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MODELING THE LEVEL OF A COUNTRY'S
FINANCIAL STABILITY: AN ECONOMIC AND
MATHEMATICAL APPROACH

ABSTRACT

The global nature of recent financial crises clearly demonstrates that while the integra-
tion of financial markets offers numerous benefits, it can also pose significant risks,
often resulting in substantial losses in the real economy. In this context, analyzing the
transformation of financial markets is essential for identifying threats, as it is character-
ized by persistent volatility and is vulnerable to crisis phenomena. It is equally important
for developing protective mechanisms against adverse developments that do not hinder
the dynamics of economic growth.

This issue becomes particularly relevant in the context of the emerging digital economy
and society, where the implementation of innovative life-support models creates new
channels for the transmission of systemic risks and increases the structural heteroge-
neity of national financial systems, thereby necessitating a corresponding enhancement
of the economic and mathematical tools used to model them.

The proposed methodology employs VAR models to compare financial stability param-
eters. This approach reveals no universal dependencies between banking system safety
indicators and key macroeconomic variables, such as GDP dynamics, interest rates, the
real exchange rate, and monetary emission, across individual countries. An analysis of
data from Eastern Europe, the former Soviet Union, Latin America, and Southern Europe
demonstrates that: a) higher capitalization requirements generally neither increase in-
terest rates nor negatively affect GDP dynamics; b) while a rise in non-performing loans
adversely affects GDP dynamics, higher profitability of bank assets and capital has the
opposite effect; and c) the short- and long-term liquidity of the banking system has
virtually no impact on the macroeconomic indicators of Southern European countries,
whereas these functional dependencies vary considerably across other regions.

Overall, the results demonstrate the absence of universal dependencies between spe-
cific financial stability parameters and macroeconomic indicators. This implies that pri-
oritizing measures to enhance the anti-crisis resilience of individual countries must con-
sider the specific characteristics of their structural frameworks.

Keywords: banks, crises, risks, financial stability, investments, GDP, real exchange
rate, economic growth, panel VAR model

JEL Classification: C23, E44, G01, G21, F31, 040

INTRODUCTION

In the financial system, banks occupy a special position, whether domestic or foreign.
Through their deposit operations, they effectively act as custodians of public funds and
serve as the backbone of payment systems. The speed at which a bank facing bank-
ruptcy collapses is incomparable to that of any other organization. The failure of a single
bank can have a strong impact on the remaining banks, even those that are fundamen-
tally healthy. In the era of globalization, a lack of confidence in banks within one country
can rapidly spread to banks across the rest of the world.

The importance of banking safety parameters as an anti-crisis factor is emphasized in
“third-generation” models of financial crises. To prevent crisis phenomena arising under
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conditions of imperfect financial markets that can assume a global dimension in a globalized economy, some approaches
propose limiting the volume of lending to the economy. However, such measures may exacerbate crisis phenomena, as
the high cost of credit resources typically constrains investment and thereby worsens the dynamics of economic growth in
both the short and long term.

At the same time, an excessive monetary supply, which typically accompanies an investment boom and increased profita-
bility of financial sector operations, can also become a source of potential problems. If the profitability of the banking
system is interpreted as a sign of sectoral distortions (following H. Minsky), it may initially stimulate GDP dynamics but,
over time, generate the opposite negative effect. In the post-Keynesian framework, the instability of the financial sector
gives rise to crisis phenomena, with external shocks serving as catalysts for this chain of events. Initially, these shocks
drive increased profitability in one of the economy's main sectors, such as the banking system and the associated real
estate market, leading to the crowding out of investment from other sectors, including industry. Subsequently, speculative
processes emerge, eventually culminating in a price collapse, a cascade of bankruptcies, and full-scale crisis phenomena
across the entire economy.

Despite significant progress in research on financial stability, existing studies generally focus on individual aspects without
adequately accounting for the interrelationships between financial stability indicators and key macroeconomic indicators
in a comparative context across different groups of countries. The question of the universality of such relationships remains
unresolved, necessitating the development of appropriate econometric tools based on panel vector autoregression (PVAR)
models.

LITERATURE REVIEW

Financial stability has been widely studied in the international academic literature. A substantial contribution to the study
of the relationship between financial inclusion and the stability of the banking system was made by Ahamed and Mallick
(Ahamed & Mallick, 2019). Using an international sample of 2,635 banks across 86 countries for the period 2004-2012,
they argued that expanding public access to financial services has a positive impact on the resilience of banking institutions.
The authors demonstrated that financial inclusion facilitates the diversification of banks' deposit bases and reduces the
concentration of systemic risks.

Hakimi, Boussaada, and Karmani (Hakimi, Boussaada & Karmani, 2022) investigated the impact of financial inclusion on
bank stability in the Middle East and North Africa (MENA) region and similarly concluded that strengthening financial
inclusion enhances the resilience of the banking sector. Ultimately, their findings indicate that bank stability can benefit
from a stable macroeconomic environment.

Feghali, Mora, and Nassif (Feghali, Mora & Nassif, 2021) argue that inclusion through access to payment services and
savings accounts has a neutral or positive impact on financial stability. In contrast, access to credit can weaken financial
stability if credit growth occurs without proper consideration of borrowers' creditworthiness.

Neaime and Gaysset (Neaime & Gaysset, 2018) investigated the relationship between financial inclusion and stability in
MENA countries with a focus on income inequality and poverty. Their results confirmed that expanding access to financial
services contributes to reducing inequality and strengthening the resilience of the financial system. However, this effect
varies depending on the country's level of economic development.

Ukrainian researchers (Shkolnyk, Kozmenko, Kozmenko, Orlov & Shukairi, 2021) demonstrate the absence of uniform
global standards for measuring financial stability and propose their own methodological approach, which accounts for the
specificities of national financial systems' structure and regulation. The practical value of their work lies in the development
of a comprehensive toolkit for assessing financial stability that takes into account the characteristics of countries with
economies in transition.

Researchers (Trinh & Tran, 2024) investigate the impact of geopolitical risks on the financial stability of banking systems
across a panel of 179 countries, using a wide array of econometric methods, and document a persistent negative effect of
geopolitical risks on financial stability. At the same time, they find that effective governance, financial development, and
trade openness serve as key mechanisms for mitigating the negative consequences of geopolitical instability.

Using data from 15 countries in the Asia-Pacific and Middle East regions for the period 2010-2021, researchers (Pham,
2026) identify a persistent cubic (S-shaped) relationship between FinTech firms and financial stability. At low levels of
fintech penetration, financial stability decreases due to intensified competition, operational risks, and limited adaptive
capacity. Once FinTech companies cross the first threshold, stability improves through increased efficiency, diversification,
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and enhanced risk management. However, after the second threshold, FinTech companies again undermine stability, as
excessive intensity generates complexity, cyber risks, and regulatory gaps. Institutional quality and financial efficiency
reinforce both the stabilizing and destabilizing phases, acting not only as buffers but also as multipliers of systemic sensi-
tivity.

The study (Aduba, Asgari & Izawa, 2023) offers an original examination of three financial development indicators (broad
monetary supply, private lending, and bank deposits) and two conditional variables (financial performance and financial
inclusion) in relation to FinTech penetration. The findings demonstrate that FinTech penetration not only stimulates finan-
cial development but also significantly influences the financial development of countries with weak financial sector perfor-
mance and low levels of financial inclusion. These results carry several policy implications: first, countries with weak
financial sector performance can leverage FinTech to enhance financial development; and second, appropriate policies
aimed at FinTech development can promote digital financial inclusion, financial deepening, and, consequently, economic
growth.

As researchers suggest (Arner et al., 2020), FinTech serves as a key driver of financial inclusion, which in turn underpins
sustainable and balanced development, as embodied in the UN Sustainable Development Goals (SDGs). The full potential
of FinTech to support the SDGs can be realized through a progressive approach to developing the core infrastructure
necessary for digital financial transformation. Our findings suggest that this strategy is best conceptualized around four
main pillars. The first pillar requires the creation of digital identification, simplified account opening, and electronic KYC
systems, supported by the second pillar of open, interoperable electronic payment systems. The third pillar involves utilizing
the infrastructure established in the first and second pillars to enable the electronic delivery of government services and
payments. The fourth pillar, the development of digital financial markets and systems, supports broader access to financing
and investment.

Ukrainian researchers (Gospodarchuk & Zeleneva, 2022) have developed a matrix of indicators for assessing the financial
development of countries based on SNA-2008 data. This system encompasses all classes of financial instruments and
economic sectors, facilitating objective cross-country comparisons and identifying priority areas for enhancing financial
stability. The researchers concluded that the level of financial development among countries is significantly differentiated,
with a gap of a thousandfold value between leaders (Luxembourg, Switzerland, the Netherlands) and outliers (India,
Turkey, Russia). Furthermore, the structure of financial assets serves as a decisive indicator of a country's international
position and a benchmark for the formation of strategic financial development documents.

An analysis of the scientific literature reveals that the issue of financial stability is multifaceted and necessitates a compre-
hensive approach that considers institutional, structural, and macroeconomic factors. Despite significant progress in re-
search on this issue, the challenge of developing economic and mathematical models for assessing the level of financial
stability remains highly relevant.

AIMS AND OBIJECTIVES

The purpose of the study is to develop economic-mathematical tools for comparative analysis of the relationship between
financial stability parameters and key macroeconomic indicators in the context of financial market integration and growing
systemic risks.

To achieve this goal, the following objectives are addressed:

1. To substantiate the methodology for applying panel vector autoregression models (PVAR) to assess the financial
stability parameters of banking systems.

2. To conduct a comparative analysis of functional relationships between financial stability indicators (capitalisation
ratio, non-performing loans ratio, return on assets and equity, liquidity ratios) and GDP dynamics, interest rate, real
exchange rate, and money supply for representative country groups of Central and Eastern Europe, the former Soviet
Union, Latin America, and Southern Europe.

3. To identify the structural specifics of these relationships in order to formulate differentiated priorities for enhancing
the crisis resilience of individual countries.
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METHODS

For the empirical evaluation of the mutual relationship between individual financial stability indicators and their determi-
nants, we will employ a panel vector autoregression (PVAR) model. For the study, we have selected the following vectors
of endogenous variables:

(rs;, m2cq, rercy, FSIE, AYt)’, (1)

where rs, — short-term interest rate (%), m2c, — monetary overhang, defined as the difference between the actual and
equilibrium values of the money supply (%), rerc, — the amplitude of undervaluation (overvaluation) of the real exchange
rate, determined by the difference between the actual and equilibrium values of this indicator (%), FSIF — one of the
financial stability indicators (tierl, npl, returna, returne, liquidt, liquids), AY, — GDP growth rate (%).

In each of the PVAR models, one of the aforementioned financial stability indicators is used: tierl, npl, returna, returne,
liquidt, and liguids. This approach enables the assessment of the comparative effectiveness of measures to enhance the
resilience of the financial system to different types of crises.

All financial and economic indicators used in the calculations were obtained from the official open-access database Financial
Soundness Indicators (FSIs) of the International Monetary Fund, hosted on the World Bank Data360 platform, which
covers 593 indicators across 148 economies worldwide for the period 1995-2024. The open-access nature of this source
ensures the full possibility of verification and replication of the input data by any interested researcher (International
Monetary Fund, 2024).

RESULTS

The global nature of recent financial crises clearly demonstrates that, while financial market integration offers numerous
benefits, it can also generate substantial risks, resulting in significant losses in the real sector. Minimizing the consequences
of such crises requires deep reforms of both the international financial architecture and the institutional environments of
individual countries, to safeguard the stability of an increasingly financially integrated world.

Bank debts act as a major trigger for financial crises due to their vulnerability to fluctuations in stocks and other markets
(Gorton, 2013). In this context, the volume of non-performing loans (NPLs) can be considered a leading indicator of crisis
events. At the same time, crises themselves can substantially increase the volume of problematic debt. Equally significant
risks arise from insufficient liquidity in the banking system, where depositor panic may provoke large-scale capital outflows,
particularly of a short-term nature (Chang & Velasco, 2021). As demonstrated by M. Schneider and A. Tornell, illiquid
banks constitute a necessary and sufficient condition for the occurrence of financial crises (Schneider & Tornell, 2024).
Moreover, the soundness of the banking system may depend on macroeconomic conditions, with low GDP growth rates
combined with high inflation contributing to the emergence of systemic banking crises (Demirgiig-Kunt & Detragiache,
1998).

From the perspective of the emergence and progression of crisis phenomena, which are typically identified with a significant
and prolonged decline in production volumes, the behavior of the real exchange rate (RER) warrants particular attention.
This indicator reflects the realities of monetary policy while simultaneously serving as a factor in economic dynamics,
especially in low-income countries. A depreciation of the RER usually stimulates export volumes and limits imports; how-
ever, it can also contribute to crisis phenomena, particularly in the context of an excessive monetary supply (Reinhart,
1995).

The considerations presented above suggest a mutual relationship between financial stability parameters and the most
critical macroeconomic indicators, a relationship that may be long-term in nature.

As in other studies (e.g., Kasselaki & Tagkalakis, 2013), several indicators from the corresponding IMF Financial Soundness
Indicators (FSI) database were used to assess the country's financial stability parameters:

1. The ratio of capital to risk-weighted assets of the banking system (#erI).
2. The share of non-performing loans (np)).

3. Return on assets (returna).
4

Return on equity (returne).
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5. The ratio of liquid assets to total assets of the banking system (/iguidf).

6. The ratio of liquid assets to short-term liabilities (/iguids).

There are several potential advantages to using financial stability indicators (Wilkinson, Spong & Christensson, 2010):

1.  First, the information obtained allows for a better understanding of existing risks and potential issues that typically
lead to financial distress and crisis phenomena.

2. Second, it places greater emphasis on risk management.
3. Third, it creates prerequisites for improved communication between central banks and the public.

The financial system's vulnerability to crisis phenomena grows gradually, primarily during the economic boom phase when
confidence in the economy remains high, but it drops sharply during a recession. Typically, the sources of vulnerability
include low asset quality, elevated market and credit risks, and insufficient capital of commercial banks and financial
companies. Adverse accompanying circumstances may include: excessive public debt, a deteriorating current account
balance, or excessive exchange rate fluctuations.

Empirical studies largely confirm the link between financial stability indicators and crisis phenomena. For instance, a study
of 20 OECD countries found that during financial crises, non-performing loans (NPLs) rise sharply, while return on assets
(ROA) declines (Kasselaki & Tagkalakis, 2013). An earlier study covering 96 countries for the period 1998—-2005 showed
that the business cycle is negatively correlated with capital adequacy and NPL ratios. In contrast, a positive correlation is
observed with profitability indicators (Babihuga, 2007). Financial stability indicators also depend on the real exchange rate
(RER), inflation, and interest rates. At the same time, cross-country differences in terms of income level, financial sector
depth, and the quality of banking supervision exert a significant influence.

Furthermore, there is a broad consensus regarding the dependence of financial stability indicators on macroeconomic, fiscal, and
institutional factors. Based on data from 25 emerging market economies for the period 1996-2010, researchers have found that
the volume of non-performing loans (NPLs) increases in response to currency depreciation, deteriorating terms of trade, and
declining foreign capital inflows. At the same time, no significant relationship with interest rates has been identified. Conversely,
an increase in non-performing loans (or a contraction in lending) hurts economic growth dynamics (De Bock & Demyanets,
2012).

Functional relationships are estimated for several groups of countries that differ in terms of income levels, exchange rate
regimes, and histories of financial crises. The CEE-4 group comprises four countries — Poland, Romania, Hungary, and the
Czech Republic — all of which operate under floating exchange rate regimes. The remaining Central and Eastern European
(CEE) countries, which employ various forms of fixed exchange rate regimes, are included in the CEE-11 group: Albania,
Bulgaria, Bosnia and Herzegovina, North Macedonia, Slovakia, Slovenia, Montenegro, Croatia, Estonia, Latvia, and Lithua-
nia. A comparison of functional relationships between the CEE-4 and CEE-11 groups enables the assessment of the argu-
ment regarding the greater susceptibility to crisis phenomena in countries with floating exchange rates (Claessens & Kose,
2013).

The CIS-8 group, representing countries of the former Soviet Union, includes Armenia, Georgia, Kazakhstan, Kyrgyzstan,
Moldova, Tajikistan, Uzbekistan, and Ukraine. Data for Azerbaijan, Belarus, and Russia are unavailable in the IMF database.
In Latin America, the LA-6 group comprises Argentina, Brazil, Colombia, Mexico, Chile, and Uruguay. These countries are
characterized by a relatively higher susceptibility to crisis phenomena, which allows for the identification of functional
relationships specific to this type of economy in comparison with other country groups under study.

Finally, to ensure the comprehensiveness of the analysis, data from four European countries commonly considered vulner-
able are included: Greece, Italy, Spain, and Portugal. Greece was at the epicenter of a large-scale financial crisis between
2010 and 2014, while Spain and Portugal were long regarded as potential candidates for subsequent financial instability.
Although Italy has maintained a relatively stronger financial position in recent years, it remains characterized by a high
level of public debt, which increases the likelihood of crisis phenomena.

Following standard practice in similar studies, the empirical results are interpreted using impulse response functions (IRFs)
obtained via Cholesky decomposition. It is assumed that, in the current period, the short-term interest rate acts as an
exogenous factor directly influencing the magnitude of the monetary overhang. In turn, monetary indicators determine
the amplitude of deviations of the real exchange rate (RER) from its equilibrium value. Taken together, these monetary
factors influence financial stability indicators, which ultimately determine the dynamics of GDP.
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Figure 1. Determinants of selected financial stability indicators.
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Figure 2. Macroeconomy impact on selected financial stability indicators.
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Evidence from 15 industrialized countries spanning over 100 years suggests that the prolonged use of expansionary monetary
policy significantly increases the probability of financial crises (Boshkoska, 2022). The immediate cause is typically an expansion
in credit volumes and overheating in specific markets, such as equity or real estate markets. Moreover, expansionary monetary
policy negatively affects GDP dynamics in the medium term, which can be attributed to deteriorating financial stability.

A common feature of most modern financial crises is a significant capital inflow, accompanied by an expansion in the scope
of the banking sector's activities (Madeira, 2024). For instance, a study on Bangladesh found that GDP dynamics do not
influence the volume of non-performing loans (NPLs); however, such an impact is exerted by interest rates and inflation
(Nargis et al., 2019).

An increase in the cost of credit resources, as characterized by the short-term interest rate (rs), results in a persistent
decline in the capitalization ratio (#ierZ) within the CEE-11 group. In the EU-4 countries, a similar impact is less persistent
over time but significantly more substantial, with the weight of rsin the variance decomposition of fier! residuals rising
from 13% to 50%. In contrast, a direct positive relationship between rsand tier! is observed for the LA-6 countries, where
the weight in the variance decomposition remains at 7-8%. Weak evidence of a similar, yet direct and short-lived, de-
pendence is found for the CIS-8 group. No relationship is observed between the interest rate and the capitalization ratio
for the CEE-4 group; instead, this group exhibits a heightened negative impact from the monetary overhang, with its
weight in the variance decomposition ranging from 8% to 16%.

The undervaluation of the RER (Real Exchange Rate) is a significant factor in increasing the capitalization ratio in LA-6
countries (with a weight of 10-11% in the variance decomposition), as well as in EU-4 countries (8%), where this impact
peaks after 4-5 years and subsequently weakens rapidly. Minor evidence of a short-term (up to two years) direct impact
is observed in the CEE-4 and CIS-8 groups. GDP dynamics do not influence the capital adequacy ratios of the CEE-4 and
CEE-11 countries. This distinguishes them from the LA-6 and EU-4 groups, where a negative impact emerges with a lag
of several years (the weight of 4y in the variance decomposition of tier! for EU-4 reaches 9%). A specific characteristic of
the CIS-8 countries is that GDP growth tends to increase the capitalization ratio (with a weight in the variance decompo-
sition reaching 9%). Except for the EU-4 group, changes in the capitalization ratio exhibit considerable inertia.

Evaluating the feedback effects between the capitalization ratio and macroeconomic indicators, a higher capitalization ratio
significantly increases the short-term interest rate in EU-4 countries (the weight of tier? in the variance decomposition of
rs residuals is 16%). Certain evidence of a similar impact is observable in CEE-4 countries (where the weight of tier! in
the rsvariance decomposition reaches 11%). There is virtually no resulting increase in the monetary overhang. An impact
on the RER is found only for the CEE-11 group, where an increase in reserve requirements is accompanied by a short-
term decline in this indicator (the weight of fier! in the variance decomposition of rerc reaches 8%). In most countries,
there is no evidence of a significant slowdown in GDP dynamics. On the contrary, an acceleration of GDP growth can be
expected in EU-4 countries (the weight of fier! in the Ay variance decomposition reaches 14%), as well as in the CEE-11
group. However, in the latter case, the variance decomposition suggests that such a causal link is marginal. For LA-6
countries, an immediate consequence of higher reserve requirements may be a short-term decline in the GDP growth rate,
but this effect disappears after one year; however, a return of the negative impact can be expected with a 7-8-year
horizon (the weight of #er? in the Ay variance decomposition is up to 8%).

The results are quite similar in that an increase in the interest rate leads to a rise in non-performing loans (NPLs), though
to a lesser extent in the LA-6 and EU-4 countries. In all cases, the weight of rsin the variance decomposition of NPL
residuals is quite high, reaching its peak in the CEE-4 group at over 40%. For these countries, the weight of the monetary
overhang is also substantial, exceeding 20%. While NPL volumes increase in the CEE-4 countries, the opposite is observed
for the CIS-8 group. The LA-6 countries exhibit a more complex dependence on the monetary overhang: a decrease
followed by an increase, which then shifts to a subsequent decline in non-performing loans.

At the same time, higher volumes of non-performing loans possess the potential to induce a prolonged decline in interest
rates in the CEE-11 and EU-4 countries, where the weight of APL in the variance decomposition of rs residuals reaches 23%
and 17%, respectively. In the CEE-4 group, a similar impact lasts no more than a year, and the variance decomposition does
not indicate any significant causality. Non-performing loans appear to be a factor contributing to an increase in the monetary
overhang in the CIS-8 countries, whereas the opposite can be expected for the CEE-4 group (where the weight of VPL in the
variance decomposition of rerc gradually rises to 9%). In the LA-6 countries, there is no distinct dependence of the monetary
overhang on the volume of non-performing loans.

A minor, short-term impact of RER undervaluation is observed in the CEE-11 and CIS-8 countries (in both cases, the weight of
rercin the variance decomposition of NVPL residuals does not exceed 10%). At the same time, in CEE-11 countries, non-perform-
ing loans become a significant factor in the decline of the RER, which can be attributed to the consequences of reduced aggregate
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demand (the weight of NVPL in the variance decomposition of rercis 6-7%). A similar impact is observed with a lag of 4-5 years
in EU-4 countries and with a one-year lag in the CEE-4 group. No dependence of the RER on NPL volumes is found in the CIS-8
and LA-6 countries.

The intuitively expected reduction in non-performing loans resulting from economic growth occurs only in the EU-4 countries.
Conversely, in the CEE-11 and LA-6 groups, a higher GDP growth rate materializes as an increase in the volume of non-performing
loans (for the LA-6 countries, the weight of Ay in the variance decomposition of NVPL exceeds 20%). Following the initial increase
in NPL volumes, the subsequent cleaning of the banking system is characterized by considerable inertia across all countries.

Except for the LA-6 countries, an increase in non-performing loans acts as a restrictive factor in the short term. The
corresponding effect is corrected almost immediately in the CEE-4 and CIS-8 groups (where the weight of NPL in the
variance decomposition of Ayis 10% and 7%, respectively). The process of neutralizing the initial negative impact appears
to be more prolonged in the EU-4 countries (with the weight of MPL in the Ay variance decomposition reaching 13%).

An increase in the interest rate results in a short-term decline in the return on bank assets across all countries, except for the
EU-4 group, where the significance of the interest rate factor in the variance decomposition of returna reaches 39%. In the
remaining countries, however, this indicator does not exceed 6%, which is relatively low. Similarly, the EU-4 countries exhibit an
inverse dependence of the interest rate on the return on bank assets (the weight of refurna in the variance decomposition of rs
residuals reaches 17-20%). A similar short-term increase in the interest rate is observed in the CEE-11 group, though this impact
does not appear to be significant. In both cases, the rising cost of credit resources can be attributed to attempts to neutralize
credit booms, which are typically characterized by increasing return on bank assets.

The monetary overhang leads to a lagged decline in the return on bank assets in the CEE-4 countries, where this factor accounts
for 17-23% of the variance decomposition. A similar reduction in returna can be expected for the CIS-8 group, albeit with the
possibility of an immediate stimulative effect in the current period (the weight in the variance decomposition is 13%). For the
LA-6 countries, the impulse response function indicates the potential for an increase in the return on bank assets with a significant
time lag; however, this dependence is not significant. Weak evidence of an increase in the monetary overhang following a rise
in the return on bank assets is observed in the CEE-4 and CIS-8 groups, but this causality lacks statistical significance.

For the CIS-8 group, an undervaluation of the RER initially reduces the return on assets in the current period; however, a
favorable dependence emerges over time (the weight of rercin the variance decomposition of returnais 6%). An under-
valued RER is similarly beneficial for the return on assets in the EU-4 countries (with a weight of 9% in the variance
decomposition). Only in the CIS-8 group is the dependence of the RER on the return on bank assets observed at a
statistically significant level, although the weight of returna in the variance decomposition of rerc does not exceed 10%.
Certain evidence of a resulting increase in the RER is noticeable in the EU-4 countries, which may be a consequence of
rising consumer prices driven by the increased lending activity of banking institutions.

Economic growth is conducive to a short-term increase in the return on bank assets in the CEE-11, CIS-8, and EU-4
countries (with the Ay factor being most significant in the latter group). Only for the LA-6 countries is the GDP dynamics
unfavorable for the return on assets within the banking system. In most of the studied countries, a higher return on bank
assets creates a short-term expansionary impulse, which is more persistent in the EU-4 group (where the weight of returna
in the variance decomposition of Ay reaches 25%). In contrast, in the LA-6 countries, it shifts toward a decline in the GDP
growth rate (with the weight of refurnain the Ay variance decomposition at 18%). The estimates for the return on bank
equity (ROE) differ only slightly from those for the return on bank assets (ROA), with a few exceptions:

1.  The inverse dependence on the interest rate becomes more pronounced in the CIS-8 countries.

2. Inverse dependence on the RER (rerc) emerges with a six-year lag, alongside a direct dependence on the dynamics
of economic growth (4y) in the CEE-4 countries.

3. Additionally, the weight of monetary overhang in the variance decomposition of refurne residuals is reduced by nearly
half.

A higher return on equity (ROE) does not affect the short-term interest rate in the CEE-4, CIS-8, and LA-6 countries, which
is largely consistent with the observed dependencies for return on assets (ROA). However, such an impact is present in
the EU-4 and CEE-11 groups — in the former, the contribution of ROE to the variance decomposition of rsresiduals reaches
15%, while in the latter, it amounts to 6%. For the CEE-4 and CIS-8 countries, the profitability of either bank equity or
assets appears to trigger the emergence of a monetary overhang; however, the statistical significance of this link remains
relatively low, and the variance decomposition does not confirm the substantiality of such a causal relationship.
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A higher return on assets (ROA) is expected to lead to an increase in the RER in the CIS-8 (where the weight of returna
in the variance decomposition of rercis 8%) and EU-4 (6%) countries. A similar relationship is observed for the return on
equity (ROE). Certain differences were identified for the LA-6 group, where the PVAR model including bank equity, shows
an increase in the RER with a 3—4-year lag (the weight of returnain the variance decomposition of rercreaches 10%). No
differences were found regarding the impact of bank assets and equity profitability on GDP dynamics. A short-term expan-
sionary effect is observed for the CEE-11, CIS-8, and EU-4 countries. For the LA-6 group, the initial expansionary impulse
is neutralized after one year, while for the CEE-4 countries, no impact of bank profitability on GDP dynamics is detected.

In the event of an interest rate increase, the short-term liquidity of the banking system declines temporarily in the CEE-4
countries (where the weight of rs in the variance decomposition of liquids residuals is 10%), whereas a corresponding
effect in the CIS-8 group emerges with a significant time lag (with the weight of rsin the liquids variance decomposition
at 6%). Conversely, the LA-6 countries experience a substantial improvement in short-term liquidity (the weight of rsin
the variance decomposition of /iguids exceeds 40%). While the corresponding impulse response function for the CEE-4
countries lacks statistical significance, the variance decomposition indicates the relevance of the dependence of short-term
liquidity on the interest rate. For these countries, an inverse relationship between the monetary overhang and short-term
liquidity is also significant (the weight of m2c in the variance decomposition of /iguids exceeds 20%).

The feedback loop between short-term banking liquidity and the interest rate is very pronounced in the CEE-11 countries
(where the weight of /iguids in the variance decomposition of s gradually increases to 14%). Weak signs of a short-term
inverse relationship between liquids and rs are noticeable in the CEE-4 group, while no impact is observed in the remaining
countries studied. The monetary overhang impairs liquidity in the CEE-4 and LA-6 countries; however, in Latin American
countries, a rise in short-term banking liquidity occurs with a 5-6-year lag.

Except for the CEE-11 countries, there is no evidence of a dependence of short-term banking liquidity on the RER. At the
same time, an improvement in liquidity can be expected to induce a short-term undervaluation of the RER in the CEE-4
and CEE-11 groups; however, in both cases, the weight of /iguids in the variance decomposition of rerc residuals is insig-
nificant.

GDP growth results in a prolonged decline in short-term bank liquidity in the CIS-8 countries, whereas a similar impact is
short-lived in the LA-6 group. Conversely, the EU-4 countries experience a slight improvement in short-term liquidity with
a two-year lag. In all cases, the weights of rercand (4yin the variance decomposition of /iguids residuals are insignificant.
An inverse dependence of GDP dynamics on short-term banking liquidity is observed only in the CEE-4 countries (where
the weight of /iguids in the variance decomposition of Ay residuals is 10%).

An increase in the short-term interest rate enhances the overall liquidity of the banking system in the CEE-4 countries
(where the weight of rsin the variance decomposition of /iguidt residuals gradually rises to 20%) and the CIS-8 group (5-
6%). The feedback effect of liquidity on the interest rate is similar to that of short-term liquidity. A prolonged inverse
relationship between liquidity and the interest rate is observed primarily in the LA-6 countries, although its statistical
significance remains low.

The monetary overhang exerts a short-lived negative impact on the liquidity of the banking system in the CEE-4 countries
(where the weight of mZ2cin the variance decomposition of /iguidtresiduals is 18%), whereas a similar dependence proved
to be persistent over time for the LA-6 group (with the weight of mZ2c reaching 20%). No such effect is observed for the
CIS-8 countries. Conversely, the overall liquidity of the banking system leads to a reduction in the monetary overhang in
the CEE-4 group, while the exact opposite is observed in the CIS-8 countries (in both cases, the weight of /iguidtin the
variance decomposition of mZcresiduals does not exceed 10%).

A decline in the RER improves the overall liquidity of the banking system in the CEE-4 countries (where the weight of rerc
in the variance decomposition of /iguidt residuals is 15%) and, to a lesser extent, in the CIS-8 group; however, this impact
is short-lived. No statistically significant feedback effect of banking system liquidity on the RER is observed in any of the
countries studied.

A persistent inverse relationship between GDP dynamics and the overall liquidity of the banking system is observed only
in the CIS-8 countries (where the weight of Ay in the variance decomposition of /iguidt residuals exceeds 10%). The
feedback effect of liquidity on GDP dynamics is favorable for the CEE-11 (with the corresponding impulse lasting three
years) and CEE-4 (with a four-year lag) groups. For the CIS-8 countries, an initial slowdown in GDP dynamics is followed
by a contrasting expansionary effect; however, the GDP growth rate subsequently deteriorates again (the impact is quite
significant, as the weight of /iguidtin the variance decomposition of Ay exceeds 10%.
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For convenience, the results obtained are summarized in Table 1. The relationship between capitalization requirements
(tierl) and the short-term interest rate (rs) appears to be weak. Apart from the EU-4 and, to a lesser extent, CEE-4
countries, higher capitalization requirements do not result in an increase in the interest rate. It should be noted that an
inverse relationship between rsand tierl may reflect concerns regarding the consequences of implementing stricter capi-
talization mandates. There is no evidence that higher capitalization requirements lead to a slowdown in GDP dynamics; on
the contrary, an expansionary effect is observed in the CEE-11, LA-6, and EU-4 countries. At the same time, the reverse
causality (Ay = tierl) is quite diverse across different groups of countries. The link between capitalization requirements
and the RER is weak in all groups, and the mutual dependence between capitalization requirements and the monetary
overhang is heterogeneous.

As expected, an increase in non-performing loans (NPLs) is predominantly unfavorable for GDP dynamics, which may
explain the accompanying decline in the interest rate, especially when the higher cost of credit resources contributes to
the growth of NPL volumes. The elevated risks for the LA-6 and CEE-11 countries are evidenced by the fact that economic
growth does not reduce NPL volume unlike in the EU-4 group, where this causal relationship is quite pronounced. An
increase in NPLs generally reduces the RER (except for the LA-6 countries), which may have an unfavorable feedback
effect (as seen in the CEE-11 group). If a monetary overhang leads to an increase (or decrease) in non-performing loans,
it triggers an asymmetric inverse impact on NPL volumes.

Table 1. Generalized characteristics of the interrelationship between financial stability parameters and selected macroeconomic indica-
tors. Note: T ({) indicates a positive (negative) impact of the endogenous variable in the impulse response function, while “N” denotes the absence of a
functional relationship.

Group of countries Group of countries
CEE4 | CEE11 | cas8 | LA6 EU-4 CEE-4 el [ ass | a6 | EU4
rs = tierl tierl = rs
N | 0 | N | 1 1N N-T-N N | N | N | ™\
m2s = tierl tierl = m2c
! | | N | IN 1N [ ™ | NN
rerc = tierl tierl = rerc
N N | N | 1 N-T-N N N N | N | N
Ay = tierl tierl = Ay
N | N 1 | ! LN N NN N | NN [ N
rs = npl npl = rs
NN 1 | 1 | N N LN B | N | N | N
m2s = npl
N | In [ N-U [ ™~ | N ]
rerc = npl npl = rerc
N |~ N N N N-1-N 1 | N | N [ NN
Ay = npl npl = Ay
N | Nt N | 1 LN LN N N N Y
rs = returna returna = rs
NN [ NN [ N ] N N N 1 | N | N | ™
m2s = returna returna = m2c
NN | L [ NN 1 | N ]
rerc = returna returna = rerc
N | N | N N N-T-N N N | N N | N
Ay = returna returna = Ay
N N 1 N N AN N [ N [N
rs = returne returne = rs
NN N | N N N N 1 | N | N | N
m2s = returne returne = m2c
NN | NN N N | N N |
rerc = returne returne = rerc
N-U-N N | N N N N N [ IN | NN [ NN
Ay = returna returne =Ay
NN N | N 1-4N N AN N [ N [N
rs = liquids liquids = rs
1 | ] D | 1 N LN Nt N | N | N
m2s = liquids liquids = m2c
0 | | N | N 1N | N | N
(continued on next page)
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Table 1. Continued.

Group of countries Group of countries
CEE4 | CEE11 | cass8 | A6 | EU4 CEE4 | CEE11 | cs8 | A6 | EU4

rerc = liquids liquids = rerc

N | B \ N N N N N N \ N \ N
Ay = liquids liquids = Ay

N | N \ 0 | N [ N N N | N N N
rs = liquidt liquidt = rs

1 | N \ 1 N N W] N \ B \ N
m2s = liquidt liquidt = liquidt

N \ N | 4] N | N N \

rerc = liquidt liquidt = rerc

0 | N \ N N N N | N | N | N | N
Ay = liquids liquidt = Ay

N | N \ ! N N NN [N [ N \ N

As expected, higher profitability of bank assets and equity is predominantly favorable for economic growth. In turn, GDP
dynamics in most cases increase the return on bank equity; however, this outcome is less convincing regarding the return
on bank assets. Higher profitability of both banking system indicators is accompanied by an increase in the interest rate
only in the CEE-11 and EU-4 countries, which can be explained by the specifics of Eurozone membership or the pegging
of the national currency to the euro. If higher profitability of the banking system reflects the realities of an economic boom
and an increase in aggregate demand, the threat of economic 'overheating' prompts an interest rate hike by the European
Central Bank — and, accordingly, by the countries that maintain a peg to the single European currency, the euro — for
stabilization purposes. It can be assumed that countries with a floating exchange rate attempt to avoid interest rate
increases due to concerns regarding excessive currency appreciation.

The monetary overhang is predominantly unfavorable for the return on bank assets and equity, whereas the reverse
dependence, specifically the impact of both profitability indicators on the monetary overhang, is characterized by a pre-
vailing favorable effect. Mutual dependence between the RER and both financial stability parameters is absent in the CEE-
11, LA-6, and CEE-4 countries, while in the other two groups, the direction of causality almost coincides (except for returne
= rerc).

It appears that both short- and long-term banking system liquidity have virtually no impact on the macroeconomic indica-
tors of the EU-4 countries (except for RER appreciation resulting from /iguidf). Likewise, in these countries, there is no
dependence of the banking system liquidity on the studied macroeconomic indicators (with the exception of a favorable
dependence of /iguids on Ay). In the remaining countries, the functional dependencies are quite diverse.

Overall, the obtained results demonstrate the absence of universal dependencies between individual financial stability
parameters and macroeconomic indicators. Just as history has never seen two identical crises, it can be argued that no
similar functional dependencies exist for all countries without exception. This implies that when determining priorities for
enhancing the anti-crisis resilience of individual countries, it is essential to consider the specifics of their structural charac-
teristics.

Regardless of the VAR model specification, an increase in the interest rate has the expected immediate restrictive impact
on income dynamics in the CEE-4, CEE-11, and LA-6 countries. A distinctive feature of the CIS-8 group is that an opposite
effect subsequently follows this short-term restrictive impact. In contrast to the other studied regions, for the EU-4 coun-
tries, the nature of the relationship between rsand Ay depends on the VAR model specification. When accounting for tierl,
npl, returna, and returne, the immediate consequence of a short-term interest rate hike is an increase in the GDP growth
rate, which later shifts to the usual restrictive effect. However, in the VAR model including the /iguids and /iquidt variables,
the initial expansionary effect is absent, and the functional dependence for income becomes similar to that of the other
studied countries.

As the variance decomposition shows, the weight of the interest rate in GDP fluctuations is relatively insignificant in the
CEE-11 and CIS-8 countries, where this indicator does not exceed 6—7%. For the CEE-4 and LA-6 groups, the weight of rs
in the variance decomposition of Ay residuals reach 16% and 14%, respectively. The dependence of GDP dynamics on the
interest rate is much higher in the EU-4 countries. In the VAR model including the tier! indicator, the weight of rsin the
variance decomposition of Ay residuals gradually increase from 8% to 23%, while in VAR models with np/, returna, and
returne, it is slightly lower, not exceeding 16%. A completely different level of significance regarding the dependence of
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GDP dynamics on the interest rate is demonstrated by VAR models including banking system liquidity indicators, where
the factor's weight in the variance decomposition gradually rises from 64% to 72% and even 80%.

The monetary overhang initially accelerates GDP dynamics, but the GDP growth rate subsequently undergoes a correction.
Certain signs of a recovering expansionary effect are observed only in the LA-6 countries. The weight of the monetary
factor in the variance decomposition of Ay residuals is quite high in the CEE-4 group, where, depending on the VAR model,
this indicator gradually increases to 18-28%. In the LA-6 countries, the monetary overhang accounts for 13-15% of the
changes in GDP dynamics, while for the CIS-8 group, the impact is relatively insignificant, at no more than 5%.

A short-term expansionary effect of a depreciated RER is observed in the CEE-4 and CEE-11 countries. In the CIS-8 group,
a similar stimulative effect is more persistent over time. In the LA-6 countries, a depreciated RER has a short-term restric-
tive impact, which contrasts with the countries of Eastern Europe and the former Soviet Union. For the EU-4 group, the
expansionary effect occurs only in the current period. As revealed by the variance decomposition of income residuals, the
weight of the price factor is insignificant in the CEE-4, CEE-11, and CIS-8 countries. However, in the LA-6 group, the
weight of rercin the Ay decomposition gradually decreases from 19-21% to 8-15%, which is quite substantial. Similarly,
the dependence of GDP dynamics in the EU-4 countries on the RER can be considered significant, as the weight of rercin
the Ay decomposition gradually declines from 15-22% to 5-16%, depending on the VAR model specification.

DISCUSSION

Among the identified functional relationships, an increase in the interest rate produces the expected immediate restrictive
effect on income dynamics in most countries; however, in the CIS-8 group, this effect is subsequently reversed. In all
countries studied, the monetary overhang initially accelerates GDP growth, followed by a correction phase. A short-term
expansionary effect of a depreciated RER is observed in most countries, whereas in the LA-6 group, the effect is the
opposite.

Unlike existing studies, which examine financial stability through the lens of individual factors—such as financial inclusion
(Ahamed & Mallick, 2019; Hakimi et al., 2022), geopolitical risks (Trinh & Tran, 2024) or fintech penetration (Pham,
2026)—the approach we propose involves a comprehensive comparative analysis of the interdependence between financial
stability indicators and key macroeconomic indicators across five representative groups of countries, distinguished by their
exchange rate regimes and financial crisis histories. At the same time, it should be noted that the results and conclusions
obtained have certain limitations that should be taken into account when interpreting them: the analysis covers a limited
set of countries and does not claim to be fully representative of all economies worldwide.

CONCLUSIONS

Based on the empirical analysis conducted using VAR models on data from Eastern European countries with floating and
fixed exchange rates (CEE-4 and CEE-11, respectively), the former Soviet Union (CIS-8), as well as Latin America (LA-6)
and Southern Europe (EU-4), the following dependencies for financial stability indicators have been identified:

1.  Except for the EU-4 and, to a lesser extent, CEE-4 countries, higher capitalization requirements do not result in an
increase in the interest rate and do not have a negative impact on GDP dynamics; moreover, an expansionary effect
is observed in the CEE-11, LA-6, and EU-4 groups. In the event of an interest rate hike, the capitalization ratio
decreases in the CEE-11 and EU-4 countries, while in the LA-6 and CIS-8 groups (to a lesser extent), it increases.
The dependence of capitalization requirements on GDP dynamics varies significantly across individual countries,
whereas the link between capitalization requirements and the RER is weak in all groups. The mutual dependence
between capitalization requirements and the monetary overhang is heterogeneous.

2. An increase in non-performing loans is predominantly unfavorable for GDP dynamics, which may explain the
accompanying decline in the interest rate; it is also accompanied by a decrease in the RER (except the LA-6 countries),
which may also have an unfavorable feedback effect (as seen in the CEE-11 group). If a monetary overhang leads
to an increase (or decrease) in non-performing loans, it triggers an asymmetric inverse impact on the volume of non-
performing loans.

3. Higher profitability of bank assets and equity is predominantly favorable for economic growth and may be
accompanied by an increase in the interest rate for countries with a fixed exchange rate (CEE-11 and EU-4). In most
cases, GDP dynamics increase the return on bank equity. The monetary overhang is predominantly unfavorable for
the return on bank assets and equity, whereas the reverse dependence of the monetary overhang on both indicators
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is characterized by a prevailing favorable impact. Mutual dependence between the RER and both financial stability
parameters is absent in the CEE-11, LA-6, and CEE-4 countries, while in the other two groups, the direction of

causality almost coincides.

4.  Short- and long-term banking system liquidity has virtually no impact on the macroeconomic indicators of Southern
European countries, whereas in the remaining countries, the functional dependencies are quite diverse.

Future research will focus on analyzing how the digital transformation of the financial sector, particularly the rapid growth
of neobanking and fintech, is affecting traditional indicators of financial stability.
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Koposib M., fypaH B., Pomarrok C., CrerHevi M., Koposib 1., lManindax M,

MOAENIOBAHHA PIBHA ®IHAHCOBOI CTABIJIbHOCTI KPATHU: EKOHOMIKO-
MATEMATUYHWIA NIAXIA

ImobanbHUiN XapaKTep OCTaHHIX Y Yaci (iHaHCOBMX KpW3 YiTKO NMOKa3ye, WO iHTerpauis dhiHaHCOBKUX PUHKIB NPOMOHYE 6a-
raTo nepesar, ane MOXe CTBOPIOBATU 3HAYHI PU3MKK 3 BEMKUMU BTpaTaMun B pearibHOMy ceKTopi. AHani3 TpaHcdopmadii
(hiHAHCOBUX PVHKIB BaXKIMBUI A1 BUSIBMIEHHS 3arpo3 Y rn06asibHOMY KOHKYPEHTHOMY MPOCTOPI, LU0 3a/MLWAETLCS Typby-
NEHTHUM | BPa3/IMBUM [10 KPU30BUX SIBULL, @ TaKoX Anst POpMyBaHHS Takoro 3aXuUCTy Bifi HECMPUATAMBOro nepebiry nogaiw,
SIKUIA He NepeLIKoAXKaE ANHaMIL EKOHOMIYHOrO 3POCTaHHS.

OcobnmBoi akTyanbHOCTI Us npobnematuka HabyBae B yMOBax CTaHOBJIEHHS UM(POBOI EKOHOMIKM Ta CycninbCTBa, Ae
BNPOBaPKEHHS iIHHOBALIMHMX MoAenel XUTTe3abe3neyeHHst NOPOAXKYE HOBI KaHanM MOLMPEHHS] CUCTEMHUX PU3MKIB i ni-
[ABVLLYE CTPYKTYPHY HEOAHOPIAHICTb HaUiOHaNbHUX (PiHAHCOBUX CUCTEM, L0 BMMAra€ BiAnoBiAHOMO BAOCKOHANEHHS eKo-
HOMIKO-MaTeEMaTMUYHOro iHCTPYMEHTapIto X MOAeNtoBaHHS.

Mu po3pobunu METOAONOri0 NMOPIBHANBHOIO aHanisy napaMeTpiB (iHaHCOBOI CcTabinbHOCTI 3a gornomMoroo VAR-Moaenen,
LLIO A03BONINIIO BUSIBUTU BiAICYTHICTb YHIBEPCA/IbHUX 3aIEXXHOCTEN Y PO3pi3i OKpeMUX KpaiH Mix napameTpamu 6e3neyHoCTi
6aHKIBCbKOI CUCTEMM Ta OCHOBHWMW MAKPOEKOHOMIYHMMM MOKasHWKaMK (AvMHaMika BBI, NpoLeHTHa cTaBKka, peanbHUM
06MiHHMI KypC, rpoLIOBa eMicisl); 3a AaHUMM KpaiH CxiaHoi EBponu 1 KonuwHboro PagsHcbkoro Coto3y, a Takox J1aTuH-
cbkoi AMepviku ¥4 MiBaeHHOi EBponu, OTPUMaHO, LWO: a) BULLI BUMOrM KaniTanisauii nepeBa)kHo He Mo3HavalTbCs MiaBu-
LLIEHHSIM MPOLIEHTHOI CTaBKM 1 He MaloTb HErATUBHOMO BMMBY Ha AMHaMiKy BB, 6) AKLLO 3pOCTaHHS MPOBIIEMHUX MO3UK
NepeBaXKHO HECTIPUATNMBE AN AuHaMikv BBI1, TO NpOTUNEXHWUIA BNIMB MAE BULLA peHTabenbHICTb 6aHKIBCbKUX aKTUBIB i
Kanitany, B) KOPOTKO- W AOBrOCTPOKOBA NiKBIAHICTb 6aHKIBCbKOI CUCTEMM MPAKTUYHO HE B/IMBAE Ha MAKPOEKOHOMIYHi
NoKa3HWKKM KpaiH MiBaeHHOI €BpONW, @ B peLuTi KpaiH (yHKUIOHaNbHI 3aNeXHOCTI AOCUTb Pi3HOMAHITHI.

3aranoM OTpUMaHi pesynbTaTy NMoKasylTb BiACYTHICTb YHIBEPCAIbHMX 3aI€XKHOCTEN MiDK OKpEMUMM napaMeTpamu diHaH-
COBOI CTabiNIbHOCTi Ta MaKpOEKOHOMIYHMMM MOKa3HMKaMU. Lle 03Hauyae, WO BM3HAYEHHS NpPIOpUTETIB AN MiABULLEHHS aH-
TUKPU30BOI CTIMKOCTi OKPEMMX KpaiH MOBMHHO BPaxoByBaTW crieumdiky iXHIX CTPYKTYPHUX XapaKTepUCTUK.

KnrouoBi cnoBa: 6aHku, Kpusu, pusnku, diHaHcoBa CTabinbHiCTb, iHBecTULi, BB, peanbHuit 06MiHHMIA KypC, EKOHOMIYHE
3POCTaHHs, MoAesb NaHeNbHOI aBToperpecii

JEL Knacudikaudia: C23, E44, G01, G21, F31, 040
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