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USING THE CANONICAL MODELING APPROACH
TO ANALYZE THE RELATIONSHIP BETWEEN BANK CAPITALIZATION
INDICATORS AND MACROECONOMIC STABILITY

Iryna V. Didenko', Alina Yu. Yefimenko’

The article summarizes the theoretical aspects of macroeconomic stability and bank capitalization as part of the national
development of the economy. The authors systematize the main approaches to the definitions of these categories on the basis of a review
of publications of foreign and domestic scientists. The main domestic and foreign indicators of bank capitalization and macroeconomic
stability are identified. The aim of the study is to identify and analyze the main indicators of bank capitalization and macroeconomic
stability and assess their relationship on the basis of the canonical model. In addition, the objective of the article is to develop practical
recommendations for banks taking into account the results of the canonical analysis. The metadata for the bibliometric analysis were
obtained from the Scopus scientometric database. The results of the bibliometric analysis allowed us to determine the relationship
of macroeconomic stability and capitalization of banks with economic, financial, social and business processes. Among the main
indicators of macroeconomic stability are the following: GDP, inflation, unemployment rate, national currency exchange rate, etc.
Among the main indicators of bank capitalization are the ratio of capital to assets (for the G7 countries) and standards HI1 and H2
(for Ukraine). The authors analyzed the above-mentioned indicators in the G7 countries and Ukraine from 2009 to 2020. The authors
used canonical analysis and Statistica software to achieve the purpose of the study. The authors built a model based on quarterly
statistical data of Ukraine from 2015 to 2020. The obtained results of the canonical analysis confirmed the strong connection between
the volume of GDP and the capital of banks, which is 0.791, between GDP and the H2 ratio — 0.851, between the volume of bank
capital and household income — 0.835. This necessitates further consideration of fluctuations in GDP and household incomes by banks,
when developing resource policy. The constructed model shows the inseparable links between the processes in the banking system and
macroeconomic processes. Banks also need to develop and implement appropriate action plans in case of negative economic growth

scenario and impoverishment of the population.
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Introduction. The banking system is one of the key
elements of effective economic development of any
country. It ensures the redistribution of monetary resources,
a continuous flow of financial transactions, sustainability
of banking activities and creates new means of payment.
Today, the main task of the banking system is to maintain
financial stability and reliability.

The main factor that can have a positive impact on
the economy, expand the range of banking services and
improve their quality, avoiding significant risks and at
the same time maintaining the stability of the system, is
capitalization.

Among the functions of bank capital the following can
be distinguished: protective, operational and regulatory.
These functions confirm the importance of the impact of
bank capital first of all on the banking system, and then
on macroeconomic stability. Sufficient levels of capital and
its effective structure contribute to the fulfillment of these
functions, which directly affects the system as a whole.

Problem statement. Leading world and domestic
scientists, including: Andres J., Bicaba Z., Agenor P.-R.,
Mare D. S., Cavallaro E., Jiang B., Philp B., Kosova E. V.,

Yeris L. M., Pakhomova I. G., and others have studied the
issue of bank capitalization, macroeconomic stability and
their relation.

The articles [1; 2; 3; 4; 6; 7] note that macroeconomic
stability is influenced by increased banking competition,
namely changes in the volume of credit, risk level, level of
state ownership, and market structure. It is also determined
that the main ways to ensure macroeconomic stability are
the implementation of monetary policy measures, exchange
rate policy and foreign exchange reserves management.

Researchers [4; 5; 10; 11; 14] have identified the
relationship between the quantity and quality of lending and
macroeconomic stability. Macroeconomic policy measures
that promote price stability have a positive impact on the
quality of lending.

The articles [8; 9; 12; 13] examined the main
indicators of macroeconomic stability, such as inflation,
economic growth (GDP), the exchange rate, the level of
consumption, etc.

The peculiarities of bank capitalization are also
considered in more detail. The articles [15; 16; 17; 18;
19; 22; 28; 30] consider capitalization as an indicator of
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increasing the level of risk coverage in terms of a positive
impact on the efficiency of bank activities. Due to adequate
capitalization of banks, market stability can be achieved.

It should be noted that a sufficient level of capitalization
increases the competitiveness of banks [21; 24; 26].

Researchers also determine the impact of capitalization
on the credit and resource policies of banks [20; 25; 27; 29].

The capitalization of the banking system is characterized
by both quantitative indicators, such as the amount of
equity and authorized capital, and qualitative indicators,
including the structure of capital and a reliable assessment
of its components [35].

Thus, the capitalization of the bank and its reliability is
the basis for active operations [33].

Researchers note that changes in the level of
capitalization affect the development of the financial,
credit and industrial sectors of the economy [34].

The issue of assessing the relation between the
capitalization of the banking system and macroeconomic
stability is studied insufficiently.

The purpose of the study is identification and analysis of
the main indicators of bank capitalization and macroecono-
mic stability, assessment of their relationship, based on
the canonical model. This will contribute to the further
development of recommendations for banks, government
agencies and other organizations to carry out their activities
taking into account the impact of external economic risks.

Results of the research. Ensuring macroeconomic
stability is the foundation of any country's social and
economic policy.

Macroeconomic stability can be viewed as the
development of various sectors of the economy at the
national and global levels. Maintaining macroeconomic
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stability means that the state is responsible for maintaining
the optimal structure of the national economy, the stability
of the national currency, the foreign economic balance,
price stability and overall economic growth.

Havinganalyzed Scopuspublicationsonmacroeconomic
stability from 2009 to 2020 (Figure 1) it should be noted
that this concept is more related to economic and financial
processes — 43.4%, business processes and management —
17.8% and social processes — 17.9%.

Thus, macroeconomic stability is equivalent to
economic and financial processes, business and social
processes, as the main indicators, that characterize the
above concept are inextricably linked with these areas.

Macroeconomic  stability is the  progressive
development of the national economy, ensuring the
achievement of sustainable growth with a stable price level
and low unemployment, stability of the national currency,
free movement of capital, etc.

Macroeconomic stability is defined by the following
indicators: positive GDP growth rate, low inflation and
unemployment, increasing exports, household incomes, etc.

The main elements of macroeconomic stability are:

— economic growth, provided by increasing the level
of production efficiency, the use of advances in technology
and science;

— full employment — providing jobs to all who are
willing and able to work;

— stable price level, as rising prices complicate
economic relations of economic entities and reduce the real
level of income;

— achieving balance in foreign economic relations,
which is manifested in a stable exchange rate of the
national currency and the payment balance surplus;
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Figure 1 — Analysis of the concept of «capitalization» in Scopus publications
by various industries from 2009 to 2022
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— low long-term interest rates;

— low public debt relative to GDP.

It is the banking system that serves as the provider of
long-term interest rates, which is one of the foundations of
macroeconomic stability.

Among the main tasks of the banking system in ensuring
the development of the national economy — ensuring a constant
flow of money, maintaining a competitive level of interest
rates, development of a loyal resource policy, maintaining
a sufficient level of capitalization and much more.

Thus, it is important to consider the main indicator of
financial stability of the banking system, namely the level
of capitalization.

In the majority of publications of domestic and foreign
scientists capitalization is considered as an indicator of
financial stability of banks. In addition, a sufficient level of
this indicator is a buffer to cover banking risks [33].

Consider in more detail the use of the category
«capitalization» in Scopus publications from 2009 to
2022 (Figure 2). It's determined that bank capitalization is
related to the following processes, such as economic and
financial — 23.2% of publications, business processes and
management — 18.6%, and social — 14.6%.

An adequate level of capitalization affects the
productivity and stability of the bank and is the key to
increasing the capacity of the market of banking products
and services, which generally affects the economic growth
of the state.

The capital of the bank can be defined as the amount
of own funds, the residual value of the bank's assets after
deducting all its liabilities [34].

The following indicators wusually characterize
capitalization of the banking system of Ukraine, such as
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the amount of bank capital, the regulatory capital amount
(H1), adequacy ratio of regulatory capital (H2), as well as
the ratio of bank capital to assets.

Having considered the theoretical aspects of
macroeconomic stability and bank capitalization, consider
the practical part of the study, namely the analysis of these
indicators on the example of the G7 countries and Ukraine.

Among the main indicators of macroeconomic stability
are GDP — an indicator of economic development of the
country, and inflation, which characterizes the stability of
prices.

First of all, consider the dynamics of GDP in the
G7 countries from 2009 to 2020 (Figure 3).

Between 2009 and 2020, the G7 countries experienced
constant fluctuations in GDP growth from -10% in 2020 in
the UK to 6.86% in 2007 in Canada (Figure 2). There was
a significant decline to -6% in 2009 due to the global
financial crisis and to -10% in 2020 due to the COVID-19
pandemic.

It is also important to consider the dynamics of inflation
in the G7 countries during from 2009 to 2020 (Figure 4).

The inflation rate in the G7 countries during the period
from 2009 to 2020 in the G7 countries during the period
from 2009 to 2020 inflation was within 3%. European
Central Bank believes According to the European Central
Bank, the optimal level of inflation should be 2%, subject
to minimum deviations [31]. When inflation exceeds 2%,
inflation expectations rise, and it becomes more difficult
to reduce the rate in the future. It is possible to observe
the lowest inflation rate in Japan. From 2009 to 2013, this
country experienced deflation, which imposed a different
type of spending on the economy. Deflation is explained
by excess demand compared to the growth of Japan's
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Figure 3 — Dynamics of GDP in the G7 countries during from 2009 to 2020, % [36]
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Figure 4 — Dynamics of inflation in the G7 countries during from 2009 to 2020, % [36]

economy. Japan's excess demand compared to economic
growth explains the deflation. The UK is characterized by
fluctuations in inflation ranging from 0.66% in 2015 to
2.15% in 2016. The UK is characterized by fluctuations
ranging from 0.66% in 2015 to 2.15% in 2016. Only in
2020 there is a significant increase in inflation to 5.56%
due to the exacerbation of the COVID-19 pandemic.

In contrast to the world indicators, GDP and the
inflation rate in Ukraine were analyzed (Figure 5). From
2009 to 2020 there is a significant decrease in GDP and
an increase in inflation at the end of 2014 and 2020, which
is due to socio-political events in Ukraine in 2014 and the
COVID-19 pandemic in 2019. According to the forecast,
GDP growth in Ukraine will be insignificant by mid-2022.

Among the indicators of banking capitalization, which
contributes to the financial stability of institutions and
affects have an influence on the financial development
of the country are the ratio of capital to assets
capital-to—assetratio (for the G7) and standards H1 and H2
(for Ukraine).

According to the World Bank, bank capitalization
rates gradually increased in the G7 countries from
2009 to 2019, ranging from 4.09% in 2009 (France) to
11.77% in 2019 (USA) (Figure 5). In Japan, the figure
did not exceed 6% during the period under study. The
maximum value of 6.63% was observed in Italy at the
end of 2017, and the minimum was 4.3% at the end of
2010. In Germany, France, the United Kingdom and
Canada, the maximum value did not exceed 7%. The US
is characterized by fluctuations in this indicator ranging
from 11.58% in 2016 to 12.73% in 2010. In the US,
there has been a downward trend in capitalization since
2009 due to the onset of the financial crisis, which was
triggered by the boom in the mortgage lending market.
Since the minimum value of the capital-to-assets ratio
should be at least 10%, the G7 banks should develop
plans for possible recapitalization in order to conduct
effective financial operations [36].

Consider the dynamics of the main capital indicators of
capital of domestic banks as opposed to In contrast to the
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Figure 6 — Dynamics of the ratio of capital to bank assets ratio in the G7 countries
during from 2009 to 2019, % [36]

data of bank capitalization of the world's leading countries,
consider the dynamics of the main capital indicators of
capital of domestic banks (Figure 7).

The main indicators of capitalization of the banking
system regulated by the National Bank are the minimum
regulatory capital (H1) and regulatory capital adequacy
ratio (H2) in Ukraine. The minimum H1 amount was
500 million UAH until June 20, 2020, after which it was
reduced to 200 million UAH. The norm H2 — not less
than 10%.

H1 and H2 standards during the period under study
were within the norm. A significant decrease in this
indicator was observed in early 2015, which is associated
with the process of "bankruptcy of banks", military
actions in Donetsk and Luhansk regions, the annexation
of the Autonomous Republic of Crimea. After clearing the
banking system of fictitious and unprofitable institutions,
a gradual growth of these indicators has been observed

82| 155N 1726-8699

since the beginning of 2017, which confirms the gradual
stabilization of banks. Thus, the presence of sufficient
capitalization, measured by the amount of capital, the level
of H1, affects the following indicators of macroeconomic
stability: GDP, consumer price index.

Among the ways to increase the level of capitalization
of the banking system of Ukraine are the following:

— reinvestment of banks net profit;

— the process of joining, absorbing merging
institutions;

— reduction of the state's share in the capital of banks;

— return of trust and further involvement of the
population's funds in the authorized capital of banking
institutions, etc;

— adaptation of banks resource policies to modern
economic challenges;

— improving the quantitative and qualitative indicators
of capital.
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Figure 7 — Dynamics of bank capitalization indicators in Ukraine during from 2009 to 2020.
Linear forecast of the minimum amount of regulatory capital until 2022, UAH million,
% (as of at the end of the year) [31]

The final part of the study is to determine the
relationship between the indicators of macroeconomic
stability and the capitalization of the banking system.
Canonical correlation analysis, which is widely used
to calculate dependencies between many social and
economic processes, was used to investigate relationships.
Canonical analysis allows to investigate relationships
between two sets of variables and is used for hypothesis
testing. Among the advantages of this method is the
ability to determine the influence of many factors on
several indicators.

Canonical analysis is used to study the impact of
Ukrainian banks' capital indicators (capital, assets,
H2 ratio) on macroeconomic stability (GDP, inflation,
household income), using quarterly statistics of the NBU
for 2015-2020 [31].

Figure 8 shows the correlation graphs of capitalization
and macroeconomic stability indicators.

According to Figure 8, there is a tendency that the
closer the point is to the line, the greater the relationship
between the indicators.

There is a strong relationship between the volume of
GDP and capital of banks, which is 0.791, between GDP
and the H2 ratio — 0.851. The correlation between GDP and
the income level of the population is 0.973. There is 97.3%
of the change in income explained by fluctuations of GDP.
There is also a strong relation between the amount of bank
capital and household income — 0.835.

The closeness of the connection between the canonical
values is determined by the canonical coefficient of
determination R2. Thereby 90.08% of the change in
indicators of macroeconomic stability of Ukraine is due to
fluctuations in capital indicators.

The three roots describe the 100% variance of the set
of capital indicators and the 100% variance of the set of
MS indicators. Using the values of capital indicators

and obtained canonical roots, on average 68.79% of

the variance of variables in the left set and 70.37% of

variability in the right set can be explained. These results

indicate the relations between the variables of the two sets.
The canonical function has the form:

0.120 * Capital — 0,080 * Assets + 0,940 * H2 = -0,512 *
GDP — 0,273 * Inflation — 1,282 * Household income.

Figure 9 shows a scatter diagram of canonical variables,
which characterizes the dependence of the sets of capital
indicators and indicators of macroeconomic stability.

There are practically no sharp deviations from the
regression line on this graph. It can be concluded that
the capital indicators of Ukrainian banks have a directly
proportional influence on the indicators of macroeconomic
stability.

Considering the various combinations of capital
indicators and indicators of macroeconomic stability, we
can conclude that the capital indicators of banks: assets,
capital and H2, affect the CU, as evidenced by the canonical
R 0.949 and a correlation coefficient of 0.9.

Conclusions and prospects of further research.
Sufficient capital in the banking system affects the economy
as a whole, which in turn stabilizes or destabilizes the
socio-economic processes of the state.

Analytical assessment of the main indicators of
macroeconomic stability and capitalization on the
example of the G7 countries and Ukraine confirmed the
global economic trends, namely the global impact of the
2009 global financial crisis and pandemic COVID-19
in 2019.

The projected GDP forecasts and the H1 standard for
Ukraine indicate a slight increase in these indicators by
the end of 2022. Banks, government agencies and other
organizations can use the forecasts to predict the negative
impact of risks on their activities.
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Figure 8 — Matrix correlation graphs of capitalization indicators
of banks and macroeconomic stability of Ukraine
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Figure 9 — Scattering diagram of canonical variables

In accordance with the above, among the ways to
overcome the crisis can be taken the following measures,
such as forecasting and comparing the main indicators of
economic and financial development in developing public
policy with actual data, reinvestment of bank profits,
quantitative and qualitative changes in bank capital and
more.
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The relationship between macroeconomic stability and
bank capitalization was determined by canonical analysis.
It is determined that there is a strong relation between
the volume of GDP and capital of banks, which is 0.791,
between GDP and the H2 ratio — 0.851. Therefore, 79.1%
of changes in the capital of the banks are explained by
fluctuations in GDP. There is also a strong connection



MakpoekoHOMiuHi MexaHi3MH

between the amount of bank capital and household into account fluctuations in GDP and household income, as
income — 0.835. Namely 83.5% of the change the capital of ~ well as develop appropriate action plans in case of negative
the banks is explained by fluctuations of household income.  scenarios of economic growth and impoverishment of the
Thus, when developing a resource policy, banks must take  population.
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AOCIIZKEHHSA OCHOBHUX ITAPAMETPIB KAl}ITAJII?.AIIIi
BAHKIBCBKOI CUCTEMU TA MAKPOEKOHOMIYHOI CTABIJIBHOCTT:
KAHOHIYHA MOJEJIb IX B3AEMO3B’A3KY

Ipuna BikropiBna /linenko', Anina IOpiiBna €dimenko’

Y emammi y3aeanoneno meopemuuni acnekmu MakpoekoHOMiYHO! cmabitbHocmi ma Kanimanizayii OaHKieCbKo2o CeKmopy y pam-
Kax HayioHAIbHO2O PO3GUMKY eKOHOMIKU. A8mopamu cucmemamu308ano OCHOGHI niOX00U 00 GU3HAYEHHS 3A3HAYEHUX KAme2opiil Ha
OCHOBI 021140y NYOAIKAYill IHO3EMHUX A BIMYUSHAHHUX HAYKOBYI8. Busnaueno ocHo6Hi 6imuusHAuHI ma iHo3eMHI iHOuKamopu 0aH-
KI6CbKOI Kanimanizayii ma MakpoekoHoMiuHoi cmabinbrocmi. Memoio 00CHiONCEHHs € GU3HAYEHHS MA AHANI3 OCHOBHUX NOKA3HUKIG
baHKiecvKOl Kanimanizayii ma MakpoOeKOHOMIYHOI cmabitbHocmi ma OYiHKA IX 63AEMO38 3Ki6 HA OCHO8I N0OY008AHOI KAHOHIUHOL
mooerni. Takodic 3ae0anuam cmammi € po3podoKa NPAKMUyHUX pekomMeHOayili 6aHKam 3 ypaxysaHHam pe3ynomammis KaHoHiuHo2o ana-
i3y, ¥V pamxax cmammi npogedeno 6ioniomempudnuLl Ananis 0Jis CUCIeMamu3ayii HaAyKogux npaysb y cghpepi eKOHOMINHO20 3POCAHHS
Oepoicagu ma kanimanizayii 6ankiecvko2o cekmopy. Mema-oaui 05 6161iOMEMPUUHO20 AHANIZY 32€HEPOBAHO 3 HAYKOMEMPUUHOL 6a3u
OoaHux Scopus. Pezynemamu 6ioniomempuino2o aHanizy 003601UNU 8USHAYUMIU 368 30K MAKPOEKOHOMIYHOI cmabinbHocmi ma 6anKie-
CbKOI Kanimanizayii 3 eKOHOMIYHUMY, DIHAHCOGUMU, coyianbHumu ma 6isnec-npoyecamu. Ceped 0CHOBHUX IHOUKAMOPIE MAKPOEKOHO-
miunoi cmabinbrnocmi sudineno maxi: BBII, pieens ingnsyii, pisenv 6e3pobimms, Kypc nayionanshnoi eantomu moujo. Ceped ocnognux
iHOuxkamopie baukiecvkoi kanimanizayii 6uoineHo GiOHOWeHH:A Kanimany 00 akmusie (014 kpain Benukoi cimku) ma nopmamueu H1
ma H2 (ona Vkpainu). Asmopamu npoananizosarno 3asHaueni guwje iHoukamopu y kpainax Benukoi cimku ma Ykpainu npomseom
2009-2020 poxis. [ns docsaenenns memu 00CAIONCEHHS a8MOPAMU SUKOPUCAHO KAHOHIYHUL AHANI3 MA NPOSpaMHe 3a0e3neyents
Statistica. Mooenw 6yna nodyoosana na ocHosi keapmanpbHux cmamucmuynux oanux Yrpainu 3 2015 no 2020 poxu. Ompumani pe3yino-
mamu KaHOHIYHO20 AHANI3Y NIOMEEPOUNU CUTbHULL 36 130K Midic 06cseom BBII ma kanimany 6anxis, wo cmanosums 0,791, mixe BBIT
ma nopmamusom H2 — 0,851, misic o6cseom kanimany 6anxie ma ooxooamu nacenenisi — (0,835, Lle 06ymogntoe neodxionicms noodans-
woeo ypaxysanus bankamu konusanv BBII ma 0oxodie nacenenns npu pospooyi pecypcroi nonimuxu. Ilobyoosana mooens 8idobpa-
2HCAE HEPO3PUBHI 38 A3KU MIdC npoyecamu y OaHKieCoKitl cucmemi ma MakpoekoHOMiuHumu npoyecamu. Takooie 6ankam nompiono
POo3podIIOSAmU MA BNPOBAVICYBAMU 8IONOBIOHT NIAHU OTll 3a He2AMUBHUX CYEeHapiie pOCMy eKOHOMIKU ma 3010HIHHS HACEeTeHHSL.

Knrwouosi cnosa: 6anxiecvka cucmema, kanimanizayis, makpoekonomiuna cmadinonicmo, BBII, inghnayis, kanoniunuil ananis.
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