
Quang Khai Nguyen

Article

Ownership structure and bank risk-taking in ASEAN
countries: A quantile regression approach

Cogent Economics & Finance

Provided in Cooperation with:
Taylor & Francis Group

Suggested Citation: Quang Khai Nguyen (2020) : Ownership structure and bank risk-taking in ASEAN
countries: A quantile regression approach, Cogent Economics & Finance, ISSN 2332-2039, Taylor &
Francis, Abingdon, Vol. 8, Iss. 1, pp. 1-19,
https://doi.org/10.1080/23322039.2020.1809789

This Version is available at:
https://hdl.handle.net/10419/269963

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

  https://creativecommons.org/licenses/by/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1080/23322039.2020.1809789%0A
https://hdl.handle.net/10419/269963
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=oaef20

Cogent Economics & Finance

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/oaef20

Ownership structure and bank risk-taking in
ASEAN countries: A quantile regression approach

Quang Khai Nguyen |

To cite this article: Quang Khai Nguyen | (2020) Ownership structure and bank risk-taking in
ASEAN countries: A quantile regression approach, Cogent Economics & Finance, 8:1, 1809789,
DOI: 10.1080/23322039.2020.1809789

To link to this article:  https://doi.org/10.1080/23322039.2020.1809789

© 2020 The Author(s). This open access
article is distributed under a Creative
Commons Attribution (CC-BY) 4.0 license.

Published online: 03 Sep 2020.

Submit your article to this journal 

Article views: 1941

View related articles 

View Crossmark data

Citing articles: 29 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=oaef20
https://www.tandfonline.com/loi/oaef20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/23322039.2020.1809789
https://doi.org/10.1080/23322039.2020.1809789
https://www.tandfonline.com/action/authorSubmission?journalCode=oaef20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=oaef20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/23322039.2020.1809789
https://www.tandfonline.com/doi/mlt/10.1080/23322039.2020.1809789
http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2020.1809789&domain=pdf&date_stamp=2020-09-03
http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2020.1809789&domain=pdf&date_stamp=2020-09-03
https://www.tandfonline.com/doi/citedby/10.1080/23322039.2020.1809789#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/23322039.2020.1809789#tabModule


FINANCIAL ECONOMICS | RESEARCH ARTICLE

Ownership structure and bank risk-taking in 
ASEAN countries: A quantile regression approach
Quang Khai Nguyen1*

Abstract:  This study examines the effect of ownership structure on the risk-taking 
behavior of banks in ASEAN countries. Using a sample of 96 commercial banks in 
ASEAN countries from 2002 to 2018, the study demonstrates that the relationship 
between ownership structure and bank risk-taking behavior is correlated with the 
characteristics of individual banks in terms of quantile regression. First, state own
ership and foreign ownership affect bank risk-taking positively in high-risk banks 
while negatively in low-risk banks. Second, the relationship between ownership 
concentration and risk-taking is negative in all distributions of bank risk. These 
findings suggest that appropriate ownership structure can constrain bank risk- 
taking activities in accordance with the level of risk of each bank.

Subjects: Economics; Corporate Finance; Banking  

Keywords: ownership structure; bank risk-taking; quantile regression
Jel classification: G21; G28; G30; G32; G33; G38

1. Introduction
The financial crisis of 2007–2008 highlighted once again the far-reaching impact of the risk-taking 
behavior of banks on global economic stability and welfare (Bernanke, 1983; Calomiris & Mason, 2003a, 
2003b). Regulators responded by putting stricter and more effective capital adequacy standards in 
place to control the risk-taking behavior of banks. This restrictive regulatory response has galvanized 
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a great deal of debate among regulators, policymakers, and financial economists. The opponents of 
restrictive regulation advance the argument that self-regulation through effective corporate govern
ance and market discipline will better ensure optimal risk-taking by financial institutions.

As a key component of internal bank governance (see Macey & O’hara, 2003) the role of 
ownership structure in monitoring management and its relationship to risk-taking has been largely 
investigated in empirical literature regarding corporate governance. In terms of state ownership, 
political interference usually comes at the expense of corporate profitability due to the deliberate 
policies of politicians seeking to transfer resources to their supporters (Shleifer, 1998; Shleifer & 
Vishny, 1986). This suggests that state-owned banks might be seen as vehicles for raising capital 
to finance projects with high social returns but possibly engendering high-risk. There does also 
exist, however, some contradictory data. Bank controlled by government has also been found to be 
associated with lower risk in Russia (Fungáčová & Solanko, 2009). Boubakri et al. (2013) find 
evidence that state ownership is negatively related to corporate risk-taking. In terms of foreign 
ownership, Demirgüç-Kunt et al. (1998) find that foreign ownership reduces financial fragility and 
makes banks less prone to harm caused by financial crises. Supporting this view, Barth et al. (2004) 
find that barriers to foreign bank entry are positively associated with bank fragility. Choi and Hasan 
(2005) show that the extent of foreign ownership has a significantly negative effect on bank risk in 
South Korea. In a sampling of Taiwanese banks, Chou and Lin (2011) support the notion that 
foreign banks are less risky and provide evidence that foreign ownership of an institution is 
associated with a lower number of overdue loans and higher levels of regulatory capital. Mixed 
empirical evidence regarding ownership concentration and bank risk-taking is also documented in 
some literature. Ownership concentration has been found to be associated with higher risk (Laeven 
& Levine, 2009) as well as higher insolvency risk, and greater return volatility (Haw et al., 2010). Liu 
and Yeh (2018) find banks with a concentration of shares owned by financial intermediaries and 
non-financial firms experience greater risk fluctuation during acquisition years. In contrast, own
ership concentration has been found to be associated with a lower level of risk-taking 
(García-Marco & Robles-Fernández, 2008), better loan quality, lower asset risk and lower insolvency 
risk (Iannotta et al., 2007), and a lower non-performing loan ratio and better capital adequacy 
ratio (Shehzad et al., 2010) in Spanish commercial banks. Overall, the findings in literature of 
correlation between ownership structure (i.e., state ownership, foreign ownership, and ownership 
concentration) and bank risk-taking are mixed.

While the findings are mixed, the approach used in studying the relationship between ownership 
structure and bank risk is, for the most part, identical. Underlying these studies on the effect of 
ownership structure on bank risk is the assumption that there is an optimal ownership structure 
which is common to all banks, and that banks which diverge from the optimal level of these 
characteristics will experience higher risk. In this paper, by focusing on the three abovementioned 
aspects of ownership structure, we investigate the hypothesis that there is no optimal ownership 
structure for all banks. In this study, we use a novel statistical technique called the quantile 
regression approach as introduced by Koenker and Bassett (1978). The quantile regression 
approach allows parameters defining the effect of exogenous variables to vary across different 
quantiles of bank-risk distribution. This will give a complete picture of the relationship between 
ownership structure and bank risk-taking. From this framework, our study makes a major meth
odological contribution by providing evidence that the relationship between ownership structure 
and bank risk-taking behavior depends on the level of risk of each individual bank. This gap is also 
potentially serious from a policy perspective. Any contemplated change of ownership structure 
should take into consideration the level of risk that will result in order to formulate an appropriate 
risk management strategy.

The rest of the paper is structured as follows: Section 2 outlines the review of literature and the 
development of hypotheses. Section 3 lays out the description of the data, measure of variables 
and the model applied in the paper. The empirical results are reported in Section 4 and concluding 
remarks are contained in Section 5.
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2. Review of literature and development of hypotheses

2.1. State ownership and bank risk-taking
The economic theory of privatization concerning the inefficiency of state-owned enterprises pro
vides us with the theoretical background to develop our hypotheses on bank risk-taking by 
a government. Clarke et al. (2005) find that state-owned banks might become tools for raising 
capital to finance projects with high social returns but possibly engendering high risk or to provide 
financing to favored entities such as state-owned enterprises. Moreover, state-owned banks find it 
difficult to resist harmful government interference, whereas private banks are more able to oppose 
it (Shirley & Nellis, 1991; Shleifer & Vishny, 1997). Kick and Von Westernhagen (2009) find that 
state ownership may increase bank fragility given weaker banking skills, weak governance struc
tures, unstable business models, and overall misaligned incentives in government-owned banks 
resulting in lower efficiency and lower profitability thus leading to said fragility. Moreover, lower 
performance incentives (Shleifer & Vishny, 1997) and “soft” budget constraints (Sheshinski & 
López-Calva, 2003) in state-owned banks can also result in excessive risk-taking. Consequently, 
an increase in the level of state control may further increase risk-taking. We propose the following 
hypothesis: 

H1a: Government ownership of banks is positively related to bank risk-taking.

Based on agency theory, the banking sector is also affected by the well-known owner– 
manager agency conflict (Fama & Jensen, 1983). Many studies agree that agency conflicts may 
counteract the increase in risk-taking arising from the moral hazard problem. Shareholders might 
encourage bank management to invest in high-risk projects but managers may be reluctant to risk 
their wealth, their specific human capital, or the advantages associated with controlling the firm. 
This risk aversion may lead them to choose safer investment projects or to operate with larger 
amounts of capital than owners would consider optimal. These managers will avoid very risky 
strategies to protect their jobs, since they are not going to receive any extra compensation for 
trying to obtain higher profits by taking a greater risk. Some theoretical and empirical studies in the 
literature state that the risk-taking behavior of organizations depends on the identity of the 
controlling shareholders (Barry et al., 2011; John et al., 2008). State ownership is considered 
a source of inefficiency due to government bureaucracy and lack of capital market monitoring. 
Indeed, within state-owned entities managers are not sufficiently controlled compared to their 
counterparts in private banks. Thus, they deploy less effort than their private counterparts or divert 
resources for personal benefit (Lang & So, 2002). As a result, managers of state banks tend to 
accept less risky projects. This leads us to propose the following hypothesis: 

H1b: Government ownership of banks is negatively related to bank risk-taking.

2.2. Foreign ownership and bank risk-taking
Most studies find that the entry of foreign banks into developing countries improves human capital 
and skills and may lead to more diverse products, to better use of up-to-date technologies, and to 
knowledge transfer. Regarding its impact on risk-taking, foreign ownership is one of the factors for 
risk-taking for several reasons: First, foreign owners may exhibit a higher preference for risk 
because they can better diversify risk. Second, foreign banks are more efficient and take more 
risk compared to their domestic counterparts (Lassoued et al., 2016). Indeed, they have better 
access to capital markets and are better able to serve an international clientele that is not easily 
served by domestic banks (Berger et al., 2005). Foreign ownership increases the supply of credit 
and improves the allocation of said credit to domestic firms which strengthens the local financial 
system (Giannetti & Ongena, 2009). Moreover, Levine (1996) suggests that foreign banks not only 
improve the quality and availability of financial services due to high competition, but that they also 
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introduce better skills and technology, enhance the supervisory and legal framework of banks, and 
enhance access to international capital markets. The findings of certain empirical studies on the 
effect of foreign ownership on bank risk also support to this view. Laeven (1999) finds that foreign- 
owned banks take more risk than state-owned, company-owned, and family-owned banks in Asian 
markets. Yeyati and Micco (2007) state that foreign banks are associated with a higher risk than 
domestic banks in a sample of Latin American banks. Rokhim and Susanto (2011) find that 
increasing foreign ownership reduces profitability and increases competition and risk. Levine and 
Barth (2001) find that barriers to foreign bank entry are positively associated with bank fragility. 
Chen et al. (2017) use panel data of more than 1300 commercial banks in 32 emerging economies 
during 2000–2013 and find that foreign-owned banks take on more risk than their domestic 
counterparts. Accordingly, we proffer this hypothesis: 

H2a: Foreign ownership of banks is positively related to bank risk-taking.

As a counter-argument one might cite that foreign banks can have difficulty managing from 
a distance and coping with different economic and regulatory environments (Berger et al., 2005). 
Although foreign shareholders have advantages that allow them to take more risk, they may have 
difficulty getting managers to agree to take the risk they require. Due to problems inherent in 
agency, a manager in a bank with high foreign ownership may take less risk than another in order 
to protect their job. There exist empirical studies that lend support to this view. Demirgüç-Kunt 
et al. (1998) find that foreign ownership reduces financial fragility and makes banks less prone to 
financial crisis. Supporting this view, Barth et al. (2004) find that barriers to foreign bank entry are 
positively associated with bank fragility. Chou and Lin (2011), in a sample of Taiwanese banks, 
support the notion that foreign banks are less risky and provide evidence that foreign ownership of 
institutions is associated with a lower number of overdue loans and a higher level of regulatory 
capital. ElBannan (2015) also finds a negative relationship between foreign ownership and bank 
risk-taking in Egypt. Thus, we propose the following hypothesis: 

H2b: Foreign ownership of banks is negatively related to bank risk-taking.

2.3. Ownership concentration and bank risk-taking
There are two opposing hypotheses regarding the impact of ownership concentration on risk- 
taking. The first states that diversified owners have incentives to increase bank risk after collecting 
funds from debt holders and depositors (Esty, 1998; Galai & Masulis, 1976). To the extent that debt 
holders (depositors) can only ex-post and inadequately monitor and control the actions of share
holders, shareholders can increase the value of their equity call options by increasing the risk of 
the underlying assets of a bank (Saunders et al., 1990). Moreover, shareholders with diversified 
portfolios do not have their capital locked into a particular firm and hence may push managers to 
pursue greater risk. From this perspective, the resulting prediction is that banks with less- con
centrated ownership structure tend to take more risk. Therefore, we propose the following 
hypothesis: 

H3a: Ownership concentration of banks is negatively related to bank risk-taking.

In another view based on agency theory, the ability of a bank’s stockholders to maximize the 
value of their equity call options by increasing risk depends in part on the preferences of the bank’s 
managers. Pathan (2009) analyzes moral hazard and argues that major shareholders in banks 
have incentives to increase risk-taking and to transfer wealth away from the deposit insurers by 
pursuing riskier investments. This will be particularly the case when stockholders have significant 
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power. When bank ownership concentration is high, bank shareholders may have the power to 
make managers take more risk. In support of this view we propose the following hypothesis: 

H3b: Ownership concentration of banks is positively related to bank risk-taking.

3. Data description and methodology

3.1. Data description
This paper uses data from Bankscope (Orbis Bank Focus) for the period 2002–2018. The sample 
covers Vietnam, Laos, Cambodia, Myanmar, Thailand, Brunei, Indonesia, the Philippines, Singapore, 
and Malaysia. We select banks that have sufficient information about ownership structure pub
lished in annual reports as well as on bank and national stock exchange websites. Most variables 
are collected from the Bankscope database while detailed information on bank ownership struc
tures was hand-collected. After exclusion of observations with missing data, our data set consists 
of 1,067 bank-year observations for 96 banks.

3.2. Research methodology

3.2.1. Measures of bank risk-taking
We primarily measure bank risk-taking using the Z-score of each bank. This captures the prob
ability of default of a country’s banking system. The Z-score is a widely used measure of bank risk- 
taking (Angkinand and Wihlborg, 2010; Barry et al., 2011; Demirgüç-Kunt & Huizinga, 2013; Laeven 
& Levine, 2009). It combines banks’ buffers (capital and profits) with the risks they face (measured 
by the standard deviation of returns). The Z-score measures the number of standard deviations to 
which a return realization has to fall in order to deplete equity.

It is estimated as: 

Z � score ¼
ROAþ E=A

Sd ROAð Þ
(1) 

where ROA is the return on assets and Sd (ROA) is the standard deviation of ROA. E/A is the equity on 
assets ratio. Thus, the Z-score is the number of standard deviations by which a bank’s return on assets 
has to fall in order for the bank to become insolvent. A higher Z-score implies a lower probability of 
insolvency and higher stability; therefore, it indicates that a bank is more stable and less risky.

3.2.2. Measures of ownership structure
As mentioned above, we create three ownership variables which may have an effect on bank risk- 
taking:

(1) State ownership: proportion of equity held by the government

(2) Foreign ownership: proportion of equity held by foreigners

(3) Ownership concentration is a dummy variable which receives 1 if a bank has at least one 
shareholder which holds 10% or more of voting rights and otherwise receives 0. If no one 
shareholder holds 10% or more of the voting rights, the bank is classified as widely held 
(Caprio et al., 2007)

3.2.3. Measures of control variables
At the bank level, we use a natural logarithm of total assets to control for size as larger banks are 
frequently the beneficiaries of “too big to fail” policies. To consider the fact that better-diversified 
banks are assumed to be less risky, we control for diversification measured by a diversification 
index (Demirgüç-Kunt & Huizinga, 2010; Laeven & Levine, 2009). We use the ratio of loan loss 
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provisions to total assets as a measure of asset quality. Zhang et al. (2014) find that banks which 
have been selected for IPOs and foreign investment are significantly more efficient than others 
and that listed banks may be controlled better than unlisted banks. We expect that a publicly listed 
bank will have a lower risk than one that is not listed. The IPO is a dummy variable that receives 
a value of 1 if a bank is listed in any 1 year of observation and 0 if otherwise. A banking crisis is also 
an important factor that may affect bank risk-taking. This study controls banking crises by creating 
a dummy variable that takes on the value of 1 if the country is going through a systemic crisis in 
that year and 0 if it is not. We expect that a banking crisis will increase bank risk. In addition, we 
use net interest margin (NIM) to understand the impact of banking spreads with regards to their 
“traditional activities” on bank risk-taking. Higher values are expected to indicate reduced risk.

This study also includes several state-level variables to control for differences in economic devel
opment across countries. First, we include a logarithm of GDP per capita to capture the economic 
development of the country. Second, we control the level of bank competition by using a concentration 
(CR3) ratio (Chong et al., 2013). Competition increases bank-risk as espoused by Keeley (1990) in the 
franchise value paradigm. The argument is that higher competition reduces banks’ market power and 
profit margins. Some studies (Beck et al., 2013; De Nicoló et al., 2006) have provided evidence to 
support this view. They find a significant and negative relationship between risk and competition. 
Based on previous studies, we expect that there will be a positive relationship between competition 
and bank risk. All variables are summarized and explained in Table 1.

3.2.4. Empirical models
We examine the effect of ownership structure on risk-taking based on the following model: 

Qθ YitjXitð Þ ¼ BRTit ¼ αθ0 þ αθ1OWSit þ ∑
K

k¼1
βθkCONTkit þ εit (2) 

where: Qθ YitjXitð Þ is the θth quantile regression function, BRT is bank risk measured by Z-score. OWS 
is a matrix of ownership structure variables. CONT is a matrix of control variables, α and β are the 
parameters to be estimated, ε is the idiosyncratic error term. The definition of all variables in the 
regression Equation (2) is summarized in Table 1.

3.2.5. Estimation method
The study correlates effective ownership structure to risk-taking in banks with different levels of 
risk. General regression methods, such as Pool OLS, random-effect, and fixed-effect estimator 
focus only on the central tendency of the distribution which does not allow for the possibility 
that the impact of explanatory variables can be different for different levels of bank risk. Quantile 
regression, as introduced by Koenker and Bassett (1978), is an extension of classical least-squares 
estimation of conditional mean models. Indeed, it enables us to estimate not one-point estima
tion, but a set of models for conditional quantile functions. Quantiles describe a fragmentation of 
a frequency distribution into equal intervals based on the value of the dependent variable. Quantile 
regression is stated to be more robust to non-normal errors and outliers. It also gives a larger 
characterization of the data, allowing us to consider the effect of the independent variables on the 
entire distribution of the response variable, not merely its conditional mean. Furthermore, quantile 
regression does not require strict assumptions as with classical linear regression such as normality, 
homoscedasticity, or absence of outliers (Johnston & DiNardo, 1963).

Formally, following Koenker and Bassett (1978) and assuming that the θth quantile of the 
conditional distribution of the dependent variable, yit, is linear in xit, the conditional quantile 
regression model can be expressed as follows: 

yit ¼ x0it:βθ þ εθit 
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Qθ yitjxitð Þ;inf y : Fit yitjxitð Þθf g ¼ x0it:βθ  

Qθ yitjεθitð Þ ¼ 0; (3) 

where Qθ yitjxitð Þrepresents the θth conditional quantile of yit on the (K × 1) vector of independent 
variables xit. βθ is the unknown vector of parameters to be estimated for different values of θ in 
[0, 1]; and εθit is the error term. The value Fit(.|xit) denotes the conditional distribution of the target 
variable conditional on it. For different values of θ in [0, 1], the quantile regression method permits 
us to visit the entire distribution of y conditional on x. The estimator for βθ is obtained through the 
following minimization problem: 

min ∑
it:εθit>0

θ� εθitj j þ ∑
it:εθit<0

1 � θð Þ � εθitj j ¼ ∑
it:yit � x0 it:β>0

θ� yit � x0 it:βj j

þ ∑
it:yit � x0 it :β<0

1 � θð Þ � yit � x0 it:βj j (4) 

Table 1. Definitions of variables
Variables Measure
Panel A: Dependent variable (bank risk-taking)

Z-score Z = [Return on assets ratio + (Equity/Total assets)]/Std 
(Return on assets ratio)

Altman’s Z-score (AZ-score) AZ-score = 1.2x1 + 1.4x2 + 3.3x3 + 0.6x4 + 1.0x5 
where x1 is the working capital/total assets, x2 the 
retained earnings/total assets, x3 the earnings before 
interest and taxes/total assets, x4 the market value of 
equity/total assets, and x5 is the sales/total assets.

Panel B: Ownership structure

Foreign ownership (FOW) The proportion of foreign shares to total shares

State ownership (SO) The proportion of state shares to total shares

Ownership concentration (OWC) A dummy variable which equals 1 for banks having at 
least one shareholder which holds a 10% share or 
more and otherwise is equal to 0

Panel C: Other control variable

Diversification index (DIV) We use a diversification index that is increasing in the 
degree of diversification. It is defined as: 
1 � Netinterest income � Other operating income

Total operating income

�
�
�

�
�
�

Bank size (SIZE) The natural logarithm of total assets

Net interest margin (NIM) The accounting value of bank’s net interest revenue as 
a share of its average interest-bearing (total earning) 
assets

Listed bank (IPO) A dummy variable which equals 1 for listed banks, 
otherwise 0

Bank crisis (BCR) A dummy variable which equals 1 if the country is 
going through a systemic crisis in that year, otherwise 
0

Assets quality (ASQ) The ratio of loan loss provisions to total assets

Bank concentration (CR3) Concentration Ratio for three largest banks = 
P3

n¼1
branchn=

Pi

k¼1
branchk, n = 1; …; 3 are the three largest 

banks by number of bank branches

GDP per capita (GDP) Natural logarithm of GDP per capita in a year
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The optimization problem in Equation (4) allows us to obtain the θth quantile regression 
estimator β̂θ minimizing the absolute value of a weighted sum of the residuals between observed 
values yit and fitted values x0it:β. A weight of θ is attributed to observations with negative residuals 
(the first term in Equation (4)) and a weight of (1 − θ) to observations with positive residuals 
(the second term in Equation (4)).

The innovation of this study is that it investigates the impact of ownership structure variables on 
various distributions of bank risk through quantile regression. An additional advantage of using 
quantile regression is that it can mitigate certain statistical problems such as sensitivity to outliers 
and non-Gaussian error distribution (Barnes & Hughes, 2002). We estimate the coefficients at nine 
quantiles, namely the 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, and 90th, using the same list 
of ownership structure and control variables. It is expected that different effects of the explanatory 
variables at each quantile will be reflected in the size, sign, and significance of estimated coeffi
cients of the different variables.

Additionally, this study employs ordinary least squares (OLS) and the two-stage system-GMM 
(S-GMM) regression method to compare the results of quantile regressions. Since bank risk-taking 
and ownership structure determinations are simultaneous, modeling the relationship between the 
two can be problematic if there is no proper treatment for the endogeneity which occurs. We test 
the instrument validity by using Hansen’s J statistic of overidentifying restrictions. The Hansen 
J statistic is used in place of the Sargan test of over-identifying restrictions because of its 
consistency in the presence of autocorrelation and heteroscedasticity (Neanidis & Varvarigos, 
2009; Roodman, 2007). Then, we use the Arellano and Bond (1991) tests for order serial auto
correlation. For system-GMM, we only check for the absence of second-order serial autocorrelation.

4. Empirical analysis

4.1. Descriptive statistics
The overall descriptive statistics of the major variables are described in Table 2. The mean of the 
Z-score is 27.172, the minimum value is −2.619, and the maximum value is 95.516 demonstrating 
that bank risk differs greatly from bank to bank in ASEAN countries. Furthermore, Z-scores are 
significantly skewed to the right meaning that they have long right tails. The skewed distribution of 
Z-scores raises the efficiency of quantile regression. The average state ownership is 20.7% and the 
average foreign ownership is 16.1%. This means that bank control by government and/or foreign
ers in ASEAN region is not really high. However, average ownership concentration is 0.848 which is 
quite high in this region.

Table 3 presents the Pearson’s pairwise correlation coefficients for independent variables used in 
the regression models to examine whether highly correlated variables exist. The Z-score is posi
tively correlated with foreign ownership and ownership concentration but negatively with state 
ownership. This indicates that foreign ownership and ownership concentration negatively affect 
bank risk and state ownership may positively affect bank risk. We find that the largest absolute 
value of correlation coefficients is 0.620 for a positive correlation between bank size (Size) and GDP 
per capita (GDP). This indicates that their inclusion will not present any problem of multi- 
collinearity since they are less than 0.70 (Kennedy, 2008). The pairwise correlation measures 
may be highly unreliable indicators of the relationships among the variables because other 
variables are likely to affect bank risk. Hence, we carry out tests of our main hypotheses using 
a multiple regression framework.

Table 4 presents univariate comparisons of independent variables by risk-taking quartile. This 
study addresses whether the characteristics of banks which have high risk-taking, such as those 
banks in the fourth quartile, differ from those with low risk-taking, such as those in the first 
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quartile. We also test the hypothesis that the fourth-quartile banks differ significantly from the 
first-quartile banks using a T-test.

The univariate relation between risk-taking and state ownership and foreign ownership is not 
monotonic. The state ownership and foreign ownership are about 20% and 16%, respectively, in 
each quartile. Ownership concentration increases monotonically with bank risk-taking. The aver
age level of ownership concentration increases over the first three quartiles and reaches its highest 
level in the high-risk banks. Moreover, the average ownership concentration in low-risk banks is 
significantly lower than that in high-risk banks.

4.2. Effect of ownership structure on bank risk-taking
We present the results of analysis of the relationship between ownership structure and bank risk- 
taking in Table 5. Columns (1) and (2) present the results for the model with the dependent 
variable Z-score using OLS and System GMM method, respectively. The results show that the 
coefficient on SO is negative with Z-score in both the OLS and System GMM model and only 
significant in the System GMM model. The coefficient on FOW is positive (negative) with the 
Z-score in OLS (System GMM) model but not significant. However, the coefficient on OWN is positive 
with the Z-score in the OLS model and remains unchanged in the system GMM model. In columns 
3–11, we report the results of the quantile regression method for quantiles from 10th to 90th.

The first variable of ownership structure, state ownership, is significantly negative in relation to 
Z-score at lower levels of distribution (10th, 20th, and 30th quantiles). This indicates that state 
ownership increases risk-taking in banks with high-risk levels (i.e., low Z-score) and lends support 
to the H1a hypothesis. This result also supports the findings of Kick and Von Westernhagen (2009): 
In banks with high-risk levels, state ownership may make for weaker banking skills, weak govern
ance structures, and unstable business models which, in turn, increase risk and lead to fragility. 
However, in Table 5 the coefficient of state ownership with Z-score becomes significantly positive 
at the higher quantiles (80th and 90th quantiles) of the distribution. This indicates that state 
ownership reduces risk-taking in banks with low-risk levels (i.e., high Z-score) and supports the H1b 
hypothesis. A characteristic of low-risk banks is that managers tend to pursue a low-risk strategies 
and increased state ownership may allow those managers to more easily implement risk-averse 
policies.

Table 4. Independent variables by bank risk-taking quartiles
Variable First quartile Second 

quartile
Third quartile Fourth 

quartile
p-value of 

Wilcoxon Test 
(fourth 

quantile-first 
quantile)

SO 0.195 0.204 0.215 0.209 0.215

FOW 0.149 0.162 0.169 0.157 0.623

OWC 0.683 0.764 0.871 0.893 <0.01

DIV 0.313 0.296 0.395 0.381 <0.01

SIZE 8.715 9.942 10.402 9.272 <0.01

NIM 0.046 0.041 0.037 0.021 0.514

IPO 0.313 0.286 0.382 0.357 0.243

BCR 0.752 0.768 0.812 0.856 <0.01

ASQ 0.007 0.006 0.007 0.007 0.823

CR3 0.491 0.511 0.586 0.601 <0.01

GDP 3.405 3.513 3.306 3.569 0.243

The t-statistic is for a difference of means test from the first to the fourth quartile. 
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Similarly, FOW is significantly negative in relation to Z-score at lower levels of distribution (10th, 
20th and 30th quantiles). The implication here is that foreign ownership can increase risk-taking in 
banks with high-risk levels. This result supports hypothesis H2a and is consistent with certain past 
studies (for example, Chen et al., 2017; Rokhim & Susanto, 2011; Yeyati & Micco, 2007). The 
coefficient of state ownership with Z-score, however, becomes significantly positive at the higher 
quantiles (60th, 70th, 80th and 90th quantiles) of the distribution. This indicates that foreign 
ownership reduces risk-taking in banks with low-risk levels and supports hypothesis H2b. It is 
consistent with agency theory which recognizes the conflict of interest between foreign share
holders and managers the fact that this difficulty in controlling managers of companies with 
a majority of foreign shareholders might result in bank managers being more risk averse.

In addition, we find the positive coefficient on OWN with Z-score in nearly 10 quantiles (from 
30th to 80th quantile) and these coefficients increase throughout the quantiles. This indicates that 
ownership concentration can reduce bank risk-taking and supports hypothesis H3a. Given their 
high concentration, powerful shareholders may exert pressure on management to enhance risk- 
taking and thus reduce the agency problem. This result is consistent with past studies 
(García-Marco & Robles-Fernández, 2008; Iannotta et al., 2007).

Overall, our results suggest that the effect of ownership structure is not homogenous across 
quantiles of bank-risk variables. There is no optimal ownership structure to constrain bank risk 
because the relationship depends on the level of risk of each individual bank.

4.3. Comparison of banks with various pairs of quantiles
In order to check the significance of the differences with regard to the coefficients of ownership 
structure variables across different bank-risk quantiles, this study employs a bootstrap procedure 
which is extended to construct a joint distribution to test various pairs of quantiles (Chuang et al., 
2009; Kuan et al., 2012; Tao et al., 2009). Table 6 illustrates the F-tests for the equality of quantile 
slope coefficients across the various pairs of quantiles with regard to the coefficients of ownership 
structure variables. Following previous studies, these tests are based on the bootstrap standard 
errors using 1000 replications. The results of the F-tests almost reject the null hypothesis of the 
equality coefficients for pairs of quantiles. These results indicate that the impact of ownership 
structure on bank risk-taking differs between high-risk and low-risk banks.

We continue to plot the coefficients of the bank capital variable along the vertical axis and the 
quantiles along the horizontal axis. The solid line in the middle of the shaded area reflects the 
estimations of the coefficient with the quantile regression across different quantiles. The horizon
tal dashed line is the (constant) OLS estimate. The shaded gray area depicts a 95% confidence 
band for the quantile regression estimates.

As can be seen from Figure 1, the coefficients of the quantile regression for SO and FOW 
variables are negative at low quantiles but turn positive at higher quantiles. Most of the coeffi
cients of the quantile regression for OWN variables are positive. Some coefficients are below the 
OLS estimate for some quantiles and others are above for certain other quantiles. This reveals that 
the quantile regression produces estimates that are different from the OLS and that, overall, the 
effect of ownership structure is not homogenous across the distribution bank risk. Therefore, the 
quantile regression gives a more complete picture of the relationship between ownership structure 
and bank risk-taking.

4.4. Quantile regression with instrument variables
In this section, we address the potential endogeneity problem in our models and consider the 
quantile regression estimation of a panel data model with endogenous independent variables, 
where we allow the endogenous variable to be correlated with unobserved factors affecting the 
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response variable. The model applies the framework analyzed by Chernozhukov and Hansen (2008) 
on instrumental variables for quantile regression.

The interpretation of the coefficients on ownership structure variables (SO, FOW, and OWC) in 
Table 7 qualitatively remains the same as our first result. For instance, the statistically significant 
negative coefficients on SO and FOW with Z-score at lower level of quantiles (10th, 20th, 30th 
quantile) and positive and significant at higher level (90th quantile) suggest that state ownership 
and foreign ownership are positively or negatively associated with bank risk depending on level of 
bank risk. Similarly, the positive coefficients on OWC with Z-score at all levels of risk suggest that 
ownership concentration is negatively related to bank risk. Overall, the quantile regression with 

Table 6. Inter-quantile comparison of the coefficient
Panel A: Inter comparison of the coefficient of SO variable

Quantile regression

20th 30th 40th 50th 60th 70th 80th 90th
10th 0.26 0.01 0.58 1.6 2.48 5.55** 10.18*** 19.69***

20th 0.39 1.7 3.38* 4.55** 8.41*** 13.18*** 22.11***

30th 0.8 1.85 2.91* 6.11** 8.93*** 17.97***

40th 0.83 1.72 4.94** 7.61*** 16.94***

50th 0.83 4.11** 6.64*** 15.72***

60th 3.21* 4.58** 12.53***

70th 0.6 6.71***

80th 0.26 0.01 0.58 1.6 2.48 5.55** 10.18*** 19.69***

Panel B: Inter comparison of the coefficient of FOW variable

Quantile Quantile regression

20th 30th 40th 50th 60th 70th 80th 90th

10th 0.28 0 0.86 1.89 5.73** 3.34* 8.38*** 9.21***

20th 0.37 1.64 2.43 4.83** 3.71* 7.69*** 8.49***

30th 1.39 2.1 4.79** 3.50* 8.22*** 8.59***

40th 0.68 3.56* 1.92 6.99*** 7.26***

50th 2.27 1.08 5.57** 6.42**

60th 0.01 2.89* 3.78*

70th 2.6* 3.19*

80th 0.87

Panel C: Inter comparison of the coefficient of OWC variable

Quantile regression

20th 30th 40th 50th 60th 70th 80th 90th

10th 0.32 4.09** 9.05*** 14.47*** 8.27*** 5.20** 1.48 1.06

20th 4.53** 9.92*** 15.16*** 7.65*** 4.61** 0.94 1.57

30th 2.88* 5.56** 1.93 1.41 0.00 4.01**

40th 1.77 0.17 0.28 0.64 6.7***

50th 0.48 0.01 2.18 9.54***

60th 0.12 1.44 8.46***

70th 2.43 8.91***

80th 5.88**

This table reports the F-tests for the equality of quantile slope coefficients of SO, FOW, OWC (present on panels A, B, 
and C respectively) across the various pairs of quantiles. ***, **, and * indicate significance at the 1%, 5%, and 10% 
levels respectively. One thousand bootstrap replications are used in the quantile regressions. 
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instrument variables in Table 7 supports that even after controlling the endogeneity problem 
ownership structures are found to relate to bank risk in a manner consistent with expectations.

4.5. Alternative measurement of risk-taking
Following Glaser and Müller (2010), we now extend our analysis by employing Altman’s Z-score 
(see Altman, 1968) as an alternative risk measure: 

Alt � Z ¼ 1:2x1 þ 1:4x2 þ 3:3x3 þ 0:6x4 þ 1:0x5 (5) 

where x1 is the working capital/total assets, x2 the retained earnings/total assets, x3 the earnings 
before interest and taxes/total assets, x4 the market value of equity/total assets, and x5 is sales/ 
total assets. The higher the Altman Z-score, the lower the odds that a bank is heading for bank
ruptcy and the higher the stability.

We use Altman’s Z-score as a proxy for bank risk-taking and estimate Equation (4) by conven
tional quantile regression of Koenker and Bassett (1978). The effect of ownership structure on the 
Altman Z-score across quantiles is presented in Table 8. The SO is significantly negative in relation 

Figure 1. Quantile and OLS 
estimates of SO on Z-score.

Table 7. The effect of ownership structure on bank risk-taking—Quantile regression with 
instrument variables
Variable Quantile regressions

10th 20th 30th 40th 50th 60th 70th 80th 90th

SO −10.575*** −7.905** −6.138** −4.547* −2.499 −0.423 1.375 3.864 7.665*

FOW −14.357*** −11.066** −8.888** −6.926* −4.402 −1.842 0.373 3.442 8.127*

CTR 0.757 1.681 2.292 2.843 3.552* 4.271** 4.893** 5.754** 7.070**

DIV −1.513** −0.964 −0.601 −0.274 0.147 0.573 0.942** 1.454*** 2.235***

SIZE 11.450*** 8.934*** 7.270*** 5.770*** 3.840 1.884 0.191 −2.155 −5.736***

NIM 206.428*** 173.212*** 151.230*** 131.431*** 105.947 80.117*** 57.754* 26.782 −20.507

IPO −4.064 −3.708 −3.472 −3.260 −2.987 −2.710 −2.471 −2.139 −1.632

BCR −5.641 −4.810 −4.259 −3.764 −3.126 −2.479 −1.919 −1.144 0.040

ASQ 115.438 277.653 385.005 481.696 606.153 732.294 841.510 992.766 1223.711

CR3 −6.727 −7.787 −8.489 −9.121 −9.935 −10.759 −11.473 −12.462 −13.972

GDP 1.830 5.709* 8.276*** 10.588*** 13.564*** 16.580*** 19.191*** 22.808*** 28.330***

This table presents the result in estimation of the structural quantile functions defined by Chernozhukov and Hansen 
(2008) using the method of Machado and Silva (2019). Superscripts *, **, and *** indicate statistical significance at 
10%, 5%, and 1%, respectively. See Table 1 for variable definitions. 
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to Altman’s Z-score at lower levels of distribution (10th, 20th, and 30th quantiles) and turns 
positive and significant at higher levels (70th and 80th). The coefficient on FOW with Altman’s 
Z-score is negative at lower levels of distribution and turn positive at higher levels but not 
significant. We also find that OWC has a significantly positive coefficient for the 20th, 40th, and 
80th quantile and insignificant for other quantiles. These results are fairly consistent with our first 
result.

5. Conclusion
A number of studies have been done to explain the relationship between ownership structure with 
respect to corporate governance and bank risk-taking and have reached different conclusions. By 
using the quantile regression approach, we add to this empirical literature by providing some 
evidence for this difference. Rather than confirming the homogenous relationship between own
ership structure and bank risk-taking as found in past studies, we discover that this relationship 
depends on the level of risk of each individual bank. Specifically, state ownership and foreign 
ownership affect bank risk-taking positively in high-risk banks but negatively in low-risk banks. 
Moreover, the relationship between ownership concentration and risk-taking is negative in all 
distributions of bank risk. Our results are robust to using alternative measure and methodology. 
The implication of the results is that high-risk banks should adjust their ownership structure by 
reducing foreign and state ownership and by increasing the ownership concentration to avoid 
excessive risk and agency problems. Low-risk banks, however, should increase foreign ownership, 
state ownership, and ownership concentration in order to maintain a low level of risk.
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