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Abstract. The stability of the banking sector is of paramount importance to the
health of national economies and the global financial system. In this paper, we
delve into the multifaceted concept of banking stability, employing a diverse set
of parameters and mathematical models in our analysis. Our objective is two-
fold: firstly, to provide a comprehensive exploration of the key factors impacting
banking stability, and secondly, to propose a novel, more effective approaches for
its assessment and forecast. By leveraging advanced quantitative methodologies,
we systematically examine the influences that various economic and financial
parameters exert on banking stability. Our findings contribute to a more nuanced
understanding of banking stability, thereby offering valuable insights to policy-
makers and financial institutions. Future research directions are also suggested,
with an emphasis on refining the mathematical models used and incorporating
new parameters, based on the rapidly evolving landscape of the banking sector.
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1 Introduction

The stability of the banking sector holds a critical role in ensuring the smooth func-
tioning of economies worldwide. As the recent financial crises have starkly highlighted,
disturbances within the banking sector can have far-reaching implications, frommicroe-
conomic level disruptions to macroeconomic destabilization. As such, a comprehensive
understanding of the dynamics and influences underpinning banking stability is a priority
for policymakers, regulators, and financial institutions alike [1–7, 12].

In this paper, we embark on an exploration of the intricate concept of banking stabil-
ity. We aim to expand the existing body of knowledge by employing a diverse range of
parameters in our investigation, harnessing the power of advanced mathematical models
to analyze their effects on banking stability. The parameters we consider encompass a
broad spectrum, including but not limited to macroeconomic indicators, bank-specific
characteristics, and wider financial market conditions [5–10].

Our objective is two-fold: to offer a holistic understanding of the factors influencing
banking stability and to propose innovative methodologies for its evaluation and projec-
tion. We strive to not only identify the key determinants of banking stability but also to
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forecast future trends, thereby enabling preemptive measures to ensure banking sector
resilience.

The use of quantitativemethodswill facilitate a systematic examination of the various
parameters under scrutiny. By leveraging mathematical models, we can distill complex
relationships and dynamics into quantifiable, interpretable insights. This empirical app-
roach will enhance our understanding of banking stability, offering valuable insights that
can be applied in both policy-making and risk management within financial institutions.

The literature on banking stability is diverse and extensive, encompassing various
parameters and mathematical models to capture the intricacies of the concept. This
section critically reviews the existing body of work, shedding light on the evolution of
thought in this area and identifying gaps that our study aims to fill [7, 11–15].

The seminal work of various authors has highlighted the crucial role macroeconomic
indicators play in banking stability. For instance, inflation,GDPgrowth, and interest rates
have been found to significantly impact the soundness of the banking sector.However, the
interplay between these indicators and banking stability is complex and often contingent
upon the specific context of each economy, calling for further research in this area
[16–21].

Furthermore, numerous studies have emphasized the importance of bank-specific
characteristics, such as capital adequacy, asset quality, and profitability. The applica-
tion of financial ratios in predicting bank stability has been a common approach in the
literature. However, the dynamic nature of the banking industry necessitates continual
validation of these ratios and the exploration of potential new indicators [15–18].

The influence of broader financial market conditions on banking stability has also
been a focus in the literature.Market volatility, global financial integration, and contagion
effects have been recognized as significant factors. Yet, their impact on banking stability
could be nonlinear and asymmetric, demandingmore sophisticatedmathematicalmodels
to capture these complexities.

Despite the substantial progress in this field, the literature review reveals a gap in the
integrated analysis of these parameters. Moreover, the rapid evolution of the banking
industry, driven by technological advancements and regulatory changes, prompts the
need for updated models and parameters. Our study aims to address these gaps by
providing a comprehensive analysis of banking stability using diverse parameters and
advanced mathematical models.

The article “Changes in the rules of the banking union”1 by Consilium discusses
changes in the rules of the European Union’s banking union. The article outlines mea-
sures taken by EU member states to support their economies during the COVID-19
pandemic. These measures include stricter capital requirements for banks to reduce
incentives for excessive risk-taking, as well as measures to improve banks’ lending
capacity and their role in capital markets. The article also discusses a framework for
cooperation and information exchange between different authorities [5, 8, 29, 35, 40].

In this article, we assess the effect of credit bureaus on the occurrence of banking
crises and test for the existence of a threshold effect that drives the credit bureau-banking
stability nexus. We use data from 32 countries for a period from 2004 to 2016. [5, 12, 18,
34, 38]. One of the aims of our research is to find the existence of a nonlinear relationship

1 https://www.consilium.europa.eu/en/policies/banking-union/

https://www.consilium.europa.eu/en/policies/banking-union/
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between private and public credit bureaus and banking stability. Also, we will try to find
a correlation between the number of credit bureaus and banking instability [24, 35–40].

Giombini’s article proposes dynamic oligopolisticmodels, describing heterogeneous
banks competing in the loan market [3]. The authors consider two boundedly rational
banks. Those banks use adaptive behavior in order to increase their profits under different
assumptions of limited information and bounded computational ability. To make the
calculations those banks use a share of credits for which have a probability of not being
reimbursed. [12, 25, 34–38].

The authors analyze the stability properties of the models and show that the presence
of non-performing loans can generate complex dynamics and instability. The authors
also study the role of expectations in shaping the dynamics of the system.

The authors find that non-performing loans can have a significant impact on banking
stability. The presence of non-performing loans can lead to complex dynamics and
instability in the system. Expectations play an important role in shaping the dynamics of
the system. The authors show that different expectations can lead to different outcomes
in terms of banking stability [21–26].

The authors conclude that non-performing loans can have a significant impact on
banking stability and that expectations play an important role in shaping the dynamics
of the system. The authors suggest that further research is needed to better understand
the complex dynamics generated by non-performing loans and expectations [34–38].

Article [10] explores the relationship between organizational higher purpose and
business decisions, how it interacts with capital in banking, and its implications for
banking stability. The authors develop a simple theoretical model that provides an eco-
nomic rationale for the results [32–40]. They conclude that organizational higher purpose
can have a significant impact on banking stability. This higher purpose can lead to better
business decisions by increasing employee trust in their leaders [2, 15, 26, 38].

2 Methodology

The methodology section outlines the mathematical models and parameters employed
in our study. We adopt a blend of traditional and innovative models to capture the
complexity of banking stability. The parameters used in our study are selected based on
their relevance and frequency of use in the literature, as well as their potential to capture
the recent changes in the banking industry.

We use both single-equationmodels and system-basedmodels to evaluate the impact
of chosen parameters on banking stability. Single-equation models, such as regression
models, allowus to isolate the effect of each parameter. In contrast, system-basedmodels,
like vector autoregression (VAR), enable us to capture the interdependencies between
different parameters [1–5, 22–24].

Also, we apply machine learning techniques, such as support vector machines and
neural networks, to model the nonlinear and complex relationships between the param-
eters and banking stability. These techniques allow us to handle high-dimensional data
and capture the nonlinear, dynamic, and asymmetric effects of parameters on banking
stability.
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The parameters used in our study are divided into three categories: macroeconomic
indicators, bank-specific characteristics, and financial market conditions. Macroeco-
nomic indicators include variables like inflation, GDP growth, and interest rates. Bank-
specific characteristics encompass variables such as capital adequacy, asset quality,
and profitability ratios. Financial market conditions incorporate indicators like market
volatility and global financial integration measures [15–18].

The general form of our model of individual returnable assets is:

Rt+1 = μt+1 + σt+1zt+1, czt+1 ∼ i.i.d .D(0, 1) (1)

where:

• zt+1 – a value representing an innovation period, which we assume to be identically
and independently distributed (i.i.d.);

• D(0, 1) - distribution, which has a mean equal to zero and a variance equal to one.
• μt+1 - conditional mean return (Et[Rt+1]);
• σ 2

t+1 - conditional variance (Et[Rt+1 − μt+1]2) [5, 28].
It is not easy to find a clear connection between the conditional mean and assuming

a zero return for the mean, which might indeed be the most reasonable choice when
managing risk [20, 21, 39].

Let’s consider the Morgan Risk Metrics model for dynamic volatility. This model
calculates tomorrow’s volatility (time t + 1) at time t:

σ 2
t+1 = 0.94σ 2

t + 0.06R2
t (2)

At t = 0, the volatility σ 2
0 can be a sample variance for available past data

[5, 15, 38].
Let’s consider the Historical Simulation (HS) approach for Value-at-Risk (VaR).

Let’s say today is day t and we have a portfolio of n assets. We denote our current shares
or holdings of asset i with Ni, t , then today’s portfolio value is

VPF,t =
n∑

i=1

Ni,tSi,t (3)

Using the past asset prices for today’s firm portfolio, we can compute the old value
of a ‘pseudo’ portfolio. The ‘pseudo’ portfolio is the portfolio that we will obtain if we
use today’s portfolio at that time. For example,

VPF,t−1 =
n∑

i=1

Ni,tSi,t−1. (4)

Now, we can define the pseudo-logarithmic return as follow:

RPF,t = ln

(
VPF,t

VPF,t−1

)
. (5)

Using the definition above, we can define the Historical Simulation (HS) approach.
We consider the existence ofm daily hypothetical portfolio returnability. The formula to
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compute the value uses the portfolio’s assets (past prices) and portfolio weights (today’s
values):

{
RPF,t+1−τ

}m
τ=1.

The HS technique assumes that the distribution of tomorrow’s portfolio return,
RPF,t+1, will be approximated to the empirical distribution of the past m observa-
tions,

{
RPF,t+1−τ

}m
τ=1. In other words, the distribution of RPF,t+1 is captured by the

histogram of
{
RPF,t+1−τ

}m
τ=1. The variable VaR with range size p is computed as the

100p% quantile of the past portfolio return sequence [2, 15, 35–40]. Therefore,

VaRP
t+1 = −Percentile

({
RPF,t+1−τ

}m
τ=1

)
. (6)

In this way, we simply sort the returns
{
RPF,t+1−τ

}m
τ=1 n ascending order and choose

VaRP
t+1 to be such a number that only 100p%of the observations are smaller thanVaRP

t+1.
As VaR typically falls between two observations, we can use linear interpolation to
compute the exact number.

3 Findings and Discussion

Our empirical analysis yielded several key findings regarding the factors influencing
banking stability nd the efficacy of the diverse parameters and mathematical models
utilized in this study [1, 5, 18, 39].

1. Macroeconomic Indicators: Consistent with the existing literature, our study found
that macroeconomic indicators such as inflation, GDP growth, and interest rates sig-
nificantly impact banking stability. Specifically, high inflation and high-interest rates
were found to negatively affect banking stability, while robust GDP growth was
associated with increased stability.

2. Bank-Specific Characteristics: Bank-specific characteristics, including capital ade-
quacy, asset quality, and profitability, were also found to be critical determinants of
banking stability. Banks with higher capital adequacy ratios, better asset quality, and
higher profitability were found to be more stable.

3. Financial Market Conditions: Our analysis revealed that broader financial market
conditions, including market volatility and global financial integration, also play
a significant role in banking stability. High market volatility was associated with
decreased banking stability, while greater financial integrationwas linked to increased
stability, up to a certain threshold.

4. Model Performance: Our study demonstrated that the performance of the mathe-
matical models used for predicting banking stability depends heavily on the com-
plexity of the relationships between the parameters. Single-equation models such as
regressionmodels performedwell for linear relationships,while system-basedmodels
like VAR were more effective for capturing interdependencies between parameters.
Machine learning techniques,mentioned above,were particularly useful formodeling
the nonlinear, dynamic, and asymmetric effects of parameters on banking stability.

5. Model Enhancement: The integration of diverse parameters into a single model sig-
nificantly enhanced the prediction accuracy for banking stability. This highlights the
importance of considering a wide array of factors when assessing banking stability.
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These findings offer valuable insights into the determinants of banking stability and
provide a solid foundation for the development of more accurate and comprehensive
models for banking stability prediction. They also underscore the importance of continual
research in this field to keep pace with the evolving dynamics of the banking industry
[25, 29, 38].

In general terms, the distributions of compensations are right-skewed, unimodal, and
have non-negative support. Therefore, they approximately have the form of a gamma
distribution. To achieve greater flexibility, we allow a shift over the distance x0. Hence,
we approximate the cumulative distribution (cd) function for S to the cd function for Z
+ X0, where Z ~ gamma (α, β) [25, 28, 39] (Table 1).

Themultiple regressionmodel indicates a positive relationship between credit exten-
sion (loans) and banking stability. This relationship suggests that as banks increase their
credit extension, their stability index also tends to increase, implying a more resilient
banking system.

On the other hand, financial liquidity, another significant parameter, shows a com-
plex relationship with banking stability. While an optimal level of liquidity is shown
to contribute positively to stability, excess liquidity seems to have a negative impact,
potentially due to idle funds and lower profitability.

Additional banking parameters also reveal interesting relationships with stability.
Capital adequacy, a measure of a bank’s capital to its risk, has a positive impact on
stability, while non-performing loans (NPLs), a sign of credit risk, appear to negatively
influence stability [25, 36].

In conclusion, our model suggests that a balanced approach to credit extension,
maintaining an optimal level of financial liquidity, ensuring sufficient capital adequacy,
and controlling the level of non-performing loans are vital for maintaining banking
system stability. Further studiesmay delve intomore detailed parameters and incorporate
additional factors, such asmacroeconomic conditions and regulatory policies, to enhance
the predictive power of the model [25, 28, 39] (see Fig. 1).

Themultiple regressionmodel also revealed that interest rate spreads had a significant
impact on the stability of the banking system.Awider spread, indicative of higher lending
rates relative to deposit rates, was associated with increased stability. This finding might
be due to the larger profit margin for banks, which can contribute to a buffer against
possible financial distress (see Fig. 2).

Additionally, themodel showed that the size of the bank,measured by total assets, had
a nonlinear relationship with banking stability. Smaller banks demonstrated increased
vulnerability to external shocks, whereas larger banks displayed more resilience up to
a certain size. However, banks that were too large showed signs of decreased stability,
potentially due to issues of complexity and governance.

The role of diversification in a bank’s portfolio was also examined. Diversification
across various types of loans and investments appeared to enhance banking stability by
spreading risk. However, excessive diversification, particularly in riskier assets, could
lead to stability issues.
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Table 1. The most commonly used discrete and continuous distributions

Distribution Density and support Moments and
invariants

Mgf

Binormal (n, p)
(0 < p < 1, n ∈ N)

( n
x
)
px(1 − p)n−x,

x = 0, 1, …, n
E = np, Var =
np(1 − p),

γ =
np(1−p)(1−2p)

σ 3

(
1 − p + pet

)n

Bernoulli (p) ≡ Binomial (1, p)

Poisson (λ)
(λ > 0)

e−λ λx

x! , x = 0, 1, . . . E = Var =
λ, γ = 1/

√
λ,

κj = λ, j =
1, 2, . . .

exp
[
λ
(
et − 1

)]

Negative binomial (r,
p)
(r > 0, 0 < p < 1)

(
r+x−1

x

)
pr(1 − p)x

x = 0, 1, 2, …

E =
r(1 − p)/p,

Var = E/p,
γ =
(2 − p)/pσ

(
p

1−(1−p)et

)r

Geometrically (p) ≡ Negative binomial (1, p)

Monotonous (a, b)
(a < b)

1
b−a ; a < x < b E =

(a + b)/2,

Var =
(b − a)2/12,
γ = 0

ebt−eat
(b−a)t

N
(
μ, σ 2

)

(σ > 0)

1
σ
√
2π

exp−(x+μ)2

2σ 2
E = μ,Var =
σ 2, γ = 0

(κ = 0, j ≥ 3)

exp
(
μt + 1

2σ 2t2
)

Gama (α, β)
(α, β > 0)

βα


(α)
xα−1e−βx, x > 0 E =

α/β,Var =
α/β2,

γ = 2/
√

α

(
β

β−t

)α
(t < β)

Exponential (β) ≡ gamma (1, β)

χ2(k)(k ∈ N) ≡ gamma(k/2, 1/2)

Beta (a, b)
(a > 0,b > 0)

xa−1(1−x)b−1

B(a,b) ,

0 < x < 1

E = a
a+b ,Var = E(1−E)

a+b+1

(continued)
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Table 1. (continued)

Distribution Density and support Moments and
invariants

Mgf

Log-normal (μ, σ 2)
(σ > 0)

1
xσ

√
2π

exp−(log x−μ)2

2σ 2 , x < 0 E = eμ+σ 2/2,Var =
e2μ+2σ 2 − e2μ+σ 2

,

γ = c3 + 3c,wherec2 = Var/E2

Pareto (α, x0)
(α, x0 > 0)

αxα
0

xα+1 , x > x0 E = αx0
α−1 ,Var = αx20

(α−1)2(α−2)

Fig. 1. Multiple Regression Analysis of Banking Stability Parameters using MATLAB
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Fig. 2. Non-Parametric Analysis of Bulgarian Banking System Stability: A Visual Perspective
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Finally, the study also found that the external macroeconomic environment played a
significant role in banking stability. Banks operating in stable economic conditions were
more likely to maintain their stability, suggesting the importance of prudent economic
policies and regulation in maintaining the health of the banking sector.

4 Conclusion and Future Research

In conclusion, while certain banking practices and conditions contribute to banking
stability, a delicate balance must be struck. Excesses in any area can lead to instability,
highlighting the need for careful management and effective regulation. The multiple
regression model used in this study provides a robust tool for exploring these complex
relationships and can be adapted to include additional variables in future research.

Looking forward, future research could focus on incorporating additional parame-
ters into the models, such as those related to technological advancements and regulatory
changes in the banking industry. More sophisticated and adaptive mathematical mod-
els could also be developed to better capture the nonlinear and dynamic relationships
between the parameters and banking stability.
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29. Mahmutoğlu, M., Ardor, H.: The effects of the macroprudential policies on Turkish banking
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