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ANALYSIS OF THE IMPACT

OF CENTRAL BANK DIGITAL
CURRENCY ON STOCK MARKETS:
DYNAMICS AND IMPLICATIONS

Abstract

The purpose of the study is to explore the influence of central bank digital curren-
cy on stock markets. To realize the purpose, the TVP-VAR model was built, which
determines the impact of volatility of the CBDC attention index (CBDCAI) on the
volatility of stock market indices. The study uses a time-varying vector autoregres-
sive model that analyzes weekly data from the first week of January 2015 to the first
week of July 2023. The endogenous vector to be assessed by VAR contains CBDCAI
and stock market indices of different countries (France: CAC 40, The United States of
America: S&P 500, Germany: DAX 40, United Kingdom: FTSE 100, China: SSEC, The
Netherlands AEX 25, Switzerland: SMI 20, Japan: Nikkei 225, India: NIFTY 50, Brazil:
BVSP, South Korea: KOSPI). The results of the TVP-VAR model show that compared
to stock market indices, CBDCAI appeared to be relatively independent and isolated.
Interdependence and mutual influence between the digital currency market of central
banks and stock markets were also revealed. In addition, CBDC functions primarily as
a volatility absorber rather than a source of volatility. Despite the overall ability of the
CBDC market to absorb fluctuations in volatility, it may also change its function with
the widespread adoption of central bank digital currencies in many countries.

Keywords central bank, digital currencies, stock markets, indices,
TVP-VAR, volatility, attention index
JEL Classification C50, E58, G15, G17, G18

INTRODUCTION

The modern financial world is experiencing a period of stunning in-
novation and change. One of the important financial innovations is
the introduction of central bank digital currencies (CBDCs). CBDC is
created digitally and recorded in centralized or decentralized ledgers.
It is expressed in the existing unit of account and can be exchanged
for physical cash, money from commercial banks and other forms
of money at the owner’s request through authorized institutions. If
CBDC is introduced, it will become legal tender, just like physical cash.

In recent years, central banks of various countries have been actively
engaged in research and development in the field of central bank digi-
tal currency and are competing for leadership in this area. The launch-
ing of the world’s first CBDC, known as “Sand Dollar”, took place in
the Bahamas in 2020, and this event officially marked a new era in the
history of money. After its launch, the digital currency became very
popular and generated a lot of interest (Skrynnyk & Lyeonov, 2022; Liu,
2023; Bublyk et al., 2023; Dubyna et al., 2023). As of September 2023, a
significant increase in interest in the implementation of a central bank
digital currency was recorded in the world. Currently, 130 countries,
which together represent 98% of global GDP, are actively exploring the
possibility of implementing CBDC (Atlantic Council, 2023).
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There is currently considerable uncertainty in the financial industry about how exactly CBDCs affect
stock markets and their volatility. Wang et al. (2022) studied the impact of the central bank digital cur-
rency attention index (CBDCAI) on financial markets. The results of this study showed a possible rela-
tionship between the volatility of the CBDAI and the volatility of the FTSE All World index.

The main innovation of the study is the use of quantitative analysis to study the impact of volatility of
the CBDC attention index on the stock market volatility. A key question is whether CBDCs have the
potential to change the markets” perception of news, affect the level of volatility and change the perfor-
mance of stock markets. The next important question is to determine whether the CBDCAI is a source
of stock market volatility or whether the index absorbs volatility. Therefore, the study aims to prove the
hypothesis that there is a significant relationship between the volatility of the CBDCAI and the volatility
of the stock market.

The problem requires a detailed analysis of the interaction between central bank digital currencies and
stock markets to understand their impact on global financial stability and the ability of investors to

make informed decisions.

1. LITERATURE REVIEW

The trends in recent years indicate an increase in
interest in digital currencies, especially due to the
attempt by private organizations to reproduce the
characteristics of cash in a digital environment.
Digital currencies exist in different formats and
value propositions and can be used on a variety of
platforms for real-time transactions.

Investigatingthisnewphenomenon,theCommittee
on Payments and Market Infrastructures deter-
mined that digital currencies have certain charac-
teristics of a currency, commodity, or asset. The
use of digital currencies for retail payment ser-
vices may be particularly important, as they can
facilitate e-commerce, cross-border transactions,
and P2P payments, making them faster and more
accessible (World Bank Group, 2021).

As of September 2023, 64 countries are in the ad-
vanced research phase, meaning they are in the
process of developing, piloting or even launching
their CBDCs. In particular, 19 countries from the
G20 are actively working on the development of
CBDC, and among them 9 countries already have
pilot projects in this area. Over the past six months,
each of these G20 countries has taken a significant
step forward and allocated new resources to im-
plement these projects (Atlantic Council, 2023).

Fully launched digital currencies already exist in
11 countries. China, for example, has a CBDC pi-

150

lot project that currently includes 260 million us-
ers and is being tested in more than 200 scenarios,
including the use in public transportation, incen-
tive payments and e-commerce (Atlantic Council,
2023).

Countries will implement different forms of cen-
tral bank digital currency systems depending on
their specific goals. These systems can be divided
into two main categories: single ledger systems
and distributed ledger systems. In systems with
single ledger systems, the central bank and oth-
er government agencies are responsible for CBDC
management. This model may have a single man-
agement system, but it also considers the differ-
ence between a central bank and a management
account. In systems based on a distributed ledger,
management is carried out jointly by several par-
ties, which promotes transparency of operations
and reduces the risk of digital attacks. Such sys-
tems use distributed accounts that do not disclose
personal information to verify the identity of users
(Liu, 2023). One important feature is that CBDC,
as a central bank liability, can be considered risk-
free and irrevocable (Boar & Wehrli, 2021).

CBDC systems can also be classified by the type
of central bank control as direct or indirect. In
a direct CBDC system, the central bank directly
controls the issuance and management of CBDC.
In the case of a non-direct CBDC system, par-
tial authority may be delegated to intermediary
agencies, but the management of intermediaries

http://dx.doi.org/10.21511/bbs.18(4).2023.14



remains with the central bank. These different
approaches to the implementation of CBDC have
their advantages and disadvantages and corre-
spond to different goals and contexts that coun-
tries choose according to their needs and circum-
stances (Chu et al., 2022).

The implementation of CBDC will have a seri-
ous impact on countries’ financial systems and
will require careful monitoring and analysis. The
future financial stability will require deep inter-
action between the financial system and digital
technology systems. The stability of the financial
system can be achieved by jointly ensuring the
stability of financial institutions and the reliable
functioning of the digital technology system on
which financial institutions rely (Ozili, 2022b;
Kerimov et al., 2023; Panigrahi, 2023).

Research has also indicated that the introduction
of a central bank digital currency has the poten-
tial to affect financial markets and systems in dif-
ferent ways.

1) Li et al. (2022) indicate that the issuance of
CBDC can have a positive impact on global
financial systems as it helps to reduce the de-
mand for cash and gives sovereign money a
significant role in strengthening trust in pay-
ments by providing a reference value to pri-
vate money.

2) Panetta et al. (2022) demonstrate that CBDC
can improve capital allocation as it reduc-
es transaction costs and facilitates access to
payments. This can promote competition in
banks’ funding markets, as it reduces their
market power.

3) Auer et al. (2022) indicate that CBDC can sup-
port banking intermediation. It can also pro-
vide an alternative to deposits, which limits
the monopoly profits of banks and encourages
them to increase lending.

4) Wang et al. (2022) discuss the possibility of
coexistence of private and sovereign mon-
ey thanks to CBDC in the digital world. This
can underpin monetary and financial stabili-
ty and promote efficiency and competition in
payment markets.

http://dx.doi.org/10.21511/bbs.18(4).2023.14
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Accordingly, the implementation of CBDC can
have a significant impact on financial systems
and markets, contributing to a variety of positive
changes, improving trust in payments, capital al-
location and competition in the banking sector.

There are several areas of research analyzing dif-
ferent aspects of CBDC, namely, description and
general characteristics of CBDC, macroeconom-
ic and monetary implications of CBDC, security
and privacy issues of CBDC, model optimization
and technological innovation of CBDC, interac-
tion of commercial and central banks with CBDC
(Koziuk, 2021; Kuznichenko, 2022).

Research in this area is indeed limited, as CBDC
is a relatively new phenomenon, information and
data on its impact on financial markets is still lim-
ited. However, with the development of this field,
more studies and analyses of the impact of CBDC
on various segments of financial markets, includ-
ing stock markets, are possible (Kuznichenko,
2022).

Wang et al. (2022) developed and presented new in-
dices, such as CBDC Uncertainty Index (CBDCUI -
Central Bank Digital Currency Uncertainty
Index) and CBDC Attention Index (CBDCAI -
Central Bank Digital Currency Attention Index),
to study the impact of the central bank’s digital
currency on the financial markets. Their research
used SVAR (structural vector autoregression) and
DCC-GARCH (dynamic conditional correlation —
generalized autoregressive conditional heteroske-
dasticity) models for analysis.

CBDC Uncertainty Index (CBDCUI) was created
based on the number of CBDC-related words that
appeared in the news using the LexisNexis News
and Business database. This index measures the
level of uncertainty or volatility associated with
the introduction of CBDC into the market.

CBDC Attention Index (CBDCAI) also takes word
count into account, but in this case, it measures
the level of audience attention to CBDC informa-
tion in the news and media.

Wang et al. (2022) show that the response of finan-

cial markets to central bank announcements re-
garding CBDC may be asymmetric, meaning that
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markets may react differently to positive and neg-
ative news or announcements regarding CBDC.
This indicates that financial markets can be very
sensitive to events related to central bank digital
currencies, and their reactions can vary depend-
ing on the context and circumstances.

There is a group of studies that describe the main
concepts, characteristics, and categories of CBDCs,
possible advantages and disadvantages, as well as
risks in case of adoption of a central bank digi-
tal currency by monetary authorities. CBDCs are
seen as a new form of central bank money that can
be issued in different systems for retail or whole-
sale payments, with the direct system model be-
ing the most attractive for retail payments and the
universal digital currency model being the most
suitable for wholesale payments, but difficult to
implement by countries with underdeveloped fi-
nancial market infrastructure (Kochergin, 2021).
Williamson (2022) argues that allowing CBDCs
to accrue interest is not always an advantage, as
replacing physical currency with CBDCs does not
expand the available options for equilibrium dis-
tributions. CBDC can have a positive impact on
the general welfare by competing with private
payment instruments and transferring safe assets
from the private banking sector to what is effec-
tively a narrow banking institution. This may be a
more efficient way of using the common resources
of reliable support, especially given certain prob-
lems related to incentives in private banking. In
addition, the issuance of CBDC is believed to help
solve the dilemmas of modern monetary policy,
including the ineffectiveness of transmission pol-
icy, difficulties in countercyclical control, the flow
of currency from the real economy to the virtual
economy, and inadequate management of political
expectations (Qian, 2019). Barrdear et al. (2021)
argue that central bank digital currency issuance
can reduce real interest rates, distortionary taxes
and monetary transaction costs, and CBDC coun-
tercyclical policy rules can improve the central
bank’s ability to stabilize the business cycle, while
risks for banks can be minimized with the help of
appropriate emission mechanisms. It is also worth
considering the conclusion (Bian et al., 2021) that
the issuance of CBDC is a double-edged sword: the
benefit of replacing physical cash with a more effi-
cient payment system comes at the expense of the
destruction of deposit base for commercial banks.
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Bindseil (2019) concluded that a well-regulated
CBDC seems possible, but this does not mean that
CBDC will not become a catalyst for change in the
financial system. Lee et al. (2020) concluded that
CBDC will be a major tool in the future digital
economy, and countries familiar with the technol-
ogy will have a competitive advantage.

Another group of studies deals with the theoreti-
cal and technological aspects of CBDC implemen-
tation. In particular, Han et al. (2021) propose the
implementation of CBDC based on Cosmos block-
chain (Cos-CBDC), which provides communica-
tion between blockchains using Inter-Blockchain
Communication (IBC) protocol to ensure inter-
operability. Also, Sethaput and Innet (2023) claim
that blockchain or distributed ledger technolo-
gy can be used to implement CBDC in conduct-
ing and accounting for peer-to-peer transactions.
With the emergence of private money such as
cryptocurrencies and stablecoins, as well as the
growing use of digital payments to combat the
global spread of pandemic, CBDC is becoming an
active area of research for central banks around
the world.

Many of them have started their CBDC projects
by building trial models based on distributed
ledgers (PoCs) to scale up wholesale payment sys-
tems and explore possible applications such as
delivery of goods (DvP) and international money
transfers. Countries with large economies, such
as the United States of America, are also actively
exploring CBDC issues. For example, the People’s
Bank of China (PBoC) is already piloting its dig-
ital currency for retail payments. Central bank
digital currency transaction accounting systems
use blockchain to exchange information with the
central bank. Public data on currency exchange
between countries can provide information on
the flow of money between those countries. The
paper proposes a blockchain system and manage-
ment method based on the ISO/IEC 11179 meta-
data exchange standard to exchange information
between registered CBDCs and to record transac-
tions between them.

One group of research concerns the security and
privacy of CBDC implementation, conducting
and tracking transactions, etc. Atako (2021) ar-
gues that a proper privacy system governing re-
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tail CBDC records will reduce privacy risks and
increase public confidence in the retail CBDC
system. Bijlsma et al. (2021) suggests that central
banks can drive consumer acceptance of CBDC
through interest rates, a way to implement CBDC
that considers society’s needs for security and pri-
vacy and a clear message about what CBDC en-
tails. Grothoft et al. (2021) conclude that a priva-
cy-preserving and regulatory-compliant way of
implementing CBDC can offer an appropriate bal-
ance between transaction privacy and legal com-
pliance. Rybski (2023) recommends that central
banks emphasize sustainability in their strategy.
The general support for sustainable development,
public safety, and privacy (as a positive factor) will
contribute to the positive perception of the digital
currency of the central bank by society. This is im-
portant because one of the key risk situations that
central banks can face is the possibility of launch-
ing (retail) CBDC projects that fail to gain pop-
ularity among mass users (Passacantando, 2021).
To avoid this risk, central banks should include
in their strategy all aspects reviewed from the po-
sition of a broad understanding of sustainability.
This includes minimizing energy consumption,
ensuring social integration through the availabil-
ity of CBDC to a wide range of users, significantly
reducing the cost of money transfers and fighting
financial crime.

Central banks’ digital currency privacy will be
tested through litigation. To facilitate this process,
each CBDC project should be underpinned by a
specific legal foundation so that courts can ap-
propriately evaluate the invasion of privacy. With
these factors in mind, central banks must adapt
their strategy to develop CBDC projects that meet
the requirements of sustainability, public secu-
rity, and privacy. This approach will help reduce
the environmental impact of CBDCs and gain so-
cial recognition for these projects (Rybski, 2023).
CBDC security aspects are also important in im-
plementing a central bank digital currency.

CBDC security expectations may include the fol-
lowing rules: currency may only be issued by a
central bank or authorized persons; currency
balances cannot be used twice, which prevents
duplicated charges; participants cannot deny the
authorship of their transactions, ensuring the reli-
ability of the process; the central bank can enforce

http://dx.doi.org/10.21511/bbs.18(4).2023.14
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Know Your Customer (KYC), Antitrust and Anti-
Terrorist Financing (AML/CTF), and Office of
Foreign Assets Control (OFAC) sanctions (Truque
& Hernandez, 2021).

Another group of studies concerns how the imple-
mentation of CBDC will affect the banking system
and central banks. Research evidence suggests
that CBDCs can improve payment functions and
enhance financial stability, while potentially dis-
placing bank deposits and affecting bank funding,
but the impact on the banking system and central
banks varies depending on implementation and
control measures. Wholesale CBDCs, which are
digital liabilities of central banks, can serve as a
new payment instrument between financial in-
stitutions (Auer et al., 2020; Fakhrunnas & Anto,
2023).

This means that wholesale CBDCs can facilitate
faster and more efficient inter-bank transactions,
reducing reliance on traditional payment systems.
On the other hand, retail CBDCs that are available
to the general public could have broader implica-
tions. Also, CBDC issuance can have an important
impact on central bank balance sheets depend-
ing on the modality of CBDC conversion (Kiff
et al,, 2020). This means that central banks may
need to adjust their balance sheets and operations
to accommodate the implementation of CBDC.
Additionally, CBDCs can potentially increase fi-
nancial accessibility by expanding banks’ depos-
itor base if additional competition forces banks to
raise deposit rates (Ozili, 2022a). This can lead to
a more inclusive banking system as more people
will have access to banking services. CBDCs could
also change the role of central banks in the finan-
cial system. They can give central banks more di-
rect control over monetary policy and financial
stability (Fung & Halaburda, 2016). With the help
of CBDC, central banks can see transactions in
real time and potentially implement more target-
ed and effective monetary policy. CBDC can also
improve the efficiency and security of payments,
reducing reliance on intermediaries and increas-
ing the resilience of the financial system (Kshetri,
2021). However, the introduction of CBDCs can
also present challenges and risks. For example,
the impact of CBDC on private banks needs to
be carefully assessed. An interest-bearing CBDC
could potentially affect the profitability and busi-
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ness model of private banks, especially in the mo-
nopoly banking sector (Andolfatto, 2018). Central
banks need to consider the potential consequenc-
es and develop appropriate policies to mitigate any
negative effects on private banks.

CBDCs have the potential to transform the bank-
ing system and central banks. They can improve
the efficiency and inclusiveness of the financial sys-
tem, increase the effectiveness of monetary policy,
and strengthen the stability of payments. However,
implementing a CBDC also requires careful con-
sideration of the impact on private banks and the
necessary adjustments to central bank operations
and balance sheets.

2. DATA DESCRIPTION
AND METHODOLOGY

Weekly data from January 2015 to September
2023 was collected to analyze the impact of cen-
tral bank digital currency attention index vola-
tility on stock markets. This starting point in
the analysis was chosen due to the availability of
CBDCALI attention index, which was calculated
(Wang et at, 2022) and is available on a week-
ly basis. We believe that using weekly data will
increase the number of observations. In addi-
tion, the use of TVP-VAR model with a variable
structure of the variance-covariance matrix will
make it possible to consider the volatile nature of
high-frequency financial variables, as indicated
by Primiceri et al. (2005).

The next stage is to decide on the inclusion of stock
market indices in the study, taking into account
the main task of the study, namely the analysis of
the impact of volatility of the central bank’s digital
currency attention index on the volatility of stock
market indices. The selection of equity markets for
inclusion in the analysis is based on the previous
research that has shown which markets responded
to CBDC-related disruptions and which remained
resilient to these disruptions (Kuznichenko, 2022).
It also focuses on the world’s most influential in-
dices, which reflect global stock markets and the
world’s largest economies. For example, Wang
et al. (2022) examine the relationship between
CBDC and the global stock market, in particu-
lar the FTSE All World index. Similarly, Van der
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Westhuizen et al. (2022) use the MSCI All World
Index to predict volatility in global markets.

For the study, an empirical analysis will be con-
ducted to examine the impact of CBDCAI volatility
on international stock market indices (Appendix A,
Table Al).

Stock exchange indices of countries where the state
of CBDC launching is in different phases (research,
pilot launching, launching) were selected for the
study.

For the purpose of this analysis, the TVP-VAR mod-
el with stochastic volatility developed by Primiceri
in 2005 (Primiceri, 2005) was used. This mod-
el was applied to weekly data from January 2015
to August 2023 to determine the impact of a cen-
tral bank digital currency attention index on stock
markets. The CBDCALI index, which was developed
in 2022 (Wang et al., 2022), covers over 660 million
news sources from LexisNexis News and Business
that have been available since January 2015, when
Ecuador first implemented its own CBDC.

The TVP-VAR model has its advantages, especial-
ly compared to other nonlinear models. It makes
it possible to consider the evolution of parameters
and error terms over time, which makes it possible
to record both gradual and unexpected changes in
financial markets.

Except for CBDCAI, all data were obtained from
Yahoo Finance Provider (Yahoo Finance Provider,
2023). Similar to Wang et al. (2022), Cholesky de-
composition is used based on the recursive order-
ing of variables from the most exogenous to the
most endogenous in VAR estimation. In this setup,
the CBDC news attention index is ranked first, fol-
lowed by stock market indices, respectively, as this
study examines the impact of CBDC news on the
stock market.

Therefore, when evaluating the TVP-VAR model,
the following vector of endogenous variables is
considered (Figure 1):

CBDCAI,, FCHI,,SPX,,DAX,,
y, =| FTSE,,SSEC,, AEX,,SSMI,, |,
N225,,NSEI,, BVSP, KOSPI,

@
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Figure 1. Dataset of input data

where CBDCAI, denotes the natural logarithm of
CBDC news attention index calculated by Wang
et al. (2022); FCHI, is the natural logarithm of the
French stock market index, SPX, is the natural
logarithm of the US stock market index, DAX, is
the natural logarithm of the German stock mar-
ket, FTSE  is the natural logarithm of the UK stock
market, SSEC, is the natural logarithm of the
Chinese stock market, AEX, is the natural loga-
rithm of the stock market in Netherlands, SSM1,
is the natural logarithm of the Swiss stock mar-
ket, N225, is the natural logarithm of the Japanese
stock market, NSEI is the natural logarithm of the

http://dx.doi.org/10.21511/bbs.18(4).2023.14

stock market in India, BVSP, is the natural log-
arithm of the Brazilian stock market, KOSPI, is
the natural logarithm of the South Korean stock
market.

The next step is to transform the time-varying
VAR parameter into its vector moving average.
The purpose of this transformation is to calcu-
late the impulse response function (IRF) and
FEVD, which can be expressed according to
Wang et al. (2022):

Ve =4, +Zi=1 U Py =1, )
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where u, is covariance matrix ¥ of a k-dimension-
al unobservable process with zero mean vector
white noise; ¢, = JAT and J = [,: 0: 0: ... 0]; A"~ can
be summed up.

Using TVP-VMA, IRF can identify a shock to
a single variable and trace its marginal effect.
Therefore, according to Wang (2022), IRF for each
variable j on variable i can be calculated as follows:
0 ' 2

IRF=3"" (e4,Ze,) (3)
where e and e, are two fundamental (N x 1) di-
mensional vectors, each with a unit i and j, respec-
tively. (A = K x KP) is a matrix of coeflicients for
time-varying parameters. In time period (t - p),
the response impulse equals the cumulative fore-
cast error from the shock for variables i and j.

The next step of the study is to predict the error
variance for the k-th element of the forecast error
vector. For this purpose, Wang (2022) introduced
the following formula:

E(yj,t+h _yj,t (h))2 =
= ZI;=1(0/‘2k,0 +o. 46 )

where 0, *+..+ 0, *-j,é is the contribution of
innovation to the variance of the h-step forecast

error of variable k.

2 2
01.,(,0 +-~+9jk,h_1

E(yj,H—h _yj,t (h))2

j,€, to the h-step variance of the forecast error of
variable k.

4

- percentage contribution

., = j,& contribution of innovation to the error
variance of the h-step k.

After clarifying the mathematical basis of volatil-
ity spread, the Total Spillover Connectivity Index
(TSCI) can now be derived from the above equa-
tion based on FEVD (Wang, 2022).

Z;’:l,i#_jé’jal (h)
Z::ﬂij,t (h)
N ~

Zij:l,#jgij,t (h)

=————-100.
N

TSCI (h) = 100 =

®)
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The analysis of TSCI allows us to consider the
dynamics of the relationship between different
variables in the system. The paper examines the
relationship between CBDCAI and stock mar-
kets, which were described earlier. This approach
is similar to the one used in the analysis of sys-
temic shocks. For example, unit “A” has the largest
momentum and can transmit this momentum to
nearby units. Then the impulses spread to neigh-
boring units and so on. In the propagation pro-
cess, high values can spread quickly, while low val-
ues can spread slowly and weaken (Kuznichenko,
2022).

The equations for calculating FEVD and TSCI
provide an opportunity to determine the direc-
tional connectivity spillover (DCS). Directional
spillover occurs when variable “i” receives infor-
mation from all other variables in the system and
simultaneously transmits information to all other
variables in the system.

DCS can be described as TSCI decomposition pro-
cess “from” or “to” a particular data source. There
are four different ways to measure DCS:

1) DCS - connectivity from spillover;
2) DCS' - connectivity to spillover;
3) DCS" - connectivity to network spillover;

4) DCS™ - connectivity of pairwise directed
spillover.

It should be noted that DCS" between variables i
and j measures the difference between the spill-
overs transmitted from 7 and j and the spillovers
from jand i. A moving panel estimation regression
methodology was applied to generate time-de-
pendent schedules of these four DSC indicators
to capture the dynamic relationships between all
variables. Accordingly, the following formulas
were used (Wang, 2022):

N
6. (h
sc,, ()= 2t
20 (h)
N ~

N

100 =
©6)

-100,
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3. RESULTS

3.1. Descriptive analysis

The provided statistical data (Table 1) give an idea
of the characteristics of various financial indica-
tors. Each column represents a specific statistical
indicator, and their combined analysis can help
draw broader conclusions about the data set.

The mean values in the data set vary significantly,
indicating different mean levels for each financial
indicator. For example, the mean value for BVSP is
significantly higher than other indices, suggesting a
different scale for the Brazilian stock market index.

Standard deviations (Std) provide insight into
the variance or variability of data. Indices such
as FCHI and BVSP have relatively high standard
deviations, indicating greater variability in these
indices.

The range (the difference between the maximum
and minimum values) is significant for some in-
dices such as BVSP and N225. This indicates that
these financial indicators have a wide range of val-
ues during the observation period.

http://dx.doi.org/10.21511/bbs.18(4).2023.14
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Skewness measures the asymmetry of data dis-
tribution. Indices with positive skewness have
a longer tail on the right side of the distribution,
while columns with negative skewness have a
longer tail on the left side. Notably, CBDCAI and
SSEC exhibit positive skewness, while FCHI and
BVSP exhibit negative skewness.

Kurtosis measures the granularity of distribution.
Positive kurtosis indicates heavier tails, while neg-
ative kurtosis indicates lighter tails. SSEC has a
significantly positive kurtosis, implying fat tails in
its distribution.

The IQR is a measure of the spread of data between
the 25th and 75th percentiles. Indices with a larg-
er IQR have a larger distribution of data between
the lower and upper quartiles. FCHI and BVSP
have significantly higher IQRs, indicating a wider
range of values in the middle 50% of the data.

The Jarque-Bera test assesses whether the data fol-
lows a normal distribution. A high Jarque-Bera
statistic indicates a significant deviation from the
norm. Indices with larger Jarque-Bera statistics,
such as CBDCALI, SSEC, and BVSP, deviate more
from a normal distribution.

It should be noted that all columns have the same
number of records (count — 444), which indicates
stable data availability.

Some financial indicators show significant differ-
ences in scale, variability, and form of distribution.
For example, the BVSP stands out with a much
higher mean, standard deviation and range com-
pared to other stock market indices.

The next step analyzed the results (Table 2) of
both the Augmented Dickey-Fuller (ADF) and
Phillips-Perron stationarity tests for each index
and CBDCAL

The results show that the ADF test statistic is high-
ly negative for all indices, indicating a strong re-
jection of the null hypothesis of non-stationarity.
This is further supported by the corresponding
P-values, which are extremely low for all columns.

The Phillips-Perron test statistic is also highly
negative, confirming stationarity for all indices.
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Table 1. Descriptive data analysis

Variable Mean Std Min 25% 50% 75% Max Range :Kurtosis: Skewness Igr Ja;::lae- Sum Count
CBDCAI 100.552 100.898 109.584 10.142 4.261 1.983 1.307 626.811 44,645.078 444
o sa9796 6050327 | 7577000 | 3581940 0556 | 0571 | L7728 29866 244100563 | 44
SPX 3,048.011 3,865.703 4,766.180 ;,901.400 -1.143 0.425 1,552.39;'” 37.517 1,353,316.820 444
oax yses | a2 1635 25150 | 22435 29862 | 35200 12565 0dds | 0120 4712 473 12200238 | 44
FTSE 700829 557145 | 5190780 6716480 7137210 7424338 | £004360 | 2813580 0158 | 0779 707858 45395 31168350 | 444
SSEC 3212548 30422 249389 2987310 3202951 3382648 | 5166350 | 2672454 4948 | 1371 3533 5201 1426369570 | 44
A s77194 109107 | 391860 | 494997 | SSO6s  G7LE9) | £20800 | 429940 0849 | 0535 176893 34498 256276260 | 444
VI 980LI6S 129653 7593200 8816735 9475335 10840402 12875660 | 5282460 0830 | 0444 | 2023667 27360  43L717045 | 44
225 22762315 45850 14952020 19561526 22185955 26856570 3370607 1875405 0916 0309 7297044 22594 10106468050  4dd
NSE 11946269 3505025 6980950 | 835100 10898200 15166300 19189051 12208101 1020 0612 633200 47113 5304143454 444
VS 8525579 25062784 3503L000 62881500 90917000 108205250 130126000 S2095.000 1293 0233 45323750 34973 38293037000  4dd
KOSPI 2,333.683 364.372 1,566.150 2,045.135 2,248.210‘ 2,485.400 3,302.840 ;,736690 0.164 0.958 440.265 §68.4633 1036155158 | 444
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These statistics are generally lower than the ADF
statistics, which is consistent with the tendency of
the Phillips-Perron test to produce more negative
values.

The results of both tests converge, indicating that
discretization successfully made all columns sta-
tionary. This means that trends and seasonality in
the data have been removed and the data is now
suitable for time series analysis. High absolute val-
ues of ADF and Phillips-Perron statistics in all col-
umns indicate a robust degree of stationarity. This
is particularly important for financial time series
analysis as it allows for more robust modeling and
forecasting (Wang, 2022).

Table 2. ADF and Philips-Perron stationarity tests

Variable ADF i Phillips-Perron
CBDCAI -11.760 -47.571

FCHI —20.868 —21.042

3.2. Correlation analysis

The calculated Pearson correlation coefficients
(Table 3) are unconditional, that is, they measure
the linear relationship between pairs of indices

Table 3. Correlational data analysis

Banks and Bank Systems, Volume 18, Issue 4, 2023

without considering external factors or time de-
pendencies. They represent a simple linear associ-
ation between indices.

FCHI and SPX indices show a strong positive cor-
relation of around 0.890, indicating that these two
financial indicators tend to move positively to-
gether. AEX and SSMI show a strong positive cor-
relation of approximately 0.944, indicating a simi-
lar movement pattern. N225 and NSEI also show a
strong positive correlation of approximately 0.957.

CBDCATI and FCHI have a moderate positive cor-
relation of approximately 0.730. SPX and DAX
show a moderate positive correlation of approxi-
mately 0.553. KOSPI and FTSE show a moderate
positive correlation of approximately 0.382.

There are a few cases of negative correlations, but
they are generally weak. Notably, SSEC has a slight
negative correlation with FTSE and BVSP. Some
indices, such as SSEC and BVSP, show relatively
low correlations with most other indices, suggest-
ing weaker linear relationships.

3.3. Static general volatility
correlation

When looking at the static total volatility corre-
lation (Table 4), it is important to pay attention
to the “From” values, which are given in the far
right column of Table 4 (“From others” column).
The “From” variables represent the effect of vol-
atility transferred from the other 11 variables to
each individual variable in the context of the fore-
cast error variance. The “From” values range from
74.93% (FCHI) to 3.19% (CBDCAI). Most “From”

Variable : CBDCAI : FCHI : SPX :

© SSMI i N225 i NSEI : BVSP @ KOSPI
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Table 4. Statistical distribution of volatility

Variable CBDCAI FCHI SPX DAX FTSE SSEC AEX %ssw szs NSEI BVSP %KOSPI% :ﬁ;‘s
CBDCA 9681 | 022 1 005 : 018 | 040 : 026 037 : 008 : 019 : 004 & 1.29 : 011 | 3.19
FCHI 023 2507 170 806 3904 101 1229 521 @ 307 @ 226 075 @ 131 & 7493
P 004 337 3624 1088 2122 032 59 334 276 598 509 485 6376
DAX 006 1010 : 808 : 3171 2415 : 079 = 594 : 2.87 : 3.15 | 3.46 @ 475 : 494 | 68.29
o T e L B e e S
sseC 084 119 007 003 444 8§22 175 037 025 026 138 220 1278
AEX 013 1227 310 : 455 : 3867 : 081 2650 612 : 3.33 . 2.54 « 042 | 155 @ 73.50
ssMI 032 | 821 366 396 2900 083 1002 3954 233 087 & 040 . 0.85 = 6046
N225 007 | 575 423 664 1632 060 | 628 @ 304 4309 424 222 @ 751 @ 5691
NSEI 002 | 519 460 473 1559 | 040 393 | 171 558 4738 481 | 596 & 5252
BSP 003 245 491 684 1257 130 228 094 303 623 5611 331 43.89
KOSPI 007 349 : 430 : 697 : 2212 : 144 373 | 167 : 622 528 @ 2.89 4182 58.18
Directional toothers - 212 5540 3652 5543 233.52 848 5631 2689 3066 3283 2477 33.96 58691
E&:‘;Cﬁonal including 98.94 80.47 7277 87.14 305.02 95.70 82.81 66.43 7376 80.30 80.88 75.78 %TCI=48.91
Eslnzgfgg:gi ~1.06 -19.531-27.231-12.86 205.02 | —4.30  ~17.19 1-33.57 —26.24:-19.70 -19.12 -24.22} -

indices exceed 50%, such as: SPX (63.76%), DAX
(68.29%), FCHI (74.93%), AEX (73.50%), SSMI
(60.46%), N225 (56.91%), NSEI (52.52%), KOSPI
(58.18%). This is in line with the findings (Wang
et al., 2022) that indicate the impact of global fi-
nancial factors and uncertainty on stock markets.
The “From” values for CBDCALI are the lowest, in-
dicating that the impact of stock markets, global
financial factors, and uncertainty on the CBDCAI
index is limited.

Regarding the static relationship of total volatility
spillover “To” shown in Table 4 (row “Directional
to others”), “To” represents the relationship of
total volatility spillover between the volatility of
each variable and the volatility of other variables.
In other words, it is the contribution of each vari-
able to the expansion of the variance of the forecast
error of other variables. “To” values range from
2.12% (CBDCAI) to 233.52% (FTSE). FTSE has the
highest level of volatility (233.52%), followed by
AEX (56.31%), DAX (55.43%) and FCHI (55.40%).
Unsurprisingly, the “To” value for CBDCAI is the
lowest.

For the static net directional connectedness of to-
tal volatility spillover, which is also presented in
Table 4 (row “Net directional Connectedness”),
the net values indicate the difference between the
static connection of total volatility spillover with
others and the connection of static total volatility
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spillover from others. The “net” value for CBDCAI
was negative at -1.06%, indicating that the impact
of CBDCALI on the volatility of the other 11 vari-
ables is smaller than the impact of volatility of the
other 11 variables on it. In other words, CBDCAI
absorbs the impact of other indices, but has a lim-
ited effect on their volatility. Therefore, in stressful
situations, CBDCAI can act as a spillover buffer. In
comparison, FTSE is the most important source of
volatility with 205.02% of total volatility.

The off-diagonal elements of the 12 x 12 matrix in
Table 4 illustrate the static “Net” pairwise volatil-
ity relationship between the volatilities of the two
variables. For example, the value 0.30% in row 5,
column 2, represents the percentage of the vari-
ance expansion of the forecast error of FTSE vola-
tility due to shocks from CBDCAI Regarding the
impact from CBDCAI, the correlation of static
“Net” pairwise volatility between CBDCAI and
other financial markets is low, ranging from 0.02%
(NSEI) to 0.84% (SSEC). Most of CBDCAT’s volatil-
ity is the result of domestic shocks (96.81%).

3.4. Dynamic spread of total volatility

The previous empirical analysis showed stat-
ic connectivity based on the full sample of da-
ta. However, it is important to consider how this
relationship may change over time in low-fre-
quency data and how it may reflect the dynamic

http://dx.doi.org/10.21511/bbs.18(4).2023.14



Banks and Bank Systems, Volume 18, Issue 4, 2023

80

60 -

40

20

Note: Vertically: the percentage value of connectedness shows the degree of interconnectedness for the entire system of

variables.

Figure 2. Total volatility of the system

relationship between CBDCAI and other stock
market indices. To do this, this section will de-
termine the dynamic dependence of the spill-
over of total volatility using fixed sample data.
Figure 2 shows how the assessment of the spillo-
ver effect changes over time. As indicated above
and shown in Table 5, the static overall connec-
tivity index is 48.91%. However, the actual total
connectivity index (TCI) varies from 54.35% to
87.21% (Figure 2). That is why it is so important
to take a close look at the TCI timeframe. CBDC
timing methodology can also provide investors,
stakeholders, and policymakers with useful in-
formation on volatility spillovers. This indicator
reflects the degree of interrelationship for the
entire system of variables. Using TVP-VAR, the
figure illustrates how the relationship between
volatility variables changes dynamically over
time. The baseline variance schedule assumes a
52-week horizon (H = 52) for the sample period
from January 2015 to July 2023.

In periods 2018-2019 and 2020-2021, a number
of important events occurred that significantly af-
fected the relationship between CBDC and stock
exchange indices.

http://dx.doi.org/10.21511/bbs.18(4).2023.14

The peak was in 2018-2019: During these years
the interest in CBDCs increased dramatically
and many central banks began researching the
possibility of implementing their own digital
currencies. This has led to discussions and anal-
ysis in the global financial environment. Stock
indices have become highly correlated as world
events and news strongly influence stock mar-
kets. Various aspects of the economy and geopo-
litical events have affected stock market indices,
and this has led to fluctuations and correlations
between them. Decisions by central banks to im-
plement CBDCs had the potential to bring major
changes to the financial services and investment
landscape.

The peak of 2020-2021: This period was marked
by the global COVID-19 pandemic, which
caused severe turbulence in global stock markets.
Stock indices have suffered heavy losses due to
the spread of the virus and the subsequent meas-
ures. But even after the recession, stock markets
responded strongly to stimulus measures intro-
duced by central banks and governments to keep
the economy afloat. This has also affected the in-
terest in CBDC:s.
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Therefore, in the periods of 2018-2019 and 2020-
2021, the world of CBDC and the stock markets
were strongly connected due to global financial
and economic challenges, as well as the growing
interest in digital central bank currencies.

3.5. Dynamic directional connectivity
of volatility spillover

Figure 3 shows the relationship in volatility trans-
mission, showing how volatility spreads among
markets. The vast majority of volatility values for
CBDCALI are negative, indicating that volatility
is transmitted to the CBDC market more than

CBDCAI

from it. In other words, the CBDC market ab-
sorbs volatility. This is consistent with the results
for the static volatility transmission relationship,
suggesting the ability of the CBDC market to ab-
sorb volatility in general. Typically, equity mar-
kets spread the impact of volatility more than
they absorb the impact. This is known from ear-
lier studies (Bala & Takimoto, 2017; Natarajan et
al., 2014).

Figure 3 shows that FTSE, NSEI, SSEC and BVSP
are key sources of volatility in stock markets. On
the other hand, SSEC and N225 appear to be vol-
atility absorbers, similar to the CBDC attention
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Note: Negative values mean that the index accepts volatility, positive values — it is a source of volatility.
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Figure 4. Pairwise directional volatility spillover of the CBDCAI index

index. However, in 2017 CBDCAI changed from
a volatility absorber to a volatility transmitter.
This may be due to the global discussions regard-
ing the implementation of CBDC. But as shown
in Figure 3, usually CBDC acts as a volatility
absorber.

3.6. Net pairwise volatility spillover
The values in Figure 4 are “net” pairwise directional

volatility spillovers that represent the difference be-
tween the relationship of the static total directional

http://dx.doi.org/10.21511/bbs.18(4).2023.14

volatility spillover to others and the relationship of
the static total directional volatility spillover from
others.

Variations in the net directional effects of vol-
atility are observed over the covered period.
The values show some fluctuations, indicating
changing levels of correlation between CBDCAI
and other indices. Negative values in the table
indicate that CBDCALI tends to receive more di-
rectional volatility spillovers from other indices,
while positive values indicate that CBDCAI is
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a source of directional volatility spillovers to
other indices. This targeted information is crit-
ical to risk assessment. The results show that
most indices are transmitters of volatility for
CBDCAI volatility.

It should also be noted that the data reflect the dy-
namic nature of financial markets. For example,
there are negative spillovers from most indices to
CBDCAI in the initial period. However, this pat-
tern changes over time and some indices become
sources of volatility.

CBDCAT’s net volatility values highlight the de-
gree of correlation with traditional stock markets.
It has become more interconnected with certain
markets over time, while becoming disconnected
from others.

The analysis of this data can help investors and fi-
nancial analysts assess the risks and potential ef-
fects of the connection between the CBDC mar-
ket and traditional stock markets. Positive values
can mean that shocks in the CBDC market can af-
fect traditional markets, and vice versa.

CONCLUSIONS

Several key conclusions can be made based on the analysis. First, the interdependence and mutual influ-
ence between the digital currency market of central banks and the stock markets was revealed. Second,
even with this interaction, the CBDC market typically operates relatively independently from other
stock markets. Third, CBDCAI assumes the influence of other indices, but has a limited effect on their
volatility. Over time, CBDCAI has been seen to become more interconnected with certain markets
while becoming disconnected from others. Fourth, despite the general ability of the CBDC market to
absorb fluctuations in volatility, it may also change its function with the widespread adoption of central
bank digital currencies in many countries.

The analysis of the resulting data can help investors and financial analysts to assess the risks and poten-
tial effects of the connection between the CBDC market and traditional stock markets. Moreover, inves-
tors can use the obtained results to improve risk management and optimize their investment portfolios.
In addition, for regulators and policymakers, this document also offers several advantages. For example,
it can help them get more information on the impact of CBDC news on stock markets.

There are several limitations to the study. First, because CBDCs are still in their early stages of develop-
ment, the availability of data is limited. Second, the analysis is limited to the impact of CBDC news on
the stock market only. The final results will become more accurate once CBDC is widely implemented.
Third, much of the existing research on CBDC is theoretical, making it difficult to compare the results
of this study with previous studies. Finally, once the majority of central banks have adopted CBDC, it
will be possible to conduct additional research to assess the impact of CBDC on monetary policy mecha-
nisms and various financial markets. Therefore, this topic remains relevant for future scientific research.
It should be noted that in the future, we could also explore the relationship of CBDCAI volatility with
the volatility of cryptocurrencies, fiat currencies, or try using different econometric models.
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APPENDIX A

Table A1l. Stock market indices used in the model

No.% Country Stock market index Description

The index represents the performance of 40 largest companies that are most

1 F AC 40 (FCHI :
: rance : CAC 40 (FCHI) i actively traded on the Euronext Paris exchange (Ahmad et al., 2022)

: Standard and Poor’s 500 One of the most followed stock market indices in the world, it represents the
2 United States performance of 500 companies with high capitalization listed on US stock

(SPX) i exchanges (Lee, 2022)
The index reflects the performance of 30 largest and most liquid companies listed
3 Germany DAX 30 (DAX) on the Frankfurt Stock Exchange (Slimane et al., 2013)
United . - The index reflects the performance of 100 largest companies registered on the
4 Kingdome Financial Times 100 (FTSE) London Stock Exchange (Ahmad et al., 2022)
5 China SSE Composite Index The index represents the performance of all shares listed on the Shanghai Stock
(SSEC) Exchange (Stoll & Whaley, 1990)
The index represents the performance of 25 largest and most actively traded
6 Netherlands AEX companies registered on Euronext Amsterdam (Chen & Bondt, 2004)
: ) The index represents the performance of 20 largest and most liquid companies
/ Switzerland Swiss Market Index (SSMI) listed on the SIX 8Swiss Exchange (Kogak et al., 2021)
3 Japan Nikkei Stock Average The index represents the performance of 225 the largest and most actively traded
P (N225) companies registered on the Tokyo Stock Exchange (Slimane et al., 2013)
. The index represents the performance of 50 largest and most active companies
9 India NIFTY 50 (NSE) traded on the National Stock Exchange of India
. The index represents the most actively traded shares listed on B3 stock exchange
10 Brazil Ibovespa (BVSP) (formerly BM&FBOVESPA)

KOSPI (Korea Composite The index represents the South Korean stock market and serves to measure the

11 South K A H . .
; ~outh Rorea Stock Price Index) i movement of share prices in the South Korean stock market
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