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Abstract
This study aims to measure the contribution of banks, financial services institutions, 
and insurance companies to China’s systemic risk during the 2004–2018 period. 
This study also evaluates the effect of CEO (chief executive officer) overconfidence 
and firm-level factors on systemic risk. We employ ΔCoVaR (delta conditional 
value-at-risk) as a measure of systemic risk and earnings forecast bias to measure 
CEO overconfidence. We use a fixed effects panel regression approach to evaluate 
the effect of CEO overconfidence, firm-level factors, and systemic risk. Our findings 
show that banks that are managed by overconfident CEOs enhance the firm’s con-
tributions to systemic risk. Empirical results also show that the firm’s size, leverage 
ratio, and loan ratio increase the firm’s contributions to systemic risk. Furthermore, 
return on assets is found to have an inverse relation with systemic risk. The results 
of this study are important for constructing financial regulations and policies to miti-
gate the impact of these factors on systemic risk in China.

Keywords Conditional value-at-risk · CEO overconfidence · Systemic risk · 
Financial sector · China

Introduction

China’s economy has transformed from a closed economy to a modern global 
economy. During the 2000–2008 period, China’s average GDP growth reached 
a rate of 13%, but its economic growth dropped to 6.9% in 2015 (World  Bank 
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2017). Despite this rapid growth, China’s financial system has experienced many 
highs and lows (Sornette et  al. 2015). The fragility of the financial system was 
first exposed during the financial crisis of 2008–2009 and China’s stock market 
crisis of 2015–2016, in which instability in one sector was transferred to other 
areas of the economy. This transfer of instability from one industry to another 
affected asset values and economic activities in the country. The financial system 
is vulnerable to uncertainty due to the fragile nature of banks, financial services 
firms, and insurance companies. This instability of financial institutions is then 
transmitted to other sectors linked with the financial system and creates adverse 
economic shocks to the economy (Kleinow et al. 2017). These adverse shocks to 
the economy can trigger a collapse of the whole system, which is called systemic 
risk (Smaga 2014; Benoit et al. 2017).

Since the global financial crisis in 2008 and China’s stock market crisis of 
2015–2016, there has been increasing analysis of the measures of and factors that 
enhance systemic risk. Several methods have been proposed to measure the sys-
temic risk of the financial system (e.g., Lehar 2005; Adrian and Brunnermeier 
2016; Pourkhanali et al. 2016; Liu 2017; Brownlees and Engle 2017; Acharya et al. 
2017; Brunnermeier and Cheridito 2019 and Yun et al. 2019). Moreover, research 
has also been conducted to identify key financial institutions and firms that contrib-
ute more to systemic risk during distress (Vallascas and Keasey 2012 and Anginer 
et al. 2014). Several studies have also investigated the determinants of systemic risk 
and focus on firm-specific factors that enhance firms’ contribution to systemic risk 
(López-Espinosa et al. 2012; Engle et al. 2015; Cai et al. 2018 and De Mendonça 
and da Silva 2018). However, the literature has ignored the behavioral finance per-
spective, and few studies have explored the role of CEO overconfidence and behav-
ioral biases. Overconfidence is an individual tendency to overestimate one’s abilities 
and actual performance. Overconfident CEOs may underrate risk and therefore take 
more risk, which may enhance the firm’s contribution to systemic risk (Ben-David 
et  al. 2013). Therefore, this study fills the gap in the literature and measures sys-
temic risk and evaluates the effect of CEO overconfidence and other firm-level vari-
ables regarding systemic risk in China’s financial system.

This research paper contributes to the literature in several ways. First, to the best 
of the authors’ knowledge, no investigations focus on determining the impact of 
CEO overconfidence or firm-level factors on the systemic risk of China’s financial 
system. Second, this study separately measures banks’, financial services institu-
tions’, and insurance companies’ contribution to the systemic risk of the financial 
system. Third, this study evaluates the effect of firm-level factors of systemic risk 
on financial institutions in China. We measured systemic risk for state- and non-
state-owned banks and financial services institutions and analyzed them separately. 
Empirical evidence regarding the systemic risk of state- and non-state-owned banks 
and financial services institutions may help policymakers and financial regulators 
reduce systemic risk in China.

This research helps illuminate the effect of CEO overconfidence and other firm-
level factors on systemic risk. We calculate systemic risk for financial firms using 
the ∆CoVaR method proposed in the study of Adrian and Brunnermeier (2016). 
This study uses data from 84 financial institutions listed in the Shenzhen and 
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Shanghai stock exchanges, and data are collected from the WIND data system for 
the 2004–2018 period. We employ a fixed effects panel regression analysis to deter-
mine the impact of CEO overconfidence and firm-level factors on China’s systemic 
risk.

The empirical results show the contribution of financial services firms to systemic 
risk to be higher in times of financial uncertainty than that of banks and insurance 
companies. Our results show that banks managed by overconfident CEOs enhance 
their contribution to systemic risk. This finding also reveals institution size to be sta-
tistically significantly associated with systemic risk. Furthermore, empirical findings 
show return on assets to have an inverse relation with systemic risk for banks and 
financial services institutions. The leverage enhances state-owned financial service 
institutions’, banks’, and insurance companies’ contributions to systemic risk. Loan 
ratio is found to have positive influence on systemic risk in case of state-owned 
financial service institutions, non-state-owned banks, and insurance firms.

Our results are important for financial regulators and policymakers, as they iden-
tify systemically important institutions and factors that enhance a firm’s contribution 
to systemic risk. The empirical findings of this research may help financial regula-
tors and policymakers construct financial regulations, and a regulatory framework 
created by considering the findings of this research study may help decrease sys-
temic risk. The remainder of the paper is arranged as follows: the second part of 
the paper provides a review of the relevant existing literature, the third part explains 
the data sources and methodology adopted in this study, the fourth part explains 
and discusses the results, and the final part of the study provides the conclusion and 
policy recommendations.

Literature review

Several research studies have explored the determinants of systemic risk; Kleinow 
et  al. (2017) conducted a research study to evaluate the determinants of systemic 
risk in the financial firms of Latin American countries. The results of their research 
show that firm size and market concentration are significant determinants of sys-
temic risk. Similarly, a research study conducted by Gropp et al. (2011) showed firm 
size to be an essential determinant of systemic risk. Several other research studies 
have also explored the association between firm size and systemic risk, and their 
results show that firm size significantly predicts systemic risk (De Jonghe 2010; 
Haq and Heaney 2012; Hovakimian et al. 2012; Berger and Bouwman 2013; Zhang 
et al. 2015; Kleinow and Nell 2015; Pourkhanali et al. 2016; Liu 2017; Laeven et al. 
2016; Brunnermeier and Cheridito 2019 and Brunnermeier et al. 2019).

Adrian and Brunnermeier (2016) conducted an empirical investigation to deter-
mine individual banks’ contribution to systemic risk. The results of their research 
study show that firm-level variables such as asset price booms, leverage, maturity 
mismatch, and bank size are significant determinants of systemic risk. Similarly, 
Laeven et al. (2016) examined the effect of firm size and capital on systemic risk. 
The results of their study show that bank size and systemic risk grow together, 
whereas bank capital is inversely related to systemic risk.
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In the behavioral finance literature, several research studies have established the 
relation between corporate decision making and overconfidence. Malmendier and 
Tate (2005) investigated the effect of CEO overconfidence on financial decision 
making. The findings of their study show that overconfident CEOs view external 
funds as very expensive. Furthermore, for firms that rely on equity, the investments 
of overconfident CEOs are overly dependent on the firm’s cash flows. Malmendier 
and Tate’s (2008) study showed that overconfident managers overestimate the firm’s 
ability to generate returns and, as a result, invest in risky projects and undertake 
poor mergers. Research studies show overconfident managers to be more money-
oriented than non-overconfident managers (Ferris et al. 2013).

Studies conducted on financing decisions show that overconfidence has an impact 
on managers’ debt maturity choices (Wei et al. 2011; Huang et al. 2016; Ataullah 
et al. 2018). Landier and Thesmar’s (2009) study showed that firms with overcon-
fident CEOs prefer short-term debt to long-term debt. Similarly, the findings of the 
study conducted by Huang et al. (2016) show that overconfident CEOs prefer to take 
short-term debt, believing that they can increase stock value by overestimating the 
possibility of refinancing this short-term debt with low costs in the future. Stud-
ies also show that firms with overconfident CEOs overestimate their own and the 
firm’s ability to generate returns and meet liabilities and thus choose higher debt 
levels (Hackbarth 2009). Furthermore, studies have also shown that overconfident 
CEOs favor debt over equity, and firms with overconfident CEOs have significantly 
high leverage ratios (Malmendier et  al. 2011). Similarly, He et  al. (2019) investi-
gated the relationship between internal financing and CEO overconfidence. Their 
findings reveal that internal financing can alleviate capital shortages and fund busi-
ness opportunities, but firms with overconfident managers may engage in excessive 
investment. This problem of overinvestment is more significant for state-owned 
enterprises managed by overconfident managers. Several studies have shown that 
firms with overconfident CEOs are inclined to invest and take on risky projects 
because they overestimate their returns on these projects (Goel and Thakor 2008, 
Campbell et al. 2011 and Gervais et al. 2011).

Moreover, studies have also been carried out to evaluate the effect of CEO over-
confidence on firms’ corporate activity, such as management forecasting (Hribar 
and Yang 2016), risk management (Adam et al. 2015), innovation (Hirshleifer et al. 
2012), CEO turnover (Campbel et  al. 2011), dividend policy (Deshmukh et  al. 
2013), R&D intensity (Wang et al. 2018), and audit fees (Duellman et al. 2015).

Despite the large number of studies on the effect of CEO overconfidence and 
financial decision making, few studies have explored the relationship between CEO 
overconfidence and risk for financial firms. Ho et al. (2016) investigated the effect 
of managerial overconfidence on bank risk-taking behavior during financial crises. 
They use stock market options as a measure of managerial overconfidence, and their 
results show that overconfident CEOs increase banks’ leverage and weaken their 
lending standards before crises and expose banks to more shocks in times of finan-
cial crisis. Similarly, Niu (2010) investigated the effect of managerial overconfidence 
and bank risk using press data as a measure of overconfidence and the standard devi-
ation of stock returns as a measure of bank risk. The results of his study show that 
overconfident CEOs of banks take more risk than non-overconfident CEOs.
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Lee et al. (2019) investigated the effect of CEO overconfidence on systemic risk 
for U.S. banks using data between 1995 and 2014. CEO overconfident was measured 
using stock-based options, and systemic risk was measured using three different 
methods. They computed systemic risk using the MES (marginal expected shortfall) 
method put forward by Acharya et al. (2017), the systemic risk index using Brown-
lees and Engle (2017), and the delta conditional value-at-risk measure of Adrian 
and Brunnermeier (2016). Their findings reveal that firms with overconfident CEOs 
contribute more to systemic risk than other firms. Moreover, their study also reveals 
that during times of financial distress, banks with overconfident CEOs contribute 
significantly more to systemic risk than other banks.

Liang et al. (2019) examined the effect of CEO overconfidence on the crash risk 
of non-state-owned institutions for 2000–2012. The results of their study show that 
firms with overconfident managers are more prone to stock price crashes than other 
firms. Furthermore, their findings show that this relation is particularly high for 
firms with low transparency.

Kim et al. (2016) investigated the effect of CEO overconfidence and stock price 
crash risk for the 1993–2010 period. Their findings reveal that overconfident CEOs 
are more vulnerable to stock crash risk than other CEOs. Moreover, the effect of 
CEO overconfidence on stock price crash risk is significantly more evident for 
organizations in which the CEO holds a dominant position in the organization and 
there is a significant difference of opinion among investors.

Data sources and theoretical framework

This paper studies the effect of CEO overconfidence and firm-level factors on the 
systemic risk of China’s financial system. The selected sample for this research 
includes 25 banks, 54 financial services institutions, and 5 insurance companies 
listed on the Shanghai and Shenzhen stock exchanges, indicated by a subscript “i”, 
for the period 2004–2018, indicated by a subscript “t”. Unlike previous studies, 
this study divides banks and financial services institutions into state- and non-state-
owned1 institutions: the data consist of five state-owned and 20 non-state-owned 
banks and 31 state-owned and 23 non-state-owned financial services institutions. 
An earnings forecast-based proxy is used as a measure of CEO overconfidence 
( OCi,t) , and to measure systemic risk, we employed the ΔCoVaRi,t (delta conditional 
value-at-risk) method. The firm-level variables are the accounting data for the firm 
obtained from the Wind database. We use return on assets ( ROAi,t ), which consid-
ers the firm’s profitability and is estimated as the net income to the total assets of 
the firm; firm size ( Sizei,t ) is calculated by taking the log of total assets; loan ratio 
( LRi,t ) is estimated as the total loans of the firm to total assets; and the leverage ratio 
( Levi,t ) shows the firm’s ability to meet its liabilities and is estimated by dividing the 
firm’s total liabilities by its total shareholder equity. The firms are selected based on 
the availability of data and are collected from the Wind database for the period from 

1 Non-state-owned institutions include public enterprises, foreign companies, and private enterprises.
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2004Q1 to 2018Q4. A fixed effects panel regression analysis is employed to evaluate 
the effects of CEO overconfidence, firm-level factors, and systemic risk. Following 
Safi et al. (2020), the model specification for this study is given as:

The basic econometric equation for this study is given as:

The rationale for using the selected variables in the above equation is mainly due 
to strong theoretical motivation resulting from the past literature. In addition to Lee 
et al. (2019), the earlier studies of Haq and Heaney (2012), Hovakimian et al. (2012), 
Zhang et al. (2015), Kleinow and Nell (2015) Adrian and Brunnermeier (2016), Var-
otto and Zhao (2018), and Zeb and Rashid (2019) used firm-level determinants of 
systemic risk, ignoring overconfidence and the behavioral finance perspective. It is 
thus imperative to take into account the effect of CEO overconfidence and firm-level 
factors that may increase or decrease systemic risk in China.

Systemic risk measure

This study uses the ∆CoVaR method of Adrian and Brunnermeier (2016) to meas-
ure the contribution of individual financial firms to systemic risk. To calculate 
∆CoVaR, we calculated the VaR (value-at-risk), given as alpha (α), which is the 
maximum loss within the given α%-confidence interval. CoVaR is an upgraded VaR 
that determines risk spillovers from financial firms and allows us to overcome idi-
osyncratic risk. We use the ∆CoVaR method to calculate the financial institution’s 
contributions to systemic risk and calculate it by taking the difference between the 
CoVaR of financial intuitions “x” from the financial institution “i” that is in distress. 
We calculate ∆CoVaR for financial institutions using the formula given below:

∆CoVaR indicates the marginal contribution of the financial firm to the systemic 
risk of another firm when the firm is in distress rather than under normal condi-
tions. To estimate ∆CoVaR, we calculate the VaR and CoVaR of banks, financial 
service institutions, and insurance companies in a normal situation and in a time of 
financial distress. We employ quantile regression, similar to the study of Adrian and 
Brunnermeier (2016), to calculate the relationship among the worst 1% and normal 
50% quantiles of financial institutions’ return and the risk factors. To prevent the 
overfitting of the data, we choose a small number of risk factors. The risk factors are 
as follows: change in credit spread calculated by subtracting the corporate bond rate 
and the 10-year treasury bond rate, the change in the liquidity spread estimated by 
subtracting the 3-month treasury bills rate from federal funds rate, the change in the 
3-month yield estimated as a variation in the 3-month treasury bill rate, equity vola-
tility estimated as the standard deviation of daily returns, the change in yield spread 
estimated by subtracting the long-term from the 3-month treasury bond rate, and the 

(1)ΔCoVaRi,t = f
(
OCi,t + ROAi,t + Sizei,t + Levi,t + LRi,t

)
.

(2)ΔCoVaRi,t = �0 + �1OCi,t + �2ROAi,t + �3Sizei,t + �5Levi,t + �4LRi,t + �i,t.

(3)ΔCoVaRxi
q
= CoVaR

xZi=VaRi
q − CoVaRxZi=Mediani

q
.
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equity return of the financial system. We calculate the returns of the financial institu-
tions in the normal and distress situations. In this study, the 1% quantile is consid-
ered the worst condition, whereas the 50% quantile is considered the normal situa-
tion. To obtain the predicated VaR for the financial system, we calculate regression 
analysis separately for each financial company at the 1% and 50% quantile levels.

Ri
t(q)

 is the financial institution monthly market return, �i
q
 is a constant, and REt is a 

risk factor vector. Then, the regression values give V̂aRi
t(q) at the 1% and 50% quan-

tile levels.

�̂i
q
 and � i

q
 are taken from Eq.  (4). The intrinsic risk of each financial institution is 

estimated by the above regression equation; however, it does not consider the finan-
cial system state of stock returns. After estimating V̂aRi

t(q) for each institution, the 
returns for the whole financial system are calculated using the following equation:

In Eq. (6), Rm
t

 are the monthly returns of the financial market, whereas MCi,t−1 
is the market capitalization of the financial system and is one month lagged. After 
this estimation, we calculate the regression at the quantile levels of 1% and 50%. 
The estimated value gives ̂CoVaRmt

t (q) at both the 1% quantile level and 50% 
quantile levels.

where �m|i
q  is a constant, RE

t
 is the risk factor vector, Ri

t
 is the returns of financial 

institutions, and �m|it  is the error term. To calculate systemic risk ̂ΔCoVaR , we sub-
tract the predicted CoVaR at the 1% and then at the 50% quantile levels. Moreover, 
̂ΔCoVaR shows the marginal contribution of all financial institutions (financial ser-

vices, insurance companies, and banks).

where ̂
CoVaR

m|i
q (q) is CoVaR predicted values and �̂�m|i

q  , 𝛽m|iq  , and �̂�m|iq  are taken from 
Eq. (7). After this, we calculated the marginal contribution of financial firms to sys-
temic risk.

at 50%

(4)Ri
t(q)

= �i
q
+ � i

q
REt + �i

t
.

(5)V̂aRi
t(q) = �̂

i

q
+ � i

q
REt.

(6)Rm
t
=

N∑

i=1

((MCi,t−1 × Rit)

/(
N∑

i=1

MCi,t−1)

)
.

(7)Rm
t
= �mi

q
+ �mi

q
REt + �mi

q
Ri
t
+ �mi

t
,

(8)�
ΔCoVaR

m|i
q (q) = �̂�m|i

q
+ 𝛽m|i

q
RE

sys

t + �̂�m|i
q
�VaRi

t(q),

(9)̂ΔCoVaRmi
t = ̂CoVaRmi

t (q) − ̂CoVaRmi
t
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Finally, ̂
CoVaR

m|i
t (q) represents the proportion at which each financial firm transmits 

risk to the whole financial system. Generally, ̂ΔCoVaR values are negative, as it is esti-
mated from the worst 1% returns of financial firms (i.e., banks, financial services insti-
tutions, and insurance companies). As a result, we used the absolute values of ̂ΔCoVaR 
for interpretation. The greater the value of ̂ΔCoVaR is, the greater the contribution of 
the firm to systemic risk.

Overconfidence measure

It is challenging to measure psychological biases directly. CEO decisions and actions 
are taken as a proxy to measure their confidence. An overconfident CEO overvalues 
the future earnings of the firm, issues more debt, defers the execution of stock options, 
undertakes more mergers and acquisitions, and acquires more shares of their firm stocks 
than non-overconfident CEOs. This, in turn, contributes to risk (Ahmed and Duellman 
2013; Huang and Kisgen 2013; Kim et al. 2016; Lee et al. 2019). Earlier studies have 
adopted different measures of CEO overconfidence, such as executive compensation 
(Jiang et al. 2009), corporate earnings forecasting (Wang et al. 2008; Hribar and Yang 
2016 and He et al. 2019), CEOs’ shareholdings (Minggui et al. 2006; Hirshleifer et al. 
2012), manager characteristics (gender, work experience, tenure, etc.), and the num-
ber of mergers and acquisitions undertaken by the CEO (Doukas and Petmezas 2007). 
Considering the measures and data availability for China’s securities market, we have 
adopted corporate earnings forecasts as our measure of CEO overconfidence, as sug-
gested by the studies of Wang et  al. (2008), Hribar and Yang (2016), and He et  al. 
(2019). A CEO is regarded as overconfident if the actual earnings of the firm are lower 
than the expected/forecasted earnings of the firm. A dummy variable is created, and the 
value of “1” is given if the CEO is overconfident, and the value of “0” is given if the 
CEO is not overconfident.

Table 1  ∆CoVaR descriptive analysis

Note: The table shows systemic risk (∆CoVaR) descriptive statistics

Description Mean Std.Dev Minimum Maximum

Financial Institutions .307 .063 .108 .571
Banks .301 .066 .208 .548
Non-state-owned Banks .302 .066 .208 .548
State-owned Banks .295 .066 .209 .506
Financial Service Institutions .318 .054 .218 .571
Non-state FSI .330 .046 .218 .571
State-owned FSI .309 .057 .228 .562
Insurance Companies .221 .073 .108 .518
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Results and discussion

This section explains the results obtained from different econometric techniques. 
Table  1 shows the summary statics for systemic risk measured by ∆CoVaR. The 
table shows summary statistics for all financial institutions, banks, financial ser-
vice institutions, and insurance companies. Statistics for state-owned and non-state-
owned banks and financial services institutions are also given in the table. Higher 
mean values of ∆CoVaR indicate a greater contribution of the financial sector to 
systemic risk. The mean values in Table 1 suggest that financial services companies 
contribute more to systemic risk than banks and insurance companies. The values 
of ∆CoVaR also show that non-state-owned banks and financial services firms are 
more systematically important than state-owned banks and financial services firms, 
these results are also similar to the study of Wen, Wang & Zhou (2020). This means 
that non-state-owned banks and financial services firms are more sensitive and vola-
tile to systemic risk. Insurance companies were found to have the least contribution 
to systemic risk.

Figures 1, 2, 3, and 4 show the graphical representation of ∆CoVaR for finan-
cial firms and for state- and non-state-owned banks and financial services firms 
separately. The graphs show a rise in systemic risk in the global financial crisis of 
2007–2008 and the Chinese stock market crisis of 2015–2016. In the 2007–2008 
financial crisis, banks contributed more to systemic risk than financial service firms. 
In contrast, in the 2015–2016 Chinese stock market crisis, financial services institu-
tions contributed more to systemic risk than banks and insurance companies.   
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Fig. 1  All Financial Institutions Systemic Risk (∆CoVaR)
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Regression analysis

This section explains the fixed effects regression estimations that are obtained to 
evaluate the effect of overconfidence and firm-level determinants on systemic risk. 
We used a fixed effects regression analysis for banks, financial services, and insur-
ance companies. We separately check the impact of overconfidence and firm-level 
factors on systemic risk for all banks and state- and non-state-owned banks. Table 2 
shows the fixed effects analysis for all banks and state- and non-state-owned banks. 
Table 3 shows the results for all financial intuitions, state-owned financial intuitions, 
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Table 2  Fixed effect regression analysis

Note:  ΔCoVaRi,t measures systemic risk,  OCi,t is CEO overconfidence measured by earnings forecast 
bias,  ROAi,t gives the return on assets,  SIZEi,t is the log of firm’s total assets,  LRi,t shows the loan ratio, 
and  LEVi,t is the firm leverage. The p-values of the Hausman test are provided in the table to determine 
fixed and random effect regression analysis. We used Wooldridge test for autocorrelation and heterosce-
dasticity robust standard error and given in parenthesis.
Note: Asterisks ***, **, and * indicate 1%, 5%, and 10% significance level, respectively

Dependent variable ΔCoVaRi,t

Variable Banks State-owned Banks Non-state-
owned 
Banks

OC
i,t 0.446***

(0.096)
0.508***
(0.140)

0.332**
(0.142)

ROAi,t − 0.140*
(0.080)

− 0.162*
(0.097)

− 0.126
(0.147)

SIZEi,t 0.704***

(0.238)
0.685**
(0.309)

0.791**
(0.375)

LRi,t 0.177
(0.176)

0.219
(0.223)

0.634**
(0.305)

LEVi,t 0.045*
(0.024)

0.001
(0.038)

0.093***
(0.032)

N 875 173 717
Adj.  R2 0.785 0.509 0.646
Hausman test (p-value) 0.001 0.000 0.000
Prob (F-Statistic) 0.000 0.000 0.001
Wooldridge autocorrelation 

(p-value)
0.482 0.273 0.225
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non-state-owned financial intuitions, and insurance companies. Because there are a 
limited number of insurance companies, they are not divided into subcategories. The 
values of the F-statistic and adjusted R-square show that the model has a good fit to 
the data.

Table 2 shows that CEO overconfidence has a significantly positive impact on the 
banking sector and state- and non-state-owned banks’ systemic risk. This finding 
implies that banks that are managed by overconfident CEOs have a high contribu-
tion to systemic risk. These findings are similar to those of Lee et al. (2019) and can 
also be explained by a behavioral finance theory that argues that firms managed by 
overconfident CEOs will contribute more towards systemic risk, as overconfident 
CEOs underrate risk, overestimate their performance, and therefore take on risky 
projects (Ben-David et al. 2013).

The findings show that return on assets has an inverse effect on the systemic risk 
of all banks overall and state-owned banks, whereas for non-state-owned banks, the 
result is negative but insignificant. Return on assets is predicted to have an inverse 
effect on systemic risk, as firms that perform well are usually less risky than others. 

Table 3  Fixed effect regression analysis

Note:  ΔCoVaRi,t measures systemic risk,  OCi,t is CEO overconfidence measured by earnings forecast 
bias,  ROAi,t gives the return on assets,  SIZEi,t is the log of firm’s total assets,  LRi,t shows the loan ratio, 
and  LEVi,t is the firm leverage. The p-values of the Hausman test are provided in the table to determine 
fixed and random effect regression analysis. We used Wooldridge test for autocorrelation and heterosce-
dasticity robust standard error and given in parenthesis
Note: Asterisks ***, **, and * indicate 1%, 5%, and 10% significance level, respectively

Dependent variable ΔCoVaRi,t

Variable Financial Institu-
tions

State-owned 
Financial Institu-
tions

Non-state-owned 
Financial Institu-
tions

Insurance Companies

OCi,t − 0.123
(0.100)

− 0.195
(0.135)

− 0.04
(0.109)

0.06***
(0.015)

ROAi,t − 0.101*

(0.054)
− 0.142*
(0.072)

0.100
(0.37)

− 0.208
(0.149)

SIZEi,t 0.93***

(0.245)
0.513***
(0.170)

0.990** 0.134**
(0.389) (0.053)

LRi,t 0.166
(0.107)

0.246***
(0.060)

0.109
(0.09)

0.050*
(0.026)

LEVi,t 0.147***
(0.048)

0.202***
(0.062)

0.119*
(0.062)

0.007**
(0.003)

N 2027 1240 824 206
Adj.  R2 0.474 0.533 0.685 0.472
Hausman test (p) 0.001 0.000 0.000 0.000
Prob (F-Statistic) 0.000 0.001 0.001 0.000
Wooldridge 

autocorrelation 
(p-value)

0.362 0.423 0.290 0.503
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These findings are in line with Lee et al. (2019). The results show a positive effect of 
firm size on systemic risk in the case of banks, which means that the larger the size 
of the bank, the greater its contribution to systemic risk. Our findings are similar 
to those of De Jonghe (2010), Haq and Heaney (2012), Hovakimian et al. (2012), 
Zhang et  al. (2015), Kleinow and Nell (2015), Adrian and Brunnermeier (2016), 
Varotto and Zhao (2018), and Zeb and Rashid (2019).

Moreover, our results show that the loan ratio has a positive effect on systemic 
risk in the case of non-state-owned banks; this finding implies that an increase in 
loans will increase the firm’s contribution to systemic risk. A high volume of loans 
indicates the firm’s inability to diversify risk and results in increased systemic risk. 
Our findings are supported by the studies of Vukovic and Domazet (2013) and Zeb 
and Rashid (2019). The leverage ratio is estimated to have a positive impact on sys-
temic risk. A high leverage value indicates overinvestment and a high probability of 
default; it also shows a firm’s risk-taking behavior that may lead to systemic risk. 
The leverage ratio for banks overall and for non-state-owned banks has a significant 
positive effect on systemic risk. The leverage ratio is included in the Basel III2 finan-
cial regulations, and the results are also in accordance with the research study of Zeb 
and Rashid (2019).

Table 3 shows the results for financial institutions, state-owned financial institu-
tions, and non-state-owned financial and insurance companies. The results of the 
study show an insignificant relationship between overconfidence and systemic risk 
for financial institutions. The reason for this finding could be low or no competi-
tion in the non-banking financial system, as it is protected and isolated from com-
petition by the Chinese government (Cheng and Degryse, 2010). The results for the 
firm-level variable show that return on assets is significantly negatively related to 
systemic risk. These findings mean that well-performing firms contribute less to sys-
temic risk than other firms. Firm size has a positive effect on systemic risk, which 
implies that large financial institutions contribute more to systemic risk than small 
institutions. The loan ratio is positively significantly associated with systemic risk in 
the case of state-owned financial institutions only. This finding shows that the lever-
age ratio has a positive effect on systemic risk and indicates that a firm that has high 
leverage contributes more towards systemic risk than firms with low leverage. The 
results of this study are similar to the findings of Zeb and Rashid (2019).

The results for insurance companies show that CEO overconfidence, firm size, 
the loan ratio, and leverage have a significant and positive association with systemic 
risk. These findings are supported by previous research studies of De Jonghe (2010) 
and Lee et  al. (2019). In contrast, return on assets was found to be negative but 
insignificant.

2 Basel III is a committee formed to supervise and regulate banks.
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Robustness test analysis

To further validate the results, following Xie et al. (2020), we employ the two-stage 
least squares (2SLS) method and adopt the instrumental variable technique to deter-
mine the relationship between the dependent and independent variables. We use the 
province average of CEOs overconfidence as an instrumental variable. The results 
in Table 4 show that banks and insurance firms with overconfident CEOs make a 
greater contribution to systemic risk than those with non-overconfident CEOs. The 
results of the 2SLS method further validate the results previously obtained using 
fixed effects regression analysis.

Conclusions and policy recommendations

Due to the high economic and social costs of systemic risk, firms, financial regulators, 
and policymakers are worried about its influence on the financial system. Systemic 
risk affects economic activities in a country and has a significant impact on the credit 
supply in the economy, which leads to a decrease in investment that in turn affects 

Table 4  Two-stage least square method (2SLS)

Note:  ΔCoVaRi,t measures systemic risk, OCi,t is CEO overconfidence, ROAi,t gives the return on 
assets, SIZEi,t is the log of firm’s total assets, LRi,t shows the loan ratio, LEVi,t is the firm leverage, and 
Instrument_OCi,t is the province average CEO overconfidence taken as instrumental variable.
Note: Asterisks ***, **, and * indicate 1%, 5%, and 10% significance level, respectively

First stage Second-stage regression

OCi,t ΔCoVaRi,t (Banks) ΔCoVaRi,t (Finan-
cial Institutions)

ΔCoVaRi,t 
(Insurance 
Firms)

Instrument_OCi,t 0.547***

(0.032)
OCi,t 0.575** − 0.234 0.062**

(0.285) (0.250) (0.029)
SIZEi,t 0.218*** 0.637*** 0.774*** 0.202***

(0.020) (0.136) (0.075) (0.024)
LRi,t 0.040*** 0.017 0.017 0.066*

(0.009) (0.011) (0.030) (0.034)
LEVi,t 0.554*** 0.041*** 0.189*** 0.022***

(0.058) (0.013) (0.067) (0.005)
ROAi,t 0.170 − 0.139*** − 0.142*** − 0.120

(0.175) (0.012) (0.022) (0.147)
Industry and year FE Yes Yes Yes Yes
N 3068 875 2027 206
Prob (F-Statistic) 0.000 0.000 0.000 0.000
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consumption and employment. Therefore, this research investigates financial insti-
tutions’ contribution to the systemic risk of China’s financial system. The paper also 
evaluates the effect of CEO overconfidence and firm-level factors on the systemic risk 
of all banks, state- and non-state-owned banks, all financial service firms, state- and 
non-state-owned financial service institutions, and insurance firms. The results of our 
research show that financial services firms contribute more to systemic risk in times 
of financial instability than banks and insurance companies. This finding reveals that 
banks managed by overconfident CEOs contribute more to systemic risk than those 
managed by non-overconfident CEOs. The results confirm that overconfident CEOs in 
the banking sector will increase systemic risk in times of financial distress. The find-
ings on the effects of firm-level factors on systemic risk show that firm size statistically 
significantly explains systemic risk in the case of banks, financial services, and insur-
ance companies. Furthermore, the empirical findings show that for banks, return on 
assets has a significant and negative effect on systemic risk in the case of all banks and 
state-owned banks. The leverage ratio has a significantly positive impact on systemic 
risk for banks and non-state-owned banks. The loan ratio is also found to be positively 
associated with systemic risk for non-state-owned banks. For financial services institu-
tions, return on assets has an inverse relationship with the systemic risk of state-owned 
financial service firms. The loan ratio enhances the firm’s contributions to systemic risk 
in the case of state-owned institutions. Similarly, the leverage ratio also has a significant 
and positive effect on systemic risk in the case of financial service firms. The results 
for insurance companies show that CEO overconfidence, firm size, the loan ratio, and 
leverage are positively related to systemic risk.

The results of this study have important policy implications, as this study meas-
ures and identifies key factors that enhance systemic risk. Moreover, this study shows 
the trends and systemically important financial institutions. The results do not imply 
that firms should avoid overconfident CEOs, as studies have shown that overconfident 
CEOs are innovative and beneficial for the firm (Kim et  al. 2016). However, firms, 
policymakers, and regulators should introduce certain mechanisms, such as conserva-
tive accounting policies, to keep CEOs in check and restrain them from overestimat-
ing or underestimating projects to decrease the influence of CEO overconfidence on 
systemic risk in China. Furthermore, the study also supports the view that big finan-
cial institutions contribute more to systemic risk and in order to mitigate the impact of 
size on systemic risk, policymakers and financial regulators should tighten the rules for 
financial institutions, such as the capital requirements, as suggested by Stein (2013). A 
regulatory framework created considering the findings of this research study may help 
decrease systemic risk in the financial system.

Future research can take into account the role CEO power, age, and incentive com-
pensation and determine their impacts on systemic risk. Moreover, future research can 
also examine the role of female CEOs and/or directors and whether female CEOs help 
decrease systemic risk (see, e.g., Shahab et al. 2020). Future studies can also examine 
the role of organizational culture in systemic risk.
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