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Examining Concentration and Similarity in 

Institutional Investor's Holdings  

An application Using Network Analysis 

Ariel Mantzura, Bank of Israel 

Examining Concentration and Similarity in Institutional Investor's 

Holdings 

The stock market is considered to be a good example of a complex system, one that 

consists of many entities and agents, interacting in such a way that their collective 

market behaviour is beyond a simple combination of their individual behaviours. Such 

systems are also characterized by various dimensions of interactions, that can be 

measured and modelled using data that is becoming increasingly more and more 

available. A key challenge in modern finance is finding efficient ways of summarizing 

and visualizing the stock market data to obtain useful information about its 

behaviour. Over the past two decades methodologies have been introduced to 

address such challenges, including machine learning techniques, and network 

analysis methods that have become very popular. In this study, we test how 

interdependence both between the agents and their assets within the network of 

portfolio holdings can be a source of systemic vulnerability. We study a real-world, 

institutional investors holdings network based on a granular dataset of all common 

assets (stocks and bonds) holdings in Israel from 2010-2021 and compare it with 

various alternative scenarios from randomization and rebalancing of the original 

investments. The scenarios generation relies on algorithms that satisfy the global 

constraints imposed by the numbers of outstanding shares in the market and the 

regulatory constraints. We extensively analyse the interplay between portfolio 

diversification and differentiation and examine how the outreach of exogenous 

shocks depends on these factors as well as on the type of shock and the size of the 

network with respect to the market. We find that real portfolios are diversified but 

highly similar, that portfolio similarity correlates with systemic fragility and that 

rebalancing can come with an increased similarity depending on the initial network 

configuration. 
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1. Introduction 

Finding efficient ways of summarizing and visualizing the stock market data to extract 

useful information about its behavior as well as finding interconnectedness patterns 

among market participants is crucial for identification of systemic vulnerabilities in 

the financial system and particularly, vulnerabilities arising from commonalities in 

asset holdings (overlapping portfolios). Using Network analysis for the Modelling of 

financial systems has become popular in recent years (Poledna et.al, 2020). 

 

The aim of this study is to empirically analyse systemic vulnerabilities due to 

commonalities in asset holdings in the Israeli financial system across different types 

of financial institutions: Insurance companies, Mutual funds, Provident funds and 

Pension funds. The Institutional investors in Israel are required to publish on a 

quarterly basis their detailed asset holdings in accordance with the Capital Market 

Authority, Insurance and Savings reporting directives. Similarly, Mutual fund 

managers are required to publish on a monthly basis their detailed asset holdings in 

accordance with the Israeli Securities Authorities reporting directives. Using such 

required disclosures can allow for a study of commonalities across such investors. 

 

For this study we use Praedicta's1 Granular Data base of Management company asset 

holdings (equity and bonds) on a quarterly basis. Specifically, we test how 

interdependence both between the agents and their assets within the networks of 

portfolio holdings can be a source of systemic vulnerability. We study a real-world, 

institutional investors holdings network based on a granular dataset of all common 

assets (equity and bonds) holdings in Israel from 2010-2021. 

 

Systemic vulnerabilities in financial markets may lead to the realization of systemic 

risks where exogenous shocks, failure or distress in one or several institutions may 

affect other financial institutions through some contagion channel. There are several 

contagion channels referred to in the literature. Poledna (2020) distinguishes between 

two types of contagion channels: direct and indirect contagion. Direct contagion (see 

Upper and Worms (2002)) is due to bilateral exposures of two institutions, i.e., 

through borrowing and lending and is quantified in the institutions balance sheet 

liabilities. Alternatively, indirect contagion can arise when financial institutions invest 

in the same assets where this type of contagion is referred to as overlapping 

portfolios (Levy-Carciente at al., 2015). In this case contagion has the following 

mechanism: As a result of some exogenous shock to some financial institution or to 

one or some of its assets it is forced to liquidate some of its securities at lower prices 

due to binding constraints i.e., contractual or regulatory constraints. Liquidation of 

securities at discounted prices referred to as fire sales propagates through the 

financial system hence causing losses to other financial institutions holdings those 

assets. Girardi et al. (2018) studied empirically this notion of indirect contagion in the 

insurance industry using the cosine similarity measure. Huang et al. (2013), Caccioli 

(2015) model overlapping portfolios as a bipartite network (banks and assets) of the 

banking system to describe the risk propagation process during crises and find that 

 

1 http://praedicta.com 
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their model can be useful for systemic risk stress testing for the banking system.  

Elsinger et al. (2006) examined systemic risk in the Austrian banking system and found 

that correlations in banks asset portfolios dominates contagion as the main source of 

systemic risk. Barucca et al. (2021) examined interconnections and systemic 

vulnerabilities related to price-mediated contagion (overlapping portfolios) across 

multiple types of institutions.  

 

The paper is organized as follows: In section 2 we describe to more detail the data we 

use in our investigation and present in section 3 some descriptive statistics and 

various measures of concentration and similarity in asset holdings. In section 4 we 

model the financial system as a network and extract important measures. 

2. Data 

We use in this work Praedicta’s granular Data base. The data base includes the total 

asset holdings of management companies (including institutional investors) from 

2010Q1 up to the present2. The management companies are one of four: Insurance 

companies, pension funds, provident funds and mutual funds. The data is quarterly 

and detailed up to a particular asset and investment channel (funds). For each 

company and fund the total holding in assets is given. In Table 1 is an example of 

typical records of the data base.  

 

Table 1: Example of Typical Records in Database 

Management company Menora Mivtachim provident and pension 

Channel Name Asset type Asset name Market Value 

Fund A investment 

channel for age 60+ 

Corporate bond Poalim bond 29 279,855 

Fund A general 

investment channel 

Equity TA 35 Elbit Systems 25,955,137 

fund B  Corporate bond Poalim bond 29 32,811 

fund B Equity TA 35 Elbit Systems 856,926 

fund C Corporate bond Poalim bond 29 8,552,713 

fund C Equity TA 35 Elbit Systems 292,002,936 

 

2 The analysis in this work used data till 2020.Q1. 
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3. Measures of Concentration and Similarity 

Concentration Measures 

We examine concentration segmented by Management company type, namely, 

Insurance companies, Pension funds, Mutual funds and Provident funds. We measure 

concentration in 3 different dimensions:  

 

1. Concentration of Management companies 

2. Concentration of Funds 

3. Concentration of Assets 

 

We aim to answer the following question: What is the effective number of companies, 

funds, and assets? The effective number differs from simple counting in the sense 

that effective number accounts also for size. To this end, we use the well-known 

indices: The Herfindhal- Hirschman Index (HHI) (Herfindhal, 1959; Hirschman 1945) 

and Entropy. These measures are calculated for each quarter and therefore we can 

examine their dynamics as a quarterly time series.  

 

Herfindhal-Hirschman (HHI) 

 

Assume for example that the aggregate portfolio of the management 

companies is invested in k assets with asset allocation represented by the 

following vector:  

𝑣 = (𝑣1, … , 𝑣𝑘) 

Where  𝑣𝑖 > 0 is the total holding in asset i. Let, 

𝑝 = (𝑝1, … , 𝑝𝑘) 

be the vector of proportions of asset holdings where 𝑝𝑖 =
vi

∑ 𝑣𝑖
k
{j=1}

. The HHI is 

defined by the squared norm of these proportions:  

 

𝐻𝐻𝐼 = ||𝑝||
2

= ∑ 𝑝𝑖
2

𝑘

{𝑗=1}

 

 

Entropy 

 

 The second measure we use is based on Entropy and is defined as follows: 

 

𝐸𝐹𝐹 = 2𝐻(𝑝) 

Where, 

𝐻(𝑝) = − ∑ 𝑝𝑖𝑙𝑜𝑔2(𝑝𝑖)

𝑘

{𝑗=1}
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The Entropy is a common measure of diversity that gets values between 0 

which points at full concentration and between log2(𝑘) which reflects full 

diversity in the case where 𝑝1 = 𝑝2 = ⋯ 𝑝𝑘 = 1/𝑘.   

These 2 measures are calculated in the same manner for companies, assets, 

funds and branches. For instance, when examining concentration of 

management companies k will be the number of management companies 

and 𝑣1, … , 𝑣𝑘 will be the vector of total assets that each company holds. In 

figures 1-4 we display concentration measures calculated in Insurance 

Companies.  

 

Figure1 - Insurance Companies, Total vs Effective Numbers 

 

                      

 

From figure 1 we can observe that the effective number of managers, assets 

and funds is significantly smaller (and smoother) than the total number. This 

indicates of higher concentration i.e. high percent of capital is concentrated 

in fewer managers, assets and funds, than the ones indicated by the total 

number of Managers, assets and funds, respectively. We can also observe a 

slight improvement across the years in diversity of the portfolio as indicated 

in the effective number of assets whereas there is no change in the effective 

number of managers. Moreover, there is a small effective number of 

Management companies which indicates of high concentration in the 

insurance industry. 
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Figure 2 – Pension Funds, Total vs Effective Numbers 

 

In the pension funds as can be observed in figure 2 there is also a slight 

improvement in the diversification of the asset portfolio. Also, in the pension 

field there is a small effective number of companies indicating high 

concentration. A structural break in 2017 is apparent in the effective number 

of funds. This is due to the change in reporting directives which required to 

report on specific investment channels rather than general management 

companies. This is apparent in the HHI index which shows the divergence 

between managers and funds beginning from 2017. 
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Figure 3 - Provident Funds, Total vs Effective Numbers 

 

 

 
From figure 3 we can also observe a small number of managers and although there 

is an indication of worsening in the total number of companies the effective number 

indicates of stability in the number of managers. Also, the improvement in the 

number of assets is slighter than the one indicated by the total of assets.  

 

 

Figure 4 -Mutual Funds, Total vs Effective Numbers 
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Similarity Measures 

 

We examine similarity between portfolios of different management 

companies using Cosine similarity. To this end, we constructed for each 

management company the total holdings in each asset aggregated over the 

different funds. We then calculated between every 2 companies the cosine 

similarity measure. Cosine similarity assumes values between -1, which 

reflects absolute lack of similarity and 1 which reflects full similarity. In each 

quarter we represent these measures in a matrix that in cell i,j is the cosine 

similarity between company j and company i.  These matrices can be 

constructed as heat maps where similar companies are close in the matrix. 

Following is a more formal definition of cosine similarity. 

 

Cosine Similarity  

 

Assume 2 management companies with the following vectors of total asset 

holdings in assets 1,…,k.  

𝑤 = (𝑤1, … , 𝑤𝑘) 

𝑣 = (𝑣1, … , 𝑣𝑘) 

Where 𝑤𝑖 , 𝑢𝑖 > 0 the total asset holdings of each is company in asset i. The 

cosine similarity measure is defined between these two vectors is defined as: 

𝐶𝑜𝑠(𝑣, 𝑤) =
∑ 𝑤𝑖𝑣𝑖

𝑘
{𝑗=1}

√∑ 𝑣𝑖
𝑘
{𝑗=1}  √∑ 𝑤𝑖

𝑘
{𝑗=1}

 

Theoretically this measure can assume negative values but in our case, we 

only have non-negative asset holdings so this measures assumes only non-

negative values. 

Figure illustrates a heat map of portfolio similarity calculated with the cosine 

similarity measure for December 2014 in pension funds  

    

Figure 5 – Heat Map of Cosine similarity between effective managers of 

Insurance Companies, 2019.Q1  
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Figure 6 – Heat Map of Cosine similarity between effective managers of 

Provident funds, 2019.Q1 

 

 

 

Figure 7- Heat Map of Cosine similarity between effective managers of 

Pension Funds, 2019.Q1 
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Figure 8 – Heat Map of Cosine similarity between effective managers of 

Mutual funds, 2019.Q1 

 

 

 

The matrix of cosine similarity describes the portfolio similarity between each 

pair of companies.  

 

4. Network analysis of institutional investor portfolios 

A fully connected undirected weighted graph 𝐺 = (𝑉, 𝐸) where 𝐸 = 𝑉2 can be 

induced from this matrix. In this graph each node represents a management 

company and edges between every pair of nodes is the cosine similarity 

between any two companies. We would like to filter this graph in a way that 

preserves the most relevant part of the data interdependency patterns 

measured by cosine similarity. We use for this purpose a method called 

Maximal Planar Graphs.      

The Maximal planar graph is a filtering method of a dense graph or network. 

The main idea under these methods (see Massara et. al (2015)) is to filter a 

dense matrix of weights (correlations or cosine similarities) by retaining the 

largest and most significant sub graph while imposing constraints on the 

structure of the resulting graph. The minimal (or maximal) spanning tree 

retains the edges with the largest weights (correlations) while constraining 

the sub graph to be a spanning tree. The Maximal planar graph does the same 

while constraining the sub graph to be a planar graph (no edge crossing).  
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Figure 9 Network of Management Companies, 2014-12-31 

 

 

 

 

Figure 10 Network of Management Companies, 2020-19-30 
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We can observe from figure 10 that there is high similarity between 

management companies of the same type. The network exhibits clusters 

among provident funds and Mutual funds and also among pension funds. 

Insurance companies do not seem to cluster.  

 

The density of a network is a measure of a graph is the ratio between the 

number of edges present in the graph and the maximum number of edges 

that the graph can contain. The density may reflect high aggregate similarity 

between management companies. 

 

Figure 11- Density graphs by Management Company type  

 

We can observe from figure 11 the structural break in the density around 2016 

due to the inclusion of ETF's in addition to ETN's  and hence weakening the 

density since 2016. There is an increase in the density among provident funds 

since 2017 due to the change in reporting directives as mentioned earlier.  
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Examining Concentration and Similarity 
in Institutional Investor's Holdings 

Ariel Mantzura, Michael Bell
Bank of Israel



Data
• We use in this work Praedicta’s granular Data base.

• The data base includes the total asset holdings of management companies 
(including institutional investors) from 2010Q1 up to the present. 

• The management companies are one of four: Insurance companies, pension 
funds, provident funds and mutual funds. 

• The data is quarterly and detailed up to a particular asset and investment 
channel (funds). 

• For each company and fund the total holding in assets is given. 

2



Concentration: Questions?

3

• How many Management companies?

• How many effectively?

• How similar are the investment portfolios of the companies?

• How many assets? How many effectively?



Concentration Measures

4

• Assume that the aggregate portfolio is invested in k assets with asset allocation represented by the following vector: 

𝑣 = 𝑣1, … , 𝑣𝑘
• Where  𝑣𝑖 > 0 is the total holding in asset i. 

• Let,

𝑝 = 𝑝1, … , 𝑝𝑘

be the vector of proportions of asset holdings where 𝑝𝑖 =
vi

σ j=1
k 𝑣𝑖

.

• The HHI is defined by the squared norm of these proportions: 

𝐻𝐻𝐼 = 𝑝
2
= ෍

𝑗=1

𝑘

𝑝𝑖
2

• Entropy

• The second measure we use is based on Entropy and is defined as follows:

𝐸𝐹𝐹 = 2𝐻 𝑝

• Where,

𝐻 𝑝 = − ෍

𝑗=1

𝑘

𝑝𝑖𝑙𝑜𝑔2 𝑝𝑖



Pension Funds, Total vs Effective Numbers

5

6.8242137.0783789.60318488.3759191.7228285.8058915510.4429.670490.2055761.9053940.22913721.449630.2034820.09273623

7.2893847.57990210.2263991.97291.2619185.3949515665.2928.036090.1917051.7972570.22987218.047390.1899110.08016826

7.3307817.693522105.076492.0214491.0304281.541114365.7629.323130.19352919.351090.03493520.246110.1908310.07675925

7.1651637.506441104.803791.3879190.4669283.162715192.7227.558320.20617820.549740.03168618.76610.203650.08054326

7.3055477.66537494.243590.9019789.9498582.8222515253.6128.098260.20032319.391670.03402218.696040.197640.08333326

7.4383457.770331105.568491.835990.9558685.3701518076.1529.753380.18853322.178240.02722618.952030.1863940.08672325

7.2000067.532785110.381992.4538991.5033284.9282418012.730.000030.19293924.259770.02717719.823120.1904520.08891924

7.3783697.749781117.376891.6877190.6775486.0942218464.5630.743210.19292124.301610.02365420.394160.189990.08842324

7.3523687.745864124.148891.2765190.2416686.9429319659.930.634870.19838625.131340.0217220.934770.1951090.09033424

7.571448.03569115.484191.0660892.4224285.3678419785.2831.547670.19522323.424770.02569520.604330.1915490.08891124

7.6413778.111886121.461990.8266692.2621584.9068921247.7731.839070.19388923.676790.02424820.799710.1901420.09226824

7.8200948.329347125.56491.0932392.0088685.0160324263.8835.545880.18372922.87140.02217323.137080.1799820.09844322

8.0462918.580336168.063293.1110691.8401187.2363326177.8736.574050.1751924.147020.01547623.834270.1714950.09345622

8.2464278.797037178.116692.5190691.2460387.5131828834.2437.483760.17032824.500220.01388724.436210.1667130.09547322

8.5370399.137284169.506192.0008992.5448187.5189129722.9438.804720.15978323.97540.01443825.381340.1561370.09907422

8.7053839.790165180.685891.1655890.1359588.1443532095.0539.569920.15817526.532430.01217327.19490.1508090.10272322

8.4662449.137054177.737191.7210292.3368887.7983330333.138.482930.16475226.808010.01238225.380710.1603810.10400422

8.3806789.071111174.248192.028592.4037187.0935231294.0738.093990.16694325.107790.01325425.197530.1620390.10191222

8.3955279.102759175.22492.215292.3676687.8176431688.0138.161490.16487526.191930.01234525.285440.1598160.10633222

8.4953418.942339176.496992.1456991.2636387.983183093138.615190.16078825.841420.01221225.549540.1576090.10867822

8.0985148.584565214.931691.1317890.1035186.5572228842.7136.811430.17922925.926610.0116824.527330.1748570.09973722

8.4778068.992501202.131790.4083189.3603386.5901127949.0138.535480.16564425.683830.01246326.448530.1615880.10182522

8.1506148.656393224.814690.4078889.4332886.9793529681.0137.048250.18024226.542450.01052425.459980.1756630.09718822

8.2740388.835853241.809490.6788289.4859986.7813729077.6439.400180.17230528.890010.01054827.612040.1673730.10638921

8.05911513.54353252.810791.375588.7557786.6632329581.3338.376740.17967229.430820.01035211.776980.1342490.10466221
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7.4956918.10884360.649490.2278587.2337888.0085443970.9437.478450.20009934.087840.00567213.122350.1114120.1117220
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Portfolio Similarity – Cosine Similarity

6

• Assume 2 management companies with the following vectors of 

total asset holdings in assets 1,…,k. 

𝑤 = 𝑤1, … , 𝑤𝑘

𝑣 = 𝑣1, … , 𝑣𝑘
• Where 𝑤𝑖 , 𝑢𝑖 > 0 the total asset holdings of each is company in 

asset i. 

• The cosine similarity measure is defined between these two vectors 

is defined as:

𝐶𝑜𝑠 𝑣, 𝑤 =
σ 𝑗=1
𝑘 𝑤𝑖𝑣𝑖

σ 𝑗=1
𝑘 𝑣𝑖 σ 𝑗=1

𝑘 𝑤𝑖



Heat Map of Cosine similarity between effective 
managers of Insurance Companies, 2019.Q1 

7



Filtering with maximal planar

8

• The Maximal planar graph is a method of filtering dense matrix of

weights (correlations or cosine similarities) by retaining the largest and

most significant sub graph while imposing constraints on the structure

of the resulting graph.

• The Maximal planar graph does the same while constraining the sub

graph to be a planar graph (no edge crossing).
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To Conclude

10

• The Effective Number is significantly smaller than the total

number

• Significant portion of effective companies are highly similar

• Similarity is often present in same company type
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