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The impact of financial institution governance on systemic risk is crucial and
controversial. In view of the important role of fund shareholding in the corporate
governance of financial institutions, this paper takes financial institutions in China
as the research object, constructs the association network of financial institutions
based on fund shareholding, and empirically examines the impact of fund
shareholding in financial institutions on systemic risk. The results show that
fund shareholding significantly increases the systemic risk of financial
institutions through the network. Convergence in funds’ choice of investment
targets is an important mechanism for risk contagion among banks, insurance
companies, securities companies, and across sectors. The governance externality
created by fund holdings in financial institutions is thus corroborated. Further
analysis shows the peer effect of funds’ investment behaviour is an important
cause of share price convergence and governance convergence of held financial
institutions, while majority shareholder monitoring and information transparency
can effectively curb systemic risk contagion from governance externality. The
study confirms the proposition of corporate governance externality in financial
institutions, enriches the formation mechanism of systemic risk contagion from
the perspective of corporate governance, and provides a theoretical guideline for
effectively curbing the systemic risk caused by governance externality.
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1 Introduction

The modernisation of financial governance capacity and governance system is the
necessary meaning of achieving Chinese-style modernisation, and the prevention of
systemic financial risks is the fundamental task of financial work. As an important part
of China’s financial system, financial institution’s quality of governance is related to China’s
financial stability and high-quality economic development. The report of the 20th CPC
National Congress mentions that “all types of financial activities should be brought under
supervision in accordance with the law, and the bottom line of no systemic risk should be
safeguarded”. With the high-speed development of the financial market, the degree of
association between financial institutions is increasing (Upper, 2011) [1], when there is an
extreme tail event, financial risk accumulates in the financial system and spreads to the

OPEN ACCESS

EDITED BY

Haroldo V. Ribeiro,
State University of Maringá, Brazil

REVIEWED BY

Valeria Mazzeo,
Bruno Kessler Foundation (FBK), Italy
Satyam Mukherjee,
Shiv Nadar University, India

*CORRESPONDENCE

Longhe Yin,
longheyin@163.com

RECEIVED 04 August 2024
ACCEPTED 30 September 2024
PUBLISHED 17 October 2024

CITATION

Jia K and Yin L (2024) From governance
contagion to risk contagion: research on
systemic risk contagion from the perspective of
governance externality.
Front. Phys. 12:1476000.
doi: 10.3389/fphy.2024.1476000

COPYRIGHT

© 2024 Jia and Yin. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Physics frontiersin.org01

TYPE Original Research
PUBLISHED 17 October 2024
DOI 10.3389/fphy.2024.1476000

https://www.frontiersin.org/articles/10.3389/fphy.2024.1476000/full
https://www.frontiersin.org/articles/10.3389/fphy.2024.1476000/full
https://www.frontiersin.org/articles/10.3389/fphy.2024.1476000/full
https://www.frontiersin.org/articles/10.3389/fphy.2024.1476000/full
https://www.frontiersin.org/articles/10.3389/fphy.2024.1476000/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphy.2024.1476000&domain=pdf&date_stamp=2024-10-17
mailto:longheyin@163.com
mailto:longheyin@163.com
https://doi.org/10.3389/fphy.2024.1476000
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org/journals/physics#editorial-board
https://www.frontiersin.org/journals/physics#editorial-board
https://doi.org/10.3389/fphy.2024.1476000


whole financial system through the network of association, which
will have an impact on the whole financial industry and jeopardise
the safe development of the economy and finance (Fang and Liu,
2023) [2]. Therefore, the modernisation of the governance capacity
of financial institutions is also an important tool to prevent systemic
risk, but there is still some controversy in the academic community
about the impact of corporate governance on systemic risk.

Among the share capital of financial institutions, the higher the
proportion of institutional investors, the better the long-term
performance of the share price (Hartzell and Starks, 2003; Ajinkya
et al., 2005) [3, 4], so institutional investors’ shareholding has an
irreplaceable role in enhancing the stability of financial institutions.
The “Opinions” issued by the Securities and Futures Commission (SFC)
in 2022 mentioned that “public funds, as an important institutional
investor, play an increasingly important role in the reform, development
and stability of the capital market”, and that the professional investment
management capability behind the fund makes its investment targets
the key focus of investors. In recent years, the fund’s top ten positions in
the figure of financial stocks has increased, brokerage, insurance,
banking stocks positions accounted for varying degrees of
enhancement, the fund’s holdings of financial institutions will also
affect the risk performance of financial institutions through the capital
market and corporate governance channels.

Generally fund managers will diversify risks by constructing
investment portfolios, according to the contagion hypothesis, some
studies have shown that even institutional investors will have a herd
effect when investing (Deng et al., 2018; Cai et al., 2019) [5, 6], fund
managers not onlymake decisions throughmarket information research,
but also through the information network between them for
communication and behavioural observation, and influence their own
investment decisions (Pareek, 2012) [7]. The herd effect of institutional
investors also increases the risk of stock price collapse of investment
targets (Xu, 2013) [8], which in turn exacerbates the risk contagion effect
and increases the probability of systemic risk events. This paper also
confirms the above hypotheses through further empirical tests.

Meanwhile, with the continuous development of complex
network measurement methods and systemic risk-related
research, exploring the contagion effect of financial risk from the
perspective of correlation networks has also become a new research
field. Diebold and Yilmaz (2014) [9] explore the risk volatility
spillovers in financial markets by constructing risk spillover
networks, and Maghyereh et al. (2016) [10] build on this
foundation to portrayed the linkages as well as the strength of
contagion between different financial sectors and screened out risk
spillover centres in the network. There is no lack of information-
linked networks based on common shareholders or directors, and
Ding and Cao (2013) [11] examined the relationship between
management networks and bank risk from a social network
perspective and demonstrated that management networks can
inhibit bank risk. Wang et al. (2021) [12] examined the impact
of network structure on bank efficiency and micro-mechanisms
from a social network perspective by constructing a time-varying
“bank-shareholder” network. Hong and Ouyang (2022) [13], on the
other hand, constructed a financial equity knowledge graph based on
a large-scale complex equity network, and analysed the causes and
contagion channels of systemic risk.

Does the network among financial institutions formed by
common fund holdings exacerbate systemic financial risks

through the governance externality channel? The exploration of
this question is important for clarifying the effects of systemic risk
contagion through the channel of corporate governance
externalities. However, existing research is still divided on the
relationship between corporate governance and systemic risk. On
the one hand, it has been argued that firms’ governance behaviours
are affected by the decisions of other firms, leading to a convergence
in the overall level of governance in the market (Bouwman, 2011)
[14], which can lead to the contagion of systemic risk. On the other
hand there are also studies that point out that institutional investors
can play a positive regulatory role through cross-holdings, thus
helping to mitigate the externality of risk contagion (He et al., 2019)
[15]. Meanwhile, the cohort behaviour of institutional investors can
inhibit shareholders’ self-interested behaviour (Liu and Gao, 2021)
[16] and improve corporate governance through the method of “exit
threat” (Firth et al., 2016; Lin and Fu, 2017) [17, 18], but there are
also studies suggesting that the peer effect of institutional investors
may also exacerbate the hollowing out behaviour of large
shareholders (Wang et al., 2022) [19]. In studies related to the
relationship between institutional investor shareholding and
systemic risk, some scholars believe that institutional investor
shareholding increases the risk of stock price collapse (Cao et al.,
2015) [20], while others believe that institutional investor
shareholding can inhibit the surge or plunge of stock prices (Gao
et al., 2017) [21]. Thus, it seems that the current academic
disagreement on the relationship between corporate governance
and systemic risk focuses on the role of corporate governance
externalities caused by institutional investors’ shareholding in
influencing systemic risk, etc., so it is crucial to explore the
impact of governance externalities of financial institutions on
systemic risk.

In this regard, this study will explore the impact of financial
institutions’ governance externalities on systemic risk from the
perspective of fund holdings. Specifically, this study proposes a
new fund holding network construction method on the basis of
existing research, taking China’s listed financial institutions as the
main body of the study, and the top ten shareholding funds that co-
exist among financial institutions as the basis of the network linkage
to construct the fund holding network. The study probes into the
preference characteristics of financial institutions held by funds, and
analyses the cross-sectoral systemic risk contagion effect of financial
institutions caused by fund shareholding through governance
externalities and its impact mechanism. The results of the study
confirm that fund holding networks exacerbate systemic risk in
financial institutions from the perspective of corporate governance
externalities, enriching the study of the contagion mechanism of
systemic risk and providing an important basis for the relevant
authorities to prevent and control systemic risk caused by
governance externality.

2 Literature review

2.1 Research on corporate governance
externality

With the development of financial markets, firms have access to
capital market funds through intermediaries other than banks, so it
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is more important to focus on the relationship between capital
markets and firms (Schwarcz, 2008) [22]. Excessive risk-taking by
systemically important firms is seen as one of the main causes of
financial risk. If it is assumed that investors will oppose excessively
risky firms, excessive risk-taking can be controlled and corporate
governance regulated by adjusting management and investor
interests, thus preventing systemically important firms from
engaging in excessive risk-taking and improving the financial
regulatory system (Schwarcz and Star, 2017) [23]. However, this
assumption is flawed in that firms can engage in risk-taking
behaviours that have a positive expected value for investors but a
negative expected value for the public, thus giving rise to risky
externalities, and in order to reduce systemic risk externalities,
corporate managers should also have a certain level of social
responsibility (Schwarcz, 2017) [24]. However, a firm’s
governance decisions are also influenced by the decisions of
other firms, Acharya and Volpin (2010) [25] found that firms’
employee compensation and the level of corporate governance
are negatively correlated, and that firms with weak governance
will instead offer more generous incentive compensation, leading
to well-governed firms to pay too much, and this externality will also
lead to a low level of governance in the market as a whole. The
governance behaviour of firms will also influence the governance of
other firms through the network of common directors, leading to a
convergence of corporate governance behaviours in the market
(Bouwman, 2011) [14], and thus the market needs stricter and
more comprehensive regulation to intervene in the propagation of
this systemic risk (Anabtawi and Schwarcz, 2011) [26]. He et al.
(2019) [15] based on mutual fund proxy voting data to analyse the
role of institutional cross-ownership in corporate governance and
found that cross-ownership incentivises institutional investors to
play a more active regulatory role, which would be a possibility for
financial regulation to have the effect of mitigating risk contagion
externalities.

Common institutional ownership also exerts synergistic
governance effects on firms (Du et al., 2021) [27]. Crane et al.
(2017) [28] found that institutional investors in the US basic market
increased their voice in governance behaviours through grouping
behaviours. Although the proportion of institutional investors in
China is currently low, they can still enhance corporate governance
through the governance model of “exit threat”, which in turn
improves corporate performance and enhances shareholder value
(Firth et al., 2016; Lin and Fu, 2017) [17, 18]. Cross-shareholding by
common institutional investors can play the role of an information
bridge between shareholding firms (Brooks et al., 2018) [29], and the
effective dissemination of corporate information among
institutional investors is fuelled by information networks
(Kostovetsky and Manconi, 2024) [30]. Liu and Gao (2021) [16]
argue that institutional group shareholding can also provide an
effective curb on controlling shareholders’ self-interested behaviour,
but some scholars believe that this cohort behaviour of institutional
investors can result in their collusion with major shareholders,
exacerbate major shareholders’ hollowing-out behaviour (Wang
et al., 2022) [19], and elevate market risk. At the same time, the
existence of agency problems due to information asymmetry may
lead to the phenomenon of power abuse by shareholders (Li and Cai,
2024) [31], and the major shareholders may also hollow out listed
companies by means of equity pledges (Li et al., 2023) [32].

However, the current academic research related to the formation
mechanism of governance externalities due to fund shareholding is
still in its infancy. This paper argues that the investment behaviour
of funds has a governance convergence effect, which in turn affects
the governance status of investee firms and inhibits shareholders’
risk-taking behaviour.

2.2 Research on governance externality and
systemic risk contagion

Institutional investors tend to have higher expertise in making
investment decisions, but they also have a certain degree of
convergence. According to the peer effect, institutional investors
form interconnected investment networks, and co-operation among
network members can reduce competitive trading (Park et al., 2019)
[33] and impede the rapid incorporation of private information into
the stock price, whereas such co-operation may hide negative
information about a firm, leading to an increase in the risk of
information accumulation and centralised releases, and raising the
likelihood of a stock price crash (Kothari andWysocki, 2009; Hutton
et al. 2009; Wu et al. 2019) [34–36]. This peer effect amplifies market
uncertainty while reducing information transparency. The current
regulatory system of the capital market still needs to be improved,
institutional investors are more inclined to short-term speculation,
and the increasing size of institutional investors in the market
pushes the market bubble to inflate, thus contributing to the
possibility of a sharp rise and fall in stock prices (Chen et al.,
2010) [37]. Cao et al. (2015) [20] also argued that an increase in the
proportion of shares held by institutional investors increases the risk
of a firm’s future share price collapse. However, Gao et al. (2017)
[21] take the opposite view that the increase in institutional
investors’ shareholding can inhibit the surge or crash of firms’
share prices. While some studies point out that long-term
institutional investor holdings can inhibit share price crashes,
short-term institutional investor holdings can increase the
likelihood of share price crashes (An and Zhang, 2013) [38], and
studies have shown that the phenomenon of “group hugging” by
institutional investors in their investments significantly increases the
volatility of a company’s share price (Jiang and Qian, 2021) [39].
While the herd behaviour of institutional investors may further
exacerbate market volatility (Palao and Pardo, 2017; Blasco et al.,
2012) [40, 41], lead to distortion of stock prices and deviation from
their true value (Gu et al., 2022) [42], and even exacerbate the
vulnerability of the financial system, increasing the financial crisis
possibility (Cai et al.,2019) [6].

Meanwhile, common institutional investors can promote inter-
firm collusion and thus reduce firms’ investment efficiency (Azar
et al., 2018) [43], and group-hugging behaviour represented by
funds can also negatively affect firms’ investment efficiency, with
non-state-owned firms being affected to a greater extent (Xue et al.,
2022) [44]. Institutional investor hugging behaviour can also have
an inverted U-shaped moderating effect on the rate of convergence
of firms’ financial assets (Shao and Li, 2023) [45], and Wang and
Yang (2024) [46] find that common institutional ownership can also
promote the cohort effect of green innovation in the industry. Risk
issues due to common institutional investor ownership and
information sharing have gradually attracted academic attention,
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Guo et al. (2018) [47] confirm that important institutional investors
in the network enhance market risk through information sharing
and their own importance by constructing an institutional investor
network, and Huang and Bai (2021) [48] also demonstrate network
contagion when fund managers specify their investment strategies
through an institutional investment relationship network.
Therefore, fund holdings can affect the systemic risk of the held
financial institutions through internal and external governance.

2.3 Institutional investors, fund holding
network and systemic risk

Despite the strong information acquisition capabilities of
institutional investors (Boehmer and Kelley, 2009) [49], with the
current development of data analysis and decision-making
algorithmic capabilities of institutional investors, their ability to
mine information varies, and there is a potential correlation between
the investment performance of institutional investors and their
information acquisition capabilities (Bushee and Goodman, 2007)
[50] At the same time, different types of institutional investors have
different information advantages, so the heterogeneity of
institutional investors will also lead to different decision-making
tendencies when they participate in corporate decision-making
(Brickley et al., 1988) [51], and heterogeneous investor
shareholdings will also lead to different levels of impact on
market risk, while An and Zhang (2013) [38] argue that stable
and trading institutional investors have different impacts on the risk
of stock price collapse.

The risk contagion effect represented by funds has gradually
become a hot topic among the risk studies of mutual institutional
investors. Li et al. (2017) [52] investigated the micro level of fund
network information transfer effect affecting firms’ investment
efficiency, while Luo et al. (2020) [53] explored its impact on the
stock information environment by constructing a fund network.
With the growing concern over the issue of contagion of relevant
risks due to fund linkages, there is a general concern in the academic
community that risks arising from fund collapses, as well as risks due
to regulatory failures, are spreading through the system. Chan et al.
(2007) [54] argue that hedge funds are closely related to systemic
risk, and thus the exposure of the hedge fund industry may have a
significant impact on the banking sector, leading to new systemic
risk sources. Billio et al. (2012) [55] capture systemic risk among
several financial sectors, including the fund industry, while Boyson
et al. (2010) [56] demonstrate that large adverse shocks to fund
liquidity can significantly increase risk contagion. Specifically, credit
spreads, TED spreads, stock prices, and stock market liquidity have a
significant impact on systemic risk contagion are significantly
correlated.

In the process of risk contagion, the direct affiliation network or
indirect information affiliation network formed by funds is often the
main contagion channel, Greenwood et al. (2011) [57] analysed the
relationship between the ownership structure of financial assets and
non-fundamental risks based on the data of common stock holdings
by US funds, Chen et al. (2017) [58] also found that by constructing
an information network model of fund holdings, the network
density increases the probability of extreme stock declines and
rises, and the information sharing mechanism between funds is

also prone to trigger black swan events. Braverman et al. (2018) [59],
on the other hand, analysed the impact of the structural
characteristics of fund common stockholding networks on fund
returns through the relationship between funds’ common
stockholding interactions. Guo and Li (2019) [60] empirically
examined the mechanism by which information sharing among
institutional investors affects the risk of stock price crashes based on
data from China’s A-share market and public funds, and the study
showed that information sharing among institutional investors
reduces the risk of stock price crashes, and that information
interactions in the social network can also have an impact on the
fund’s position decisions as well as on the stock market price (Guo
and Zhou, 2019) [61]. Wang et al. (2023) [62], on the other hand,
based on the risk contagion model of fund common holdings,
investigated the relationship between fund network centrality and
fund systemic risk and its influence mechanism, and found that fund
network centrality and fund systemic risk exhibit a significant
positive correlation. Therefore, the investment behaviour of funds
has significant externalities, and their investment risks may be
transmitted to other financial institutions through the fund’s
direct or indirect affiliation network, thus triggering systemic
financial risks.

2.4 Review of the literature review

Academics have thoroughly explored the involvement of
institutional investors in corporate governance and the mechanisms
of network contagion of systemic risk. Specifically, current research has
found that institutional investors can influence the level of corporate
governance through the external governance of cross-holdings and the
internal governance of influencing shareholders’ behaviours or
remuneration, etc. At the same time, funds, as an important
institutional investor, may also trigger a series of risks in the held
company through the network of associations. However, from the
perspective of governance externalities, research on the contagion effect
of fund shareholding networks on the systemic risk of financial
institutions and the formation mechanism of corporate governance
externality has not received extensive attention.

In view of this, this study proposes a new fund holding network
construction method, taking China’s listed financial institutions as
the main body of the study, and the top ten shareholding funds co-
existing among financial institutions as the basis of the network
linkage to construct the fund holding network. The study probes
deeply into the investment preferences of the funds and the resulting
contagion effect of financial institutions’ governance externalities,
and further analyses the impact mechanism of the fund holding
network on the systemic risk of financial institutions from the
internal and external governance channels of the financial
institutions.

3 Methods

3.1 Data

This paper focuses on exploring the relationship between fund
holding networks and systemic risk of financial institutions, and
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selects the panel data of 33 listed financial institutions in China for
the period of January 2013 to December 2022 as the research sample
to carry out a series of empirical analyses. The sample period
includes a variety of important events that have an impact on
financial system risk, such as monetary policy adjustment, fintech
development and digital transformation, and the COVID-19
epidemic. At the same time, the paper identifies and controls for
multiple variables that may affect this relationship, but the core
analysis focuses on network centrality indicators and systemic risk
indicators of financial institutions. These indicators reflect the
location and importance of financial institutions in the network
of fund holdings and aim to reveal their impact on the systemic risk
of financial institutions.

Due to the limited number of listed financial institutions in
China, especially under the premise of meeting multiple
requirements such as the amount of data needed for the study,
time span and data quality, this paper selects the sample financial
institutions based on the principles of representativeness, data
availability, sample size and industry distribution to ensure the
broad applicability and reliability of the research results. Finally,
according to the comprehensive situation of listed financial
institutions in China, this paper selected 33 listed financial
institutions as the research sample. These include 16 banks, four
insurance companies, and 13 securities companies.

In order to ensure data quality, we firstly ensure that financial
institutions have sufficient and comprehensive data during the
sample period, which includes but is not limited to financial
statements, transaction records, regulatory reports and other
multi-dimensional data sources, so as to ensure that we can
comprehensively reflect the financial institutions’ operating
conditions and market performance. At the same time, the
integrity of the data is strictly verified to avoid interference with
the analysis results. Before the data analysis, we carried out detailed
data cleaning and pre-processing work, including outlier treatment,
missing value filling, data standardisation and normalisation and
other steps, so as to eliminate the noise in the data and improve the
efficiency and accuracy of data analysis.

The sample covers financial institutions of different natures,
sizes and business scopes. The bank sample includes state-owned
commercial banks, joint-stock commercial banks and city
commercial banks with comprehensive and representative data
during the sample period. The insurance company sample
includes all the current listed insurance companies in China. The
securities company sample includes representative and certain size
securities companies with data available during the sample period.
Despite the number of listed financial institutions in China is
limited, the screened sample ensures that the characteristics of
each type of financial institutions can be adequately represented.
In addition, the balanced distribution of industries avoids the bias
caused by the over-concentration of a single industry. Considering
that due to the limitation of data availability, some financial
institutions may be excluded due to unlisted, insufficient data
disclosure or limited data availability, which may have some
impact on the full representativeness of the sample. In this
regard, this paper strengthens the robustness test along with the
regression analysis in an attempt to maximise the
comprehensiveness and accuracy of the study and seeks to
provide a deeper insight into the complex mechanisms affecting

the impact of the fund holding network on the systemic risk of
financial institutions. This paper also explores the complex
mechanism of fund holding network and financial institutions’
systemic risk.

Specifically, five state-owned commercial banks (Agricultural
Bank of China, Bank of Communications, Industrial and
Commercial Bank of China, China Construction Bank, Bank of
China), eight joint-stock commercial banks (Ping An Bank,
Shanghai Pudong Development Bank, Huaxia Bank, China
Minsheng Bank, China Merchants Bank, China Industrial Bank,
China Everbright Bank, and China CITIC Bank), as well as three city
commercial banks (Bank of Ningbo, Bank of Nanjing, and Bank of
Beijing), are selected for the bank sample. The insurance company
samples are selected from Ping An Insurance Company of China,
New China Life Insurance Company, China Pacific Insurance
Company, and China Life Insurance Company. The sample of
securities companies are selected from Guoyuan Securities,
Guangfa Securities, Changjiang Securities, CITIC Securities,
Sinolink Securities, Haitong Securities, Orient Securities,
Everbright Securities, China Merchants Securities, Industrial
Securities, Soochow Securities, Huatai Securities, and Founder
Securities.

The sample interval of this paper is from 1 January 2013 to
31 December 2022. Some variables are missing due to individual
data, then the missing sample data will be filled in during the
subsequent empirical research using interpolation. The research
data are obtained from CSMAR, Wind and Choice database.

3.2 Systemic risk indicator measurement

Based on the study of Adrian and Brunnermeier (2016) [63], the
daily closing prices of individual stocks of financial institutions and
the Shanghai Stock Exchange Index are selected to measure the
financial institutions and financial system returns, and the systemic
risk of financial institutions is measured based on the quantile
regression method.

Ri � 100 × ln
Pi,t

Pi,t−1
( )

Ri
t � αi + γiMt + εit

Rsystem
t � α

system|i
q + βsystem|iq Ri

t + γ
system|i
q Mt + ε

system|i
q

Where Ri
t is the stock return of financial institution i, Rsystem

t is
the return of the entire financial system, andMt is the state variable.
This paper measures the CoVaR value of each sample financial
institution at a confidence level of 5%. The state variables draw on
the study of Adrian and Brunnermeier (2016) [63], six state variables
are selected as in Table 1, and the dynamic values of each sample of
financial institutions are measured and treated as absolute values.

VaRi
q,t � α̂iq + γ̂iqMt

CoVaRi
q,t � α̂system|iq + β̂

system|i
q VaRi

q,t + γ
system|i
q Mt

Because this paper measures a dynamic indicator of systemic
risk, its evolution is not only driven by a single factor, but also by
multiple factors, such as regulatory policy adjustments, changes in
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market conditions, and unforeseen events, at which point the value
of systemic risk fluctuates to some degree, and this fluctuation is
universal among financial institutions. For example, when the
COVID-19 pandemic occurred, the systemic risk of financial
institutions all showed an upward trend. In order to cope with
the impact of other event shocks on the results of the systemic risk of
this study, this paper controls the relevant factors in the control
variables and ensures the validity of the study through methods such
as the robustness test.

3.3 Fund holding network construction and
topological characteristics measurement

Based on the data of the top ten fund holdings of financial
institutions, the network of fund holdings among financial
institutions is constructed as in Figure 1. The red nodes denote
the bank samples, the green nodes denote the insurance company
samples, and the blue nodes denote the brokerage firm samples. If a
fund holds shares in both sample financial institutions, there is a
connecting edge between the two financial institution nodes. The
weight of the connected edge in the network is the number of mutual
fund shareholders among the financial institutions, and the weight
of the node is the degree of centrality of the financial institution.

In order to represent the topological structure of each financial
institution node in the network, this paper selects closeness to
centrality (Closeness) as a proxy variable for the network
characteristics of node institutions. This indicator can effectively
determine whether a financial institution node is in the centre of the
network. The specific calculation formula is as follows:

Closeness � 1
∑u∈Vdist u, v( )

dist(u, v) denotes the shortest distance between nodes v and u, V
denotes the set of all nodes in the network. The larger metric, the
higher importance of bank, the larger node in the network.

It is worth noting that Figure 1 presents a clear clustering
feature. Clustering occurs within the network between the
samples of three types of financial institutions (banks, insurance,
and securities companies) due to common holdings of funds. It
suggests that the same fund prefers intra-sectoral investment
holdings within banks, insurance companies, and securities
companies, which increases systemic risk connectivity between

financial institutions of the same type, but also creates some
barriers to risk contagion between different types of financial
institutions.

To further explore the clustering phenomenon of similar financial
institutions in the fund holding network, the minimum spanning tree
(MST) algorithm is used to identify the minimum spanning tree of this
network, and the core network and core conduction paths of the
network association evolution pattern are found as shown in
Figure 2. The shortest path of the network shown in Figure 2
confirms that internal clustering between banks and banks,
insurance companies and insurance companies, securities companies
and securities companies is presented in the network of fund holdings.
This suggests that the same fund prefers to hold on a single type of
financial institution when considering the underlying investment. From
the direction of risk control, the business model and risk characteristics
of a single class of financial institutions are relatively more uniform,
which enables the fund to be more precise and efficient in assessing and
managing risks. At the same time, by focusing on a single type of
financial institution, the fund can gain a deeper understanding of the
market situation, competitive landscape and policy trends in that area,
thereby improving investment efficiency and reducing investment risk.

Governance externalities in this paper refer to governance
impacts that go beyond the internal boundaries of a single
financial institution as a result of a fund’s shareholding
behaviour. Such impacts are not only confined within the
financial institution in which the fund invests, but also spread to
other financial institutions through the complex structure of the
financial network and even across different financial sectors. Figures
1, 2 visualise this phenomenon, revealing how fund holdings can
facilitate the spread of risk within the same type of financial
institution sector through governance externalities and further
exacerbate risk contagion across sectors. Therefore, internal risk
management and cross-sectoral risk monitoring of financial
institutions should be strengthened to capture the path of
network risk transmission and provide timely early warning to
prevent internal and cross-sectoral contagion of systemic risks
caused by governance externalities arising from fund holdings.

Nevertheless, we believe that the clustering behaviour of fund
holdings continues to be affected by external factors such as
economic conditions and regulatory changes. At the same time,
on the one hand, the phenomenon of clustering contributes to
enhanced risk management within the sector, and through pooling
of investments and professional collaboration, funds are able to

TABLE 1 Selection and measurement of state variables.

State variable Name Measurement method

Stock market yield volatility (stock_vol) Daily volatility is obtained by finding the rolling standard deviation of the daily returns of the SSE Composite Index, which is then
averaged into the quarterly volatility data

Treasury yield volatility (bond_vol) Difference between current and previous period’s yields on 1-year treasury bonds

Liquidity risk (liquidity) Difference between 1-year SHIBOR rate and 1-year Treasury spot yield

Changes in credit spreads (credit) The difference between the quarterly yield to maturity on the 10-year corporate bond (AAA) and the spot yield on the 10-year
treasury bond, and then the level of its change

Change in term spreads (term) Difference between the spot yield on 10-year treasury bonds and the spot yield on 1-year treasury bonds, and then find the level of its
change

Property market excess returns (estate) Difference between real estate sector (SSE Property Index (000,006.SH)) returns and stock market returns
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respond to market volatility more effectively and achieve resource
sharing and risk diversification. For share-holding financial
institutions, the enhancement of market recognition is an
intangible asset. When the Fund chooses to co-invest in a certain
type of financial institution, this often conveys a positive signal from
the market on the soundness of the operation and future
development potential of the institution, which attracts more
investors and partners to pay attention to it, broadens the
financial institutions’ business channels and co-operation
network, and promotes business co-operation and resource-
sharing among the share-holding financial institutions. It also
promotes business co-operation and resource sharing among the
shareholding financial institutions. On the other hand, such

clustering may also lead to homogenisation of fund portfolios
without the necessary diversification, thus increasing vulnerability
to specific sector or market shocks. When a sector is hit by an
unfavourable factor, funds in the clustering may face larger losses at
the same time, and the more similar the fund’s holdings are the
lower its performance may be instead (Augustiani et al., 2015) [64].
At this point, institutional investor networks further proliferate
information and influence trading decisions, which subsequently
exacerbates systemic risk for the market (Ozsoylev et al., 2014) [65].
Therefore, the relevant department needs to pay high attention to
and prevent the resulting homogenisation risk, and take
comprehensive risk management measures to ensure the stability
and healthy development of the financial market.

FIGURE 1
Network of fund holdings among listed financial institutions in China, 2015 (A), 2018 (B), 2020 (C) and 2022 (D). Note: The meaning of the
abbreviations of the financial institutions in the figure is as follows. ICBC (Industrial and Commercial Bank of China), ABC (Agricultural Bank of China), BOC
(Bank of Communications), CCB (China Construction Bank), BC (Bank of China), PAB (Ping An Bank), NBCB (Bank of Ningbo), SPDB (Shanghai Pudong
Development Bank), HB (Huaxia Bank), CMSB (China Minsheng Bank), CMB (China Merchants Bank), NJCB (Bank of Nanjing), CIB (China Industrial
Bank), BOB (Bank of Beijing), CEB (China Everbright Bank), CNCB (China CITIC Bank). ZGPA (Ping An Insurance Company of China), XHBX (New China Life
Insurance Company), ZGTB(China Pacific Insurance Company), ZGRS(China Life Insurance Company). GYZQ (Guoyuan Securities), GFZQ (Guangfa
Securities), CJZQ (Changjiang Securities), ZXZQ (CITIC Securities), GJZQ (Sinolink Securities), HAITZQ (Haitong Securities), DFZQ (Orient Securities),
GDZQ (Everbright Securities), ZSZQ (China Merchants Securities), XYZQ (Industrial Securities), DWZQ (Soochow Securities), HTZQ (Huatai Securities),
FZZQ (Founder Securities).
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3.4 Modelling

In this paper, the model is set up based on a two-way fixed-
effects model with the CoVaR of the sample financial institutions as
the explanatory variable and the topological characteristics of the
nodes in the fund holding network as the core explanatory variable.
The specific formula is as follows:

CoVaRi,t � α0 + α1Net Chari,t + α2Controli,t + fin instii + timet

+ εi,t

Where CoVaR denotes the absolute value of the systemic risk
indicator of financial institutions. Net Chari,t denotes the core
explanatory variable of this paper, fund holding network
topology characteristics, and the closeness centrality
Closenessi,t is used as a proxy for the core explanatory
variable Net Chari,t. Controli,t is the control variable,
fin instii denotes the individual fixed effect, idi denotes the
time effect, and εi,t is the residual term.

The control variables in this paper comprehensively consider
several aspects of financial indicators, market risk, credit risk and

macroeconomic indicators of financial institutions, and the following
nine variables are selected. In terms of micro characteristics of financial
institutions, seven variables are selected as control variables: return on
equity (ROE), price-earnings ratio (PE), total asset turnover (ATO), age
of financial institutions listed on the stock exchange (Age), asset-liability
ratio (Lev), number of shares held by institutional investors (Insti), and
ownership concentration (OwnerCR). In terms of macroeconomic
characteristics, two variables of the chain growth rate of GDP
(GDP) as well as the amount of broad money (M2) are selected as
control variables.

4 Empirical analysis

4.1 Descriptive statistics

Table 2 reports the main variables of the paper and their
descriptive statistics. From the data in the table, it can be seen
that the absolute minimum value of CoVaR for the sample financial
institutions is 0.0006 and the maximum value is 1.1157, which
indicates that the systemic risk of different financial institutions

FIGURE 2
Minimum Spanning Tree (MST) network of fund holdings among financial institutions, 2015 (A), 2018 (B), 2020 (C) and 2022 (D).
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varies widely across time. This may be due to the impact of fund
holdings, as well as the institution’s own business conditions, and
macro factors such as economic cycles and uncertainty crises. In
terms of the topological eigenvalues of the fundholding network, we
adopt the proximity to centrality (Closeness) as a key measure of the
importance of a node. Specifically, proximity centrality reflects the
inverse of the average distance from a node to all other nodes in the
network, and the higher its value, the more central the node is in the
network and the closer it is connected to other nodes. The mean
value of the proximity centrality index in this paper is 0.0163, and
the standard deviation is also 0.0163, with the maximum value
reaching 1, while the minimum value is 0. This result indicates that,
although the proximity centrality level of the nodes in the network is
low overall, the centrality of financial institutions in the network
varies significantly, i.e., there are some financial institutions that
occupy extremely central positions in the network. These financial
institutions with high proximity centrality are usually regarded as
systemically important financial institutions, which play a key role in
the transmission network of financial risks, both as an important
source of risk spillovers and potentially as the main subject of
risk taking.

In order to test the possible problem of multicollinearity
between variables, Table 3 demonstrates the VIF values between
variables, and the results show that the VIF values are all strictly less
than five and much less than 10, and the 1/VIF values are all greater
than 0.1, so it can be assumed that there is no problem of
multicollinearity caused between variables. Meanwhile, Table 4
demonstrates the correlation coefficient matrix between the
variables, and it can be seen that the correlation coefficient
between systemic risk and the centrality indicator of financial
institutions in the fund holding network is positive, and this
positive correlation provides the basis for the next empirical
research in this paper.

4.2 Regression to baseline

Table 5 demonstrates the results of the regression analysis of the
impact of fund holding network centrality on the systemic risk of
financial institutions. In this paper, we firstly conducted a
benchmark regression analysis based on the fixed-effects model,
and the results are displayed in Columns (1)-Columns (4).
Meanwhile, in order to verify the applicability of the model, we
further used the least squares dummy variable (LSDV) method and
random effects model for estimation, and the results are presented in
Column (5) and Column (6), respectively. Through the Hausman
test, we obtain the p-value is 0.0471, which shows the statistic result
rejects the original hypothesis that the random effects model is better
at the 5% significance level, therefore, the fixed effects model is
finally selected as the analytical framework in this paper.

The regression results show that the effect of fund holding
network centrality on the systemic risk of financial institutions is
significantly positive at the 5% level, indicating that fund holding
networks exacerbate systemic financial risk contagion among
financial institutions. When there is a risk event shock, the
greater the network centrality of the financial institutions, the
greater the impact on the risk of the entire banking system. This
is due to a certain homogeneity in the funds’ choice of investment

targets. As the Fund’s focus on financial institutions rises, the
network of fund holdings linking various financial institutions
increases the linkages between financial institutions. In extreme
risk events, the bearishness or bullishness of a portion of the funds
towards a financial institution influences the holding movements of
other funds, affecting the operating conditions of the institution
being held, and thus increasing the systemic risk of the financial
institution. Therefore, in order to better prevent and resolve
systemic risks of financial institutions, it is necessary to
comprehensively improve governance capacity as well as to pay
attention to the shareholding movements of institutional investors,
improve its own risk assessment system, and safeguard the stable
development of the financial system.

4.3 Robustness test

Firstly, to overcome potential endogeneity problems such as two-
way causation and sample selection, this paper draws on Fang and Liu
(2023) [2] and selects the growth rate of fund subscription shares
(Purchase) in the current period as an instrumental variable for the
centrality of fund holding networks. The share of fund subscriptions is
affected by a number of factors, including fund issuance, willingness to
subscribe, and relevant policy regulation. The faster the fund
subscription share grows, the more likely the fund will invest in
financial institutions. And it is not related to individual financial
institutions, so this variable meets the requirements of instrumental
variables. The results of the one-stage regression of instrumental
variables based on the 2SLS method are shown in column (1) of
Table 6, where it can be seen that the instrumental variable Purchase is
significantly positive at the 1% level, suggesting a low likelihood of it
being a weak instrumental variable. The two-stage regression results in
column (2) show that the direction and significance of the core
explanatory variables are consistent with the baseline regression
results, confirming the robustness of the results.

To further test the robustness of the benchmark regression
results, this paper also conducts robustness tests based on the
following methods.

First, the sample period is adjusted. The regression is conducted
by adjusting the sample period to the sample window after being
affected by the COVID-19 shock. As a representative market shock
event in recent years, COVID-19 has a far-reaching and wide-
ranging impact on the systemic risk of financial institutions, and
the regression results are shown in column (3) of Table 6. It can be
found that the variable of fund holding network centrality is still
significantly positive after the epidemic shock, indicating that the
result is still robust to uncertain event shocks.

Second, the shrinking-tail treatment. In order to eliminate the
potential interference of extreme values on the results of the
regression analysis, this paper implements a one-sided tailing
process at the 5% level for the fund holding network centrality
indicator, which means that the extreme small values below the 5%
quartile are adjusted to the value of that quartile, and then
subsequently performs the regression analysis based on the
processed data. The regression results are shown in column (4)
of Table 6. It can be found that the regression results after the
extreme value treatment still make the core explanatory variables
significantly positive, indicating that the results are robust.
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Third, replacement of the dependent variable. Considering that
the systemic risk indicators measured at different quartile levels may
be different, the ΔCoVaR indicator for the case of q = 0.1 is
calculated to replace the original explanatory variables in the
regression, and the results are shown in column (5). The
explanatory variables remain significantly positive and the
regression results are robust.

Fourth, replacement of the independent variables. To
compensate for the limitations of the proximity centrality
indicator, this paper simultaneously measures the eigenvector
centrality of network nodes (Eigen) instead of the original
centrality indicator for regression, and the results are shown in
column (6) of Table 6, where the centrality indicator is significantly
positive, and the baseline regression results are robust.

Finally, group regression. Based on whether the original
financial institution sample is a state-owned bank, a state-owned
insurance company or a state-owned securities company, the sample
is divided into state-owned institutions and non-state-owned
institutions for the regression while keeping the original network
unchanged. The results are shown in Columns (7)–(8), and it is
found that the centrality of both state-owned and non-state-owned
financial institutions in the network has a significantly positive effect
on their systemic risk. The regression results are robust.

In summary, the regression results confirm the positive and
significant effect of fund holding network centrality on the systemic
risk of financial institutions, highlighting that this mechanism
exacerbates risk contagion among financial institutions.
Specifically, financial institutions with a high degree of centrality
can be more likely to spill over to the financial system as a whole
during a risk event, as the homogeneity of fund investments drives
close linkages among financial institutions. Therefore, upgrading
governance capacity, monitoring institutional investors’
shareholding movements and improving risk assessment systems
are crucial to preventing systemic financial risks. In addition, a series
of endogeneity and robustness tests further validate the reliability of
the paper’s conclusion that the positive effect of fund holding
network centrality on systemic risk is significant in different
contexts, providing a solid theoretical basis for policy formulation.

4.4 Analysis of contagion mechanism

According to the results of the empirical study, there is a
contagion effect of systemic risk of financial institutions in the
fund holding network. And in general, the higher the degree of
centrality in the network, the higher the systemic risk of financial
institutions. Then what are the channels of systemic risk contagion
through fund holding network? And how should relevant

TABLE 2 Descriptive statistics.

Variables Meaning of Variables Sample
Size

Average
Value

Standard
Deviation

Minimum
Value

Maximum
Value

CoVaR Absolute value of CoVaR 1,311 0.2309 0.1606 0.0006 1.1157

Closeness Centrality of full-sample networks 1,320 0.0163 0.0574 0 1

ROE Return on equity 1,311 0.1173 0.0507 -0.0062 0.2793

PE Price-earnings ratio 1,310 17.3638 21.2050 3.2379 248.8358

ATO Total asset turnover 1,314 0.0318 0.0337 0.0037 0.2267

Age Listing age of financial institutions 1,320 12.7515 6.2405 0 31

Lev Asset-liability ratio 1,314 -0.1716 0.1362 -0.9439 -0.0502

Insti Number of shares held by institutional
investors

1,312 23.1253 1.5588 19.9056 26.5734

OwnerCR Ownership concentration 1,284 61.0091 20.5630 16.2201 97.5011

GDP Chain growth rate of GDP 1,320 1.5050 2.5916 -10.1000 11.6000

M2 Amount of broad money 1,320 12.0372 0.2767 11.5482 12.4929

Note: Asset-liability ratio, number of shares held by institutional investors, and amount of broadmoney are taken as natural logarithms. Ownership concentration is the sum of the shareholding

ratios of the company’s top five largest shareholders.

TABLE 3 VIF test results.

Variables VIF 1/VIF

Closeness 1.01 0.985647

ROE 2.80 0.356620

PE 1.55 0.644353

ATO 1.25 0.797175

Age 1.32 0.759876

Lev 2.74 0.364592

Insti 3.37 0.296677

OwnerCR 2.64 0.379063

GDP 1.01 0.986796

M2 1.97 0.507759

Mean VIF 1.97
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institutions and departments prevent this risk contagion channel?
This issue of contagion mechanism deserves in-depth discussion.

The investment behaviour of funds in financial institutions will
directly affect the macro-prudential indicators of financial
institutions, while funds and other institutional investors, as
shareholders or creditors of financial institutions, will also affect
the decision-making in the process of corporate governance of
financial institutions, which in turn affects the systemic risk of
financial institutions and the stability of the financial system. In
summary, this paper will explore the role of fund holding network
centrality in influencing the systemic risk of financial institutions
from the signalling mechanism of financial institutions in the capital
market as well as the optimisation of the financial institutions’ own
governance in two aspects.

4.4.1 Capital market signalling mechanism
A connected network of financial institutions constructed by

fund holdings affects the price reflection of the financial
institutions themselves in the capital market as well as the
investment strategies of other investors. Based on the above
analysis, in order to clarify the contagion channel of risk
among networks, this paper draws on Guo and Li (2019) [60],
Guo et al. (2018) [47], and Li et al. (2017) [52] to select the natural
logarithmic index of individual stock market capitalisation
(Capital) as a mediator variable of the fund shareholding
network affecting the systemic risk of financial institutions,
and based on Baron and Kenny (1986) [66], Alesina and
Zhuravskaya (2011) [67], and Jiang (2022) [68], the contagion
channel test was conducted using stepwise regression.

TABLE 4 Matrix of correlation coefficients of variables.

CoVaR Closeness ROE PE ATO Age Lev Insti OwnerCR GDP M2

CoVaR 1

Closeness 0.006 1

ROE 0.208 −0.066 1

PE 0.015 0.005 −0.449 1

ATO 0.007 −0.019 0.003 0.118 1

Age −0.067 0.076 −0.194 −0.094 −0.087 1

Lev −0.013 −0.046 0.605 −0.515 −0.043 −0.038 1

Insti −0.149 −0.042 0.277 −0.392 −0.172 −0.026 0.555 1

OwnerCR −0.178 −0.011 0.084 −0.133 0.143 −0.155 0.327 0.711 1

GDP −0.079 0.017 0.030 0.025 0.058 −0.048 −0.013 −0.004 −0.003 1

M2 −0.204 0.058 −0.406 −0.088 −0.029 0.456 0.126 0.104 0.039 −0.090 1

TABLE 5 Impact of the fund holding network on the systemic risk of financial institutions.

Variables FE LSDV RE

(1) (2) (3) (4) (5) (6)

CoVaR

Closeness 0.024* 0.048** 0.022** 0.022** 0.022* 0.022**

(0.013) (0.020) (0.010) (0.010) (0.011) (0.011)

Control Variables No Yes Yes Yes Yes Yes

Individual Effect Yes Yes No Yes Yes Yes

Time Effect Yes No Yes Yes Yes Yes

Constant Term 0.202*** 1.118 18.341*** 18.341*** 16.062*** 16.062***

(0.013) (1.393) (5.065) (5.065) (4.445) (4.445)

Number of Observations 1311 1279 1279 1279 1279 1279

R2 0.699 0.167 0.706 0.706 0.782 0.706

Hausman 17.10 (Prob > chi2 = 0.0471)

Note: *, **and ***represent regression coefficients that are significant at the 10%, 5% and 1% levels, as follows.
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Capitali,t � α0 + a1Closenessi,t + a2Controli,t + fin instii + timet

+ εi,t

CoVaRi,t � α0 + b1Capitali,t + c1Closenessi,t + c2Controli,t

+ fin instii + timet + εi,t

The results are shown in columns (1)–(2) of Table 7. Column (1)
indicates the existence of an indirect effect of fund holding network
centrality on the market value of financial institutions’ stocks. When
the centrality of a financial institution in the fund holding network is
elevated, i.e., the fund pays more attention to the financial institution,
the investors in the market are more willing to buy its shares and the
stock liquidity increases accordingly (Jiang and Qian, 2021) [39],
which pushes the increase of the stock trading volume and the rise of
the stock price, and thus directly raises the market value of individual
shares of the financial institution. However, this market capitalisation
enhancement is often accompanied by excessive optimism in market
sentiment and concentration of capital flows, which makes the share
prices of financial institutions more susceptible to fluctuations in
market sentiment and the emergence of a convergence effect on share
prices. In addition, when the market capitalisation of individual
financial institutions rises to a high level, their market influence
and systemic importance also increase. As a result, an excessive
increase in the market capitalisation of individual financial
institutions’ shares may exacerbate the vulnerability of the financial
system, which in turn may exacerbate the systemic risk of financial
institutions. The results in Column (2) indicate that the parameters of
fund holding network centrality and financial institutions‘ stock

market capitalisation on financial institutions’ systemic risk are
both significantly positive, further confirming the existence of the
mediation effect. When the centrality of a financial institution in the
fund holding network is high, it will lead to higher market
capitalisation due to its high attention in the capital market, which
will exacerbate the systemic risk of the financial institution by
increasing the price concentration volatility and increasing the
information asymmetry.

4.4.2 Governance optimisation mechanism
From the perspective of the financial institutions themselves, the

increase in the centrality of the fund’s shareholding network also
reflects their own operational efficiency and development prospects.
In order to reflect the development prospects of financial
institutions, the indicator of net per share value growth rate
(PSVGR), which can represent the development potential and
asset preservation and appreciation of financial institutions, is
chosen as the mediator variable, and the higher the indicator is,
the stronger the vitality of the enterprise’s operation and the stronger
the potential for future development.

PSVGRi,t � α0 + a1Closenessi,t + a2Controli,t + fin instii + timet

+ εi,t

CoVaRi,t � α0 + b1PSVGRi,t + c1Closenessi,t + c2Controli,t

+ fin instii + timet + εi,t

Based on the stepwise regression method, we investigate the
contagion channels of systemic risk of financial institutions through

TABLE 6 Robustness test results.

Variables 2SLS First
Stage

2SLS
Second
Stage

Adjustment
of Sample
Period

Shrinkage
Treatment

Replace Y Replace
X

State-
owned

Institutions

Non-state-
owned

Institutions

(1) (2) (3) (4) (5) (6) (7) (8)

Closeness CoVaR CoVaR CoVaR CoVaR(q=0.1) CoVaR CoVaR CoVaR

Purchase 0.380***

(0.112)

Closeness 0.524* 0.021* 0.021* 0.052** 0.046** 0.023*

(0.292) (0.011) (0.011) (0.022) (0.021) (0.013)

Eigen 0.017*

(0.010)

Control
Variables

Yes Yes Yes Yes Yes Yes Yes Yes

Individual
Effect

Yes Yes Yes Yes Yes Yes Yes Yes

Time Effect Yes Yes Yes Yes Yes Yes Yes Yes

Constant Term 2.185 0.596 18.352*** 18.352*** -2.972 19.918** -1.889 18.054***

(2.361) (1.824) (5.065) (5.065) (5.198) (7.978) (2.110) (5.276)

Number of
Observations

1274 1274 1279 1279 1279 1281 1279 1309

R2 0.100 0.357 0.706 0.706 0.470 0.712 0.168 0.700
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the influence of fund holding network on the development potential
of financial institutions. The regression results in column (3) of
Table 7 show that the existence of fund ownership network
centrality has an indirect effect on the development potential of
financial institutions, and the results in column (4) show that the
coefficients of the development potential of financial institutions
and the centrality of the fund ownership network are both
significantly positive, which indicates that there is an
intermediary effect. The greater the centrality of a financial
institution in the network, the more attention it receives from
investors, which often reflects the market’s recognition and
expectation of its business performance, development strategy
and future growth potential, which in turn attracts more capital
inflow and helps the financial institution to expand the scale of its
business, optimise the allocation of resources, enhance market
competitiveness, and further enhance its future development
potential. However, with the continuous development and
business expansion of financial institutions, in the long run, it
may exacerbate the vulnerability of the financial system and
increase systemic risks. In particular, when there are
unfavourable changes in the market environment, the over-
expansion and high-risk investments of financial institutions may
expose their inherent vulnerabilities, triggering chain reactions and
posing a threat to financial stability. Therefore the higher the
centrality of the fund’s shareholding network, the greater the
financial institution’s potential for growth at the moment, but the
potential risk of increased systemic risk in the long term still exists.
Therefore, while enjoying the development opportunities brought
about by the increased attention of funds, financial institutions must
be vigilant and effectively manage the resulting systemic risks.

In order to further test the validity of the analysis of mediation
mechanism, based on Bootstrap method to test the above two
mediation effects, if the observed confidence interval does not
contain 0, the mediation effect is significant, and vice versa is not

significant. As shown in Table 8 of the test results, the confidence
intervals of the indirect effect and the direct effect in the capital
market signalling mechanism significantly do not contain 0 and the
regression coefficients are significantly positive. Similarly, the
confidence interval of the mediation effect through the
governance optimisation mechanism also does not contain 0, and
both the indirect and direct effects are significant, indicating the
existence of some mediation effects. Therefore, the mediation effect
of fund ownership affecting systemic risk through the capital market
signalling mechanism and governance optimisation mechanism is
significant and the regression results are robust.

5 Further exploration

5.1 Internal governance moderating role of
major shareholder monitor

Based on the theory and the empirical analysis above, it can be
seen that fund investment has convergence, which in turn leads to
the occurrence of the governance convergence behaviour of the
company being held, and ultimately shows the phenomenon that the
fund shareholding network enhances the systemic risk of financial
institutions. The question of whether the majority shareholders of a
company fulfil a supervisory role to inhibit the enhancement of
systemic risk is worth exploring further.

It is mentioned in the “Measures for the Supervision of the
Behaviour of Major Shareholders of Banks and Insurance
Institutions” issued by China in 2021 that the major shareholders
of banks and insurance institutions should actively maintain the
sound operation of banks and insurance institutions and the stability
of the financial market, prevent and control financial risks, and
legally and effectively participate in the corporate governance in
accordance with the relevant provisions. As the higher the
shareholding ratio of the company’s largest shareholder, the more
control it has over the company, and the more motivated it is to
perform the function of supervising the management layer (Zeng
et al., 2018) [69]. Therefore, this paper argues that the supervisory
role of a company’s major shareholders has a negative moderating
effect in the relationship between fund shareholding and systemic
risk of financial institutions, i.e., the supervision of major
shareholders can inhibit the enhancement of systemic risk.
Referring to the studies of Zeng et al. (2018) [69] and Wang and
Hu (2024) [70], this paper introduces the shareholding ratio of the
first largest shareholder of financial institutions (Holder1) into the
model and constructs the cross-multiplier term between the
shareholding ratio of the first largest shareholder and the
centrality of the fund shareholding network to join the model for
regression, and the results are shown in Table 9. From Table 9
columns (1)-column (2), the coefficient of the impact of the
proportion of firms‘ major shareholders’ shareholdings on
systemic risk is significantly negative, indicating that the
supervisory role of major shareholders effectively inhibits the
enhancement of financial institutions’ systemic risk. Before the
introduction of the moderating effect cross term the fund
shareholding network has a significant enhancement effect on the
systemic risk of financial institutions, after the introduction of the
cross-multiplier regression it is found that, as the proportion of large

TABLE 7 Mechanisms of systemic risk contagion in financial institutions
among fund holding networks: mediation effect tests based on capital
market and corporate governance indicators.

Variables (1) (2) (3) (4)

Capital CoVaR PSVGR CoVaR

Closeness 0.050*** 0.006*** 0.018* 0.007***

(0.011) (0.001) (0.010) (0.001)

Capital 0.004***

(0.000)

PSVGR 0.001***

(0.000)

Control Variables Yes Yes Yes Yes

Individual Effect Yes Yes Yes Yes

Time Effect Yes Yes Yes Yes

Constant Term −64.053*** −0.479*** 1.462 0.635***

(6.620) (0.008) (4.238) (0.010)

N 1,320 1,320 1,320 1,320
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shareholders continues to rise, its supervisory role so that the fund
shareholding of the positive impact on the systemic risk of financial
institutions is gradually weakened, with the proportion of large
shareholders’ holdings, to a certain extent, avoiding the financial
institutions by the influence of the fund holdings of the As the
shareholding ratio of major shareholders increases, it avoids, to a
certain extent, the governance convergence performance of financial
institutions affected by fund shareholding, inhibits the further rise of
systemic risk, and thus realises the external risk control performance
of financial institutions’ internal governance.

5.2 External governance moderating role of
information transparency

To further explore how information transparency of a financial
institution affects the relationship between fund holding networks
and systemic risk through external governance channels, this paper
refers to the study of Zhong et al. (2024) [71], where the natural

logarithm of analysts’ attention is used as a proxy for information
transparency of that financial institution. Analysts, as professional
observers of the financial market, are able to gain a deeper
understanding of a financial institution’s operating conditions,
risk conditions and future trends through their professional
analyses and research. Therefore, when a financial institution
receives higher attention from analysts, its operating conditions
and risk profile will be more comprehensively revealed, and its
information transparency will be higher, which will help the market
to form a more accurate judgement, thus affecting the systemic risk
of the financial institution by external governance channels.

In view of this, the cross-multiplier term between information
transparency (Inform) and the centrality of fund holding network of
financial institutions is constructed and the cross-multiplier term is
introduced into the model for regression. The results, as shown in
column (3) of Table 9, show that information transparency, as a
moderating variable, plays a significant negative moderating role in
the relationship between fundholding networks and financial
institutions‘ systemic risk, which implies that the role of
fundholding networks’ exacerbation of systemic risk will be
weakened when financial institutions’ information transparency is
higher. When the cross-multiplier term is introduced, the main
effect coefficient is significantly reduced as shown by the regression
result column (4), which indicates that the role of fund holding
network centrality in exacerbating financial institutions’ systemic
risk is significantly reduced as the information transparency of
financial institutions rises. Although fund holding network itself
can exacerbate the systemic risk of financial institutions, the increase
in information transparency of financial institutions can weaken the
exacerbating effect of fund holding network on the systemic risk of
financial institutions from the external governance perspective by
reducing the information asymmetry, improving the market
transparency, and facilitating the enhancement of risk
management by financial institutions. At the same time, analyst
attention may also prompt financial institutions to focus more on
risk management and internal controls, thereby reducing their
systemic risk.

6 Conclusion

It is of great significance for the development of financial stability
and security to raise attention to institutional investors, prevent
systemic risks caused by corporate governance externalities,
scientifically prevent and control the occurrence of systemic risks in
the financial industry, and be alert to the cross-sectoral contagion of
systemic risks among affiliated networks and clarify their contagion
mechanisms. This paper mainly uses the data of 33 listed financial

TABLE 8 Results of the mediation effect test based on the Bootstrap method.

Mediator variables Effect type Coefficient Standard Error Confidence interval

Capital Indirect Effect 0.0075** 0.0037 [0.0002, 0.0147]

Direct Effect 0.0631*** 0.0164 [0.0309, 0.0952]

PSVGR Indirect Effect 0.0008*** 0.0002 [0.0004, 0.0012]

Direct Effect 0.0202*** 0.0031 [0.0141, 0.0262]

TABLE 9 Moderating effects of large shareholder monitor and information
transparency on systemic risk.

Variables (1) (2) (3) (4)

CoVaR CoVaR CoVaR CoVaR

Closeness 0.051*** 0.043*** 0.045*** 0.008***

(0.004) (0.006) (0.005) (0.003)

Holder1 −0.028*** −0.029***

(0.002) (0.002)

Inform −0.017*** −0.003***

(0.001) (0.000)

Closeness×Holder1 0.030**

(0.012)

Closeness×Inform 0.003***

(0.001)

Control Variables Yes Yes Yes Yes

Individual Effect Yes Yes Yes Yes

Time Effect Yes Yes Yes Yes

Constant Term −3.990*** −4.034*** −3.906*** 0.319***

(1.169) (1.138) (1.018) (0.010)

N 1,320 1,320 1,320 1,320
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institutions in China from 2013 to 2022 to construct the fund holding
network among financial institutions based on the common
shareholding affiliation relationship of funds to banks, insurance and
securities companies. And through measuring the systemic risk
indicators of the sample financial institutions to carry out empirical
research, in-depth discussion of the impact of the fund holding network
on the systemic risk of financial institutions and the role of
the mechanism.

The results of the study show that, firstly, as the centrality of
financial institutions within the fund shareholding network increases,
the systemic risk of financial institutions rises significantly, indicating
that fund shareholding has a limited inhibiting effect on the systemic
risk of financial institutions due to governance externalities. Secondly,
the network of fund holdings exhibits obvious clustering characteristics,
suggesting that funds have convergence in choosing investment targets
(governance contagion), further validating the significant intra-sectoral
risk contagion between banks, insurance companies and insurance
companies, and securities companies and securities companies, as well
as the cross-sectoral risk contagion mechanism. Thirdly, the risk
transmission mechanism is further analysed based on the contagion
hypothesis, which finds that the convergence of funds’ common
holdings can increase the investor attention of financial institutions
in the capital market and enhance the market value of financial
institutions, but is accompanied by the risk of market bubbles. At
the same time, it promotes the development of financial institutions
through corporate governance channels, which in turn leads to changes
in the systemic risk of financial institutions. Finally, in terms of the
internal and external governance of financial institutions, the
monitoring role of major shareholders and the improvement of
information transparency of financial institutions effectively suppress
the positive impact of fund shareholdings on the systemic risk of
financial institutions.

In this regard, financial institutions need to further improve their
own risk control system, incorporate risk changes of major
shareholders, especially institutional investors, and information on
fund holdings into the micro-prudential framework for risk
assessment, improve their own internal and external governance
capabilities, regulate shareholder behaviour and strengthen
information disclosure. At the same time, policymakers should
attach great importance to the position of financial institutions in
risk transmission networks and their impact on systemic risk. They
should also establish a sound system of indicators for monitoring
systemic risk, especially by strengthening the monitoring and
analysis of institutional investors’ connected shareholding behaviour.
Promote financial institutions to improve their internal risk control
systems, incorporate the risks of large shareholders and institutional
investors into the micro-prudential regulatory framework, encourage

the enhancement of information transparency, and regulate
shareholders’ behaviours, so as to effectively curb the occurrence of
systemic risks and cross-sectoral transmission. In addition, regulators
should also strengthen cross-sectoral regulatory coordination, clarify
risk contagion mechanisms, and formulate targeted and highly
operational policy measures to maintain the stability and security of
financial markets.
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