 0.0884 0.0868 0.0693
(1.10) (1.00) (0.92) (0.60) (1.39) (1.12) (1.36) (0.89) (0.91) (0.76)

Table 8: Poisson regression results for the number of outside directors of a firm

The Poisson regression explains the number of outside directors of a firm by the ratio of shares held by
other corporations, shares held by financial institutions, shares held by foreign investors and shares held by
security houses. We control for the firms’s board size. For each year we estimate this model and with and
without additional controls for the (most populated) sectors based on the TOPIX classification in the odd
and even columns. t-values are shown in parenthesis.
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executives and board members who serve as a mere transmission channel for
the needs of affiliated companies can slow down the effective management
of a company. Similar effects occur in the case of ownership or equity ties
between corporations. Connected firms can profit from these connections if it
supports a chain of value generating activities that would be hard to achieve
otherwise. When ties exist for the mere sake of diversification of business
activities the effects are often ambiguous. In the case of Japan corporate
ties however have a special history. Firm conglomerates often refereed to
as keiretsu used to have a huge influence on the economic system until the
middle of the 20th century. Traces of it are still visible today, even if many
argue that the economic downturn of the 1990s dissolved most of them.

Studies on the long-run success of these conglomerates find that these
structures go at hand with within-group interventions and risk sharing. A
process that in total has been found to significantly lower the return on assets
of conglomerate members.

We will follow up on this issue and analyze if there are effects from firm
connectedness on profitability by using variables from the board and owner-
ship network together with some control variables. Similar to the work by
Lincoln and Gerlach (2004) we measure profitability by the return on assets
(ROA) and we use the total assets and the ratio of loans to total assets as
controls.4 Data on this key financials are not consistently available for all the
firms in our sample. This limits the subsample for this part of the analysis
to around 2,000 in each year. This are however still more firms than what
are present in the giant component of the board network.5

Since the number of variables describing network relations, centralities,
or local connectivity and clustering is almost endless, we choose to break this
analysis into two steps. First we employ a simple machine learning algorithm
that we feed with many different variables that might affect ROA. From this
process we learn which variables seem to have impact on the ROA. This
approach also allows us to employ variables which are only defined for some
of the firms, like the ROA of a connected firm. It also helps to identify
variables that might interact. In both these cases, the results from the ML

4We found that the ROA is the variable that works best for a large sample comprised of
firms from different sectors, including variables like sales into our model would necessitate
either a much more complex model or a drastically reduced sample size.

5We omit firms from the analysis which report a ROA that is outside the range −20% <

ROA < 25% since such results are typically not the result of continuing business activity.
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algorithm can then be used to construct dummy variables which significance
can later be analyzed within a regression analysis.

The result of a regression tree is a hierarchical structure where at each
branch the dataset is split into two parts depending on the value or state of
the most important variable. An example of such a tree is shown in figure
C.11 in the appendix. We have run the tree model separately for all the ten
years of our dataset and we have evaluated which variables, thresholds of
variables, and combinations of variables repeatedly appear in the regression
trees for all the ten years. We have supported this by calculating the impor-
tance scores for all the variables for all ten years. These results are shown in
figure 5.

We have employed the following variables: log total assets, loans to total
assets, number of outside directors, log eigencentrality in board network, sec-
tor dummies, log eigencentrality in ownership network, log eigencentrality in
undirected ownership network, total ownership of other companies, fraction
of company owner by other companies, average ROA of company linked to in
board network, ROA of largest owner (min 3.8% ownership), average ROA
of companies owned (min 2% ownership), degree in board network, in- and
out-degree in ownership network, local clustering in board and ownership
network, and foreign share ownership.

From this analysis we can learn that the ROA of owned firms as well as
the ROA of the main owner have most influence on the ROA of a firm. The
regression trees show us in fact even more, namely that these two variable
often appear as two successive branches in the tree with predicted ROAs sig-
nificantly different from the mean when both, the ROA of the owner as well as
the average ROA of owned firms are greater or smaller than 3.5 percent. Also
other variables from the ownership network have some importance, namely
the in- and out-degree as well as total ownership and total share owned by
other firms (which are of course related). What is further interesting is that
also the ROA of a firm which is linked by a shared board member is playing
a role.

As a result we can now test the significance of the influence of links in the
ownership and board network by estimating the determinants of ROA. Since
only some of the firms have a connection in the board and ownership network
we cannot use the ROA of connected firms as a variable directly. Also, in
the case of the ownership network, both directions of ownership seem to be
important. Hence we set up two dummy variables. The board link dummy
is 1 if the mean of the ROA of connected firm is larger than the mean of all
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Figure 5: Importance of variables in regression tree

The figure shows the importance scores of all our variables for all 10 years
in a combined bar plot and on a log scale. Variables that are not used at any
node in the regression tree will have a score of zero, while the score of other
variables depends on the relative improvement to describe the data when the
variable is used as eiter a primary or surrogate splitter.
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firms plus 0.2 times the standard deviation. The dummy for the ownership
network is 1 if both, the average ROA of owners and of owned firms is larger
than the mean ROA minus 0.3 times the standard deviation (resulting in a
still slightly positive ROA). Hence, it signals that a firm is not sandwiched in
between badly performing owner and similarly bad performing partly owned
firms. We further test for the influence of the position of a firm in the
ownership network by adding the variable total ownership which describes
the cumulative percentage shares held by other companies in the ownership
network, and degree/total assets the number of companies of which a firms
holds shares of divided by total assets. These specifications are chosen to
make sure that these two variables do not correlate with total assets but give
a measures of ownership relative to the size of a firm.

We now estimate three versions of this model. The first version one
uses only the just mentioned variables without any further differentiation
for sectors or years. Since the threshold for our ownership and board link
ROA variables depend on the yearly averages of the ROA a pooling for all 10
years should in principal be possible. The results for this model are shown
in the left column of table 9. Since the financial crisis of 2008 has probably
let to more than just minor fluctuations it makes of course sense to employ
individual constants for each year. As we can see, this does not change
the estimation results much, yet it improves the explained variance quite
a bit. Finally we can add variables to classify the most populated Topix
sectors. This should help to explain differences in ROA which are caused
by differences in the asset base that are due to industry specific needs. We
use 12 dummy variables for the sectors, yet in the table we only show the
most important ones. We should note that the financial sector is a merged
category that contains banks, insurances, and firms offering other financial
services.

Interestingly our analysis shows that ownership relations tend to lead to
lower ROAs. There are however one exceptions from this, positive effects can
be found when both the owner and the (partly) owned firms are profitable
(signaled by the variable ROA owner). Positive effects can also be found
from links in the board network (ROA boardl), if connected firms have above
average profitability.6

6As a robustness check we have performed the same regression on a yearly basis and
found similar results, although the ROA variables were not significant in all years. We
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model simple pooled year dummy year and sector

R2 0.0464 0.0794 0.1107
σ2 0.0030 0.0029 0.0028
N 20942 20942 20942

vars 7 15 32

const 0.05467 (10.56)
const 1–10 • •

Tot assets 0.00077 (1.58) 0.00058 (1.22) 0.00150 (2.97)
loans/TA -0.08289 (-10.89) -0.07927 (-10.58) -0.08662 (-11.04)
tot owned -0.00166 (-7.41) -0.00168 (-7.63) -0.00132 (-5.92)
deg/TA -0.05415 (-2.00) -0.04806 (-1.8) -0.06166 (-2.31)

ROA owner 0.01647 (4.32) 0.01696 (4.52) 0.01502 (4.06)
ROA boardl 0.00820 (4.14) 0.00816 (4.19) 0.00695 (3.61)
sec constr -0.01773 (-4.93)
sec chem -0.00047 (-0.88)

sec machinery 0.00317 (0.34)
sec elec appl -0.00674 (-2.20)
sec finance -0.02019 (-3.23)
sec IT comm 0.01848 (5.49)
sec pharma 0.02718 (4.55)
sec 7–16 •

Table 9: Determinants of ROA

The table shows the estimation results for three different models of influences
on the return on assets. The simplest model in the left column only considers
the main variables. The model in the middle column considers a dummy
variable for each year. The model in the right columns considers a year
dummy and 16 dummies for sectors, of which the results for the seven most
important ones are given. t-statistics based on t-distributed errors are given
in parenthesis.
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At last, the results on the effects of ownership deserve a closer look.
We want to investigate if instead of referencing to connected firms ROA
structural features could be responsible for our results.

First one could argue that in some cases we might see effects from minor-
ity shareholder relationships. Some authors claim that minority sharehold-
ers can be disadvantaged against controlling shareholder that enjoys private
access that is denied to smaller shareholders which impact valuation and
profitability (see, e.g. Guedes and Loureiro, 2006; Claessens et al., 2002).

Second, our general result on negative effects from ownership relations
is in fact in line with many studies on diversification. Although diversifica-
tion as an instrument of risk management is often successful, many studies
show that corporations which invest into companies that operate outside of
their own area of expertise are likely to negatively influence their own prof-
itability(see, e.g. Berger and Ofek, 1995; Schommer et al., 2019; Kawakami,
2017).

In order to judge if any of these effects are related to our findings we
will look at subsamples of companies from the five most populated sectors,
namely construction, chemicals, machinery, electrical appliances and IT and
communications. We will compare the ROAs which we normalize by the
yearly group averages.

The results are presented in figure 6. We show box plots for three different
comparisons for firms from five different sectors. The top panel shows the
differences in the normalized ROA for our good ownership dummy variable
as defined in our regression analysis and serves as a reference point. The
averages of the bar plots labeled as ’no’ and ’yes’ almost always significantly
different, thus confirming that the results of our regression analysis can in
principal be confirmed without further control variables.

We can now look at differences in between the same firms that might
be caused by minority shareholdership. The middle panel show a compar-
ison where the firms are now grouped by the criterion whether they have
an owner that controls at least 20 percent of the company. The results for

have also left out the control variables total assets and loans/TA, this changes the results
for the sector dummies but leaves other results qualitatively unchanged. Including further
network measures does not improve the model and leads to problems since these variables
tend to be related to the existing measures of degree. We note that foreign share ownership
is highly correlated with total assets and also partly explained by the sector dummies and
can thus not be included into this estimation.
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Figure 6: Influences of ownership structures

The figure shows the differences in normalized ROA for firms from five large
sectors and for three comparisons. The top panel compares firms with a ’bad’
versus a ’good’ ownership network. The middle panel compares firms with and
without a large owner with at least 20 percent shareholdership. The bottom
panel compares firms that have diversified through ownership of a company
in another sector versus firms which do not diversity.
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this comparison are ambiguous. Firms from the sectors chemicals and elec-
trical appliances do in fact have a significantly lower normalized ROA when
they have a large owner, for firms from other sectors this effect cannot be
confirmed.

Finally we group the firms by asking whether they own at least one per-
cent of some other firm that is active in a sector different from their own.
This aims at check at effects from diversification. At a first glance the results,
presented on the bottom panel, appear unsystematic. For some sectors the
difference is positive, for others negative. However, a pattern shows once we
go back to the sector-based dummy variables from our regression analysis in
table 9. In those sectors where the average ROA is above or similar to the
economy average (chemicals, machinery, IT) the average normalized ROA is
lower for coorporations which diversify to other sectors. For the two sectors
where the average ROA is below economy average (construction, electrical
appliances) diversifying into other sectors yields a slightly higher normalized
ROA. These results are admittedly not in all cases significant, yet they show
an interesting tendency. The benefits of diversification might depend on what
the heritage of a corporation is and whether they can in the long run divert
funding into activities in more lucrative fields.

8. Conclusions

In this study we have shown that the Japanese board network is still re-
vealing traces of conglomerates of companies. It would not be adequate to
compare these structures to the keiretsu structures of the past, but these clus-
ters are more pronounced compared to studies of the respective US, German
or Italian networks.

The board-to-board linkages show a high level of persistence. When board
members leave boards that they have connected they are very often replaced
with other executives of high connectivity. This explains most of the per-
sistence of the firm network structure and firm centrality, even though we
observe that the year-to-year firm survival rate is much higher than the sur-
vival rate of individual directors.

Throughout the sample period we observe an increase in the number
of outside directors. While the maximum number of mandates of a board
member decreases, this development goes at hand with a slight increase in
the average number of mandates (and the share of board members with
multiple mandates). The trend towards outside directors is more pronounced
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for companies with a high ration of foreign share ownership. This might
speak in favor of a mild influence of governance practices from overseas. The
sector-based differences also point into the direction that traditional and
more locally operating industries fall behind this trend, while the more open
IT industry is at the forefront of this development.

For the economic effect of interorganizational networks we find mixed re-
sults. Firms that are organized in conglomerate-like structures tendencially
have lower ROAs. This effect can be reversed if ties to above average prof-
itable firms exist in either the board or ownership network.

Further research is needed on these effects of ownership ties. This however
necessitates more fine-grain information on financial ties, including informa-
tion on the main bank and borrowing relationships.
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Appendix A. Statistics of the board network
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Figure A.7: Company network degree distributions

The figure shows that the degree distributions (plotted on semi-log scale) show
similarity to a power-law.
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Figure A.8: Distributions of board size

The distribution of the board size shows only little variation over time. Since
the board size is mostly determined by company size it shows a tail which for
x > 15 shows similarity to a power-law.
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Figure A.9: Detailed board network in 2013

The largest communities are color coded and labeled according to the most
connected companies. In general the firm network has very few closed com-
munities, even in the periphery we do have firms that provide shortcuts
between them.
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co
rr
.
m
ar
ke
t
va
lu
e

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

2004 1.0000 0.9780 0.9543 0.9356 0.9249 0.9226 0.9191 0.9082 0.9031 0.9053
2005 0.9780 1.0000 0.9776 0.9598 0.9457 0.9395 0.9344 0.9257 0.9204 0.9209
2006 0.9543 0.9776 1.0000 0.9825 0.9641 0.9534 0.9497 0.9416 0.9330 0.9330
2007 0.9356 0.9598 0.9825 1.0000 0.9832 0.9694 0.9641 0.9560 0.9448 0.9425
2008 0.9249 0.9457 0.9641 0.9832 1.0000 0.9847 0.9781 0.9698 0.9585 0.9514
2009 0.9226 0.9395 0.9534 0.9694 0.9847 1.0000 0.9871 0.9757 0.9674 0.9578
2010 0.9191 0.9344 0.9497 0.9641 0.9781 0.9871 1.0000 0.9882 0.9784 0.9669
2011 0.9082 0.9257 0.9416 0.9560 0.9698 0.9757 0.9882 1.0000 0.9874 0.9737
2012 0.9031 0.9204 0.9330 0.9448 0.9585 0.9674 0.9784 0.9874 1.0000 0.9841
2013 0.9053 0.9209 0.9330 0.9425 0.9514 0.9578 0.9669 0.9737 0.9841 1.0000

co
rr
.
ei
ge
n
ce
n
tr
al
it
y

2004 1.0000 0.8721 0.5857 0.4403 0.4765 0.3823 0.5311 0.3671 0.3566 0.4801
2005 0.8721 1.0000 0.6864 0.4955 0.5252 0.4511 0.5732 0.4486 0.3948 0.5223
2006 0.5857 0.6864 1.0000 0.6408 0.5813 0.5708 0.5118 0.4845 0.3832 0.5264
2007 0.4403 0.4955 0.6408 1.0000 0.7597 0.6577 0.4433 0.4359 0.4421 0.4100
2008 0.4765 0.5252 0.5813 0.7597 1.0000 0.5915 0.4154 0.4428 0.4785 0.3768
2009 0.3823 0.4511 0.5708 0.6577 0.5915 1.0000 0.5971 0.6248 0.4751 0.5474
2010 0.5311 0.5732 0.5118 0.4433 0.4154 0.5971 1.0000 0.6067 0.4520 0.7441
2011 0.3671 0.4486 0.4845 0.4359 0.4428 0.6248 0.6067 1.0000 0.4620 0.5323
2012 0.3566 0.3948 0.3832 0.4421 0.4785 0.4751 0.4520 0.4620 1.0000 0.4361
2013 0.4801 0.5223 0.5264 0.4100 0.3768 0.5474 0.7441 0.5323 0.4361 1.0000

Table A.10: Rank cross-correlations of firm’s market value and eigenvector centrality

The upper half of the table shows the rank cross-correlation of all the 2081 firms for which data on the
market value is available. The buttom part shows the rank cross-correlation of the eigenvector centrality for
the 482 firms which have a positive centrality from 2004–2013.
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Appendix B. Ownership network
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KIKKOMAN

AJINOMOTO

BULL-DOG S...

S   B FOODS

YUTAKA FOODS

KEWPIE
HOUSE SHOK...

KAGOME

YAIZU SUIS...

WAKOU SHOK...

SATO FOODS...

ARIAKE JAPAN

PIETRO

EBARA FOOD...

HAGOROMO F...

NICHIREI

YOKAHAMA R...

TOYO SUISA...

JC COMSA

NITTOBEST

NIHON SHOK...

ISHII FOOD

NISSIN FOO...

NAGATANIEN

OK FOODS I...

AHJIKAN

ASAHIMATSU...

KENKO MAYO...

SEMBA TOHK...

x

GUNZE

HULIC

SHINYEI KA...

KACHIKAIHA...

QOL

ALCONIX

SECUAVAIL

BIC CAMERA

x

HIRAKI

x

ASRAPPORT ...

MATSUMOTOK...

OCEAN SYSTEM

ISETAN MIT...

TOYOBO

FUJIBO HOL...

NISSHINBO ...

KURABO IND.

DAIWABO HO...

SHIKIBO

NITTO BOSEKI

OMIKENSHI

OAK CAPITAL

TOYOTA BOS...

SAIBO

SHINNAIGAI...

GREMZ

VITAL KSK ...

YASHIMA DE...

JUTEC HOLD...

OCHI HOLDI...

TOKAI HOLD...

HOTMAN

WATAHAN   ...

DAITO WOOL...
KANEYO

MIE KOTSU ...

CENTRAL GE...

AD WORKS

NIPPON COM...

JOWA HOLDI...

HOUSECOM

E GRAND

NIHON SEIMA

BOOKOFF

NIPPON COK...

TOKYO NISS...

FLYING GAR...

CROSS PLUS

ALPHA GROUP

x

Y S FOOD

FUJITANAIGAI TEC

SEVEN   I ...

MEIJI ELEC...

UNVL.SOLUT...

STARTIA

SAINT MARC...

TEIJIN

TORAY INDS.

KURARAY

ASAHI KASEI

SAKAI OVEX

KITANIHON ...

KFC

x

MIYAKO

MIYAJI ENG...

ALPHA

x

KAWADA TEC...

NIPPON FELT

ICHIKAWA

FUJI

ASHIMORI I...

GRO-BELS

ATSUGI

DYNIC

KYOWA LEAT...
x

SEIREN

TOKAI SENKO

KOMATSU SE...

AUBEX

WACOAL HDG.

YAMAKI

KAWAMOTO

NETYEAR GR...

IT HOLDINGS

DATA HORIZON

SOCKETS

DENSAN

PAPYLESS

EKITAN   C...

AGS

DIGITAL ME...

M-UP

ENCOURAGE ...

TOKUSHU TO...

VERISERVE

T-GAIA

EXCITE JAPAN

MAMEZOU HO...

TECHMATRIX

ADVANCED M...

INTERNET I...

SAKURA INT...

TECHNO MAT...

ND SOFTWARE

KEYWARE SO...

IMAGE INFO...

SRA HOLDINGS

MINORI SOL...

x

ASAHI NET

JEDAT

COMTURE

I-FREEK HO...

PACIFIC SY...

NTT DATA I...

NIPPON ICH...

INFOTERIA

LAC

UBIQUITOUS

OJI HOLDINGS

NIPPON PAP...

MITSUBISHI...

HOKUETSU K...

CHUETSU PU...

TOMOEGAWA ...

DAIO PAPER

HAVIX

AWA PAPER ...

RENGO

FURUBAYASH...

TOMOKU

DYNAPAC

ASAHI PRIN...

x

SHOWA PAXXS

KOKUSAI CH...

SHOWA DENK...

SUMITOMO C...

SUMITOMO S...

NISSAN CHE...

RASA INDUS...

KUREHA

TAYCA

ISHIHARA S...

KATAKURA C...

NIPPON SODA

TOSOH

TOKUYAMA
CENTRAL GL...

TOAGOSEI

KANTO DENK...

DENKI KAGA...

IBIDEN

SHIN-ETSU ...

NIPPON CAR...

SAKAI CHEM...

TANAKA CHE...

DAI.KIGENS...

AIR WATER

TAIYO NIPP...

TOHO ACETY...

NIHON KAGA...

NIHON PARK...

KOATSU GAS...

TITAN KOGYO

SHIKOKU CH...

TODA KOGYO

HODOGAYA C...

TAOKA CHEM...

NIPPON SHO...

HONSHU CHE...

KANEKA

NIPPON PIG...

MITSUBISHI...

MITSUI CHE...

J S R DAICEL

SUMITOMO B...

SEKISUI CH...

ZEON

AICA KOGYO

UBE INDUST...

SEKISUI JU...

TAKIRON

ASAHI ORGA...

HITACHI CH...

NICHIBAN

RIKEN TECH...

KODAMA CHE...

LONSEAL

SEKISUI PL...

GUN-EI CHE...

TIGERS POL...

SUN A KAKEN

FUJIPREAM

POLATECHNO

CLUSTER TE...

TAKAGI SEIKO

DAIKYONISH...

x

NIPPON KAY...

SOLXYZ

ASGENT

JIEC

FAITH NOMURA RES...

J-STREAM

DREAM INCU...

TAC

DENTSU

INTAGE HOL...

TOHO SYSTE...

PIA

SEIRYO ELEC.

SECOM JOSH...

SOURCENEXT

CTS

BROADMEDIA

x

MEDICAL SY...

NIPPON FIN...

MANAC

KOEI CHEMI...

FUSO CHEMI...

ADEKA

NOF

NEW JAPAN ...
TOHO CHEMI...

KAO

DAI-ICHI K...

ISHIHARA C...

x
SANYO CHEM...

TAKEDA PHA...

ASTELLAS P...

SUMITOMO D...

SHIONOGI

MITSUBISHI...

WAKAMOTO P...

NIPPON SHI...

KAKEN PHAR...

EISAI

RIKEN VITA...

ONO PHARM.

HISAMITSU ...

YUKI GOSEI...

MOCHIDA PH...

TSUMURA

TERUMO

MIRACA HDG.

KISSEI PHA...

EIKEN CHEM...

NISSUI PHA...

JCR PHARMA...

SAWAI PHAR...

KAINOS LAB...

MEDICAL   ...

ONCO THERA...

DAIICHI SA...

IMMUNO-BIO...

NANOCARRIER

OTSUKA HOL...

TAISHO PHA...

CHIOME BIO...

GENE TECHN...

DAI NIPPON...KANSAI PAINT

SHINTO PAINT

CHUGOKU MA...

NIHON TOKU...

FUJIKURA K...

ASAHIPEN

ISAMU PAINT

ATOMIX

DAISHIN CH...

DIC

TOYO INK S...

x

SD ENTERTA...

NIPPON AIR...

ORIENTAL L...

FOCUS SYST...

JAPAN RELI...

DUSKIN

AISAN TECH...

FALCO SD H...

FUJI MEDIA...

SHUEI YOBIKO

RESORT TRUST

OBIC

RYOYU SYST...

JUSTSYSTEMS

NIPPON PAL...

BML

MYSTAR ENG...

WATABE WED...

CLIP

MOSHI MOSH...

JOHNAN ACD...

SOFTBANK T...

OBIC BUS.C...

ITOCHU TEC... SHOWA SYS....

SAKURA KCS

XNET

INFORMATIO...

SOGO MEDICAL

ORICON

INFO.SVS.I...

TOEI ANIMA...

TOYO BUS.E...

JFE SYSTEMS

SPACE SHOWER

WOWOW

INTELLIGEN...

SHISEIDO

TAKASAGO I...

ST

KONISHI

YASUHARA C...

GOO CHEMICAL

SEIKO PMC

TOYO GOSEI

JAPAN PURE...

TAKARA BIO

JCU

TERAOKA SE...
SHOWA CHEM...

HOKKO CHEM...

TAISEI LAM...

FUMAKILLA

CEMEDINE

SHOWA SHEL...

FUJI KOSAN

NICHIREKI

YUSHIRO CH...

FUJI OIL

IDEMITSU K...

JX HOLDINGS

YOKOHAMA R...

TOYO TIRE ...

BRIDGESTONE

SUMITOMO R...

FUJIKURA R...

OKAMOTO IN...

NISHIKAWA ...

ASAHI RUBBER

SUMITOMO R... MITSUBOSHI...

SAGAMI RUB...

ASAHI GLASS

NIPPON SHE...

ISHIZUKA G...

ARISAWA MA...

NIHON YAMA...

NIPPON ELE...

TECHNO QUA...

SUMITOMO O...

TAIHEIYO C...

NOZAWA

RESORT SOL...

NIPPON HUME

ASAHI CONC...

NIPPON CON...

MITANI SEK...

SPANCRETE

NIHON KOGYO

YOSHICON

GEOSTR

YAMAU

YAMAX

JAPAN PILE

HANEDA ZEN...

SEC CARBON

NORITAKE

TOTO

NGK INSULA...

NGK SPARK ...

SHINAGAWA ...

KROSAKI HA...

x

YOTAI REFR...

TYK

NIKKATO

A   A MATE...

NIPPON STL...

KOBE STEEL

NAKAYAMA S...

GODO STEEL

JFE HOLDINGS

NISSHIN ST...

KYOEI STEEL

YAMATO KOGYO

TOKYO TEKKO

HOKUETSU M...

OSAKA STEEL

YODOGAWA S...

ASAHI INDU...

TAKASAGO T...

x

MARUICHI S...

MORY INDUS...

DAIDO STEEL

NIPPON KOS...

NIPPON YAK...

SANYO SPEC...

AICHI STEEL

TOHOKU STEEL

HITACHI ME...

NIPPON KIN...

PACIFIC ME...

NIPPON DENKO

KURIMOTO

KOGI

x

NIPPON CHU...

NIPPON CHU...

JAPAN STEE...

MITSUBISHI...

METALART

NICHIA STE...

NIPPON SEI...

SHINKO WIRE

POWDERTECH

SANYU

NIPPON LIG...

MITSUI MNG...

TOHO ZINC

MITSUBISHI...

SUMITOMO M...

DOWA HDG.

FURUKAWA

OSAKA TITA...

TOHO TITAN...

NIHON SEIKO

UACJ

NIPPON SHI...

x

FCM

TOHO KINZOKU

FURUKAWA E...

SUMITOMO E...

FUJIKURA

SWCC SHOWA...

TOTOKU ELE...

TATSUTA EL...

ONAMBA

MITSUBOSHI RYOBI

AHRESTY

TOYO SEIKA...

HOKKAN HDG.

NIHON SEIK...

MK SEIKO

CORONA

YOKOGAWA B...

OSJB HOLDI...

KOMAIHALTEC

TAKIGAMI S...

TAKADA KIKO

ALMETAX MN...SANWA HOLD...

BUNKA SHUT...

ALINCO

TOYO SHUTTER

LIXIL GROUP

FUJISASH

NIPPON FIL...

NORITZ

TENRYU SAW...

RINNAI

UNIPRES

DAINICHI

AMATEI

x

TOSO

OKABE

ASAKA INDU...

TOYO KNIFE

FUJIMAK

KYOTO TOOL

LOBTEX

G-TEKT

CHUGOKUKOGYO

TOPRE

NETUREN

TOKYO ROPE...

IWABUCHI

SUNCALL

MOLITEC ST...

H-ONE

NHK SPRING

CHUO SPRING

FINE SINTER

ADVANEX

MIURA
TAKUMA

KOBE DIESEL

HANSHIN DI...

AKASAKA DI...

DAIHATSU D...

JAPAN MATE...

COCOLONET

JIBANNET

ASANTE

JSS

SIGMAXYZ

TSUGAMI

OKUMA

TOSHIBA MA...

x

AIDA ENGIN...

TAKISAWA M...

HAMAI

FUJI MACHI...

KOIKE SANS...

ASAHI DIAM...

DMG MORI

SEIBU ELEC...

NITTOKU EN...

YAMAZAKI

TAKAMATSU ...

WAIDA MNFG.

TAIYO KOKI

TOYOTA INDS.

OKK

ISHIKAWA S...

TOYO MCH. ...

ENSHU
HIRANO TEC...

TECHNO SMART

HISAKA WORKS

NOMURA MIC...

NUFLARE TE...

HIRATA

TAZMO

NABTESCO

RHEON AUTO...

SMC

UNION TOOL

MAEDA SEIS...

SEIKO

NISSEI PLA...

KOKEN BORI...

KOBELCO EC...

APIC YAMADA

SASAKURA E...

HITACHI CO...

ISEKI   CO...

TOWA

KITAGAWA I...

SNT

TACMINA

HARMONIC D...

TAKAKITA

KUBOTA

EBARA JITS...

TOYO ENGIN...

MITSUB.KAK...

TSUKISHIMA...

TEIKOKU EL...

MEIJI MACH...

TOKYO KIKA...

SINTOKOGIO

TAIHEI MCH...

FREESIA MA...

AICHI

KIKUKAWA E...

KOMORI

TSURUMI MA...

SUMITOMO P...

NIPPON GEAR

SANSEI TEC...

SAKAI HEAV...

ISHII IRON...

TORISHIMA ...

HOKUETSU I...

DMW

CHIYODA
DAIKIN IND...

ORGANO

TOYO KANETSU

TSUBAKIMOT...

NIKKISO

KIMURA CHE...

SHINKO PLA...

ORIENTAL C...

ANEST IWATA

TRINITY IN...

KATO WORKS

KAJI TECHN...

YAMADA

YUKEN KOGYO

TADANO

UNOZAWA-GU...

SUIDO KIKO...

FUJITEC

CKD

OGURA CLUTCH

KAWASAKI T...

TAKAMISAWA...

AMANO

SANDEN

JANOME SEW...

MAX

MORITA HOL...

GLORY

NIPPON PIS...

RIKEN

TPR

TAIHO KOGYO

NSK

NTN

JTEKT

DAIBEA

YUSHIN PRE...

KVK

MAEZAWA KY...

EAGLE INDU...

MAEZAWA IN...

NITTAN VALVE

NFK HOLDINGS

MIYAIRI VA...

HITACHI

TOSHIBA

MITSUBISHI...

FUJI ELECT...

TOYO DENKI...

YASKAWA EL...

SINFONIA T...

MEIDENSHA

ORIGIN ELE...

SANYO DENKI

DENYO

SANSO ELEC...

SANOH INDL.

TOSHIBA TEC

SHIBAURA M...

NISHISHIBA...

NIDEC

TOREX SEMI...

TAKAOKA TOKO

DAIHEN

x

TABUCHI EL...

SEMITEC

TERA PROBE

TECHNO HOR...

JVC KENWOOD

MIMAKI ENG...

NISSIN ELE...

TOGAMI ELE...

OSAKI ELEC...

OMRON

MORIO DENKI

KAWADEN

IDEC

x

SHIRAI ELT...

GS YUASA

SAXA HOLDI...

MELCO HOLD...

SK ELECTRO...

NEC

FUJITSU

OKI ELECTR...

IWATSU ELE...

DENKI KOGYO

SANKEN ELE...

MEISEI ELE...

NAKAYO

AIPHONE

FUJITSU CO...

WINTEST

RENESAS EL...

SEIKO EPSON

WACOM

JAPAN DISP...

NIPPON SIG...

KYOSAN ELE...

DAIDO SIGNAL

NOHMI BOSAI

HOCHIKI

SEIWA ELEC...

PANASONIC

SHARP

FUJITSU GE...

SONY

TEIKOKU TS...

ALPS ELECT...

IKEGAMI TS...

TOKYO COSM...

PIONEER

TENSHO ELE...

FOSTER ELE...

CLARION

x

SMK

YOKOWO

TEAC

JAPAN AVNS...

HITACHI MA...

UNIDEN HOL...

ALPINE ELE...

ICOM

OI ELECTRIC

RION

NEW COSMOS...

HONDA TSUS...

ADTEC

YOKOGAWA E...

SHINDENGEN...

NIHON KOHDEN

ESPEC

KEYENCE

MINATO ELE...

NIRECO

IMAGICA RO...

SANSHA ELE...

FERROTEC

DIAMOND EL...

TWINBIRD

ASTI

SAWAFUJI E...

DENSO

GEOMATEC

NEW JAPAN ...

STANLEY EL...

IWASAKI EL...

OKAYA ELEC...

NIPPON ANT...

FURUKAWA B...

SOSHIN ELE...

YAMAICHI E...

NKK SWITCHES

FUJITSU FR...

NIPPON AVI...

JEOL

FANUC

FDK

CMK

FUKUDA DEN...

ENPLAS

DAISHINKU

ROHM

SANKO

HAMAMATSU ...

SHINKO ELE...

MATSUO ELE...

KYOCERA

KYOEI SANGYO

MURATA MAN...

LEAD

U-SHIN

FUTABA

HOKURIKU E...

SHIZUKI EL...

TOKAI RIKA

NICHICON

NIPPON TUN...

KOA

MITSUI ENG...

HITACHI ZO...

MITSUBISHI...

KAWASAKI H...

IHI

NAMURA SHI...

NAIKAI ZOSEN

NITCHITSU

SANOYAS HO...

NIPPON SHA...

MITSUB.NIC...

KINKI SHARYO

SHIMANE BANK

LIFENET IN...

JIMOTO HOL...

ASTMAX

ZENKOKU HO...

ASHIKAGA H...

NEWTON FIN...

x

NISSAN MOTOR

ISUZU MOTORS

TOYOTA MOTOR

HINO MOTORS

MITSUBISHI...

F-TECH

LECIP HOLD...

FALTEC

TANAKA SEI...

MUSASHI SE...

NISSAN SHA...

SHINMAYWA ...

YUTAKA GIKEN

NISSIN KOGYO

TOPY INDUS...

TOKYO RADI...

T RAD

AKEBONO BR...

TACHI-S

NOK

FUTABA IND...

KAYABA IND...

ICHIKOH IN...

PRESS KOGYO

MIKUNI

x

PACIFIC IN...

KEIHIN

UNIVANCE

KASAI KOGYO

AISIN SEIKI

MAZDA MOTOR

IMASEN ELE...

HONDA MOTOR

TATSUMI

SUZUKI MOTOR

FUJI HEAVY...

YASUNAGA

YAMAHA MOTOR

IKUYO

SHOWA

KOITO MANU...

TBK

EXEDY

HI-LEX

MITSUBA

TOYODA GOSEI

AISAN INDU...

MEIWA INDU...

NIPPON SEIKI

NIHON PLAST

MURAKAMI

YOROZU

FCC YACHIYO IN...

FUJI OOZX

ARAYA INDU...

TS TECH

SHOWA AIRC...

JAMCO

ATOM

x

YAMADAI

x

NAKAYAMAFUKU

YOKOHAMA G...

HARIMA-KYOWA

MITSUBISHI...
RYOHIN KEI...

DAIICHIKOSHO

MEDIPAL HO...

YAGI

KIMURA

DAIYA TSUSHO

SPK

TOBA

ALBIS

MURAKI

SUZUDEN

OIE SANGYO

x

SANRIN

NISSIN SHOJI

KOHSOKU

HOUSE OF R...

TAKEBISHI

WATAMI

MARCHE

RIX

DON QUIJOT...

DAISUI

NISHIMATSU...

ZENSHO HOL...

HAPPINET

KOURAKUEN

GLOBAL FOO...

HURXLEY

ANRAKUTEI

WORKMAN

MANSEI

HASHIMOTO ...

JAPAN LIFE...

NICHIRYOKU

TAKASHO

ARGO GRAPH...

UORIKI

JAP.MED.DY...

COLOWIDE

UKAI

OHASHI TEC...

x

SHIMADZU

JMS

KAWASUMI L...

GL SCIENCES

KUBOTEK

NAGANO KEIKI

V TECHNOLOGY

TOKYO KEIKI

AICHI TOKE...

OVAL
TOKYO SEIM...

TOPCON

OLYMPUS

RIKEN KEIKI

SCREEN HOL...

TAMRON

A D

HOLON

SEKONIC HO...

CITIZEN HDG.

JECO

RHYTHM WATCH

NIHON SEIM...

JAPAN TISS...

CYBERDYNE

NIHON FLUSH

EIDAI

BANDAI NAM...

R C CORE

ENDO MNFG.

SEKI

AVEX GROUP...

TOPPAN FORMS

FUKUVI CHM...

ARRK

LEC

x

EIDAI KAKO

SUN MESSE

TAKANO

YAMATO IND.

NANKAI PLY...

JAPAN U-PICA

x

SEVEN INDU...

HOKUSHIN

DAIKEN

KIMOTO

TOPPAN PRI...

DAI NIPPON...

NISSHA PRI...

MITSUMURA ...

VIA HDG.

TOIN

MAEZAWA KA...

MUTO SEIKO

NIPPI

REGAL

JSP

NICHIHA

KOYOSHA

FP

YAMAHA

KAWAI MSL....

KIKUSUI CH...

KANEMATSU-...

ZOJIRUSHI

LINTEC

SHIN-ETSU ...

TOLI

NINTENDO

SHOFU

SHIGEMATSU...

KOKUYO

NEPON

NAKABAYASHI

GLOBERIDE

MAMIYA-OP

SAILOR PEN

OKAMURA

NIPPON VAL...

ITOCHU

MARUBENI

SCROLL

YUASA FUNA...

TAKASHIMA

NAGASE

CHORI

TOYOTA TSU...

SANKYO SEIKO

KANEMATSU
DAIKO DENS...

TSUKAMOTO

FAMILYMART

CHUO GYORUI

MITSUI

JAPAN PULP...

TOKYO ELEC...

HITACHI HI...

TOHTO SUISAN

TSUKIJI UO...

STARZEN

YOKOHAMA M...

MARUFUJI S...

SEIKO HOLD...

YAMAZEN

TSUBAKIMOT...

SUMITOMO

NIHON UNISYS

MITSUBISHI

DAIICHI JI...

CANON MARK...

SEIKA

SATO SHOJI

MITANI

TOKYO SANGYO

YUASA TRAD...

SHINSHO

x

HANWA

KANADEN

RYODEN TRA...

NARASAKI S...

NIPRO

FURUSATO I...

IWATANI

NICE HOLDI...

NICHIMO

KYOKUTO BO...

KANEMATSU ...

INABATA   ...

GSI CREOS

MEIWA

x

MARUSHO   ...

GOLDWIN

DESCENTE

MOONBAT

CENTRAL AU...
KING

T KAWABE

TOHO HOLDI...

SANGETSU

MITSUUROKO...

SINANEN

ITOCHU ENEX

ZETT

SUN-WA TEC...

SANKYOKASEI

NAGAHORI

DENKYOSHA

x

TOMITA

SOMAR

MOS FOOD S...

TSUZUKI DE...

SODA NIKKA

TACHIBANA ...

KISOJI

SATO REST....

SENSHUKAI

JOSHIN DENKI

NIPPON GAS

ROYAL HDG.

INAGEYA x

ENCHO

FRIENDLY

GINZA YAMA...

KOMERI

TAKACHIHO

RIKEI

SHIMAMURA

x

MATSUYA

TECHNO ASS...

MARUI GROUP

CREDIT SAI...

AXIAL RETA...

AEON

FORVAL
YAOKO

NISSAN TOK...

FAMILY

SHINSEI BANK

RESONA HOL...

DAISHI BANK

HOKUETSU B...

CHIBA BANK

GUNMA BANK

MUSASHINO ...

CHIBA KOGY...

77 BANK

AKITA BANK

YAMAGATA B...

TOHO BANK

FUKUOKA FI...

SHIZUOKA B...

JUROKU BANK

SURUGA BANK

HACHIJUNI ...

YAMANASHI ...

OGAKI KYOR...

FUKUI BANK

HOKKOKU BANK

SHIMIZU BANK

THE BANK O...

SHIGA BANK

NANTO BANK

HYAKUGO BANK

BANK OF KY...

KIYO BANK

HIROSHIMA ...

SAN-IN GOD...

CHUGOKU BANK

TOTTORI BANK

IYO BANKHYAKUJUSHI...

SHIKOKU BANK

AWA BANK

OITA BANK

MIYAZAKI B...

BANK OF SAGA

EIGHTEENTH...

x

SEVEN BANK

MIZUHO FIN...

BANK OF KO...

YAMAGUCHI ...

x

ACCRETIVE

IBJ LEASING

CENTURY TO...

FUTURE VET...

SBI HDG.

JAPAN SECS...

AIFUL

JAPAN ASIA...

NAGANO BANK

BANK OF NA...

NORTH PACI...

AICHI BANK

CHUKYO BANK

TAIKO BANK

x

EHIME BANK

TOMATO BANK

KEIYO BANK

TOCHIGI BANK

x

TOWA BANK

x

x

FUKUSHIMA ...

DAITO BANK

JACCS

ORIENT

HITACHI CA...

APLUS FINA...

ORIX

MITSUB.UFJ...

x

TOMONY HOL...

DAIWA SECU...

NOMURA HDG.

OKASAN SEC...

TOYO SECUR...

MITO SECUR...

MATSUI SEC...

SOMPO JAPA...

DAIKO CLEA...

MONEX GROUP

KABU.COM S...

TRADERS HO...

OKATO HDG.

KYOKUTO SE...

AIZAWA SEC...

SENSHU IKE...

MS AD INSU...

SONY FINAN...

MONEY PART...

DAI-ICHI L...

ADVANTAGE ...

EGUARANTEE

GFA

NEC CAPITA...

MITSUI FUD...

MITSUBISHI...

HEIWA REAL...

TOKYO TATE...

DAIBIRU

KEIHANSHIN...

SUMITOMO R...

TAIHEIYO K...

DAIKYO

TOC

LEOPALACE21

URBAN LIFE

AIRPORT FA...

NIHON ESLEAD

RAYSUM

MG HOME

SHIN-NIHON...

CEN.21 RLS...

SUNWOOD

JAPAN ASSE...

NTT URBAN ...

SUN FRONTI...

LOGICOM

x

x

x

x

SOTETSU HO...

TOKYU

KEIKYU

ODAKYU ELE...

KEIO
KEISEI ELE...

FUJI KYUKO

CHICHIBU R...

SHIN-KEISE...

NIIGATA KO...

EAST JAPAN...

WEST JAPAN...

CENTRAL JA...

KONOIKE TR...

x

HIGASHI TW...

NISHI-NIPP...

HIROSHIMA ...

NANSO TRAN...

KINTETSU G...

HANKYU HAN...

NANKAI ELE...

KEIHAN ELE...

KOBE ELEC....

NAGOYA RAI...

KEIFUKU EL...

SENKON LOG...

SANYO ELEC...

ALPS LOGIS...

ENSHU TRUCK

JAPAN LOGI...

NIPPON EXP...

OKAYAMAKEN...

SANKYU

NISSIN

MARUWN

SENKO
TONAMI HOL...

NIPPON KON...

KYOGOKU UN...

JAPAN OIL ...

FUKUYAMA T...

SEINO HDG.

x

x

KANAGAWA C...

DAIWA MOTO...

SHINKI BUS

x

HITACHI TR...

TAKASE

MARUWA UNY...

NIPPON YUS...

MITSUI OSK...

KAWASAKI K...
NS UNITED ...

MEIJI SHIP...

IINO KAIUN...

KYOEI TANKER

KURIBAYASH...

TOKAI KISEN

KAWASAKI K...

TOKYO KISEN

JAPAN AIRL...

ANA HOLDINGS

STAR FLYER

PASCO

x

MITSUBISHI...

SUMITOMO W...

SHIBUSAWA ...

YAMATANE

TOYO LOGIS...

SUGIMURA W...

JAPAN TRAN...

KEIHINASIA ALLIA...

CHUO WAREH...

YASUDA WAR...

TOYO WHARF...

RINKO

x

UTOC

x

SUZUYO SHI...

HYOKI KAIU...

DAIUN

TRADIA

DAITO KOUN

KIMURA UNITY

KINTETSU W...

AGP

AZUMA SHIP...

SHOEI

TOKYO BCAS...

x

NIPPON TEL...

ASAHI BROA...

x

BROADCASTI...

TV ASAHI H...

SKY PERFEC...

TV TOKYO H...

NEPRO JAPAN

CONEXIO

FORVAL REA...

CROPS

NIPPON TEL...

KDDI

HIKARI TSU...

OKINAWA CE...

NTT DOCOMO...

TOSHIN

FORVAL TEL...

x

ZENRIN

SHOBUNSHA ...

SE HDG. AN...

TOKYO ELEC...

CHUBU ELEC...

KANSAI ELE...

CHUGOKU EL...

TOHOKU ELE...

SHIKOKU EL...

KYUSHU ELE...

HOKKAIDO E...

TOKYO GAS

OSAKA GAS

TOHO GAS

HOKKAIDO GAS

HIROSHIMA ...

SAIBU GAS

HOKURIKU GAS

I-NET

SHOCHIKU F...

TOHO

TOEI

WILSON LEA...

LUCKLAND

NTT DATA

TOKYO THEA...

SANKYO FRO...

SAISON INF...

x

BUSINESS B...

NAGAWA

x

YOMIURI LAND

KAGETSUENK...

JOBAN KOSAN

TOKYO DOME

TOYO TEC

KSK

RYOMO SYST...

KAMOGAWA G...

CREO

TOKYO KAIKAN

JAPAN AIRP...

UNIMAT SOY... IMPERIAL H...

NCS A

ROYAL HOTEL

TRANS COSMOS

SCSK

FUJITA KANKO

NIPPON KAN...

TOKAI

SECOM

NIPPON SYS...

CENTRAL SC...

FUJI SOFT

OYO

NSD

SHINGAKUKAI

MARUBENI C...

KONAMI

SAPPORO CL...

BENESSE HO...

NICHII GAK...

NIPPON STE...

JEUGIA

YAMADA DENKI

PARKER

KYODO PAPER

GOURMET KI...

GINZA RENOIR

KU HOLDINGS

EIWA

SOLEKIA

KFC HOLDIN...

INNOTECH

YELLOW HAT

UEX

JBCC HOLDI...

MAKIYA

JK HOLDINGS

JOLLY-PASTA

SAGAMI CHAIN

NICHIDEN

VERITE

FUJII SANGYO

NIPPO

UEMATSU SH...

KANSAI SUP...

MIROKU JYO...

HEIWA PAPER

SUGIMOTO

INABA DENK...

OHSHO FOOD...

COCO'S JAPAN

HACHI-BAN

YONKYU

VALOR

ASEED HOLD...

TOTECH

ITEC

SAKAI TRAD...

SHOKUBUN

MARUKO

ZAOH

YAMAYA

RENESAS EA...

SATOH

Figure B.10: Ownership network in 2013

This visualization shows the ownership network. The label size is propor-
tional to the number of links. Color coding has been used to highlight the
(overlapping and weak) communitiy structures.
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Appendix C. Firm profitability analysis

-0.0047456

 0.0096919   0.040169   0.067129   0.054272   0.088713

  0.042207   0.020874   0.059742   0.030849

r owned < 0.0313999   

t assets < 10.2363   r owner < 0.0575124   

constr = 0   r owned < 0.0632632   r owned < 0.0662283   

r blink < 0.0366695   

eigen c < 0.693147   owned < 75   

  r owned >= 0.0313999

  t assets >= 10.2363   r owner >= 0.0575124

   constr = 1   r owned >= 0.0632632   r owned >= 0.0662283

  r blink >= 0.0366695

  eigen c >= 0.693147   owned >= 75

Figure C.11: Regression tree for 2010

This example shows prototypically the results of the regression tree analysis.
Branches are labeled with the split variable and the split point value. End
leaves show the expected resulting ROA for firms that fall into the category
that is defined by the splits in the tree strucure.
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