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ARTICLE INFO ABSTRACT
Keywords: We examine the dynamics and spillover effects of interconnectedness among equity indices
COVID-19 during the COVID-19 pandemic and the Russian-Ukrainian war. Using daily data from June 2010

Dynamic connectedness
Network approach
Russian-Ukrainian war

to May 2023, we consider five major equity indices, namely, the Dow Jones Industrial Average
(DJIA), National Association of Securities Dealers Automated Quotations (Nasdaq), Standard and
Poor’s 500 (S&P 500), PFTS (Ukraine), and Moscow Exchange (MOEX; Russia). The results
demonstrate a 45 % level of the total connectedness index to explain the interconnectedness
among these indices. The findings indicate that the DJIA, Nasdaq, Small Cap 100, and MOEX are
net receivers of spillovers, whereas the S&P 500 and PFTS are significant net transmitters.
Moreover, analysis of different periods, including before and during COVID-19 and before the
Russian-U war, provides insights into the changing patterns of interconnectedness and spillover
effects during these events. This study contributes to a better understanding of the interdepen-
dency and transmission mechanisms among equity markets and highlights the importance of
considering external factors and geopolitical events in formulating risk management and in-
vestment strategies.

1. Introduction

The global financial landscape has become increasingly interconnected with financial markets worldwide experiencing dynamic
spillover and interconnectedness. This phenomenon is particularly evident in equity markets in which the performance of one market
can exert profound effects on others. Understanding these dynamic spillovers and connectedness is crucial for investors, policymakers,
and financial institutions in managing risks and making informed decisions on investment [1-5].

Financial contagion theory provides a framework for understanding the transmission of financial shocks and disturbances across
countries and markets. It suggests that financial interconnectedness and links among equity markets can amplify the effects of shocks,
which leads to contagion and spillover effects [6-8]. In the context of the war between Russia and Ukraine, financial contagion theory
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posits that this conflict can trigger shocks and disturbances that can propagate through the interconnected global financial system.
These shocks can emerge from various sources, such as geopolitical uncertainty, disruption in trade and supply chains, economic
sanction, and investor sentiment.

First, geopolitical uncertainty related to the war can significantly impact investor sentiment and risk perception [9]. Specifically,
uncertainty regarding the duration, intensity, and potential escalation of the conflict can lead to heightened risk aversion among
investors, which may result in widespread sell-offs in equity markets. The reason is that investors intend to reduce exposure to risky
assets and move toward safe investments [10]. Selling pressure can trigger a downward spiral in asset prices, which affects not only the
equity markets of Russia and Ukraine but also those of other countries. Second, disruptions in trade and supply chains due to the war
can exert a cascading effect on global financial markets [11]. Russia and Ukraine are major players in international trade with
extensive linkages to global supply chains. Disruptions in trade flows, export restrictions, or import disruptions can impact not only the
countries directly involved but also their trading partners and multinational corporations operating in the region. These disruptions
can lead to decreased corporate earnings, reduced business confidence, and potential default on cross-border obligation, which creates
a ripple effect across financial markets. Furthermore, the economic sanctions imposed on Russia or Ukraine by other countries can
exacerbate financial contagion. Sanctions can restrict access to global financial markets, limit trade opportunities, and increase the
borrowing costs of affected countries. The resultant economic pressure can spill over into financial markets, which causes increased
volatility, currency devaluation, and capital flight [12].

Interconnectedness between the equity markets of the United States, Russia, and Ukraine holds significant implications. The United
States represents a major global economic powerhouse, because its equity market serves as a benchmark for investors worldwide [13].
Alternatively, Russia and Ukraine are emerging markets that experienced various economic and geopolitical events, which can
potentially generate spillover effects [14]. Thus, examining the dynamic spillovers and connectedness among these equity markets
using the time-varying parameter vector autoregression (TVP-VAR) approach enables a comprehensive analysis. The TVP-VAR
framework captures the time-varying nature of relationships and permits the detection of shifts in spillover patterns. By accounting
for changing dynamics, the TVP-VAR approach offers an accurate estimation of the interconnectedness between these markets.

The current study aims to contribute to the existing literature on financial contagion and spillover effects by focusing on the
interconnectedness among the US, Russian, and Ukrainian equity indices. Including Russia and Ukraine provides a unique perspective,
because these markets have experienced significant economic and geopolitical events that potentially generate spillover effects.

2. Literature review

Financial contagion theory explores the transmission of shocks and disturbances across financial markets, which leads to the spread
of distress and instability. Specifically, it focuses on the interconnectedness and interdependence of financial institutions, markets, and
economies, and the manner in which disturbances in one area can rapidly propagate to others [15]. The concept of financial contagion
emerged from the observation that financial crises frequently spread beyond their initial source, which affects domestic and inter-
national markets. The manifestation of financial contagion takes on different forms such as the spillover of shocks from one market to
another, amplification of market disturbances, and transmission of distress from one institution to others within the financial system
[16]. It may occur through various channels such as asset price linkage, information asymmetry, herding behavior, and investor panic
[17-19]. Empirical research on financial contagion theory used various methodologies to examine its occurrence and dynamics.
Examples of these methods include statistical analysis of market data, network analysis of financial linkages, and econometric
modeling of contagion transmission mechanisms [14,20-23].

Particularly [14], investigated volatility spillovers between dirty and clean energy markets and global stock indices under the
conditions of the escalating geopolitical risk during the Russian-Ukrainian war. To examine significant changes in shock transmission
between August 1, 2014, and May 27, 2022, the authors employed volatility connectedness indices based on the innovative meth-
odology proposed by Diebold and Yilmaz [24,25], which considers structural breaks. Additionally, they explored the advantages and
disadvantages of heterogeneous diversification in green energy for hedging strategies and calculated optimal weights and hedge ratios
to facilitate portfolio diversification and risk management. The findings suggested that clean energy indices generally exhibit lower
risk levels compared with those of global equity markets. Notably, however, hedging costs in renewable energy assets tended to be
higher compared with those of nonrenewable energy indices.

Moreover [23], investigated the return and volatility spillover dynamics between agricultural commodities and emerging stock
markets during various crises, including the COVID-19 pandemic and the Russian-Ukrainian war. The authors utilized the approach
proposed by Refs. [24,25] to estimate return and volatility spillovers. The findings suggested a weak connectedness between agri-
cultural commodities and emerging stock markets. Among the commodities, corn exhibited the highest transmission, whereas sugar
displayed the lowest. Similarly, the study identified soya bean and coffee as the largest and smallest recipients of spillover over time,
respectively. The majority of equity indices were net recipients of spillover, except for India, China, Indonesia, Argentina, and Mexico,
throughout the sample period. In terms of volatility spillover, the majority of commodities served as net transmitters, except for coffee
and soya bean. Furthermore, the major equity indices are net recipients of volatility spillover, except for India, Indonesia, China,
Argentina, Malaysia, and Korea. Additionally, return and volatility spillovers increase during crises, such as the COVID-19 pandemic
and the Russian-Ukrainian war, in which the most significant increase was observed during the COVID-19 pandemic. In that sense, a
recent study by Ref. [26] analyzes the interconnectedness among major cryptocurrencies and exchange rates between 2017 and 2022
where the TVP-VAR approach is applied to capture connections and spillover dynamics during the Covid-19 pandemic. The main
findings suggest that major cryptocurrencies have been transmitters of shocks to alternative coins, and that EUR/USD, AUD/USD and
NZD/USD have been also transmitters to other exchange rates.
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The influence of recent global shocks is investigated by Ref. [22] such as the COVID-19 pandemic and the Russian-Ukrainian war,
on the variability of major macroeconomic trends. These shocks displayed synchronized behavior across economies and elicited similar
policy responses. The primary objective of the study was to examine the transmission of inflation among G20 economies and assess its
contribution to domestic inflation. The authors employed the Diebold and Yilmaz spillover approach for this purpose. Unconditional
analysis revealed notable disparity in inflation spillover patterns between advanced and emerging economies. Particularly, advanced
economies were more susceptible to global shocks and experienced higher spillover rates compared with their emerging counterparts.
Idiosyncratic shocks primarily drove inflation in emerging countries in which global shocks exerted a modest influence on domestic
inflation. Furthermore, bilateral spillovers among G20 members indicated that the average pairwise directional spillovers between
emerging economies are lower than those observed for advanced economies. Analysis of spillover dynamics demonstrated an
increasing trend in total inflation spillover, which indicates an increasing interconnectedness among G20 countries over time.
Moreover, the estimates revealed the increasing impact of received inflation spillovers from external shocks on advanced and emerging
economies.

Utilizing the Baba, Engle, Kraft and Kroner-multivariate generalized autoregressive conditional heteroskedasticity (GARCH) model
[21], examined the volatility transmission effects between the US stock market and the COVID-19 pandemic. The study investigated
the relationship between the volatility of the US stock market and its previous shocks, including those associated with COVID-19. The
findings indicated that its historical shocks and the impact of previous shocks related to COVID-19 influenced the volatility of the US
stock market. Additionally, the study observed that death rate, which represents negative news, positively influenced this volatility,
whereas the recovery rate, which represents positive news, exerts a negative impact on stock market volatility.

The presence of financial contagion from the US stock market to the Vietnamese and Philippine stock markets during two distinct
crises, namely, the global 2007-2009 financial crisis and the COVID-19 pandemic is examined by Ref. [16]. Analysis utilized the
dynamic conditional correlation (DCC)-GARCH model and daily data from Standard and Poor’s 500 (S&P 500; United States), Vietnam
Stock Index (VN-Index), and the Philippine Stock Exchange, Inc. The results indicated that no evidence of contagion exists from the US
stock market to the Philippine stock market during the global financial crisis. However, the Vietnamese market did manifest the effect
of this contagion. Moreover, the Vietnamese and Philippine stock markets were affected by the contagion effect during the COVID-19
pandemic. Another notable finding was that the contagion effect in Vietnam during the COVID-19 pandemic is less than that during the
global financial crisis, while the opposite is true for the Philippines.

The nature and extent of spillover effects of the uncertainty of US economic policy on the stock markets of Gulf Cooperation Council
(GCC) countries is examined by Ref. [20]. The GCC region is characterized by a risk-sharing-based financial system in which foreign
investment, risk-free interest, and derivatives are less prevalent as those in western economies. The research employed monthly data
from 1992 to 2018 and utilized linear and nonlinear VAR models along with an impulse response-based test to examine the spillover
effects. The findings revealed that an unexpected increase in the uncertainty of the US economic policy significantly reduces the stock
market index of all GCC countries. The study also identified a symmetric relationship, which indicates that the GCC stock market
indices decrease and increase by the same magnitude with the rise and fall of the uncertainty in US economic policy, respectively.

Although previous research lacks an extensive examination of the connectedness among the US, Russia, and Ukraine equity indices,
the current aims to fill this research gap by approaching the topic from various perspectives and by utilizing different samples, indices,
and time periods. The primary objective is to address several key questions: (1) Does network connectedness play a role in driving the
US, Russia, and Ukraine equity indices? (2) Which specific indices, if any, exhibit the strongest connectedness? (3) Are the US equity
indices net receiver or transmitter of shocks? (4) Does the Russia equity index act as a net receiver or transmitter of shocks? (5) Does
the Ukraine equity index serve as a net receiver or transmitter of shocks? (6) How does the COVID-19 pandemic impact the con-
nectivity patterns among the US, Russia, and Ukraine equity indices? (7) What role does the Russian—-Ukrainian war play in shaping the
connectivity patterns among these indices? The answers to these inquiries could contribute to the existing literature and enhance the
current understanding of the interrelationships among these equity indices.

2.1. Research methodology

2.1.1. Data Collection

Empirical analysis of connectedness across different groups of indices covers 13 years, from June 7, 2010, to May 24, 2023, which
corresponds to the beginning of a relatively stable period after the 2007-2009 subprime credit crisis originated in the US and when the
European Union and the International Monetary Fund supported the European countries that were engaged in a debt crisis. The period
of study extends to May 2023, to capture the possible worldwide effects of the U.S regional banks crisis. To verify the volatility
spillovers of equity indices, we include three countries, namely, the United States, Russia, and Ukraine, which represent geographical
diversity. In this context, we utilize data from investing.com to analyze the daily price data of five major equity indices, namely, the
Dow Jones Industrial Average (DJIA), National Association of Securities Dealers Automated Quotations (Nasdaq), S&P 500 (United
States), SMLLCAP, PFTS (Ukraine), and Moscow Exchange (MOEX; Russia). Besides some studies consider daily opening and closing
prices of equity indices from different regions in such a way to deal the effect of nonsynchronous trading [27-29], our study follows
other researches that also consider daily prices at different regions [30-33] and do not eliminate the non-synchronous effect as is done
by rolling average returns [14].

Given the turbulent nature of the COVID-19 pandemic and the Russian-Ukrainian war during the study period, we divided the
sample into four distinct periods, which enables the examination of the dynamics and interconnectedness of the equity indices in
different contexts. The four periods include before COVID-19 (from June 7, 2010, to December 31, 2019), during COVID-19 (from
January 2, 2020, to May 24, 2023), before the Russian-Ukrainian war (from June 7, 2010, to February 19, 2014), and during the
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Russian—Ukrainian war (from February 20, 2014, to May 24, 2023)." By considering these specific time frames, we explore the var-
iations in market dynamics and spillover effects under different circumstances. Following previous studies, the returns of the indices
are calculated as follows: In(P) — In(P¢_1), where P is the price, and In denotes the natural logarithm. Table 1 and Fig. 1 present the
descriptive statistics of all equity indices log-returns series and their plots, respectively.

Table 1 presents the descriptive statistics for the log-return series of the indices included in the study. For the DJIA, the mean log-
return is 0.00042 with a maximum value of 0.113 and a minimum value of —0.129. The standard deviation is 0.010, which indicates
the volatility of the returns. Skewness is —0.531, which suggests a slightly leftward skewness, while kurtosis is 21.49, which points to a
heavy-tailed distribution. The Nasdaq index exhibits a slightly positive average log-return of 0.00061, which suggests a small overall
positive return on average. The maximum log-return of 0.093 represents the largest increase in the logarithm of the index, whereas the
minimum log-return of —0.123 represents the largest decrease. The standard deviation of 0.012 implies a relatively moderate volatility
in the Nasdaq returns. Skewness of —0.429 indicates a slightly left-skewed distribution, which pertains to a slightly higher likelihood of
extreme negative returns compared with extreme positive returns. The S&P 500 index displayed a mean log-return of 0.00047, which
translates into a small positive average return. The maximum log-return of 0.093 represents the largest increase in the logarithm of the
index, whereas the minimum log-return of —0.119 represents the largest decrease. A standard deviation of 0.011 suggests moderate
volatility in the S&P 500 returns. A skewness of —0.490 indicates a slightly left-skewed distribution and indicates a slightly higher
likelihood of extreme negative returns compared with extreme positive returns. The Small Cap 100 index presents a mean log-return of
0.00041, which could be understood as a small positive average return. A maximum log-return of 0.093 represents the largest increase
in the logarithm of the index, whereas a minimum log-return of —0.142 represents the largest decrease. A standard deviation of 0.014
suggests a relatively higher volatility in the Small Cap 100 returns compared with those of the other indices. Moreover, a skewness of
—0.5741 indicates a moderately left-skewed distribution, which suggests a relatively higher likelihood of extreme negative returns
compared with extreme positive returns. The PFTS displays a mean log-return of 0.00004, which indicates a very small positive
average return. A maximum log-return of 0.276 represents the largest increase in the logarithm of the index, whereas a minimum log-
return of —0.107 represents the largest decrease. A standard deviation of 0.012 suggests a relatively moderate volatility in the PFTS
returns, and a skewness of 3.4877 points to a highly right-skewed distribution, which implies a higher likelihood of extreme positive
returns compared with extreme negative returns. The MOEX index produces a mean log-return of 0.00032, which suggests a small
positive average return. A maximum log-return of 0.200 represents the largest increase in the logarithm of the index, whereas a
minimum log-return of —0.332 refers to the largest decrease. A standard deviation of 0.014 indicates a relatively higher volatility in
the MOEX returns compared with those of the other indices. A skewness of —3.2995 indicates a highly left-skewed distribution, which
implies a significantly higher likelihood of extreme negative returns compared with extreme positive returns. The results of the
augmented Dickey—Fuller test indicate that no stationarity issues exist for all indices.

2.1.2. Econometric model framework

introduced a framework for assessing interconnectedness among financial assets or markets using a generalized VAR approach and
forecast error variance decomposition. Although scholars widely use this approach, it has its limitations related to outliers and the
arbitrary selection of a rolling window size. To address these issues, the current study adopted the TVP-VAR methodology proposed by
Ref. [34], which incorporates the dynamic connectedness approach of [24,25] and utilizes the technique developed by Ref. [35].
Scholars in the field have successfully applied this approach to various market analyses, including equities, commodities, crypto-
currencies, and uncertainty indices, because it offers advantages such as robustness to outliers, independence from the choice of the
rolling window size, and no loss of observations [36-38].

Thus, the current study employed the TVP-VAR as guided by the Bayesian information criterion to investigate the dynamic
connectedness among the US, Russia, and Ukraine equity indices. Analysis begins by examining the impact of shocks in one index on
another index and uses the generalized forecast error variance decomposition (GFEVD) to assess spillovers based on time frequency.
Expression (1) represents the GFEVD to assess spillovers,

J-lg2g
(J) . =1 lPij.l (1)
Vi _EN EI—]\PL"
j=12a1=1 Ly,
Where,
N o~ gy
Zj:ly/‘g[(']) =1

N ~
Zi,j:ll/,;[ (J)=m
> ‘Piz].jf: cumulative effect of “i” shock
12 -

ZJI\;ZL% ‘I’ij ‘f: aggregate cumulative effect of all shocks

Subsequently, the study constructs a set of connectedness indices is constructed using the GFEVD approach. The first index
measures the influence of a shock in variable i on other indices j, which is referred to as the total directional connectedness to others. It
can be represented by expression (2) as follows:

1 The beginning of the “during Covid-19” time frame is based on the date when the World Health Organization activated its Incident Management
Support Team.
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Table 1
Descriptive statistics of equity indices log-returns.
Mean Max Min Std Skew Kurt J-B Obs

DJIA 0.00042 0.113 —-0.129 0.010 —0.531 21.49 3265
NASDAQ 0.00061 0.093 —0.123 0.012 —0.429 10.24 3265
S&P 500 0.00047 0.093 -0.119 0.011 —0.4900 15.60 3265
SMLLCAP 0.00041 0.093 —0.142 0.014 —0.5741 11.55 3265
PFTS 0.00004 0.276 -0.107 0.012 3.4877 86.95 965,439* 3265
MOEX 0.00032 0.200 —0.332 0.014 —3.2995 95.24 116,347%** —60.1%%* 3265

Note: This table provides the descriptive statistics for the log-return of all indices under study. Min, Max, SD, Skew, Kurt, J-B, Obs, and ADF indicate
maximum, minimum, standard deviation, skewness, kurtosis, Jarque-Bera test of normality, observations, and the augmented Dickey-Fuller test of
stationarity, respectively.

***Significance at the 1 % level.
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Fig. 1. Log-returns series of equity indices.
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Similarly, in the third equation, we estimate the influence that variable i receives from shocks in other indices, which is referred to
as the total directional connectedness from others following expression (3) as:
Sy, (K)

FROM:z, () =5 = (&)

Next, we demonstrate the net total directional connectedness by calculating the difference between the total directional
connectedness to others and the total directional connectedness from others. The positive values of the net total directional
connectedness indicate that the index acts as a net transmitter to other indices. In other words, it exerts a greater impact on other
indices compared with that it receives from them. Conversely, the negative values of the net total directional connectedness indicate
that the index serves as a net receiver, because it is influenced by other indices more than it influences them. In essence, the net total
directional connectedness examines the influence of one variable on the spillover network under analysis. This measure is represented
by expression (4) as:

S () Sy, ()
S (K) S (K)

Lastly, we compute the spillover index by calculating the total connectedness index (TCI), which quantifies the average influence of

a single variable on all other variables. A high value of the connectedness index indicates a greater extent of volatility shock spillovers,

whereas a low value suggests that the majority of indices exhibit a relatively independent relationship with one another [24,39]. The
spillover index can be derived as shown in expression (5):

Diicrizye (K)
o (K)=——"—

' m

3

= @

(5)

3. Results and discussion

We present the results in three distinct sections. First, the study explores the dynamic spillovers and connectedness among the
equity indices among the United States, Russia, and Ukraine across the period of analysis. Doing so provides insights into the in-
terdependencies and interactions between these markets across a comprehensive timeframe. Second, the study considers the impact of
the COVID-19 pandemic on the equity indices of the United States, Russia, and Ukraine. By examining the dynamic spillovers and
connectedness during this extraordinary period, analysis elucidates the influence of the pandemic on the relationships among these
markets and their interconnections. Lastly, the study considers the ongoing Russian-Ukrainian war and its influence on the equity
indices of the United States, Russia, and Ukraine. By examining the dynamic spillovers and connectedness in the context of this
geopolitical conflict, analysis reveals the extent to which these markets are influenced and interconnected amidst the tension and
uncertainty emerging from the war.

3.1. Dynamic spillovers connectedness among the US, Russia, and Ukraine equity indices across the period of analysis

Table 2 presents the TCI for the US, Russia, and Ukraine equity indices, which provides insights into the degree of interconnec-
tedness among these markets throughout the study period. TCI values serve as indicators of the strength of connections among the
indices in which high values indicate strong interdependencies and low values reflect weak connections. The study observes that the
TCI reaches a value of 45 %, which suggests a relatively high level of interdependence among the equity indices of the United States,
Russia, and Ukraine. This finding indicates that movements in one market are likely to exert significant effects on the movements of the
other markets, which reflects the interconnected nature of these economies. Furthermore, after examining the diagonal elements of the
table, we find that they generally produce higher values compared to those of the off-diagonal elements. This pattern suggests that the

Table 2
Total connectedness index over the whole period of analysis.
DJIA Nasdaq S&P 500 Small Cap 100 PFTS MOEX FROM

DJIA 36.29 24.92 32.09 3.36 2.06 1.28 63.71
NASDAQ 25.2 37.02 32.26 1.57 2.47 1.48 62.98
S&P 500 30.67 30.32 34.16 2.07 1.66 1.13 65.84
Small Cap 100 3.94 1.99 2.16 86.58 3.35 1.98 13.42
PFTS 1.46 1.56 0.64 2.7 91.1 2.54 8.9
MOEX 1.52 1.76 0.99 2.01 3.83 89.89 10.11
TO 62.79 60.55 68.15 11.71 13.37 8.41 224.98
Inc. Own 99.08 97.57 102.3 98.28 104.46 98.3 TCIL
NET —0.92 —2.43 2.3 -1.72 4.46 -1.7 45.00
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spillovers within each individual market, which are known as own index stock market spillovers, exert the greatest influence in
explaining forecast error variance. In other words, the respective domestic factors and dynamics within each market play a significant
role in driving the fluctuation and movement of each equity index.

We can further analyze the FROM and TO columns to gain an in-depth understanding of the spillovers and interconnectedness
among the US, Russia, and Ukraine equity indices. The FROM column represents the share of shocks received from other indices in the
total variance of the forecast error for each index. Moreover, it quantifies the extent to which shocks that originate from other indices
influence the variability of the forecast error of each index. The percentages in this column range from 8.9 % for the PFTS index to
65.84 % for the S&P 500 index. These figures indicate that the S&P 500 index is most susceptible to receiving shocks from other
indices, because it contributes the highest share of shocks to the total variance of its forecast error. This result is followed by the DJIA
with a contribution of 63.71 %, Nasdaq with 62.98 %, Small Cap 100 with 13.42 %, and MOEX with 10.11 %. This result suggests that
shocks that originate from other indices significantly impact the variability of the forecast errors of these indices, which indicates a
substantial degree of interconnectedness. Alternatively, the TO row provides insights into the shocks transmitted from a specific index
to the variance of the forecast error for each index. It represents the influence exerted by an index on the forecast error variance of
other indices. The percentages in this row range from 8.41 % for MOEX to 68.15 % for the S&P 500. These results indicate that the S&P
500 index is the most influential one in transmitting shocks to other indices and contributes the highest share of shocks to the forecast
error variance of other indices. This result is followed by the DJIA with 62.79 %, and Nasdaq with 60.55 %. This finding highlights the
importance of the S&P 500 index in transmitting shocks and influencing the movement and performance of the other indices.

Further analysis reveals additional insights by examining NET values, which are calculated by subtracting the total directional
connectedness from others from the total directional connectedness to others. Table 2 reports the NET values, which are observed at the last
row of the table, provide information on whether each index is a net receiver or transmitter of spillovers. Negative NET values indicate
that the index receives more spillovers than those it transmits, whereas positive values indicate the opposite. In this case, we find that
DJIA, Nasdaq, Small Cap 100, and MOEX are net receivers of spillovers, because their NET values are —0.92 %, —2.43 %, —1.72 %, and
—1.7 %, respectively. This result implies that these indices receive large shares of spillovers from other indices compared with those
they transmit. Shocks that originate from other indices tend to influence these indices, which renders them more responsive to external
factors. Conversely, all the other indices in the table are net transmitters of spillovers. In other words, they transmit more shocks to
other indices than those they receive. The S&P 500 index stands out as a significant net transmitter along with the PFTS index. These
indices play a crucial role in transmitting shocks and influencing the movement and behavior of the other indices.

Fig. 2 provides a comprehensive visual representation of the spillovers among the equity market indices under study. Arrows
indicate the direction of spillovers, while the thickness of the arrows represents the strength of the spillovers. Additionally, the size of
each circle corresponds to the total contribution of spillovers to all other markets. We observe that the S&P 500 and PFTS indices
emerge as significant net transmitters of spillovers. These indices play a crucial role in transmitting shocks to other markets and
exerting influence on the movement and behavior of the connected indices. Their prominent positions in the figure highlight their
importance in driving the interconnectedness and interdependency among the examined equity markets. Alternatively, the DJIA,
Nasdaq, Small Cap 100, and MOEX indices are net receivers of spillovers, that is, they receive larger shares of spillovers from other
indices compared to those they transmit. These indices tend to be more responsive to external factors, because shocks that originate
from other markets influence them. The figure illustrates their relatively smaller sizes compared with those of the net transmitter
indices, which indicates their role as receivers instead of transmitters of spillovers.

Fig. 2. Network plot of spillovers among the US, Russia, and Ukraine equity indices across the study period.
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3.2. Assessing the interconnectedness of equity indices during the COVID-19 pandemic

To gain in-depth insight into the interconnectedness of equity indices by considering the COVID-19 pandemic, the study conducted
a comprehensive analysis by categorizing the results into two distinct periods, namely, before and during the pandemic. This division
enables a comparative examination of the dynamics and changes in the interconnectedness of the US, Russia, and Ukraine equity
indices during this unprecedented global crisis. Table 3 presents the findings of the TCI before the COVID-19 pandemic, which provides
a quantitative measure of the overall interconnectedness among these indices. A TCI of 41.19 % highlights a notable level of inter-
dependence among the equity indices of the three countries, which implies that changes and fluctuations in one market can exert a
considerable influence on the others and underscores the interconnectedness and interdependency among these economies. The
findings reveal that Nasdaq, Small Cap 100, PFTS, and MOEX demonstrate a reception of net spillovers, which is reflected in NET
values of —0.41 %, —1.55 %, —1.75 %, and —2.29 %, respectively. In other words, these indices receive a larger share of spillover
effects from other indices compared with those they transmit. Fig. 3 shows that the S&P 500 index along with the DJIA, emerges as a
significant net transmitter in this context.

Table 4 presents the results of the TCI analysis conducted during the COVID-19 pandemic. A TCI value of 56.57 % indicates a
significant level of interdependence among these indices. This finding underscores the extent to which fluctuations in one index can
influence and transmit spillover effects to the others. Notably, the TCI during the COVID-19 pandemic is higher compared with those of
previous periods. This finding suggests that the pandemic has intensified the interconnectedness among the US, Russian, and Ukrainian
equity indices. The higher TCI value during this period indicates a heightened sensitivity to market development and a stronger
transmission of shocks among these markets. These findings indicate that the DJIA, Nasdaq, S&P 500, Small Cap 100, and MOEX
indices exhibit net spillover reception, as evident from their NET values of —6.72 %, —4.52 %, —3.36 %, —2.88 %, and —1.83 %,
respectively. This result suggests that these indices receive larger proportions of spillover effects from other indices compared with
those they transmit. Fig. 4, which depicts the network spillovers among the indices during COVID-19 pandemic, shows a notable
finding that PFTS index stands out as a significant net transmitter. Before the COVID-19 pandemic, the PFTS index demonstrated a net
spillover reception, which indicates its role as a receiver of spillover effects. However, the pandemic has exerted a significant impact on
the interconnectedness among these indices.

3.3. Assessing the interconnectedness of equity indices in the face of the Russian-Ukrainian war

Given the ongoing war, Table 5 presents the TCI values observed prior to the escalation of the conflict. The findings indicate that the
TCI was recorded at 42.36 %, which emphasizes a significant level of interdependence among the equity indices of the three countries.
This finding suggests that changes and fluctuations occurring in one market can exert a substantial influence on the other markets,
which highlights the interconnectedness and interdependency among these economies. Notably, the TCI value prior to the Rus-
sian-Ukrainian war is close to the TCI value recorded prior to the COVID-19 pandemic, which was 41.19 %. This similarity in TCI
values suggests that the level of interconnectedness among these indices was significant before the war, which is comparable to the
period preceding the global health crisis due to COVID-19.

The analysis reveals that the Nasdaq, Small Cap 100, PFTS, and MOEX indices demonstrate net spillover reception, as indicated by
their NET values of —1.18 %, —0.84 %, —2.5 %, and —2.13 %, respectively. This finding indicates that these indices receive larger
shares of spillover effects from other indices compared with those they transmit. This result highlights their sensitivity to external
market factors and their role as recipients of spillover effects. Furthermore, a notable aspect is that the DJIA and S&P 500 indices
emerge as significant net transmitters (Fig. 5), which implies that they transmit larger proportions of spillover effects to other indices
that potentially influence market trends and developments. This finding suggests their influence as key drivers of interconnectedness in
the analyzed equity markets. Importantly, these results align with those of the analysis we conducted prior to the COVID-19 pandemic.
The consistent nature of these results indicates a persistence in the patterns of spillover reception and transmission even in the face of
significant events such as COVID-19.

Table 6 displays the outcomes of the TCI analysis performed amid the Russian—Ukrainian war. The calculated TCI value of 44.15 %
reveals a substantial degree of interconnectedness among the examined indices. This observation emphasizes the potential impact of
the fluctuations in one index on transmitting spillover effects to the others. Notably, the TCI during the COVID-19 pandemic exhibits a
higher value compared to that observed during the Russian-Ukrainian war, which implies that the level of interconnectedness among

Table 3
Total connectedness index before the COVID-19 pandemic.
DJIA Nasdaq S&P 500 Small Cap 100 PFTS MOEX FROM

DJIA 36.81 28.15 33.77 0.48 0.36 0.43 63.19
Nasdaq 28.4 37.23 33.23 0.4 0.37 0.38 62.77
S&P 500 32.2 31.41 35.21 0.42 0.38 0.38 64.79
Small Cap 100 1.17 0.95 0.91 95.11 0.85 1 4.89
PFTS 0.98 0.8 0.93 0.94 95.27 1.09 4.73
MOEX 1.15 1.06 1.25 1.1 1.02 94.43 5.57
TO 63.9 62.35 70.08 3.34 2.98 3.28 205.94
Inc. Own 100.71 99.59 105.3 98.45 98.25 97.71 TCI
NET 0.71 —0.41 5.3 -1.55 -1.75 —-2.29 41.19




B. Yaser Almansour et al.

Fig. 3. Network plots of spillovers among the US, Russia, and Ukraine equity indices before the COVID-19 pandemic.
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Table 4
Total connectedness index during the COVID-19 pandemic.
DJIA NASDAQ S&P 500 Small Cap 100 PFTS MOEX FROM

DJIA 35.74 16.24 26.69 11.18 6.4 3.74 64.26
Nasdaq 15.45 36.95 29.52 4.59 8.42 5.07 63.05
S&P 500 24.86 27.56 32.2 6.12 5.6 3.65 67.8
Small Cap 100 12.03 5.09 5.52 61.4 10.41 5.54 38.6
PFTS 2.73 4.86 1.05 7.82 77.12 6.42 22.88
MOEX 2.48 4.78 1.65 6.01 11.34 73.74 26.26
TO 57.54 58.53 64.44 35.72 42.18 24.43 282.85
Inc. Own 93.28 95.48 96.64 97.12 119.3 98.17 TCI
NET —6.72 —4.52 -3.36 —2.88 19.3 —1.83 56.57

Fig. 4. Network plots of spillovers among the US, Russia, and Ukraine equity indices during the COVID-19 pandemic.
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Table 5
Total connectedness index before the Russian-Ukrainian war.
DJIA Nasdaq S&P 500 Small Cap 100 PFTS MOEX FROM

DJIA 36.74 27.29 34.29 0.45 0.57 0.66 63.26
Nasdaq 27.65 37.01 32.8 0.84 0.75 0.96 62.99
S&P 500 32.57 30.79 34.93 0.41 0.63 0.67 65.07
Small Cap 100 1.07 1.04 1.03 93.81 1.51 1.53 6.19
PFTS 1.06 1.13 1.05 1.85 93.29 1.62 6.71
MOEX 1.8 1.56 1.66 1.79 0.75 92.44 7.56
TO 64.15 61.82 70.83 5.34 4.21 5.43 211.78
Inc. Own 100.89 98.82 105.76 99.16 97.5 97.87 TCI
NET 0.89 -1.18 5.76 —0.84 —-2.5 —-2.13 42.36

J
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Fig. 5. Network plots of spillovers among the US, Russia, and Ukraine equity indices before the Russian-Ukrainian war.

Table 6
Total connectedness index during the Russian-Ukrainian war.
DJIA Nasdaq S&P 500 Small Cap 100 PFTS MOEX FROM

DJIA 36.17 25.34 32.9 4.25 0.71 0.63 63.83
Nasdaq 25.61 36.68 32.43 4.12 0.62 0.54 63.32
S&P 500 30.85 30.07 33.89 4.19 0.46 0.54 66.11
Small Cap 100 4.99 5.02 5.2 83.1 0.93 0.75 16.9
PFTS 0.65 0.65 0.49 0.69 96.08 1.43 3.92
MOEX 1.07 1.19 1.08 0.84 2.51 93.31 6.69
TO 63.17 62.27 72.1 14.09 5.23 3.9 220.77
Inc. Own 99.35 98.95 105.99 97.19 101.31 97.21 TCI
NET —0.65 —1.05 5.99 —2.81 1.31 —-2.79 44.15

the indices was more pronounced during the pandemic instead of the war. The heightened TCI value during the COVID-19 pandemic
signifies a stronger interdependence, which indicates that market developments and shocks exerted more significant cross-market
impacts during this period.

Analysis reveals that the DJIA, Nasdaq, Small Cap 100, and MOEX indices demonstrate net spillover reception as indicated by their
NET values of —0.65 %, —1.05 %, —2.81 %, and —2.79 %, respectively. This result indicates that these indices receive larger shares of
spillover effects from other indices compared with those they transmit and suggest that external factors exert a large influence on these
markets, which are receivers of spillover effects from other markets. Interestingly, the S&P 500 and PFTS indices stand out as sig-
nificant net transmitters with recorded values of 5.99 % and 1.31 %, respectively. This finding indicates that these indices transmit
larger proportions of spillover effects to other indices. The S&P 500 plays a prominent role in transmitting spillover effects across the
three equity markets. Fig. 6 provides further insights by illustrating that the PFTS (Russia) index primarily transmits spillover effects to
the MOEX (Ukraine) index. This result suggests a specific directional transmission of spillover effects between the two markets and
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indicates notable interconnectedness and interdependence between Russia and Ukraine.

To the best of our knowledge, this study is the first to analyze the interaction among the US, Russian, and Ukrainian equity indices
on the basis of the TVP-VAR connectedness approach with emphases on current events such as the COVID-19 pandemic and the
Russian-Ukrainian war. However, other studies also considered the relationship between the US and the BRIC stock markets (i.e.,
Brazil, Russia, India, China, and South Africa). In this respect [30], analyzed the potential contagion from Russia to 18 global markets
given the 2014 international sanctions. Using under the DCC-GARCH model, the authors concluded that the Russian stock market has
separated from the majority of international stock markets. The specific results indicated that the Central and Eastern European
markets are less sensitive than the Western European markets due to the contagion effects. However, the study found that global stock
markets have become more vulnerable when associated with the Ukrainian crisis. Furthermore, the dynamic correlations between
Russia and the United States largely decreased during the 2014 crisis period, which turned from positive to negative. In a similar study
[271, reported that spillovers effects from the United States US to the BRIC markets were significant in a window frame from 1998 to
2012. Alternatively, under the multivariate DECO-GJR-GARCH (Dynamic EquiCorrelation GJR-GARCH) model [40], demonstrated
that the Russian market is a net receiver from US spillovers given a sample period from 1998 to 2016. The authors suggested that
diversification possibilities could be reduced based on the contagion effects found from the US to Russia, which is in contrast to the
findings of [30].

Although the reference studies consider different sample periods, which is in contrast to that of the current study, the results also
illustrate that Russia is a net receiver of spillovers from US equity indices as a whole in the new sample period, which covers the periods
before, during, and after crisis. Nevertheless, breaking down the connectedness across the subperiods enabled the current study to
identify that spillover effects among equity markets will never run in the same directions given specific events. As an example, we
found that during the 2022 Russian-Ukrainian war, the Russian equity market was a net receiver of US equity spillovers, which is in
contrast to the result of [30], who found that the Russian and US markets largely decreased during the 2014 crisis period. Thus, the
results of spillover effects, which could be analyzed under the same or similar (geopolitical) events, may differ according to a
retransformation in the topology of international financial markets with practical implications for portfolio investment purposes.

4. Conclusion

Analysis of the TCI for the equity indices of the United States, Russia, and Ukraine reveals a significant level of interconnectedness
and interdependency among these markets. The TCI values indicate high degrees of interdependence in which movements in one
market are likely to exert substantial effects on other markets. The analysis also highlights the role of domestic factors and dynamics
within each market in driving the fluctuation and movement of each equity index. The results indicate that the S&P 500 index is most
susceptible to receiving shocks from other indices, which contributes the highest share of shocks to the total variance of forecast error.
It is also a significant net transmitter and exerts a strong influence on the movements of other indices. The DJIA, Nasdaq, Small Cap
100, and MOEX indices demonstrate net spillover reception, which indicates higher levels of sensitivity to external factors and their
role as recipients of spillover effects. Conversely, the PFTS index stands out as a significant net transmitter during the COVID-19
pandemic and before the Russian-Ukrainian war, which indicates its role in transmitting shocks and influencing other indices.
Further analysis of the results across periods, including before and during the COVID-19 pandemic and before the Russian-Ukrainian
war, provided valuable insights into the impact of significant events on the interconnectedness of these equity markets. The findings
indicate that the COVID-19 pandemic intensified the interconnectedness among these indices with higher TCI values observed during
compared with before the COVID-19 pandemic and the periods allocated for the war. The results also suggest a persistence in the
patterns of spillover reception and transmission, which points to the consistent role of certain indices as net receivers or transmitters.
Our findings are similar to those of [41], who applied the ST-HAR approach to measure the reactions of stock markets and business
sectors of the G7 economies during the Covid-19 pandemic, where they discovered that markets reacted immediately to the health
crisis. However, our findings and those of [41] differ from those of [42], who applied a Markov-switching HAR approach to model the
response of global stock and commodity markets during the Russian-Ukrainian war and Covid-19 pandemic, where they discovered
that global stock markets reacted instantaneously and with more intensity to the Russian-Ukrainian war than to a lagged response
during the Covid-19 pandemic. Furthermore, our findings coincide with [43], who, by applying the TVP-VAR approach, argue that the
Russian-Ukrainian war has changed the relationship among financial markets, but slightly differ since they argue that Russia is only a
transmitter of shocks, whereas our findings suggest that Russia was a transmitter and receiver during the war.

The theoretical implications of the results highlight the interconnectedness and interdependency among the equity markets of the
United States, Russia, and Ukraine. Moreover, the findings support the notion that financial markets across countries are closely linked
and can influence the movement of one another. This result underscores the importance of considering global factors and cross-market
dynamics in understanding the behavior of equity indices. In addition, the analysis provides empirical evidence that changes and
fluctuations in one market can exert significant effects on other markets, which reflects the interconnected nature of these economies.
This notion further implies that investors and policymakers need to consider potential spillover effects and transmission of shocks
across markets when making investment decisions or formulating policies. The analysis also emphasizes the role of key indices, such as
the S&P 500, DJIA, and PFTS, in transmitting and receiving spillover effects. These indices serve as significant drivers of intercon-
nectedness, which exert influence on other indices and reflect their importance in global financial markets. This finding poses theo-
retical implications for comprehending the dynamics of interconnected markets and the transmission of shocks through influential
market participants. Lastly, it suggests that these key indices can serve as barometers for the assessment of overall market conditions
and potential contagion risks.

The empirical findings provide the quantitative measures of interconnectedness among the examined equity indices and offers
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Fig. 6. Network plots of spillovers among the US, Russia, and Ukraine Equity indices during the Russian-Ukrainian war.

insights into the degree of interdependence. The TCI serves as a useful tool for the assessment and monitoring of cross-market linkages
and systemic risks. Furthermore, the analysis across periods, including before and during the pandemic and the war periods, yields
empirical evidence of the impact of significant events on the interconnectedness of equity markets. The identification of net receivers
and transmitters of spillover effects among the indices presents practical implications for investors and portfolio managers. In other
words, understanding which indices are more susceptible to receiving shocks and exert a greater influence in transmitting shocks can
help in constructing diversified portfolios and risk management strategies. Investors can use this information to make informed de-
cisions in terms of asset allocation and corresponding strategies for risk management. Similarly, policymakers can utilize these
empirical findings to better understand the potential transmission channels of shocks and develop appropriate policies for mitigating
systemic risks and promoting financial stability.

Future studies in the field of interconnectedness and spillover effects among equity markets should consider extending the analysis
to include more countries, exploring diverse time periods and events to assess their impact on market linkages, incorporating addi-
tional factors that influence spillover effects, utilizing advanced modeling techniques, such as machine learning and network analysis,
and investigating nonlinear dynamics in market interconnectedness. These recommendations are intended to provide a comprehensive
understanding of global financial integration, to identify the drivers of spillover effects, and to enhance the accuracy of predictions and
risk management strategies for policymakers, investors, and risk managers.
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