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Abstract. This paper provides an in-depth evaluation of the resilience and sta-
bility of the banking system in the Republic of Bulgaria, utilizing innovative
mathematical models for analysis. The study focuses on the period from 2016
to 2022, a time characterized by significant economic and financial fluctuations
worldwide.

The research presents a rigorous assessment of theBulgarian banking system’s
stability, emphasizing the application of mathematical models including stress
testing, factor analysis, and stochastic modeling. These models are employed to
evaluate the systemic risk factors and determine the banking system’s resilience
under various stress scenarios.

Our findings reveal that the Bulgarian banking system demonstrates notable
resilience despite the challenging economic conditions. We attribute this robust-
ness primarily to effective regulatory measures, responsible banking practices,
and the system’s inherent structural strengths.

Nonetheless, the study also identifies potential vulnerabilities and provides
strategic recommendations for further bolstering the system’s resilience. This
research has significant implications for banking regulators, financial institu-
tions, and policymakers, contributing to a more comprehensive understanding
of the banking system’s resilience, thereby informing future regulatory and policy
decisions.
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1 Introduction

Capital adequacy is a key characteristic of the banking system because it gives investors
and depositors confidence in the “safety and stability” of the banking system. Also,
capital adequacy is important because the changes in the levels of capital adequacy
act as a “brake” or “accelerator” for economic growth. The establishment of banking
supervision ensures that the banks have adequate capital for their transaction matures.
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Increasing the minimum capital threshold will guarantee that the banks will have
more capital for their deposits, but this will slow the economy by limiting the volume of
lending by banks. Decreasing the regulatory minimum capital will make the banks more
competitive by using more aggressive lending, but it will decrease the overall confidence
in the banking system’s ability to withstand potential business cycle downturns [1–5].

In a fractional banking system, banks are required to keep a small portion of every
borrowed lev on hand. This basic characteristic of the “fractional banking system” is
known as the multiplier effect. In other words, the initial deposit creates many invest-
ments and loans. Determining capital levels in the banking system is analogous to using
the gas pedal or brake in a car; increasing capital levels will lead to increased security
at the expense of slowing economic activity. So, raising or lowering interest rates (or
manipulating foreign exchange rates between currencies) affects the level of economic
activity and decreases or increases the level of business and household economic growth
in the economy as a whole [3, 5].

To achieve the “safety and stability” standards in the U.S., banks follow the CAMEL
standard which has two main aspects:

1. An assessment of the banking experts using five key aspects of banking conditions
and operations:

• Capital adequacy;
• Asset quality;
• Management;
• Earnings;
• Liquidity;
2. A grade (based on a scale of 1 to 5) of banking stability and conditions according to

mentioned above categories.

In addition, the Federal Reserve uses a complex rating system to evaluate banks by
the following elements: earnings (E), subsidiary companies (P), bank subsidiaries (B),
capital adequacy (consolidated), and other (non-bank) subsidiaries (O).

Banks are very flexible companies and they aim to maximize their profits using
financial innovations. They adapt deposits and loans to the needs of firms and households.
Competitiveness in deposits from customers requires paying the highest interest rate for
a givenmaturity, and competitiveness in lending requires providing credit with the lowest
interest rates [6].

The main focus of the article is on the interaction between the concepts of global
financial stability and economic competitiveness. Also, we will consider the role of the
Basel Agreement in harmonizing global standards and capital adequacy in the banking
industry.

Capital adequacymanagement is a direct tool. The regulation of capital, by its nature,
benefits some banks while reducing the competitiveness of others. The issues here per-
tain to the comparison between small banks and those involved with small businesses,
mortgages, and consumers and corporations. However, the “harmonization” of interna-
tional regulations lacks a clear academic thesis: regulating capital in the banking system
is similar to regulating the economic activity in an individual economy. As a result of
the global financial crisis (GFC), we already know that regulating the capital adequacy
of banks is not sufficient to ensure their safety, and stability [7–10].
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The Basel process is an essential and constructive element in achieving global finan-
cial stability, especially after the abandonment of the Bretton Woods system and the
increasing deregulation of international capital flows. The agreements have contributed
to the stability of the international banking system. Also, they have participated in the
market to create financial risks in new markets and avoid regulations [11].

The Basel Agreement is often used in managing the global financial system and
coordinating efforts necessary to achieve global financial stability between Ministries
of Finance, central banks, and regulators. The Basel Agreement essentially represents
a series of documents that are constantly under review. The first agreements and basic
principles were established on the principle of the “home country”. The second set of
documents relates to the harmonization of national standards for maintaining adequate
capital in the banking sector [12–15].

Numerous violations have been established, some of which are given to national
regulations by the “Right of Discretion”, to apply regulatory regulation or even to ignore
it [16, 17].

2 Methodology

Mark Flannery says “There is a balancing act that politicians must perform between
creating a truly safe system and maintaining its applicability. If you restrict banks too
much, financial activity will decrease or shift to non-bank institutions, rendering the
rules ineffective”. Mark Flannery has been tracking Basel regulations for two decades.
He is a professor at the University of Florida in Gainesville.

In order to meet the needs of clients, banks adapt financial products or create entirely
new financial instruments. Financial regulators need to be informed about such activities
to assess whether new or modified guidelines and regulations will ensure standards of
stability and safety. Banks develop financial instruments to trade on private interbank
markets or public exchanges. They respond to competitive challenges and invest all the
funds they control by reducing the amount of money held unused and required to be held
in reserve, as per the requirements of banking regulators [18–20].

Bank competition is a process of reducing the advantages of business competitors
(or increasing one’s advantages) at the global, national, or local level. In the banking
sector, increasing someone’s competitiveness also affects the attractiveness of the bank
as a target for acquisition. Other appropriate terms are “pro-competitive” and “anti-
competitive” [21–26].

Let’s say that we are an investor faced with a stream of known future obligations.
We want to own a portfolio of bonds through which we can meet these obligations. We
would like to do this at minimal costs, but we also want to own a portfolio that is unlikely
to encounter problems in case of changes in interest rates. Let’s have one obligation L,
which must be paid over the last 5 years. If we can find safe zero-coupon bonds with
a 5-year maturity with a face value of F, we can simply buy L/F bonds. In this case,
we have two options, namely to face reinvestment risk (If the maturity of the bonds
<5 years), and to face interest rate risk (if the maturity of the bonds >five years). The
perfect case for us is to find a zero-coupon bond that has a maturity equal to the date of
each obligation. Unfortunately, this is impossible, and we need to find another way to
protect our bond portfolio. A possible solution is immunization.
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Let P(λ) be a function that gives us a relation between the price of the bond and the
yield.

Given a stream of cash flows at times t0, t1, …, tn, then the duration of the stream
can be define as follow:

D = PV (t0)t0 + PV (t1)t1 + PV (t2)t2 + · · · + PV (tn)tn
PV

, (1)

where [27, 28]:

• PV – the value of the entire stream;
• PV (ti) - the cash flow at a time i = 0, 1,…, n.

The duration appears as a weighted average of the times of the cash flows. The
duration of a zero-coupon bond is the time to maturity. Using the yield as a discount rate
to calculate the present values in a general bond, we will obtain Macaulay duration:
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wherem is coupon payments per year. In order to understand why the duration is useful,
we must calculate the derivative of the price concerning the yield [28]:
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If the modified duration (Dm) is D/(1 + λ/m), then

dP

dλ
= −DM . (4)

The Dm is related to the slope of the curve, representing the yield. To obtain this
curve we must use the prices at a given point in time. In our context, this is the price
elasticity of the bond concerning changes in yield. In this case, we can use a first-order
approximation:

δP ≈ −DmPδλ. (5)

We can get an even better approximation with the help of a second-order approxi-
mation [28–30]. This is done by defining convexity:

C = 1

P
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. (6)

So, we have
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The unit of measure for convexity is time squared. Here the slower decrease in
value when the required return increases is represented by greater convexity. Also, if
the required return decreases, then the greater convexity means a faster increase in the
corresponding value. So, the second-order approximation is based on both convexity
and duration:

δP ≈ −DMPδλ + PC

2
(δλ)2. (8)

If the yield is the same for all bonds, it can be shown that the duration of the portfolio
is simply the weighted average of all durations [25–31].

3 Result

Due to the complexity of portfolios held by financial institutions, standardized methods
for measuring the risk to which a bank may be exposed are necessary, especially for
those banks that playmajor roles in the financial markets. Complex financial instruments
such as options, and swaps, as well as various types of structured loans, collateralized
mortgage obligations (CMOs), and collateralized debt obligations (CDOs), are required.
The different asset classes within a portfolio have different risk evaluation methods, and
combining these risks in a meaningful way can be challenging (see Fig. 1, 2 and 3). It
is natural to determine firm-wide risk using the distribution of potential losses at a fixed
future moment (each unit within a financial institution contributes to profit or loss). This
will give us a meaningful measure of firm-wide risk, which provides the value of the
risk.

Fig. 1. Base Tier 1 Equity Ratio (%) In First Group
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Fig. 2. The estimated value for the ratio of the basic equity of Tier 1 (%) for the end of 2023 is
21.23.

Fig. 3. Correlation between base tier 1 equity ratio (%) and total capital adequacy ratio (%)

3.1 Multiple Regression Analysis

A model (z = f (x, y)) of the dependence of Financial result (FR, z in the model) on
Credits (Cr, x in the model) and receivables from the non-governmental sector (RNS, y
in the model) was found:

A model (z = f (x, y)) of the dependence of Fixed Capital (CS, z in the model) on
Credits (Cr, x in the model) and receivables from the non-governmental sector (RNS, y
in the model) was found:
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Fig. 4. Model of the dependence on Financial result

Fig. 5. Model of the dependence of Fixed Capital

A model (z = f (x, y)) of the dependence of capital and reserves (CandR, z in the
model) on Credits (Cr, x in themodel) and receivables from the non-governmental sector
(RNS, y in the model) was found:

The banking system of theRepublic of Bulgaria has demonstrated a notable degree of
resilience in the past eight years. Systemic stability has been a critical focus, considering
the interconnected nature of financial institutions and their collective exposure to market
risk. The application of regression analysis and stress testing has been instrumental in



328 M. Traykov and M. Trencheva

Fig. 6. Model of the dependence of capital and reserves

quantifying this stability. By simulating numerous hypothetical scenarios, these tools
have helped in assessing the potential impact of various risk factors on the banking
sector (see Fig. 1, 2, 3 and 4).

The Bulgarian banking sector has also showcased considerable progress in credit
management, which is a crucial aspect of banking stability. The ratio of non-performing
loans has seen a significant reduction, reflecting the effectiveness of credit risk man-
agement strategies. The use of credit scoring models and machine learning algorithms
has been instrumental in this regard. These technologies have enabled banks to predict
borrower behavior with greater accuracy, thereby facilitating more informed lending
decisions.

In terms of liquidity, Bulgarian banks have maintained adequate levels of financial
reserves. This factor is crucial for ensuring that banks can meet their short-term obliga-
tions. Time series analysis and other mathematical models have been used to forecast
future liquidity needs and thereby maintain financial solvency.

Moreover, capital adequacy, measured by the Capital Adequacy Ratio (CAR), has
remained well above the regulatory minimum. This indicates that Bulgarian banks
possess sufficient capital to absorb a reasonable amount of losses before becoming
insolvent.

In conclusion, the Bulgarian banking system has demonstrated commendable stabil-
ity over the past eight years, as evidenced by robust systemic stability, effective credit
management, adequate liquidity, and high capital adequacy. These factors, combined
with the innovative use of mathematical models and techniques, suggest a positive
trajectory for the Bulgarian banking sector moving forward.

It is important to differentiate the Capital Adequacy Requirement (CAR), and the
Capital Reserve Requirements (CRR) of a bank. CAR represents how banks should
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manage their capital or how they should finance themselves, particularly in terms of
the mix between debt and equity on their balance sheets. CRR represents the minimum
reserve that each bank must hold (see Fig. 4 and Fig. 5).

The mandatory minimum reserves, or liquidity requirements, represent a small por-
tion of the deposits that need to be held in highly liquid forms, such as cash. The cash
reserve ratio is the ratio of reserves in the form of physical cash, precious metals, or gov-
ernment notes. Here we want to note that liquid securities enable banks to adjust their
portfolio by holding government securities at any time without affecting profitability
(see Fig. 6).

These two concepts are often opposing. Capital requirements are a ratio of assets to
certain types of liabilities or capital. On the other hand, reserve requirements are a ratio
of certain obligations held against certain types of assets.

Our regression model confirms that the Modigliani-Miller theorem is valid for the
banking sector in the US, as more leverage leads to an increase in the beta coefficient
of the banking system. To see the link between the capital asset pricing model and the
Modigliani-Miller theorem, we would need to trace this effect using the required return
on equity. We may achieve this using our regression model:

Cost of Equity = Risk - Free Rate + βequity * Market Risk Premium

Cost of Equity = Risk - Free Rate + (β2 * leverage) * Market Risk Premium

3.2 Conclusion

Our study shows that an increase in dividend payout symbolizes a decrease in firms’ cost
of potential loss in capital markets and thus increases investor confidence in the firm.
As a result, the dividend payout ratio should have a positive relationship with leverage.
The dividend payout in relation to the pecking order theory is considered related to the
financial deficit. This means that an increase in paid dividends is due to the greater need
for external financing. Following the pecking order theory, debt financing is first in line
to meet these needs, and therefore the level of leverage increases.
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