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Abstract: In this study, we investigate the determinants of credit spread using a Markov regime-
switching model. We consider corporate governance variables and credit risk to analyze the determi-
nants of credit spread. The corporate governance mechanism is an indicator of company sustainability,
and credit spread is the main factor in profits obtained by banks. However, the relationship between
credit spread and corporate governance is seldom discussed. We focus on loans from banks in Taiwan
between 2000 and 2019 and apply a Markov regime-switching model, which is superior to other
models in capturing different effects in various regimes. We specify two regime types: corporate
governance and credit risk regimes. Furthermore, we consider four aspects of corporate governance:
firm ownership structure, board structure, deviation, and information environment. In this study, the
determinants of credit spread are investigated more thoroughly than in previous studies. Moreover,
in this study, we examine the effects of monetary policy and economic status on credit spread using a
Markov regime-switching model; such models are not employed to their full extent in related studies
of credit spread. Empirical results indicate that credit spread has different effects in various regimes.
Thus, understanding the determinants of credit spread in different regimes is crucial for financial
analysts, investors, economic policymakers, and banks. Consequently, we expect that this study can
improve the management and measurement of credit risk and be of value to financial institutions.

Keywords: sustainability; corporate governance; credit risk; credit spread; Markov regime-switching model

1. Introduction

Recently, credit risk management has played a major role in bank administration and
has been a major topic of concern for banks and other financial intermediaries. According to
the Basel Capital Accord, banks are required to develop an effective credit review process to
measure the credit risk of their loans. In the past 10 years, major developments in financial
markets have led to a more sophisticated approach to credit risk management. Numerous
banks apply credit spreads to assess credit risk, credit rationing, and macroeconomic
effects in financial markets. Generally, changes in credit market conditions occur prior
to considerable changes in the stock market and the economy as a whole. Credit spread
in the credit market has experienced considerable growth in the past two decades and
it is expected to grow rapidly in the next few years. Therefore, an understanding of the
determinants of credit spread is particularly vital and can assist banks in extracting more
precise information about loans and detecting when borrowers face financial difficulty.

Several explanations might elucidate credit spread. Some studies employed macroe-
conomic and financial variables as candidate proxies to measure determinants of credit
spread [1–4]. For example, Collin-Dufresne and Goldstein [5] followed the structural form
model to predict credit spreads. Campbell and Taksler [6] suggested that credit spreads
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increase in conditions of equity volatility. Van Landschoot [7] contended that credit spreads
strongly depend on the rating and maturity of a bond. Maalaoui Chun et al. [8] used the
equity index return volatility to investigate credit spread changes.

Conversely, Chava et al. [9] and Klock et al. [10] found that firms with superior
corporate governance are associated with lower debt financing costs. A firm’s information
environment considerably affects its credit spreads [11–13]. Lu et al. [14] examined the
relationship between information asymmetry and credit spreads on corporate bonds.
Zhou et al. [15] found that sound corporate governance is associated with lower credit
spreads on corporate bonds. Corporate social responsibility can reduce credit spreads
significantly [16].

Several adverse economic events, including the Asian currency crisis in 1997, the
Enron scandal in 2001, the WorldCom scandal of 2002, and the series of 2004 financial
scandals involving publicly listed Taiwanese companies (such as Procomp Informatics,
NAFCO, Summit Computers, Infodisc, and ABIT Computers), were all results of failed
corporate governance. Acts of embezzlement and financial misinformation committed
by senior executives not only resulted in stock market devaluations but also undermined
investors’ confidence in the capital market. Corporate governance is an indicator of a
company’s sustainability. Thus, a firm’s corporate governance is expected to significantly
affect its credit and loan rate. The purpose of this study is to examine the influence of
corporate governance on bank loan credit spread. The relationships between corporate
governance variables and credit spreads of bank loans are seldom discussed.

This study focuses on loan markets in Taiwan from 2000 to 2019. The difference
between the loan rate and risk-free rate is credit spread, which is a key indicator for
assessing credit risk. Hence, different credit spreads of different borrowers indicate the
relative debt risk. We divide this study sample into two categories. The first category
was used to explore whether banks belong to financial holding companies. In Taiwan, the
Financial Holding Company Act was signed into law in June 2001. A financial holding
company is a bank holding company that offers nonbanking financial services. The second
category was used to explore whether banks are controlled by the government bodies. In
Taiwan, bank privatization did not begin until 1998. However, the development of bank
privatization was rapid after the Asian crisis, and four government banks were privatized
in January 1998. Although some government banks were privatized, these banks are still
majority-controlled by the government. Thus, we divide the sample into two categories:
whether banks belong to financial holding companies and whether banks are controlled
by the government. First, we use the two groups to investigate the determinants of banks’
credit spread. Then, we consider the effects of monetary policy and economic status on
determinants of credit spread.

For the methodology, we apply a Markov regime-switching model; such models are
more flexible than are single-regime models. Empirical studies of credit spread determi-
nants are based on a single-regime regression model over the entire sample period. Only
Maalaoui Chun et al. [8] used a Markov regime-switching model to analyze the dynamics
of credit spreads in bonds, and they discovered that a single-regime model cannot fully
capture the phenomenon of credit spread determinants. Regime-switching models are a
critical class of financial time series models that can incorporate the structural changes
associated with economic and financial conditions. These parameters are functions of a
Markov chain and key model features. The first conception of Markov regime-switching
models is credited to Quandt [17]. Goldfeld and Quandt [18] later introduced a particularly
useful version of these models and applied it to housing markets. Hamilton [19] was
the first to apply regime-switching models in economics and econometrics, discovering
regime shifts from positive to negative growth rates in real GNP for postwar business
cycles in the United States. Moreover, regime-switching models are applied in finance.
Hamilton and Lin [20] suggested that economic recessions are a critical factor explaining
pivotal economic moments. Pliska [21] and Elliott et al. [22] applied regime-switching for
short-rate models. Elliott and Hinz [23] did so for analyzing portfolios. Naik [24], Guo [25],
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and Elliott et al. [26] did so for option valuation. Elliott et al. [27] did so for volatility
estimation. In this study, we use a Markov regime-switching model to assess determinants
of credit spreads and the effects of monetary policy and economic status on determinants
of credit spread.

The interaction between good practices of corporate governance and credit spread
has not been extensively analyzed, and the effect of monetary policy and economic status
on credit spread has not been studied in depth. This study offers three contributions.
First, we analyze determinants of credit spreads involved with bank loans based on
credit risk and corporate governance, topics which are seldom discussed in the litera-
ture. For example, some researchers [3,4,28,29] used macroeconomic factors to examine
credit spread. The impacts of corporate governance on credit spreads are rarely discussed.
Although Zhou et al. [15] examined the effects of corporate governance on credit spreads,
they considered some variables of corporate governance. In this study, we employ four
aspects of corporate governance that are more comprehensive than those found in the
literature. Second, we apply the Markov regime-switching model, which precisely capture
determinants and changes in credit spreads of banks loans. Most studies of credit spread
determinants apply linear regression model, i.e., single-regime regression model, such
as those of Collin-Dufresne and Goldstein [5] and Zhou et al. [15]. However, we find
that corporate governance effects are different in high and low regimes. Consistent with
Maalaoui Chun et al. [8], we find that the Markov regime-switching model is more appro-
priate than previous studies. The model can capture hidden effects in different regimes and
increase explanatory power. Finally, we investigate how credit spread changes affected
by monetary policy and economic status. De Moraes et al. [30] indicated that monetary
policy has positive effects on credit spreads. However, they did not consider different
effects across different regimes. For different regimes, we find that monetary policy and
economic status have different effects on credit spread. We believe this study can help
managers improve loan decision making and investors can manage their financing cost
more efficiently. Furthermore, for policymakers, they have to consider the impacts of
different regimes when they want to formulate policies.

This article consists of five sections. In Section 1, we provide an overall description of
the research background, purpose, and content. In Section 2, we describe the determinants
of credit spread. In Section 3, we describe the research period, sample source, and method-
ology. In Section 4, we provide an analysis of the empirical results. In Section 5, we offer
the findings and a conclusion.

2. Determinants of Credit Spread
2.1. Credit Spread Definition

For banks, credit spread can be an indicator of the profitability or risk premium related
to a lender providing a loan to an individual borrower. The credit spread accounts for
the maturity, liquidity, credit risk, and creditworthiness of borrowers. In this study, credit
spread is defined as the difference between the loan rate and risk-free rate.

2.2. Determinants of Credit Spread

In Taiwan, some listed companies, including Procomp Informatics, NAFCO, Summit
Computers, Infodisc, and ABIT Computers went bankrupt as a result of failed corpo-
rate governance. International organizations such as the Organization for Economic Co-
operation and Development and World Bank have emphasized corporate governance as a
means of improving financial transparency and restoring investor confidence in corporate
financial statements. In Taiwan in 2002, the Financial Supervisory Commission issued a
new decree for listed companies to improve their corporate governance mechanisms. Cor-
porate governance pertains to the manner in which a company’s activities are managed and
supervised. A company with good corporate governance can prevent and minimize agency
conflicts so that investor and shareholder interests are addressed reasonably and fairly.
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Researchers [11–13] have suggested that a firm’s information environment signifi-
cantly affects its credit spread. Zhou et al. [31] suggested that robust corporate governance
may help reduce the credit spreads of corporate bonds, arguing that corporate governance
plays a crucial role in reducing agency conflicts between management and stakeholders
and in reducing credit spread. Effective corporate governance promotes the sustainability
of the company. In general, we expect that banks will reduce the credit spreads of firms
with good corporate governance by improving firms’ performance or reducing risk. The
relationship between credit spreads and corporate governance will be further illustrated by
the following four aspects. Therefore, in the following sections, we consider four aspects of
corporate governance: a firm’s (A) ownership structure, (B) board structure, (C) deviation,
and (D) information environment.

2.2.1. Ownership Structure (Aspect A)

Ownership structure is determined by the company shareholding ratio, such as the
holdings of major shareholders. Goergen and Renneboog [32] revealed that the sharehold-
ing ratio of directors and supervisors affects company cash flow—the larger the proportion
of shares held by directors and supervisors, the more efficient the company supervision
and the fewer errors there are in managers’ investment decisions. Pindado and Torre [33]
suggested that when the level of equity held by directors and supervisors is higher, invest-
ment decision making is more efficient. The proportion of shares held by directors and
supervisors is significantly and positively correlated to their management performance.
Jensen and Meckling [34] also reported that when directors and supervisors own a greater
proportion of shares, they review managers’ investment decisions carefully, and thus the
investment decisions do not deviate from the principle of maximizing shareholder value.

Agrawal and Mandelker [35] contended that when a company’s equity ownership is
concentrated among major shareholders or institutional investors, managers are subject
to more stringent supervision. However, Dahlquist and Robertsson [36] suggested that
the preference for foreign investment is lower when equity concentration is higher. In
other words, foreign investors prefer companies with dispersed equity. Claessens et al. [37]
reported that if managers are major shareholders or if the major shareholders’ control right
is greater than the cash flow right, the goals of major shareholders may be opposite to
those of minority shareholders. La Porta et al. [38] observed that in countries with poor
shareholder protection, the main problem arising from ineffective corporate governance is
the conflict between large and small shareholders.

Fama and Jensen [39] argued that managers often make investment decisions that
harm shareholders’ wealth to maximize their own interests. Jensen and Ruback [40] pro-
vided the “entrenchment hypothesis”, that is, when a manager’s shareholding ratio is
high, the investment losses are borne by shareholders. Managers have incentive to gain
profits. However, some studies suggest that when the ratio of managers’ shareholding
increases, no conflict occurs between managers and shareholders, and managers do not
make investment decisions detrimental to shareholders. For example, Jensen and Meck-
ling [34] discussed “the convergence of interest hypothesis”, contending that the higher
is the equity held by the manager, the greater is the consistency between the interests of
the manager and shareholders. Fuerst and Kang [41] observed that the higher is a general
manager’s shareholding ratio, the lower is the prevalence of agency problems, which
thereby improves the company’s operating performance. Furthermore, Zhou et al. [15]
also found the negative relation between shareholding ratio of manager and credit spreads.

The practice of share collateral has become a global phenomenon in capital market.
The directors and supervisors can pledge their shares as collateral to borrow funds. Some
studies [2,42–44] indicated that the director pledge ratio has a significant negative impact
on firm performance and may lead to financial crisis. As mentioned in the previous section,
we apply four variables as proxies for this first aspect of ownership structure, which are
summarized as follows:
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A1: the shareholding ratio of directors and supervisors

A1 =
Number of shares held by directors and supervisors at year end

number of ordinary shares outstanding at year end

A2: the shareholding ratio of major shareholders

A2 =
Number of shares held by major shareholders at year end

number of ordinary shares outstanding at year end

A3: the shareholding ratio of management

A3 =
Number of shares held by the management at year end

number of ordinary shares outstanding at year end

A4: the percentage of shares collateralized or pledged by directors and supervisors.

A4 =
Number of shares held by the management at year end

number of ordinary shares outstanding at year end

2.2.2. Board Structure (Aspect B)

Fama and Jensen [39] suggested that a company’s board has two functions: decision
making management (e.g., management of operations, investment, and financing) and
decision making control (e.g., supervising the behavior of managers and the quality of
financial reporting). Several studies indicated that having independent directors can re-
duce agency problems between managers and shareholders or other interested parties and
improve the decision making quality of the board of directors [45–47]. Williamson [48]
proposed the “substitute hypothesis,” which suggests that the ratio of independent di-
rectors on the board of directors should be sufficiently high to avoid large shareholders
infringing on the interests of small shareholders. In addition, the independent directors
should themselves have sufficient incentive to meticulously oversee financial reporting
and accounting disclosures to maintain their professional reputational capital [49].

The board of directors is a key component of the corporate governance mechanism.
The responsibility of the board of directors is to supervise managers. The supervision effect
of the board of directors influences a company’s performance and operations. The size of
the board is a central factor in corporate governance. In summary, the size of the board
should be appropriate to fulfill its functions.

Bacon [50] concluded that large-scale boards are more efficient than small ones because
directors have diverse knowledge, prior experience, technological proficiency, and views
on business decisions. Zahra and Pearce [51] suggested that a large board is a character-
istic of a sophisticated organization that can avoid the malpractices caused by collusion
between managers and board members and have high board supervisory effectiveness.
Zhou et al. [15] indicated negative effects of board size on credit spreads. It means that a
large board of directors can fulfill a supervisory function. Moreover, the board of directors
can be more neutral in evaluating and monitoring managers.

However, Jensen [52] found that a larger board size leads to poor efficiency due to
communication problems; effective decision making is difficult when a board is large.
Yermack [53] surveyed the data of 452 listed companies in the United States from 1984 to
1991 to measure company performance based on Tobin’s q, discovering that members of
a small board size can more effectively supervise managers than can members of a large
board; hence, board size and company performance are negatively correlated. In summary,
we apply two variables, defined as follows, as the proxies for evaluating board structure
(aspect B):

B1: The percentage of independent directors, which is measured by independent
director seats relative to total board seats.
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B2: The number of board members, including ordinary directors, managing directors,
and independent directors.

2.2.3. Deviation (Aspect C)

The authors of some studies [38,54,55] concluded that a shareholder is more likely to
gain control rights at the expense of minority shareholders when the deviation between its
control and its cash flow rights is greater, thereby creating agency conflicts. Chen et al. [56]
suggested that share collateralization is a source of a deviation in the relationship be-
tween cash flow rights (cash dividends) and control rights (voting rights); although the
shareholders pledge their shares as collateral, they still maintain control rights (voting
rights). However, the after ex-dividend stock price falls as a result of cash dividends. In
other words, if the value of collateralized shares falls, cash flow rights may be lost due to
share collateral value losses. Lee and Yeh [43] reported that the probability of a financial
crisis in the next year is higher when the deviation between voting rights and cash flow
rights is greater. Lee et al. [44] reported that collateralization of director or supervisor
shareholdings has a positive relationship with the deviation between cash flow rights and
ownership control rights. We expect these variables have effects on credit spreads through
improving or deteriorating firms’ performance and risk. Consequently, we apply three
deviation-related variables as follows:

C1: Deviation between earnings control and ownership control

C1 =
cash flow rights

ownership control rights

C2: Deviation between earning control and board seat control

C2 =
cash flow rights

board seat control rights

C3: Deviation between ownership control and board seat control

C3 =
ownership control rights
board seat control rights

2.2.4. Information Environment (Aspect D)

Financial information transparency is a practice of effective corporate governance.
Li [57] emphasized the importance of in improving the disclosure of reliable information
in effective corporate governance. Yu [13] found that companies with better information
disclosure have lower credit spreads. Lu et al. [14] and Zhou et al. [15] all supported
the notion that information asymmetry has a negative impact on credit spreads. Some
studies find that corporate governance and information transparency are related. The basic
principle of sound corporate governance is that information transparency must be honest,
reliable, and transparent. Diamond and Verrecchia [58] and Black et al. [59] both concluded
that corporate information disclosure and transparency can reduce the financing cost of
capital and can used as an indicator of corporate governance quality.

Given this conception of corporate governance and the importance of transparency,
verification of the causal relationship is warranted. Hence, the following variables can be
formulated as follows:

D1: Dummy variable equal to one if financial statements are restated in the current
year and zero otherwise.

D2: Number of CPA changes in three years.
D3: Dummy variable equal to one for producing financial projections or zero otherwise.

2.2.5. Credit Risk and Credit Spread

Most related studies use credit risk to investigate credit spreads. Aside from an
investigation of corporate governance, this study uses credit default risk to investigate



Sustainability 2021, 13, 9535 7 of 25

credit spreads. For example, the structural form models, as formulated by Black and
Scholes [60] and Merton [61], are used to derive determinants of credit spreads. The
structural form model assumes that the firm value process follows a geometric Brownian
motion under certain stylized assumptions and has a fixed default threshold equal to the
face value of promised payments. Furthermore, the basic Merton model is subsequently
extended by removing one or more of Merton’s assumptions [5,62–67].

The reduced form model makes no assumptions regarding the capital structure of
borrowers. Calibration of the credit risk for reduced form models is applied with respect
to ratings agencies’ data. Many researchers [68–72] used credit ratings as a basis for
assessing credit risk. Their key purpose is to provide a simple qualitative classification
of the solidity, solvency, and prospects of a debt issuer. Van Landschoot [7] ascertained
that credit spreads strongly depend on the rating and maturity of a bond. The rating data
are composite Moody’s and Standard & Poors ratings. Hung et al. [73] employed the
rating data of Taiwan, Taiwan Corporate Credit Risk Index (TCRI), to evaluate credit risk
of corporate bond in Taiwan. Huang and Kuo [74] also used the rating data of Taiwan,
TCRI, to analyze relation between firms’ rating and credit spreads. They found that if
the borrower’s risk increases, banks will increase the lending spreads. On the contrary,
the banks will reduce the credit spreads when the borrower’s credit rating is upgraded.
Ratings are increasingly crucial because pending new banking regulations will use ratings
as a key input for calculating banks’ capital requirements. Hence, in this study, ratings data
are used to assess credit spread.

3. Methodology
3.1. Markov Regime-Switching Model

First, we introduce credit spread regressions with a single regime. The single-regime
model herein is a multivariate regression model. That is, we interpret the aforemen-
tioned determinants of credit spread as independent variables to explain the dependent
variable, credit spread. Then, we construct a regression based on the Markov regime-
switching model.

The single-regime regression model is as follows:

yi,t = α +
k

∑
i=1

βixi,t + εi,t, εi,t ∼ i.i.d. N
(

0, σ2
)

(1)

where yi,t denotes the credit spread of loan i in period t. β0 is a constant, xt,i is k indepen-
dent variables, and εt refers to the random error term. The independent variables are credit
risk and corporate governance. Regarding corporate governance, we consider four aspects:
the firm’s (A) ownership structure, (B) board structure, (C) deviation, and (D) information
environment. For credit risk, we use the Taiwan Corporate Credit Risk Index (TCRI) as the
proxy. For ownership structure (aspect A), we adopt four variables: shareholding ratio of
directors and supervisors, shareholding ratio of major shareholders, shareholding ratio of
management, and percentage of shares collateralized or pledged by directors and supervi-
sors. The board structure aspect (aspect B) has two variables: percentage of independent
directors and the number of board members. The deviation aspect (aspect C) has three
variables: the deviation between earnings control and ownership control, the deviation
between earning control and board seat control, and the deviation between ownership
control and board seat control. Finally, the information environment aspect (aspect D) has
three variables: whether financial statements are restated, the number of CPA changes in
three years, and whether financial projections are produced.

Following Hamilton [19], we consider that yt is affected by two unobservable regimes
St = {0, 1} as

yi,t = α +
k

∑
i=1

βi,St xi,t + ei,t (2)
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where ei,t ∼ N
(

0,σ2
St

)
. Because St cannot be observed directly, a Markov chain must be

used to facilitate calculation. The realized value of the random variable St can be defined
by the two-regime (i = 0, 1 and j = 0, 1) Markov chain transition probability matrices P00
and P11 as follows: [

P00 P01
P10 P11

]
=

[
P00 1− P00

1− P11 P11

]
where P(St = j|St−1 = i) = Pij, Pi0 + Pi1 = 1, i, j = 0, 1. The probability of an St realized
value is decided by the regimes generated by the previous transaction day (t–1). Hence,
the probability value of the regime 0 (or 1) from the current transaction day to the next
transaction day is P00 (or P11).

We apply the log-likelihood function to assess parameters, βSt , σSt , Pij, as follows:

lnL =
T

∑
t=1

ln( f (yt|St)) (3)

The density probability function is defined as follows:

f (yt|St) =
1√

2πσ2
St

exp

(
− (yt − xtβSt)

2

2σ2
St

)
(4)

We estimate the unknown parameters in Equation (4) using the maximum log-
likelihood function via EM algorithm, which is proposed by Hamilton [75].

3.2. Effects of Monetary Policy and Economic Status

We investigate the effects of monetary policy and economic status on credit spreads.
We consider regime specifications from two aspects: monetary policy and economic status
regime. We describe the two regime specifications as follows.

1. Monetary policy regime

We adopt M2 as the measure of monetary resources that include all elements of M1 as
well as “near money.”

2. Economic status regime

The leading indicator is a measurement of changes of economic status. In general,
leading indicators are used to predict economic changes.

First, we estimate the Markov regime-switching model on data regarding changes
in money supply and the leading indicator to reveal the monetary policy and economic
status regimes, respectively. Consistent with Maalaoui Chun et al. [8], the dummy variable
is set as equal to one or zero according to whether the smoothed probability is above or
below the cutoff point of 0.5. We analyze the effects of monetary policy and economic
status regarding the aspects of corporate governance and credit risk. In the example of
ownership structure (aspect A), the equation is as follows:

yi,t = α+
k

∑
i

βixi,t + dv ∗
4

∑
j=1

γj Aj + τi,t (5)

where dv is a dummy variable. We assume the monetary policy and economic status follow
a Markov process and that whether the dummy variable equals one or zero is in accordance
with the smoothed probability of monetary policy or economic status being above or below
the cutoff point of 0.5. Thus, Equation (5) is nonlinear as

In Low-regime:

yi,t = α +
k

∑
i

βixi,t + υi,t
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In High-regime:

yi,t =

(
α +

4

∑
j=1

γj

)
+

k

∑
i

βixi,t + ϕi,t

4. Empirical Results and Analysis
4.1. Data

In this study, we selected 24 banks in Taiwan as the sample and extracted quarterly
data for the 20 years from 2000 through 2019. The details of these banks are summarized in
Table A1 in the Appendix A. All data are sourced from the Taiwan Economic Journal (TEJ).
Some data are removed due to insufficient size or incompleteness.

For credit spread, most studies [7,73] defined credit spread is the difference between
the yield on a risky bond and the yield on a risk-free bond. Compared with previous
studies that focused on credit spreads of bonds, this study is focused on banks’ credit
spreads. However, the characteristics of bank loans are not the same as those of bonds.
In general, bonds have certain maturity date, but the maturity date of bank loans is more
complicated than that of bonds. For example, borrowers often apply for early repayment or
rollover loan transactions or change of loan content, so the maturity date of bank loans will
be uncertain. Therefore, the treatment of credit spreads is a little different from previous
studies. This study uses the treasury bill’s interest rate closest to the lending date as the
risk-free rate. Then, we employ differences between the loan rate and risk–free rate as credit
spreads. The loan rates are obtained from the long- and short-term bank loan database of
the TEJ, which contains records pertaining to debts of all corporations in Taiwan, including
names of lenders and borrowers, rates of debt, and debt issuance dates. We could obtain
detailed information on bank loans from this database. Since the sample of this study is
medium- and long-term loans, the short-term loans and incomplete data are deleted.

Figure 1 summarizes the average maturity of loans and the number of loans for
24 banks. The left vertical axis represents the average maturity and the right vertical axis
is the number of loans. The bar graph and dotted line mean the maturity and number of
loans, respectively. The average maturity for these banks is about five years. The longest
average maturity is over seven years for Bank 2. Bank 17 has the shortest average maturity
of approximately three years. Since the size of the bank and the time of establishment are
different, there are differences in the number of loans from various banks. For example,
Bank 18 is a long-established and large-scale bank in Taiwan; thus, it has a larger number of
lenders. However, Bank 22 is one of the small commercial banks in Taiwan, so the number
of loans is relatively small.
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Since this study investigate borrowers’ credit risk, this study applies TCRI as the
proxy of borrowers’ credit risk. TCRI is obtained from TEJ (Taiwan Economic Journal), which
is the largest local financial information company in Taiwan. TCRI only gives ratings to
public offering companies but excludes the banking and securities industries. It is the
main indicator for banks to make loans. TCRI measures borrowers’ credit ratings from
their available accounting data and other publicly available information. The TEJ applies
numerical ratings from 1 to 9 as well as a potential D class for each borrower. The ratings
pertain to default risk and the likelihood of payment for each borrower. A rating of 1
is generally considered to represent the lowest rating in terms of default risk, a rating
of 9 represents the riskiest borrowers, and the rating class D denotes a default borrower.
Following the TEJ, a risk rating of 1–4 indicates low risk, 5–6 indicates medium risk, and
7–9 indicates high risk. Hence, we adopt TCRI as the proxy for default risk. The rating
distribution of 24 banks is shown in Figure 2. According to TEJ, Figure 2 has three groups:
low risk (rating 1–4), medium risk (rating 5–6), and high risk (rating 7–9). The vertical
axis is the percentage of the grade to all borrowers’ ratings. Compared with other banks,
the borrowers of Bank 14, Union Bank, are more concentrated in high risk rating class,
exceeding 60%. Compared to other banks, borrowers of Bank 21, The Export–Import Bank
of the Republic of China, are more likely to be in the low risk rating. The reason is that
Bank 21 is a government controlled bank and has a more conservative lending strategy.
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To discuss the effect of monetary policy, we apply the monetary aggregate M2 as
an indicator for monetary policy. M2 is a measure of the money supply that includes all
elements of M1, such as cash and checking deposits. Near money refers to savings deposits,
money market securities, mutual funds, and other time deposits. M2 is a broader money
classification, which comprises the sum of currency outside banks, demand deposits other
than those held by central government, and the time, savings, and foreign currency deposits
of residential sectors (other than the central government). Heryán and Taeremes [76]
applied the monetary aggregate M2 as the measurement for monetary policy.

To discuss the effects of economic status, we use the trend-adjusted index of the
composite coincident index to represent the economic status. The data are from the Council
for Economic Planning and Development (CEPD) in Taiwan. The CEPD is responsible
for drafting overall plans for national economic development, evaluating development
projects, coordinating the economic policymaking activities of ministries and agencies, and
monitoring the implementation of development projects, measures, and programs.
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4.2. Empirical Results
4.2.1. Single-Regime Regression Model

First, this study shows the correlation coefficients of 12 corporate governance variables
in Table 1. In general, a correlation coefficient that exceeds 0.7 in absolute terms is called
high correlation. From this table, we find that the absolute values of correlation coefficients
do not exceed 0.7, which is not highly correlated. Thus, multicollinearity problems can be
avoided during regression analysis.

Table 1. Correlation coefficients.

A1 A2 A3 A4 B1 B2 C1 C2 C3 D1 D2 D3

A1 1.000

A2 –0.283
(0.000) *** 1.000

A3 –0.026
(0.000) ***

–0.045
(0.000) *** 1.000

A4 –0.144
(0.000) ***

–0.045
(0.000) ***

–0.116
(0.000) *** 1.000

B1 –0.079
(0.000)***

0.102
(0.000) ***

0.052
(0.000) ***

–0.165
(0.000) *** 1.000

B2 0.072
(0.000)***

–0.187
(0.000) ***

–0.079
(0.000) ***

0.046
(0.000) ***

0.100
(0.000) *** 1.000

C1 –0.187
(0.000) ***

0.197
(0.000) ***

–0.245
(0.000) ***

0.044
(0.000) ***

–0.043
(0.000) ***

–0.158
(0.000) *** 1.000

C2 0.266
(0.000) ***

0.359
(0.000) ***

–0.083
(0.000) ***

–0.158
(0.000) ***

0.202
(0.000) ***

–0.148
(0.000) ***

0.473
(0.000) *** 1.000

C3 0.461
(0.000) ***

0.277
(0.000) ***

0.004
(0.367)

–0.203
(0.000) ***

0.239
(0.000) ***

–0.107
(0.000) ***

0.038
(0.000) ***

0.541
(0.000) *** 1.000

D1 0.035
(0.000) ***

–0.048
(0.000) ***

–0.031
(0.000) ***

0.035
(0.000) ***

–0.021
(0.000) ***

0.057
(0.000) ***

0.042
(0.000) ***

–0.005
(0.288)

–0.025
(0.000) *** 1.000

D2 –0.001
(0.757)

0.006
(0.162)

0.011
(0.012) **

0.021
(0.000) ***

0.008
(0.064) *

–0.011
(0.012) **

0.011
(0.013) **

–0.009
(0.040) **

–0.011
(0.009) ***

0.136
(0.000) *** 1.000

D3 –0.006
(0.135)

–0.095
(0.000) ***

0.050
(0.000) ***

0.034
(0.000) ***

–0.097
(0.000) ***

0.034
(0.000) ***

–0.009
(0.043) **

–0.051
(0.000) ***

–0.065
(0.000) ***

0.003
(0.552)

–0.039
(0.000) *** 1.000

Note: 1. A1 is the shareholding ratio of directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding
ratio of the management, A4 is the percentage of shares collateralized or pledged by directors and supervisors, B1 is the percentage of
independent directors, B2 is the number of board members, C1 is the deviation between earnings control and ownership control, C2 is the
deviation between earning control and board seat control, C3 is the deviation between owner-ship control and board seat control, D1 means
whether financial statements are restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial
projections. 2. The number in parentheses is p-value. 3. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.

Then, we calculate the parameters based on the single-regime regression model, which
is detailed in Table 2. We use two rules to classify the sample. The first pertains to whether
the sample belongs to a financial holding company. For the first classification method, the
results are shown in the third and fourth columns of Table 2. The second classification
method explores whether a bank is controlled by the government bodies; the relevant
results are listed in the fifth and sixth columns of Table 2. We observe that most aspects
of corporate governance (aspects A–D) and credit risk have significant effects on credit
spread, except for the component pertaining to financial statements being restated (D3).
Because Taiwan’s banking industry is strictly supervised by the government, banks offer
fewer restated financial statements.

Table 2. Estimated results for the single-regime regression model.

Category Financial Holding Company Government-Controlled Bank

Aspect FH Non-FH Gov-Controlled Non-Gov-
Controlled

Constant −0.606(0.000) *** −0.582(0.000) *** −0.439(0.000) *** −0.800(0.000) ***

A

A1 −0.291(0.000) *** −0.248(0.000) *** −0.331(0.000) *** −0.212(0.000) ***
A2 −0.568(0.000) *** −0.661(0.000) *** −0.536(0.000) *** −0.552(0.000) ***
A3 1.066(0.000) *** 1.993(0.000) *** 1.043(0.000) *** 1.341(0.000) ***
A4 0.243(0.000) *** 0.244(0.000) *** 0.309(0.000) *** 0.217(0.000) ***

B
B1 −0.057(0.000) *** −0.061(0.000) *** −0.070(0.000) *** −0.047(0.000) ***
B2 −0.011(0.000) *** −0.020(0.000) *** −0.017(0.000) *** −0.012(0.000) ***
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Table 2. Cont.

Category Financial Holding Company Government-Controlled Bank

Aspect FH Non-FH Gov-Controlled Non-Gov-
Controlled

C
C1 0.112(0.000) *** 0.257(0.000) *** 0.174(0.000) *** 0.174(0.000) ***
C2 −0.089(0.012) ** −0.035(0.481) −0.194(0.000) *** −0.007(0.838)
C3 0.037(0.223) 0.027(0.494) 0.115(0.016) ** −0.020(0.449)

D
D1 0.013(0.251) 0.007(0.633) 0.017(0.248) 0.009(0.477)
D2 0.017(0.084) * 0.006(0.669) 0.006(0.624) 0.019(0.075) *
D3 0.299(0.000) *** 0.328(0.000) *** 0.322(0.000) *** 0.296(0.000) ***

Risk 0.270(0.000) *** 0.268(0.000) *** 0.248(0.000) *** 0.291(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage of
independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between earnings
control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation between
ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are restated, D2 is
the number of CPA changes in three years, and D3 means whether producing financial projections. The number in parentheses is p-value.
*, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.

For aspect A, we find that most results are consistent with previous studies. For
example, the shareholding ratio of directors and supervisor has a significant and negative
sign for all groups. Investment decision making is more efficient when the shareholding
ratio of directors and supervisors is higher [32–34]. Thus, the banks charge low credit
spreads. Similar results are also found in the shareholding ratio of major shareholders.
The results are consistent with those of Agrawal and Mandelker [35]. However, the
shareholding ratio of management is positive and has significant effects on credit spreads.
This is consistent with the “entrenchment hypothesis” of Jensen and Ruback [40], but it is
inconsistent with the “convergence of interest hypothesis” of Jensen and Meckling [34].

For aspect B, the percentage of independent directors and the number of board mem-
bers have significantly negative effects on credit spreads. This is in line with the “substitute
hypothesis” of Williamson [48]. The ratio of independent directors can reduce the agency
problem and improve a firm’s performance. Thus, the banks reduce credit spreads.

For aspect C, this study finds that the deviation between earnings control and own-
ership control has a significant positive effect on credit spread. This finding is consistent
with those of related studies that indicate that if the deviation between ownership control
rights and earnings control rights increases, the agency problem will become more seri-
ous [55,77–80]. Thus, banks charge high credit spreads for borrowers with higher deviation
of earnings control and ownership control. However, results of the other two deviations
are not all significant and not consistent with previous studies.

For aspect D, we find that only the variable, whether company produce financial
projections, has a significantly positive effect on credit spread. It means that financial
projections do not contribute to decreasing financing costs and banks will still charge
high credit spreads. Lee et al. [44] found a negative relationship between information
disclosure and firms’ performance. On the contrary, the results are inconsistent with those
of related studies [58,59] that indicate information disclosure can reduce financial cost.
However, results of the other two variables are not all significant and inconsistent with
previous studies.

4.2.2. Markov Regime-Switching Model

Because the single-regime model is similar to an ordinary least squares regression
model, the estimated coefficient is the concept of average. Therefore, we extend the single-
regime model to a two-regime model in the form of a Markov regime-switching model, and
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the estimated coefficients are shown in Tables 3–7. To observe the influence of two regimes
in each aspect, Tables 3–7 detail such two regimes for each corporate governance aspect.

Table 3. Determinants of credit spread (regime specification is credit risk).

Dependent
Variables

Financial Holding Company Government-Controlled Bank

FH Non-FH Gov-Controlled Non-Gov Controlled

Risk-Low 0.197(0.000) *** — 0.203(0.000) *** — 0.377(0.000) *** — 0.376(0.000) *** —
Risk-High — 0.501(0.000) *** — 0.360(0.000) *** — 0.210(0.000) *** — 0.215(0.000) ***
Constant −0.558(0.000) *** −0.469(0.000) *** −0.821(0.000) *** −0.671(0.000) ***

A

A1 −0.264(0.000) *** −0.285(0.000) *** −0.290(0.000) *** −0.282(0.000) ***
A2 −0.030(0.447) −0.206(0.000) *** 0.033(0.423) −0.071(0.059) *
A3 0.600(0.000) *** 0.517(0.012) ** 0.272(0.135) 0.419(0.005) ***
A4 0.076(0.000) *** 0.101(0.000) *** 0.083(0.001) *** 0.016(0.473)

B
B1 0.019(0.000) *** 0.011(0.007) *** 0.012(0.001) *** 0.018(0.000) ***
B2 −0.017(0.000) *** −0.018(0.000) *** −0.005(0.011) ** −0.013(0.000) ***

C
C1 0.200(0.000) *** 0.149(0.000) *** 0.282(0.00) *** 0.150(0.000) ***
C2 −0.182(0.000) *** −0.062(0.085) * −0.289(0.000) *** −0.098(0.000) ***
C3 0.113(0.000) *** 0.047(0.117) 0.177(0.000) *** 0.071(0.002) ***

D
D1 0.016(0.050) * −0.011(0.250) 0.005(0.566) 0.004(0.639)
D2 0.048(0.000) *** 0.034(0.000) *** 0.008(0.339) 0.033(0.000) ***
D3 −0.018(0.037) ** −0.029(0.037) ** −0.084(0.000) *** −0.038(0.001) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong to
the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled means
the group of banks that are not controlled by the government. “A” represents the first aspect, ownership structure. “B” represents the
second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D” represents the fourth aspect, the firm’s information
environment. The aspect A includes four variables: A1 is the shareholding ratio of directors and supervisors, A2 is the shareholding ratio
of major shareholders, A3 is the shareholding ratio of the management, and A4 is the percentage of shares collateralized or pledged by
directors and supervisors. The aspect B includes two variables: B1 is the percentage of independent directors and B2 is the number of
board members. The aspect C includes three variables: C1 is the deviation between earnings control and ownership control, C2 is the
deviation between earning control and board seat control, and C3 is the deviation between ownership control and board seat control. The
aspect D includes three variables: D1 means whether financial statements are restated, D2 is the number of CPA changes in three years, and
D3 means whether producing financial projections. This table assumes that the aspect credit risk follows the Markov regime-switching
process. “Risk—low” means the low regime of aspect—credit risk. “Risk—high” means the high regime of aspect credit risk. The number
in parentheses is p-value. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.

Table 4. Determinants of credit spread (regime specification is ownership structure).

Dependent
Variables

Financial Holding Company Government-Controlled Bank

FH Non-FH Gov-Controlled Non-Gov-Controlled

A–
Low

A1 −0.374(0.000) *** — 0.965(0.000) *** — 0.665(0.000) *** — 1.126(0.000) *** —
A2 −0.165(0.000) *** — 1.182(0.000) *** — 1.083(0.000) *** — 1.135(0.000) *** —
A3 −0.349(0.013) ** — 6.034(0.000) *** — 4.521(0.000) *** — 4.677(0.000) *** —
A4 −0.055(0.005) *** — 0.861(0.000) *** — 1.199(0.000) *** — 0.966(0.000) *** —

A–
High

A1 — 0.943(0.000) *** — −0.361(0.000) *** — −0.389(0.000) *** — −0.365(0.000) ***
A2 — 1.110(0.000) *** — −0.312(0.000) *** — −0.198(0.000) *** — −0.169(0.000) ***
A3 — 4.591(0.000) *** — 0.133(0.533) — −0.443(0.021) ** — 0.089(0.579)
A4 — 1.171(0.000) *** — 0.048(0.112) — −0.008(0.740) — –0.053(0.022) **

Constant −0.620(0.000) *** −0.481(0.000) *** −0.495(0.000) *** −0.696(0.000) ***

B
B1 0.011(0.000) *** 0.008(0.040) ** 0.001(0.831) 0.015(0.000) ***
B2 −0.011(0.000) *** −0.018(0.000) *** −0.014(0.000) *** −0.012(0.000) ***

C
C1 0.128(0.000) *** 0.136(0.000) *** 0.131(0.000) *** 0.144(0.000) ***
C2 −0.153(0.000) *** −0.056(0.117) −0.169(0.000) *** −0.098(0.000) ***
C3 0.107(0.000) *** 0.040(0.185) 0.113(0.000) *** 0.066(0.004) ***

D
D1 0.005(0.479) −0.012(0.217) 0.003(0.708) 0.001(0.844)
D2 0.017(0.007) *** 0.031(0.001) *** 0.005(0.507) 0.032(0.000) ***
D3 0.006(0.631) −0.007(0.648) 0.050(0.001) *** −0.022(0.063) *

Risk 0.217(0.000) *** 0.217(0.000) *** 0.208(0.000) *** 0.230(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. This table assumes
that the aspect A follows the Markov regime-switching process. “A—low” means the low regime of aspect A. “A—high” means the high
regime of aspect A. The number in parentheses is p-value. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.
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Table 5. Determinants of credit spread (regime specification is board structure).

Dependent
Variables

Financial Holding Company Government-Controlled Bank

FH Non-FH Gov-Controlled Non-Gov-Controlled

B–
Low

B1 0.004(0.188) — 0.017(0.000) *** — −0.098(0.000) *** — -0.054(0.000) *** —
B2 −0.025(0.000) *** — −0.027(0.000) *** — 0.062(0.000) *** — 0.070(0.000) *** —

B–
High

B1 — 0.053(0.002) *** — −0.080(0.000) *** — 0.012(0.001) *** — 0.022(0.000) ***
B2 — 0.183(0.000) *** — 0.067(0.000) *** — −0.024(0.000) *** — −0.021(0.000) ***

Constant −0.538(0.000) *** −0.449(0.000) *** −0.469(0.000) *** −0.651(0.000) ***

A

A1 −0.242(0.000) *** −0.258(0.000) *** −0.301(0.000) *** −0.252(0.000) ***
A2 −0.172(0.000) *** −0.223(0.000) *** −0.121(0.003) *** −0.091(0.016) **
A3 0.420(0.007) *** 0.555(0.008) *** 0.039(0.832) 0.488(0.001) ***
A4 0.152(0.000) *** 0.107(0.000) *** 0.089(0.000) *** 0.015(0.496)

B
C1 0.157(0.000) *** 0.139(0.000) *** 0.143(0.000) *** 0.145(0.000) ***
C2 −0.136(0.000) *** −0.060(0.095) * −0.178(0.000) *** −0.098(0.000) ***
C3 0.072(0.006) *** 0.033(0.276) 0.113(0.000) *** 0.057(0.012) **

C
D1 0.020(0.018) ** −0.012(0.230) 0.005(0.547) 0.001(0.932)
D2 0.043(0.000) *** 0.034(0.000) *** 0.006(0.495) 0.035(0.000) ***
D3 −0.002(0.977) −0.018(0.205) 0.050(0.001) *** −0.025(0.037) **

Risk 0.226(0.000) *** 0.217(0.000) *** 0.207(0.000) *** 0.229(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. This table assumes that
the aspect B follows the Markov regime-switching process. “B—low” means the low regime of aspect B. “B—high” means the high regime
of aspect B. The number in parentheses is p-value. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.

Table 6. Determinants of credit spread (regime specification is deviation).

Dependent
Variables

Financial Holding Company Government-Controlled Bank

FH Non-FH Gov-Controlled Non-Gov-Controlled

C–
Low

C1 1.394(0.000) *** — 2.868(0.000) *** — 0.057(0.055) * — 0.131(0.000) *** —
C2 −1.452(0.000) *** — −3.106(0.000) *** — −0.110(0.000) *** — −0.018(0.533) —
C3 1.023(0.000) *** — 2.871(0.000)*** — 0.074(0.005) *** — −0.034(0.175) —

C–
High

C1 — 0.057(0.000) *** — 0.085(0.039) ** — 1.377(0.000) *** — 1.769(0.000) ***
C2 — −0.099(0.000) *** — 0.027(0.549) — −1.552(0.000) *** — 0.125(0.366)
C3 — 0.071(0.000) *** — −0.016(0.686) — 1.017(0.000) *** — 0.069(0.485)

Constant −0.616(0.000) *** −0.484(0.000) *** −0.503(0.000) *** −1.398(0.000) ***

A

A1 −0.300(0.000) *** −0.271(0.000) *** −0.321(0.000) *** −0.118(0.000) ***
A2 −0.064(0.047) ** −0.354(0.000) *** −0.091(0.027) ** 0.188(0.000) ***
A3 0.069(0.615) 1.418(0.000) *** −0.055(0.772) 1.516(0.000) ***
A4 0.028(0.134) 0.153(0.000) *** 0.083(0.001) *** 0.007(0.769)

B
B1 0.014(0.000) *** −0.016(0.001) *** 0.004(0.272) 0.019(0.000) ***
B2 −0.012(0.000) *** −0.018(0.000) *** −0.014(0.000) *** 0.027(0.000) ***

D
D1 0.005(0.431) −0.003(0.789) 0.004(0.671) −0.015(0.062) *
D2 0.018(0.006) *** 0.041(0.001) *** 0.006(0.460) 0.037(0.000) ***
D3 −0.027(0.013) ** 0.143(0.000) *** 0.004(0.974) −0.077(0.000) ***

Risk 0.215(0.000) *** 0.231(0.000) *** 0.208(0.000) *** 0.260(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. This table assumes that
the aspect C follows the Markov regime-switching process. “C—low” means the low regime of aspect C. “C—high” means the high regime
of aspect C. The number in parentheses is p-value. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.
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Table 7. Determinants of credit spread (regime specification is firm’s information environment).

Dependent
Variables

Financial Holding Company Government-Controlled Bank

FH Non-FH Gov-Controlled Non-Gov-Controlled

D–
Low

D1 0.198(0.000) *** — 0.221(0.000) *** — 0.199(0.000) *** — −0.013(0.107) —
D2 0.633(0.000) *** — 0.594(0.000) *** — 0.611(0.000) *** — 0.008(0.293) —
D3 0.513(0.000) *** — 0.551(0.000) *** — 0.524(0.000) *** — −0.158(0.000) *** —

D–
High

D1 — −0.009(0.207) — −0.028(0.005) *** — −0.013(0.156) — 0.201(0.000) ***
D2 — −0.012(0.073) * — 0.009(0.365) — −0.026(0.002) *** — 0.608(0.000) ***
D3 — −0.138(0.000) *** — −0.173(0.000) *** — −0.155(0.000) *** — 0.526(0.000) ***

Constant −0.631(0.000) *** −0.514(0.000) *** −0.516(0.000) *** −0.720(0.000) ***

A

A1 −0.281(0.000) *** −0.241(0.000) *** −0.293(0.000) *** −0.253(0.000) ***
A2 −0.151(0.000) *** −0.265(0.000) *** −0.171(0.000) *** −0.142(0.000) ***
A3 0.252(0.056) * 0.675(0.001) *** 0.172(0.345) 0.537(0.000) ***
A4 0.045(0.015) ** 0.138(0.000) *** 0.104(0.000) *** 0.045(0.040) **

B
B1 0.006(0.028) ** 0.003(0.441) −0.004(0.236) 0.009(0.001) ***
B2 −0.009(0.000) *** −0.016(0.000) *** −0.012(0.000) *** −0.010(0.000) ***

C
C1 0.108(0.000) *** 0.145(0.000) *** 0.124(0.000) *** 0.134(0.000) ***
C2 −0.127(0.000) *** −0.060(0.095) * −0.154(0.000) *** −0.081(0.002) ***
C3 0.079(0.000) *** 0.032(0.286) 0.094(0.000) *** 0.046(0.041) **

Risk 0.222(0.000) *** 0.220(0.000) *** 0.211(0.000) *** 0.236(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. This table assumes
that the aspect D follows the Markov regime-switching process. “D—low” means the low regime of aspect D. “D—high” means the high
regime of aspect D. The number in parentheses is p-value. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.

In Table 3, the credit risk is observed to have a significant and positive effect on credit
spread in both low and high regime scenarios for all groups. As credit risk increases, the
bank charges a higher credit spread to ensure profitability and security. This finding is
consistent with the finding of Van Landschoot [7]. In this study, we employed the TCRI
rating score as the proxy of credit risk. The value of the TCRI rating class is between 1 and
9, and D is default. A small number means better ratings, and thus better creditworthiness.
From Table 3, we find that for a firm with high TCRI rating score, the high credit spread
will be charged. In other words, banks increase credit spread if the borrower with high
TCRI rating scores.

In Table 4, we specify the regime in terms of ownership structure. Different opinions
exist regarding ownership structure and credit spreads are related to whether banks belong
to a financial holding company. If banks belong to a financial holding company, they will
charge a high credit spread for companies’ ownership structures in high regime. However,
for the second question—whether banks are controlled by the government bodies—we
obtain different results. When borrowers borrow from banks with low ownership structures
in a low-regime setting, banks charge a high credit spread. Comparing Tables 2 and 4,
only the results of banks not belonging to financial holding companies in high regime are
consistent with Table 2. Not all other groups are consistent with Table 2. For example,
in low regime, banks belong to a financial holding company violate the “entrenchment
hypothesis” of Jensen and Ruback [40]. Instead, they will follow the “convergence of
interest hypothesis” of Jensen and Meckling [34]. Therefore, the Markov regime-switching
model can capture the hidden effects and managers adjust their lending decision based in
different regimes.

Table 5 specifies the regimes in terms of board structures. For the second question—
whether banks are controlled by the government bodies—the view of board structure is
the same. However, banks have different views on independent directors in high and
low regimes. In related studies, independent directors are considered to be beneficial
to a company’s performance, and the results are found for the second category in low
regime [45–47]. However, in high regime, results are inconsistent with related studies. This
result implies that independent directors will lose their supervisory function in a high
regime. Then, banks charge high credit spreads. Furthermore, we show for banks owned
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and not owned by financial holding companies that banks’ managers have differing views
on ratio of independent directors in the high regime scenario. For banks owned by financial
holding companies, the independent directors are observed to have positive effects on credit
spreads. However, for banks not owned by financial holding companies, the independent
directors are negatively related to credit spreads. The results are consistent with the
“substitute hypothesis” of Williamson [48]. Overall, it is beneficial to use the Markov
regime-switching model to account determinants of credit spreads in different regimes.

Table 6 specifies the regimes in the context of deviation. The deviation between
earnings control and ownership control is positive and significant for all cases. Our results
are consistent with related studies, such as that of Lee et al. [44], in which it is reported that
deviation is higher when there is greater serious agency conflict. Thus, banks charges high
credit spreads to compensate for uncertainty. Comparing Tables 2 and 6, we determine
that the single single-regime model cannot fully measure the effects of the other two
deviations, whereas the Markov regime-switching model can capture hidden effects. As
Maalaoui Chun et al. [8] stated, the regime-switching model is beneficial for investigating
determinants of credit spreads in different regimes.

Table 7 specifies the regimes in relation to a firm’s information environment. As far as
different categories are concerned, our results indicate that some findings are consistent
with related studies while others are inconsistent. Regardless of whether a bank belongs to
a financial holding company, their decision on credit spreads is approximately the same
in low regime. The results are consistent with Lee et al. [44], who find that information
disclosure has a negative effect on firms’ performance, such as ROA and ROE. For such
cases, banks charge high credit spreads. However, for the second category, different
regimes of a firm’s information environment are marked by different decisions of banks’
managers on credit spreads. For government-controlled banks, results in low regime are
consistent with those of Lee et al. [44]. On the contrary, results of high regime have different
signs relative to results of low regime. Results are consistent with those of Diamond and
Verrecchia [58], Black et al. [59], and Li [57].

Overall, the Markov regime-switching model can help us to find the hidden effects
in different regimes. Furthermore, the model can enhance explanatory power of effects
of corporate governance and credit risk on determinants of credit spreads. As Maalaoui
Chun et al. [8] stated, the model is better than the single-regime model to investigate
determinants of credit spreads.

4.2.3. Effects of Monetary Policy and Economic Status

First, we compare the two-regime models with a single-regime model using the
likelihood ratio test. The null and alternative hypotheses are the single-regime model and
Markov regime-switching model, respectively. The test result is detailed in Table 8; we
find that the Markov regime-switching model is superior to single-regime models. The test
result is consistent with that of Maalaoui Chun et al. [8].

Thus, we employ a dummy variable to investigate whether the Markov regime-
switching model is more suitable for capturing the effects of monetary policy and eco-
nomic status on determinants of credit spread. The dummy variable equals one when the
smoothed probability of the Markov process is above the cutoff point of 0.5 that is called
high regime. Otherwise, it is zero that is called low regime. Figure 3 shows the time series
for smoothed probability of monetary policy and credit spread. The credit spread is the
average of the credit spreads of 24 banks. The financial crisis, also known as the subprime
mortgage crisis, originated in the United States due to the collapse of the United States’
housing market and the decline in liquidity in the global financial market in 2007. In 2008,
the financial crisis began to get out of control and began to spread to countries around
the world, also known as the financial tsunami. In response to the financial crisis in 2008,
central banks around the world have implemented the “quantitative easing” monetary
policy and the regime is transferred. We also observe the credit spreads increase after the
financial crisis. In September 2012, the central banks of Europe, the United States, and
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Japan implemented quantitative easing monetary policies, resulting in inflation and asset
bubbles. Therefore, the obvious state transition can be found from Figure 4.

Table 8. Likelihood ratio tests for Markov regime-switching model against single-regime model.

Financial Holding Company Government-Controlled Bank
FH Non-FH Gov-Controlled Non-Gov-Controlled

Monetary
Policy

Economic
Status

Monetary
Policy

Economic
Status

Monetary
Policy

Economic
Status

Monetary
Policy

Economic
Status

Risk 200.796(0.000)
*** 68.818(0.000) *** 808.665(0.000)

***
110.500(0.000)

***
1050.072(0.000)

*** 1.056(0.304) 229.605(0.000)
***

1001.847(0.000)
***

A 196.188(0.000)
*** 48.111(0.000) *** 722.572(0.000)

***
103.039(0.000)

***
1151.507(0.000)

*** 20.762(0.000) *** 178.141(0.000)
***

1036.366(0.000)
***

B 192.313(0.000)
*** 62.793(0.000) *** 801.943(0.000)

***
106.634(0.000)

***
1211.149(0.000)

*** 7.671(0.022) ** 166.720(0.000)
***

1173.089(0.000)
***

C 206.709(0.000)
*** 59.013(0.000) *** 822.115(0.000)

***
107.231(0.000)

***
1162.484(0.000)

*** 4.451(0.217) 190.650(0.000)
***

1073.035(0.000)
***

D 98.239(0.000) *** 57.171(0.000) *** 202.519(0.000)
*** 32.383(0.000) *** 1198.482(0.000)

*** 29.059(0.000) *** 123.608(0.000)
***

1351.968(0.000)
***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong to
the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled means
the group of banks that are not controlled by the government. “A” represents the first aspect, ownership structure. “B” represents the
second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D” represents the fourth aspect, the firm’s information
environment. The aspect A includes four variables: A1 is the shareholding ratio of directors and supervisors, A2 is the shareholding ratio
of major shareholders, A3 is the shareholding ratio of the management, and A4 is the percentage of shares collateralized or pledged by
directors and supervisors. The aspect B includes two variables: B1 is the percentage of independent directors and B2 is the number of board
members. The aspect C includes three variables: C1 is the deviation between earnings control and ownership control, C2 is the deviation
between earning control and board seat control, and C3 is the deviation between ownership control and board seat control. The aspect D
includes three variables: D1 means whether financial statements are restated, D2 is the number of CPA changes in three years, and D3
means whether producing financial projections. The number in parentheses is p-value. **, and *** are denoted significant at the 5%, and 1%
levels, respectively.

This study explores the effects of economic status. The smoothed probability of
economic status and credit spread is presented in Figure 4. During the sample period, there
are two important financial events that led to state transit to another state. In 2001, affected
by the bubble of the Information and Communication Technology (ICT) industry in the
United States, the status of the international economy turned into recession. The 9/11
terrorist attacks in the United States on 11 September 2001 caused another global economic
recession. Taiwan is also in a business recession, and the economic cycle has reached the
trough. Both import and export industries have also declined significantly. Thus, the
regime transfers to another regime. The increase in credit spread is also influenced by
regime switching. The International Monetary Fund (IMF) identified the financial crisis in
2008 as the worst economic and financial crisis since the Great Depression (1929–1933), and
it is generally regarded as the second worst recession in economic history. Therefore, the
financial crisis in 2008 led to a business recession and credit spread increase during this
period. Finally, the COVID-19 pandemic occurred at the end of 2019, leading to economic
recession, and governments around the world have adopted quantitative easing monetary
policies to enhance the economy. For Figures 3 and 4, the regime of monetary and economic
status will be transferred to another regime.
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Then, we use a Wald test to perform restricted testing. All test results are shown in
Tables 9–13, which outline the effects of monetary policy and economic status on deter-
minants of credit spread for every aspect in our study. The final two rows of Tables 9–13
relate to restricted tests of the null hypothesis (H0) that monetary policy and economic
status have no effects on credit spreads and the alternative hypothesis (H1) that monetary
policy and economic status have such effects. All test results significantly reject the null
hypothesis, H0. This is in line with the results of De Moraes et al. [30], who determined that
monetary policy has significant effects on credit spreads. Furthermore, Guha and Hiris [81]
found that spreads of bonds are closely related to economic fluctuations. However, instead
of employing corporate bond spreads, we focus on the credit spread of bank loans.

Table 9. The effects of monetary policy and economic status on determinants of credit spread and credit risk.

Dependent
Variables

Financial Holding Company Government-Controlled Bank
FH Non-FH Gov-Controlled Non-Gov Controlled

Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic Status

Constant −0.606(0.000) *** −0.602(0.000) *** −0.585(0.000) *** −0.581(0.000) *** −0.436(0.000) *** −0.448(0.000) *** −0.802(0.000) *** −0.792(0.000) ***
Risk 0.257(0.000) *** 0.292(0.000) *** 0.257(0.000) *** 0.267(0.000) *** 0.202(0.000) *** 0.204(0.000) *** 0.279(0.000) *** 0.249(0.000) ***

Risk*dv 0.022(0.000) *** -0.049(0.000) *** 0.020(0.000) *** 0.002(0.342) 0.062(0.000) *** 0.049(0.000) *** 0.019(0.000) *** 0.060(0.000) ***
A1 −0.291(0.000) *** −0.289(0.000) *** −0.239(0.000) *** −0.249(0.000) *** −0.362(0.000) *** −0.353(0.000) *** −0.208(0.000) *** −0.198(0.000) ***
A2 −0.572(0.000) *** −0.581(0.000) *** −0.662(0.000) *** −0.663(0.000) *** −0.489(0.000) *** −0.505(0.000) *** −0.552(0.000) *** −0.556(0.000) ***
A3 1.095(0.000) *** 1.173(0.000) *** 2.029(0.000) *** 1.992(0.000) *** 1.022(0.000) *** 0.916(0.001) *** 1.360(0.000) *** 1.459(0.000) ***
A4 0.248(0.000) *** 0.245(0.000) *** 0.251(0.000) *** 0.245(0.000) *** 0.308(0.000) *** 0.305(0.000) *** 0.221(0.000) *** 0.214(0.000) ***
B1 −0.058(0.000) *** −0.060(0.000) *** −0.062(0.000) *** −0.061(0.000) *** −0.067(0.000) *** −0.062(0.000) *** −0.047(0.000) *** −0.045(0.000) ***
B2 −0.011(0.000) *** −0.011(0.000) *** −0.020(0.000) *** −0.020(0.000) *** −0.016(0.000) *** −0.017(0.000) *** −0.011(0.000) *** −0.012(0.000) ***
C1 0.109(0.001) *** 0.111(0.000) *** 0.255(0.000) *** 0.257(0.000) *** 0.177(0.000) *** 0.186(0.000) *** 0.174(0.000) *** 0.171(0.000) ***
C2 −0.085(0.016) ** −0.082(0.019) ** −0.034(0.494) *** −0.035(0.488) −0.206(0.000) *** −0.218(0.000) *** −0.005(0.875) −0.003(0.935)
C3 0.035(0.244) 0.029(0.330) 0.024(0.544) 0.027(0.495) 0.136(0.005) *** 0.141(0.003) *** −0.022(0.414) −0.030(0.268)
D1 0.015(0.166) 0.007(0.527) 0.009(0.555) 0.007(0.650) 0.026(0.070) * 0.023(0.110) 0.011(0.375) 0.001(0.906)
D2 0.017(0.082) * 0.024(0.012) ** 0.008(0.565) 0.006(0.662) 0.006(0.634) −0.003(0.787) 0.019(0.074) * 0.031(0.003) ***
D3 0.296(0.000) *** 0.319(0.000) *** 0.329(0.000) *** 0.328(0.000) *** 0.294(0.000) *** 0.308(0.000) *** 0.292(0.000) *** 0.313(0.000) ***

Restricted test 315.299(0.000) *** 403.413(0.000) *** 315.725(0.000) *** 142.777(0.000) *** 81.478(0.000) *** 88.238(0.000) *** 359.471(0.000) *** 343.035(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. dv is dummy variable. dv
equals one or zero according to smoothed probability of monetary policy or economic status are above or below the cutoff point 0.5. The
number in parentheses is p-value. 5. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.
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Table 10. The effects of monetary policy and economic status on determinants of credit spread—ownership structure.

Dependent
Variables

Financial Holding Company Government-Controlled Bank
FH Non-FH Gov-Controlled Non-Gov Controlled

Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic Status

Constant −0.607(0.000) *** −0.604(0.000) *** −0.586(0.000) *** −0.583(0.000) *** −0.439(0.000) *** −0.451(0.000) *** −0.802(0.000) *** −0.802(0.000) ***
Risk 0.271(0.000) *** 0.269(0.000) *** 0.268(0.000) *** 0.268(0.000) *** 0.246(0.000) *** 0.248(0.000) *** 0.291(0.000) *** 0.290(0.000) ***
A1 −0.387(0.000) *** −0.019(0.596) −0.330(0.000) *** −0.238(0.000) *** −0.758(0.000) *** −0.800(0.000) *** −0.302(0.000) *** −0.699(0.000) ***
A2 −0.849(0.000) *** −0.451(0.000) *** −0.764(0.000) *** −0.630(0.000) *** −0.845(0.000) *** −0.570(0.000) *** −0.765(0.000) *** −0.573(0.000) ***
A3 1.670(0.000) *** 2.522(0.000) *** 1.791(0.000) *** 1.715(0.000) *** −0.038(0.924) −0.517(0.239) 1.932(0.000) *** −0.570(0.061) *
A4 0.218(0.000) *** 0.376(0.000) *** 0.200(0.001) *** 0.116(0.033) ** −0.142(0.005) *** −0.337(0.000) *** 0.168(0.001) *** −0.251(0.000) ***

A1*dv 0.155(0.000) *** −0.589(0.000) *** 0.164(0.004) *** −0.029(0.614) 0.567(0.000) *** 0.504(0.000) *** 0.150(0.000) *** 0.731(0.000) ***
A2*dv 0.450(0.000) *** −0.277(0.000) *** 0.187(0.023) ** −0.083(0.332) 0.491(0.000) *** 0.072(0.330) 0.340(0.000) *** 0.039(0.553)
A3*dv −0.960(0.010) * −2.929(0.000) *** 0.437(0.458) 0.715(0.256) 1.532(0.003) *** 1.629(0.001) *** −0.931(0.022) ** 3.028(0.000) ***
A4*dv 0.043(0.431) −0.289(0.000) *** 0.086(0.293) 0.324(0.000) *** 0.621(0.000) *** 0.704(0.000) *** 0.085(0.195) 0.676(0.000) ***

B1 −0.058(0.000) *** −0.059(0.000) *** −0.062(0.000) *** −0.061(0.000) *** −0.067(0.000) *** −0.063(0.000) *** −0.048(0.000) *** −0.045(0.000) ***
B2 −0.011(0.000) *** −0.010(0.000) *** −0.020(0.000) *** −0.020(0.000) *** −0.017(0.000) *** −0.017(0.000) *** −0.011(0.000) *** −0.012(0.000) ***
C1 0.111(0.001) *** 0.112(0.000) *** 0.257(0.000) *** 0.259(0.000) *** 0.187(0.000) *** 0.189(0.000) *** 0.174(0.000) *** 0.180(0.000) ***
C2 −0.085(0.015) ** −0.079(0.024) ** −0.037(0.465) −0.038(0.456) −0.217(0.000) *** −0.223(0.000) *** −0.005(0.876) −0.011(0.755)
C3 0.035(0.243) 0.026(0.390) 0.025(0.513) 0.029(0.460) 0.142(0.003) *** 0.144(0.002) *** −0.022(0.413) −0.029(0.278)
D1 0.016(0.136) 0.007(0.542) 0.009(0.552) 0.008(0.616) 0.025(0.086) * 0.024(0.096) * 0.012(0.326) 0.001(0.918)
D2 0.016(0.097) * 0.024(0.011) ** 0.007(0.603) 0.006(0.662) 0.008(0.535) 0.004(0.997) 0.018(0.083) * 0.032(0.002)
D3 0.297(0.000) *** 0.317(0.000) *** 0.328(0.000) *** 0.330(0.000) *** 0.297(0.000) *** 0.310(0.000) *** 0.294(0.000) *** 0.304(0.000) ***

Restricted test 124.271(0.000) *** 408.917(0.000) *** 35.431(0.000) *** 15.633(0.004) ** 91.606(0.000) *** 57.455(0.000) *** 87.977(0.000) *** 84.320(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. dv is dummy variable. dv
equals one or zero according to smoothed probability of monetary policy or economic status are above or below the cutoff point 0.5. The
number in parentheses is p-value. 5.*, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.

Table 11. The effects of monetary policy and economic status on determinants of credit spread—board structure.

Dependent
Variables

Financial Holding Company Government-Controlled Bank
FH Non-FH Gov-Controlled Non-Gov Controlled

Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic Status

Constant −0.612(0.000) *** −0.602(0.000) *** −0.585(0.000) *** −0.584(0.000) *** −0.413(0.000) *** −0.437(0.000) *** −0.807(0.000) *** −15.534(0.000) ***
Risk 0.271(0.000) *** 0.268(0.000) *** 0.268(0.000) *** 0.268(0.000) *** 0.245(0.000) *** 0.248(0.000) *** 0.291(0.000) *** 68.428(0.000) ***
A1 −0.293(0.000) *** −0.290(0.000) *** −0.245(0.000) *** −0.248(0.000) *** −0.351(0.000) *** −0.003(0.000) *** −0.211(0.000) *** −5.768(0.000) ***
A2 −0.572(0.000) *** −0.581(0.000) *** −0.660(0.000) *** −0.664(0.000) *** −0.490(0.000) *** −0.005(0.000) *** −0.551(0.000) *** −9.716(0.000) ***
A3 1.087(0.000) *** 1.157(0.000) *** 2.001(0.000) *** 2.009(0.000) *** 1.020(0.000) *** 0.010(0.001) *** 1.348(0.000) *** 6.604(0.000) ***
A4 0.246(0.000) *** 0.251(0.000) *** 0.250(0.000) *** 0.245(0.000) *** 0.307(0.000) *** 0.003(0.000) *** 0.220(0.000) *** 6.311(0.000) ***
B1 −0.055(0.000) *** −0.081(0.000) *** −0.047(0.000) *** −0.051(0.000) *** −0.007(0.310) −0.013(0.223) −0.037(0.000) *** 3.536(0.000) ***
B2 −0.019(0.000) *** 0.007(0.002) *** −0.027(0.000) *** −0.022(0.000) *** −0.053(0.000) *** −0.050(0.000) *** −0.019(0.000) *** −16.616(0.000) ***

B1*dv −0.004(0.551) 0.044(0.000) *** −0.027(0.010) ** −0.025(0.024) ** −0.079(0.000) *** −0.054(0.000) *** −0.017(0.029) ** −12.774(0.000) ***
B2*dv 0.014(0.000) *** −0.037(0.000) *** 0.014(0.000) *** 0.005(0.016) ** 0.048(0.000) *** 0.035(0.000) *** 0.013(0.000) *** 31.158(0.000) ***

C1 0.111(0.001) *** 0.115(0.000) *** 0.256(0.000) *** 0.259(0.000) *** 0.184(0.000) *** 0.002(0.000) *** 0.176(0.000) *** 5.019(0.000) ***
C2 −0.087(0.014) ** −0.086(0.015) ** −0.037(0.466) −0.037(0.464) −0.215(0.000) *** −0.002(0.000) *** −0.009(0.799) −0.080(0.937)
C3 0.037(0.225) 0.033(0.275) 0.026(0.500) 0.028(0.470) 0.134(0.005) *** 0.001(0.005) *** −0.019(0.479) −0.983(0.326)
D1 0.015(0.177) 0.004(0.704) 0.009(0.572) 0.007(0.654) 0.027(0.066) * 0.023(0.118) 0.010(0.402) −0.164(0.870)
D2 0.017(0.085) * 0.024(0.012) ** 0.007(0.581) 0.006(0.661) 0.005(0.660) −0.002(0.874) 0.018(0.079) * 3.075(0.002) ***
D3 0.297(0.000) *** 0.314(0.000) *** 0.328(0.000) *** 0.329(0.000) *** 0.290(0.000) *** 0.309(0.000) *** 0.293(0.000) *** 20.022(0.000) ***

Restrict test 151.641(0.000) *** 361.631(0.000) *** 65.165(0.000) *** 64.293(0.000) *** 135.089(0.000) *** 62.507(0.000) *** 224.873(0.000) *** 218.631(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. dv is dummy variable. dv
equals one or zero according to smoothed probability of monetary policy or economic status are above or below the cutoff point 0.5. The
number in parentheses is p-value. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.
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Table 12. The effects of monetary policy and economic status on determinants of credit spread—deviation.

Dependent
Variables

Financial Holding Company Government-Controlled Bank
FH Non-FH Gov-Controlled Non-Gov-Controlled

Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic status Monetary Policy Economic Status

C −0.599(0.000) *** −0.591(0.000) *** −0.581(0.000) *** −0.581(0.000) *** −0.423(0.000) *** −0.450(0.000) *** −0.796(0.000) *** −0.780(0.000) ***
Risk 0.271(0.000) *** 0.269(0.000) *** 0.268(0.000) *** 0.268(0.000) *** 0.246(0.000) *** 0.248(0.000) *** 0.291(0.000) *** 0.289(0.000) ***
A1 −0.287(0.000) *** −0.285(0.000) *** −0.239(0.000) *** −0.248(0.000) *** −0.349(0.000) *** −0.349(0.000) *** −0.206(0.000) *** −0.203(0.000) ***
A2 −0.570(0.000) *** −0.586(0.000) *** −0.663(0.000) *** −0.663(0.000) *** −0.482(0.000) *** −0.505(0.000) *** −0.551(0.000) *** −0.574(0.000) ***
A3 1.098(0.000) *** 1.176(0.000) *** 2.018(0.000) *** 1.996(0.000) *** 1.015(0.000) *** 0.923(0.001) *** 1.360(0.000) *** 1.463(0.000) ***
A4 0.248(0.000) *** 0.246(0.000) *** 0.251(0.000) *** 0.245(0.000) *** 0.310(0.000) *** 0.303(0.000) *** 0.221(0.000) *** 0.218(0.000) ***
B1 −0.058(0.000) *** −0.061(0.000) *** −0.062(0.000) *** −0.061(0.000) *** −0.067(0.000) *** −0.062(0.000) *** −0.048(0.000) *** −0.046(0.000) ***
B2 −0.011(0.000) *** −0.010(0.000) *** −0.020(0.000) *** −0.020(0.000) *** −0.017(0.000) *** −0.017(0.000) *** −0.011(0.000) *** −0.012(0.000) ***
C1 −0.013(0.710) 0.288(0.000) *** 0.157(0.002) *** 0.232(0.000) *** −0.227(0.000) *** −0.150(0.004) *** 0.065(0.080) * −0.250(0.000) ***
C2 0.050(0.321) −0.262(0.000) *** 0.077(0.234) −0.026(0.643) 0.139(0.057) * 0.038(0.540) 0.111(0.025) ** 0.471(0.000) ***
C3 −0.064(0.132) 0.163(0.000) *** −0.045(0.386) 0.047(0.268) −0.088(0.176) −0.025(0.616) −0.101(0.010) ** −0.287(0.000) ***

C1*dv 0.187(0.000) *** −0.414(0.000) *** 0.170(0.000) *** 0.063(0.073) * 0.561(0.000) *** 0.383(0.000) *** 0.165(0.000) *** 0.603(0.000) ***
C2*dv −0.198(0.000) *** 0.443(0.000) *** −0.186(0.006) *** −0.028(0.695) −0.481(0.000) *** −0.302(0.000) *** −0.172(0.001) *** −0.670(0.000) ***
C3*dv 0.141(0.000) *** −0.336(0.000) *** 0.112(0.021) ** −0.045(0.349) 0.296(0.000) *** 0.195(0.000) *** 0.112(0.001) *** 0.366(0.000) ***

D1 0.015(0.171) 0.005(0.619) 0.009(0.560) 0.007(0.640) 0.026(0.076) * 0.022(0.125) 0.011(0.367) 0.001(0.991)
D2 0.016(0.096) * 0.025(0.010) ** 0.007(0.618) 0.006(0.682) 0.004(0.723) −0.002(0.851) 0.018(0.090) * 0.029(0.005) ***
D3 0.296(0.000) *** 0.319(0.000) *** 0.329(0.000) *** 0.329(0.000) *** 0.292(0.000) *** 0.308(0.000) *** 0.293(0.000) *** 0.311(0.000) ***

Restrict test 196.575(0.000) *** 315.737(0.000) *** 84.693(0.000) *** 81.994(0.000) *** 241.981(0.000) *** 93.240(0.000) *** 251.588(0.000) *** 471.016(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. dv is dummy variable. dv
equals one or zero according to smoothed probability of monetary policy or economic status are above or below the cutoff point 0.5. The
number in parentheses is p-value. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.

Table 13. The effects of monetary policy and economic status on determinants of credit spread—firm’s information environment.

Dependent
Variables

Financial Holding Company Government-Controlled Bank
FH Non-FH Gov-Controlled Non-Gov-Controlled

Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic Status Monetary Policy Economic Status

C −0.605(0.000) *** −0.614(0.000) *** −0.589(0.000) *** −0.586(0.000) *** −0.434(0.000) *** −0.441(0.000) *** −0.799(0.000) *** −0.824(0.000) ***
Risk 0.271(0.000) *** 0.270(0.000) *** 0.268(0.000) *** 0.268(0.000) *** 0.248(0.000) *** 0.248(0.000) *** 0.291(0.000) *** 0.293(0.000) ***
A1 −0.287(0.000) *** −0.280(0.000) *** −0.251(0.000) *** −0.252(0.000) *** −0.334(0.000) *** −0.331(0.000) *** −0.208(0.000) *** −0.213(0.000) ***
A2 −0.569(0.000) *** −0.562(0.000) *** −0.654(0.000) *** −0.658(0.000) *** −0.530(0.000) *** −0.524(0.000) *** −0.548(0.000) *** −0.525(0.000) ***
A3 1.064(0.000) *** 1.057(0.000) *** 1.996(0.000) *** 1.992(0.000) *** 0.993(0.000) *** 1.006(0.000) *** 1.322(0.000) *** 1.341(0.000) ***
A4 0.242(0.000) *** 0.235(0.000) *** 0.249(0.000) *** 0.250(0.000) *** 0.316(0.000) *** 0.319(0.000) *** 0.216(0.000) *** 0.203(0.000) ***
B1 −0.056(0.000) *** −0.049(0.000) *** −0.061(0.000) *** −0.062(0.000) *** −0.069(0.000) *** −0.067(0.000) *** −0.046(0.000) *** −0.032(0.000) ***
B2 −0.011(0.000) *** −0.012(0.000) *** −0.020(0.000) *** -0.019(0.000) *** −0.017(0.000) *** −0.017(0.000) *** −0.012(0.000) *** −0.013(0.000) ***
C1 0.107(0.001) *** 0.120(0.000) *** 0.262(0.000) *** 0.258(0.000) *** 0.170(0.000) *** 0.177(0.000) *** 0.173(0.000) *** 0.186(0.000) ***
C2 −0.086(0.015) ** −0.088(0.012) ** −0.041(0.415) −0.039(0.442) −0.197(0.000) *** −0.201(0.000) *** −0.007(0.829) −0.018(0.582)
C3 0.035(0.248) 0.031(0.294) 0.028(0.469) 0.029(0.449) 0.120(0.011) ** 0.120(0.011) ** −0.021(0.429) −0.023(0.390)
D1 −0.040(0.007) *** 0.030(0.034) ** −0.016(0.445) 0.014(0.523) −0.055(0.007) *** −0.189(0.000) *** −0.059(0.001) *** −0.039(0.015) **
D2 −0.039(0.003) *** 0.097(0.000) *** 0.024(0.172) 0.012(0.465) −0.174(0.000) *** −0.187(0.000) *** 0.006(0.692) −0.070(0.000) ***
D3 0.388(0.000) *** 0.635(0.000) *** 0.228(0.000) *** 0.270(0.000) *** 0.120(0.001) *** 0.084(0.017) ** 0.337(0.000) *** −0.144(0.000) ***

D1*dv 0.084(0.000) *** −0.041(0.055) * 0.041(0.184) −0.015(0.623) 0.099(0.000) *** 0.222(0.000) *** 0.109(0.000) *** 0.067(0.002) ***
D2*dv 0.088(0.000) *** −0.163(0.000) *** −0.034(0.153) −0.014(0.578) 0.258(0.000) *** 0.211(0.000) *** 0.018(0.332) 0.142(0.000) ***
D3*dv −0.142(0.000) *** −0.578(0.000) *** 0.180(0.000) *** 0.131(0.000) *** 0.231(0.000) *** 0.272(0.000) *** −0.062(0.049) * 0.709(0.000) ***

Restrict test 300.940(0.000) *** 899.209(0.000) *** 76.214(0.000) *** 84.854(0.000) *** 31.897(0.000) *** 8.554(0.036) ** 288.809(0.000) *** 301.662(0.000) ***

Note: FH means the group of banks that belong to the financial holding company. Non-FH means the group of banks that do not belong
to the financial holding company. Gov-controlled means the group of banks that are controlled by the government. Non-gov-controlled
means the group of banks that are not controlled by the government. There are four aspects of corporate governance. “A” represents the
first aspect, ownership structure. “B” represents the second aspect, board structure. “C” represents the third aspect, deviation. Finally, “D”
represents the fourth aspect, the firm’s information environment. The aspect A includes four variables: A1 is the shareholding ratio of
directors and supervisors, A2 is the shareholding ratio of major shareholders, A3 is the shareholding ratio of the management, and A4 is
the percentage of shares collateralized or pledged by directors and supervisors. The aspect B includes two variables: B1 is the percentage
of independent directors and B2 is the number of board members. The aspect C includes three variables: C1 is the deviation between
earnings control and ownership control, C2 is the deviation between earning control and board seat control, and C3 is the deviation
between ownership control and board seat control. The aspect D includes three variables: D1 means whether financial statements are
restated, D2 is the number of CPA changes in three years, and D3 means whether producing financial projections. dv is dummy variable. dv
equals one or zero according to smoothed probability of monetary policy or economic status are above or below the cutoff point 0.5. The
number in parentheses is p-value. *, **, and *** are denoted significant at the 10%, 5%, and 1% levels, respectively.

The Markov regime-switching model described herein can capture different effects of
monetary policy and economic status in high- and low-regime situations. Tables 9–13 show
the effects of monetary policy and economic status on determinants of credit spreads based
on credit risk and four aspects of corporate governance. Considering the data on banks
not belonging to financial holding companies in Table 9, we observe that economic status
has different effects on credit risk in high- and low-regime scenarios and thus has different
effects on credit spreads. As effects of monetary policy are concerned, all credit risk has a sig-
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nificant and positive impacts for credit spreads. However, this study uses credit risk of the
reduced form model, which is different from the model used by Collin-Dufresne et al. [5].
Results of this study are consistent with those of Van Landschoot [7], who used a similar
measurement of credit risk as was used in this study.

The effects based on aspect A, ownership structure, is shown in Table 10. For the
first category, whether banks belong to financial holding companies, we find that effects
of monetary policy in low regime are most consistent with related studies [34,37,40,44].
However, for high regime, the effects of monetary policy on determinants of credit spread
are inconsistent with previous studies. It means that banks’ managers must review and
adjust lending decisions in different regime.

Table 11 shows the effects that regime has on board structure. In low regime, most
coefficients are negative and significant for two categories. Similar results were also found
in related studies [48,51]. However, in high regime, the effects for determinants of credit
spread are not all in line with previous studies.

The effects that regime is set for deviation is shown in Table 12. As far as deviation
variables are concerned, not all variables appear to be significant. The results are incon-
sistent with related studies. Table 13 indicate that the effects based on regime for firm’s
information environment. After considering regimes of monetary policy and economic
status, many terms appear to be significant. Specially, for effects of monetary policy in
low regime, most coefficients are significant and negative. It means that the information
disclosure improves firms’ performance [44,57] and banks reduce credit spreads.

Overall, the Markov regime-switching model is more suitable than the single-regime
model for describing the effects of monetary policy and economic status on credit spreads.
The policymakers must consider the effects of different regimes when formulating policies.
Then, the goal of the policy can be effectively achieved. In addition to supervising and
managing their corporate governance mechanisms, investors must also pay attention to
effects of monetary policy and economic status in different regimes.

5. Conclusions and Discussion

In this study, we investigated the determinants of banks’ credit spread using a Markov
regime-switching model across different regimes in relation to corporate governance and
credit risk. We employed bank loans in Taiwan from 2000–2019. Specially, we divided
the sample into two categories: whether banks belong to financial holding companies and
whether banks are controlled by government bodies. The classification method can help
banks’ managers, investors, and policymakers make decision efficiently.

With the first contribution, we examined the interaction between corporate governance
and credit spread, an issue that was not extensively discussed previously. Corporate
governance has been emphasized strongly since the Asian financial crisis in 1997. The
corporate governance mechanism is an indicator of a company’s sustainable development.
Credit spreads are the main source of profit for banks. Thus, this is an important issue to
investigate regarding the effects of corporate governance on banks’ credit spreads.

Second, in this study, we applied the Markov regime-switching model to capture
high- and low-regime situations, which is more effectively than the models used in related
studies. For the test results, we find that the Markov regime-switching model is superior to
single-regime model. Comparing empirical results of single-regime model and Markov
regime-switching model, we found that the latter captures the hidden effects in other
regime and increases explanatory power for effects of corporate governance on credit
spreads. For example, most variables of aspect C, deviation, have insignificant effects on
credit spreads in a single-regime model, while we capture the hidden effects based on the
Markov regime-switching model. Most interesting, we found that the corporate governance
variables have different effects on credit spread in low- and high-regime scenarios. For
example, for the banks that belong to financial holding companies, we found that results
follow entrenchment hypothesis in low regime while they become to follow a convergence
of interest hypothesis in high regime.
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Finally, the effects of monetary policy and economic status on credit spread are
investigated in depth elsewhere. We found that the policy and economic effects are different
in the two regime types. For example, for all groups, most coefficients are negative and
significant in low regime. However, in high regime, some effects for determinants of credit
spread appear to be positive. For market participants, such as banks’ managers, they
must review and adjust lending decisions in different regime. The policymakers must
pay attention to effects in different regimes when they make policies. If they accurately
observe differences of effects between low and high regimes, they will be able to achieve
policy goals.

Besides considering borrowers’ credit risk, managers must consider borrowers’ cor-
porate governance in different regimes. They must comprehensively consider the impact
of every aspect of corporate governance in different regimes. For low regimes and high
regimes, managers should conduct lending decision making differently. Relative to pre-
vious studies that consider market factors and macroeconomic factors, the influence of
corporate governance will help managers make more efficient lending decisions.

In this study, we define credit spreads as difference between the loan rate and risk-free
rate. For banks, the loan rate is their profit, but for investors, this rate is their cost. If
banks charge high credit spreads, the investors must pay a high cost to obtain loans. The
monetary policy and economic status in different regimes also have different effects on
credit spreads. Thus, for investors, they must note their corporate governance and effects
of monetary policy and economic status to decrease their lending cost. Since the Markov
regime-switching model has higher explanatory power than single-regime model, the
investors can plan their financing cost base on this model.

For policymakers, if they want to achieve effective policy effects, the Markov regime-
switching model is superior to single-regime models. During economic recessions, such as
the Asian financial crisis in 1997, the financial crisis in 2008, and the COVID-19 pandemic,
financial markets and institutions have different responses and performances than those
during economic expansions. Thus, the Markov regime-switching model can capture
effects of two regimes, which is beneficial for policy making and achievement.

For future research studies, we propose to expand the number of regimes. This study
uses two regimes: low and high regime. If more regimes are considered in the model,
researchers may find interesting and different results. Furthermore, in this study, the proxy
of credit risk is TCRI, which is a corporate credit rating system, established by TEJ. The
range of rating classes is from 1 to 9. In general, companies with a rating class of 4 or less
are considered to have low credit risk. By contrast, companies with a rating class of 7 or
higher are considered high credit risk. The future research studies can divide sample base
on TCRI to observe results across different rating classes.
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Appendix A

Table A1. Description of sample.

Bank Number Bank Name Financial Holding Company Government Controlled Bank

1 The Shanghai Commercial &
Savings Bank, Ltd.

2 Land Bank of Taiwan *

3 China Citic Bank Corporation
Limited *

4 Yuanta Commercial Bank *
5 First Commercial Bank * *

6 JihSun International Commercial
Bank Co., Ltd. *

7 Taishin International Bank Co.,
Ltd. *

8 E.SUN Commercial Bank *
9 Bank SinoPac Co., Ltd. *
10 Cathay United Bank *

11 Chang Hwa Commercial Bank,
Ltd. *

12 Taipei Fubon Commercial Bank
Co., Ltd. *

13 Mega Financial Holding
Company Ltd. * *

14 Union Bank of Taiwan Co., Ltd.
15 Bank of Taiwan * *
16 Public Bank Berhad
17 O-Bank
18 Taiwan Cooperative Bank * *

19 Standard Chartered Bank
(Taiwan) Limited

20 King’s Town Bank Co., Ltd.

21 The Export-Import Bank of the
Republic of China *

22 Hwatai Bank
23 Sunny Commercial Bank
24 Hua Nan Commercial Bank, Ltd.

Note—The symbol “*” means this bank belongs to financial holding company or this bank is controlled by the government.
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