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Abstract: Systemic risk events constitute an important issue in current financial systems. A leading
course of action used to mitigate such events is identification of systemically important agents in order
to implement the prudential policies in a financial system. In this paper, a bi-level cross-shareholding
network of the stock market is considered according to direct and integrated ownership structure.
Furthermore, different systemic risk indices are applied to identify systemically important companies
in an early warning system. Results of application of these indices on cross-shareholding data from
Tehran Stock Exchange show that integrated network indices produce more reliable results. Moreover,
results of statistical analysis of the networks indicated the existence of scale-free characteristics in the
TSE cross-shareholding network.
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1. Introduction

Systemic risk is related to inter-connection and correlation of different parts of a market.
In systemic risk events, a financial crisis occurs when an initial failure is transmitted to the whole
market [1]. Accordingly, control and mitigation of systemic risk is an important consideration in the
financial markets. In terms of systemic risk, companies are different in the extent of their contributions
to the systemic events. In many countries, systemically important companies are identified by financial
regulatory bodies and these authorities apply the prudential policies in the financial systems. In the
recent systemic risk studies [1-3], size, interconnectedness and the correlation of companies are
introduced as the main factors of systemic risk. Some studies have claimed that large size companies
are more vulnerable to systemic risk and introduced the “too big to fail” notion. In the other studies,
Interconnectedness and correlation have a huge impact on the companies” exposure to each other by
causal and balance sheet relations and co-movement of companies over the same time period [3].

In recent years, network theory has been widely applied for analysis of financial systemic risk and
financial crisis [4,5]. Financial network studies can be categorized in to three main groups. In the first
group, contagion theory is applied to financial systems in order to simulate the behavior of a financial
system under different network setups [6]. The focus of the second group is on the correlation-based
networks and the analysis of the structure of a financial market in different time periods [7,8]. Most
research in the field falls into the third group that analyzes the structure of inter-bank debt networks in
different countries and proposes various prudential policies to mitigate financial systemic risk and its
associated costs [9-12]. In this type of studies, inter-bank debt networks are introduced as scale-free
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networks that also have the “small world” characteristics. These financial networks are also “robust to
fragile”, which means that they operate as a risk sharing mechanism to increase stability of a financial
system at the pre-crisis period. Conversely, interconnectedness would serve as a shock propagation
mechanism during a crisis period and would thus increase the probability of system failure [1].

Even though cross-shareholding networks are one of the main types of financial networks,
application of cross-shareholding networks in the analysis of financial systemic risk has scarcely
been reported. In other words, most systemic risk publications have analyzed interconnectedness
in inter-bank debt networks. An exception is the study of Pecora and Spelta [1], which reports
use of the cross-shareholding network of European banks to analyze systemic risk. Because of
the limited availability of information on bilateral exposure between different companies, such as
inter-bank debts, cross-shareholding data could be applied as an appropriate proxy for information
on interconnectedness. In addition to systemic risk analysis in banking systems, application of
cross-shareholding information makes systemic risk analysis to be possible for other companies in a
financial market. Although a cross-shareholding network could have an important role to maintain the
stability in a financial system, no particular analysis has applied the stock market cross-shareholding
network to analyze systemic risk.

In this paper, the cross-shareholding network of the stock market is applied as a bi-level network.
A bi-level cross-shareholding network means that the network contains companies listed in the stock
market as well as external shareholders of companies and the shareholder’s shareholders and their
relationships. For this purpose, the emerging market of Tehran Stock Exchange (TSE) was considered
for analysis (the recent cancellation of international sanctions has stimulated the interests from both
internal and external investors). Based on the available cross-shareholding information, the direct and
integrated cross-shareholding network of TSE is represented and different systemic risk indices are
applied and statistically appraised. Moreover, the most systemically important companies and sectors
are determined in accord to different indices.

Results show that the cross-shareholding network is a good proxy for analysis of
interconnectedness and systemic risk in financial markets. Consideration of integrated ownership
in a cross-shareholding network leads to a more reliable network and better understanding of the
systemic risk importance for different companies. Moreover, results of statistical analysis of these
networks show that cross-shareholding network of TSE has a power-law distribution. The power-law
distribution amplifies the hypothesis that the network can be “robust yet fragile” and is fertile for crisis
in the case of systemic risk events.

2. Literature Review

Even though most financial network studies are categorized into the three above-mentioned
groups, only a few studies have reported on application of cross-shareholding networks to analyze
ownership structure and control flow [13]. The main focus of these studies has been statistical analysis
of cross-shareholding networks and control flow in different countries. For example, Battiston and
Glattfelder [14] applied the principles of network theory in a cross-shareholding network to analyze
ownership control structure in the world financial system. Glattfelder and his co-workers showed
that the cross-shareholding network has a bow-tie structure. The bow-tie structure is a core-periphery
structure with a central part known as strongly connected component (SGC) and two input and
output sectors [14,15]. In another study, Battiston [16] compares the descriptive characteristics of
cross-shareholding networks in Milan, New York and London stock exchanges. Ma, Zhuang and
Li [17] analyzed mutual investment in the Shanghai Stock Exchange. A degree-equivalent measure was
introduced for weighted directed cross-shareholding network and analysis of statistical characteristics
of the network in terms of corporate, sector and province was reported. In addition to the above, there
have been several other studies on the application of cross-shareholding (for example, see [18-21]).
In conclusion, although little studies have been done on application of cross-shareholding networks,
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no specific paper has yet been published on application of the cross-shareholding network for systemic
risk analysis.

3. Data and Methodology

3.1. The Dataset

In this paper, the cross-shareholding network of the Tehran stock exchange, as an emerging
market, is applied. The shareholding data from 386 listed companies for the years 2013-2015 was
extracted from the Tehran Stock Exchange dataset [22]. Because many listed companies had a small
amount of market value, the dataset was limited to the shareholding data of 118 listed companies that
have more than 0.1 percent share of the total market value. The missing data of the cross-shareholding
structure are directly extracted from the annual reports of the companies. A general summary of
the companies, industrial sectors and their market share is represented in Table 1. As shown in
Table 1, these companies are categorized into 27 different sectors. The completed list of the companies
and sectors has been represented in Appendix A. For the sake of simplicity, the dataset consists of
shareholders which have more than one percent of the listed companies. Moreover, as a significant
number of listed companies had external shareholders, the dataset contained shareholders’ data and
their shareholder’s shareholder in a bi-level network.

Table 1. General summary of the selected dataset.

Row Sector Number of Market Row Sector Number of Market
Companies  Share (%) Companies  Share (%)
1 Oil & Gas Drilling 1 0.37 15 Retailing 1 0.13
2 Metal Mining 5 4.99 16 Cement 5 0.8
3 Qil Products 11 10.63 17 Tourism 1 0.2
4 Tier & Plastic 2 0.34 18 Investment Co. 8 1.7
5 Metals 11 10.13 19 Banking 16 10.86
6 Metal Products 1 0.19 20 Leasing 1 0.13
7 Machines and 1 0.12 21 Transportation 3 1.63
Equipment
8 Electronic Machines 2 0.43 22 Telecommunication 2 6.58
9 Car Production 6 2.26 23 Insurance Co. 4 0.47
10 Industrial Holdings 4 6.65 24 Housing 3 0.39
11 Electricity Supply 1 0.24 25 Computer & IT 2 1.06
12 Food Production 2 0.53 26 Engineering 1 2
Services
.. External
13 Medicine 7 1.34 27 Shareholders 13 -
14 Petrochemical 17 27.34

3.2. Methodology

3.2.1. Network Notation

A network is a set of related nodes. In graph theory, networks are represented as a set of vertices
and edges. Generally, a network N = (V, E) is represented as a set of vertices V and edges E, which
the set of edges can be shown as an adjacency matrix. The matrix elements (A;j) show the existence
of a relation between the nodes i and j and each element can be 0 or 1. If there is a relation between i
and j, A;; is 1 and 0 otherwise. If the network is an indirect network, the adjacency matrix is symmetric.
In weighted networks, A;; = w;;.

The number of edges for each node i is called the degree of node i and is represented as d;.
For directed networks, there is a difference between input and output arcs. The number of input
and output arcs for each node i is known as di" and d9", respectively. As ownership relations in
cross-shareholding networks are asymmetric, these cross-shareholding networks are represented as a
weighted directed network.
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In addition to the above-mentioned notations, for each node in network N, there are values such
as v; that represent an intrinsic value of a node and are not relevant to the structure of a network.
In a cross-shareholding network, v; could be the market value or the operational revenue of each
company. A simple representation of a cross-shareholding network as a weighted directed network is
represented in Figure 1.

Figure 1. Representation of a cross-shareholding network as a weighted directed network.

3.2.2. Networks Based Systemic Risk Indices

One of the main challenges of network analysis for many researchers is how to determine the
importance of each node rather than others in a network. In the literature related to systemic risk, the
importance of nodes can be described as the contribution of nodes in occurrence of a systemic risk
event. For this purpose, there are many measures mentioned in network literature [23-25] termed as
“centrality measures”. The two main centrality measures that are widely developed in the literature of
network theory are the degree measure and the eigenvector or feedback-based centrality measure.

Degree Centrality Measure: The degree of each node in a cross-shareholding network is the number
of companies with an ownership relation with the node. d?", as the out-degree of node i, is the number
of companies that are shareholders of i. Conversely, di" as the in-degree of node i, is the number of
companies belonging to the investment portfolio of company i. Therefore, it could be noted that d*
is a proxy for the level of integration of company i in the other companies and di" is the degree of
portfolio diversification for company i.

Micro-investors are excluded in the estimation of d®"* and d!" for each company. Even though
this might cause a bias in d?" and d" estimation, but because this is the case for estimation of all
companies, the bias effect could be ignored at the comparative analysis of companies.

In addition, if v; represents the market value of company i, P; is introduced as the portfolio value
of company i and considered as a systemic risk index in [19].

P; = ZjeNeighbors ofi WijVj 1

where wj; is the percent of company j that is owned by company i and v; is the market value of
company j.

Since the cross-shareholding network is a weighted network, it is required to consider the weights
in order to calculate centrality as well as systemic risk importance for companies. In-degree and
out-degree indices can also be presented in weighted networks. For the first time, Newman [26]
introduced the degree of each node in a weighted network as the strength of a node. Then, a mixed
index for centrality based on strength and degree of each node was introduced by Opsahl and their
co-workers [27]. Although the literature reports that such indices are used widely, they cannot be
applied in this case because of the nature of weights in cross-shareholding networks. Therefore in this
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paper, the two represented measures of Battiston have been applied to measure weighted in-degree
and out-degree measures [16]. s;, which is an in-degree equivalent centrality measure, represented

as follows:
dn 2
(Ziil Wij)

di‘n
i w2
i=1 Wij

)

S]':

where s; shows the number of inward arcs to the node j. In other words, s; calculates the effective
number of companies owned by company j. On the other hand, H; is introduced as an equivalent
out-degree measure and described as follows:

out
ki

H; = ) hy 3)

h;; which shows the amount of control that company j has on company i, is calculated as follows:

w2

hij = —— @
DI lej

In other words, h;; shows the importance of company i within the companies that belong to
company j. H; measures the total importance of company i for companies that have invested in
company i and accordingly shows the effective number of investors of company i.

Eigen Vector Centrality Measure: Eigen vector centrality measures are based on the concept that
importance of each node is related to the importance of its neighbors. This concept leads to a series
of equations that should be solved simultaneously. In a weighted directed network, the Hubbell
measure [28] is the most familiar Eigen vector measure. In this measure, each node could have
an intrinsic importance, such as ¢ and importance is related to existing relations to other nodes.
The following relation shows the Hubbell index:

cH=Ac+ 0 (5)

where ct is the Hubbell centrality measure and A is the adjacency matrix of the network. The solution
of Equation (5) is represented as:
H=-ag-a)1L (6)

The above solution is obtained, if the (I — A) matrix is invertible or equivalently none of the
eigen values of A is equal to 1. Therefore, choosing the parameters ¢ and c' in a cross-shareholding
network, the Hubbell measure could be used to determine companies that are systemically important.
In this paper, market values and the integrated market values are chosen as ¢’ and c'.

3.2.3. Integrated Market Value and Integrated Cross-Shareholding Matrix

In this section, centrality and importance of each company in a cross-shareholding network
is evaluated based on integrated ownership of companies. According to Brioschi [29], integrated
ownership is determined by aggregated amounts of direct and indirect ownership of a shareholder
on an asset. Figure 2 illustrates a simple comparison of direct and indirect ownership in a
cross-shareholding network.
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Figure 2. Representation of direct and indirect ownership in a cross-shareholding network.

As financial agents in a stock market can be categorized into listed companies and external
shareholders, the portfolio value of a listed company is calculated as Equation (7).

Pi= > wijv 7)

jeT (@)

where w;; shows the percent of company j that is owned by company i, I' (i) is the set of neighbors of
company i and v; is the market value of company j. The matrix representation of Equation (7) could be
represented as follows:

P=WV ®)

where P shows vector of portfolio values, W is an n x n adjacency matrix, V is the vector of market
values and 7 is the number of listed companies. Conversely as the main external shareholders of the
listed companies are considered in this study, the portfolio value of an external shareholder k(Pk,ext) is
represented as follows:

Pkrext=de}k=1,2,...,m (9)

where m is the number of external shareholders, Py o, represents market values of the listed companies
and dj is the ownership fraction of external shareholder k on the listed companies. The matrix
representation of the value of external shareholders portfolio is determined from Equation (10).

Pext = dv (10)

When the cross-shareholding network is shown as a combination of external shareholders and
listed companies, the following matrix A is represented:

A= W2 (11)
d o

where 0 is a zero matrix and A is a (m + n) x (m + n) matrix. Accordingly, the integrated market
value of each company could be calculated as a combination of intrinsic values and amounts of

interconnectedness as follows:
vint — Avint Ly (12)
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where V and V™ show intrinsic market values and the integrated market values of companies,
respectively. The solution of Equation (13) is as follows:

vint — (1—A)" v (13)

The V™, as the integrated values of companies could be applied as a systemic risk index that
shows importance in terms of systemic risk. If in the Equation (6), the ¢! = V" and V = ¢, it is
obvious that the V" is a kind of Hubbell centrality measure.

However, the integrated ownership matrix can also be represented as follows:

ANt = AINTA A (14)

where A" considers all direct and indirect paths to calculate amounts of integrated ownership.
For example, the integrated percent of company j that is owned by company i is represented as follows:

a}?t = ajj + Z aika}{r}t (15)
k

The solution of the Equation (14) is as follows:
ANt — (1-A)"1 A (16)

According to the above-mentioned equations, it is possible to reach a dual relation for each
company as the Equation (17), where each side of the equation shows the integrated portfolio values
of companies.

Aintv _ Avint _ Pint (17)

The P™™, which is a complement for the portfolio value indices (P;), can been used as another
systemic risk index.

4. Results and Analysis

4.1. Direct Cross-Shareholding Network

Using network theory and Pajek software, a representation of cross-shareholding network of
companies listed on the Tehran Stock Exchange is shown in Figure 3. As it is obvious, nodes are
representative of listed companies and external shareholders. According to the sector classification
of TSE, the considered companies are categorized according to 27 different sectors distinguished by
colors. As can be seen in Figure 3, there are some companies and external shareholders that have
more ownership relations with the other agents. The size of node (Figure 3) represents the amount
of a node’s degree, where the “government”, “Tamin organization” and the “national pension fund”
ranked highest with 40, 31 and 27 arcs, respectively.

Although it is not possible to recognize the general structure of the TSE cross-shareholding
network, the existence of a bunch of nodes with many in-degree and out-degree as well as some nodes
with only inward arcs and outward arcs shows that the existence of a bow-tie structure in the TSE
is likely.

Table 2 represents a summary of the statistical analysis of the direct cross-shareholding network
and the relevant systemic risk indices in the company and sector level. As shown in Table 2, there was
no significant difference between the top five companies for degree, in-degree, s; and P; in the direct
cross-shareholding network; however, the difference of these indices is more evident in the lower
order companies. Except for difference in the order of companies, the only variation was according to
existence of “Adalat Shares” in the top five companies based on s; and P;, which indicates that even
though the “Adalat Shares” has only a few relations with the other companies, it has a significant share
in its own companies. Sector analysis shows some differences between the four indices.
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Figure 3. Representation of cross-shareholding network of Tehran Stock Exchange. The size of nodes is
related to the degree of each node and the degree is the sum of in-degree and out-degree of nodes.

Table 2. Comparison of different systemic risk indices of direct network in the Tehran Stock Exchange.

Degree In-Degree Out-Degree
Min. Degree 0 Min. In-Degree 0 Min. Out-Degree 0
Max. Degree 40 Max. In-Degree 40 Max. Out-Degree 8
Avg. Degree 5.88 Avg. In-Degree 2.94 Avg. Out-Degree 2.94
Top Five Nodes Degree Top Five Nodes In-Degree Top Five Nodes Out-Degree
Gow. 40 Gow. 40 MADN 8
Tamin Org 31 Tamin Org 31 MS022 8
SA3A1 27 SA3A1 24 PKO061 8
Oilcopen 23 Oilcopen 23 GD021 7
NIKX1 22 NIKX1 17 FO041 7
Top Five Sector Avg Degree Top Five Sector  Avg In-Degree  Top Five Sector Avg Out-Degree
Industrial Industrial .
Holdings 17.25 Holdings 13.5 Metal Mining 5.6
Ext Shareholders 13 Ext Shareholders 13 Insurance Co. 525
Investment Co. 10.125 Investment Co. 6.75 Drilling 5
Metal Mining 8 Metal Mining 2.4 Cement 4.4
Insurance Co. 6 Bank 2 Basic Metals 4
Sj H; P; (Million Rials)
Min. 0 Min. 0 Min. 0
Max. 20.1 Max. 2.36 Max. 424,000,000
Avg. 1.63 Avg. 0.51 Avg. 17,600,000
Top Five Nodes s; Top Five Nodes H; Top Five Nodes P; (Million Rials)
Gow. 20.1 TORZ1 2.36 Adalat Share 424,000,000
Adalat Share 13.33 ARFZ1 2.03 Gowv. 354,000,000
Tamin Org 11.66 BDYZ1 2.02 Tamin Org 218,000,000
Oilcopen 9.75 SMAZ1 2.01 Oilcopen 142,000,000
SA3A1 8.78 KSs121 2 SA3A1 115,000,000
Top Five Sector Avg. s; Top Five Sector Avg H; Top Five Sector Avg P
P 8 5 P g Hi P (Million Rials)
Ext. Shareholders 6.48 Insurance Co. 1.29 Ext Shareholders 109,000,000
Ind. Holdings 6.22 Metal Mining 1.16 Ind. Holdings 72,100,000
Investment Co. 3.42 Transportation 1.09 Telecommunication 54,400,000
Metal Mining 1.76 Electricity 1 Petrochemical 13,100,000
Car Production 1.65 Basic Metals 0.78 Metal Mining 11,100,000
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However, comparison of the out-degree and H; indices shows that although these indices are
introduced as equivalent measures to represent the level of diversification in a company, results of the
top five companies and sectors were not similar. This was because there are companies with many
outward arcs that have small shares in their own companies. These companies had high ranking
according to the out-degree index and an intermediate rank according to H;. For example, it is evident
that according to the out-degree index, the insurance sector, which had the top rank according to H;,
was ranked in the top five companies.

As mentioned in Section 2, the in-degree and s; show the degree of integration and the out-degree
and H; represent the degree of portfolio diversification of each company. Elliot et al. (2014) [30] in their
paper show how the probability of cascades depends on two aspects, integration and diversification of
cross-holding network. Integration refers to the level of exposure of companies to each other and the
diversification refers to how the cross-holding is spread out. As integration increases, the dependence
of organization to each other increases and so the systemic risk become more possible. On the other
hand, the increase in integration level causes the companies to be less dependence on their own
assets. Thus, although when an initial failure occurs, the integration can increase the likelihood of
systemic risk, it can also lessen the probability of the initial failure. With regard to diversification,
low diversification level causes companies to be more sensitive to each other, but the cross-holding
network is disconnected and the level of systemic risk is limited. As the diversification increases to an
intermediate level, the network is connected enough to extend the level of failure and create a great
systemic risk. In the high levels of diversification, company’s portfolios are sufficiently diversified so
that there are not sensitive to any particular company’s failure.

Elliot et al. (2014) [30] showed that integration and diversification have different, non-monotonic
effect on the extent of systemic risk. They showed that there are two conditions to occur systemic
risk. The first is that integration is intermediate: each organization holds enough of its own assets
that the idiosyncratic devaluation of those assets can spark a first failure, and holds enough of
other organizations for failures to propagate. The second condition is that organizations are partly
diversified: the network is connected enough for cascades to spread widely, but nodes do not have so
many connections that they are well-insured against the failure of any counterparty.

Considering s; and H; as integration and diversification indices, the more systemically important
companies are those with an intermediate level of s; and H;. Figure 4 illustrates the relation of s; and
H; for different companies in the TSE. It is obvious that most of the nodes have low levels of integration
and diversification which are not considered as systemically important companies. There are also
some companies with medium level of s; and low level of H; or medium level of H; and low level of s},
which present threats to the financial market according to integration and diversification, respectively.
The main point in accord to the Elliot et al. (2014) [30] analysis is that there is limited number of
companies which have an intermediate level of both s; and H; and are the most systemically important
companies in the Tehran Stock Exchange.

25

20

Figure 4. S; versus H; relationship.
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However, in order to comprehend the geometric characteristics of the TSE cross-shareholding
network, the statistical distribution of s; and H; will be analyzed in this section. P (sj) as the
complement of cumulative distribution represents the probability that s; is greater than or equal to
a determined value s;. To analyze the hypothesis of power-law distribution for s;, P~ (sj) can be
proportional to s; as follows:

1-6
Therefore, probability densities function of s; can be represented as the following equation:
)
P(Sj) oC (S]) (19)

Similar analysis can be represented for the H; index. Figure 5 shows the frequency and the
cumulative distribution of S and H;. For more details, Figure 6a,b show the complement of cumulative
distribution of s; and H; in a log-log scale. The values of ¢ are calculated using linear regression
and the hypothesis that the cross-shareholding network is scale free is tested. As can be seen in the
figures, the results of the test in 95% significance level show that there is no evidence to reject the
null hypothesis that the cumulative distributions follow the power-law distribution and consequently,
the cross-shareholding network of TSE is a scale free network.

S; H,

J i
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/‘r L 0,
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Figure 5. Histogram, cumulative distribution and complement of cumulative distribution of s; and H; .
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Figure 6. (a) Cumulative distribution of s;; and (b) cumulative distribution of H; .
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4.2. Integrated Cross-Shareholding Network

Using the integrated ownership matrix, the integrated cross-shareholding network of TSE is
represented in Figure 7. It is clear that the number of network relations is increased significantly;
it shows a rise from 385 arcs in the direct network to 1422 arcs in the integrated network. Similar
to the direct network, the integrated network has also a strongly connected component that shows
the existence of Bow-Tie structure is likely. In this section, the integrated market value (V") and
integrated portfolio value (P™) are applied as the systemic risk indices to determine systemically
important companies. Furthermore, s; and H; measures are also adjusted according to the integrated
matrix as st and HI' to evaluate the systemic risk importance based on the interconnectedness of
network. Table 3 summarizes results of these indices in TSE.

l- 1
tNF'SZ BABX1N1]TIF’1
\ TR 2
LN "'I.\

®onpaTaFke

“BKHZ1

IMF<1

P leKz1

MAF

Figure 7. Representation of the cross-shareholding network of Tehran Stock Exchange based on the
integrated ownership matrix.

As can be seen in Table 3, although some differences in ranking of companies are detected,
there are no differences in the top five companies of systemic risk according to V™ and P™. it should
be noted that the difference of these indices is deepened in the lower orders. In the sector analysis, there
are some variations in the results of the two indices. For example, as engineering services companies
in TSE do not have a diversified portfolio in other listed companies and consequently have a lower
level of P their considerable intrinsic market values made a high level of Vit On the other hand,
comparison of s;”t and HI" indices with s ; and H; shows that integrated cross-shareholding network
has a significant effect on results of the top five companies. These results indicate that consideration of
integrated ownership leads to a more reliable analysis of companies that are systemically important.
Similar analysis of the integration and diversification level shows that companies with an intermediate
level of si" and HI" are exposed to minimum level of systemic risk.

The analysis of the statistical characteristics of the integrated share-holding network of
TSE represents that the cross-shareholding network is a scale free network according to V™,
Pint, S}nt and H}nt‘
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Table 3. Comparison of different systemic risk indices of integrated network in the Tehran

Stock Exchange.
Integrated Market Value (Million Rials) Integrated Portfolio Value (Million Rials)
Min. 3,000,000 Min. 0
Max. 900,000,000 Max. 750,000,000
Avg. 60,000,000 Avg. 27,500,000
Top Five Nodes Vint Top Five Nodes Pint
Adashare 900,000,000 SA3A1 750,000,000
Gow. 860,000,000 Gow. 507,000,000
SA3A1 785,000,000 Adashare 486,000,000
Tamin Org 569,000,000 Tamin Org 350,000,000
Sata 299,000,000 Sata 192,000,000
Top Five Sector Avg. Vint Top Five Sector Avg. Pint
Ind. Holdings 312,000,000 Ind. Holdings 250,000,000
Ext. Shareholders 259,000,000 Ext. Shareholders 150,000,000
Tele-Communication 172,000,000 Tele-Communication 55,000,000
Engineering Services 78,500,000 Petrochemical 13,400,000
Petrochemical 70,400,000 Bank 11,200,000
S]i-nt H—%n’t
Min. 0 Min. 0
Max. 36.69 Max. 2.53
Avg. 2.73 Avg. 0.51
Top Five Nodes s}“t Top Five Nodes Hint
Gow. 38.69 KS121 2.53
Tamin Org 24.26 ARFZ1 2.21
Adashare 20.09 TORZ1 2.16
Bankpen 19.10 SMAZ1 2.13
Mehrayande 17.50 BDYZ1 2.01
Top Five Sector Avg s]i.nt Top Five Sector Avg I-P;.“t
Ext. Shareholders 13.46 Insurance Co. 1.21
Ind. Holdings 9 Metal Mining 1.08
Investment Co. 7.03 Transportation 1.04
Car Production 2.09 Electricity 1
Metal Mining 1.9 Basic Metals 0.83

Figure 8 illustrates the histogram and cumulative distribution and Figure 9 illustrates the
complement of cumulative distribution of integrated market values (V™) in a log-log scale, respectively.
The histogram and complement of cumulative distribution of P™™, si"t and H}“t are represented in
Appendixs B and C. The results of a linear regression for the variables show statistically significant
values for  at 95% significant level and the results show that there is no evidence to reject the null
hypothesis that the cumulative distributions follow the power-law distribution.

In an economic point of view, the results show that the most systemically important agents of the
Iranian economic systems are the external shareholders, which among them, the government has the
main role. In fact, since most of the other external shareholders, Industrial holding and investment
companies are under the management of government, an economic shock to the government can
lead to a critical crisis. Since the Iranian government expenses have a large dependency to the Oil
revenues, a significant decline in the oil revenues, like what is happened in the year 2014, cause a great
depression in the Iranian economy. In the level of equity market, as the government tried to fire-sell
its assets to cover the expenses, the stability of the market is decreased. This is also the case for the
pension funds, which tried to provide their liquidities for their monthly payments.
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Figure 8. Histogram, cumulative distribution and complement of cumulative distribution of V™.
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5. Conclusions

Systemic risk is relevant to the inter-connection and correlation of different parts of a market and
the control and mitigation of systemic risks is one of the main challenges of financial markets. Due to
the fact that different companies do not have the same contribution in the occurrence of systemic risk,
the identification of systemically important companies is recommended to the financial authorities.
Recently, network theory has been widely applied for analysis of the behavior of financial systems,
financial crisis and systemic risk. In this paper, cross-shareholding network of Tehran Stock Exchange
is represented as a bi-level network. Based on the cross-shareholding data, the direct and integrated
cross-shareholding network of TSE is represented and different systemic risk indices are applied and
statistically appraised.

Results show that the cross-shareholding network is a good representation for analysis of systemic
risk in financial markets. The consideration of integrated ownership in the cross-shareholding network
leads to a more reliable network and a better understanding of systemic risk importance for different
companies. Moreover, the results of statistical analysis show that the cross-shareholding network of
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TSE is a scale free network. The existence of scale free network shows that the stock market is fertile
for the crisis in the case of systemic risk events. Although the identification of systemically important
companies is an effective way to control systemic risks, simulation of the behavior of companies in the
case of systemic events can lead to better results and is proposed for future research.
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Appendix A. List of Considered Companies and Shareholders

14 of 17

Company Symbol Sector Company Symbol Sector

1 North Drilling HSHM Oil & Gas Drilling 67 Zagros Petro. PzGZ1 Petrochemical
2 Metals & Min. MADN Metal Mining 68 Shiraz Petr. PSHZ1 Petrochemical
3 Chadormalo CH121 Metal Mining 69 Maroon Petro. PMRZ1 Petrochemical
4 Gol-E-Gohar. GO02 Metal Mining 70 Fanavaran Petr. PFAX1 Petrochemical
5 Iran Zinc Mines ROOI Metal Mining 71 Amir Kabir Co. PKBP1 Petrochemical
6 Saba Noor KNRX Metal Mining 72 Ghassem Co. GASZ2 Retailing

7 Spahan Naft SEPP Oil Products 73 Cement INV. Co. CIDC1 Cement

8 Oil Ind. Inv. NAFT Oil Products 74 F. & Kh. Cement SFKX1 Cement

9 Iranol NOLZ Qil Products 75 Tehran Cement STEX1 Cement

10 Behran Oil NBEX Qil Products 76 Hormozgan Cem. SHZX1 Cement

11 NPSZ NPSZ Qil Products 77 Mazandaran Cem. SMAZ1 Cement

12 B.A Oil Refinie PNBA1 Qil Products 78 Cult. Herit. Inv IMEX1 Tourism

13 Isf. Oil Ref. Co. PNEX1 Oil Products 79 Saipa Inv. SSAX1 Investment Co.
14 Pars Oil NPRX1 Oil Products 80 Kharazmy Invest IKHX1 Investment Co.
15  Palayesh Tehran PTRX1 Oil Products 81 Atye Damavand ATDM1 Investment Co.
16  Tabriz. Oil. Refine PNTX1 Oil Products 82 Ind. & Mine Inv. SNMAL1 Investment Co.
17 Palayesh Naft PRZZ1 Oil Products 83 Sepah Inv. SPAX1 Investment Co.
18 Kerman Tire BARX1 Tier & Plastic 84 Tosee Melli Inv. TMEL1 Investment Co.
19 Kavir Tire KVRZ1 Tier & Plastic 85 Bahman Inv. SBAH1 Investment Co.
20 Calcimine KS121 Metals 86 Iran N. Inv. NIKX1 Investment Co.
21 LN.C.Ind MS022 Metals 87 Saderat Bank BSDR1 Banking

22 Mobarake FOO041 Metals 88 Mellat Bank BMLT1 Banking

23 Esfahan Eteel ZO3A1 Metals 89 Tejarat Bank BTEJ1 Banking

24 Arfa Steel Co. ARFZ1 Metals 90 Hekmat Iranian BHKP1 Banking

25  Iran Aluminium ALIR1 Metals 91 Day Bank BDYZ1 Banking

26 Khavarmiane Mine =~ KHMX1 Metals 92 Tourism Bank GRDX1 Banking

27 Khouz. Steel FKHZ1 Metals 93 Post Bank BPST1 Banking

28 Iran Fold FAIR1 Metals 94 Ansar Bank BNAX1 Banking

29 Amirkabir Steel. FAJX1 Metals 95 Pasargad Bank BPSX1 Banking

30  Khorasan Steel FKAX1 Metals 96 Iran Zamin Bank ZMNZ1 Banking

31 Arak M. Mfg. MARX1 Metal Products 97 Parsian Bank BPAR1 Banking

32 Iran Tractor TRIR Machines & Equipment 98 Sina Fin. Ins. VSIX1 Banking

33 Iran Transfo TRNX1 Electronic Machines 99 EN Bank NOVX1 Banking

34 Motogen MOTJ1 Electronic Machines 100 Karafarin Bank KRAX1 Banking

35 IranKhodro 1K101 Car Prod. 101 Bank of M.E BKHZ1 Banking

36 Saipa S1041 Car Prod. 102 Investment Bank IBKZ1 Banking

37 Pars Khodro PKOX1 Car Prod. 103 Rayan Saipa RSAX1 Leasing

38  Bahman Group BHMX1 Car Prod. 104 Sina Marine srv SMBX1 Transportation
39 Iran Kh. Inv. GOST1 Car Prod. 105 Toucaril Co. TORZ1 Transportation
40 Iran Khodro D KAVX1 Car Prod. 106 IRI Marine Co. KSHJ1 Transportation
41 Bank Melli Inv. BANX1 Ind. Holdings 107 Iran Tele Co. MKBX1 Telecom

42 Ghadir Inv. GD021 Ind. Holdings 108 Iran Mobile Tele HMRZ1 Telecom

43 SANDOGH SA3A1 Ind. Holdings 109 Alborz Bimeh BABX1 Insurance Co.
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Company Symbol Sector Company Symbol Sector
44 Omid Inv. Mng OIMC1 Ind. Holdings 110 Parsian IPAR1 Insurance Co.
45  Bargh Mapna Co. BMAZ1 Electricity Supp. 111 Mellat Insur. BMEX1 Insurance co.
46 Behshahr TS3A1 Food Prod. 112 Pasargad Insur. BIPZ1 Insurance co.
47 Behshahr Ind. SBEX1 Food Prod. 113 Shahed Inv. SAHX1 Housing
48 Tamin Daroo DTIP1 Medicine 114 Housing Inv. MSKX1 Housing
49 Alborz Inv. ALBZ1 Medicine 115 Int. Const. BSTE1 Housing
50  Sobhan Pharm. DSOZz1 Medicine 116 Inf. Services INFX1 Computer & IT
51 Osvah Pharm. DOSE1 Medicine 117 Parsian E-Commerce PRSX1 Computer & IT
52 Razak Lab. DRZX1 Medicine 118 MAPNA MAPX1 Computer & IT
53 Zahravi Phar. DZAX1 Medicine 119 Goverment Gov Ext. Shareholder
54 Daroupakhsh DARO1 Medicine 120  Tamin Organization Tamin Org  Ext. Shareholder
55 Tamin Petro PT3A1 Petrochemical 121 Army Pen. Fund Sata Ext. Shareholder
56 IrInv.Petr. IPTZ1 Petrochemical 122 Adalat Shares Adashare  Ext. Shareholder
57 KhalijFars PLO81 Petrochemical 123 Mostazafin Foundation =~ Mostfound Ext. Shareholder
58 ParsianOil PA021 Petrochemical 124 Oil Comp Pen. fund Oilcopen  Ext. Shareholder
59 Shazand Petr. PARK1 Petrochemical 125 Tadbir Inv. Tadbirinv  Ext. Shareholder
60 Pardis Petr. PRDZ1 Petrochemical 126 Farhangian Inv. Farhinv Ext. Shareholder
61 Paksho PASH1 Petrochemical 127 Villager Pen. Fund Villpen Ext. Shareholder
62  Khorasan Petro PSKZ1 Petrochemical 128  Foolad Pen. Fund Fooladpen  Ext. Shareholder
63 Khark Petr. PKO061 Petrochemical 129 Mehr Inv. Co. Mehrinv ~ Ext. Shareholder
64  Iran Chem. Ind. SSIN1 Petrochemical 130 Banks Pen Find Bankpen  Ext. Shareholder
65 Jam Petr. PIMZ1 Petrochemical 131 Mehreayande Inv. Mehrayande Ext. Shareholder
66 Kerman PK3A1 Petrochemical

Appendix B. Appendix B: Histogram and Cumulative Distribution of Systemic Risk Measures
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Appendix C. Appendix C: Complement of Cumulative Distribution of Systemic Risk in
Log-Log Scale
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