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J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?The bakbone of omplex networks of orporations:Who is ontrolling whom?J.B. Glattfelder, S. BattistonChair of Systems Design, ETH Zurih, Kreuzplatz 5, 8032 Zurih, Switzerlandjglattfelder�ethz.h, sbattiston�ethz.hAbstratWe present a methodology to extrat the bakbone of omplex networks in whih theweight and diretion of links, as well as non-topologial state variables assoiated with nodesplay a ruial role. This methodology an be applied in general to networks in whih massor energy is �owing along the links. In this paper, we show how the proedure enables usto address important questions in eonomis, namely how ontrol and wealth is struturedand onentrated aross national markets. We report on the �rst ross-ountry investigationof ownership networks in the stok markets of 48 ountries around the world. On the onehand, our analysis on�rms results expeted on the basis of the literature on orporateontrol, namely that in Anglo-Saxon ountries ontrol tends to be dispersed among numerousshareholders. On the other hand, it also reveals that in the same ountries, ontrol is foundto be highly onentrated at the global level, namely lying in the hands of very few importantshareholders. This result has previously not been reported, as it is not observable withoutthe kind of network analysis developed here.PACS numbers: 89.65.Gh, 02.50.-r, 05.45.Df, 64.60.aq1 IntrodutionThe empirial analysis of real-world omplex networks has revealed unsuspeted regularitiessuh as saling laws whih are robust aross many domains, ranging from biology or omputersystems to soiety and eonomis [1, 2, 3, 4℄. This has suggested that universal or at least generimehanisms are at work in the formation of many suh networks. Tools and onepts fromstatistial physis have been ruial for the ahievement of these �ndings [5, 6℄.In the last years, in order to o�er useful insights into more detailed researh questions, severalstudies have started taking into aount the spei� meaning of the nodes and links in the variousdomains the the real-world networks pertain to [7, 8℄. Three levels of analysis are possible. Thelowest level orresponds to a purely topologial approah (best epitomized by a binary adjaenymatrix, where links simply exists or do not). Allowing the links to arry weights [7℄, or weightsand diretion [9℄, de�nes the seond level. Only reent studies have started fousing on the thirdlevel of detail, in whih the nodes themselves are assigned a degree of freedom, sometimes alsoalled �tness. This is a non-topologial state variables whih shapes the topology of the network[8, 10, 11℄. 1/33
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J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?Indeed, when analyzing real-world networks, onsidering all three levels an yield new insightswhih would otherwise remain unobserved. For instane, in the present paper, the identi�ationof the key players in the networks under study is only possible if the network analysis takes intoaount a non-topologial variable (namely, the value of the market apitalization of the listedompanies). In doing so, we are able to show that in markets where the ontrol of orporationstends to be more evenly distributed aross many shareholders, unexpetedly, the ontrol, from aglobal point of view, tends to be more onentrated in the hands of few shareholders. This resultis in ontrast with previously held views in the eonomis literature.However, onsidering all three levels of detail does not guarantee per se that new insights anbe gained. It is also essential that the standard measures utilized in the analysis of omplexnetworks are appropriately adapted to the spei� nature of the network under investigation.For instane, the study of the degree distribution in various real-world networks has revealeduniversal features aross di�erent domains [12℄. In many ases however, the degree of the nodesis not a suitable measure of onnetivity [7, 10℄. In this paper, we introdue novel quantities,analogous to in- and out-degree, whih are better suited for networks in whih the relative weightof the links are important.The physis literature on omplex eonomi networks has previously foused on boards of di-retors [13, 14℄, market investments [10, 15℄, stok prie orrelations [16, 17℄ and internationaltrade [18, 19℄. In this ontext, the present work represents the �rst omprehensive ross-ountryanalysis of 48 stok markets world-wide. The paper introdues a novel algorithm able to identifyand extrat the bakbone in the networks of ownership relations among �rms. Notably, we alsoprovide a generalization of the method appliable to networks in whih weights and diretion oflinks, as well as non-topologial state variables assigned to the nodes play a role. In partiular,the method is relevant for networks in whih there is a �ow of mass (or energy) along the linksand one is interested in identifying the subset of nodes where a given fration of the mass of thesystem is �owing.In this paper, we show how this type of omplex network analysis an address researh questionsthat are important in eonomis. To this aim, we need to brie�y review the relevant literature. Ineonomis, the orporate �nane and orporate governane literature addresses issues related tothe notions of ownership and ontrol. As an example, the question to what extent the eonomiativities of a ountry are in the ontrol of one or more groups of few ators has been a reurringtheme. The answer has important impliations in terms of ompetition, innovation, and even forpolitial power [20℄.There is a vast body of literature on orporate ontrol that fouses on orporations as individualunits. The researh topis this �eld of study addresses an be grouped into three major ategories.Firstly, analyzing the dispersion or onentration of ontrol [21, 22, 23℄. Seondly, empiriallyinvestigating how the patterns of ontrol vary aross ountries and what determines them [24, 25℄.2/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?And thirdly, studying the impat of frequently observed omplex ownership patterns [26, 27, 28,29℄ suh as so-alled pyramids [30℄ and ross-shareholdings (also known as business groups) [31℄.In addition, researh in ooperative game theory analyzing politial voting games has resulted inthe development of so-alled power indies [32, 33℄. These ideas have been applied to oalitionsof shareholders voting at Shareholders Meetings [34℄.It should be noted that most previous empirial studies did not build on the idea that ownershipand ontrol de�ne a vast omplex network of dependenies. Instead, they seleted samples ofspei� ompanies and looked only at their loal web of interonnetions. These approahes areunable to disern ontrol at a global level. This emphasizes the fat that the bird's-eye-view givenby a network perspetive is important for unveiling overarhing relationships. Remarkably, theinvestigation of the �nanial arhiteture of orporations in national or global eonomies takenas a whole is just at the beginning [10, 35, 36℄.In a nutshell, the researh questions arising from the analysis of ownership networks an besummarized as follows: what is the map of orporate ontrol? This entails the study of the globaldistribution of ontrol next to identifying the degree of fragmentation or integration of suhontrol strutures. These questions an be posed at a ountry or at a world-wide level.In this paper, we fous only on the issue of how ontrol is distributed, at the ountry level, basedon the knowledge of the ownership ties. Indeed, although ontrol is exerised in many subtle ways,ownership is ertainly one of the main vehiles of ontrol. As mentioned, our aim is to investigatethe nature of ownership networks, that is, a web of shareholding relations of quoted ompaniesand their shareholders in 48 ountry's stok markets. In detail, we address the issue of how ontroland wealth is strutured in these markets. As a �rst step, we propose a new model to estimateorporate ontrol based on the knowledge of the ownership ties. We then not only inorporate allthree levels of network analysis, but also onsider higher orders of neighborhood relations, nextto aounting for all indiret ownership ties in our study. In this respet, to our knowledge, thereexists no omparable work of this kind in the literature. Our methodology allows us to identifyand extrat the ore subnetwork where most of the value of the stok market resides, alled thebakbone of ontrol. The analysis of these strutures reveals previously unobservable results. Notonly is the loal dispersion of ontrol assoiated with a global onentration of ontrol and value,in addition, the loal onentration of ontrol is related to a global dispersion of ontrol andvalue. In detail, an even distribution of ontrol at the level of individual orporations (typial ofAnglo-Saxon markets) is aompanied by a high onentration of ontrol and value at the globallevel. This novel observation means that, in suh ountries, although stoks tend to be held bymany shareholders, the market as a whole is atually ontrolled by very few shareholders. On theother hand, in ountries where the ontrol is loally onentrated (e.g., European states), ontroland value is dispersed at the global level, meaning that there is a large number of shareholdersontrolling few orporations. 3/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?The paper is organized as follows. Se. 2 desribes the dataset we used. In Se. 3 we introdueand disuss our methodology and perform a preliminary topologial analysis of the networks.Se. 4 desribes the bakbone extration algorithm. In partiular, we show that the method anbe generalized by providing a reipe for generi weighted and direted networks. The setionalso introdues lassi�ation measures whih are employed for the bakbone analysis in Se. 5.Finally, Se. 6 summarizes our results and onludes the paper.2 The DatasetWe are able to employ a unique dataset onsisting of �nanial data on publi ompanies and theirshareholders in global stok markets. We onstrain our analysis to a subset of 48 ountries: UnitedArab Emirates (AE), Argentina (AR), Austria (AT), Australia (AU), Belgium (BE), Bermuda(BM), Canada (CA), Switzerland (CH), Chile (CL), China (CN), Germany (DE), Denmark (DK),Spain (ES), Finland (FI), Frane (FR), United Kingdom (GB), Greee (GR), Hong Kong (HK),Indonesia (ID), Ireland (IE), Israel (IL), India (IN), Ieland (IS), Italy (IT), Jordan (JO), Japan(JP), South Korea (KR), Kuwait (KW), Cayman Islands (KY), Luxembourg (LU), Mexio (MX),Malaysia (MY), Netherlands (NL), Norway (NO), New Zealand (NZ), Oman (OM), Philippines(PH), Portugal (PT), Saudi Arabia (SA), Sweden (SE), Singapore (SG), Thailand (TH), Tunisia(TN), Turkey (TR), Taiwan (TW), USA (US), Virgin Islands (VG), South Afria (ZA). In thefollowing, the ountries will be identi�ed by their two letter ISO 3166-1 alpha-2 odes given in theparenthesis above. To assemble the ownership networks of the individual ountries, we selet thestoks in the ountry's market and all their available shareholders, who an be natural persons,national or international orporations themselves, or other legal entities.The data is ompiled from Bureau van Dijk's ORBIS database1. In total, we analyze 24877orporations (or stoks) and 106141 shareholding entities who annot be owned themselves (in-dividuals, families, ooperative soieties, registered assoiations, foundations, publi authorities,et.). Note that beause the orporations an also appear as shareholders, the network does notdisplay a bipartite struture. The stoks are onneted through 545896 ownership ties to theirshareholders. The database represents a snapshot of the ownership relations at the beginning of2007. The values for the market apitalization, whih is de�ned as the number of outstandingshares times the �rm's market prie, are also from early 2007. These values will be our proxy forthe size of orporations and hene serve as the non-topologial state variables.We ensure that every node in the network is a distint entity. In addition, as theoretially thesum of the shareholdings of a ompany should be 100%, we normalize the ownership perentagesif the sum is smaller due to unreported shareholdings. Suh missing ownership data is nearlyalways due to their perentage values being very small and hene negligible.1http://www.bvdep.om/orbis.html. 4/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?3 A 3-Level Network AnalysisStandard network analysis fouses on topis like degree distribution, assortativity, lusteringoe�ients, average path lengths, onneted omponents, et. However, our spei� interest inthe struture of ontrol renders most of these quantities inappropriate.For instane, the out-degree measures, in an ownership network, the number of �rms in whih ashareholder has invested. A high out-degree does not imply high ontrol sine the shares ould bevery small. Similarly, the in-degree, revealing the number of shareholders a orporation has, giveslittle insight into the amount of in�uene these shareholders an exert. In Se. 3.2 we thereforeextend the notion of degree to �t our ontext. Consequently, it is also not lear how to interpretdegree-degree orrelations, i.e., (dis-) assortativity.The lustering oe�ient de�ned for undireted graphs is equivalent to ounting the numberof triangles in a network. It does not have an obvious interpretation in the direted ase, sinean undireted triangle an orrespond to several direted triangle on�gurations. Clusteringoe�ients have been introdued for weighted and undireted networks [7℄, next to weighted anddireted networks [37℄. However, these de�nitions only onsider paths of length two. In ontrast,in this paper, we use a measure of ontrol that onsider all paths of all lengths (see Se. 3.5).Indeed, the knowledge of all the stoks reahable from any partiular shareholder representsnothing else than a de�nition of indiret ontrol.For similar reasons, the average path length for the undireted graph does not have an interpre-tation in terms of ontrol. Therefore, for our purposes, it also does not make sense to omputethe small-world property (whih is based on the two previously disussed quantities) of thesereal-world networks.On the other hand, an analysis of the onneted omponents may provide insights into the degreeof fragmentation of the apital markets and we brie�y address this issue in the following setion.We then introdue extensions of existing network measures and de�ne new quantities that bettersuit the ownership networks whih are subsequently analyzed at all three levels of resolution inSe. 4.3.1 Level 1: Topologial analysisThe network of ownership relations in a ountry is very intriate and a ross-ountry analysis ofsome basi properties of these networks reveals a great level of variability.For example, an analysis of the number and sizes of onneted omponents unveils a spetrumranging from a single onneted omponent in IS to 459 in the US. With a size of 18468, thelargest onneted omponent in the US is bigger than any single national ownership network inour sample. 5/33
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Figure 1: Shemati illustration of a bow-tie topology: the entral area is the strongly on-neted omponent (SCC), where there is a path from eah node to every other node, and theleft (IN) and right (OUT) setions ontain the inoming and outgoing nodes, respetively.Many small omponents orrespond to a fragmented apital market while a giant and denseomponent orresponds to an integrated market. It is however not very lear what suh on-neted omponents reveal about the struture and distribution of ontrol. The same pattern ofonneted omponents an feature many di�erent on�gurations of ontrol. Therefore, it makessense to move on to the next level of analysis by introduing the notion of diretion. Now itis possible to identify strongly onneted omponents. In terms of ownership networks, thesepatterns orrespond to sets of orporations where every �rm is onneted to every other �rm viaa path of indiret ownership. Furthermore, these omponents may form bow-tie strutures, akinto the topology of the World Wide Web [38℄. Fig. 1 illustrates an idealized bow-tie topology.This struture re�ets the �ow of ontrol, as every shareholder in the IN setion exerts ontroland all orporations in the OUT setion are ontrolled.We �nd that roughly two thirds of the ountries' ownership networks ontain bow-tie strutures(see also [39℄). Indeed, already at this level of analysis, previously observed patterns an be redis-overed. As an example, the ountries with the highest ourrene of (small) bow-tie struturesare KR and TW, and to a lesser degree JP. A possible determinant is the well known existeneof so-alled business groups in these ountries (e.g., the keiretsu in JP, and the haebol in KR)forming a tightly-knit web of ross-shareholdings (see the introdution and referenes in [31℄ and[40℄). For AU, CA, GB and US we observe very few bow-tie strutures of whih the largest oneshowever ontain hundreds to thousands of orporations. It is an open question if the emergeneof these mega-strutures in the Anglo-Saxon ountries is due to their unique �type� of apitalism(the so-alled Atlanti or stok market apitalism, see the introdution and referenes in [41℄),and whether this �nding ontradits the assumption that these markets are haraterized by theabsene of business groups [31℄.Continuing with this line of researh would lead to the question of how ontrol is fragmented(e.g., investigations of the distribution of luster sizes, luster densities, et.). Further analyzingthis issue at the third level would require the weight of links and non-topologial variables of thenodes to be onsidered as well. As our urrent interest is devoted to the �rst question of how6/33
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Figure 2: The map of ontrol: illustration of idealized network topologies in terms of loaldispersion of ontrol (x-axis) vs. global onentration of ontrol (y-axis); shareholders andstoks are shown as empty and �lled bullets, respetively; arrows represent ownership; onsultthe disussion in the text; s and h will be introdued in Se. 4.4; see Fig. 11 for the empirialresults.ontrol is distributed, we do not further investigate the nature of the onneted omponents.We ask instead what strutures an be identi�ed that re�et the onentration of ontrol. Ourproposed methodology answers this question by extrating the ore strutures of the ownershipnetworks � the bakbones � unveiling the seat of power in national stok markets (see Se. 4).Fig. 2 antiipates the possible generi bakbone on�gurations resulting from loal and globaldistributions of ontrol. Moving to the right-hand side of the x-axis the stoks have many share-holders (loal dispersion of ontrol), whereas stoks on the very left side have only one shareholdereah. The y-axis depits the global onentration of ontrol, i.e., how many shareholders are on-trolling all the stoks in the market. Moving up the y-axis, the stoks are held by fewer and fewershareholders. There is a onsisteny onstraint on the oordinates that are allowed and region(E) is exluded. Possible network on�gurations are (A) many owners sharing many stoks, (B)few shareholders holding many stoks, (C) a single shareholder ontrolling all the stoks and (D)a situation with an equal number of shareholders, ownership ties and stoks. Note that (A) doesnot neessarily need to be a onneted struture as many fragmented network on�gurations anresult in suh oordinates.
7/33
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i1 i2 i3

j
sj

Wi1j

Wi2j

Wi3jFigure 3: De�nition of the onentration index sj, measuring the number of prominent in-oming edges, respetively the e�etive number of shareholders of the stok j. When all theweights are equal, then sj = kin
j , where kin

j is the in-degree of vertex j. When one weightis overwhelmingly larger than the others, the onentration index approahes the value one,meaning that there exists a single dominant shareholder of j.3.2 Level 2: Extending the notions of degreeIn graph theory, the number of edges per vertex i is alled the onnetivity degree and is denotedby ki. If the edges are oriented, one has to distinguish between the in-degree and out-degree,
kin and kout, respetively. When the edges are weighted, the orresponding quantity is alledstrength [7℄:

kw
i :=

∑

j

Wij. (1)Note that for weighted and oriented networks, one has to distinguish between the in- and out-strengths, kin−w and kout−w, respetively.However, the interpretation of kin/out−w is not always straightforward for real-world networks.In the ase of ownership networks, as mentioned in Se. 3, there is no useful meaning assoiatedwith these values. In order to provide a more re�ned and appropriate desription of weightedownership networks, we introdue two quantities that extend the notions of degree and strengthin a sensible way.The �rst quantity to be onsidered re�ets the relative importane of the neighbors of a vertex.More spei�ally, given a vertex j and its inoming edges, we fous on the originating vertiesof suh edges, as shown in Fig. 3. The idea is to de�ne a quantity that aptures the relativeimportane of inoming edges.When there are no weights assoiated with the edges, we expet all edges to ount the same. Ifweights have a large variane, some edges will be more important than others. A way of measuringthe number of prominent inoming edges is to de�ne the onentration index as follows:
sj :=

(

∑kin
j

i=1 Wij

)2

∑kin
j

i=1 W 2
ij

. (2)8/33
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i1

j1

j2

j3

i2

i3

Hi1j1

Hi1j2

Hi1j3

Hi2j3

Hi3j3

hi1Figure 4: The de�nition of the ontrol index hi, measuring the number of prominent outgoingedges. In the ontext of ownership networks this value represents the e�etive number of stoksthat are ontrolled by shareholder i. Note that to obtain suh a measure, we have to onsiderthe fration of ontrol Hij, whih is a model of how ownership an be mapped to ontrol (seethe disussion in Se. 3.5).Note that this quantity is akin to the inverse of the Her�ndahl index extensively used in eonomisas a standard indiator of market onentration [42℄. Indeed, already in the 1980s the Her�ndahlindex was also introdued to measure ownership onentration [43℄. Notably, a similar measurehas also been used in statistial physis as an order parameter [44℄. In the ontext of ownershipnetworks, sj is interpreted as the e�etive number of shareholders of the stok j. Thus it an beinterpreted as a measure of ontrol from the point of view of a stok.The seond quantity to be introdued measures the number of important outgoing edges of theverties. For a given vertex i, with a destination vertex j, we �rst de�ne a measure whih re�etsthe importane of i with respet to all verties onneting to j:
Hij :=

W 2
ij

∑kin
j

l=1 W 2
lj

. (3)This quantity has values in the interval (0, 1]. For instane, if Hij ≈ 1 then i is by far the mostimportant destination vertex for the vertex j. For our ownership network, Hij represents thefration of ontrol shareholder i has on the ompany j. For an interpretation of Hij from aneonomis point of view, onsult Se. 3.5.In a next step, we then de�ne the ontrol index :
hi :=

kout
i

∑

j=1

Hij. (4)As shown in Fig. 4, this quantity is a way of measuring how important the outgoing edges of anode i are with respet to its neighbors' neighbors. Within the ownership network setting, hi isinterpreted as the e�etive number of stoks ontrolled by shareholder i.
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J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?3.3 Distributions of s and hIn this paper, s and h are primarily used in the algorithm that extrats the bakbone (see Se.4). However, these measures an also provide insights into the patterns of how ownership andontrol are distributed at a loal level.Fig. 5 shows the probability density funtion (PDF) of sj for a seletion of nine ountries (forthe full sample onsult [45℄). There is a diversity in the shapes and ranges of the distributionsto be seen. For instane, the distribution of GB reveals that many ompanies have more than20 leading shareholders, whereas in IT few ompanies are held by more than �ve signi�antshareholders. Suh ountry-spei� signatures were expeted to appear due to the di�erenes inlegal and institutional settings (e.g., law enforement, protetion of minority shareholders [25℄).On the other hand, looking at the umulative distribution funtion (CDF) of kout
i (shown for threeseleted ountries in the top panel of Fig. 6; the full sample is available at [45℄) a more uniformshape is revealed. The distributions range aross two to three orders of magnitude. Hene someshareholders an hold up to a ouple of thousand stoks, whereas the majority have ownershipin less than 10. Considering the CDF of hi, seen in the middle panel of Fig. 6, one an observethat the urves of hi display two regimes. This is true for nearly all analyzed ountries, with aslight ountry-dependent variability. Notable exeptions are FI, IS, LU, PT, TN, TW, VG. Inorder to understand this behavior it is useful to look at the PDF of hi, shown in the bottompanel of Fig. 6. This unovers a new systemati feature: the peak at the value of hi = 1 indiatesthat there are many shareholders in the markets who's only intention is to ontrol one singlestok. This observation, however, ould also be due to a database artefat as inompleteness ofthe data may result in many stoks having only one reported shareholder. In order to hek that
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Figure 6: Various probability distributions for seleted ountries: (top panel) CDF plot of kout
i ;(middle panel) CDF plot of hi; (bottom panel) PDF plot of hi; all plots are in log-log sale.this result is indeed a feature of the markets, we onstrain these ownership relations to the onesbeing bigger than 50%, re�eting inontestable ontrol. In a subsequent analysis we still observethis pattern in many ountries (BM, CA, CH, DE, FR, GB, ID, IN, KY, MY, TH, US, ZA; ESbeing the most pronouned). In addition, we �nd many suh shareholders to be non-�rms, i.e.,people, families or legal entities, hardening the evidene for this type of exlusive ontrol. Thisresult emphasizes the utility of the newly de�ned measures to unover relevant strutures in thereal-world ownership networks.3.4 Level 3: Adding non-topologial valuesThe quantities de�ned in Eqs. (2) and (4) rely on the diretion and weight of the links. However,they do not onsider non-topologial state variables assigned to the nodes themselves. In ourase of ownership networks, a natural hoie is to use the market apitalization value of �rms inthousand USD, vj , as a proxy for their sizes. Hene vj will be utilized as the state variable in thesubsequent analysis. In a �rst step, we address the question of how muh wealth the shareholdersown, i.e, the value in their portfolios.As the perentage of ownership given by Wij is a measure of the fration of outstanding shares

i holds in j, and the market apitalization of j is de�ned by the number of outstanding sharestimes the market prie, the following quantity re�ets i's portfolio value:
pi :=

kout
i

∑

j=1

Wijvj. (5)11/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?Extending this measure to inorporate the notions of ontrol, we replae Wij in the previousequation with the fration of ontrol Hij, de�ned in Eq. (3), yielding the ontrol value:
ci :=

kout
i

∑

j=1

Hijvj . (6)A high ci value is indiative of the possibility to ontrol a portfolio with a big market apitalizationvalue. This newly introdued quantity (extended to also inlude indiret ontrol relations, asdesribed in the next setion) is used in Se. 4.1 to identify and rank the important shareholders.3.5 The interpretation and extension of HijIn Se. 3.2 the fration of ontrol, Hij, was introdued from a network perspetive as giving therelative importane of node i with respet to all other nodes linking to j. From an eonomis pointof view, it should be emphasized that while ownership is an objetive quantity (the perentage ofshares owned), ontrol an only be estimated. Several models aiming at deriving ontrol based onthe knowledge of ownership have been proposed. In this setion we disuss how our new measureoveromes some of the limitations of previous models.There is a great freedom in how orporations are allowed to map perentages of ownershipin their equity apital (also referred to as ash-�ow rights) into voting rights assigned to theholders at Shareholders Meetings (e.g., nonvoting shares, dual lasses of shares, multiple votingrights, golden shares, voting-right eilings, et.). However, empirial studies indiate that in manyountries the orporations tend not to exploit all the opportunities allowed by national laws toskew voting rights. Instead, they adopt the so-alled one-share-one-vote priniple whih statesthat ownership perentages yield idential perentages of voting rights [25, 46℄.It is however still not obvious how to ompute ontrol from the knowledge of the voting rights.As an example, some simple models introduing a �xed threshold for ontrol have been proposed(with threshold values of 10% and 20% [25℄ next to a more onservative value of 50% [29℄).Furthermore, indiret ownership relations are not negligible. Complex ownership strutures them-selves an at as vehiles to separate ownership from ontrol. To address the question of howontrol propagates via indiret ownership, the so-alled integrated model has been proposed [26℄.Consider a sample of n �rms onneted by ross-shareholdings and pyramidal ownership rela-tions. Let Aij , with i, j = 1, 2, ..., n, be the ownership (Wij) or ontrol (Hij) that ompany i hasdiretly on ompany j, and A = [Aij ] is the matrix of all the links between every one of the n�rms. By de�nition, it holds that
n

∑

i=1

Aij ≤ 1; j = 1, ..., n. (7)12/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?When some shareholders of ompany i are not identi�ed or are outside the sample n, the inequal-ity beomes strit. The integrated model aounts for diret and indiret ownership through areursive omputation. The general form of the equation reads
Ãij := Aij +

∑

n

AinÃnj, (8)where the tilde denotes integrated ownership or ontrol. This expression an be written in matrixform as
Ã = A + AÃ, (9)the solution of whih is given by

Ã = (I −A)−1A. (10)For the matrix (I − A) to be non-negative and non-singular, a su�ient ondition is that theFrobenius root is smaller than one, λ(A) < 1. This is ensured by the following requirement: ineah strongly onneted omponent S there exists at least one node j suh that ∑

i∈S Aij < 1.In an eonomi setting, this means that there exists no subset of k �rms (k = 1, . . . , n) thatare entirely owned by the k �rms themselves. A ondition whih is always ful�lled in ownershipnetworks [26℄.In order to derive the integrated model for the ontrol value de�ned in Eq. (6), we �rst solveEq. (10) for the fration of ontrol Hij to yield the integrated fration of ontrol H̃ij, and thensum over the market apitalization of all held assets, vj , weighted by this value to reover theintegrated ontrol value:
c̃i :=

kout
i

∑

j=1

H̃ijvj . (11)The omputation of the fration of ontrol and the integrated model an be understood in termsof two non-ommutative mappings.There is a further problem in estimating ontrol or power: shareholders do not only at asindividuals but an ollaborate in shareholding oalitions and give rise to so-alled voting bloks.The theory of politial voting games in ooperative game theory has been applied to the problemof shareholder voting in the form of so-alled power indies [47℄. However, the employment ofpower indies for measuring shareholder voting behavior has failed to �nd widespread aeptanedue to omputational, inonsisteny and oneptual issues [47, 48℄.The so-alled degree of ontrol, α, was introdued in [43, 49℄ as a probabilisti voting modelmeasuring the degree of ontrol of a blok of large shareholdings as the probability of it attratingmajority support in a voting game. Without going into details, the idea is as follows. Consider ashareholder i with ownership Wij in the stok j. Then the ontrol of i depends not only on thevalue in absolute terms of Wij, but also on how dispersed the remaining shares are (measured13/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?by the Her�ndahl index). The more they tend to be dispersed, the higher the value of α. So evena shareholder with a small Wij an obtain a high degree of ontrol. The assumptions underlyingthis probabilisti voting model orrespond to those behind the power indies. It is important torealize, that α an only be applied for the largest shareholders, as it gives a minimum uto�value of 0.5 (even for arbitrarily small shareholdings). As a onsequene, omputing α for all theshareholders of a ompany violates Eq. (7) and therefore it annot be utilized in an integratedmodel.Based on the previous disussion, we present a minimal list of requirements a reasonable modelof ontrol should ful�l:1. De�ne a mapping from F : (0, 1]N → (0, 1]N , for the N shareholding relations {Wij}, where
F1({Wij}), . . . , FN ({Wij}) represent ontrol and take on ontinuous values.2. Be extendable to an integrated version.3. Sum to one for eah stok, as ∑

j Wij in priniple does.4. Emulate the behavior of α for large shareholders.5. Have an intuitive meaning of ontrolling power.6. Be feasible to ompute on large networks.Indeed, our quantity Hij adheres to this small atalogue of requirements. The de�nition of Hijlies between a linear mapping implied by the one-share-one-vote priniple and the �xed-thresholdmodel. It holds that ∑

j Hij = 1, for all stoks j. In e�et, any shareholder gaining ontrol willbe o�set by shareholders loosing ontrol. For large shareholders, the analytial expressions of Hijand α share very similar behavior (a detailed disussion of this point is beyond the sope of thispaper). This means that to some extent our measure of ontrol an take possible strategi allianesof shareholders into aount without requiring the knowledge of data on voting bloks. There isan intuitive meaning of power assoiated with our model: how important is a shareholder withrespet to all other shareholders, or what is the relative voting power of a shareholder onsideringthe dispersion of the rest of the votes? Applying the integrated model by virtue of Eq. (10) to
Hij yields H̃ij. We are able to ompute H̃ij for every shareholder in the sample without faingany omputational restritions (as opposed to the power indies). To summarize, the propertiesof our model make a sensible ranking of all shareholders aording to their ontrolling powerpossible.This onludes that our new measure of ontrol merges ruial insights from the orporate �-nane literature and the game theoreti approah to voting while addressing their mentionedshortomings. It should also be noted, that sj represents the omplementary of hi: while the14/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?latter represents the ontrol seen from the point of view of the shareholders, the former re�etsthe ontrol seen by the stoks.4 Identifying the Bakbone of Corporate ControlBased on the quantities introdued in the previous setions we are now in the position to proeedwith the main aim of the paper, whih is to investigate the onentration of ontrol in theownership networks at a global level. This means, qualitatively, that we have to identify thoseshareholders who an be onsidered to be in ontrol of the market. In detail, we develop analgorithm that extrats the ore subnetwork from the ownership network, whih we all thebakbone. This struture onsists of the smallest set of the most powerful shareholders that,olletively, are potentially able to ontrol a prede�ned fration of the market in terms of value.To this aim, in Se. 4.1, we introdue a ranking of the shareholders based on the value of theportfolio they ontrol, as measured by the integrated ontrol value c̃i, de�ned in Eq. (11). Weare then able to ompute how muh value the top shareholders an potentially ontrol, jointly,should they form a oalition. We all this notion umulative ontrol. Building on this knowledge,in Se. 4.2, we extrat the subnetwork of the most powerful shareholders and their (umulatively)ontrolled stoks: the bakbone. Se. 4.3 presents a generalization of this bakbone-extrationalgorithm appliable to general weighted and oriented networks. The bakbone strutures ofthe analyzed ountries are further investigated in Se. 4.4. Di�erent lassi�ation measures areintrodued, allowing us to perform a ross-ountry analysis of how the ontrol and value areglobally distributed in the markets (Se. 5.1) next to identifying who is holding the seat of power(Se. 5.2).4.1 Computing umulative ontrolThe �rst step of our methodology requires the onstrution of a Lorenz-like urve in order unoverthe distribution of the value in a market. In eonomis, the Lorenz urve gives a graphialrepresentation of the umulative distribution funtion of a probability distribution. It is oftenused to represent inome distributions, where the x-axis ranks the poorest x% of households andrelates them to a perentage value of inome on the y-axis.Here, on the x-axis we rank the shareholders aording to their importane and report the frationthey represent with respet to the whole set of shareholder. The y-axis shows the orrespondingperentage of ontrolled market value. In detail, we relate the fration of shareholders ranked bytheir integrated ontrol value c̃i, f. Eqs. (3), (10) and (11), to the fration of the total marketvalue they olletively or umulatively ontrol.15/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?In order to motivate the notion of umulative ontrol, some preliminary remarks are required.Using the integrated ontrol value to rank the shareholders means that we impliitly assumeontrol based on the integrated fration of ontrol H̃ij. This however is a potential value re�etingpossible ontrol. In order to identify the bakbone, we take a very onservative approah to thequestion of what the atual ontrol of a shareholder is. To this aim, we introdue a stringentthreshold of 50%. Any shareholder with an ownership perentage Wij > 0.5 ontrols by default.This strit notion of ontrol for a single shareholder is then generalized to apply to the umulativeontrol a group of shareholders an exert. Namely by requiring the sum of ownership perentagesmultiple shareholders have in a ommon stok to exeed the threshold of umulative ontrol. Itsvalue is equivalently hosen to be 50%.We start the omputation of umulative ontrol by identifying the shareholder having the highest
c̃i-value. From the portfolio of this holder, we extrat the stoks that are owned at more thanthe said 50%. In the next step, the shareholder with the seond highest c̃i-value is seleted.Next to the stoks individually held at more than 50% by this shareholder, additional stoks areonsidered, whih are umulatively owned by the top two shareholders at more than the saidthreshold value. See Fig. 7 for an illustrated example.
Uin(n) is de�ned to be the set of indies of the stoks that are individually held above thethreshold value by the n seleted top shareholders. Equivalently, Ucu(n) represents the set ofindies of the umulatively ontrolled ompanies. It holds that Uin(n)∩Ucu(n) = ∅. At eah step
n, the total value of this newly onstruted portfolio, Uin(n) ∪ Ucu(n), is omputed:

vcu(n) :=
∑

j∈Uin(n)

vj +
∑

j∈Ucu(n)

vj . (12)Eq. (12) is in ontrast to Eq. (5), where the total value of the stoks j is multiplied by theownership perentage Wij. The omputation of umulative ontrol is desribed in steps 1 � 7(ignoring the termination ondition in step 8) of Algorithm (1) on page 18. Consult the nextsetion for more details.Let ntot be the total number of shareholders in a market and vtot the total market value. Wenormalize with these values, de�ning:
η(n) :=

n

ntot
, ϑ(n) :=

vcu(n)

vtot
, (13)where η, ϑ ∈ (0, 1].In Fig. (8) these values are plotted against eah other for a seletion of ountries, yielding theumulative ontrol diagram, akin to a Lorenz urve (with reversed x-axis). As an example, aoordinate pair with value (10−3, 0.2) reveals that the top 0.1% of shareholders umulativelyontrol 20% of the total market value. The top right orner of the diagram represents 100%16/33
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Figure 7: First steps in omputing umulative ontrol: (top panel) seleting the most impor-tant shareholder (light shading) ranked aording to the c̃i-values and the portfolio of stoksowned at more than 50% (dark shading); in the seond step (bottom panel), the next most im-portant shareholder is added; although there are now no new stoks whih are owned diretlyat more than 50%, umulatively the two shareholder own an additional stok at 55%.
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Figure 8: (Color online) Fration of shareholders η, sorted by desending (integrated) on-trol value c̃i, umulatively ontrolling ϑ perent of the total market value; the horizontal linedenotes a market value of 80%; the diagram is in semi-log sale.perent of the shareholders ontrolling 100% of the market value, and the �rst data point inthe lower left-hand orner denotes the most important shareholder of eah ountry. Di�erentountries show a varying degree of onentration of ontrol.Reall that for every shareholder the ranking is based on all paths of ontrol of any length alongthe diretion of the arrows (indiret ontrol). For every suh reahable stok the importane of itsdiret o-shareholders is onsidered (against the diretion of the arrows). Therefore our analysisis based on a genuine network approah whih allows us to gain ruial information on every17/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?Algorithm 1 BB(c̃1, . . . , c̃n, δ, ϑ̂ )1: c̃← sort_descending(c̃1, . . . , c̃n)2: repeat3: c← get_largest(c̃)4: I ← I ∪ index(c)5: PF ← stocks_controlled_by(I) (individually and umulatively at more than δ)6: PFV ← value_of_portfolio(PF )7: c̃← c̃ \ {c}8: until PFV ≥ ϑ̂ · total_market_value9: prune_network(I, PF )shareholder, whih would otherwise be undetetable. In ontrast, most other empirial studiesstart their analysis from a set of important stoks (e.g., ranked by market apitalization). Themethods of aounting for indiret ontrol (see Se. 3.5) are, if at all, only employed to detetthe so-alled ultimate owners of the stoks. For instane, [24℄ studies the 10 largest orporationsin 49 ountries, [25℄ looks at the 20 largest publi ompanies in 27 ountries, [50℄ analyzes 2980ompanies in nine East Asian ountries, and [28℄ utilizes a set of 800 Belgian �rms.Finally, note that although the identity of the individual ontrolling shareholders is lost due to theintrodution of umulative ontrol, the emphasis lies on the fat that the ontrolling shareholdersare present in the set of the �rst n holders.4.2 Extrating the bakboneOne the urve of the umulative ontrol is known for a market, one an set a threshold forthe perentage of jointly ontrolled market value, ϑ̂. This results in the identi�ation of theperentage η̂ of shareholders that theoretially hold the power to ontrol this value, if they wereto oordinate their ativities in orresponding voting bloks. As mentioned, the subnetwork ofthese power-holders and their portfolios is alled the bakbone. Here we hoose the value ϑ̂ = 0.8,revealing the power-holders able to ontrol 80% of the total market value.Algorithm (1) gives the omplete reipe for omputing the bakbone. As inputs, the algorithmrequires all the c̃i-values, the threshold de�ning the level of (umulative) ontrol δ, and thethreshold for the onsidered market value ϑ̂. As mentioned in the last setion, steps 1 � 7 arerequired for the umulative ontrol omputation and δ is set to 0.5. Step 8 spei�es the inter-ruption requirement given by the ontrolled portfolio value being bigger than ϑ̂ times the totalmarket value.
18/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?Finally, in step 9, the subnetwork of power-holders and their portfolios is pruned to eliminateweak links and further enhane the important strutures: for eah stok j, only as many share-holders are kept as the rounded value of sj indiates, i.e., the (approximate) e�etive number ofshareholders. E.g., if j has 5 holders but sj is roughly three, only the three largest shareholdersare onsidered for the bakbone. In e�et, the weakest links are removed.4.3 Generalizing the method of bakbone extrationNotie that our method an be generalized to any direted and weighted network in whih (1) anon-topologial real value vj ≥ 0 an be assigned to the nodes (with the ondition that vj > 0for at least all the leaf-nodes in the network) and (2) an edge from node i to j with weight Wijimplies that some of the value of j is transferred to i. In terms of physial systems, we do notseek a orrespondene between the values vj and the notion of a salar potential. Instead, wethink of the nodes as entities reeiving material from the downstream nodes and transferring itto the upstream nodes without dissipation in proportion to the weights of the inoming links.Assume that the nodes whih are assoiated with a value vj produe vj units of mass at time
t = 1. Then the �ow φi entering the node i from eah node j at time t is the fration Wij of themass produed diretly by j plus the same fration of the in�ow of j:

φi(t + 1) =
∑

j

Wijvj +
∑

j

Wijφi(t). (14)where ∑

i Wij = 1 for the nodes that have predeessors and ∑

i Wij = 0 for the root-nodes(sinks). In matrix notation, at the steady state, this yields
φ = W (v + φ). (15)The solution

φ = (1−W )−1Wv, (16)exists and is unique if λ(W ) < 1. This ondition is easily ful�lled in real networks as it re-quires that in eah strongly onneted omponent S there exists at least one node j suh that
∑

i∈S Wij < 1. Or, equivalently, the mass irulating in S is also �owing to some node outside of
S. Notie that this does not imply that mass is lost in the transfer. Indeed, the mass is onservedat all nodes exept at the sinks. Some of the nodes only produe mass (all the leaf-nodes butpossibly also other nodes) at time t = 1 and are thus soures, while the root-nodes aumulatethe mass. Note that it is straightforward to also de�ne an equation for the evolution of the stokof mass present at eah node.The onvention used in this paper implies that mass �ows against the diretion of the edges.This makes sense in the ase of ownership, beause although the ash allowing an equity stake in19/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?a �rm to be held �ows in the diretion of the edges, ontrol (as de�ned by the integrated ontrolvalue c̃) is transferred in the opposite diretion, from the orporation to its shareholders. Thisis also true for the paid dividends. Observe that the integrated ontrol value de�ned in Eq. (11)an be written in matrix notation as̃
c = H̃v = (1−H)−1Hv, (17)whih is in fat equivalent to Eq. (16). This implies that for any node i the integrated ontrolvalue c̃i =

∑

j H̃ijvj orresponds to the in�ow φi of mass in the steady state.Returning to the generi setting, let U0 and E0 be, respetively, the set of verties and edgesyielding the network. We de�ne a subset U ⊆ U0 of verties on whih we want to fous on (inthe analysis presented earlier U = U0). Let E ⊆ E0 then be the set of edges among the vertiesin U and introdue ϑ̂, a threshold for the fration of aggregate �ow through the nodes of thenetwork. If the relative importane of neighboring nodes is ruial, Hij is omputed from Wij bythe virtue of Eq. (3). Note that Hij an be replaed by any funtion of the weights Wij that issuitable in the ontext of the network under examination. We now solve Eq. (10) to obtain theintegrated value H̃ij. This yields the quantitative relation of the indiret onnetions amongstthe nodes. To be preise, it should be noted that in some networks the weight of an indiretonnetion is not orretly aptured by the produt of the weights along the path between thetwo nodes. In suh ases one has to modify Eq. (8) aordingly.The next step in the bakbone extration proedure is to identify the fration of �ow thatis transfered by a subset of nodes. A systemati way of doing this was presented in Se. 4.1where we onstruted the urve, (η, ϑ). A general reipe for suh a onstrution is the following.On the x-axis all the nodes are ranked by their φi-value in desending order and the frationthey represent with respet to size of U is aptured. The y-axis then shows the orrespondingperentage of �ow the nodes transfer. As an example, the �rst k (ranked) nodes represent thefration η(k) = k/|U | of all nodes that umulatively transfer the amount ϑ(k) = (
∑k

i=1 φi)/φtotof the total �ow. Furthermore, η̂ orresponds to the perentage of top ranked nodes that pipethe prede�ned fration ϑ̂ of all the mass �owing in the whole network. Note that the proeduredesribed in Se. 4.1 is somewhat di�erent. There we onsidered the fration of the total valuegiven by the diret suessors of the nodes with largest c̃i. This makes sense due to the speialnature of the ownership networks under investigation, where every non-�rm shareholder (root-node) is diretly linked to at least one orporation (leaf-node), and the orporations are onnetedamongst themselves.Consider the union of the nodes identi�ed by η̂ and their diret and indiret suessors, togetherwith the links amongst them. This is a subnetwork B = (UB , EB), with UB ⊂ U and EB ⊂ Ethat omprises, by onstrution, the fration ϑ̂ of the total �ow. This is already a �rst possiblede�nition of the bakbone of (U,E). A disussion of the potential appliation of this proedure20/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?to other domains, and a more detailed desription of the generalized methodology (along withspei� re�nements pertaining to the ontext given by the networks) is left for future work.Viable andidates are the world trade web [8, 18, 51, 52℄, food-webs [4℄, transportation networks[53℄, and redit networks [54℄It should also be noted that in Se. 4.1 we have introdued an additional threshold δ for theweights of the links whih is needed in the ontext of orporate ontrol. In the general ase itan be set to zero. Returning to the spei� ontext given by the data analyzed in this paper,one an vary the requirements that determine the bakbone. For instane, one ould fous on aprede�ned subset of listed ompanies, say the ten largest ones in the energy setor, and imposethat the umulative ontrol over that set of stoks is ϑ̂ = 60%.4.4 De�ning lassi�ation measuresMarkets are known to di�er from one ountry to another in a variety of respets (see Se. 1).They may however not look too di�erent if one restrits the analysis to the distribution of loalquantities, and in partiular to the degree, as shown in Se. 3.3. In ontrast, at the level of thebakbones, i.e., the strutures where most of the value resides, they an look strikingly dissimilar,as seen for instane in the ase of CN and JP, shown in Fig. 9. In order to attempt a lassi�ationof these diverse strutures, we will make use of indiators built on the same quantities usedto onstrut the bakbone. Performing a ross-ountry analysis for these indiators gives newinsights into the harateristis of the global markets.In detail, the properties we are interested in and want to unveil are the onentration of ontroland value, next to the frequeny of widely held ompanies. In the following, straightforwardmetris re�eting these harateristis are de�ned. Let nst and nsh denote the number of stoksand shareholders in a bakbone, respetively. As sj measures the e�etive number of shareholdersof a ompany, the average value
s =

∑nst

j=1 sj

nst
, (18)is a good proxy haraterizing the loal patterns of ownership: the higher s, the more dispersedthe ownership is in the bakbone, or the more ommon is the appearane of widely held �rms.Furthermore, due to the onstrution of sj, the metri s equivalently measures the loal onen-tration of ontrol.In a similar vein, the average value

h =

∑nsh

i=1 hi

nsh
=

nst

nsh
, (19)re�ets the global distribution of ontrol. A high value of h means that the onsidered bakbonehas very few shareholders ompared to stoks, exposing a high degree of global onentration of21/33
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Figure 9: (Top) the bakbone of JP; (bottom) the bakbone of CN (for the omplete set ofbakbone layouts onsult [45℄); the graph layouts are based on [55℄.ontrol. It is worth noting that the values nst and nsh are derived from the bakbone and arehene network-related measures.Reall that for the bakbones to be onstruted, a threshold for the ontrolled market valueneeded to be spei�ed: ϑ̂ = 0.8. In the umulative ontrol diagram seen in Fig. (8), this allows theidenti�ation of the number of shareholders being able to ontrol this value. The value η̂ re�etsthe perentage of power-holders orresponding to ϑ̂. To adjust for the variability introdued bythe di�erent numbers of shareholders present in the various national stok markets, we hose tonormalize η̂. Let n100 denote the smallest number of shareholders ontrolling 100% of the total22/33
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Table 1: Classi�ation measure values for a seletion of ountries; in Figs. 11 and 12 thesevalues are plotted for all analyzed ountries.

η′ s hAU 0.82% 5.45 2.79CA 3.32% 3.04 4.97CH 5.97% 2.91 0.66CN 9.21% 1.32 0.90DE 3.22% 2.76 0.82FR 3.96% 2.65 0.83GB 0.89% 8.60 5.05IN 5.27% 2.15 3.92IT 6.10% 1.62 0.82JP 1.93% 2.48 34.26KR 2.25% 2.39 0.94TW 5.00% 2.98 0.58US 0.56% 8.56 15.39market value vtot, then
η′ :=

η̂

n100
. (20)A small value for η′ means that there will be very few shareholders in the bakbone omparedto the number of shareholders present in the whole market, re�eting that the market valueis extremely onentrated in the hands of a few shareholders. In essene, the metri η′ is anemergent property of the bakbone extration algorithm and mirrors the global distribution ofthe value.To summarize:

• s re�ets loal dispersion of ontrol (at �rst-neighbor level, insensitive to value);
• h is an indiator of the global onentration of ontrol (an integrated measure, i.e., derivedby virtue of Eq. (10), at seond-neighbor level, insensitive to value);
• η′ is a global measure of the onentration of market value (an emergent quantity).Table 1 shows the empirial values of these quantities for a seletion of ountries. In the following,the results of a ross-ountry analysis for the lassi�ation measures is given.
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Figure 10: (Top) the ownership network of CH with 972 shareholders, 266 stoks and 4671ownership relations; (bottom) the bakbone of CH; �rms are denoted by shaded nodes andsized by market apitalization, shareholders are blak, whereas �rms owning stoks them-selves are represented by shaded nodes with thik bounding irles, arrows are weighted by theperentage of ownership value; the graph layouts are based on [55℄.5 Analyzing the BakbonesIn the last setion, an algorithm for extrating the bakbones of national markets, and measuresre�eting their key harateristis, were given. But how relevant are these methods and howmuh of the properties of the real-world ownership networks they desribe are aptured?24/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?Fig. (10) shows the layout for the CH ownership network and the bakbone, respetively. There isa big redution in omplexity by going to the bakbone. Looking at the stoks left in the bakbone,it is indeed the ase that the important orporations reappear (reall that the algorithm seletedthe shareholders). We �nd a luster of shareholdings linking, for instane, Nestlé, Novartis, RoheHolding, UBS, Credit Suisse Group, ABB, Swiss Re, Swath. JPMorgan Chase & Co. featuresas most important ontrolling shareholder. The desendants of the founding families of Rohe(Ho�mann and Oeri) are the highest ranked Swiss shareholders at position four. UBS follows asdominant Swiss shareholder at rank seven.The bakbone extration algorithm is also a good test for the robustness of market patterns.The bow-tie strutures (disussed in Se. 3.1) in JP, KR, TW vanish or are negligibly small intheir bakbones, whereas in the bakbones of the Anglo-Saxon ountries (and as an outlier SE)one sizable bow-tie struture survives. This emphasizes the strength and hene the importaneof these patterns in the markets of AU, CA, GB and the US.But what about some of the �ndings in ownership patterns that have been previously reportedin the literature? To see if we an reover some known observations, we analyze the empirialvalues for the �Widely Held� index de�ned in [25℄, where a value of one is assigned if there are noontrolling shareholders, and zero if all �rms in the sample are ontrolled. There is a thresholdintrodued, beyond whih ontrol is said to our: the study is done with a 10% and 20% uto�value. We �nd a 76.6% orrelation (and a p-value for testing the hypothesis of no orrelationof 3.2 · 10−6) between s in the bakbone and the 10% uto� �Widely Held� index for the 27ountries it is reported for. The orrelation of s in the ountries' whole ownership networks is
60.0% (9.3 · 10−4). For the 20% uto�, the orrelation values are smaller. These relations shouldhowever be handled with are, as the study [25℄ is restrited to the 20 largest �rms (in termsof market apitalization) in the analyzed ountries and there is a twelve-year lag between thedatasets in the two studies. Nevertheless, it is a reassuring sign to �nd suh a high orrelationwith older proxies for the ourrene of widely held �rms.Having established that the bakbones indeed suessfully omprise important strutures of themarkets, and showing that one of the lassi�ation methods we propose on�rms known results,we an proeed to investigate novel aspets of the ownership networks. As frequently mentionedin this paper, the lak of existing network-oriented analysis of the �nanial arhiteture of or-porations in national markets leaves one question unaddressed: what is the global onentrationof ontrol?5.1 Global onentration of ontrolWe utilize the measures de�ned in Eqs. (18), (19) and (20), to lassify the 48 bakbones. Toreapitulate, s is a loal measure for the dispersion of ontrol. A large value indiates a high25/33
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Figure 11: Map of ontrol: loal dispersion of ontrol, s, is plotted against global onentrationof ontrol, h, for 48 ountries.presene of widely held �rms. h is a seond-neighbor quantity sensitive to the onentration ofglobal ontrol. Large values are indiative that the ontrol of many stoks resides in the handsof very few shareholders. Finally, η′ is a global variable related to the (normalized) perentageof shareholders in the bakbone. It hene measures the onentration of value in a market, as alow number means that very few shareholders are able to ontrol 80% of the market value.In Fig. 11 the log-values of s and h are plotted against eah other. The s-oordinates of theountries are as expeted [25℄: to the right we see the presene of widely held �rms (i.e., the
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J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?loal dispersion of ontrol) for the Anglo-Saxon ountries AU, GB and the US. FR, IT, JPare loated to the left, re�eting more onentrated loal ontrol. However, what is astonishingis that there is a ounterintuitive trend to be observed in the data: the more loal ontrol isdispersed, the higher the global onentration of ontrol beomes. In essene, what looks likea demorati distribution of ontrol from lose up, by taking a step bak, atually turns outto warp into highly onentrated ontrol in the hands of very few shareholders. On the otherhand, the loal onentration of ontrol is in fat widely distributed amongst many ontrollingshareholder. Comparing with Fig. 2, where idealized network on�gurations are illustrated, weonlude that the empirial patterns of loal and global ontrol range from the type (B) to type(D), with JP ombining loal and global onentration of ontrol. Interestingly, type (A) and(C) onstellations are not observed in the data.In Fig. 12 the log-values of s and η′ are depited. What we onluded in the last paragraph forontrol is also true for the market value: the more the ontrol is loally dispersed, the higher theonentration of value that lies in the hands of very few ontrolling shareholders, and vie versa.We an also ompare the s and h values measured for the bakbones with the orrespondingvalues of the total ownership networks, stot and htot. We �nd that
s < stot. (21)This fat, that the widely held �rms are less often present in the national bakbones, means thatthe important shareholders (able to ontrol 80% of the market value) only infrequently invest inorporations with dispersed ownership. Note that the pruning sheme used in the onstrutionof the bakbone (introdued at the end of Se. 4.2) approximates sj to the nearest integer. Thisan redue the value of s in the bakbone maximally by 0.5. In ontrast, in our data (with theexeption of ES) the relation stot − s ≫ 0.5 holds, indiating that there is indeed a tendeny ofpower-holders to avoid widely held �rms, aounting for their less frequent appearane in thebakbones.We also �nd that
h > htot. (22)This means that there is a higher level of global ontrol in the bakbone, again implying thatwidely held �rms our less often in the bakbone. In addition, looking at the ranges of htot ∈

[0.06, 1.09] and h ∈ [0.3, 34.26], reveals a higher ross-ountry variability in the bakbone. Inessene, the algorithm for extrating the bakbone in fat ampli�es subtle e�ets and unveils keystrutures.We realize that the two �gures disussed in this setion open many questions. Why are thereoutliers to be observed: JP in Fig. 11 and VG in Fig. 12? What does it mean to group ountries27/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?aording to their s, h and η′ oordinates and what does proximity imply? What are the im-pliations for the individual ountries? We hope to address suh and similar questions in futurework.5.2 The seat of powerHaving identi�ed the important shareholders in the global markets, it is now also possible toaddress the following questions. Who holds the power in an inreasingly globalized world? Howimportant are individual people ompared to the sphere of in�uene of multinational orpora-tions? How eminent is the in�uene of the �nanial setor? By look in detail at the identity ofthe power-holders featured in the bakbones, we address these issues next.If one fousses on how often the same power-holders appear in the bakbones of the 48 ountriesanalyzed, it is then possible to identify the global power-holders. Unsurprisingly, they turn outto be mostly multinational orporations in the banking and insurane setors. Below is a top-tenlist, omprised of the ompanies' name, ativity, ountry the headquarter is based in, and rankedaording to the number of times it is present in di�erent ountries' bakbones.1. The Capital Group Companies; investment management; US; 36;2. Fidelity Management & Researh; investment produts and servies; US; 32;3. Barlays PLC; �nanial servies provider; GB; 26;4. Franklin Resoures; investment management; US; 25;5. AXA; insurane ompany; FR; 22;6. JPMorgan Chase & Co.; �nanial servies provider; US; 19;7. Dimensional Fund Advisors; investment management; US; 15;8. Merrill Lynh & Co.; investment management; US; 14;9. Wellington Management Company; investment management; US; 14;10. UBS; �nanial servies provider; CH; 12.As mentioned, the prevalene of ompanies in the �nanial and insurane setors is perhapsnot very surprising. After all, Capital Group Companies is one of the world's largest investmentmanagement organizations with assets under management in exess of one trillion USD. However,it is an interesting observation that all the above mentioned orporations appear as prominentontrolling shareholders in the various bakbones they are present in.28/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?The dominane of US Amerian ompanies seems slowly to be ontested: next to Barlays PLC(GB), AXA (FR) and UBS (CH), we �nd Deutshe Bank (DE), Brandes Investment Partners(CA), Soiété Générale (FR), Credit Suisse Group (CH), Shroders PLC (GB), Allianz (DE) inthe top 21 positions. The government of Singapore is at rank 25. HSBC Holdings PLC (HK/GB),the world's largest banking group, only appears at position 26.In addition, large multinational orporations outside of the �nane and insurane industry donot at as prominent shareholders and only appear in their own national ountries' bakbones asontrolled stoks. For instane, Exxon Mobil, Daimler Chrysler, Ford Motor Company, Siemens,Unilever.The observation that individual people do not appear as multinational power-holders is perhapsalso not surprising. Indeed, most ountries' bakbones do not have people appearing in the top-ten list of shareholders. In the US bakbone, we �nd one person ranked at ninth position: WarrenE. Bu�et. William Henry Gates III is next, at rank 26. In DE the family Porshe/Pieh and inFR the family Bettenourt are power-holders in the top ten. For the tax-haven KY one �ndsKao H. Min (who is plaed at number 140 in the Forbes 400 list) in the top ranks.6 Summary and ConlusionWe have developed a methodology to extrat the bakbone of orporate ontrol networks, thatis a subnetwork where most of the ontrol and the eonomi value resides. In this proedure theindiret ontrol along all ownership pathways is fully aounted for. The methodology applies ingeneral to networks with weighted and direted links in whih nodes are assoiated with a salarquantity.We an interpret suh networks as systems in whih mass is reated at some nodes and transferredto the nodes upstream. The amount of mass �owing along a link from node i to node j is givenby the salar quantity assoiated with the node j, times the weight of the link, Wij vj . Thebakbone orresponds to the subnetwork in whih a preassigned fration of the total �ow of thesystem is transfered.From a network theoreti point of view, we extended the notions of degree to more suitablemeasures that take into aount the relative weight of the links with respet to the links ofseond-order neighbors. Nodes were assoiated with non-topologial state variables given by themarket apitalization size of the �rms. We ranked the shareholders aording to the value theyan ontrol and we onstruted the subset of shareholders whih olletively ontrol a givenfration of the eonomi value in the market. We further introdued some measures aimed atlassifying the bakbone of the di�erent markets in terms of loal and global onentration ofontrol and value. 29/33



J.B. Glattfelder, S. Battiston:The bakbone of omplex networks of orporations:Who is ontrolling whom?With respet to the literature addressing the empirial analysis of eonomi networks, this paperpresents the �rst extensive ross-ountry investigation of the ontrol of orporations based onownership relations and market apitalization values in 48 national stok markets.We �nd that eah level of detail (i.e., topology, weights and diretion, value of nodes) in theanalysis unovers new features in the ownership networks. Inorporating the diretion of links inthe study reveals bow-tie strutures in the network. Inluding value allows us to identify who isholding the power in the global stok markets.With respet to other studies in the eonomis literature, next to proposing a new model forestimating ontrol from ownership, we are able to reover previously observed patterns in thedata, namely the frequeny of widely held �rms in the various ountries studied. Indeed, it hasbeen known for over 75 years that the Anglo-Saxon ountries have the highest ourrene ofwidely held �rms [56℄. This statement, that the ontrol of orporations is dispersed amongstmany shareholders, invokes the intuition that there exists a multitude of owners that only holda small amount of shares in a few ompanies. However, in ontrast to suh intuition, our main�nding is that a loal dispersion of ontrol is assoiated with a global onentration of ontrol andvalue. This means that only a small elite of shareholders ontinually reappears as the ontrollingentity of all the stoks, without ever having been previously deteted or reported on. On the otherhand, in ountries with loal onentration of ontrol (mostly observed in European states), theshareholders tend to only exert ontrol over a single orporation, resulting in the dispersion ofglobal ontrol and value.Finally, we also observe that the US �nanial setor holds the seat of power at an internationallevel. It will remain to be seen, if the ontinued unfolding of the urrent �nanial rises will tipthis balane of power, as the US �nanial landsape faes a fundamental transformation in itswake.7 AknowledgementsWe would like to express our speial gratitude to G. Caldarelli and D. Garlashelli who providedinvaluable advie to this researh espeially in its early stages. We would also like to thank M.Napoletano for fruitful disussions on the eonomis related aspets of the work.Referenes[1℄ R. Albert, H. Jeong, and A. Barabási, Nature 401, 130 (1999).[2℄ R. Pastor-Satorras, A. Vázquez, and A. Vespignani, Phys. Rev. Lett. 87, 258701 (2001).30/33
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