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Abstract

This study explores the presence of a nonlinear relationship between concen-
tration, indicated by market share, and banking stability, represented by the
Z-score, in relation to different levels of bank capitalization, assessed by the
capital adequacy ratio in accordance with Basel standards, in the Euro Area
countries from 2009 to 2019. By employing the panel smoothing transition regres-
sion model, we do not find the statistical significance of the coefficients when bank
capitalization is low. However, the concentration-stability paradigm is confirmed
when capitalization exceeds the current minimum regulatory requirements. These
findings suggest that strengthening bank capitalization is crucial for enhancing
stability in the Euro Area banking sector, as higher capitalization enables banks
to better withstand negative economic shocks during adverse conditions.
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Introduction

Does a higher concentration in the Euro Area (EA) banking market promote
bank stability or contribute to fragility? This question has become increasingly
relevant since the introduction of the Euro. Existing studies on the concentration-
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stability nexus focus on examining the linear relationship, exploring how banks’
risk-taking behavior influences their stability and, thus, the stability of the whole
banking sector (e.g., Uhde and Heimeshoft, 2009; Degl’Innocenti et al., 2020; jaz
et al., 2020; Moudud-Ul-Huq, 2020). Higher concentration in the banking sector
can lead to either increased stability (through stronger, more resilient banks) or
decreased stability (through systemic risk if large banks fail).

However, despite existing evidence, the divergent results have left it unan-
swered. The inconclusive evidence can suggest that the concentration-stability
pattern is not the same over the whole sample and could change under specific
conditions. Such issue is particularly significant considering substantial shifts in
the EA bank concentration (Maudos and Vives, 2019). The EA is characterized
by a moderately concentrated market structure (Figueiras et al., 2021), consisting
of a small number of large banks (each with assets exceeding EUR 30 billion) and
a wide network of smaller institutions (with total assets below EUR 5 billion).
Data from Statistical Data Warehouse indicate that the level of concentration in
the EA has increased over time. Specifically, the average Herfindahl-Hirschman
index increased from 0.1229 in 2009 to 0.1446 in 2021, driven by a reduction in
the number of small credit institutions, which declined from 2280 in 2009 to 1135
in 20212 (ECB, 2021a).

Moreover, significant differences exist in concentration and stability across
different EA countries. For instance, some countries exhibit low level of concen-
tration, as measured by the share of total bank assets held by the three leading
banks (e.g. Austria, Germany, France) or stability, as indicated by the Z-score (e.g.
Slovenia, Lithuania, Latvia), while others are more concentrated (e.g. Cyprus,
Estonia, Greece) or stable (e.g. Luxembourg, Germany, Austria) banking system
(Statista, 2021). While the countries with the most turbulent concentration devel-
opment experienced the lowest stability in the last few years, the ones with the
lowest concentration levels can be considered the most stable.

Bank stability in the EA has also undergone significant changes, as reflected
in the Z-score indicator (World Bank, 2021; Statista, 2021). This issue is of partic-
ular interest to several central banks, including the European Central Bank (ECB),
which are focused on ensuring financial stability. The financial crisis in 2008 — 2009
highlighted that banks that were not sufficiently endowed with equity were unable
to withstand external shocks, which led to their failure. Due to the high intercon-
nectedness of banks in the European market, these local failures were transmitted
as a financial contagion to other countries, leading to a weakening of financial
stability and changes in the structure of the banking market in several countries.

2 Currently, more than 70% of assets are held by large institutions, while small banks hold only
2% of total assets within the EA banking sector.
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As a result, individual regulators have started to introduce stricter regulatory
measures in a number of areas, including capital adequacy. In 2010, the Basel Com-
mittee on Banking Supervision introduced the third Basel Accord, known as Basel
111, aiming to enhance the resilience of the banking sector across the European Union
within a three-pillar framework. This accord introduced stricter capital requirements
and new regulatory measures, mandating higher levels of bank capitalization.

Given the heightened regulatory requirements, changes in market structure, and
evolving risk profiles of banks, it is therefore necessary to re-evaluate the concen-
tration-stability relationship in the context of current capital adequacy standards.
Understanding how these changes affect the banking market and whether increased
concentration leads to more robust or more fragile institutions is crucial for regulators.
This analysis could be critical for policymakers and market participants to maintain
a robust and resilient banking system in the face of future economic challenges.

To the best of our knowledge, this study presents the first attempt to analyze
the nonlinear concentration-stability nexus in the EA, considering bank capitali-
zation. We, therefore, contribute to the existing empirical literature by nesting two
empirical strands — the one focused on the concentration-stability and concentra-
tion-fragility paradigms and the second one dedicated to the role of bank capital
in the financial system, which has not been done in the previous works. Moreover,
we provide evidence on the effects of bank capitalization on the concentration-
stability relationship in the EA countries, which can have policy implications re-
garding future regulations regarding the increasing capital requirements — Basel 3.1
or Basel IV. We also fill the gap in the nonlinear concentration-stability literature
by employing the panel smoothing transition regression model for the EA banking
system, which, so far, has not been frequently applied.

The rest of this paper is organized as follows. In the next section, we provide
a literature review explaining two theoretical concepts and the importance of bank
capitalization. Next, we explain our panel smoothing transition regression model
specification with the bank capitalization used as the transition variable in the EA
countries from 2009 to 2019. We also describe the data. In the third section, we
provide empirical results regarding the nonlinear concentration-stability relation-
ship in the analyzed banking sector. The last section summarizes our findings,
with policy recommendations and ideas for future research.

1. Literature Review

Theoretical concepts that explain the relationship between bank concentration
and stability reveal two competing hypotheses — the concentration-stability/compe-
tition-fragility paradigm and the concentration-fragility/competition-stability
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paradigm. When discussing the theoretical concepts of the concentration-stability/
competition-fragility and concentration-fragility/competition-stability paradigms,
it is crucial to incorporate economic reasoning to clarify why these paradigms
might exist. This reasoning helps to provide a more intuitive understanding of the
forces at play beyond merely citing empirical evidence.

The existing literature considers the concentration-stability paradigm as a tra-
ditional approach (Berger et al., 2009), which refers to a situation in which a more
concentrated banking sector leads to greater stability. In a concentrated banking
sector, large banks often enjoy significant market power, allowing them to main-
tain higher profit margins (Tran et al., 2022). These higher profits function as
a buffer against economic shocks, reducing the likelihood of bank failures. With
greater profits, banks can build up capital reserves, enhancing their ability to
absorb losses during downturns. Large, well-capitalized banks in a concentrated
market can then exploit economies of scale, reducing their average costs and
increasing operational efficiency. This not only enhances profitability but also
allows these banks to better withstand economic shocks, further contributing to
systemic stability. Regulatory authorities may find it easier to supervise and manage
a smaller number of large banks compared to a fragmented market with numerous
smaller institutions (Beck, 2008). Effective supervision can ensure that these banks
maintain adequate capital levels and adhere to sound risk management practices,
reducing the chances of systemic crises.

Initial research about the traditional concentration-stability/competition-fragility
paradigm has been introduced by Keeley (1990), who finds that increasing com-
petition led to a reduction in the franchise value of banks in the U.S. in the 1980s
and increased risk-taking incentives of banks contributed to greater bank instability.
Since that time, multiple authors have supported this view. For example, Agoraki
et al. (2011) suggest that banks with higher market power (i.e., bank concentration)
tend to take on lower credit risk and have a lower probability of default. Similarly,
Moudud-Ul-Huq (2020), using a comprehensive dataset of BRICS countries, con-
cludes that a higher market power leads to the bank’s profitability and financial
stability.

On the other hand, the concentration-fragility paradigm argues that a more com-
petitive banking environment, characterized by less concentration, promotes finan-
cial stability. In a competitive market with many small and medium-sized banks,
the risk of failure is more evenly distributed across institutions (Martinez-Miera
and Repullo, 2010). The failure of one or a few banks is less likely to trigger a sys-
temic crisis (Boyd and De Nicolo, 2005), as the impact is more localized and con-
tained. This diversification of risk contributes to overall financial stability (Wagner,
2010). In a competitive market, banks must operate efficiently and manage risks
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carefully to survive. They cannot rely on market power to generate profits and
must instead focus on sound lending practices, risk assessment, customer service
to maintain profitability, and investments in innovations as banks strive to differ-
entiate themselves from competitors. This competitive pressure leads to the devel-
opment of new financial products and more efficient operations, encourages prudent
behavior, and reduces the likelihood of risky activities that could destabilize the
system, contributing to a more resilient banking system (Acharya and Y orulmazer,
2008).

The concentration-fragility/competition-stability view was first presented by
Mishkin (1999), who argues that besides some benefits, financial consolidation
leads larger institutions to risky activities. Maudos and Vives (2019) argue that
there is a delicate balancing act between the preservation of financial stability and
the maintenance of a competitive market structure. At the same time, Leroy and
Lucotte (2017) claim the complete opposite: an increase in market power is associ-
ated with a greater systemic risk.

The results of the empirical studies support both hypotheses and produce mixed
results. The rationale behind such contradictory findings could be attributed to
study methodologies. The majority of the previous empirical studies investigating
the relationship between bank stability and concentration have mostly relied on
the linear regression models, which were used to verify the concentration-stabil-
ity/fragility hypothesis, i.e., positive or negative linear relationship between con-
centration and stability (see e.g. Uhde and Heimeshoff, 2009; Ijaz et al., 2020;
Degl’Innocenti et al., 2020), or find the potential U-shape curved link between
these indicators through the inclusion of the quadratic term (see e.g. Cuestas et al.,
2019; Albaity et al., 2019). Here, based on the methodology of Berger et al. (2009)
and Martinez-Miera and Repullo (2010), the goal is to identify a turning point that
represents an optimal threshold of the bank concentration, ensuring bank stability.

However, Haans et al. (2016) express some caution about assessing the presence
of the U-shaped curve because of the absence of adequate formal procedures, in-
cluding significant quadratic term, sufficiently steep slope at both ends of the data
range, and the turning point located within the data range. Moreover, even though
the authors refer to this approach as the one enabling them to reveal the nonlinear
concentration-stability relationship, the regression coefficients in these models are
assumed to be constant, i.e., the models are linear in the unknown parameters, and
one cannot detect the nonlinear relationship between variables from such models,
ignoring which could lead to biased, and contradictory estimates.’

3 By definition, a general linear model is a model that is linear in the unknown parameters. This
holds for the polynomial model, such as the quadratic regression model y = a + bx + cx? which is
quadratic as a function of x, but linear in the coefficients a, b, and c.
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The recent studies, however, emphasize the existence of the nonlinear relation-
ship between concentration and bank stability (see, e.g., Carbo-Valverde et al.,
2013; Djebali and Zaghdoudi, 2020; Calice et al., 2021). To analyze and answer
what this nonlinear relationship is determined by, several econometric approaches
have been used — from the simple ones in the form of investigating the effect of
mediator variables at different levels of concentration (Calice et al., 2021) to more
complex panel threshold models (Carbo-Valverde et al., 2013), and panel smooth-
ing transition regression models (Djebali and Zaghdoudi, 2020).

Carb6-Valverde et al. (2013) apply a panel threshold regression model by
Hansen (1999) to analyze the competition-stability nexus in 23 OECD countries
from 1996 to 2010, while specific structural characteristics of the banking mar-
ket are used to explain this nonlinear relationship. On the other hand, Wu et al.
(2018) argue that such a two-regime switching process cannot satisfy the smooth
regime-switching of the observations, especially for low-frequency data. To avoid
these shortcomings, one can apply a panel smoothing transition regression devel-
oped by Gonzalez et al. (2017) as in Djebali and Zaghdoudi (2020). The authors
examine the effects of liquidity, using the ratio of liquid assets to total assets,
and credit risk measured by the ratio of non-performing loans to total loans and
bank stability, measured by Z-score based on ROE. They show that the relation-
ships are non-linear and characterized by the presence of threshold effects in the
MENA region.

However, market structure is not the only factor that determines the stability of
the banking sector. In the existing literature, numerous studies identify additional
contributing factors, such as bank size, profitability, but also the macroeconomic
variables like economic growth, inflation, or political stability (see, e.g., Abdesslem
etal., 2023; Agoraki et al., 2011; Cuestas et al., 2019; Djebali and Zaghdoudi, 2020;
Saif-Alyoustfi et al., 2018).

Among these factors, capitalization, as measured by the capital adequacy ratio
or the equity-to-assets ratio, frequently emerges as one of the most critical deter-
minants of banking stability (e.g. Hakenes and Schnabel, 2011; Tabak et al., 2012;
Rubio and Yao, 2020; Calice et al., 2021; Santoso et al., 2021). For instance,
Rubio and Yao (2020) find that a better-capitalized banking system is expected to
bring long-term benefits in terms of financial stability. The recent emphasis on
capitalization as a critical factor in the development of the banking sector is essential
for economic protection, particularly in the aftermath of the Great Recession (see,
e.g., Soederhuizen et al., 2023).

As mentioned in the Introduction, the Euro Area banking sector has undergone
significant changes following the financial crisis in 2008. A key change was the
implementation of higher capital requirements (Basel I reform in 1998, Basel 11 in
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2006, and Basel III in 2010), which were expected to yield long-term benefits for
financial stability. The Basel I1I affected credit institutions by creating higher cap-
ital reserves and increasing the quality of capital held by the banks. For this reason,
we can observe an increasing trend in bank capitalization from 2009 to 2019 in
several Euro Area countries (Figure Al in the Appendix).

A closer look at data published by ECB (2021b) can reveal that credit institu-
tions increased their Tier 1 ratio, from 10.37% in 2009 to 16.79% in 2021. This
presents the core capital the bank holds in its reserves and exists as the primary
source of funds, especially when a bank wants to continue providing for its cus-
tomers’ business needs in crisis times.

At the same time, the related strand of literature considers bank capital as an
essential instrument to absorb financial shocks and reduce the probability of bank-
ing crises to preserve stability in a financial system (Budnik et al., 2019). How-
ever, the nonlinear concentration-stability relationship has not been examined.
Higher capital is expected to have a positive effect on bank stability (Abuzayed
et al., 2018) by mitigating the risk-taking behavior of banks (Saif-Alyousfia et al.,
2018) and increasing the level of efficiency and profitability in a banking system
(Moudud-Ul-Hugq, 2020).

On the other hand, stricter capital requirements may also translate into an
increase in the bank’s probability of default through its effect on competition
between banks (Hakenes and Schnabel, 2011), an increase in the cost of capital
(Bitar et al., 2018), or decline of bank performance (Santoso et al., 2021).

Berger et al. (2009) state that bank capitalization levels in twenty-three devel-
oped nations tend to be higher for banks with increased market power, arguing
that such banks can cover increases in banks’ non-performing loans. In the Euro
Area countries, capitalization proxied by equity to total assets can be associated
with more prudent bank behavior (Delis and Kouretas, 2011) or higher margins
due to higher loan rates (Budnik et al., 2019).

Therefore, this study aims to fill this gap by analyzing the nonlinear concen-
tration-stability nexus in the Euro Area, with a particular focus on bank capitali-
zation as a transition variable. We analyze 172 credit institutions in the Euro Area
countries during 2009 —2019.

By employing advanced econometric technique like the panel smoothing tran-
sition regression model, this research will provide a more nuanced understanding
of how relationship between bank concentration and stability changes regarding
bank capitalization. This will offer valuable insights for policymakers, particularly
in the context of ongoing regulatory changes under Basel III and future develop-
ments like Basel IV.
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2. Methodology and Data

2.1. Modelling Strategy: Panel Smoothing Transition Regression
(PSTR) Approach

As the empirical evidence provides arguments for the existence of the non-
linearity among the bank stability and concentration, ignoring this can lead to biased
estimates. To avoid these shortcomings, this paper employs the panel smoothing
transition regression (PSTR) model introduced by Gonzalez et al. (2017), which
is the extension of the panel threshold regression (PTR) model formulated by
Hansen (1999).

While Hansen’s PTR model divides the panel data observations into a specific
number of homogenous groups (regimes) with different regression coefficients
based on the threshold of the chosen transition variable (i.e., threshold parameter),
the switching between its regimes is sharp, and it may not be feasible in practice.
We, therefore, prefer the newer PSTR model of Gonzalez et al. (2017), where the
regression coefficients are continuous functions of the transition variable through
its bounded transition function. Because of the individual-specific and time-vary-
ing transition variable, the regression coefficients may change over time and
across the infinity of regimes, which are between a limited number of ,,extreme
regimes* (Gonzalez et al., 2017). Moreover, it has been shown that the PSTR
approach reduces the potential endogeneity bias (Gharbi and Othmani, 2022), which
could appear due to reverse causality between bank stability and concentration
(see, e.g., Albaity et al., 2019). We can abstract from this problem because of the
time variability of the PSTR coefficients, i.e., there exists a certain value of the
estimated regression parameter for each level of the threshold variable, which
limits this bias.

The generalized form of the PSTR model can be defined for i = 1, ..., N indi-

vidual units and ¢ = 1, ..., T time periods, as follows:
Yie = H; +ﬁ(;xit +Z‘/B£xitgi(qz(zj)anaCj)"‘git (1)
j=1

where y; denotes the dependent variable (scalar), x4 denotes the fixed individual

effects, x;; denotes the k-dimensional vector of time-varying regressors, and &;; is

the error term. The nonlinearity of the model is presented by the r transition func-

tions g, (q,»(tj), VsCj ), j =1, ... r of the observable transition (threshold) variable
()

g;; ', depending on the slope parameter y ., and location parameter c; .
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Since the link between stability and concentration is unlikely to be linear and
we expect that this relationship may change with the level of the bank capitaliza-
tion, i.e., there might be a certain threshold level of bank capitalization (CAR,, ),

above which their relationship may change, presents the transition variable in our
model specification. We estimate the PSTR model in the following form:

Stability, = y, + ,Concentration, + 3y SIZE, + 3, DIR,, + By TLTA, +
" | B! Concentration, + B} SIZE, +
gi(
77| +B DIR, + B'TLTA, + B GDP,

)

S3GDE, + CARY)7.¢; ) +2,

it

for i = 1, ..., N banks in the Euro Area and ¢ = 1, ..., T years. The dependent
variable ( Stability, ) presents the bank stability measured as a Z-score based on

return on assets and return on equity (see 2.2 Variables definition). The explana-
tory variable of our interest ( Concentration,, ) denotes bank concentration in

the form of market share.* To avoid omitted variables bias, we consider a set of
variables, namely bank size ( SIZE,, ), long-term interest rates (DIR, ), the share

of total loans on total assets (7L74, ), and economic growth ( GDP, ). Similar to

Eq. (1), wi stands for the fixed individual effects, and &; presents the error term.

The transition function g, (CARi(tj ),7j,cj) is continuous, normalized to [0,1],
while these boundaries are related to the regression coefficients £, and £, + £, .

To operationalize this transition function, a logistic specification is used as pro-
posed by Granger and Terasvirta (1993), Terasvirta (1994), Jansen and Terasvirta
(1996), and Gonzalez et al. (2017):

-1

gi(CARi(tj);;/j,cj)z 1+exp[—yjH(CARlsj) —cj) 7, >0 ¢, <...<¢,, (3)

J=1

where ¢ = (c1 s Coy eens cm) presents the m-dimensional vector of location param-

eters. For common practice, it is recommended to consider one or two switches
(m =1 or m = 2) in the transition function, which usually covers commonly occur-
ring parameter variations (Gonzalez et al., 2017). The slope parameter y, controls
the smoothness (speed) of the transition from one regime to another. When m =1
and y — oo, the transition function (Eq. 3) turns into an indicator function, and

the model (Eq. 1) becomes a PTR model with »+1 regimes. When m>1 and

4 We follow existing empirical research on the concentration-stability paradigm where the
stability indicator is often used as a dependent variable while the concentration indicator presents
the independent variable.
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y — oo, the transition function switches between O and 1 at ¢, c,, ..., ¢, , and the
model (Eq. 1) retains two distinct regimes. Finally, for any value of m and y — 0

, the transition function (Eq. 3) becomes constant, and the model (Eq. 1) shrinks
into a linear panel regression model with fixed effects (for more, see Gonzalez
etal., 2017).

Our modelling strategy starts with testing the homogeneity, i.e., testing the
linearity against the PSTR model.” This test is used to determine the suitable form
of the transition function, and if the nonlinearity is confirmed, it is used to choose
the appropriate order m of the transition function (Eq. 3). In the estimation stage,
the individual effects g, are firstly eliminated by subtracting the individual-spe-
cific means. The parameters of the model are then estimated using the nonlinear
least squares (NLS) method.® Finally, we evaluate the model by testing parameter
constancy and no remaining nonlinearity (heterogeneity) in the PSTR model.”

2.2. Variables Definition

We measure bank stability (our dependent variable) using the Z-score, initially
introduced by Boyd and Graham (1988). This indicator has been created to specify
the distance to insolvency and reflect the probability of bank failure. Higher values
of the Z-score indicates more bank stability as the distance from bank failure
increases. It can be calculated as ZROE (see e.g., Phan et al., 2019; Djebali and
Zaghdoudi, 2020) or ZROA (see, e.g., Leroy and Lucotte, 2017; Albaity et al.,2019).
The ZROE is calculated as follows:

ROE, +(E/TA)

ZROE,, = 4 4)
o(ROE;)

where ROE,, and o(ROE,) stands for return on equity and its standard deviation,

respectively, while (E / TA)I presents the share of bank equity divided by total

i

assets. ZROA, is calculated for the bank 7 and year .

5> The PSTR modeling procedure assumes that all considered variables are stationary. The results
of panel unit root testing are available in Table A1 in the Appendix. Overall, this assumption is met,
however, since our analysis is based on the short time series, the results of the panel unit root testing
should be taken with caution.

% In the PSTR estimation, special attention should be placed on the selection of the starting values
of parameters of the transition function —y and c. In this paper, we employ the grid search by creating
a grid of values of y and ¢, such that y > 0, and cjmin > mini{qi;}, Cjmax < maxi{qi},j =1, 2, ... m. The
optimal starting values of y and ¢ used in the nonlinear optimization algorithm are then those that
minimize residuals sum of squares (RSS) in Eq. (1).

7 All computations regarding PSTR estimation have been carried out in an R environment using
the PSTR package (Yang, 2022).
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ROA, +(E/TA)

ZROA, =
! o(ROA,)

it (5)

where ROA4, and o (ROA, ) stand for return on assets ratio and its standard de-

viation. The variable is also calculated for the bank i and year ¢.

To ensure the robustness of our findings, we decided to use both indicators of
stability as both metrics are important for different stakeholders in the financial
sector, and they each serve a distinct purpose (Petria et al., 2015; Shair et al., 2019).
The Z-score based on ROE is more relevant to shareholders and equity investors.
It highlights how much of the bank’s earnings are at risk in relation to the capital
provided by shareholders. This indicator focuses on the stability relative to the
bank’s equity base. On the other hand, the Z-score based on ROA provides a broader
perspective on the bank’s efficiency in using its assets to generate income. It is
more relevant for management when it comes to overall operational performance.

The concentration is measured as the market share — MS,, (see, e.g., Cuestas
et al., 2019; Degl’Innocenti et al., 2020) which presents the share of total assets of
individual bank i in the year ¢, divided by consolidated total assets of the specified
country for year ¢ retrieved from Statistical Data Warehouse database of the Euro-
pean Central Bank. Here, higher values of the MS refer to a higher level of concen-
tration of the specific institution. For the robustness check, we alter the concentra-
tion variable by the Lerner index (LERNER, ). The estimation of the proxy for
bank concentration follows the standard methodology by Lerner (1934), which is
presented in the Appendix.

Next, as the transition variable, we use bank capitalization (CAR,, ), which rep-
resents the regulatory total capital ratio, computed as the sum of Tier 1 and Tier 2
capital divided by risk-weighted assets calculated according to the Basel Accord.

The several bank-specific variables ( SIZE,, TLTA, ) are included to control for
bank assets composition, while the macroeconomic control variables (GDPg,,, DIR, )

are included to capture the position of the economy. We use the logarithm of total
assets as a proxy of bank size ( SIZE,, ). The literature provides different effects of
size on the banks’ stability. Some authors conclude that larger banks are more stable
and less risky (e.g., Saif-Alyousfia et al., 2018). In contrast, Daoud and Kammoun
(2020) state that the relationship could be negative due to the difficulty of managing
bigger banks, or Abdesslem et al. (2023) claim that larger banks have incentives to
engage in more risky activities which decrease their stability, as they have an impli-
cit guarantee from regulation authorities in case of failure (in line with the theory
of ,.,too big to fail””). Therefore, the effect of bank size on stability may vary, exhi-
biting either a positive or negative relationship depending on specific conditions.
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A comparable situation could be seen in the case of the share of total loans to
total assets (7LTA, ). In the European banking market, providing loans is a tradi-
tional banking activity, and bank loans have the highest share on the total assets.
This enables banks to earn a high income (mainly in the time of increasing interest
rates) but exposes them to higher liquidity risk and the borrowers’ moral hazard.
This is in line with Sang (2021), who argue that a higher value of total loans to
total assets leads to potential credit risk that involves an inability of borrowers to
meet the terms of the loan agreement credit risk that potentially leads to higher
default rates overall and bank fragility. On the other hand, Phan et al. (2019) find
a positive link between loans to assets ratio and Z-score. A higher ratio may indi-
cate a well-capitalized bank with strong earning potential, provided that the loan
portfolio is managed prudently.

Economic growth (GDP, ) also has the potential to further improve economic
forecasts and provide a positive effect on bank stability (Koc¢isSova, 2020). We
suppose that demand and the supply of banking services are higher in times of
economic growth. Also, the ability of the clients to pay their liabilities is better,
which could have a positive effect on the creation of provision and, in this way,
also a positive effect on the overall profit of commercial banks, which might be
reflected in stability indicators.

DIR, represents long-term interest rates for convergence assessment purposes,
reflecting if a country has a stable economic environment suitable for adopting the
Euro. It also indicates that higher value induces a tighter monetary policy (Wang
and Luo, 2022). We assume that an increase in D/R may indicate the implemen-
tation of more stringent monetary policies, which could potentially contribute to
greater economic stability.

For the robustness check, we also alter control variables and additionally con-
sider the bank’s net interest income to operating revenue ( NETIITI,, ) , and inflation
growth measured using HICP ( HICPg, ). While the banks with higher levels of

non-traditional activities could possibly hamper the stability (see, e.g., Saif-Alyousfi
et al., 2018), a similar scenario might occur with higher inflation due to increased
market volatility that could lead to higher lending rates by banks resulting from
a tightening monetary policy (see, e.g., Cuestas et al., 2019). Descriptive statistics
for all considered variables are reported in Table 1.

To estimate the PSTR model, we use the BankFocus database consisting of
various financial indicators of 182 significant and less significant credit institu-
tions listed by the European Central Bank (ECB, 2019), supplemented with con-
solidated and macroeconomic variables from the secondary data sources — Euro-
stat and Statistical Data Warehouse.
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Table 1

Descriptive Statistics
Variable Obs. Min. Mean Max. S.D.
ZROE 1892 -33.349 0.360 5.488 1.106
ZROA 1892 —7.486 7.146 31.194 3.878
MS 1892 0.013 8.365 138.873 12.798
LERNER 1869 —4.000 -0.029 0.632 0.385
CAR 1892 3.700 16.910 62.360 5.694
SIZE 1892 5.707 7.524 9.415 0.765
DIR 1870 -0.250 2.486 22.500 2.422
TLTA 1892 2.640 59.250 96.850 17.796
GDPg 1892 ~14.600 1.241 22.300 2.867
HICPg 1892 -2.600 1.392 5.400 1.116
NETIITI 1892 3.040 59.780 344.950 22.029

Source: Authors’ calculations based on data from BankFocus, Eurostat, and Statistical Data Warehouse.

Our database covers all 20 Euro Area countries in the longest available period,
2009 — 2019, which resulted in 2288 observations. This approach allows us to
capture variations across different countries, which might be masked if the data
were aggregated at the EA level. The ECB (ECB, 2024) applies a similar approach,
which analyses the financial health and stability of the significant banks in each
country. We included all countries that were already members of the Euro Area
prior to 2009, as well as those that adopted the Euro after 2009, such as Slovakia
in 2009, Estonia in 2011, Latvia in 2014, and Lithuania in 2015. Although Croatia
adopted the Euro in 2023, this falls outside the scope of our analyzed period;
therefore, banks from Croatia were excluded from the study. As the PSTR model
estimation requires balanced panel data, the final dataset had to be reduced to 1892
observations, so after meeting this condition, it contains 172 banks with balanced
data in total.

3. Estimation Results and Discussion

The modelling procedure proposed by Gonzalez et al. (2017) begins with test-
ing the linearity against the PSTR specification, i.e., investigating whether a non-
linear relationship exists between considered variables. For this purpose, we use
LM tests with asymptotically »* and F distribution, alongside their heterosce-
dasticity and autocorrelation consistent versions. In our baseline model, we use
a Z-score based on return on equity (ZROE”) as the dependent variable. The results

are reported in Table 2.

According to the results, we find that the null hypothesis, which assumes linea-
rity, can be rejected at a 1% significance level, suggesting that the PSTR methodo-
logy should be chosen. Therefore, the nonlinear concentration-stability nexus under
different bank capitalizations has been confirmed in the Euro Area countries.
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Table 2

Linearity Tests for selecting Number of Switches (m)
Dependent variable: ZROE
Threshold variable: CAR

m=1 m=2
Statistic p-value Statistic p-value

LM, 194.000 <0.001 170.400 <0.001
LMF 35.070 <0.001 30.700 <0.001
HAC, 19.640 0.001 4.988 0.417
HACFr 3.550 <0.001 0.899 0.481

Note: LM, stands for the linearity LM test with asymptotically #* distribution, and LM} stands for the linearity
LM test with asymptotically F distribution. HAC, and HACFrepresent their heteroscedasticity and autocorrelation
consistent versions. The null hypothesis assumes linearity against the alternative of the PSTR model specification
—m=1or m=2, respectively.

Source: Authors’ calculations based on data from ratios of the selected EA credit institutions from BankFocus,
Eurostat, and Statistical Data Warehouse.

While selecting the number of switches (m) in the PSTR model, the results
suggest the single transition function with one switch (m = 1). We also reject the
null hypothesis at a 1% significance level while testing two switches (m = 2) with
original LM, and LMF tests, although their heteroscedasticity and autocorrelation
versions do not confirm this evidence. Since the results of these HAC test versions
are preferable (Gonzalez et al., 2017), we continue by estimating the PSTR model
with one switch (m = 1) and two extreme regimes.®

The estimation results of our baseline model where ZROE, measures the bank’s
stability and MS,, serves as a proxy for the concentration are available in Table 3.

The results confirm the nonlinear nature of the concentration-stability relationship
regarding the level of bank capitalization in the Euro Area countries. While we do
not confirm the statistical significance of the coefficients in the first regime in each
variant of the model, the results regarding the second regime are statistically signif-
icant and robust across all model specifications (columns (I) — (V)). In the second
extreme regime of the model, we confirm the concentration-stability paradigm in
the Euro Area countries, such as Agoraki et al. (2011) and Moudud-Ul-Huq (2020),
or Cuestas et al. (2017) and Ijaz et al. (2020) in European countries. It should be
noted that authors of the previous studies have omitted nonlinearity, focusing solely
on the relationship between concentration and stability. Based on our results, we
argue that bank mergers and acquisitions in the Euro Area countries are likely to
be beneficial in increasing bank stability if this is achieved under a specific con-
dition: the relationship remains significant only with an increase in capitalization.
It is therefore preferable to strengthen the value of equity in banks, which will lead
to higher stability in relation to market share in the Euro Area banking system.

8 For the sake of brevity, we do not present the results of the linear regression model estimation,
but they are available upon request.
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Table 3
PSTR Model Estimation
Dependent variable: ZROE
Threshold variable: CAR
D (IT) (IIT) Iv) V)
First Second First Second First Second First Second First Second
regime regime regime regime regime regime regime regime regime regime
Bo Pot B Po ot B Bo Bo+ B Bo Bot B Bo Bot B
MS 0.048 0.077** 0.055 0.064* 0.037 0.025* 0.036 0.027* 0.034 0.024*
(0.039) (0.039) (0.042) (0.038) (0.037) (0.013) (0.038) (0.014) (0.035) (0.014)
SIZE —0.687*** —0.655%** —0.953*** —1.094%** —0.896*** —1.246%** —0.872%** —1.210%***
(0.272) (0.271) (0.282) (0.265) (0.337) (0.358) (0.303) (0.337)
DIR —0.253%* 0.379%%* —0.252%* 0.368%*** —0.236%** 0.368%*%*
(0.121) (0.133) (0.120) (0.115) (0.096) (0.151)
TLTA —0.009%** 0.016** —0.008*** 0.016%**
(0.003) (0.007) (0.003) (0.006)
GDPg 0.022 0.007
(0.017) (0.077)
Transition
parameters
y 1.369*** (0.532) 4.863 (8.037) 0.217* (0.123) 0.217* (0.128) 0.217* (0.120)
c 28.560*** (1.019) 26.210%** (1.353) 25.000*** (9.989) 25.000*%** (10.310) 25.000%** (9.422)
N 1848 1848 1848 1848 1848
RSS 1822.814 1812.922 1577.094 1569.936 1566.873

Note: ¥*¥% ** and * denote significance at the 1%, 5% and 10% levels, respectively. The standard errors are reported in parentheses.

Source: Authors’ calculations based on data from BankFocus, Eurostat, and Statistical Data Warehouse.
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This statement is consistent with Berger et al. (2009), who confirmed that
banks with more market power hold significantly more equity capital. However,
we must be cautious about the concrete determination of the specific level of bank
capitalization in a specific bank or country because of the substantial heterogene-
ities across member states related to the resilience of their economies and their
ability to raise capital (see, e.g., Soederhuizen et al., 2023).

The estimated threshold level of bank capitalization indicates holding reserves
that are higher than the current Basel III minimum requirements. In our baseline
model (column (V)), the transition speed is y = 0.217 and the estimated threshold
value for CAR,, is ¢ = 25.000 which is beyond the mean value of the bank capital
adequacy ratio in the sample (16.910). The suggestion of increasing the level of
bank capitalization seems to be in line with several other studies (see, e.g., Moudud-
Ul-Hugq, 2020 or Santoso et al., 2021). Additionally, capital increase in the Euro
Area countries is recommended by Soederhuizen et al. (2023), who estimated
arange of optimal ratios of around 23%, and Budnik et al. (2019), who suggest
increasing the level of capital ratios by beefing up capital buffers rather than reduc-
ing assets.

Even though we observe more credit institutions with capitalization below
25%, the observations are distributed evenly across the infinity of the regimes.
The estimated transition function of the PSTR model is depicted in Figure 1.

Figure 1
Estimated Transition Function of the PSTR Model
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Note: We depict the estimated transition function of the PSTR model specification from column (V), Table 3.

Source: Authors’ calculations based on data from BankFocus, Eurostat, and Statistical Data Warehouse.
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While referring to control variables, we note a negative and significant effect
of bank size (SIZE, ) on bank stability. This result is in line with Daoud and
Kammoun (2020). Our findings indicate that while consolidation tends to enhance
overall system stability, an increase in the size of individual banks appears to re-
duce stability. This suggests that the benefits of consolidation may be offset by the
risks associated with managing larger institutions, such as increased complexity,
the potential for mismanagement, and greater systemic risk due to the ,,too big to
fail* phenomenon (Vo, 2009). Therefore, while consolidation can lead to a more
stable banking system, this implies that the relationship between size and stability
needs to be carefully managed, ensuring that the increase in capital is proportion-
ate to the risks associated with larger asset bases.

Long-term interest rates (DIR,) and the share of total loans to total assets

(TLTA,., ) , are in a negative relationship with bank stability when the level of cap-

italization is low. In contrast, it turns out positive when there is a high level of
capitalization. This two-side effect of TLT4, on bank stability confirmed our ex-

pectations. We can see that low-capitalized banks with higher shares of loans were
not able to provide high-quality loans, which resulted in higher default rates and
bank fragility. On the other hand, well-capitalized banks were able to create strong
capital reserves that can buffer against the risks associated with changes in long-
term interest rates, as well as cover potential loan losses, which enhances their
resilience and stability. The robust capital buffers mitigate the risks associated
with a high proportion of loans or manage the increased cost of borrowing and
potential loan defaults more effectively, thereby enhancing their stability even un-
der tighter monetary conditions. Results of DIR, might indicate that stricter mon-

etary policies, and its effect on bank stability is also nuanced by the level of capi-
talization. Specifically, for banks with low capitalization, higher interest rates may
pose additional risks rather than enhancing stability. Well-capitalized banks allow
them to manage risks effectively and benefit from a more stringent monetary
policy, leading to improved stability. Additionally, we do not find a statistically
significant effect of GDPg (column (V)) in the PSTR model.

As a final part of the analysis, we provide the evaluation tests of the PSTR
model in Table 4. According to the results of the heteroscedasticity and autocor-
relation consistent versions of tests, we confirm that the PSTR model is valid, i.e.,
the parameters of the model are not time-varying (HACFr), and there is no remain-
ing nonlinearity in the model (HAC,, HACF).

To check the robustness of our results, we follow Phan et al. (2019) and alter
the dependent variable measuring bank stability ZROE, by ZROA, . The inde-

pendent variable measuring the concentration on the bank market MS,, is replaced
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by the Lerner index (LERNER,, ). Moreover, several control variables are added
to the regression — the bank’s net interest income to operating revenues ( NETIIT],,)
and inflation ( HICPg,, ), namely. The robustness check is presented in Table A2
in the Appendix, where it is confirmed that our results are robust. In a similar
fashion, we confirm the statistically significant and positive effect of concentration
on bank stability in the second extreme regime, i.e., when the bank capitalization
is high. The threshold of the bank capitalization has not changed significantly
compared to the estimation findings provided in Table 3.

Table 4
Evaluation Tests
Dependent variable: ZROE
Threshold variable: CAR
Parameter constancy No remaining nonlinearity
Statistic p-value Statistic p-value
LM, 102.4 <0.001 343.400 <0.001
LMy 9.199 <0.001 30.850 <0.001
HAC, 20.360 0.026 13.650 0.190
HACr 1.829 0.051 1.226 0.269

Note: We evaluate the PSTR model specification from column (V), Table 3. LM , stands for the linearity LM
test with asymptotically ¥ distribution, and LM stands for the linearity LM test with asymptotically F distribu-
tion. HAC, and HACy represent their heteroscedasticity and autocorrelation consistent versions. The evaluation
tests are conducted against two alternatives: 1. the parameters are time-varying (column 2 and 3), and 2. There
is remaining nonlinearity (heterogeneity) in the model (column 4 and 5).

Source: Authors’ calculations based on data from BankFocus, Eurostat, and Statistical Data Warehouse.

Conclusion

This paper provides novel empirical evidence on the contentious relationship
between bank concentration and stability in Euro Area countries. While previous
studies employed linear regression models, often relying on a quadratic term to ex-
plore potential U-shaped links, such models may fail to capture the complexity of
nonlinear relationships like that between bank concentration and stability. To ad-
dress this limitation, we employ the nonlinear PSTR model proposed by Gonzalez
et al. (2017), using the bank capital adequacy ratio as the transition variable. This
approach allows for a more differentiated examination of the concentration-stabil-
ity nexus, marking the first attempt of its kind in the Euro Area context.

Our findings confirm the existence of a nonlinear relationship between bank
concentration and stability. Specifically, we find a statistically significant and
positive relationship between bank stability and concentration when bank capital-
ization is sufficiently high, consistent with the concentration-stability paradigm,
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as supported by Agoraki et al. (2011), Leroy and Lucotte (2017) and Ijaz et al.
(2020). The results, which are robust across different model specifications, suggest
that elevated levels of bank capitalization (measured by capital adequacy ratio),
particularly above the Basel III minimum requirements, enhance stability in more
concentrated banking markets. Our identified threshold value of bank capitaliza-
tion (¢ = 25.000) indicates a positive effect on the concentration-stability nexus
with a capitalization level above the current Basel III minimum requirements,
reinforcing the role of capital adequacy as a critical factor in banking stability. The
increased level of bank capitalization is consistent with findings of recent empiri-
cal studies, even in a different context (see, e.g., Moudud-Ul-Hugq, 2020 or Santoso
etal., 2021).

Our study contributes to the literature by showing that higher capitalization,
particularly in more concentrated banking systems, amplifies bank stability. The
findings imply that policymakers, including the ECB and national central banks,
should consider policies that simultaneously promote higher bank capitalization
and increased market concentration to foster systemic stability in the Euro Area
banking sector.

Nevertheless, our study has limitations. First, determining an optimal level of
capitalization remains challenging due to heterogeneities across Euro Area mem-
ber states as presented by several authors (Soederhuizen et al., 2023). Second, our
analysis does not account for the economic shocks and structural changes post-
2019, such as those related to the COVID-19 pandemic or more recent regulatory
reforms. Future research should explore these dynamics by analyzing more recent
data and investigating country-specific contexts to better understand how concen-
tration and stability interact across different national banking systems. Addition-
ally, examining how changes in macroeconomic conditions and regulatory frame-
works affect the concentration-stability nexus could offer further insights into
maintaining financial resilience in the Euro Area.
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Appendix

Figure Al
Capitalization of the Euro Area Banks
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Source: Authors’ calculations based on data from the financial statements of the selected EA credit institutions,
Eurostat, and Statistical Data Warehouse.
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Table Al
Panel Unit Root Testing
LLC IPS Pesaran’s CADF
Variable
No trend Trend No trend Trend No trend Trend

ZROE —48.007%%** —54.093%** | _26,694%** | _33 5]9%k* —2.597**:* —3.056%**
ZROA —16.329%*** —32.208*** —7.004%%* | _17.326%%* —2.764%%* —2.99] ***
MS —9.517%** —32.377%%* -0.472 —10.386%** -1.651 -1.963
LERNER —32.804 %% —34.029%** | —]3,588%** | _]5364%%* -1.808 -1.759
CAR —11.090%%** —23.537*** —2.724%%% | ]2 485%%* —2.470%** -2.245
SIZE —12.121%*% | —129.170%%** 0.819 —20.262%** —-1.661 -2.012
DIR —14.577%** —66.962%** 0.865 —28.516%*** —3.635%%* —4.395%%*
TLTA —37.480%%** —64.413%** —9.804*** | —16.03]1%** —-1.708 —2.703***
GDPg —34.979%%:* —46.546%** | _37276%%* | 34 136%** —2.202% % —2.957***
HICPg —32.55.3%** —29.671%%% | 22 162%** | _]6.207%** —2.154%%* —2.914%**
NETITI —21.168*** —36.383%** | —]3381%** | D) 373%k* —2.354%* —2.450%**

Note: *** ** ‘and * denote significance at the 1%, 5% and 10% levels, respectively. LLC stands for Levin-Lin-
Chu panel unit root test, IPS stands for Im-Pesaran-Shin panel unit root test, and Pesaran’s CADF stands for
Pesaran’s CADF panel unit root test. While LLC and IPS assume that the time series under scrutiny are cross-
sectionally independent, Pesaran’s CADF allows for cross-dependence across the panel units. In all performed
tests, the null hypothesis assumes that all the time series have one unit root, i.e., series are non-stationary — I(1).

Source: Authors’ calculations based on data from BankFocus, Eurostat, and Statistical Data Warehouse.
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Table A2

Robustness Check — PSTR Model Estimation with Additional Control Variables and Different Variants of the Stability (ZROA/ZROE)
and Concentration Variables (MS/LERNER)

Threshold variable: CAR
Dependent variable: ZROA Dependent variable: ZROE
@ an ) av M) (VD
First Second First Second First Second First Second First Second First Second
regime regime regime regime regime regime regime regime regime regime regime regime
Po bot B fo Pot B Bo Bot B Po Bot B Bo Bot B Bo Pot B
MS 0.048 0.193%%** 0.061 0.230%* 0.064 0.324%**
(0.035) (0.056) (0.041) (0.109) (0.042) (0.123)
LERNER 0.323 1.014** 0.272 1.034** 0.447 1.173%*
(0.238) (0.514) (0.379) (0.048) (0.279) (0.645)
SIZE —0.485%*% | —6.602*** | —6.817*** | -6.741*** | -6.935%** | _7.126%** |-0.830%** [-0.995%¥** |_-0.808%** |-0.967*F** |-0.810*%** |-1.065%**
(0.909) (1.118) (0.923) (1.192) (0.998) (1.213) (0.235) (0.235) (0.233) (0.260) (0.218) (0.237)
DIR —0.501*** 0.416* —0.574***% 1-0.030 —0.551**% | —0.324*** | _(0.196%** 0.034 —0.236%** 0.041 —0.216%** 0.118%***
(0.045) (0.253) (0.042) (0.379) (0.040) (0.124) (0.029) (0.043) (0.030) (0.028) (0.019) (0.039)
TLTA 0.016* 0.007 0.011 0.003 0.010 0.016 —0.010%* 0.001 -0.010 0.001 —0.011** —0.001
(0.009) (0.035) (0.010) (0.036) (0.009) (0.037) (0.005) (0.004) (0.008) (0.003) (0.006) (0.005)
GDPg 0.074%%* 0.714%%%* 0.025%** 0.006
(0.027) (0.130) (0.010) (0.024)
HICPg 0.088* 0.076 0.057 -0.039
(0.047) (1.043) (0.046) (0.040)
NETITI —0.017*** 1-0.002 —0.009*** 1-0.001
(0.005) (0.027) (0.002) (0.006)
Transition
parameters
y 15.220%** (4.369) 26.530*** (4.845) 26.530%** (5.659) 0.629%** (0.158) 0.629*** (0.185) 0.426*** (0.144)
c 27.690%** (0.047) 27.700*** (0.016) 29.560%** (0.114) 19.560*** (3.881) 18.560*** (5.663) 20.560*** (4.671)
N 1848 1848 1848 1815 1815 1815
RSS 4406.448 4661.004 4590.871 1561.327 1546.556 1540.868

Note: *** ** ‘and * denote significance at the 1%, 5% and 10% levels, respectively. The standard errors are reported in parentheses.

Source: Authors’ calculations based on data from BankFocus, Eurostat, and Statistical Data Warehouse.
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Table A3
Correlation Matrix

ZROE | ZROA | MS LERNER | CAR |SIZE | DIR |TLTA | GDPg |HICPg |NETIITI

ZROE

ZROA 0.354

MS —-0.019 | -0.002

LERNER| 0.089 | 0.174| 0.102

CAR 0.162 | 0.349 [ -0.005 | 0.069

SIZE —0.082 |-0.432 | 0.408 | -0.012 |-0.112

DIR -0.338 | -0.071| 0.106 | -0.106 |-0.329 |-0.117

TLTA -0.016 | 0.113|-0.122 | 0.003 |-0.042 |-0.306 | 0.046
GDPg 0.218 | 0.172 | 0.031| 0.103 0.215 [ -0.019 | -0.477 | 0.007
HICPg 0.008 | —0.026 |-0.044 | 0.015 |-0.031|{-0.079 | 0.081 | 0.003 |-0.092
NETIITI | -0.140 | -0.205 | 0.052 | 0.067 |-0.034| 0.013 | 0.069]0.327 | 0.060| 0.000

Source: Authors’ calculations based on based on data from BankFocus, Eurostat, and Statistical Data Warehouse.

Calculation of the Lerner Index

Lerner (1934) calculated competition as the difference between price and mar-
ginal costs being a derivation of the translog production function:

Pit — MCz‘z

LERNER, = (6)

it

where P, is the average price of production for bank 7 and year ¢, and MC, de-
notes marginal costs for bank i and year ¢. Similar to Weill (2013), we substitute
the price of bank production with the ratio of total revenues (interest and non-
interest income) to total assets.

The Eq. (6) requires calculating the marginal cost (MCU) function. Here, we
follow the approach of Tabak et al. (2012), who estimate MC, based on production
technology with one aggregate output and three input proxies. Marginal cost (MC” )

is specified as follows:

TC,
MCjt — Clt
TA.

it

Wit Wait
B+ p,InT4, + f; In +f,In (7
3,it W3 i
where we divide the total costs (T C,,) for bank i and year ¢ and input prices by
the price of a borrowed fund represented by w; to correct for heteroscedasticity.
In this model (Eq. (7)), the aggregated output presents the total assets (T Al,) for
bank 7 and year 7 and three input prices, specifically, the price of labor (w, ,,) , price

of physical capital (w, ), and the price of borrowed funds (w ) -





